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Abstract: 

Agenda, attendees, and presentations of the Neutron Task Force 
Meeting held at the SSC Laboratory on January 27, 1993. 
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2ubj: agenda 

Agenda for the neutron task force meeting on Jan. 27. 

Meeting will J:;e at 1 pn ir1 the GEM confere.rice room 

1300 
1400 
1440 

-SDC calculations 
New results 
Organization 
Shielding 

1520 Discussion 
Next rreeting 
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Azhigirey/Uzuniari 
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Presentation by: 

I. Azhigirey 
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The sh:~c:ld c1 S:DC elt.mt:nt~ trom low Ent.rt;'! 

n, '( &"ck~rownd. 

( Tht m"\.n ph'{~i.c.:\L proc.t~StS ,..nd E.~peri.me\'\1.i\\.. 

re. 'i>U Lt-:.) 

I. AzhqL.rey, G. Krupnv, A. Kuznetzcv, V. Ptltsnkc, 
A. Uzunlt-.n, I. Kurochki.n 

( In~ti.tut~ f<:>r 1-\i.~h Ent.rta'f Phy&i.cs) Protvi..no 

L. Tr'fkov, Ju. KoLEv,..tcv, V. Vol~ov 

( Instt.tutE for PowEr Energy Ph'fsl.c.s) O~ni.ns\c. 

contEn"t.$ 

* pro& LE m"E. 
* n, '( l"~cli.~t.t.cn 

* n, '{" c,._lcu L~ti.cn~ f()r di.f;Erent 
mAteri.~ls 

* EXf>Eti.l\\£C\tA.L d:Evi.c.E A.nd Exp. rEs.ult~ 

Of n, r A.ttt.t\UA.tlon. Cam~ti.son wt.th 
C"-lCUlA.tLon~ 

concl us.i.ons 
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c 

lhE S:DC E'l..ptri.mt.nt"'l f~c~Li.ly w~th ?Oi.nt 05 \/i..t.w 
r1'cl\.1'ti.on ?rctlem~ repres.t.ntis. 11. &ul'K 05 -\:.he. htttero~en-

-eous. rn11.s.c:. 05 i.ron 1'nq or~1'ni.c m1't.eri.1'l<;.. ln t. hi..s. 

condlti..onc:. du~i.nq h11.droni.c r-.nd ELectromll.C!t\Eti.c c,..cs,c,..dEc:. 

Lni.li..11.tEd ~'f )>1'rti..c.LEC:. from !? "lot 05 low 
'Et\E"f~'f ~e.conc\"ry neutron<:. t>.t\d ~11.mmfl.<S:. ~rE c;ene.rJ . .-\..e.d. 

It Wf>..C:. c:.hown iy our c"lc.ul1>.ti.O\"\ rt-:,u\;t'=>, t.h1't 

low E nerc;;'f neutron<:. ~nd q11.mm1'.s (\I i.1'. ( n, t )- re11.c.t i.Qns.) 
qi.ve. cons.i.derr-.\le contri.~uti.on to ~r..ckqround ft..t S :DC. 
detector t. \..EmE~t.s.. 

:!> "!> 
For 10 SSC Lumi..nos.i. ty wt h.l.\/t: EY-?ccte.d i.n to thE 

SI>C fCrw,.rd muon syst~,... (wi.thout u~i.nq" S?EC\.1'\. 

sh\.eldi.n9 d~si.<jn) : 

l\EU'\:tOI"\$ WL '\.\'\ 

th~rm1'.l e.n-e:rsy 

~VErt..~E 5\.u'l< 

entrqy Ll-SS lhl'.n 20 t-f..tV LI? to lht 

Os -2 -'\ ..... 5·1 n·cm · 9 

Cj~mm~s 

0.1 t-Ae.V < t'( ~ 8 MeV 

Our Es.ti.m~ti.ons qbre. us: 

regi.s t rA. ti.on E!£ Lc.i. E l\C'f ( E) Of muon tu P.e 
- to ne.ulrons. En .... 2·10-s + 2· 1(}"' 

(for dlf~Erent types 05 neutron Siptc\.t~) _, 
- to gJ..mm~s C. '( - ~ • 10 

42 



TcLErri.!.lE counti.ng LEVEL 03 muon-tu~E L~""' 
10 counts per cm2 per second. L l. ke th"t WE sh.,.Ll 

h"ve pro~lems. wL tn neutrcl'\$ And ~"mmA.s. 

--- - - -- ---------- - - - -
It Ls wELL \c.now th1't tht m1'Ln proc.e.s.<:.E$ 0£ 
photons product Lon A.re. the follouwi.nq ·. 

( i.n ener~'I \"1't\~E 05 n"C.utronc:. Relow - 10 t./\£1.J) 

- \"1'di.,.tlon cA.pture 

" 1 0"\ 
zF -+ on zf + 'O 

- LnEL,.s.t.i..c Sc.A.tterlnq 

t:"~ (\1 ( tA.)*+ 
z 0 2 

EX.Ci. t Ed ----- L-1 __ 

E\Uc:lE-US 

Tht. E!5Ecti..vtnts~ 05 nEutron A.t.tenu"t.Lon A.nd pnoton 

gEnEtA.t.Lon Lc:i A. -Junctlon 05 the A.mount 05 &oton 

A.t\d nvdro~En Ln lht st\LELdlng mAtEr~"l. 

Hydrocae.n modEtA.tE'& nEutrcn!. C due to elA.sti.c 

sc1'lteri.ng) ~nd loron L~ povi.ded neutron cA.~tutE. 

ThE E:f~EctLvenes~ 05 photon A\tEnuA.tLon i.r:i 

ptovldEd ~'f hEA.Vy nuclei. . pttS.EOCE. 

-------- -------- --
For ntutroC\ / photon trA.nsport wt u~ed onE -

- dLmtn-s.i.on11.L trAnsport c::odE ,ROZ6, U!>i.n~ '49x1S 
constAnt.s systtm A.nci Monte CA.tlo ccide , M~RS ~~. us.Ln~ 2.~ 
groups const>.nts S.'{StEm 5or nEutron tr,.,,ns\)Qrt J.nd ~ ptoducti.on. 
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Our c"Lcul,..ti.On$ 1cr ne:utron$ At.t'C.nuA.ti.on A.l'\d p'ncton 

gEnErt..ti.on i.n fior"' tEd poly Et °rl'fLEl'\E i.s. \.n ~ ~ood A<arEEmEnt 

~·Lt.ti c~lc.ul~\.l.ons. i'f Cr>-.\.<j R. Wut.st ( tr .... ns.?ort c.odE 

TARI, GEN\ \N-92-~72) 
-- --- - - - -- -- - ------

Wt. dE'IElopE.d t hE t tc.hno\..o~'f 3or ?~due.ti.on 0£ 
r"di.~ti.on s.ni..t.\..c:H.t\<j mA.tEri..>-.\.. on tnE i .... -..i..s. 01 conc.l"'E:\.E 

wd.h ioron cout .... mi..nA.t.i.on >-.1\d di.{~Erent ~oron/ h'fdroc:.ci\ 

rA.li.o. ThEsoe. m-..te:ri..>-.l'5 ht-.Ve ~•mE >-.d"""n\."~Es 

( ti..C:. com?~·.'l"l~cl wtth ?OL'fEt\'\'fLEnE) : 

- Lt's c.°rlEP-?; 

- i. t • S easy UO:.Ed "t.o lil"'-~E kfl'I 

shi.E\.di.n~ uni.t c.on{i.~ur"ti..on; 

- Lt's oon- 5L>-.mm>-.~t\.. 

The: E')C.~Eri.mEnt>-.l ttsti.n~ 03 nEutron >-.ttenuP.ti..on 

Efji..Ci..El'\C'f W/\S i>ET'f<>rrntd CO C3- 2S2-nEutron $CU\"CE. 

e~\)Eri.mt.nt>-.\. LJ..'iOUt 

We chosE the. 30Llcwi..O<! p"'-rAmtlers. on thE &>-.s.i..s o! 

our c>-.lcult-.ti.onc:.: 
- nt.utron s.oursE -c5- 2s~ wt.t.n 

. i.ntt.nsyt'i - \0' n/ $; 
- he.'lE.rO~El\i..OdC:. ~i.llEl" 5cr C5- ~$~ to 

fOrm thE tt.s.t nt.utron ~l.Eld. 

ThE 5i.Ltt.r ccm?csi.ti.on ~'rE st~e:L 

LEAd~ CJ..'r\On. 

The. gi:omEtr'f 05 E~\lE'r\.mEt\t L~ s\\own i.n ji.~l''C:. 
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DEtEc:.tors 

For the me11.c:.urEmEnts Of neutron And gAmmA f Luxes 

11.na ~pEc:.trA. we 11.re us.ed two ki."ds 03 spectrometers: 
1. Multysphere Bon"er spectrometer wi.lh 

sci.nti..LLA.ti.on dEtEclcr 05 the.rmAL neutrons 

( c.ri. -:.t,_l 6 Li. J (C: u) cp 10 x 'O mm3 
). 1he SEt 

05 pol-yethylene spheres. wAs.: 2, !>, S, 8, 10 
And 1a Lnches i..n di.A.meter. EA.ch 5phere WAS 

covered i'I 1 mm lhi.ck c,_dmi.um. 

2. Sc i.nti..LLAti.on neutron/ gAmmA spectromEter 

(cri.':lt.t>.l&.f.5tyl\ene, ~ Cioxaomm~) wi.th the Vt/0 sepGv-1.it,c. 

o.._ f['l.L ShApE 0£ output bi.Cjn"'lo:.. 

( l.J. Tr'f\c..ov, Ju. Kole\/i\tov, V. \Jolkov, 

pre?ri.nt !P€P -17~0, 1985, oinln~\c..) 
-------------------

Rt.s.ult~ Of meA.c:iurement 

The mu..surEd And c.11.lcuLAltd spec-t.ta.< ': 05 neutron~ 
thAt incl.dented on testi.n~ shi.eldlnq mAleri.AL l~ 

shown ·Ln 5 i..~. 
-----------------

The AttenuAti.on cur"es O£ neutrons JOr the ~cron 
And stAndArd concrrte ArE s.hown i.n .f ~S· 
The curve·S. .t.tE norm~Li.ztci to totAL i.nc.i.dEnt flux. 

45 



l t i.c:. l\E<:Esc;:.1>,.r'{ le l\OtE tn"t s t~rti..l\9 jrom dEptn 

- 1Sc.1'#. 05 EY.pEri.mtnlJ..l LJ..'{Er W't noti.ctd lht i.ntluEn<:t 

03 sc1d::\:.Ertd ntulrons. ln lh\.~ c"c:.E WE \\"d t\'\'t ntutrons 
lt,..'ic't.C3E 3r<:>m surrourdi..n<j conc.rttE i.n to \.nt det.t.c.t.\.cn 

poi.tr\.. Un5crtunro:\.tl'1, \N.E could not rttt\O\/E t.nE nEutron 

i._c.V.~round v.int:n wt lu\/t: t.c~ttd tnE ~orr.:lt.d concrEtE. 

Tht.rt:5ort tht dl~crtpAOC'{ ~Etwttl\ E~~tr\.m~nt~l "nd 

c"Lcul,...ti..ol\f>.l r~c:.ul tc:. Le:. prts.tnt. 
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Cone Lu s. i.ons 

WE got thE ,l.ltEnu~ti.on curvES., us.i.ng tht. 
E.~pEc.t.E.d nEut,cn 5pec.lrA on thE fv'"w"rd muon s.ysttm 

(&eni.nd thE st EEL shi.Eld), fOr fOllO~\.I\<;! mA.tt.ri..-'LS: 

- & Et 1 : ~Cron ( &) - 2.. S 0/o , H - 0. 4. 0/o 

-Bel2~: B-2.•/o, " - ~.\"/o 

- 'rlEt 2.& : ~ -1.c1,•/1>, H - '?,.7°/o 

- polye-l:h'(\.Ent 1: g - 5°/0 H - 1t6°/o 
------ -- - - -- - --- -

m~~ 
neutron "ltEnu1>.ti.on neutron/qA.mmp. r" ti.o d encs.i. t 'I 
LEl\<!th, Ch\ &Ehi.t\d ~OCWI ciEt>i:h a/ Ch\~ 
s < z < 's z > 2oc. ... 

0£ mAt'C:ri.A.L 

1 &et1" 10. $ 10 1S 2.1~ 

• &el 2~" 7.~ 8 5 1.1 

"&t \:. "i" 51.~ ?.S 2.~ 1. ~':> 

pol'fEth'flEni 1 :.. ~ ? ~ o. ~~ 

B'f t.hl'~ me ... ns. the BorA.ttd pol'lrth'fltne hP.<:> the P>ES.t cA.~M:i.t'f to 

P.ttenuP.tE thE Low enE~'f neutrons. AACi 9i.ves tht Li.llLE oul~ut 

(£: 

05 ?hot.on~. ~ut f>rt 2..1> mr>.tEri.r>.\. l~ com\\--(ti.\.i.'Je wi.th \)Cl'ltlh'llEnE, 
P.nd hA.s. somt AdvA.ntA.qe~: 

- Lt i.s. ch'EA~; 

- ll i.s. £.1'S.'1 u~ed to m..\(t P.n'I shielditq co~i.surA.ti.on: 

- i. t ls non- 5LA.mmA\El. 

i\t precs.ent ti.me WE A.re re-'d'f to ~duct thi.s. mP.terL"l 
r>.\\d to l>'"o"i.dt. the l.owt.f'\.n~ low ct\Efq'i neuiton<:t ~\\d 

<a"-mm~s. i~c.h.C?irout\d O\\ t\\e. ~orw~rd muon S'fs.\.t:rn. 



lhE pro~lern 05 mucn "=>ys.tern s.hi.tl.d 5rom neutron/photcn 

~ .. ,~~round. i.n our opLi\LCil, m~'f eie done completely P>y three 

~tlf..St"=>. 

Fi.r'Elt ~tlf..qt.: - the e~peri.mt.n'\.i:..L r\Od ci\Lculi\:ti..cn~\.. 

dc:tErrni.ni\.ti..cn Of rEAL detc:ctcl" ( muor\ lu~t:. 

sci.nti.LLlf..tOI", ... ) E:ff ~C.~EnC.\f tc Lew Ei\E.T"Cj'f 

r\tl.r:.'iO\'\$ t..nd ~r..mmi\.s. SEpAl"Atly. 

ThE Experi.ment"L melf..c:.urEmenl$ m"'" ~E 
per5oined on rAdi..onucli..dE ne.utron P..nd 

g11.mm1:1. c:.ourc.es. 

ThEr£ i..~ only protLem to crt:t..te 

neutron ~i..Eldco. wi.th nEgli..gL'BlE CjP..mm~ 
c.ontri. \uli.on ( the ri\.t i..o n J '( s.hould &E~1·CC}. 

WE h"ve $0mE lde."<;. how to de thi.<E>. 
Second st~9E: - thE choLcE 05 convenL£nt s.hi.tldi..n9 

m .. te·ri.."\.s. ( E£fECti.11E 1 chEA~, 1\0~-fli\.mmi\.!slE' 

<iur~\lt. etc.) uslng. the ExpEri..mt.tr't,._\. i'.t\d 

ci\.lcul"ti.on"'L me:\:.\\00$. Thi.s s.tt..~E Loe \.ucl1E$ 
ol"=>o the E'(f>Eri..micn\:.."l tE<:.ti.n~ 05 ~:ltenu .... ti.cn 

'fflC\.Et\C'I 0-5 s.hi..e.Ldi..n<! m .... tEri."L$ 01\ 
rAdtcnucli.dt neutrcl\ ~cutc.t. 

Thi.rd s. t"SE '. - the pi:r1otmAncE Of th~ mode.L ex.~ri..mEl\t. 
Ln s.i.mi.lro.r to S!)C ccndi.ti.ot\~. ThLs 

&tUO'{ m"'f ii. . dot\i. 1\-t l\\t~ 1'CCELr'"~tor 



Table 1: Radiation capture crossection for thermal neutrons (]7th. and photor..~ 
yield per one capture S7 (E) for different nucleuses. 

Nucleus (]7th.' S7 (E) in energy intervals, MeV 
barn 0-1 I 1-2 2-3 I 3-5 5-7 I 7-9 I >9 

H' 0.33 0 0 1 0 0 0 0 
Be I 0.009 0.03 0 I 0.02 0.46 o.73 I 0 0 

B1u(n,'}')B11 0.5 0 0 0.02 0.9 0.181 0.7 0.008 
B1u(n,a)Li7 383'0 0:94 0 0 I 0 0 0 I 0 

010 2 .10-i 1.0 0.8 0.14 0 0 0 0 
Al 0.23 0.3 0.12 0.1 0.7 0.12 0.35 0 
Fe 2.55 0.3 0.4 o.i 1 I o.45 0.5 0.1 I o.o5 
w 18.5 o.85 I 0.25 0.68 0.53 0.25 I 0.01 0 
Pb 0.17 0.02 0.015 0 0.020 0.07 0.9 0 
c 0.0034 0 0.33 0 I o.96 0 I 0.003 0 
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