JNDC No.30 (1974)

z02
RCN—192
Error Analysis of Neutron Caoture, Group Cross
Sections for Fast Reactors Applied to Fission
Products
J.B. Dragt and H.Gruppelaar
. Hn g CEBH)
COWAL RON-Pe t Len THZ b, | PEEMDMSRRCL b7 = + n—BiE LT,
Lautenba cb (RON) OFFELA 7 5 FPHEOMENMROBELTHL S OTh b, B

TR 5o

2. Nuclear model for the Capture Cross Seection

COFETHE, RCN OFDP +5 b (RON~-1) O#HHEKHA bRk 32D EFADENLRTK

bo
QO Model A single level DBreit-Wigner
“n )
N N7 g PP0Y
cA= X fi(l“‘) ___‘z q i it
i=1 i=1 )2 (E-E;)2+T3 /4
O Model B 1/v Cross Section
B - T th
a = Aath -
E



R
Aoy = ogxp — 0 (Egy)

O Model C 'stati tical model . (Garrison and Roos)

27:2
eC(E)

=.£§0 a JE' I (E);sl(zﬁ+1)¢(ﬂ )
O group cross section

1/E spectrum #Amodel A, BLAWHR b,

model C Hgroup HETRHHETE ﬁéﬂ—éo

3. Errvora in the Cross sections 'fn'r the>r'esolv'ed'tesonance
r~e:gi-obn (Model A) | .

Model AW;F%EWE@&LXCHI‘ r’l&z;.mxrﬁﬁag OABEIHEL bR b, —

_9079*#3%0)7[:%@%501@10)33‘?%%@1‘é(D'C, covariance MLEER B,

4. Errors in the 1/v—contribution to the Cross swection
(Model B) _

Model B T BEEZENRER, Ao OBETHY, ‘chitg#fiCeorrelate LT

boMMMIIXWP&#EWﬁ”ﬂ,C®£§d¢€M L#L,%pﬁ%k%v«WﬁT%T

Model B #%Model C 1 keV ’C“Eﬁi‘é{{’b%Aﬁi BREXKRE(RY, 1 OO%HJ:&

Y9 s,

5 Errors in the cross sections for the statistical energy
region (Model C) |

51 . Errors due to parameter
Garrison--lloos'formulampara'metertL’Cﬂueutron strength

function (s. p..p—wave) S0,81,82,photon strength funct-i.on

S; =<TT> / Dy, £O4 parameters (IR AT & LTEET 5,



52 Correlation between different isotopes

HIZRD 4 paramter s R EET LB, HHFOKREHIZ (, AFBOF— 2 RHEL T
VBB RME B, CDHisotope MiCcorrelation k4L 5b, zOXE, F P OMEK
%5 7LT, pseudo FPt’rb%él’C, EMEDFTHEL ARSI ZrHETEEE N 5,

L EnTH, corr'ela-t-io.ﬁ ORAFINTHBA, correlation coeffi-

cient DEENELLVWAK, EEREOHERTAZDLATHRN,

5.3 Error associated with lével statistics

CO/TIE, vRAOKERHE%, Wigner distribution DBEL, Dyion and
Mehta ® random matrix theory OBEL TITHRL, %k@%%l@omf,.ﬁw
O VRAMEOEBRERL TN 5, ‘ , A

TLEEDUVRLOPE, HKBAZ - 2OHBEIRERLT, poin.t cross section
MOcovariance 2EBL, Th%, level width fluctuation (’C;Z;IE&, (V]
ABOEBICL FECHTTER Y LT bo LiL, BERORHCHNTE, VvAKOES
*MIRL T, BEMl® covariance 6&0&:1_/,’ variancePA %, level width
fluctuation »HIHBLTWB, '

6. Energy group weighting errors

1/E spectrum THHUABEAE, STEKPLA< b v TPHLAS SR LBLT,
pse.!udo FPOMEHELT, 1—148T2%, 15-26HT5—15%08BELALEN
HEEL %o

7.  Errors due. to Approximations in model C
71 Approximation in model C

model C KHnT, MTORLEAFTAZDOIATN S,

o TT/D ifenergy independent

o inelastic width %%

o =spin and energy inde.pen.dent strength function

o T =T

Al
radlation capture

° 'ernax= 2



IO, statistical mode IAROEFEICL HEMICL HBEL LT, MTFO3 Ak
2 ohbe I | '

°©. statistical error‘

° level overlappingvf’tlbiﬁﬁ

o direct capture O%F

7.2 Comparison w'i.th Benzis model

7.1 'cm;‘&{uﬁ:, Benzi O Ezht kst + 5,

RBenzi O/

o direct RUcollective capture AZEEINTK B,

"o dnelastic widt.h PERINTND,

4 Renz i OER »

o level fluctuation %

o blac&-nucleus strength function ZHnTwna,

o resolved Iresohance 7HlkeV BECSH TWTH, chtk i,

BEO&D 6EL, 100keV ML FTIERCN—1 Omode lld)jiiﬁﬁ ¢, B100keV BTl
Benzi AfinEBbhsn, | . o ' -
7.>3 'Q'uantitati‘ve ea;tin;aticn obf model errors .

model error % Benzi LB+ HAK, FPHME 42015 =) —(off~
magic—N -add— A, rria,gic—N. dddTA;off—magic—N even—A, magic;N
even—A) KAHATTHRE LA 304 TFig. 4 EL SN TWa,

FOEKR, off-magic=N 0dd-AO—3Kd 1 MeV UTFTRIFT, 1MeV BMbTH
RCN > Benzi &7% %, off-magic—N even—A & magic—N odd—A M, 100
keV M ETRON < Bengzi, #MeV LLETRCN > Benzi &% 5o magic—N
even A DREEKENH, CO»7 =) —REECEA,

FRELT, 100keV kT, 27%2) syitemati.c error07$>2>$:b‘ﬂ‘bo CORE
Hreactivity @ error OB * 5L bBETH b,



8. Results and Disﬁuss_ion
81 The covariance nﬁatrik\of the cross section for one
isotépé _ -
AROM A DIEEREHLAH% Ru &  CPdTFig.5Twto cOBL b LTOHEA
B I o | : , |
° 100keVJ>J\J:'C‘b‘imodelv error K
© photon stremngth functionKiZ%’%EfJij(

° model C OTFRICENTIE, level statistics error K

8.2 The covariance matrix of the cross se.ctic;n-for f'i"s'sAion
product mixtures ' - ‘ |

.HFR-101 sample OERE%X Fig.6WR¥,

BEFCEER 111 TETORE cancellation KLY A (ko T BEAS b,

8.3 Discussion ;
f0> v + (Australia, Renzi, UKNDL) & Oh#*HFR—101 OEETHZ-%
H% Fig.70R+e —BOPSEBRATH, EEREACA-TW b,

239

Ok VCEHBELL “°"Pu Opreudo FPOBERK L Breactivity wor thORHEE

P10 BBEL Y, FWREHMNCOERE KWL TN 5L EL 5o



000 A (MO MAGC N) 000 A, N150,51 82,83 ('MAGICY
28 ISOTOPES 7 ISOTOPES
100} ) el i
1Y: 21 P, & :5_/_ T acm ey S 1
- L e 7
re-==1 P Pyypnd
S s 72/
A0, 79,/ 7 L H
o ] e A ———— 1 g
vvvvvv n ﬁ P e
55 A
T L
oeemy . ——ad i ——-d
goal  teema TV g 4 -100} bomes i
' :
' .
by e
1 1 . H ' H
1 1 ¥ »
[ [ I.-_-J : :
—200] I - ~200] i J
3 ] [ .
[ 1 [
. Canaed
g N L e 2
10 W 100 keV M E . 10MW 10 ke¥ 100 ke¥ 1w E— omev
EVEN-EVEN NUCLE! (NO MAGIC N)
24 1SOTOPES ‘
. o —- AA
100} - A%
1 I
A% PRUPRIITY funans SURREESEY ~200 ! == A
s H panat 7] i
[ St hosaces 400 ==
Z
o0}, -
;// i
'/4 i 800, EVEN 2 ]
A EVEN' N:42.50.52.8082.84 -
/ . 10008 {"MABGIC *Y H H -
. ]
/// ol 10 1SOTOPES ! .
- :
a0} 1 PR
! \
H 1 1
H 600} - ! :
i : :
: - ¥ ]
i <1900} @ '
3 b [
H 1
' H v ) ]
20| : : N 200p Y
on - 100 eV Y Me¥ E o 10Me 10heY 100 kev MY E o oM
Fig. 4

Comparison of the fast neutron capture cross section sets of RCN-1 j12]
and Benzi et al. |5| for four different classes of isotopes, indicated
in the figure. The comparison has been made for the first ten or eleven

ABBN energy groups. The mean deviation
A = {o(RCN-1) - o(Benzi) }/o(RCN-1)

is indicated by a full line with the appropriate group number on top.
- The envelopes of the dashed area represent a corrected mean standard
deviation (see text). The extreme differences per energy group between
the two sets are indicated by dotted lines. The relative impdrtance of

each class of nuclei is given in the text,
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Fig. 5 Contributions to the standard deviations of the group cross sections for the 26 ABBN
energy groups for the isotopes '"'Ru and '* Pd. '
Explanation of symbols:

resolved resonances H X = 1/v contribution;

photon strength function; 'O = s-wave strength functiong
p-wave strength function; V = d-wave strength function.
statistics of levels 3 | '

sum of contributions listed above; - .

total error, including systematic and statistic model-errors.
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'Fig.' 6 Contributions to the standard deviations of group cross Sections for the 26 ABBN

energy groups for the fission~ product mixture HFR- 101, Explanation of symbols:

see fig. 5. At low energies the totat error also contams a welghtmg spectrum error.
Note the difference in scale for the total errors.
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Fig. 7

Comparison of group constants for the sample HFR— 101, calculated with different
cross section sets. The relative difference with respect to 5« set RCN—1 is plotted

for the first 25 ABBN groups. The envelopes of the dashed area’ Rv_.mum:n the
- standard deviations of the RCN— 1 group cross sections.





