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AnaAaWBHnH 6.C. H AP· 1-80-242 

~MnynbcH~e pacnpeAeneHHR cneKTaTopoe 
npH ~parMeHTa~HH nerKHX RAeP 

AHanH3HPYDTCR HMnynbcH~e pacnpeAeneHHR cneKTaTopoe 
BO B3aHMOAeHCTBHRX RAep 4He HMnynbca 8,6 r38/c c npoTo
HaMH. AnR nony4eHHR HMnynbCHOrO pacnpeAeneHHR OTHOCHTenb
HOrO ABH>KeHHR ABYX rpynn HyKnOHOB B RApe npHMeHeH MeTOA 
MOHTe-Kapno, KOTOp~H n03BOnHn B paMKaX TeOpHH npRM~X 

peaK~HH paCC4HTaTb XOA 3aBHCHMOCTH Ce4eHHR OT HMnynbCa 
cneKTaTOpa. npoBeAeHO cpaBHeHHe 3KCnepHMeHTanbH~X 
AaHH~X c peaynbTaTaMH pac4eTOB AnR paanH4H~x eonHOB~x 
~YHKI.iHH RAPa 4 He. 

Pa6oTa BbmonHeHa e Jla6opaTOPHH BbiCOKHX 3HeprHH O~.R~. 

Coo~eHHe.o6,;eAHHeHHoro HHCTHTyTa'RAepHwx HccneA6aaHHH • .Qy6tia 1980 

Aladashvili B.S. et al. 1-80-242 

Momentum Distributions of Spectators in 
Light Nuclei Fragmentation 

Deuteron and 3He spectator momentum distributions 
were analysed in 4He-p interactions at 8.6 GeV/c incident 
helium momentum. The Monte-Carlo method was used to derive 
the relative momentum distribution of two groups of 
nucleons in the nucleus. Using this function, the shape 
of spectator momentum distribution was predicted assuming 
a pole diagram dominance of the reaction. Experimental 
data were compared with theoretical predictions for 
different 4He wave functions. 

The investigation has been performed at the 
Laboratory of High Energies, JINR. 

Communication of the Joint Institute for Nuclear Research. Oubna 1980 
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BBEilEH~E 

~MnynbcHoe pacnpeAeneHHe cneKTaTopos B CHCTeMe noKOR RAPa 
AaeT ~eHHYD HH~pMa~H~ 0 BHYTPHRAePHOM ABH>KeHHH OTAenbH~X HyK
nOHOB HnH Hx rpynn. B paMKax TeopHH npRM~x peaK~Hl1 3TO pacnpe
AeneHHe 3aBHCHT OT BOnHOBOH ~YHK~HH OTHOCHTenbHOrO ABH>KeHHR 
HYKnOHOB e RApe. HanH4He cTaTHCTH4eCKH o6ecne4eHH~x H HaAe>K-
H~x 3KcnepHMeHTanbH~x AaHH~x AaeT B03MO>KHOCTb npoeepKH 
paanH4H~x sapHaHTOB eonHoeol1 ~YHK~HH RAPa 4He. 

§1. AHA11~T~4ECK~~ METOil 

B TeopHH npRM~x peaK~HH 6~no noKa3aHo, 4TO AnR peaK~HH, 
OnHC~BaeMOH AHarpaMMOH, npHBeAeHHOH Ha pHC. 1, 3aBHCHMOCTb ce-
4eHHR OT HMnynbca cneKTaTOpa B cny4ae ~aKTOPH3a~HH aMnnHTYA~ 
AaeTcR e~pa>KeHHeM 11 •121 

smax 
yz 

f u0 (S )dS 
min yz yz 

du 
dil=k·q·l ct>(q)l2 /1/ 

s yz 

8 3TOM COOTHOWeHHH q - HMnynbC cneKTaTapa B CHCTeMe RAPa A, 
F(q) 

cf>(q) = 2 2 - BOnHOBaR ~YHK~HR OTHOCHTenbHOrO ABH>KeHHR 4aCTH
q +K 

~~ i H RApa B e RAPe A e HMnynbcHOM npeACTaeneHHH H F(q)- ~opM

~aKTOP. BenH4HHa K onpeAenReTCR e~pa>KeHHeM 

~ 
K=(2miBf), /2/ 

rAe m iB- npHBeAeHHaR Macca 4aCTH~ i H B , f - 3HeprH.A HX 
CBR3H B RApe A , a O (S ) - non HOe ce4eHHe peaK~HH i +X~ y t z yz. 
B ~YHK~HH penRTHBHCTCKOrO HHBapHaHTa ·Syz· 

.z 

npeAen~ HHTerpHpOBaHH.A MO>KHO nony-
4HTb H3 COOTHOWeHHH 

Smin= maxiS <2>, (m +m )~. 
yz yz y z /3/ 

smax =sO> 
yz yz /4/ 

PHC. 1. nonDcHaR AHarpaMMa. 

.3 



rAe 

s<t..2) .. s<0> + 2p q 
yz yz - x . ' 

(0) 2 2 IDA+£ x 2 2 
Syz==(mA+mx) +m 8 +2mA£x---m-(q +2m

8
), 

B 

Ex==Y~+p;. 

/5/ 

!6! 

171 

B 3THX Bblpa>KeHHRX Px - i1Mnynbc 4aC'THLibl x e CHCTeMe noKOR 

RAPa A. Bel-iAY -foro, 4TO npH6riH>KeHHeM o,ciHoriomilcHoro o6MeHa ' 
nonb3yiOTCR TOilbKo npil Manbix q~ ~'·. ''e cny4ae Hawei1 peaKLIHH Mom-

He rioKa3aTb, 4·-ra AI1R n106oro cnEii<-faTopa · 
·, • (2) . 2 
. a/Syz > (my+mz), 
6/ 3aBHCHMOCTb Si~) OT q cna6aR 1-1 ee MO>KHO He y4HT~BaTb. 

KpoMe Taro, 6yAeM npeAno11araTb, 4TO e o611acTH HHTerpHpoeaHHR 

npH pe11RTHBHCTCKHX HMny11bCaX Px MO>KHO HanHCaTb: 

u (S )==o: (S(O))+[ dao(Syz) ] • • (S -S(O) ), . 
0 yz 0 yz dS . S ,;,g(O) yz yz · 

yz yz · yz 

!8! 

npH HCn011b30BaHHH 3THX npH611H>KeH.Hi1 ~ no11y4aeM 

8 max 
yz (0) 
f u0 (S ) dS == 4 p q • u

0 
( S ) 

gmin yz yz X yz 
191 

yz . 
1-1 AJ1R 3aBHCHMOCTH Ce4eH!-1fl OT 1HMny11bCa cneKTaTopa 

<la == k'· q2l <ll(q)l2 ~ 
dq . 

/10/ 

B~pa>KeHHe /10/ 3aBHCHT OT THna cneKTaTopa 4epe3 B011HOBYIO 

<llYHKL\1-110 OTHOCHTeilbHOrO. ABH>KeHHR <lJ (q) '· 1-1 cnpaBeAJ1HBO A11R pa3-

H~X KaHa110B He3aBHCHMO OT Taro, KaKOBbl BHA 1-1 aMn11HTYAa peaK-

1.11-11-1 i +X. 
B~4HcneHHe l<ll(q)l 6~110 aHa11HTH4eCKH npoeeAeHo, HanpHMep, 

B pa6oTe Konei1HOBH4a 1-1 noTaWHHKOBOH /3/, 0HH HCn011b30Ba11H 8011-

HOBYIO <llYHKLII-110 6acce11R 1-1 BH11KHHa/4/ B BHAe 

~~ ...... . ..... ...... 4 
'P (r1 ,r 2 ,r 3 ,r 4 )==II rp (r 

1 
), ·/11/ 

i=l 

rAe 

I ( 2 2 2 [ a2 2 rp r 1 )I == N·exp(-a r) 1-Dexp(--r ~1. 
y2 /12/ 

B e~pa>KeHHH I 12/ KOHcTaHT~ a , D 1-1 y 6bii1H ·Hai1AeH~ cpaeHeHHeM 

c 3KcnepHMeHTa11bH~MH AaHHbiMH no H.3MepeHHIO .sapRAOBoro <llOPM<Ilai<-

4 

; 

'; 

4 
TOpa He. BOilHOBafl <llYHKLIHfl OTHOCHTe11bHOro ABH>KeHHR /13/ 6~11a 
nOI1Y4eHa TpaHC<!>OpMai.IHei1 B KOOPAHHaT~ RK06H 1-1 HHTerpHpOBaHHeM 
no BCeM nepeMeHH~M, KPOMe paCCTORHHR Me>KAY npOTOHOMH TPHTO-

HOM 

3 2 ~ 
<ll(e-) =k·exp(--Jr 2)[1-Dexp(- JL .JL:...r2 )] 

8 16 y 2 • /13/ 

rAe 
............ 1-+ ........... 
e-= r1-3(r2+ ra+ r4 ). /14/ 

npH TaKOH npOI.IeAype 6~110 CAe11aHO ynpo~eHHe, KOrAa npeAn011ara-

11H Ailfl cpeAHHX 3Ha4eHHH OTHOCHTe11bHbiX KOOPAHHaT HYKilOHOB B RA
pe TpHTHfl 

2 
2 y 

<pj > »---'2. 
a /15/ 

noc11e pa3IlO>KeHHR nOAKOpeHHOro Bblpa>KeHHR B I 13/ B CTeneHHOH PRA 

"' npH Hcn011b3oeaH~t~~t~ npeo6pa3oBaH~t~R <llypbe Eb111 no11y4eH aHa11HTI1-

4ecKHi1 BI1A B011HOBOH <llYHKLII-111 OTHOCHTeilbHOro ABH>KeHI1fl TpHTOHa 

11 npOTOHa B HMny11bCHOM npeACTaBI1eHI1H. 

§2. METOA MOHTE-KAPflO 

B noKa3aHHOM BbiWe aHa1111TH4eCKOM noAXOAe no11y4eHI1R. B011HOeoa::: 

<llYHKL\1111 OTHOCI1Te11bHOrO ABH>KeHI1R 11MelnTCR C11eAY~'l~11e npo611eMbl, 

a/ Pac4eT~ Henpi1MeHHM~ AJ1R pa3HbiX B11AOB B011HOBoi1 <llYHKLII-111, 

KOTOp~e MOryT B03HI1KHYTb npH 11HOM TeOpeTI14eCKOM nOAXOAe 111111 

npH YT04HeHHRX HCXOAH~x 3Kcnepi1MeHTa11bH~x AaHH~x. KoHKpeTHO, 

3a nOC11eAHHe rOAbl 6~111-1 CAe11aH~ HOBble 113MepeHHfl 3apRAOBOro 

<llOPM<IlaKTOpa 11erKHX RAep
15- 81 e WI1POKOM AHana3oHe I q max 

= 8 <llM -l I, KOTOpble no3BOI1H11H CHKY 191 npRMo, 6e3 npeAn0110>KeH~t~R 
06 aHai1HTI14eCKOM B11Ae B011HOBOH <llYHKL\111-1, n011Y4HTb AaHHble 0 

nnoTHOCTH 3aPRAa e RAp ax 
3
He 11 

4 
He. 

6/ A11R B011HOBoi1 <llYHKL\1111 KOHKpeTHoro aHa1111TI14ecKoro BHAa He 

ecerAa MO>KHO CAeilaTb pac4eTbl 6e3 11Cn011b30BaHI1R npH611H>KeHI1H. 

TaK, npH611H>KeHHe /15/ npo6neMaTH4HO, ec111-1 saMeTI1Tb, 4TO 

Y /a == 0 , 729 <llM. 
e/ B c11y4ae, KOrAa 4aCTHLI~ i 1-1 B 1-13 AHarpaMM~ Ha p11c. 1 

COAep>KaT 6011bWe 4eM OAHH HYKilOH, Heo6XOAHMO HCn011b30~He
CTaHAaPTH~e KOOPAHHaT~ RK0611/101, 4TO npHBOAHT K HOB~M np0611e

MaM. 
4To6~ o60HTH 3TH TPYAHOCTH, 6~11 paspa6oTaH MeTOA MOHTe

Kap110 AJ1fl no11y4eHHR B011HOBOH <llYHKL\1-111 OTHOCI1Te11bHOro AB11>KeHI1fl 

HYKilOHOB 1-11111 rpynn HyKnOHOB e RApe. OcHOBHYIO M~Cilb 3Toro 

nOAXOAa MO>KHO C<!lOPMY11HpOBaTb C11eAYIO~IIIM o6pa30M. 
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. nyeTb HYK110Hbl flAP a paenpeAeJleHbl TaK, 4TO eepOfiTHOeTb Ha
XO>KAeHHf1•4aCTHI.I 8'311eMeHTe dV KOH¢lHrypai.IHOHHOrO npOeTpaHeTBa 
pasHa IW(r1) 12dV. · Eenr-1 pasAeilHM HYKilOHbl Ha ABe HenyeTbre rpyn
nbr, TO BepOfiTHOeTb TOro, 4TO paeeTOfiHHe Me>KAY HX l.leHTpaMH 
Tfi>KeeTH 3aKJ1104eHO B HHTepeane ( e, e + de) TpeXMepHOrO npo-; 
erpaHerea, 6yAeT pasHa 4rre2 1<I>(e)l%e. rAe <I>(~- eonHoeafl 
¢lyHK1.1Hfl OTHOeHTe!JbHOrO ABH>KeHHfl 3THX nOAeHeTeM. 0Tei0Aa BbiTe-
KaeT, 4TO HaM He06XOAHMO.. reHepHpOBaTb eHTYai.IHH, 
B. ,KOTOpbiX BepOfiTHOeTb HaXO>KAeHHfl HYKilOHOB B 111060M MeeTe npo
erpaHeTBa paBHfleTefl KBaApaTy a6eOJ110THOrO 3Ha4eHHfl BOJlHOBO~ 
¢lyHKLIHH. B 3TOM MeeTe; paee4HTaTb paeeTOfiHHe eil.leHTPOB Tfi>Ke-. 
ere~ B~OpaHH~X rpynn HYK110HOB 0 AaTb KalKAO~ eHTYaLIHH eTaTHe
TH4eeKH~ Bee w =e-2 • B 3TOM eny4ae paenpeAeileHHe no e 6yAeT 
e T04HOeTbiO AO HOPMHPOB04HO~ KOHeTaHTbl paBHO I <1>(~1~ nepeXOA 
B' HMnynbeHoe npeAeTaBJleHHe TaK>Ke MOlKHO eAeJlaTb 4HeJleHHbiM ny
TeM. 

npoeepKa noKa3aHHOro nOAXOAa 6~na eAeilaHa cpaBHeHHeM c aHa-
11HTH4eCKHMH pesynbraraMH pa6or~.noraWHHKOBO~ H KonenHo-
BH4a131. 

Ha pr.1c. 2 noKasaHo cpaeHeHHe pa3111-14HbiX BOilHOBbiX ¢lYHKLIH~ 
OTHOCHTenbHOrO ABH>KeHHfl ~e-n B I-1MnyJlbCHOM npeACTaBJleHI-11-1. 
BI-1AHO, 4TO pac4eT~ MeTOAOM MoHre-Kapno e o6nacTH HMnynbcoe 
HI-1>Ke 0,35 f3Bic coenaAaiOT c aHa111-1TH4ecKHMH pac4eTaMH. Pacxo>K
AeHHe npr-1 6onbWHX HMnynbcax eo3HHKaer Hs-sa pasnH4Hfl I <I> (e) I 
AJlfl . MaJl~X e. AJlfl KOTOPbiX ~e onpaBA~BaeTCfl npHOilHmeHHe I 151. 

BonHoeb!e ¢lYHKi!HH IleCHfiKa '111/ H eonHoBaR· ¢yHK1.1Hfl, nony4eH
Hafl no AaHHbiM CHK~ 191 , 6i.rnH · cr<oi-rcrpyHpoeaH~ Ha ocHoee pacnpe
Aenei-rHfl. · BHyrpeHHHX KOOPAH HaT·· l-o4~4Hbrx sapfiAOB, AJlfl · Korop~x 
coonioweliHe Meli<j:i)/ koopAHHaTaMH S1Ko6H { · i.1 paccroRHHeM HyK-

o.s 

01 

01 

O.Ol 

OJI 

ii 

. ' ' -' ~ . ' ) '... .... ~-

JlOHa r1 - r a OT l.leHTpa . TfllKeCTH 
flAP a 4 He HMeer .. BHA: 

-; -? =2...{ 
1 a 4. 1161 

PHc. 2. CpaeHeHHe BOilHOBbiX ¢lYHK
!fH~. OTHOCHTeJlbHOrO A'BH>Ke'HHfl 
He-n· e HMnynbcHoM "npeAcrae-

neHHH: ----- - no AaHH~M CHKa, 
, • , • ·-·no JleCHfiKy':H' AP·.·, ---

·- - - · no 6accenro-BH11KHHY /tite'
TOA' · ''MoHre-KapJio/,- '-·~·;::::.•• ..... -~, 

·no KonenHOBH4Y H·norawHHKOBO~. 

\. 

i 

' ·) 

,:~ 

~~·I i 
L: 

1i 
·~! 

I. 

BonHoBafl ¢lyHKLjHfi_'.OTHOCHTe11bHoro ABH>KeHHfl Ae~rpoHa H OTAenb
HbiX HYKilOHOB nony4aJlaCb MeTOAOM MOHTe-Kapno Ha OCHOBe AaHHbiX 
CHKa; npH 3TOM HeCTaHAapTH~e KOOPAHHaT~ RK06H B C~CTeMe l.leHtpa 4 . 
Tfi>KeCTH He ·. 6panHcb e BHAe l· 

TJ-+ = -r -r -2r . , .· 1 2 • a 1171 
KOppeJlfiLIHH Me>KAY HYKilOHaMH He Y4HT~Ba11HCb. 

§3. CPABHEHHE C 3KCnEPHMEHTOM 

Ha pHc.3 nDKasaH~ 3KcnepHMeHranbHoe H reopeTH4eCKHe pacnpe
AeneHH~YilbCOB cneKTaTOPHbiX fiAep 3He B peaKLIHH 

'lie + p -+ 
3 He + p + n • 

CneKTaTOPOM npH 3TOM C4HTanacb 4aCTHLia C MHHHMaJlbHbiM HMnyilbCOM 
B CHCTeMe nOKOfl~erOCfl fiAPa 4He. TeopeTH4eCKHe KPHB~e npHBeAeH~ 
Ha OCHOBaHHH BOJlHOBbiX ¢lYHKLIH~ 6acce11fl- BH11KHHa141, JleCHfiKa 1111 , 
a raK>Ke AaHHbiX o pacnpeAeneHHH nnoTHOCTH sapfiAa CHKa 19 1, 

BnHfiHHe Ha pesyJlbTaT~ H3MepHTe11bHbiX OWHOOK Ol.leHHeanocb Me
TOAOM MOHTe-Kapno. 

Paspa6oraHHafl MeTOAHKa 6~na HcnonbsoeaHa TaK>Ke H AJlfl pac4e
ra HMnynbcH~x pacnpeAeneHH~ APYrHx 4aCTH1.1-cneKT~ITopoe e pas-
11H4H~x KaHanax, H3 HHX OC06oe BHHMaHHe CileAyeT YAeilHTb Ae~Tpo
Hy, AJlfl Koroporo XOA I<I>(q) I HHO~. B pa6ore /2/ noKasaHo, 4To 
B CJ1y4ae cneKTaTOpHoro Ae~TPOHa Ha peaKLIHIO i+X He11b3fl CMOTpeTb 
KaK Ha B3aHMOAe~CTBHe BHpTyaJlbHOrO Ae~TPOHa C npOTOHOM. 6onee 
BepOfiTH~M fiBJlfleTCfl npOI.IeCc, KOrAa C npOTOHOM~MHWeHbiO CHilbHO 
B3aHMOAe~CTBYIOT no_OTAeilbHOCTH ABa HYKilOHa H3 fiAPa 4He.BBHAY 
roro, 4TO Ha BOilHOBY~ ¢YHKLIHIO OTHOCHTeilbHoro ABH>KeHHfl He B11Hfl-. ' . . ' ~ 

eT MeXaHH3M CHJlbHOro B3aHMOAe~CTBHfl HecneKTaTOp~~X H~KilOHOB 

PHc.3.HMnynbcHoe pacnpeAe
'iiei#1e cneKTaTOPHbiX fiAeP 3 He 
H KpHBble AJlfl BOJlHOB~X ¢lYHK-
1.1H~ naccenfi-BHilKHHa 
1- - - -I, IlecHfiKa I --1, 
a rai<>Ke ··KpHeafl; pacc4HTaHHafl 
no AaHH~M CHKa 1 ...... 1. 
KpHeafl p..;..- • - I y4HT~eaeT :· 
BJlHfiHHe OWH60K H3MepeHHfl AJlflj 
AaHHbiX no CHKY. 

':ii1o 
~ 
""'60 :! 
~so 
~ 

40 

-~ -

+ 
OA 0.5 q~.a,t) 
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~60 ~ 
,. I \ fso / ·. J. 
<T /t!;)~ 

1!':: l'tr\ 
20 !/ \.\++ ; \ J. 
10 ' \,>:t:,:_r+~ 

··~---~ .. :-----. 
0 0.1 0.2 0.3 0.' 

of;, • + .. ·' 
0.5 q[rJ!l,c) 

PHc.4. ~MnynbcHoe 
pacnpeAeneHHe AeHT
poHoa-cneKTaTopoa. 
TeopeTH4ecKaR KpH-
aaR 1 ...... 1 nony4eHa 
c Hcnonb30BaHHeM 
AaHHbiX CHKa, KPHBaR 
I-·-· - ·- I Y4HT~aa
eT BflHRHHe OWH60K H3-
MepeHHH. 

C npOTOHOM-MHWeHb~, 
.H BBHAY TOro, 4TO 
a Bbrpa>KeHHe I 1 01 

npRMO He BXOAHT Ce4eHHe peaK~HH i+X, OnHCaHHOH npo~eAYPOH 
MOlKHO nOflb30BaTbCR AflR BOCCTaHOBfleHHR 3aBHCHMOCTH d a/ dq 
AflR n~6oro KaHana c a~neTOM cneKTaTOpHoro AeHTpoHa, a TaK>Ke 
AflR cyMMbl 3TH X KaHanoa. Ha PHC. 4 noKa3aHo cpaaHeHHe TeopeTH-
4eCKOH 3aBHCHMOCTH da/dq ~nynbca, KOTOpaR 6~na onpeAene
Ha no AaHH~M CHKa 19{c 3KcnepHMeHTanbH~M pacnpeAeneHHeM HMnynb
coa AeHTPOHoa-cneKTaTopoa AflR Tex KaHanoa peaK~HH 4Hep 
npH 8,46 r3B/c, rAe He PO>KAanacb 6onbwe 4eM OAHa HeHTpanbHaR 
4aCTH~a. 

3AI<I1104EH~E 

CpaaHeHHe 3KcnepHMeHTanbH~x AaHH~x H TeopeTH4eCKHX KPHB~x, 
H3o6pa>KeHH~x Ha pHc.3 H 4, no3aonReT cKa3aTb, 4TO no pacnpe
AeneHH~ nnoTHOCTH 3apRAa-H3 pa6oT~ CHKa 191 a paMKax onHcaHHOH 
npo~eAYp~ MO>KHO xopowo onHcaTb HMnynbcHoe pacnpeAeneHHe cneK
TaTopoe B 4Hep -e3aHMOAeHCTBHRX npH 8,6 r3Bic. 

HaKoHe~, OAHH H3 aeTopoe IM.6aHol xo4eT no6naroAaPHTb A-pa 
floeawa H3 KFKI /6yAanewTI 3a rocTenpHHMCTBO, HHTepec K 3TOH 
pa60Te H BCeCTOpOHH~~ nOM~b. 
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