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. H. DERRIEN

Les donnédes expérimentales de transmission neutroniques de
trois épaisseurs d’échantillons de 239Pu obtenues a ORNL (1) ont é&té
analysées dans le domaine d’énergie 1 kev a 500 kev dans le but d’obtenir
lTes sections efficaces totales moyennes. lLes résultats ont été comparés a
d’autres valeurs expérimentales et aux versions actuelles de ENDF/B-VI et
JEF2. Quelques ajustements seraient nécessaires sur ces deux fichiers. Le
travail a été fait au cours d’une mission de collaboration entre ORNL et
Cadarache a ORNL.
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I INTRODUCTION

The 239Pu neutron transmissions were measured by J.A. HARVEY et
al. {1) with samples cooled down to liquid nitrogen temperature on a 80 m
fiight path with a nominal resolution ranging from 1.6 ns/m to 0.1 ns/m in
the energy range 0.5 ev to several hundred kev. Three sample thicknesses
were used in the experiments : 0.07471 at/b, 0.01825 at/b and 0.00646 at/b.
The low energy part of the data was analysed with the bayesian Reich-Moore
code SAMMY (2) along with several experimental fission and capture data to
obtain the resonance parameters in the energy range thermal to 2 kev (3,4).
Due mainly to a small experimental background, the systematic errors on the
transmissions are not more than 1 %, which was confirmed by the SAMMY
resonance analysis on the three samples. Although important self-screening
effects are to be expected in unresolved resonance energy range, the aim of
the present paper is to show that accurate average total cross sections can
be obtained from these transmission data in the energy range 2 kev to
500 kev to be used for cross sections evaluation by statistical and optical
model calculations. As a matter of fact, 239Pu total cross section data are
scarce and not reliable in the range several kev to 100 kev in the EXFOR
international data file (5) ; the cross sections from J.A. HARVEY et al.
transmission data could be of great value to fill the gap of accurate data
in this energy range.

In the following sections we will present :

1) the problems encountered when evaluating total cross sections
from transmission measurements,

2) the methods used for the self-screening corrections and the
total cross sections obtained,

3) the comparison with the current ENDF/B-VI evaluation and some
other experimental results,

4) the conclusions concerning further work to be performed to
update ENDF/B-VI evaluation.

—
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II TRANSMISSION AND TOTAL CROSS_ SECTION

The neutron total cross section, o(E) at the energy E, is
related to the neutron transmission by the equation :

T (E) = exp(-no(E)) (1)

n is the thickness of the sample in at/b when the cross section is
expressed in barn. However, the transmission cannot be measured at the
precise energy E of the neutron but 1is a value averaged over the
experimental resolution in an energy interval E-DE to E+DE depending on the
width of the resolution function. The quantity which is really measured is
the following :

Ea
Tr(E) = Ej[ exp(-noA(E’))*R(E—E’)dE’ (I1)
1

R is the experimental resolution function ; the interval of integration El
to E2 depends on the width of the resolution function ; oy (E’) is the
Doppler broadened total cross section at energy E. Using the relation (I),
one obtains the so-called effective cross sections :

oeff{E) = -(1/n) log Tr(E) (I11)

oeff(E) is smaller than the true total cross section og,(E) of
equation (II). The difference between the effective cross section and the
true cross section is the so-called self-screening effect. This effect
should be evaluated when deriving total cross sections from transmission
measurements. However, the self-screening effect can be neglected in two
cases :

1) noA(E) is small compared to 1 for each value of E in the
interval El to E2, in such a way that exp(-no,(E)) is very close to 1-
noy(E) for each value of E. This condition can be realised by using thin
samples in the transmission measurement ; but the experimental error on the
effective cross section will increase since do = (-1/n} dTr/Tr and could
reach values much larger than the self-screening effect in thicker samples.
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For instance, to measure a total cross section of 20 barns with 1 %
accuracy one needs a thickness of at least 0.05 at/b, if the transmission
is measured with 1 % accuracy ; the corresponding noy value is 1 for which
the self-screening effect would still be quite large,

2) the fluctuations of the cross section are small in the energy
range El to E2. In this case the average value of the cross section does
not depend too much on the resolution function and the self-screening
effect, which depends strongly on the variance of the cross section, should
be very smalil.

Practically, three energy ranges of the cross section should be
considered :

1) the well resoived resonance region where the fluctuations of
the cross section are very large, the values ranging from several barns
between resonances to several thousands of barns at the peak of
resonances ; several sample thicknesses are needed to have good accuracy
over all the ranges of the cross section values. In this energy region the
transmissions are analysed in terms of resonance parameters using least
square fitting codes with adequate nuclear reaction formalisms and taking
into account all the experimental effects of the transmission measurements.
The true values of the Doppler broadened c¢ross sections can then be
calculated by the resonance parameters. The self-screening has no effect on
the resuits. Moreover, the seif screening can be calculated with good
accuracy because the true values of the cross section are known from the

. resonance parameters,

2) " the unresolved resonance fegion where the resonances are not
well resolved. Strong fluctuations still exist in the cross section due to
unresolved multiplets of resonances which cannot be analysed in terms of
resonance parameters. In this region, one tries to obtain average values of
the cross sections to be interpreted by average resonance parameters with
statistical model or optical model codes. The self-screening effects are
very important and should be evaluated with good accuracy to obtain
reliable values of the average total cross sections and, consequently, of
the statistical or optical model parameters ;
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3) the higher energy range where the resonances overlap so much
that there are no strong fluctuations in the cross section. The cross
section is quite smooth and varies very 1little over an energy range
equivalent to the width of the experimental resolution function. In this
energy region the self-screening effect is negligible ; the effective cross
section is equal to the true cross section averaged over the width of the
resolution function and does not depend on the thickness of the samples
used for the transmission measurements.

How can cne evaluate with a reasonable accuracy the self-
screening effect in the intermediate energy range where it is needed ?
Since this effect increases smoothly with the thickness of the sample, the
true cross section could be obtained by extrapolation from the effective
cross sections obtained by using several sample thicknesses, bearing in
mind that too thin samples cannot be used due to poor accuracy on the
corresponding effective cross section. In some cases, when the self-
screening effect is important, the accuracy achieved on the extrapolated
cross section cannot be better than the accuracy on the thiner sample
effective cross section. Another way of evaluating the self-screening
correction is to calculate all the quantities invoived by using resonance
parameters obtained the by Monte-Carle method or directly inferred from the
set of resonance parameters known in the resolved range region, taking into
account all the experimental effects ; this method will be used below in
the energy range above 10 kev.

1412014
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II1 THE 239PU TOTAL CROSS SECTION IN THE ENERGY RANGE 1 KEV TO 500 KEV

Average effective cross section values, the values corrected
for self screening effects and ENDF/B-VI evaluated data are given in
Table 1 in the energy range 1 kev to 10 kev. The experimental data are
averaged values ; for instance, the value given at 1.025 kev is the cross
section averaged in the energy range 1.000 kev to 1.050 kev ; the value
given at 1.075 kev is the cross section averaged in the energy range
1.050 kev to 2.000 kev, etc... The effective cross section obtained from
the 0.07471 at/b, 0.01825 at/b and 0.00646 at/b sample transmissions are
given in column (1), (2), (3) respectively. In general (1) is smaller than
(2) and (2) is smaller than (3), the differences being much larger than the
errors corresponding to the expected 1 % experimental errors on the
transmissions and are mainly due to the self-screening effect wich is seen
to be as large as 35 % of the thick sample effective cross section in the
low energy part of the data. The values in column (4) are an estimate of
the true average cross section obtained by extrapolation from the three
effective cross sections. To find the best extrapolation schema to be used
with the three experimental effective cross sections, the resonance
parameters obtained in ref. 3 were used to calculate the average effective
cross sections in 8 energy intervals in the energy range 0.8 kev to 1 kev,
and the corresponding average Doppler broadened cross sections. The results
of the calculations are shown on Table 2; the effective cross sections are
in column (1), (2) and (3) and the true total cross section is in column
(4). Column {5) is the result of a graphical linear extrapolation using the
effective cross sections versus the square root of the sample thickness.
This method was found to be the best to obtain corrected cross section
values in reasonable agreement with the true values of the cross sections.
However, there is a tendancy to overestimate the cross sections by a
few %. Therefore, the error on the corrected cross-sections of column (4)
of Table 1 could be as large as 4 %, which is much Targer than the
statistical accuracy achieved on the experimental effective cross sections.
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TABLE 1

FERRRARRERE AL DA RN AN TSR AAR PRSP LR TR A AR dbd b dhir

ENERGY TOTAL CROSS SECTION (BARNS)
(Xev)

(&b (23 (3) €4) (3
AERERERREARPARARAARARARA PR RN RART IR AR AR Rt ed
1.025 20,343  22.981 24,024 25.30 24,103
1.07% 18,767 22,269 24,083 25.49 23.935
T.925 2Z.203 24.38% Z4.736 26.2% 25.280
1175 17938 19.633 19.654 20.95 20.982
14225  17.154 18,098 185.387 19.02 18.933
1,275 20,762 20,347 25.826  27.78 27.32%
1.325 20,794 22,472 22.8%9  2&4.17 23.142
LI75 0 19,198 20.95%3 20.500 21.73 22.197
1.425% 13.173 19.978 20.797 21.77 20,909
1475 18,574 19,543 19.187 20.05 19.973
1.525 18,148 17.03& 17.351 17.97  19.895
1575 16,396 18,396 17.429 19.19 19.193
1.425 19142 21,417 22.39% 23.58 22.570
1.67% 17.224 19,531 20.027 21.82 20.430
1.725 18.358 20,532 22.112 23.13 21.206
1.775 1465785 19,113 20.456 2152 23.315
1.825 21.370 25,239 26.178 28.40 262149
1375 183,435 19.828 19.380 21.03 19,908
1.925 15.56% T7.287 14.935% 18.07 18.470
1.975% 17.477 19,082 22.70S 21.19 20.330
2.050 15.552 16.643 17.471 17.0 18.282
2.150 17.920 19.17¢ 18.721 19.63 204330
2.250 16,372 17,9786 18,799 19.50 18.973
2.354 18.327 20,386 20.717 22.13 214409
2.450 17.795 19.386 2Q.516 21.10 20.18%
24550 16,876 18.70& 19.747 20,39 19.238
224650 17.817 20.061 20.358 22,12 21.315
2.750 16,876 18.158 18,487 19,32 19.194
2.850 17.77% 19,1817 19.217 20.37 19.349
2.95C 19825 22.294 22.951 24tk 23.703
3.050 160436 1T.414 17.401 ~ 18.23 17843
3.150 17973 19.089 18.918 19,80 20214
3.250 18.419 19.4605 20.539 20,28 19.967
3.350 15,435 154421 16.5%52  17.03 16.704
34450 16,664 17,213 17.520 17,70  18.58%
3.550 15.656 15.337 15.B0S 16.02 167466
34450 18.129 19.800 19.771 21.12 20,554
3750 15.579 16,742 17.105 17.81 17.331
3.350 18.088 19.017 18.691 19,47 19.401
3,950  17.22% 18.326 18.826 19,30 19.3387
&,125 16,658 17.6386 1T.167 12.03 17.914
4.37% 154814 16.845 17.126  17.76 184249
&.862% 16,677 17.301 17.708 17.65  17.539
4.87% 15.904 164842 17,457 17.62 17.886
5.125 15,877 164753 164319 17,28  17.B826
S.375 16,054 16,637 146,784 17.08  17.669
S.625% 16,176 17.035 17.159 17.53 17.524
5.375 16.786 16.429 18,797 14,80 17.386
4,125 16,503 17.228 17.718 18.%4 17.257
64375  15.757 162038 14§.541 14.71 17.137
8.62%5 15.59% 15.913 15.992 16.1% 17.004
6.875 15.156. 16,038 146,318 16.89 15.89%
T.12% 15.686 164299 18.783 17.05 14.870
7375 15,262 15.694 15.137 15.7%  16.950
7625 15,461 15.710 15.330  16.09 16.730
7.37% 15.170 15.5651 16,340 156,33 16.490
8.125 15,090 15.575 15.7%97 1615 16.590
8,375 15,735 15.763 16,292 16,40 164540
8.625 15.852 16.277 146.815 17.04 16,480
8.875 15.164 15.478 16,341 16.32 164430
9.125 15.554 15.771 15.638 15.92 16,310
9.3785 15,355 15.729 15.813  16.12 16,210

ARARB AR AR RARA AR R RARAE R RN kB AN AR n TN At id

{11,423,(3) experimental effective cross sections
sbtained froem the transaissions of the 3 samples,

{4) corrected cross sactions sbtained by extrapolation
from (1),42) and (33,
(5) ENDB/B~VI data.

RRARBREACREAERATRANRARR R RN AR ERR AR TR kit vy
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TABLE 2

Y e 2 e T eI s RIS T P L DR T A S A L ot b bRl g ) thdd

ERERGY TOTAL CROSS SECTION(barns)
RANGECav) ) (2) (3 (&) (5)

AR AR AN RN AN RRAAN TR AR A Ak kb RA e dbh bbbt bbbt bhbits

80G=-825 17462 18,77 19.01 19.10C 7.7%) 19.80(+3.73)
825-35Q 20,96 22472 23.38 23.93(14.1X) 24,40(+2,1%)
850-3875 17405 17.94 18.21 18.26( 7.1%) 18.469(+2.47)
875-900 19.30 23.34 25.92 28.16(45.9%) 28.21(+0,2X)
90G=925 2141 23,646 26437 24.81(15.9%) 25.80(+4.0%)
925~-950 1956 20.81 21.12 21.32( 9.0%) 21.78(+2,2%)
95C-975 1996 2553 28.36 I0.40(52.3%) 31.30(+3.0%)
950-999 26,33 32,79 36.04 38,37(45.62) 37.90(=1.20

LE 2 S s bt it st Rl als ittt dan bt sl st sl s

BQG=999 20427 23418 24.55 25.54(26.0%) 25.99(+1.7%)

bR TS 22X TLL A 22 RIS TSR TRLIESLTRELLLLIE 2L 22T R
(12,02),(3) the calculated effective cross sections,

. {4) the calculated trus cross sectionsthe figures between

" parentheses are the self screening affect in- the thick sample.
{3) the axtrapolated cross sections’/the figures between
parantheses are the deviation between the results of the

extrapolation and the true cross sections.
rhkkidkithrtioirhhkitttbhhktrrttrdbthe ettt rrwrihhs

Above 9.5 kev the self-screening effect is, on average, smaller
than 4 % of the thick sample effective cross section, which is 0.6 b for a
cross section of 15 b, That is equivalent to an error of 4 %, 1 % and 0.4 %
on the experimental transmission of the thick, medium and thin sample
respectively. Therefore the method of extrapolation can hardly been used
for the self screening correction from the three sample effective cross
sections. The correction becomes smaller than the experimental error on the
effective cross section obtained from the medium and the thin sample.
Moreover, the medium and thin sample effective cross sections become
smaller than the thick sample effective cross section, as 1is shown on
Table 3 where the data are averaged on wide energy ranges. The differences
could be due to small systematic errors in the medium and thin sample
transmissions. An error of 0.3 % on the medium sample transmission and of
0.2 % on the thin sample transmission could be at the origin of the
differences. However, these figures show that the 3 sample transmissions
are consistent to better than 1 %.
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TABLE 3
e gt e g fr e e e I e 9 e e vl o eI e e sk o e o I e o e A ol e e o o e ol o ol e o e e e e e ol e e e el O e gl e e e e
ENERGY RANGE K | N K= OT/T K=N OT/T
Kayv barn barn barn 4 z

RARAARR kAR bbbttt ittt tdb Rt drhdad ettt hthberrtrididn

10.= 20. 14.503 14.624 15,534 =0.12 0.2 -1.03 0.7

20.~ 30. 13,758 13.808 13,559 =0.05 0.1 0.20 0.1
30.= 50. 13.008 12.789 12,5086 0.22 0.4 0.30 0.3
50.~100. 12190 12.024 11.881 0a17 0e3 0.31 0.2
100200 111469 10.945 10.783 022 044 0.39 03
200.-340Q. 10.117 10.010 9.753 Da11 0.2 0.37 0.3
300."000. 9-285 91085 9.022 0.20 0.8 Q.26 D.2
400.~500. 8.678 84683, 8.509 0.00 0.0 0.18 0.1
500.~-545. 4.200 9.259 7.927 0.25. 0.5 0.27 0.2

LA A2 a2 2Rl Rl ARt TR YT LERRESLLLEESIL LA ES E L L LR L L

K,MsR are the offective total craoss sectionsr,in barns.
obtained from the thick.,the medium and the thin sample
transmissions respectively.X-M and K=N are the cross
section diffargnces.DT/T are the carresponding daviations
in X on the transmissicen of the medium and thin sample
reaspectively.

. AR R REE R R AR R AR AR R AR R AN A AR AR RS A R h R AR AR AR AR ek AN

For the purpose of obtaining the self-screening corrections in
the energy ranges above 10 kev, the following method have been used at
10 kev, 20 kev, 30 kev and 60 kev :

1) The sample of known “resonances in the resolved energy
range 0 kev to 1 kev {ref. 3) was used to obtain a set of s wave resonance
parameters 1in a 150 ev energy interval at 10 kev, 20 kev, 30 kev and
60 kev. An equivalent set of p wave resonances was also obtained.

2) These sets of parameters were used to calculate the Doppler
broadened cross sections at liquid nitrogen temperature, the corresponding
. resolution broadened transmissions and the effective cross sections for the
three samples in an 100 ev interval at 10 kev, 20 kev, 30 kev and 60 kev,
Fig. 1 and 2 show the calculated data at 10 kev and 60 kev.

3) Estimation of the self-screening corrections were obtained from
the three sample calculated effective cross sections. Fig. 3 shows the
variations of the self-screening corrections from 1 kev to 60 kev., The
values in the energy vrange 1 kev to 9 kev are those obtained by
extrapolation from the three sample experimental data as explained above.
The self-screening effect appears to vary linearly in log-log scale and is
quite well represented by the following relation :

Scr = 35.0%exp(-0.945LogE) : (IV)

14120147
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Ser is the correction in % to be applied to the thick sample
effective cross section and E is the neutron energy in kev. Above 50 kev
the correction is smaller than 1 %. The uncertainty on Scr is about 20 % in
the energy range 10 kev to 100 kev. The correction is less than 0.5 % Above
100 kev. The above relationship was applied to the thick sample effective
cross sections, which are shown in column (1) in Table 4, to obtain the
values shown in column (2) in Table 4.

14120148
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I XS S AT P 2SS A RS LA R At il d

ENERGY CROSS SECTION(barne)
Kav ) () {3}
AR PEAR RN AR E AR AT AR TR AR AR AR TN EN R RN TR A

9.625  15.410 16.03 16.030
9,875 14,943 15.54 15.990
10,250 1444359 15.02  16.040
10.750 15.028  15.59 15.930
11.250 14.74% 15.29  13.840
«750 14,717 15.22 13,750
12,250 14,709  15.19 15,660
12,750 14,934 15,41 15.580
13.250 14,783 15.2% 15.500
13.750 14.862  15.09 15,420
14,250 14,455 14,87  15.350
14,750 T4 h69 14,87 15.280
15,250 14,160  14.54 15,210
15.750 14,651 15.03 15.030
16.250 14.8356  15.2% 15,090
16750  14.456 14,01 15,030
17.250  13.987 14.32 14,970
17750 14358 14,49 14,910
18,250 14.444 1477 14,360
18,750 13,990  14.30 14.810
19.250 14,194 14,50 14,760
19,750  13.925 14,22  14.700
20,560 1ha164 14445 14820
21.500  ¥3.880 14413 14,530
22,500 13,563 13.81 14.4790
23,500 13,833 14,13 14.3%0
24,500 13,952 1415 14,310
¢5.5040 13.999 14.23 14,250
26,530 13.621 13.84 14.130
27,500 13,903 1492 146120
23.500 13.318 13,51 14.060
29.5C0 13.3H 13,51 14.000
30.000  13.334  13.57  13.938
35.000  12.920 13,04 13.727
£0.0C0 13,048 13,19  13.504
45.000 12,390 13.01 13.311
50,000 1Z.943 13.06 13,140
55,000 12.443 12.74 12.990
60,000 12,594  12.69 12,830
65,000 12.47h  12.56 12,724
70.000 12.278  12.36 12.4613
75.060  12.126 12.20 12.508
80,000  f1.942 12.01 12.412
45.000 11,909 11.97 12.322
90.000 11.330 11,89  12.237
§5.000 11.820 11,38 $2.157
100.000 11,743 11,80 12,082
110.000 11.545 11.59 11,944
120,000 11.473 11,51 11.805
130,000 11.416  11.46 11,687
140.000 11,138 11,47 11,557
150.000 11.259 11.29 11.433
150.060 11.110  11.14 11,313
170.000 10.998 11.03 11.204
180.000 10,924  10.95 11,094
190.000 10,5678  10.79 10.9%6
200.000 10.603 10,83 10.83%0
210.000  10.4611 10.43  10.777
220.000 70,358 10,38  10.4675
230,000  10.312 10.33 10.57%
240.000 10.183 10.20 10.478
250.000 10.083 10.10 10,382
740.000 10.023 10.04  10.287
270.000 Fa921 P.96 10,195
230,000 9.778 .79 10.104
290.000 9.750 9.77  10.01%
300.000 9.693 .71 9.926
325.000 Fuh28 .44 P.714
350.000 Fa286 9.30 9.516
375.000 #,153 .16 9.331
400.000 4.864 8.87 ?.158
423.000 8.874 8.89 8,996
450.000 8.710 8.72 8,845
473.000 8.505 4.51 8.704
500.000 8.324 8.33 8.571

Ry YR LRI LY TR IS YT FR SRR AL LAY S 4 4 4 g )

(1) average effective cross section obtained
from the thick sample transmission data.

(2) corrected cross ssction obtained by applying

TABLE 4

the squation IV to (1),
{3) ENDE/E-Y] data.

(TR T LR RZRTT SRS SR S22 2222 R R A0 R0 0 adlyd

11
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VI COMPARISON WITH ENDF/B-VI AND SOME OTHER EXPERIMENTAL RESULTS.

The total cross section in the current version of ENDF/B-VI is
shown in column (5) of Table 1 and in column (3) of Table 4. The present
results and ENDF/B-VI are averaged over wider energy range in Table 5.
Below 4 kev, ENDF/B-VI is lower by about 2 %. In the energy range 1 kev to
4 kev, ENDF/B-VI evaluation {6) was performed by using average total cross
sections obtained from Saclay experimental transmission data of two sample
thicknesses (7). The self-screening correction on Saclay effective cross
sections could have been underestimated. On the other hand, the present
results could have been overestimated by the extrapolation procedure (4 %
accuracy as mentioned above). Therefore, the accuracy of the ENDF/B-VI
total cross section cannot be better than 4 % in this energy range.

In the energy range 4 kev to 30 kev, ENDF/B-VI is about 2 %
Targer on average. The experimental total cross section data available for
the ENDF/B-VI evaluation (6) were scarce and not reliable ; the basis for
the total cross section evaluation was a statistical model calculation with
statistical parameters inferred from the resolved resonance region and from
an optical model calculation at higher energy. However, the differences
between the present results and ENDF/B-VI would disappear by using a
nuclear radius about 1.3 % smaller in the ENDF/B-VI calculations (9.34 f
instead of 9.46 f).

Above 30 kev, the ENDF/B-VI values were obtained from a coupled
channel optical model fit of the available experimental data above 50 kev
(8). The present results are in the lowest part of the experimental data
base used for ENDF/B-VI evaluation. However, in the energy range 40 kev to
500 kev, the most accurate total cross section data in the ENDF/B-VI
experimental data base are those of POENITZ et al. (9). The fig. 4 shows
the data of POENITZ et- al and the present results compared to ENDF/B-VI.
The present results are, on average, 1.2 % lower than the data of POENITZ
et al. and 2.0 % Tlower than ENDF/B-VI. Including them in the ENDF/B-VI
experimental data base will improve the accuracy of the evaluation by
lowering the results to values closer to the data of POENITZ et al. and to
the present data.

12
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TABLE 5
P I i 2 I I I 23 T S R S IR s22 222222 2 2 2 28 22 22 2y
ENERGY RANGE THIS WORK ENDF/8~-V] DIFFERENCES
Kav BARNS BARNS  ABSOLUTE RELATIVE
****t******i*t*t**it*t*ii*t**********ﬁ*******t******.*tii*t****
ta= 2e 22.45 21.%94 -3.51 -2.3%
2~ be 19.?0 19.43 -0.27 -fs42X
bo= 104 16.71 17.01 0.30 .82
10.- 20. 1"-91 15.29 0138 ‘.5!
20.~ 30. 13.99 14.29 0.30 2.1%
30.~ 50 13.21 13.63 Q.42 3.2X
50.‘100- 12-3‘ 12.60 0.26 2.11
100.-200. 1126 11.60 0.34 3.0X%
200.-300. 10.18 10.48 0.30 2.9%
I00.~400, 9?.40 9.462 0.22 243X
300-‘500- 8.75 8-85 0.18 2-11

[T E2Y3 ISR ARZRSRE SRR 2 R 2d ] X Y TIIS 2223 RZL R A2 28 L 2

| J CONCLUSION

. ‘ The high resolution transmission data of HARVEY et al. were
used to obtain the 239Pu average total neutron cross sections in the energy
range 1 kev to 500 kev. The effective cross sections were corrected for
self-screening effects 1in the samples wused in the transmission
measurements.

The results have been compared to the total cross section in
the current version of ENDF/B-VI. Apart from the energy range 1 kev to
4 kev, where the accuracy of the present data depends strongly on the
accuracy on very large self screening corrections, ENDF/B-VI values are on
average larger than the present results by 2 % to 3 % which is at the limit
of the accuracy achieved on the present data. In the energy range above
. 40 kev, the present results are in good agreement with the data of POENITZ
et al. At least above 10 kev, the accuracy of ENDF/B-VI evaluation could be
improved by including the present results to the experimental total cross
section data base.
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FIGeTl = The line with well resolved stuctures represents
the Doppler broadaned cross sections calculated from a sat of
resonance parameters.The two other lines represent the
corresponding effective cross sections obtained from the
transmission broadenad by the experimental resolution for two
sample thicknesses(0.,01825 at/b and 0.07471 at/b).The diffarences
between the effective ¢ross sections are due to the self<scraening

effect in the samples.
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FIG.2 =The line with resolved structures represents the
Doppler broadened cross sections ¢calculated from a set of
resonanca parameters.The line without structure represents thae
corresponding effective cross sections obtained from the
transmission broadened by the axperimental resolution for tuo
sanmples thicknesses(0.01825 at/b and 0.07471 at/bl.Tha
differences betuween the effective cross sections of the tuwo
samples ara less than 1% at 21l gnaergies and do not appgar on
the figure.ln this onergy range tha self-screening effect is

‘smalla
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FIlGe3-Saelf=screening effects in the 0.07477-at/b sample,
The values (+) obtained by extrapolation from the effective
axperimental cross sections in the ehergy range 1 kev to 10 kev
and the valyes (o) obtained by calculation in the energy rangs
abpove 1C Xev are shoun.The variation of the self-screening effect
versys energy is linear in log-log scale and be represented by

the relation:

scr{X)335.0exp(~0.945109E) with & in kav
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FIG.4= 239Pu total cross sections in the energy range
45 kav to 500 kev.Thae valuyes obtained in the present work(+)
are shown with POENITI et al. values{x) and ENDF/3-¥I(solid line).
The aceuracy on the present results is about 2%.
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