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A6aHeanHee A. H np. P2 10770 

0 CpaBHeHHH C 3KCnerH~1eHTOM 02HOH aBTOMOQenbHO~ 

3BKOHOMBpHOCTH B npOUBCCe pa3BBIJB pellHT~BHCTCKOrO L!BMTpOHB 

PaccMarpHeaercH pacnpeneneHHB cneKTaropHcrx HeiirpoHOB B :-rpouecce 

pa3eana pellSITHBMCTCKOf'O nellrpoHa. TeopeTH'-!BCKBH '.10L!Bllb c BBTOMOUBilb-

HOii napaMeTpK38UHBH "npOilOnbHOrO ilBHA<BHHH" B nana!OUJB~1 LlBf~TPOHe 

cpaBHHeaeTcSI c 3KCn8pH~eHranbHbi~H ili1HHb,~1H npH 3HB"!BHH>!X HMnynbcoe 

nelirpoHa pd 'paBHblX 3,46,4,46,7,66 If 10,2 rsB/c, DoKB3BHO, "fTO B paCCMBT~ 
pHBBBMOH o6naCTH npeanonaraeMaA MOLl~llb LlOCTBTO"fHO XOpOWO OITHCblBBeT 

3KCIJepKMeHT8llbHb!e UBHHbiB, 

Pa6ora Bb•nonHeHa B Jla6oparopHH B<o!COKilX 3Heprllii OHHl!. 

flpeDpBHT 06'J.eJIJIHeHHOrO UCTBTYTA A.QepBW:X BCCneJlOIIt&BIII. Jly6Ha 1977 

Abdivaliev A. et al. P2 - 10770 
On Comparison with Experiment of One 
Automodel Regularity in the Process of the 
Relativistic Deuteron Stripping 

The distribution of the spectator neutrons in the 
process of the relativistic deuteron stripping is conside
red. The theoretical model with automodel parametriza
tion of the "longitudinal motion" in the incident deute
ron is compared with experimental data at the deuteron 
momenta .Pd ,equal to 3,46, 4.46, 7,66,and 10.2 GeV/c.It is 
shown that in the region considered the model supposed 
describes sufficiently well the experimental data. 

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

Preprint of the Joint Institute for Nuclear Research. Dubna 1977 
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B nocne)J.uee apeMH a npoueccax B3aHMO.D.eiicTBHH a.D.

pouoa BbiCOKHX 3HeprHH 6bin yCTaHOBJieH pB:)J. aBTOMO)J.enb

HbiX JaKoHoMepuocTeii:, no.D.TBep)K)J.aiOII.J,HX a Toil: unu uuoii: 

CTeneHH npe)J.CKaJaHHB: pa3nHqHbiX TeopeTHqeCKHX CXeM. 

B qacTHOCTH, a ps.D.e 3KcnepuMeHTOB 6bmo no)J.TBep)KJJ.eHo 

npe)J.CKa3aHHe 0 MaCWTa6HO- HHBapHaHTHOM xapaKTepe 0)1.

uoqacTuquoro HHKniOJHBHoro pacnpe)J.eneuus du/ dp I E a 

o6nacTH <iJparMeHTaU,HH HaneTaiOmeii: qacTHI.J,bl /l-3/. IIpo

aepKa )J.pyrHX npe)J.CKa3aHHH npHHI.J,Hlla aBTOMO)J.eHbHOCTH 

MaTaeeaa - Mypa.D.HHa - TaaxenH.D.Je/3 / .D.JIH npoueccoa 

MHO)Ke<:Taeuuoro pO)KJJ.eHHH Tpe6yeT )J.anbueii:wero no)J.po6-

uoro auanH3a 3KCnepHMeHTaHbHbiX )J.aHHbiX. IlOHBHJIHCb TaK

)Ke yKaJaHHH /eM., uanpuMep, o63opbi / 4- 8/ H I.J,HTHpoaau

HyiO B HHX HHTepaTypyj Ha He3aBHCHMOCTb OT :meprHH 

px)J.a XapaKTepHCTHK B npoi.J,eccax BJaHMO)J.eHCTBHJI H)J.ep 

BbiCOKHX 3Hepruii:. Auanoruu a a)J.poHHbiX H B:JJ.epublx aJaHMo

.D.eii:cTausx MoryT oKa3aTbCH uecnyqaii:HbiMH, a )J.eTanbuoe 

uccne)J.oaauue 3Toro Kpyra aonpocoa npe)J.cTaanseTCH 

BeCbMa aKTyanbHbiM. 
06'be)J.HHB:IOII.J,HM MOMeHTOM 60HbWHHCTBa TeopeTHqecKHX 

llO)J.XO)J.OB B 3TOM uanpaaneHHH B:BnHeTCB: llOllbiTKa OTXO)J.a OT 

Tpa)J.HI.J,HOHHoro /uepenHTHBHCTcKoro/ cnoco6a onucauus 

caMHX HJJ.ep. llpe)J.naraiOTCH pa3nuquble cnoco6bl penHTH

BHJau.uu B:)J.epHbiX BOHHOBbiX <iJyHKU.HH / 9-l 3/. 

B pa6oTax /11,13/fibiJI npe.D.HO)KeH B03MO)KHbiH no.D.XO.D. K 

HJyqeHHIO npou.ecCOB C yqacTHeM peJIB:THBHCTCKHX B:)J.ep, 

OCHOBaHHblH ua aapHaHTe KBa3HllOTeHI.J,HanbHOH )J.HHaMHKH 
a nepeMeHHbiX "caeToaoro <l>pouTa" /l·l,lS/. <l>opManHJM pa-

6oTflJ 4•1: S/ /eM. TaK)Ke 0630p / 16/j OCHOBaH Ha 0606II.J,eHHH 

llOHJITHB: O)J.HOBpeMeHHOCTH, HrpaiOI.IJ.eM Cyii.J,eCTBeHHYIO pOJib 

B KBa3HllOTeHI.J,HaHbHOM llO,IJ,XO)J.e JloryHOBa-TaBXeJIH)J.3e/17 /. 
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llpu aHanu3e cne,D,CTBHii TeopeTuqecxux MO,D,eneii u 

cpaBHCHHH HX C 3KCnepHMCHTOM Ba)I{HO Bhi,D,CJIHTh KJiaCC 

3KCnepHMCHTaJibHO Ha6mo,D,aeMbiX JIBJICHHH, BKOTOpbiX npe,D,

nonaraeTCJI npoHaneHue npe,D,cKa3biBaeMbiX 3aKoHoMepHo

cTeii. 0,D,HHM H3 OTHOCHTCJlbHO Bbi,D,CJICHHbiX THllOB npouec

COB C na,D,aiOIUHMH peJIJITHBHCTCKHMH Jl,D,paMH JIBJIJICTCJI pa3-

aan na,D,awmero H,D,pa c BbiXO.D.OM cnexTaTopHoro $parMeHTa. 

B cnyqae na,D,awmero ,D,eiiTpoHa TaKHM $parMeHTOB HBnH

eTCJI O,D,HH H3 COCTaBJIJllOIUHX ero HYKJIOHOB. 

11HaapuaHTHoe pacnpe,D,eneHue cnexTaTopHbiX HyKnouoa, 

paccquTaHHOe a paMKax ynoMHHyToro Bbillle $opManH3-

Ma II1,13-1 6 I,HMeeT CJIC,D,YlOIUHH BH,D,: 

r,D,e 

da 
2 2 ) v ~ ( SNN> mN _'_~_B._ __ a ( S ) x 

"' ------------ tot N N 
dp sp \ Esp 2 2 

v>dS,md' mN 

... i!!p 

x\ 
<ll(X,PJ ) I 2 , 

1-(l+m /(P +E ))Xsp 
N d d 

m sp 
psp + E sp 

X"' (1+--~)X , xsp = _ __L 

pd +Ed mN +Pd +Ed 

sp 2 
S = S.(l -X )+m 
NN N 

-+ sp 2 2 
( p-+ ) + mN 

X sp 

2 
A.(X,Y,Z)=(X-Y-Z) -4YZ. 

' /1/ 

/2/ 

p d ' Ed H p sp ' E sp - HMllYJlhC H 3HeprHJI na,D,aiOIUero 

,D,eHTpOHa H CllCI<TaTOpHOH qaCTHUbl COOTBCTCTBCHHO, IDN -

Macca uyi<noHa, m d - Macca ,D,eiiTpoua, c}l (X , P l ) - penH-
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THBHCTCKaJI BOJIHOBaJI $yHKUHJI na,D,aiOIUero ,D,CH"fpOHa,S 

o6hiqHaJI MaH,D,enhcTaMoacxaH nepeMeHHaJI. CquTaH, qTo npo

UCCC pa3BaJia npOHCXO,D,HT Ha OT,D,CJlbHhiX HYKJIOHaX Jl,D,pa

MHlliCHH, MO)I{HO cKa3aTh, qTo pacnpe,D,eneHue cnexTaTop

HbiX qacTHU He 3aBHCHT OT CBOHCTB MHWCHH. He3aBHCH

MOCTb pacnpe,D,eneHuii $parMeHTOB na,D,awmero H,D,pa oT MH

llleHH B o6naCTH MaJibiX nonepeqHbiX HMllYJlhCOB JIBJIJICTCJI, 

no-BH,D,HMOMy, ,D,OBOJlbHO 06IUHM JIBnCHHCM /eM., Hanpu

Mep, 15/ j, H Mbl He 6y,D,eM llO,D,BepraTb 3,D,CCb 3TOT BOllpOC 

,D,anhHeiillleMy o6cy)I{,D,eHHIO. Benuquua atot ( SNN ) HB

JIJICTCJI llOJIHbiM ceqeHHCM B3aHMO,D,CHCTBHJI aKTHBHOrO HyK

JlOHa H3 ,D,eiiTpoHa c HYKJIOHOM JI,D,pa-MHllleHH. 3Ta aenuqu

Ha npaKTHqecKH llOCTOJIHHa B paCCMaTpHBaeMOH HaMH o6-

nacTH. OcuoaHaJI 3aBHCHMOCTh pacnpe.D.eneuuJI /1/ oT X sp 
co,D,ep)I{HTCJI B aonuoaoii <l>YHKUHH $(X, Pl). 3aMeTHM, qTo 

$opMyJihl /1/, /2/ 3allHCaHhl B CHCTeMe llOKOJI JI,D,pa-MH

lliCHH. 

B npe,D,ene 6ecKouequo 6onhlliHX 3Hepruii na,D,awmero 

,D,eiiTpoua ,D,JIJI uuaapuaHTHoro pacnpe,D,eneHHJI Ill MO)I{HO 

nonyquTb cne,D,YIOIUYIO oueuxy: 

I - <ll ( xsp 'p JP ) 12 
S ... oo l-X sp 

... 
dPsp I Esp 

da 
/3/ 

06pamaeT ua ce6H BHHMaHue auanoru.11 Bblpa)l{eHHJI /3/ 
c npe,D,cKa3aHHJIMH ,D,JIJI HHKJII03HBHbiX pacnpe,D,eneuuii c Ma

JlbiMH nonepeqHbiMH HMllyJibCaMH B a,D,pOH·a,D,pOHHbiX B3aHMO· 

,D,CHCTBHJIX /1-3/. 0TKJIOHCHHJI OT aBTOMO,D,CJlhHOrO llOBe,D,eHHJI 

MOryT npOHCXO,D,HTh H3- 3a B03MO)I{HOH cna6oii 3aBHCHMO· 

CTH napaMeTpOB BOJIHOBOH $yHKUHH OT 3HeprHH. Mbl BepHeM· 

CJI_ eme pa3 I< 06Cy)I{,D,CHHlO 3TOrO MOMCHTa llpH cpaBHCHHH 

HalUHX BbiBO,D,OB C 3I<CllCpHMCHTaJihHbiMH .IIaHHbiMH. 

Bonuoayw <l>YHKUHJO ,D,eiiTpoHa <ll (X, P ..l ) MO)I{HO Bhi· 

6paTh, uanpuMep, B BH,D,e penJITHBHCTCI<oro auanora 

2 2 ... 2 2 
... Pl + m -1 P + m -1 

<ll(X,P1 )=const[---N--a] [ J N -{3] 
• XO-X) X<l-X) 

/4/ 

HepenJITHBHCTCKOH BOJIHOBOH $yHI<UHH XIOJihTCHa C BapbH· 

pyeMbiMH napaMeTpaMH a u {3 • llapaMeTp a B npouecce 

pacqeTOB $HI<CHpoaancJI 3HaqeHHeM a = 3,5156 I F3B/c/ 2' 
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paBHbiM KBa.n.pa TY Macchi .n.eii:TpoHa, a rrapaMeTp {3 orrpe

,IJ.eJIJIJICJI MeTO,IJ.OM HaHMeHLWHX KBa,IJ.pa TOB II pH cpaBHeHHH 

C 3KCIIepHMeHTaJILHblMH ,IJ.aHHblMH. 

XapaKTepHoH oco6eHHOCTLro pacrrpe.n.eneHHJI /1/ JIBnJI

eTCJI rrpe,IJ.CKa3aHHe MaKCHMyMa B TO'IKe 

X sp = 1 

2 ( 1+ mN I ( P d + Ed )) 
KOTOpaJI C pOCTOM 3HeprHH IIpHfiJIH~aeTCJI 
.n.enbHOMY 3Ha'leHHro X sp = 1/ 2. 

/5/ 

K CBOeMy npe-

Pacrrpe.n.eneHue crreKTaTopHbiX HeHTPOHOB, Bbl'IHcneH

Hoe ,IJ.JIJI BOJIHOBOH ~YHKUHH /4/, cpaBHHBaJIOCb C 3KCnepu

MeHTaJibHbiM pacrrpe.n.eneHHeM HeHTpOHOB OT CTpHllllHHra 

.n.euTpOHOB, KOTopoe 6blno nony'leHo cne.n.yro~HM o6pa3oM. 

YcKopeHHblH B CHHxpo~a3oTpoHe O.HR.H ny'IOK .n.eiiTpOHOB 

C HMllYJibCOM p d na.n.an Ha BHyTpeHHIOID anroMHHHeByro MH

WeHb. HeuTpOHbl, Bblwe.n.wue H3 MHWeHH no.n. yrJIOM e < 
< 0,001 pai), IIOlla,IJ.aJIH B-+ O,IJ.HOMeTpOByro BO,IJ.OpO,IJ.Hyro Ka

Mepy. B 3THX ycnoBHJIX P1sp B ~opMyne /1/ c xopoweu 

TO'IHOCTbiD MO~HO C'IHTaTb paBHbiM HyJiro. )J;JIJI onpe.n.ene

HHJI HMllYJibCHOro cneKTpa rra.n.aro~HX HeHTpOHOB Bbi,IJ.eJIJI

JiaCb peaKUHJI np --> pprr-, KOTOpaJI Ha,IJ.e~HO H,IJ.eHTH~HUH

pyeTCJI. 

flo OTOfipaHHbiM TaKHM o6pa30M C06biTHJIM fiLIJIH no

CTpOeHbl HMllYJibCHble CIIeKTpbl HeHTpOHOB, 3aperHCTpHpo

BaHHbiX B O,IJ.HOMeTpOBOH BO.IJ.OPO.IJ.HOH KaMepe. 

Eonee .n.eTanLHoe orrucaHHe 3KcrrepuMeHTaJILHOH rrpo
ue.n.ypbl npuse.n.eHo B /IB-221 . 

fiOJIO~eHHJI MaKCHMYMOB B 3KCnepHMeHTaJibHblX pacnpe

.n.eneHHJIX no,IJ.'IHHJIIOTCJI JaKoHoMepHOCTH /5/. Ha puc. 1 
rrpuse.n.eH rpa~HK ~YHKUHH /5/ B wupoKoH o6nacTH HMnynL

cos na.n.aro~ero .n.euTpoHa. 

Ha puc. 2-5 npuse.n.eHLI HOPMHpoaaHHble Ha e.n.HHHUY 

B TO'IKaX COOTBeTCTBYIO~HX MaKCHMYMOB TeopeTH'IeCKHe 

/cnnowHble KPHBLie/ H 3KcnepHMeHTanLHLie pacnpe.n.eneHHJI 

do I ~ --- Ps~ ,IJ.JIJI 'leTblpex 3Ha'leHHH 3Hepruu rra.n.aro~ero 
d:XSP d0sp ...1.-

,IJ.eHTpOHa. CBJI3L Me~.n.y rrpHse.n.eHHLIM Ha rpa~HKe pacnpe

.n.eneHHeM u HHBapHaHTHblM pacnpe.n.eneHHeM I 1/ npu HY-
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tJ 
.1 

o,s~~s~ --

0,3 

I 
I 

0 

-------------

iO 20 30 

pd.' r~~lc 
40 50 

Puc. 1. 3aaucuMocm& no/loJKeHu.R mo~Ku MaKcuMyMapacnpe
oe/leHU.R no X sp 0111 UMny/lbCa naoai0Uie20 oeumpoHa. 
To~Ku Ha zpaf/JuKe coomaemcmay10111 3Ha~eHUJIM uMnyA&
ca oeumpoHa, npoaHa/IU3Up06QHHbiM 6 OQHHOU pa6ome. 

(t:$ 
g_ 1,0 

E1 
~ 
~ 
~ 

0 .... 
Q:t 

e;- 0,5 
~ 
"' 
~ 

~ 

XSP 

Pa=~,46 13&/c 
.X 2/N=1,9 

Puc. 2. PacnpeoeAeHue da I dxsp dflsp I p~P =0 npu uMnyA&ce 
naoa10111e2o oeumpoHa P d = 3,46 r3B/c. -+ 
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rg 1,0 

~ 
~ 

1 
r 

0 
~J.O 5 

a:- ' 
(;.( 
e;;j 

X 

~ 
10 
-,j 

Pd.: 4,46 f3~/C 
X~.h' = i,~ 

0 ~ 
0,413 0,433 0,45?> 0,473 0,49~ 

xsp 

Puc. 3. PacnpeoeAeHue da/dxsp dOsp iPJsp=O npu uMnyAbce 
naoa10U1e2o oeiimpoHa P d = 4,46 F:JB/c. 

rg 
~ i,O 
u -. 

1 ... 
... ?. 
"h.--1 ... 
"'~ 05 
::t1 ' ... ., 
>< 
\j 

' () 
-o 

Pa= 7~66 r~~tc 
J.. 2/N='2,9 

Ot=v= ... , I I I -"-! 

0,427 0,447 0,46? 0,487 0,~7 

tp 

Puc. 4. PacnpeoeAeHue da I d xsp d~P ! psp =O npu UMnyAbce 
naoa10111e2o oeiimpoHa P d = 7,66 F:JB/c. l 
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• I 

~ 

i 

""' 

1 ~.ol rum{ ~=10,2r~atc 

1 2/N= i, i 
E 
u -.. 

i 
r 

a.9 
'B.-105 ;;:-- , 

"'o: 
iP 
-ti ....... 
lO 

-o 

x~p 

Puc. 5. PacnpeoeAeHue da/dx 5 Pdfl sp I pSP=() 
naoa10111ezo oeiimpoHa P d =10,2 F:JB/c . ..!. -

npu u.MnyAbce 

neBbiX 3Ha"leHBJIX nonepe"'Horo BMnynLca cneKTaTopa HMe

eT BH)l. 

da 

dx 5 P dfl sp Psp =() 

.+ 

I [ (mN+Pd+E)}(P]
2
-m!t 

4( mN + ~ +Ed 'f xsp3 

da I 
dpsp /Es1p ~P~ 

/6/ 

AHanH3 noKa3biBaeT, "'TO B paccMaTpHBaeMoii o6nacTH na
paMeTphl a H · {3 npaKTH"leCKH He 3aBHCJIT OT 3HeprHH 
na)l.aromero ny"'Ka /eM. ma6AUIIY/. 
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Pd., f3B/c 

3,46 

4,46 
7, 66 

10,20 

-.o 
~ 

~ 
Jj 
E 

~ 

-0 
a.U 
"h.-< 

w 
~ 0,5 

1% 
' '0 
\::1 

Ta6Au~a 

d., (r~btci 

3, 5156 

3, 5156 

3,5156 

3' 515 6 

P, (r36/c)2 

3,52409±0,00039 

3,52232±0,00066 

3,52089±0,00091 

3,51699±0,00214 

1- Pa_= 3,46r~/C 
2- Pd.=-7, 66 r~~lc 
3-Pd=sor~t/c 
4-Pd = oo 

Ql -:V 1..----='"' I ~I....___ '>d-. :1....__ I 

0,4i 0,43 0,45 0,47 0,49 0,51 0,53 0,55 
xsp 

Puc. 6. HHeapuaHmHble pacnpeoe/leHUJI da I dp sp I E sp 
npU pa3/IU~HbiX :mepZUJIX naOa10UjeZO oeumpOHa. 
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Ha puc. 6 npaBe,IJ;eHbi HHBapaaHTHbie pacnpe,IJ;eJieHH.Il 
cneKTaTopoB npa HeCKOJibKHX 3HeprH.IIX na,IJ;aromero .D;eHT
poHa, HOpMHpOBaHHbie Ha e,IJ;HHHUY B TQqKe MaKCHMyMa pac
npe,IJ;eJieHHJI npa HMnynbce P d = 3,46 T3B/c, nocTpoeHHbie 
npa 3HaqeHHJIX napaMeTpOB a = 3,5156 /T3B/cj2, {3 = 
= 3,522 I T:JB/c/ 2 • 

H3 npoBe.D;eHHoro aHaJIH3a cne.D;yeT, qTo Ha6nro,IJ;aeMbie 
Ha 3KCllepHMeHTe llB-2 21 3aKOHOMepHOCTH pa3BaJia peng
THBHCTCKOrO ,IJ;eHTpOHa B paCCMaTpHBaeMOH HaMH 06JiaCTH 
,II;OCTaToqHQ XOpOIIIO OllHCbiBaiDTCH peJIJITHBHCTCKOH MO,l].eJibiD 
C aBTOMO,IJ;eJibHOH napaMeTpH3aUHeH "npO,IJ;OJibHOrO ,II;BH•e
HHJI" B na,IJ;aromeM ,IJ;eHTpoHe. 

llpe,D;cTaBJIJieT HHTepec pacnpocTpaHeHae aHaJia3a THna 

npoBe.D;eHHoro 3,IJ;eCb Ha 6onee wapoKyro o6nacTb 3HeprHH 
na,IJ;aromero nyqKa, a TaK•e HJyqeHae pacnpe,IJ;eJieHHH cneK
TaTopHbiX qacTHU no nonepeqHoMy HMllYJibCy. 3TO ll03BOJIHT 
oqepTHTb 6oJiee qeTKO rpaHHUbl npHMeHHMOCTH npHBe,IJ;eH
HOrO paCCMOTpeHHJI. 

ABTOpbi Bbipa•aroT r ny6oKyro 6naro.D;apHOCTb A.M . .ban
,IJ;HHY, B.A.MaTBeeBy, A.H. TaBxeJIH,IJ;3e Ja o6cy•.D;eHae Ja
TpoHyTbiX 3,IJ;ecb BonpocoB a ueHHbie JaMeqaHHJI. 
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