JEF/poc - 379

The JEF-2.2
Nuclear Data Library

JEF 2-2

PRELIMINARY RESULTS OF CALCULATIONS OF U-238 TRANSMISSION
AND SELF-INDICATION RATIOS USING THE ECCO/JEF-2.2 LIBRARY
AND COMPARISONS WITH EXPERIMENT

Mari Marianne Uematsu and J L. Rowlands
DER/SPRC/LEPH
CEA, Cadarache, France

1. INTRODUCTION

Measurements of U-238 capture cross-section shielding factors in
the energy range 1-35Kev have been reported by Oigawa et al {1991),
These self-shielding factors have been derived from transmission
and self-indication measurements. Dr Oigawa has kindly provided
the results of these latter measurements to us sco that we can
examine the sources of any discrepancies more directly. It also
enables us to make comparisons between these measurements and other
transmission and self-indication measurements.

F. Frohner (1991) has described comparisons between calculations
made using his JEF-2 evaluation for U-238 in the unresoclved
resonance region (>10Kev) with the transmission measurements (4-
120Kev) and self-indication measurements (10-120Kev) of Bokhovko et
al (1988) and the transmission and self-indication measurements
(10-92Kev) of Byoun et al (1972). These latter measurements cover
a smaller range of thicknesses than the other two.

This work also provides us with reference calculations against
which to test our ECCO/JEF~2.2 library calculations. F. Frohner
has made detailed point-energy calculations using cross-sections
generated in the unresolved resonance region by sampling from the
resonance parameter destibutions. Ladders of parameters are
obtained by Monte Carlo sampling from the distributions and point-
energy cross-sections are then calculated. These have been used
directly in the transmission and self-indication calculations. The
ECCO library contains data in a fine group structure {(lethargy
width = 1/120) together with sub-group or probability table data to

‘ represent the within-fine-group cross-section structure. There are
typically about 10 sub-groups per fine group. The sub-group data
were derived using the code CALENDF (P.Ribon) which first generates
resonance ladders and point energy cross-sections in the unresolved
resonance region. The transmission and self-indication ratios have
been calculated directly using the sub-group data.

2. COMPARISONS WITH THE CALCULATIONS MADE BY F FROHNER

Comparing with the calculations corresponding to the measurements
of Bokhovko et al (10-120Kev) we see that for the transmission
ratio the agreement is within about 3% but for the self-indication
ratio the differences increase to about 5% in the lower energy
region. We believe that this is because we have neglected the
effect of the thickness of the target in these calculations. (This
effect is, in fact, within the measurement uncertainties).
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3. COMPARISONS WITH THE MEASUREMENTS OF QOIGAWA ET AL.
{(a) Capture cross-section self-shielding factors.

Although there are no systematic effects there are some significant
differences, e.g. 10% in the energy range 3-4Kev.

(b} Transmission and self-indication ratios.

For the self-indication ratios there is broad consistency between
the measured and calculated values. In the energy ranges 2-3Kev,
3-4Kev and 8-10Kev there are indications of possible significant
differences.

The transmission ratio measurements are more accurate and for these
the calculated wvalues are generally higher than the measured
values, indicating a possible underestimation of the effective
average total cross-section. The average underestimation is about
0.35 barns but in the energy range 2-3Kev it is 0.94 barns.

4. THE MEASUREMENTS OF BOKHOVKO ET AL AND BYOUN ET AL

There are no strong systematic differences in the comparisons with
these experiments. For the transmission ratios measured in the
energy range 10-40Kev the mean differences between the measured and
calculated effective total cross-sections are:

Oigawa et al 0.24 + 0.04 barns
Bokhovko et al 0.06 + 0.03 barns
Byoun et al -0.08 + 0.05 barns

5. CONCLUSIONS OF THIS PRELIMINARY STUDY

Although there is a systematic difference between the calculations
and the transmission ratio measurements of QOigawa et al
(corresponding to a difference in effective average total cross-
section of about 0.35 barns in the energy range 1-35Kev) the
measurements of Bokhovko et al and Byoun et al do not show such
systematic differences.
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thickness {at./barms)

JEF 2-2 Lo 0.0237
1 0.0474
2 Q.0707
o 0.0943
3 0.19 SELF~-INDICcATION
Calcul ECCO* Frohner D}-H-erqncg
. R %
(at Ne cerrection -{-mr‘ \:'a,{ge,t' -5\'549 Q-H'ect's e chéo Q'ubra—‘j (‘alcmrah;rnsj
100 ~ 120 keV
1 0.747 0.751 ( -0.55)
2 0.559 0.5635 ( =0.99)
3 0.422 0.431 { =2.07)
4 0.318 0.324 ( =1.77)
3 0.104 0.102 { 1.78)
80 - 90 keV
1 0.737 0.736 ¢ 0.17)
2 0.546 0.549 ( -0.57)
3 0.408 0,415 { =1.76) .
4 0.305 0,309 ( =1.43)
3 @.097 Q.098 ( -1.41)
60 - 70 keV
1 0.727 0.728 ( =0.20)
2 0.531 0.538 ( -1.37)
3 0.392 0.400 ( -2.16)
4 0.289 0.295 ( -2.05)
B} 3.088 0.092 ( ~4.53)
ad - 50 keV
1 Q0.715 0.716 { -0.19)
z 0.515 0.519 ( -0.79)
3 0.376 0.381 ( -1.39)
A 0.275 0.280 ( -1.88)
3 0.082 0.084 { -2.82) .
26 - 30 keV
1 0.698 0.696 { 0.27)
2 0.495 0.435 {( -0.07)
3 0.357 0.357 ( -0.02)
4 0.259 0.260 ( -0.76)
5 n.076 0.076 ( 0.31)
18 - 22 kaV
i 0.673 0.682 ( =1.32)
2 Q.466 0.478 ( -2.64)
3 0.330 0.342 ( -3.58)
4 0.236 0.245 ( -3.67) V)
3 0.067 0.070 { -4.39) ﬁ%
10 - 14 keV &
! 0.642 0.654 ( -1.94) o
2 0.435 0.455 ( -4.70) -
3 0.305 0.317 ( -3.98) —
4 0.217 0.229 ( -5.56)
5 0.062 Q.065 ( =-5.50)
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JEF 2-2 COmpod:)SGﬂ DQ Yo C—QP{'MQ cross - sectior
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Dilutions (barns)
10 100
.366 .00_6_‘ .649__ .010
.007
.008

.011

.010 .

.009 .886 .013

010 943 .014

.007 .969  .012
.008 .984 011
.007 .959 .010

.007 .978 .009
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ADDITIONS TO THE EFFECTIVE AVERAGE TOTAL CROSS-SECTION

REQUIRED TO IMPROVE THE CALCULATED TRANSMISSION RATIOS

Energy Range

25

20

15

10

(keV)

- 35
- 25
- 20

- 15

Measurements of Oigawa et al

0.52

0.05

0.54

0.36

0.31

0.47

0.31

Average increase in total
effective cross-section

Standard

deviation

of mean
0.

O.

06

10

.05

.06

.06

.06

.07

.06

.07

.06

.05
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JEE 2-2 Trgnsmission (T)
thickness {at./barns)
1 0.00738
2 : 0.01474
3 0.02408
4 0.03858
5 : 0.04823
6 : 0.06257
7 0.07205
3. 0.09614
9 . 0.12013
10 : 0.14437

thickness Experimental Calculation Uncerbainbj (E-C)/E

N T T % %

25 - 35 keV

1 0.91410 0.90359 ( 0.98) ( 1.15)

2 0.81940 0.81781 ( 1.07) ( 0.19)

3 0.72110 0.72175 ( 0.96) ( -0.09)

® 4 0.60710 0.59659 (. 0.87) ( 1.73)

5 0.52660 0.52655 ( 0.96) { 0.01)

6 0.43290 0.43859 ( 1.00) ( -1.31)

7 0.37620 0.38929 ( 1.06) ( -3.48)

8 0.28490 0.28900 { 1.05) ( -1.44)

9 0,20850 0.21616 ( 1.15) ( -3.67)

10 0.15710 0.16212 ( 1.26) ( -3.20)
20 - 25 keV

1 0.91230 0.90237 ( 0.97) ( 1.09)

2 0.81250 0.81605 ( 1.07) ( -0.44)

3 0.73120 0.71991 ( 0.43) ( 1.58)

4 0.60470 0.59529 ( 0.87) { 1.56)

5 0.52080 0.52576 ( 0.96) ( -0.95)

6 0.42930 0.43860 ( 1.00) ( -2.17)

7 0.38620 0.38979 ( 1.04) ( -0.93)

8 0.28540 0.29047 ¢ 1.04) ( -1.78)

9 J.21240 0.21823 (1.1 ( -2.74)

10 0.15290 0.16449 ( 1.26) ( -7.58)
. 15 - 20 keV

1 0.91020 0.89982 ( 0.91) ( 1.14)

2 0.80500 0.81215 { 1.00) ( -0.89)

3 0.69890 0.71529 ( 0.91) ( -2.35)

4 0.58010 0.59072 ( 0.53) ( -1.83)

5 0.50530 0.52160 ( 0.91) ( -3.23)

6 0.42600 0.43523 ( 0.94) ( -2.17)

7 0.37610 0.38696 ( 0.99) ( -2.89)

8 0.27750 0.28889 ( 0.99) ( ~4.10)

9 0.20340 0.21760 ( 1.08) ( -6.98)

10 0.15000 0.16455 ( 1.19) ( -9.70)
10 - 15 keV

1 0.90490 0.89654 ( 0.77) ( 0.92)

2 0.80500 0.80725 ( 0.84) ( -0.28)

3 0.71110 0.70961 ( 0.76) ( 0.21)

4 0.59460 0.58509 ( 0.69) ( 1.60)

5 0.51170 0.51634 ( 0.76) ( -0.91)

6 0.42970 0.43066 ( 0.79) ( ~0.22)

7 0.38140 0.38284 ( 0.83) ( -0.38)

8 0.28760 0.28577 ( 0.82) ( 0.64)

9 0.21610 0.21522 ( 0.89) ( 0.41)

10 0.15640 0.16270 ( 0.99) (

4039 14100379
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JEE 2-2 Transmission (T)

kness (at./barns)
.00738
01474
.02408
.03858
.04823
.06257
.07205
.09614
.12013
.14437

.

Fe Y, B o T ]
el =R=Rel=R= =l le

—
OO o~

thickness Experimental Calculation 1Jncerbn&t3 (E-C)/E

N T T pA s
B - 10 keV
1 0.90210 0.89938 ( 1.086) ( 0.30)
2 0.80740 0.81279 ( 1.16) ( -0.67)
3 0.71680 0.7180L.- ( 1.03) ( «0.17)
4 0.59500 0.59652 ( 0.94) ( -0.26) .
5 0.52480 0.52895 ( 1.03) ( -0.79)
6 0.42530 0.44406 { 1.08) ( ~4.41)
7 0.38310 0.39632 ( 1.13) ( -3.45)
8 0.28660 0.29844 ¢ 1.13) ( -4.13)
9 0.21040 0.22637 ( 1.23) ( -7.59)
10 0.15520 0.17215 ( 1.36) (-10.92)
6 -~ 8 keV
1 0.89980 0.89313 ( 0.94) ( 0.74)
2 0.80760 0.80352 ( 1.03) ( 0.51)
3 0.70140 0.70702 ( 0.93) ( -0.80)
4 0.58490 0.58494 ( 0.85) ( -0.01)
5 0.50090 0.51765 ( 0.94) ( -3.34)
6 0.42570 0.43370 ( 0.97) ( -1.88)
7 0.37360 0.38674 ( 1.02) ( -3.52)
8 0.28760 0.29103 ( 1.00) ( -1.19)
9 0.21310 0.22102 ( 1.09) ( =-3.72)
10 0.15620 0.16857 ( 1.21) ( -7.92)
5 - 6 keV "'
i 0.89450 0.89771 ( 1.17) ( -0.36)
2 0.80790 0.81022 ( 1.27) ( -0.29)
3 0.71440 0.71484 ( 1.14) ( ~0.06)
A 0.58870 0.59296 ( 1.04) ( -0.72)
5 0.51940 0.52533 ( 1.14) ( -1.14)
6 0.43080 0.44053 ( 1.19) ( -2.26)
7 0.38750 0.39291 ( 1.24) ( -1.40)
8 0.29580 0.29546 ( 1.23) ( 0.11)
g 0.21530 0.22386 ( 1.34) ( -3.98)
10 0.15670 0.17005 ( 1.49) ( -8.52)
4 - 35 keV
1 0.90630 - 0.89414 ( 1.00) ( 1.34)
2 0.82240 0.80418 ( 1.09) ( 2.22) o
3 0.69840 0.70644 { 0.99) ( -1.13) co
4 0.57690 0.58203 ( 0.90) ( -0.89) )
5 0.49550 0.51327 ( 1.00) { -3.59) e
6 0.41510 0.42738 ( 1.04) ( -2.96) )
7 0.36490 0.37934 ( 1.10) ( =3.96) S
8 0.26960 0.28159 ( 1.10) ( -4.45) <
9 0.19790 0.21044 ( 1.20) ( -6.34) -
10 0.14780 0.15754 { 1.3 ( ~6.59)
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thickness (at./barns)
1: 0.00738
2 0.01474
3 0.02408
4 0.03858
5 0.04823
6 : 0.06257
7 0.07205
8 : 0.09614
9 0.12013
10 0.14437

thickness Experimental Calculation l)ncetEnhﬂ%j (E-C}/E

N T T % %
3 - 4 keV
1 0.87390 0.87274 ( 0.86) ( 0.13)
2 0.78710 0.77702 { 0.94) ( 1.28)
3 0.67680 0.67952.- ( 0.85) ( -0.40)
. 4 0.56120 0.56039 ( 0.78) { 0.14)
5 0.48970 0.49582 { 0.86) ( =-1.25}
6 0.40770 0.41584 ( 0.89) ( -2.00)
7 0.36590 0.37128 ( 0.93) ( -1.47)
8 0.27910 0.28070 ( 0.92) ( =0.57)
9 0.20510 0.21454 ( 1.00) { -4.60)
10 0.15150 0.16494 ( 1.10) ( -8.87)
2 - 3 keV
1 0.87060 0.86867 ( 0.72) ( 0.22)
2 0.77540 0.77780 ( 0.79) ( -0.31)
3 0.67180 0.68505 ( 0.71) ( -1.97)
A 0.55680 0.57061 ( 0.65) { -2.48)
5 0.48700 0.50821 ( 0.71) ( -4.386)
6 0.40240 0.43068 ( 0.74) ( =7.03)
7 0.36110 0.38740 ( 0.78) ( =7.28)
8 0.28100 0.29914 ( 0.76) ( -6.46)
9 0.20710 0.23431 { 0.83) (-13.14)
. 10 0.15810 0.18532 ( 0.90) (-17.22)
1 - 2 keV
1 0.88360 0.88037 ( 0.50) ( 0.37)
2 0.80300 0.79524 ( 0.55) ( 0.97)
3 0.70000 0.70618 ( 0.49) ( -0.88)
b4 0.59450 *0.59352 ¢ 0.45) ( 0.18)
5 0.52810 0.53086 ( 0.49) ( -0.52)
6 0.44570 0.45182 ( 0.50) { =1.37)
7 0.39970 0.40712 ( 0.53) ( -1.86)
8 0.31910 0.31468 ( 0.51) ( 1.39)
9 0.24340 0.24563 { 0.55) ( -0.92)
i0 0.18680 0.19280 ( 0.59) ( -3.21)
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.09900

mm )
mm )
mm )
mm )
mm )
mrm )
mm )

- Transmission (T)

O QO Qo
[eNoleNalolleia] OO O OO0 [sNeNelNalalole [« =N Rolole o) [= e pp e

OO O QOO0

T

.94558
.89741
.75496
.57144
43562
.33170
. 11235

.94452
.89546
.75070
.56504
.42841
.32444
. 10757

.94377
.89412
. 74805
.36170
42529
.32193
L 10745

.94211
.89111
.74169
.53260
.&1546
.31241
.10188

94111
.88931
. 73808
54778
.41060
.30803
.09996

.93991
.88717
.73378
.54211
. 40493
.30293--
.09773

Pt Fan Wain
o~ P e N N N S P N e T N T PN T ~
e W W W N W e ¥

P N T e T N S SR N

e W P N e W N

%

0.42)
0.44)
0.39)
T 52)

57)
0.59)
1.75)

0.53)
0.44)
0.40)
0.53)
0.68)
0.61)
1.82)

0.63)
0.45)
0.40)
0.71)
0.92)
0.62)
1.85)

0.42)
0.45)
0.40)
0.72)
0.94)
0.63)
1.94)

0.42)
0.45)
0.40)
0.73)
0.95)
0.65)
2.00)

0.42)
0.45)
0.41)
0.74)
0.96)
0.66)
2.02)

(E-C)Y/E

P W e O i O i N e i T
- TN ST TN SN ST T T P e N Y W T P W W Y Y
P W e N e N e N e W

P W W S S L )

%

0.
0.

47)
73)

0.66)

0.
.55)
.57)
.45)

§
OO MNOOoO O [ - el = i -] SOoOMOOOoOC MEHMNOOoOOOo [l

1
= OoOMNMOOOoOO

27)

.58)
.39)
.83)
.01)
.63)
.09)
.21)

.24)
.21)
.37)
.23)
.23)
.64)
.51)

.31)
.21)
.84)
.25)
.24)
. 14)
.09)

.20)
.26)
.66)
.22)
.24)
.01)
.04)

.22)
.02)
.71)
.39)
.89)
.35)
.28)

3
o
Co

-



The JEF-2.2
Nuclear Data Library

JEF 2-2

" Bokhovko et al. (1988)
* Transmission (T)

thickness (at./barns)

~ oh b B oo

thickness
N

30 40 keV

RN (N, B W% B ]

@ 26 30 kev

R NV, B R P I -

22_ 26 keV

~ b o N e

18 22 keV
"' -

~ o

14_ 18 keV

~N L LN

10_ 14 keV

~l A Pl P

0047 (1 wm)
L0091 ( 2 mm)
L0237 (5 mm)
L0474 (10 mm)
.0707 (15 mm)
.0943 (20 mm)
.19 (40 mm)

OO o OO OO

Experimental Calculation Unc.efkn.iv‘t(’.y

T T %
0.93900 0.93847 ( 0.43)
0.88300 0.88463 ( 0.45)
0.73100 0.72881 ( 0.41)
0.53600 0.53575 ( 0.93)
0.40800 0.39869 (. 0.98)
0.29800 0.29739 ( 0.67)
0.09500 0.09533 ( 2.11)
0.93900 0.93761 { 0.43)
0.88100 0.88321 ( 0.45)
0.72200 0.72677 ( 0.42)
0.52700 0.53462 ¢ 1.14)
0.39800 0.39897 ( 1.01)
0.29200 0.29886 ( 0.68)
0.09300 0.09818 ( 2.15)
0.93700 0.93681 ( 0.43)
0.88100 0.88193 ( 0.45)
0.72400 0.72499 { 0.41)
0.52700 0.53352 { 0.95)
0.40200 0.39880 ( 1.00)
0.29500 0.29946 ( 0.68)
0.09400 0.09993 ( 2.13)
0.93500 0.93482 ( 0.43)

' 0.88G00 0.87842 ( 0.45)
0.71900 0.71827 ( 0.56)
0.53100 0.52501 ¢ 1.13)
0. 40000 0.39041 {( 1.25)
0.28800 0.29187 ( 0.69)
0.09300 0.09597 ( 3.23)
0.93700 0.93436 ( 0.53)
0.87600 0.87781 ( 0.68)
0.71700 0.71809 ( 0.58)
0.52300 0.52618 ( 1.34)
0.40500 0.39245 ( 1.73)
0.29600 0.29431 ( 1.01)
0.10200 0.09788 { 3.92)
0.94000 0.93213 {( 0.53)
0.88400 0.87426 ( 0.68)
0.71800 0.71301 ( 0.70)
0.52500 0.52190 ( 1.71)
0.39800 0.38958 ( 2.01)
0.29900 0.29264-- ( 1.67)
0.10400 0.09761 { 4.81)

(E~CY/E
%

~~
P W e e R e i ) P e W W W W N e N N W Y P W e N T Wi W e ¥
P e e T e

e W e W NN

OOoONOOQO

AN O O~ O

L 06)
.18)
.30)
.05)
.28)
.20)
.35)

.15)
.25)
.66)
.45)
.24)
.35)
.57)

.02)
.11)
.14
. 24)
.80)
.51)
.31)

.02)
.18)
.10)
L13)
.40)
.34)
.19)

.28)
.21
.15)
.61)
.10)
.57)
.04)

.84)
.10}
.69)
.59)
.12}
.13)
.14)

14100387



The JEF-2.2
Nuclear Data Library

JEF 2-2

oviko et al. (

- Transmission (T)

1988)

kness (at./barns)

oW LR

thickness

N

8_ 10 keV

~5 O B o

6—

R NV, I g FL I % R

&—

-~ O L W N

8 keV

6 keV

g

OO0 0 oo

0047
.0091
.0237
L0474
.0707
.0943
.19

o 0OQ

(oWl [ B o e}

fo]

(1
(2
(5
(10
(15
(20
(40

T

. 94000
87200
.71900

.29%00
.10300

.93900
.88100
.71700

.29500
.10300

.93300
.88100
.71900

.29600
.09800

)
mm)
mm)
mm)
mm )
mm)
mm)

(oMo i o]

o

o O O

T

.93416
.87808
.72162

.30488
.10413

.92965
.87092
. 71067

.29731
.10301

.93164
.87386
.71396

.29435
.09705

-]

o N oo o (S0 o

W

$fﬁahﬂ13

Experimental Calculation Une

.74)
.69)
.83)

.01)
.83)

.85)
L19)
.84)

.37)
.80)

.86)
.91)
.97)

.04).
L16)

(E-CY/E

%

0-.62)
-0.70)
-0.36)

-1.97)
-1.10)

1.00)
1.14)
0.88)

-0.78)
-0.01)

0.15)
0.81)
0.7M

0.56)
0.97)



The JEF-2.2
Nuclear Data Library

JEF 2-2

Byoun et al. (1972)
.+ = Tramsmission (T)

thickness (at./barms)

thickness Experimental Calculation Ur;cettaﬁxb

92

83

75

68

62

56

1: 0.00758
z 0.01552
3 0.03155
4 0.04670
5: 0.06206

N

- 83 keV

LA SR L O o B

- 75 keV

Ul N

- 83 keV

L%, I S B UL R

- 62 keV

L WM

- 56 keV

b &~k

- 50 keV

A B

T

0+91460
.83770
.68870
.57440
-48080

o OO0 Q

.91270
.82580
.68230
.57660
.48080

[ B o I o T 0 e}

-91180
.828%0
.68820
.37650
.48300

QO Q oo

.90970
. 82640
67740
-57179Q
.47810

[ N B oo [ oo e |

.90260
.81880
.67060
.55570
45970

OO 00

.87230
.80940
.64710
.34710
44840

[ B o e I o B

[eo P v B v B on It [ o T e o i e o OO0 [ I o Y B e o OO o oOQ

o0 0C O

T

.91130-
.82715
-68106
56764
47259

91024
.82518
67774
56352
.46802

.30926
<82340
67487
.56008
46432

.90831
.82169
.67220
.55701
46117

.90743
.82012
.66982
.55434
J45847

.90655
.81858
.66750
55173
.45583

Vo T W T e T NN TN TN TN o W e W o WP N ¥ P W WP W WY

e T Y Yl WaihY

%

[ B B oo I oo Ty e (o NeNeleie [ B Q= B w- B o | QOO 00 oCcooC

aocCc OO0

.84)
.84)
.86)
.87)
.89)

.78)
.78)
.79)
.80)
.81)

.73)
.74)
L78)
.76)
7

.73)
.73)
Lid)
.75)
L77)

.73)
.73)
.75)
.76)
.78)

77)
.75)
.79)
.79)
.83)

(E-C)/E

P e T e T Pain W P o WP, WY Vo W e W W e W i W e W o W e W i} Voo Y e Y W i W i}

P W e W W WY

WP oo N oo OO (SR o o e

Wwh O oo

.36)
.26)
.11)
.18)
.71)

.27)
.08)
.67)
.27)
.66)

.28)
.66)
.94)
.85)
.87)

15)
.57)
J77)
.57)
.54)

.54)
.16)
.12}
.24)
.27)

.93)
.13)
.15)
.85)
.66)



46

41

37

34

31

28

25

- 41

[V, I N SV I (I

- 37

uy o B

- 3%

L W b

- 31

[ S ST oW

[0, T = S R o ]

L oW M

keV

keV

keV

keV

keV

keV

keV

keV

0.90410 ¢
0.79590
0.6497Q
0.54820
0.43590

0.89440
0.81560
0.66660
0.54650
0.43770

0-.90180
.82120
.66500
.55510
.45750

(===~

.89550
.80960
.66340
.54810
L45940

OO0

.89940
.81810
.65890
-54500
.44810

[oNoNeleloel

.89610
.80560
.65070
.52980
.43860

[ I oo B ov B o Y w]

.88580
.80870
.64980
.54380
LA4220

[ B w i o B e

.89320
.80770
.65410
.53880
0.44830

QOO0

Qo O o QO
ol eNelle e [N e B Bl e S e ] SO o oo OO OoO Qo [ I e i en ko Rt | [ v T on QR Jan

O OO oo

.90567
.81698
66494
.54872
45265

.80496
.81575
.66315
.54677
45074

.90418
81446
.66142
.54506
L44927

.90306
.81250
.65854
34190
.44615

.90215
.81080
.65569
.53836
L44219

.90158
.80993
65472
.53760
44173

.89953
.50669
.65093
.53444
.43964

.90128
.80989
.65595
. 54019
44350

i W P W W e W e M}
P s W e S e W a1 e T e S o N e W P W an Rk e AR Vanin W i e W 2 T P W R an R an e P W o Wi ¥

P W W W W}

0.74)
0.77)
0.78)
0.80)
0.85)

0.76)
0.76)
0.78)
0.79)
0.81)

0.74)
0.74)
0.77)
0.77)
0.79)

0.75)
0.75)
0.77)
0.78)
0.81)

0.76)
0.76)
0.77)
0.79)
0.83)

0.73)
0.73)
0.74)
0.76)
0.78)

0.69)
0.69)
0.71)
0.72)
0.75)

0.68)
0.68)
0.70)
0.71)
Q0.74)

NN Vo W o W i W e W e
W o T o W e S W o P N W W e PN ST TN T TN T T P N N i TR e Y NN N

P W i T o e W e}

17
.85)
.35)
.09)
.84)

.18)
.02)
.52)
.05)
.52)

.26)
.82)
.54)
.81)
.80)

.84)
.38)
.73)
.13)
.88)

.31)
.89)
.49)
.22)
.32)

.61)
.54)
.62)
A7)
71)

.55)
.25)
.17)
.72)
.58)

.90)
.27)
.28)
.26)
.682)

O
()

<o

<



The JEF-2.2
Nuclear Data Library

JEF 2-2

23

21

19

17

15

13

12

11

keV

keV

keV

keV

keV

keV

keV

keV

0.89670 -

0.80840
0.65070
0.53340
0.43070

0.89860
0.80970
0.65850
0.54410
0.45260

0:-88430
0.79210
0.63730
0.52160
0.42810

0.88160
0.79690
0.63830
0.52210
0.43900

0.89020
0.79310
0.64470
0.53610
0.44090

0.89130
0.79840
0.63730
0.52640
0.43330

0.88730
0.80110
0.64600
0.53270
0.44280

0.89030
¢.79860
0.65080
0.53180
Q.44370Q

<

OO OO
[ & S o I i Y OO Qe QO OO0 C Qo OO0 OO0 C OO 00 o OO oo

S oo oo

.89914
. 80620
63062
53441
.43983

.89739
.80328
.64649
.52990
.43531

. 89886
.80607
.65122
.53568
.44159

.89604
.80135
.64550
.53017
.43684

.89516
. 79962
.64156
.52474
43027

.RO708
.BC366
.64923
.53471
.44 165

.89394
.79848
.64196
52672
.43353

.89159
.79432
.63571
.51971
42638

P W W W W
P W i U i I o Y FN TN ST T NN SN T PN ST SN A P Wan W an WP T ]

N TN N T T

0.68)
0.69)
0.71)
0.71)
0.74)

0.68)
0.68)
0.68)
0.70)
0.73)

0.68)
0.68)
0.69)
0.71)
0.72)

0.67)
0.67)
0.69)
0.71)
0.71)

0.66)
0.67)
0.68)
0.69)
0.70)

0.65)
0.65)
0.67)
0.68)
0.72)

0.64)
0.65)
0.67)
0.68)
0.68)

0.64)
0.64)
0.66)
0.68)
0.68)

P W any EN TN TN TN TN
P Wi W W WY TN TN TN SN TN SR ST N P W W W o W NSNS e Wan e

NS TN SN T

Mo Qoo

W M= QD

.27)
.27)
.01)
.19}
.12)

.13)
.79}
.82)
.61)
.82)

.63)
.76)
.18)
L70)
.15)

.64)
.58)
.13)
.55)
.49)

.56)
.82)
.49)
.12)
41)

.65)
.66)
.78)
.58)
.93)

.75)
.33)
.63)
.12)
.09

.14)
.54)
.32)
.27)
.90)

:

1410038
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The JEF-2.2
Nuclear Data Library

JEF 2-2

[

[ JEN+ 2R o SRR

1 et al. (1991)
Self Imdication (R)

1ess

[« J QR I S N

at./barns)

OO0 OoOO0 OO0

.00738
.01474
.02400
LG3125
.03874
.04795
.06297
.07205
.09614
.12037

thickness Experimental Calculation Unc_ec‘:fa;ﬁ\:u (E-C)/E
N -

25 - 35 keV

[ I ~ % I N B o]

fon

O W oe -

20 - 25 keV

-

15 - 20 keV

[ JEVe R0 <R IS AR UL Sl VAR AR

P

[—

f SRV I "IN e (WR UL RN S Vo

10 ~ 15 keV

=

£/ W N

O W oe ~ ;i

R

.88570
.77670
.69400
.59590
-56650
47710
.38790
.34950
.24570
.17890

oY elageRoleNale s

.84180
.77230
.68030
.57870
.56120
.46120
.37790
.31830
.24740
.17360

oo OoO0oOQ o0

.89230
.77510
.66920
.59320
.52150
46340
.36300
.31540
.22880
. 16330

ocooQooo0 OO

.88710
. 76290
.63510
.55400
.50780
43350
.34240
.30950
.22240
.16130

[oleReloNeNolelalaiye)

OO0 00O o0

COoOO0OCC O OO Oa

o000 o000 0o0o

OO0 oo 0OC O

R

.89276
.79868
.69579
.62551
.56111
49200
.39801
.35097
.25301
.18354

.88779
.79046
.68516
.A1387
.54901
47985
38654
.34018
24424
.17676

.87637
77215
.66218
.58920
.52373
.45485
.36331
.31836
.22654
. 16286

.B6524
.75512
.64181
.56803
.50268
43469
.34538
.30193
.21391
.15340

f‘\f\ﬁf"\ﬁf\f‘\/‘\/‘\t‘\ /‘\/‘\/‘\(‘\f"'\f—‘\f—\/‘\/—\f—\

f\ﬁ/‘\f‘\f“‘\ﬁf\/‘\/""\f’\

f\ﬁ/‘\f\f'\f‘\f\f'\(‘\f"‘\

%

WMNMNMNNNDRDNNR LN NN

W R NN MR

L WM R BRI BRI

.46)
.23)
.27)
.52)
.15)
47
.34)
.39)
.60)
.19)

.82)
.50)
.57
.85)
43)
.80)
.65)
7Y
.89)
.59)

.85)
.59)
.68)
.93)
.53)
.90)
.79)
.90)
133
.87)

.80)
.64)
.75)
.98)
.61)
.94)
.89)
.00)
.25)
.05)

P N . T . N N ah Wi e P N T T T T T P W o L W N S X R

f"\r"\f‘\/’\f‘\ﬁr"‘\f’\/‘\f‘"\

%

OO0 Ok OO O

.80)
.83)
.26)
.97)
.95)
.12)
.61)
.42)
.98)
.59)

.46)
.35)
71)
.08)
L.17)
.04)
.29)
.87)
.28)
.32)

.79)
.38)
.05)
.67)
43)
.85)
.09)
.94)
.99)
.27)

. 46)
.02)
.06}
.53)
.01
.27
.87)
.45)
.82)
.90)

568

14100



‘ igawa et al. (1991)
Nuclear Data Libeary S8elf Indication (R)

‘hickness (at./barms)
1 : .0G738
01474
.02400
03125
.03874
.04795
.06297
.07205
0.09614
0.12037

[V I~ WL I
P = R B = o B av Qi ow B a0

0o~

fn

thickness Experimental Calculation Unc,e.ﬂl:h;ﬁ“:u (E-C)/E

N R R % %
8 -~ 10 keV
1 0.86720 0.85465 { 3.80) ( 1.45)
2 0.71990 0.73980 ( 3.60) ( -2.76)
3 0.61110 0.62481.- ( 3.73) { -2.24)
4 0.52240 0.55135 ( 4.06) { -5.54)
. 5 0.46640 0.48701 { 3.58) ( =4,42)
6 0.40740 0.42063 ( 4.00) { -3.25)
7 0.30840 0.33403 ( 4.00) { -8.31)
8 0.27370 0.29204 ( 4.17) { ~6.70)
9 (.19700 0.20700 ( 4.49) ( -5.08)
10 0.14110 0.14844 ( 5.60) ( -5.20)
6 - 8 keV
1 0.79980 0.81896 ( 3.17) { -2.40)
2 0.63830 0.68831 { 3.60) ( -7.83)
3 0.55380 0.56555 ( 3.69) ( -2.12)
4 0.46310 0.49054 ( 4.08) ( -5.93)
5 0.44320 0.42677 ¢ 3.57) ( 3.71)
6 0.34730 0.36278 ( &.09) ( -4.46)
7 0.29430 0.28197 { 3.98) ( 4.19)
8 0.23760 0.24388 ( 4.29) ( -2.64)
9 0.17190 0.16893 ( &.77) ( 1.73)
10 0.11420 0.11905 { 6.42) ( -4.25)
‘.' 5 - 6 kev
1 0.82950 0.82787 ( 3.88) { 0.20)
2 0.71980 0.69791 { 3.69) { 3.04)
3 0.57750 0.57295% { 3.91) { 0.79)
4 0.47840 0.49582 ( &4.21) { =3.64)
5 0.44240 0.43004 { 3.80) ( 2.79)
6 0.36620 0.36398 ( 4.17) ( 0.61)
7 0.26240 0.28072 { 4.43) { -6.98)
8 0.24110 0.24162 { 4.50) ( =-0.22)
9 0.16910 0.16525 ( 4.96) ( 2.28)
10 0.11930 0.11505 ( 6.42) ( 3.586)
L - 5 keV
1 0.83460 0.80775 { 4.10) ( 3.22)
2 0.66290 0.66898 ( 3.97) ( =0.91)
3 0.51120 0.54004 ( 4.28) { -5.64)
4 0.45540 0.46266 ( 4.57) ( -1.59)
5 0.38040 0.39801 ( 4.1 ( -4.63)
6 0.32590 0.33430 ( 4.65) ( -2.58)
7 0.22990 0.25563 ( 4.93) (-11.19)
8 0.20120 0.21923 { 5.17) ( =-8.96)
9 0.14400 0.14897 { 5.68) { =3.45)
10 0.09890 0.10324 { 7.59) ( -4.39)

14100389



The JEF-2.2
Nuclear Data Library

JEF 2-2

rawa et al. (1991) :
Self Indication (R)

ickness (at./barns)

Lo

=

o RNV, I~ B UV I N

o oo~

oo ood

.00738
.01474
. 024060
.03125
.03874
.04795
.06297
.07205
.09614
.12037

thickness Experimental Calculation Unce.f:k}:ﬁv::u (E-C)/E

3

N

N

QWO

—

LS B S B I S

oD 0~ Oy

—
E VI N

o Y~ Te ILNE N e VA ]

s

4 kaV

3 keV

2 keV

R

0.73500
0.54440
0.43440
.36700
.30330
.25890
-19160
.15920
.110190
-08290

oo oo 0O o0

.61910
.40280
.28850
24410
. 20860
»17620
.12140
.11530
.08200
. 06030

OO0 OoOO0O0O

.54660
.34070
.23170
.18420
.15420
.12820
.090680
.08200
.05990
.05040

Qo000 OO0O0

0
0

0.38462--

e ReR=E=R=R= =

[eleRolleReNols ool

COOoODOOO0OO0

R

.67754
.50873

.32100
.27244
.22767
.17524
.15162
.10629
.07642

.58681
.43413
.32812
L2734
.23113
.13183
. 14589
.12543
.08706
.06264

.48503
.33500
.24393
.20043
.16808
. 13879
.10523
.09044
.06284
.04531

e e Y e Y L e R Ran W an

P N T W e T o T

%

3.64)
3.61)
3.84)
4.29)
3.99)
4.562)
4,56)
4.96)
5.60)
7.20)

3.84)
4.29)
4.92)
5.35)
5.08)
5.59)
6.22)
6.31)
6.89)
8.56)

3.87)
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