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ABSTRACT

The neutron capture and subthreshold fission cross section of

243Am was measured in the energy range from 5 to 250 keV using

197 235

Au and U as the respective standards. Neutrons were produced
via the 7Li(p,n) and the T(p,n) reaction with the Karlsruhe 3-MV
pulsed Van de Graaff accelerator. Capture events were detected

by two MoxonRae detectors with graphite and bismuthgraphite
converters, respectively. Fission events were registered by a
NE-213 liquid scintillator with pulse-shape discriminator equip-
ment. Flight paths as short as 50 - 70 mm were used to obtain
optimum signal~to=-background ratio. After correction for the
different efficiency of the individual converter materials the
capture cross section could be determined with a total uncertainty
of 3 - 6 %. The respective values for the fission cross section

are 8 - 12 %. The results are compared to predictions of recent

evaluations, which in some cases are severely discrepant.




ZUSAMMENFASSUNG

Der Neutroneneinfang- und Spaltquerschnitt von Americium-243

im Energiebereich von 5 bis 250 keV.

Der Neutroneneinfangquerschnitt und der Spaltquerschnitt unter-

243

halb der Schwelle von Am wurden im Energiebereich von 5 - 250 keV

197 235U als Standards ver-

gemessen. Dabei wurden jeweils Au und
wendet. Die Neutronen wurden iliber die 7Li(p,n) und die T(p,n)
Reaktion am gepulsten Karlsruher 3 MV Van de Graaff Beschleuniger
erzeudgt. Zum Nachweis der Einfangereignisse dienten zwei Moxon-
Rae Detektoren mit Graphit- und Wismut-Graphit Konvertern. Die
Spaltereignisse wurden mit einem NE-=-213 Szintillator gemessen,
der mit einem Impulsformanalysator ausgeriistet war. Flugwege von
nur 50 - 70 mm ermdglichten ein optimales Signal zu Untergrund-
Verhdltnis. Die Daten wurden auf die unterschiedliche Ansprech-
wahrscheinlichkeit der einzelnen Konvertermaterialien korrigiert.
Der Einfangquerschnitt konnte mit einer Genauigkeit von 3 - 6 %
bestimmt werden. Im Falle des Spaltquerschnitts betrdgt die Ge-

nauigkeit 8 - 12 %. Die Ergebnisse werden mit theoretischen Vorher-

sagen verglichen, die zum Teil stark abweichend sind.




I. INTRODUCTION

During the last years considerable progress has been achieved
in measurements of capture and fission cross sections of minor

o , , . 2
actinide isotopes in the unresolved resonance reglon1’ '3’4.

243Am remained as a white spot, for which no experi-

However,
mental data were reported in the literature. Although the half
life of 243Am is about a factor of 20 longer than for 241Am its
high energetic gamma radiation (v~ 300 keV with 100 % intensity)
causes severe problems in capture cross section measurements.
The subthreshold fission cross section is low and can be deter-

mined only with a very sensitive experimental method and a very

clean sample.

243

Capture in Am contributes significantly to the production of

244Cm, which is of importance in fast reactor studies as a strong
neutron emitter, and’hence affects thé total neutron production
rates. Several requests for capture cross section measurements
have been formulated5’6’7'8 asking for an accuracy of ~ 10 % in
the keV range. The quoted applications are burn-up studies, the
build-up of transplutonium elements, neutron shielding of trans-

port casks for spent fuel elements, fuel reprocessing and storage

as well as the long term radioactivity hazard.

The very small fission cross section in the subthreshold region is
directly of minor importance for reactor applications. However, there
is a more general interest for systematic studies of fission barriers

and for reliability tests of codes used in data evaluation.




243Am we have completed a series

2,3,9,10,11

With the present results for

of measurements on minor actinide isotopes including

240,242Pu and 241

Am. The experimental method is to use Moxon-—Rae
detectors in connection with kinematically collimated neutrons
from (p,n) reactions on light nuclei. The samples are positioned
at very short flight paths of 5-7 cm to obtain a high neutron

flux at the sample position and consequently a favourable

signal-to-background ratio.

One of the largest systematic uncertainties of the experimental
method is due to the fact that thelefficiency of Moxon-Rae
detectors deviates slightly from the ideal shape (which increases
linearly with gamma-ray -enerdgy). To reduce this uncertainty we
used in the present experiment two detectors with different
~converter materials. This allowed for a check of the calculated
efficiency correction. Part of the present results have been

published in a preliminary form in Refs. 12 and 13.




IT. EXPERIMENTAL METHOD

14, the principle

Similar to earlier work by Macklin et al.
of the experimental method is to use (p,n) reactions on light
nuclei for neutron production at proton energies just above

the reaction threshold. In this case the neutrons are kine-
matically collimated by the center of mass motion of the
compound nucleus. All neutrons are emitted within a cone in

a forward direction, the opening angle of which is determined
by the proton energy. Therefore, further collimation of neutrons
is not necessary and flight paths as short as 5 to 10 cm can be
used in the experiments. The capture and fission events can be

observed by detectors placed at backward angles completely out-

side the neutron cone.

Details of the experimental technique have been published in
Refs. 2, 9 and 10 and therefore only a brief description is given

here.

The experimental set-up is shown schematically in Fig.1. The pulsed
proton beam of the Karlsruhe 3 MV Van de Graaff accelerator hits a

7 3

Li or

water cooled H target producing kinematically collimated

neutrons in the energy range 5-100 keV and 40-250 keV, respectively.

To optimize the signal to background ratio high beam currents up

to 25 uAmp were applied at a repetition rate of 2.5 MHz. This

called for an improved target construction as the previously used

spraywater cooled tantalum targets were not able to stand such

high currents. They were replaced by targets which were developed
15

for activation measurements ~. The backing consisted of a 0.5 mm

thick copper layer and cooling is achieved by lateral heat




Two Moxon-Rae detectors with graphite and bismuth graphite con-
verter served for the detection of capture events. As the Moxon-
Rae detector cannot distinguish between gamma rays from capture
and fission, we had to use a second detector (sensitive to fission
events only) for correction. This was a NE-213 liquid scintillator,
which was operated with a pulse shape discriminator, to separate
fission neutrons from gamma-ray background. From the data recorded
with this detector, it was possible to determine the fission

cross section of 243Am, too.

All detectors are located at backward angleé of 120 deg with respect
to the beam axis, completely outside of the neutron cone. They are

shielded with lead against the prompt gamma radiation from the

243Am sample

neutron target. The intense gamma radiation from the
itself was attenuated by lead absorbers of variable thickness in

front of the Moxon-~Rae detectors.

In addition, two 6Li glass detectors located at flight paths of

50 and 120 ¢m and under angles of (0 deg and 20 deg to the proton
beam axis, respectively, were used as monitors for the neutron
flux. While a time-of-flight (TOF) spectrum was recorded from the
transmission detector, a pulse height spectrum was measured from
the neutron flux monitor at 20 deg. Both spectra and the integrated
beam current on the neutron target were used to ensure that all

samples were exposed to the same neutron flux.

Four samples were mounted in a low mass sample changer and cycled
automatically into the measuring position:

243

1) 243Am: A pellet of AmO2 was prepared which after a




sintering procedure was welded into a 0.15 mm thick
stainless stell canning.

197

2) Au: A gold sample was used as a standard.

3) graphite: The thickness of this sample was adjusted to give

about the same scattering yield as the gold sample.

4) 235U: This sample was used for normalization of the fission

correction.

In order to obtain a similar time dependent background, all samples
were canned in the same way. Details of the individual samples are
compiled in Table I. The flight path was measured daily by means
of an eddy current device relative to a gauge made from stainless
steel. This allowed for a high reproducibility (< 0.02 mm) of

the measured value and increased the absolute accuracy. All mani-
243

pulations around the target were performed with the Am sample
in a shielded position of the sample changer.
The capture and fission cross section of 243Am were measured in the

low energy range (5 to 100 keV) using the 7Li(p,n) reaction and
in the high energy range (40 to 250 keV) using the T(p,n) reaction
for the neutron production. A variety of individual runs was per-

formed with modified experimental parameters to check for syste-

matic uncertainties.

At low energies, data were taken in four runs at a flight path of

v 52 mm using different lead absorbers between 0.5 and 2 cm thick-
ness in front of the detectors. Measurements with thick lead absor-
bers yielded a high signal-to-background ratio and consequently

a low systematic uncertainty due to background subtraction. This




uncertainty dominates the total uncertainty at very low energies
and the respective data could be evaluated with confidence down
to energies of v 5 keV. On the other hand, runs with thin lead
absorbes are less affected by gamma absorption in the lead
shielding and could therefore be used to check this correction in
the high energy range. The different signal-to-background ratios

are demonstrated in Fig. 2.

To reduce the systematic uncertainty due to the determination of the
flight path two additional runs have been performed at a flight path
of 71 mm and with lead shielding of 2. and 1. cm thickness, respec-
tively. In the two measurements with the tritium target a 2 cm

thick shielding was used. The respective spectra of these four

runs are shown in Figs. 3a and 3b. Details of the individual runs

are compiled in Table II.

Ag an additional check for the influence of the lead shielding

in front of the Moxon-Rae detectors the cross section ratio oy(2380)/

G (197
Y

and for the unshielded detectors. As the capture gamma-ray spectra
238 243

Au) has been measured for all different lead shieldings

of U and Am are very similar (see Sec. III) these results

can be used to estimate the systematic uncertainty caused by the

243

shielding in the Am measurement.

The gamma-ray self-absorbtion in the samples was studied by measuring
TOF spectra from gold samples with 18 and 40 mm diameter and with
thickness between 0.12 and 1 mm. The respective data could be used

243,

to estimate the self-absorbtion in Am samples, too.




ITI. DATA ANALYSIS

As the data analysis has been described in detail in Refs. 2,9,10,
11, here the individual steps are summarized only briefly, empha-

sizing the applied modifications.

ITI.A. Capture Cross-Section Measurements

1. Transformation to a common flight path:
Small differences in flight path were observed for sample and
reference sample (< 0.7 mm) and for the different neutron
targets - (X 0.1 mm). This effect was corrected for in the same
way as described in Ref. 2. Thanks to the improved flight path
determination and target construction in most of the runs
the daily measured £flight paths of sample and reference
sample differed by less than 0.2 mm. In these cases no

correction was applied.

2. Normalization to equal neutron flux: The measuring time for
‘the individual sahples of v 10 min was determined by integra-
tion of the proton beam current to a preselected value. The
neutron production rate of the targets decreased slowly with
time. Therefore the neutron exposure was largest for the
first sample and decreased slightly for all other sahples.
To correct for this effect we used the spectra measured with
the transmission detector and the neutron flux monitor. The
resulting normalization factors for any individual cycle
turned out to be always less than 1.3 %. Averaged over all
runs the difference in neutron flux irradiating sample and

reference sample was 0.8 %.




Subtraction of time-dependent and time-—independent background:

This correction was performed in the same way as described

241

for the Am measurement in Ref. 2. The related uncertainties

are discussed in Section V.

Correction for fission events: Due to the low subthreshold

243

fission cross section of Am and the high purity of the

sample material, this correction is 1.2 % on the average. The
first step for the evaluation of this correction is to deter-
mine the ratio R of fission neutrons (observed with the

fission neutron detector) to fission gamma rays (observed

235

with the Moxon-Rae detector) for the U sample. The spectrum

of fission gamma rays was obtained from the measured TOF

235

spectrum by subtracting the components due to capture in U

238U impurity. As the fission correction

and capture in the
is very small and the statistical accﬁracy of the fission
neutron spectra is low we renounced on the unfolding procedure
described in Refs. 2 and 11 which exactly accounts for the

TOF distribution of the fission neutrons. This procedure was

approximated by a constant time shift corresponding to the

average TOF of the fission neutrons from sample to detector.

The final fission correction was then calculated from the

ratio R defined above and the fission neutron spectrum of the

243Am sample. Differences in v, in the fission neutron energy

spectra, and in the total fission gamma energy between 243Am

235

and U have been taken into account.




L

Correction for capture in isotopic impurities:

A correction for capture in isotopic impurities was neg-

lected as the sample was enriches to 99.82 % and 0.17 %
241

from the remaining abundance is Am, which has about

the same capture cross section.

The sample material was chemically purified from plutonium
and curium ~ 3 years before the measurement. In the final

analysis no detectable plutonium impurity was recorded.

239Pu content of the sample which might

243

Therefore, the
originate from the decay of Am, was definitely less

than 0.03 %.

Correction for multiple scattering and self shielding: This

correction has been determined by the Monte Carlo code SESH

(Ref. 16) and the respective values are listed in Table III.

The corrections are ~ 2 % except for 197Au, where corrections

up to 6 % were calculated.

Correction for gamma-ray self-absorption:

In 2 Ref. 2 the calculated correction for gamma-ray self-
absorption in a 1 mm thick gold sample was SA = 0.96 using
the total energy absorption cross section given in Ref. 17.
In order to check this calculation we measured the gamma-ray
self-absorption by comparison of the capture yield from gold
samples of variable thickness. Extrapolation of these yields
to sample thickness zero provided a direct measure of the
gamma-ray self-absorption. For a sample thickness of 1 mm we
obtained in this way SA = 0.95, which is in a good agreement
with the calculation mentioned above. Therefore, we adopted
an average value SA = 0.955 for the self-absorption correc-

tion in the gold sample. For the 243Am sample we calculated
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the correction SA = 0.985 with the same procedure as is

241

described for Am in Ref. 2.

Influence of lead shieldings in front of the Moxon-Rae detec-

tors.

The influence of the lead shieldings in front of the Moxon-Rae

detectors was studied in a separate measurement where we deter-

mined the capture yield from an 238U sample relative to a

197Au sample for all lead absorbers. The result is given in

Table IV. Within the accuracy of the measurement of ~ 0.3 -
0.4 %, the thickness of the lead absorbers had no effect

on the measured ratio. As the capture gamma-ray spectra of

238 243Am are very similar (see subsection 10 below) this

result was assumed to hold for 243Am also. Therefore, no

U and

correction was applied for this effect.

Dead time correction:

Due to the high background from the radioactivity of the
243Am samnple, the dead time for measurements with the sample
and the reference sample is slightly different. But as most of
the observed counting rate is due to the prompt gamma-ray peak
(seé Figs. 2,3) this effect is rather small. The dead time
difference was determined to 0.03 %, 0.28 %, 0.8 % and

2.16 % for lead shieldings of 2.0, 1.0, 0.7, 0.5 cm thick-
ness, respectively (Run I to IV). Therefore, no correction

was applied in measurements with the two thicker absorbers,

while the data taken with the thinner lead shieldings were

corrected by the factors given above.




10.

—_11 —

Correction for detector efficiency

As the capture gamma-ray spectra of sample and reference

sample have not the same shape, deviations of the detector
efficiency from the ideal shape may cause a systematic effect
in relative measurements. The respective corrections were
evaluated in Refs. 15 and 18 using (i) capture gamma-ray
spectra calculated according to the statistical model and
(ii) a shape of the efficiency versus gamma-ray energy as

evaluated from literature19. The so obtained correction

238 241

factors, K, for U and Am relative to a gold standard

are compiled in Table V for both converter types. Due to the

241

high degree of similarily in nuclear structure of Am and

243Am the capture gamma ray spectra of both isotopes are also

expected to be very similarzo. Because the correction factors
K depent only weakly on the respective gamma-ray sepctra it
is certainly justified to use the same value of K in the
present evaluation than for 241Am. From Table V can be seen
that no correction is required for the data measured with the
bismuth-graphite converter while a correction of ~ 3 % is
necessary for the measurements with the graphite converter.
In Table V the K-values for a relative measurement 238U/197Au
have been included for two reasons: (i) to demonstrate that
the K-values are indeed insensitive to small differences of
the capture gamma-ray spectra (in this case of 238U and 241Am)
and (ii) to check the calculation of K-values by the results
of the measurements given in Table IV. The K-values in Table V

predict, that the ratio of the count rates in a 238U/197Au

measurement are higher by 2.5 % if a graphite converter is




used instead

of a bismuth-graphite converter. The experiment

shows a difference of 2.3 % in very good agreement with

this prediction.

Finally, the capture cross section ratio can be calculated by the

equation:

OY,Am _<cAm

*
(MS*88) 5 SA

° ° — — K

°,au  Cau

where

C =

* =
(MS ss)i and sA;

ITI.B. Fission

*
(Ms SS)Am SAAm NAm BAm

‘experimental counting rates, normalized to equal

neutron fluence, corrected for the various back-
ground components and also for the influence of

fission events and dead time;

corrections for multiple scattering, self-
shielding, and gamma-ray self absorption;
sample thickness;

neutron separation energies and

efficiency correction.

Cross-Section Measurements

The fission neutron spectra were evaluated in the same way as des-

cribed in Refs. 2

and 3. In order to improve the statistical accur-

acy the spectra of Run I,II, III, IV (flight path 53 mm) and the

spectra of Run V,

VI (f£light path 71 mm) were added. The experi-

mental signal-to-background ratio is demonstrated in Fig. 4.




After subtraction of time-dependent and time-independent backgrounds
an additional background component due to incomplete pulse shape
discrimination of the capture gamma-rays had to be taken into ac-
count. The respective correction was calculated from the spectra
measured with the gold sample which were normalized by means of

243Am and gold as determined

the capture cross section ratio of
with the Moxon=-Rae detectors. This normalization was performed in
that high energy interval in the TOF spectra close to the prompt
gamma-ray peak where only capture gamma-rays but no fission neutrons
are recorded due to the approximate 18 ns mean flight time of the
fission neutron between the sample and the detectors (see Ref.3).
After unfolding the time distribution of the fission neutrons

from the background subtracted spectra these were corrected for

fission in 239Pu. As mentioned already, an impurity of 0.03 %

239Pu resulted from the decay of 243Am in the 3.3 years since
the last plutonium separation. The respective correction caused

a reduction of the measured effect by ~ 4 %.

The fission cross section ratio was determined according to the

relation
o c N v f (MS*SS)
e 77 - - I i sidid I
of,U CU NAm VAm Am (MS SS)Am
where
U and Am ='23SU and 243Am, respectively
Ci = counting rates in the TOF spectra
Ni = numbers of atom per barn
£ = fractions of fission neutrons above the

experimental threshold




Because no experimental information was available from literature,

a value ;Am = 3.2 + 0.1 was estimated from the known v-values of

241,242
A Am

fissions neutrons above the experimental threshold we used the
241

m, leading to a ratio ;U/; = 0.753. For the ratio of

same value fU/f = 0.90 as quoted for Am in Ref. 3. The values

Am
MS*SS for multiple scattering and self-shielding are those of

Table III.

Iv RESULTS

As can be seen from Table II, the ratios of the capture and fission

243 197 235

cross sections of Am versus U have been measured

Au and
in eight different runs. Six runs were performed in the energy range
from 5 to 100 keV and two runs in the range from 40‘to 250 keV. In
the capture measurements two independent results were obtained as

Moxon-Rae detectors with two different converters were used

simultaneously.

IV.A. Capture Cross Section

24

In Tables VI to XIII the resulting cross section ratios OY { 3Am)/

(197

o] Au) are compiled in great detail: for each run the results

Y
of both detectors are quoted together with their respective
average. The total uncertainty is dominanted by systematic uncer-
tainties which are 3 —(4 % for most of the data points, but in-
crease up to ~ 15 - 25 % at very low energies. For easier judge-
ment of this large amount of data Table XIV lists the average
values of all data given in Tables VI to XIII. By comparison of

all these results the following conclusions can be drawn: No

systematic difference shows up between the results obtained
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with different detectors (Runs I - VI). This in an important
check for the reliability of the efficiency correction. The

data derived from runs with different lead shieldings or flight
paths deviate from their mean (Table XIV) by only + 1.3 % on the
average. These small differences can well be understood by the
systematic uncertainties of background subtraction as discussed
in Sec. V. In the high energy runs a systematic difference of

v + 4 % is observed for the results with different detectors.
This relatively large discrepancy can agéin be explained by the
uncertainties due to background subtraction and by the statistics
as in these runs the effect-to-background ratio is rather small

(see Fig. 3b).

In Fig. 5 the experimental ratios have been converted to absolute
cross sections using the ENDF/B-V cross section for the gold
reference sample. In order to avoid confusion all data measured

at a particular f£light path but with different lead shieldings

and converter materials are averaged according to their statistical
uncertainties. The plotted error bars represent only the uncer-
tainty of the experimental cross section ratio. The total uncer-

tainty of most of the data points is 3 - 6 % in the energy range

from 15 to 160 keV and increases up to 9 % at higher and up to 20 %
at lower energies. The total uncertainty is dominanted by systematic
uncertainties. The statistical accuracy is better than 1 % for
energies between 20 and 80 keV and better than 3 % for all other
enerdgies except those éoints below 10 keV. No systematic differ-
ences were found betwegn the data measured at different flight

paths again confirming the reliability of the background correc-

tions. This is further more supported by the fact that the high




energy data fit smoothly to the values in the low energy range.
The numerical values for the absolute cross section are given

in Tables XV to XVII.

As no other experimental data exist in the energy range of the
present measurement, a comparison can be made only to predictions
from model calculations. It can be seen from Fig. 5 that good
agreement is found with the KEDAK evaluation21 and the calcula-
tions of Mann and Schenter22 which both were4performed prior

to the present measurement. The data listed in ENDF/B-V are lower
by ~ 20-30 %. The yet preliminary data of the UKNDL evaluation23
is higher by ~ 20 - 30 %. It has to be mentioned that recently
Macklin revised his measurement of the gold capture cross sec-

24 As the ENDF/B-V evaluation is mainly based on this expe-

tion
riment this would imply that the values given in Fig. 5 have to

be lowered by ~ 9 % at 5 keV, 3.3 % at 10 kev and 1 % at 30 keV.

IV.B. Fission Cross Section

243

The results for the fission cross section ratio of Am versus

235U are given in Table XVIII and Fig. 6. The experimental ratios

are converted into absolute values using the 2350 fission cross sec-
tion as recommended in Ref. 25. The data from Runs I, II, III, IV
and from Runs V, VI have been combined to common data sets. The
overall accuracy of 8 - 10 % is dominated by systematic uncertain-
ties. In the region of overlap between 30 and 100 keV reasonable
agreement is found between the low energy and the high energy runs.
This is insofar remarkable as the signal-to-background ratio of the

high energy runs is very poor in this energy range and thus this

consistency again confirms the reliability of the background sub-




traction. In the energy range of the present experiment no other
experimental data are ‘available until now, except for the two
lowest data points quoted in a preliminary publication of Behrens

26 These results which were skipped in their final publi-

and Browne.
cation27 are in good agreement with the present measurement, which
thus extends the data of Behrens and Browne smoothly to lower ener-
gies, where the cross section is so small that measurements with

ionisation chambers are increasingly difficult.

V. DISCUSSION OF UNCERTAINTIES

The systematic uncertainties of the adopted experimental method
have been discussed in great detail in Refs. 2,3,9,10 and 11.
Therefore it is here sufficient to concentrate on the essential
assumptions which were used to evaluate the uncertainties of the
present measurement. The various uncertainties were added quadrat-
ically and the resulting sums are quoted in Tables VI to XIII and

XVIII. '

V.A. Capture Cross-=Section

1. Sample mass: An uncertainty of 1.5 % had to be assigned to
the sample mass. This uncertainty is caused by the fact that
part of the sample material might have been converted from
AmO2 to Am203 during the sintering proéess. The weight of
the pellet given in Table I was determined after sintering.
Therefore, a chemical composition of Am01.75 was assumed
that yields an uncertainty of 1.5 % for the mass. Thus, both
compositions AmO2 and Am203 are possible within the quoted

uncertainty.




Flight path and time-dependent background: To evaluate these
effects for sample and reference sample, an uncertainty of
0.3 mm was assumed for the measured flight paths. This gives
rise to an uncertainty in the transformation of the indivi-
dual spectra to a common flight path that consists of two
components - an uncertainty in solid angle and an uncertain-

ty in the transformation of the time scale.

The improved method to determine the flight path allowed for

a higher accuracy compared to previous measurements (Ref. 2,9).

Constant background: This correction was calculated in the

same way as described in Ref. 9.

Fission events: An overall uncertainty of 15 % was obtained
for this correction which is composed of the following parts:
Neglection of the unfolding procedure caused an uncertainty
of 10 & which is the average difference of the results for
the fission cross section obtained with and without unfolding
procedure. An uncertainty of 5 % was assumed for the ratio
fU/fAm of fission neutrons above the detector threshold (see
Sec. III B) while the v values were taken with an uncertainty

243 235

of 3.3 % and 1 % for Am and U, respectively. An addi-

tional uncertainty of 10 % was caused by the differecne in

total fission gamma-ray energy of 243Am and 235U.

Multiple scattering and self-shielding. The uncertainty of
this correction was calculated in the same way as described
in Ref. 9. A value of 1.4 % was found for the ratio

(MS*SS)Au/(MS*SS)Am'




6. Neutron fluence: By means of the two additional lithium
glass detectors located at 0° and 20° with respect to the
beam axis it could be verified that sample and reference

sample were exposed to the same neutron fluence within 0.5 %.

7. Gamma-ray self-absorption: The good agreement of calculated
and measured gamma-ray self-absorption factors for the gold
sample showed that the ratio SAAu/SaAm is correct within

an uncertainty of 1 %.

8. Lead shielding in front of the Moxon-Rae detectors: From
the numbers given in Table IV we deduced a systematic uncer-

tainty of 0.3 % for this effect.

9. Dead time correction. As this correction was very small
and could be determined with high accuracy the related

systematic uncertainty was neglected.

10. Detector efficiency: The accuracy of the efficiency correc-
tions was carefully studied in Refs. 18 and 28 using differ-
ent efficiency curves and different capture gamma-ray spectra
for the gold sample. As a result, an accuracy of 1.2 % can
be assigned to the correction factor K. This high precision
is confirmed by the fact that no difference could be ob-
served in the final cross section ratios measured with

different converter materials (see Table XIV).

V.B. Fission Cross Section

The systematic uncertainties due to sample mass, flight path,
time~dependent and time-independent background were evaluated
in the same way as described for the capture cross-section

measurements. The remaining effects are:




Unfolding procedure: The systematic uncertainty for the
unfolding of the fission neutron time distribution varied
between 4 and 6 %. These values account for 50 % of the
difference in the cross section ratio, if the evaluation

is made with and without unfolding procedure.

Isotopic impurities: Contrary to the capture rate the effect
of isotopic impurities could not be neglected for the fission
crosé section. On the average the correction for fissioh in
239Pu amounted to ~ 4 % of the measured effect, thus con-
tributing an uncertainty of less than 1 % to the cross sec-
tion ratio, if a 20 % accuracy is assumed for the estimated

239Pu content. After the measurements the 243Am sample was

analysed by X-ray absorptiometryzg. The observed effect in

the region of the K-absorption edge of plutonium is shown

in Fig. 7 together with the 20 band of the statistical
accuracy. A possible plutonium contamination of 0.2 % would
have shown up as indicated by the dashed-dotted line. It is
confirmed that the plutonium contamination is less than 0.06 %
on a 1o confidence level. This is in agreement with the

assumption that plutonium was completely removed in the purifi-

cation of the material 3 years before our measurement.

The analysis, however, indicated a contamination of uranium,
in contrast to the analysis provided by the owner of the
material. This contamination was determined to 0.18 + 0.02 %
by means of the more sensitive method of X-ray fluorescencezg.
This method was applicable fer uranium (but not for plutonium)

as no uranium X-rays occur in the decay of the sample

material itself.




As it is very unlikely that this uranium is highly enriched
in 235U, this contamination will not affect the fission
cross section measurement. Nevertheless, an isotopic analysis

is presently underway.

Background due to the incomplete gamma discrimination:
The background caused by capture gamma-rays which were not
rejected by the pulse shape discriminator could be determined

with an accuracy of ~ 30 %.

Fraction of fission neutrons above threshold. In Refs. 2

and 3 the respective correction for 241Am was estimated to

v 3 - 4 %. In the present experiment the same value fU/fAm

243

was used for Am assuming a somewhat larger uncertainty

of 5 %.

Average number of fission neutrons: An uncertainty of 3.3 %

was assumed for the estimated v value of 243Am, while the

235

respective value for U was taken to be correct within 1 %.

Multiple scattering and neutron fluence: These uncertainties
are the same as for the capture measurement.

Angular distribution of fission neutrons: This correction

was discussed in detail for the 241

Am measurement in Refs. 2
and 3 with the conclusion that no correction was required.

The same assumption was made for the present measurement.




N, 1, R

V. C. Conversion of Experimental Ratios to Absolute Values

a 235

Both reference cross sections 197Au an U exhibit a distinct

structure in the energy range of the present measurements. It was

30 that a systematic uncer-

pointed out by Liskien and Weigmann
tainty arises if smoothed reference cross sections are used for

converting the measured ratios to absolute cross sections.

In the present experiment the high resolution cross section for
gold was taken from ENDF/B~V to convert the data to absolute

cross sections. The values of OY(197

Au) given in Tables XV - XVII
are averages over the energy interval of each data point. It
should be noted again that the gold cross section of ENDF/B-V
probably has to be changed as the data of Macklin et al. have been
revised recently (Ref. 24). In case of 235U fission a smooth

cross section (as recommended in Ref. 25) was used for the con-
version. This might be acceptable as the structure is less pro-
nounced than the one in the gold capture cross section. Moreover,

the present fission cross section is dominated by other uncertain-

ties.

VI. CONCLUSIONS

For the first time the capture and fission cross sections of
243pm have been determined in the energy range from 5 to 250 keV.
The measurements cover most of the neutron energy range of interest
for fast reactors, where data are requested urgently. The experi-
mental method applied offered a high neutron flux at the sample
position thus allowing for a signal-to-background ratio of 1 or

even better in spite of the high radioactivity of the sample

material. Consequently, data could be recorded with high statistical
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accuracy (1-3 % for most of the data points) in a measuring time
of ~ 1 to 2 days. The overall accuracy of better than 5 % for
capture and v 10 % for fission is sufficient to meet all data

requests (Refs. 5,6,7,8).

For the example of the capture croés section.Fig= 5 illustrates
impressively the capabilities of present theoreticél model cal-
culations., If important model parameters, like DOBS and PY, are
known from the resonance region, the calculations can predict
the cross sections with an accuracy of ~ 10 %. On the other hand

oversimplified calculations with global parameters are insuffi-

cient to meet the requirements.

A final remark may be added concerning the virtues and potentials
of our experimental technique. One important and somewhat unexpected
feature of the present method to determine capture cross sections
was that it proved to be very insensitive to a lead shielding in
front of the detectors. Even with 2 cm of lead a high statictical
accuracy was obtained in a measuring time of only 6 h per sample.
Thus, one may think of capture cross section measurements on even
more radioactive actinides or fission products keeping in mind that
a further reduction of the flight path and hence a correspondingly
higher neutron flux at the sample position is still possible. The
main problem for measurements on such exotic isotopes may, however,

be to get suitable samples.
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Table I

Compilation of the Relevant Sample Data

Sample Sample Chemical Isotopic Weight Thickness Thickness Diameter
Number Composition Composition (g) (atom/ b) (mm) (mm)
1 *©an | amo; . 99.82 % >*3am| 0.970 | 1.400 - 1073 0.9 14

. 0.17 3 24 1an
sintered 244
pellet 0.01 % Cm
197 -3
2 Au Metal Natural 2.936 5.832 « 10 1.0 14
(99.9 %)
3 c Graphite Natural 0.256 | 8.339 - 1073 0.7 14
4 235y Metal 0.758 5 23% | 1.624 | 2.520 - 1073 0.7 14
92.91 g 233 235y




Table II

Parameters for the Individual Measurements of the Neutron Capture Cross Section

. 243
Rat Am
atio OY( )/UY(

197Au

)

Run Lead Shielding of Flight Evaluated Neutron Measuring Time.
Number Moxon—Rae Detectors Path Energy Range per Sample
(cm) (mm) (keV) (h)
I 2.0 52.7 5 - 90 9.6
II 1.0 52.9 5 - 890 8.5
IIT 0.7 52.2 5 - 90 7.5
v 0.5 53.2 5 - 90 8.1
v 2.0 70.8 7 - 80 25.8
VI 1.0 71.4 7 - 90 21.2
VII 2.0 52.4 30 - 250 27.1
VIII 2.0 65.1 40 - 250 24.7




Table III Correction Factors for Multiple Scattering, Self-Shielding

and Gamma-Ray Self-Absorption in the Samples

Sample Sample Energy Multiple Self-Shielding Total Gamma-Ray
Number (keV) Scattering (ss) (MS x SS) Self-Absorption
(MS) (sa)
243
1 Am 5-320 1.040 0.984 1.023 0.985
197
2 Au 5 1.121 0.872 0.977 0.955
10 1.118 0.919 1.027
20 1.113 0.946 1.053 ,
!
40 1.099 0.960 1.055 |
80 1.100 0.965 1.062
160 1.069 0.975 1.042 |
320 1.066 0.975 1.039 :
235 |
4 U 5-320 1.04 0.99 1.025 }
|




Table IV Intensity ratio of capture gamma-rays measured

from a

238 197

U and a Au sample for different

lead absorbers (the statistical uncertainty

is given in brackets).

Thickness of
Lead Absorber

Count Rate Ratiq

238U/197Au

Graphite Converter

Bismuth-Graphite
Converter

(cm) (rel units) (rel units)

2 2.607 (0.53 %) 2.560 (0.49 %)

1 2.598 (0.41 %) 2.559 (0.41 %)

0.7 2.599 (0.44 %) 2.547 (0.41 %)

0.5 2.613 (0.29 %) 2.556 (0.27 %)

0 2.617 (Q.27 %) 2.544 (0.26 %)
weighted

average

2.609 (0.16 %)

2.551 (0.15 %)




Table V Correction factors K for relative measurements
using a gold standard and Maxon-Rae detectors
with different converters

Cross Section Ratio Correction Faktor K
Graphite Converter Bismuth-Graphite
Converter
241Am/197Au 0.973 1.000
238,197, 0.972 0.996




Table VI

Experimental Results for the Neutron Capture Cross Section of

2

43Am Relative to

197

Run I: Flight Path 52.7 mm; Lead Shielding 2.0 cm; Maximum Neutron Energy 90 keV

Au

Bismuth—Graphite Converter Graphite Converter Average
243
En AEN g (?43Am) o (243Am) o ( Am)
(kev) Y 195 Uncertainty (%) Y 157 Uncertainty (%) —x—ﬁTT——— Uncertainty (%)

OY( Au) | Statistical ;| Systematic Gy( Au) | Statistical | Systematic OY( Au) | Statistical ; Systematic | Total
5.7 0.8 2.40 17.2 13.0 2.00 20.0 13.8 2.19 13.0 13.4 18.7
7.5 1.1 2.05 12.2 9.0 2.40 12.2 8.6 2.20 8.6 8.8 12.7
10.1 1.7 2.44 7.7 6.4 2.65 7.4 6.0 2.54 5.3 6.2 8.2
12.9 1.4 2.68 7.4 5.0 2.68 7.7 5.1 2.69 5.3 5.1 7.4
15.7 1.8 3.00 4.7 4.2 2.75 5.5 4.4 2.88 3.6 4.3 5.6
18.3 1.0 3.14 . 4.0 3.05 5. . 3.10 .
20.6 1.2 3.06 3.16 . 3.10 3. .
23.2 1.4 3.35 .6 3.8 3.40 . .9 3.37 . . .
26.4 1.7 3.35 . 3.35 3. .4 3.35 . . .
30.2 2.0 3.44 . 3.26 2.5 3. 3.35 1.7 . 3.8
35.0 2.5 3.51 2.0 .4 3.54 2.2 3.52 1.5 3.7
41.1 . 3.53 1.8 . 3.58 1.9 3.56 1.3 3.5
48.8 3.9 3.75 1.6 . 3.82 1.7 . 3.79 1.2 3. 3.4
59.0 3.82 1.4 . 3.78 1.5 . 3.80 1.0 . 3.4
72.8 6.7 3.73 1.4 . 3.79 1.5 . . 3.76 1.0 4. 4.1
92.1 9.2 3.39 2.7 9.9 3.62 3.5 9.5 3.47 2.1 9.7 9.9




243

Table VII Experimental Results for the Neutron Capture Cross Section of Am Relative to 197Au
Run II: Flight Path 52.9 mm; Lead Shielding 1.0 cm; Maximum Neutron Energy 90 keV
Bismuth-Graphite Converter Graphite Converter Average
En AEn g (?43Am) o] (243Am) (243Am)
(keV) Y 197 Uncertainty (%) Y 197 Uncertainty (%) 157 Uncertainty (%)
OY( Au) | Statistical | Systematic GY( Au) | Statistical § Systematic ( Au) | Statistical ; Systematic | Total

5.7 0.8 1.13 37.9 34.01 2.77 22.5 20.7 1.66 21.3 25.7 33.3

7.5 1.1 1.47 16.7 14.9 2,39 17.3 15.8 1.71 12.3 15.3 19.6
10.2 1.7 2.30 6.8 7.1 2.55 10.3 10.0 2.36 5.7 3.3 10.1
13.1 1.4 2.48 6.1 5.3 2.56 8.7 6.6 2.50 5.0 5.8 7.7
15.9 1.8 3.03 3.6 4.3 3.03 5.6 5.1 3.03 3.0 4.6 5.5
18.6 1.0 2.93 . . 3.01 5.9 4.5 2.95 3.2 . 5.3
20.9 1.2 3.27 . 3.37 . 3.30 2.6 . .
23.5 1.4 3.26 . 3. 3.34 . 3.28 2.0 .
26.8 1.7 3.40 . . 3.27 . . 3.36 1.6 .
30.7 2.0 3.33 .7 . 3.46 . 3.38 1.3 3. .
35.6 . 3.48 1.4 3.3 3.51 2.0 3.49 1.1 3.
41.8 . 3.58 1.2 3.3 3.57 1.7 3.58 1.0 3. 3.5
49.7 . 3.65 1.2 3.63 1.6 3.64 .
60.0 . 3.69 1.1 3.79 1.5 . 3.72 0. 3.
74.0 6. 3.61 1.2 . '3.74 1.5 . 3.66 0.9 .6 4.
93.5 9.4 3.25 2.6 9.7 3.59 3.3 9.3 3.36 2.0 9.5 9.7




Table VIII

Experimental Results for the Neutron Capture Cross Section of

243Am Relative to

197

Run IIT: Flight Path 52.2 mm; Lead Shielding 0.7 cm; Maximum Neutron Energy 90 keV

Au

Bismuth-Graphite Converter Graphite Converter Average
243 243 243
En * AEn | O (- "Am) o_ (" "Am) o (""" am)
(keV) Y 157 Uncertainty (%) Y 197 Uncertainty (%) —J;T§7—~— Uncertainty (%)
OY( Au) | Statistical ; Systematic GY( Au) | Statistical j Systematic OY( Au) | Statistical ; Systematic j Total

5.6 0.8 1.89 22.4 26.0 1.55 47.0 21.3 1.81 20.2 24 .4 31.7

7.3 1.1 1.81 13.5 15.8 1.95 22.0 10.8 1.85 11.5 13.9 18.0
9.9 1.7 2.52 6.2 8.1 2.28 12.2 7.0 2.46 5.5 7.7 9.5
12.7 1.4 2.65 5.5 5.7 2.46 10.3 5.1 2.60 4.9 5.5 7.4
15.5 1.8 2.82 3.9 4.7 2.79 6.8 4.4 2.82 3.4 4.6 5.7
18.0 1.0 2.98 . 4.2 2.70 7. . 2.91 3.5 .
20.2 1.2 3.32 3. . 3.718 . . 3.28 2.8 4. .
22.9 1.4 3.43 2. . 3.29 . 3. 3.39 2.1 . .
26.0 1.7 3.38 . . 3.31 3. 3.36 1.7 .
29.9 2.0 3.40. 1.6 . 3.36 . . 3.39 1.4 . .
34.7 2.5 3.66 1.4 . 3.57 2.1 3.63 1.2 3.4
40.8 3.0 3.68 1.2 3.79 1.8 . 3.71 1.0 3.4
48.6 3.9 3.74 1.1 . 3.67 1.7 . 3.72 0.9 3.4 .
58.8 5.0 3.86 1.0 . 3.81 1.5 3.3 3.84 0.8 3.3 .
72.6 6.7 3.78 1.0 . 3.86 1.5 .1 3.81 .8 4.1 .2
91.9 9.2 3.52 1.8 9.2. 3.63 3.3 8.9 3.54 1.6 9.1 9.2




Table IX

Experimental Results for the Neutron Capture Cross Section of
Run IV: Flight Path 53.2 mm;

243Am Relative to

Lead Shielding 0.5 cm; Maximum Neutron Energy 90 keV

197

Au

Bismuth-Graphite Converter Graphite Converter Average
En + AEn oY(.z“Am) o (**am) ?%3am)
{keV) 197 Uncertainty (%) Y 157 Uncertainty (%) 157 Uncertainty (%)
GY( Au) | Statistical | Systematic UY( Au) | Statistical § Systematic Y( Au) | Statistical ; Systematic | Total

5.8 0.8 1.69 26.9 26.5 0.57 154.0 177.0 1.45 27.7 48.8 56.1
7.6 1.1 1.89 15.8 16.0 1.53 38.0 43.6 1.82 14.6 24,1 28.2
10.3 1.7 2.64 7.0 7.9 2.31 15.0 17.5 2.57 6.3 10.9 12.6
13.1 1.4 3.06 5.9 5.5 2.37 16.7 11.3 2.94 5.6 7.0 9.0
15.9 1.8 2.95 4.3 4.7 2.81 8.5 7.5 2.92 3.8 5:6 6.8
18.5 1.0 3.11 . 3.42 . 3.18 3.9
20.7 1.2 3.27 . 3.37 . . 3.29 3.1 . .
23.4 1.4 3.52 .7 . 3.37 4.9 4. 3.48 2.4 .
26.5 1.7 3.60 .1 . 3.56 3.6 3. 3.59 1.8 . .
30.4 2.0 3.49 1. 3. 3.46 . . 3.48 1.5 . .
35.2 2.5| 3.73 1.5 . 3.71 2.5 .6 3.72 1.3
41.3 3.0 3.76 1.3 . 3.80 2.2 . 3.77 1.1 . .
49.0 3.9 3.79 1.2 3.66 2.1 . 3.75 1.0
59.3 5.0 3.93 1.1 . 4.02 1.8 3. 3.95 0.9 3. 3.
73.0 6.7 3.79 1.1 . 3.92 1.8 4. 3.82 0.9 4. 4.
92.3 9.2 3.22 2.8 10.2 3.69 4.7 9.9 3.32 2.4 10.0 10.3




Table X

Experimental Results for the Neutron Capture Cross Section of

243Am Relative to

Run V: Flight Path 70.8 mm; Lead Shielding 2.0 cm; Maximum Neutron Energy 90 keV

197Au

Bismuth-Graphite Converter Graphite Converter Average
3n + AEn | o (2*3am) - o (**am) o (**3am)
(keV) Y 197 Uncertainty (%) Y 97 Uncertainty (%) 197 Uncertainty (%)
OY( Au) | Statistical ; Systematic OY( Au) | Statistical ¢ Systematic UY( Au) | Statistical ¢ Systematic | Total
7.0 0.8} 2.71 22.7 10,1 2.40 25.0 “10.9 2.55 16.8 10.5 19.8
8.7 1.1 2.68 21.4 9.9 2.33 18.2 8.3 2.45 13.9 9.0 16.6
1.1 1.6} 2,37 13.3 6.7 2.41 12.7 6.3 2.39 9.2 6.5 11.3
13.5 1.2} 3.07. 12.1 4.9 3.00 10.9 4.6 3.03 8.0 4.7 9.3
15.7 1.4} 2.93 9.6 4.3 2.75 9.2 4.3 2.84 6.6 _ 4.3 7.9
17.6 0.7} 2.65 10.8 3.9 3.37 9.1 3.7 2.98 7.0 3.8 8.0
19.1 0.8{ 2.96 9.2 3.7 3.57 8.0 3.5 3.25 6.1 3.6 7.1
20.8 0.9} 3.69 7.1 3.5 3.18 7.5 3.6 3.41 5.2 3.6 6.3
22.8 1.0{ 3,29 5.9 3.3 3.22 5.9 3.4 3.25 4.2 3.4 5.4
25.0 1.2} 3.33 5.1 3.4 3.30 5.1 3.3 3.31 3.6 3.4 5.0
27.7 1.3} 3,21 4.1 3.1 3.45 3.8 3.1 3.33 2.8 3.1 4.2
30.7 1.5f{ 3.57 3.5 3.1 3.38 3.5 3.0 3.47 2.5 3.1 4.0
34.2 1.7] 3.67 3.2 3.0 3.61 3.3 3.0 3.64 2.3 3.0 3.8.
38.4 2.1 3.61 2.7 3.0 3.43 2.8 3.0 2.52 1.9 3.0 3.6
43.5 2.4} 3.61 2.1 3.0 3.83 2.6 3.0 3.69 1.6 3.0 3.4
49.5 2.9 3.77 2.4 3.0 3.69 2.5 3.0 3.73 1.7 3.0 3.5
56.9 3.8] 3.95 2.2 3.0 3.71 2.3 3.0 3.83 1.6 3.0 3.4
66.2 4.4} 3.75 2.2 3.0 3.80 2.1 3.0 3.78 1.5° 3.0 3.4
77.9 5.5] 3.80 2.4 3.8 3.85 2.4 3.7 3.82 1.7 3.8 4.2
93.1 7.0] 3.45. 4.4 7.8 3.49 4.4 8.1 3.47 3.1 8.0 8.6




Table XI

Experimental Results for the Neutron Capture Cross Section of

243

Am Relative to

197

Run VI: Flight Path 71.4 mm; Lead Shielding 1.0 cm; Maximum Neutron Energy 90 keV

Au

Bismuth-Graphite Converter Graphite Converter Average
I (243Am) o (243Am) 243 ‘
(keV) Y 197 Uncertainty (%) Y 197 Uncertainty (%) 197 Uncertainty (%)
oY( Au) | Statistical | Systematic OY( Au) | Statistical ¢ Systematic Y( Au) | Statistical y Systematic | Total
7.2 0.8 2.35 12.4 11.4 2.03 19.4 13.8 2.24 10.5 12.3 16.2
9.0 1.1 2.63 8.6 8.5 2.61 12.8 9.7 2.62 7.1 9.0 11.5
11.4 1.6 2.48 6.0 6.4 2.50 8.2 6.7 2.49 4.8 6.5 8.1
13.9 1.2 2.83 6.1 5.0 2.69 8.0 5.1 2.78 4.9 5.1 7.1
16.1 1.4 2.80 4.6 4.3 2.86 6.2 4.5 2.82 3.7 4.4 5.8
18.0 0.7 2.88 5.2 4.0 3.10 6.7 4.0 2.95 4.1 4.0 5.7
19.5 0.8 3.23 4.2 3.7 3.15 5.8 3.8 3.20 3.4 3.8 5.1
21.3 0.9 3.33 3.6 3.6 3.24 4.9 3.7 3.30 2.9 3.7 4.7
23.3 1.0 3.43 2.8 3.5 3.34 3.8 3.5 3.40 2.3 3.5 4.2
25.6 1.2 3.34 2.6 3.4 3.26 3.3 3.4 3.31 2.0 3.4 3.9
28.3 1.3 3.33 2.0 3.1 3.52 2.6 3.1 3.39 1.6 3.1 3.5
31.3 1.5 3.59 1.7 3.1 3.41 2.5 3.1 3.53 1.4 3.1 3.4.
34.9 1.7 3.66 1.6 3.0 3.67 2.2 3.1 3.66 1.3 3.1 3.4
39.3 2.1 3.68 1.4 3.0 3.57 1.9 3.0 3.64 1.1 3.0 3.2
44,4 2.5 3.66 1.3 3.0 3.75 1.8 3.0 3.69 1.1 3.0 3.2
50.6 3.0 3.77 1.2 3.0 3.76 1.6 3.0 3.77 1.0 3.0 3.2
58.3 3.7 3.84 1.2 3.0 3.82 1.5 3.0 3.83 0.9 3.0 3.1
67.8 4.5 3.86 1.1 3.0 3.82 1.4 3.0 3.85 0.9 3.0 3.1
79.8 5.7 3.79 1.2 3.8 3.93 1.6 3.8 3.84 1.0 3.8 3.9°
95.4 7.2 3.57 2.3 8.7 3.89 3.6 8.9 3.65 1.9 8.8 9.0




Table XITI Experimental Results for the Neutron Capture Cross Section of 243Am Relative to 197Au

Run VII: Flight Path 52.4 mm; Lead Shielding 2.0 cm; Maximum Neutron Energy 250 keV

Bismuth-Graphite Converter Graphite Converter Average

2
en + AEn OY(-43Am) OY(243Am) a_(*$am)

(keV) —157 Uncertainty (%) — 157 Uncertainty (%) A _LFB—’I___ . Uncertainty (%)
OY ( Au) | Statistical | Systematic UY ( Au) | Statistical § Systematic GY ( Au) | Statistical ; Systematic | Total

34.4 2.4 4.26 27.5 6.2 1 4.30 13.1 5.2 4,29 11.8 5.5 13.0
40.3 2.9 3.43 13.9 4.6 3.43 13.2 5.4 3.43 9.6 5.0 10.8
47.9 3.8 - 4.00 9.6 4.2 4,06 8.7 4.4 4,03 6.4 4.3 7.7
57.8 4.9 4.64 7.8 4.0 3.95 7.7 4.2 4,23 5.5 4.1 6.9
71.1 6.5 3.84 5.9 3.8 4.11 5.3 3.8 3.98 3.9 3.8 5.4
89.7 8.¢ 4.11 4.8 3.7 3.84 : 4.3 3.7 3.95 3.2 3.7 4.9
116.6 13.1 3.45 3.8 3.6 3.32 3.5 3.6 3.38 2.6 3.6 4.4
157.9 20.4 3.18 3.0 3.6 3.09 . 3.5 3.12 2.0 3.6
226.1 33.9 2.60 4.5 6.5 2.57 3.9 5.9 2.59 . 6. .




Table XIII

Experimental Results for the Neutron Capture Cross Section of

243Am Relative to

197

Run VIII: Flight Path 65.1 mm; Lead Shielding 2.0 cm; Maximum Neutron Energy 250 keV

Au

Bismuth-Graphite Converter Graphite Converter Average
En * AEn 0&(?43Am) - OY(243Am) . (243Am) .
(kev) 197 Uncertainty (%) 197 Uncertainty (%) 195 Uncertainty (%)

OY ("7 Au) | Statistical ; Systematic | O Y ("7 Au) | Statistical | Systematic ( Au) | Statistical | Systematic ; Total
38.2 2.2 2.93 27.0 . 4.19 21.8 . 3.47 17.2 17.9
43.7 2.7 3.50 18.9 . 4 .31 22.6 . 3.76 14.6 .6 15.3
50.3 3.3 4,24 16.3 . 3.41 16.4 . 3.73 11.6 12.3
58.7 4.1 3.86 12.4 3.78 13.8 .9 3.83 9.2 10.0
£9.2 5.1 4.19 10.4 . 3.94 9.3 3. 4,04 6.9 . 7.7
83.0 6.6 4,39 .9 3. 4.07 . .3 4.21 5.5 . .
101.4 8.8 3.78 .5 3.3 3.48 6.3 .2 3.61 . 3.3 .6
126.8 12.2 3.50 . 3. 3.30 . . 3.38 3.2 .
163.2 17.5 3.00 . 3. 2.89 . . 2.94 . . 4.6
217.9  26.6 2.78 . . 2.45 . 6.6 2.61 . 6.3 .
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Table XIV Averaged Values for the Cross-Section Ratio
oy(243Am)/oY(197Au)
Run Bismuth—G?aphite Graphite Converter | Average | Energy Range
Converter . (keV)
I 3.50 3.52 3.51 20 - 80
II 3.47 3.52 3.49 20 - 80
IIT 3.58 3.54 3.57 20 - 80
v 3.65 3.65 3.65 20 - 80
\Y 3.60 3.54 3.57 20 - 80
VI 3.61 3.59 3.60 20 - 80
I ~-VI 3.57 3.56 3.57
VII 3.85 3.55 3.68 50 - 200
VIII 3.84 3.66 3.73 50 -~ 200
VII-VIII 3.85 3.61 3.71




243

Table XV Absolute Values for the Capture Cross Section of Am in the Energy Range 5 - 100 keV

~ (Flight Path 53 mm)
Run I Run IT Run IIT Run IV

En |o (197Au) o (243An0 En |o (197Au) o (243Am) En |o (197Au) o} (243Anﬂ En o (197Au) o (243Am)
kev) | ¥ @mb) Y (mb) kev) | ¥ (mb) Y (mb) (kev) | ¥ (mb) (mib) (kev) | ¥ (wb) Y ()
5.7 1856.0 4072 5.7 | 1854.0 3080 5.6 | 1759.0 3178 5.8 | 1850.0 2679
7.5 1521.0 3343 7.5 | 1510.0 2576 7.3 | 1555.0 2869 7.6 | 1497.0 2719
10.1 1145.0 2906 10.2 | 1143.0 2699 9.9 | 1155.0 2841 10.3 | 1141.0 2928
12.9 983.5 2639 1301 963.5 2411 12.7 999.4 2596 13.1 962.4 2827
15.7 837.9 2417 15.9 836.4 2534 15.5 841.6 2368 15.9 838.1 2448
18.3 779.4 2414 18.6 748.6 2210 18.0 813.0 2366 18.5 758.3 2409
20.6 660.0 2048 20.9 668.5 2207 20.2 664.5 2180 20.7 663.6 2181
23.2 614.6 2071 23.5 602.5 1976 22.9 613.9 2082 23.4 608.8 2119
26.4 607.1 2034 26.8 618.7 2078 26.0 608.9 2045 26.5 610.6 2189
30.2 581.5 1948 30.7 568.8 1920 29.9 587.6 1989 30.4 578.6 1978
35.0 512.5 1806 35.6 516.0 1800 34.7 514.7 1867 35.2 513.4 1912
41.1 493.1 1754 41.8 482.9 1727 40.8 496.9 1845 41.3 490.1 1849
48.8 443.9 1680 49.7 440.3 1604 48.6 439.7 1635 49.0 442.8 1662
59.0 403.2 1531 60.0 399.1 1485 58.8 407.0 1563 59.3 402.7 1592
72.8 366.6 1378 74.0 364.3 1333 72.6 367.5 1399 73.0 365.7 1398
92.1 313.2 1086 93.5 311.7 1048 91.9 313.2 1110 92.3 313.0 1038




Table XV cont.

Average

En (243Am) Uncertainty (%)
(keV) (mb) statistical systematic total
5.7 3381 9.2 16.0 18.5
7.5 2918 5.5 10.8 12.1
10.1 2836 2.8 7.5 8.0
13.0 2588 2.6 5.6 6.2
15.8 2444 1.7 4.7 5.0
18.4 2328 1.8 4.3 4.7
20.6 2160 1.4 4.2 4.4
23.3 2050 1.1 4.0 4.2
26.4 2085 0.9 3.5 3.6
30.3 1956 0.7 3.5 3.6
35.1 1842 0.6 3.4 3.5
41.3 1794 0.5 3.4 3.4
45.0 1640 0.5 3.4 3.4
59.3 1543 0.5 3.3 3.3
73.1 1377 0.5 4.3 4.3
92.5 1075 1.0 9.4 9.5
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Table XVI Absolute Values for the Capture Cross Section of Am in the Energy Range 5 -~ 100 keVv
_— (Flight Path 71 mm) :
Run V Run VI Average

En o (197A11) . (243Am) En o (197Au) . (243Am) En o (243Am) Uncertainty (%)

(keV) Y () Y (nb) kev) | Y (@b) Y (mb) (keV) Y (mb) statistical | systematic | total
7.0 1620 4133 7.2 1578 3530 7.1 3664 8.9 11.7 14.7
8.7 1241 3044 9.0 1218 3190 8.9 3157 6.3 9.0 11.0

11.1 1104 2635 11.4 1092 2717 11.3 2699 4.2 8.6 9.6

13.5 926.4 2808 13.9 905.2 2511 13.7 2579 4.1 4.9 6.4

15.7 836.9 2373 16.1 828.2 2332 15.9 2342 3.2 4.4 5.4

17.6 814.4 2429 18.0 807.1 2382 17.8 2394 3.5 3.9- 5.2

19.1 703.4 2288 19.5 676.8 2164 19.3 2191 2.9 3.7 4.7

20.8 679.9 2318 21.3 657.9 2170 21.1 2201 2.5 3.7 4.5

22.8 605.5 1968 23.3 611.7 2077 23.1 2049 2.0 3.5 4.0

25.0 610.3 2023 25.6 599.2 1967 25.3 1979 1.7 3.4 3.8

27.7 624.8 2081 28.3 624.0 2119 28.0 2109 1.4 3.1 3.4

30.7 564.0 1956 31.3 554.9 1959 31.0 1958 1.2 3.1 3.3

34.2 517.2 1883 34.9 508.8 1789 34.6 1810 1.1 3.1 3.3

38.4 521.8 1835 39.3 522.5 1900 38.9 1882 1.0 3.0 3.2

43,5 455.8 1681 44 .4 448.9 1656 44.0 1663 0.9 3.0 3.1

49.5 438.8 1636 50.6 439.6 1656 50.1 1650 0.9 3.0 3.1

56.9 419.5 1605 58.3 406.6 1558 57.6 1568 0.8 3.0 3.1

66.2 380.8 1437 67.8 380.8 1465 67.0 1457 0.8 3.0 3.1

77.9 350.0 1338 79.8 340.8 1308 78.9 1315 0.9 3.8 3.9

93.1 308.9 1070 95.4 309.3 1130 94.3 1112 1.6 8.6 8.7
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Table XVII Absolute Values for the Capture Cross Section
- of Am in the Energy Range 40 - 250 keV.
(The Respective Uncertainties are given in
Tables XII and XIII.)
Run I u n VIITI
En 5 (197Au) (243Am) En (197A (243Am)
(kev) (mb) Y (mb) (keV) 7 (mb) 7 (mb)
34.4 515 2208 38.2 520 1805
40.3 505 1733 43.7 455 1710
47.9 437 1761 50.3 442 1650
57.8 414 1752 58.7 406 1553
71.1 371 1477 69.2 378 1528
89.7 315 1245 83.0 327 1377
116.6 291 982 101.4 308 1113
157.9 254 794 126.8 278 241
226.1 239 618 163.2 250 735
217.9 242 630




Table XVIII Experimental Results for the Fission Cross Section

of 243Am Relative to 235U
Of(243Am) 235 243
Energy 53E Of( U) Gf( Am) Uncertainty (%)
(keV) o _U:,)) (b) (mb) Statistical | Systematic | Total
(x10 7)

A) Averaged Data from Runs I, II, III and IV

10~ 15 4.57 2,709 12.4 4.1 7.7 8.7
15~ 20 5.42 2.433 13.2 2.8 7.5 8.0
20~ 30 5.18 2.170 11.2 1.5 7.5 7.7
30~ 40 5.28 1.987 10.5 1.4 7.7 7.8
40- 60 5.46 1.842 10.1 0.9 8.2 8.3
60 - 100 5.26 1.642 8.6 1.2 10.0 10.1
B) Averaged Data from Runs V and VI

10- 15 4.66 2.712 12.6 6.9 10.4 12.5
15- 20 4.77 2.431 11.6 5.7 8.9 10.6
20~ 30 5.29 2.166 11.5 2.3 9.1 9.4
30- 40 5.19 1.984 10.3 2.1 9.7 9.9
40~ 60 5.28 1.844 9.7 1.6 8.9 9.0
60 - 100 5,21 1.655 8.6 1.5 9.5 9.6

C) Data from Run VII

30- 40 5.82 1.995 11.6 26.0 15.9 30.5
40~ 60 7.50 1.848 13.9 10.0 15.6 18.5
60 - 100 6.19 1.645 10.2 7.0 9.8 12.0
100 - 150 8.77 1.476 12.9 3.4 9.8 10.4
150 - 250 6.71 1.356 9.1 5.5 1.1 12.4
D) Data from Run VIII

30- 40 5.64 1.995 11.3 32.0 12.6 34.4
40~ 60 5.48 1.847 10.1 20.0 10.3 22.5
60 ~ 100 7.06 1.650 11.7 8.4 8.2 1.7
100 - 150 6.50 1.476 9.6 6.8 8.8 1.1
150 - 200 5.72 1.380 7.9 9.5 9.1 13.2
200 - 250 5.62 1.322 7.4 19.7 11.4 | 22.8
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FIGURE CAPTIONS

Fig. 1 Schematic view of the experimental setup for the capture

. . . 243
and fission cross section measurement on Am.

Fig. 2 Experimental TOF spectra of the 243

Am sample taken
with two Moxon-Rae detectors with graphite and bismuth
graphite converters, which were shielded by lead ab-
sorbers of various thickness. The background given in
each figure is the TOF spectrum measured with the
graphite sample. To these spectra a constant value has
been added to account for the time independent back-

243

ground from the Am decay.

These data were measured in the low energy range

(5 = 100 keV) at a flight path of 53 mm.

Fig. 3a TOF spectra of the measurements in the low energy range
(5 = 100 keV) at a flight path of 71 mm in the same

representation as Fig. 2

Fig. 3b TOF spectra of the measurements in the high energy range

(40 - 250 keV) in the same representation as Fig. 2.

Fig. 4 Experimental TOF spectra of the 243Am sample taken with

the fission neutron detector in the low and high energy

rande.

243Am. The values

Fig. 5 The neutron capture cross section of
given are obtained by multiplying the experimental ratios
with the evaluated capture cross section of gold from

ENDF/B-V. The results obtained with two Moxon-Rae

detectors and different lead shieldings at a given




Fig.

Fig.

6

7
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flight path have been combined in one data set. A

comparison is made to theoretical calculations.

The subthreshold fission cross section of 243Am.

The values given are obtained by multiplying the experi-

235

mental ratios with the U fission cross section

reconmended in Ref. 25.

X-ray absorption spectrum of the 243

Am sample in the
region of the K-absorption edge of plutonium. The upper
limit for a possible plutonium contamination is 0.06 %

on a 1o confidence level.
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