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S. 1’1;1,1,OS1 mnl J. S’I” EI’ASII:K

I’;Lu! !hmhcrrcr Insliluh, (fr,rmrr]y El]{)

(’11 -531KI ~~iirvnlingrn, Swilzrr!nnd.

[II rrmlll yrnrq, LIIC 1,()’]”l~s l’u~it,lt l~lallkrt fwilil.y ml l(; A-l; lJl” in I.mllmllnr providr[l n wrirg of irradinlifm

rxprrimrnts with lhr I,illiillnl Illimkrl \lIIIi II]r (I,[~\i). ‘Ishr l,l~\[ hii~ lIIIlh rrnlislic rusilm h]rmhrl Itlnlrrialn

;Irlll ct,nligllr;llittll. IL i%nl,l,rt,xi,llmlrly ,111All [.111cIIIIr, 111111 Lhr l)rrrflin~ nmlrrinl i~ I,i,(). lf~ing HS Lhr 1) ‘~

Irulrtjn w]llrrr Ilir I[llrrr[,v .yrlllri)n (;rllrr;lltlr (1[.~(;) wilh rIII illlrn%ily d nlIIIIIL !i . 1o’” 11/s, m nrrim d

Ftl,l”rilll,.lllq willl Illr lmrr l,ll\l nq WFII Jir4wilh lllr 1,11X! IIrrc.rtlrtl IIV I’ll, Ilr Hll(l “1’11()~ mulliplirrq wrrr

cnrrirtl t III.

[lilllrll~it,.,nl Iillilr rlrlllt.111 SN lrmll~l],,ll t.ittlr ‘I’lll S\l, ,11,,1 Lhr ,,l,r nlltl [w,, tlillwllb;t,nml sril~ilivily IiIIIl

nurlr.lr ,hln uni,rrlmilllv rvI,Ir S1”:.SS 1111,.

F(,r (Ilr nlltl,.t,lli, tr;iliqljt,rt ( ,llt.,llnli,tll~, lhrrr IH7 l,r iltri~ll ~ri,lil] Iil)rmritw nrr prrwl~llv nv;~ilnlllr: Al,\”l’XSH/\

;IllIl \l,\”l’XSHl: I,nw-fl i,,, 1.1S1)1’/’11 V rv.tlllmlir,ll* nll,l Xl,\”l”l M7 Imwtl till 11’11’’/JFFFFrvlllllntitlll-. (’(JVFII,S

W’ilhill Ilir rrmmrwt, rh ,,r (Ilr l,rr~rilt wt,rk n ttn,ll~lrtr wl ,J L_,,rwmrflmnil mtljl,iul tw,) ,liilwn~h,nnl ‘1’lllSiM

t,rrlt lllnlitlll~ wrlr Iwrrt,rltwtl I),tlh rllr Illr Imrr, rm wrll n~ frm Lhr 1’1) mIIIl Ilr Iwrrrtlrrl, 1,11$1 using MA’1”.XSH

,,( Ihil nllnlv~iq wm Illr tlrlrrlllilllll it,ll ,lrIIIFllllt.rrlnitllir~ IIrn t nlt nlnlrtl Iritinlli Im,,tlll,.lit, n prl w,llr~.r

I)rlllrl]n rrlllll Iilllilllll nl,,ll~ Ill!, i rlllrnl I,ilo rtcll ill Illr 1,11X1. ( ‘,tllwillrrrll wrrr Illr Ivmlrilmti,jm frfm 1II,

‘Ili, ‘Iii, ‘Ilr, ‘“’(’I “S, 1’(), ~lSn, ‘r,\l, ““si, ‘A’(’, ‘-’l~r, ‘~’~i, ~,,,1 ‘=1111, “1’116-It,l,il IIllt,rrl.milltirq

,jltlnillrtl lit. I,rl Wrrtl I .7 IPL rrlltl ‘2 I;”\r\, “1”110Imrurql t r,lllliljlllt,r- wrrr rl, i (1,17,%) n,lll ‘6[) [ I ,7X) fr,r ll,r

It;ltr [,11X1, ‘l It. (Z.zlr{.) [,,1 1111-Ilr Itrrtr,lr-tl l,ll\l, nllrl ““’1’1, (2.2!1’; {) rllr Illr I’11 I] f.., rtlrfl l.ll\l.

I ls’I’1{O1)1:(’’1”10s” llrlrllllllllljrrr.flill~ 111111Ilr,lllrt,ll 1111x+l~l\lilil/*ljrt.lrlll

‘1’llr I,il!,llllll Illnllh,,l Xlr,tllllr (1.1111] Wnq ,.1,11

,.
t I+lrll]ulitll,:. 11 is Illll]rt,silllmlrlv mI Mll I-III rulw,

111111 1111. l~rrr.illll~ Illnlrrinl iq 1.17( J I.Iz() Ilrllrls
+Irlii”lrvl I,, r lr.+1111~ [ill lhr I,,r,,lil:il II 1“ 111’lllr,,rl nrr 111111,1,11 III I Ilr. 11.ilIllll~ 1;11 I III III xltlllllr+q ~lrt.1
w,llrt,r ,Ir IIIV I’rllll,r,t,,ll “1’l,hnlllilk I;II*I,,II l“mt Ilr

I .I.llr l,ll\l 1111%1,,,11) rt,nll~ll~. Ill
r,,tl~ [I hr. Imrk l!II rlli ,Irrlll.hr,, tl Iq WIIII1 ~lninlrwv

nt.l,, r (“l’ l;”l’li ) ●11,,.1) WI II I.11 nrt, nrrnllKm I Ill I I hI. tIIKIm Il hrrn,v
+11111 lIIIIIIkr L lll~ilc.rlnl% II III! t’,,llli):lll;lll,,ll 111111 1111+

lIFTII ,lf.KIEIltOrl I,, r rlrl:tll,,rl I.llll. II II ICOIII,II ntITIv+I\
1)111. III II ilr.ln,y Ill lllltlrrlllhlll~ II 1“ ,,llt.r{ll”,,ll
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(If ‘[’FTI{, il wns dccidrc] lhal lhe l,()” I”ITS fhcil -

ity nt the l(; ,\-Kl’I~L in I.nuwmnc (Suilzcrlanll)

cimld provitlr n very vnlunl]lc rrw,lulil, n or Imic

Irchnol,lgicn] uncrrlninti4vi in fll~i,,n rmcl,~r MiIn-

krl physics. a The L(YI”[IS rxlmrimvnts uwe thr

l[fkcf~l~ ~cu!r[ln (:rllrr~l!lr (Ils(;) With il SIIIIKC

lfllrnsily I If 5.111’2 11,.’s: Ibis m)urcr hii%iLw(. II,lr -

iill(’[l sIlaLinl/sIll,c Lrjl]{!isLril]ll Li,,ll wil]l nl],,lrnli;l]

fi,ratlighly mcrllr:lLc llllill~~i~. [-sill~lllissl,llrrl’ IL

scrim ~]frxpcrinwnls wi[h thv lmrr !.IIM ns WUI1

M wilh lhc I.ll\l I)rrcwlr[l I]y 1’1). Ilr iill(l 1“1102
mlllliplirrs were carrid l)ut.

A cd]akrrullvc 1.1)s AI IIm[m/1’Sl cmflrt is un-

llcrwq to analyze ~tir l,()”~US/I. Il\l rxprrimcnls

:ming pcrrormrd by KI’FI,. ‘1’hr gfm]s t)f lhr mnl-

ysis me first, to invlwligalr lhr accuracy of lhc

nltlsl rrccnt nurlrm dntn (III thr pnrt IIfthr [T.S.

(llNllF/11, vcrsi,,ns V nrl,l Vl) nn[l Lhr Kur,,prnn

(’IIIIIIIIIIII~ty (J KF-1/tl~l~); mn[l src,, n[l, l}lc at]-

rllllmcy or lhc Clllllnllln l-, 2- nnfl 3-IJ nrulrofl

lrnnsl],,rl nnd 1- an(l 21J wn~ilivity nntl unrrr-

[ilillt~ nlcth~ldq.3,4

Thr frrsl 2-1) cr,lw Srrlit,n wn~ilivitv nncl un-

rrrtninlv nnnlyr+is t,r Ihr Imrr 1,11X1 Ilrrwrnlcd in

rrrrrrnrr 3 imliculr{l suljrisingl,y lnr~f, unrrrtnirl -

Iirwin Lhrrnlcll]nlrtl trilil,lll I)r,,(lllrlit,n Ijrr Sl,llrl-c

nrulr!lri frt]nl lithium in Lhr rrnlrnl l,i~() rl, d nrnr

lhr I,IIM slrrll rrllrrl,lrl “1’his wa~rnuwvl mnillly

I,v 71,i, ‘no 111111‘“r(’{. ‘l”hi~ ]ImI] 1,) lhu nssun:l).

lil)n lhnl 71, i, ‘no ILII~] “n’(’r (“vlllllilti,,llrl Wl,lllll

IICWI 111 Iw inlllr,lvrt[. IJnllrr, in n fllrlhrr nnnl

ysi~, it wns fIIIIIIIl lhnl Ihr hi~hrr Ilncrrlninlim

wr-rr cnuxr(l rnni]lly lIy illrt,nll~lrlrly inrlu[lrd Cnll.

rvmllin~ rfl’r-clw in thr Nrnsilivily I]r(llilr%, whrn lhr

(“( ~VFll,S-251n Ct}vnrinllrr (IIILIL Iil)rdry wns uwil.

III Imrnllrll nlm~ wilhill lhr frnlllrw,,rk IIf u I-III

Inllllrnlivr I,IP4 Alm II, m/1’Sl f“lT,rl, is lhr (lrvrlt,l~

1111’111Ill II I,IIV 1111([twit Ililllrllsi,.llnl rrt,w srrli,lll

srn+ilivilv 1111[1unrrrl;lillt v I)nl II ,If lhr ,i~i If It Illtlll

Illnr rtulr sy+lr III. 7,M ‘ill,, ,11:1ill ,,[li,rl rt, nrrlllrlllrl!

,111 Ilif. I’llrtllrr tlrvrlt,ljlllr.111 III’ Illr crl,w wrtil, n

wll. itlvilv Ilnil Ilnrrrlllilllv ri III, S1S.S1 1“2.U All

tlllit~llnl r.,~~turt.q wrrr ill(,orlt(trlllt.fl, +IIrh II* [hf.

t.:llml~ililv III rIIII, Illnlr IIIIllllIlrI rt.nrlif!ll+ (*111,11n+

Kl;ll \l .\, Illm t,r llr I,rt,tlllrti,, n) whrn lhI, r,,t:lrl

11111’rfllitn ltr~.IIlllrs nVnllnl Ilrl 111111 [III. rt,illlrllilrl

,IrIllr,lw.r’~ il,l,lll u~ln}: Ill,, Kf.,1, .Irv lilt, (il.:

()}1’]’Y prfj[]l.crfl hy ‘1’l{I\\[, and rxlt!nsitlns 1(J

rllrl~if]{ir lb!: ~!\n Lrii)ll Lillns Lll th~ ~~ll~iLi~it~ ~rll-

Ii]rs in rl’]nli,,n 1,, thr r(]wlrimrcs frt,m Lhc (’(J~~[l,S-

2 Iil]rnr.v. A slrnlrxy WiL!4nlw) 1](, bdlll)td f~m thC

ljrl~m-(lirllrll~itjlllll C[lp:lbilily. This rrsultrd in lhe

flew CrIJs5 srcli, ln srnsilivit,v nnfl unrrrlilirrly CIM{LI

SISSII IL’’,’”

“I”hr lnck ,, fsuitnl,lc Iwnchnlnrk pr, ]hlrlus mn[lc

il [Ii[lit”ll]l l,) Iwl +cnsilivily c, drs wilh n c[jvnri -

nnrv Iil)rnrv. ‘I”hrrrfi)ru iL hrnrhmark pr(jldcm

~lr IInr iirlli lwl,-ilillltmri!~,,nll.] srnsilivily mnd un-

crrtninly nnnlyHis rcprcsrnttili~e f)fm fusi(m rmc -

Lur blanket, was rccendy defined nnd SF; NSIIII,

WKU cxtcnqivcly tc+trd using this benchmark (See

rrfcrrnrc 11).

AN pnrl (If lhc rcccnl r~t)rl, a (Ittlni]cd crosg-

Srctittn scn~ilivily nnd unrrrlni~lty m’idysis hms

Iwrn prrfi~rmcd F.,r cxpcrimrnls usin~ thr II NC;

with lhc ],11~[ hnrc ILnd R]SIJ prrcw]cii with lrml

nrrfl Ijrrvl]iunl mullip[icr pln!rs. “lqhr w,,rk rr-

p,rlrfj hrrr is Lll{’crt,ss.srcli,,ll $rnsilivilynnd un -

rrrtninty nn(Llysis prrf,lrmrA nl I.(Js Almn(ni using

thr 1;. S. nl, rltmr (Ifiln Imw, A C(mlmni,,n nnn]y -

~iw will Iw prrf, ~rmml nl 1’S1 using lhc Flurf]prnn

Fu5i,,n lilr(Kt I;)12 whrn lhccr(m rww-ti,,n rljvnri-

nnrr Iilr is nvnil?iljlr.

2 :!1{oss SI”;(:’ I”ION 1)/\’l’/\l,llll{f\i{ll”:s

“1’111’irllll+llr,rtnllil nvwti, ,nrr,,sx w-rlit,nllnlnwrrr

rIIll II IIWVl illl,) llIr 7.1 Ilr,llr!lll gr,jlll] strurlllrr Ilr

lhr (’(J VI: II..S 25, m r,)vnrinllrr {lnln Iillrnry using

lhr rnlrlllntr(l nr!llr,,ll xlwrlrn. “1’hr ~c.urrnli{jll i)r

lllrl.,,ll:l lt%tttl lrllll~lj,,rt ]il]r~lrirxfr,,ltllllr AI A”I’XS

Iil,rnrir% WIIS 111”(’,,llll,li~ll,.,1 wilh lhr r,,ftr ‘[ ’HANSX

(“1”11.’J

(’()\ ”l~ll, }” 2 is n Iitlrnrv of llllllli~r,jull Ilrulnju

crt, w wrli,, n~, w’nltrrillg IIlnlrirrsl 111111rttvnrinnrm

(Illlt.t. rlllilllif.xlllltl Illf,ir,.,, rrt,lilli,,ll+). ‘I”hr II Inn



lrrids inclu(ld in Lhr first ~1’rsi,,ll IIft”~J\’l!I.S-2

nrr 11[, ‘Li, 71. il ‘Ilr. ‘a’(’, l“l S, !H(), 2:1X;L, 27,\],

‘“rsi, nqf(”r, na[]:r. na~si, illlllnm~l’ll. (’~)\’~ll.s-~

wrLs pru[lurcfl using v;lril,us rll,~~lulm IIf LhP .NJ()’1”

nur-lrmr dnlfi pr,,ccssing s,vslrm. ‘S”fi 11 is lnrgcly

Imd ,,n dmlmcvrdunli,,fls rrf,fll [11(’ Ii SIJl:..’ V-V

Iil]rnry, nlthl ,Igh w,nlr millt,r r,~rrrr[i,, n~ iLIId ilil-

prf, vrmrnls urc illt-f,rl),,rlll{’(1. Irl r:lsrs Wl!:rr lhc

rf, vilriaflrc Cvnlllilli(,ll is llliwiin~ (11!+ill lhC LmiLS(!

IIf 11(’) ,,r ju(lgctl t,, 11(” illilfll”(llliLIF, I)rivnlc 1.,;!4

,\lnrrl,]s evmlllnlil~r151Lrr erll[Jl,lyf’fl.’7 “I”hr-71-gr{JuI>

s[ructurc WLM chtmrn fi, r c,, mpn(il]ilily wiLh Lhc

rxlrmrivc, grncrrd-purp,.,sc \lA’1”.SSM lM7-grf)upli-

ljrnry which wmr Ijrf,flurr[l irlcluflin~ srnllrring rc-

irr Litms for which r(!vnriunrr cvrdum Lionti nre ILmil-

al,l(!.

3 (;,\l,(; lJI.t\’I’loN/\l,311(’11101)S/\ Xl)”
lIx(:/LIl\IXlol)l{l.

{“rl)ss. S~cti(ln lJr(Jr(!SSillg, nclltr,)rllrnnsl)f)rt,nn[]

lhr rr,,rm-rrcclif)n scnsilivilyrml unccrlninLynnrd-

ysrs wcr~ prrfllrmcd with lhc rrlnw-srrti(ln senSi-

livily nrlll unrrrlninly pith IIf lhr mf)(llllmr rfde

s,vslrm AA](K [A(lvIIIIrr Il Afliil~~i~ fi)r lfrnrlllr

EnKil:rrring).7’R ‘1’hiq ImIh illrlu(lm Ihv r.rt)ss-

wrtiftn prfwrwingrtlflr “1’II A311XM (lhrr, ~[lr Imd

(ill “I”lli\NSX (VI’1113), tlIfs t,nr ~lirllrrlsi,,nnl Iinitr

{iil~rrvnrr S~-lrmllslvjrl rofir (),?itjl)/\.~’i-,l” lhr

lw(,.t]illl(”llsi,lllltl Iillilr rlrlllrnl Sx lrnnsll~,rl rf~flr

“I”l{ISM,l Nnnfl (Ilrf,uvnrl(l lw ,t;illlt’llsi(,lllllrr,~s~

sf.rli{]ll s[,ll~ilivilynnll llll[.!. rl[lirl tyrt~flr Slt,Xm%lll I,.lll

Srulr,,n lrnllsl~t,rl clllrll]llt i,~ll~wrrr llf”rf, )rlllril wilh

“l”ll[S\l, nrljml]ulrr llrf,Krnlll L,r w,lvill~lhr lwt~

IIilllrnqitlnnl nrlllr;ll Imrlirlr lrnflsll,~rl rtlunlil~n

ill rfwlnn~ulnr (~ fj) iIIIfl r,vlinflrirnl (r z) gr(llllr

Irlrs llslllglrl{~ll~lll{ir lillll?,l.lrlllc.111~ WIIIIIU n~rn

rrnl (Ir!lllnill hnvinx rnrvr(l or (1111~.: nllrlllrlh(l~(l

mIl l~lmrlflnrlrs. “1’hr crlilr SE XSIIII, wn+ uwtl t,)

Iwrfi, rnl lhr rrf,ss wwtif,n sf”n%ilivity nrltl unrrr

Illilllvlllllllysf”s. ‘l”hr nl~f,rilhtllq IIWSII nrr Imml 1,11

lir~l f,r(lrr Xrnf-rnlizfvl lwrlnrlulliilu Lhrllr.v. SEN

S111[, iq ri,nl)lr(l lt, ‘1’l{l!+ll 1111,1f~SlllI\S’I’ tin

inlrrfnrr lilr N. ‘1’hr fttrw:lrtl nn(i n,l.i,,illl nll~ul:~r

Iluxm nH wrll M lhv Krf,lllf’lry Ir,, tll ‘1’111S31 (Ilr

(1%1,:1 l,is”l’) llrt. trllllkft. rrf,,l Il+illl]lll II IS I’:SSI III,

,111 I}lrw. Ii]rs.

III ItIt- IIIIl(ld ,Ir Ihr lls(:/l,ll\l UWSll Illr LIW

ralf.lll:lli,,n> wllh “l”I{ I,SM, iLll (Ii lhr rrrtnn Kulm

gr,,]llr[ry ,,f[hr I.lJ\l nn~l 11S(; WILM rcprcscnlcd

I)v rfluividrrll r-: ~w,mclrv. “I”hr lllLrfcly nrutrf]rl

s,. urrr wiLs pimili(~rl(md ]~1 rrrl fr,, m lhc front dLh~:

I. IIJI Krill IdnLr (Ilr rllullip]irr ]J]lltl’filCe~ Lhcflxis.

“[”hr’ I!~(: hll!i h(’(’n Lhr 111(,(](’! f,, r Wvrrrd ~ludirx

2“,2’” lhc 1[s(;ill Ij,,lh lWVJ- rLnd lhrf’r- riilnrnsilms ,

~il~ rl],jtlrlrd fl, r ‘I” I{ ISX[ using 4.1 hmnrls wilh M

nlriny fLH 11 rnntrriul rrgl,,ns prr l)iLnd.

‘]”hr ],l~\l wfLs sul]t]ivirlr(l nl~,rlK the nxi~ inn]

2H l)nrl~ls, t,nr in Lhc grill I]]nlc, 22 in lhe I.i~(~

hrrcdirlg z,)nc ~nd 5 in Lhc reflrr~or. In lhc rn-

(Iird dircrti(m the z~]nrvs me I.iao, cladding, the

rxl,,tingchnnnrl, orrc z(jnc wilh srncnrrd t.ia(~ and

clnrltling, nn[lf)rle zf)ncwi LhsrrlcnrctI l.izo,claddin~

and rv~f:ling rhnnncls. ‘1’hc plcxiglnrmr surrt.urld-

ing Lhc 1411}1 wns (Jrnillcfl fim sirnplicily. [n 111:

mxid dircctiun the zurm were subdivided inLo re-

gillrls hrlwmn 0.231030.73 nnd 30.73 lrJ 60.23 crn

for the prccdculntim I,f wci~htin~ rrpcctm with

M(!NI’ The Irml and hcrylliurrr rrlulliIdicr plnles

wrre rn(j[lclrd ns $ nnd (i-cm-thick zljnm, rcsprc -

tivcly, ndjuccnt h, Lhc frflnL (d the grill pink.

All ‘1’1{1.SM f(~rwnrd nnll mljjint rdculrdifms

wr’rr lwrfi,rnlr{l In the 7,1-rlrlllri~rl-~rlllrll struclurc

wilh n [’:ISM nl~llrlJxirrllLLi(lll nrl(] clJrlvrrKrri ‘.{) wilhirl

III ‘. “1’hr fi, rwnr[l Slmrrr wns dislril]uml irl lhr

r-fll]l]f,r rf, Ki,, rl or Lhr llILrfrly Krnrrnttlr u.+in K n

(;nus%inn shnlw 1)11lhr rl,[]prr surfnrr rcprrsrnlirlK

lhr tnrKrl nrrn. ,1 rldrllliLl[”l] sf,urrr rIprrtrllm22

wns (Iislril)l!lf’([ inlf) lhr nppr(q]rinlr (nirlr high-

rwl) rnrrgy grllllps. ‘1’hc n[ljl,irlt Mf)urt-crr rljr the

Iivr flrlrrb~r rt-gil,nx wrrr’ sprrifml ns Lhr rrlnrr,l

rwt}ljir tritium pr(jllllclit)l, rrfms srclilln Llr lilhilirll

irr Lhr Ijiz( ) flr-lrcblr vldurnrs. ‘1’hr l#llM rdculn

Lif,rlnl rrlt,{lrl is tillf]wrl rrr-hrrrlnlirnlly in Fig. 1.

‘Imhp zflrlr ~lrsiKllmli[~n* nrr n~ fidltlws: I nnd 2,

I,izt ); 3 nnil 4, slnilllr.sx slrrl rln[l~lin~; 5 nnd 0,

h,,lllf,~rllizf’fl lji~t ) nml rlntlflinK; 7 nll,l M, llt,rul,~r

nixrll I,izo, rinflflillg, nlltl v,,i(l; !1, ~rill Idnlr slnin

Irss !LLrrl; I II, rr[lrrlt, r NIPrl; I 1, rrllt-rlt, r slrr”l wilh

vf, ifl; rill(l 12, vtliil.

,\ 1111111 I If lN’1’l{lS\l rnlrulntii,ut wrrr rriluirrfll

Ihrrf’ r,, rwnrfl rnll.lllntif,rlx (I_f,r thr Imrr 1.11X1 111111

r,, r Ihr 11.1111 nntl I,rr,vlli!lrll rllullil)lirr Idnlrs) Jlllll

l:) ntl,l,,lnl 1“1111”11111111111~(Iivr (Irlrrl,lr VI II II IIIIA f,,r

IW1.h ,IrIhr 1,1111 Illllllil)lir,r t.ttllli~llrlllitlll~) ‘1”11(.

I
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1.11X1
I)elm’lllr

, \’, ii,,,,, F

1 s“I’m”
; “1’7

.-1 .l”

‘ T,

:) : Ta
; “1”7

4 ; “Iq

T,

“I”rilium I’rt, [llwli,,n
]Brr S,,urrr. ,Srutrt, n

itu]liplicr I’]mlr
[Inrc

.
Lrnd I)rryllilim ‘

:1,IIJ2.111 ~ 2.515.10 4 “4.5 R7.lLl b “
l.tml. II) ~ n.:lnl.111 a 1.IJ73. IIJ h

1.07!). 10 g I.olu.111 E I.l:m.l(i 1 :
fi.95n.1[) 6 3. I ;’3. IIJ 6 :1,145.10 h :

7. IJ13-lU 6 (3.LL7(J.llJ g 5.7JJ2.lLJ” m ‘

2.6(J(J. I(J s I.lwhlo ‘ 1.119.10 a

3.132U. lU a 2.797.liJ 8- 2.4nl. liJ ~ ‘

7. H:IH. I(J T :1.fl~~.l,J ? :!.nfJn. lrJ T,
5 ; ‘tIJ !“ 1.7 fi6.10 a 1.272. ILJ “6 l.llJ:i.lrJ” 6 i

I I T
1 T ; 2.227.10 “r 1. IJ61. ILJ 7 9. MJ2.IU s ;-.

‘[’,~ lil.~ 1: (~FL]rulJLLLx] Lritium prfduclifm pcr

source nrulrf~n in lhe frvc 1,1131 dt!LCCLfJr vfdurncs

for mrh mu!liplirr cf,nfigrunlim).

rn]rulnld (Ijrwnrd rmp)nm, Lhc trilium pr(ltluc-

ti[ln pf”r w,urrr flrulr~ln, is given in ‘1’nhlc I for

mu-h of lhc l,I)M (Iclcrlljr vfdllfnrfl Id multiplier

rfjnfigurnlif)ns.

,1 SI’:XSI’I’IVI’I’Y AN’1) lJN(:l’:l{’I’if lN’l’Y
(:,\l,(:[il,,\’I’loNs

‘1”}1~~fld l)f LhCCrlMUL-!WClilJll !LCll!Iiti\ity nllIl 1111-

mrlninly nnrdysi~ is tt~ dclcrmine Lhr unccrlnin -

limr f)f n rnlculnh!d rrspmse functifjnl tritium prf~-

l!lJrli#lll pm !hlllrcc llCULr{]ll rH]lIL ]ilhium. III thr

nlln]y~is rrpflrhd hrrc, Lh~ unmrtninlimi in Lhr

CILlrlLIJLh’d Lritillnl prlulllrlitjn 6L1 Iivc dilh, rrnl lJII

~ili(~ns nlIJng lhr wnlriLl I,izf) r,~(i in Lhc I,IJM

(m-r l:iK. I ) wrrr rt,mlmlml usilig SKNSI III,. ‘1’hr

[Iclrrblr rrKiltn mid ptlinlx nrc at 1.(), IZ.75, 2!J. [1,

,1.i.~h, ILIIII 5H.25 rI. I ILIIIIIH Lhr crll Lrn] rod frt,ln Lhr

rrnr {If lhr Kri]] lIIILLr, ‘1’hr (Irlrrh, r v,dlLlllrN Wrrr

2,1M CIII tlhilllrLrr rylin[lrr~ IIflrIIHLh 2.[), 2.5, 3.11,

3.~1, nutl 3.!) rlll, rrslwrlivrly. l~llr rILch IIf Iivc in

vt.sli~n[t,(l l]lt~itiiill~ Iltrlllil]llrtl nl]t)fr., nil nl[jlJinL

rnlrlll:lli,lll wilh ‘I” I{ I,SX1 WIIN I)rrfilrlllr(l uNillK 1111.

Illnrrt,w.,,ltir frllllllll Ilrlll!lll”lillll l“rIIW W“lmlillll IL!J

1111, Il[lj,,lllt wjuri.!,. ‘1’11 I.lIrI.k lhr r,,ll~i+lrnry IIr

11111 r,, rwnnl 11111[ htl.li,inL rnlrlllnlit,n+, n r,,l]llmri

*(III LLII* IIImlr 111.lwrt.11 1111.Irililllll Ilrl]llurlion Iwr

+I,llr,.r, Ilf,lllrt,ll I. II II II IIIlml i!] tlIr fi)rwhrtl I.nlrlll JI

-J



I{i’lali;c dilrt’’rrnrc- h;l wk=n ‘

inner prtducls (%)

1.11X1 lll,llil]l~cr (’ollligllrnlillfl

I.klcclf,r :

V(durnc Ilnrc l.l’1 111 Ilrrylliurn
-. . ..- .—. .. . . . . . . ..-

1 [J.3!13 (1,372 [1.3112

2 (1.3.1 I (1.1111 11.IIGN i

3 I-J. (122 11.1]:1) ().1):].1 :

4 I ().()93 [).(IH7 lJ.ll~;] I

5 ~ 0.070 0.[122 (,.[J211 1
1

1----- ___ _.. -:. - .--. ...-..___________ .-.. . - . - .,

‘rAf]Lk; [[: (; f,mp~riw,n I)r the inner prducts of

the ft~rwnrd < +, It > nn[l adj,,inl < S, 4° > cal-

culations fr)r cnch I.IIM dclcctor rcgil, n nnd mul-

lilJlirr c(, nllgurntilln.

Lit]ll for lIIC dr[rrli)r rcgittn,.: Ih, ?/ >, hn(l Lhe in-
tf@ lJV~r lhC ;IS(; W]UrCc r(’~illr) of Lh~ jlrl J(!llC[

,,f Lhc f!,rfvilr(] S!,llrrr IUI(! [h~ dtlj,liflt flu X fIJr thllt

flclrrl[m, < .S, +’ :>. i’~”rlllrlmli,,ll LhCl,r~ prdiCLS

that lhr innrr I)rt][]llrl rf.]illit,l:hhil) . . III,/f >
. . 5’,Ih’ :, SIIIJIIIIIhIJl(l. “l”hc rrsulls (If this CiJM-

Imris!)n nrc Kivrll ill ‘1’nl,lr [[.

A 11)1[11 ,,f I 5 SK SSIIII, rnlru]nli,,ns wr:c rr-

Iluird fijr lhc srnsilivily nnt] unrrrtni]ll,v mnidy~iri;

fivr ft)r thr hnrc 1,11X1 r,alrulali,,nx nnll Iivr rnrh

fi,r LhC lrml nnt] hrrylliunl nlll[l:plirr pinlr ru]ru

Inli[lns. ‘I”hmr rnlr-ululil~ns rmlllirr(l ns input lhr

rllrwnr(l (lhrrr srls) nml n(lj,, inL ( I 5 srl~) ltn~ulnr

lluxrr4 cnlcullllml Ily ‘1’1{ 1S11 , In lhr rdrnlnlif,ll

rllr Ihv Ilrryllilllll rllullil~lirr }Ilnlrq thr }1 A’1’ null)

I]rr I 3112 w“ns sllrrilir{l ft,r ‘Ilrl (1 llr “1” [lrllt,lrq

lhr l,t,s Al:tmim rvnlunli,,ll), ‘I”h-rr ntr ff, ur MA’1’

rlllnll]rrs f,)r lhi~ Illlrli(lr ,111 (’l)f’l(ll,!i 2; 131)1,

I 3112, I #13,untl I 3111. “I”llr r,, vnrinllrr tlnln fi, r lhr

fn,2n) rrnrlillll is rt IIrrw”nlt’(1 IIS I , 3, !1, nnil 27

(:111) inrln~lic “lunlltx”’ fi, r lllr-qr ll,\’[’ nllllllwrs,

rr%lmrlivply. ‘I-hr rrslj,,nsr illllul wn!i lhr IIlnrrt,
.,

w“rtl]lr lrllllllll Itr{lflllrli,jll rr, ,++ +lS(.l ir)ll rllr IInl Ilrll]

Ilihiulll In l,i~( ) c,,llnlmvl rrlllll lN”i It) “; I gr,,lll,s

IIsing 111{, woi~lllill~ slwi.1 rn I.; II I. II I; II I,II L,r Illr rr

,:ii,ll III wllirh Illr Ilrlm.l,jr v,,llllllr w:l~ I., rulr!l nllfl

inr]utling lhe mppn)prialc 7Li cr(ms srcli(, n.

~ p,m!iihk ]rirgc s,,urcc (Jr unccrLninty in the

cnlcll]clr(! rcslJtjn%c iri the cross SrCLi(JnS for the

rf~IJIJvr in Lhc l[S(; . I)ccn,.lsc !his mntcrinl is nut

fl~cUh!J]C in (!o\” FILS-2 urld since du; llinum i%

nol rL ]{S~,’].l]\[ mnlcrid, 27i~l wlLs sutm LiLu Lc(]

fiJr “.1(’u in Lhc SK. SSIIIL cnlclJlaLions, }f’ith

st)lne knowltd~c of Lhc rc]nlive cuvariance diLla ffJr

nat(”ll arl[] ~7,~] rr,lss srclit)ns, nn csLimalc can bc

mrdc :Jf Lhc c[Jrrlribu Li(:n k the unccrlninly in ihq

cdcu]nlcd rCsprJn%C from cfJIJpcr cross sections.

The r.or,lributiurs trJ the uncert~inty in the calcu-

Mcrl tritium production in Lhe five LBM detec-

lor volumes calculated with SENSI13L are given

in Tnblc 111 for Rll of the materials present which

have dala il, CWVFILS-2, Malcrials used in the

calculalicm which did not have (Ia!acn CWVk’IIS-

2 are “)11, llH, ‘-l K, ‘biln, ‘-~cu, aq~n, “~l~r,

nnd “at Mo; in all CMCS ●xcept copper, these arc

Lriice CIJnSti LUCnb.

The bJhd unccrlnin Lies rrlJtrbincd Iic helwccn

1.7.!yo nnrl 2.(j3y0. T]IC ]nrgrst c~mtri!)ulors were

‘Ii (1. 15%) and ‘no (] .~~%) ffJr L]IC hRrC 1.l]hfi
nllc (2.21~G) fi)r tlIC l]c-prcccdcd LIIM;an(l‘aiPl)

(2.25%) for the I’1)-~Jrcrc[lcd I,IIM.

“i”hc ]nrgrr clmLrihlitilms rrt,m ‘I,i in fr,ml f~f

lhc Llll!, whrrc lhc 14-.VCV spcclrum occurs, in-

(Iirn[rq l)ig~rr nrlrcrhlinlirs in lhc thrc~htdd rcnr-

lif~nsl such m thr inrln~lir scntlcring levels nnd/r]r

in lhr (IL, rt’t) rrnc Liim , in rx]mpurimjn 111 [Aht-r

‘iwhtdc .rurrwy-rnflgc” rcncti(jns. Thr. (n, dn) AIwn.

mrhLtrring t)f t hr st)urrc ncutrfm~ in knd or hcry].

]ium (wIIc:I Lhe 1,11$1 is prercdecl hy Icnd t,r hcry]-

Iium) mmkrs the lhrrsh(dd rrnctirms IIf 71,i [mm

impjrtnnl nllil Ir ui~ to n drcrrnsr t)f thr rc]n:ivr

~llintlnrtl [irvin Li~)n.

[!,,. lirSt IIIWI Nrrt,ll(l rf,llisit]ll wruLr[~n* nrr imllllr

lnnl. Illlr lt) l]lr Ilrll[rt,ll lllf.rlllnliz~tli,,ll IIn Lhr

i,lllrr Illlrlitlrs ill LIIr I, II XI, lhr illlllljrlnlll.r i)r Lhr

(n, }11) rrnrli,,l}q fir 1,.11(1 111,,1 I,rryllilllll nll(l lhvir

r,,lllrilllllit,ll It) llir 1111111rf,lnlivr xlnn[lnrtl (Irvin

111,11 tlvrr,.nw. l,,wllrilq 111,, I,ni.k r,~ I,ll\l.

!,



“I-he rxmlrihlilJn!i fHJIll nat~c Arc ~cry smnll

even at the Imck of LIIM where “lFc has n high

cf]ncenlration in the stainlrss-slrc] rcflrclor. The

same cm he conc]udrd with rcspcc L lIJ ‘a L.Xi. The

c[]nlributions from “a~~r nrc n(ll ]nrKe, yel still

hiKhcr when conpnred 1(, LhIISC frf,m ‘a~Fe and
CfJflSideri I’lg much smn]lcr istl LfJIJic [lcnsilics (Jfn=i{;r

ns ccmnparcd to “EfFe in lhc slninlrs!+!ilrr] reflec-

tor.

5 COS(;LLS1OSS”

The ohlnined unccrlninliwi in lhc cn]cu]nlcd

L~LiUIII ~r[JdllCLhrI ~Cr SUUrCC IICULrOI’I CflUSed by

Lhr Cr(.)SS-SCCti(Jn unccrtninliwr nrc RccI!lJttthk CfJII-

siiering the unccrtnintirw slill cl]min~ f~om Lhc

cdrulalirmal schcmc nnd from lhc mrthrds.

The ublnincd I(,w unrcrlnintics di)cs not imply

that there are nu systcfimlic crrf)rs in I hc cva]u-

dilJfIII, Thrrciore, in n next Sirpl lhc c,l]culnlcd

rcnclion rnlcs will he CIJlll IMLr(!d wiLh lhc nC-#eIIl

mtmsurwl vducs in lhc l,fY~US cxpcrimcnls.

AISII, m mmpnni,, n nndysiri will hc prrformed

nt [)S1 using Lhc Eurllpcnn l~u~illn File (K F!I’) when

the crms-sectifm cowwinnrc frlc i~ rt)ml:lclcd.

l{l’:l’’ltl{ Es(:l’X
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:1.
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