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1. INTRODUCTION 

Successes have been reached in the past in the investiga
tion and determination of characteristics of scintillation 
spectrometers for fast neutrons with relatively small scin
tillator volumes (V $ 1 1). Because of the necessity of suc
ceeding the consecutive interactions of the neutrons with 
nuclei of hydrogen and carbon (n-p and n-C interactions), the 
nonlinear dependence of the light output function from the 
proton energy L(E p) , and because of other difficulties Monte
Carlo calculations are widely used in this field (see ref.!l! ). 

There are fewer data concerning neutron spectrometers with 
large dimensions. For example in ref ,12! there are results re
garding Y-spectroscopy only for detectors with dimensions not 
more than 0 250x50 nun. In ref ,IS! there are data of a large 
volume neutron detector (efficiency and pulse height), how~
ver they were obtained for the special "idealised" case of a 
narrow neutron beam oriented parallel to the axis of the de
tector. There are calculations regard inK the efficiency and 
pulse height spectrum for a large volume neutron detector 
(V - 50-200 1) presented in ref /41 , however this detector 
was not realised, so cannot be compared with experiments. 

It has heen d e s i gned , real i sed nnd app 1 i ed by our g r oup for 
two ye a r s ill muon cn rn l y acd f us i on e xpe r i ment.a II neutron spec> 
t rometer wi th n NE-2 I '} s c i nt i l l at o r " wi th 11 volume of V 
• 24.1 1. The c ous t r uc t i on of the dl'tl'ctor is de ac r i he d in 
n·f.!()! . Also t he r o wI're dernon s t r n t vd t lu- r-xpe r imeuta l l y oh-
t n i nvd PUIHl' lu- i ght apvc-t r n for Y-HourCI'1I lind for "qulIII1
mouoenc- r gv t i c " neu t r on s . Th i » de t ec r o r WlIfl p l unnud for i uve a-
r i gn t i ous 01 muon clltlllYfH'd f ux i ou n'lIl'liollH ill deu t e r l um ; 
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JJ~ Fig.1. The scheme of the 
measurement. 1-5 - scin
tittation counters of the 
muon and etectron detec
tors, 6 - gas target~ 7 
watts of the target~ 8 
tefton reftector. Soft 
tines are trajectories 
of neutrons produced in 
the target~ modettised by 
the computer code. 

in tritium: 
"He + 20 + /l 

til + t -+ tt/l ., 4Be/l + 20 (En == 0-10 MeV), (2) 

and pos s i b ly forilwestip,ations of muon c ap turc by p r o t ou s : 

IL P • n I II IL , (En = c).L MeV). en 
/\S 11]('lIt i o no d ill rl'l.!u! , t h o IISI' or II d('ll'('lor w i t h Iliv,h I·f ri

('i('Il(,y rnlll(I'S it po~;sihl(' to t.nk r- IIdvnlllllp'l' or 1111' mu l t j p l r
11·lll.ur(' or IlJIHll1 l'nl:t1 v s i » pro('('ss. TIll' iIH'r1'1I1\" or n'gi~;1 rll

t j ou (·rli('il'III'y w i t h ill<'I'('II~;il1p, dl'II'('lor d i nu-ux i ou « ill (""1111"'

tl'd 1101 ou l v with III(' illl'n'llsi' or l;olid 1111,'.11' 111ld 111111 01 pl'o

I>a"i I i t Y 01 Il-p illll"';l('l i"ll~1 ill t lu: l;(,illl i 111110", "III ;t1~w 

w i t h t l u <1"("",1';(' III t l u l"n'lI"old, "illI~I"<I h v 1111' nldi";11 

('11:111",1' "I 1111' 1'1I1~;,' lH'i",hl d i u t r i bu r i on . 

Till' 1:('111'1111' "I II", n"1 lip lor illvl'nl i,'.111 i ou 01 P'''('''lin (I) 

ill 1'11'1\;'1111'.1 ill Vi!'..I. /\,'; nl'l'll, II u- <11'11'('1'11" Iliid Iwo "qlliv:I 

1"111 Pill'lll. ~:Yllnllt'l' i(':Illy I'lIl1il jOlll'd I" Iii,' .1"111 ",i'lllI ",II~; 

lilIT,,·I. TIll' ~I,'illl i 11111",:: ill '''\1 .11'11',"1 "I'll h.iv.: II", d i nn-u i. i 
IIIIII 0 '1l(lKlf.O 111111. II in.l 1I1"'I'inl I'"/III III "III "KI"'I jlll"III~; 

II u- '"l" ,II IIi".!, \11 ,"I'i'"" Idl'~"11I (III' I" I.'. Idlill l, Tilt, lilIf',,'1 

11111.1,,1' Willi lII"d,' "I 1'I,,·,·jdl 1;1",,1 U\OX, Ni, 1(.% 1:1 , 17. M". lJ 

.llId IX /\1, Ti, Nh ) w i t h II,,' i nt o r n.r l dilll"II,dllllll ...1 1,>,)( 100111111, 

1111'1111"11111'/111 ,,11111' will II, Willi '1111111111 III" lIid"II, 1/111111 ill 

111,- 1'011 "III IIlId '.II 111111 III lilt· I "I'. '1'11"", Wil" iI "" i III i II !II i"l1 
.1,'1",'1 "I" I ... , W"I'II t l u- 1111 1',,'1 nlld III" .1.'1"1" "I I "I IIIl' ""',i II 
11'1111,," "I 1III1I1ilti 1111.1 .. 11'1'11 '"lti. TIll' 1111"1'""'11-1 III 1111' 1"1" i u t i I 

1111 .. I i II i I Willi " 111111, 

The aim of this work was to calculate the neutron regis
tration efficiency and the pulse height distribution of the 
set-up for processes (1)-(3). Concrete results are presented 
here only for reaction (1), where it is possible already to 
make comparison with experimental results. The feature of ex
periments makes it necessary to take into account not only 
the consecutive n-p and n-C interactions in the scintillator, 
but also the scattering processes of neutrons in the deute
rium and in the walls of the target and of detector 5, and in 
the teflon layer of the neutron detectors. 

2. SCATTERING PROCESSES IN THE SCINTILLATOR 

It is possible to share the calculations into two parts. 
At first, the characteristics of the detector, at second. the 
influence of the deuterium target and of the "walls" (so we 
call all of the intermediate materials between the target 
and the scintillators) were considered. Conserning the trans
fer of neutrons through the scintillators (CSH10),elastic n-p, 
elastic n-C interactions were taken into account. Cross sec
tion data were taken from ref.!6,7! and used in the table 
form. For elastic n-p interactions the angular d i s t r i bu t i on 
in the central of mass system was supposed to be isotopic 
(it is valid for En S 15 MeV), and for n-C interactions data 
of ref/ 7! were lI1H'd. For the de r e rmi nar i on of the energy (E~) 
and the sca t t e r i ng nng l e (1") of the scattered neutron in the 
LlIhoratory systl'm formulas 

E ,(al! I bl! I 2.a,b,(:081' ).F.~ n c,m. (4) 

,/E/E"';.(a b,COlI1' l.e08 I) v (')n II c.rn, 

wI'rl' IInl'd. 1I,'rl' II - m/III t M, m iN 1111' 1I"lIlr'IIII1I1I1HI, M ill t lu
III,"HI 01 t lu- targl·t uuc l e I (p or' C), IIIHI h - M/m t M. 

For ",11'11 .. I' II", III'II I r on a "" Ill..... • 1111111 to NII('(','1I1i i v,' II p 

illll'rllt'l i'lIll1 w,'f"(' ("IIIHid",',-d. '1'11(' '1'I'"i I "III'rf/.Y Ill' prlll'lIl11 

I': - ":n 1':11 won I r n n n l .. r'nu-r] I 0 Ii ".lil 0111 pu t I. "y 111('1111" of I hl' 

p,~V"1l I. - (1':11) 1IIIlI'Ii"lI. Th,' lighl "III pu t 01' nil the' 1i('IIIII'r 

illJ-l. pl'llt""IfIl'/1 ot t h« 1ll'I1tl'Olll'l Willi 11111111111<,1. I\Ii ")(llC'I'(I'I1('('d, on l v 

II l i t t Lu plIll ,,11111' 1ll'lltl'lIl111 ('11) illll'l'}\('II'" III III III'lIlle'"" 

,illl',Il. MOllt ot 11"'111 1,,111<,," 11111 III' t lu- "1'1 1'('1 1I1' l'l1rlll"', Ill' 

1,,11 ""low II low ""I"V,Y 11I"'I1l1old 01 IDO h"V . 
1\II I i gill "" I I'll I r \IIII' I i Oil I II r i I HI IIPPI' 0)( i 11111 I i 1111 " (•pi' 11 d1'111'" 

1< •• - K" Ii::, 1\ Willi 11lH'''. wid "'I II, I V" II 1111 Ilg("{'l'III('1l t wit II dllltl 

~ 
:1 



from t ab l e s of ref. wert· us e d for Eoo(E ) , and multipliedp ::::> 
hy il corre"tioll Ll('tor K, the vn l uo or wh i rh W:l!: dell'rmilH'd z 

. I' t . I ill! A - Ib y u s III Cit I i r a t IOlla mo a s u r cme n ts . I so f r um 1("',' Wt're
 

LJ!Il'1l t ho pnriln1('tl'r~; or t ln- "Ill'rgy r o xo l u t ion ""W!.iOIl,
 

Tilt' l'lIl'I'lrll of ou r set-up for m-u tro n l'II('q-,il-,q I': = 1. /,'., 
I" ;md ').:1 MI'V .rn d wi I II <1,.\ "1'1 or d i 1111'11:; iOIlH 0 '1IOx I 110 111111 iI rr
~;IIl)W'l ill Fig.:>, 1111<1 1111' 1·1 ri('il'lll'it,!! 01 1("-,i:;II'11 iOIl an' p r« 

!;('11II'd ill '1',11)1(, I, 'I'll ('1111111)('1' till' r"I'liilhilily 010111 l'I'!illll:;, 

('ill ('ulill i Oil!, wi III I wo i 1I<1('I'I'II<1I'II( ('o<l('S IIIIVI' )1('('11 pr- r orllu'd. 

All 11~~r'(·t'IIII·1I1 w i t h i u I :>:7. IIII!I 11('1'11 IlI'lIi'·vt'<I. III "if',"\ (':11.'111" 

t ('d 1111<1 I'Xlll'}' i 1110'11 I ill IIp''I'II';' "I' "'/111111 illlllllol'IIl'q',I'1 i I,ll 1I1'1I( rOIlI; 

f',"1 f "om iI I'll II,' ';Ollll't' (n .. ,. 1'1./ .!II! ) hy lilli,' 01 I Ii fO,lll III" 

11",,1 lin' I'n'II('1I1 1'01. 110 / "111'11 111'1"'11'11111 ('OI'l"::pOI,d:: II ~',I "lip 01 

nr-u t ron 1'III·q~j(.::. An ill 11.'('11 ,111'11' i1l II ",'H,d 11)·... (·1·111.·111 h"1 
WI"'II "KI'I' I' ;111/'111:; IIl1d ,',II ,'III ill i ""11. 
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Fig. 2. Pulse height
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detectop with dimen
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enepgy limit of the
 
pecoil ppotons.
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TabLe 1 
Calculated ual.uee of total efficiency «(0) and of 
efficiency «() when tihreshol-d was taken into acco
unt (Er~ =100 keV) of a neutron detector with di
mensions f/) 310 x 160 mm. The source was positioned 
to the detector as shown in Fig.4 (distance B ~ 

~ 0.1 em) 

Neutron energy 2.45 4 5.2 
(MeV) 

Efficiency of f 0.843 0.771 0.742 
O 

registration 
(n =' 477) 0.763 0.724 0.695 

£[%] 
100r-------------~ 1l [;i!l.1.	 'I'he ej'F7'(~£

o enr'!} or the rletr~,!

/,(1 Y' (norma l.i ecd In 
o80 

snU,1 (mule n '" 
;,(J%) 7:11 .lapon. {, '/1

,'(' 011. the '{£1II('1Ir,/60 
(1 n 1.1 • I d )11" 'P ! l ! /(' : 

M ,'n/"/{/,1I1:n/l r,,/·...
N40 En';":; !\1,'V, 1/['/'/'/'I* 
LU 1,'//1': )',,/' E: nZ 

::.1;, M,'V. 1'''//11 n 
2 ,n',' "111/,,1< 11/0111: :1" I 

H }lll I"'/'/I//I/'{ (/;), 

E:'~l~' [(i() k,'V.
.' - ..- ..~.--.- -·T·	 -YO •• o

o 5 10 '1520 25
 
H:::R.CH
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(ll) 1111.1 I"fllall" "I ~1"111,- <:'1.111 ,-"I('lIlllli"'I'1 "II III,· ell'pl'lId"III'"
 
"I 1111'111'1111'<111 t,'p,inll,lli''I1 ,'lli,-i,'",-v "II IIII' :Ii;/,,' "I IIII'
 
01"1,"-1 ot: 1111- I':.. .', I,', ~ ..·v .u ul '" / M,'V III" ,",'nl'lll"d I "g"II"'1
 
(111'1'" II I",illl 1I""t'-', WIPI ,,"nil 1",11,01 i u t o t lu: '-1'1111,' "I t lu

01"1 "1'1111, IIl1d 10: '" ~ n./ ~l,'V).
 

IHI ill '!I"'ll, II", t1iilll~',II"'IlI"1l1 Io"lw""'1l "til i uui l i,"," Po"1 loy (b) 

'Illel III,' 11'llIall" "I III" ~1,,"1,' Cnll" ",i11',II"lioll" ill higlI," I," 
I':n = /.1,', ~11'V 111101 1111"1'11""/1 w i t h 11I""I'III1I'lg eI.-lt.. 'I", dllll".",i 
""11, III '-""1111' II""", I',iI 1111/11 i",,,. g/v,' II 1.. ·11 .... I il "I "I fi"i 

h 

E %l	 I Eintr,% Fig.5. The effici
90	 ency of the detec

tor in dependence 
on the distance80 
from the neutron 
source

70a a) of the bare 
'scintiLLator, b)

I 30 60	 when scattering 
from one detector 
into the other is50 
taken into account, 
c) without such 

20 kind of scattering 
(one detector). 
Points are simpLe 
e s tima tions . 

L-.	 , --.........---.-----J
 
2 4 6 B 10 

distance. S (em) 

('III'y for thresholds in the region of r c la t i ve Ly little ampli
t ud e s , which arc c-ouucc t od with s i ng l « i nr e rnc t i on s , In FiR.5 
t 11<' dependence of t lu- n ou t r on r c gi s t r a t ion efficiency of a de
I ..cto r with dimensions (l)110x160 mm 011 d i s t nnc e (8) be t ween 
III(' neutron s ou r c e II III.! the d e t e c t o r is demon s t r a t ed , Also hen' 
.i r t: presented t ln- r .. xu l t s of s i rnp l o I'lIlclI)lItionR '(8) (without 

tllrl'Hholcl), in whi(,h t ho d"le,'tof was BIIPP(HH'd to COIlHiHt or 

!H'pllflltpcl c l emen t s , .uu] tn r 1'III'h of 1IIl'm t lu- l'fficil'ncy WIlH 

dl'll'fmilled as t lu- p r ocluc t 01 f uru-t ion '0 • I -- "Kp(-np(lliIlJ) 
,llld of so Li d fln!"Il'. AH ifI Hl'pn Lrom t lu- I igllf,'. then' iH 11 

F,"t.1i IIgn't'mL'nl hl'lw"('1l Himpl .. IIlId d"laill'll (-II)I'It!llliolll1. Aluo 
ill t h i a figllrp an' PI'I'III'IIII'd (dL'vidl'd hy Iwo) Ih" dlllll IOf two 

,';ynnlll'lriclilly 10 t lu- IWlIIT(' pOPlili'lIll'd d"I"I-lorli 10 illllRIl'll' 
11'111(' .. Ill'cl o l :;('1111 "I'iIlF. III 1111' Ill'llltll"'1 l r oru <III<' d(""l-llIl 

i u t n Ih .. o t lu- r • 1""'1111 ,h,'/I .. 01,1111 1"II"wH Ih/ll III tl - ').0 em 

',,<M) .r /')%, illid w i t h 100 !U,V 11"0'/11111101'" .- ;'Ot.:. I,'llr ('llillpllri 

'01111 WI' uu-u t i o u t h n l 1,,1' II ,1 .. 11'1'101 w i t h Il ~ " <'IIIIII1t111 - 10 rm 
II", HlIIl1l' vn l ur- ill 1,',%. 

.1 I. ::I:A'I''I'I':IlIN(; IN '1'111': TAIll:I<T ANI) IN '1'111<: WAI.I,:: 

Al 11ll' HI'I''''loi 111/'1' lh.· illll'Il'III'.' ,11 d'·UI,· .. llllllltlrv,I·1 "lid 
11111101 i t n Willi" IIlld "III"" illll'llll..oIi"I" 111(\11/" WI'I'" HilI"! .. ". 
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Fig. 6. The influ100 I	 II 
ence of a deute
rium target with 
dimensions 042 x 

80 x 100 nm, and p = 
=1.5 kbar pres
sure on the neut
ron spectrum with

60 initial energy En = 
= 2.45 MeV..l!! 

~ 40 
The main feature 

of n-d interacti 

ons is the sharp 
20	 asymmetry of scat

tering in the cen

tral of mass sys

tem with a domi

o	 0.5 1)) 1, 2JJ nant backscatte
Energy (MeV I ring (for En<:2

) MeV). It causes 

a significant av('ra~e energy loss of nf'utrons. so the effici 


ency of registration without threflhold will r i se , and in the
 

case of real thresholds will decrease. Data of n-d cross sec


t i on s we r e t ak en from n·f/ 10 / in form of d i f fo r cu t i a l cross
 

R(.'ctions for En = n.'). 1.0, 1.,).2.0.2.,) Ml'V. For t.h o kine


tics formula (II) was u s ccl , when' M is rhe tnllS!i of the dl'lltl' 


ron. In Fi'·,.h till' iIlIIIH,'lll'1' of t ho dl'lltprilllll 1:II"IWI Oil t.lu

I'I1l'rl-'.Y s p e c t r um or n o u l ro n a withinitinl l'lll'rp,y Ilf 1':11 '"
 
_ 1 ./1 'j Ml'V i H nhow. '1'111' :I pl'('ar JlTH'l' 0 f n P('II kill I hl' Hilla I I 1'111' I'
 

I',Y r"pginn lIl'cordilq', III IIIIIIOBI lu l l o'I1('rp,y lo~Jtj of 111,' u c-u l r o n u 

I' II I I HilI 1l' n I i 011. 'I'h .. I I' i rr: 11111 fli 11111"" ",II VI' I II!' h .. HIl' I 0 i 11 VI' Ii I i 
~~Illl' IIII' plllHl' IlI'ighl HPl'l'l r um 01 II full 'lIhllOl'pl i011 m-u t r o n 

dc t e c t o r wilh II d"ul'-li/H'd f1Cilllilllllllr 01 lypl' I:Hll IO ' 1':XIII1II' 

I"H of uu i nj; :1111'11 k i nd 01 f11111111 VIII 11111(' d"II'('lorn 111'1' IUIIIWIl ill 

t h.. lil'·I'IIII1 rr · I
\ \ / . III i"i",.1 I Ill' JIll I III' h'-IP,ht 11I"'('lrlll1l IIhlni 

IH.d hy II C~llln ,willi i 11111,11' willi dillll'lIHiollfl ,,'lllxI/IO 111111 iii 

('OIll\lIln'd w i t h 111111 ohillin"d h v II Cljll (I tll'inlillllior w i t h III\' 
11111110' ,1111I1'llt!illllil. All, ill tI""1I 1111' ""II1,Ll/dOII 1'1111 I... dlllWIl 111111 

II", 1111" 01 II d"III"1 i'I"d /llilll i 11111111 ill /I 11111',1' d,-I",-11I1 d<l('/I 

11I1I lmp rovr: rlld i 1'1111 VillI' 1 i Ill' 111111\11'. 
IlIv"111 i l',tll i IIj', I h" i 111"1111'1 lOll or nl'lIll 'lilt' i II lilt' "Will Iii" 

III tlu Itll!'.,·1 101 ,dillpli,'iIV II tlO!., Nl. }o7.. 1:1 ("jllll"'lIillllll 

Will! IlIlppOHl'd, wlli"1i 1II11y "IIIIIH' /111 1'1'1'''1 III :.. 17... 'l'Iu- .l l t l v i r-u 

It 
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wpd the same way as ill the sci n t i I I at or of 

Fig. ? Neutron 
spectra of hydrogen 
containing (CsH10 ) 

and of deutei-ieed 
(CsD 10 ) scintilla
tors. The spectpa 
are normalized to 
equal amplitudes 
of maximum. 

tial and total 
cross sections were 
taken from ref /6.7~ 
The transfer of ne

utrons through the 
scintillator of de

dec tor 5 was follo
the neutron detec

tor. taking the appropri<llp chemical composition inlo account. 

The influence of the walls of t l i i s: d o rcct o r (I mm steel) was 
lI('gll'ctcd. 

Till' mod e Lli s a r.i on 01 trans f .. r or nc-u tro n s t h r ougl: tilt' 
"w.i l Ls " (so we (':111 :111 or 1111' i n t o rtuc-d i a t r- med i n lu- l wc en t.he 
1,'11'1',1'1 and the ,1<-11,,'1(1) W:I~; 1)('llorl1ll'<1 as l o l l ows , Knowing t lu: 
I'0~; ilion of tl,l' w;11 I~, ;llId t l u: ('lIl1ld i 11;11 ,,~; 0 I' till' I n s t i n t.o r ac> 

i i o n or t hc ururro» (II" t hn t 01 it,; prodlwtilln in n'nelloll (I)) 
.uu] I Ill' d i r oc r i ou III ill: rlif',lil, 1111' ('llordill:III'~; of ('ro~:~;illf', 

IIII' 1I1':lr(',:L w:111 WI"'" d('I"'"lIlilll-d. Knllwillf', 1111' IlIid<llt'sS III fill' 

w.r l l « .n u! t l u- illll'l;lI'lill ll ('nJ::~: 1:,'('liIlIlOI t Iu- ur-u r r-o n sr , i t 

W;I~; dl'l("'IIl-~II(-d. wlu-t lu-r 1111'11' "1.11: :IIIY illll'l:lI'lillll ill 1111' w.t l ! 
'" 111>1 _ WIII'II V,";, t h.i n II", 1'{I(II'dill,'III':' "I inll'rll"l i uu , till' 

{'ll"1 !',y .uul I Ill' d i 1-.,,'1 i "" III 1\ i f',llI "I II,,· 111'1111-'"1 W'-"I' .11'1" r 

iu i 111'.1. ,'Ilid 1111' III 'I('.':I~I '''''':1 1'1'1"'1111'''" I I 11,,1 I Ill' "/1111'. 11"'11 

I Ill' ('llllrdill<II"I; "I "I 111111 i Ill', Iii,' 1llllllwill f ', w:tli w,'", d,-I"lllIill"d 

.i nd "'II'd ;1'; ,;, ,II I i II)', I"' i III II. 
'I'lli~: 11','111111' III I Ill' ."tll'ltI,11 illll!' WiI:> 1IIII'd 1111 .'11"('1 i v o 

,-III'I,I( i IIf', III I Ill' "}',I'"llwl I i {-,II" \''' I I III I Ill' "Ildl'. II' IIIll"I' dl' 

I/Iil :1111111' "I'III:il i"!j III IlIwl.,j III 1111' Will III Wl'rl' 1ll'1 III ",(' 

Ill. Illill ii, IIll illll'lill'l illll "I 111'IIIIllIIII ill 111"111 Willi 1111\,\,111"'''. 

'1'111' I',"~,,:ilil', Il(,illl~i w i t h "v"tV Illll' III I Ill' will III WI'I'I' dl'l"lllIi 

",'.1 11111'''11 i{'r, 1I~,ill!', I Ill' 111111 l'IIl1OI,i'II', I,,,illl lIi\ 1111111 illf', I'" 
i n t '1'111' I{,,,,,II,, ,dllllilll'd 111i" Will' (II~, - (I) pl,wl i"lIlly ilf',II'('" 

w i t h 1111l!,I' "III "ill1'" ill ,III' lil,II "I,'p 1,,1 II,,· 1"111' 11I'IlIlill" 

1111. AI liI~" ~V1' ""'111 illil Ill/II I Ill' 1'ltI"III'11 illll/1 W",,· '"'1 I 11 1I111 'd 

I'
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by two independent codes, determining the coorclioates of cros
sing the walls by two d i I I e r en t ways. There was an aKreement 
between the results within 2-)%. 

Tn Fi~.8 experimpntal spectra of neutroos with 1111 energy 01 

En ~ 2.45 MeV produced in r-oac t i on (I) arc s hown for the han' 
sc i nt i l l at or (II), ,11HI for the case WIlPll deuterium (p-I.5 kba r ) 
and n l l of tilt' W;lll,'! .i r e taken i n t o c ons i de r at ion (h). A sig
n i f i rant i ufl uen.-o 01 (h'IIIl'rium on the spectra "110 hp ob se r vod , 
hmNI'v("r t he met u l l ic Willl!l C/\lIS{' only Il smnl l ChllnlJ;l~ of t ho 
pu l s« lu- i ght spt'ctra alld o l liltal l'fficil'ncy. In t Iu- c n l c u Ln-: 
t i on s II d i u t ruu-v 01 I. - 'J. r

) e-m h1'tWI'1'1i t lu- t u r ge t nx i s n nd t.lu
.Il'lt'clor Hllrflj('I' WII~I II.'ll·d. IIl't'ordinlJ; to th.' ,'x\,l'r i ment II I coo
,lil;OIHI ill Ihl' illV"filigilliollH "I prO('I'IHI (I). 1II'('IIIIHI' in first 
"xlll'rillll'\ltH un l v 0111' lillll o l t lu- d"lt·('tor WillI IIHI',I, ollly r c
HIlII N oh t n i n .. d 11I1' lili N "IINI" II"" d"lllolHll rlll,·d. '1'111111' ') illClll 
.1"'11111" n"llllltfi 1l.'I'lll'dil,,', III l'II!l'lIll1liIlIlH 01 tllllli v ff i c i om-v . 

U 1111'11I1H 'hi' 1l.1'\ll1lt'lrlCIII "II i('il'IH'y III t h e- HI'llil illillor;'ll i!1 

1111' 101111 "II i"j"\lI'y 01 t Iu- nr- i u t 111111'11'; '11 i » 1114' Haml,' w i t l. 
IIII' ('Oll/aid,,"1I1 i uu nn l v 01 t lu: dr-ur o rl um ; , w i t h I ilL' "oIlHi,ltor;l 
I i uu III III" .11111 .. .-1111\1 111111 II! I III t lu- Willi", WI' nu-n t ion l h.t t 
1111'1\' hi II p,olld 11f',"t't'II\<'111 l,t.tW•• t'll t Iu- VttllU' 01 UM lJ -l'l.h7. Ill. 

IlIillt,,1 hy MOllt,· CIIII" ("od,' n ml 'hilI ohtnil\I,,1 lIy 1,I['I\IIIIn 11 '" 
"-,---,.,.",, M (; 

= 1/." (I (J I , H~'/\lI')'1 ). 111111 hIIIWI't'l\ 11", VlIllIl·tl III , 
" 111111 111111 "'"111111'.1 I,y '1IlIIpll' "1\1"111111 j"IIIl, 

Itt 

TaMe 2 
Characteristic data Of calcuLated registration effi
ciencies with the energy of En = 2.45 MeV at expex-i» 
mentaL conditions of investigating process (1) (E~~ = 
z: 100 keV) 

Geometrical Efficiency, lO Efficiency ,In Efficiency, e 
efficiency.O calculated with only deute- deuterium and 
(w i t hou t tak out the deuteri  rium (target all of the 
inp, into ac um and the walls size: (I) 42x walls taken 
count the deu xlOO rom. p= into account 
terium and the =1.5 kb a r ) 
walls 

No / i oo keV No /100 keV No /100 keV 
threshold threshold threshold 

0.336 0.234 0.205 0.248 0.185 0.249 0.173 

The results of calculations prcsclIted in Table 2 were used 
in the evaluation of exp0rimental data. We f'stimate the rcla
I i vc o r r or of our calculations no t to be more t hnn J%. 

'I. CONCLUSIONS 

Modcllis:ILion Ill' l'xp.. ri mo nt n l Hp('cl r n 11I1l1 (';II('lIlal i ou s Oil 

11('111 ron rcgistl';lliotl l,rrici .. ,H'Y 01 largl"-vlllllllll' (V ~ 211.1 I) 
111'1111'011 dl'tl'('lol' I,y 1ll<'/1 I It; .. I MOIII" C'-II'lll 1111'11",,1 wI'r.' Il,'rlor

IIII'd. 'l'ho y may Ill' 111,('11111101 uu l v I Ill' lilt, .-lhIlV(' Ill"lllillll l'" "X

1II'l'ilTl('l1l-!;. hilt ;r1~;tI I .... olh"I' wo rk r: ill till' li"ld of 1Il1l01l ,'a-

t u l vu i .r , Till' 1'l";lIlt,; ol,,;\illl·d hy Ihl' 1'1"\,, "1',)'1'" w i t h n i mp l •. 
"!:I i m.i t iOIlI; ;11111 "!llndal iOII I: w i t h i u ,I I"w P''!'''''llt, wh i r- l. m.i v 
111'11' o t lu-r 0111111,,"1; ill l'IIIII'f;illJ', IIII' Ill","11 01 tlll·i,' d"'t",ttll'll 
1.. 1' illV":;ti,'.nlillll~' III djil,·r.'II' pllYlli"1I1 pl"("'''I'''tl. 

til 1;11;( w.' 11",,11 i,,". 1h!ll t 1\1' "II·III,·d ,' ..d,' "i111 I .. ' "/Itli l v 
.llllll'l (." I tI ,'1111'1 1',"lllll('11 i"111 ('lllld i I illllli .. I IIII' .'Xp.,) ;1II1'llt. 111111 

I 111('1" ('Il"I,',y i III rrv.r l Ii ( 10 ~1t'V) ,J! 1I",1l10Iltl. Tilt •• ·.. tli. nurv 
I II/i"d ('V"II ill ,',) Ii"" WI'l'11 fill' j Il iIi ,II 111""'( ri uu "I ""111 n'IIB 

1''''1 'I l'tI\III,li",II"d 1"1111. Thi'l lill',) "1.'-111111111111"" III hlll''''llll)1 

1111 ")ulIlIl'l" ill iV"liI i".ill illf.', 1'1""'11/' (/) ill 11'1111d I r il i 11111 , 

wlll' ... • II dil""1 1II"illllll"III"1I1 "I t iH 1IiIlIll'I>I,'. III 'I>ill (';11'" 1111' 
<'''1111'111 i""11 "I "ill"1I1111 (""!I u l t h (OH''''I I uu« I I " f,.IVt'll illl"\II\;11 illil 

,d'''lll II,,· I"I "' ,d tlpl"" III "I 11"111 !1l111j 1111111 III IW."I', (.') wlti ('II 
ill "I 11I1"I"'1l 1111111 IIII' I'll/III ,Ii vi,'w "I 111 ... 1"111 pIIY""'''. 

I I 
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.....,.....eHKo. 8.B., KIIp,,_ n.	 EI3-88-566 
3tteKTM.HOCT.. perMCTpa"MM HeATpOHo. CneKTQDMeTpa 
nonHOro norl1OlleHMA 

CoaABHW nporpaMMW paC'4eTO. M npOBeAeHW BW'4MeneHMA MeTOAOM HoHTe-Kapno 
annapaTypHWX cneKTpo. M3~KTM.HOCTM pefMCTpaijHH HeMTpoHo. eon".M"H 106~ 

C"MHTMI1JIATopa 2".1 nl HelhpoHHWMM AeTeKTopiIMH. OoKaaaHO, '4TO 80 MHorHX eny
'4."X npocTWe OijeHKM H BW'4HeneHHII IIOC:npoMS8OAAT 3C1M11eKTM.HOCT" Is TOM '4Mene 
MC y'4eTOM noporal C T0'4HOCT..m HecKon"MMX %. npM.eAeHW toPMW nMHHH AnA 
ED· 2,"5. " M 5,2 Has InpM ED • 2,5 Ma8 TaK*e MAnA AeMTepMposaHHOfo C"MH
TKnnATOpa/. npeACTaeneHW KOHKpeTHYe peayn..TaTW AnA HeMTpoHHoro cneKTpOMeTpa 
2~310x160 MM, Mcnon..ayeMOfo • nAn, OKRM, • 3KCnepMMeHTaX no MSy'4eHMm npo
uecca .,moHHoro KaTenHaa peaKijMM cMHTesa d + d • 

Pa50Ta BWnonHeHa B na60paTopMM AAepHWX np06neM OM~M. 

Coo6m_ O61.eJUlHlMHoro HHCTlfTY'TllUIepo.m IICCJIBJlOIl8HllA.,lly6Ha 1988 

Fllchenkov V.V., Marczls L.	 E13-88-566 
fteglltratlon EfficIency of a Full-Absorption 
Neutron Spectrometer 

A Monte-Carlo code wa' cr.at.d and u••d for model I Is.tlon of .xp.rl 
ment.l spectra and of neutron raul.tr.tlon .fflclency by mean. of I l.rge 
volume neutron detector (V· Z4.1 I). A, Is .hown, In meny c•••• Ilmpl. e. 
tlmetlons and calculation. (al.o when thr••hold I. t.ken Into account) .gr•• 
within. few %. Pulse hl!lght 'pectrll .t En - 2.45, " .nd 5.2 MeV (It &: • 
- 2."5 MeV a150 for a deuterl ••d Iclntlll.tor) .re pre ••nt,d. R'lultl 'or 
• n.utron spectrometer with dlmenllon. h 0)101\160 1IIIl, uud at JINR for
 
Inv'ltlglltlon~ of muon cu.ly.ed fUllon procull d. d are d.monltrated.
 

The Inve~tlgatlon hal been performed at the Laboratory of Nuclear
 
Problltlllll, JINR.
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