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·ABSTRACT 

This report surveys the activities in basic research from July 1, 1985 to June 

30, 1986 at the Institute for Nuclear Physics (IK) of the Kernforschungszen­

trum Karlsruhe. The research program of this insti tute compr ises laser spec­

troscopy, nuclear reactions with light ions, neutron physics, neutrino physics 

and physics at medium and high energies. 

ZUSAMMENFASSUNG 

Der vorliegende Bericht gibt einen Überblick über die Arbeiten am Institut für 

Kernphysik (IK) des Kernforschungszentrums Karlsruhe im Zeitraum vom 1. Juli 

1985 bis zum 30. Juni 1986. Das Forschungsprogramm umfaßt die Gebiete Laser­

spektroskopie, Kernreaktionen mit leichten Ionen, Neutronenphysik, Neutrino­

physik, sowie Mittel- und Hochenergiephysik. 
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PREFACE 

This is the sixth annual report on nuclear physics activities at the 

Kernforschungszentrum Karlsruhe. These activities are carried out in the In­

stitute of Nuclear Research (IK), which consists of three sections (IK I, IK 

II, IK III). Each section specialises in different energy regions. 

Three groups in Section IK I are engaged in work in various fields 

of nuclear physics and partiale physics: 

- Fast Neutron Physics: Scattering experiments on very light nuclei 

are carried out using the polarized neutron beam of the Karlsruhe Cyclotron 

(POLKA). The main goal is to determine precise phase shifts from expeP iments 

with polarized neutrons on unpolarized and also on polarized protons. More­

over, the internal structure and dynamics of the nuclei up to the A = 5 system 

are to be studied. The large-volume polarized proton target has been success­

fully used for scattering experiments wi th the polarized neutron beam in a 

number of experiments. 

- High Energy Physics: This group runs the CELLO detector system at 

the e+e- storage ring, PETRA, in Harnburg within the framewerk of an interna­

tional collaboration. The detector serves for exper iments to study e+e- col­

lisions at the highest energies at present attainable. CELLO, with its modern 

liquid-argen calorimeter, lends i tself particularly well to studies of the 

electromagnetic component in these reactions. This allows, e.g., precise stu­

dies of quantum electrodynamics, detailed studies of quark and gluon jets and 

the search for new quarks. The upgraded detector is working satisfactorily and 

is strongly involved in the search for a new quark during the continuous en­

ergy increases in PETRA. This work, carried out in cooperation with Karlsruhe 

Uni versi ty, was partly supported by BMFT through the "Verbund Hochenergie­

physik". 

- Neutrino Physics: The newly founded working group is concerned 

with neutrino physics in the energy range between approximately 10 and 50 MeV, 

at the Spallation Neutron Source (ISIS) under construction at the Rutherford 

Appleton Labaratory (RAL) in England. This is a new field of work involving 

fundamental questions in the fields of elementary partiale physics, nuclear 

physics and astrophysics. The project was proposed by KfK. In the meantime, a 

bilateral agreement has been signed between KfK and RAL. Werking groups of the 

University of Oxford (Prof.Dr.N.E.Booth), Queen Mary College of London 

(Prof.Dr.J.A.Edgington), and University of Erlangen (Prof.Dr.E.Finckh) have 

meanwhile joined the project called KARMEN (Karlsruhe-B_utherford-Medium­

Energy-Neutrinoexperiment). Detector system KARMEN 1 (60 to scintillator) is 
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being developed at KfK. It will be installad in a massive blockhouse of steel 

designed and built by KfK at the Rutherford ISIS accelerator until spring of 

1987. This work, carried out in cooperation with Karlsruhe University, was 

partly supported by BMFT through the "Verbund Mittelenergiephysik". 

Section IK II is mostly working on medium energy physics at CERN and SIN: 

- One group, continuing a lang tradition in the field of exotic atoms at 

CERN, has concentrated its activities on the LEAR facility (Low-Energy 

Antiproton Ring). This instrument, the realization of which was backed very 

strongly by Karlsruhe, offers unique possibilities for work with slow 

antiprotons. Antiprotonic X-ray-spectra of selected elements were obtained. 

They contain new information on the strong interaction of antiproton-nucleon 

pairs, on the magnetic moment of the antiproton, and on the spin-orbit 

coupling for antiprotons. Another experiment makes use of the idea of the 

cyclotron trap proposed by Dr. L.M. Simons, which permits measurements at low 

gas pressure, where Stark mixing is small. In the antiproton-nucleon system 

in antiprotonic hydrogen and deuterium, it has confirmed theoretical predic­

tions. Moreover, it was found unexpectedly that the cascading exotic particle 

Canti-proton at LEAR, negative myon at SIN) empties the electron shells 

almost completely at low pressures by Auger-effect. Karlsruhe is involved 

personally and financially also in a technical upgrading of LEAR, namely the 

use of electron cooling. The 4TI detector for charged and neutral particles 

"crystal barrel" for future LEAR experiments, proposed by KfK and a number of 

University groups from Germany, Europe and U.S.A., was approved by CERN; its 

realization is in progress. 

- The experiments at SIN focus on problems of pion interaction scatter­

ing and absorption) with simple systems consisting of few nucleons. Theoreti­

cal assumptions, especially those about the existence of dibaryon states, are 

verified on the basis of additional information that can be obtained by using 

polarized targets. The low-energy spectrometer LEPS designed by Karlsruhe, 

which came into operation in the fall of 1986, combines good resolution with 

high luminosity. It will mainly be used in studies of very simple systems at 

energies close to the pion threshold. Absorption measurements of pion in 3 He 

show an unexpected isospin-dependence of the basic two-nucleon-absorption 

process and an unexpectedly large contribution of three-pion-absorption. This 

reaction is of great theoretical significance. 
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Some of this work, carried out in cooperation with Karlsruhe University 

was supported by BMFT through the 'Verbund Mittelenergiephysik'. 

Section IK III is mainly working in the following fields: 

Nuclear astrophysics: Capture cross sections of fast neutrons in the keV to 

MeV range are measured in order to understand in detail the build-up of heavy 

elements in stars. Work in this area concentrates on building a novel 4Tt-

BaF2 scintillation detector in order to improve the accuracy of such elements 

considerably. 

Nuclear reactions: Work in this field makes use of the 26 MeV nucleon 
6

Li 

beam from the Karlsruhe Isochronaus Cyclotron and of the magnetic spectrometer 

for investigating continuous spectra in break-up reactions. Theoretical studies 

have shown that Coulomb break-up should allow the determination of radiative 

capture cross sections between light nuclei at very low relative velocities. 

Such cross sections are of great importance in astrophysics. Experiments have 

been started in order to verify these considerations. 

Laser spectroscopy: This technique is applied to sub-ng amounts of radioactive 

atoms in order to determine hyperfine structure and isotopic shifts of atomic 

transitions. The results yield information on nuclear moments and on the change 

of nuclear charge radii due to varying neutron number. At present nuclides of 

strontium are studied, and a new experimental technique, spectroscopy of ions 

stored in el.ectromagnetic fields, is developed. 

Applied gamma-ray spectroscopy: Here instruments are developed to determine 

concentration and isotopic composition of fissile materials. The instruments 

make use either of the intrinsic radioactivity or of X-ray absorption and 

fluorescence. Their main applications are in the safeguards of nuclear fuel 

and in process control during fabrication and reprocessing. 

Section IK III is also responsible for operatingthe three accelerators of 

our institute: The Karlsruhe Isochronaus Cyclotron which is mainly used for 

fast neutron physics and nuclear reaction experiments; the 3.75 MV Van de 

Graaff accelerator which serves mainly as a source of keV neutrons for the 

nuclear astrophysics studies; and a compact cyclotron which is basically a 

commercial installation to produce radioactive isotopes for nuclear medicine 

and mechanical engineering. 

/; rftu~ 
(A. Ci tron) !#4 

(B. Zeitmtz) 
·~ 

(G. Schatz) 
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1. NUCLEAR PHYSICS 

1.1 NUCLEAR ASTROPHYSICS (VdG) 

1.1.1 AN ACTIVATION MEASUREMENT OF THE 
22

Ne(n,y) CROSS SECTION 
+ H. Beer, F. Voss, F. Käppeler, G. Rupp, R.-D. Penzhorn 

The 
22

Ne (a,n) reaction is one of the relevant neutron sources for the nucleo­

synthesis of heavy elements in stars. At the same time 22Ne may also be a strong 

neutron poison due to its great abundance. Therefore, an accurate determination 

of its neutron capture rate is important, which is underway using the activation 

method. The short half-life of the product nucleus 23Ne (28s) requires an exper~­
mental setup for cyclic activation at the Karlsruhe 3.75 MV pulsed Van de Graaff 

accelerator, The activity is counted via the 439 keV gamma-ray line of 23Ne with 

a 154 ccm Ge(Li) detector. The sample consists of zeolite loaded with highly en-
. h d 22 . . . . 

r~c e Ne. F~rst test measurements showed that the sens~t~v~ty of the apparatus 

is sufficient to determine capture cross sections as small as 0.05 mb. 

+ Institut für Radiochemie, Kernforschungszentrum Karlsruhe. 

1.1.2 DESTRUGTION OF 
26

Al IN EXPLOSIVE NUCLEOSYNTHESIS 
+ + . + + + 

H.P. Trautvetter , H.W. Becker , U. He~nemann , L. Buchmann , C. Rolfs , 

F K.. 1 M B ++ H F ' 1 b ++ H " k k ++ • appe er, • aumann , . re~es e en , .-J. Lut e-Stetz amp , 

1 b +++ .. . +++ (1) P. Ge ten ort , F. Gonnenwe~n , 

The 
26

Al(n,p) 26Mg reaction has been studied using neutron spectra which closely 
-6 

resembled Maxwell-Boltzmann distributions with thermal energies of kT = 40 x 10 , 

31 and 71 keV and also for E = 310 + 40 keV. These energies correspond to stellar 
-7n 

temperatures T9 = 4.6 x 10 , 0.36, 0.82 and 3.6 ~ 0.5, where T9 is in units of 

109 K. The partial cross sections for the p
0
-(p

1
-) transitions are found to equal 

26 ~ 10 (1850! 150), 14 + 8 (145 ~ 26), 16 ~ 13 (84 + 14) and 21 + 8 (72 + 17) mb 

for the above neutron spectra, respectively. The astrophysical reaction rate is 

determined for the combined p
0

- and p1-transitions tobe NA<ov> = (0.324 ~ 0.026, 
6 3 -1 -1 

20.5 ~ 2.7, 22.6! 4.3 and 38.7 ~ 11.7) x 10 cm male s . The results are com-

pared with previous investigations and with statistical model calculations. 

(1) Z. Phys. A 323 (1986) 1 

+ Institut für Kernphysik, Univ. Münster, Fed. Rep. of Germany 
++ Institut für Experimentalphysik, Ruhr-Univ. Bochum, Fed. Rep. of Germany 
+++ Institut Laue-Langevin, Grenoble, France 
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1.1.3 NEUTRON CAPTURE IN THE 1.15 keV RESONANCE OF 56Fe USING MOXON-RAE 

DETECTORS 

F C .+ c . + . ( • orv1 , • Bast1an , K. W1sshak, 1) 

The capture area in the 1.15 keV neutron resonance of 56Fe was measured with Mo­

xon-Rae detectors with converters of bismuth, bismuth-graphite and graphite. The 

data were normalized to Au capture at 4.91 eV using the saturated resonance me­

thod. Two separate measurements were performed, the first with the detector axis 

at 120° with respect to the neutron beam direction, the second with the axis at 

90°. The average of the results over the three detectors is: 

gr r /r 
n y 

gr r /r 
n y 

(64.9 + 2.4) meV for the 120° run and 

(63.5 + 2.1) meV for the 90° run. 

These values are 14 to 16% larger than the correspondingones from transmission 

data. No reason is found for such a discrepancy. 

(1) Nucl. Sei. Eng. 9~ (1986) 348 

+ CEC-JRC, Central Bureau for Nuclear Measurements, B-2440 Geel, Belgium 

1.1.4 THE s-PROCESS BRANCHING AT 79se 

G. Walter, H. Beer, F. Käppeler, G. Reffo+, F. Fabbri+, (1) 

Neutron capture cross section measurements have been carried out for the isotopes 
75

As, 79 •81 Br, 71 Ga, and 74Ge by the activation method and for natGa and 80se by 

the time-of-flight technique,and Maxwellian averaged capture cross sections were 

derived. The measurements were supplemented by capture cross section calculations 
· · · · d' . l. 79S d81,85K w1th the stat1st1cal model espec1ally for the ra 1oact1ve nuc e1 e an r. 

. b h. 79 . h d 1 f The analys1s of the s-process ranc 1ng at Se w1t a two component mo e o ex-

ponential neutron exposures provided the last missing link for a determination of 

allowed ranges of s-process neutron densities and temperatures. The solar Kr abun­

dance was determined in the frame of this analysis to be N@ (Kr) = 50 ~ 8 

(Si = 106) and the solar abundances from A = 69 to 88 were decomposed into the s­

and r-process contributions. 

(1) Astron. Astrophys. (in print) 

+ Laboratorio Dati Nucleari, E.N.E.A., Bologna, Italy 
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1.1.5 THE ß--BRANCH IN THE DECAY OF 79 sem 

N. Klay, F. Käppeler, G. Rupp, A. Hanser 

The ß -branch in the decay of the 96 keV isomeric state in 79 se is of special im­

portance for nuclear astrophysics because it is this transition that can greatly 

enhance the total beta decay rate of 79se at the high temperature of ~ 3•108 K 

prevailing during nucleosynthesis. Under such conditons, thermal equilibrium leads 

to a population of the excited states leaving about 1 % of the nuclei in the ~so­

meric state. Contrary to the ground state, the isomer can decay to 79Br by an al­

lowed beta transition at a correspondingly faster rate. Log ft values of 5.4 (1) 

and 5.0 (2) were deduced for this decay from similar transitions in neighbouring 

isotopes but with uncertainties of ~ 10 %. 

We have measured this log ft value by determining the brauehing ratio be­

tween the 3.9 m ground state transition and the beta decay. Activation of an ex-

tremely clean 
78 layer of Se 

79S m "d e • Bes~ e 

sample - consisting of a thin carbon backing with an implanted 

- at the ILL high flux reactor in Grenoble provided the isomer 

the purity of the sample, the second problern of the experiment was 

the Suppression of the conversion electrons from the ground state transition. 

This was achieved by means of a mini-orange spectrorneter (3) made of samarium 

cobaltpermanent magnets, which is shown schematically in Fig. 1. With this spec­

trometer inserted between sample and detector, the conversion electrons were suf­

ficiently suppressed to record the electrons frorn beta decay for about 3 half 

a 

a 

SAMARIUM COBALT 
MAGNETS 

SHIELDING 

CENTRAL ABSORBER 

0 5cm 

CUT a-a 

Fig. 1 Schematic setup of the m~n~-orange spectrorneter for Suppression of the 

d 79 m 79S g . . conversion electron backgroun from Se + e trans~t~ons. 
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lives. Then, the mini-orange was removed and the much more intense ground state 

decay recorded for direct comparison. In this way, we have measured a brauehing 

ratio between ground state transition and beta decay of 1970 + 350, corresponding 

to log ft = 4.80 + 0.08 for the isomeric state. 

With this value, the formalism of Yokoi and Takahashi (2) provides the 

d f 79 . . . 2 temperature ependence o the Se half-l~fe plotted ~n F~g. . 

10 5 ~-----------------------------, 

QJ 

Fig. 2 The stellar beta half-life 

of 79se as a function of temperature. 

The error band reflects the uncer­

tainty due to the measured log ft 

value. 

~ 100 
I 

4-
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The effective stellar half-life of 79se can be estimated from the s-pro­

cess brauehing at 79 < A < 82 to range between 2 and 13 y. Hence, one can read 

from Fig. 2 the respective range of s-process temperatures: 200 < Ts < 350 mill­

ion degrees. 

(1) J.H. Conrad, PhD Thesis, University of Heidelberg (1976) 
(2) K. Yokoi, K. Takahashi, Report KfK-3849, Kernforschungszentrum 

Karlsruhe 1985 
(3) J. van Klinken, K. Wisshak, Nucl. Instr. Meth. 98 (1972) 1 

J. van Klinken, S.J. Feenstra, G. Dumont, Nucl.-rnstr. Meth. 151 
(1978) 433 
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1.1.6 keV-NEUTRON CAPTURE CROSS SECTIONS OF THE KRYPTON ISOTOPES 
+ ++ ++ G. Walter, B. Leugers, F. Käppeler, Z.Y. Bao , G. Reffo , F, Fabbri , (1) 

The neutron capture cross sections of the stable krypton isotopes were determined 

in the energy interval from 4 to 250 keV using a c
6
n

6
-detector system in conjunc­

tion with the time-of-flight technique. The energy resolution of the measurement 

was 4 % at 20 and 6 % at 100 keV, and the experimental uncertainties were typic­

ally 6 to 10 %. The measurements were complemented by statistical model calcula­

tions of all krypton isotopes in the mass range 78<A<86 in order to obtain also 

reliable cross sections for the unstable nuclei 79 • 81 •85Kr. These calculations 

were based on local systematics for all relevant parameters, and the results were 

estimated to show uncertainties of 20 - 25 %. Maxwellian average cross sections 

were calculated for kT = 30 keV. 

(1) Nucl. Sei. Eng. 93 (1986) 357 

+ On leave from the Institute of Atomic Energy, Academia Sinica, Beijing, 
Peoples Republic of China 

++ Laboratorio Dati Nucleari, E.N.E.A., Bologna, Italy 

1.1.7 THE s-PROCESS BRANCHING AT 
85

Kr 
+ G. Walter, H. Beer, F. Käppeler, R.-D. Penzhorn , (1) 

86 85 87 
The Maxwellian average neutron capture cross sections of Kr, Rb and Rb have 

been measured at kT = 25 keV by activation. These data tagether with recently pub­

lished neutron capture cross sections of Kr and Sr isotopes allow for a determina­

tion of the neutron density of the weak s-process component in the framework of 

the classical s-process model with two independent fluence distributions. The s­

process abundances from this study are compared with the pure s-process krypton 

discovered in primitive meteorites. 

(1) Astron. Astrophys. 155 (1986) 247 

+ Kernforschungszentrum Karlsruhe, Institut für Radiochemie. 

1.1.8 THE ISOMERIC RATIO OF 
85

Kr AT A THERMAL ENERGY OF kT 52 keV 

.+ 1 h 1'+ F. Käppeler, A.A. NaqvL , M. A -O a L 

Studies of neutron capture nucleosynthesis in the s-process usually refer to a 

thermal energy of kT = 30 keV, corresponding to a temperature of T = 3.5 x 10
8 

K. 

This convention is justified as stellar neutron capture rates are in general not 

sensitive to temperature due to the approximate E-
112

-dependence of most capture 

cross sections. One of the exceptions from this rule concerns the fractional po­

pulation of the isomeric state in 85Kr which strongly influences the s-process 
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brauehing at this isotope. We have shown that activation measurements can be per­

formed in a quasi stellar neutron spectrum using the 3H(p,n) reaction. This was 

achieved for a proton energy of E = 1099 keV, 80 keV above the reaction threshold. 
p 

Integration over the resulting neutron spectrum (kinematically collimated in a 

forward cone of 120 deg opening angle, Emax = 225 keV) yielded the histogram in 
n 

Fig. 1 which approximates a Maxwell-Boltzmann spectrum of kT =52 keV (solid line). 

Ul ...... 
'§ 
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e:> w 
1-­z 

EXPERIMENTAL SPECTRUM FROM 

/

3H (p,n) REACTION AT 
Ep = 1099 keV 

100 

MAXWELLIAN FIT I 

kT= 52 keV 

200 
NEUTRON ENERGY ( keV) 

Fig. 1 Angle-integrated 

neutron spectrum from the 
3H(p,n) reaction at Ep = 
1099 keV (histogram) fitted 

by a Maxwell-Boltzmann dis­

tribution for kT = 52 keV. 

Activation measurements were performed with natural Kr samples in this 

spectrum for kT = 52 keV and in that for kT = 25 keV from the 7Li(p,n) reaction 

(1). These results tagether with the total (n,y) cross section of 
84

Kr (2) indi­

cate an almost constant isomeric ratio of 
85

Kr between 25 and 52 keV. 

(1) H. Beer 1 F. Käppeler, Phys. Rev. C 21 (1980) 534 
(2) G. Walter, B. Leugers, F. Käppeler, G. Reffo, F. Fabbri, Z.Y. Bao, 

KfK-3969, Kernforschungszentrum Karlsruhe; Z.Y. Bao, F. Käppeler, 
Atomic Data and Nuclear Data Tables (in print) 

+ University of Dhahran, Saudi Arabia 

1.1.9 s-PROCESS NUCLEOSYNTHESIS BELOW A = 90 

H. Beer, ( 1) 

A complete s-process analysis of heavy elements is carried out in the frame of 

the classical model with three exponential neutron exposure distributions. Spe­

cial emphasis is placed on the mass reg1on below A = 90 where the main and weak 

s-process components are effective. The derived astrophysical parameters of this 

model are able to reproduce heavy s-process element abundances correctly and con­

sistently with the other processes of nucleosynthesis. 

(1) Nucleosynthesis and its Implications on Nuclear and Particle Physics,eds. 
J. Audouze, N. Mathieu, Dordrecht, D. Reidel Publ. Company, 1986, p. 263 
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1.1.10 A MEASUREMENT OF THE 139La CAPTURE CROSS SECTION AND A STUDY OF THE s-PRO­

CESS AT MAGIC NEUTRON NUMBER 82 

H. Be er, ( 1) 

The Maxwellian averaged neutrau capture cross section of 1391a has been measured 

at kT = 25 keV tobe 44.1 ~ 2.9 mb by means of the activation technique. A study 

of the precipice of the crN(A) curve at magic neutrau shell 82 using the new cross 

section was carried out. The average time-integrated neutrau flux T was found to 
1 ° 139 be T = (0,304 + 0.013) mb- at kT = 30 keV and an s-process abundance of La 

0 -

of 0.33 ~ 0.03 (Si = 106) was calculated. 

(1) Astron. Astrophys. 162 (1986) 330 

1.1.11 148 , 150sm: A TEST FOR s-PROCESS NUCLEOSYNTHESIS 

R • + . . ++ ( ) .R. W1nters , F. Käppeler, K. W1sshak, A. Mengon1, G. Reffo , 1 

We have measured to a precision of ~ 4.5 % the neutrau capture cross sections of 
148

•
149

• 150sm over the neutrau energy range 4 < E < 250 keV. These data, in con-
. . . . f 147 d d 147,148 d JUnct1on w1th calculated cross sect1ons or N an Pm, are use to 

establish a set of Maxwellian-averaged cross sections useful for investigation 

of branchings in the s-process of stellar nucleosynthesis. The ratio of the val­

ues of the s-process <cr>N (Maxwellian-averaged neutrau cross section times s-pro-
s 

cess abundance) for the s-only isotopes 148 , 150sm is 0.91 ~ 0.03 rather than unity 

as predicted by the local approximation. We interpret this result as due to an s­

process brauehing which partly bypasses 148sm. Since the ß-decay rates at the 

brauehing points are expected to be almost independent of temperature, we are 

able to obtain an estimate of the s-process neutrau density of n = (1.0 + 0.4) 
n 

x108 cm3 • The new results have also served to considerably improve the <cr>N -sys­s 
tematics in the mass region A ~ 145. 

~ 

(1) Ap.J. 300 (1986) 41 

+ Denison University, Granville, Ohio 
++ Laboratorio Dati Nucleari, E.N.E.A., Bologna, Italy 

1.1.12 SEARCH FOR WEAK TRANSITIONS LINKING GROUND STATE AND ISOMER IN 1761u 

N Kl H B H B'' + + • ay, • eer, • orner , F. Hoyler , F. Käppeler, G. Schatz, 

K. Schreckenbach + 

Among the nuclides produced by the s-process, 1761u has the following unique fea­

tures: (i) there is no r-process contribution to this nuclide due to the existence 

of stable 
176

Yb; (ii) it is beta unstable with a half-life of 3.6 x 10 10 a. Ade­

tailed analysis of the s-process near 176Lu should hence allow for a determination 
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of the time which has elapsed since the s-process nuclides were formed. This pro­

blern has been studied in a number of papers (1-4) but the result has so far been 

inconclusive. This is due to insufficient knowledge of the excited states of 
176L d . . u an to the ex~stence of an ~someric state at 126.3 keV which undergoes 

beta-decay to 
176

Hf with a half-life of 3.7 h. Both the isomer and the ground 

state are produced by neutron capture. Since the s-process occurs in the hot in­

terior of stars at a temperature of 2 •.• 3x108 K there is in addition the possibi­

lity of thermal excitation from the ground state to the isomer. This would lead 

to a substantial reduction of the effective ground state half-life. The mere ex-
. 176 . 
~stence of Lu ~n the solar system today proves that thermal equilibrium be-

tween isomer and ground state cannot have been achieved during the s-process. On 

the other hand, inconsistent results are obtained if thermally induced transi­

tions between the two states are neglected. In the intermediate case, the tran­

sition rate is governed by the y-decay half-lives of excited states. 
176 Exci)::ed states of Lu have been mainly studied by thermal neutron cap-

ture (5) and by Coulomb excitation from the ground state (6,7). These studies 

have established two completely separate systems of nuclear states with no known 

transitions connecting them. This is not surprising since ground state and iso­

mer belang to bands with K = 7 and 0 , respectively. So far no low-lying states 

of intermediate Kare known, except a recently discovered 5 state (7). 

Therefpre, we set out to search for (presumably very weak) transitions be­

tween the two systems of excited states, using the outstanding spectrometers at 

the high flux reactor at the ILL Grenoble. In a first step, we have measured the 

· d f 176L f 11 · t · 175Lu between gamma-ray spectrum em~tte rom u o ow1ng neutron cap ure ~n 

E = 30 and 1150 keV with optimal resolution. This measurement was repeated with 
y 

reduced sensitivity for 176Lu (nth'y) in order to account for the 0.2 % isotopic 

impurity of 176Lu in the 175Lu sample, In total, we found 460 transitions in 
176

Lu, which we analyzed according to energy, width and intensity. Many of the 

weaker transitions had not been detected before. 

Next, a high resolution measurement of the conversion electron spectrum 

is planned to obtain complementary information on multipolarities. This should 

enable us to contruct a refined level scheme of 176Lu which hopefully provides 
. 176 

evidence for the thermal effects on the half-life of Lu. 

(1) H. Beer, F. Käppeler, Phys. Rev. C21 (1980) 534 
(2) H. Beer, F. Käppeler, K. Wisshak, R. Ward, Ap. J. Suppl. Series 46 (1981) 

295 
(3) 
(4) 
(5) 

(6) 

H. Beer, Ap. J. 262 (1982) 739 
H. Beer, G. Walter, R.L. Macklin, P.J. Patchett, Phys. Rev. C30 (1984) 464 
M.K. Balodis, J.J. Tambergs, K.J. Alksnis, P.T. Prokofjev, W.G. Vonach, 
H.K. Vonach, H.R. Koch, U. Gruber, B.P.K. Maier, O.W.B. Schult, Nucl. 
Phys. A194 (1972) 305 
J G ----1 K R K V kata Ramaniah, Th. W. Elze, A. Hanser, L.D.Tolsma, • er , • onge, • en 
Z. Phys. ~310 (1983) 349 
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(7) Th. W. Elze, priv. communication 

+ Institut Laue-Langevin, Grenoble, France. 

1.1.13 THE STELLAR CAPTURE CROSS SECTION OF 197Au- AN ABSOLUTE MEASUREMENT AT 

kT = 25 keV 

W .+ 
• Ratynsk1 , F. Käppeler 

Gold has become an important Standard for neutron cross section measurements 1n 

the keV energy range, because direct neutron flux determination is very difficult 

in this energy domain. The advantageaus features of gold are: 

- only one stable isotope; 

- reasonably large cross section; 

- easily available with high purity; 

- chemically stable; 

- can be used in activation measurements. 

However, the absolute magnitude of tbis cross section is still not suffi­

ciently well known, various recent measurements show discrepancies of ~ 7 % for 

the stellar cross section at kT = 30 keV (1). 

Tb d . 7 . ( )7 erefore, we have starte a new measurement, us1ng the L1 p,n Be reac-

tion for neutron production. This reaction does not only provide the time-inte­

grated neutron flux via the 7Be activity of tbe target, but also allows for the 

simulation of a Maxwellian energy spectrum at kT = 25 keV. As this spectrum 1s 

emitted in a forward cone of 120° open1ng angle (2), the cross section can be mea­

sured in good geometry and independent of any other standard (3,4). Then, the ex­

trapolation to kT = 30 keV can be made reliably as the relative energy depend­

ence of the cross section is well known. 

So far, we have started with a series of activations to systematically 

d h ' ' ( f ' 7B 1 f stu y t e requ1red correct1ons e.g. or neutron scatter1ng or e osses rom 

the target) and the associated uncertainties. In the final results we aim for a 

precision of 2 %. 

(1) Z.Y. Bao, F. Käppeler, Atomic Data and Nuclear Data Tables (in print) 
(2) H. Beer, F. Käppeler, Phys. Rev. C21 (1980) 534 
(3) W.P. Poenitz, J. Nucl. Energy 20 (1966) 825 
(4) S. Zhu, S. Jiang, Y. Chen, D. Luo, Chin. J. Nucl. Phys. ~ (1984) 23 

+ On leave from Institute for Nuclear Studies, Swierk, Poland. 
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1 1 14 198,199,200,201,202,204H ( ) 
· • g n,y CROSS SECTIONS AND THE TERMINATION OF s-

PROCESS NUCLEOSYNTHESIS 

H. Beer, R.L. Macklin+, (1) 

The neutron capture cross sections of 198 • 199 •200 •201 •202 • 204Hg(n,y) were measured 

in the energy range 2.6 to 500 keV. The average capture cross sections were cal­

culated and fitted in terms of strength functions. Resonance parameters for the 

observed resonances were determined by a shape analysis. Maxwellian averaged cap­

ture cross sections were computed for thermal energies kT between 5 and 100 keV. 

The solar mercury abundance was determined tobe 0.34 + 0.04 relative to Si= 10
6

. 

The termination of s-process nucleosynthesis at lead and bismuth was investigated. 
206 207 208 The abundances of ' ' Pb were reproduced introducing a strong fluence com-

ponent of the s-process in addition to normal s- and r-process nucleosynthesis. 

The radiogenic 207Pb abundance was determined and the r-process age was calculat-

d • 235 , 1 • 4 6 A e v1a U. Us1ng Fowler s exponent1al model, an age T = . Gyr + u = 

17.2 + 2.6 Gyr was obtained. 

(1) Phys. Rev. C 32 (1985) 738 

+ Oak Ridge National Laboratory, Oak Ridge, Tennessee 37830 

1.1.15 THE PRODUCTION AND SURVIVAL OF 205Pb IN STARSAND THE 
205

Pb-
205

Tl 

s-PROCESS CHRONOMETRY 
. . + ++ ( 1) K. Yoko1, K. Takahash1 , M. Arnould , 

. 204 205 The s-process production rat1o of Pb and Pb, which is of importance for the 
205Pb-205Tl chronometry, is calculated in two schematic s-process models. Special 

- 205 
emphasis is put on the role of the bound-state ß -decay of Tl which has been 

. 205 b d . totally overlooked in previous studies. It 1s shown that the P pro uct1on un-

der certain s-process conditions might be large enough for making worthwhile a re­

newed search for extinct 205Pb in meteorites. The influence of uncertainties in 

the input quantities (electron capture Q-values and ft values) on the results is 

also discussed. 

(1) Astron. Astrophys. 145 (1985) 339 

+ Lawrence Livermore National Laboratory, Univ. of California, Livermore, 
California 

++ Univ. Libre de Bruxelles, Brussels, Belgium 
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1.1.16 NEUTRON CAPTURE CROSS SECTIONS FOR s-PROCESS STUDIES 
+ Z.Y. Bao , F. Käppeler, (1) 

The existing information on experimental and calculated neutron capture cross sec­

tians in the keV energy range was surveyed, properly renormalized if necessary, 

and converted into Maxwellian averages over stellar neutron spectra characterized 

by thermal energies between 10 and 50 keV. This compilation includes all isotopes 

involved in the slow neutron capture process (s-process) of nucleosynthesis be­

tween 
12c and 209Bi as well as the longer-lived actinide isotopes which might have 

been modified by the s-process. Gaps in the experimental data were covered with 

calculated cross sections, which are particularly important in case of radioac­

tive nuclei and for estimating the effect of thermally populated excited states. 

From the entire body of evaluated data a present best set of cross sections is re­

cornmended for use Ln s-process studies. 

Of the 240 considered isotopes on or near the s-process path, Fig. 1 shows 
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the cross sections of the odd Z nuclei. Note that most of the small cross sec­

tians near magic neutron numbers are meanwhile measured with reasonable accuracy. 

(1) Atomic Data and Nuclear Data Tables (in print) 

+ On leave from the Institute of Atomic Energy, Academia Sinica, Beijing, 
Peoples Rep. of China 

1.1.17 COMPETITION OF NEUTRON CAPTURE AND BETA DECAY AT THE SSKr and 151 srn 

BRANCHINGS, A MEANS TO ESTIMATE THE s-PROCESS PULSE CONDITION 

H. Beer, ( 1) 

s-Process abundances of heavy elernents are successfully reproduced using an expo­

nential distribution of neutron exposures (1,2). This behaviour has been explained 

as the result of a pulsed irradiation of s-process seed material in the He-shell 

of red giant stars (3). A possibility to ascertain the pulsed nature of the s-pro­

cess is affered by the analysis of branchings in the synthesis path. A brauehing 

results frorn cornpetition between neutron capture and beta decay in case of a ra­

dioactive isotope situated on the path. The pulsed nature of the s-process can 

show up due to the interpulse decay of the radioactive branch point nucleus and 

the necessary reformation of its abundance during the next pulse. 

0.1 0.5 5 10 
llt (yr) 

50 

\ 
I l:ll <: 3yr 
I 
I 

1s3Eu 
I 

1s1Sm I 
1.0 I 

0.8 

- J\ N 
<t ~ 0.6 
z z 
b b 0.4 

0.2 
152Gd0 

0.0 

10-5 10-4 10-3 -2 
10 6< (mb-1) 

10-1 

Fig. 1 The analysis of the isotopes located in the 151 sm branching is shown. 
The oN (capture cross section times s-process abundance) values normal­
ized to 150sm are plotted as a function of the exposure • For 152Gd an 
empirical value can be given (hatched area). The intercept of the theo­
retical curve with the empirical value yields ~t > 3 yr. Note that a suf­
ficiently small ~T practically cancels the branch-to 152sm. 
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In this work it was found that the branchings at 85Kr and 151 sm are espe­

cially sensitive to the pulse conditions. While 151 sm provided a lower bound for 
85 the pulse duration, Kr gave an upper limit. For the analysis, the pulsed s-pro-

cess model of Ward and Newman (4) assuming a constant irradiation during the pul­

se was used. The classical s-process appears as a limiting case for very large 

pulse durations (öt+oo), In Fig. 1 the analysis of the 151 sm brauehing is shown. 

C . 152 d . . 'b. 1 ompar1son of the solar G abundance w1th the calculat1on exh1 1ts that a pu -

d 
. . . . 85 . 

se urat1on öt ~ 3 yr is required. A s1m1lar calculat1on on the Kr branch1ng 

yields an upper limit öt ~50 yr. 

(1) F. Käppeler, H. Beer~ K. Wisshak, D.D. Clayton, R.A. Ward, Ap. J. 257 
(1982) 821 

(2) H. Beer, Nucleosynthesis and its Implications on Nuclear and Particle 
Physics, eds. J. Audouze, N. Mathieu, Dordrecht, P. Reidel Publishing 
Company, 1986 • p. 263 

(3) K. Cosner, I. Iben jr., J.W. Truran, Ap. J. 238 (1980) L91 
(4) R.A. Ward, M.J. Newman, Ap. J. ~ (1978) 19S--

+ Int. Symp. on Weak and Electromagnetic Interactions in Nuclei, Heidelberg, 
1.-5. July 1986 

1.1.18 s-PROCESS NUCLEOSYNTHESIS- STELLAR ASPECTS AND THE CLASSICAL MODEL 

F. Käppeler, ( 1) 

The sensitivity and the limits of s-process analyses with the classical model are 

discussed with respect to the interpretation of abundance patterns in the atmos­

phere of red giant stars. In particular, the effects of neutron capture cross sec­

tions, mean neutron exposure, and neutron density on the resulting s-process over­

abundances are considered. 

(1) Nucleosynthesis and its Implications on Nuclear and Particle Physics, eds. 
J. Audouze, N. Mathieu, Dordrecht, P. Reidel Publishing Company, 1986, 
p. 253 

1.1.19 EXPLOSIVE NUCLEOSYNTHESIS IN GARBON DEFLAGRATION MODELS OF TYPE I 

SUPERNOVAE 
+ ++ 

F.-K. Thielemann , K. Nomoto , K. Yokoi, (1) 

There is increasing evidence that type I supernovae (SN 1) are the ma1n producers 

of iron-peak elements in the Galaxy. In addition observations of SN1 also indi­

cate the existence of appreciable amounts of intermediate elements like 0, Mg, 

Si, S and Ca in the outer layers of the exploding star. In an earlier paper we 

have shown that such an abundance pattern can be produced by carbon deflagration 

models of accreting carbon oxygen white dwarfs in binary systems or stars on the 
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asymptotic giant brauch which ignite central carbon burning explosively. In the 

present study explosive nucleosynthesis results of these carbon deflagration su­

pernovae are presented in detail. Special emphasis is given to the discussion of 

burning conditions and corresponding nucleosynthesis products, and the nuclear 

uncertainties which govern the amount of electron captures in the central part of 

the core. The latter gives constraints on the isotopic composition of the iron 

k 1 Th d . f 54F 58N. . . . . A . pea e ements. e overpro uctLon o e + L Ls stLll exLstLng. ssum1ng that 

SN1 which contributed to the abundances in the solar system, originated from white 

dwarfs with a metallicity range 0.1 < Z/Z0 < 1, might remove this overproduction. 

This would allow for SN1 to be the major contributors of Fe-group nuclei in ga­

lactic nucleosynthesis. 

(1) Astron. Astrophys. 158 (1986) 17 

+ Univ. of Illinois, Urbana, Illinois 
++ College of Arts and Science, Univ. of Tokyo, Tokyo, Japan 

1.1.20 s-PROCESS STUDIES USING SINGLE AND PULSED NEUTRON EXPOSURES 

H. Beer 

The aim of this work is the search for an improved phenomenological description 

f h 1 b d f 56F 209 . bl . d . h o t e so ar s-process a un ances rom e to BL. Pro ems Ln repro ucLng t e 

abundances exist at the beginning and termination of the s-process path. Previous 

work (1,2,3) tried to meet these problems using an s-process with a Superposition 

of three exponential exposure distributions. 

On the basis of a series of new improved capture cross sections modifica­

tions of this concept are necessary. This is illustrated in Fig. 1 (above) where 

a fit of the empirical data in the frame of the current three component s-process 

model using exponential exposure distributions is shown. The bulk of nuclei from 

A = 90 - 200 is described by the so called main component. Below A = 90 the weak 

component and above A = 200 the strong component is added. Fig. 1 (above) shows 

for these regions the course of the main s-process and the composite curve of 

main+weak and main+strong, respectively. The discrepancies between calculation and 
. 70 76 empirical data are obvLous at Ge and Se, two s-only isotopes which are under-

85 . 87 produced and at the Kr branch1ng where Rb is overproduced by the calculation. 

This overproduction is still more aggravating if we bear in mind that the empiri­

cal 87Rb point contains a significant r-process contribution. The underproduction 

of the two s-only isotopes cannot be removed in the frame of the current model 

by varying the free parameters, the iron seed abundance N(56) and the average 
70 76 . 

time integrated neutron flux T • An increase of N(56) to match Ge and Se sLg­
o 

nifies an overall shift of the curve (Fig. 1) (above) with corresponding over-
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Fig. 1 The product crN (capture cross section times abundance) as a function of 

mass number. The symbols correspond to empirical data. Significant bran­

chings were identified due to low empirical values on one of the branches. 

Note that the 86Kr and 87Rb data located in the 85Kr brauehing are not 

corrected for r-process contributions. Therefore, the theoretical calcu­

lations (solid lines) must remain below the empirical values to avoid 
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overproduction. Below A ~ 86 the weak component and above A = 205 the 

strong component is significant. For these mass ranges additional to the 

composite curve, the course of the main s-process component is plotted, 

too. In the upper part the previous s-process analysis is shown. In the 

lower part the result of the new calculation is g1ven using a single flux 

s-process for the weak and the strong component and a pulsed s-process 

(pulse duration 10 a) for the main component. 

d . 58 d . . . pro uct1ons at Fe an the 1sotopes of Zr. A var1at1on of T leads to a steeper 
0 

or flatter course of the curve with similar problems. It is shown in this work 

that these problems can be solved if the weak component is modeled as a single 

flux exposure s-process and the main component as a pulsed s-process. The treat­

ament of the strong component as a single flux s-process 1s also considered. 
56 In Fig. 1 (below) the new overall calculation of the s-process from Fe 

to 
209

Bi is displayed using ~ingle flux exposure s-process components for the be­

ginning and termination of the synthesis path and a pulsed s-process for the bulk 

of nuclei. The pulse duration was found to lie between 3 and 50 a. 

This new analysis of the s-process showed that neutron density and temper­

ature derived from the continuous s-process calculation is still valid. 
58

Fe 1s 

now no dominant s-process isotope anymore. The overproduction of 87Rb in the s­

process is avoided. 

The analysis with the chosen single flux s-process for the strong compo­

nent 1s equivalent to the corresponding analysis with an s-process using an expo­

nential exposure distribution. An advantage of the single flux exposure s-process 

might be that its contribution outside the terminal cycle is extremely small. 

E.g., the abundance contribution of the strong component at A = 160 is 0.05% for 

a single flux s-process, but 1.3% for an s-process with an exponential exposure 

distribution. 

(1) R.A. Ward, M.J. Newman Ap. J. 219 (1978) 195 
(2) F. Käppeler, H. Beer, K. Wisshak, D.D. Clayton, R.A. Ward, Ap, J. 257 

(1982) 821 
(3) H. Beer, Nucleosynthesis and its Implications on Nuclear and Particle 

Physics, eds. J. Audouze, N. Mathieu, Dordrecht, P. Reidel Publishing 
Company, 1986, p. 263. 
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NEUTRON SCATTERING 

THE BACKWARD ANGLE np CROSS SECTION IN THE ENERGY RANGE 

FROM 22 TO 50 MeV 

G.Fink, P.Doll, W.Heeringa, H.O.Klages, H.Krupp* 

Final resul ts for the np differential cross section in the backwar·d angle 

range are presented. The experimental setup, the measurement, and the off-line 

data analysis have been described in the last years annual report (1 ). 

The f'irst resul ts contain precise information on the shape of the 

angular distributions only. The absolute normalization for each energy was 

found in two steps. Firstly, at each energy the data points at 120° were set 

to the values predicted by the Paris potential (2). In this way a preliminary 

normali zation was found for the angular distr ibution at each energy. These 

"preliminary data" were used as additional input in a series of phase shift 

analyses together wi th all available np scattering data in the energy range 

from 16 to 54 MeV, including analyzing power data and spin correlation 

parameters. In these analyses the normalization factors of our new data sets 

were used as free parameters. The resulting factors turned out to be stable 

within 2% for any reasonable change in the data base or in phase parameter 

constraints in various independent analyses. Taking this uncertainties as a 

measure for the accuracy of the scale, we were able to derive absolute values 

for the np differential cross section, shown in figure 1. 

da 
dl1 

[~?] 

25 

elastic 

10h-----~J_o----640~o----~90Lo----~12~0~o---1~5-0o----~ 

SeM 

Fig.1: Results for the np dif­

ferential cross sections. Solid 

lines: new phase shift analyses. 
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The results are in very good agreement with the precise data from 

U.C. Davis at 50 MeV (3). At the other energies the accuracy has been 

considerably improved compared to previous data. The precise knowledge of the 

backward angle shape of the differential cross section enables the 

determination of the 1p1 phase shift in np phase shift analysis, as shown in 

contribution 1.2.4. 

(1) P.Doll et al., KfK report 3969 (1985 22 
(2) M.Lacombe et al., Phys.Rev. C21 (1980) 861 
(3) T.C.Montgomery et al., Phys.Rev.C16 (1977) 499 

* now at Siemens AG München 

1 • 2. 2 THE np ANALYZING POWER Ay AT BACKWARD ANGLES 

V.Eberhard, P.Doll, G.Fink, R.W.Finlay*, T.D.Ford, 

W.Heeringa, H.O.Klages, H.Krupp** 

In the last few years, several groups (1) have contributed high accuracy data 

of the np analyzing power in the energy range up to 50 MeV. Phase shift 

analyses and sensi ti vi ty calculations reveal, that these data have streng 

impact on the 3oJ- and on the np 3pJ-phase shifts . 

Especially the backward angle results for Ay have gained new 

attention due to severe disagreements between some data sets (3). Neutron 

detection seems to bear serious experimental problems at far backward angles. 

The detection of the recoil protons wi th t.E/E telescopes at forward angles 

yields much cleaner spectra and more reliable results. 

We have used a set of four such telescopes at small angles as flux 

monitors for polarized neutrons in several experiments. Simultaneously, the 

statistical accuracy of the backward angle analyzing power Ay was improved, 

see fig. 1. 

In a recent experiment, these telescopes were used at 8lab = ± 10° 

and ± 17. 5o. At the same time, a setup of 4 symmetr ic pairs of proton 

telescopes in an evacuated scattering chamber was used to measure the same 

quantity at 100, 17.50, 250 and 32.50 in the lab. system. For details of the 

experimental setup see ref.4. The targets used in the experiment were 3 mm 

polyethylene (PE) for the moni tor telescopes and 2 mm PE for the chamber 

experiment. 

This measurement was carried out using the continuous energy neutron 

beam from POLKA (5). Therefore, the results will cover the angular range from 

1150 c.m. to 1600 c.m. for neutron energies from 20 to 50 MeV. 

Data are presently being analyzed. The estimated accuracy will 

enable us to put sharper constraints on the 3oJ phase shifts. 
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25 MeV 

180° 
Bcm 

Fig. 1 :The backward angle 

distribution of the np analyzing 

power Ay at 25 MeV. Recent 

Karlsruhe data (full dots) 

compared to the resul ts of the 

Madison group ( 3). Circles: 

neutrons detected, crosses: 

protons detected. Solid line: 

phase shift analysis. The arrows 

indicate the new measurements. 

(1) J.Wilczynski et al., Nucl.Phys. A425 (1984) 458 
W~Tornow et al., Nucl.Phys. A340 (1980) 34 
M~D.Barker et al., Pröc.Few Body X, Karlsruhe (1983) IIp.31 

(2) H:Krupp, Ph.D.thesis, Urtiv. Karlsruhe (1986) 
(3) J:Sromicki et al., Proc.Few Body XI, Sendai (1986) IIp.394 
(4) P:Doll et al., Nucl.Instr.Meth. A250 (1986) 526 
(5) H:O.Klages et al., Nucl.Instr.Meth. 219 (1984) 269 

1. 2. 3 

* Ohio State University, Athens, USA 

** now at Siemens AG, München 

RESULTS OF THE ffp SPIN GORRELATION PARAMETER Ayy 

H.Krupp*, P.Doll, V.Eberhard, G.Fink, W.Heeringa, K.Hofmann**• 

H.O.Klages, Chr.Wölfl 

At the Karlsruhe cyclotron the ffp spin correlation parameter Ayy has been 

determined for the energy range 17 to 50 MeV. The experiment has been 

described in some detail in the 1984/85 annual report (1). Briefly, polarized 

neutrons wi th a continuous energy distribution were scattered by polarized 

protons in a TiH2 sample. 

The target polarization was achieved in the facility KRYPTA (2) by 

cooling the sample to - 11 mK in a field of 9 T. An effective polarization of 

the protons of 0.66 was reached. 

Five symmetric pairs of detectors were used for the scattered 

neutrons. Light pulses from thermally stabilized LEDs were used fot' gain 

monitaring (3). The background of neutrons scattered from Ti was determined in 

extensive measurements using a Ti sample instead of the TiH2 probe. Samples 

were exchanged at full field and low temperature. The incident neutron flux 

was monitared by a set of four recoil proton telescopes (4). 



-20-

In the off-line analysis, e .g. the spin-dependent flux at tenuation 

in the TiH2 sample had to be considered. In extensive Monte Carlo calculations 

the effects of the sample thickness, of the finite geometry and of multiple 

scattering were investigated (5). 

The final results were obtained by subtracting the normalized Ti 

events from the TiH2 events. This method is applicable for all scattering 

angles where the n-p and the n-Ti cross sections are of the same magnitude. At 

forward angles the n-Ti cross section dominates considerably. Therefore, the 

np scattering results suffer from large statistical uncertainties at 100 and 

15°. 

Ayy 

0/+ 

Q2 

Ayy 

0,4 

Q2 

Ayy 

Oj. 

0,2 

8cm= 120' 

I t 

8cm= 105' 

l + 

8cm=90' 

20 30 40 

Fig. 1 : Results for the np spin 

t 
correlation parameter Ayy compared 

to Paris potential predictions 

(solid line) 

50 

E !MeV] 

In figure 1 the new Ayy data at the three backward angles are shown 

together with the predictions from the Paris potential (6). 

The experiment will be continued to cover also the angular range 

from 45° to 90° (c.m.). These data arestill needed to put sharper constraints 

on the 3s1 - 3n1 mixing parameter E1 in np phase shift analyses. 

(1) P.Doll et al., KfK report jg69 (1985) 21 
(2) R.Aures et al., Nucl.Instr.Meth. 224 (1984) 347 
(3) V;Eberhard et al., KfK repört 3969 (1985) 157 
(4) P;Doll et al., NUcl.Instr.Meth. A250 (1986) 526 
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(5) H.Krupp, Ph.D.thesis, Univ. Karlsruhe (1986) 
(6) M~Lacombe et <H., Phys.Rev. C21 (1980) 861 

* Now at Siemens AG, München 

** Now at Bosch AG, Bühlertal 

1. 2. 4 STATUS OF np PHASE SHIFT ANALYSES FOR ENERGIES UP TO 50 MeV 

H.O.Klages, G.Fink, H.Krupp, P.Doll, W.Heeringa 

The parametrization of the low energy NN interaction in terms of phase shifts 

has been improved considerably in the last few years by the inclusion of new 

high quality data in the analyses. 

In the pp-channel, only T = 1 phase shifts can contribute, corres­

ponding to - 5 fr•ee parameters in the energy range up to 50 MeV. However, 

there is still need for very precise data on the pp analyzing power Ay to 

determine the 3pJ phase shifts. These experiments are presently under way at 

SIN. For the np-channel, in addition, all T = 0 phase shifts contribute, 

adding at least 6 parameters. 

If charge symmetry is assumed for the NN interaction, the T = 1 

parameters can be taken from pp analyses. This has been done by most authors 

up to now. On the other hand, theoretical predictions exist (1) of differences 

in the 3p J phase shifts from pp and from np interaction based on the charge 

symmetry breaking effect of up/down quark mass differences. 

Therefore, we used all available experimental information on np 

scattering, including the new Karlsruhe data presented above, to perform a 

series of phase shift analyses for the np system in the energy range 20 to 50 

MeV in energy bins of ± 4 MeV width, 

=l' 
I 

a) 

I 

N 

I 

<D 

1 0+------2~0-----.4o----~6o 

E lMEVl 

(\J 

"' 

<D 

a) 

D 

D 

~+------2~0-----4~0--~~60 

E lMEVl 

a) 

0.-----------------~ 

ID 

D 

(\J 

D 

ru 

0+------,-----.------4 lo 20 40 60 
E lME Vl 

Fig. 1 : T = 0 phase shifts from new np phase shift analyses ( squares) com­

pared to the resul ts of ref. 2 ( tr iangles and lang dashed curve). 

Solid line: Paris potential ( 3), short dashed line: Bann potential 

( 4) • 
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The first result of these analyses is that the np data base is not 

sufficient to deterrnine the np 3p phase shifts with uncertainties srnaller than 

the predicted differences to the pp 3p phase shifts. Especially the np ana­

lyzing power data still have too large errors, both frorn statistics and syte­

rnatics. 

On the other hand, sorne T = 0 phase shifts could be deterrnined rnuch 

better with the inclusion of the new data. The long standing problern of the 
1P1 phase shift, which did not agree with potential rnodel predictions in older 

analyses (2), could be solved. 

The 3o phase shifts differ considerably in the predictions frorn 

various rnodels like the Paris (3) or the Sonn potential (4). In our analyses 

the agreernent with the Bonn potential is surprisingly good. 

The 3s1 - 3o1 rnixing pararneter E1 is still not very well deterrnined, 

in spite of 30 new data points for the spin correlation pararneter Ayy· More 

precise experirnents are necessary to solve this "last" problern in the T = 0 

phase shifts at low energies. 

(1) P.Langacker, D.A.Sparrow, Phys.Rev. C25 (1982) 1194 
(2) R.A.Arndt, private cornrnunicatiön (1983) 
(3) M.Lacornbe et al., Phys.Rev. C21 (1980) 861 
(4) R.Machleidt, private cornrnunication (1986) 

1.3 

1 • 3. 1 

NEUTRON INDUCED REACTibNS 

SPIN-SPIN CROSS SECTION MEASUREMENTS OF POLARIZED NEUTRONS ON 

THE POLARIZED NUCLEI 27Al AND 93Nb 

Chr~Wölfl, D.Reppenhagen,P.Doll, R.W.Finlay*, W.Heeringa, 

H.O.Klages, H.Skacel 

Spin-spin cross section rneasurernents have been carried out at the polarized 

neutron bearn POLKA of the Karlsruhe cyclotron for the nuclides 27Al and 93Nb. 

The target sarnples were 40 rnrn long and had a diarneter of about 30 rnrn. They 

were polarized in the cryostat KRYPTA by a 9 T rnagnetic field at ternperatures 

areund 10 - 15 rnK. During the rneasurernents the average polarization of the 

sarnples was 45% for alurniniurn and 55% for niobiurn. 

For the neutron flux rneasurernent in front of and behind the target 

three different types of detectors were ernployed: thin scintillation detec­

tors, converter-ßE-ß arrangernents and converter-AE-ßE arrays. The properties 

of these flux detectors are discussed in contribution 6.1 .9. 

The rneasured effects are of the order of 10-3 corresponding to spin­

spin cross sections of about 10 rnb. Systernatic uncertainties appear to be of 

the sarne size, however. They show up by analyzing rneasurernents carried out 
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with unpolarized beam or unpolarized target. It is not yet clear whether they 

are inherent in the data or are or iginated by the way in which the data are 

analyzed. This problern is being investigated thoroughly at present. 

* Ohio State University, Athens, USA 

1 0 3. 2 MEASUREMENT OF THE ANALYZING POWER OF THE REACTIONS 3He(n,p)t 

AND 3He(n,d)d 

A.Vollmer, P.Doll, G.Fink, R.W.Finlay*, T.DoFord, W.Heeringa, 

H.O.Klages 

The A = 4 system has gained new interest recently as the improvements of 

theoretical methods and computer power have led to a nurober of promising 

approaches to the microscopic description of the "lightest real nuclear 

system" (1). Observables are calculated by R-matrix codes, by resonating group 

methods and by solving Faddeev type equations using effective interactions. In 

most cases the inclusion of the Coulomb interaction is possible in an approxi­

mative way only. Therefore, the Karlsruhe group has started a systematic study 

of the n+3He entrance channel. In this framewerk the analyzing power of the 

reactions n+3He ~ p+t and n+3He ~ d+d has been measured in the energy range 

from 20 to 50 MeV. 

The experiment was carried out using the polarized continuous energy 

neutron beam from POLKA (2), a 3He gas target and 8 ßE/E telescopes (3) in an 

evacuated scattering chamber for the charged reaction products. An angular 

range from 12o5o to 77,50 (lab.) was covered. 

At forward angles, also tritons are detected to avoid the detection 

of protons at far backward angles. Therefore, the gas target foils and the ßE 

detectors have to be rather thin. We decided to use a cold (18 K) gas target 

at a pressure of 2- 3 bar. This device is described in contribution 6.2.2 of 

this report. For the ßE/E telescopes at forward angles 150 Jlffi Si detectors 

and 1" thick NaJ scintillators were used. 

At the larger angles, where only protons are detected, the thickness 

of the ßE detectors was 500 ]lm. The design of the telescopes is described in 

detail in ref o 3. Data were taken for about 250 h of beam time including 

extensive background measurements with empty targeto The raw data are 

presently being analyzedo 

(1) Proceedings Few Body XI, Sendai (1986), tobe published in 
Nucl. Phys. A 

(2) H.O.Klages et al., Nucl.Instr.Meth. 219 (1984) 269 
(3) P.Döll et al., Nucl.Instr.Meth. A250 (1986) 526 

* Ohio Univ. Athens, Ohio, USA 
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1 • 3. 3 CHARGE EXCHANGE REACTION (n,p) on 12c at 50 MeV 

P.Doll, T.D.Ford, R.Garrett*, H.O.Klages, H.Krupp** 

As reported in the 1985 annual report (1) a large solid angle detector system 

consisting of multiwire-proportional chambers and plastic L':IE and E scintil­

lation detectors has been set up (2) to investigate neutron induced reactions 

on nuclei leading to charged partiales in the excit channel. The wire chambers 

allow reconstruction of trajectories for the charged partiales from the re­

action target, since one chamber was operated directly behind the target in 

the neutron beam. Scattering angles between oo and 350 vJere measured simul­

taneously. 

The pilot experiment was to study the feasibility of neutron induced 

reactions with the polarized white neutron beam from POLKA (3). These type of 

studies are important to investigate so far widely unknown neutron induced 

reaction cross sections especially the (n,p) reaction leading to spin and iso­

spin (Gamov-Teller) excitations in the residual nucleus. The inverse reaction 

(p ,n), intensi vely studied at higher energies ( 4), suffers from various pos­

sible isospin transitions while energies below 100 MeV involve strong spin ex­

citations which we hope to attack with a polarized beam. 

We analyzed the data in 2 degree wide angle bins for protons identi­

fied by the plastic L':IE-E detectors. Since the measurements were carried out 

wi th a 0. 5 mm polyethylene target, good stati stics was achieved for neutron­

proton scattering which was used to normalize the 12c(n,p)12s cross section. 

By calculating the trajectory of the protons back onto the beam axis, for 

forward angles the contributions from the aluminium window of the scattering 

chamber and the air outside the chamber could be discriminated. 

12 C (n,p) 12 8 En =50 MeV 

~ 3 
::E: 
'- Fig. 1 : Proton ~ energy spectra 
.0 2 
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Fig.1 shows proton energy spectra from the 12c(n,p)12g reaction for 

an incident energy of 50 MeV at 140 ± 1 o and 200 ± 1 o in the laboratory 

system. The spectra exhibit the ground-state transition, the 4.4 MeV and the 

7.6 MeV Gamov Teller resonance in 12s. Evaluation of energy spectra for lower 

incident neutron energies still suffers from energy loss straggling of the 

protons in the air gap between the target and the E detector. 

(1) 
( 2) 
(3) 
( 4) 

P.Doll et al., KfK report 3969 (1985) p.155 
P.Doll et al., tobe published 
H.O.Klages et al., NIM 219 (1984) 269 
T.N.Taddeucci et al., Phys.Rev. 25 (1981) 1094 

* University of Auckland, New Zealand 

** Now at Siemens AG, München 

1 • 3. 4 PRELIMINARY NEUTRON CAPTURE STUDIES 

P.Doll, G.Fink, R.W.Finlay**, M.Haupenthal, H.O.Klages, 

B.Kasten*, F.Smend*, J.Wicke* 

Many capture studies have been carried out with high flux proton beams (1) so 

far but only few resul ts are reported on neutron capture expecially wi th 

energies of several tens of MeV. It is generally believed that fast neutron 

capture presents the advantage that effective charge effects (2) in exciting 

higher multipols of high isospin are much reduced and the strong interaction 

dominates. Many open questions even in light nuclear systems are waiting for 

the complementary neutron capture studies. In collaboration with a group from 

Göttingen University we started to use the polarized "white" neutron beam from 

POLKA (3) to study the capture rates on 12c. A large Nai crystal was shielded 

passively and actively as described in 6.1.8 and set at 900 in the laboratory 

system. Even at this scattering angle elastically and inelastically scattered 

neutrons are about 2000 times more intense than the capture Y rays at these 

high neutron energies. Therefore, n-Y di scr imination techniques had to be 

employed (see 6.1.8). 
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Fig .1 shows a pulse height spectrum of the Na I detector for gammas 

separated in the pulse shape parameter. The incident neutron energy bin was 

choosen to be 27 MeV ± 1 MeV. The energy threshold for the Nai was set to 

about 9 MeV. We see a streng deexci tation of the 15.11 MeV state in 12c 

populated by inelastic neutron scattering. In 13c Y-transitions with maximum 

ground-state transition energies of about 32 MeV are expected and an edge is 

indicated at about this pulse height. Structures for lower transition energies 

are not pronounced. The background taken without carbon sample is inserted in 

the figure with a preliminary normalization. 

It is not yet fully understood what the few very high pulse heights 

are due to. Similar pulse height spectra were obtained simultaneously between 

17 and 50 MeV incident neutron energy. The stati stical uncertainti s are too 

large to divide the data further into both spin orientations for the incident 

neutron beam. However, this first test experiment has proven the feasibility 

of fast neutron capture experiments at the continuous energy neutron beams of 

POLKA. 

(1) H.Ejiri et al., AIP Conf.Proc. 125 (1984) 582 
(2) G.Longo and F;Saporetti, Nuovö Cimento B61 (1969) 167 

artd K.A.Snover et al., Phys.Rev.Lett. 23 (1974) 317 
(3) H.O.Klages et al., NIM 219 (1984) 269 

* Universität Göttingen, W.-Germany 

** Ohio State University, Athens, USA 



-27-

1.4 NUCLEAR REACTIONS BY CHARGED PARTICLES 

1.4.1 RESONANT AND NON-RESONANT COULOMB BREAK-UP OF 6Li 

D.K. Srivastava+ and H. Rebel, (1) 

The resonant and non-resonant cross sections for the break-up of 6Li ~n the Cou­

lomb field of a heavy nucleus are studied theoretically on the basis of a DWBA 

approach and analysed with a view to possible experimental measurements of the 

electromagnetic transition-matrix elements between the ground state of the pro­

jectile and the a + d continuum states at small relative energies. The calcula­

tions uses explicitly some of the simplifications that appear in the particular 

case of the quadrupole transitions which dominate the case considered here. The 

things the cross sections are sensitive to are also discussed. 

(1) KfK-Report 3985; Journ. Phys. G: Nucl. Phys. 12 (1986) 717 

+ On leave from VEC Centre, Calcutta, India 

1.4.2 COULOMB DISSOCIATION AS A SOURCE OF INFORMATION ON RADIATIVE CAPTURE PRO­

CESSES OF ASTROPHYSICAL INTEREST 
+ .+ 

G. Baur , C.A. Bertulan1 , and H. Rebel 

The cross sections for radiative capture of a-particles, deuteraus and protons 

by light nuclei at very low relative energies are of particular importance for 

the understanding of the nucleosynthesis of chemical elements and for determina­

ting the relative elemental abundances in stellar burning processes at various 

h . . . d 6 . 3 7B astrop ys1cal s1tes. As example we quote the react1ons a+ + L1+y, a+ He+ e+y, 
12 16 or a+ C+ O+y. As an alternative to the direct experimental study of these pro-

cesses we consider (1,2) the inverse process, the photodisintegration, by means 

of the virtual photans provided by a nuclear Coulomb field. The radiative capture 

processes b+c+a+y is related to the inverse process, the photodisintegration 

y+a b+c by the detailed balance theorem. Except for the extreme case very close 

to the threshold the phase space favours the photodisintegration cross section as 

compared to the radiative capture. The disintegration by means of the virtual pho­

tans in a Coulomb collision 

Z+a+Z+b+c (1) 

makes use of the high virtual photon nurober and also of possible kinematical ad­

vantages. The fragments b and c have high energies in the lab system and can be 

conveniently detected. From the kinematics the relative energy Ebc can be accura­

tely deduced (see Ref. 2). Gare will have tobe taken for "post-acceleration" ef-
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fects, possibly more serious for fragments with different charge to mass ratios. 

The double differential cross section for the excitation of the projectile 

into the continuum with excitation energy E and angle 8 of the c.m. of the bro­
y 

ken up pa~r is given by 

E 
y 

photo 
0 EA. (2) 

photo 
where 0 EA. denotes the photodisintegration cross section of multipolarity EA. 

(magnetic excitations are neglected). The virtual photon numbers for the multi­

polarity EA. are denoted by dnEA./dQ and are calculated from the kinematics of the 

process. We are especially interested in the case where the scattering angle is 
1 small, 8<<1~ i.e. E = • 
812

>>1. In this case we have 
s~n-

(3) 

wb where x =-- ~s the adiabaticity parameter. The impact parameter is g~ven by b, v 
V 

is the velocity of the projectile and E hw. Gorreetions due to Coulomb repul-
wa y 

sion depend on ~ = -- where a is half the distance of closest approach in a head 
V • 

on collision; they are small and easily evaluated. For the important E2 case we 

obtain 

~2(x) 

where 

The functions ~ 1 and ~ 2 are given in Fig. 1. 
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Fig. 1 The shape of the virtual photon spectrum as a function of the adiabati­

city parameter x for the multipolarities E1 and E2 
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It can be seen that the E2 virtual photon numbers are in many interesting 

cases much larger than the corresponding E1 ones. From various experimental condi­

tions with different relative E1 and E2 virtual photon numbers the quantity 
photo 

o EA can be individually determined. In coincidence studies of reaction (1) I.n-

terference effects between different multipoles will show up in general, which 

can in principle help to disentangle the various multipale contributions. A se­

lective population of magnetic substates of the system b+c 1.s expected, it can 

be directly calculated from the theory of Coulomb excitation. 

From the virtual photon numbers (3), (4) and (5) and the estimated cross 

Sectl.'ons photo (from h h · 1 S f d h' 1 · o EA t e astrop ys1.ca - actor measure at 1.gher re at1.ve ener-

gies) it is concluded that dedicated experiments asre feasible in the astrophy­

sically relevant region, It is especially noticeable that even at modest energies 

( 60 M VIA) h d · b · · d · · · h 16o 12c d · · · ~ e t e severe a 1.a at1.c1.ty con 1.t1.on 1.n t e + a + 1.ssoci.at1.on 

(Q -7.162 MeV) and 
20

Ne + a + 16o (Q = -4.73 MeV) can be overcome. 

(1) H. Rebel: Proc. Workshop on Nuclear Reaction Cross Sections of Astro­
physical Interest, unpublished report, Kernforschungszentrum Karlsruhe, 
February 1985. 

(2) G. Baur, C.A. Bertulani, and H. Rebel: Preprint KfK, December 1985, 
Nucl. Phys. A, in press. 

+ Inst, für Kernphysik, KFA Jülich, D-5170 Jülich. 

1.4.3 INCLUSIVE ENERGY SPECTRA OF BREAK-UP FRAGMENTSAND BREAK-UP CROSS SEC­

TIONS AT VERY FORWARD EMISSION ANGLES IN 
6
Li INDUCED NUCLEAR REACTIONS 

H. Jelitto, J. Buschmann, H.J. Gils, N. Heide, J. Kiener, H. Rebel, 

S. Zagromski 

The inclusive charged particle spectra from collisions of 156 MeV 
6
1i ions with 

12c and 208Pb have been previously measured by B. Neumann et al. (1) at emission 

angles GLab ~ 10°, and an exponential increase of the yield from projectile 

break-up processes has been observed with decreasing emission angles. We have ex­

tended these measurements to very forward angles up to 0° by use of the magnetic 

spectrometer "Little John" in order to determine the zero-degree-limit of the in­

clusive break-up cross section. Fig. 1 displays some a-particle spectra in the 

energy region araund the beam-velocity. The gaps in the centers of the bumps ori­

ginate from suppressing the elastic 6Li scattering by a properly positioned gra­

phite block in front of the focal plane. Due to the relatively high intensity of 

the elastically scattered 6Li particles the usual ßE-E electronic discrimination 

between 6Li, a and d is not sufficient and leads to difficulties for higher cur­

rents of the pr1.mary beam. 

As Fig. 2 indicates a change in the slope of the integrated yields of the 

break up bumps when the elastic scattering changes from nuclear to Coulomb scat-
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Fig. 1 Inclusive alpha-particle spectra from the reaction 156 MeV 6Li + 12c and 
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6
Li+208Pb,0°) originates from slit 

scattering. 
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Fig. 2 Differential cross section for elastic scattering of 156 MeV 6Li from 
12 208 C and Pb and energy integrated yields of a particles (b) and deu-

terons (c) from projectile break-up (the symbols 0, ~ and represent 

different experimental runs, x data taken from Neumannet al. (1). 
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tering (where cre1 /crRuth ~ 1). The angular distribution can be parametrized for 

e = 0° to 10° by 

dcr/dQ = C e 

. -1 208 
w~th C = 3.7 band s = 1.55 rad for Pb, and C = 9.5 band~ 

a -1 a -1 12 a a 
17.8 rad (Cd = 3.8 b ~d = 12.8 rad ) for C. It turnsout that the angular 
d . 'b . . . 208 0 
~str~ ut~on for the a-part~cle data w~th Pb at 8Lab >12 is less steep than 

found for 8Lab >12° by Neumannet al. (1). 

(1) B. Neumann, H. Rebel, H.J. Gils, R. PLaneta, J. Buschmann, H. Klewe­
Nebenius, S, Zagromski, R. Shyan and H. Machner, Nucl. Phys. A382 (1982) 
296; B. Neumannj H. Rebel, J. Buschmann, H.J. Gils, H. Klewe-Nebenius, 
S. Zagromski, z. Phys. A296 (1980) 113 

1.4.4 EXPERIMENTAL FEATURES OF PARTICLE-PARTICLE COINCIDENCE MEASUREMENTS AT 

VERY FORWARD EMISSION ANGLES USING THE MAGNETIC SPECTROGRAPH "LITTLE JOHN" 

H. Jelitto, J. Kiener, S. Zagromski, H.J. Gils, H. Rebel 

The direct (nonresonant) break up of light ion projectiles in the Coulomb field 

of a target nucleus has so far not been experimentally identified in a unique way 

(may be with the exception of 7Li (1)), in cantrast to several interesting as­

pects of this type of nuclear reactions. The experimental observation requires 

6Li-Beam 

I 
' ----------

' r---------~/ 
'v"J ~ 

<v'l' % 
' % 
Monitor ·" 

\ 
Target Chamber Acceptance Slit 

8a. (Te lescope) = 5o 

Focal Plane 
Oe tec tor 

Dipol Magnet 

Fig. 1 Schematic set-up of the a-d coincidence measurements 
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the coincident detection of the break-up fragments emitted with small relative 

energies (in a narrow angular geometry) to very forward angles i.e. with large 

impact parameters. In order to explore the experimental implications of investi­

gations of the Coulomb break-up, we have started some experiments with 1S6 MeV 
6L. . . . 6 . 208 208 1 pro]ect1les and looked for the elast1c break-up L1 + Pb+a+d+ Pb The 

gs. 
experimental set up using the magnetic spectrograph "Little John" is shown in 

Fig. 1. The spectrograph was positioned at 0Lab = -2° detecting the break-up deu­

teron (with energies araund the beam velocity energy). A semiconductor telescope 

consisting of a 2 mrn surface barrier detector and a S rnm thick lithium drifted 

Si detector measured the energy spectra of the a-particles at 0Lab= S 0
• The de­

tector positions fix the emission angle of the centre of mass of the (a+d) system 
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33 63 93 !E4 

Ecx IMeVl 

F . 2 c . . d h . 208 b (6 . d) . h 1g. o1nc1 ence energy spectra of t e react1on P L1,a w1t 

0 =so and 0 = -2°. 
a a 

to ca. 2.6° which is considerably smaller than the graz1ng angle (6°) thus guar­

anteeing pure Coulomb effects. The comparatively high elastic scattering inten­

sity causes severe problems. In order to reduce the effects (random coincidences, 

insufficient particle separation) elastically scattered 
6
Li particles were stopp-



-33-

ed on a properly placed graphite block in front of the focal plane detector. The 

high counting rate (from elastic scattering) in the semiconductor telescope, how­

ever, limits the beam current to I . ~ 100 pA. With the described set up ca. 200 11. ~ 
a-d coincidence events were registered in 70 hours. The result is displayed in 

Fig. 2. The two peaks correspond to the sequential (resonant) break-up via the 

f . . d 6 . ( ) l.rst exc1.te state of 11. Ead = 0.71 MeV , The lines are broadened by an in-

sufficient energy resolution of the semiconductor telescope and due to the chosen 

width of the acceptance slits (angular resolution). The effects can be reproduced 

by Monte Carlo simulation. The experimental experiences are the basis for detail~ 

ed consideretions and proposals for an improved detection system. 

The value of the resonance cross sectian (8 = So 8 = -2°) • a 
S.S ~ 1 .S b/sr2 , the upper limit for the nanresanant part centered araund Ead 

O.S MeV is d2 o/dE d~ d~d ~6mb/ sr 2 •MeV. a a ~ 

(1) A. Shatter, V. Rapp, T. Davinsan, D. Branford, N.E. Sandersan and 
M.A. Nagarajan, Phys. Rev. 1ett. ~ (1984) 1S39 

1.4.S ON THE POSSIBI1ITY TO DETECT TWO COINCIDENT PARTIC1ES IN NARROW-ANG1E 

GEOMETRY WITH THE MAGNETIC SPECTROGRAPH "1ITT1E JOHN" 

H.J. Gils, J. Kiener, S. Zagromski, H. Rebel 

The break-up of 
6
1i + a + d in the Coulomb field of a heavy target nucleus may be 

interpreted as time reversed reactian af the a + d fusion reactian, which is af 

particular astraphysical interest. This interpretation requires the simultaneaus 

detection of the two fragments under a relative angle araund 1° and a mean reac­

tion angle (with respect to the 61i-beam) af less than S0
• For fragments near 

beam velocity this reaction geometry correspands to a relative energy of the frag­

ments down to ~ 10 keV. 

Geometrical limitations due to the detector housings and high counting ra­

tes due to the dominating 61i elastic scattering excludes the use of semiconduc­

tor or scintillatian-detectar telescopes for such measurments. Therefore, it is 

considered, to detect bath break-up fragments in caincidence using the magnetic 

spectrograph "1ittle John". The general advantage of the use of the spectrograph 
6 . . 1 (. f is demonstrated in Fig. 1. The elastically scattered 11.-part1.c es 1.n case o a 

reaction angle of eR = 0° also the beam particles) are focussed on a Faraday cup 

in front of the facal plane af the spectrograph. Due to the three-body kinematics 
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and due to the momentum dispersion of the magnet system, the two fragments of the 

elastic 
6
Li + a + d break-up reaction pass the focal plane of the spectrograph on 

either side of the Faraday cup. Therefore, a coincident detection of the fragments 

is possible when having a focal plane detector system consisting of two nearly 

identical parts as shown in Fig. 1. In this set-up the undesired events of ela­

stically scattered 6Li-particles are completely suppressed . 

. /-' 

Target Q1 02 

Dipole 

' " ' 

Sextupole 

Faraday cup -·---······ :.,,·Proportional counter 
·· ·· ·-· ----Ionization chamber 

----Scinti I Ia tor 

Fig. 1 Magnetic spectrograph "Little John" with focal plane detector 

A detector system according to these requirements has been designed. Each 

focal plane detector consists of two position sensitive proportional counters 

followed by an ionization chamber and a plastic scientillator. The horizontal po­

sition of the particle, determining its energy, is calculated by the charge divi­

sion method. The vertical information is given by the drift time of the electrons 

to the anode the scintillator pulse serving as start signal. Thus energy and tra­

jectory angle at the focal plane of two particles are determined by four propor­

tional counters. Particle identification is provided by the ionization chamber 

and the scintillator. 

All housings of the new detector are the same as already used in the Stan­

dard focal plane detector (2) with the modification that the scintillator and 

the anode wires in the drift chambers and the ionization chamber have to be di­

vided and separated electrically. The position resolution should reach 0.5 mm 

FWHM for a-particles and deuterons. This allows an energy resolution of 80 keV -

40 keV for 104 MeV a-particles, respectively 40 keV - 20 keV for 52 MeV deute­

rons, depending on the momentum dispersion. Several calculations with different 

focussing conditions showed, that a satisfactory determination of the relative 
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emission angle (ß~ ~ 2 mrad) between the fragments can be achieved with this spe­

cial focal plane detector, giving a resolution of the relative energy between the 

fragments of better than 10 keV. 

For a redundant determination of the relative emission angle the set-up of 

a two-fold two-dimensional position-sensitive entrance detector is also planned. 

(1) G. Baur, C.A. Bertulani, and H. Rebel, KfK 4032 (1986) Nucl. Phys. A 
in press 

(2) S. Zagromski, unpublished report, KfK Karlsruhe, 1980. 

1.4.6 MONTE CARLO SIMULATION OF DETECTOR GEOMETRY EFFECTS IN COINCIDENCE SPECTRA 

OF CLUSTER-FRAGMENTS FROM PROJECTILE BREAK-UP REACTIONS 

N. Heide, H.J. Gils, H. Rebel, S. Zagromski, V. Corcalciuc+ 

Coincidence spectra of cluster-fragments from direct projectile break-up reactions 

can provide information on the cluster structure of the incident projectile. The 

purpose of the present study is to estimate by Monte-Carlo calculations the in-

fluence of the detector geometry on the shape of the coincidence spectra for the 

d . b . 208 (6 . ) 208 r.< 156 . h. h 1rect reak-up react1on Pb L1,ad Pb at ß = MeV w1t 1n t e assump-
6Li 

tions of the Serber-model (1). 

According to this model the c.m. cross-section for the break-up reaction 

is proportional to the absolute square of the Fourier transform of the a-d rela­

tive motion wave-function. Two alternative descriptions have been used for the 

a-d relative motion wave function to estimate the sensitivity of the coincidence 

spectra to the details of the internal momentum distribution. The calculations 

started with a Yukawa-type function which is implicitly adopted by the post-form 

DWBA calculations of Baur (2). 

An alternative and probably more realistic approach of the (a+d) bound 

state wave-function is obtained when generating it in a Woods-Saxon potential 

well. The WS momentum distribution has a singularity at k ~ 0.75 fm- 1 in contrast 
~ 

to the Lorentzian shape corresponding to the Yukawa-type function. Fig. 1 shows 

the Monte-Carlo simulated coincidence spectra for a-particles for two pairs of 

scattering angles. 

The singularity of the WS momentum distribution leads to two minima 1n the 

coincidence spectrum. Due to the particular three-body kinematics it is possible 

- by choosing appropriate scattering angles - to shift both of the minima in such 

a way that they overlap each other. The Yukawa-type spectra, of course, do not 

show these minima. The Monte-Carlo calculations take into account 

- finite 
- finite 
- energy 
- energy 

size of the detector solid angles, 
size of the beamspot on the target 
width of the incident 6Li-beam 
resolution of the detectors. 
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Fig. 1 Monte-Carlo simulated coincidence spectra for the direct reaction 
208

Pb(
6
Li,ad) 208Pb at E = 156 MeV. 

6Li 

It turned out that the angular resolution of the detector is the most im­

portant quantity for observing the minima expected in the spectra. Due to the 

very low coincidence count-rate it is desirable to have the solid angles of the 

detectors as large as possible but without washing out the minima. The optimum 

conditions for the solid angles of the detectors can be selected by using the re­

sults of the MC calculations. 

( 1) R. Serber, Phys. Rev. 72 ( 194 7) 1008 
(2) G. Baur, F. Rösel, D. Trautmann, R. Shyam, Phys. Rep. 111 (1984) 333 

+ Central Institute of Physics, Bucharest, Romania 

1.4.7 A HALF-SHELL TREATMENT OF THE DIRECT BREAK-UP OF LIGHT IONS 

D K S • + H b h . ++ • . rLvastava , . Re el, and R.K. B ownLk 

The recently proposed transition matrix for the direct elastic break-up process 

given by ( 1) 



with 
rn 

+ c + 
R +- r rn 

a 
and 

+ 
r 

c 
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~+ 
r rn 

a 

is shown to be easily arnenable to an evaluation in terrns of the half-shell cross­

section for the scattering of the projectile frorn the target. Using 

(+) + 7 + (+) + + 
Xa (k~ ,K+l'.) "' X (k. ,R) -'- - a ~ 

.+ 
~k .• fj 

e ~ 

which is expected to be a good approximation at high incident energies and for 

forward-angle ernission of the break-up fragments, the above T-matrix reduces to 

++ ++ 
T T (Q,k.) • <P(Q,k) a ~ 

with ~+ rn + + k. k ~k Q k - and = -k. f ~ m ~ m b a a 

In the above expression, Ta is the half-shell T-rnatrix for the scattering of the 

projectile (kf + ki) 

.+ + 

I 
~k •R 

T f (+) (+) (+ +) dR+ a = e VaA R Xa ki,R 

and 
~ (. rnc + +) rnc ( . ~ + +) exp ~-- Q•r + exp -~-- Q•r 
m m m m 

+ + 
~ (r) dr 

a a a a a 

It is interesting to note that in the case that the continuum state ~k(i) may be 
-ikt . 

represented by a plane wave e c~.e. vbc 0), the nuclear structure quantity <I> 

reduces just to the Fourier transform of the ground state wave function ~ (i). 
a 

The a heavy target the triple differential cross-section can be approximately 

written by 

The half-shell T-matrix 

do lhalf-sh. 

dQ I (a,A) 

~kc l<t>lz do 
-k- dQ 

a 

half-sh, 

(a,A) 

~s related to the half-shell cross 

-2 2 
jJ 

I Ta (q,ki) I [ _a_] 
2'JT'Il.2 

section through 

Further approximating (2) the half-shell cross section to the corresponding on­

shell cross section for the same momentum transfer, the expression for the theo­

retical cross section can be easily evaluated. 



-38-

Exploratory applications to the break-up of 56 MeV deuterons yield reason­

able agreement with experimental data (3) whereas the application to the (a+d)­

break-up of 
6
Li shows an appreciable dependence on the potential Vad generating 

~k' The results of the studies seem to require a state-dependent interaction Vad 

(see ref. 4) generating a consistent set of [~a'~k] for the calculation of ~. 

(1) D.K. Srivastava and H. Rebel, Phys. Rev. C33 (1986) 1221 
(2) L.P. Kok and H. van Haeringen, Phys. Rev. Lett. 46 (1981) 1257 
(3) N. Matsuoka, M. Kondo, K. Hatanaka, T. Saito, T.-Itahashi, K. Hosomo, 

A. Shimizu, F. Ohtani and 0. Cynski, Nucl. Phys. A 391 (1982) 357 
(4) D.M. Boal and J.C. Shillcock, Phys. Rev. C33 (1986) 549 

+ Variable Energy Cyclotron Centre, Calcutta, India 
++ Tata Institute of Fundamental Research, VECC, Calcutta, India. 

1.4.8 THE NONELASTIC PROJECTILE BREAK-UP CROSS SECTION FROM PARTICLE-GAMMA COIN­

CIDENCE MEASUREMENTS FOR THE 6Li + 40ca REACTION AST 156 MeV 

R 1 + . ++ . 
. P_aneta, H. Klewe-Neben1us , J. Buschmann, H.J. G1ls, H. Rebeland 

S. Zagromski; T. Kozik+, L. Freindl+, and K. Grotowski+, (1) 

The cross sections for nonelastic break up modes have been studied for the 6Li + 
40

ca reaction at ELi 156 MeV. Gamma-ray spectra from target-like residual nuc­

lei were measured in coincidence with beam velocity projectile fragments and a 

value for the nonelastic break-up cross section crb.u = 582 + 110mb has been found. non -
Tagether with results of inclusive charged particle measurements we infer for the 

total break-up cross section crb.u = 930 + 115mb comprising about 50% of the to-
tot -

tal reaction cross section. The nonelastic contribution of the break-up reaction 

appears to be less than predicted by the DWBA break up theory. This result is di­

rectly evident from the differential cross sections by comparing inclusive and ex­

clusive results. 

(1) Nucl. Phys. A448 (1986) 110 

+ Institute of Physics, Jagellonian University and Institute of Nuclear 
Physics, Cracow, Poland 

++ Institut für Radiochemie, Kernforschungszentrum Karlsruhe GmbH, Karlsruhe 

1.4.9 INTERMEDIATEMASS FRAGMENTS FROM THE REACTION 6Li + 46Ti, AT E/A = 26 MeV 

T. Kozik, J. Buschmann, A.J. Cole+, H.J. Gils, K. Grotowski, N. Heide, 
. 1 ' . ++ k' J. K1ener, H. K ewe-Neoen1us , H. Rebel, and S. Zagroms 1 

Energy spectra and angular distributions of fragments heavier than the projectile 

h b d f h · 6 · 46T· · 'd 156 s· ave een measure or t e react1on L1 + 1 at 1nc1 ent energy MeV. Gas- 1 

6E-E telescopes were used for Z identification. Significant cross-sections have 

been measured for the pick-up of up to 20 nucleons. A deep inelastic collision 

explanation of such a phenomenon is rather unlikely at 26 MeV/A. It reminds rather 

of an intermediate mass fragment emission observed recently by Kwiatkowski et al. 
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26 52 78 [MeV] 

Fig. 1 Energy spectra of 16o 
ejectiles for different LAB 

angles. Solid line corresponds 
52 to the binary decay of Mn. 

(1) K. Kwiatkowski, 

+ 
++ 

Phys. Lett. B 171 (1986) 41 

I.S.N. Grenoble 
Institut für Radiochemie 

Kernforschungszentrum Karlsruhe 

(1) in the 3 He+Ag reaction at 198.5 MeV. The back-angle data were in that case 

consistent with evaporation from the compound nucleus, while forward angles re­

quired an intermediate velocity source to explain energy spectra and angular dis­

tributions. 

Element distributions observed in this work are similar to those measured 

by Kwiatkowski et al. (1) but our energy spectra and angular distributions sug­

gest a somewhat different reaction mechanism. As an example Fig. 1 presents ener­

gy spectra of 16o ejectiles at 10°, 30°, 50°, and 80° (LAB). The solid line re­

presents the prediction of a simple model assuming a binary decay of the 52
Mn 

compound nucleus, and a Maxwellian CM energy distribution of 16o emitted from the 

top of the Coulomb barrier with a . ~ angular distribution. As one can see 
s~n-CM 

compound nucleus binary decay events are located at the. higher energy part of all 

spec.tra in Fig. 1. At forward angles a second component is seen at lower energies. 
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In order to explain this second component we propose a multistep evapora­

tion picture. In our case, the excitation energy, 159 MeV, of the compound nuc-

1 SZM *' ' ' ' . 1 d eus n ~s h~gh enough to allow consecut~ve evaporat~ons. Part~c es evaparate 
52 * . from Mn ga~n a large part of their energy from acceleration in the Coulomb 

field. This Coulomb energy is considerably reduced in consecutive steps of the 

evaporation cascade. Further calculations are in progress. 

1.4.10 INTERMEDIATEMASS FRAGMENTS FROM THE REACTIONS 61i 
6 . nat 
1~ + Ag, AT E/A = 26 MeV 

+ natc u, AND 

+ ++ K. Grotowski, J. Brzychczyk , A.J. Cole , H.J. Gils, N. Heide, H. Jelitto, 
J K . T ' k+ ' + ' + . • ~ener, . Koz~ , Z. MaJka , H. Rebel, Z. Sos~n , and S. Zagromsk~ 

We have measured energy spectra and angular distributions of fragments heavier 

than projectile using the same ~E-E identification method as mentioned in the 

previous contribution. A typical ~E vs E map for products from the reaction 
6
1i + natAg, 01 = 33° is shown in Fig. 1. An energy projection of the ~E vs E map 

is presented in Fig. 2 for the same reaction but for a much larger angle 81 =120°. 

A well separated group of events is seen at both angles. Their energy approxima­

tes predictions of the binary fission systematics. The nuclear charges represent­

ed in this group extend up to the upper limit of the identification range, z~18. 
~ 

This binary fission group dominates at large angles but at small angles is out-

numbered by a low energy group which is populated by events with Z<14. The energy 

distribution of the latter group ~s very broad and for smaller Z probably overlaps 
. th h f . 46 . ( . . b . ) w~ t e ormer one. As ~n the case of T~ target see prev~ous contr~ ut~on 

the low energy group originates probably from the multistep evaporation. A detail­

ed analysis of data is in progress. 
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Fig. 2 Energy projection of the ßE vs E map of events from 6Li + natAg, 

at 8 = 120° 
L 

+ Institute of Physics, Jagellonian University, Institute of Nuclear Physics, 
Cracow, Poland 

++ I.S.N. Grenoble 

1.4.11 FISSION BARRIERS OF LIGHT NUCLEI 

M. B1ann+, K. Grotowski, and R. P:faneta++ 

In the present work we analyze fission-like yields from nearly symmetric decay 

f 1 . h . 52 * 49 * 46 * d 44T. * 1) . d o ~g t compos~te systems 26Fe , 24cr , 23v , an 22 ~ ~n or er to test se-

veral models of fission barriers of light nuclei at moderately high angular mo­

menta. 

For a lang period of time the only set of fission barrier calculations for 

nuclei under rotation resulted from the rotating liquid drop model (RLDM) of Co-

h 1 '1 d . . Z) . . 1 d 1 1 f f. . . t. en, P as~ , an Sw~ateck~ . Stat~st~ca mo e ana yses o ~ss~on exc~ta ~on 

functions for systems of mass 100 - 200 suggested that the RLDM barriers were 

somewhat higher than experimentally deduced results 3). A hint that such a con­

clusion should not be unexpected came from the early finite range barrier calcu­

lations of Krappe, Nix, and Sierk 4) performed for non-rotating systems. This 

model differed from the sharp surface liquid drop one in that an attractive force 

of finite range was permitted between nascent fragments at the fission saddle 

point. It was demonstrated that this effect could reproduce the angular momentum 
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dependent barrier decrements from RLDM by modelling the static finite range effect 

to rotating systems. The explicit finite range rotating liquid drop model (RFRM) 

calculations were clone by Mustafa, Baisden, and Chandra S), These models were 

shown to give good agreement with experimentally deduced barriers for systems 

forrned in heavy ion bombardements with A < 160. 
'V 

We wish to see if the conclusions stated above are valid 1n the much lower 

mass systems (A ~52) for which results were presented in refs. 1. In that mass 

range experimental determination of fission-like yields is much more difficult 

than for heavier nuclei for two principal reasons: the fission-like cross sections 

are much smaller, and the cahrge Separation between target and projectile is much 

lower, rendering division between deep inelastic and fission-like products more 

difficult and ambiguous. In order to get reasonable fission yields one has to use 

here higher bombarding energies than those satisfactory for heavier, more fissile 

systems, what introduces additional complication 1n interpretation due to secon­

dary evaporation from fission fragments, and due to incomplete fusion contribu­

tions to the reaction cross sections. 

In our investigations we use the statistical codes ALERT I and ALERT II of 

the Hauser-Feshbach-type, with the Bohr~Wheeler model for estimating the angular 

momentum dependent fission excitation functions, in order to predict the fission 

cross sections expected from the experiments and based on RLDM and RFRM barriers. 

We also explore the sensitivity of calculated yields to transmission coefficients 

which depend on nuclear deformation. Calculations are in progress. 

(1) K. Grotowski et al., Phys. Rev. C30, 1240 (1984); 
R. Planeta et al., accepted for publication in Phys. Rev. C. 

(2) S. Cohen et al., Ann. Phys. (N.Y.) 82, 557 (1974) 
(3) M. Blann and T.A. Komoto, UCRL-8711z-(1982) 
(4) H.J. Krappe et al., Phys. Rev. C20, 992 (1979) 
(5) M.G. Mustafa et al., Phys. Rev. C25, 2524 (1982) 

+ Lawrence Livermore National Labaratory 
++ Institute of Physics, Jagellonian University, Cracow, Poland 

1.4.12 ELEMENT DISTRIBUTIONS AFTER BINARY FISSION OF 
44

Ti 
+ ++ + .. ++ 1 .++ R. P!aneta , P. Belery , J. Brzychczyk , P. Coh1l1s , Y. E Masr1 , 

h .. . ++ k. . k + s . k+ s d k+ G . Grego1re , K. Grotows 1, Z. MaJ a , . M1ce , M. zczo ra , 

A. Wieloch+, J. Albinski+, (1) 

Inclusive and coincidence measurements have been performed to study syrnmetric 

f . f 44 . b. d f 32 12 . . ragmentat1on o T1 1nary ecay rom the S + C react1on at 280 MeV lnci-

dent energy. Element distributions after binary decay were measured. Angular 

distributions and fragment correlations are presented. Total CM kinetic energy 

for the syrnrnetric products is extracted from our data and from Monte-Carlo model 
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calculations including Q-value fluctuations. This result was compared to liquid 

drop model calculations and standard fission systematics. Comparison between the 

experimental value of TKE and the RLDM predictions locates the angular momentum 

window for symmetric splitting of 44Ti between 33 and 38 h. It also showed that 

50 % of the corresponding rotational energy contributes to the TKE values. The 

dominant reaction mechanism was found to be symmetric splitting followed by eva­

poration. 

(1) Phys. Rev. C 2i (1986) 512 

+ Institute of Physics, Jagellonian University, Institute of Nuclear Physics, 
Cracow, Poland 

++ Institute of Nuclear Physics, Universite Catholique de Louvain, 
B-1348 Louvain-la-Neuve, Belgium 

1.4.13 a-PARTICLE SCATTERING FROM Ni ISOTOPES AT E = 172.5 MeV 

J Alb . . + A d . + . ~ + • 1nsk1 , . Bu zanowsk1 , H. Dabrowsk1 , Z. Rogalska , and 
S .. k + R b 1 d • A d 1 • ++ . W1 tor ; H. e e an D.K. Sr1vastava; C .•• 1 er~1esten , 

J . d++ ++ . ++ • BoJowal , W. Oelert , C. Mayer-Bör1cke and P. Turek , (1) 

Differential cross sections have been measured for the elastic and inelastic scat-
. 58 60 62 64 . tering of 172.5 MeV alpha part1cles from ' ' ' N1 nuclei. The analysis of 

the experimental data of elastic scattering in terms of optical potentials indi­

cates an increasing neutron skin thickness in the isotopic sequence from 58Ni to 
64

Ni. Coupled channel analyses based on the anharmonic vibrational model approach 

determine the values of the dynamic deformation parameters for the most strongly 
+ + 

excited states rather precisely and reveal enhanced hexadecapole (0 + 4
1

) tran-

sitions. Using an implicit folding-model procedure with a correction for the den­

sity-dependence of the effective a-nucleon interaction isoscalar transition rates 

are extracted and compared to electromagnetic results. 

(1) Nucl. Physics A 445 (1985) 477 

+ Institute of Nuclear Physics, 30-117 Krakow, Poland 
++ Institut für Kernphysik, KFA Jülich, D-5170 Jülich 

1.4.14 COMBINED ANALYSIS OF p- SCATTERING BY 16 • 180 AND OF 16 • 180- p- ATOMS. 
+ . ++ '1 C. J. Batty , E. Fr1edman , and H.J. G1 s 

Recently, experimental data of high quality for the elastic scattering of anti­

protons by 16 • 18o and for strong interaction level shifts and widths of 
16

•
18o­

antiprotonic atoms became available (1,2) from the LEAR facility. The analysis 

of both kinds of experiments involves a complex optical potential for the p-nuc­

leus interaction. This potential may either be obtained phenomenologically (3) 
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or may be microscopically derived from the target nuclear density distribution and 

an effective p-nucleon interaction e.g. within a folding model. Such analyses have 

been performed for the scattering problern determining the strength and range of a 

Gaussian p-nucleon interaction (3,4). 

In the case of the antiprotonic atoms, however, there are only two expe­

rimental numbers available, the strong interaction shift c and width r, which 

makes a search on potential parameters - as in the scattering case - impossible. 

On the other hand, the atomic problern may determined the interaction potential 

at a part~icular radius quite ~·7ell due to the localization of the p-atomic orbit­

als the transition between which was observed. Therefore, a combined anlysis of 

both types of experiments may be useful as previoulsy applied (5) to the elastic 

scattering of alpha-particles and pionic atoms. 

The first attempts of such a combined analysis showed that the two expe­

riments are reasonably coupled so that the atomic problern acts as a constraint 

on the scattering experiment. In fact, a twofold ambiguity observed with the range 

of the real p-nucleon effective interaction (Gaussian form) when analyzing the 

scattering only (
18

o) is definitely excluded in the combined analysis. In Table 

results of separate and combined analyses using a Gaussian folding model are com­

pared indicating an improvement in the parameter errors from combined analyses. 

The combined analysis of p-scattering and p-atomic X-ray measurements 

seems to be a promising tool for studying the p-nucleus interaction. However, 

due to the small values of the strong interaction shifts and widths in p-atoms 

of oxygen, the constraints are not sufficient to greatly affect analysis of p­

scattering and one must await results for heavier nuclei. 

Table 1 Results for real and imaginary optical potentials from Gaussian folding 
- 16 - 16 model analyses of p - 0 scattering and p - 0 atoms from scattering 

only and combined analyses. Numbers in brackets are the errors of the 

last decimal digits. 

Real Imaginary x2 /F 
Volume Range Volume Range Scatt. 

(MeV fm3 ) (fm) (MeV fm3 ) (fm) 

Scatt. 281. (40.) 1.53(33) 902.(55.) .964(36) 1.6 

Comb. 299.(33.) 1.34(26) 872.(45.) .981(29) 1.6 0.4 0.01 

(1) D. Garetta et al. Phys. Lett. 135 B (1984) 266 ibid. J49 B (1984) 64, 
151 B (1985) 473 

(2) T. Köhler et al., CERN-preprint EP/86-02 (1986) 
(3) C.J. Batty, E. Friedman and R. Lichtenstadt, Nucl. Phys. A 436 (1985) 621 
(4) E. Friedman and J. Lichtenstadt, Nucl. Phys. A 455 (1986) 573 
(5) H.J. Gils and E. Friedman, J. Phys. ~ (1985) 85 

+ Rutherford Appleton Laboratory, Chilton, Didcot, UK 
++ Racah Institute of Physics, Hebrew University, Jerusalem, Israel 
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1.4.15 EXCITATION AND DECAY OF ISOSCALAR GIANT RESONANCES IN 90zr STUDIED IN 
6 . 
L~-SCATTERING AT EXTREME FORWARD ANGLES 

H S hl .. + . + + + + • c osser , W. Eyr~ch , A. Hofmann , A. Lebmann , B. Mühldorfer , 

H . + 
. w~rt ' H.J. Gils, H. Rebel, S. Zagromski 

Decay experiments and small angle scattering are powerful tools for studying 

giant resonances. Combining both methods, we investigated the excitation and the 

neutron decay of the isoscalar E2 and EO giant resonances (GR) in 90zr with the 

156 MeV 
6
Li beam of the Karlsruhe Isochronaus Cyclotron. The main advantage of 

• 61 • • • 1 b d • (6 • 6 • I) • us~ng ~ part~cles ~s the relat~vely ow ackgroun 1n the 11, L1 -react~on, 

due to the low binding energy of the 6Li-projectiles. 

The scattered 6Li particles were detected by the magnetic spectrograph 

"Little John" in an angular region bet\veen 1.5° and 4,5°. The single spectrum 

taken at 2°, shown in Fig. 1, demonstrates the favourable resonance to background 

ratio, In contradiction to a-spectra, takenunder similar conditions, the conti­

nuum of the 6Li-spectrum decreases towards higher excitation energies. The excit­

ed resonances marked with their multipolarities can be clearly identified. The 

extracted parameters of the different resonances are in good agreement with our 

results from (a,a') scattering (1). 

Fig. 1 
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To investigate the decay of the E2 and EO giant resonance regions we used 

an equipment consisting of four large scintillation detectors. The spectroscopy 

of the neutrons was performed using time of flight technique, similar as describ­

ed in Ref. 1. The scattered 6Li particles were detected at 2° by the magnetic 

spectrograph and, in addition, araund 13° by surface barrier detectors. For the 

decay of the E2 GR region, we found a dominant statistical decay, and additional­

ly the excitation of considerable strength with multipolarities L ~ 4, which can 
• /2+ II • h • II d • 89Z be deduced from the strong populat~on of the 9 h~g sp~n groun state ~n r 

(cf. Fig. 1, lower part). This confirms the results of our (a,a'n) measurements 

(1) at larger scattering angles. For the EO GR region we identified in addition 

of a dominant statistical decay, a direct component of 14 + 3 % and a preequili­

brium decay in the order of 5 %. 

(1) K. Fuchset al., Phys. Rev. C32 (1985) 418. 

+ Physikalisches Institut der Universität Erlangen-Nürnberg 

1.4.16 MONOPOLESTRENGTHIN 12c EXTRACTED FROM 6Li SMALL ANGLE SCATTERING 

W .+ + + + + 
• Eyr~ch , A. Hofmann , A. Lebmann , B. Mühldorfer , H. Schlösser , 

H. Wirth+, H.J. Gils, H. Rebel and S. Zagromski 

In light nuclei there is only few information concerning the giant monopale reso-

(GMR) E · 11 · 12c h · · · d o h d · nance . spec~a y ~n t e s~tuat~on w~th regar to the E -strengt ~s-

tribution is still unclear. Besides the well known 0+ state at E 7.65 MeV ex-
x 

hausting about 10% of the energy weighted sumrule (EWSR), there is only confus-

ing information about additional EO strength. In a 3He scattering experiment (1) 

monopale strength of about 2.1 % EWSR araund 9.15 MeV excitation energy was re­

ported, which could not be confirmed in a previous experiment of our group (2). 

To clarify the situation, we studied 6Li-scattering at extreme forward an­

gles where the monopale assignment should be unambiguous. The experiment was car­

ried out at the 156 MeV beam of the Karlsruhe Isochronaus Cyclotron using the mag­

netic spectrograph "Little John". 

In the upper part of Fig.1 an excitation spectrum taken at 2.5° is shown. 

At this angle, the monopale strength is only weakly excited, as can be seen from 

the 7.65 MeV state, At 1.5° (middle part), the relative intensities have already 

changed, and at 0° (lower part), the EO strength has its maximum. In addition to 

the 0+ state at 7.65 MeV, a broad bump araund 10.2 MeV arises in the 1.5° and 0° 

spectra. The angular distribution shown in Fig. 2 allows a distinct monopale as­

signment. A DWBA-calculation yields a strength of 5 % + 1 % EWSR. In addition, we 

found monopale strength with 5% + 2% EWSR in the region between 19.1 MeV and 

21.4 MeV (compare Fig. 2). Forthis energy region, EO strength was also reported 

in Ref. 1. 
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(1) D. Lebrun et al., Phys. Lett. B97 (1980) 358 
(2) W. Eyrich et al., Phys. Rev. C24 (1981) 2720. 

+ Physikalisches Institut der Universität Erlangen-Nürnberg 
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1.5 NUCLEAR FISSION 

1.5.1 COLD FRAGMENTATION IN THERMAL-NEUTRON-INDUCED FISSION OF 
233u AND 

235u 
+ + + . + + 

H.-G. Clerc , W. Lang , M. Mutterer , C. Schmltt , J.P. Theobald , 
++ ++ b +++ .. . ++++ U. Quade , K. Rudolph , P. Arm ruster , F. Gonnenweln , 

++++ H. Sehrader , D. Engelhardt (1) 

The experiments were performed at the ILL in Grenoble by measuring with the mass 

spectrometer Lohengrin fission fragment yields as a function of the kinetic 
. 233 235 

energy of the fragments up to 115 MeV for the reactlons U(n,f) and U(n,f). 

Fragments were detected in a mass range 80 < A < 107. Cold fragmentation was - -

observed, its definition being a fission process without evaporation of neutrons. 

The influence of the fission-fragment ground-state deformations on the yield in 

cold fragmentation could not be detected unambiguously. The kinetic energies 

corresponding to a common fixed yield level for each isobar reflect the influence 

of the proton pairing energy, but not of the neutron pairing energy. By using 

calculated Q-values for the different mass splits, mass distributions at fixed 

total kinetic energy are deduced from the data. At a fixed total excitation 

energy of 7 MeV, the yield increases from very asymmetric mass splits (A1~ 80) to 

more symmetric mass splits (AL~ 105) by more than two orders of magnitude. This 

strong dependence on the mass split seems to be correlated with the decreasing 

surface-to-surface distance of the unaccelerated fission fragments in this range 

of mass splits, as calculated under the assumption that the total Q-value is 

represented by the mutual Coulomb repulsion of the two fragments. 

(1) dito, Nucl. Phys. A452(1986)277-295 

+ 
++ 
+++ 
++++ 

Institut für Kernphysik, Technische Hochschule Darmstadt 
Sektion Physik, Universität München 
GSI, Darmstadt 
Institut Laue-Langevin, Grenoble 

1.5.2 MASS YIELDS OFFISSION FRAGMENTS AS A FUNCTION OF KINETIC ENERGY IN 

THE REACTION 
249

cf(nth'f) 

E. Aker, D. Engelhardt, R. Brissot+, P. Geltenbort++, .. . ++ F. GonnenWeln , 

A. Oed++, J. Gindler+++, B. Wilkins+++(1) 

This experiment was performed at the "Cosi-fan-tutte" time-of-flight spectrometer 

at the ILL in Grenoble (2). Data evaluationwas performed and results and their 

interpretation of mass and energy distributions of fission fragments were discuss-

ed by E. Aker (3,4). 97.2% of light fission fragment yields lies between fragment 
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masses 85 to 123 amu, the most probable mass being m = 108. An average kinetic 

energy of light fragments is 105 MeVform = 91, 100 MeVform = 119 and 90 MeV 
233 

form= 123 amu. Energy spectra were calibrated using a U(nth'f)-run, whose 

fragment kinetic energy distribution is well-known from literature. For the 

highest fragment energies above 123 MeV (cold fragmentation) the mass distribu­

tion of fission fragments of 
239

cf(n h'f) shows only weak structure, contrary to 
233 t 

fission fragments of U(n h'f). Mass 116 amu is dominant. The heavy mass 134 amu 
t 249 

is correlated to mass 116 in Cf(nth'f); mass 134 amu shows also up strongly in 

the reaction 
233

u(nth'f). The kinetic energy distribution does not correspond to 

a pure Gaussian shape, but shows an asymmetric tail to lower energies. 

(1) dito, Verhandlungen DPB, Group Report, 1986 
(2) A. Oed, P. Geltenbort, R. Brissot, F. Gönnenwein, P. Persin, E. Aker, 

D. Engelhardt, Nucl. Instr. Meth. 219(1984)569-574 
(3) E. Aker, R. Brissot, D. Engelhardt:P. Geltenbort, J. Gindler, F. Gönnen­

wein, A. Oed, B. Wilkins, Int. Conf. on Nucl. Data for Basic and Appl. 
Science, May 13-17, Santa Fe (1985) 

(4) E. Aker, Thesis (1986) 

+ Universite de Grenoble 
++ Institut Laue-Langevin, Grenoble 
+++ Argonne National Labaratory 

1 .5.3 MASS AND CHARGE DISTRIBUTION OF FISSION FRAGMENTS IN 
237

Np(2n,f) 

+ ++ . ++ + ( ) R. Brissot , G. Barreau , G. Mart~nez , EL-Samman , D. Engelhardt 1 ,2,3 

The fissile isotope 
238

Np was produced in situ at the Lohengrin mass separator 

target inside the High Flux Reactor of the ILL by neutron capture. As the 

counting rate is a function of the square of the neutron flux, this experiment 

was only feasible at the High Flux Reactor. For the first time i t was thus 

possible to study mass and charge distributions as a function of kinetic energy 

of an isotope with odd nuclear charge. Fission of 
239

Np leads to a distribution 

of nuclear charge, where one fragment has even and the other one odd charge. 

Nuclear charge was determined by residual energy measurement following dE/d in a 

solid absorber in an ionization chamber. The resul ts shows a regular isotopic 

distribution. There is a similar shape of mass and kinetic energy distribution in 

the fission of 
239

Np and 
240

Pu (4). The experimental results were interpreted in 

the framework of the Wilkins model (5,6). 

(1) dito, R. Brissot et al., tobe published 
(2) G. Martinez, Thesis, Bordeaux (1986) 
(3) EL-Samman, Thesis, Grenoble (1986) 
(4) C. Schmitt, A. Guessons, J.P. Boquet, H.-G. Clerc, R. Brissot, D. Engel­

hardt, H.R. Faust, F. Gönnenwein, M. Mutterer, H. Niefenecker, J. Pannicke, 
Ch. Ristori, J.P. Theobald, Nucl. Phys. A430(1984)21-60 

(5) B.D. Wilkins, E.P. Steinberg, R.R. Chasm~Phys. Rev. C5(1976)1832 
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(6) B.D. Wilkins, J.E. Gindler, private communication (1986) 

+ Universite de Grenoble 
++ CEN Bordeaux-Gradignan 

1.5.4 MASS AND CHARGE DISTRIBUTION OFFISSION FRAGMENTS IN 
249

cf(n,f) 

E. Aker, D. Engelhardt (1) 

This experiment was recently performed at the Lohengrio mass separator at the ILL 

as an extension of an previous experiment on 
249

cf at the "Cosi Fan Tutte" 

time-of-flight spectrometer (2). A new target technique developped recently 

allowed us to use the 
249

ct targets for up to 1 week in the High Flux Reactor 

before nuclear burn-up had used the fissile isotope. The partial measurement of 

mass distribution as a function of kinetic energy is in good agreement with a 

complete set of data acquired at the "Cosi Fan Tutte" spectrometer previously 

(2). Nuclear charge was determined by measurement of residual energy following 

dE/dx in a solid absorber in an ionization chamber. A rather comprehensive 

distribution of nuclear charge as a function of mass and kinetic energy was 

obtained, except for cold fragmentation. There is evidence for at least three new 

· t 11 5Rh 111 T d 109M h h 1 b d d f . f 1so opes, , c an o, w ic can on y e pro uce in 1ssion o very 

heavy nuclei. A further investigation is scheduled at both fission fragment 

spectrometers at the ILL before the end of 1986. 

(1) E. Aker, D. Engelhardt et al., tobe publsihed 
(2) E. Aker, Thesis (1986) 

1.5.5 A QUANTUM MODEL FOR NUCLEAR FISSION 

E. Aker, R.W. Hasse+ (1 ,2) 

A comparison of mass yields and kinetic energy distributions of fission fragments 

f 
250cf f' · · . h . f' . d 1 (3) tl f rom 1ss1on exper1ments w1t stat1c 1ss1on mo e s presen y o ten 

used to interprete experimental results of fission studies show considerable 

discrepancies between experiment and theory. Static models do not take into 

account the dynamic evolution of the fission process through the various degrees 

of freedom of deformation until fission takes place nor do they include stat­

istical or quantum fluctuations. Therefore dynamical model calculations were 

performed, which are based on an adiabatic quantum fission model (4). In this 

model the fission process is described by the propagation of a quantum mechanical 

wave packet in the potential of the deformed nucleus including their inertias. As 

parameters quadrupole and hexadecapole like deformatins (elongation and con-
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striction) are employed and the evolution of the wave packet as solution of the 

time-dependent Schroedinger equation has been investigated between the saddle 

point and the scission line. From these calculations one gains information on the 

velocity of the separation as well as on the configuration of the fragments at 

scission. With these quantities the final kinetic energy distribution of the 

fragments is obtained. Our calculations are particularly interesting for the case 

of cold fragmentation. 

(1) dito, tobe published 
(2) E. Aker, Thesis (1986) 
(3) B.D. Wilkins, Phys. Rev. C14(1976)1832 
(4) R.W. Hasse, Nucl. Phys. A128(1969)609 

+ IK III, presently at GSI, Darmstadt 

1.5.6 FISSION FRAGMENT PROPERTIES IN FAST-NEUTRON-INDUCED FISSION OF 237Np* 

A.A. Naqvi+, F. Käppeler, F. Dickmann, R. Müller++ 

We have performed a complete (2E,2v) experiment of the kinetic energ1es E and ve­

locities v of correlated fragments from fast-neutron-induced fission of 237Np. 

The influence of excitation energy on the important fragment properties such as 

mass, kinetic energy and prompt neutron emission have been investigated experimen­

tally at 0.80 and 5.55 MeV neutron energy. Our results include mean values of frag­

ment properties before and after neutron evaporation, e.g. of fragment velocities 

and masses, total kinetic energies, and the respective variances. Also given are 

the distributions of fragment mass, of Ek , the variance of Ek t as well as ,tot ,to 
the number of prompt fission neutrons as a function of fragment mass. These re-

sults show that shell effects are strong near threshold at E 0.80 MeV, but de-n 
crease significantly at the higher excitation energy, in qualitative agreement 

with the model of Wilkins, Chasman and Steinberg (1). However, the observed in­

crease in the number of prompt fission neutrons, which appears only in the heavy 

fragments, cannot be explained by this model. 

(1) B.D. Wilkins, E.P. Steinberg, R.R. Chasman, Phys. Rev. C14 (1976) 1832 

* Phys. Rev. C34 (1986) 218 
+ University oy-Dhahran, Dhahran, Saudi-Arabia 
++ Now at Siemens AG, D-8000 München, Fed. Rep. of Germany 
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1.6 THEORY 

1.6.1 BREATHING CLUSTER MODEL FOR TWO s-WAVE CLUSTERS 
+ + A.T. Kruppa , R.G. Lovas , R. Beck and F. Dickmann, (1) 

The nuclei with mass number 5 < A < 9 may be concieved to consist of a a cluster 

and a cluster composed of the rest of the nucleons. The two clusters may distort 

each other, so the wave function must contain a combination of several states of 

the free clusters. In this work we described these nuclei microscopically by in­

cluding the g.s.'s and breathing excitations of the clusters. One of our effec­

tive N-N interactions fitted to reproduce the measured energies and radii of the 

f 1 d h 6 . 7 . d' h 1 f ree c usters an t e energy of L~ or L1 pre ~cts t e two-c uster energ~es as 

ollows: 

Potential 

For -26.64 -31.99 3.76 -38. 16 -55.79 

For 7Li -26.81 -32.85 -39.24 -37.68 -56.49 

Experiment -26.08 -31.99 3.59 -39.09 -37.46 -56.50 

2 
The calculated squared monopole charge form factor F (q) and ad fragmenta-

tion strength c2 (q), shown below, improve on previous cluster-model calculations. 

It is argued that even the diffraction dip of F2 (q) and the slope of G
2

(q) could 

be reproduced by explicitly including short-range N-N correlation in the wave 

function. 

------ potant"'l 1 
-- potanliBl 2 
-- potential 1, lronn 

I I I I I I I 

~-~0~1~2~~3-74-7S~6~7~8~~9-W~~11~12~13~14 
q1 (fm"11 

(1) Submitted to Phys. Lett. B 

------- pohntiul 
-- potent"'l 
----- potential 1, froun 

s 

0o 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2 

+ Institute of Nuclear Research, Debrecen, Hungary 
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1.6.2 UNIFIED MICROSCOPIC DESCRIPTION OF THE LIGHTEST NUCLEI 
+ + 

R.G. Lovas , A. T. Kruppa , R. Beck and F. Dickmann 

The aim of this work was to describe the nuclei with A < 8 in a common microscopic 

framewerk (1). We built up the nuclei 2 < A < 4 and 5 < A < 8 from one and two Os 

clusters, respectively. An n-nucleon (n ~ 4) cluster wave function was taken to be 

a Superposition of N (Os)n oscillator states (N < 5) of different sizes, and the 
n n-

two-cluster nuclei were assumed to be Superpositions of similar a + n-nucleon-clus-

ter states. All wave funcitons were exactly antisymmetrized. The oscillator sizes 

as well as the NaxNd relative wave functions ~'lere determined variationally. A cen­

tral nucleon-nucleon interaction was constructed by fitting to the energies and 

. f d 3 d h . S 61' 7 ' 7B d 8 
s~zes o , t, He an a. T e g.s. energ~es of He, ~. L~, e an Be were 

then determined, and a detailed analysis of the fragmentation and electromagnetic 
. f 6 . 

propert~es o L~ was performed. 

The energies and rms charge radii of the single-cluster nuclei were obtain­

ed tobe correct within 1 keV and 0.1 fm, respectively. With the exchange mixture 

of the force fixed appropriately, the g.s. energies of all two-cluster nuclei were 

then reproduced with an accuracy of 1 MeV. The excitation energy of the L = 2 

triplet of 
6
Li was predicted with an accuracy of 0.2 MeV. Although the energy of 

6
Li is deeper in this model by as much as 2 MeV than in conventional a+d cluster 

models, yet the weight of the (g.s.) +d(g.s.) component (2) remains as high as 

0.92. The conventional spectroscopic factors of the a+d and t+ 3He fragmentations 

were obtained to be 0.93 and 0.58, respectively. These are somewhat larger than 

the average of the experimental estimates. 
. ( + 1+) . . . The charge rms rad~us and the B E2, 3 + trans~t~on strength agree w~th 

the data within the experimental errors. The calculated monopale charge form fac­

tor is excellent up to 7 fm- 2, but fails to show the diffraction minimum flund 

experimentally at 8 fm- 2 • (The measured and calculated chargeform factors of the 

a particle compare similarly.) The elastic magnetic dipole form factor is some­

what less accurate due to the lack of a tensor force. The inelastic quadrupole 

charge form factor is in almost perfect agreement with experiment. 

In conclusion, the model gives a surprisingly coherent description of the 

A < 8 nuclei. What it fails to reproduce is the high-rnomenturn behaviour of the 

wave function, in which strong short-range correlations or the effects of the 

non-nucleonic degrees of freedom are expected to be large. 

(1) R. Beck~ F. Dickmann and A.T. Kruppa, Phys. Rev. C30 (1984) 1044 
(2) R. Beck 9 F. Dickmann and R.G. Lovas, Nucl. Phys. A446(1985) 703. 

+ Institute of Nuclear Research, Debrecen, Hungary 
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NEUTRON-PROTON CROSS SECTIONS IN A SIMPLE INTERACTION MODEL 

P .Doll 

There are very precise neutron-proton scattering data available (see 1.2.1) in 

an energy range which is known to be covered by the kinetic energy of nucleons 

in nuclei. These data represent a testing ground to be understood in an 

nucleon-nucleon interaction model. To find the components of the interaction 

which determine our precise nucleon-nucleon scattering data in the energy 

range between 20 and 50 MeV we investigated a simple Yukawa type interaction 

in the Mms' ,m -matrix formalisme to calculate differential cross sections to s s 
start with. The M~' •m elements are decomposed into partial waves up to 1 = 2 s s 
and in the n-p system both amplitudes for isospin t = 0 and t = 1 contribute. 

It is assumed that at low energies the two nucleons feel only the nuclear 

interaction which is of short range ( JJ = 0. 7 fm-1) and a small number of 

angular momentum states is justified. 

When the scattered partiale is detected in the scattering plane with 

cp = 0 the M~' •m elements exhibi t simple symmetries ( 1). The M~' •m elements s s s s 
contain the Tl',s ls elements which are taken (2) in first Bornapproximation 

by 

Vo 
--X 
2qq' 

q2+q'2+]J2 
Ql ( 2QQ I 

where Q1 is the Legendre function of the second kind. Q0 to Q2 were used in 

the present calculation presenting a measure of the partial wave interaction 

strength. The M-matrix elements are taken between momentum and spin-eigen 

states, which can be decomposed into states of good angular momentum. The 

Wolfanstein (1) parameters which determine the observables are derived from 

the M-matrix elements. 

Fig. 1 

Comparison between 

(1.2.1) and theoretical 

cross sections for 

scattering 

experimental 

differential 

neutron-proton 

1... 
1/) --.0 

40 

E 
~3o 

a 
u -... 
b 
u 

20 

10 

n + p elastic 

En = 22 MeV 

En = 30 MeV 

En =50 MeV 

30° 60° 90° 1200 150° 

Bcm 



-55-

The figure shows our preliminary calculation in comparison with data at 22 

MeV, 30 MeV and 50 MeV. The calculations are above the data a low energies, 

which may be due to the poor justification of the Born approximation and the 

missing tensor force and at higher energies below the data due to the 

absence of higher partial wave. These shortcomings should be removed in the 

future. 

(1) N.Hoshizaki, Suppl.Progr.Theor.Phys. 42 (1968) 107 
(2) G.Brown, Nucleon-Nucleon·interactiort (1975) North Holland 

Publishing Company 



-56-

2. LASER SPECTROSCOPY 

2.1 THE ODD-EVEN STAGGERING OF THE NUCLEAR CHARGE RADII OF Pb ISOTOPES 

M. Anselment, W. Faubel+, S. Göring, A. Hanser, G. Meisel, H. Rebel, and 

G. Schatz, (1) 

Previous laserspectroscopic studies of the hyperfine structure splittings and 
. . ( 2 3 3 
~sotope sh~fts of the 6p P

0
- 6p7s P

1
; 283.3 nm) Pb I resonance line have been 

extended to further radioactive Pb nuclides: 196 • 197 • 197m,Zii, 214Pb. Using an im­

proved theoretical result about the specific mass shift, we recalibrate the iso­

tope shifts of the full series (A = 196-214) of measured isotope shifts in terms 

of the nuclear parameter and determine the odd-even staggering parameters. The 

Variation of the nuclear charge radii of the Pb nuclides exhibits distinct shell 

effects, and the odd-even staggering shows a conspicuous trend, being more pro­

nounced for neutron deficient Pb isotopes. 

(1) Nuclear Physics A451 (1986) 471 

+ Institut für Radiochemie, Kernforschungszentrum Karlsruhe GmbH, Karlsruhe 

2.2 CHARGE RADII AND MOMENTS OF TIN NUCLEI BY LASER SPECTROSCOPY 

M A + ++ . . 
. nselment , K. Bekk, A. Hanser, H. Hoeffgen , G. Me1sel, S. Gör1ng, 

H. Rebel, and G. Schatz, (1) 

The isotope shift and hyperfine structure of the optical Sn I resonance transi-
2 3 3 tion Sp P0 + Sp6s P

1 
at A = 286.3 nm have been studied for 18 Sn nuclei includ-

ing 2 isomers. Laser induced resonance fluorescence from a collimated atomic beam 

of tin was observed using a tunable cw dye laser with frequency doubler. The elec­

tromagnetic nuclear moments and changes of the mean square charge radii of the 

nuclear charge distributions were determined. The results are discussed with re­

spect to the information they provide on the nuclear structure of the nuclei in­

vestigated; they are compared with various theoretical models. 

(1) KfK-Report 4071 (1986) - Phys. Rev. C (in press) 

+ Present address: Dep. of Physics and Astronomy, Louisiana State Univ., 
Baton Rouge, Louisiana, USA 

++ Present address: Batelle-Institut e.V., D-6000 Frankfurt 90, Fed. Rep. 
of Germany 
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2.3 LASER SPECTROSCOPY OF STABLE AND RADIOACTIVE Sr ISOTOPES 

M. Anselment, K. Bekk, S. Chongkum, S. Göring, A. Hauser, G. Meisel, and 

H. Rebel 

Theoretical predictions (1) and gamma ray spectroscopic results (2) both come to 

the conclusion that neutron deficient strontium isotopes are strongly deformed as 

neutrons are removed from A 80 on and below. This deformation has a correspond-

ing effect on the mean square charge radii the isotopic variation of which can be 

deduced from optical isotope shift measurements. We therefore have extended our 

measurements of the hyperfine structure of the atomic transition 5s
2

+
1s

0 
5s6p 1 P~ 

at A= 293.2 nm beyond the already knovm range (3) to lighter isotopes. Preliminary 

results were obtained for 85msr and 87msr, too. 

The method applied ~s laser induced fluorescence in an atomic beam as de­

scribed before (3). In order to increase the sensitivity, the ADA temperature 

tuned doubling crystal was replaced by a lithium iodate crystal that is angle tun­

ed at room temperature, The UV output power thus obtained is about 3 mW instead 

of only 1 mW which leads to a corresponding increase of the fluorescence rate. 

The high UV power obtained it due to the fact that the Li-iodate crystal is used 

at an angle of zero degree with respect to the optical axis since the wavelength 

required for Sr happens the coincide precisely with the cutoff wavelength of this 

crystals; thus it is used at optimum efficiency with vanishing walkoff lasses. To 

improve sample preparation, the Kr gas target (4) used for Kr (a,xn) production 

of Sr isotopes was altered to withstand 50 bar gas pressure instead of only 10 bar 

by replacing the foil window by the 3 mm thick beryllium discs used to match the 

incident a energy to the desired reaction. 

The results are summarized in table 1. The experimental raw data are the 

component positions, For the odd isotopes the center of mass with respect to the 
88

sr position ("isotope shift") was deduced. From the isotope shifts the mean 

square charge radius changes o<r 2 > were determined in the usual way by a Kingplot 

procedure, For calibration the following three o<r 2 > (5) were used as independent 

input data: 

<rz> 86 <r2> 88 + 0.047(6) fm2 

86 87 + 0.040(4) fm2 <rz> <rz> = 

<rz> 84 <rz> 86 + 0.063(7) fm2 • = 

The o<r2> results are plotted in Fig. 1. The plot shows as usually a steep 

increase for <rz> above the closed shell at A = 88 due to the volume expansion 

upon addition of neutrons. For A < 88, however, the shrinking of the volume is 

overcompensated by an increase of <r2 > with decreasing neutron number due to nuc­

lear deformation; this deformation increases rather steadily from A = 88 down to 

A = 80. It seems as if the sudden deformation jump predicted (1) below A = 80 is 

smeared out over many isotopes. Unfortunately, the measurements could not be ex-
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0.35 

0.30 

0.25 

Fig. 1 A 88 Plot of the m.s. charge radius changes <r2> -<r2> with the mass 

number A. 

tended to A = 78 because of the short lifetime T112 = 2.5(0.3) min (6) of this 

isotope. 

The hyperfine splitting for the odd isotopes was converted into magnetic 

dipole and electric quadrupole interaction constants A and B, respectively (cf. 

Table 2). The ~I values were determined from the A's by scaling, taking as refer­

ence ~I( 87sr) = -1.0924(7) nm (7,8); the derived ~I values are given with a 2% 

uncertainty throughout to account for a possible hyperfine anomaly that is ignor­

ed by the scaling procedure. The relation between the B factor and the quadrupole 

moment given in Table 2 has been taken from (8). Since the value given there is 

corrected for Sternheimer type polarization effects our scaled Q values can be 

considered as corrected, too. The increasing intrinsic deformation with decreasing 

neutron number as is obvious from the <r 2 > data (cf. Fig. 1) does not lead to cor­

respondingly large spectroscopic quadrupole moments because of the rotational be­

haviour of these nuclei. 
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Table 1 Hyperfine structure results for Sr isotopes. For the calibration of the 

d d d d h d f 85ros d 87ros 1 . · 1 e uce ata see text. T e ata or r an r are pre ~ro~nary on y. 

Mass Nucl, F Coroponent Isotope Shift ro.s. charge 
Nurober Spin Quant. position radius change 

A I Nurober A 88 A 88 A 88 
\!F - \! \) - \) <r2 > - <r2 > 

[MHz] [MHz] [fro2 ] 

80 0 -992(5) -992(5) 0.227(19) 

3/2 -1121(5) 
81 1/2 -890(20) 0.227(20) 

1/2 -225(60) 

82 0 -728.4(5) -728.4 (5) 0.169(13) 

9/2 -81. 4(3) 
83 7/2 7/2 -782.5(5) -610.85(25) 0.149(11) 

5/2 -1264.45 (30) 

84 0 -474.06(5) -474.06(5) 0.110(9) 

11/2 +317.2(3) 
85 9/2 9/2 -462.8(2) -314.8(2) 0.047(16) 

7/2 -1077.7(2) 

3/2 -730(60) 
85ro 1/2 -350(45) 0.08(4) 

1/2 +406(60) 

86 0 -224.73(5) -224.73(5) 0.047(5) 

11/2 +596.97(10) 
87 9/2 9/2 -254.95(10) -93.62(6) 0.007(8) 

7/2 -927 .85(10) 

3/2 -430(60) 
87ro 1/2 -100(45) 0.013(40) 

1/2 +560(60) 

88 0 0 0 0 

7/2 +692.8(1.0) 
89 5/2 5/2 -304.8(4) -25.8(5) 0.10(5) 

3/2 -1044.5(5) 

90 0 -79.7(3) -79.7(3) 0.23(11) 
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Table 2 Hyperfine splitting data for the odd Sr isotopes. The ~I value for 87sr 

was taken from (7,8). The quadrupole moments were calculated using Q/B = 
0.0260(16) barn/MHz which follows from the value Q( 87 sr) = +0.335(20) barn 

given by Heiderand Brink (8). It is meant to include Sternheimer cor-

(1) 
(2) 

(3) 

(4) 
(5) 
(6) 

(7) 
(8) 

rections. 

Mass 
number 

A 

Nucl, 
Spin 

I 

Magnetic 
Dipole 

Hyperfine 

Magnetic 
Dipole Moment 

Electric Electric 
Quadrupole Quadrupole 
Hyperfine Moment 

81 

83 

85 

85m 

87 

87m 

89 

1/2 

7/2 

9/2 

1/2 

9/2 

1/2 

5/2 

Constant 
A 

[MHz] 

-660(40) 

+149.0(2) 

+139.75(6) 

-757(57) 

+152.75(3) 

-660(57) 

+288. 7 (3) 

~I 

[nm] 

+0.524(30) 

-0.829 ( 17) 

-1.000(20) 

+0.60(5) 

-1.0924 (7) 

+0.52(5) 

-1.147(30) 

Constant 
Q B 

[MHz] [barn] 

0 0 

+31.6(5) +0.823(60) 

+12.4(3) +0.323(20) 

0 0 

+12.87(12) +0.335(20) 

0 0 

-12.1 (5) -0.315(25) 

K. Heyde, J. Moreau, and M. Waroguier, Phys. Rev. C 29 (1984) 1859 
C.J. Lister, B.J. Varley, H.G. Prince, and J.W. Olness, Phys. Rev. Lett. 
j.2_ ( 1982) 308 
M. Anselment, S. Chongkum, S. Göring, A. Hanser, G. Meisel, H. Rebel, and 
G. Schatz, KfK-Report 3969 (1985) 63 
B. Feurer and A. Hanser, KfK internal report 
D. Bender, H. Brand, and V. Pfeufer, Z. Phys. A 318 (1984) 291 
C.F. Liang, P. Paris, D. Bucurescu, S. Della Negra, J. Obert, and J.C. 
Putaux, z. Phys. A 309 (1982) 185 
L. Olschewski, z. Phys. 249 (1972) 205 
S.M. Heiderand G.O. Brink, Phys. Rev. A 16 (1977) 1371. 
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2.4 ISOTOPE SHIFTS AND HYPERFINE STRUCTURE SPLITTING IN ATOMIC TRANSITIONS OF 
242m 

Am BY OPTOGALVANIC LASERSPECTROSCOPY 

W. Liewehr+, K. Bekk~ W. Kälber, G. Meisel, H. Rebel, and A. Ali Sameh++ 

Previous laserspectroscopic measurements of the isotope shift and hyperfine struc­

ture splitting of several atomic transitions of 241 , 243Arn (1) have been extended, 

and results for the long-lived isomer 242mAm have been obtained for the first 

time. The experimental method was optogalvanic laserspectroscopy in a hollow cath­

ode lamp with a neon gas discharge containing the Am sample. When tuning the laser 

light to an electronic transition of Am, a small change of the operating valtage 

of the discharge signals the resonance. The 242mAm was from a 241 Am sample which 

has been irradiated for several months by the thermal neutron flux of a reactor, 

b t 15 h , , 1% 242mAm - 1% 243Am Th 1 h a ou years ago, t us conta1.n1.ng ca. o and ca. o • e samp e as 

been radiochemically purified, but an isotope Separation by a mass separator has 

not been performed. Due to the presence of the dominating 241 Am (98 %), many weak 

hyperfine components of the 242mAm transitions could not be observed, since they 
241 242mAm are hidden within the wings of the Am lines. Nevertheless several com-

ponents of Am I ground state transitions (A 6405 R and A = 6054 ~) could be iden-

tified (Fig.1), two faint components of the A = 5424 R transitions are indicated. 

The identification and assignments are corroborated by the results obtained with 
241 243 . pure ' Am samples, Tab. 1 g1.ves the results for two transitions. 

Table 1 Values of the hyperfine structure constants and the 242mAm - 241 Am 

isotope shifts (IS) observed in two Am I transitions. 

A(R) Term A(MHz) B(MHz) IS (MHz) 

6405 7 5f 7s7p 10 
p9/2 +444.3(2.4) +1683(120) -2510(50) 

6054 7 Sf 7s7p 10 
p7/2 +536 (9) -5818(120) -2490(75) 

With the value ~ = +1.58(3) nm of the magnetic moment of 
241

Am (2), a val­

ue ~ = +0.98(5) nm can be deduced for 242mAm, and using the value Qs = 4.29(3) eb 
243 . of the spectroscopic quadrupole moment of Am (3), the value Q

8 
= +6.8 eb l.S 

derived for 242Am. 
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(1) W. Liewehr, K, Bekk, w. Kälber, G. Meisel, and H. Rebel, Annual Report on 
Nuclear Physics Activities, KfK 3969 (1985) 68 

(2) L. Armstrang Jr., R. Marrus, Phys. Rev. 144 (1965) 3 
(3) C.E. Bemis Jr., F.K. McGowan, J.L.C. Ford Jr., W.T. Milner, R.L. Robinson, 

and P.H. Stelson, Phys. Rev. C24 (1981) 2723 

+ Forschungsgesellschaft für Augewandte Naturwissenschaften e.V. (FGAN) 
5307 Wachtberg-Werthoven 

++ Institut für Radiochemie des Kernforschungszentrums Karlsruhe, 
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2.5 REEVALUATION OF ISOTOPE SHIFT DATA FORA SERIES OF STABLE AND RADIOACTIVE 

LEAD ISOTOPES 

M. Anselment 1 K. Bekk, G. Meisel, H. Rebel, G. Schatz, and R. Thompson + 

In two previous papers (1,2) isotope shift results were given for a series of lead 

isotopes; they were converted into changes of the mean square charge radius (o<r 2 >) 

with the neutron number. The conversion was performed in the usual way by means of 

a so called Kingplot (3). The following input data (4) were used in (1) to find 

the King line: 

1..204 _ ~..2os -0.2072(.0061) fm2 

1..206 _ 1..208 
= -0.1 HS (. 0061) fm2 

1..207 _ 208 
-0.0664(.0061) fm2 A. "" 

where it was assumed that A. = 0.93 o<r2 >. In (2) as an additional information we 

used a narrow limit on the total mass shift (5) as additional information which 

considerably reduced the spread of the King lines compatible with the uncertain­

ties of the calibrating input data. 

As in both cases procedures have been applied which had to incorrect re­

sults in the specific case considered, we give a corrected list with properly cal­

culated errors as Tab. 1. The input data are an extended set of results given in 

ref. 2. 

Table 1 Corrected list of o<r2 > values for the Pb-isotopes 

Isotope o<r2 > o<r 2 > 

Pb (fm2 ) (fm2 ) 

(previous) (corrected) 

196 -0.6057(52) -0.606(15) 
197 -0.6038(50) -0.604(15) 
197m -0. 57 3 9 ( 4 7) -0.573(14) 
198 -0.5214(49) -0.521(13) 
199 -0.5163(42) -0.516(13) 
200 -0.4286(35) -0.429(11) 
201 -0.4093(34) -0.409(10) 
202 -0.3280(27) -0.328( 8) 
202m -0.3299(27) -0.330( 8) 
203 -0.3045(25) -0.305( 8) 
204 -0.2231(18) -0.223( 6) 
205 -0.1967(16) -0. 197 ( 5) 
206 -0.1179(10) -o. 118 < 3) 
207 -0.0737( 6) -0.074( 2) 
208 o.o o.o 
209 0.0937( 9) +0.096( 2) 
210 0.2107(18) +0. 211 ( 5) 
211 0.2995(25) +0.299( 8) 
212 0.4144(38) +0. 414 ( 11) 
214 0.6099(52) +0.610(16) 



(1) 

(2) 

(3) 
(4) 
(5) 

+ 
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LASERSPECTROSCOPIC INVESTIGATIONS IN AN RF ION TRAP 

W. Kälber, K. Bekk, G. Meisel 

An ion trap confines charged particles 1n a small area by means of radiofrequency 

(rf) and static electric quadrupole fields (1,2). Laserspectroscopy with an ion 

trap has been shown to be highly sensitive, since the storage times can be up to 

several days, and spectroscopy with even a single ion has been demonstrated (3). 

This method appears to be well suited for the study of radioactive atomic ions in 

the actinide region. 

Fig. 1 gives a set-up for laserspectroscopy with the use of an ion trap. 

The ion trap electrodes are made of three hyperboloids of revolution to which an 

rf and a dc voltage are supplied, generating inside the trap structure electric 

quadrupole fields by which ions are confined. Atoms of interest are evaporated 

photo­
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Fig. 1 Set-up for laser spectroscopy with an ion trap 
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Fig. 2 Record of the 583.9 nm Th II transition of natural 232Th with ~ 106 

ions confined. 

from a hat filament (e.g. tungsten wire) and ionized inside the trap by electron 

impact. A light buffer gas (H
2 

or He) at 10-7 to 10-3 mbar is used to increase 

the storagetime (4). For electronic detection of the ions on outer LC resonance 

circuit is used. The fundamental frequency of motion of the ions is tuned to the 

resonance frequency of this circuit by a ramp valtage applied to the electrodes. 

In the case of resonance, energy is transfered from the circuit to the ions, and 

thus the forced amplitude of the circuit is damped. For hyperfine structure and 

isotope shift measurements a resonance transition of the ions is excited by laser 

irradiation. To reduce problems due to scattered laser light, the fluorescence is 

monitared by a transition into a metastable state which is subsequently quenched 

back into the ground state by collisions with the buffer gas. 

In our first experiments we have observed the La II transition at 580.8 nm. 

The photon countrate was 15 kHz at the 632.0 nm detection wavelength with some 
6 -5 

10 ions confined. The laser power was 10 mW and the buffer gas was 5 x 10 mbar 

of molecular hydrogen. 
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As the next step the measurement of the hyperfine structure and isotope 

shift of a Th II transition is planned in order to get information on the nuclear 

moments and the variation of the mean square charge radii in a chain of thorium 

. A f 59 9 . . 1 232 h . h ~sotopes, spectrum o the 3. nm Th II trans~t~on of natura T ~s s own 

in Fig. 2. The detection wavelength was 640.9 nm; the fluorescence rate was 8 kHz 
6 -5 with ~ 10 ions confined at 3 mW laser power and 1 x 10 mbar H2 buffer gas pres-

sure. 

(1) E. Fischer, z. Phys. 156 (1959) 1 
(2) G. Werth, Progr. At. Spectr. Part C (H.J. Beyer and H. Kleinpappen 

Ed.) (1984) 151 
(3) P.E. Toschek, W. Neuhauser, Phys. Bl. 36 (Nr. 7) (1980) 198 
(4) H. Schaof, U. Schmeling, and G. Werth,-xppl. Phys. ~ (1981) 249. 

2.7 THEORETICAL PREDIGTIONS ON EVEN PARITY ENERGY LEVELS IN THE AMERICIUM ATOM 

J, Dembczynski+, M. Elantkowska+, K. Bekk, and H. Rebel 

A preliminary term analysis of Am I spectrum was performed many years ago by Fred 

and Tomkins (1). However, the spectroscopic description of the electronic levels 

is not sufficient. It is limited to the quantum numbers J and SL 1 s designation 

for several electronic levels. Recently Liewehr et al. (2) have studied hfs of 

some spectral lines of americium, providing new information concerning values of 

quantum number J, of values of hfs splittings and isotope shifts, useful for ener­

gy scheme construction. For the analysis of the isotope shifts and hfs splittings 

observed for the lines with 542.4 and 559.8 nm (2) we have assumed that the levels 

at 17858 cm-1 and 18429 cm- 1 belang to different configurations and interact with 

each other. Therefore, if the level at 17858 cm- 1 is assigned to configuration 
6 2 . 1 p Sf 6d7s , ~t should be ong to term • 

The further calculation are based on the assumption that the level at 

17858 cm-
1 

is a 
8

P512 level of the configuration (Sf6) 7F6d7s 2• Positions of other 

levels have been determined in relation to this one. Fig. 1 indicates the results 

of predicted positions of electronic levels belanging to the system [(Sf 7) 8s, 
(7p7s)S 1L1J SL + [(Sf

6
)

7
F,(7s

2) 1s 6d] SL. Only the transitions from levels with 

J = 5/2, 7/2, 9/2 to the ground level with J = 7/2 are possible. 

The values of Slater integrals for the calculations have been taken from 

the monograph Fraga et al. (3), while the values of electrostatic integrals have 

been normalized by factor 0.6. 
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Fig. 1 Energy level schheme of Am I 

(dashed lines: calculated levels, 

solid lines: measured levels). 

M. Fred, F.S. Tomkins, J. Opt. Soc. Am. 47 (1957) 1076 
W. Liewehr, K. Bekk, W. Kälber, G. Meise~ and H. Rebel, Annual Report, 
Kernforschungszentrum Karlsruhe, KfK 3969 (1985) 68 
S. Fraga, J, Karwowski, and K.M. Saxena, Atomic Energy Levels 
(Elsevier Scientific Publiching Company, Amsterdam - Oxford - New York 
1979). 

Palitechnika Poznanska, Instytut Fizyki, ul. Piotrowo 3, 60-965 Poznan, 
Po land. 

HETERODYNE FRAQUENCY METROLOGY FOR LASER RADIATION 

K. Bekk, M. Eichenlaub, D. Knauß, and G. Meisel 

During the past few years lasers were considerably improved with respect to their 

frequency stability and reproducibility. This is particularly true for cw dye la-

sers which are a very useful tool since they can be tuned to any frequency within 

the visible region and beyond (1). The frequency fluctuations for such lasers 

have been reduced down to 100 Hz (2,3) approaching the quality of a phase locked 

oscillator. The relative frequency stability of such laser is of order 10-0 in­

dicating a great potential for precision measurements. 
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Oscillators used for high precision measurements require a correspondingly 

good frequency measuring technique. This Ln turn requires reference oscillators 

of high quality to compare the frequency of the laser in question with. Several 

oscillators as required are presently available, namely at 632.8, 612.0 and 

514.7 nm (4,5,6,7). The comparison typically is performed interferometrically; 

therefore the two laser beams must be very well controlled geometrically, of par­

ticular importance is their parallelism. The error is of order cosa where a is 
-10 -5 the non-zero angle between the beams. For 10 accuracy, e.g. a <10 ~ 2 arc 

~ 

sec is necessary; this corresponds to a non-parallelism of 1 mm over a 100 m dis-

tance which is difficult to control since the beams must be made of wide aperture 

to reduce diffraction problems. The diffraction corrections are a further source 

of error that have lead to inconsistent results (8,9,10,11). 

To overcome the limitations of interferometric frequency measurements, fre­

quency related methods are to be applied that are not subject to geometrical pro­

blems. A scheme has been developed that is based on the heterodyne technique. The 

difficulty is to bridge the gap between one arbitrarily chosen optical frequency 

and the nearest reference oscillator since this gap can be many THz wide. A beat 

frequency of this size cannot be determined directly since present microwave tech­

nology is limited to several hundred GHz. The concept for a solution followed here 

is to cut the wide gap into many intervals of 80 GHz width. Two cw dye lasers are 

used as interpolating oscillators that are tuned to the intermediate frequencies 

80 GHz apart. Thus the wide gap is determined as the sum of many difference fre­

quencies (12,13). 

For this purpose two cw ring dye lasers of special disign (14) are being 

set up. They are to operate with Rhodamine B between 612 and 633 nm since it is 

planned to compare the two iodine stabilized HeNe lasers operating at these wave­

lengths; this experiment will test the interferometric comparison of these two 

secondary standards on a 10-9 to 10-10 level. In addition a frequenvy stabiliza­

tion for each of them that is designed to allow difference frequency determina­

tions to within 1 kHz or better (15) is being constructed and tested. It uses an 

electro-optical phase modulator for peak lock to a reference etalon resonance by 

fast phase sensitive detection. Its feedback system is designed for 1 MHz cutoff 

frequency to reduce the fast frequency jitter of the dye laser. 

The rf system has been rebuilt; it contains a phase locked gunn oscillator 

operating a.t 80 GHz which is used as local oscillator. The 3 E-band mixers requir­

ed were supplied with Schottky diodes (16) and tested. 

(1) G. Meisel, Laser and Optoelectronik 15 (1983) 105 and 245 
(2) T.W. Hänsch, B. Couillard, Opt. Comm-.-35 (1980) 441 
(3) J.L. Hall, L. Hollberg, Ma Long-schen,'f. Baer, and H.G. Robinson, J, de 

Physique 42 (1981) C8-59 
(4) F. Bayer-Helms (ed.), PTB-Bericht Me-17 (1977) 
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H. Kriz, Diplomarbeit, Bonn 1980 (unpublished) 
H. Hoeffgen, Dissertation, Bonn 1982 (unpublished) 
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NEUTRINO PHYSICS 

Karlsruhe Rutherford Medium Energy Neutrino Experiment KARMEN 

G.Drexlin, H.Gemmeke, G.Giorginis, W.Grandegger, A.Grimm, 

R.Gumbsheimer, J.Hesselbarth, H.Hucker, L.Husson, 
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G.Spohrer, P.Wild, S.Wölfle, J.Wochele, B.Zeitnitz 

Kernforschungszentrum Karlsruhe, IK I and University of 

Karlsruhe 

E.Finckh, W.Kretschmer, K.Stauber, D.Vötisch, J.Böttcher 
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Oxford University 

J.A.Edgington, G.Marinos, A.Ryan, J.M.Lafontaine 
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A.Dodd, Rutherford Appleton Laboratory, Chilton 

KARMEN denotes a programme of neutrino physics to be performed at the pulsed 

spallation neutron source ISIS at the Rutherford Appleton Labaratory (RAL). 

Its main purpese is to contribute to the questions of neutrino oscillations, 

neutrino nuclear excitation and neutrino electron scattering in the energy 

range from 5 to 50 MeV (1 ,2). The feasibility of these experiments is closely 

related to the distinct time structure of the ISIS neutrino source providing 

v~ as well as ve and v~ from w+-ctecay at rest. 

Two detectors are intended to be employed. A first 60 t scintilla­

tion calorimeter being currently assembled is scheduled to operate early in 

1987. 

3.1 STATUS OF THE PROJECT 

3. 1 • 1 NEUTRINO AREA 

The KARMEN experimental area at RAL is now completed. Its most significant 

part is a 6000 t shielding bunker (inner dimensions 10 x 4 x 7m3) with 2m 

thick steel walls and a 3 m thick steel roof. A 500 t sliding door opens into 

a 200 m2 large experimental hall for detector assembly and service and for 

housing of the electronics. 
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3.1. 2 KARMEN 1 DETECTOR 

KARMEN is a 60 t. liquid scintillation calorimeter dedicated to detect neu­

trino reactions on 1 H- and 12c-nuclei wi th high precision. Time resolution 

will be about 1 nsec in order to make use of the time structure of the v­

beam. Energy resolution is designed to be 10% FWHM at 10 MeV absorbed energy. 

The mineral oil based scintillator is contained in one single tank 

with dimensions 3.2 x 3,5 x 6 m3. A totally reflecting lucite structure 

divides the central detector into 512 optically isolated modules (18 x 18 x 

350 cm3) each viewed by two 3" phototubes XP 3462 from either end. 

Despite some difficulties with the manufacturer the detector vessel 

finally arrived at RAL. We completed the tank to be ready now for component 

assembly. 

The phototubes have been mounted to form a complete phototube unit 

with PVC support, ~-metal screen, optical fibre guide pipes, bleeder, signal­

and high vol tage connections. Matched to pairs they are now being inserted 

into Al-sleeves with glass windows, already mounted to the detector head walls 

allowing to look into the scintillator volume, see fig.1. 

Fig. 1 : View of detectors 

head wall. 

Two thirds of 1800 luci te double sheets needed to form the optical 

structure have been manufactured at KfK. Further mass production will continue 

now that some problems occuring during the prototyp III operation at KfK have 

been overcome. 

With the exception of the optical structure which will be installed 

in subsequent stages, mechanical assembly of the detector is scheduled to be 

finished at the end of 1986. This includes cabling as well as parts of the 

anticounter system currently manufactured at Erlangen. 
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Thus we expect the first subunit being oparational at the beginning 

of 1987. At that time the electronics trailer, the data handling system as 

well as the UV-laser calibration system will be linked to the detector to per­

form first cosmic ray calibration experiments. 

The ISIS proton accelerator currently runs at 550 MeV wi th approx. 

30 llA intensi ty. Meanwhile two more cavi ties have been installad and beam 

improvements are continously going on to push the accelerator to i ts design 

values of 800 MeV and 200 JlA. 

3. 1 • 3 PHOTOMULTIPLIER TESTS 

Each scintillator module of the main detector will be viewed by two 3" pho­

tomultipliers (PM) on both sides of the detector. The outputs of the two PM of 

one scintillator module end are connected by "Wired Or" wi thin a specially 

designed junction box. Using the same high voltage supply for both PM it is 

necessary to match the PM-parameters to pairs to guarantee optimal energy and 

time resolution and stable operation for several years. The specifications of 

all of the 2500 PM of type XP 3462/PA were tested at the RAL test facilities, 

i.e. lineari ty, gain, single electron resolution, noise and 57co-resolution 

with a NaJ. The PM are matched to pairs by a computer program. The fabrication 

of the photomultiplier mounting units (see fig.3) designed to give save con­

tainment and magnetic shielding is almost finished. The PM are now completely 

tested at prototype III at KfK. At the end of September first uni ts will be 

mounted at KARMEN 1. In the meantime some new results from prototype I with 

these photomultiplier pairs give projected resolutions for KARMEN 1 of 

oE/E = 14.5%/IE and ot = ,7 ns or ox = 5 cm respectively (latter values at 

E = 25 MeV). 

3. 1 • 4 ELECTRONICS 

In October 1985 we decided on the construction of an air-pad movable elec­

tronic platform (trailer). The trailer should contain the distribution of the 

cables for the 2512 PM of KARMEN 1, the front-end electronics, the computer 

controlled high-voltage system and cable d istribution, timing and neutr ino­

trigger logic, Camac data conversion and control system with computers, laser 

calibration and distribution system. Mechanical construction started at the 

beginning of 1986 and installation of cables and electronics will be mostly 

finished within this year with the exception of the external cooling system 

for the electronics and 80% of the front-end-cards which will be delivered in 

line with installation of the optical structure of the detector. 
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Right now the bus system for the front-end cards and the first 

version of the software controlled event pattern (SCEPTU) unit are tested 

simultaneously. These new units introduce some changes in the interfacing of 

the different levels of the data-taking system, especially on the front-end 

card ASTERIX (analogue signal & time range integrator & multiplexer) and the 

ADC-interface. Fig.2 shows the last working version of 

Fig.2: Front-end card ASTERIX 

ASTERIX which will go to mass production (200 cards) in October 1986. The card 

consists of control and interface logic for four scintillation modules, 8 

gated charge integrators, fast leading edge discr iminators, time-ampli tude 

converters (TAC) and test-pulse generators. The layout of the very compact 

multilayer board reflects the symmetry of this design. The linearity of 

integrators and TAC's is better than two least significant bits measured in a 

10 bi t range. 

Resul ts from precise n-background measurements at RAL and Monte­

Carlo simulations of cesmies allow a better design of the trigger logic. 

Prototyp III at KfK is a very realistic playground for testing these triggers 

and the growing electronics. So we have the opportunity to test the elec­

tronics at this detector before the trailer is shipped to RAL at the end of 

January 1987. 
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3. 1 • 5 DATA ACQUISITION FOR KARMEN 1 

Wi thin the 20 ms per iod of the ISIS beam, only the first few microseconds 

during beam-on and shortly after yield neutrino-induced events. The signature 

of some reactions includes a subsequent Y or ß-decay with half-lives of up to 

11 ms. Thus event data of one beam per iod are logically related. Only the 

first 16 ms of each period are utilized for measuring. Up to 8 events may be 

acquired during this time. The remaining 4 ms serve for reading the data from 

CAMAC units (ADCs, TDCs etc.) all housed in one CAMAC crate. Reading must be 

done within this time or otherwise neutrino events from the next beam pulse 

will be lost. Data include digi ti zed time and energy from the detector mo­

dules, event time relative to the beam pulse, and some status and 

normalization Information. 

A CAMAC housed fast front-end processor (ACC 2180 auxiliary crate 

controller with DEC J-11 processor) is operated stand-alone in order to 

guarantee the required speed of real~time operations. The low 128 kByte of its 

fast static memory are accessible by a host computer via CAMAC. The host loads 

the RSX-11 S operating system including all application tasks into the ACC 

memory. A "control" task keeps track of the experimental status, performs all 

time-er i tical operations and includes the interrupt service for data to be 

read from CAMAC. Data reading in a fast cycle is enabled by a special high 

speed read CAMAC module which accesses only those ADCs which have data for the 

current event. After being read the data are formatted by aseparate task 

during the next 16 ms of measuring time and stored in a buffer of 8 kByte 

size. When a buffer is filled, it is read out by the host computer. 

Communication between ACC and host in both directions is initialized by an 

interrupt and synchronized by flags in the dual-ported ACC memory. 

The host computer is a standard LSI-11173 system operating under 

RSX-11M. It controls the conditions and all activities of the experiment in­

cluding data handling, HV supplies, laser calibration, SCEPTU test pulsing 

system, temperature and valtage monitaring etc. For testing and monitoring, a 

second CAMAC crate is used. For command input and display of information 

graphic terminals, tauch panel displays, and a printer are available. A 

variety of tasks operate in the host computer at different software priori­

ties. Communication between and synchronization of the tasks is achieved by 

send data I receive data requests, and by event flags. 

The experiment data are finally written to magnetic tape and/or 

transferred to a VAX-111750 computer for further processing. Programming for 

the ACC has been done by HDI and is nearly finished. Programming for the host 

computer is going on. 
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3.2 PROTOTYPE III 

Prototype III is the final test facility for KARMEN 1 design and electronics. 

It contains 8 tons of PMP loaded liquid scintillator wi th 35 central scin­

tillator modules having same dimensions and features as the KARMEN 1 modules. 

All mounting facili ties, Al-sleeves for PM-uni ts and PM-uni ts (as shown in 

fig.3) are the same as for KARMEN 1. In the course of painful testing and 

HV "out 

signal "in" 
(twisted pairs) 

Fig.3: PM unit with distributor box. 

HV "out" 

HV supply "in" 

signal "out" 

handling procedures we learned to correct the final assembly tools and parts. 

More difficulties arise from leakage tightness and assembly of optical 

segmentation, see fig. 4. Final tests are scheduled for October 1986. 

Fig.4: 

optical 

Installation of 

segmentation into 

prototype III vessel. 

Prototype III was set up to get the exact position dependent light output cur­

ves, time, spatial and energy resolution. These calibrations are necessary to 

fix the parameters for v-detection-efficiency of KARMEN 1 descr ibed in the 

next section. In order to track the cosmic events wi th high precision ( 1 cm 

position resolution) multiwire proportional chambers have been installed on 

top and bottarn of the detector. This procedure is not possible with KARMEN 1. 
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Furthermore the coupling of the optical fibres to the detector 

modules for laser calibration was tested with satisfactory results. First data 

obtained wi th cesmies and laser both indicate an energy resolution that is 

better by 20% than in prototype I. 

3.3 MONTE-CARLO SIMULATION OF NEUTRINO EVENTS IN KARMEN 1 

A Monte Carlo program was developed to evaluate the efficiency of KARMEN 1 to 

detect neutrino induced reactions. The program simulates the transport of par­

tiales emitted in a neutrino reaction as well as the detector response in 

three steps: 

1. Using the geometry of the neutrino source relative to the detector, the 

energy distribution of the v-source at RAL, the modular structure of de­

tector, the · energy dependent differential cross sections, and also 

applying relati vistic kinematics the posi tion of a reaction, energy and 

momenta of emitted partiales are determined randomly within the detector. 

2. Partiales are transported by the standard codes EGS and MORSE yielding the 

energy loss and partiale tracks inside the different materials of the de­

tector. 

3. In the third step the energy loss in the scintillator is converted to light 

and the posi tion dependent light output L(x ,y ,z) is calculated. L(x ,y ,z) 

is determined by calibration measurements and a special light transport 

Monte Carlo. Taking into account the photomultiplier parameters the simu­

lation produces the nurober of photoelectrons per event in each 

scintillator module. 

Calculations have been performed for the reactions ve + p ~ n + e+ 

and ve + 12c ~ 12N + e- which will be used to detect neutrino oscillations 

and v + 12c ~ 12c* + v to detect inelastic neutrino-nucleus scattering. 

In the following the results of the inelastic v-12c scattering will 

be described. The trigger for this reaction is the decay of the excited 

12c* nucleus to the groundstate by the emission of a 15 MeV gamma. In fig.5 an 

example of such an event is shown. 

The detection efficiency E of the 15 MeV gammas is correlated to the 

starting point wi thin the detector. E amounts to 82% for events starting in 

the inner modules and decreases e.g. to 40% at 10 cm from the detector cor­

ners. The efficiency is not strongly dependent on the energy threshold because 

of the good energy resolution of the detector. Increasing the threshold from 

10 to 100 photoelectrons the efficiency changes only from 82% to 79%. 
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A fast on-line trigger should reject background events by inspection 

of sum~energy and multiplicity of triggered scintillator modules. Cosmic back­

ground has a mean energy loss of about LE - 500 MeV and multiplici ties of 

about iii - 25 in KARMEN 1, while low energy background is dominantly distri­

buted at sum-energies below 5 MeV. The simulated "on-line" energy distribution 

i s smeared out because of the posi tion dependence of the light output. The 

Monte-Carlo Simulations show that 11 on-line" the inelastic neutrino scattering 

has a very distinct pattern in sum-energy and multiplicity (fig.6) yielding a 

very efficient trigger for these events and a good rejection ratio against 

background. 
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Fig.6: Distribution of 15 MeV Y-events as a function of the number of photo­

electrons and multiplicity. 80% of the events are distributed within 

the inner contour line. The outer line includes 99% of all events. 
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In the "off-line" data simulation the energy resolution will be en­

hanced by correction for the position dependency of the light output. The "on­

line" uncorrected sum-energy yields an energy resolution of 16.7% while the 

corrected "off-line" energy resolution for Ey = 15 MeV is 15%. 

(1) R.Maschuw, B.Zeitnitz, KfK 3362 (Juni 1982) 
(2) B.Zeitnitz, Progress in Partiale and Nuclear Physics 13 

(1985) 445 
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4. INTERMEDIATE ENERGY PHYSICS 

4.1 PION-NUCLEUS INTERACTIONS 

4.1.1 INVESTIGATION OF THE FINAL STATE INTERACTION IN THE n+d- n+pn 

CROSS SECTION 
+ W. List, E.T. Boschitz, H. Garcilazo, R.R. Johnson , C.R. Ottermann, 

R. Tacik, M. Weßler, U. Wiedner 

The nd break up reaction has been investigated extensively by our group in 

earlier experiments 1 •
2

•
3
). In one of these experiments the triple differential 

d3 CJ 
cross section dO dn dP has been measured as a function of the proton momentum 

n P P 
for many pion proton angle pairs at 228 MeV and 294 MeV incident pion energy. The 

comparison with predictions from the relativistic Faddeev theory of Garcilazo 

showed an impressive overall agreement with the large data set. In these measur­

ements a CD
2
-target has been used. The background reaction from Garbon in CD

2 
was 

measured in a separate experiment and properly subtracted. The off line analysis 

showed, however, that in the region of very small cross sections (it varies by 5 

orders of magnitude in the kinematical range investigated) the statistical 

accuracy of the data was marginal for a detailed comparison with the final 

interaction effects predicted from Garcilazo's theory. 
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Fig. 1 Comparison of preliminary data of the nd break up cross section with 

predictions from the relativistic Faddeev theory of Garcilazo (see 

text).The incident pion energy was 294 MeV. 
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For this reason in March 1986 a liquid deuterium target cell wi th very 

thin Mylar windows was built and brought in operation. In order to see the final 

state interaction most pronounced = 294 MeV, and the kinematical we chose T 
!t 

region of small proton and large pion angles. While the pion detectors were the 

same as in the earlier experiments the proton detectors consisted of large öE - E 

scintillator arrangements (thick counter 20 x 70 c~ in area and 20 cm thick). 

The data analysis has not been completed yet, in particular, some corrections 

Clike unfolding the momentum resolution and calibrating the time-of-flight 

measurements) still have to be ap'plied. Preliminary data are shown in Fig 

tagether with the predictions from Garcilazo. The solid line corresponds to the 

full Faddeev calculations (with final state interaction included), the dashed 

line to the Faddeev calculation without the final state interaction1 and the 

dotted line corresponds to the impulse approximation. The comparison shows that 

the full Faddeev calculation reproduces most of the data in the final state 

interaction region extremely well. 

(1) E.L. Mathie et al., Phys. Lett. 154B(1985)28 
(2) W. Gyles et al., Phys. Rev. C33(1986)583 
(3) W. Gyles et al., Phys. Rev. C33(1986 )595 

+ TRIUMF and University of British Columbia, Vancouver, B.C., Canada 

4.1.2 MEASUREMENT OF iT
11 

IN THE n+d- n+pn REACTION AT Tn = 134 MeV and 228 MeV 
+ + 

W. List, E.T. Boschitz, H. Garcilazo, W. Gyles, J.A. Konter , S. Mango , 

C.R. Ottermann, G.R. Smith++, B. van den Brandt++ 

In order to provide new data for iT
11 

in the nd break-up reaction at an incident 

pion energy below the ö(3,3) resonance, and to extend the existing data set at 

one energy into an extreme kinematical region (very small proton, very large pion 

angles) data have been taken at T 134 MeV and 228 MeV. The experimental set 
!t 

up has been the same as in the earlier experiment1 ). The vector polarized target 

consisted of a 3 He cryostat and deuterated butanol for the target material. The 

target polarization has been rather low in this particular experiment, namely P 

= 0,153 ± 0.010 and P+ = 0,145 ± 0,012. Only a quarter of the data is shown in 

Fig. 1. The data are compared with predictions from the relativistic Faddeev 

theory of Garcilazo. Similar to the results found in the earlier experiment at 

180, 228 and 294 MeV, also a t 134 MeV the agreement between theory and T 
!t 

experiment is quite good within the statistical accuracy. 

(1) W. Gyles et al., Phys. Rev. C33(1986)595 

+ SIN, Villigen, Switzerland 
++ TRIUMF, Vancouver, B.C., Canada 
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Fig. 1 Camparisan of the vector analyzing power iT
11 

in the nd breakup reaction 

at T = 134 MeV with predictions from the relativistic Faddeev theory of 
n 

Garcilazo. 

4.1 .3 TENSOR ANALYZING POWER t
20 

IN nd ELASTIC SCATTERING AT Tn 

AND 151 MeV 

134 MeV 

+ + + + + + G.R. Smith , A. Altman , P. Delheij , D.R. Gill , D. Healey , R.R. Johnson , 

G J + D 0 11+ F M R + M E S . + F T . 'd' + • ones , . ttewe , . . ozon , • . ev1or , . erv1s1 1s , 

R.P. Trelle+, G.D. Wait+, P. Walden+, G.J. Lolos++, E.L. Mathie++, 

S.I.H. Nagni++, E.T. Boschitz, C.R. Ottermann, G.S. Kyle+++, 

P.A. Amandruz++++. 

For the past several years, one of the most intriguing questions in intermediate 

energy pion physics has revolved around two sets of conflicting measurements of 

the tensor polarization, t20' in nd elastic scattering. One set of measurements 

by an ETHZ group at SIN indicated that t20 is mostly positive, with striking, 
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oscillatory angular distribution at T 
1l 

134 MeV; and a rapid energy dependence 

at 8 = 150o. These data were considered evidence for the existence of a dibaryon 
1l 

resonance. Independent measurements at T!l = 142 MeV made by a group at LAMPF 

revealed a flat angular distribution of negative t
20 

values, and a smooth energy 

dependence. Both experiments employed the same technique for t
20

, namely, recoil 

deuterons from nd elastic scattering events were analyzed in a secend scattering 

within a 3 He cell polarimetervia the 3 He (d,p) reaction. Recently, an independent 

measurement of t 20 was carried out at TRIUMF which used the same double scattering 

technique as both the ETHZ and LAMPF experiments. The TRIUMF data agreed with the 

LAMPF results. Although this experiment appeared to have resolved the discrepancy, 

doubts remained because the technique and geometry of the TRIUMF polarimeter was 

rather similar to the one used at LAMPF. 

In order to provide an independent test the tensor analyzing power, T20 , 

for nd elastic scattering has been measured with a tensor polarized deuteron 

target in a single scattering experiment. The experimentwas performed at the M
11 

beam line at TRIUMF. The magnetic field of the polarized deuteron target (the 

spin al ignment axis) was oriented longi tudinally wi th respect to the inc ident 

pion beam. For this orientation there is a simple relationship between the tensor 

analyzing power, T20 , the target tensor polarization (alignment), P zz' and the 

cross sections measured with the target being polarized or unpolarized, 6 
1 

and 
po 

6 
1

, namely 
unpo 

R 
p 

zz 
( 

6 
pol 

6 
unpol 

- 1) 

The cross sections were measured with a multi Counter time-of-flight set up 

similar to the one used for a series of iT
11 

measurements by our group at SIN. 
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Fig. 1 

The tensor analyzing power T~~ data 

obtained in this experiment are 

compared to calculations at T 134 
J[ 

MeV (a) and 151 MeV (b). The solid 

curve (full calculation) and dash-dot 

curve (no P 11 rescattering and no 

absorption) are from Blankleider and 

Afnan. The dashed curves are from 

Garcilazo 
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Data were taken of two energies, T = 134 and 151 MeV for 6 scattering angles 
Jt 

between 135° and 170°. The target 
.. r 21 

ion P = 2 -y4 -3P , where P 
zz z z 

alignment P 
zz 

was calculated from the express-

is the target vector polarization. P z was 

determined from standard NMR techniques. In addition, P was measured directly 
zz 

by utilizing the known tensor analyzing power at 90° c.m. in the Jtd --> 2p react-

ion. This measurement is described in the following contribution. 

The results are shown in Fig. in comparison with different theoretical 

predictions (see figure caption). In order to help decide which of the t
20 

measurements are the correct ones, one must remernher that tlab is a linear 
20 

combination of T~~ , T~7 and T~;, while the quantity measured in this experiment, 

Ti;b = T2~· For a model independent comparison we utilized the maximum theoreti-

cally possible bounds on T
21 

and T
22

, namely 

limits on T 
21 

and T 
22 

the a llowab le band 

+ -,}3' cm -
2 

. From our T
20 

data and these 

for t lab is entirely negative in 
20 

cantrast to the ETHZ data at SIN which reach positive value as high as + 0.6. 

+ TRIUMF, Vancouver, B.C., Canada 
t+ University of Regina, Regina, Sask, Canada 
+++ New Mexico State University, Las Cinces, N.M., USA 
++++ SIN, Villigen, Switzerland 

4.1 .4 DIRECT MEASUREMENT OF THE TENSOR POLARIZATION OF A POLARIZED DEUTERON 

TARGET 
+ . + + + + + 

G.R. Smith , D.R. G1ll , D. Healey , R.R. Johnson , G. Jones , D. Ottewell , 

M. Rozon+, M. Sevior+, F. Tervisidis+, R.P. Trelle+, P. Walden+, 

E.L. Mathie++, S.I.H. Naqvi++, G.J. Lolos++, E.T. Boschitz, C.R. Ottermann, 
+++ ++++ 

G.S. Kyle , P.A. Amandruz 

Tensor polarized deuteron targets have been employed in nuclear reaction studies 

only very recently
1 

•
2
). For these experiments the reliable determination of the 

tensor polarization (alignment) P of the target is important. The standard way 
zz 

to obtain this quantity is 

polarization, i.e. P = 2 
zz 

to utilize the relationship between vector and tensor 
2, 

- 1j 4 - 3P z This relationship is valid und er the 

assumption that the relative population of the magnetic substates of the deuteron 

are given by a Boltzmann distribution, and that the effects of the deuteron 

quadrupole moment are negligible. Both assumptions are generally considered 

reasonable. Pzis then determined from standard NMR techniques, i.e. measuring the 

area enhancement of the dynamical signal over the thermal equilibrium signal (the 

polarization of the latter can be calculated) or measuring the asymmetry of the 

doubly peaked dynamical signal. Both techniques contain inherent problems: the 

accurate measurement of the very small thermal equilibrium signal, and the 

reliable determination of the shape of the NMR signal which depends on the target 
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material, solid state effects in the target and the characteristics of the NMR 

readout system. 

For this reason it seemed appropriate to look for an independent method of 

determining P • This can be achieved by measuring wi th the tensor polarized 
zz 

target a reaction for which the tensor analyzing power is well known. Such a 

reaction is the pion absorption on the deuteron at 90o c.m. Due to the dominance 

of the reaction amplitude a
2

, and the cancellation of other amplitudes at 90° 

c.m. in the nd .... 2p reaction, T
20

(90°) ~ -ß, almost independent of incident 

pion energy. The exact value of T
20

(90°) at a particular energy can be obtained 

in three different ways, (1) from theoretical predictions, (2) from predictions 

of partial wave analyses, and (3) from existing experimental data of A utili-
{r yy 

zing the relationship at 90°: T
20 

= - (3A - 1). The values found in this way 
4 yy 

for Tl! 80 MeV were close to each other, the average being T
20 

= -1,28 ± 0,03. 

The pion energy of 80 MeV was chosen for geometrical reasons (the protons should 

be emitted close to ± 90° to pass the gap of the polarized target magnet). The 

magnetic axis of the tensor polarized target was oriented parallel to the 

beam. For this orientation the tensor analyzing power simplifies incident pion 

to T2o = _2_ ( 
p zz 

ions wi th the 

0 pol 
---- - 1) where cr 1 

and cr are the differential cross sect-
unpol 0 unpol po 

target being polarized or unpolarized. The incident pion beam was 

counted directly with scintillation counters; the two outgoing protons were 

detected in coincidence by scintillator telescopes and delay line readout wire 

chambers. The cross sections a and a 
1 

were determined utilizing coplanarity 
pol unpo 

or time-of-flight information. From these data and the "known" T20 value Pzz was 

calculated to be P = 0,098 ± 0,024 (coplanarity) and correspondingly by P = 
zz zz 

0,100 ± 0,022 (time-of-flight). These values can be compared with those from the 

NMR signal 11 area 11 analysis, P = 0,083 ± 0,008 and the NMR signal "asymmetry" 
zz 

analysis p = 0,095 ± 0,008. The larger uncertainty associated with the present 
zz 

measurement arize from the statistical uncertainty of the measured cross section 

after background subtraction. 

(1) W. Meyer, Helv. Phys. Acta 59(1986)728 
(2) G.R. Smith et al., Phys. Re~ Lett. 57(1986)803 

+ TRIUMF, Vancouver, B.C. Canada 
++ University of Regina, Sask., Canada 
+++ SIN, Villigen, Switzerland 
++++ New Mexico State Univ., Las Cruces, N.M.,USA 
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4. 1 • 5 MEASUREMENT OF T 
20 

AND "T 
21

" IN Jtd ELASTIC SCATTERING 

G.R. Smith+, D.R. Gill+, D. Healey+, R.R. Johnson+, G. Jones+, D. Ottewell+, 

M. Rozon+, M. Sevior+, R.P. Trelle+, G. Wait+, P. Walden+, E.L. Mathie++, 

S I H '++ G 1 ++ W G 1 C R 0 G S Kyle+++ .•• Naqv1 , .J. Lo os , • y es, . . ttermann, .. 

As a continuation of T
20 

mesaurements in lld elastic scattering at TRIUMPF in 

December 1985 T
20 

has been measured this spring at three more pion energies (Tl! 

180, 219 and 256 MeV) at large angles. As in the previous measurement the 

tensor polarization of the deuteron target amounted to P = 0,08. The data are 
zz 

presently being analyzed. 

In the course of this experiment the set up has been changed to allow for 

the measurement of other tensor observables. While for the T 
20 

measurement the 

spin alignment axis of the polarized target has been parallel to the incident 

pion beam, for the new measurement the target has been at 45o to the incident 

beam; but still in the scattering plane. In this geometry a linear combination of 

the three tensor observables T
20

, T
21

, T
22 

is measured, according to the express­

ion: 

"T " 21 
1 

2ß p 
zz 

(J 

( ~- 1) 
(J 

unpol 

where P is the target tensor polarization and o 
1 

and o 
1 

are the differ-
zz po unpo 

ential cross sections for the target being polarized or unpolarized, respect-

ively. The experimental problern for this set up arises from the fact that due to 

the "skewed" magnetic field of the superconducting Helmholtz coils of the 

polarized target the trajectories of incident as well as scattered particles are 

no langer in the scattering plane. Therefore the detectors have to be placed out 

of the scattering plane, different for each pion and deuteron scattering angle. 

The "effective" scattering plane is also different for each pion angle. In order 

to minimize these effects the polarized target was operated in the "frozen spin" 

mode wi th the magnetic field lowered to half of i ts normal value ( 26 kG). The 

data were taken for 180 MeV incident pion energy. The data analysis is in 

progress. 

+ TRIUMF, Vancouver, B.C., Canada 
++ University of Regina, Regina, Sask., Canada 
+++ New Mexico State University, Las Cruces, N.M. USA 
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4.1.6 FIRST MEASUREMENTS OF THE TENSOR ANALYZING POWER 11 T
22

11 IN nd ELASTIC 

SCATTERING 

C.R. Ottermann, E.T. Boschitz, W. Gyles, W. List, J.A. Konter, S. Mango, 

E.L. Mathie+, R. Tacik, B. van den Brand, M. Weßler 

In Spring 1986 a new dilution refrigerator for polarized targets has been brought 

in operation at SIN. The lowest temperature achieved was 60 mK and a cooling 

power of 4 m Watt araund 200 mK,where the targetmaterial is polarized. Utilizing 

this refrigerator and deuterated propandiol as target material vector polar-

izations araund P 
z 

0.40 have been obtained. This results in a tensor polar-

ization of about P = 0.12 which is SOlo larger than the corresponding value 
zz 

achieved at TRIUMF. With this target and the higher pion fluxes at SIN more 

accurate polarization measurements can now be carried out in the nd reactions. 

In an extended beam period in June/ July 1986 we have measured for the 

first time "T
22

" as defined by the expression: 

"T II -
"22 

2 

n p 
zz 

+ 
( cJ + cJ 1 -

2o 
unpol 

) , where 

+ 
0 , o , and o are the differential cross sections for positive, negative and 

unpol 
zero vector polarization. The quantization axis for the polarized target has been 

perpendicular to the scattering plane. As an additional bonus we also obtain 

highly accurate iT
11 

data according to: 

The data allow to check our earlier iT
11 

measurements obtained with less than 

half of the present target polarization. On line results already indicate very 

good agreement with our earlier data1 ). 

The tensor polarization 11 T
22

11 has been measured at five pion energies (Tl! 

= 134, 180, 219, 256 and 294 MeV) in the angular range between 80° and 170°. The 

scattering angles were chosen largely in such a way as to match the angles for 

the T
20 

and 11 T
21

" measurements at TRIUMF. The data are presently being analyzed. 

(1) G.R. Smith et al., Phys. Rev. C29(1984)2206 

+ University of Regina, Sask., Canada 
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4.1.7 MEASUREMENT OF THE nd- pp REACTION AT Tn = 65 MeV 

C.R. Ottermann, E.T.Boschitz, W. Gyles, J.A. Konter+, W. List, S. Mango+, 

G.R. Smith++, R. Tacik, B.van den Brandt 

Recently, there has been considerable experimental and theoretical progress on 

the fundamental n+d - pp reaction. Our group has previously measured the vector 

analyzing power iT
11 

in this reaction in order to test theoretical calculations, 

and moreover to provide crucial data for partial wave analyses
1
). The importance 

of such data has been pointed out by Weddigen
2

) and Foroughi
3
), and indeed, the 

most recent partial wave analysis by Bugg 
4

) showed that these data substantial 

improved the determination of the nd - pp amplitudes. However, Bugg also pointed 

out that there is still a lack of iT
11 

data at very low energies. 

Therefore, in a new measurement we have attempted to produce such data at 

a low pion energy. For technical reasons we had to use the nM1 channel at SIN, 

the advantage of which is the efficient proton rejection with an electrostatic 

seperator and the small beam spot on the target. On the other hand, the length of 

the channel and the resulting low rate of 65 MeV pions presented a considerable 

draw back. In order to achieve a rate of 4 x 10
5 

pions per second, the full 

momentum acceptance of the channel (~ 3%) had tobe used. The experimental set-up 

was similiar to the previous one 1 ) 

The experimental results are presented in Fig. 1. They are compared with a 

coupled channel calculation from Niskanen
4
), a Faddeev calculation of the Lyon 

groupS) and with predictions from the relativistic perturbation theory of Locher 

and Svarc
6
). Within the statistical accuracy the best agreement is with the 

prediction from the Lyon group. 

0.4r-~--~~--~--~~--~~--~ 

0.3 

0.2 

~ .. ~ -l--==--~~~t=-n-...., __ -__ -___ j_:::::~::::~> 
-0.1 
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0 20 40 60 80 
e (deg) c.m. 

Fig. 1 

The vector anlyzing power iT
11 

for the pion deuteron absorption 

reaction at T 65 MeV compared 
n 

with theoretical predictions. The 

solid curve is from the three body 

calculation of the Lyon group 

(Ref. 5), the dashed one from the 

calculation of Locher and Svarc 

(Ref. 6) and the dot-dashed one 

from Niskanen (Ref. 4) 
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(1) G.R. Smith et al., Phys. Rev. C30(1984)980 
(2) Ch. Weddigen, Nucl. Phys. A312TTT978)330 
(3) F. Foroughi, J. Phys. G10(1984)617 
(4) J.A. Niskanen, Phys. Lett. 141B(1984)301 
(5) C. Fayard, priyate commication 
(6) M.P. Locherand A. Svarc, J. Phys. G11(1985)183 

+ SIN, Villigen, Switzerland ++ 
++ TRIUMF, Vancouver, B.C., Canada 

4.1.8 FIRST KINEMATICALLY COMPLETE MEASUREMENTS OF THE rr+d- rr 0 pp CHARGE 

EXCHANGE REACTION 

W. Gyles, E.T. Boschitz, H. Garcilazo, R.R. Johnson+, W. List, 

C.R. Ottermann, R. Tacik, U. Wiedner, M. Weßler 

The most important reaction channels for the rrd interactions are in the order of 

decreasing cross sections 

+ 
(break-up) rr-NN (1) 

+ 
(elastic scattering) + n- d (2) 

rr- d 
11°NN (charge exchange) (3) 

NN (absorption) (4) 

The reactions (1), (2) and (4) have been studied fairly extensively in the past, 

but very little data exist for the charge exchange reaction. Except for earlier 
1 2 3 

work with cloud and bubble chambers ' ' the only more recent measurement is the 

one of the double differential cross section of the Jt d 11°nn reaction with the 
0 

LAMPF rr spectrometer, but the data have not yet appeared in the literature. 

In order to provide an additional test of relativistic Faddeev theories we 

have measured for the first time the triple differential cross section 
d3 0 

in a kinematically complete experiment over a large kinematical 
dnP dnP d PP 
range. The data have been taken at the rrM1 channel at SIN using the time-of-

flight method for measuring the momenta of the two protons in the final state of 

the rc+d 0 
__. n PP reaction. Large two-element plastic scintillator telescopes (20 X 

70 cm2 in area) were used to detect the protons at 2 m distance. The timing 

resolutionwas 1 ns. The detectors were placed at angles of 45o, 60° and 120° on 

one side of the incident pion beam and at 20°, 45°, and 60° on the other side. 

Each counter on one side was placed in hardware coincidence with each counter on 

the other side. For the deuteron target a 10,4 cm diameter liquid deuterium 

target cell was used. The target thickness could be changed from 5 to 25 mm in a 

few minutes and back to 5 mm or empty in about 4 hours. Measurements were taken 

with both target thicknesses and with the empty target cell. Pion beam energies of 

228 MeV and 294 MeV were used, and sufficient counts were recorded to give a 10% 
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Fig. 1 Predictions for the n+d - n°pp reaction at 228 MeV (dashed line) and 

294 MeV (solid line) from the relativistic Faddeev theory of Garcilazo 

statistical uncertainty at the theoretically predicted minimum cross section of 

0,1 2 ~: / ,with a ~omentum byte of 20 MeV/c per data point. The background 
s ev c 

measured on line was typically 20-30%, but it is expected that much of it can be 

removed in off line analyses. The data are presently being analyzed. The charge 

exchange reaction has been calculated within the relativistic Faddeev theory of 

Garcilazo for our specific kinematics. The predictions are shown in Fig. 1. 

(1) K.C. Rogers and L.M. Ledermann, Phys. Rev. 105(1957)247 
(2) E.G. Pewitt et al., Phys. Rev. 131(1963)1826 
(3) J.H. Norem, Nucl. Phys. B33(197TT512 

+ TRIUMF and University of British Columbia, Vancouver, B.C., Canada 
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4.1.9 MEASUREMENT OF THREE PARTICLES IN COINCIDENCE FOLLOWING THE INTERACTION 

OF POSITIVE PIONS WITH GARBON 

R. Tacik, E.T. Boschitz, B. Gyles, W. List, C. Ottermann, M. Weßler, 

U. Wiedner, R.R. Johnson+ 

Some time ago we performed an experiment in which we detected three protons in 

coincidence following the interaction of 228 MeV positive pions with carbon 
1
). 

The experimentwas performed with twelve plastic scintillator telescopes. Events 

were recorded in which one proton was detected at 30°, and the other two were 

detected in coincidence by the remaining 11 conters. Five of these were on one 

side of the beamline, and six on the other, giving rise to 30 possible combin­

ations. 

We found that several models could describe either the relatively narrow 

( 60o FWHM) angular distribution in any individual counter; but no model we 

considered at the time could do both simultaneously. We speculated that a process 

involving the pion scattering several times before. finally being absorbed on a 

nucleon pair would be consistent wi th our observations. ·Now, wi th a new more 

extensive data set, and our own cascade calculation, we have definite evidence 

that the process suggested above is in agreement both with our data, and that 

from the simpler (n,pp) experiments. 

The new experiment was performed at the nM1 channel at SIN during March 

1986, at incident pion energies of 130, 180, and 228 MeV. Again, twelve plastic 

scintillator telescopes were employed. This time, however, events were recorded 

in which any three of the counters were in coincidence. This leads to 220 

possibilities for the detection of three protons. Also, six of the counters used 

in the previous experiment were replaced by much larger ones (20 x 20 x 70 c~ ), 

positioned 2 m away from the scattering target. These counters were suitable for 

neutron detection, which means that we have data on the (n,ppn) process as well, 

but which have not yet been analysed. For charged particle detection, the main 

advantage of these larger counters was in particle identification. We can now 

clearly separate (n,ppd) events. We can also distinguish between pions which pass 

through the counters (T n :::_ 65 MeV), and those which stop (T n 2_ 65 MeV). There are a 

surprisingly large number of the latter. 

By looking at the sum of the energies of the two protons detected in 

coincidence with a pion, we can separate background events from those involving a 

genuine two protonknockout (n, pp). Since only two of the three particles in the 

final state of this reaction are indistinguishable, we have data on all 660 

possible combinations. By looking at the angular correlation of the two protons 

detected in coincidence with a pion at a specified angle, we note that there are 

many events in angular regions kinematically forbidden for the (n,npp) process. 



-91-

This is evidence for further pion scatterings, that is, the (n,nppp) or (n ,nppn) 

reactions. 

The ( n,ppp) data taken in the new experiment at 228 MeV confirm our 

previous measurement. Its more extensive nature enables a wider comparison with 

the results of our cascade calculation, and thus provides a firmer basis for the 

satisfactory agreement obtained. The main features of the measured angular 

distributions do not change substantially at 180 or 130 MeV. The integrated 

Cn,ppp) count rate however decreases in a ratio of 5.0:3.6:1.0 with decreasing 

energy. The integrated count rate for the ( n , n pp) measurement decreases more 

rapidly. 

Our data for the two- and three-proton-knockout reactions are clearly 

consistent with our proposed picture for pion absorption. It remains to be seen 

whether a more detailed comparison of our: data with our cascade model calculation 

still leaves room for more exotic absorption processes. At the moment it is clear 

that the process of a pion scattering several times before being absorbed on a 

nucleon pair provides a good description of the bulk of the data. 

(1) R. Tacik et al., PRC 32(1985)1335 

+ TRIUMF and University of British Columbia, Vancouver, B.C., Canada 

4.1.10 INVESTIGATION OF THE 
6
Li (n ,nd) REACTION AT T = 219 MeV 

n 

R T 'k E T B h't W G 1 W L' t C R Ott K. Junker+ . ac1 , .. osc 1 z, . y es, . 1s , . • ermann, 

We have measured triple differential cross sections d3 0' /dQn dQd dpd for the 

inclusive Li(n,nd) X reaction. The experimentwas performed on the nM3 beamline 

at SIN. The pion and deuteron were detected in coincidence with essentially the 

same apparatus used previously by our group in measurements of the d(n ,n)d and 

d(n,np)n reactions. Indeed one of the purposes of the present experimentwas to 

see whether any new insights into the free n -d system could be obtained by 

studying what is essentially n-d elastic scattering from a bound (and thus 

"off-shell") deuteron. 

Pions were detected at angles of 87.5°, 102.5o, 117.5o, 132.5°, 147.5° and 

162.5°. The deuteron detectors were positioned at the "conjugate" angles corre­

sponding to free nd-> nd kinematics; namely, 41.2°, 33.9o, 26.9°, 20.2°, 13.7", 

and 7.3°. The deuteron detectors consisted of one plastic scintillator (10 x 40 x 

0.5 c~) at 1.3 m from the target, through which the deuterons passed; followed 

by an absorber, chosen in thickness to stop all deuterons; which was in turn 

followed by another plastic scintillator (10 x 42 x 0.5 cm3
) at 1.34 m from the 

target, which was used to veto out protons coming from the target. This arrange­

ment eliminated most of the proton background, originating from quasielastic nP 
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scattering. The exception was the low energy protons which also stopped in the 

absorber between the two scintillators, and thus were not vetoed out. The 

background due to these low energy protons extended into the region where 

deuterons were observed in the time-of-flight spectra recorded for the deuteron 

counters. Thus, some peakfittingwas necessary in ordertoseparate the real 

deuteron events. These were then transformed from time-of-flight distributions 

into mornentum distributions with the use of a Monte-Carlo program which accounted 

for such things as deuteron energy lass in the target and air, and our experi­

mental time resolution. 

Thus far, the data have been compared with an impulse approximation 

calculation using the three body wave functionof Kukulin et al. 
1
), which exhibits 

the proper asymptotic behavior, and has been used successfully in describing 

deuteron knockout data with other probes. The calculation describes our data well 

at the conjugate angles near the momenta corresponding quasifree kinematics, but 

does worse as one goes to larger momentum transfers. Generally the width of the 

calculated momentum distributions is narrower than the experimental one. This can 
6 

be explained by the fact that the calculation assumes the exclusive Li(n ,nd)C< 

reaction while we measured the inclusive reaction 
6
Li( rt, nd)X. Similar behavior 

has been observed the proton induced 
6
Li breakup reaction

2
). 

(1) Kukulin et al., NP 417A(1984)128 
(2) Kitching et al., PRC 11(1975)420 

+ SIN, 5234 Villigen, Switzerland 

4.1.11 MEASUREMENT OF THE CHARGE-EXCHANGE REACTION IN 
3

He WITH STOPPED PIONS 

G. Backenstoss+, S. Cierjacks, M. Izycki+, W. Kowald+, S. Ljungfelt, 

+ + U. Mankin, G. Schmidt, H. Ullrich, P. Weber , H.J. Weyer 
3 

He is the only nucleus (besides H) where the charge-exchange reaction is already 

possible for pions at rest. For this nucleus this reaction contributes in fact 

with an appreciable amount, which cannot be neglected in the total rates, nor in 

more global considerations of the absorption process. Nevertheless not much 

experimental information is available. As an example, up to now data about the 

charge-exchange contribution to S-wave absorption were missing completely. 
3 

Our experiment was performed with a gaseaus He target cooled down to 5K. 

Two gammas from the 
0 

n decay were detected in coincidence by two large Nai 

detectors 27.5 cm and 21 cm in diameter, 28 cm thick and positioned at m 

distance from the target. The relative angle between the two counters was close 

to the minimumangle of 153°. Distributions measured by the counters are shown in 
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Fig. 1 a: Time spectrum of the 'Y I S from 

the 
0 

2'Y decay lt --> as re-700 

gistered by one of the two 

large Nai-detectors. 

100 b: Energy spectrum of coincident 

dN 
400 dE 

100 

20 MeV lhrnhold 

20 40 

b) 

ENERGY 

60 ao 100[MeV] 

from 
0 

decay measured r-rays lt 

in the same counter. 

Table I Branching ratios (per stopped pion) for different reaction channels 

channel S+P absorption (/o) 1 S-absorption (%) 

11.7 1.8 5.5 0.9 (0.58 + 0. 1) 10-15 -1 
ndn + + e X s -

10-15 -1 
n 60.8 + 4.0 1 7. 6 + 2.7 :9 ( 1 • 86 + 0.28)x s 

pnn - -
10-15 -1 

n o "13.5 4. 7 + 0.9 e (0.50 + 0. 10)x s 
lt -

1) 
F igure 1. A Monte Carlo programme was used to calculate acceptance and effic-

iency for n:
0 

detection. In order to detect pionic X-rays four thin Nai detectors 

with 4,5 cm active diameter each were placed 12 cm below the target. This 

additional X-ray detection was used to identify S-wave charge-exchange reactions 

by their coincidence with an X-ray of the pionic K-series. 

The results of the present measurement tagether with our results for 

other reaction channels
2

) make possible a consistent set of data containing all 

absorption channels for stopped pions
3
). Samenumbersare given in Table 1. 

(1) R.L. Ford, W.R. Nelson, SLAC (1978) 
(2) D. Gotta et al., Phys. Lett. 112B(1982)129 

G. Backenstosset al., Phys. Lett. 115B(1982)445 
I. Schwanner et al., Nucl. Phys~ A4TZCT984)253 

(3) G. Backenstosset al., Nucl. Phys. A448(1986)567 

+ Physikinstitut der Universität Basel, Basel/Switzerland 
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4.1.12 PION ABSORPTION IN 
3

He AT 320 MeV/c 

G. Backenstoss+, S. Cierjacks, M. Furie++, A. Hoffart, M. Izycki+, 

T. Petkovic++, B. Rzehorz, P. Salvisberg+, N. Simicevic++, M. Steinacher++, 

+ + H. Ullrich, P. Weber , H.J. Weyer 

The dependence of pion absorption reactions on the pion energy should lead us to 

a better understanding of the reaction mechanisms. In 
3

He the dominant reactions 

are a) the quasifree absorption on an isospin T = 0 nucleon pair; b) the quasifree 

absorption on a T = 1 pair; and c) the three-nucleon absorption. So far inform­

ation about these reactions exists only below and araund the top of the A-reso­

nance. In this region all cross sections increase with increasing energy. The 

open question is, however, whether or not the cross sections decrease above the 

resonance. 

3000 

2500 

Fig. 1 
2000 

Angular distribution of the 

quasifree absorption reaction 1soo 

3
He(n+,pp)p for 320 MeV/c 

pions. The solid line is a 

Legendre fit with the 

coefficients given in the 
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do r 
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Same as Fig. 1 for 
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He(n-,np)n 
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To answer this question we have made measurements on the reac tions 
3

He 

(n+,pp)p and 
3
He(n-,pn)n with pions of 320 MeV/c. The apparatus has been descri­

bed elsewhere 
1
). Figures and 2 show angular distributions for the quasifree 
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absorption on T = 0 and T = 1 pairs, respectivelY'. For each angle, integration 

over the entire quasifree peak has been made and corrections have been applied 

for the finite acceptance of the counters. The ordinate gives cross sections in 

absolute units. The curves are Legendre fits with the parameters given in 

the figures. 

Comparison with results at lower pion energies leads to the following 

conclusions: 

a) The T = 0 absorption follows with good accuracy the energy dependence of the 

PP reaction. 

b) The T = 1 absorption shows also a decrease above the resonance . The isospin 

ratio increases below the resonance. The not well understood asymmetry is 

also present above the resonance. 

c) Also the three-nucleon absorption shows up as a strong channel. 

(1) S. Ljungfelt, Thesis University of Karlruhe 1984 
KfK-report No 3792(1985) 

+ Physikinstitut der Universität Basel, Basel/Switzerland 
++ University of Zagreb, Zagreb, Yugoslavia 

4.1.13 OBSERVATION OF A THREE-NUCLEON PION-ABSORPTION MECHANISM IN THE 

(n + 
4

He)-INTERACTION 

G. Backenstoss+, S. Cierjacks, M. Furie++, M. Izycki+, S. Ljungfelt, 

T P k . , ++ p s 1 . b + N vs . . V • , ++ M s t . h + H u 11 . h • et ov1c , • a v1s erg , • 1m1cev1c , . e1nac er , . r1c , 

+ + P. Weber , H.J. Weyer 

Pion absorption mechanisms involving more than two nucleons have been subject of 

speculations since many years. Only recently the discovery of a direct three­

nucleon absorption process in 
3

He 1) has provided clear exp~rimental evidence of 

such a mechanism. Other observations like the pion induced emission of composite 

particles (deuterons, tritons, alpha-particles etc.) also prove the participation 

of more nucleons, but possibly in a sequential process. This could be a two­

nucleon absorption, followed by final state interaction of the nucleons. 

In order to improve the understanding of this reaction type we have 

studied one of the most simple 

pairs following pion absorption 

cases, namely the emission of deuteron-nucleon 
4 

in He. Since in this case the residual nucleus 

is only a nucleon, the final state is determined in a kinematically complete way 

by the coincident measurement of the deuteron and the nucleon. The experiment has 

been made with positive and negative pions of 220 MeV/c on the reactions (n+,dp) 

and ( n- ,dn). The apparatus has been described elsewhere
2
). For the present 

measurements several counter posi tions were used, covering a large part of the 

kinematically allowed region. 



-96-

2CO 

(~~)CM 
180 

[fblsrl 
160 

1'10 

4 
He 

120 

100 

80 

60 

qo 

20 
~d [eH) 

0 
1!0 so 60 i'O 80 90 100 110 120 130 tt!O 

Fig. 1 Angular distribution of the quasifree absorption peak for the reaction 

4 ( - 3 -Herr ,dn)n compared with the reaction He(rr ,dn). Absolute differential 

cross sections are plotted vs the deuteron C.M.-angle relative to the 

beam axis 

As expec ted the reac t ions show a pronounced corre la tion of the de tec ted 

particles at 180° in the GM-system. First results for the angular distribution of 

these correlated pairs relative to the beam axis are given in Fig. 1. The 

deuterons are peaked in backward direction. Also shown in this figure are results 

from the respective reaction in 
3

He. The similarity between the two distributions 

Fig. 2 

Recoil momentum distribution for 

the reactions 
4
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4 
is obvious and suggests, that the reaction in He proceeds in a similar way as in 
3

He i.e. on a three-nucleon sub system. 

To pursue this idea we have determined the recoil momentum distribution of 

the ( 1t + ,dp)-reaction, which is the momentum distribution of the not detected 

nucleon. The result is shown in Fig. 2 (lower data poirrts). This distribution is 

in good agreement with the Fermi distribution as determined from electron 

scattering experiments. The agreement proves, that the undetected nucleon was a 

pure spectator and hence the pion absorption process was quasifree on a three­

nucleon subsystem. 

(1) G. Backenstosset al., Phys. Rev. Lett. 55(1985)2782 
(2) S. Ljungfelt, Thesis University of Karlsruhe 1984 

KfK report No. 3792 (1985) 
S. Cierjacks et al., Nucl. Instr. and Methods A238(1985)354 

+ Physikinstitut der Universität Basel, Basel, Switzerland 

++ University of Zagreb, Zagreb, Yugoslavia 



-98-

4.2 INTERACTION OF ANTIPROTONS AND ANTINEUTRONS 

4.2.1 STRONG INTERACTION SHIFTS AND WIDTHS IN ANTIPROTONIC HELIUM ISOTOPES 
+ ++ 

R. Bacher, P. Blürn, J. Egger , K. Elsener , K. Heitlinger, W. Kunold, 

D. Rohrnann, M. Schneider, L.M. Sirnons+ 

The strong interaction effects in p 3
He and p 4

He atorns have been measured at 

LEAR using the cyclotron trap 1 ,
2
). The antiprotonic X-rays were detected by serni­

conductor detectors (Tab. 1 ). The rneasurernents have been perforrned at gas 

pressures between 36 and 600 rnbar to investigate also the pressure dependence of 

the cascade. 

In the last part of the experiment (june 1986) a novel technique was used 

to deterrnine the in-beam efficiency of the detectors and the calibration ener­

gies. The p were stopped in gaseaus ni trogen. Frorn measurements of rnuonic and 

antiprotonic noble gases
3

) it is known that at low pressures exotic atoms can be 

stripped off completely frorn electrons. The atornic cascade is alrnost circular and 

the relative intensities of the transitions are known to a high degree of 

accuracy. The absolute detection efficiency is achieved frorn a measurernent with a 
57 - 4 -

Co source at 6.4 and 14.4 keV. Fig. 1 shows the spectra frorn p He and pN. 

Tab. 2 surnrnarizes the results of the strong interaction shifts and widths 

t th 'th ')OOK4 ) Th . 1 d' . 5 ) d 1' f -oge er w1 a rneasurernent at J • eoret1ca pre 1ct1ons e 1ver or p 
4 

He r3d 3. 2 meV and r 42 eV, which are in good agreernent wi th our values. 
2P_ 3 - 4 

Comparing the results of p He and p He the 2p-widths show the only clear signal 

for an isotope effect. 

In Tab, 3 the absolute yields of the rnain transitions are given as a 

func tion of pressure, which are in good agreement wi th cascade calculations. 

Goroparing the 72 mbar values there is no difference found between the two 

isotopes. 

(1) P. Blürn, D. Gotta, H. Koch, W. Kunold, M. Schneider, L.M. Sirnons, 
ProposalPS 175, CERN/PSCC/S 27(1980) 

(2) Annual report on Nuclear Activities 1984/85, KfK 3969(1985)100 
(3) Annual report on Nuclear Activities 1984/85, KfK 3969(1985)110 

and other contributions to this Annual Report in section 4.2 
(4) J.D. Davies et al., Phys. Lett. 145B(1984)319 
(5) W. Kaufmann, H. Pilkuhn, Phys. Lett. 166B(1986)279 

+ SIN, Villigen, Schweiz 
++ GERN, Genf, Schweiz 



Detector Type Area Thickness De-vindov 
innerlauter inner I ou ter thickness 

(mm 2 ) (mm) ("m) 

Si I (1983) planar 30 3.5 

Si II (1985) guard-ring 30/200 5/5 12 

Si III (1986) planar 300 50 

Ge I (1905) guard-ring 200/500 10/10 130 

Ge li (1986) guard~ring 200/900 3/10 500 

Table 1 

Properties of the semiconductor 

detectors 

3 
p lle p He 

72 mbar 600 mbar 375 mbar 72 mbar 36 mbar 

3 - 2 26 ± 4 13 ± 3 10 ± 3 21 ± 3 23 ± 2 

4 - 2 1.9 ± 0.5 1.5 ± 0.4 2.0 ± 1.5 2.2 ± 0.5 0.8 ± 0.2 

E - 2 33 ± 8 33 ± 7 25 ± 2 

4 - 3 45 ± 6 30 ± 7 24 ± 6 43 ± 4 40 ± 9 

5 - 3 8.2 ± 1.5 4.5 ± 1.2 2.0 ± 1.2 5.5 ± 1.3 4.0 ± 0.4 

6 - 3 2.3 ± 0.7 1.5 ± 0.9 1.1 ± 0.9 2.2 ± 0.4 1.4 ± 0.2 

E - 3 64 ± 11 35 ± 9 26 ± 8 57 ± 6 57 ± 3 

5 - 4 32 ± 9 37 ± 3 

6 - 4 5.7 ± 4.3 7.6 ± 2.9 

E - 4 42 ± 12 52 ± 16 

Table 3 

Absolute yields of the X-ray 
. . - 3 - 4 

trans~t~ons in p He and p He 

Fig. - 4 X-ray spectra of p He and 

pN each 1 spill (about 

1.3 x 10
8 p stops) from 

detec tor Si III 
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Resolution 
at 5.9 keV 

(eV) 

160 

200 

460 

250 

365 

- 3 
p He 

- 4 
p lle 

Detector 

Si Il (1985) 

Ge I (1985) 

veighted average 

Si I (1983) 

Si Il (1905) 

Si III (1986) 

Ge I (1905) 

Ge II (1986) 

c (eV) 
2p 

-11 ± 11 

-18 t 4 

-17 t 4 

-18 t 6 

-19 ± 7 

-22 ± 4 

-15 ± 3 

-23 ± 7 

r (eV) 
2p 

54 ± 26 

22 t 9 

25 ± 8 

44 ± 17 

45 ± 16 

49 ± 6 

43 ± 10 

33 ± 10 

• 
r (meV) 

3d 

2.32 t .33 

2.12 ± .17 

2.16 ± .15 

2.29 t .15 

2.24 ± .26 

2.21 ± • 22 

2.56 ± .18 

p (mbar) 

72 

72 

375/600 

72 

36 

72 

36 

---------------------------------------
veighted avetage -18 ± 2 46 ± 5 2. 34 ± .10 

- 4 
p He ref. [5[ -7.4t5.3 35 ± 15 2.4 ± .5 

Table 2 

Strang interaction shifts and widths in 
- 3 - 4 
p He and p He. Radiative 3d-widths 

including Fried-Martin correction: f(p 3He) 

= 1.46 MeV, f(p 
4

He) = 1.44 MeV 
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4.2.2 PRESSURE DEPENDENCE OF THE ANTIPROTONIC CASCADE IN HYDROGEN 
++ + 

R. Bacher, P. Blüm, J. Egger , K. Elsener , D. Gotta, K. Heitlinger, 

W. Kunold, D. Rohmann, M. Schneider, L.M. Simons++ 

Due to the special principle of the cyclotron trap 
1

) it is possible to form 

exotic a toms in gaseous targets down to lowest pressures. For the incoming 

antiproton beam at the LEAR facility at CERN with a beam momentum of 202 MeV/c it 

is possible to go down to 10 mbar in pressure. The cyclotron trap is therefore a 

mostly suited tool to study cascade effects in exotic atoms in a wide range of 

pressure. Only the detailed understanding of the atomic cascade provides the 

knowledge to make predictions about the processes which lead to the last observ­

able transitions in exotic atoms. One point for example is the influence of the 

Stark mixing, which is expected to decrease in a pressure region below 1000 mbar. 

Here Saturation of the line intensities should enable the measurement of very 

weak lines where good statistics is required. 

At pressures below 1 atm the total intensity of the K-series is essen­

tially shared by the Ka - and ~ C=K(n > 10))-transitions. The intensity ratio 

K~ to K 00 is governed completely by the non hadrenie parameters of the cascade. 

These are fixed by the measurement of the pH L-series (d-level absorption is 

negligible), whereas the absolute intensities depend on the hadrenie p-width. 

Lowering the pressure means however to decrease the frac tion of anti­

protons which stop in the target gas because competing processes became dominant 

which stop the p elsewhere (deceleration foils, moderators, scintillators, etc). 

So the aim of this measurement was to find out the optimum in pressure 

between these effects in order to prepare the measurement of the K-transitions in 

pH. 

The experiment was performed at the LEAR facility at CERN. The L-X-rays 

were measured with a 30 m~ high resolution Si(Li)-detector at 16, 30, 60 and 300 

mbar hydrogen. Some characteristics of this detector are shown in Table 1. In­

beam efficiency and in beam resolution of the detector are monitored by measuring 

the observable transitions of nitrogen (Figure 1). This is a novel method to 

obtain these quantities and uses the fact that the electron shell in pN is 

completely ionized and the cascade can develop itself without any disturbance. So 

a calibration can be performed down to 1 keV where calibrated sources are not 

available. 

The results of the L-transition measurements are given in Figure 2 and 

Table 2. The yields obtained for pH are in good agreement with cascade calcula­

tions of Borie and Leon
2

) using the cascade parameters k = 2 and T- = 1 eV (Fig. 
PP 

3; k is a Stark effect mixing parameter which multiplies all Stark effect rates 

in the cascade, T- is the kinetic energy of the pp-system). With this measur­
pp 

ement it is possible to find cascade parameters which describe the cascade in the 



Detector Type Area 
(mm2 

) 

Si(Li) planar 30 

Tab. 1 Detector parameters 

pressure Y(Let) 

(mbar) (%) 

16 40 + 8 

30 33 + 6 

60 29 + 6 

300 14 + 8 
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Thickness 
(mm) 

3.5 

57 + 10 

48 + 8 

41 + 7 

26 + 10 

Tab. 2 Measured yields of L~ and L 
"' tot 

in pH 

Y., 

-Ltot - -~...x 
-·-··LI' 
...... I:L(rn:10) 

T(>p= 1eV 

k=2 

Fig. 3 Measured L-yields and 

cascade calculations 

based on the code of 

Borie and Leon 2 ) 

~· 
P(mbar) 

Be-window Resolution 
thickness at 5.9 keV 

(\lm) (eV) 

8 160 
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Fig. 1 Antiprotonic nitrogen 

measured at 21 mbar 

pH 
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Fig. 2 Antiprotonic L-X-rays of 

pH at a pressure of 

30 mbar 

E/ keY 
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pressure region up to about 2 atm. 

Fig. 2 would suggest a measurement below 10 mbar. Our decision however was 

to perform the measurement of the K-transitions at 30 mbar. This is a compromise 

considering concurrent processes described above. We expect 30% of all incoming 

antiprotons to be stopped at this pressure. 

(1) P. Blüm, D. Gotta, R. Guigas, H. Koch, W. Kunold, M. Schneider, and 
L.M. Simons, CERN proposal PS 175 (1980) 

(2) E. Borie, M. Leon, Phys. Rev. A21(1980)1460 

+ CERN, Geneva, Switzerland 
++ SIN, Villigen, Switzerland 

4.2.3 STRONG INTERACTION SHIFTS AND WIDTHS IN ANTIPROTONIC HYDROGEN 
++ + 

R. Bacher, P. Blüm, J. Egger , K. Elsener , D. Gotta, K. Heitlinger, 

W. Kunold, D. Rohmann, M. Schneider, L.M. Simons++ 

The X-rays of antiprotonic hydrogen have been measured using our cyclotron trap. 

The measurement was performed at the 202 MeV/c beam at the LEAR M1-area. The aim 

of this experiment is to determine the broadening and shift of the 1s level and 

the broadening of the 2p level from the measurement of the 2p - 1s transition in 

antiprotonic hydrogen. 

The cyclotron trap gives the possibility to measure with very low pressure 

gas targets. At pressures below 1000 mbar the influence of the Stark mixing 

decreases rapidly thus yielding an increase of the intensities and a high 

sensitivity to cascade parameters. 

The optimum pressure for this measurement was determined in a previous 

measurement of the 1-X-rays in hydrogen tobe 30 mbar
1
). The measurement of the 

K-transitions was performed with a 300 mm2 Si(Li)-detector with characteristics 

as shown in 'fable 1. In the spectrum obtained from 2.8 ?~ 10
9 

incoming antiprotons 

(11 spills, Figure 1) the two narrow peaks at 7.21 keV and 11.11 keV stem from 

the p0(8 - 7) and p0(7 - 6) transitions of the water contamination from the walls 

of the target chamber. 

Detector Type Area 

Si (Li) planar 300 

Table 1 Detector parameters 

Thickness 

(mm) 

2 

Be-window 
thickness 

(JJm) 

so 

Resolution 
at 5.9 keV 

(eV) 

460 



Fig. 1 Antiprotonic hydrogen measured 

30 mbar; tagether with a fit to 

the K-transitions and to the 

background lines 
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The intensities observed correspond to a partial pressure of 10 mbar H

2
o 

wi thin 30 mbar H
2

, which could be confirmed by a mass spec troscopy measurement. 

Inside the detector the only electronic fluorescence X-rays produced stem from 

the copper co 'Ld finger which has been investigated in an irradiation measur­

ement. The intensity ratio of the pO-lines is known froma.dedicated measurement. 

The intensity of the e-Cu-line compared to the pO-lines was determined from the 

spectra not correlated to p-stops. 

These quantities could therefore be kept fixed in the fitting procedure. 

The background is assumed to be flat, which is supported by the non correlated 

spectra. It originates from the low energy neutral component of the electro­

magnetic showers produced by the annihi lation products in the materials of the 

target chamber and the detector itself. 

For the fit of the K-X-rays the intensity ratio of KCL to K.eo was fixed to 

1.73 which is an input from the previous measurement of the 1-X-rays in pH. The 

distance of the two K-lines was fixed to the electromagnetic QED-energy differ­

ence. The 1orentz-widths are assumed to be equal. The background was fitted with 

a fourth order polynomial. From this we obtain: 

Shift e: - (0.66 +0.13) keV 

1orentz-width r1 ( 1 . 13 + 0.23) keV 

Yield Y(K ) ( 4.9 + 1 . 6 ) 1o- 3 
CL 

Y(Ktot) ( 7.8 + 1 • 9) 1 o-3 

With the total 1-yield of (48 + 8)% at 30 mbar a hadrenie 2p-width of (37 

+ 13)meV is obtained which is a factor of 100 bigger than the radiative width. 

An alternative way of evaluation proceeded without coupling the K -line to 
CL 

Kco Position, intensity and width were left free as independent fit para-

meters. This resulted in an energy shift of e: = -(0.87 .:!::. 0,09)keV, a 1orentz­

width of r
1 

= (0.74 + 0.27)keV and a K -yield of Y(K) (4.4 + 0.9) 10-
3

. 
- CL CL 
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Fitting the K -transitions separately only a 1 to 2 standard deviation signal 

could be obtained. 

To summarise we got (S224 + 869) events in the K-lines which represents a 

6 standard deviation signal. Our results for shifts and widths agree with a broad 
. 2 3 4) 

class of theoretical predictions from potentlal models ' ' . 

However, a further measurement wi th a high resolution detector is needed 

with increased statistics in order to be able to determine the shift and width of 

the ground state more accurately and even to measure the two hyperfine ground 

state levels separately. 

(1) R. Bacher et al., pressure dependence of the antiprotonic cascade in 
hydrogen, contribution 4.2.2 to this annual report 

(2) J.M. Richard and M.E. Sainio, Phys. Letters 110B(1982)349 
(3) W.B. Kaufmann and H. Pilkuhn, Phys. Letters 166B(1986)279 
(4) W.B. Kaufmann and H. Pilkuhn, Phys. Review e1?TT978)21S 

+ CERN, Geneva, Switzerland 
++ SIN, Villigen, Switzerland 

4.2.4 ON THE PRODUCTION OF HIGHLY IONIZED ANTIPROTONIC NOBLE GAS ATOMS 

R. Bacher, P. Blüm, K. Elsener+, D. Gotta, K. Heitlinger, M. Schneider, 

L.M. Simons++ 

Our experiments at SIN wi th muonic 
1) 

noble gases demonstrated, that a muon is 

able to ionize completely a Neon atom via its deexcitation cascade. An antiproton 

should also deplete the electron shell of a Neon atom and it can be expected, 

that it will strip even atoms with more electrons, because it is captured at much 

higher levels than a muon. Toproof this assumption we have measured low-energy­

X-rays (up to 25 keV) of antiprotonic Neon, Argon Krypton and Xenon. The experiment 

was clone at LEAR using our cyclotron trap. To suppress the selfabsorption in the 

gas and refilling processes low pressures ( SO mbar) were used. The spectra were 

recorded by a thin-window silicon detector. 

Fig. shows a completely circular antiprotonic cascade ( n=1) in Neon 

between the levels n=1S and n=16. Corrected by the detector efficiency all lines 

have the same yield of about SO%. The cascade process in Argon (Fig. 2) has the 

same behaviour as in Neon with the exception, that the X-ray transitions 17 .... 16 

and 16 .... 1S are missing. These lines are converted by Auger effect, because their 

energies correspond to the binding energies of the two K-electrons in an Argon 

atom, which is stripped off all other electrons. Fig. 3 demonstrates the ionizat­

ion of the L-shell in Krypton. The transitions 29 ---+ 28 up to 2S ---+ 24 are conver­

ted. Then all L-electrons are ejected and the radiative circular cascade rises 

up, because the energies of the lines are not sufficient to eject the K-electrons. 
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This can first be done via the Auger transitions 16 --> 15 and 15 _,. 14. The 

corresponding lines are vanishing again. In an analogaus way the Xenon spectrum 

(Fi~. 4) shows - besides the depletion of the L-shell - the ionization of the 

M-shell. 

The atomic capture process of the antiproton seems to be different to the 

previous approach, which predicts, that the antiproton is captured at n=43 by 

ejecting a K-elektron of the shell. The produced K-shell vacancy must be refilled 

via a radiative K-transition, which should show up in the spectrum. The measured 

K-line however has a yield of less than 20"/o. Therefore we conclude, that the 

antiproton is mostly captured at very high levels and peels off slowly the 

electron shell from the outer to the inner electrons. 

(1) Annual report on nuclear physics activities 
KfK 3969(1984)110 

+ CERN, Genveva, Switzerland 
++ SIN, Villigen, Switzerland 
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4.2.5 INVESTIGATIONS OF ANTIPROTONIC ATOMS AT LEAR 

H. Barth, G. Büche, A.D. Hancock, H. Koch, Th. Köhler, A. Kreissl, H. Poth, 

+ ++ U. Raich, D. Rohmann, A. Wolf , L. Tauscher , A N '1 +++ • ~ sson , 
IV . IV V 

M. Chardalas , S. Dedouss~s , M. Suffert , VI E 'd VI W. Kanert , T. von g~ y , 

F J H t VI G S h 'd VI J J R 'd VII . • ar mann , . c m~ t , . • e~ y 

The measurements of antiprotonic atoms at LEAR were finished with the last run in 

August 1985. The data evaluation progresses well. A summary of the experimental 

outcome can be found in Refs. and 2. The experiments can be classified as 

follows: 

- global study of strong interaction effects in p-atoms; 

- study of details of the antiproton-nucleon interaction; 

- measurement of the properties of the antiproton. 

In the following we shall discuss the measurements in some detail. 

We have chosen mainly light antiprotonic atoms to investigate strong 

interaction effects in the two last observable levels over a wide range of nuclei 

and isotopes to eliminate as far as possible nuclear medium corrections. For this 

purpose light atoms are well enough known so that their nucleon distribution can 

be calculated reliably. In our measurements we have scanned the range from A 6 

to A = 23
3

) to study strong interaction effects mainly in the 3d and 4f level. 

Since the antiproton-nucleon interaction is very strong we expect that it 

takes place well localized at the surface of the nucleus. That means that shift 

and width should strongly depend on the overlap of the Coulomb wavefuntion with 

the nucleus which scales roughly as (ZA 
1

/
3

)
21

+
3

. This scaling behaviour is 

demonstrated in Fig. 1 where we have plotted the strong interaction effects in 

the 3d level divided by (ZA 113
)

7
. While the shifts obey this simple scaling law 

the widths increase less rapidly with A as one would expect from the overlap. A 

quantitative analysis on the basis of various antinucleon-nucleon potential 

models is presently done by a number of theorists. 

In the last annual report we have reported the observation of large 

isotope effects in the stable oxygen isotopes. The data are evaluated and 

published4 ). This method was used to try to disentangle the antiproton-proton 

from the antiproton-neutron interaction. We have repeated this type of measur­

ement in
6
Li/

7
Li (Fig. 2) and in 

58
Ni/

60
Ni. While in 

6
Li/

7
Li we do not observe an 

isotope effect whithin our statistical accuracy it is clearly seen again in 

Nickel. 

The X-ray transitions in antiprotonic atoms are triplets where the 

splitting is proportional to the magnetic moment of the antiproton if the levels 

are not affected by strong interaction. In heavy nuclei these multiplets can be 

resolved. We measured the fine-structure splitting in the 11-10 and 10-9 transit­

ich of P-Pb and determined from that the magnetic momenttobe -2.8007(91)~N. The 
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precision of our measurement is about 2.5 times higher than the world average. 

In levels which are closer to the nucleus strong interaction effects may 

contribute with different strength to the fine-structure components. This is due 

to a specific dependence of the strong force on angular momentum and spin. Hence 
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the measurement of strong interaction effects in separated fine-structure 

compenents allows us to study these dependences. We have observed a significant 

difference in shift and width between the level where spin and angular momentum 

are parallel to the case where these vectors are antiparallel in 
174

Yb. Our 

measured values are 
5

): 

= -195(60)eV 

This represents the first experimental evidence for a spin-orbit dependence in 

antinucleon-nucleon interaction. 

(1) 

(2) 

(3) 

(4) 

(5) 

+ 
++ 
+++ 
IV 
V 
VI 
VII 

4.2.6 

H. Poth, Antiprotonic, Hyperonic and Antihydrogen Atoms, Proc. Fermilab 
Antimatter Physics Conference, Batavia, April 10-12, 1986 
H. Koch, Antiprotonic atoms, 2nd Conf. on Intersection between Particle 
and Nuclear Physics, Lake Louise, Canada, May 24-31, 1986 
D. Rohmannet al., Mesurement of strong interaction width for the anti 
protonic atomic 4f level, submitted to Zeitschrift für Physik 
Th. Köhler et al. , Precision Measurement of Strang Interaction Effects 
in Antiprotonic 016, 0-17 and 0-18 atoms, Phys. Lett. 176B(1986)327 
A. Kreissl, Thesis, University of Karlsruhe, KfK 4123,-r986 

GERN, Geneva, Switzerland 
Physikalisches Institut, University of Basel 
Institut for Nuclear Research, Stockholm 
Physics Department, University of Thessaloniki 
CRNS, Strasbourg 
Technische Universität München 
University of Mississippi, University, USA 

PARTICLE SPECTROSCOPY AFTER ANTIPROTON ANNIHILATION IN LIGHT ATOMS 

R. Bacher, J. Egger++, K. Elsener+, D. Gotta, K. Heitlinger, D. Protic+++, 

G. Riepe+++, D. RIDhmann, M. Schneider, L.M. Simons++ 

A Ge-seminconductor stack has been used to detect light charged particles 

originating from the annihilation of antiprotons stopped in gas targets of 4.2 to 

36 mbar pressure. 

The particles have been identified an E-E configuration of an E-counter 

(thickness mm), 2 E-counters (11 mm + 12.5 mm) and a VETO-counter (14 mm). The 

active areas are about 3 cnf. The counters were mounted on cooling fingers in a 

cryostat and flanged to the target chamber at the bore hole of the cyclotron trap 

outside the iron yoke yielding asolidangle of (7 + 1) 10-
5

. The vacuum was 

separated from the target gases by a 7 ~m HAVAR window. 

The antiprotons were stopped in the cyclotron trap at the equivalent 
4 pressures of 30 mbar for H

2 
and n

2
, 36 mbar for He and 4. 2 mbar for N 

2
. The 

protons, deuterons and tri tons are identified as isolated hyperbolas in the 

E-E-plane in the energy range of 18-80 MeV (F ig. 1). In a measurement with an 
3 

extended energy range He could be measured in the energy range of 30-60 MeV, 



Fig. 1 Particle spectrum after 

p annihilation at rest 

in 36 mbar 4He 

T min/MeV 
T max/MeV 

p D 2.7 
- 4 p He 7.2 

p N 13.4 

background 4.7 
(pH and pD) 

p 

18 
80 

+ -
+ -
+ -

+ -

1.8 

1.6 

2. 1 

1.0 

d 

22 
80 

1.6 + 0.4 

3.3 + 0.6 

1.2 + 0.2 
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t 

26 
80 

0.14 + 0.24 

0.66 + 0.33 

0.51 + 0.21 

Table 1 Relative yields of protons, deuterons, tritons and 3 He 

(background subtracted) Thresh~ld ~E = 2.5 MeV 

when the particles stop in the E-counter. 

3 He 

30 
60 

0.17 + 13 

o. 72 + 0.06 

Per annihilation about 2 negative pions are produced, which can stop in 

the materials of the target chamber and the cryostat walls. Assuming equal 
1 ) 

negative pion multiplicities for all targets , the background of protons, 

deuterons, tritons and 3
He is known from the H

2
-measurement. Except for protons 

this background is also determined by the n
2

-measurement. 
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The relative rates (not corrected for the solid angle) normalized to 10
6 

stop triggers are shown in Table 1. Errors include statistical errors, particle 

separation and normalization. 

The measured rates given above are an average over the momentum dependent 

detection efficiency due to the imaging properties of the magnetic field, which 

leads to an increase of the solid angle. The correction factors for the solid 

h . f' ld2 ) angle has been estimated considering the number of turns in t e magnet1c 1e • 

One obtains factors from 1.5 for protons of the minimum kinetic energy (T~18 MeV) 

to 1.14 for tritons of maximum energy (T=80 MeV). Absolute rates can be obtained 

applying a mean correction factor and dividing by the solid angle. 

(1) A.S. Iljionov, V.I. Nazaruk and S.E. Chgrioniv, NP A382(1982)378 
(2) I. Lindgren, G. Petterson and W. Schneider, NIM 22(1963)48 

+ GERN, Geneva, Switzerland 
++ SIN, Villigen, Switzerland 
+++ KFA Jülich 

4.2.7. CRITICAL ABSORPTION OF A 70-GE ANTIPROTONIC X-RAY TRANSITION 

G. Zach, B. Jödicke, G. Büche, R. Frahm+, H. Koch, G. Materlik+ 

The precise knowledge of the energy of an antiprotonic X-ray transition is a 

matter of great interest. We applied the method of critical absorption to analyse 

a first case, where the transition energy coincides with the energy of the K-edge 

of an electronic atom
1
). The work was clone within the scope of the experiment 

PS176 of LEAR at GERN in Geneva. In our experiment the X-ray transition 9- 8 of 

antiprotonic 
70

Ge was filtered by a natural mercury absorber
2

). To interprete the 

intensity measured behind the absorber in terms of the energy relative to the 

inflection point of the K-edge, the parameters of the edge and the thickness of 

the absorber are needed. The parameters of the edge and the extinction coeffi­

cient in its neighbourhood were measured using the double crystal monochromator 

RÖMO of the Synchrotronstrahlungslabor (HASYLAB) at DESY in Hamburg. The result­

ing transmission of the Hg absorber within the region of the K-edge is plotted in 

Fig. 1. The smooth curve is a fit of an arctangent to the logarithm of the data 

points. The thickness of the Hg absorber was calibrated from the transmission of 
70 

a few lines of ·the antiprotonic Ge below and above the energy of the K-edge. It 

was found to be 335 ± 10 mg/cm2
• A breakdown in the circuit of DESY prevented us 

from an absolute calibration of the energy as well as from a determination of the 

resolution of the monochromator at the unusually high energy of 83.1 keV. 

Therefore we decided on the following compromise. In the literature we 

found the energy of the inflection point for the K-edge of elemental liquid Hg to 
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The measured X-ray trans­

mission of the Hg-absor­

ber in the energy region 

of the K-edge 

be within the region of about 83100 to 83110 eV. Consequently, we analysed our 

measurement relative to the median 83105 eV for the position of the K-edge, and 

to 54.6 eV for the width. The systematic errors due to this decision are ± 7 eV 

and ± 3 eV, respectively. The errors of our measurement are from the statistics 

of the intensity of the absorbed line ( ± 2 eV), from the unresolved line 

structure ( ± 2 eV), and from the thickness calibration ( ± 4 eV) leading to a final 

value of ± 5 eV. Based on the above choice for position and width of the Hg 

K-edge, we determine the energy of the transition ni' li' 

8 7 
15 /2 f ' ' 70G 83074 5 ( 10) V = , , o ant~proton~c e to ± ± e , 

. 9 8 17 /2 1 . 
~i = ' ' -->nf' f'Jf 

where the systematic 

error is added in parentheses. This value is in agreement with 83068 eV expected 

from a calculation using the program PBAR 1 ). 

From this feasibility study we feel sure that the errors of the X-ray 

energy induced from the width and the energy of the Hg K-edge can be reduced to 

about 2 eV and about 4 eV, respectively. Therefore with an absolute calibration 

it seems to be possible to lower the uncertainty of the transition energy from ± 

5 eV (± 10 eV) to a total uncerta'inty of about ± 8 eV, which corresponds to an 
-4 

accuracy of 10 . 

(1) B. Jödicke, "Über die Bestimmung von Röntgenenergien antiprotonischer Atome 
durch kritische Absorption an Kanten und die theoretische Deutung von 
Ergebnissen", KfK-Bericht 3933 (Juni 1985) 

(2) B. Jödicke et al., "Critical absorption of antiprotonic X-rays", 
Annual Report on Nuclear Physics Activities, KfK 3969 (Oct. 85) 

+ Hamburger Synchrotronstrahlungslabor (HASYLAB), DESY, Harnburg 
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4.2.8 SEARCH FOR NARROW LINES IN GAMMA SPECTRA FROM PROTON-ANTIPROTON 

ANNIHILATIONS AT REST 
+ + ++ +++ 

A. Angelopoulos , A. Apostolakis , T.A. Armstrang , B. Bassalleck , 

J B. d++ G B" h L B" k P D +++ M IV IV • 1ar , • uc e, • urc er, . enes , • Fero , M. Gee , 

N G f +++ R H'll+++ H K h N K ' +++ · ++ • ra , • 1 , . oc , • omn1nos , R.A. Lew1s , M. Mandel-
V . + a IV + 

kern , P. Papael1as , S.M. Playfer , R. Ray , W. Rohrbach, H. Rozaki , 
+ IV IV ++ 

L. Sakellion , D. Schultz , J. Schultz , J. Schwertel, G.A. Smith , 

M.J. Soulliere++, M. Spyropoulou-Stassinaki+, T. UsheriV, D. Walther, 

K. Willuhn++, D.M. Wolfe+++ 

A description of the magnetic pair spectrometer (PS183 at LEAR) and first results 

from the May 1985 run have been given in the last Annual Report
1
). The present 

contributioh intends to give the rnethods of event analysis and of track recon­

struction. The evaluation of the photon spectrum with respect to narrow photon 

1 ines from pp--. 'Y + X at energies of a few hundred MeV as well as to kinematical 

( 
0 0 0 0 

structures from neutral 2 body channels 1! 1! , 1! <ll, •• ; 1! __,. 2r, ... ) is still in 

progress. 

For calibration purposes a certain amount of charged particles has been 

recorded: delayed events of 11 + and 1!+ from decaying K+ particles stopped in the 

liquid hydrogen target; prompt events from pp annihilations into + - + -1! 1! and K K 

channels. They all give rise to peaks in the momentum spectrum at well known 

energies and whose widths are studied using various track reconstruction methods. 

+ -The photon spectrum which is reconstructed from the momenta of e e -pairs has 

only one clear calibration signal. It is the line of 129 MeV photans emitted 

after radiative capture of negatively charged pions stopped in the liquid 

hydrogen target. This line was found after the application of a time cut at about 

0.8 nsec excluding early events. Having set the magnetic field to a value of 3.5 

kGauß this line appeared in the plots of RT- (i.e. returning and trapped tracks) 

and TT-events (see Fig. 1). The efficiency of additional cuts in the event 

spectrum was estimated from a visUa.l inspection of a series of single events. An 

example of these events is plotted whithin a scheme of the spectrometer (Fig. 2). 

The magnetic field is oriented vertically to the plane. The event is initiated by 

a neutral particle which is found to have a vertex point whithin the target 

volume. The particle which is bent upwords (in the figure) returns from the 

magnet and triggers the A counter la~e. Its time is ordered to be in agreement 

with a particle of electron mass. 

The momenta of the particles are reconstructed from an application of one 

of the following methods. The 3-point ~ethod uses a circle connecting the hits in 

the B, C2 and (D2 or E2 or Z or .... ) chambers. The momentum is calculated from 

the radius of the circle. The second method uses the hits in all chambers. In 

addition to that it takes into account the real distribution of the magnetic 
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field (cf. Ref. 2). The last method integrates the equation of motion starting 

from the hi ts in B and C1 tagether wi th the ini tial momentum value from the 

3-point method. The final momentum resuJts from a minimisation procedure of the 

distances between the points of the track and the corresponding hi ts in the 

chambers. This way each type of track (R, T or P = penetrating the spectrometer) 

can be reconstructed economically with respect to the momentum value, resolution 

and computer time. 

A further run in July 1986 using a LH
2 

target was clone to collect more 

statistics in the photon spectrum at a higher magnetic field and including a 

higherrate of charged events.In addition to that the measurements were extended 

to a liquid deuterium target to measure the pn annihilation process, too. 

(1) Annual Report on Nuclear Physics Activities, KfK-Report 3969., October 1985, 
p. 107 

(2) H. Wind, Nucl. Instr. Meth. 115(1974)431-34 

+ Nuclear Physics Laboratory, University of Athens, Athens, Greece 
++ Department of Physics, Pennsylvania State University, University Park, 

PA USA 
+++ Department of Physics, University of New Mexico, Albuquerque, N.M. USA 
IV Department of Physics, University of California, Irvine, CA, USA 

4.2.9 MEASUREMENT OF THE ANTINEUTRON-PROTON CROSS SECTION AT VERY LOW ENERGY 

+ B 11 k++ M F '' +±+ ' k + kiV T. Armstrang , B. assa ec , . ur1c , A. H1c s , J. Kru , 

R. Lewis+, W. Lochstedt+, D. Löwenstein v, B. MaysVI, M. MossiV 
IV . VI + VI 

G. Mutchler , L. P1nsky , H. Poth, G.A. Smith , L.S. Vinson , 
. VII VI 

W. von W1tsch , Y. Xue 

In experiment E795 at the AGS in Brookhaven National Labaratory the np anni-

hilation cross section has been studied at very low energy (T < MeV). The 
n 

antineutrons were produced by antiprotons through the charge exchange reaction. 

The experimental arrangement is shown in Fig. 1. The antineutrons annihilated in 

the same liquid hydrogen target in which they were produced. 

The np annihilation cross section is extracted from the measured time 

dependence of the n annihilation in the target
1
). The lifetime of the antineutron 

in the target is derived from the arrival time of annihilation products in the 

M-counters. The annihilation vertex can be reconstructed from the tracks measured 

in the drift chambers (DC). Very slow antineutrons were tagged by recording the 

associated forward going neutron in a separate neutron detector. 

It is expected that the annihilation cross section a at this low energy 
a 

scales as 1 /ß- . Therefore the annihilation probability follows an exponential 
n 

law with 1 /ß- a ) as the decay constant. The measured antineutron annihilation 
n a 
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time distribution is shown in. Fig. 2 and is compared wi th a Monte Carlo calcula­

tion. From these data we derive a tentative value for ß- C1 of 35 mb
2
). 

n a 
(1) Annual Report 1984/85, KfK 3969, 1985, p. 108 
(2) B. Bassalleck et al., Proc. 2nd Conf. on the Intersections between Particle 

and Nuclear Physics, Lake Louise, Canada, 1986 

+ Pennsylvania State University 
++ University of New mexico 
+++ University of Zagreh 
IV Rice University, Houston 
V Brookhaven National Labaratory 
VI University of Houston 
VII University of Bonn 
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4.2.10 FEASIBILITY STUDY FOR ANTIHYDROGEN PRODUCTION 
+ + ++ ++ 

J. Berger , P. Blatt , C. Habfast, H. Haseroth , C.E. Hill , 

R. Neumann+, H. Poth, B. Seligmann, J.L. Vallet++, A. Winnacker+, A. Wolf++ 

In electron cooling of proton beams neutral hydrogen atoms are formed when 

cooling electrons are captured by circulating protons. 

e + p _. H + hv 

This process was observed in passed cooling experiments. Its dependence on 

the beam parameters is well understood. It \'las pointed out recently, that this 
1) 

reaction can be enhanced through induced capture : 

n hv + e + p -> H + hv + n hv 

It was shown in Ref. 1 that the rate of hydrogen production can be increased by 

two orders of magni tude if a powerful laser is used and the capture into the 

second excited state of hydrogen is induced. The application of this technique to 

produce a beam of antihydrogen seems to be very promising. 

We have performed a theoretical study .concerning the feasibility of such 

an experiment at LEAR using the electron cooler, a powerful Eximer-pumped dye 

laser and a positron beam produced from a radioactive source
2
). As a consequence 

of the encouraging outcome of this study a proposal was submitted to CERNJ) to 

do a pilot experiment at LEAR with the following aims: 

Experimental verification of the predicted gain of two orders of magnitude in 

the induced electron capture to be performed with protons stored in LEAR and 

electrons from the electron cooler as well as a 10 MW eximer laser pumping a 

dye laser. 

Producting of antihydrogen atoms through spontaneaus capture of positrons in 

order to study the feasibility of merging a low intensity positron beam with 

an antiproton beam. This part of the experiment is supposed to be performed in 

straight section 2 (Fig. 1) of LEAR with circulating antiprotons and positrons 

produced from a 10Ci radioactive source. The production rate was estimated to 

be about 3 antihydrogen atoms per hour. 

The intention was to use the information gained from this experiment to 

design an antihydrogen production facility based on stimulated capture and a time 

s truc tu red pos i tron beam produced from a 1 inac 
4

). Based on the presen t inform­

ation and the validity of the predictions of Ref. 2 one could expect to produce 

then more than 10
4 

antihydrogen atoms per second. This would be a very high 

intensity beam suitable for precision experiments
4

) and opening the possibility 

to produce polarized antiproton beams
5
). 

(1) R. Neumann, H. Poth, A. Wolf, A. Winnacker; Z. Phys. A313(1983)253 
(2) A. Wolf, H. Haseroth, C.E. Hill, J.L. Vallet, C. Habfast, H. Poth, 

B. Seligmann, P. Blatt, R. Neumann, A. Winnacker, G. zu Putlitz, 
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MWPC1 

H~ DE TECTION 

Fig. 1 Antihydrogen production and detection scheme 

(3) 

(4) 

(5) 

+ 
++ 

Electron cooling of low-energy antiprotons and production of fast anti­
hydrogen atoms, Proc. Workshop on the design of a low-energy antimatter 
facility in the USA, Madison, Wisconsin, 1985. 
J. Berger et al., Feasibility Study for Antihydrogen Production at LEAR~ 
Proposal to CERN, CERN-Heidelberg-Karlsruhe Collaboration, CERN/PSCC/85-
45, PSCC/P86, CERN/PSCC/86-21, Add. 1 and CERN/PSCC/86-37 Add. 2 
(extended collaboration includes Ann Arbor and Brookhaven National 
Laboratory) (spokesman H. Poth) d 
H. Poth, Physics with Antihydrogen,Proc. 2n Conf. on the Intersection 
between Particle and Nuclear Physics, Lake Louise, Canada, May 1986. 
H. Pothand A. Wolf, Antiproton polarization through antihydrogen, 
KfK 4098(1986) 

Physikalisches Institut, Universität Heidelberg 
CERN, Geneva, Switzerland 
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4.3 THE CRYSTAL BARREL PROJET AT LEAR 

CB-Collaboration: 

E. Aker, G. Büche, S. Cierjacks, ~. Engelhardt, T. Henkes, H. Koch, 
A. Kreissl, F. Kröner, M. Kunze, H. Matthäy, J. Plotzitzka, D. Rohmann, 
W. Rohrbach, W. Schott, D. Walther, Ch. Weddigen; Kernforschungszentrum 
Karlsruhe GmbH und Universität Karlsruhe, Federal Republic of Germany 

C. Amsler, B. Schmid, P. Truöl, Universität Zürich, Switzerland 

C. Batty, Rutherford and Appleton Laboratory, Chilton, UK 

P. Birien, GERN visitor, Geneva, Switzerland 

J. Bisterlich, C.A. Meyer, K.M. Crowe, Lawrence Berkeley Laboratory, 
University of California, Berkeley, USA 

D. Bugg G. Hall, Queen Mary College, London, UK 

A.S. Clough, R.L. Shypit, University of Surrey, Guildford, UK 

E. Klempt, M. Guckes, H. Kalinowsky, R. Rieger, W. Weidenauer, Universität 
Mainz, Federal Republic of Germany 

R. Haddock, University of California, Los Angeles (UCLA), USA 

M. Suffert, Centre de Recherehes Nucleaires, Strasbourg, France 

H. Vonach, Institut für Radiumforschung und Universität, Wien, Austria 

W. Wodrich, C. Zupancic, Universität München, Federal Republic of Germany 

K. Braune, GERN-Fellow 

An extended proposal for the project containing the maior physics ideas and all 

details of the technical realization was prepared in the fall of 1985 and 

presented to the GERN PSC-Committee in November
1
). As far as physics is concerned 

it stresses searches for exotic, nonmesonie states like Glue-Balls and Hybrids 

for which the detec tor is particularly sui ted ( see Fig. 1). The proposal was 

unamimously approved by the PSCC and later by the Research Board of GERN and is 

considered as one of the essential Lear-experiments in the post-ACOL-period. 

After the completion of the work on the proposal more details of the components 

were worked out as basic for tenders to the industry. The replies to these 

tenders allowed a precise cost estimate which is 7.3 MDM. The most essential 

position there is the cost of the 1380 Csi-crystals which amount to 3.4 MDM. It 

is foreseen to finance these crystals exclusively by means of KfK and the 

University (BMFT) of Karlsuhe. The total amount of money provided by the member 

of the collaboration in the years 1 86- 1 88 sums up to 7.6 MDM, allowing a reserve 

for contingency. In order to reach a full financing in the years 1 86- '88 some 

cuts on specific items of the detector had to be performed which, however, don't 

affect the overall quality of the detector for the experiments foreseen at LEAR. 

At present, an agreement between GERN and the collaborators is in preparation. It 

foresees a Steering Garnmitte which decides about the scientific programm and 

controls with the help of a secretary the flow of money and manpower during the 

set up phase of the experiment. 
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The distribution of task among the collaborators attributes to KfK/Uni­

versity Karlsruhe the following items: 

- Set up and test of the esi-detector, including read out-electronics and 

mechanics 

- Preparation of the microprocessor-based trigger system (together with other 

collaborators) 

- Help on the construction and test of the Jet-Drift-ehamber (JDe) and the pro­

portional wire chamber (PWe). 

(1) eERN/PSeC/85-56; PSee/P 90 

Fig. 1 eB-Detector 

1: Magnet yoke; 2/3: Magnet coil, 4: esi-crystals, 5: Jet-Drift-ehamber 

6: X-Ray Drift chamber or Proportional-Wire-Chamber, 7: LH
2
-Target 

4.3.1 STATUS OF THE eB-Project 

H. Koch, G. Büche, S. Cierjacks, D. Engelhardt, Th. Henkes, F. Kröner, 

M. Kunze, H. Matthäy, J. Plotzitzka, W. Rohrbach, W. Schott, D. Walther, 

Ch. Weddigen 

In the following some comments are given on the present status of the work on the 

maior items of the project with special emphasis to the ones with participation 

from Karlsruhe. 

esi-Detector 

Csl-crystals/Energy resolution/Calibration/Electronics 

About 30 Csi-crystals of original shape and size were bought from three 

firms (BDH, Horiba, Bicron) and were tested with radioactive sources and on the 
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SC-Muon-channel wi th 200 MeV/ c e lec trons. Very important for a good energy 

calibration is the homogeni ty of the crystals, and a method was worked out to 

test this feature with high precision. The in-beam test of a cluster of 20 

Csi-modules at the SC was - because of beam schedule reasons - performed with a 

not optimized set up (only ~ photodiode/crystal; preliminary version of pre­

amplifier chain) and with a beam of badly known ßP/p (FWHM) ;::j 5-10/o) momentum 

spread. The results of this test1 ) are discussed more in detail in 4.3.2 and show 

that the envisaged energy resolution ~ = 0.020/{E[GeV]} 114 is easily obtainable. 

A second test with a better beam and more refined electronic is foreseen for 1987 

at SIN. 

In the meanwhile quite successful tests have been performed (with the help 

of MPI München) replacing the four Si-diodes on the rear face of the crystals by 

only one diode attached side ways to an appropriate wave length shifter (see 

4.3.3). If that solutionturnsout tobe feasible, the cost and the complexity of 

the readout-system can be significantly reduced. 

The energy calibration of the crystals will be done with radio.active 
228 13 

sources ( Th (2.6 MeV); Pu C (6.1 MeV)) and with the reaction (rr -) p--> ny 
stop 

(129 MeV). It is expected that an individual calibration of each crystal in an 

electron beam will not be necessary. The monitaring of the stability of the 

neutral detector will be done by a flash-light-system which is presently under 

construction. 

In order to obtain a good energy resolution a low noise leve 1 on each 

individual crystal is mandatory. Two preamplifiers (KfK Karlsruhe, MPI München) 

built for similar applications in High Energy Physics were tested and yield 

r.m.s. noise equivalent levels of as low as 300 keV. The chain between preampli­

fier and the Fera-ADC 1 s consisting of amplifier/shaper/discriminator needs 

.special attention because of the large dynamical range and is presently under 

construction at KfK. A computer system allowing the test of the Fera-ADC's is 

also set up at KfK. 

Mechanical support of the Csl-crystals 

The mechanical support of the Csi-crystals presents a major problern because of 

the large solid angle ( 95/o x 4 rr) envisaged for the neutral detector which 

precludes massive walls between the crystals. Also the wall of the detector in 

the direc tion of the target must be as thin as possible, thus avoiding the 

conversion of Gamma-rays before they reach the sensitive volume of the detector. 

Extensive Monte-Carlo-studies (see 4.3.4) have been performed to get an idea on 

the effect of the material between and in front of the crystals concerning the 

energy resolution of the detector. It turns out that the wall in front of the 

crystals is not as critical as the material between the crystals which should be 

not thicker than .5 mm (carbon-fiber-material) or .2mm (Ti). Thesenumbers put an 



-121-

upper limit to the thickness of the encapsulation of the crystals, which is 

necessary to attach the light-read-out-system to the crystals and allows for an 

easy removal of the crystals. Tagether with IT/M at KfK and the industry (Dornier, 

Stesalit) various solutions are worked out and tested at present: Garbon fiber/ 

glass fiber/Ti-material for the encapsulation of the modules or/and in front of 

the module. The feasibility of the design of the overall support structure will 

be tested with a 1:1 prototype for one half of the detector which should be ready 

early in 1987. 

Design and realization of the trigger 

Because of the low frequency of events of special interest per annihilation (e.g. 

search for exotic states with a complicated decay pattern) and the limitation of 

recordable events 300/s) the design and set up of a very effective trigger is 

one of the most important items of the experiment. Three stages are foreseen: (1) 

A hardware based trigger for a crude selection of the total multiplicity of an 

event. (2) A fast microprocessor (CAB) allowing the determination of the total 

energy and a more refined multiplici~y definition. (3) A slower, but more power­

full microprocessor (Starburst), allowing the reconstruction of fast decaying 

particles, like 1'!
0 

,11 (-+ 'Y'Y), p (-. T!T!), w (-+ T!T!T!), etc. The design of the hardware­

trigger is finished, the CAB- and the Starburst-processors are bought and the 

programming has started. In order to check the reliability of the trigger a 

Monte-Carlo-programm is written which allows a simulation of the whole set-up on 

the basis of hit wires and fired Csi-modules, respectively. 

Jet-Drift-Chamber (JDC) 

At the beginning of 1986 two american groups (UC Irvine, Penn. State) have 

decided to leave the collaboration because of internal political problems in the 

U.S •• They were replaced by two other american groups (UC, Berkeley; UCLA) who 

took over the responsability for the construction and test of the JDC. The 

desired high spatial resolution (100]..1) and the high magnetic field (1.S T) 

requires the use of a slow gas-mixture (co
2
;rsobutan), which needs a very precise 

control of the gas pressure and the temperature. similar systems have been 

already successfully built at Berkeley, so that the project is expected to 

develop smoothly. The design of the chamber tagether with electrostatic calcula­

tions is completed, two test-modeules will be set up in the next months. 

Cellaboration with chamber specialists from KfK is foreseen. 

Magnet 

The magnet has to produce a field of 1.S T over the volume of the JDC ( SO cm (0) 

x So cm ( length)). Because of the relatively short running periods ( low power 

costs), the price and the available manpower, it was decided a non-superconduc­

ting magnet. The modification of the already existing Asterix-magnet (former 

DM1-magnet from Orsay) will cost about 400 kDM, including a new coil and an 
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enforced Fe-shielding. The Asterix experiment has finished running, so that the 

magnet is at our disposal. The modification of the magnet will be paid by the 

University of München and will start early in 1987. 

(1) KfK-Primärbericht 14.02.01 P 18 A 

4.3.2 TEST OF A MODULAR Csi(TL) PROTOTYPE CALORIMETER WITH PHOTODIODE 

READOUT AT 200 MeV/c 

Th. Henkes, C. Amsler, H. Koch, F. Kröner, W. Rohrbach, B. Schmid, 

W. Schott, U. Straumann, M. Suffert, D. Walther 

A test with a prototype calorimeter consisting of 20 Csi(Tl) crystals was 

performed in december 1985 at the CERN Synchro Cyclotron. The main goal of 

this experimentwas to test the readout of Csi(Tl) crystals with photodiodes, 

as it is forseen in the design of the Crystal Barrel detector at LEAR, and to 

see whe ther we can achieve the energy resolution 

magnetic shower calculations (EGS). 

expec ted from e lec tro-

The 20 crystals were arranged in an aluminium container which could be 

rotated horizontally and vertically, so that the beam could penetrate each 

crystal along i ts axis. Each crystal was equipped wi th one photodiode. The 

signal of the photodiades was amplified by a low noise charge sensitive 

preamplifier and shaping amplifier which were mounted on one printed cirtuit 

(KfK development by H. Keim). A 15m shielded twisted pair cabel brought this 

pulse to a receiver, where the signal was attenuated in order to get a 

dynamical range of 300 MeV. Then it was feed into a charge sensitive 11 bit 

ADC (Le Croy FERA 4300). A DEC LSI computer was used to read out the ADC via 

CAMAC, to write the raw data to tape and to do the online monitaring of the 

experiment. 

From the SC a beam of 200 and 108 MeV/c was available, The beam 

consisted of e-, -
1t , and J..l • At a given momentum we could seperate the 

different particles by their time-of-flight between two scintillators which 

were positioned in the beam. 

In order to get an initial calibration we shot negative pions of 200 

MeV/c into each module. Their ,energy deposit peaks at 104 MeV (kinetic 

energy) which was used for the calibration. This calibration was improved in 

the offline analysis of the 200 MeV/c electron runs, using an iterative 

calibration method (1). 

Once we got the final calibration constant of each channel, we summed 

up the energy of the module that was hit by an electron and its eight neigh­

bouring moduls. From this distribution (Fig. 1) we find an energy resolution 



-123-

600 

500 :::,. 
Qj 

~ 
~ 400 

§ 
C) 
u 

300 

200 

100 

0 '\ 

~j !,. 
~~ 1 1 1 1 1 1 1 1 1 ~=~r 

0 50 100 150 ·20·~ "' 

energy deposit (MeV) 

Fig. 1 Energy deposit of 200 MeV electrons in an array of 20 Csi-modules. 

The energy is summed over nine adjacent crystals. 

of 0/E = 4.7% at 200 MeV/c. This is somewhat worse than the value we expect 

from electromagnetic shower calculations (EGS), where we get an energy 

resolution of o/E = 3.8'/o for our experimental set up. The difference can be 

explained by the unknown but large momentum spread of the CERN SC muon 

channel. A momentum spread in the order of 2.8% (o) would explain the differ­

ence between data and EGS calculations. This value seemsreasonable for a beam 

without momentum defining slits as the muon channel of the CERN - SC. 

The intention of this experiment was mainly to learn about the pro­

blems with this new type of detector. To determine the precise energy reso­

lution of a Csi(Tl) calorimeter the beam momentum spread has to be known. In 

the Crystal Barrel detector each crystal will be equipped with four photo­

diedes or a wave length shifter (see 4.3.3) which improves the signal to noise 

ratio and therefore the energy resolution. Due to delivery problems in industry 

only one photodiode per crystal could be used. An experiment which uses a fully 

equipped detector and the final version of the readout and trigger electronics is 

in preparation. 

The results of this test were published as KfK Primärbericht (2). 

(1) P. Blüm et al., Nuclear Instrumentsand Methods 213(1983)251 
(2) C. Amsler et al., KfK Primärbericht 14.02.01 P 18 A 

4.3.3 READ OUT OF Csi-CRYSTALS WITH WAVE LENGTH SHIFTERS (WLS) 

W. Rohrbach, M. Suffert 

The magnetic field of 1 .5 Tesla demands for the read out of the Csi-crystals with 

photodiedes (PDs). 
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Fig. 1 R.M.S. equivalent noise as a function of the number of photodiades attached 

to the rearface of a Csi-module (dotted curve). Lines 1 and 2 show results 

for the light read out by a wave length shifter with 1 or 2 photodiades 

attached sideways to it. 

The usual procedure is to use PDs directly coupled with opticalgrease on 

the crystal rearface. With four PD's of 1c~ area each, and a low noise charge­

sensitive preamplifier, a r.m.s. noise equivalent < 300 keV could be obtained. By 

adding more PDs one samples more light but also adds more noise and a saturation 

in the signal to noise ratio (Grooms theorem) is observed (doted curve in Fig. 

1 ) • 

To achieve a lower r.m.s. noise equivalent the idea is to sample as much 

as possible of the light leaving the crystal rearface and direct it to only one 

or two PDs with less capacities and therefore less noise than with a larger bunch 

of diodes. This can be realized with thin wave length shifters (WLS) which cover 

the whole crystal rearface. The light is converted with one or two PDs of about 

30 x 30 mm2 area placed along the sides of the WLS. At the same time this method 

has the advantage of reducing the nuclear counter effect. 

For optimal resul ts i t is important to find a good match between the 

emission spectrum of the Csi-crystal, which has its maximum at 550 nm, and the 

absorption curve of the dye used in the WLS. 

Furthermore i t is very important to find an optimum mixture between dye 

and carrying material to minimize the losses by selfabsorption. 

Measurements have been done wi th several WLS' s which are commercially 

available or manufactured at the MPI Lab Munich after selection on the basis of 
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their transmission characteristics. 

Best resul ts have been obtained wi th WLS' s of 3 mm thickness, optically 

coupled via an air gap to the crystal rearface. They were covered with teflon 

tape on the small faces only allowing space for the PDs, and on the upper face 

with two layers of white filter paper. 

With such a set up (2 PDs 30 x 3 mm2
) a r.m.s. noise equivalent of 240 keV 

was obtained which corresponds to the results of 9 PDs directly coupled on the 

crystal rearface (line 2 in Fig. 1). The result obtained with only one PD is also 

sketched in Fig. 1 (line 1). 

Work along this line is going on and may eventually lead to a cleaner and 

less complex solution for the light read~out of the Csi-crystals. 

4.3.4 MONTE CARLO STUDIES OF ELECTROMAGNETIC SHOWERS IN THE CRYSTAL BARREL 

DETECTOR 

W. Schott, H. Koch, M. Suffert 

The determination of the relevant parameters for the 4 T! neutral detector, like 

crystal dimensions and the effect of structure materials, was based on 

Monte-Carlo simulations of the development of electromagnetic showers using the 

SLAC-code EGS4
1
). For this a realistic geometrical description of a part of the 

detector was set up, including walls between and in front of the crystals. 

Lengths of crystals /Energy resolution: In order to minimize the costs a 

realistic compromise for the crystal lengths has to be found. Fig. shows the 

calculated energy resolutions (FWHM) for different energies as a function of the 

crystal length. The calculations include the effec t of the unavoidable r .m. s. 

noise which was assumed to be 300 keV for 30 cm long crystals (16 radition 

lengths) and 250 keV for shorter crystals (e.g. 14 rad. lengths) because of their 

higher light output. The resul ts sho\'1 that a length of 16 radiation lengths would 

be desirable, but that also 14 radiation lengths (26 cm) crystals still yield 

satisfying results (6.E/E (FWHM) = 7 .Sio at 100 MeV, which is near the maximum of 

the expected r-energy distribution). 

Nuclear counter effect: In case that the photodiades are directly attached 

to the rear face of the crystals, particles from the electromagnetic shower may 

hit the diodes and cause a pulse of several MeV, thus deteriorating the energy 

resolution. This effect was calculated for various energies and crystal lengths. 

At 500 MeV e.g., the probability for this effect is 2% and 6% at 30 cm and 26 cm 

long crystals, respectively. It is much less probable at lower energies and thus 

can be neglected as far as the energy resolution is concerned. 



Fig. 1 Energy resolution depending 

on crystal lenght for 

incident photon energies 

of 100 MeV, 500 MeV, 1000 

MeV. The simulation results 

are smeared with 0.3 MeV 

noise except for one 

calculation at 100 MeV 

where the noise was 

assumed tobe 0.25 MeV. 

The energies of 25 crystals 

were summed. 
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Wall thicknesses of the mechanical support: Allowance was made in the 

simulations for encapsulations of the individual crystals and for support 

material in front of the modules. While the effect of the latter on the energy 

resolution is less important, walls between the crystals are critical for the 

energy resolution. It turned out e.g., that a wall of 0.4 mm of carbon fiber 

between the crystals deteriorates the energy resolution at 100 MeV by 0. 7% and 

thus appears as an upper limit for the thickness of walls between adjacent 

modules. 

(1) W.R. Nelson et al., SLAC-265 (Dec. 85) 
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4.4 THEORY 

4.4,1 APPLICATIONS OF THE nNN BOUND-STATE PROBLEM: 

THE DEUTERON AND THE 4~4 RESONANCE 

H. Garcilazo, 1. Mathelitsch+ 

The relativistic three-body equations for the bound-state problern proposed by the 

authors 
1) are solved for the nNN system, in particular for the states v1ith total 

isospin zero and two. In the case of isospin zero only one bound state is found 

which corresponds precisely to the deuteron and whose wave function is quite 

similar to those of phenomenological models. We show this 11 three-body" deuteron 

wave function in Fig. 1, where we compare it with the deuteron wave function of 

the Paris potential, and with the Moravcsik-Gartenhaus wave funtion. As we see, 

there is quite a good agreement between the three-body wave function and the two 

phenomenological ones, particularly with regard to the change of the sign of the 

S-state wave function at k ~ 2fm-
1

; this feature is well-known for all models 

having a streng repulsive core at short distances. In the traditional picture of 

the nucleon-nucleon interaction, this streng short-range repulsion is associated 

with the exchange of heavy mesons, such as p and w. in Our picture, on the other 

hand, the deuteron is considered as arrNN bound state and the short-range repuls­

ion is generated by the three-body dynamics alone. The D-state probability of the 

three-body wave func tion is 8. 9%, which is somewhat higher than the values 

obtained from the Paris- (5.8%) and Moravcsik-wave function (6.7%). 

In the case of isospin two the most favorable configuration to possess a 

bound state is with total angular momentum two and positive space parity. If the 

system is not bound, it will appear as a resonance of spin 2 and isospin 2 which 

we call the 4,4 resonance since it is the analog to the wellknown 3,3 resonance 

in the nN system which has spin 3/2 and isospin 3/2. The bound system would 

consist of a negative pion and two neutrons (or, its isobaric analog, of a 

positive pion and two protons). Such a possibility is a very attractive one, 

since, as the bound state can only decay by weak interactions, it means that it 

will be stable with a lifetime comparable to that of the charged pion. Even if it 

. turns out that the system is unbound, as the result is in some of our solutions, 

this would mean that the state lies in the continuum; therefore, it should still 

be possible to observe i t as a three-body resonance. Since this isospin-two 

resonance cannot couple directly to the nucleon-nucleon system, which can have 

only isospin zero or one, the observation is only possible via reactions like 1l 

+ d _. 11+ + 1!- + n + n or 1!- + t .... p + 11- + n + n, where in the firs t case the n + 
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should be detected and in the second one the proton. Recent experiments on the 

first of these reactions
2

•
3 

have found no evidence of a n nn bound state; the 

data, however, show a resonantlike behavior at 256 MeV incident pion energy, 

which can be interpreted as a resonance of mass equal to 2056 MeV, that is 38 MeV 

above the nNN threshold. Thus, if this result is confirmed by other experiments, 

it is very likely that one has observed the 4,4 resonance predicted by our 

three-body theory. 

(1) H. Garcilazo and L. Mathelitsch, Phys. Rev. C28(1983)1272 
(2) E. Piasetzky et al., Phys. Rev. Lett. 53(1984)540 
(3) J. Lichtenstadt et al., Phys. Rev. C33T1986)655 

+ Institut für Theoretische Physik, Universität Graz, A-8010 Graz, Austria. 

4.4.2 STANDARD RELATIVISTIC FADDEEV THEORY OF THE nNN SYSTEM WITH APPLICATION 

TO nd SCATTERING 

H. Garcilazo 

The nNN system is probably one of the most basic problems in nuclear physics. It 

is certainly more basic than the NN system, since in order for two nucleons to 

interact there needs first to be a pion. Moreover, if the energy of the nucleon­

nucleon system is sufficiently large, a real pion will be produced, so that in 

order to have a consistent theory of the NN system which is valid both above and 

below the pion-production threshold it must be a three-body theory. Also, since 

the pion can be absorbed, one has transitions of the form NN .... nNN and NN n d 

which are possible only if the pion or at least one of the nucleons are allowed to 

be off their mass shells. Thus, a theory of the nNN system must also be relat­

ivistic in order to be able to describe intermediate states in which some of the 

particles are off the mass shell. 
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Fig. 1 

a) The pion-deuteron tensor analyzing 

power T
20 

for two different kinetic 

energies of the pion (in MeV). The 

experimental data are from Ref. 4. 

b) The pion-deuteron tensor polarization 

t
20 

for six different kinetic energies 

of the pion (in MeV). The experimental 

data are from Ref. 2 (solid circles) 

and from Ref. 3 (open circles) 

We have formulated a standard relativistic Faddeev theory of the 1tNN 

system by using the isobar ansatz for the nN and NN amplitudes and the requirement 

that the spectator particles be allways on their mass shells. This theory takes 

into account the two possible time orderings in the propagator of the exchanged 

particle and describes correctly the coupling between the two-body and three-body 

channels. As a first application of this theory, we have studied pion-deuteron 

elastic scattering in the region of the 3,3 resonance by calculating all the 

observables for which data exists finding reasonably good agreement over the 

entire set. In Figs. 1a and 1b we present the results for the tensor analyzing 

power T
20 

and tensor polarization t
20 

respectively, where in the last case the 

results are calculated in the laboratory frame. As we see there is quite good 

agreement with most of the data and with the fact that t
20 

and T
20 

are large and 

negative. A set of controversial measurements by Grüebler et al.
1

) which gave 

values of t
20 

that were large and 

different experimental groups 2 •4) 

and McLeodS) that predicted large 

spurious effects introduced by the 

positive have now 

while at the same 

and positive values 

app lica tion of the 

been contradicted by three 

time calculations of Afnan 

of t20 were the result of 

Pauli principle in inter-

mediate NN states. Same predictions for other polarization observables that will 

be measured in the near future have also been presented. Future applications of 

this theory will be the simultaneaus description of all five reactions that can take 

place in the nNN system, that is nd .... nd, nd .... nNN, nd __,. NN, NN __,. NN and NN 

n:NN. 
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(1) W. Grüebler et al., Phys. Rev. Lett. 49(1982)444; Phys. Rev. Lett. 48(1982) 
311 

(2) E. Ungricht et al., Phys. Rev. Lett. 52(1984)333; Phys. Rev. C31(1985)934 
(3) Y.M. Shin et al., Phys. Rev. Lett. 55TI985)2672 
(4) G.R. Smith et al., submitted to Phy~ Rev. Lett. 
(5) I.R. Afnan and ~.J. McLeod, Phys. Rev. C31(1985)1821 

4.4.3 NONEXISTENCE OF Ann OR L-nn BOUND STATES 

H. Garcilazo 

Among the three-baryon systems wi th strangeness -1, there are three candidates 

which would be stable if they were bound; the Anp, the Ann and the L-nn systems 

(plus the isobaric analogs of the last two, that is, the App and L+PP systems). 

Of these three candidates only the first one (the hypertriton) is known for sure 

to be bound. We are going to investigate if any of the other two possesses a 

bound state. 

The appl ication of the separable-model Faddeev method, has been very 

successful in the case of the hypertriton, where it predicts the binding energy 

within a fraction of an MeV. For simplicity we will neglect the tensor force in 

the spin-triplet hyperon-nucleon interaction which is known to have a negligible 

effect in the bound state of the Anp system. Thus, with this approximation the 

Fadeev equations with separable potentials reduce to a set of three coupled 

integral equations which correspond to the hyperon-nucleon pair interacting in 
3 1 1 

the s
1 

and s
0 

channels and the neutron-neutron pair interacting in the s
0 

channel. 

The two-body input of the Faddeev equations are the Yamaguchi separable 

potentials for each channel, which, are completely determined by the low-energy 

parameters a and r, where a is the scattering lengili and r the effective range of 

that channel. We w:!Ill use for the low-energy parameters of the 
1s neutron-

0 
neutron channel, the values a = -17.612 fm and r = 2.881 fm. For the An and L-n 

subsystems, we will use the low-energy parameters obtained by Nagels et al.
1 

•
2

) 

from a combined analysis of nucleon-nucleon and nucleon-hyperon scattering with a 

one-boson-exchange model, where the coupling constants were calculated via SU(3) 

taking the coupling constants of the NN analysis as input. 

The simplest way to visualize the amount of attraction or repulsion that a 

three-body channel has, when there is at most one bound state, is by looking at 

the Fredholm determinant DF(E) at zero energy. If there are no interactions then 

DF(O) = 1. If the three-body channel is repulsive then DF(O) > 1, while if it is 

attractive then DF(O) < 1. Abound state exists if DF(O) < 0. Wehave solved the 

three-channel Faddeev equations in the region E < 0, using a 40-point Gauss mesh 
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for each channel so as to have a numerical error of less than 0.1%. We present in 

Table 1 the values of the Fredholm determinant at zero energy for the J = 1/2 and 

J = 3/2 channels of the Ann system for the four models constructed by Nagels et 

,s 
0 

3s 
1 

FREDHOLK DETERKINANT 

Model ll r ll r J m 1/2 J " }/2 

A -2.67 2.04 -1.02 2.55 0.59 1.52 

1\ Y\'V'I 
B -2.47 }.09 -1.66 3.33 0.49 1.60 

c -2.0} }.66 -1.84 }.32 0.46 1.64 

D -2.40 }. 15 -1.84 3. 37 0.46 1.6} 

A -2.79 }.55 0.6} -0.76 1·95 0.64 

- B -3· 29 }.29 0.41 -2.47 1.69 0.79 
'2:: 'V\ 'Y\ 

-4.61 }.69 c 0.32 -6.01 1. 59 0.87 

D -}.84 4.03 0.62 -1.91 1.8} 0.73 

Table I 
1 3 

Low~energy data (in fm) of the Yn s
0 

and s
1 

channels and the corresponding 

Fredholm determinant of the Ynn system at zero energy for the states with 

total angular momentum J = 1/2 and J = 3/2. The data for the four models A-D 

are those of Nagelset al. 1 , 2 ). 

1 2) . 1 3 
al. ' • The correspond~ng An s

0 
and s

1 
separable potentials are both attract-

ive. As we see from this table the J = 1/2 channel is attractive but not attract­

ive enough to produce a bound state, while the J ~ 3/2 channel is repulsive so 

that no bound state exists in either channel. In table I we present also the 
1 2) 

results for the L nn system for the four models of Nagels et al. ' • The separa-

ble potentials of the L-n subsystem are repulsive in the 
3s

1 
channel and attract­

ive in the 
1s

0 
channel. As we see from this table the situation is the reverse 

from that of the previous case, since now the J = 1/2 channel is repulsive and J 

= 3/2 channel is attractive although again not sufficiently to be able to bind 

the system. 

To conclude, we have searched for possible bound states of the Ann and 

L-nn systems without finding any evidence for them. This also rules out the 

+ possible existence of bound states in the App and L pp systems which have in 

addition the repulsive Coulomb force. 

( 1 ) 

(2) 

M.M. Nagels, T.A. Rijken, and J.J. DeSwart, Ann. Phys. (N.Y.)~(1973)338; 
Phys. Rev. D15(1977)2547; D20(1979)1633 
M.M. Nagels~.A. Rijken, and J.J. deSwart, in Few Particle Problems 
in the Nuclear Interaction, edited by I. Slaus, S.A. Moszkowski, 
R.P. Haddock, and W.T.H. von Oers (North-Holland, Amsterdam, 1972)42 
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4.4.4 RELATIVISTIC ONE-PION-EXCHANGE POTENTIALS 

H. Garcilazo, 1. Mathelitsch+ 

We compare three different types of relativistic two-body equations, namely the 

Blankenbecler-Sugar equation, the Grass equation and an equation derived from 

relativistic three-body equations. Garcilazo showed how a two-body potential is 

changed, if one imbeds i t into a three-body model satisfying both two- and 

three-body unitarity 1). This three-body one-pion-exchange potential (three-body 

OPEP) has an energy-dependent range and it becomes complex above the pion-produc­

tion threshold. In this paper we want to investigate, how this three-body poten­

tial wi th i ts related equation compares to other relativistic equations. As 

examples we choose the Blankenbecler-Sugar equation2) and the Grass equation
3). 

The reason for this choice is that the OPEPs, which are derived in these appro­

aches, differ from each other and also from the three-body OPEP. Other relat­

ivistic approximations yield one of the above potentials and differ just in the 

equations. 

We have shown that the one-pion exchange potential, which was derived in 

Ref. via a relativistic three-body model of the two nucleon interaction, 

deviates from other relativistic expressions for the same exchange mechanism. In 

particular, the three-body OPEP is energy dependent and shows a singular struct­

ure for full off-shell momenta. There can be two closed cuts in the momentum 

plane, but one cut just comes in at scattering energies above the one-pion-pro­

duction threshold. 

We have compared the resulting half-shell functions and phase shifts of 

the three-body potential (with i ts connected equation) to the corresponding 

results of the Lippmann-Schwinger, Blankenbecler-Sugar and Grass equations. 

Whereas features of the individual potentials are reproduced in the half-shell 

functions, the one-pion-exchange phase shifts are very similar for all three 

relativistic equations, but show some deviations from the nonrelativistic result. 

This finding, however, is dependent on the potential and also on the parameters 

of a given potential. 

We have also included strong form factors for the nNN vertex. Their effect 

by far exceeds the differences caused by the various relativistic equations. Even 

the uncertainty due to the i 11-determined value of the cuf-off parameter i s 

larger than these relativistic deviations. The inclusion of full off-shell 

hadronic form factors yields smaller phase shifts than for the case where just 

the pion is treated off the mass shell in the form factor. The size of this 

effect can even be larger (depending on the considered partial wave) than the one 

caused by the inclusion of the (pion) form factor usually used. 
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(1) H. Garcilazo, Phys. Lett. 99B(1981)185 
(2) R. Blankenbecler and R. Sugar, Phys. Rev. 142(1966)1051 
(3) F. Grass, Phys. Rev. 186(1969)1448 

+ Institut für Theoretische Physik, Universität Graz, A-8010 Graz, Austria 
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5.1 HARDWARE ACTIVITIES 

5.1 .1 CELLO OPERATION 

PETRA operates actually at a constant beam energy of 17.5 GeV. At this 

energy CELLO collected a luminosity of about 60 pb-1 since the start-up in 

1986. Due to the lower energy the quality of the new data is better since 

the background is appreciably reduced. Also the triggering has been conti­

nously improved. Fig. 1 shows as an example the threshold behaviour for 

single photons for the complete cylindrical LAr calorimeter. The mean 

threshold is now 1 .6 GeV at a random trigger rate of about 1 Bq. This al­

lov;s, e.g., a better search for Supersymmetrie partiales and a stronger 

restriction in neutrino counting. Also the charged trigger could be impro­

ved by lowering the threshold for the minimum momentum required in a track. 

This is especially important for the two photon physics programme. Thres­

holds of as low as 250 MeV/c in the central and about 350 MeV/c in the for­

ward region are realized. 

The central tracking device is still the original version of inter­

sperced proportional and drift chambers. The installation of the stereo-wi­

re-chamber had to be abandoned due to high vol tage problems in the wire 

feed-throughs. The feed-troughs of the mass production had a less good qua­

lity than the prototype series and the required high voltages on the wires 

could not be reached. 
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L) 0.6 c 
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0 
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10 

Fig. 1 

Trigger thres­

hold in the cy­

lindrical LAr 

calorimeter for 

one single pho­

ton shower. 
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5.1 .2 CALORIMETER DEVELOPMENT 

Present and future high luminosi ty machines need particle detectors which 

are radiation resistant and exhibit long-term stability. Especially for ca­

lorimetry, liquid ionization sampling offers many obvious advantages, and 

room temperature liquids are the preferred active media. 

The R&D v10rk to introduce non-polar room temperature liquids for 

fast particle detection is being pursued. Most of the work is concentrated 

on TMS, tetramethylsilane, which is among the fastest liquids, i.e. 30 ns 

drifttime per mm at 30 kV/cm. It is relatively easy to purify and commerci­

ally available at reasonable prices. Chemically it resembles a pentane ha~ 
( 

ving at room temperature a vapour pressure of 800 mb. Work vli th Tetrame-

thyltin, Neopentane and Tetramethylpentane is also under way. 

A first prototype calorimeter has been tested in the insti tute and 

operated repeatedly at DESY (1). For the module, absorber slabs of carbon 

steel without any special surface treatment v1ere chosen, in order to make 

it inexpensive and to demonstrate that possibly even a magnetic flux return 

yoke could be instrumented this way. 

The charge yield in organic liquids at usual vol tages is rather low 

and reaching saturation entails the use of high voltages. The yield in the 

calorimeter module was 60% of the charge collection expected in a very pure 

sample of the liquid. The preamplifier noise corresponds to 130 MeV elec­

tromagnetic shower energy. This is somewhat higher than in typical liquid 

argon calorimeters. For trigger purposes, this deficiency is well compensa­

ted by the fact that the preamplifiers are si tuated close to the detector 

capaci tance, thus ensuring quiet operation, practically free of pick-up 

noise. 

The electric signal decreased with time as shown in Fig. 1. Assuming 

an exponential decay, the lifetime of the signal is 1/2 year. The impuri­

ties responsible for the signal decreases are presumed to be outgassing 

compounds of the Kapton pick-up foils. In practice, we need lifetimes 10 

times langer! The problern is therefore being followed up; two out of three 

modules presently under construction will have, at their bottoms, activated 

molecular sieves. 

These three modules use 3 mm uranium plates encapsuled in 0.5 mm 

stainless steel sheets. The container will again be carbon steel, however 

chromium plated for protection and to ensure good electrical conductivity. 

The depleated uranium has been taken over from the SNEAK stock. 
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Fig. 1 

The signal s trength in the 

calorimeter module during 

two tes t periods separa ted 

by 5 1/2 weeks. The 

straight line indicates, as 

reference, the yield in a 

very pure sample of TMS. G 

is the number of electrons 

collected per 100 eV depo­

sited ionization energy. 

In addition to the calorimeter, a tracking chamber shown in the pho­

tograph of Fig. 2 has been tested (2). The chamber was operated in the io­

nization chamber mode. In a liquid layer of 2 x 4 mm, enough charge can be 

collected to operate such a charnber wi th a pulse-wid th shaped to shorter 

than 100 ns. The spatial resolution depends essentially on the strip pat­

tern. A coarse pitch of 1 .5 mm was used which gave the expected resolution 

of 0 = 470 ll· 

Fig. 2 

Photograph of a li-

quid track chamber 

during assembly. 

The idea of using liquid ionization charnbers for tracking is that 

they offer new possibilities in cases of high background radiation. Presu­

mably they will be very useful near the bearn pipe in the forward direction 

for the new accelerators. 

The purification systern is a set-up which is able to purify 50 

2/week. It uses the rather straightforward method of (1) degassing, (2) va-
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cuum distillation and (3) distillation over molecular sieves as described 

in (3). It is weH suited and gives good results. We found it not to be 

necessary to pass the TMS vapour over special reducing compounds like NaK, 

bot metals, etc. But the sieves have to be well activated beforehand. 

(1) J. Engler, H. Keim and B. Wild, Kernforschungszentrum Karlsruhe, 
Report 4086 (1986), tobe published in Nucl.Instr.Meth. 
B. Wild, Kernforschungszentrum Karlsruhe, Report 4119 (1986) 

(2) J. Engler, H. Keim and C. Müller, Kernforschungszentrum Karlsruhe, 
Preprint 81-1 (1986), submitted to Nucl.Instr.Meth. 
C. Müller, Kernforschungszentrum Kalrsruhe, Report 4166 (1986) 

(3) J, Engler and H. Keim, Nucl.Instr.Meth. 223 (1984) 47 

5.1 ·3 OPTICAL FIBER READ-OUT FOR SCINTILLATORS 

In collaboration with the Institute for Nuclear Studies and the University 

Warsaw trigger counters have been developed for a High Densi ty Projection 

Calorimeter (HPC). 

The particular problern of the trigger counters is the necessity to 

carry the light output over a long distance (10-12 meters) before conver­

ting it into an electrical signal. The solution presently tested makes use 

of a readout system with optical fibers. The (blue) light signals of the 

scintillator are converted to wavelengths of about 520 nm by a layer of ac­

tive (wavelength shifting) optical fibers. The fibers are attached to the 

small side of the scintillator (Fig. 1). The active fibers are coupled to 

optical neutral fibers in order to transmit the light signals over long 

distances with minimum attenuation. 

Test measurements of the first tvro counters buil t at Karlsruhe in 

the e-testbeam at DESY showed that a good detection efficiency above 92% 

can be achieved for electrons above 1 ·5 GeV after about 4·5 X0 (radiation 

length). 

The trigger efficiency as a function of the energy of the incident 

electron is shown in Fig. 2. The trigger efficiency for minimal ionising 

particle for the two test counters was low (20-25%). Possibili ties to in­

crease of the light collection from the scintillator are examined at pre­

sent. 
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Fig. 1 

Mounting of the wavelength shif­

ting optical fibers to the scin­

tillator. 

Fig. 2 

Trigger efficiency of a scintil­

lation counter with fiber read-

out as 

a function of the energy of the 

incident electrons of about 

shower 

maximum (after 4·5 radiation 

length). 

5·2 ANALYSIS OF HADRONIC FINAL STATES AND TEST OF QCD 

5.2.1 MEASUREMENT OF THE TOTAL HADRONIC CROSS SECTION IN e+e- ANNIHILATION 

BETWEEN CENTER OF MASS ENERGIES OF 14 AND 47 GeV 

The total hadronic cross section in e+e- annihila tion is determined by 

electroweak interactions (calculated in the Standard GWS Model) and strong 

interactions ( calcula ted in Quantum Chromedynami es, QCD). The normalized 

cross section R is defined as the ratio 

R 
o(e+e- + y,zo + hadrons) 

o(e+e- + y + 1-l+IJ.-) 
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R is dominated by the QED one photon annihilation. In the standard quark 

parton model it is given by 

R 3 • I 
Nf 

q2 
f 

where Nf is the number of quark flavors and Qf is the electric quark 

charge. QCD corrections modify R by a factor 

as(s) as(s) 
1 + + c2 ( ) 2 + higher order corrections 

1t 1t 

Here a8 (s) is the second order "running" strong coupling constant and C2 is 

a constant, which depends on the renormalization scheme. 

At the highest PETRA energies Z 0 exchange, and to a lesser extent 

the interference between y and Z o exchange become important. For sin 2 f3w = 

0.22 and J\MS = 650 MeV at /s = 14 GeV the QCD correction is 9%. At /s = 46 

GeV, QCD contributes 5·5%, zO exchange 8.1%, and yzO interference -2.8% to 

R (see Fig. 1). 

So a precise measurement of the total hadrenie cross section allows 

the determination of the weak mixing angle sin28w and the strong coupling 

constant a8 • The a8 -value measured in this way does not depend on any frag­

mentation models for the hadronisation of quarks and gluons, because i t is 

deri ved from an inclusi ve measurement, which does not refer to a certain 

event class. 

45 
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MAC 
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Fig. 1 

Measured R value and 

best fit (solid li-

ne). The dotted line 

indicates the elec-

troweak contribution 

alone (no QCD). 
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CELLO has taken data at center of mass energies /s between 14 .o and 

46.8 GeV with an integrated luminosity of 60.3 pb-1. 

For the mul tihadronic event selection we used only tracks and sho­

wers in the central detector inside I cos el < 0.86. We applied the cuts re­

quiring more than 4 reconstructed "charged" tracks and some visible energy. 

The R-value is determined from data by 

R 

Here NH and NBG are the number of observed mul tihadron events and back­

ground events, respectively. L is the integrated ·luminosity, e:H(1+öH) is 

the multihadron detection efficiency multiplied by a radiative correction 

factor and a~~ is the pointlike QED cross section. 

For background events from beam-gas interactions and from off-momen­

tum electrons an upper limit of 0.1% was obtained from scanning a large 

fraction of the data. Multihadrenie events produced via two photon scat­

tering show a low visible energy. Events wi th both ini tial state leptons 

leaving the detector outside the acceptance volume are suppressed to a le­

vel of 0.2% of the sample. Events from deep inelastic scattering with high 

Q 2 where one of the ini tial s tate leptons is scattered into the acceptance 

give a typical contribution of 0.7% at the highest energies. ,;-pair back­

ground was estimated by Monte Carlo to be smaller than 0.1%. 

The time integrated luminosity L was obtained from Bhabha scattering 

inside the acceptance of the cylindrical calorimeter. Bhabhas were defined 

by collinear shower clusters wi th an energy > 0.3 Ebeam and at least 1 

charged track that points at one of the clusters. The efficiency inside the 

acceptance is above 99%· Acceptance calculations and radiative corrections 

were performed with the Berends and Kleiss Bhabha generator. 

The largest detection inefficiency comes from the fact, that we li­

mited our acceptance to the central detector (cose < .86). But because the 

angular distribution of hadrons is well described by the Monte Carlo, the 

extrapolation to the full solid angle can be done reliably. Further ineffi­

ciencies arise from the multiplicity and energy cuts. We found the ineffi­

ciency to be independent of the specific fragmentation model, provided the 

tuning of them was done in similar ways. For example, if we change from 

string fragmentation to independent fragmentation, we find E:H to change by 

less than 0.1%. These tunings of the different models of course had rather 

different values of as• For the further analysis the absolute systematic 
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error on EH, ÖH, and L are combined quadratically. The absolute systematic 

error is in total 2.2% to 2.5%· 

DETERMINATION OF as AND sin 2 9w 

The two parameters as and sin29w can be determined by fitting the R-formula 

to the data. However, the data points at the different CM energies are not 

completely independent, since errors on radia ti ve corrections and part of 

the Monte Carlo uncertainties are common to all points. We have used the 

following procedure to take these correlations in the errors into account: 

One defines a n x n error correlation matrix V for n measurements. 

As diagonal elements it contains the square of the total error for each 

measurement and as off diagonal elements Vij the common normalization error 

between the measurements i and j. The expression to be minimized is then: 

~:,T v-. ~ ~::. . 
l.J 

Here 1::. is a vector with the n residuals Ri - Rfit· In case the off-diagonal 

elements of Vij are all zero, x~ reduces to the usual expression. 

Previous determinations of as from R fi tted the normalization as a 

free parameter to take the correlations into account. The separation of the 

systematic errors in point to point and overall normalization errors is not 

unique. For example, uncertainties in the luminosity, the tracking, and the 

Monte Carlo simulations are common to all energy points. However, small 

point to point variations still occur, because the agreement between Monte 

Carlo and data is not the same at all energies. Therefore we have performed 

the fit for different assumptions on the splitting of the systematic errors 

into point to point errors and normalization errors. The fit resul ts and 

errors turn out to be rather insensi ti ve to this spli tting, although the 

correlation between the errors on as and sin 2 9w does depend on it. From a 

simultaneaus fit to the CELLO data we find 

+0.05 
0.18 ' -0.08 

and sin 2 ew +0.04 
0.20 -0.03 

From a simultaneaus fit to the combined data of CELLO, JADE, MAC, MARK J, 

PLUTO, and TASSO we find: 

0.16 +0.04 
-0.05 

and sin 2 ew 0.23 ± 0.03 



-143-

This value of sin 2 9w is in excellent agreement wi th the world average of 

0.23 ± 0.003, which is determined by completely independent methods: neu­

trino scattering, masses of the weak gauge bosons, and asymmetries in lep­

ton pair production. If we fix sin29w to this value, we get for the strong 

coupling constant: 

44 2 GeV 2) 0.16 ± .03 

The importance of the determination of a8 from R stems from the fact that 

i t is an inclusi ve measurement, which does not depend on a certain event 

class and is therefore independent from the fragmentation model used to 

hadronise the quarks and gluons. As we have shown previously, a8 determi­

nations sensitive to the fraction of 3-jet events strongly depend on the 

fragmentation model. The precision of the a8 determination from R approa­

ches the precision obtainable with previous methods. 

5.2 .2 COMPARISON OF THE LOWEST ENERGY JET IN THREE-JET EVENTS AT 44 GeV 

WITH THE AVERAGE JET IN TWO-JET EVENTS AT 14 GeV 

The multi-jet structures observed in e+e--annhilation at high Ecm are given 

by the processes: 

qqg 

qqgg 

qqqq 

=> 2-, 3-, 4-jet events 

Because of the higher colour charge and the self coupling of the gluons the 

gluon jet is expected to be broader than the quark jet. 

We perform a phenomenological analysis of jet properties. From 2-jet 

events at 14 GeV we get reference jets at 7 GeV quark energy. We select 3-

jet events from data araund 44 GeV for which the energy of the third jet is 

about 7 GeV and compare the two samples. Models are used only to estimate 

systematic effects which might originate from the performance of the clu­

ster routine and from efficiencies in our detector. 

To find jets we use a cluster algorithm. Over a matrix of angles in 

space we search for maxima of a generalized energy flow sPW, where at least 

2 closely emitted particles are needed to create a local maximum of SPW. 
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The directions of these maxima serve as ini tial jet axes. Partielee are 

merged into the nearest jet if the angle to the proposed jet axis is below 

a present half cone angle, typically 45°. After merging the jet axis is de­

termined by the sum of the momenta of the particles in the jet and the pro­

cedure is repeated with this new axis until a stable situation is reached. 

Two measures of the jet energy are used: The energy Ej is the sum of 

the measured energies of the particles within a jet. Due to particle losses 

it is smaller than the corresponding parton energy. The energy E3 is calcu­

lated from the angles between the jets. This value is not biased from ran­

dom particle losses. 

The jets are erdered according to E~ > E~ > E~. 
To have well reconstructed jets we request that the dip angles of 

the 3rd jets and the reference jets stay below 45° and that the angles be­

tween the three jets are above 600. 395 two-jet events at 14 GeV and 157 

three-jet events at 44 GeV pass these cuts. 

We present ratios of quanti ties from the lowest energy jet in three­

jet events and the same quantities from the average jet in two-jet events. 

<p1> average transverse momentum of the particles with respect to 

the jet axis. 

<p 1· > p 1 of each particle is spli t into two components. p 1· of 
1n 1n 

the 3rd jet is taken in the plane which is defined by jet 

*1 and *2. 

<p 1 t> is orthogonal both p 1· . ou 1n 

<pl t> and <Pl· > for two-jet events at 14 GeV are given by <p1> •2/n. ou 1n 

The influence of the limited acceptance and efficiency of the detec­

tor has been studied by detector simulations. It largely cancels when ra­

tios of quantities are taken. 

3-jet events are used in the range 5 GeV < E~ < 9 GeV. <E~> at 44 

GeV is near to 7 GeV, the energy of the reference jet. The measured energy 

<E3> also agrees well with that of the reference jet. 

The Pl-distributions of the particles in the 3rd jet and the refe­

rence jet are similar (Fig. 1). For the 3rd jet at 44 GeV we also compare 

<P1· > with <pl t> (Fig. 2). 
1n ou 
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We get <p1 t> (3rd jet) / <p1 t> (ref. jet) = 1.08 ± 0.05 ± 0.06 ou ou 
which is consistent wi th the jet broadening observed at lower beam ener-

gies. The ratio <p 1· >/<p 1 t> = 0.96 ± 0.06 ± 0.06 shows that the 3rd jet 
ln ou 

is round within our experimental accuracy. While our Monte Carlo studies 
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indicate that the latter ratio is sensitive to the type of fragmentation 

model (e.g. <Pl· > is about 10% larger than <p 1 t> for string fragmenta-
1n ou 

tion) the current statistical accuracy of our data is insufficient to di-

stinguish between them. 

5·3 STUDY OF ELECTROWEAK INTERACTION 

5.3.1 STUDY OF INCLUSIVE LEPTONS FROM b-QUARK PRODUCTION IN e+e- ANNIHILA-

TIONS AT ENERGIES ABOVE 43 GeV 

The data from 34 pb- 1 luminosi ty at 43-46.4 GeV provided by PETRA in the 

last two years allow to test the standard model of Glashow, Salam and Wein­

berg at highest energies. The e+e- annihilation into fermion pairs proceeds 

via y and z 0 exchange. The presence of the weak amplitude and its interfe­

rence with the electromagnetic one gives rise to a forward backward asymme­

try in the production angle 9 of the reaction e+e- + bb. The angular di­

stri bution has the form ( 1 + b cos e + cos 2 9). The integrated asymmetry is 

given by 

F-B 

F+B 16cos 2 Sy[sin 2 ew 

s ·-­s-M2 z 

where Mz is the z 0 mass' ew the weak mixing angle' ae I ab are the axial 

vector couplings and Qb is the electric charge of the b quark. We expect 

- 0.41 for the b quark asymmetry at the highest PETRA energies. 

b events are identified by tagging leptons originating from the weak 

decay of the b quarks. The simplest picture for the semileptonic decay of 

heavy mesons is the spectator model where the b quark decays to a c quark 

emitting a virtual W boson, and the light quark in the heavy meson does not 

participate. W is predicted to decay in 10-15% of the cases into a lepton 

neutrino pair. Because of the heavy mass of the b quark the lepton has on 

average a high momentum transverse to the parent quark direction. Selecting 

high PT of the lepton vri th respect to the jet axis therefore enriches lep­

tons coming from b quark decays. We determine the jet axes by means of a 

cluster algori thm · and cut at PT > 0.8 GeV for the lepton which optimizes 

the b sample. Whether the lepton comes from a quark or an antiquark decay 

is derived from its charge. Leptons result from b or c decays, whereas an­

tileptons come from b or c decays. Hence the observed asymmetry of the 
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sample .of lepton tagged events is decreased by a background of semileptonic 

c decays and b cascade decays (b ~ c ~ 1 vX). In addition ini tial state 

bremsstrahlung reduces the observed b asymmetry by a factor of araund 0.86. 

The electron identification in the CELLO detector exploits the mea­

surements of charged tracks in the magnetic inner detector and of showers 

in the calorimeter. We use 3 measures to separate electrons from the much 

more abundant hadrons: we test the longitudinal shower development in the 

calorimeter, we check the alignment of the maxima in the lateral shower di­

stribution and require good matehing of shower energy and track momentum. 

At 75·5% identification efficiency for electrons with p > 1.6 GeV, PT> 0.8 

GeV we misidentify 0.8% of the hadrons. 

Eesides the background coming from misidentified hadrons, y conver­

sion and n/K decay from annihilation events there is a contamination of the 

electron sample due to events from two photon reactions e+e- ~ e+e- + X, 

the deep inelastic electron photon scattering ( C = +1) and the inelastic 

Campton scattering (C = -1), where X is a hadrenie system with the charge 

conjugation C. These events can have one electron and some hadrons in the 

central detector, whereas the other electron escapes undetected at small 

angles. Cuts on the event topology reduce this background to 3-8% of the e­

candidate sample (Table 1). 

e - cand. ll - cand. 

b -+ 1 48.6 % 44.9 % 

b -+ c -+ 1 5.2 % 2.3 % 

c -+ 1 9.7% 15.8 % 

DIS e 3.6 % ---
IC e 0.2 % ---
1f/K decays 2.2 % 0.4% 

misid. hadrons 30.5 % 36.6 % 

candidates 18 32 

TAELE 1 : 

Gontributions to the lepton 

yield for leptons wi th p > 

1 • 6 GeV/c and PT > 0.8 

GeV/c using ER (b ~ 1 vX) 

0.12 and ER (c ~ 1 vX) 

0.08. 

A muon passing the CELLO detector produces a track in the inner de­

tector, deposits minimal ionizing energy in the calorimeter, penetrates the 

iron absorber and is detected in the muon chambers. To identify a muon the 

central detector track is extrapolated through the calorimeter and the iron 

to the muon chambers, and its quality of matehing with the muon chamber 
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hits is tested. Furtheron we require the .energy deposition along the track 

through the calorimeter to be consistent wi th minimum ionisation. Random 

associations between tracks and background hi ts in the muon chambers, n:/K 

decays and hadron punch through give rise to background to the muon signal. 

We achieve a muon identification efficiency of 73.7% for tracks wi th p > 

1.6 GeV and PT> 0.8 GeV while we misidentify 2.4% of the hadrons as muons. 

From 6348 mul tihadrons we collect a sample of 18 electron and 32 

muon candidates. The fraction of the lepton candidates as predicted by a 

Monte Carlo simulation are shown in Table 1 • We deri ve semileptonic bran­

ching ratios for the b quarks 

BR ( b -? e + Ve + X) 

BR ( b -? iJ. + v 1-L + X) 

0-17 ± 0.06 

0-14 ± 0.05 

Because of the low statistics we determine the b asymmetry from the forward 

and backward integrals of the angular distribution. We subtract all back­

grounds with their Monte Carlo predicted asymmetries from the lepton sig­

nals and then calculate the asymmetry of the corrected forward and backward 

sums. The results are corrected for the limited detetor acceptance and ini­

tial state bremsstrahlung. The final value for the b asymmetry is 

A;B(b) 

A~B(b) 

Ae+I-L(b) 
FB 

- 0-15 ± 0.61 

- 0.72 ± 0.48 or combining the two measurements 

~ 
0.51 ± 0.38 

in good agreement with the standard model prediction of AFB =- 0.41. 

The main sources of systematic errors are uncertainties in the frag­

mentation models and the semileptonic branching ratios of the heavy quarks, 

which change the expected number of leptons by 25%. The uncertainties of 

the branching ratios give a possible variation of the same size. Systematic 

errors of lepton identification are estimated to be 10%. We conclude a to­

tal systematic error for the b-quark asymmetry of 20% which is much smaller 

than our statistical error. 

For energies is > 46·3 GeV MARK J has observed an excess of multiha­

dronic inclusive · muon events wi th low thrust. They find 8 events wi th 

thrust T < 0.8 compared to an expectation from lower energy data of 1 .g 

events. In addition in these 8 events the muons are isolated, i.e. the 

angle 6 between the muon and the thrust axis is large (I cos öl < 0.7). Re-
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cently these findings have been confirmed by JADE who observe 5 events of 

this kind and expect 0.56 events from the extrapoltion from lower energies 

and 0.74 events from Monte Carlo simulation. 

A search for such an anomly has been carried out using the CELLO da­

ta. For this search we included some additional data at 38 GeV. 8523 hadro­

nic events corresponding to an integrated luminosity of 46.6 pb-1 are used. 

No anomaly is found in the CELLO data. For /s > 46·3 GeV we observe 

event in the region T < 0.8 and cos o < 0.7 while we expect 0.6 from the 

extrapolation from lower energy data and 0.8 events from the Monte Carlo 

simulation. 

We also have applied various harder and softer cuts for muon identi­

fication and found in each case good agreement between the two data sam­

ples. Thus the CELLO data do not support the findings of MARK J and JADE. 

In conclusion we have measured the prompt electron and muon signals 

in hadronic events of e+e- annihilation at energies around 44 GeV with the 

CELLO detector. The semileptonic branching ratios of b quarks were found to 

be 

BR ( B -+ e + v8 + X) 

BR ( b -+ IJ. + V IJ. + X) 

0. 17 ± 0 • 06 ± 0. 06 

0.14 ± 0-05 ± 0-05 

and 

The electroweak induced charge asymmetry of b quarks was measured to be 

- 0. 51 ± 0. 38 ± 0. 20 

The results are compatible with the expectation of the standard model. The 

search for anomalous muon events at low thrust was negative. No excess of 

such events is observed at the highest PETRA energies. 

5·4 SEARCH FOR NEW PARTICLES IN e+e- ANNIHILATION 

The CELLO collaboration has devoted a considerable amount of work to the 

search for new phenomena at worldwide highest e+e- energies. Many of the 

predicted decay channels for new partielas involve leptons. Thus, the CELLO 

detector with its large solid angle detection of electrons and muons is an 

excellent tool for this search. 

In this chapter we will report on searches for compositeness (5.4.1 

and 5·4·2), sequential leptons (5.4.3) and supersymmetry (5.3.4). 
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The analysis is mostly based on 48 pb-1 of data c~llected at center 

of mass energies between 38·3 GeV and 46.8 GeV with <ls> = 43.0 GeV using 

the CELLO detector at the PETRA e+e- storage ring. The following detector 

components were relevant for this analysis: The central tracking chamber 

consists of interleaved drift and proportional chambers inside a solenoidal 

coil producing a magnetic field of 1.3 T. It covers the polar range lcosel 

< .91. Electromagnetic calorimetry is provided by a lead liquid argon calo­

rimeter wi th fine lateral and longitudinal segmentation (sixfold sampling 

in depth). It consists of a central barrel of 16 modules in a single cryo~ 

stat covering lcosel < .86 and two end caps covering .92 < lcosel < .99. 

Its energy resolution can be described by t.E/E = 5% + 10%/ /Ei, where E is 

the shower energy in GeV. The acceptance gap between the central and end 

cap calorimeter is closed by a 2 layer lead scintillator sandwich (hole 

tagger), segmented eightfold in ~~ with a sampling after 4 and 8 radiation 

lengths. 

5.4.1 SEARCH FOR LIGHT LEPTOQUARK BOSONS 

A perculiar two jet event wi th two isola ted muons previously reported by 

our collaboration ( 1) was rather difficul t to understand in terms of con­

ventional electroweak processes. Some models accounting for this event and 

similar ones observed in p~ collisions (2) suggested the production of a 

pair of leptoquark bosons (3,4) which decay subsequently into a muon and a 

jet. 

Pair production of such leptoquarks x leads to the following event 

signatures: 

ll+ ll- + 

1-1+- + 
miss 

PT + 

hadrons 

hadrons + 

hadrons 

miss 
PT 

(a) 

(b) 

(c) 

We did not search for decays into electrons since a large background 

is expected from deep inelastic e+e- scattering, i.e. high Q2 photon-photon 

interactions. The decays into • leptons are difficult to detect. 

Our results are interpreted within a specific model of B. Schrempp 

and F. Schrempp (4) where three leptoquarks, one per generation family, ap­

pear as coloured pseudo-Goldstone boson multiplets of charge 2/3· In our 

analysis we consider the leptoquarks of the secend family decaying either 
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into SIJ.+ or cv, i.e. Br(x + SIJ.) + Br(x + cv) 1. 

To select events of the signature (a) we required that two muons be 

detected. Furthermore, the effecti ve mass of all charged partielas except 

the muons had to be larger than 5 GeV. This cut rejects events ( 1) from a4 

electromagnetic processes e+e- + qq 1-L+ 1-L-. 

One event which has been observed in the CELLO detector (1) passes 

our cuts. From the values of the effective masses of the combinations muon­

jet we deduce that the lowest mass which can be attributed to the lepto­

quark is 14 GeV. A detailed study of background sources which could account 

for the event can be found in ref. ( 1). For our total luminosi ty of 47.8 

pb- 1 the numbers of predicted events from the reactions e+e- + qqg and e+e­

+ 1-L+l-L- qq were found tobe less than 9·5 x 10- 3 and 2.3 x 10- 2 respective­

ly. This es tima te corresponds to the range of effecti ve masses, scaled to 

s, larger or equal to those observed in this particular event. 

The acceptance for XX production varies from 35% to 4·3% for lepto­

quark masses between 20 GeV and 4 GeV. With one observed event we obtained 

a 95% C.L. limit on the brauehing ratios x + 11 s as a function of x mass 

(seeFig. 1). 

Events of topology (b) were selected by requiring only one muon to 

be identified. No event has been found and none is expected from background 

sources. The detection efficiency varies from 38% to 3.9% for leptoquark 

masses ranging from 20 Ge V to 4 Ge V. The 95% C. L. limi t on the Br( X + 1-L+) 

for this topology is plotted in Fig. 1 • 

The main signature of events (c) is a high missing momentum carried 

away by neutrinos. The event selection can be performed by looking either 

for acoplanar jets or for isolated missing momentum. The latter possibility 

was included in our selection criteria. Two candidate events survived our 

cuts. 

The detection efficiencies for the topology (c) decrease from 35% to 

2% for the leptoquark masses in the range from 20 GeV to 8 GeV. The number 

of background events was estima ted to be 3. 2, which comes predominantly 

from the annihilation into qqg. 

To conclude, we have searched for evidence of pair production of 

scalar leptoquarks of the Goldstone boson type in e+e- annihilations be­

tween the C.M. energies of 38.3 GeV and 46.8 GeV. Except for the CELLO 

event previously reported we have not found any other mul tihadronic event 

with isolated muons in spite of a tenfold increase of the integrated lumi­

nosity. No event with one isolated muon and missing energy was observed. 

Two candidates for the pair production of leptoquarks decaying both into 
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95% C.L. limit contours for 

the leptoquark masses as a 

funotion of the b~anohing 

ratio x -+ 1.1 s for the sig­

natures 1.11.1 + hadrons (full 

line), 1.1 + hadrons + pmiss 

(dotted line) and hadrons + 

pmiss (dashed-dotted line). 

(o v) pairs are oompatible with the number of expected background events. 

The total of three candidates put an 95% C.L. limit on the XX production 

cross section of 0.44 pb. Combining the 95% C.L. limits on the cross sec­

tians for the three topologies we exclude the region from 7 to 20.5 GeV for 

any value of the branching ratio of x -+ s 1.1· 
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(3) 

(3) 

(4) 

CELLO coll., H.-J. Behrend et al., Phys.Lett. 141B (1984) 145 
UA1 coll., G. Arnison et al., Phys.Lett. 155B~5) 442 
UA2 coll., P. Bagnaia et al., Phys.Lett. 139B (1984) 105 
R.N. Mohapatra, G. Segre and L. Wolfenstein, Phys.Lett. 145B (1984) 
433 
B. Sohrempp and F. Schrempp, Phys.Lett. 153B (1985) 101 

5·4·2 SEARCH FOR EXCITED QUARKS 

One of the most direct predictions of composi te models is the existence of 

excited states of quarks and leptons (1). Excited lepton (e*, 1.1*, ~*) sear­

ches have already been reported by us and by other collaborations (2). In 

the present analysis we have looked for mul tihadronic events coming from 

the production and subsequent decay of excited quarks. 
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In e+e- collisions such quarks can be produced ei ther in pairs (due 

to the normal gauge coupling) or singly ( wi th a magnetic coupling at the 

qq*y vertex). Excited quarks can return to the ground state electromagneti­

cally by emitting a photon q*-+ qy (c.f. 1*-+ ly, 1 = e, j.t, ,;), or strong­

ly by the decay q* -+ qg; weak decays such as q* -+ qZ and q* -+ qW are also 

possible but they can be safely ignored at PETRA energies. 

For single excited quark production we have considered an effective 

interaction lagrangian since the composi teness scale Acomp is expected to 

be in the TeV-range or above (3). The effective couplings are deduced from 

gauge and symmetry properties, under the simplifying hypothesis that exci­

ted quarks carry the same quantum numbers (1) as the normal ones (1 ,4). 

Then the lagrangian leads to the decay widths (4): 

and rq* -+qg ( 1 ) 

where the only relevant parameters for the coupling constants are ~2 = lagl g 

+ ltgl 2, and, ~~ = laYI 2 + ltYj2. mq* is the mass of the excited quark, eq 

and gs are the electric and strong charge, and ag, Y, bg,y are free dimen­

sionlass parameters which determine the couplings. 

The decay into gluon should dominate if ~g "' ~y· However, the pos­

sibility cannot be excluded that unknown dynamics might yield ~y larger 

than ~g and inhibit the gluon decay. Because of that, our analysis has been 

performed for the two extreme cases r g » r y ( only gluon decay), and r g « 
ry (only photon decay). 

cesses: 

Therefore, we have looked for exci ted quarks in the following pro-

pair production 

single production 

PAIR PRODUCTION 

e+e- -+ qq*, qq* -+ qqg 

e+e- -+ qq* ,qq* -+ qq y 

(4-jets) 

(2-jets and 2-photons) 

(3-jets) 

(2-jets and 1-photon) 

The process leading to q*q* production by one photon exchange is the same 

as for a pair of ordinary quarks. For this case only unknown quantity in 

the total cross section is mq*• 
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A - Gluon decay channel: For the reaction e+e- ~ q*q* ~ qqgg we 

expect an excess in the number of four jet events. 

B - Photon decay channel: For the production of q*, via e+e- ~ q*q* 

~ qqyy, we have searched for events with two jets and two hard photons. 

SINGLE PRODUCTION 

The process allows to produce excited quarks with m: > Eb. The cross sec­

tion has now two unknown parameters, mq*' and Ay• 

A - Gluon decay channel: The cleanest signature for the q* would be 

a peak in the two-jet invariant mass Mjj corresponding to the subprocess q* 

~ qg in the reaction e+e- ~ qq*, qq* ~ qqg. So we have looked for such a 

peak in our three jet sample. 

B - photon decay channel: The fourth q* signal we looked for was a 

peak in the photon-jet invariant mass Mj y due to the decay q* ~ q y- For 

that reason we searched for events with two jets and one energetic photon. 

In conclusion, we have studied events wi th one of the following 

topologies: 4-jets, 2-jets and 2-photons, 3-jets, 2-jets and 1-photon. We 

observe good agreement of our data wi th the known QCD processes and thus 

conclude that no indication for an excited quark is found up to the highest 

PETRA energy of 46.8 GeV. 

EXCLUOEO REGION 

95% Cl: Limits 

·- i\. .. 1 ...................... _._ 
·-·-·-·-·-~-·--·"""""· 

Fig. 1 

Limits at 95% C.L. for all the 

cases considered in this analy­

sis. In this plot the charged of 

excited quarks are taken into ac­

count only when they are pair 

produced and a limi t independent 

from Ay is obtained ( vertical 

lines). 

If they are produced tagether 

with a normal quark the coupling 

L.S of the qq* y vertex is taken ac­

cording to the gauge invariant 

effective lagrangian with eq set 

to one. 
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In the case when the excited quark decays into an usual quark and a 

gluon we derive 95% C.L. lower limits on the excited quark mass of 20.8 

GeV/c2 and 22.3 GeVjc2 for a quark charge 1/3 or 2/3, respectively. In the 

photon decay channel case we exclude them below 22.5 GeV/c 2 and 23.2 

GeV /c 2. 

Limits are also put for both channels on the q*qy coupling strength, 

up to q* masses of about 40 GeV/c 2 (Fig. 1). 
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(3) w. Buchmüller, D. Wyler, Nucl.Phys. 268B (1986) 621 
(4) F.M. Renard, Nuovo Cimento 77A (1983~ 

J.H. Kühn, CERN-TH, 4131/85~985) 

5·4·3 SEARCH FOR CHARGED AND NEUTRAL HEAVY LEPTONS 

The repetitive nature of the three known fermion generations suggests a 

search for new leptons of a possible fourth generation. Charged heavy lep­

tons can be pair produced by photon annihilation. Neutral particles can be 

pair produced by annihilation into a (at present energies virtual) Z 0. At 

the present PETRA energy (ls = 44 GeV) the neutrinopair production cross 

section is: 

1 .1 pb 

Correspondingly: the total cross section for z 0 production at PETRA is 

o( e + e- +Z 0 + v 1-l v 1-l) 

BR(Z 0 +vv) 
19 pb 

This means that .... 900 Z 0' s have been produced at each of the four PETRA 

interaction regions. Seen this way, at present PETRA (and PEP) are the 

largest Z 0 factories available! In this chapter we describe first the de­

tector and the search for charged and neutral heavy leptons, respectively. 
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CHARGED HEAVY LEPTON 

A new charged lepton would be pair produced via one photon annihilation 

with a cross sectin (neglecting zO effects) 

where a!J.IJ. is the IJ. pair cross section. It is expected to decay via \v ex­

change into a lighter lepton and neutrinos or into hadrons and neutrino 

with a leptonic branching fraction of "' 3 •11%. The signatures for a new 

charged heavy lepton are jets and lepton pairs or a jet plus and isolated 

lepton together with missing energy and momentum carried away by neutrinos. 

The selection of acoplanar jets and electrons is identical to be one 

described in the search for winos and zinos (5.4.4), while the search for 

jets plus an isolated muon has been descri bed in our search for lepto­

quarks. 

NEUTRAL HEAVY LEPTON 

The two possible mechanisms are the NN pair production through the zO anni­

hilation or the production of a single heavy neutrino together with a light 

neu trino through a W exchange. The cross section for the production of a 

single heavy neutral lepton can be calculated using a V-A or a V+A current 

at the vertex eWN. 

It is obvious that with this mechanism, one is sensitive to heavier 

neutral leptons. One should however note that in the cross section, the e-N 

mixing lueNI 2 has been set to 1. If lueNI 2 << 1 ., the cross section is sca­

led down and becomes too small to be measured. 

It is commonly assumed that a heavy neutral lepton decays in the 

same way as a charged lepton through a W boson (Fig. 1) and has the fol­

lowing width: 

leading to a lifetime of: 

G 2M~ 0 L: .R.I u N 0 .R.I 2 

3(4n) 3 B(N°-+.R.vee) 

B(N°-+.R.vee) 

L: I UN 0 .R.I 2 
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Fig. 1 Decay mechanism of a heavy neutral lepton 

It is clear from this expression that in order to observe the neu­

trino decay in our detector, the value M~l:IUN.R.I2 has tobe large enough. 

Depending upon the mass of the heavy neutrino, the decay channels 

are different. A naive estimation of the branching ratios gives for masses 

bigger than 2 GeV: 

B( .R. V,; 't) B( .R. ud) B( .R. es) 3 3 

which is slightly modified by QCD radiative corrections. .R. stands for the 

charged lepton which is preferentially coupled to the heavy neutral lepton. 

Taking advantage of the good abili ty of our detector to identify 

electrons and muons, we have searched for a heavy neutral lepton coupled to 

one of these leptons. 

We are finally left with 2 events. One 4 prong events having 3 iden­

tified electrons and a high multiplicity events with 2 identified muons. 

We have summarized in Table 

found and the expected background. 

the different types of candidates 

In conclusion we have searched for a heavy neutral lepton pair-pro-

duced through the Z 0 boson or produced together wi th a usual neutrino in 

the t channel. No evidence has been found in both cases. We have set 95% 

C.L. limits in a range going from 3·1 to 18.0 GeVjc2 in the first mode 

(Fig. 2) while in the second mode we exclude the region between .6 to 34.6 

GeV/c 2 with a V-A current at the eWN vertex and between .4 to 37.4 GeVjc2 

with V+A. These results improve earlier limits from JADE (1). 

(1) JADE coll., W. Bartelet al., Phys.Lett. 123B (1983) 353 
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Table 1 

Signatures Number of events Expected background 

4 charged partiales 
with 2 leptons 

) 5 charged partiales 
with 2 eleatrons 

) 5 aharged partiales 
with 2 muons 

0 

0.74 ± o.o7 

0.13 ± 0.03 

100 ;---,--,-----------...--....... --, 
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5·4·4 SEARCH FOR SUPERSYMMETRie PARTICLES 

Fig. 2 

95% C.L. exelu-

sion eontour of 

heavy neutral 

leptons versus 

the I UN J.l 2 • The 

solid line is 

for luN~I 2 and 

the dashed line 

for luNel 2
• 

Supersymmetry relates the fermion (matter) fields and the gauge fields 

whieh are the origin of partiele interaetions. The main features of super­

symmetrie models is the predietion of a Supersymmetrie partner for eaeh 



-159-

known partiele wi th the same eouplings and quantum numbers exeept spin 

whieh differs by I t.j I 1/2. In this ease many di Vergeneies in Feynman 

graphs are eaneelled, sinee the fermians and bosons eontribute ~qually with 

opposi te signs, provided the supersymmetrie partielas are not too heavy. 

The absenee of mass degenerate supersymmetrie partners of the known partie­

las shows that supersymmetry must be broken. The details of this symmetry 

breaking are unknown. Therefore there are essentially no firm predietions 

for the masses of the Supersymmetrie partieles. 

SERACH FOR PHOTINOS 

In Supersymmetrie theories, there is no general predietion for the mass 

speetrum of the partners of the ordinary partieles. Beeause of the expeeted 

R-parity eonservation, it is eommonly believed that the lightest Supersym­

metrie partiele (LSP) must be stable, and eosmologieal arguments lead to 

the eonjeeture that it is neutral and eolorless. Candidate LSP's are there­

fore the photino y, the zino ; or the higgsino h, and in some models a sea­

lar neutrino v; the gravitino g can also be eonsidered as the LSP. The 

eouplings of these partieles are eompletely fixed, exeept for possible mi­

xings in the gaugino seetor. Here, we will assume that the y is unmixed. 

The LSP is in all eases expeeted to interaet only weakly with ordinary mat­

ter. As a eonsequenee, pair produetion of LSP's in e+e- eollisions ean be 

detected only in association with an initial state radiation photon (1). 

It is evident that an experiment aiming at the study of such a reac­

tion needs good photon deteetion at low angle. In addition, to ensure that 

only weakly interaeting partiales are produced in association with the tag­

ged photon, the veto capabili ty of the detector must be extended to the 

largest possible solid angle. However, e+e- storage rings, it is unavoida­

ble that a hole be left for the beam pipe. This causes the reaetion e+e- ~ 

e+e- y to be the major experimental baekground, when both electrons are 

scattered at small polar angles. For the results reported here, the minimum 

veto angle is 50 mrad. 

The acceptance gap between the barrel and end cap calorimeters was 

filled in 1984 by a crude lead-scintillator sandwich array read by wave­

length shifters, the so-called hole tagger. This upgrade of the detector 

was instrumental in this analysis, since it allowed the elimination of the 

large potential background coming from the reaction e+e- ~ yyy, with one 

photon remaining inside the beam pipe, another one going into the hole tag­

ger region, and only one detected. Finally, a lead glass array closes the 

acceptance from 130 mrad (lower limit of the angular coverage of the end 
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Fig. 1 

Example of an event wi th a 

single photon in the barrel 

calorimeter, vetoed in the 

hole tagger. 

1 a and 1 b are projections 

into planes containing the 

beam axis and transverse to 

i t respectively. The vari­

ous components of the calo­

rimetric coverage are indi­

cated: barrel (B) and end 

cap (EC) lead-liquid argon 

calorimeter, hole tagger 

(HT) and forward lead glass 

array (FW). The wiggled lne 

indicates the direction of 

the additional photon de­

tected in the hole tagger. 

The hits in the central 

detector are due to syn­

chrotron radiation. The da­

ta of the liquid argon ca­

lorimeter module containing 

the showers are displayed 

in 1 c. The lead s trips of 

the 7 layers in the U di­

rection run parallel to the 

beam, those of the 7 layers 

in the V direction trans­

verse to i t, and those of 

the 5 layers in the W di­

rection at 45° with respect 

to U and V. The magnifica­

tion variies wi th the depth 

so that a shower pointing 

to the interaction vertex 

always appears perpendicu­

lar to the layers. 
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cap calorimeter) down to 50 mrad. High energy muons can be identified over 

92% of the solid angle in the large drift chambers which surround the de­

tector beyond an 80 cm thick iron absorber (Fig. 1). 

Single photon events were triggered by a total energy deposit in ex­

cess of an adjustable threshold in any of the 16 modules of the barrel ca­

lorimeters. This threshold (50% of the maximum efficiency) was set at - 3 

GeV for the first half of the data (set A), and decreased to - 2 GeV after­

wards (set B). This improvement was made possible by a better rejection of 

the out of time signals (cosmics and electronic noise) at the trigger le­

vel. This rejection is achieved by sampling the 1 .5 IJ.S-long liquid argon 

signal at a set of times fixed with respect to the beam crossing (twice in 

A, four times in B). Afterall cuts, no events survived. 

The visible cross section expected from the three known neutrino 

species is 18 fb. Wi th our integrated luminosi ty the corresponding nurober 

of events is 0.68, which gives a 51% probability of not observing any 

event. The 90% and 95& C.L. upper limit on the total nurober of light neu­

trino species set by this experiment are 14.9 and 20.1 respectively. Simi­

lar results have been obtained recently using the same method (2) and from 

studies of the production and decay of the intermediate vector bosons at 

the CERN pp collider ( 3). Combining our result wi th the most recent ones 

from the ASP and MAC collaborations (2), ones obtains a 90% (95%) C.L. li­

mit of 8 (10) on the total nurober of light species. 

We now turn to the interpretation of this result in terms of bounds 

on masses of supersymmetric particles. 

The most commonly considered LSP is the photino, which could be pro­

duced by the reaction e+e- + yyy. Since e+e- + yy goes by t-channel ; ex­

change (; is ei ther one of ;;L or ;R, the scalar partners of the left and 

righ t handed electrons), the nurober of single photon events expecte'd in 

this case will depend on both the photino and scalar electron masses. The 

domain we exclude is presented in Fig. 2 for the two cases where i) ;L and 

eR are degenerate in mass, ii) one is much heavier than the other. In Fig. 

2 we also combine the results obtained here and in Ref. (4), where single 

and pair productions of scalar electrons are investigated, to obtain the 

largest domain excluded by this experiment. For massless photinos, a 90% 

C.L. lower limit of 37·7 GeV/c2 is set on the mass of degenerate scalar 

electrons. 

The case where the LSP is the zino can be readily deduced from the 

former one, by replacement of the e;;y coupling by the eez coupling. 

However, even in the most favorable case (equal mass scalar electrons, 
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Fig. 2 Boundaries of 90% C.L. (full lines) and 95% C.L. (dotted lines) do­

mains excluded by this analysis for mass degenerate scalar electrons 

(A), and if one of the scalar electrons is very heavy (B). The dash­

dotted contour indicates the additional domain excluded at 90% C.L. 

by another CELLOanalysis (4), for mass degenerate scalar electrons. 

massless zinos, and no ;_h mixing), the 90% C.L. lower limit which can be 

set on the mass of the scalar electron is far less stringent than that pro­

vided by pair production. 

In the case where the LSP is an electron-type scalar neutrino v, the 

t-channel exchanged particle is now a wino ;. We have used a(e+e- + ~v) as 

given in Ref. (5) to obtain the excluded domain shown in Fig. 3· For the 

sake of simplicity, we have assumed no wino-charged higgsino mxing, and we 

did not take into account other scalar neu trino species ( which. in any case 

contribute only by s-channel z 0 exchange). Also shown in Fig. 3 is the ad­

ditional domain excluded by CELLO in a search for single and pair produc­

tion of winos (4). For massless ~, a 90% C.L. lower limit of 40.2 GeV/c 2 is 

set on the mass of the wino. 

Finally, we consider the case of radiative photino-gravitino produc­

tion. Here the LSP is the gravi tino. The photino should be sufficiently 

light not to conflict wi th the standard model of cosmology ( 6), in which 

case its lifetime is such that it can be considered as stable in this expe-
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Fig. 3 Boundaries of 90% C.L. (full lines) and 95% C.L. (dotted lines) do­

mains excluded by this analysis. The dash-dotted contour indicates 

the additional domain excluded at 90% C.L. by another CELLOanalysis 

( 4) • 

riment. The cross-section for this process is given in Ref. (1), and leads 

to a 90% C.L. lower limit of 1.1 x1Q- 6 eV for the mass of the gravitino. 

Our results improve all comparable previous PETRA limits (7 ,8) and 

the most recent PEP limi ts (2, 9) for high photino or scalar neutrino mas­

ses. Our limit on the gravitino mass is two orders of magnitude better than 

that obtained from J/~ decays. 

To summarize, we have searched for single photans produced in e+e­

collisions at l<s> = 42.6 GeV. No event was observed, which is compatible 

with the expectation from e+e- + YIJ.~ for the three know neutrino species. 

This result sets a limit of 15 (90% C.L.) on the total number of light neu­

trino species, and restricts the allowed mass range for various supersymme­

tric partiales. 

(1) 
( 2) 

(3) 

p. Fayet, Phys.Lett. 117B (1982) 460 
ASP coll., G. Bartha et al., Phys.Rev.Lett. 56 (1986) 685 
MAC coll., E. Fernandez et al., Phys.Rev.Let~ 54 (1985) 1118 
UA1 coll., G. Amisan et al., Phys.Lett. 166B ~86) 484 
UA2 coll., J.A • .A.ppel et al., Z.Phys. C30 (1986) 1 
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CELLO coll., H.-J. Behrend et al., Search for Scalar Electrons and 
Photinos in e+e- Interactions, to be published 
J.S. Hagelin, G.L. Kane, and s. Raby, Nucl.Phys. B241 (1984) 638 
N. Cabibbo, G.R. Farrar, and L. Maiani, Phys.Lett~5B (1981) 155 
CELLO coll., H.-J. Behrend et al., Phys.Lett. 114B~2) 287, 
JADE coll., w. Bartelet al., Phys.Lett. 152B (1985) 385, 
MARK J coll., B. Adeva et al., Phys.Lett.~ (1985) 439, 
TASSO coll., R. Brandelik et al., Phys.Let~17B (1982) 365 
JADE coll., w. Bartelet al., z. Phys. C29 (1985) 505, 
MARK J coll., B. Adeva et al., Phys.Rev.Lett. 53 (1984) 1806 
MAC eoll., E. Fernandez et al., Phys.Rev.Lett.~2 (1984) 22, 
MARK II eoll., L. Gladney et al., Phys.Rev.Lett. 51 (1983) 2253 

SEARCH FOR ZINOS 

The final partielas in eleetron posi tron collisions are quarks, leptons, 

and gauge bosons so that one can produee also squarks, sleptons, and gaugi­

nos, provided they are not too heavy. This is an update of the report on a 

seareh for the supersymmetrie partner of the neutral intermediate veetor 

bosons z 0 , ealled the zino z already given in 1985. 

In eleetron positron eollisions zinos ean be produeed in assoeiation 

with the supersymmetric partner of the photon, the photino y: 

yz 

via t-channel exchange of a sealar eleetron which is the spin 0 partner of 

the electron. This ehannel will open up at lower energies than the pair 

produetion of two zinos, if the photino is lighter than the zino. There­

fore, we do not consider the pair production of two zinos. 

The experimental signature for this reaction of eourse depends on 

the deeay modes of the zino. Depending on the unknown SUSY mass spectrum, 

various seenarios are possible: 

Heavy gluino (M(g) > m(;)). heavy sneutrino (M(~) > M(;)): The zino 

deeays via scalar exchange into a fermion anti-fermion pair and a photino. 

Light gluino (m(g) < m(;')): In this ease the dominant zino decay 

would be hadronically into qqg followed by g --~> qq y due to the stronger 

hadronic qqg eoupling. 

Light sneutrino (m(~) < m(;)): The scalar neutrino may be light, 

possibly even the lightest SUSY partiele. Then the zino would decay 

exclusively into an invisible vv final state. In this ease, which will not 

be considered here, the zino produetion can only be observed by searching 

for single photons from the reaction e+e- --~> yy ..... z ( see above). 

The proeess e+e- + y~ followed by the decay :; + e+e- y leads to the 

signature of an acoplanar electron pair with momentum and energy earried 



-165-

so CELLO so CELLO 

me > 29.8GeV ma > mz me > 29.8GeV 

I 

I ~-=------=~ 
40 I iR 40 I '--=---=---= y 

I 
I f 
L... .......... b:?\:1 e-

..... .... 
' ' ' '\y 

~===<::· 30 \ 30 \ f =e,q \ _, 
\ q ' 

=t ~ =t ' '< 
(.') (!) "" 
IN IN 

y 
E excluded E excluded 

20 -m:y=2GeV I 20 -m:y =2GeV 
I 

---m:y =10GeV I ---m:y =10GeV 
I 

I 
/ 

/ 
/ 

/ 
/ ----

10 r 10 I 
I 
I 
I 
I 
I 
I 
I 

0 
I 

I 0 I 

0 so 100 150 0 50 100 150 
me (GeV) me (GeV) 

Fig. 4 Excluded zino masses (95% C.L.) as a function of the scalar electron 

mass. Scalar electron masses below 29.8 GeV (26.1 GeV) are excluded 

for m(y) = 2 GeV (10 GeV) by a previous search for scalar electrons. 

a) for z -+ qq y wi th m( y) = 2 Ge V ( full lines ) and m( y) 1 o· Ge V 

(dashed lines) for two different branching ratios: BR(z -+ eey) = 

100% and 60%, respectively. 

b) ..... "'" Combined limi t search for z -+ ee y and z -+ qq y assuming an 

hadronic branching fractions of 60% with a 2 GeV (full line) and 

10 GeV (dahsed line) photino. 

away by the two unobserved photinos. In analogy, the decay z -+ qq y gives 

rise to a pair of acoplanar jets which for smaller zino masses are boosted 

into a single hemisphere giving rise to one handed 'zen'like event topolo­

gies. If the zino decays predominantly into qqg the average momentum of the 

decay photino is reduced but the general feature of missing energy and mo­

mentum, although less distinctive for high zino masses, is maintained. 
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Thus signatures of zino production and decay in e+e- collisions will 

be jets or lepton pairs with missing energy and momentum (Fig. 4). 

In conclusion we have searched for such unusual lepton and quark 

pairs with missing energy and momentum. No signal has been found. This ex­

cludes copious production of SUSY type neutralinos within the PETRA energy 

range. The upper limi ts on the visible cross sections for acoplanar jets 

and acoplanar lepton pairs have been compared with specific models of zino 

production. Typcal limits on the mass of the zino are found to be 30 - 40 

GeV assuming the scalar electron to be lighter than 80 GeV. Since we sear~ 

ched for both leptonic and hadrenie final states from zino decay these li­

mits are quite insensitive to the leptonic branching fraction of the zino. 

Similar limits have been obtained by other PETRA experiments (1). 

(1) JADE coll., w. Bartel et al., Phys.Lett. 146B (1984) 126 
MARK J colL, B. Adeva et al., Phys.Rev.L.ett. 53 ( 1984) 1806 

SEARCH FOR WINOS AND HIGGSINOS 

We have also searched for the supersymmetric partners of the weak interme­

diate vector bosons Z 0 and W, called th zino ; and the wino ;. Here we re-

port on search for the wino ; and the higgsino h"±, the Supersymmetrie 

partner of the charged Higgs particle. In general the higgsino and wino are 

expected to mix forming mass eigenstetes usually called charginos x± (1). 

Charginos can be pair produced in electron positron annihilation 

via one photon annihilation and via t channel exchange of a scalar electron 

neutrino (Figs. 5a,b). The latter amplitude is proportional to the wino 

content in the chargino due to the small h±ev coupling. 

The experimental signature for this reaction depends on the chargino 

decay mode. For definiteness, we first assume the case of a pure wino and 

postpone the discussion of gaugino higgsino mixing. Depending on the un­

known SUSY mass spectrum, various seenarios are possible. 

Heavy gluino (m(g) > m(;)). heavy aneutrino (m(v) > m(;)): The wino 

decays into lv~ or qij'~ via W (Figs 5e,f) or via scalar exchange (Figs. 

5c,d) with the decay width being proportional to 1/m 4 (W) and 1/m~calar re­

spectively (1). One expects acoplanar lepton pairs (not neccessarily of the 

same flavour) and hadrenie final states wi th missing transverse momentum 

carried away by unobserved photinos and neutrinos. Unless otherwise noted, 
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Fig. 5 

Feynman diagrams for ehar­

gino produetion and deeay 

a,b: ehargino pair produe-

ion 
..... 

e-f: ehargino deeay, both g - (> m( x±)) and \1 heavy 

g,h: ehargino deeay, light -g 

j: ehargino deeay, light -\1 

k,l: single wino produetion 

in ey seattering. 

in this ehapter we make the usual assumption that the photino is the ligh­

test Supersymmetrie partiele and is thus stable and non-interaeting in the 

deteetor. Unstable photinos deeaying inside the deteetor are exeluded for 

sealar electron masses up to 100 GeV by our previous seareh for photon 

pairs with missing energy (2,3). 

Light gluino (m(g) < m(;)): In this C5ase the dominant wino deeay 

would be hadronieally into qq'g, followed by g + qqg (Figs. 5g,h), due to 

the strenger hadronie qq'g eoupling. Winos arepair produced, so that there 

are 8 quarks in the final state resulting in spherieal events with relati­

vely small missing energy and momentum 

Light sneutrino (m(~) < m(;)): The sealar neutrino might be light, 

possibly even the lightest SUSY partiale (4). Then the wino would decay ex­

elusively into lv final states (Fig. 5j) with a brauehing ratio of 1/3 for 

each lepton generation. The sneutrino eseapes unseen, resulting in a final 

state of two aeoplanar leptons. 

Winos can also be produced singly in assoeiation with a sealar neu­

trino (5): 



-168-

This process, in contrast to pair-production, is sensitive to w masses 

above the beam energy, provided the v is light. Figs. 5k,l show the domi­

nant diagrams contributing to this reaction if the final electron is scat­

tered at small angle. Here one of the beam electrons radiates a quasi real 

photon which interacts with an electron of the other beam producing a wino 

and a scalar neutrino, ei ther by t-channel w exchange or via a virtual 

electron in the s-channel. The electron is scattered at very small angles 

and escapes unobserved down the beam pipe. The decay of the w into an 

electron an a sneutrino (branching ratio 1 /3) gi ves rise to an energetic 

electron distributed almost isotropically for high w masses plus unobserved 

photino. So the signature of this process is one energetic electron in the 

detector and nothing else. 

As follows from the above discussion, signatures of chargino produc­

tion and decay in e+e- collisions will be jets or lepton pairs with missing 

energy and momentum and single electrons. 

In conclusion, we have searched for such unusual lepton and jet 

pairs with missing energy and momentum and for single energetic electrons. 

No signal was observed. Lower limi ts on the mass of the wino are between 

22.0 GeV and 26.4 GeV depending on the wino decay mechanism. The first li­

mi t also holds for a charged higgsino and we can conclude that charginos 

are excluded for m < 22 GeV independent of assumptions on mixing or decay 

properties. Similar limi ts have been obtained by other PETRA experiments 

(6). If the scalar neutrinos are very light (m( Ve) + m( v't") 5.. m( 't")) wino 

masses up to - m(W) can be excluded from data on 't" lifetime and decay lep­

ton momentum spectra (7). 

( 1 ) 
( 2) 
(3) 

(4) 

(5) 

(6) 

(7) 

J.M. Frere and G.L. Kane, Nucl.Phys. B223 (1983) 331 
CELLO coll., H.-J. Behrend et al., Phys.Lett. 123B (1983) 127 
CELLO colL, H .-J. Behrend et al., Search for Scalar Electrons and 
Photinos in e+e- Interactions, to be published 
L.E. Ibanez and c. Lopez, Nucl.Phys. B233 (1984) 511 
J.S. Hagelin, G.L. Kane, and s. Raby, Nucl.Phys. B241 (1984) 638 
J.A. Grifols and R. Pascual, Phys.Lett. 135B (198~19 
G. Eilam and E. Reya, Phys.Lett. 14~1984) 425 and erratum, 
Phys.Lett. 148B ( 1984) 502 --
JADE coll.,~Bartel et al., z. Phys. C (1985) 505 
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Fig. 6 

Excluded ehargino masses as funetion 

of the leptanie branehing fraetion for 
-+ ~ -,- . the deeay modes x- + lvy. qq y J..e. 

for the ease of both heavy g and heavy -v. 

a) m( ~) 

b) m( ~) 

e) m( ~) 

0 GeV 

4 GeV 

40 GeV 

The horizontal line in a) indieates a 

leptanie branehing fraetion of 3 x 11% 

as expeeted for a ehargino deeaying 

via W exehange. For this branehing ra­

tio the limi t on the mass of x± is 

w~~onor~rnTn~~o 22.1 GeV. 
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Fig. 7 

Exeluded ehargino mass as funetion of 

the scalar neutrino mass for the ease 

of a light sealar neutrino m(v) < 
m( x±)). The full lines are for equal - -deeay widths into e v, !! v, and ,; v and 

( "'"+ - ( for BR x- + 1:v) = 1 as expeeted for 

a pure higgsino) respeetively. The li­

mit indieated by the dashed eontour 

eomes from single wino produetion. 
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6. DEVELOPMENTS AND INSTRUMENTATION 

6.1 DETECTORS 

6.1.1 PROTOTYPE CRYSTALS FOR THE KARLSRUHE 4n BARIUM FLUORIDE DETECTOR 

K. Wisshak, F. Käppeler, H. Müller, (1) 

The energy and time resolution of big BaF2 crystals has been improved significant­

ly by the use of a PTFE reflector and a modified valtage divider chain. We found 
60 

that an energy resolution of 8.7 % (662 keV) and a time resolution of 325 ps ( Co, 

300 keV threshold) can be obtained simultaneously from a cylindrical test crystal 

of 1 1 volume. The respective results as obtained from prototype crystals for the 

Karlsruhe 4n detector are only slightly worse (9.6% and 400 ps). These crystals 

are truncated hexagonal and pentagonal pyramids shaped from cylindrical single 

crystals of 14 cm diameter and 15 cm thickness. 

(1) Nucl. Instr. and Meth. A 251 (1986) 101 

6.1.2 COMPLETION OF THE MECHANICAL SUPPORT FOR THE 4n BaF
2 

DETECTOR 

K. Wisshak, F. Käppeler, J. Krisch+ 

The mechanical support for the 4n BaF2 detector has been completed and installed 

at a beam line of the 3.75 MV Van de Graaff accelerator (Fig. 1). The central part 

~s a sphere composed of 30 hexagonal and 12 pentagonal honeycomb frames mounted 

Fig. The mechanical support 

of the 4n BaF2 detector at the 

3.75 MV Van de Graaff accelera-

tor. 
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tagether by means of fitting screws. Extreme care had to be taken during the ma­

chining of the honeycomb frames as - due to their complicated shape - the exact 

dimensions could be verified only by mounting the final sphere. It proved that 

the diameter of the sphere of 840 mm was reproduced with an accuracy of better 

than 0.1 mm. 

The sphere is subdivided into two parts of 17 and 25 modules. This is ne­

cessary for access to the sample position in the centre. Each part is fixed by 

4 - 6 arms in an oktogonal frame. In principle, these arms can be connected to 

the sphere in each corner where 3 hexagons or pentagons fit together. This ver­

satile construction allows to remove any desired part of the 4n detector if this 

is required for special experiments. 

The two oktogonal frames are mounted on sledges and can be moved independ­

ently in the direction of the beamline. In this way, the position of the detector 

relative to the neutron target can be changed by 1.3 m. The detector can also be 

opened for mounting of the samples. The adjustment of the overall support is such 

that the horizontal axis of the honeycomb sphere deviates by less than 0.2 mm 

from the beam axis in any possible detector position. 

+ Hauptabteilung Ingenieurtechnik, Kernforschungszentrum Karlsruhe 

6.1.3 TEST MEASUREMENTS WITH THE FIRST SIX DETECTOR MODULES OF THE 4n BaF 2 
DETECTOR 

K. Wisshak, K. Guber 

The Karlsruhe 4n BaF2 detector for precise neutron capture cross section measure­

ments consists of 42 detector modules which form a spherical shell of 15 cm thick­

ness araund a central sample (see also contribution 6.1.2 of this report). A sub­

assembly of the detector has been mounted and tested. It consists of a central pen­

tagon, surrounded by five hexagons. The energy and time resolution of the indivi­

dual modules are given in Table 1. This sample of six detectors, yielding an aver­

age energy resolution of 10.6 %, is representative for the quality of the crystals 

delivered up to now. The spectrum of a 137cs source as obtained from the best mo­

dule is shown in Fig. 1. The timeresolutionwas measured in a coincidence expe­

riment, using a 60co source and a Pilot U plastic scintillator as a reference de­

tector. Events due to detector-detector scattering of gamma-rays were minimized 

by means of a lead collimator. On the average a time resolution of 460 ps was ob­

served using CAMAC controlled constant fraction discriminators. 

The time resolution of the whole assembly was determined by combining the 

CFD signals of the six modules by a fast OR circuit. The delay in the individual 

branches was adjusted via CAMAC delays to an accuracy of 250 ps. As shown in Fig.2, 
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an overall time resolution of 500 ps was obtained. This result is only slightly 

worse compared to that obtained with a single detector. The tails of the time 

peaks on the right hand side (see Fig. 2) are caused by detector-detector scat­

tering. 

Finally, the setup was used as an anti-Compton spectrometer. Signals of 

the central pentagon were registered only if they were not coincident with an 

event in one of the surrounding modules. The result for the 4.4 MeV gamma-ray 

1 . f 241 Am . . • 3 d h h c Lne o an -Be source Ls shown Ln FLg. • It emonstrates t at t e ompton 

background and the single escape peak can be reduced significantly. (A threshold 

of ~ 600 keV was placed on the fast component in order to suppress pulses from 

the a-decay of Ra in the BaF2 crystals). 

Table 1 Energy and time resolution of the first six modules of the 4TI BaF2 
detector 
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Fig. 2 

Time resolution as measured by 

combining six detector modules 

with a fast OR circuit 

Fig. 3 

Spectrum of the 4.4 MeV gamma-ray 

line from a 241 Am-Be source as 

obtained from the central penta­

gon with and without anti-Compton 

condition. 

6.1.4 AGAS IONIZATION CHAMBER FOR ON-LINE HEAVY ION IDENTIFICATION 

Z .+ .+ . + d . • SosLn , T. KozLk , S. M1cek , an K. Grotowsk1 

A gas ionization chamber is described for an on-line identification of products 

from nuclear reactions. The chamber can work with two different anodes: the re­

sistor type or the split one. Response of the device, proved experimentally, 

enables fast identification of Z values subtending some defined region. Possible 

modifications of the detector are discussed. The concept of extending the Z val­

ue flexibility of the system is proposed. 

(1) Nucl. Instr. and Meth. A249 (1986) 344 

+ Institute of Physics, Jagellonian University, Cracow, Poland 
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6.1.5 A TEN-FOLD COINCIDENCE PULSE GENERATOR FOR THE ELECTRONIC SET-UP OF THE 

FOCAL PLANE DETECTOR OF THE MAGNETIC SPECTROGRAPH 

S. Zagromski, H. Neudold, C. Samanta + 

The magnetic spectrograph at the Karlsruhe cyclotron is in use for inclusive type 

measurements of charged particle spectra and in combination with solid state de­

tector telescopes for coincidence measurements. For several reasons it is very 

useful to install a coincidence pulser in the electronic set up of the system, 

for 

a) deadtime correction of the measurements 

b) linearity-tests of the electronic paths 

c) off-line adjustment possibilities of the coincidence branches. 

A device in NIM-Standard was built up and tested for this purpose. 

A particle, passing the magnetic spectrograph is stopped in the focal-plane 

detector. This detector consists of two position-sensitive-, one energy-loss- and 

one plastic-scintillator stopping-detector. The position-sensitive-detectors have 

a charge division readout with one preamplifier on each end of a resistive wire. 

The energy-loss-detector is an ionisation-chamber with one preamplifier and the 

scintillator has one photomultiplier with preamplifier on each side. For the read­

out of one event in the focal-plane detectot therefore seven preamplifiers send 

their signals to the electronic system. In addition to this, the signals of the 

coincidence-detectors, which are two for one ~E,E silicon-detector telescope, ar­

rive on the electronic system and built a complete set of 9 preamplifier-signals. 

These signals have to be reproduced by the pulser, matehing the pulse-form, pul­

se-height -polarity and -decay of each signal. Fig. 1 shows the block diagram of 

the pulse generator. 

For offline-adjustments of the electronics, specially of the coincidence 

branches, the preamplifiers receive their signals from the pulse generator in­

stead of the respective detector and all electronic elements may be adjusted be­

fore actually starting the measurements with the beam. 

A linearity test in each amplifier path for calibration purposes has to be 

done. Therefore a pulse-height scanner is included. It generates 8 different ca­

librated pulse heights being adjusted over the full range of each branch. 

Due to a high nurober of pulses of inclusive events in each detector branch 

and a low nurober of coincidence events, a deadtime in the electronic system ap­

pears. This may be corrected by dividing the integral of a pulser peak in a coin­

cidence-spectrum by the nurober of "Counter out" signals of the pulser. The fre­

quency-divides fits for this purpose the nurober of pulser signals with the nurober 

of coincidence events. 

+ Permanent address: Saha Institute of Nuclear Physics, Calcutta (India) 
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LED LED 

Fig. 1 Block diagram OUT I OUT 10 

6.1 • 6 A LIQUID ARGON TIME PROJECTION CHAMBER 

G.Giorginis, D.Mann, H.Gemmeke, R.Maschuw, B.Zeitnitz 

A precise measurement of the differential cross section of neutrino electron 

scattering. at low energies can provide information about the nature of the 

weak interaction and the elctromagnetic form factors of the neutrino. Such an 

experiment requires a large calorimeter with excellent energy as well as good 

spatial resolution. As a sui table detector a 50 t liquid time proj ection 

chamber (LTPC) is currently discussed in the KARMEN* collaboration. 

Lang distance drift of electrons has been studied in a 20 1 LAr 

ionization chamber described in the annual reports 1982 1985. Drift 

distances up to 10 cm and attenuation lengths up to 100 cm have been achieved. 

The above test detector has been rebuilt to operate as LTPC. It is an ioniza­

tion chamber with subdivided anode surface providing X-Y spatial information; 

the Z coordinate results from drift time and drift velocity. Partiale track 

reconstruction is straightforward; the partiale energy is deduced from the sum 

of signal amplitudes of anode subdivisions. 

Fig.1: Segmented anode of 

the LAr-TPC. 
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The segmented anode shown in fig .1 as adopted from ref .1 , consists 

Of orthogonal X-Y copper strips on a fiber glass plate. At the crossing points 

the strips are connected on the back side of the anode. The zig-zag shape of 

the strips ensures an almost uniform sampling of the collected charge in X and 

Y direction. Each X and Y strip as well as the cathode has an analog read out 

viaacharge sensitive amplifier. The analog signals are digitized as function 

of time, thus providing amplitude and time information simultaneously. Apart 

from the drift time the knowledge of the drift veloci ty in the actual LAr 

filling is very important for track reconstruction. Therefore ionization 

electrons starting from a 207si source on the cathode are drifted over a well 

known distance. 

E d :: 2.16 KV/cm 
600 

d= 21.7mm 

450 d=41.7mm 

"' c 300 
:> 
0 

(.) 

150 

Fig.2: Drift time distributions of 

ionization electrons from a 207 Bi 

source for three drift distances 

at constant drift field in LAr. 
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Fig.3: Electron drift velocity in 

LAr as function of drift field. 

The drift time is derived from the time difference between cathode and anode 

signal. Time spectra for three drift distances in a constant drift field are 

demonstrated in fig.2. A spatial resolution o = 1.6 mm for a drift distance d 

= 62 mm and a drift field e:d = 2.16 kV/cm has been deduced. The drift 

Velocity calculated from drift distance and drift time is shown in fig.3 as a 

function of the drift field. Our higher values compared to those for pure 

argon from ref.2 may be due to hydrocarbon impurities from the vacuum pump. 
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Cosmic rays penetrating the LAr-TPC were used 

to test its track recognition capability. The 

TPC was operated in a self tr iggered mode, 

Straight tracks were clearly identified by 

their measured x-z and Y-Z projections as 

shown in fig. 4. The next step would be to 

improve the electronics to achieve high en­

ergy resolution. 

Fig .1~: Digi ti zed signals as function of time 

induced on the anode strips and on the 

cathode by a cosmic partiale. 

(1) H.J.Mahler, P.J.Doe, H.H.Chen, IEEE Trans. Nucl.Sci., NS-30 
(1983) 87 

(2) E.Shibamura, A.Hitachi, T.Doke, T.Takahashi, S.Kubota and 
M~Miyajima, Nucl.Instr.Meth,, 131 '(1975) 249 

STUDY OF n-Y PULSE-SHAPE-DISCRIMINATION (PSD) WITH A LARGE 

NA L( Tl )-CRYSTAL 

P.Doll, G.Fink, R.W.Finlay*, M.Haupenthal, B.Kasten**• F.Smend**, 

G.Wicke** 

Neutron capture reactions bear great problems because the cross section of 

capture reactions are much smaller than neutron scattering (1.3.4). Tose-

parate neutrons and gammas we used a pulse-shape-discrimination (PSD) 

method, which is discussed in detail elsewhere (1 ,2,3), In an experimental 

setup at POLKA we used a 16 x 16 x 24 cm3 Nai(Tl) crystal with active and 

passive shielding. The passive shield consi sted of 10 cm Pb and 20 cm boron 

loaded polyethylene. A carbon sample was set in the continuous energy (En ~ 

50 MeV) neutron beam. With this type of shielding, about 50% of the count 

rate comes from the sample and ::.. 50% is background. Therefore, in further 

experiments, the shielding has to be improved. 

Fig.1 shows a pulse-shape versus pulse-height-spectrum. Clearly a 

separation is seen between Y-ray events and neutron-induced reactions in the 

Nai detector. The peak at - 15 MeV, which is very dominant, results mainly 

from the reaction 12c(n,n'Y)12c. Even in this first test the neutrons and 

Y's can be separated better than discussed in literature (4) 



( 1 ) 
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Fig.1: Two dimensional represen­

tation of pulse-shape versus 

pulse-height in a large Nai 

crystal. The pulse-shape ex­

hibi ts electrons from photon 

interactions in the crystal and 

protons, deuterons and alphas 

from neutron interactions in the 

crystal. 

R.Bass et al., Nucl.Instr. and Meth. 30 (1964) 237 
c;M.Bartle, Nucl.Instr. and Meth. 124 (1975) 547 
D;M;Whittal, C.M.Bartle, Nucl.Inetr. and Meth. in Phys. Research 
A247 (1986) 390 
G.H.Shave et al., Nucl.Instr. and Meth. 148 
c r978) 531 

* Ohio State University, Athens, USA 

** University of Göttingen, W.-Germany 

6.1 . 8 DETECTOR DEVELOPMENTS FOR NEUTRON FLUX MEASUREMENTS 

V.Eberhard, R.W.Finlay*. W.Heeringa, H.O.Klages, Chr.Wölfl 

The measurement of the spin-spin cross section of nuclei for neutrons 

requires the determination of the flux ratio for neutrons with spin up and 

spin down wi th very high precision. Scinti llators placed directly in the 

beam have an increasing effeciency towards low-energy neutrons. At the 

neutron facili ty POLKA this is a disadvantage, because the useful energy 

spectrum between 16 and 50 MeV is contaminated wi th lower energy neutrons. 

Moreover, the steep increase in count rate towards small energy signals 

makes the detectors very sensitive to dr ifts in electronic thresholds or 

gains. 

A stable flux moni tor which we routinely employ consi sts of a PE 

(polyethylene) feil placed in the beam combined with pairs of ßE-E detectors 

positioned at small angles, which detect recoil protons from the PE 
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converter. The ßE-E coincidence suppresses the smallest signals, thus 

removing the sensitivity for electronic drifts. The drawback of this system 

is its rather small count rate, which is insufficient for spin-spin cross 

section measurements. 

We now have constructed two other detector types which are a 

compromise between the concepts mentioned above. Their properties are being 

investigated at present. 

1. Converter-absorber-ßE array. It consists of a 15-20 mm PE converter 

followed by a 0. 5 mm Al absorber and a 0. 5-1.0 mm NE1 02A scintillator 

(fig.1a). Low energy protons generated in the PE are stopped within the PE 

itself or in the Al absorber giving rise to a largely decreased efficiency 

for lower energy neutrons. 

Fig .1 : 

mirrar 

magnetic 
shield 

~CH2 corwerter 

olumnum 
absorber 

scintillator 

Converter-absorber-ßE detector 

converter-ßE-ßE array (right). 

light guide 

photomultiplier 
tube 

pm base 

(left), ßE detector from the 

2. Converter- ßE- ßE array. It consi sts of a 15-20 mm thick PE converter 

followed by two ßE detectors separated by a diaphragm to reduce edge 

effects. The construction of the ßE-detectors (0.5-1.0 mm NE102A) is shown 

in fig. 1 b. The coincidence requirement between the ßE' s yields a very good 

reduction of background and of small energy signals. The thick PE converter 

again increases the efficiency for high energy neutrons. 

* Ohio State University, Athens, USA 
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6.1.9 PRECISE THRESHOLD DETERMINATIONS FOR ABSOLUTE NEUTRON COUNTING 

+ S. Cierjacks, B. Rzehorz, H. Ullrich, H.-J. Weyer 

In recent pion absorption studies at SIN a large Ng 102A plastic scintillation 
1) 

counter has been used for charged particle and neutron detection in the energy 

range from 10 to 300 MeV. Its use for absolute neutron counting depends strongly 

on the ac6urat~ knowledge of the neutron detection efficiency as a function of 

the incident energy. This quantity can be calculated with good accuracy with 

modern Monte-Carlo codes (e.g. Ref. 2), provided the effective threshold applied 

in the measurements is well known. The streng dependence of the detection effic-

iency on the threshold is illustrated in Fig. which shows the calculated 

results for our counter at three different thresholds of 3,5 and 10 MeV electron­

equivalent energies (MeVee). 

A determination of low thresholds (below 1 MeV) can easily be accomplished 

with standard r-sources by Observation of Campton edges for a few r-lines. 

Similar measurements at higher thresholds are, however, more complicated, since 

suitable pure -y-sources providing ')'-rays in the several MeV range are lacking. In 

this range Am-Be and Pu-
13c sources providing 'Y -rays of 4.43 and 6.13 MeV, 

respectively, can in principle, be used. But without n-r pulse-shape discrimina­

tion (which is not possible with NE 102A scintillators) the observation of the 

correspondingCompton edges is obscured by superposition of an intense high-energy 

neutron background spectrum. This difficulty was circumvented by measuring 

pulse-height spectra with and without 5 cm lead areund the sources. The differ­

ence spectra from both measurements allowed largely to subtract the contributions 

from high-energy neutrons, and thus to separate pulse-height distributions for 

high-energy -y-rays. A typical difference spectrum is shown in Fig. 2a which 

displays the resul ts for the Am-Be source. The Campton edge a t 4.16 MeV is 

clearly visible. 

The determination of effective thresholds for our counter was performed by 

using r-rays from 
88v (1.85 MeV), Am-Be (4.43 MeV) and Pu-

13c (6.13 MeV) sources 

tagether with cosmic-ray muons (providing a peak at 21.4 MeV ) . A typical 
ee 

calibration of pulse-heights in electron-equivalent energies is shown in Fig. 2b. 

From the linear dependence of pulse-height veraus energy effective experimental 

thresholds araund 5 MeV were determined with an accuracy of _< 3%. This proved 
ee 

that the counter can be used for absolute neutron counting at an accuracy level 

of ~ 1 o"/o. 

(1) S. Cierjacks et al., Nucl. Instrum. Meth. A238(1985)354 
(2) S. Cierjacks et al., Nucl. Instrum. Meth. 192(1982)407 

+ Institute for Physics, University of Basel, Basel, Switzerland 
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Fig. 2 a) Typical difference spectrum Fig. 2 b) Energy calibration of a typical 

for a Am-Be source with and 

without 5 cm of lead shielding. 

By elimination of neutron 

background the Campton edge 

of the 4.43 MeV r-rays is 

clearly visible. 

f 1 . 88 
coun ter or emp oy1ng Y , 

13 
Am-Be and Pu- C y-sources 

and Cosmic-ray muons. From 

these calibration effective 

thresholds in the MeV range have 

been determined with a total 

uncertainty of < 3%. 
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6.2 INSTRUMENTATION 

6.2.1 A DEVICE PRODUCING AN ULTRAPURE STOPPED MUON BEAM OF HIGH INTENSITY 

L.M. Simons+ 

Modern experiments aiming to measure or to put at least upper limits for rare 

muon decay or reaction experiments require beams with a high flux, high stopping 

density and a low pion contamination. A low momentum muon beam with an intensity 

higher than 10
8 

Jl- / s and a pion contamination of less than 10-
9 

pions/muon is 

necessary for the next generation of experiments. 

A new approach to achieve this is shown in Fig. 1. The apparatus consists 

of a split-coil magnet (injection magnet) (I), a decay solenoid (II), two puri­

ficati.on solenoids (IIA, IIB), a free space for an experiment (III) and two 

mirrar magnets (IVA, IVB). The whole system is in a vacuum.Pions of momentum (85 

+ 4.5) MeV/c are injected perpendicular to the rotational axis of the system in 

region I at a distance of 120 mm from the axis. Two moderators provide an 

efficient injection. Radial and axial betatron oscillations are excited in order 

to avoid hitting the moderators again. 

The length of the decay region II is sufficient to let more than 90% of 

the pions decay. The basic idea for the device is that by decay the phase space 

of the muons is separated from the one of the pions. Whereas muons produced from 

pion decay inside a certain radial region can move freely forth and back between 

the two mirrors, the pions have to come back to the radial and azimuthal co­

ordinates where they originated. Thus a cylindrical collimator with decreasing 

radius inside the purification solenoids IIA, IIB is sufficient to eliminate the 

pions. More than three scatter processes are needed for them to reach the 

experimental zone which results in the required suppression factor. 

With a target diameter of 140 mm and a diameter of the collimator of 200 

mm about one muon per four pions can be stopped in the target in the center of 

region III. 

The momentum spectrum of the muons ranges from 10 to 60 MeV/c. With the 

possibility of multiple traversals through the target the thickness of the target 

can well be less than 200 mg/cm2
• 

For the planned high proton current at SIN of 1mA a muon flux of more than 

10
8 

particles can be stopped then. 

+ Now at Schweizerisches Institut für Nuklearforschung, CH 5234 Villigen 
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6.2.2 COMMISSIONING OF THE LOW ENERGY PION SPECTROMETER (LEPS) AT SIN 

B. Barnett+, H. Clement+, K. Göring, W. Gyles, A. Höhne, J. Jaki, 
+ +++ K. Kärcher, W. Kluge, S. Krell , H. Matthäy, M. Metzler, D. Renker , 

R. Tacik, G. Wagner+, Ch. Wiedner++, U. Wiedner 

During the last year the Low Energy Pion Spectrometer has been commissioned at 

the nE3 channel of SIN, which now can be operated in a dispersed mode appropriate 

for LEPS. The detector system, i.e. the multiwire proportional chamber at the 

intermediate focus, the vertical drift chamber and the scintillation trigger 
. 1 2 3) 

counters in the focal plane of the split pole have been f1nally assembled ' ' • 

A photograph of LEPS is shown in Fig. 1. In the foreground at the left side the 

scattering chamber can be seen, followed by the quadrupole triplet, the inter­

mediate focus detector (not visible), the split pole magnet and the vertical 

drift chamber up in the focal plane. 

The resul ts, al though some components of the entire set-up are not yet 

optimised (in particular the final beam tuning is still ahead), are alreadi very 

satisfying. All essential optical parameters of the beam, determined so far, 

agree well with the design specifications: Beam spot size 10 x 6 cm2
, dispersion 

D = 5 cm/%, angular divergences Iei ~ 40 mr, 1~1 ~ 25 mr. Further tests covered 

a broad range of measurements in order to determine the imaging characteristics 

of the quadrupole triplet, the phase space acceptance of LEPS and the momentum 

resolution of the whole system. 

As an example Fig. 2 demonstrates the imaging performance of the quadr­

upole triplet. It shows reconstructed images of a scintillation counter, which 

has been designed as a ladder with 5 mm steps, 15 mm apart and mounted at the 

scat'tering target position. They have been obtained by tracing back the tra-
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Fig. 1 LEPS,: In the foreground at the left side the scattering chamber can 

be seen, followed by the quadrupole triplet, the intermediate focus 

detector (not visible), the split pole magnet and the vertical drift 

chamber up in the focal plane. 

jectories from the intermediate focus detector to the target position. According 

to the symmetric lay-out of the quadrupole triplet the ratio of image to object 

size is: 1:1. Fig. 2a shows the image for the direct pion beam of 150 MeV/c. Due 

to the limited angular divergences of the beam no corrections for optical 

aberrations had to be applied. The result is a practically perfect image caused 

by the good spatial and angular resolution of the intermediate focus detector. 

Fig. 2b shows the same image for pions of 156.3 MeV/c, scattered on the scin­

tillator target at 50°, again without any soft ware corrections. The accepted 

phase space is huge in that case: Iei < 200 mr, IYI .:::_ 3.5 cm, I er I < 70 mr and 

eauses the reduced spatial resolution of the image as a result of aberrations. 
rd After their correction up to the 3 order the good spatial resolution is fully 

restored (Fig. 2c). Fig. 3 depicts our first momentum spectrum taken with LEPS. 

It has been obtained by the scattering of 156.3 MeV/c (70 MeV) rr on the scin-

1 ° h 1 k h 1 · 
1 2c til ator target at 50 . T e arge pea represents t e e astic scatterlng on 

and the smaller peak (better visible in the insert of Fig. 3) the inelastic 

scattering to the first excited state of 12c at 4.43 MeV. The momentum resolution 
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Imaging with the quadrupole triplet: 
a) restri cted phase space (unscattered p i on beam) 

uncorrected for aberrations 
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x-coordinate (cm) 

b)unrestricted phase space (scattered pion beam) 
uncorrected for aberrations 
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Fig. 2 Imaging of the quadrupole triplet: The image of a scintillation counter, 

which has been built as a ladder with 5 mm steps, 15 mm apart and mounted 

in the centre of the scattering chamber has been detected at the inter­

mediate focus and traced back to the scattering target position by 

calculation. 
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Fig. 3 Momentum resolution of LEPS: momentum spectrum obtained by the scattering 

of 70 MeV n on a scintillator target at 50°. The momentum resolution 

of both beam and LEPS is 0.4% after correcting aberrations up to the 3rd 

order. The result has been obtained without any optimisation of the 

beam resolution and without minimisation of scattering material. The 

left peak represents the elastic scattering on 
12c while the smaller 

peaks (better visible in the insert) arise from inelastic scattering 

to the first excited state at 4.43 MeV of 
12c and from elastic scattering 

on hydrogen. 

0.4"/o competes favourably with the low energy pion spectrometers at LAMPF and 

TRIUMF. The resolution has been achieved after correcting for aberrations up to 
rd 

the 3 order, but must still be regarded as preliminary, because no final 

optimisation of the beam resolution has been carried out, and further reduction 

of scattering material within LEPS is possible. The hope to achieve a final 

momentum resolution of 0.2"/o seems realistic after this "first shot" if further 

optimisation measures will have been taken. 

(1) Annual Report on Nuclear Physics Activities 1982/83, p. 208, P. 210, 
1983/84, p. 164, 1984/85, p. 181 

(2) SIN Jahresbericht 1984, p. JB 25 
(3) J. Jaki, Diploma Thesis, Karlsruhe 1983 

M. Metzler, KfK-Report 4010B(1986), Diploma Thesis, Karlsruhe 1986 
K. Göring, Diploma Thesis, Karlsruhe 1986 

+ Physikalisches Institut, Universität Tübingen, Auf der Morgenstelle 12, 
7400 Tübingen 

++ Max Planck-Institut für Kernphysik, Saupfercheckweg, 6900 Heidelberg 
+++ SIN, CH-5234 Villigen 
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6.2.3 AN INEXPENSIVE TEMPERATURE-COMPENSATED HALL-PROBE DEVICE FOR MONITORING 

THE MAGNETIC FIELD OF TliE SPECTROGRAPH "LITTLE JOHN" 

M. Neudold, H.J. Gils 

The magnetic field of the dipole magnet of the spectrograph "Little John" should 

be measured and monitared with an accuracy of about 2 x 10-4 for calibration pur­

poses and stability control. A nuclear magnetic resonance (NMR) probe was not 

taken into consideration because of its costs.and of the problems in Operating 

such a system in HF stray-fields existing in the cyclotron laboratory. 

Based on the experiencies made with a less precise prototype assembly a 

Hall-probe magnetic field monitor device was developed which is characterized by 

the following features. 

Hall-probe with small temperature effects (Siemens, FC 34) 

temperature stabilization of the Hall-probe by a Peltier-element 

selected, temperature insensitive electronical components 

NIM - modul 

The non-linearity of the Hall-voltage and of the ADC with respect to the mag­

netic field is measured with an NMR-field measuring device (accuracy 2 x 10-
7
). 

The measured curve is programmed into an EPROM memory, which linearizes it by 

Software. The linearized ("true") value of the measured magnetic field strength 

is displayed digitally in the control room of the spectrograph and also transmit­

ted to the data-acquisition system, where it may be written on magnetic tape ac­

cording to the requirements of the experimenter. 

6.2.4 A LOW TEMPERATURE 3He GAS TARGET SYSTEM 

A.Vollrner, P.Doll, W.Heeringa, P.Jany, H.O.Klages, H.Skacel 

For the study of neutron-induced reactions on 3He a gas target systern has 

been developed for use in an evacuated scattering charnber. The design was 

made to cornbine high target thickness, srnall dirnensions and thin foils to 

avoid excessive energy loss for the charged reaction products. Therefore, a 

cryogenic target systern was chosen. The systerns consists of three parts: the 

target, the cooling systern, and the gas supply systern. 

The features of the target charnber are shown in fig.1. The neutron 

beam (0n ::.. 20 rnm) enters through a 40 rnrn 0 stainless steel foil (25 ~rn 

thick). The exi t window for the neutrons and for the charged reaction 

products is rnade out of 12 ~rn thick HAVAR foil. It is glued by epoxy to the 

stainless steel target body whereas the entrance window is welded to a 

flange which is sealed to the body by an indiurn sealing. On top of the 
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chamber there is the connection to the cooling device, a temperature sensor, 

and the 3He gas tube. 

COLD STATION c.oNTACT 

3 HEINLET 

I 

t- EXIT WNDOW 

ENTRANCE WINOOW 

Fig.1: 3He gas target chamber 

Fig.2 shows a schematic view of the complete system. The 3He gas is 

contained in a storage tank at low pressure: 0. 5 - 1. 0 bar. The connection 

to the filling system is made through a cold trap filled with Zeolith to 

absorbe air and water at liquid ni trogene temperature. A small "cold buffer" 

of about 1 1 volume i s used as an intermediate stage. It i s surrounded by 

liquid 4He to make the 3He gas flow from the storage tank to the buffer. 

After closing the valve 1 the buffer is warmed up and the target can be fil­

led to higher pressure, if necessary. 

'HE 

STORAGE 

TANK 

VALVE 

'HE PRESSURE GAUGE 
I 

COLD 
BUFFER. 

/' 
REFRIGERATOR 

L Na 

SCATTERING 
CHAMBER 

3 HE TARGET CHAMBER 

Fig.2: Schematic view of the 3He gas target system 

The refrigerator unit used is a 4He expansion cooler CTI 21 (Cryo­

physics) with a nominal cooling power of 2 Watts at 20 Kelvin. It is connec­

ted to the target chamber by a 25 cm long copper tube. The temperature of 
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the gas target is measured by a silicon sensor. To avoid excessive heat load 

from the walls of the scattering chamber, the gas target is surrounded by a 

heat shield on liquid nitrogen temperature. 

In a first experiment, the ta,rget system was used succesfully for 

three weeks at 18 K and 3 bar. 

6.2.5 A NEW CAMAC SYSTEM FOR HIGH RATE,LOW DEAD TIME 

MULTI-PARAMETER DATA ACQUISITION 

T.D.Ford, H.O.Klages, P.Plischke 

Data cöllection rates for multi parameter experiments through CAMAC interfaced 

with an LSI 11-73 have been limited to a few hundred Hertz. This has prompted 

the seekfng of faster ADCs, CAMAC based memory modules and the necessary soft­

ware. A complete system for multi parameter (list mode) experiments capable of 

very high data throughput rates has been purchased from LeCroy. Software is 

currently being developed for this system to allow one to eight model 3512 

ADCs to be connected to two model MM8201A CAMAC list mode memories through one 

model 3587 data router. The units are all contained in a single standard CAMAC 

crate. 

The ADCs were selected for the relati vely fast conversion time, 

which is fixed at 5 ~sec for all conversion lengths up to 8192 channels. The 

system as a whole was chosen for its versatility. Many other possibilities be­

sides pure list mode experiments are available. Further technical details are 

easily obtainable from LeCroy and so will not be presented here. 

Software is being developed for a LSI 11-73 operating under a RT-11 

single user system. The software is intended to be "user friendly" in that 

changes in the acquisition parameters are easily accomplished through an input 

data file. No changes to the program code are necessary. Also, all user inter­

active routines are written in FORTRAN, providing for easier changes of the 

code and bet ter transportabil i ty between computers. If necessary one could 

create a much more streamlined code for specific very high rate applications. 

It is hoped to attain completely dead time free count rates of 1 to 3 KHz. For 

even higher rates, 10 to 30 KHz, the sampling of only a fraction of the 

incoming data for display and on-line analysis purposes is possible. 

The CAMAC system operates, once enabled, independently of the CAMAC 

dataway. ADC signals are transferred, in order, by the router into the list 

mode memories. Only when a memory becomes full, a LAM is generated and the 

dataway taken for data transfer to LSI memory. The second list mode memory is 
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enabled as soon as the first is full, so no dead time results due to memory 

read-out. Since the list mode memory changing is handled within the LeCroy 

system, with each address simply overwritten, the limitation is imposed that 

the LSI finish the read-out and re-enable the memory before the router tries 

to access it again. 

In a first application, four-dimensional list mode aquisition has 

been performed with data transfer to magnetic tape and full on-line evaluation 

of the data to 9 spectra. For count rates of - 1 KHz no additional dead time 

from the data aquisition system was observed. 



6.3 

6. 3. 1 

-191-

ACCELERATORS 

OPERATION OF THE I~OGHR.ONOUS CYCLOTRON (KIZ) 
F.Schulz, H. Schweickert 

During the period of the report the machine was in full operation (see 

Tables I, II). The use of the axial injection system has now reached about 

60 % of the total beam time. Two thirds of this time is used with 

polarized deuterons and one third with 6Li3+ ions at 156 MeV. 

In a shut-down period of 3 weeks in January after the Christmas 

vacations, a large number of maintenance and measurement activities were 

carried out: 

- installation of a new control-console for the improved computer control 

of KIZ, 

- installation of a new extraction element whereby the thin graphite 

septum foil can now be easily exchanged and where also the cooling has 

been improved, allowing the extraction of higher currents, especially 

for the dual beam facility, 

- replacement of the 15 year old vacuum system of the cyclotron. 

The new system (Fig. 1) consisting of two large 12,000 1/s 

diffusion pumps with an additional diffusion pump in the foreline, is 

especially designed for low oil backstreaming. The system is 

completely automatic and reaches a final pressure of 

2 x 1 o-6 mbar in the cyclotron. The reduced. oil backstreaming compared 

to the old system has resulted immediately in a smoother operation of 

the rf-system, 

installation of an irnproved Penning ion source (Fig. 2), 

which delivers much higher currents especially for a-particles (> 80 MA 

accelerated). The success of this source arises from a very small inner 

diameter of the chimney and a reflector at the same potential as the 

heated cathode. The lifetime for high current a-particle operation 

is now more than 2-3 weeks, whereas the lifetime for high-current 

p,d-particles is now rnore than 3-4 months. 
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Statistics of the cylotron frorn July 85 to June 86 
Table I 

Others 1.1% 

Nuclear Reactlons 39.2% 

Neutron Physlcs 21.2% 

Table II 

Interna! Users 

Institut für Kernphysik I 
Institut für Kernphysik 111 
Institut für Material u. Festk.-Forsch. 
Institut für Radiochemie 
Hauptabteilung Sicherheit/Dosimetrie 

External Users 

Universität Tübingen 
Universität Erlangen 
Technische Universität München 
Freie Universität Berlin 
Max-Pianck-lnstitut Heidelberg 
Universität Ulm 
Universität Konstanz 
Universität Münster 
Technische Hochschule Darmstadt 
Universität Bonn 
Universität Heidelberg 
Universität Mainz 
Universität Hamburg 
Universität Frankfurt 

Irradiation of Machine Parts 

Total 

Nuclear Spectroscopy 1.7% 

Engineering 6.3% 

Materlai Research 11.2% 

Solid State Physics 19.3% 

1305.3 h 22.2% 
1073.5 h 18.2% 
627.2 h 10.7% 
52.4 h 0.9% 
4.2 h 0.1% 

3062.6 h 52.0% 

626.2 h 10.6% 
625.9 h 10.6% 
571.5 h 9.7% 
552.3 h 9.3% 
165.1 h 2.8% 
59.5 h 1.0% 
42.1 h 0.7% 
20.6 h 0.3% 
19.3 h 0.3% 
8.0 h 0.1% 
6.6 h 0.1% 
6.5 h 0.1% 
5.6 h 0.1% 
2.0 h 0.1% 

2711.2 h 45.8% 

150.4 h 1.9% 

5924.2 h 100.0% 



Fig. 1: New vacuum system for KIZ. 
An additional diffusion pump (DP4) 
in the fore line and a special 
catalyzer trap were used to 
reduce oil backstreaming. 
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Fig. 2: Modified internal 
Penning ion source for higher 
currents and langer life times. 
1 = water cooling 
2 = graphite cathode holder 
3 = hafnium carbide cathode 
4 = extraction slit 

4.5 x 1.2 mm2. 
5 = tantalum chimney 
6 = molybdenum connection 
7 = tungston reflector 
8 = boron nitride insulator. 



6.3.2 

-194-

OPERATION OF THE KARLSRUHE COMPACT H--CYCLOTRON (KAZ) 

J. Möllenbeck, H. Schweickert 

During the period of the report the cyclotron was operated for isotope 

production, activation of machine parts and occasionally for the 

production of radioisotopes for nuclear physics experiments. The cyclotron 

is normally operated from late Sunday afternoon until Thursday. However, 

since June it is being operated additionally from Friday until Sunday for 

materials research within the Fusion Project using the dual-beam 

technique. 

The availability of the machine was good and no major breakdowns 

occurred during operation. Repairs of the power supplies of the exciter 

coils and the high frequency system were necessary. During the hat period 

of the year the very high outside-air temperatures led to problems with 

the central back-cooling system for KIZ and KAZ. 

In order to prevent radiation darnage and high activation of the 

machine and the beam guiding system, measuring probes were installed at 

the exposed positions of the machine and the beam guiding system. These 

probes automatically switch off the ion source when the preset maximum 

values are exceeded.In this way a false optimization of the machine is 

prevented and at the same time the activation of the machine is reduced to 

a minimum. 

6.3.3 

Stable beam currents > 100 MA at 40 MeV can be extracted. 

STATUS OF THE EXTERNAL ION SOURCES OF THE KARLSRUHE ISOCHRONOUS 

CYCLOTRON 

H.P. Ehret, R. Ernst, L. Friedrich, A. Hurst+, E. Huttel, 

J. Kaltenbaek, F. Schulz, L. Wiss, P. Ziegler 

The polarized atomic beam source has operated for 2800 h for nuclear 

physics experiments over the past year. Typically 150 nA of 52 MeV 

polarized deuterons could be extracted from the cyclotron. The measured 

vector-polarization was 0.55. The remaining time was used for extensive 

studies of the source in order to improve the brightness of the extracted 

ion beam and the reliability of the source. As a result the polarized beam 
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current delivered from the source increased by a factor of two (mainly 

due to an improved ionizer tune), but the current extracted from the 

cyclotron could not be increased. The main parameters of the source are 

given in table 1. 

D2 flow: 

Dissociation degree: 

Nozzle-temp. : 

Sextupoles: 

Atomic-Beam-Intensity: 

Vacuum: 

Current below the ionizer: 

Emittance: 

Current behind the 90° 

deflection: 

Energy spread: 

0.5 mbar 1/s 

0.35 

1000 K 

1. l: 100 nun, r ::: 4-8 mm, Bmax ::: 0.8 T 

2" l: 100 mm, r = 8 mm, Bmax = 0.8 T 

distance 1.-2. sextupole: 200 mm 

distance 2. sextupole-ionizer 300 mm 

X 1o16 atoms/sec 

1 X 1o-4 mbar dissociator chamber 

2 X 10-6 mbar sextupole chamber 

5 x 10-7 mbar ionizer chamber 

80 MA* 0.05 x 1016 D+/sec 

100 mm mrad MeV 1/2 

30 MA* 

± 75 eV (estimated from emittance 

degradation by 90° deflection) 

* The quoted currents are the differences of measurements taken with the 

sextupoles on and off. 

Table 1: Main parameters of the atomic beam source PASKA 

Several attempts will be made to reduce the 60 % loss of the 90° 

deflection; an electrostatic mirror has been built, and spherical 

deflection plates are under construction. Cooling down the dissociator 

nozzle to 20°K and changing the geometry of the remaining two hexapoles 

should result in an increase by a factor 2 of the source output. 

The ECR-source LISKA has operated for 1700 h for nuclear physics 

experiments over the past year. In Nov. 1986 it became necessary to 

rebuild the source because it was no longer possible to repair the cooling 

system of the hexapole magnet and as a consequence the plasma chamber 
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heater was destroyed. This shutdown was used for major modifications of 

the source. 

Motivated by the good experiences of the Berkeley Group (1), a 

smaller gradient of the hexapolar magnetic field is now used, allowing an 

increase in the diameter of the main plasma chamber from 80 to 125 mm. The 

microwave power is split and transmitted separately to the first and 

second stages. Figure 1 shows the new design of LISKA. The source was in 

operation again in March 86 but some debugging is still necessary. The 

heating of the plasma chamber has to be completed and optimized, which 

will be carried out in the following months. 

LISKA II r7,5 GHz microwavewindow ---------, 

r----4!4--1 _g 
2nd stage plasma 

hexapole 

T 
~ 
0 5 10 cm 

.4 

.3 

.2 

Fig. 1: 

The new design of the 

ECR-source for Li+++ ions 

+on leave from TRIUMF, Vancouver, Canada, April-Sept. 86 

(1) C.W. Lyneis, Proc. of the 6th Int. Workshop on ECR-ION-SOURCES 

Berkeley 1985, p. 51 
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AN ECR ION SOURCE WITH A HIGH IONIZATION EFFICIENCY 

V. Bechtold and S.A. Sheikh 

The most important requirement of an ion source used for the purification 

of accelerator-produced radioisotopes is the ionization efficiency. As the 

amounts of radioisotopes produced are extremely small (nano- to micro­

gramme range) the ionization efficiency governs the economical feasability 

of the purification process. A high ionization efficiency also prevents 

the accumulation of long-lived isotopes in the system, which is important 

as far as the radiation protection aspects are concerned. 

An efficient., medium-temperature ( s 1000°C) ECR ion source has been 

developed in Karlsruhe for the production of radioactive beams of volatile 

elements. Although still in a prototype state it has demonstrated the 

application of an ECR ion source in an isotope separater, with an emphasis 

on high ionization efficiency. 

The first possible application of the ECR ion source is in the nuclear 

medical field and involves the purification of I-123 (13.2 h) from its 

possible contaminants I-124 (4.2 d) and I-125 (60.14 d). For the latter 

case the radioxenon precursors are separated. The secend possibility is 

the production of Be-7 ions for implantation into modern materials such as 

ceramies for wear analysis. The third possible application involves the 

on-line production of radioactive beams of volatile elements for nuclear 

astrophysics. With these applications in mind the ionization efficiencies 

of Xe, C, N, 0 and Ne have been measured using the prototype ECR ion 

source. 

The Karlsruhe prototype ECR ion source for radioactive beams is a 

single-stage, multiple-mirrer machine operating in the continuous mode at 

a microwave frequency of 6.4 GHz, corresponding to resonance at a magnetic 

field of 0.229 T. The minimum-B field configuration is created by the 

superposition of an axial mirror field and a radial hexapole feld. Two 

sets of four double-helix water-cooled copper solenoid coils induce the 

axial mirror field, while the radial hexapole field is established by 

means of a compact assembly of samarium cobalt permanent magnets. Plasma 

generation in the inner quartz tube is achieved by radially injecting the 

microwaves into the multimode cavity through an open-ended waveguide 

positioned between the hexapole bars. 

For the measurements of ionization efficiencies it is very important 

to know the flow rate of the test gas into the ion source with a high 

enough accuracy. This was achieved by the use of commercially-available 

calibrated gas leaks, which provide reliable sources of low leak rates of 
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specific gases with an accuracy better than ± 10 %. With the flow rate of 

the test gas known, the determination of the ionization efficiencies was 

carried out by measuring the extracted and separated current of the test 

gas ions using a Faraday cup biased for secondary electron emission. The 

ionization efficiencies were measured as functions of microwave powetr and 

support gas flow rate. The support gas used was hydrogen because of the 

high ionization efficiency measured for natural xenon (1). The hydrogen 

was introduced via a palladium valve in order to filter out air for the 

nitrogen and oxygen measurements. Additionally a correction factor due to 

the rest gas and desorption from the quartz surface was determined for 

both nitrogen and oxygen. This was carried out by isolating the calibrated 

leak from the ion source and measuring the remaining current. The ion 

source was tuned by optimizing all the adjustable parameters to obtain the 

maximum ionization efficiency of the test gas. 

Table 1 summarizes the maximum ionization efficiencies of q = 1+, 2+ 

and 3+ ions and compares them with those of ,other on-line sources. 

Element 

Carbon 1+ 
(CO) 2+ 

3+ 

Nitrogen 1+ 
2+ 
3+ 

Oxygen 1+ 
2+ 
3+ 

Neon 1+ 
2+ 
3+ 

Xenon 1+ 
2+ 
3+ 

Ionization efficiency 

Karlsruhe ECR 
ion source 

10.0 % 
0.7 % 
0.01 % 

26.0 % 
1.7 % 
0.03 % 

53.0 % 
3.5 % 
0. 1 % 

30.0 % 
1.5 % 
0.05 % 

80.0 % 
11.0 % 

1.0 % 

On-line 
ion source 

0.23 % (2) 

0.01 % (2) 

1.0 % (2) 

48.0 % 

Table 1: Summary of measured ionization efficience 
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It has been shown that an ECR ion source has much higher ionization 

efficiencies than conventional ion sources for both light ions as well as 

for heavy ions such as natural xenon. The Karlsruhe ECR ion source is in 

addition well-suited for use in isotope separators due to the absence of 

electrodes, which results in no wear and corrosion, and therefore no 

maintenance, and a long lifetime. 

(1) V. Bechtold and S.A. Sheikh, p. 110, Proceedings of the Radioactive 
Beams Workshop, Vancouver, Canada 1985 

(2) H.L. Ravn et al., p. 94, Proceedings of the Radioactive Beams 
Workshop, Vancouver, Canada 1985 

(3) R. Kirchner et al., Nuclear Meth. and Instr. 186 (1981) 295-305 

6.3. 5 STATUS OF THE ELECTRON COOLING DEVICE UNDER CONSTRUCTION AT CERN 
+ ++ . ++ 

P.F. Dittner , C. Habfast, H. Haseroth , C.E. H1ll , H. Poth, 

B. Seligmann, J.-V. Vallet++, A. Wolf++ 

The LEAR electron cooler entered into the final phase of the development before 

it is installed in LEAR in spring 1987. The earlier stages of the development 
1) 

were described in previous reports . In the past year (Juli 85 - June 86) the 

following work was done: 

generation of the first electron beam in the conditioned vacuum system within 

the full energy range up to 40 keV, 

- determination of operation parameters and establishment of scaling laws; 

optimization of performance, 

measurement of the vacuum pressure in the presence of the electron beam under 

various conditions, 

- improvement of the pumping speed by installation of specific vacuum pumps, 

- set-up of microwave detection system and measurement of microwave spectrum 

emitted from the electrons. 

In Fig. 1 the actual status of the electron cooler is shown. In particular 

the microwave antenna in the cooling section and the new pumps at the collector 

can be seen. A major part of the vacuum mesurements are summarized in
2
). The 

major achievements are: 

- lowest vacuum with cold cathode: 3.5-1o- 12 
Torr 

- lowest vacuum with 3 keV beam: 1.0·1o-11 
Torr 

- lowest vacuum with 26 keV beam: 9.0·1o- 11 
Torr 

The e lectron cooler had been under operation for many hours and was 
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trimmed to an easy and realiable handling. In particular beam studies were made 

in order to decrease the electrori lasses, which yielded the lowest electron lass 
-4 

of 6 ·10 of primary electron beam. 

The synchrotron radiation emitted by the electrons spiraling in the 

longitudinal magnetic field allows to determine the transverse electron temper­

ature non-destructively. It is therefore an important means of diagnostics for 

the electron beam. The low transverse temperature of the electron beam makes the 

measurement of the microwave radiation difficul t. Owing to the overall noise 

temperature of 900°K for the entire one octave receiver, we obtained for the first 

time a detailed spectrum. It is !3hown in the upper part of F ig. 2 can be re­

produced quantitatively with a model based on the coupling of the electron 

oscillator to a microwave cavity which is the vacuum tube. This calculated 

spectrum is shown in the lower part of Fig. 2. The evaluation leads to a trans­

verse temperature of the electron beam of 1.6 ± 0.8 eV which is probably so high, 

because at the time of the measurement the electron beam guiding system was not 

fully optimized yet. 

In view of the upgrading of the LEAR electron cooler to 100 keV as 

required for a LEAR experiment we have designed a set-up which serves to test 

different components (e.g. collectors) of future coolers. In particular we will 

test a new high valtage concept for cooling devices
4

). This set-up is constructed 

within a collaboration between groups of the KfK, the KfA, GSI Darmstadt and MPI 

Heidelberg and will also be used to study aspects relevant for cooler projects in 

these institutions. 

(1) H. Budig, M. Girardini, C. Habfast, H. Haseroth, C.E. Hill, L. Hütten, 
H. Poth, B. Seligmann, J.-L. Vallet, A. Wolf, Electron Cooling at LEAR, 
Annual Report, KfK 3969(1985)193 
A. Wolf, Dissertation, Universität Karlsruhe, 1986, KfK 4023 

(2) C. Habfast, M. Girardini, L. Hütten, H. Poth, A. Poncet, B. Seligmann, 
A. Wolf, Das Ultrahochvakuumsystem des Elektronenkühlers für LEAR, 
Vakuum-Technik 7(1985)195 

(3) C. Habfast, H. Poth, B. Seligmann, A. Wolf, Mikrowellendiagnose eines 
relativistischen Elektronenstrahls, DPG-Tagung für Plasmaphysik, 
11.-14.3.1986, Stuttgart 

(4) C. Habfast, H. Poth, B. Seligmann, A. Wolf, An alternative concept for 
high-valtage systems used in electron cooling, Nucl. Instr. Methods in 
Phys. Research A248(1986)562 

+ Visitor from Oak Ridge National Labaratory 
++ CERN, Geneva, Switzerland 
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6.3.6 GENERAL ISSUES FOR THE DESIGN OF LATTICES FOR EHF 

P. Blüm 

The conceptual design of the European Hadron Facility (EHF) has been developed 

and described
1
). The design objectives (30 GeV maximum energy, 100]..lA average 

current, 100% duty cycle or fast extraction, and acceleration of polarized 

protons) are given by the need of a \'lide faceted research program in Medium 

Energy and Modern Nuclear Physics. 
14 

The projected beam intensity of 10011A average current (6.24 ·10 protons 

per sec) is almost two orders of magnitude higher than that of the AGS or 

CERN-PS, and requires special attention on beam stability and minimal beam 

'lasses. These considerations leads to several, fundamental design cri teria for 

the lattices: 

Crossing of transition should be avoided. Though the crossing of transition 

energy is considered to be a standard procedure in existing synchrotrons we 

believe that in presence of space charge transition crossing may be a source of 

considerable particle losses. Several methods can be used to avoid transition 

crossing: 

Transition can be below injection or above extraction. 

The lattice can have imaginary transition energy. 

eh h . . 1 f . bl . 2 ) oose t e pr~nc~p e o var~a e opt~cs • 

Transverse space charge effects should be accomodated. Magnet apertures have to 

be large enough to account for tails and nonlinear effects in the particle 

distributions. 

Coupling between horizontal and vertical betatron motion should be avoided. 

Coupling between radial and longitudinal motion should likewise be avoided. Due 

to the high repetition rates high accelerating voltages are needed which may lead 

to large synchrotron oscillations. Thus-coupling resonances may be excited, if 

the rf-cavities are not located at places with zero or small dispersion. 

A further constraint for the lattice design is given by the requirement, 

that this new facility should be able to preserve polarization during accelera­

tion up tothe maximum energy. Therefore one has to consider depolarizing resonan­

ces, which occur whenever the precession frequency of the spin f = G • 'Y coin-
p 

cides with a disturbing magnetic field. G = 1.7928 is the anomalaus gyromagnetic 

ratio of the proton. The expected depolarization during the passage through an 

intrinsic resonance driven by special harmonics in the betatron motion (f 
p 

kS±Q ) or an imperfection resonance driven by special harmonics in the closed or­

bit ~isto~t±on (f = k), is given by the Froissart-Stora formula
3

): 
p 
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which however is only valid for isolated resonances. The quantity E represents 
p 

the strength of a resonance and has been evaluated with help of the computer 

program DEPOL
4
). ~ gives the crossing speed of the resonance and is: 

~ = ( G • I:."( ± L'.Q)2n 

I:."( is the energy gain per turn. In the case of instrinsic resonances I:.Q describes 

the tune shift per turn due to pulsed quadrupoles. For imperfection resonances I:.Q 

is omitted. We have the choice of different methods to preserve polarization up 

to 30 GeV: 

Choose the periodicity of the lattice such high, that the first intrinsic 

resonance occurs above maximum energy. Imperfection resonances can be corrected 

with careful alignment of the elements. 

A high lattice periodicity leads to few resonances only, which may be crossed 

with fast Q-jumps or adiabatically spin flips. Both methods were already used at 

Saturne5 ) and AGS 6 ). 

For lattices with few resonances one may spin match the lattice by careful 

spacing of the magnets in order to reduce the strength of the resonance. One may 

even achieve this spin transparency with help of a set of slowly varying quadru­

poles correcting the harmonic of the betatron motion during the passage of the 

resonance. 

In lattices of low periodicity with lang, dispersionfree straights one or more 

Siberian snakes 7 ) may be installed. 

Starting ~1ith these considerations lattices of the Booster and the Main 

Ring have been designed and are summarized in the study report 1). 

(1) Feasibility Study for a European Hadron Facility EHF-86-33 
(2) B. Franczak, LA-10260-MS 
(3) M. Froissart, R. Stora, Nucl. Inst~.& Meth. NIM 7(1960)297 
(4) E. Courant, Amer. Inst. of Phys. Conf. Proc. 42(1977)94 
(5) E. Grorud et al., Amer. Inst. of Phys. Conf. Proc. 95(1982)407 
(6) L. Ratner et al., IEEE Trans. on Nucl. Sei. NS-32(1985)1656 
(7) E. Courant, Amer. Inst. of Phys. Conf. Proc:. 95(1982)388 
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6.4 APPLICATIONS 

6.4.1 APPLICATION OF PROTON-INDUCED X-RAY EMISSION (PIXE) TOTHEDETERMINATION 

OF TRACE ELEMENTS IN BIOLOGICAL SAMPLES 
C S . k + D H k ' d + + ' ++ • ple er , . ec , W. Z1 ek , T. Stratmann , D.P. v. Bassew1tz , 

+ + H. Vetter and H. Zurnkley , (1) 

Charged particle reactions are used in the Karlsruhe nuclear microprobe for the 

analysis of light elements in organic tissue. In this method (PIXE) a well-focuss­

ed ion beam is directed at the sample under investigation. The secondary radiation 

induced by the ion impact gives the information on the elemental composition of 

the target mass. In this study, samples from lumbar aorta, renal artery, rat heart 

muscle and human heart muscle were examined. The results demoostrate that PIXE 

yields a good insight into the spatial distribution of trace elements in tissue. 

The spatial resolution of this technique is limited to about 4 ~m. Further deve­

lopments will be necessary to achieve a resolution sufficient for analysing sub­

cellular components. 

(1) ditto, Trace Elements in Medicine 3 (1986) 87-89 

+ Medizinische Universitäts-Poliklinik, Münster 
++ Pathologisches Institut der Universität Münster 

6.4.2 PROTON MICROBEAM STUDY OF CALCIUM-PHOSPHATE COMPLEXES IN HUMAN ARTERIES 
. '+ ++ . ++ A k . ++ T. C1chock1 , D. Heck, L. Jarczyk , E. Rok1ta , • Strzal owsk1 , 

+ M. Sych , ( 1) 

The proton microprobe was used for the determination of the elemental composition 

of Ca-P deposits in 3 types of human arteries (abdominal aorta, coronary artery, 

circle of Willis). The PIXE and RBS techniques were used for elemental analyses 

and the distribution of concentrations of the element C, N, O, P, S, Cl, K, Ca, 

Fe, Cu, Zn, Br, Se and Pb was measured. The chemical structure of the Ca-P de­

posits as well as the role of certain elements in the calcification process were 

considered. The comparison between different investigated arteries was also made. 

(1) ditto, Nucl. Instr. Meth. in Phys. Res. B (1986) (in print) 

+ Adademy of Medicine, Kopernika 7, Pl-31034 Krakow, Poland 
++ Institute of Physics, Jagellonian University, Reymonta 4, Pl-30059 Krakow, 

Po land 
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6.4.3 ELEMENTAL COMPOSITION IN OCULAR TISSUE OF RAT 

T C. h .+ ++ . ++ .++ • Lc ockL , D. Heck, L. Jarczyk , E. RokLta , A. StrzalkowskL , 
+ M, Sych , (1) 

Proton microprobe and proton induced X-ray emission (PIXE) methods were used for 

examination of the elemental composition of rat eyes. The concentrations of the 

elementsCl, K, Ca, Cr, Fe, Zn, Brand Rb were determined in the different ocular 

tissue structures. The observed differences in the elemental composition of dif­

ferent layers were correlated with known physiological facts. The applicability 

of the micro-PIXE for the investigation of the ocular tissue is also considered. 

(1) ditto, Experimental Eye Research (in print) 

+ Academy of Medicine, Kopernica 7, Pl-31034 Krakow, Poland 
++ Institute of Physics, Jagellonian University, Reymonta 4, Pl-30059 Krakow, 

Po land 

6.4.4 Ca2+ ANALYSIS IN ARTERIES OF SPONTENEOUSLY HYPERTENSIVE RATS BY PROTON­

INDUCED X-RAY EMISSION 

C . + . + d + (1) • SpLeker , D. Heck, W. ZLdek , an H. Vetter , 
2+ Numerous investigations have shown that Ca plays an important role in the patho-

genesis of hypertension. Intracellular Ca2+ measurements have been carried out 

with Ca2+-selective electrodes and the Quin 2 method. The present study used par­

ticle induced X-ray emission to investigate the Ca 2+ distribution in arterial 

smooth muscle. This method correlates ca2+ distribution with the morphological 
2+ structure of the tissue. The Ca content of the aortas and renal arteries was 

measured in 22 spontaneously hypertensive and 11 normotensive rats. 

The findings demonstrate significant ca2+ elevation in the aortas of spon­

taneously hypentensive rats compared with the aortas of normotensive rats (3124.9 
2+ 

+ 790.0 versus 2031 + 478 ~g Ca /g; P < 0.05), whereas there was only a tendency 
- c 2+ 1 . . - 1 . 1 h . to a e evatLon Ln the rena arterLes of spontaneaus y ypertensLve rats com-

pared with normotensive rats (3336.0 + 1798.0 versus 1533.2 + 1082.0 ~g ca2+/g; 

NS). The Ca2+ was mainly detected in ~he muscle containing t:nica media. 

(1) 

+ 

ditto, Journal of Hypertension 1985, 3 (suppl 3):S53-S55 

Medizinische Universitäts-Poliklinik, D-4400 Münster 
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6.4.5 TRAGE ELEMENT DISTRIBUTIONS IN HUMAN LIVERS DETERMINED WITH MICRO-PIXE 

D H k A 0 h + A 1 ++ ++ ' ++ ( • ec, . c s, . K empnow , C. Kratt , K.P. Ma1.er , 1) 

Most trace element (TE) determination methods show no pronounced spatial resolu­

tions of the sample. Therefore the TE concentrations of liver tissue determined 

with such methods can only be correlated with gross structures, while the detail­

ed architecture of the liver lobules (typical size 1 mm) is averaged out. Micro­

scopic determination with the electron microprobe suffers from a low elemental 

sensitivity. We ~se the method of proton induced X-ray emission (PIXE) with micro­

focussing. A beam of 3 MeV protons is tiny focussed (diameter 3 ~m) onto the liver 

samples, which are prepared as cryo-microtome cuts. In the point of impact (~ 25 pg 

mass) this beam produces characteristic X-rays. By sweeping the proton beam across 

the sample the distributions of all TE with Z > 13 and concentrations above some 

~g/g are determined simultaneously. Out of 40 investigated human biopsy samples 

the healthy ones reflect rather homogeneaus distributions of Fe, Cu and Zn. The 

average Br-content of hepatocytes amounts to ~ 5 /Jg/g DW (dry weight) in cantrast 

with the local enhancements up to 50 ~g/g DW at the fibrotic boundary between the 

lobules. We observe a similarly enlarged Br-concentration in the fields of histo­

logical inactive and scarred areas of fibrosis 1.n 3 samples of liver cirrhosis 

(alcohol-toxic and primary biliary cirrhosis). In these cirrhotic livers within 

the areas of blooming fibrotic degeneracy we find a strictly localized enhance­

ment of the Cu-concentration up to 1500 ~g/g DW which must be compared with the 

normal Cu-concentration of 30 /Jg/g DW. 

These results demonstrate that with the micro-PIXE method the TE distribu­

tions in the micro range can be determined to give hints onto the enzymatic reac­

tions; by macroscopic TE determinations these detailed structures are averaged 

out. 

(1) ditto, Trace Element Analytical Chemistry in Medicine and Biology, Vol. 4 
(P.Brätter, P. Schramel ed; Walter de Gruyter, Berlin, 1986) (in print) 

+ Medizinische Universitätsklinik, 7800 Freiburg 
++ Städtische Krankenanstalten, 7300 Esslingen 

6.4.6 LOCALIZED CHANGES OF TRACE ELEMENT GONCENTRATION WITHIN DISEASED HUMAN 

LIVER LOBULES 
+ ++ . ++ +++ ( ) D. Heck, A. Ochs , A. Klempnow K.P. Ma1.er , C. Kratt , 1 

The Karlsruhe ion microprobe was used in the investigation of healthy and cirrho­

ticly diseased human liver samples. Target preparation and irradiation is des­

cribed. The PIXE spectra above 4 keV are dominated by the trace elements Fe, Cu, 

Zn, and Br. These elements are distributed rather homogeneously in healthy livers. 

Their concentration levels fluctuate from patient to patient by factors up to 10. 



-207-

For cirrhotic livers we tried to elaborate typical trace element patterns. A lo­

cally increased Cu content indicates onto inflammatory activity, while fibroticly 

scarred tissues show a markedly higher Br concentration. Fe concentrations up to 

some per cent are found in granular deposits within the parenchyma of hemochroma­

totic livers. 

(1) ditto, Nucl. Instr. Meth. in Phys. Res. B (1986) (in print) 

+ Medizinische Universitätsklinik, 7800 Freiburg 
++ Medizinische Klinik, Fachbereich Gastroenterologie, Städtische Kranken­

anstalten, 7300 Esslingen 
+++ Institut für Pathologie 9 Städtische Krankenanstalten, 7300 Esslingen. 

6.4.7 MEASUREMENT OF REGIONAL PERFUSION OF THE MYOCARD BY RECORDING THE DISTRI­

BUTION OF 81 Rb-81~r WITH A SPECT-SYSTEM 

E Ob h + A H A S ' + "11 ++ ' + • er ausen , • anser, • te~nsträßer , M. Mu er , E.L. Schm~dt , 

and R. Berberich+, (1) 

The activity ratio of 
81

Rb and its short living daughter product 81~r meets the 

requirements for the direct measurement of the perfusion of organs. Because of the 

short half life of 
81~r the deviation from radioactive equilibrium is only 25 % 

at a perfusion rate of 100. ml/min x 100 g. The pure 81 Rb needed for such measure­

ments is produced by means of electromagnetic isotope separation. 

We use a SPECT-system with simultaneaus recording in the two energy windows 

of 
81

Rb and 
81 ~r. As the tomograms are without Superposition of other tissues the 

possibilities of the 81 Rb - 81~r can be fully utilized. In the examination of 106 

patients we have found that with the Rb-Kr-tomograms, recorded at rest, we are ab­

le to differentiate between sites of infarction and regions of ischemia. All exa­

minations have been compaired with coronary angiography and a part of them also 

with 
201

Tl scintigraphy. The method can also be used for objectivation of coronar 

dilatation and bypass-surgery. 

(1) ditto, Radioaktive Isotope in Klinik und Forschung, 17. Band, R. Höferund 
H. Bergmann (Herausg.), Egermann-Verlag, Wien (1986) s. 233 

+ Radiologische Universitätsklinik Homburg/Saar, Abt. Nuklearmedizin 
++ Medizinische Universitätsklinik Homburg/Saar, Innere Medizin III 

6.4.8 EVALUATION OF SEVERE CORONARY ARTERY STENOSES USING TOMOGRAPHie 81 Rb 81~r 
MYOCARDIAL IMAGES 

+ ++ ++ . ++ M. Müller , E. Oberhausen , H.P. Stoll , E.L. Schm~dt , A. Hanser und 
+ W. Vogel , (1) 

81
Rb scintigrams at rest, 201 Tl scintigrams after exercise, and coronary angio­

graphy were performed in 28 patients with 1 - 3 vessel diseas.es. All myocardial 
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infarctions were recognized with both scintigraphic methods (7 x posterolateral wall, 

8 x inferiorWalland 7 x anterior wall). In the inferiorwalland posterolateral 

wall 6 
201

Tl- and 5 
81

Rb defects were.detected without any support of infarction. 

In 13 regions distal to > 75 % diameter stenoses 5 irreversible and 8 reversible 
201Tl d efects corresponding to the absence or presence of redistribution in a 3-hour 

delayed image were detected. In 12 of these 13 regions the ratio of 81~r f 81 Rb was 

increased. 8 completely occluded vessels showed 2 reversible and 3 irreversible 
201

Tl defects and 5 increased ratios of 81 1I\(r I 81 Rb. 10 vessels with 50 - 75 % ste­

noses showed 4 reversible and 1 irreversible 201 Tl defect and 3 increased ratios of 
81m.. I 81 . . 201 

Kr Rb. In 7 vessels w~thout detect~on on stenoses 4 reversible Tl defects 

d 4 · d . 81m.. I 81 an ~ncrease rat1os of Kr Rb were proved. The results indicate the possi-

bility to detect high grade coronary stenoses using 81 Rb-scintigrams recorded at 

rest, and they indicate the superiority of 81 Rb imaging in separating resting hypo­

perfusion from myocardial scar. 

(1) ditto, Herz/Kreislauf~ (1986) 128 

+ Medizinische Universitätsklinik Homburg/Saar, Innere Medizin III 
++ Radiologische Universitätsklinik Homburg/Saar, Abt. Nuklearmedizin 

6.4.9 PERFORMANCE OF PLUTONIUM ISOTOPIC ANALYSIS BY GAMMA SPECTROMETRY IN 

REPROCESSING PRODUCT SOLUTIONS 

H. Eberle, H. Ottmar 

The KfK K-Edge Densitometer provides as an additional option the possibility to 

determine the isotopic composition of plutonium from the spectrometry of the ~so­

tope-specific gamma self-radiation (1). The measurement data produced so far have 

been examined for an assessment of the actual measurement performance from routi­

ne instrument operation. 

A handicap of the gamma-spectrometric analysis is the lack of a gamma-ray 

. h . 242 h' h f h' h b . d f s1gnature from t e ~sotope Pu, w ~c or t ~s reason · as to e est1mate rom 

an isotopic correlation with the measurable isotopes. A generallyvalid and ac-
. . . 242 . b h 1 curate 1sotop1c correlat~on for Pu, however, does not ex1st, ecause t e p u-

tonium isotopic composition is known to be reactor dependent. For plutonium gener-

d . 242 d . d f h 1 ate ~n standard power reactors the Pu abun ance est~mate rom t e present y 

used correlation may have a systematic error of up to 10 %, which in turn then 

also leads to small systematic measurement errors for the remaining isotopes. 

We have therefore modified the software, allowing the input of the correct 
242

Pu abundance in those cases, where this information is available from other 

sources. Table 1 compares 14 isotopic analysis results from gamma spectrometry 

and mass spectrometry for the two situations, where in the gamma analysis 
242

Pu 

once is estimated from the correlation, and once taken as known input. In the 
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latter case the average deviations for the major isotopes 239, 240 and 241 are 

~ 0.2 %, and the observed standard deviations are close to the precision values 
238 expected frorn a 2000 s garnrna counting. The poorer agreernent for Pu rnost pro-

bably arises frorn uncertainties in the reference val11es,which have been deter­

rnined by the less accurate alpha-spectrornetry rnethod. This is supported by the 

observed standard deviation of 4.1 % between two independent alpha-spectrornetric 
238

Pu deterrninations for the set of 14 sarnples. 

Table 

No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 

Mean 
RSD (%) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 

Mean 
RSD (%) 

Measured plutonium isotope abundances, given as ratio of results from 

garnma spectrometry and rnass spectrornetry. 

1. 024 7 
1.0173 
1. 0464 
1 .0252 
1. 0487 
1. 0459 
1 • 0949 
1 • 0312 
1. 0244 
1 • 0290 
1.0290 
1. 0444 
1. 0272 
1 • 044 7 

1 • 0381 
1.86 

1. 0220 
1. 0165 
1 • 0464 
1. 0252 
1. 0500 
1 • 0412 
1 • 0929 
1. 0262 
1 . 0214 
1. 026 7 
1. 0268 
1 • 0420 
1 • 0214 
1. 0388 

1. 0355 
1.89 

242Pu from isotope correlation 

0.9991 
1. 0013 
0.9968' 
1. 0023 
0.9955 
1 .,·0036 
0. 9977 
1 • 0053 
1. 0020 
1. 0005 
1. 0020 
0.9986 
1 • 0001 
1. 0030 

1 • 0006 
0.28 

1 • 0002 
1. 0026 
1 • 0039 
0.9919 
1 • 0014 
1. 0035 
1. 0062 
0.9989 
1 • 0048 
1. 0038 
0.9970 
1. 0001 
1. 0045 
1. 0023 

1. 0015 
0.37 

1. 0068 
0.9922 
1. 0042 
1. 0043 
1. 0002 
1 • 0019 
1 • 0036 
1.0112 
0.9928 
1. 0027 
1. 0061 
1 '005 7 
1.0129 
1.0189 

1. 0045 
0.71 

242 Operator value for Pu as input 

0.9984 
1. 0002 
0.9966 
1. 0022 
0.9971 
0.9996 
0.9955 
1. 0007 
0.9988 
0.9983 
0.9998 
0.9960 
0.9945 
0.9975 

0.9982 
0.22 

0.9995 
1 • 0030 
1. 0037 
0.9918 
1. 0029 
0.9995 
1 • 0039 
0.9944 
1. 0016 
1. 0015 
0.9949 
0.9975 
0.9989 
0.9968 

0.9993 
0.38 

1. 0060 
0.9911 
1. 0040 
1. 0043 
1. 0017 
0.9978 
1. 0014 
1. 0065 
0.9897 
1. 0004 
1. 0039 
1. 0030 
1.0073 
1.0134 

1. 0022 
0.62 

0.9857 
0.9748 
0.9962 
0.9991 
1. 0280 
0.9241 
0.9615 
0.9074 
0.9502 
0.9656 
0.9659 
0.9755 
0.9326 
0.8974 

0.9617 
3.81 

1. 0000 
1. 0000 
1. 0000 
1. 0000 
1. 0000 
1. 0000 
1. 0000 
1.0000 
1.0000 
1. 0000 
1 • 0000 
1. 0000 
1. 0000 
1. 0000 

(1) H. Eberle, H. Ottrnar, P. Matussek, Report JOPAG/04.85-PRG-113, Kernfor­
schungszentrum Karlsruhe (1985). 

(2) Annual Report on Nuclear Physics Activities 1984/85, KfK 3969 (1985), 201. 
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6.4.10 HOW TO SIMPLIFY THE ANALYTIGS FOR INPUT-OUTPUT AGGOUNTABILITY 

MEASUREMENTS IN A REPROGESSING PLANT 

H. Ottmar, H. Eberle, P. Matussek, I. Michel-Piper, (1) 

An analytical approach to high-performance uranium and plutonium accountancy mea­

surements in reprocessing input and output solutions is presented, which provides 

larger operational simplicity than the conventionally applied chemical methods. 

The proposed alternative is based on energy-dispersive absorption edge and fluores­

cence X-ray spectrometry, using the proven and reliable K-edge densitometry tech­

n1que as reference method. Two X-ray densitometers developed for accurate and re­

liable uranium and plutonium analysis in both the feed and product solutions are 

described. Practical experiences and results from their performance evaluation on 

actual process solutions from a reprocessing plant are presented and discussed. 

(1) ditto, KfK-Report 4012 (1986) 

6.4.11 CALIBRATION OF X-RAY DENSITOMETERS FORTHEDETERMINATION OF URANIUM AND 

PLUTONIUM GONGENTRATIONS IN REPROGESSING INPUT AND PRODUCT SOLUTIONS 

H 0 b . . + + . ttmar, H. E erle, I. M1chel-P1per, E. Kuhn , S. Johnson 

Two different instruments for uranium and plutonium analysis in reprocessing solu­

tions, both developed in the KfK Institute for Nuclear Physies, are presently in­

stalled and operated at the European Institute for Transuranium Elements (TUI), 

Karlsruhe: 

1. A K-Edge densitometer for the precise determination of uranium and plutonium 

elemental concentrations in reprocessing product solutions from a measurement 

of the energy-differential X-ray transmittance at the K-absorption edge ('K­

edge densitometry'). 

2. A Hybrid K-edge / K-XRF X-ray densitometer for uranium and plutonium elemental 

analysis in highly radioactive reprocessing input solutions, which incorporates 

the techniques of K-edge densitometry and X-ray fluorescence analysis (1). 

For aecurate measurements both instruments need to be calibrated with suit­

able reference solutions. A calibration of the K-edge densitometer for quantita­

tive plutonium analysis has been carried out-in 1983. Due to the observed high 

long-term stability of the instrument of better than 0.2 %,this calibration is 

still valid in 1986. A second calibration exercise, which included the calibra­

tion of the K-edge densitometer for uranium analysis and the initial calibration 

of the Hybrid Instrument for uranium and plutonium analysis in the reprocessing 

input solutions, has been undertaken in 1985 (2). Different sets of reference so­

lutions have been characterized independently at 3 analytical laboratories (3). 

The calibration for uranium measurements from K-edge densitometry in both 
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instruments involves, according to the known densitometry equation 

U(g/9.) 1000 ' 

the determination of the quantity ö~ = ~(E )-~(E ). It represents the difference 
u 9, 

of the effective total mass attenuation coefficients (in units of cm2·g-1) of 

uranium at the energies E9, and Eu below and above the absorption edge, where the 

ratio of X-ray transmittance R = T(E9.)/T(Eu) across the K-edge is experimentally 

measured. Dis the length (in cm) of the densitometry cel~which is known with a 

relative accuracy of + 0.01 %. 

With the same method of spectrum analysis the derived c,alibration con­

stants ö~ for the two different instruments agreed within 0.07 %. We can there­

fore conclude that the K-edge densitometry calibration appears to be instrument­

invariant for highly collimated systems. 

The calibration of the XRF measurement in the Hybrid Instrument is simpli­

fied by the fact that in the present case this method is only used for a U/Pu ra­

tio measurement. The calibration thus involves the determination of a calibration 

factor R(U,Pu), which converts the measured peak ratio of the uranium and pluto­

nium Ka 1 X-rays into the corresponding element ratio. The calibration factor 

R(U,Pu) is physically described by the ratio of excitation probabilities for the 

emission of Ka 1 X-rays from uranium and plutonium in the interrogation X-ray beam. 

It is not a single calibration constant, but depends slightly on the total ele­

ment concentration in the sample. This is because the interrogating X-ray beam, 

while passing through the sample, suffers a change of its spectral distribution 

in the sense that the beam will be slightly hardened. As a result the excitation 

probability for emission of plutonium K X-rays will slightly increase relative to 

that for uranium with increasing total heavy element concentration. For the Varia­

tions of the U/Pu ratio reasonably to be expected in dissolver solutions from LWR 

fuels it is sufficient to represent the XRF calibration factor R(U,Pu) just as a 

function of the concentration of the major heavy element uranium as shown in 

Fig. 1. The dependence on the uranium concentration is relatively weak, changing 

R(U,Pu) by only about 2 % over the concentration range from 100 to 300 g U/9-. Va­

riations of the matrix density and composition have a negligible influence on 

R(U,Pu) as verified from calculations. 

The calibration factor derived from the calibration measurements agreed 

within 1.3% with that calculated from published data on photon cross-sections 

and spectral distributions of industrial X-ray units. The calculated calibration 

factor is also shown in Fig. 1. 
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H. Ottmar, H. Eberle, Annual Report 1984/85, KfK 3969 (1985) 203. 
H. Ottmar, H •. Eberle, I. Michel-Piper, E. Kuhn, S. Johnson, Report JOPAG/ 
11.85-PRG-123, Kernforschungszentrum Karlsruhe (1985). 
E. Kuhn, S. Johnson, L. Koch, H. Ottmar, B. Stojanik, Report JOPAG/10.85-
PRG-118, Kernforschungszentrum Karlsruhe (1985). 

International Atomic Energy Agency, Vienna, Austria. 

6.4.12 PERFORMANCE EVALUATION OF AN X-RAY SPECTROMETER FOR URANIUM AND PLUTONIUM 

ELEMENTAL ANALYSIS IN DISSOLVED SPENT NUCLEAR FUELS 

H. Ottmar, H. Eberle, L. Koch + 

The performance of the previously described X-ray spectrometer for elemental ana­

lysis of uranium and plutonium in dissolver solutions from spent nuclear fuels (1) 

has been evaluated from measurements on real process solutions. The dissolver so­

lutions received for analysis from the Karlsruhe Reprocessing Plant (WAK) arise 

from recent reprocessing campaigns of this plant on spent fuels from two different 

pressurized water reactors. The burnup values of the respective fuels were typical­

ly within the range of 30 to 35 GWd/tU, giving U/Pu ratios of about 100 to 150. 

The cooling time was about 3 years, resulting in total ß, y- activities of between 

4•10 12 and 7•10 12Bq/l in the dissolver solutions. 

The X-ray spectrometer determines the major element uranium from the dif­

ferential X-ray transmittance at the K-absorption edge of uranium, while the 

minor element plutonium is obtained from a simultaneous analysis of fluoresced 

K X-rays. The results have been compared with those obtained from the convention­

al technique of isotope dilution mass-spectrometry (IDMS). The IDMS analyses were 
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performed by the European Institute for Transuranium Elements. 

Table 1 lists for a set of 15 samples the percentage differences between 

results from the X-ray measurements ('nondestructive assayi = NDA) and from the 

IDMS analyses ('destructive assay' =DA). The uranium and plutonium concentra­

tions, and the corresponding U/Pu ratios, were determined from truly parallel 

analyses of the same sample. The IDMS analyses were clone twice on two aliquots, 

and the X-ray measurements include 3 repeat runs of 1000 s counting time each. 

The reproducibility of the U and Pu determination from the NDA and DA measure­

ments are given in Table 2 for the given set of 15 samples. The errors of the x~ 

ray measurements are dominated by counting statistics. For the total counting 

time of about 1 h the standard errors (o/n, n=3) reduce to 0.12% for U and to 

0.48 % for Pu. 

The mean differences of -0.3 % between the compared NDA and DA results 

(Table 1) for both uranium and plutonium are statistically not significant at the 

obtained standard deviations of 0.7 %. For plutonium a scatter of 0.7% in the 

compared data is within the expected combined uncertainties of the NDA and DA 

measurements. However, one would have expected a somewhat better precision for 

the uranium results, because both in the X-ray measurements and in the IDMS ana­

lyses the measurement precision is significantly better for uranium than for plu­

tonium (see Table 2). 

Table 1: Percentage differences between NDA and DA results for the U and 

Pu concentration and for the U/Pu ratio. 

8ample u Pu U/Pu No. 

1 -1.75 -1.51 -0.24 
2 -0.44 -0.07 -0.36 
3 0. 12 -0.13 0.26 
4 0.18 -0.54 0.87 
5 -0.47 -0.55 0.09 
6 -0.58 -0.87 0.29 
7 0. 11 -0.19 0.30 
8 0.73 0.67 0.06 
9 0.32 -0.19 0.51 

10 0.00 0.59 -0.59 
11 -0.22 0.41 -0.63 
12 -0.88 0.00 -0.85 
13 0.53 -0.06 0.59 
14 -1.26 -0.52 -0.77 
15 -·1.06 1.77 0. 72 

Mean 
Diff. (%) -0.31 -0.32 0.02 
S.D. (%) 0.70 0.69 0.56 
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Table 2: Reproducibility (%) of U and Pu determination from 2 repeat IDMS 

analyses and 3 repeat K-Edge/K-XRF measurements (counting time 1000 s). 

Input IDMS K-Edge/K-XRF 
Sample u Pu u Pu 

1 * 0.45 0.13 0.48 
2 0.1 0.2 o. 19 0.28 
3 0.4 0.2 0.32 1.69 
4 0.06 0.5 0.02 0.88 
5 0.3 1.2 0.44 0.95 
6 0. 1 0.3 0.23 0.87 
7 0. 1 * 0.28 1.15 
0 0.0 0.6 0.31 0.50 0 

9 0.1 0.2 0.34 0.40 
10 0.2 0. 1 0.07 0.96 
11 0.2 0.05 0.26 0.26 
12 0.5 0.4 0.14 1.26 
13 0.02 0.7 0. 12 1.23 
14 0.04 * 0. 17 0.46 
15 0.3 0.5 0.02 1. 29 

Mean 0. 17 0.42 0.20 0.84 

* Only 1 aliquot analysed 

Very good agreement between NDA and DA has been so far obtained from all 

available results for the U/Pu ratio. For the present data set the rnean differ-

ence is 0.02 % with a standard deviation of 0.56 %. When averaging over all avail-

able experimental data, a standard deviation of about 0.8 % is observed as a re­

presentative value for the compared U/Pu ratios from NDA and DA. This is well 

within the range of expectation. 

(1) H. Ottmar, H. Eberle, Annual Report 1984/85, KfK 3969 (1985) 203. 

+ European Institute for Transuranium Elements, Karlsruhe 

6.4.13 KFKPU- A COMPUTER PROGRAM FOR THE EVALUATION OF THE PLUTONIUM ISOTOPIC 

COMPOSITION FROM GAMMA SPECTRA 

P. Matussek 

The non-destructive determination of the plutonium isotopic composition by means 

of high-resolution gamma-ray spectrometry is being widely used for the characteri­

zation of plutonium bearing materials in the nuclear fuel cycle. However, due to 

the complexity of the rneasured gamma spectra sophisticated data evaluation tech~ 

niques are required in order to arrive at accurate results. Especially the deter­

mination of the 240Pu content may present problems because of strong interferences 

of the characteristic 240Pu gamma radiation with gamma lines emitted from other 
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isotopes, thus requiring complex unfolding procedures of the gamma-line multi­

plets. Moreover, the sample characteristics of plutonium materials in the nuclear 

fuel cycle may differ significantly with respect to parameters such as size, geo­

metry, matrix, canning, age, burn-up etc. This may necessitate different approaches 

for the counting equipment used (detectors) and for the selection of the spectral 

range to be analyzed if the highest possible accuracy for a particular measurement 

problern is required. 

Therefore the computerprogram 'KFKPU' has been developed (1) that pro­

vides a high degree of flexibility, and that can easily be tailored to varying 

measurement problems. The data evaluation methodology includes the following prin­
ciple steps: 

- Energy calibration, 

- Determination of the peak-shape parameters using two reference 
gamma lines, 

Subtraction of the background continuum, 

Evaluation of net-peak counting rates using least-squares-fit techniques, 

- Determination of the total counting efficiency as a function of the 
gamma-ray energy, 

Determination of Pu isotope ratios from selected pairs of efficiency­
corrected gamma peaks. 

All relevant evaluation parameters can be selected by the user according to 

his needs: the reference peaks used, the gamma lines and the energy regions of Ln­

terest, the windows for the subtraction of the background continuum, the peaks to 

be included.in the ef~iciency evaluation, the values of the gamma branchings used 

for the determination of the isotope ratios from the peak-area ratios, etc. In ad­

dition to this several options are provided with the program 'KFKPU', as, e.g., al­

ternate peak-shape parametrizations, peak stripping, split background subtraction. 

The flow of the evaluation program and the selection of various options is control­

led by the evaluation parameters and the control parameters, respectively. All pa­

rameters are combined in a parameter list and are stored separately from the code 

portion of the program. This concept allows easy modifications of the evaluation 

program simply by changing the parameter list, thus avoiding the time-consuming 

and error-prone recompilation of the program when changes are required. 

At present the program 'KFKPU' is implemented in a small microprocessor-con­

trolled, NIM based multichannel analyzer system. The parameter list is contained in 

a separate EPROM. Program modifications require the exchange of the parameter EPROM. 

In future assay systems equipped with fast mass storage devices (e.g.,floppy disks) 

various sets of parameter lists can be stored and can be loaded according to the 

particular measurement problem. The program 1KFKPU 1 is considered as a first step 

towards an expert system for gamma-spectrometric plutonium isotope assay. 

(1) P. Matussek, Report JOPAG/04.86-PRG-129, Kernforschungszentrum Karlsruhe 
(1986) 
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6.4.14 INVESTIGATIONS OF X-RAY FLUORESCENCE FOR URANIUM MONITORING IN A 

REPROCESSING PLANT 

I. Michel-Piper, H. Ottmar 

For automated control of the uranium concentration in aquaeous and organ~c waste 

streams of a reprocessing plant the use of in-line instrumentation is highly de­

sirable. The expected uranium concentration in the waste streams of the first 

three extraction cycles considered here typically range from about 10 mg/1 (1 CW 

stream) to about 100 mg/1 (2 DW stream). The plutonium content in the waste 

streams is much lower than the uranium content (by a factor of 10
2 

to 10
6
), so 

that interferences arenot expected. However, one should remark that the neptuni­

um concentration may be in the same order of magnitude as that of uranium in some 
4 

cases. The expected total activity of fission products is in the range of 2x10 

to 2x108 Bq/1. 

Given these boundary conditions the X-ray fluorescence analysis (XRFA) seems 

to be a candidate for solving the measurement problems. Therefore we have investi­

gated the potential of the XRFA as an in-line instrument for monitaring the ura­

nium concentration in particular waste streams of a reprocessing plant. The work 

is restricted to energy-dispersive XRFA. 

Many parameters will influence the performance of an energy-dispersive 

XRFA instrument: 

1. The energy of the observed x~rays 

K-X-Rays at about 100 keV 

L-X-Rays between about 13 to 17 keV 

2. Selection of the excitation radiation 

Radioactive garnrna~ or X-ray sources 

Radiation from suitably filtered X-ray tubes 

thin-anode line emitting tube 
thick-anode emitting bremsstrahlung continuum 

use of secondary X-ray emitters stimulated by garnrna- or X-rays 

3. Selection of the X-ray detector 

High-resolution semiconductor detector operated at liquid-nitragen 
temperature (Si(Li)) 

Semiconductor detector operated with peltier cooling (here stabiliz­
ed at room temperature) 

Scintillation detector or proportional counter. 

Certain selection criteria have to be applied in order to arrive at a suitable 

in-line instrument for monit~ring the uran~um concentration in waste streams: 

- a lower detection limit of below 10 mg U/1 is required 

- the counting time should not exceed about 1000 s per assay 
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the instrument should be simple and ruggedized with low maintenance require­
ments and low Operating costs 

high operating stability is required 

a single type of instrurnent should be used for rneasurements at various waste 
streams. 

10 5 ~-----------------------------------------------------------------, 
COUNTS 

10't 

Streuung 

(Sn-Kal 

Probo:Uron (100 rng/1) 

c) SJ(LJ)- O®tektor (gekOhlt) 
10[~~.-----.-----.------,-----,------.-----.------r~~-.~----,-----~ 

100 200 300 400 500 
CHANNEL 

Fig. 1 Uranium XRFA spectra taken with three different detectors 
a) Xe proportional counter 
b) Si detector operated at room temperature 
c) high-resolution Si(Li) detector operated at liquid nitrogen temperature 

Target: uraniurn solution 100 mg U/1 241 Radiation source: Sn K-X-rays stimulated by a Am source 

Several experiments have been carried out to identify suitable excitation sources 

and detectors. The investigations were concentrated on the uranium L-X-rays be-
241 

cause of their higher sensitivity. Measurernents have been performed with a Am 

source and a thick-anode tungsten X-ray tube as radiation sources, using both the 

direct and secondary excitation mode. The perforrnance study is not yet completed, 

but preliminary results can be given. As an example, Fig. 1 shows the uranium XRFA 

spectra taken with three different detectors. In all three cases the sample was 

an inactive uranium solution with an uranium concentration of 100 mg U/~, and the 

· · d' ' S K X · 1 d by a 241 Am source. The uran;um exc1.tat1.on ra 1.at1.on was n - -rays st1.mu ate L 

X-ray peaks are indicated by hatched areas in the figure. The energy resolution 
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Table 1 Lower detection limits (LDL) of uranium concentrations using different 

detectors 

Lower detection limit 

High-resolution 
Si(Li) 

3 mg U/~ 

Si detector at 
room temperature 

5 mg U/~ 

Xe proportional 
counter 

25 mg U/~ 

and, accordingly, the sensitivity of the detectors show an improvement from top to 

bottom in Fig. 1. The corresponding lower detection limits for the detectors are 

shown in Table 1. The lower detection limit (LDL) is defined here at the 3o level, 

i.e., the LDL is reached if the net counts in the X-ray peak are equal to three 

times the expected statistical error in the background below the peak. Further it 

was assumed that the analyzing system is capable to handle 10.000 events per second, 
6 

and that the counting time is 10 min, resulting in a number of 6 x 10 events ana-
6 

lyzed. Therefore all measurements were normalized to 6 x 10 total counts. In prac-
. . 241 ( ') '11 b . t t t 1 t~cal appl~cations strong Am sources c~ w~ e necessary to arr~ve a a o a 

counting rate of 10.000 cps. in the secondary excitation mode. Table 1 shows that 

with this premise a Si detector operated at room temperature will meet the require­

ments of in-line uranium concentration assays. 

6.4.15 PRODUCTION OF ISOTOPES FOR MEDICAL APPLICATIONS 

K.H. Assmus, S. Augstein, V. Bechtold, H.D. Dennerlein, 

H. Dohrmann, D. Erbe, E. Foßhag, A.Hanser, R. Hüfner, N.Kernert, 

W. Maier, J.W. Peters, H. Ripp, U. Sahm, M. Seidler, 

H. Schweickert, S. Sheikh, S. Uhlemann 

Radioisotopes for applications in nuclear medicine are produced routinely 

at the compact cyclotron (CP42H-). The customers are several 

pharmaceutical companies and research hospitals in Germany. The status of 

the various isotopes is discussed in the following: 

Ultra-pure I-123 

Compared to last year the demand for I-123 has again increased by 20 %. 
This could be fulfilled by taking the new target system into operation, 

which has a production capacity 3 times higher than the old one. 
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This new target system (fig. 1) is characterized by: 

- a high production yield 

- continuous operation 

- microprocessor control 

- remote target-window changer 

- low dose rate to personnel 

A duplicate of the production target system could be sold as a 'push 

button ready system' to a radiopharmaceutical company in Japan. This 

system will be ready for first production runs in Japan in September 86. 

Rb-81/Kr-81m-Generator 

The routine production of generators could be increased by 50 % compared 

to last year. The main production was used for generators for ventilation 

studies in hospital. A third of the generators are delivered for 

subsequent mass-separation in order to produce ultra-pure Rb-81 for IV-in­

jection.Improvements have been made in the application system 'Kryptovent' 

such as simplified handling and reduction of radiation exposure. 

Fig. 1: New I-123 production target with diagnostic system 
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Rb-81/Kr-81m liquid generator 

In FRG there is a certain demand for the application of Kr-81m not only 

for lung ventilation but also for perfusion- and myocardial studies. 

From the pharmaceutical viewpoint the infusion of dissolved Kr into the 

human blood system is more difficult than breathing Kr-contaminated air. 

Therefore at the end of 1984 the development of a modified Rb/Kr generator 

system and a new corresponding application systemwas initiated. 

The application system allows the alternative usage of Kr-81m either 

dissolved in water or added to breathing air. A prototype of the 

application system, controlled by two independently working 

microprocessors is now under construction. Most of the components consist 

of commercially available modules. 

The resin of the generator column was selected by considering the 

distribution, capacity and breakthrough of Rb-activity, as well as the 

elution efficiency when eluting the generator with poor 

'aqua injectabilia'. 

The elution efficiency is in the range of 80 to 90 % at flow rates of 

10 to 15 ml per minute. The Rb breakthrough is less than 20 ppm per liter 

eluent up to a volume of 6 l corresponding to more than 6 h continuous 

Operation. Pharmaceutical tests concerning sterility and pyrogenity of the 

generator have still to be carried out in connection with tests of the 

loading equipment. 

6. 4. 16 BLOOD FLOW MEASUREMENT USING ULTRA-PURE RB-81 

U. Baßler, J. Bialy, J.W.Peters, M. Schmitt, 

Up till now, no method is known for routine medical application to measure 

the blood flow quickly, noninvasively, and exactly. In many situations 

this possibility would be very helpul. Rubidium-81 is especially qualified 

for this purpose because of its physical and chemical properties. Injected 

intravenously, Rubidium behaves similarily to potassium, being principally 

incorporated within the intracellular pool. Radioactive Rb-81 decays with 

a half live of 4.6 h to Kr-81m, which decays to stable Kr-81 with a half 

live of only 13 s. While the amount of Rb-81 in the intracellular space 

changes only relatively slowly, Kr-81m, being a freely diffusible inert-
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gas, is washed out instantly by the regional blood flow. So the ratio of 

Kr-81m to Rb-81 is a good measure of the blood flow. 

For a fast and accurate determination of this ratio, there are two main 

difficulties to overcome. First, the energy resolution of the detection 

system must be good enough to clearly resolve the different gamma-lines of 

Rb-81 and Kr-81m for fast automatic activity determination. Second, the 

use of pure Rb-81 is necessary, because radioactive contaminants (esp. Rb-

82m) severely increase the number of decay lines and the amount of Compton 

background. 

Worldwide ultra-pure Rb-81 is only produced routinely at the Karlsruhe 

cyclotron laboratory.But normal medical gamma camera systemsarenot 

applicable for the Rb-Kr method because of their bad energy resolution. So 

a data acquisition and analysing system has been designed, which meets the 

necessary requirements. It consists of a high-purity Ge-detector, analog 

and digital electronics, which are all able to handle extremely high data 

rates. 

For this system data acquisition and processing software was written. 

Main attention was given to a flexible and modular design to enable later 

modifications and additions without the need of changes in the basic 

routines. Also easy handling was taken into account. 

The complete system was set up in a first version during the last 

year. First tests and phantom measurements have already been carried out 

successfully (Fig. 1). 
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Fig. 1: Results of a phantom measurement 
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6.4.17 ACTIVATION OF MACHINE PARTS FOR MECHANICAL ENGINEERING 

E. Bollmann, P. Fehsenfeld, B. Gegenheimer, H. Roth, A.Kleinrahm 

The activation service, supplying radioactively labeled machine components 

to industry and research institutes, increased by about 20 % compared to 

the preceding year. A positive aspect is the start of two more important 

companies in applying the radionuclide technique for corrosion and wear 

measurements: One great firm of the chemical engineering industry, the 

other new customer is an important manufacturer of marine diese! engines. 

The second stage of the new facility for serial activation has been 

installed and put into operation at the end of the year 85 (see Fig. 1) 

Fig. 1: The fully automatic, computer controlled system for serial 
irradiation of machine components at the Karlsruhe Compact 
Cyclotron (KAZ). From the left: The head of the beam tube with the 
aiming and adjusting device, in front of that the positioning unit 
with the machine parts to be activated on it, adjacent the 
friction wheel supply system, bearing six standard plates. Up to 
50 small parts or six larger parts of different form and weight 
(max. 6000 N) can be mounted on the plates and irradiated in one 
batch. 
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In developing the thin layer activation technique to new industrial 

materials and new forms of machine components and in testing new measuring 

methods for maximum accuracy, the engine test bench and the tribometer 

apparatus have been used intensively. Primary parameters for thin layer 

activation of ceramic materials have been established and have to be 

optimized in subsequent work. 

The wear behavior of ion implanted nitrogen steel compared to 

unimplanted material and simple salt bath hardened steel has been measured 

with the radionuclide technique at the tribometer apparatus in the region 

of mixed friction. The ion implanted material did not show any improvement 

against the unimplanted steel, but a higher wear rate was measured 

compared to the salt bath hardened material. 
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