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ABSTRACT

Certain multigroup covariance libraries, notably COVFILS-
2, omit all redundant (or summed) reactions on the grounds
that the information content of a well-measured total cross
section, for example, is implicitly contained in the covari-
ances of the component, or partial, reactions that add up to
the total. We analyze this strategy and show that, while
redundant reactions can play an important role in cross-sec-
tion and covariance evaluation, their emission from libraries
intended for applications is justifiable.

We consider the problem of estimating the uncertainty in some function

f(u), induced by the uncertainties in the cross-section set u. Normally, some

of the reactions affecting f are “redundant” having cross sections that are, by

definition, obtainable by simply summing the cross sections for particular

non-redundant (NR) reactions. Examples of typical redundant reactions are the

to~al, nonelastic, and total inelastic reactions. Certain multigroup covariance

libraries,
1notably COVIIJ3-2, omit all redundant reactions on the grounds that

the information content of a well-measured

implicitly contained in the covariances of

that add up LO the total. In this paper,

tail. While redundant reactions can play

total cross section, for example, {s

the component, or partial, reactions

we analyze this strategy in some de-

aa important role in cross-section

evaluation, we conclude that their emission from libraries intended for sensi-

tivity and uncertainty analysis can be justified, provided the cross-section and

covariance data have been evaluated consistently.

Suppose that the function f“(u)is at least approximately linear in LtIr

neighborhood of s omc rrfcrcttcc l)oin~ {ui ~,,f), whrt-c iL t,~kcs on Lllr val IIrI
v

f = !’[11
r~f i,rvf1

(1)

t’ “- 1*(, f + ; (“k [Ilk - Ilk,r(,,.l , (2)
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where the index k runs over all reacEion types and over all energies. We can

simplify Eq. (2) by collecting all of the constant terms together,

‘O = ‘ref - ~ Ck ‘k,ref ‘

so that

f- fo=zcu
kkk”

We next rewrite Eq. (4) with a slight notational change,

the separate contributions of the LtiG types of data,

f- fO=Zaisi+Zb. t, ,
i jJJ

(3)

(4)

in order to emphasize

(5)

where i ranges over all non-redundant reaction types (with cross sections Si)

and over all energies, and j ranges over all redundant reaction types (with

cross sections t+) and over all energies.

We

tively,

becomes

J

next introduce

and the column

f-fo= AS+RT

row vectors A and B, containing the ai and b., respec-

vectors S and T, containing the Si and t,, Th~nEq. (5)
J

(6)

The fixed relationshipof the two types of data can be written as

‘r = Ii s, (7;1

where H is :1 rcrtangulilr matrix of constant coefficients, normally having mag-

nitude zero or unity, Combining Eqs. (6) and (7) gives us an alternate form

fur f,

I l{)=KS,

wtlt’r(’

K’-AII! II ,

W() II(IW lIIrII to III(I SIIl)mj(*Ct 01 t’ovilri:lnrt’s. It is IIK4PI”III, ilt l[’;)s1 [’l)ll[’f’p-

lllillly,10 Ill”f’dkItlf*IIvii111:11i~)llI)rot’f’xs1111{)Iwo l)ill’t$i,W1lSuppo:;[’tllill111(’

.~-

(8)



vector S is ini~i~lly determined by Ilseof (Iirectmeasurements, and these meas-

urements have a covariance, or dispersion, matrix D(S). We as;ume that T is

initially determined strictly by “theory,” T = H S. At this p~int then, all

covariances are determined entirely by the me~surement uncertainties of S.

In the second step, one incorporates direct measurements M of he redundant

cross sections into [he covariance assessment. The M play a role ,?xactlyana-

logous to the integral measurements in a conventional, neutronics-oriented sta-

tistical “adjustment” exercise, while ~he S play the role of the d!.fferential

data. Because of this clear equivalence, we shall use the term “adjusted” to

refer Lo the data evaluator’s final combined evaluation of the redund[,ntand NR

cross sections. ‘rhefinal, or adjusted, values will be ide.Ltifiedin our dis-

cussions by the use of the prime symbol (’).

The new information provided by the measurements M is most compat”tlyex-

pressed in terms of the “discrepancy” vector P,

P=M-T=M-HS. (lo)

IIIRef. 2, it is shown under very general conditions that, given P findits

pre-~djustment rov:jriancpsD(P), the “best” (minimum-variance) estimate for an

Arbitrary vcctot-i!is givrn by

Z’=2 - (“OV(Z,P) (; P ,

with [:ovari,lncr!s

I)(Z’) = l)(z) ‘t
- (“OV(Z,I’)G (’OV(Z,P) ,

(11)

(12)

III llI(*sI* rf’llll I{JII:; , 111(” I’11’IIM’III!; of 1111’ vr’~’tot” Z (an IJII ;IIIy[Ill;lll(ily 111,11 “{lI-

v;lri(’:;t’ W“.(II 1): 111I If’rl’lltl.11 (!ilt:l , i“llll(’lit)tls 1)1” Illt’ Ilill.1 (I*V(’11 111)111itlt~llr 11111[’-

[ Itllis), {’r ,1 mixtlll”[) [}1 {liit;I iltlrj Illn(’lif)flst ‘Hit’ Ilotalion I~Iv(Z,l’)III*III)II”:;-I

rvl”t;tllglllltrIIIiIt t“ix Will):; f’ ij-tll f’ 11111)(1111 i :; ttlf~ ])l’($- ;lll,jll !illlll,ll( {’t~v;ll.i,ltlt t’

l[)v(zi ,]),, ), ,11111 1111’ :;VIIIIIIII ( l“) lll~lll)lf’s I Itt’ 111.11rix IriIII:;lII):;(I,

-1-



Equa Lions (11)-(13) can be ~pplieli immediately to the Froblernof combining

the redundant and NR measurements. l:irs L, we identify the i~rhiLrarVmatrix Z

with the redundJnL cross sections ‘l’. The adjusted values are then given by

T’ = T - (’ov(T,~)G ? . (14)

The adjusted NR values are similarly obtained by identifying Z with S,

s’ = c,.1 - COV(S,P) G P . (15)

Covarianct?s,such as D(T’) and D(S’) are immediately obtainable from Eq. (12)

with these same identifications.

Equations (14) and (15) provide Lhe optimum evaluated results for all cross

sections, taking full account of all :Ivailablemeasurements. Of course, stating

that this approach is optimum does not mean that all evaluations in iifile such

as ENDF/B were performed in this way, Even so, this indicates the desired di-

rrction that evaluations should take, in order to extract the maximum possible

information content from available experimental data.

[n fact, a large number of current evaluations do follow this path, at

lci]st to the extent of using well-mciisllredtotal cross sections as a constraint

in rictermi.ningthe less well-known reactions, such as elastic scattering. In

the covariancc fi!.es,the frequently occurring statement that rrnction-type 2

(MT2) is “(lrrivcd” in some cnrrgy r-angc,from the relation MT] - MT102, for
:1

J2Xillll~!c$, (Iircctsthe rnultigroupprocessing program to reconstruct illl covari-

~nces involving MT2 in that energy rilrlge. In the usual use of this format (an

~lN~-type?l suh-suhscction with LTY = (I),the cva]uator is, in effect, making the

approximation tllilt t.hccovarianrc~ ot’thr direct mcnsurcrnentsof MT2 iir(~ ISSSOII-

Li:lllyinfinitv, The rxprrimrnLa] (lil Lil illlll tllf! ilSSOC’iilt. C!fl (.o Vilriilll(. f’S I(}rml
iIII~lMT102 wolll(l11Pcnmplrtcly llN1.ll:lll~P~l IJY iin ilfl.jll~lnl(!llt , Ells , (11)-(17) ill

Lhis (.ilSr (lIrc;IIIsc G ;Ipproactws (1), :+() lllcy (.;III go (lit-(’(’~ ly irl[.() Ltlr (lilLil I i11’

il~ “tllf2ilSllr(’(1.” ‘l’lIt’ “dcriv(’d” roviari~lrl~.vs(’iilc’lllatcrlI“orM’I’2hy t II(I l~ro[.f’ssitl~

l~rt~grilm :Irv i~lr’lltil’ill to Wtl:lt Illr vvillll;l[or- Wnlllfl II:IVI’ IIl)tilill{’(1, Ilsillx Ells.

(I I)-(I5) willl vvry l:lrg~! irlput [.flv:lri;ltll:rs fI~r btum

It is sl.illnl:llll(’m:llil.~lllyrIJI’rI*tl 10 11s{’ lhv l;~Y G () Il)l”nlill Will’11 I Ill’ ( 11-

V;lri.lrl(.(’g I(II” MTI ;lll~l hlT102. (((J (IJII[ irlllf’ With ollr” (*x:lml)l~’) tlilV(’ Ilt’f’r] slll~Htilrl-

: itll Iy .IIIIIIst I*[l, iIIIIl Ibis is sfml’liml’s IlfIII{I, t’v(’11lllt~ll~llIlli:; WiIS 11111 111(I irll[’111



oi the original proposers of Lhis format. In such l.ases, the adjusted covari -

iinces for MT1 and MT102 arr placed il]Lhe file, and adjusted covariances for

MT2, although known to the cvJ]llaLor, are again left to be rcconsLrucLed by the

processing program. In this CJSC, Lhe use of the LTY = O format is not a trans-

parent sLatement about the meth~~[l of evaluation, but merely a mechanical con-

venience to shorten Lhe dat~ files. (The number of reaction pairs is reduced

from six down to three in our example,) The use of LTY ❑ O is still possible

here because the mathematical connection between the final covariances for the

three reactions is the same, whatever magnitude is assumed for the covariances

O! the direct measurements of IIT2.

Evaluations that do not follow the approach, described in the preceding

paragraphs, of enforced consistency between the data and covariances for various

reactions (incorporating, for example only direct-measurement covariances for

MT1, 14T2,and HT102 and ignoring the Logical connection) are seriously flawed

and are thus clear candidates for re-evaluation, On this bases, we assume that

the evaluations of the more important materials either are already “consistent,”

in Lhe above sense, or soon will he. This is important, because, when creating

IJroccssedrovariance libraries from consistent evaluations, one can (Iispense

wiLh redundant rt!octionsentirely, To show this. we calculate the uncertainty

in Lhf! post-ad.justrncnt value of f.

v:ir(f’)= Vilr(f’ - fo) = var(A S’ + B T’)

=cov(AS’ +ll’r’, As’ +B’r’)

= A I)(S’)A”’ + A (-OV(!$’ ,T’)ll+ + R cov(T1,S’)A’l + B D(T’) B+ . (16)

ENllF/11-Vprovides, ill g[’uerill, (:ovilriilll~eilll’ormiltion f~r both r(’(lllll(l,lllt

-li]~lNK ~lilt;l.(:(lVil~i;lll [’(’ I)ro~.(*sslllR ilroRrhms, sll(’11 ils tll(’ EI{RORR modllll”~ of

N.IOY,tintlrasily rrtrit~vc .11 I (II ttll’ [“~)VilriJrr(”CS ;111(1 l)llt ltl(’m 1)111 ill tlif’ Inlllt i-

~rolll) St rlll.turr sl)(”(.il-ir(l lIy th[~ t(ItlI* usrr. ‘HIV [~II,*st iljn :It II; III(I is whvthvr

,11 I , 01. ,jllst ;1 Illlt”t ion, of” tllf~!+f) {)111 ])llt l. OVill. iilll[” I*S ,1(’lll;ll Iy 111*,111 to IIP ill[llr-

por;ll Pd into mult i~rollp rov;lri;lllt”f’ I ll~r;lrivs ill or(lf’r to permit 111P cfImIIuli It iljtl

01” 11111.t’rt ailll if’s Slll”tl ;1s V, It” (f” ), }illl~(’1.l”i[.i:llly, it w)III(I s(t{m (I):lt ;II 1 iIIhf’

rl’(lui rrd, 1)1’1.,IIIsII llIr IIr IIt lIIIs 11)111” 1(*1.IIIs ill 1{11, (1(l) illv~)lvr [II!’ llll,”,ll.t;lilili,~:;

.,,
{It” I . ‘I’II i:; [’irst iml]l”l’s:;illtl [IIIIIIS 11111 II) III’ 1111111111, ‘1’() shl)w why, WI’ I 11”::1

mllltil}ly KI1. (1’)) lrIIm 1111* Ivlt l~v H, yivlllill}~

-’)-



H S’ = H S H COV(S,~) ~ p = T - COV(’~,p) G P , (17)

where the last result follows from Eq. (7). Comparing Eqs. (17) with Eq. (14),

we see that

T’=HS’ (18)

Putting Eq. (18) into words, the best estimates of the functions are equal to

the functions of the best estimates of the data. Because of the existence of

this simple linear connection (even after takii~ginto account direct measure-

ments of both types of reaction and correlations between the two), the uncert-

ainty in the redundant data can still be propagated from tte uncertainty

data. We can use this fact to simplify Eq. (16),

var(f’) = A D(S’)A1 + A COV(S’, H S’)B+ + R COV(~ S’ , S’)A~ + B COV(H S’,H

= A D(S’) (A7 + H+ B+) + B H !3(S’)(At + H7 B+)

=( A+ f3H)I)(S’)(A+BH)T .

Recalling Eq. (9), we have simply

var(f’) =KD(S’)K~ .

of NR

S’)B7

(19)

Equation (19) summarizes our main conclusion, namely, that sensitivity and url-

certainty analysis does not require covariances of the redundant cross sections.

In addition to saving space in a covariance library ~uch as COVFILS-2,

tl~t~ke is iii) dddiLloni]l reiis ofi fur restrictii~gthe l.ihraryto the subset of

nor~-redundantreactions. Sc~sitivity-analysis programs are specifirolly co(ted

Lo Calculate . IIffecton f, for example, of (’ilallging a single Nil cross section

whi’ie holding all t)th~’rNR ru.a~’tions fix(~d. in this process, redundant cross

sections tire:]1Iow(’(1to ~<hi]n~~ in resi)onse LO rllaflgcs in their NR components,

This is exactly the point 0!’view ndoptcd in dcrlving Eq. (,8). The ~ill~llli]t.(~(1

s(tnsit.iviti(is (’all thus I)(’inmlediately illen(ifiell with the PICIIICIILS l.. ot’ LIIP
1

vector K. With thv k. i n Ililll(i , OllC i s inmw(liatr]yrrady to ~illt<~]liit~ th(’ llrl-
1

(’(’rt,!lllltyill! I]sitlgI;(I.(l~)). ‘HI(’V(J(I(ItsA ;II1(I H, on t I)e otht~r haIIIl , (I r(’

!’llnll:lmcnt~l I Iy ,Inll)igllf)lls ,

-()-



To illustrate this point, t’onsidcr a casr in which there is a single redun-

dant reaction, namely the tot~] S0 LtIaL L = ULOL for some specified energy

group. One can simply define the coefficient h to he, for example, the rate OK—.

change of f with respect to a correlated change in all partial reactions in that

group, holding all partial-to-partial ratios constant. Other definitions arc

also possible. Since there is only one redundant reaction, the matrix H is just

a row vector, and it contains all ones. The matrix product B H is also a row

vector, with an entry of b in each position. Once b is specified, the elements

ot A are then determined by Eq. (9),

a. =k. - b .
1 1

(20)

Thus, one can, indeed, include redundant reactions explicitly in a sensitivity

and uncertainty analysis, but only if one simultaneously reduces the N’R-reaction

sensitivities so as to cancel the net effect of this inclusion. There seems to

be little point to performing the analysis in this way.
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