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ABSTRACT

The present report describes a least—squares shape analysis program
which is used at the Karlsruhe Nuclear Research Center for the extraction
of resonance parameters from neutron transmission data. The program
allows simultaneous fitting of up to 5 different experimental datse sets,
uses the multi-level R-matrix formalism and includes resolution broade-

ning. A listing of the program and examples for input and output are given.

FANAL - ein Multiniveau-Formanalysenprogramm zur Resonanzparameter-
bestimmung durch Anpassung an mehrere Neutronentransmissionsdaten-
sdtze gleichzeitig nach der Methode der kleinsten Quadrate.

ZUSAMMENFASSUNG

Der vorliegende Bericht beschreibt ein nach der Methode der kleinsten
Quadrate arbeitendes Formanalysenprogramm, das am Kernforschungszentrum
Karlsruhe zur Bestimmung von Resonanzparametern aus Neutronentransmissions-
daten benutzt wird. Das Programm gestattet das gleichzeitige Anpassen an
bis zu 5 experimentelle Datensidtze, basiert auf dem Multiniveau-R-Matrix-—
Formalismus und beriicksichtigt die instrumentelle Aufldsung. Eine Liste des

Programms und Beispiele fiir Ein- und Ausgabe sind beigefiigt.



1. INTRODUCTION

The present report, essentially an extended version of an internal
report (Ref. 1), describes a FORTRAN IV program which has been in use
at the Karlsruhe Nuclear Research Center since 1971. This program,
FANAL 2, extracts resonance parameters and total cross sections from
neutron transmission data obtained by the time-of-flight technique. It
permits the determination of up to 50 parameters characterizing the total
cross section by simultaneously fitting calculated transmission curves
to experimental values from up to 5 different transmission measurements
which may differ e.g. with respect to sample thickness or flight path.
The measured and calculated transmission values and the resulting cross
sections are plotted with a general-purpose plotting subroutine available
at Karlsruhe (program PLOT, Ref. 2).

Total cross sections are normally derived from transmission data.

One measures the probability
T(E) = e (1)

that a neutron with energy E passes a sample of thickness n (atoms per
barn) without interaction. In practice the dats are often affected
by resolution effects snd one observes actually the resolution-broadened

transmission
T(E) = { R(E,E') T(E') dE' (2)

where R(E,E') dE' is the probability that a neutron with an energy E'
(in AE') is registered as if it had the energy E.

Another complication results from the thermal motion of the sample
atoms. Strictly speaking the cross section appearing in Eq. (1) is the
Doppler-broadened cross section. For light and medium-weight nuclei,

hdwever, Doppler broadening can usually be neglected.

Zum Druck am: 8.1.1976



The program FANAL 2 treats instrumental resolution according to
Eq. (2) but neglects Doppler broadening for broad (s-wave) levels.
It is therefore applicable only to resonance data where the Doppler
width A = V4 EXT/A is much smaller than the width of the (resolution-
broadened) s-wave resonances, e.g. to data for light and medium-weight
nuclei or near-magic heavy nuclei such as lead. Narrow (p~wave) levels

are Dopplef broadened.

The total cross section is parametrized with an R-matrix multi-level
formula (Ref. 3). The program starts by calculating cross sections and
transmission values with guess values for the parameters. These guess
values are then improved by application of the least—squares method
(cf. e.g. Ref. U4)., In order to make this method applicable the problem
is linearized by Taylor expansion with respect to the parameters and
truncation after the linear terms. The solution of the linearized problem
is thus an approximation which can be improved by iteration. The program
iterates until the relative variation of the summed squares, x2, from one

step to the next remains below a given small threshold,

X2‘X2
i -1
21 < € , (3)
X3
where
2 . IE\:I Tn_T (l’En) 2 ()4)
X; T 8T
n=1 n

(Tn : n-th transmission value measured at energy En; GTn : uncertainty
of T ; f(i,En): transmission at E calculated from the parameters of the

i-th iteration).

2. LIMITS OF THE PROGRAM

FANAL 2 is written in FORTRAN IV. Resonance cross sections are treated
as pure s-wave cross sections with a potential-scattering contribution from
the p-wave. Up to U5 resonances are accepted per nuelide and compound spin.

For each of them one must specify E. (resonance energy), L (neutron width),

A



T (partial width for inelastic scattering), and PYA (radiation width).
Inelastic scattering is treated as a 1-channel reaction. The s-wave
potential scattering cross section is characterized by 2 parameters,

viz. by as (channel radius for compound spin J) and by S._ (& pseudo

strength function summarily describing the influence of digtant levels).
The total number of resonance and potential-scattering parameters must
not exceed 200, of which not more than 50 can be adjusted while the rest
is held constant during the fit. The constant resonances can lie within
or without the energy range of measured data points so that the influence

of strong levels outside this range can be taken into account explicitly.

The maximum number of dats points is 5,120, they may belong to 5
different time-of-flight runs. The sample materisl, however, must be

the same for all runs, and must not contain more than 5 different nuclides.

3. FORMULAE
The total cross section for a single nuclide is taken as

= +
o =0, t+o, , (5)
95 representing the s-wave cross section,

5 J=I+1/2
g, = 27 X 2 gJ(1—Re UJ) R (6)
=I-1/2
while o, describes p-wave interactions; higher partial waves are
neglected. The notation is as follows: 2nk=2n/kn is the neutron

wave length in the center-of-mass system and

_ __2J+1
€1 T 2(eT + 1) ‘ ()

the statistical spin factor, i.e. the probability that neutron spin
(1/2) and target spin (I) combine in such a way as to yield compound
spin J. According to R-matrix theory the relevant collision matrix

element can be written as



ui=e 29[ (- rik) ] (8)

where 1 is the 2 x 2 unit matrix and K; a 2 x 2 matrix with elements

1/2.1/2

I o
% Ac Ac (9)

r
= lz________
. ——
J,cc 2 ¢ E,-E-ir /2
The sum runs over all levels with spin J. The channel subscripts
c and c¢' can assume the values n (elastic channel) or n' (inelastic

channel). For the inelastic channel one has

(E_:

. inelastic threshold; m: reduced mass).

In this formulation all radiation channels are eliminated following
the prescription given by Teichmann and Wigner (Ref. 3). They make them-
selves felt only by way of the imaginéry term in each resonance denomi-
nator of kJ (Eq. 9).

The width amplitudes

1/2 _ 1/2
rkc = (2 kcac) ch

1/2

(11)

vary with energy as E in contrast to the energy-independent reduced
width amplitudes Yie* They are to be understood as having the sign of

Yae®

The effective channel radius R& is calculated as

Do _E_ E-E
Ry = aj X arc tan (S ar tanh AE/2 ). (12)

J JileV

This expression with two free parameters (aJ and SJ) is obtained if

one approximates the levels outside the range of explicitly treated



resonances by a picket fence model with strength function SJ
(ratio of reduced neutron width to level spacing), replacing
sums by integrals. E and AE are midpoint and length of the region

of explicitly treated resonances, respectively.

Doppler broadening is neglected for s—wave resonances as
already mentioned. For narrow (p-wave) levels this may cause

difficulties. The term a, in eq. (5) is therefore taken as

2 . 2
o, = hnx“+3 sin (knR; - arc tan knR;) + § (oow)A s (13)

with
E-E
oW = hmx® I‘n—'/-T—_r— exp I:_(TQ )2] s (14)

i.e. as the usual p-wave potential scattering term (Ra: effective
radius for p-wave channels) plus a sum over Doppler-broadened
resonances. Interference between resonance and potential scattering
is neglected. Resonance profiles are aspproximated as Gaussians

with 1/e widths A', where

A2 = 4% + 1%/1n16 , (15)

A% = Wk TE /A (16)

The normalization is such that the peak areas have the correct
velue noOP/Q. The factor 1ln 16 in Eq. 15 ensures the correct half
width (I') for negligibly small Doppler width (A « T). The quantity
kT is the effective (i.e. Lamb-corrected) sample temperature in

energy units, E. the resonance energy, A the target nuclear mass

0
divided by the neutron mass.

The resolution function is taken as Gaussian,

2,2
R(E,E') dE' = —— o (t7t')7/¥ (17)

2
w/n



2
n 16

v B e)?, (18)
where t and t' are the flight times corresponding to E and E',
respectively, h is the half width (FWHM) of the vy peak in the time-
of-flight spectrum, AL the effective thickness of the neutron
detector (e.g. boron slab or lithium glass thickness) and L the
flight path. This form of the resolution function accounts for four

effects:

) time shifts of the electronis (h)

finite burst width of the accelerator-pulsed

neutron source (h)

) finite channel width of the flight time analyzer (h)

flight path differences due to finite detector thickness (AL).

N —
~

=W
~—

Note: The effective thickness of the detector may deviate from the

geometrical thickness due to multiple scattering and self-shielding.

4, INPUT

All numeriec input must be stated as FORTRAN-readable floating-point
numbers. The present version of the program uses card input. A field of
10 columns is reserved for each number., Within this field the number can
be arbitrarily placed in E or F format. Each potential-scattering or
resonance parameter is accompanied by an uncertainty. If this uncertainty
is set equal to O. the associated parameter is treated as constant. If,
on the other hand, it differs from zero the parameter is adjusted in
each iterative step. All energies must be given in keV, all channel
radii in fm, all flight times and flight-time increments in ns and

all lengths (flight paths, sample thicknesses and sample radii) in m.



1st_Card (Title Card)

Columns

2nd Card (Iterastion

1-60:

Arbitrary alphameric text. This text appears on

the listing and also below the plotted results.

Data)

Columns

Columns

1-10:
11-20:

Columns 21-30:

Columns

31-L40:

Maximum number of iterations to be followed through;
Largest relative variation of x2 between successive
iterations which is to be considered as sufficient

to terminate the iterative process and to declare con-
vergence achieved (values of the order 1 % were found
to be reasonable).

Lower limit E in (kev),

upper limit E oox (keV), of the range of explicitly
treated resonances, i.e. of the range for which the
extracted parameters are valid. (Note that this range
may exceed the range of data points if additional

constant resonances outside the latter are used).

3rd Card_(Isotope_Card)

Columns

Columns

Columns

Columns

1-10:

11-20:

21-30:
31-40:

Isotopic abundance of the first (main) sample nuclide
(i.e. the number of nuclei of this nuclide divided by
the total number of all sample atoms).

Atomic mass of main nuclide divided by neutron mass
(for practical purposes it is usually sufficient to

use simply the nucleon number A of the target nucleus);
Nuclear spin quantum number I of main nuclide;
Effective nuclear radius R! (cf. Eq. 6) for p-wave

1
scattering of main nuclide;
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Columns 1-10: Effective s—-wave strenght function SI+l/2
describing the influence of distant levels
(cf. Eq. 11) for main isotope; ‘

Columns 11-20: uncertainty *) of SI+I/2

Columns 21-30: Channel radius aI+l/2 (fm) for main isotope;

Columns 31-40: Uncertainty of a1,1/2 for main isotope;

Columns 41-50; Threshold Et(keV) for first inelastic channel,

for main isotope, compound spin I+1/2;

prap=prep S phphaghafhe . Pethpusledfhepnp defhoghugE e gridnagy 4

Columns 1-10: Resonance energy El(keV)

Columns 11-20: Uncertainty *) of El

Columns 21-30: Neutron width rln(keV)

Columns 31-40: Uncertainty +) of P]n.

Columns 41-50: Partial width for inelastic scattering Pln;(keV)
multiplied with the sign of Yin Y1n' (Eq. 11)

Colums 51-60: Uncertainty *) of rln"

Columns 61~70: Radiation width I‘lY (keV)

Columns 71-80: Uncertainty *) of Fly'

A similar "resonance card" follows for each resonance of the main
isotope with spin I + 1/2. If I > O a second compound spin, I - 1/2,
can be formed by s-wave neutrons. For this second compound spin one
must prepare another similar set of cards consisting of al least a

"resonance cards'.

"potential-~scattering card" and possibly a number of
If p-wave levels are to be analyzed they must be treated as levels of

an additional isotope with vanishing potential scattering (SJ = a_ = 0,),

J
see the example in Section 6. Note that spin or parity reassignment is
effected simply by repositioning of the relevant resonance card(s) in

the input deck.

+)

Uncertainty = 0.: associated parameter is kept constant,

Uncertainty # O. (arbitrary): associated parameter is adjusted.



If sample impurities (e.g. other isotopes or oxygen in oxide
samples) must be taken into account a completely analogous sequence
of input cards must be prepared for each nuclide: "isotope card"
followed by "potential scattering card" plus "resonance cards" for
I+ 1/2 (and then for I -~ 1/2 if I > 0). Resonance cards are optional.
If they are missing only s potential scattering cross section is

calculated for the relevant isotope and compound spin.

After the input cards specifying the cross section parameters
other cards follow which contain information on the time-of-flight
runs. For each run one needs a set of cards consisting of "sample

card", "time-of-flight card", "transmission data cards" and one blank

card.
Sample Card
Columns 1-10: Sample thickness n(total number of nuclei, including

impurities, per barn) (atoms/b).

Time-of-flight-Card

Columns 1-10: Flight path L (m);

Columns 11-20: Effective detector thickness AL(m), cf. Eq. 18;

Columns 21-30: Channel width At(ns);

Columns 31-40: Full width at half maximum of gemma peak h (ns)
‘ cf. Eq. 183

Columns 41-50: largest flight time t (ns) .

Transmission Card

Columns 1-10: Measured transmission T1;
Columns 11-20: Uncertainty 6T1(one standard deviation)
Columns 21-30: Measured transmission T2;

Columns 31-40: Uncertainty 8T, ete.
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Thus four transmission values and associated uncertainties can be
put on one 80-column card. The last transmission card of a given card
may contain less than four. The first transmission, T1, must correspond
to the maximum flight time tmax’ the second to tmax-At, the third to
tm&x—2At, etc. In other words the T-values should be entered in the
order of ascending energy. Card sets for more time-of-flight runs may
follow each consisting of "sample card", "time-of-flight card" and
"transmission data cards". The maximum number of time-of-flight runs

which can be treated simultaneously is 5.

A blank card signals the end of the input for one calculation.

Input for more calculations may follow, i.e. problems can be stacked.

5. OUTPUT
The output consists of listing and plots.

The listing shows first the contents of the "title'", "isotope",
"potential-scattering", "resonance", "sample" and "time-of-flight"
cards. Next it contains tables of measured and calculated transmission
values for all utilized experimental runs. Subsequently the values of
the squared-error sum x2 and the usual error adjustment factor
()(2/(N—P))1/2 are printed (N: number of measured transmission values,
P: number of adjusted parameters). For a good fit the error adjustment

factor should be close to 1.

After that one gets a table with the adjusted (and constant) parameters
and their uncertainties. The uncertainties are the square roots of the
corresponding diagonal elements of the covariance matrix of the least-—
squares problem. They result from the experimental transmission uncer-
tainties by normal error propegation. If the maximum number of iterative
steps specified on the second input card exceeds 1 a similar printout
(transmission table plus improved parameters) is obtained for each

iterative step.



11

The subroutine PLOT yields for each iterative step a plot with
all experimental data points including error bars. The calculated
values are plotted in the same plot in curve form. The text of the
"title card" appears under each plot after a figure number. The
curve in Abb. 1 corresponds to the input (guess) parameters, that

in Abb. 2 to the improved parameters after the first iteration, etc.

For the last set of parameters neither transmission nor x2 values
are calculated, printed or plotted. If the convergence criterion
(Eq. 3) with reasonably chosen ¢ is satisfied there should not be

any essential change in the last step anyway.
6. EXAMPLE

Fig. 1 shows the input cards for a realistic fitting problem

which illustrates most features of FANAL 2:

Two transmission measurements taken with Fe203 samples enriched
to 90.7 % *The are to be analyzed between 20 and 80 keV (for experi-
mental details see Refs. 5,6). 57Fe has a 1/2 ground state and
a first excited state with 3/2  at 1b.4 keV. Thus there are two
s-wave level sequences (J" = 0 , 17), one inelastic chennel being
open for the 1 sequence. The signs of the inelastic widths indicate

1/2P1/2

the relative signs of r ot (ef. Eq. 9).

o7

The p-wave levels of ~ Fe+n are represented as levels of a
fictitious, spinless target isotope with zero potential scattering
(aJ = SJ = 0.). Thus the neutron widths in the input and output are

actually g;T  values (ef. Eq. 1L4).

56

The main impurity was ~ Fe. It is represented by another s-wave
level sequence. The smooth oxygen cross section is gpecified by a

potential scattering card without resonance cards following.

Sample and transmission cards contain the experimental data

of the two utilized time-of-flight runs.
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Figs. 2 - 4 show the cross section parameter input and
the tables with measured and calculated data as printed by
the computer. Fig. 5 shows the measured data (points with

error bars) together with the calculated transmission curves.

The CPU time needed for the whole job (3 jterations) was 18 min 44 sec

on an IBM 370/168. The required memory capacity was 252 kbytes.

T. REFERENCES

Ref. 1 F.H. FROHNER, KFK, IAK-Arbeitsbericht Nr. 97 (1971)
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Figure Captions

Fig.

Fig.

Fig.

Representative example: input cards.

Representative example: printout of cross

section parameter input.,

Representative example: printout of tramnsmission

data input and calculated values.

Representative example: printout of cross
section parameter after 1 iteration,

Note that uncertainties are now the results of
error propagation of transmission uncertainties
rather than indicators for parameter adjustment

as in Fig. 2.

Representative example: plots of measured point data
and calculated curves. The calculated curves of
Abb. 1, 2, 3 correspond to the cross section

parameters before 1, 2, 3 iterations, respectively,
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FE-5Ts 0407527 AND 0.165€2 FE2C3 PFCLECULES/B, 20...80 KEV
MAXIMAL MUMBER OF ITFRATIVE STEPS: 3.

STOP IF RELATIVC CHAMGE Uf CHI-SQUARE 1S LESS THAN 0.010
PARAMETERS VALID OBFTWEEN 6.CON AND 157,000 KEV

ARUN- ATOMIC TARGET P-WAVE COMP. S-HAVE S-hAVE INEL. RESONANCE - PARTIAL WIDTHS FOR
CANCE ALIGHT SPIN RADIUS SPIN STRNTH.F. RACIUS THRESH. ENERGY EL. SCATY. INEL. SCATT. CAPTURE
(FM} (FM) (KEV) (KEV) (KEV) (KEV) (KEV)
JUNCERT, /UNCERT . /UNCERT. /UNCERT. /UNCERT., /UNCERT,
J.3¢28 5649 3.5 5.300 1.0 0.0 £.400 14.400 6.100 3.960E-01 0.0 1,200£-03
0.0 0.0 0.0 0.0 0.0 0.0

2b.980 2.940E+00 7.680E-01 24300E-03
1.000 0.100E+01L 0.100E+01 .0

39.340 3.,000£-02 0.0 1.,200€-¢3
1.000 0.100E+01 0.100E+01 C.0

4l.410 1.200E-01 2.100E+00 $.000E-04
1.000 0.100E+01 0.100E+01 0.0

41,000 3.820E-01 1.230E-01 5.500E~-C4
1.000 0.100E+01 0.100E+01 0.0

61.257 3.370E¢00 4.650E-01 1.200E-03
1.000 0.100E+01 0.100€+01 G.0

65,750 3.C00E-01 -1.500E+00 1.200E-03
1.000 0.100£¢01 0.100E+01 C.0

11.250 1.600E+00 8.500€E-01 5.0C0E-C4
1.000 0.100E+0L 0.100E+0Q1 c.0

93.700 2.C00E-01 2.000£-01 1.200€6-03

0.0 0.0 0.9 C.0
109.600  2.300E+00  2.000E-01 1.900£-03
0.0 0.0 0.0 0.0
110.150  1.200E+00  1.550E+00  2.000E-03
0.0 0.0 0.0 0.0
125.000  1.500E+00  1.000E£+00 1.200€-03
0.0 0.0 0.0 c.0
129.500  4.200E¢00  8.0O00E+00 1,200€-03
0.0 0.0 0.0 G.0
0.0 0.0 5.400 1000.000 8.870 1.770E-01 0,0 1.2CCE-03
0.0 6.0 0.0 0.0 0.0 0.0
564290  9.00GE+00 0.0 1.200€£-03
1,000  0.100E#0L 0.0 0.0 :
126,000 2.500E+00 0.0 1.200€-03
0.0 0.0 0.0 0.0
134,500  3.300E+00 0.0 1,200E~03
0.0 0.0 0.0 0.0
141,000 1.S00E+00 0.0 1.2C0€-03
0.0 0.0 0.0 0.0 -
). 3628 36,9 0.0 0.0 0.5 0.0 0.0 1000.,000 214280  3,200€-03 0.0 1,200£-03
0.0 0.0 0.0 0.0 0.0 c.0
37.010  4.G00E-03 0,0 1,200E-03
0.0 0.0 0.0 c.0
41.930  1.CO00E-02 0.0 1.200€-02
1.000  0,100E+01 0.0 0.0
524660  1.600€E-02 0.0 1,2C0€-03
0.0 0.0 0.0 0.0
" 564195  2.900E-03 0.0 1.20CE~03
0.0 0.0 0.0 C.0
72.600  1.500E~02 0.0 1.200E-03
1.000 0.100E+01 0.0 c.0
3.0372 55.9 0.0 6.100 6.5 1.600E-04 6.100 847.000 27.660  1.520E¢00 0,0 1,250€~03
0.0 0.0 0.0 0.0 0,0 C.0
744360 5.390€-01 0.0 1.250E-03
0,0 0.0 0.0 0.0
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0.0 0.0 0,0 C.0
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0.0 0.0 0.0 0.0
0.6000 16.0 0.0 0.0 0.5 0¢ 5.650 6057.000
: 0.0 C.0
UTILIZEC TIME-OF-FLIGHT RUNS:
AUN SAMPLE FLIGHT EFF. OETECTOR CHAANEL FWHM CF FAXTHAL
NO. [HICKNESS  PATH THICKNESS  WIDTH GAMMA FEAK FLIGHT-TIME Fi 2
LATOMS/B) (M) (M) INS) (NS) (NS) 1g.
1 1.5276-02 5,005 0,005 2.00240 §.06¢ 2555.726

2 1.658E-01 104360 0.010 2.02400 2.5CC 3714.165



CCMPLETEC ITERATIONS @ 1

TIHE~OF-FL IGHT RUN NO,: 1

SAHPLE TrICKNESS t 7.527E—C2 ATOMS /B
FLIGHT PATH ¢ 5.0C5E400 M

FL IGHT NEUTRON MEASURED CALCULATED TCTAL
TIHE ENERGY TRANSMISSION X=SECTICN
{NS) {KEV} {e)
2555126 20,0245 Ca€225¢~0.1262 0.8033 2,911
2553,1223 20.077 0.9594¢-0,0274 0.8032 2.913
2551.721 20.108 0.7892¢~0,0250 0.8031 2,915
2549,119 20.140 C.8361+4-0.0265 0.8030 2.917
547,116 22,171 C.86524-0,0278 0.8028 2,920
2545.714 20,203 C.8261+-0.0259 (.8027 2.922
2543.1711 20.235 C.037£4-0.0265 0.80226 2,924
2541.7C9 204267 C.8115¢-0.0255 0.8025 2.927
2539.7C6 204299 0.8541¢-0.0268 0.8023 2.929
2537.704 200331 C.826C+-0.0261 0.8022 2.932
2535,701 204363 0.8052¢-0.0252 0.8020 2,934
2%32,659 20,355 Ce8571¢-0.0263 0.8019 2,937
25314657 20.427 C.8328+4-0.0259 0.8017 2.940
2529.694 20.460 0.856€6¢-0.0261 0.8015 2,94°
2£27.662 20,492 €.830854-0.0201 0.8014 2
2525.689 s Ce8C7C+-0.0250 0.8012
25231.6E7 . ©.8408¢-0,026° .
B “N44-0, 7 .

44118 N .3

64.901 U Ue 471 9,398
1418.339 65,034 0.51. Pre ¥4 044945 9.308
141€.337 €5,268 0.504C+ vl 0111 0.4950 9.303
1414.334 65,453 0.4575¢-0.0112 0.4933 9.373
1412,232 65,639 0.5092¢-0,0115 0.4910 9.473
1410.329 65,826 €.5005+-0.0116 0.4903 9.524
1408.327 66,012 0.5193+-0,0119 0.4926 9.464
14064324 66,201 0.5363¢-0,0127 0.4986 9.287
1424.,322 66,390 0.5388¢~0.0128 0.5273 9,032
1402.320 66,580 0.5356+~0.0131 0.5177 8.146
1400.317 66,770 0.543C+~0,0132 0.5286 8,460
1398.315 66,962 0.5570+~J,)141 0.5394 e.l188
139¢€¢.312 67.154 0.5470¢-0.,0143 0.5457 7.637
1394,310 674347 0.6013+-0,0157 0.5593 1.706
1392.307 67.541 0.5786+-0.0156 0.5684 74494
1390.305 67,1735 0,5817¢-0.0160 0,5768 7.300
1388.302 67,911 Ce5717¢-0,0161 0.5847 7.119
1386.300 68,127 0.5576+¢-0.0173 0.5922 6,952
1384.298 68.325 0,6057¢-0.3179 0.5992 €. 196
1382.295 68,523 0.5892+-0.01494 046059 €.649
1380.293 68,7122 0.5586¢~0,0189 00,6123 6,510
1378.290 68,921 0.6607+-2,0219 0.6184 €.379

GOMPLETEO ITERATIONS 1
TIME-OF~-FLTGHT RUN NO.
SAMPLE ThICKNESS

FLIGHT PATH

2
1.658E-C1 ATOMS/B
1.036E401 H

FLIGHT NEUTROMN MEASURFD CALCULATED TCTAL
TINE ENERGY TRANSHISSION X-SECTIGN
{NS) {(KEV) (e)
3714.1¢€5 40,665 2,3767¢~-0,0231 0,3795 5.842
3712.141 40,710 0.4098+-0,0251 0.3725 5.55%
3710116 40,754 0,3722¢-0.0227 0.30656 6.068
3708.092 404799 044052+4-0,0244 0,3586 6,183
31706.068 40.843 0.3552¢-0.0224 0.3518 64300
3704.044 40.808 0.3613+-0,0230 C.3450 6,418
37102.020 40.933 0.3235¢-0.0217 -043383 6,535
1699.996 40,978 0.4C46+-0.0254 0.3319 64652
3697.971 41,022 C43445+-0.0226 0.3256 6,768
3635.947 41,067 342951¢-0,0210 0.3195 6.881%
3632.923 41,112 0,3227¢-0,0221 0.3137 6.992
3691.899 41.157 0,317C+=0.2223 0.3003 7.C98
3695.975 41,203 0,2925¢-0,0223 0.3931 7.200
1637.851 41.248 0.20664-0.0210 0.2983 7.297
3685.826 41.293 C,2752+-0,0211 0,2939 7.387
3683.0802 41,339 0.3020*-0.0215 0.2899 1.470
1631.778 41.384 0.2422+-0.02952 0,2863 7.546
3619.754 414430 0.29734-0.0216 0.2831 7.613
3671.730 41.475 0.2655¢-0,0217 02804 1.672
3675.706 41.521 C.28084+-0.0217 0.2781 .72
16712.60° 41,567 0.274C+-0,0213 0 "7A3 7."
“1,612 - 21,0219 -
LY | an .
. N .

. * E)
- S PRAVI 072
2677.790 N Y243 08—y 0.2078 J.475
26715.766 7845, 0.2430+-0.00.,( 0.2151 G.266
2672.741 78,471 0.2576+-0.0079 0.2228 9,052
2671.717 78,590 042635¢+-0.0080 0.2308 8,839
2669.693 78,709 0.257C+-0.0078 ¢.2389 8,¢€31
2667.669 78.829 0.2328+-0,0082 0.2470 8,429
2665.645 73.348 0.2791+-0,0081 0.2550 84236
2663.621 719.068 0.2954+-0,C084 0.2629 8.053
2661.566 19.189 0.2942+-0.0383 N.2706 7.879
2659.512 79.309 0.3108¢-0.0085 0.2781 7.715
2657.548 79.430 €.309C+-0.0085 0.2849 7.560
26554524 19.551 0.3245+-0,0C87 0,2919 T7.414
2653.500 72.673 0.321%+-0.0087 0.2986 7.276
265144176 79.794 0.3196+-0.0086 0.3051 1.146
26494451 79.916 (432564~-0.0C86 0.3114 7.024
26414421 80.039 0.3507+-0.0090 0.3115 6.908
CHI®*2: 9., 638E¢03

ERRUR ACJUSTHENT FACTOR: 2.5714E+400




ABUN—
DANCE

J. 3628

3.3628

0.0372

0.6000

ATOMIC TARGET P-WAVE COMP, S~WAVE

W EIGHT SPIN

56.9 0.5
56.9 0.0
55.9 0.0
16.0 0.0

AFTER 1 ITERATIONS NO

WARNING:

RADIUS SPIN STRNTH.F,
(FM)

JUNCERT.,
5.300 1.0 0.0
0.0
0.0 0.0
0.0
0.0 0.5 0.0
0.0

6.100 0.5 L.6D0E—04
0.0
0.0 0.5 0.0

0.0 -

CONVERGENCE YET

INTERNAL GRID WAS TOO FINE IN ITERATION

S—-hWAVE INEL,
RADIUS THRESH.
(FM) (KEV)
/UNCERT

5,400 14,400
0.0

5.400 1000.000
0.0

1000.000

(oY)
. o
oo

6,100 847.000
0.0

54650 €051.956
Gs0

2y KR REDUCED FRCHM

RESONANCE
ENERGY
(KEV)
/UNCERT .

6.100
0.0

29.326
0,008

39.380
0,017

41.463
0.019

47.014
0.004

601,101
0.013

650,865
0,052

77-.110
0.014

93.700
0.0

109.600
0.0

110,150
0.0 -

125.000
0.0

129,500
0.0

8,870
0.0

56,677
0.053

126.000
0.0

134,500
0.0

141.000
0.0

21,260
0.0

37.010
0.0

410921
0.010

52.660
0.0

560195
0.0

72,619
0,013

21.660
0.0

14,360
0.0

83,500
0.0

90,200
0.0

107 70 100

PARTIAL WIDYHS FOR

ElL. SCATT.
(KEV)
/UNCERT,

3.960E-01
0.0

3.188E¢+00
0.105E-01

1.805E-02
0.234E-02

1.177€E-01
0.102E-01

3.7T15E-01
0.461E-02

2.596E+00
0.318€-01

1.355E-01
0.127E-01

1.390E¢00
0.202E-01

2.000E-01
0.0

2.300E+00
0.0

1.200E¢00
0.0

1.500E¢00
0.0

4.200E¢00
0.0

1.770E-01
0.0

9.,533E¢00
0.145E¢00

2+500E¢00
0.0

3.300E¢0
0.0 :

1.500E£400
0.0

3,200E-03
0.0

4,000E-03
0.9

1.528E-03
0.193E-02

1.600E-02
0.0

2.900E-03 .
0.0

4.4 19E-04%
0,502€-03

1.520E#00
0.0

5.390E-01
0.0

9.120E~01
0.0
5,000E-02
0.0

m,l7m

INEL. SCATT.
(KEV)
/UNCERT .

0
o]

-0
00

To209E-01
0.11712E~0C1

T-436E-03
0.698E-02

1.91713E¢0C
0.482E-01

1o 412E~-01
0.101E-01

7.855E-01
0o 415E-01

~1o286E+00
0.113€+00

8.062€6-01
0.27T7E-01

2.000E-01

0

-0

2.000E-01L

0

« 0

1.550E«00

0

Ay

1.000E:00

0

-0

8.000£¢00

cOo O
o &

ocC QO [=X= NN

CAPTLRE
(KEV)
/UNCERT.

1.200E~03
0.0

2.300E-03
C.0

1.200E-02
0.0

9.000€-04
G0

5.500E~C4
0.0

1.200E-03
0.0

1,200€-03
G0

f.00CE-04
U0

1.200€-03
0.0

1.900E-03
0.0

2.,000E~03
0.0

1.,200E-03
C.0

1.200E~03
C.0

1.200€-03
0.0

1.200€£-03
0.0

1.200€-03
0.0

" 1.,200E~03

0.0

1,200£-03
.0

1.200E~03
0.0

1.200€-03
6.0

13200603
0.0

1.200€E-03
0.0

1.200£~-03
8.0

1.200E-03
0.0

1.250E-03
0.0

1.250€=03
0.0

4.400E-04
0.0

1.300€-03
0.0



2nd iteration

SETHDY = 1,56 ©
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Ist iteration b)

YxZT (R-P) = 1,60

e
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APPENDIX

Listing of FANAL 2
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FCRTRAN IV Gl

RELEASE 2.0

C

sEsEskeiniaisinieisieskskzis ks ks iskziaisksisia e ks kninis e iRz sl e aXsReRaisksRainEasNetalalaleRaNalaNeNaNa N aNeNaNel

MAIN CATE = 1

\n
[
1w
=]

2C/33/10

FANAL2 MAIN PROGRAM

NOTICE TO NON-KFK USERS:

FLOT(X )Y yNeNToNPyNH Ty NSe ARy XMAX ) XMINy SXyYMAX s YMINy SY, TEXT,ID)
IS A STANDARD PLCTTER SLBROUTINE [N USE AT KFK (KARLSRUHE)
WHICH MUST BE REPLACEL BY AN ECUIVALENT PLUTTER PACKACGE

ELSEWHERE

1.
2.
3.
4.

5e
6.

10.
11,
12,
13,
14,
15.
164
17.

FANAL2 SUMM

X
Y

(7230 L '

z

=z
=
"

[ L T TR 1}
VS N D

v

AMAX
XMIN
SX
YHMAX
YMIN
SY
TEXT
10

ARY:

ARRAY OF ABSCISSAE

ARRAY CF ORCINATES

NUMBER CF CC-GRLINATE PAIRS
PLOT POINT SYMECLS

DRAW LINE

ORAW LINE WITH PCINT SYVNECLS
CHONSE NP-TH PCINT SYMBLL (FRCFV A LIST) IF NT=1 OR 3
HETGHY OF PCINT SYMBCL C.lz IN.

HEIGHT OF FCINT SYMBCL C.l6 IN.

HEIGHT CF PCINT SYMBOL 0.24 IN.

LINEAR INTFRPCLATIGN (FCR NT=Z OR 3)

QUACRATIC L (FCR NT=¢ 0OR 3}

CUBIC v (FCR NT=2 OR 2)

SPACING: EVERY AS—TH PCINT IS TC BE MARKEL

{FOR NT=3) f
ORAW ONTO EXISTING PLOT

BEGIN NEW PLCT, (XMAX-XMIN)/{YMAX-YMIN)

P I

-

—_

oy B
(HH  XMAX ) XMID ) SX,YMAX, YMIN,SY, TEXT NEED
SPECIFIED FCR NR=0)
MAXIMAL ABSCISSA
MINIMAL ABSCISSA
X- INCREMENT CCRRESPONDING TG 0.01 IN.
MAXTPAL CROINATE
MINIMAL GRDINATE
Y= INCREMENT CCRRESPCNCING TG 0.01 IN.
FIGURE CAPTICN, 60 ALPHANERIC CHARACTERS
FIGURE NUMBER

P RN

b~ I I TR (I 3

PRUGRAMMING LANGUAGE: FCRTRAN 1V

PURPQOSE

METHOD

FORMALI €M

CCKRECTIGNS

¢ SHAPE ANALYSIS CF NEUTRCN TRANSMISSICN CATA,
EXTRACTICN OF RESONANCF PARAMETERS,
CALCULATICN CF TRUE CRCSS SECTION.

¢t SIMULTANECLS LEAST-SQUARES FIT TU SEVERAL
SETS OF TINE-OF-FLIGHT CATA (E. G. TAKEN
WITH CIFFERENT SAMFLES CR RESULUTIONS}.

¢ MULTI-LEVEL R-MATRIX FCRMULA WITH ] ELASTIC
AND 1 INELASTIC NEGTRON CHANNEL PER CLMPOUND
SPIN ANC PARITY. CAPTURE CHANNELS ARE ELIMI-
NATED FGLLCWING REICH ANC MCORE 8Y TEICHMANN-
WIGNER REDLCTICN FETHOL.

: DCPPLER BRCACENING 1S APPLIED CONLY TC LEVEL
SEQUENCES ®ITH VANISHING POTENTIAL SCATTERING

000010
000020
000030
000040
000050
000060
000070
000080
000090
000100
000110
000120
000130
0001 40
000150
000160
0Qol70
Q001 80
000Ls0
000260
000210
000220
000230
000240
000250
000260
000270
0002 80
003260
0003C0
000310
000320
000330
000340
000350
000360
000370
000380
000350
000400
000410
000420
000430
000440
000450
000460
000470
000480
000490
000500
000510
000520
000530
000540
000550
000560
000570
0005 80

PAGE €001



FORTRAN IV G1

0col
0092

0003
0004
coes
0006
0007
occs
Q009
0010
coll
0012
octLz
0014
0C1l5
1C16
aol?
0018
no19
3920
0021
6022
Ju23
2024
0325
0026
6027
0028
0026

0020
0031

RELEASE 7.0

OO0

MAIN CATE = 15336 20/33/10

(P~WAVE RESCNANCES) AS FANAL2 WAS DEVELGP
FCR STRULCTLRAL MATERIALS (CRy FEy NI <o,

PED
)

WHERE DCPPLER BFOACENING FGR TYPICAL S-WAVE

LEVELS IS MNEGLIGIBLE.

RESOLUTICN BROACENING IS APPLIED TO CALCULATED

TRANSMISSICN (GAUSSTAN RESCLUTION FUNCTIO

COMMCN 211,2214222,4HI,6G1

COMMON TITLFE(15) yHI6)AGLE) ySFIN(G6)FF(6)4X(2C0),DLX(200)+ES(642),
XN(5) s XR{S) ¢ FP(5)DLFP(5),TCLE),TB(5),TU(5),
TMX(S) 9 ZH{S5) 9 YI512C) yOLY(5120) ¢¥1 g k24 MC+EZFTyST5CySGy
CS50642)9G(6492) 31 9IX3JedX{6) sKsKXLIS) oL yLX{692) 9 MyMXyNyNXyMA,
YY(201)4DYY(50,201),
FE201),A(50,5C),8(5C,5C),C{50),£2(2048),2(5120),L2(50},
CHISQyCHISQOsMP(642)yMR(692})DSTIS0)AL{6)yRF(201)9CCKNyKH
1QTLTZ4yZITHEPSHEX(E),E2(5)

~NCouvswNn

COMPLEX 211,221,222,CZ1140221y0222,4H1,CI

—

12=0

CHISE=C.
CALL EIN
1ZX=21T

CALL PARALS
CALL INDEX

2 CHISCO=CHISY

CHISC=C.
CALL HBN
CALL MEV
1Z=12+1
CALL NGK
CALL YTAR

CALL ORTHINMA,A,B)
CALL ADJ{MX,MA;X,DLX+8,C)

CALL KLV

CALL PARALS

VCHI SQ={{CHISQ-CHISQC}/CHISC)**2
DLCHEQ=SQRT{VCHISQ)
IF({DLCHSQ.LT.EPS)GO TO 3
WRITE(6,100)12

190 FORMAT(//!

AETER', 134" TTERATICAS NO CONVERGENCE YET'//)

IF(IZ.LT.1ZX)GO TO 2

sTap

3 WRITE{6,171)12

171 FORMATL//!
1//7)
STOP
END

CONVCRGENCE CRITERICN SATISFIEC AFTER',[3,'ITEKAT

N) .

IUNS?

000590
000600
000610
000620
000630
000640
000650
000660
000670
000680
002650
000700
000710
000729
000730
000740
000750
000760
000779
000780
C007s0
000800
000810
000820
000830
000840
000850
000860
000870
000880
000890
0009C0
000910
000920
000930
000940
000950
000960
FAN00970
032980
000990
001000
001010
001020
001030
001040

_21..
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_22_

FORTRAN IV Gl

0001

0002
Q003

1004
0095
0006
0007
coos
0009

0010
0011
0012
0013
0014
00158
0016
0017

0ole

0019
0020
0021
0022
0023
0024
coz2s
no2¢
0327
0028
G029
0030

RELEASE 2.0 MAIN

[zXaN e

[sXsEeEeNg] (aEsNeNaNaNal

[s¥eNeNel

CATE = 1£336 20/33/10

SUBRCUTINE EIN
EIN READS INPUT CARDS

COMMCN Z11,42214222,H1,61

COMMCN TITLE(15)sH{6)4AG{6)3SPINIE)sRPL6) 4X{200),DLX(200)+ES(6+2),
XN{S) 9 XRI5) yFP(5) yDLEP{5) 4 TCUS)+TE(E) ,TU(5),
TMX(5) 2 ZH(5) y Y(5120),CLY(5120) oW1 4M24FC,E4FT4ST,5CSG,
CSU642)36(642) 1T oIXpdpdXU6) sKgKX(5) gL o LX(642) sMeMXaNINXyMA,
YY(201),DYY{50,201),
F(201),A(50,5C),8(5C,5C),C(50),€82(2C48),2(5120),02(50),
CHISQ,CHISQO1MP{642) yMR{6,2),LSTI50)ALI6),RFL201),CCKNyKH
s QTL 12, ZITHEPS,EL(8)E2(5)

COMPLEX Z119221,2224CZ119L22140222yHI4C!

=0

N=0

MX=0

HI=(Cs+5)

GI=(Casrl.)

I LABELS ISOTOPES

J LABELS COMPOUND SPINS

K LABELS MEASURED DATA POINTS

L LABELS RESGNANCES

M

N

~NOwUVmSWwN R~

LABELS (ADJUSTED AND FIXED) CRCSS SECTICN PARAMETERS
LABELS MEASURED DATA SETS (TIVE-CF-FLIGFT RUNS)
1 READ(5,100)TITLE
100 FORMAT(15A4)
WRITE(6,1C1)TITLE
131 FORMAT(1H1//730X415A4/7/)
READ{54102)ZIT,EPSyEL(1)sE2(1)
102 FORMAT{4E10.5)
WRITE(6,103)ZIT4EPS,EL(1)4E2(1)
103 FORMAT(' MAXIMAL NUMBER OF ITERATIVE STEPS: ',
1F4.0/ * STOP IF RELATIVE CHANGE OF ChI-SQUARE IS LESS THAN',
2F6.3/ ' PARAMETERS VALID BETWEEN',FB43y' ANC'yF8.3,' KEV')
2 I=1+1
READ ISCTOPE CARD (I-TH ISOTOFPE)
H{I) ¢ ABUNDANCE
AG(I) : RATIO OF NUCLEAR MASS TC NEUTRON MASS
SPIN(I): TARGET SPIN
RP({I) : EFFECTIVE RADIUS FCR P-WAVE SCATTERING (FM)
READ (5,104 )HCT) yAGULE) ySPIN(I) 4RPLI)
104 FORMAT(4E10.5)
3 G{Is1)=05%(letla/(2.4SPINLIN+1.))
G{I,2)=1.-G{1,1)
IF(SPINII) EQ.0.)JIX(1?
TF(SPIN(INGT.0.)IXLT)
CSUI41)=SPIN{(I}+.5
CS(1,2)¥=SPIN(I)-.5
L=0
J=1
MN=MX+1
MX=MN+1
READ POTENTIAL-SCATTERING CARC (I-TH ISCTOPE, J-Th SPIN}
X(MN) ¢ S-WAVE STRENGTH FUNCTICA FROF# CISTANT LEVELS
DLX{MN) : UNCERTAINTY (0. IF X(MN) IS TO BE TREATED AS FIXED}
X(MX) : EFFECTIVE RADIUS FOR S-WAVE SCATTERING (FM)

1
2

001050
001060
001070
001080
001090
001100
001110
001120
001130
001140
001150
0601160
001170
001180
001190
001200
001210
001220
001230
001240
001250
001260
001270
001280
001290
001300
001310
001320
001330
001340
001350
001360
001370
001380
001390
001400
001410
001420
001430
001440
001450
001460
001470
001480
001490
001500
001510
001520
001530
001540
001550
001560
001570
0015€0
001590
001600
001610
001620

PAGE 0001



FORTRAN 1V Gt

0031
0032
0033
0034
0025

1036
0037

0038
003S
004C
€041

€042
0043
3044
1045
0046
0047

0048
€049
1050
0051
0052
0053
6054
3055

2056
0057
0058
0059
0069
0061

3062
0063

064
0065
006¢€

RELEASE 2.0 EIN CATE = 7£336 20/33/10
C  DLX{MX): UNCERTAINTY {0J. IF X{(VX) IS TO BE TREATEC AS FIXED)
C ES{I,J): INELASTIC THRESHOLD (CNLY NECESSARY WHERE RELEVANT)

[aEsNeNsEaNel

(g}

aNeNoNoRaNel

OO

READ(S5,105){X{ M) yDLX{M) yM=MN MX)ESLI,J)
105 FORMAT(5E10.5)
4 L=b+]
MN=MX+1
MX=MN+3
READ RE SONANCE CARD
X{MN) ¢ RESONANCE ENERGY (KEV)
X{MN+1): NEUTRON WIDTH (KEV)
X{MN+2}: INELASTIC WIDTH (KEV)
X{MX) : RACTIATION WIDTH (KEV)
DLX(M)} : UNCERTAINTIES (0. If ASSOCIATEC FARAMETER X(M) 1S FIXED)
READ(5,106) (X (M) yDLXL{M) yM=VN,MX])
106 FORMAT(8ELOQ.5)
CHECK CARD TYPE
IFIX{MX).NE.OL) GO TO 4

TF(J.LT.UX(D)) GO 10 5
TF(DLX(MN).GE.1.) GO TO 6
GO TQ 7

LASY CARD WAS POTENTIAL-SCATTERIANG CARD
5 LX[I¢d)=L-1
MX=Mx—2
J=2
ES(IyJ}=X{MN+2)
L=0
GO TC 4
LAST CARD WAS ISOTOPL CARD
6 LX{I,d)=L-1
MX=Mx-4
I=1+1
H{T) =X{MN)
AG{I )= DLX(MN)
SPIN(I)=X{MN+1)
RP(I) =DLX(MN#+1)
GO TC 3
LAST CARD WAS SAMPLE CARD
XN(NY: SAMPLE THICKNESS (ATOMS/B)
T LXELgdd=L—-1
N=N+1
XN{N)=X{MN)
MX=MX-4
IX=1
KH=0
READ TIME-OF-FLIGHT CARD FCR M-TH RUN
FP{N)} : FLIGHT PATH (M)
DLFP(N): EFFECTYIVE DETECTOR THICKNESS (V)
TCIN) ¢ TIME CHANNEL WIDTH (AS)
TB(N) : FWHM OF GAMMA PEAK (NS)
TMX(N) : FAXIFAL FLIGHT TIME (NS}
8 READ(5,107)FP{N)},DLFPIN) yTCIN) o TBIN) 4 TMXIN}
107 FORMAT(5E10.5)
READ DATA CARD
Y{(K) ¢ MEASURED TRANSMISSIOAN
DLY{K}: UNCERTAINTY
9 KN=KF+1
KH=KN+3
READ(5,108) (Y(K),yDLY(K) +K=KNKH}

001630
001640
- 001650
001660
001670
001680
001690
0017CO0
001710
001720
001730
001740
001750
FA001760
0017170
001780
001790
001800
001810
001820
001830
001840
001850
001860
001870
001880
001890
001900
001910
001920
001930
001940
001950
001960
001970
001980
001990
FA002000
002010
002020
002030
002040
002050
002060
FAQ02070
FA002080
FA002090
FA002100
FAQ02110
FA002120
002130
FA0QD2140
FAQ02150
FA002160
FA002170
002180
002190

002200

_23._
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067 138 FORMAT(8ELQ.5) 002210

C WAS THIS LAST DATA CARD? FAQO02220
2068 IF(DLY(KH )JNE.Q.)}GC TC 9 002230
0069 IF(DLY(KH )aEQo0.)KXIN})=KF-1 002240
0070 IF(DLY(KH-1) ¢EQe 00 JKX{N)=KF-2 002250
0071 IF(DLY(KH-2) «EQs 04 }KX(N)=KF-3 002260
co12 IF(DLY(KH=3) ¢EQs 04 )JKX(N)=KF-4 002270
0073 KH=KX{N) 002280
CCT4 N=N+1 002290
0075 IF(DLYUIKN) cFEQe Q. ) XN{N)=Y (KN} 002300
0c16 IF(DLY(KN) NE+.O.)READ(5,105)XAIN) 002310
ccr? 109 FORMATIEL0N.L5) 002320

C END OF INPUT? ! FAQ023 30
5c718 IF{XN{N}«NE.O,)GO TO 8 002340
3C7s NX=N-1 002350
0080 RETURN 002360

casl END . 002370



FGRTRAN IV Gl

0001

n(n2
0093

00C4
0005
cene
00237

cces
3CCS
0010
0011
0012
0013
3014

(015

GO1l6
0017
3018
0016

€20

co21
on22
ao2:2
GG24
2025
002¢
0027
0028
0029
003¢C
00321
6032
€J33
G034
6035

RELEASE 2.0 MAIN CATE = 12

[aXaNel

n

3

w
=3}

20/33/10

SUBRCUTINE PARAUS:
PARAUS PRINTS CROSS SECTICN PARAMETERS

COMMCN Z11,221,222,4H1,G1

COMMCN TITLE(15),H{6),AGL6)ySFINIG6)RP(6),X(200),BLX(200),ES{6,2),
XNL{5) g XR{5) 4FPI5)yDLFP(5),TC(E),TB(E),TJ(5),
THX(5) s ZHI5) ,¥Y{5120)+0LY(5120) y¥1,4#2,FCHEsFT,ST95C, 56,
CSU642) ¢G0642) 9T 31X ededX(6) yKyKX{S)yLsLX{(652) sMaMX Ny NXsHMA,
YY{201),D0YY{50,201),
FU201)4A150,50),B{5Cs5CHC{50)4,E2(2C48)4+2(5120),LZ2(50),
"CHISQ,CHISQO,MP(642) yMR(642)}4DST{50) 4ALL{6)RF{201),4CC KNyKH
P QTLy1Z,ZITEPS,EL(5}yE2(5)

COMPLEX 211,221,222,0211,0221,0222,HI,G1

MH=MX

WRITE(6,10C)

~NOWM S W

100 FORMAT(LHO//' ABUN-  ATCMIC TARGET P-WAVE COMP. S-WAVE

15-hAVE INEL. RESCNANCE PARTIAL WICTHS FOR'/
2 P DANCE  WEIGHT  SPIN RADILS SPIN STRNTH.F.
3RADILS THRESH.  ENERGY EL. SCATT. INEL. SCATT. CAPTURE'/
4 ' : (FM)

S{FM) (KEV} (KEV) (KEV) {KEV) (REV) 1/
6 ' JUNCERT.
T/UNCERT. JUNCERT. /UNCERT. JUNCERT. JUNCERT."/)
MX=0

NO 1 1=1,IX

J=1

IF(LX(I,1).EQ.0)G0 TO 2

MN=MX+1

MX=MA+5

101

2

192

3

103

WRITE{6,LOLIYH{T) yAGET) ySPINCI)sRP(TI) 4 CS(IoJ} s X{MNI o X (MN¢L),ES(I,d)
LeX{MN+2) o XAMN+3) g X IMN#4) o X (MX )y (DLXIM) yH=FN4MX)
FORMAT(FTe49F3¢LyFTa1,F943,F8.1y1PE12.3,0PFB8e3yFY3,F12.3,1P3EL12.3
1, /39X, 0PEL12.3,F843,9X4F12.343E12.3/)

GO TC 3

MN=MX+1

MX=MA+1

WRITE(64102)H{T) yAGLT) 4 SPINCI) RPUT}yCSUT o) o XIMN} X {(MX ),ES(T,1)
14DLX(MN) ,DLX(MX)
FORMAY(F7.4)F8el3F7al,F943yF841,1PE1243,0PF843,F5.3/39XyE12.3,F8.3
1/}

GO TC 4

TF{LX{1,J)«LE.1IGU TO 4

LMX=LX(1,J)

DO 5 L=2,LMX

MN=MX+1

MX=MN+3

WRITE{64103) (X{M) g M=MN,MX) s (CLX{N) ¢M=FA,MX)
FORMAT{68X,F12+3,1P3E12.3/6€X,0PF12.3,3E12.3/)

CONT INUE

IF(J.EQ.JX(1))GO TO 1

J=2

TFILX(1,2).EQ.0)G0 TQ 6

MN=MX+1

MX=MA+5
WRITE(65104)CSUI12) o XIMRN) o X{NNEL) o ES(I192) g X{UPN#2) 3 X(MNE3 )y XIMNFED
1X{MX )y {DLX{M) y M=MN, MX])

002380
002390
002400
FAQ02410
002420
002430
002440
002450
002460
002410
002480
002490
002500
002510
002520
002530
002540
FA002550
FA002560
FA002570
FA002580
FA002590
FA022600
FA002610
FAQ02620
002630
002649
002650
0026690
002670
002680
002690
002700
002710
002720
002730
002740
002750
002760
002770
002780
002790
002800
002810
002820
002830
002840
002850
002860
002870
002880
002890
002900
002910
002920
002930
002940
002950

_.25_.
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FORTRAN 1V Gl
00136

3037
0038
2036
0049
0041
0042
C043
0044
0045
0046

co41
0048
0049
005¢C
0051
0082

KELEASE 2.0 PARAUS CATE = 7£336 20/33/10
104 FORMAT(31X,F8.,1,1PEL2.3y0PF8.2,F9.2,F12.3,1P3E12.3 /39Xy 0PEL1 2.
13,F843,9X:F12.3,3E12.3/}
o GO 710 3
6 MN=MX+1
MX=MN+1

HRITE(G6yLOS)ICSET2) s XUIMN) ¢ X(MX) JES(I92)sOLXIMN),DLX(MX)
105 FORMAT{31X,F841,1PEL1243)0PF843,F9.3/39X4E12.3,F8.3/)
1 CONTINUE
MX=M}F
IF{IZ2.GT.NIRETURN
WRITEL641C6)
106 FORMAT(1HO///' UTILIZED TIME-CF-FLIGKT RUNS:t//

1' RUN . SAMPLE ' 'FLIGHT EFF. DETECTOR CHANNEL
2 FWHM OF MAXTMAL'/
3Y NO. - THICKNFSS 'y 'PATE THICKNESS WIDTH
4 GAMMA PEAK FLIGHT-TIME'/ .
51 ({ATOMS/B) 'y tr) (M) (NS)
6 (NS) (NS)'/)
DO 51 N=1,NX
WRITE(6)LOTINyXN{N) FFUIN)SDLFP (M), TCIN) s TBIN)y TMX(N)
107 FCRMAT(I3,1PEL16.3, OPF10434F1242,F12.5y F1243,F16.3)
51 CONTINLE
RETURN
END

002960
002970
. 002980
002990
003000
003010
003020
003030
003040
003050
003060
FAQ03070
003080
FA003090
F 003100
FAQ03110
003120
FA003130
003140
003150
003160
003170
003180
003190

PAGE (€CO02



FORTRAN IV G1

0001

0002
0003

004
00C5
0006
coo7
0008
0009
colce
0011

no12
0013
0014
0015
0016
6cl7?
0018

INCEX GENGRATES INITIAL SUBSCRIPTS FOR THE PARAMETER GROUPS:

MP(I,d): FIRST SUBSCRIPT CF POTENTIAL-SCATTERING PARAMETERS,
MR{I,J): FIRST SUBSCRIFY CF RESONANCE PARAMETERS,

PX: TOTAL NUMBER OF CRCSS SECTION PARAMETERS,

NA: NUMBER OF ADJUSTED CRCSS SECTICN PARAMETERS.

RELFASE 2.0 MATIN
C
SUBRCUTINE INDEX
C
C
C
c
c
C
C
C

lal

~NowmPNn—

COMMCN 211,221,7224H1,GI

COMMCN TITLE(15),H{6)  AGU6)ySPIN(6),RP(6)9X(200),DLX(200}+1ES(642)
T OXN(5) ¢ XR{5) 4yFP{5)4DLFP{S)yTC{5),TE(E)}4TJI(5},

CATE = 1336

20/33/10

TMX{5), ZHUS5) s YIB12C)} yCLY(5120) M1y W2, FCoE,FT9ST,5C,SG,

TCSU692) 461642 9T g IXod s IXU6) yKeKX{5Y gL s LX(642) yMyMXyNsNXMA,
YY{201},DYY{(50,201),

FL20L),A150,50),B(5Cy5C)¢CLE0),E2(2C48)42(5120),0Z2(50),

CHISQCHISQO MP{642) 4 MRI692)y0STIS50),AL(6),RF(201),CC KNsKH
2QTLy 1Z4ZITHEPSyELLE) 4 E2(5)

COMPLEX Z11,221,222,C7211,0221,0222,H1,CI

MSUM=1

DO 1 I=1,IX

J=4x{1)

DO 1 J=1,JH

MP{TI4J)=MSUM

MRUT s J)=MSUME2

MSUM=MR (1 ,J) +4*LX{1,J)
ZAHL DER PARAMETER:

MX=MSUM-1

MA=0

DO 2 M=1,MX

IF(DLX{M} .GT 0. IMA=MA+]

CONT INUE

RETUEN

END

_27-

003200
003210
003220
FA003230
003240
FA003250
FA003260
FA003270
FA003280
003290
003300
003310

003320

003330
003340
003350
003360
003370
003380
003390
003400
003410
003420
003430
003440
003450
003460
0034170
003480
003490
003500
003510
003520
003530
003540

PAGE G001
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FORTRAN IV Gl

0001

0002
0003

G004
Q005
0C2é6
0007
0008
cco9
0010
0011
0012
0013
2014

001s%
0016
0017
0013
001s

RELEASE 2.0 HAIN EATE = 75336 20/33/10

[}

eEaNeRal

SUBRCUTINE HBN

HBN PRODUCES QTL, THE RATIO OF SPALLEST FALF-WIDTH
(ON A TIME-OF~FLIGHT SCALE) TO FLIGHT PATH.

COMMON Z11,22142224H1,61
COMMCN TITLE(15) 4H{6),AG(6),SFIN(6),RPU6)X{200) 4DLX(200),ES{6,52),

1 XNES) ¢ XR(S),FPUS)4DLFPIS) 4 TC(S),TRBIS),TJ(5),
2 TMX{5) 1 ZH{5) 1 Y{5120) ,DLY(5120) ML o M¥24¥#CsE,FT,ST9SCsSGy

3 CSU652)46(6492) 3T 4IX9dpdXU6) K oKXIS5) oL pLX{642) sHyMXyNiNXsMA,
4 YY{201),0YY(50,201),

5 F{201),A{50,450)4B(50+5C)C(50)+E2(2048),2(5120),02(50),
6 CHISQyCHISQO MP(642) ¢yMR(642),DST{50)yAL(6),RF(201),CC KNyKH
7 © gQTLIZHsZITHEPSHEL{E),E2(5)

COMPLEX 211,221,222,40211,4D221,0222,4H1,G!

QTL=1000.

DO 1 I=1,1IX

JH=JX(T)

DO 1 J=1,JH

TF{LX{I,J).EQ.0)GO TO 1
M1=MR{1,J)
M2=MRUI,J) #+4%LX{T1yJ) -4
DO 1 MM=M1,M2,4
GT=ABSIX{MM+L} ) +ABS{X{MM+Z)) +X(FM¢3)
TF{X{M1-1) eEQu0scAND.DLX{M1-2)<EQeCus o ANDSDLX(M1-1).EQ.0.)
1GT=SCRT{GT*%242.BLE-4*X(HM)/AC(]))
Q=GT/X(MM)*36,148/5QRT(.001%X(MM))
TF{Q.LT.QTLIQTL=Q
1 CONTINLE
RETURN
END

003550
003560
003570
003580
003590
003600
003610
003620
003630
003640
003650
003660

0036170

003680
003690
0037¢60
003710
003720
003730
003740
003750
003760
003770
003780
003790
003800
003810
003829
003830
003840
003850
003860

PAGE 0001



FORTRAN IV Gl

0001

€002
0093

0004
0005
0006
acae7
0008
0C09
coin
0011
0012
0013
0014
0015
Q016
8011
cols
0019
020
021
0022
€021

RELEASE 2.0 MAIN CATE = 7£336 20/33/10

o

anoaon

~omd W~

SUBRCUTINE MEV

MEV CALCULATES RESCNANCE FARAMETERS [N MEV AND WIDTH
AMPLITUDES

COMMCN 711,221,222,4HI,G1

COMMCN TITLE(15),H{6),AG(6) SPIN(6),RF(6),X(200),DLX{200),ES(642),
XNUS) s XRU5) 4 FP(5) yDLFPIS) s TCUE)yTE(E),TI(5),
THX(5) 9 ZH({5) s Y{5120)4DLY(5120) ¢F1yN29PCoEsFT9ST95C,5G,
CSU6492)461692) 41 9IX s dX{6) yKoKXTIS) oL o LX{6E2) yMyMX )Ny NXyMA,
YY{2n1},nbYvY(5C,201}),

. F(201)3A(52:5C)48(50G,5C),C{50),E2(2048),2(5120}),02(50},
CHISU yCHISQD ,MP(642) yMRL642)yDST(50) yALL6) yRF{201)5CCoKNyKH
c9QTLIZ,ZITHEPS,EL(5),E2(5)

COMPLEX 211,221,222,DZ11,D221,D222,4HI,GI{

IF{IZ.GT.0)}GND T 3

E1{1)=C1(1}*,001

E2(1)=E2(1)*.701

CONTINUE

DO 1 I=1,IX

JH=JX(1)

DO 1 J=14JH

ES(TJ)=ES(14J)%.001

IF(LX{T,J).FQ.0)GD TO 1

M1=MR(1,4)

M2=MP(T,J) +4*LX(1,d)-4

DJ 1 M=M1,M2,4

X(M)=X{M}*,001

X{ME1)=SIGN{SQRT (. ODL*¥ABS(X{F+1}) ) X (M+1))

X{M+2)=SIGN(SQRT (. 001 *ABS{X(M¢2])} ), X(F+2))

X{M+3)=X(M+3}%,001

CONT INUE

RETURN

END

_29_

003870
003880
003890
FA003900
FA003910
003920
003930
003940
003950
003960
003910
003980
003990
004000
004010
004020
004030
004040
004050
004060
004070
004080
004090
004100
004110
004120
004130
004140
004150
004160
004170
004180
004190
004200
004210

PAGE 06Ol
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FCRTRAN 1V Gl

0001

0002
0003

0034
0005

00C6
0007
gocs
0C09
2010
0011
G012
cnl3
0014
0015
0016

0017
co18
0019
0020
0021
06022
3023
024
0025

go2¢
€027

co28
0029
€030
0031
0032
3033
0034
0035
€036
0037

RELEASE 2.0 MATN CATE = 15336 20/33/10

[sEaXal

sXaEsiaiaNaNal

~N D W N

SUBRCUTINE NGK
NGK CALCULATES THE COEFFICIENTS CF THE NCRMAL EQUATICNS

COMMGN Z11,22142224H1,G1

COMMON TITLE(L1S5)yHI6)1AGLE)4SFIN(6))RPI6)4X(200),DLX{200)9ES{642),

XNUS5) s XR{S) yFP(S)yDLFPIS), TCUS)yTE(E)3TI(5),
TMX{5) yZH(S),¥Y(5120),DLY(5120) yM1,M24¥0,E4FT,5T,5C,56,

YY(201),DYY(5C5201),
FU201) sA150,5C)+8(50,5C),C(50),E202048),2(5120),02(50),

2QTLyIZ4ZITHEPSHELIS)yE2(5)

DIMENS FON 2Z(2048)
COMPLEX Z11,221,222,0Z115C221,02224HI,4GI

INITIALIZATION
DO 1 M=1,MA
CiM)=0,
DO 1 MF=1,MA
A(M,FMM)=0.
KN=1
DO 2 N=1,NX
IFIN«GT.1IKN=KXIN=-1)¢1
KH=K X { N}
VI=(TB(NI/1.667)*%2
V2={CLFP(N)/FPIN))**2/6.
CN={T72.2G6%FP{N))*%2

CALCULATE INTERNAL MESK WIDTH FOR RESCLUTICN BROADENING
FT=TMX{N)—FLOAT{KH-KAN)*TC{N}
Rw=SCRT{V1+V2KFT%*%2}
WN=ANINL{QTL*FP(N) 1,66 7%RW)
KC=3.%TCIN)/HN¢+1.
DL=TC{N)/FLOAT(KC)
KR=2 ¥RW/DL+.5
IF{KR.LE.100)GO TO 4
HRITE{6,100) IZ,4KR

100 FORMAT(1H //' WARNING: INTERNAL GRID hAS TOC FINE IN ITERATION®,

113,', KR REDUCED FROM',I16,' TC 100'//)
KC=5C.*TC(N) /RW
GO TC 3
PREPARATION OF MAIN LOCP:
KT LABELS CALCULATED VALLES,
KT=1 CORRESPONDS TO LCwWEST ENERGY FOR A GIVEN RUN (N).
KK LABELS MEASURED VALUES,
KK=KN CORRESPONDS TO LCWEST ENERGY FOR A GIVEN N.
THE CALCULATION STARTS FRCM THE LOWEST FLIGHT TIME
(HIGHEST ENERGY) OF A GIVEMN RUN.

4 KKsKF

KT=KH-KN#+ 1

K1=101-KR

K2=1C1+KR

CALL AF(RwWyDLyK2,RF)
DO 5 K=K1,K2
TK=FT+FLOAT(K-101) *DL
E=CN/TK*%2

CALL YT

5 FIK)=YY(K}*RF{K)

CS(692)96{642) 1T 9IX9dedX(6) sKaKXI5) oL gL X(692) s MeMXy Ny NXygMA,

-CHISQyCHISQO,MP(642) yBR(642),0ST(50)4AL(6)sRF(201),CCKNyKH

004220
004230
- 004240
FA004250
004260
004270
004280
004290
004300
004310
004320
004330
004340
004350
004360
004370
FA004380
004390
004400
004410
004420
0044 30
004440
004450
004460
0044170
004480
004490
FA004500
004510
004520
004530
004540
004550
004560
004570
004580
004590
004600
004610
004620
FA004630
FACO046 40
FA004650
FAQ04660
FAQ04670
FA004680
FA004690
004700
004710
004720
004730
004740
004750
004760
004770
004780
004790
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FCRTRAN 1V

0u3s
0039

3040
0041
0042
3343
0044
0045
Go46

G041
0048
0049

£059
0051
Cd52
C053
0054
C055

ceos6
0057
co58
Ca59
3360
0061
2062
0063
C064
C065
0066
0067

0068
cco9
cc70
3071
€12
313
0074
cn15
03276
co77
[eloRg:]
0G79
co8o
08l
0082
cca3
0084
0o0es
0c86
co87v
coss
00846
0390

Gl

RELEASE

C
7
C
6
C
C
9
C
11
10
12
13
15

2.0 NGK CATE = 75336 20/33/10
CALL STMPUF,K1,K2,Z{KK})
ZIKK)=Z(KK)*DL

Z(KK}: CALCULATED TRANSMISSIGN
ZZIKT)={Y{KK)=Z{KK)}/DLY(KK)
CHISC=CHISQ+ZZ(KT)**2
00 6 M=1,MA
DO 7 K=K1,K2
FIK)=DYY{M,K}*¥RF(K)

CALL SIMP(F,K14K2,DZ(M})
DZ{M})=0L*{DZ(M}/DLY(KK))

COEFFICIENTS:

C(M}=CIM)+DZIMIK®ZZ(KT)

00 6 MP=1yM

A(My FMI=A(M,MM) +DZ(M)*DZ(NV)
MAIN LOOP:

KH=Kh—-1

D0 8 KKK=KN,KH

FT=FT+TC(N)

KK=KK~1

KT=KT-1

RW=SCRT(VYI+V2*FT**2)

RELABEL PREVIOUSLY CALCULATED INTEGRAND VALUES
KR=2 *RW/DL+45
IF(KR.GT.100)KR=1720
KA=K]1=KC
KB=K2-KC
K1=1C1-KR
K2=101+KR
KM=MAXC(KA K1}

DO S K=KM,KB
KO=K+KC
YY{K)=YY(KD)

D0 9 M=1,4MX
DYY(F,K)=DYY(M,KO)

NEwLY NEEDED INTEGRAND VALUES
IF(KA.LT.K1) GO TOD 190
KAA=KA-1
DO 11 K=K1,KAA
TK=F T+FLOAT{K-101) *DL
E=CN/TK®*2
CALL YT
CONT INUE
KBB=KB+1
DO 12 K=KBB,sK2
TK=FT+FLOAT(K-101)*DL
E=CN/TK%*%2
CALL YT
CONT INUE
CALL AF(RW,DL,K2,4RF)

DO 12 K=K1,K2
FIK)=YY(K)*RF(K)

CALL SIMP(FK1,K2,Z(KK))
Z(KK)=Z(KK)*DL
2ZZAKT)=(Y(KK)=-Z{KK))/DLY(KK)
CHISC=CHISQ#+ZZ(KT)**%2

DO 14 F=1,4MA

DO 15 K=K1,K2
F{K)=DYY(M,K)*RF(K)

004800
004810
FA004820
004830
004840
004850
004860
004870
004880
004890
FA004900
004910
004920
004930
FAQ04940
004950
004960
004970
004980
004990
005000
FA005010
005020
005030
005040
005050
005060
005070
005080
005090
005100
005110
005120
005130
FAOO5140
005150
005160
0051170
005180
005190
005200
005210
005220
005230
005240
005250
005260
005270
005280
005290
005300
005310
005320
005330
005340
005350
005360
005370

-3]-
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0091
0092

0393
0094
€095
3096
00517

€098
0099
0100
0101
0102
0103

RELEASE
c

14

8

. 2
c

16

2.0 NGK

CALL SIMP(F¢KL,K2,DZ(M)}
DZ(M)=CL®*(DZ(M)/DLY({KK))
COEFFICIENTS:
C{M)=C(M)+DZIM)*ZZ(KT)
DO 14 MM=1,M
A{MyFM)=A(MyMM) 4DZ(MI*DZ2 (K ¥)
CONT INUE
CONT INUE
END OF MAIN LOOP
DO 1€ M=1,MA
MMX=¥-1
DO 1€ MM=1,MMX
A(MM,M)=A(M,MM)
RETURN
END

CATE =

75336

20/33/10

005380
005390
FA005400
005410
005420
005430
005440
005450
FA005460
005470
005480
005490
005500
005510
005520

PAGE €003



FORTRARN

0001

c002
0003

0004
0005
acne6
0007
00C8
ccos
J01¢
0011

IV G1 RELEASE 2.0 MAIN CATE = 7£336 20/33/10

o0

—~wOWM D WN

SUBRCUTINE YT
YT YIELDS TRANSMISSICN VALUES AND CERIVATIVES.

COMMCN Z11,221,222,4HI,GI

COMMCN TITLE(L1S) ¢jHI6) )AG(6)ySFINLO)oFPL6) 4 X(200),DLX(200)ES(6,2),
XNES) s XRI5) yFP(5)sDLFP(S5), TCUS)4TRUIS),TJl5),
TMX(5) 1 ZHIS5) 1 Y(5120)4DLY(51Z20) 4yW 1y MFZyMC4ELFTySTySCySGy
CS{652) 1G(642) 313 IXpdpIX{6) sKyKXI5) gLy LX(692) gMyMXyNyNXyMA,
YY(201),DYY{50,201}),
F{201)sA(50,50)+4B{5Cs5C) L(50),£2(2C48),2(5120),D2(50),
“CHISQ,CHISQO MP(642) yMR(642)9DST(50)4AL(6),RF(201),CC4KNyKH
1QTL1Z,ZITHEPS,EL(E)4E2(5)

COMPLEX  Z11,221,2224D21140221402224H1,4C1

CALL G(CS

YY (K)=EXP{=XN{N}*ST)

DO 1 M=1,MA

DYYIFMgK)==XN{N}*DST (M) *YY (K

CONT INUE

RETURN

END

_33_

005530
005540
005550
FA005560
0055170
005580
005590
005500
005610
005620
005630
005640
005650
005660
005670
005680
005690
005700
005710
005720
005730
005740

PAGE (CO!
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FORTRAN IV Gl

0001

0002
0003

1034
0005
0006

00C7
0008
0009
co10
0otil

Jol2
golz
0014
0015
0016
¢o17
0018
0019
co20
6021

0022
€023
6024
0025
¢o2¢
0027
90248

0029
co3n

c031

0032
6033
2034
003s
0036
0037
Q03¢
0039
0040

RELEASE 2.0 MAIN CATE = 72336 20/33/10

[N eNel o

il

-~ O LN

1

SUBRCUTINE GQS
€QS YIELDS TOTAL CROSS SECTIGNS ANC CERIVATIVES.

COMMUN 211,221,222 ,4H1,GI .
COMMCN TITLE(L15) ,H(6),AG(6)4SFIN(6),RP(6),X{200),DLX(200),ES(642},
XN{S) s XRUS) yFPL{5) 4BLFPL{5),TCUIS) TE(E),TU(5),
TMX{5) 4 ZH(S) y Y(5120) ,CLY(5120) ¢ML M2, PCHELFT35T 450,56,
CS(6352)46{642) g1y IXedgdX(6) 1Ky KX{E) gL o LX(642) yMyMXgNgNXyMA,
YY{201),0YY{50,201),
F{201),A(50,5Q)+B(5C,50),C{50),E2(2048),2(5120),02(50),
CHISQ.CHISQO,MP{642) +MR{642),DSTU50),AL(6)RF(201),CCyKNyKH
1QTL,IZHZITHEPSHEL{S),yE2(5)
CGMMCN/GQSR/DR11(50) ,0R21(5C),DR22(50}
CCMPLEX DR11,DR21,DR22 )
COMPLEX HI4GI4FEsF1,F2,EXL,EX2,U11,0U21,DUL1(50),DU21(501,
DET,211,221,222,4R114R214R22
M=0
ST=0.
PLQ2=1.3019/E
DO 1 I=1,1X
ALIT)=1.¢1./7AG(1)
F-WAVE POTENTIAL SCATTERING:
XK1=,21969%SQRT{E) /AL(T)
X0=XK1*RP(I)
X1=XC-ATAN(XD)
SP=H{T ) *PLQ2XAL(T) 44246, xSTIN{X1)%*2
ST=ST+SpP
JH=dx(1)
DO 2 J=1,JH
MI=MF(I,J)¢2
M2=MP (1, Jd)=2+¢4%LX{1, 4}
IF{X{M1-1)oEQe0ac AND-DLX{VM1-2).EQa00s AND.CLX(MI-1).EQ.0.)G0O TD 3
S WAVE:
POTENTIAL-SCATTERING PHASE FACTOR
ARL={2,*E=-E2(1)-EL{1))/(E2{1)}-EL(1)]}
AR1=AR1%,95
ATGH=,5%ALOG{ (1. +ARL)/(1.-£R1})
AR2=SQRTI{1.E6*E)}*ATGH
AR3=X{M1-2}*AR2
XI1=-XK1%X(M1-1)+ATAN{AR3)
EX1=CEXP{2.%GI*XI1)
COLLISTION MATRIX ELENENT
CALL RMAT
UL1=EX1*(2.%Z11~1.)
TOTAL CROSS SECTION
ST=ST+PLQ2*HIT)I*G (I, J) % (1e~REALIULL))#AL(T)*%2
DERIVATIVES WITH RESPECT 10 POTENTIAL-SCATTERING PAKAMETERS:
MO=M
IF(DLX(M1-2) .EQe.0.)GO TC 8
M=M+1
ABL= AR2/(1.+AR3%%2}
DULL{M)=2.%GI*ABL*UL1
IF(DLX{M1~1).EQ.0.)GO TO 9
B=M+]
ABL=-XK1
DUIL{M)=2.%GI*ABL*UL1

005750
005760
005770
FAO05780
005790
005800
005810
005820
005830
005840
005850
005860
0058 70
005880
005890
095900
005910
005920
005930
005940
005950
005960
005970
FA005980
005990
006000
006010
006020
006030
006040
006050
006060
006070
006080
006090
FA 006100
006110
006120
006130
006140
006150
006160
006170
FA006 180
006190
006200
FA006210
006220
FA006230
006240
006250
006260
006270
006280
006290
006300
006310
006320

PAGE 0001
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FORTRAN IV Gl RELEASE 2.0 GQs CATE = 22326 20/33/10 PAGE C€CO02
0041 ' 9 IF(LX{1,J).EQ.0.)G0 TO 10 006330
c CERIVATIVES WITH RESPECT TO RESCNANCE PARAMETERS FA006340
0042 DU 11 MM=M1,M2,4 006350
2043 DO 11 ML=1,4 006360
0044 MK=MM+ML~1 006370
0045 IF{DLX{MK) .EQ.0.)GO TO 11 006380
0046 M=M+1 006390
0047 DULL(M)=GI*EXLA(ZLL**2%DRL1 (M) 42, %21 1% Z21*%CR2L(M)} +Z21%*%2%DR22(M)) 006400
0048 11 CONTINUE : 006410
049 10 ML=MC+l] 006420
€050 IF(M.LT.ML)IGD TO 2 006430
0051 DO 12 FM=ML,M 006440
0052 12 DSTUMM)==-PLQ2KH{T)*G (1, J)kREALIDULLI(MNM)IRAL(T)H%2 006450
€053 GO TC 2 006460
c P WAVE: 006410
0054 3 DO 7 MM=M1,M2,4 006480
0055 GT=X (MMt 1) **2+X(MM+2) %24+ X (MM +3) 006490
06056 DD=1.012E~T*X{MM} /AG(1} 006500
0057 WHW=DL+GT*%2/2.772 006510
0058 W=SQRT (W) 006520
CC59 XMV=(E-X{MM) } /W 006530
0060 XX=XNVEXMM 006540
0061 STMM=0. 006550
0062 IF(XX.LEL9.) 006560
1STMM=PLQ2*H(T ) ¥G (1 yJ) kX (MM+1 ) ¥k 2KEXP (-XX)*147725/W 006510
c063 ST=ST+STMM 006580
3064 IF(DLX{MM) .EQ..)GO TO 4 006590
0065 M=M#+ ] 006600
066e DST(M}= STHMMK2 XXMM/ W 006610
3361 4 TF{DLX(MM+1).EQ.0.)GO TC 5 006620
0068 M=M+1 006630
0069 DST(M)= STMMAR(2,/X{MM+1)}-GTHX(MN+1]/14386% (] =2.%XX)/HH) 006640
0070 5 IF(DLX(MM+2).FEQ.0.)GC TO 6 006650
0071 M=Mt] 006660
G072 DST{NM)= STMM*( “GTEXIMNM42)/1,3864 () e—2.%XX}/HW) 006670
€073 6 IF(OLX(MM#3).EQ.0.)G0O TC 7 006680
C14 M=M+1 006690
0075 DSTINM)=—STMMXGT/2.TT2%(1e-Z #XX)}/Hh 006700
0076 7 CONTINUE 006710
corv 2 CONTINUE 006720
cc8 1 CONTINUE 006730
0079 RETURN 006740

oc8o0 END 006750



_36_

FOKTRAN IV G1

0001

€002
0003

0004
0005
00906

cce
3308
0009
0010

0011
c012
0013
0014
[ ]
oole
col7
oole
[T
002C
0021
0022
0023
0024
0025
G026
0c27
0028
0029
0030
€031
€032
c033
0034
3035
003¢
G037
038
0039
G040
0041
0042
0043
€044

RELEASE 2.0 ‘ MAIN CATE = 78336 2C€/33/10
C
SUBRCUTINE RMAT
C
c RMAT CALCULATES THE R MATRIX, ITS CERIVATIVES AND ThE INVERSE
c CF 1-1%R/2
c

COMMCN Z11422142224HI1,GI .
COMMCN TITLE(LS) ,H{6)1AGL6) ¢ySFIN(G6) RF(6),X%X{200)40LX(200),ES(6y2),
XN(S5) g XRS5 ) yFP(S) s OLFP(5)y TC{5),TE(E),TU(5)
TMXUS) 3 ZH(5) 3 Y(5120) 4DLY(5120) )WL M2y FCHEFT4ST,SCySGy
CS(692)4G{642) 9T pIXydgdX{6) sKaKXIS) gLy LX(652) sMyMXyNyNXyMA,
YY{201),0YY{50,201),
FL201)4A{50+5C)sB(5Q45C)yC(E0),E2(2048),2(5120),02(50),
CHISQ,CHISQOsMP{642) 4 MR{692),DSTIS0) 1 ALL6) 4RF(201),CCKNyKH
2QTLIZ4ZITHEPSHEL{E) yE215)
COMMCN/GQSR/DR11(50) yDR21(50)4DR22(5C)
CCMPLEX DR11,DR21,DR22 .
COMPLEX HIZWGI FE,FL1,F2,EX1,EX2,U11,U21,CU11(50),DU21(50},
1 DET,211,221,222,R114R21,R22
RI1={0.404)
R21={(0440.)
R22=1(0.40.)
IF(LX{I,d).EQ.0)GO TC 2
(GO TO 2 IF ND RESCNANCES ARE CIVEN)
MO=M -
TF{DOLX(M1-2) HE.Q. ) M=M¢]
IF(DLX(ML-1) sNEcOs)M=M+1
DO 3 MM=M1,M2,4
SQLl=(E/X{MM) ) %%, 25
ARG2={E-ES({1,J))/(X{MM)~ES(T1,4})
IF(CLTLES{I,4J))S022=3.
IFIELGELES{I1J)}eANDsARG2¢GE.Q4)SQ2=ARG2%%,25
CE=(E=-X({MM) ) %** 2+, 254X {MM+3 )%*%2
IF{CELLT 1 E~GOLAND. X{MP+2) ,EC.0.)FE=(1.E30,0, }
IF(CEsLT e LeE=60sANDL X{MM+3)4GTo0a)FE={1.E30,1.,E30)
IF{CEQGE« 1 E-60)FE={ X{MM)—E+HI¥X(MVM+I))/CE
Wl=SC1AX{MM+1)
W2=SQ2%X{MM+2)
Fl=W1=*FE
F2=hz*FE
RLI=RIL+FLI*W]
R21=R21+F2%W]
R22=R22+F2%W2
IF(DLX{MM) .EQ.0.)GD TO 4
M=M+1
DR1ILIM)==F1%F1
DR21 (M) =-F2%F1
DR22 (M)=-F2*F2
IF{DLX{MM+1).EQ.0.)GC TC 5
M=M+1
DR11(M)=F1%SQl%*2,
DR21{M)=F2%SQ1l
DR22(M}=0.
IF{DLX(MM+2).EQ.0.)G0 TQ 4
M=M+1
DR11({M)=0.
DR21{M)=5Q2%F1
DR22(M)}=SQ2%F2%2,

~N VD o

006760
006770
006780
FA006790
FAQ06800
006810
006820
006830
006840
006850
006860
006870
006880
006890
006990
006910
006920
006930
006940
- 006950
006960
006970
0063 80
FA006990
007000
007010
007020
007030
007040
007050
007060
007070
007080
007090
007100
007110
007120
007130
007140
007150
007160
007170
007180
007190
007200
007210
007220
007230
007240
007250
007260
007270
007280
007290
007300
007310
007320
007330

PAGE (001
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FORTRAN IV Gl RELEASE 2Z.0 RMAT CATE = 75336 20733710 PAGE 0002
0045 6 TF(DLX(MM+3).EQ.0.)GD TC 3 007340
0046 M=M+1 007350
0047 DRIL{(M)=HI*F1xF1l 007360
0048 DR2L(M)=HI*F2%F1 007370
0049 DR22(M)=HI*F2%F2 007380
cas50 3 CONTINUE ) 007390
0051 M=MO 007400

C CALCULATE INVERSE OF 1-1#R/2 FAOO07410
0052 2 DET=(1.—-HI*R11)*{1.-HI*R2Z)+,25%R21%%2 007420
0053 211=(1.~-HI*R22)}/DET ) 007430
0054 221=( HI*R21)/DET 007440
0055 222=(1.~HI*R11)/DET 007450
0056 RETURN - 007460

cos57 END 0074170
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FCRTRAN IV G1

cool

0002
00012

9004
3035

0006
0007
0008
0009
0010
corl
jo12
0013
2014
J015
001¢€
0017
0018

J01s
0020
0021
0022
0023
0024
0025
0026
0027
€028
ona29g
00390
0031
co032
3033
0034
0035

0030

0037
0038

€939

RELEASE 2.0 MAIN CATE = 15336

[w]

[aEaNaNel

SUBRCUTINE YTAB

«0/33/10

YTAB YIELDS TABLES CF MEASURED ANC CALCULATEC VALUES
(DESCENDING FLIGHT TIME, ASCENDING ENERGY) AND PLOTS.

COMMCN Z11,221,2224HI,4GI

COMMCN TITLEC(15) +H(6)yAGLE)»SFIN(6)4RP(6),X1200),0LX(200),ES(642),
XN{5) yXR{5) yFP{5}yDLFP{5),TC(5},TE(E),TJ(5),
TMX(5), ZH(5),YI512C)+sCLY(5120) 9¥1 W24 FCHE4FTyST5SCy56y
CS{6921361642) 3T 4 IX g dsdXU6) 2K KXIS) 9L o LXCOy 2}y MyMX Ny NXyMA,

YY{201),0YY(50,201),

~oOUV>wN -

WQTLy1Z, 21T EPS,ELLE),E2(5)
DIMENSION TT(2)4EE(2)
COMPLEX Z114221,222,0211,0221402224HI,C1
ENERGY RANGE OF PLOT '
CC={12.256%FP{ 1)) %%
TMIN=TMX(1)~FLOAT(KX(1)=1)#TC (1)
EMAX=CC/THMIN®%*2
EMIN=CC/TMX{1)%%2
IFINX.EQ.1) GO TO 4
DO 5 N=2,NX
CC=(72.296%FP(N)) %2
TMIN=TMX{N) -FLOAT (KX {N) =KX (N=1)=1)*TC(N)
EMX=CC/THIN®%2
EMN=CC/TMX (N) %%2
IF(EFXGT.EMAX) EMAX=EMX
IF{EMNJLTLEMIN) EMIN=EMA
CONT INUE
ENERGY SCALE OF PLOT:
EMAX=EMAX*1009 .
EMIN=ENMIN*1000.
EBER=1.04%{EMAX-EMIN)
ILG=ALCGLO(EBER)
IF(EBERWLT 1) ILG=ILG-1
DEK=10,%%1LG
EBER=EBER/DEK
BER=10,
IF(EBERLE «6.25)BER=6.25
IF(EBER.LE.5. JBER=5,
IF{EBER.LE.4. )BER=4.
IF(EBER.LE«2.5 }BER=2.,5
IF{EBER.LE.1.25)BER=1,25
BER=BER*DEK
EMIN=FLOAT(INT(50. *EMIN/BER) ) #BER/ 50,
EMAX=EMIN#+BER
SE=.C0C25%BER
WRITE TABLES
DO 1 N=1,NX
WRITE(65100) 129Ny XNUKD9FP(N)

100 FORMAT(1HL//

L' COMPLETED ITERATIONS 3%,13 /
2' TIME~OF-FLIGHT RUN NO.:',I13 /
3! SAMPLE THICKNESS $V 4 1PELO.3y* ATCMS/BY/
4' FLIGHT PATH $1 4, 1PELQL3," M /)

WRITE(&,101)

.F(ZOI)7A(50,50)0E(5C156)yC(SO).EZ(ZCﬁé)yl(SIZO)pCZ(SO)v
CHISQyCHISQO MP(642) yMRIU692)4DST(50)yAL{6) 4RFL201),CCsKNyKH

007480
007490
007500
FAOO7510
FA007520
007530
007540
007550
007560
007570
007580
007590
007600
007610
007620
007630
007640
FAO07650
007660
007670
007680
007690
007700
007710
007720
007730
007740
007750
007760
007770
007780
007790
007800
co7810
007820
007830
€07840
007850
007860
007870
007880
007890
007900
007910
0607920
007930
007940
007950
007960
007970
007980
007990
008000
008010
008020
008030
008040
008050

PAGE €GO1




FORTRAN IV Gl

0040

€041
0042
€043
0044
0045
0046
00417
0048
€049
0050
0051
c0s?2
0053
G054

€055

0056

cos57

0058
059
0360

0061
0062
0063
0064
0065
0066
0067
0068
0069
0070
0071
1072
0073
C074

0075
0076

RELFASE

101

102

3
C
C
C
C

2
1

103

2.0 YTAB CATE = 15336

20/33/10

FORMAT (1HO/// FA008060
1* FLIGHT NEUTRON FEASURED CALCULATED TOTALY/ FAQ08070
24 TIME ENERGY TRANSMISS ION X-SECTION'/FA008080
3¢ {NS) (KEV) (B1'/) FA008090
CC=(12.296%FP(N))*%2 008100
FT=THX(N) +TC(N) 008110
IF(N.EQ.1)KN=1 008120
IFIN.GTL1IKN=KX{N-1)¢1 008130
KH=KX{N) 008140
DO 3 KK=KNsKH 008150
KT=KK-KN+1 008160
FT=FT-TC{N) 008170
E=CC/FT**2 008180
EZ(KT)=E%*1000. 008190
CALL GQS 008200
WRITE(E,L02)FTyEZ(KT) yY(KK} DLYUKK) 4Z{KK),ST 008210
FORMAT{F943,F11.3)Fl1a442H#-4F644,F9.4,F12.3) 008220
CONT INUE 008230
AP: NUMBER OF POINTS FAQOB240
NP=KH-KN+1 008250
PLOT CALCULATED CURVE FA008260
IF(N.EC.1) 008270
LCALL PLOT(EZ,Z{KN)yNP42409s142,094,EMAXEMIN,SEslaly~o15,.00125, 008280
2TITLE,,12) 008290
IF(N.GT.1) 008300
LCALL PLOT{EZ4Z(KN) yNP32,04143,090EMAX EMINSSEylaly=el5,.00125, 008310
20,0} 008320
PLOT MEASURED DATA FA008330
IF(N.LEJ.3) NS=N-1 008340
IF(NGE.4) NS=N+3 . 008350
CALL PLOT{EZ3Y(KN) yNPy1yNSy1404040,EMAX)EMINSSE)Llely—a154.00125, 008360
10,0} 008370
PLOT ERROR BARS FA008380

DO 2 KK=KAh,KH 008390
KT=KK-KN+1 008400
EE(1}=EZ{KT) 008410
EE(2)=EZ{KT) 008420
TT{1)=Y{KK)¢DLY{KK) 008430
IF(TT(1)oGTe1e1}TTLL)=101 008440
TT(2)=Y(KK)=DLY{KK) 008450
IF(TT{2)eLTo—.15)TT(2)=~,15 008460
CALL PLOTU(EE )TT4242409141 4G40 EMAXLEMINYSE lely—o15540012540,0) 008470
CONT INUE 008480
CONTINUE 008490
CF=SCRT(CHISQ/FLDATIKXINX)-MA)} 008500
WRITEL{6,103)CHISQ,CF 008510
FORMAT(1H //28H CHI**2: y1PE9.3/ 008520
1 28H ERROR ADJUSTMENT FACTOR: +1PE9.3/1H1) 008530
RETURN 008540
END 008550

-3 9-

PAGE €002



_40_

FORTRAN IV G1

0001

0002
0003
oon4
0035
0006
0007
2018
0005
3010
GCil
J012
0013
0014
c0lL5
3016
voL7
no18
3019
0020
go21
0022
0023
CC24
0025
ce26
0027
0cz28
2029
3039

3031
2032
00132
C034
0035
2036
0C37
0038
5039
€040
0041
6042
3043
0044

RELEASE 2.0 MAIN CATE = 7£336

o]

s Xakalal

15
14

SUBRCUTINE ORTH(MX,A,B)

ORTH YIELDS THE COVARIANCE MATRIX BY GRAK-SCHMIDT
CRTHOGONALIZATION OF THE COEFFICIENT MATRIX.

DIMENSION A(50,53),B(5C,5C),UE{50,50) +CLH(50,5C)
DO 1 M=1,MX
DO 2 N=1,MX
OM{MN) =0,
OMIM,y)M)=1.,
CN=1./SGRT(A(1,1))
DO 3 M=1,MX
OM(M,1)=CM{M,1)*CN
DO 4 M=2,MX
UE(M11)=A(M11)*CN
DO 5 N=2,MX
SuM=C,
KX=N-1
DO 6 K=1,KX
SUNM=SUM+UE (N, K} XUE{N,K)
CN=1./SGRT{A{NyN)-SUM)
DO 7 F=1,MX
SUM=C,
DO 8 K=14KX
SUM=SUM+UE (H,K)%0M{M, K}
OM(M,N}=(OM{M,N)-SUM)*CN
MN=N+1
IF{MALGT.MX)IGO TD 5
DO 9 M=MN,MX
SUM=0,
DO 1C K=1,KX
SUM= SUMHUE (M K)#UF [N yK)
UE(MyNI=(A(MyN)}-SUM)*CN
CONT INUE

FORM COVARTANCE MATRIX AS PRCOULCT CHM*CM?
DO 11 M=1,MX
DO 12 N=M,MX
B{MyN)=C,
DO 12 K=1,MX
BIMyN)=B(MyN) +OM(M,K)*OM(N,K)
CONT INUE
CONT INUE
DO 14 M=2,MX
NX=M-1
DO 15 N=1,NX
B(Myf\)=B(N'M)
CONT INUE
RETURN
END
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008860
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FORTRAN [V Gl

0001

€022
1903
0004
roes
0036
0007
Q008
€039
J010
col1l
00lL2
0013
0014

RELEASE 2.2 MAIN CATE = 15336

C

C
C
C

SUBRCUTINE ADJ{MXyMA,X,DLX4B,4C)
ADJ CALCULATES THE NEwLY ADJUSTEC PARAMETERS

DIMENSTON X{2J01,0LX{20C),E(5C+50),C(€0)
M=0

DO 1 MM=1,MX

TF(DLX(MM) .EQ.0.)G0 TO 1
M=M+1

XM=0.

00 2 MN=14MA
XM=XNM+B (M, MN) %C(MN)
X{MM}=xX{MM)+XM
DLX{MM)=SQRT(B{4,M))
CONT INUE

RETURN

END

4 |-
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009060
009070
009080
FA009090
009100
009110
009120
009130
0091490
009150
0091690
009170
009180
009190
019200
009210
009220
009239
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FORTRAN 1V Gl

0001

0002
0003

COca
00C5
0006
ao07
0008
0009
coro0
2011
012
0013
0014
0C1l5
[e10B
Qo017
noti8
0019
0020
0021
1022
0023

RELEASE 2.0 MAIN CATE = 72336 20/33/10

C

oo n

~NOUS WA

SUBRCUTINE KEV

KEV CALCULATES RESCNANCE PARAMETERS IN KEV AND WiDTk
AMPLITUDES

CUMMCN 211,2214222,yHT,GI

COMMCN TITLE(L1S5) H{G) ¢AG(6) ) SFINIE)RPLE)9X(200)sDLX(200),ES5(6,42),
XNES5) g XRIS) yFPIS),DLFPUIS) s TCUS) TBLE) ,TU(5),
TMX(5) 4 ZH{5),Y(5120) 4DLY(5120) MLy F24¥0E,FT45T,5C156G,
CS{652)360642) 91 91X ydsdX{6) sKyKXIE) oL yLX{092) 9 MaMXyNyNXyMA,
YY{(201).DYY(50,201),
F(201),A(52,5C),B(5G¢5C),C(50),E2({204E),Z(5120),02(50),
CHISQ,CHISQOMP(6,2) yMR(642)9sCST(50) 4 AL(6) RF{201},CC KNy KH
yQTL,yI1ZHyZITHEPSYEL(5),E2(5)

COMPLEX 211,221,222,D2114L£221,L2224HI,G1

DO 1 I=1,1X

JH=JX{1}

DO 1 J=1l,JH

ES(I,J)=ES{1,J)}%1230,

TF(LX(1,J).EQ.0)G0 TO 1

M1=MR(I,J)

M2=MR(T,J) #44LX(I,J)~4

DO 1 M=M1,M2,4

X{M)=X(M)*1000.

XM+ 1} =X(M+1) ¥ABS{X(M+1))*100C.

X(Me2)=X(Me2) «ABS{X{M+2)}*1C0C.,

X{Me2)=X(M+3) %1000,

DLX{¥)=DLX{M} #1000,

DLX{Mt1)=DLX{M+1)*SQRT(ARS(X(M+]1)})*,C01)}%200C.

DLX{M#2)=DLX(M+2) *SQRT(ABS{X(VM+2) )} %.001)*200C.

DLX(M+2)=DLX{M+3} %1000,

CUGNT INUE

RETURN

END

009240
0092 50
009260
FA009270
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FORTRAN IV Gl

0001

0092
0003
CCn4
[s10]43)
0006
oo0e7?
0008
0009
0010
%011
0012
0013
0014
0015
Cole

RELEASE

C

C

-]

2.0 MATIN CATE = 17

wn

336 26/33/10

SUBRCUTINE SIMP{Y,M,N,Z)
THIS SUBROUTINE PERFCRMS INTEGRATICN BY SIMPSONIS RULE

DIMENSION Y(231)

IF{N-M=215,3,5

1=0.

K=M

L=N

K=K+1

L=t-1

DO 2 I=K,L,2

Z=7+4Y11}

I=2.%2"

IF(M+1-K) 4,144

I=4 %Y (M+1)

I=(Y{M)+Z+Y(N)I/3,

RETURN

END

_43_

009590
009600
009610
009620
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009650
009660
0096170
009680
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009700
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009740
009750
009760
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FORTRAN IV Gl

0001

€002
0003
0004
coAas
0006
0007
0008
0009
0010
coll
0012

RELEASE 2.0 MAIN CATE = 7£336
C
SUBRCUTINE AF(RW,DLKX,RF)
C
C AF YIELDS THE RESCLUTICN FUNCTICN
C

21

DIMENSION RF(201)
RF(1C1}=.566870/RW
F1=EXP{-(DL/RH)*%2)
F2=F 1%F]

DO 21 K=172,KX
RF(K)=RF({K-1)}*F1l
KK=2(C2-K
RF(KK}=RF(K)
Fl=F1%F2

RETURN

END
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Note added in print

The most recent version of FANAL (January 1976) has the statements 007040
and 007050 in subroutine RMAT replaced by

SQ1=(E/ABS (X (MM) ) )##,25
ARG2=(E~ES(1,J))/(ABS(X(MM)-ES(I,J))).

This permits inclusion of s—wave resonances with subthreshold resonance

energies (EA<0 for the elastic channel, E <Et for the inelastic channel).

A
Their elastic and inelastic neutron widths must be taken as follows:

0
AR wftEAI/lev,

O 1
NREE \/IEA E,|/1ev.

(For the elastic channel this corresponds to e.g. the ENDF convention.)





