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AaroHoB A.H. K ap. P4 - 12207 

11 HKili03HBHbie llK<I><l>epeHUKBITbHbie ceqeHHSI pOlK)leHHSI npOTOHOB 

B rrpOTOH-SlllepHbiX CTOnKHOBefiHSIX B MO,lleJtH KOrepeHTffbiX 

cpnyKTOHOB 

CpaBHHBaercH yrnoaaSI 3BBKCHMOCTb penHTHBHCTCKH HHaapHBHTHOH 

crpyKTypHOH ¢YHKUKK c pacqeTHOH, nonyqeaaoH B paMKBX MOAenH Be6epa

MKnnepa 6e3 B38KMO!leHCTBKSI B KOHeqHOM COCTOSIHKK. npH :3TOM HMnynbCHOe 

pacnpeaeneaHe ayKnOHOB B Kllpe orseqaer npeano~eHHOH aaropaMH MoaenH 

KorepeHTHbiX cpnyKTOHOB. PaccMaTpHsaeTCK npeaenbHbiH sapHaHT npKMOro 

B38HMOlleHcraHH, npe.nno.>KeHHhiH AMa.no H BonoiiiHHhiM. PacqeThi xopowo 
BOCUpOH3BOllSIT HHTepnonHpOBBHHbie K yrny 180° :3KCnepHMeHT8ITbHble llBHHbie 

H npaBHnbHO nepeaaJOT o6WHH XOll ceqeHHSI B 38BHCHMOCTH OT :3HeprHH 

H86ITIOll8eMoro npoTOH8, nonyqeHHbie a6coniOTHbie 3HaqeHHSI ceqeHHH cywecT

BeHHO 38BHCSIT OT KOHKpeTHOro BHll8 HMnynbCHOrO pacnpeaeneHHSI (aanHqHSI 

BbiCOKOHMITynbCHbiX KOMITOHeHT) • 

Pa6ora BhmOnHeHa B fla6oparopHH reoperuqecKoii ¢H3HKH 0115111. 

Coo6weHHe 06bellHHeaaoro HHCTHTyTa MepHbiX HCcneaosaHKii. Dy6Ha 1979 

An to nov N .A. et al. P4 - 12207 

Inclusive Differential Cross Sections for 
Backward Emitted Protons in Proton -Nuclei 
Interactions in the Model of Coherent Fluctons 

The general characteristics of the inclusive cross
section backward proton production in proton-nuclei 
interactions are considered on the basis of a nucleon mo
mentum distribution in the model of coherent nuclear 
d~nsity fluctuations. 

The investigation has been performed at the 
Laboratory of Theoretical Physics, JINR. 
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1. Hccne,IJ,oBaHHH BMCOK03HepreTHqecKHX a,D,pOH- JI,D,epHMX 

CTOnKHOBeHHH IIOKaJanH, qro 3HeprHH HHKlli03HBHMX qaCTHU ,IJ,O

CTHraiDT 3HaqeHHH cymeCTBeHHO 6onbWHX, qeM pa3peweHHMe KH" 

HeMaTHKOH CB060,IJ,HMX a,D,pOH·HyKnOHHbiX CTOnKHOBeHHH. bbinO rrpe,D,

rronmKeHO, qro TaKHe 3Hepreruqecxue crrexrpM qacTHU Moryr 

fiMTb CBH3aHM C KOpOTKO,IJ,eHCTByromHMH KOppenHUHHMH Me)I(,IJ,y 

HyKnoHaMH H,D,ep ll I HnH c BbiCOKOHMrrynbCHMMH KOMIIOHeHTaMH 

aonHoaoii IPYHKUHH H,D,pa /
21. He,IJ,aBHO rrpoae,IJ,eHbl H3MepeHHH ,IJ,BOHHMX 

HHKnffi3HBHMX ,D,H<lxiJepeHUHanbHbiX ceqeHHH pO)I(,II,eHHJI IIpOTOHOB Ha-

3a,IJ, B IIpOTOH- H,D,epHbiX CTOnKHOBeHHHX B o6naCTH cpe,D,HHX 3HeprHH 

/600-800 M.JB/ /1-s, 6 I B pa6orax 
1 1• S/ HJMepxnHCb ceqeHHH 

,IJ,nH HeCKOnbKHX yrnoB BMneTa perHCTpHpyeMbiX IIpOTOHOB. ABTo-
Jc; 

pb1 1 
·" CpaBHHBaiDT yrnoByffi 3aBHCHMOCTb penHTHBHCTCKH HHBa-

pHaHTHOH crpyKrypHoii IPYHKUHH 

-r E 

(J q 2 
I 

') 
d -, 

ctn ctq 
/1/ 

r,IJ,e q , E - HMrrynbc H rronHa.ll 3HeprH.II perucrpupyeMoro rrporo-

Ha, a u
1 

- IIOnHOe ceqeHHe IIpOTOH"H,D,epHoro B3aHMO,IJ,eHCTBH.II, 

c pacqerHoii rrpu rpex JHaqeHH.IIX 3Hepruii E -Pacqerbl rrpoBO,IJ,H

nHcb B paMKax MO,IJ,enH, rrpe,D,no)l(eHHOH B 17 I, B 3TOH MO,IJ,enu uc

IIYCKaHHe BMCOK03HepreTHqHoro IIpOTOHa IIpOHCXO,II,HT H3 OCHOB

HOrO COCTOHHHH .II,D,pa MHWeHH A, a HaneTaffimHH IIpOTOH B3aHMO

,IJ,eHCTByeT C OCTaTKOM H3 A -1 HyKnOHOB BHe MaCCOBOH o6onoqKH. 

B3aHMO,IJ,eHCTBBe B KOHeqHOM COCTO.IIHHH He yqHTbiBaeTC.II. ,l(Har

paMMa rrpouecca, oraeqaroma.11 TaKOMY MexaHH3MY, ,IJ,aHa Ha puc. 1. 
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p 

A-i 

A f 
Puc. 1_; AuazpaMMa, coomeemcmeyiOUIQJl MeX£1,HU3MY Be6epa- MuA
Aepa. p - uMnyAbC HaAemaiOUieZo npomoHa, q - uMnyAbc pezucm
pupyeMozo npOIIIOHQ, A - JlOpo- MUIUeHb. 

B pa6oTe;':,/ rroKa3aHo, 'ITO MO.D.eJih Be6epa- MHJIJiepa B TaKoM 

ee rrpe,ll,eJihHOM BapHaHTe He MO)KeT ,ll,aTh HH a6COJIIOTHhiX 3Hal.feHHB 

Ha6JIIO,ll,aeMhlX Ce"'eHHB, HH OTHOCHTeJihHOB yrJIOBOB 3aBHCHMOCTH 

cTpyxTypHoil <PYHKUHH I puc. 2, xpuoaJI a/. 

......._ 

I 

fr 
I 2.0 
~ 

~ 
M' 

6 ~. 
~ 

' 
t~ ~ •. 

q2 
··-= 100 M3B 
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I o.7 
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.S: = 150 M3B 
2M 

~50 

l 

100 eo 
Puc. 2. YzAoeaR 3aeucuMOCIIIb cmpyKmypHoil f/JyHKI4UU /1/ OAR oeyx 
3Hat~eHuil 3Hepzuu pezucmpupyeMozo n~o'lfoHa. KpueaR a/ - pac
t~em U3 /5/ e MOOeAu Be6epa- MuAAepa/ I; KpUBble e/ u c/- pact~e
lllbl U3/ 5/ c y'leiiiOM mpex- u oeyxHyKAOHHbiX KAQCIIIepoe. KpueaJl d -

HQC1110JIUIUU pact~em. 
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.. 

2. B HacTOJill.leil pa6oTe paccMaTpuoaeTCJI JJ.pyroil rrpe,ll,eJihHhiB 

oapHaHT rrpJIMoro B3aHMO.D.eBCTBHJI, rrpe.D.JIO)KeHHhiB AMa,ll,o H Bono

WHHhiM /~;. B 3Toil MO.D.eJIH HaJieTaiOlliHB IIROTOH c HMIIYJihCOM p Bhl-

6uoaeT HYKJIOH MHWeHH /c HMIIYJihCOM k/ Ha MaCCOBYIO 060JIO"'

KY c Ha6JIIO,ll,aeMhiM HMIIYJihCOM q I puc. 3/. Kax H B MO.D.eJIH 

Be6epa- MHJIJiepa, B3aHMO,ll,eBCTBHe B KOHe"'HOM COCTOJIHHH He yqu

ThiBaeTCJI. 

.LJ.ullMtlepeHuHaJIJ.Hoe cel.feHHe rrpouecca ,ll,aeTcJI Bhlpa)KeHHeM /z/: 

du 

d'1 q 

1 

2(2rr)s 

1 

pE(q) 

3 
J d k . n (k) x 

-+ ~-+-+ 
E ( k ) E (p + k - q) 

') -+ -+-+-+ 
x I m N N ~- 8 ( E ( p) + M - E ( q) - E ( p + k - q) - ( ) . 

-l 

F 
.... , 
p 

ct 

A A-i 

/2/ 

Puc. 3. AuazpaMMa, cooaee•cmBYIOUIQJl MexaHU3MY AMaOo- BoAo
IUUHa / 2/, 

2 2 1/2 2 
B owpa)KeHHB /2/E(q)=(M ~ q ) , I mNN! - KBaJJ.paT BHBapHaHT-

Hoi &WDJIBTY.ll.hl HYJCJIOH-HYKJIOHHOrO pacceAHB.R, ycpe,li,HeHHhlB ITO 

CIIBHY, n ( k) - HMIIYJihCHOe pacrrpe,ll,eJieHHe HYKJIOHOB .R,ll,pa MHWeHH, 

t - Cpe,li,HJIJI 3HeprHJI B3aHMO,ll,eBCTBHJI HYKJIOHa B .R,ll,pe MHWeHH, 

orrpeJJ.eJI.aeMa.a B3 3KCrrepBMeHTaJihHWX .D.aHHWx no KBa3BynpyroMy 
'8' 

pacce.RHBIO 3JieKTpOHOB i I. Mw BCDOJih3yeM CJie,li,YfOll.lee Bhlpa)Ke-

HBe ,llJIA KBa,ll,paTa BHBapBaHTHOB HYKJIOH-HYKJIOHHOB aMDJIBTY.D.W: 

I m 12 
NN 

< s 7T )z s I r I 2 
NN • /3/ 
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3.necb s - HHBapuaHTHaJI JHepreTuqecKaJI nepeMeHHaJI, fNN 

aMnnuTy.D;a N -N -pacceJIHHJI B cucTeMe ~eHTpa Mace c napaMeT-

paMH H3 jgj• 
4 

lfHTerpHpOBaHHe B /2/ no k MO)f(HO CBeCTH K HHTerpHpOBaHHJO 

no p' = p + k- q. C nOMOII(blO 0 -!PyHK~HH CHHMaeTCJI HHTerpHpOBa

Hue no IP 'I, a ocTaiOII(HHCJI HHTerpan no yrnaM paccquTblBaeTcJI 

Ha 3BM. 

3. CeqeHHe /2/ cyll(eCTBeHHblM o6pa3oM onpe.nenJieTCJI HM

nynbCHblM pacnpe.neneHHeM HyKnOHOB B JI.D;pe - n ( k). 3.necb Mbl 

ucnonb3yeM HMnynbcHoe pacnpe.neneHHe, nonyqeHHoe B npe.nno

)f(eHHOH HaMH MO,D;enH KOrepeHTHblX !PnyKTOHOB /lO, II( 

"" 2 
n(k) = Jlf(x)l nx(k)dx, /4/ 

0 

r.ne 

4 J F 1 z > 0 
nx (k) = 3rrx· O(k (x)- k); O(z)=lo -

z < 0 
/5/ 

2 ~ 
cllyHK~HJI If ( x) I CBJI3aHa c noxanbHOH nnoTHOCTbiO HyKnOHOB I' ( r) : 

=- _ 4rrx
3

• dp(r) I 
3A dr r = "· 

') 

lf(x)l~ /6/ 

HMnynbc cllepMH !PnyKToHa c pa.nuycoM x- kr(x) onpe.nenJieTCJI H3 

ycnOBHJI HOpMHpOBKH 

d3k MN 
2J--. -·n (k) =A, 

( 2rr ) 3 E(k) x 

/7/ 

xoTopaJI o6ecnequBaeT HOpMuposxy pacnp~eneHHJI n(k).B cnyqae 

HepenJITBBHCTcxoii. HopMupoBKH I 4 f n ( k) d k) :r = A I !PYHK~HJI pac-
~ (2rr 

npe.neneHBJI n(k) HMeeT npOCTOB BH,D;: 

n ( k) 
6 "" dy (~)2 _!_p(~)(~) l-1 + 6 J -- : 

3 A k k 0 (1 + y) 

a 1,52 A L 3 

6 

p(--a-) 
k(1+y) I 

p(~) 
k 

/8/ 

'l 

' ~ 

0TMeTHM, qTO npH 6onbWHX k -• oo ll ( k) HMeeT CTeneHHOe nose

.neHHe n ( k) _ k- 6 AHanoruqHoe nose.neHHe pacnpe.neneHHJI 

In (k)- 1 /npe.ncxa3blBaeTCJI B ll 21.1.J.ucno m 3aBHCHT OT xa-
k4 +2m 

paxTepa HyKnoH·HyxnoHHblX cun H cquTaeTCJI ManblM. B npe.n

acuMnToTuqecxoM pe)f(HMe n ( k) /8/ o6Hapy)f(HBaeT nose.neuue, 

6nB3KOe K 3KCnOHeH~HallbHOMy, qTO TaK)f(e cornacyeTCJI C o~eH

KaMH B ll 21 

4. ,l].ucWlepeH~HallbHble HHKni03HBHble ceqeHHJI pO)f(,D;eHHJI npo

TOHOB B peaK~BH p +I 2c -> p ~ ... , paccquTaHHble C HMnynbCHblM paC

npe.neneHHeM /4/ no ·!PopMyne /2/, npuBe.D;eHbl .nnK pK.na yrnos 

perucTpupyeMoro npoToHa Ha puc. 4- 7. 
Hawu pacqeTbl /eM. puc. 4/ xopowo socnpoB3BO.D;JIT HHTep

nonupoBaHHble x yrny 180 o JxcnepuMeHTanbHble .naHHble B3 /+/ 

d_b' -3 3 -I I 
- /M6·r:JB • c cp J1 

10~ 

p +f1.C. ~ p( 1ZO 0) + ... 
10' ~ a/"" 
1o

1 t 
10° \. '\.. 

i0-4 

~0-'2. 

~0~ 
iOO 

• 

• 

200 

• 

300 
2 

.!LjM3B/ 
2M 

Puc. 4. ,4ut/l¢epeHI.IUallr.Hoe ce~eHue uHKIII03UaHozo poJKoeHuJI npo
•oHoa noo yZIIOM 180 () • • • • • - HQC.OJIJIIUU pac~e•. CniiOIIIHQJI 
KpuaaJI a/ - uH•epno/lupoaaHHf>le K yZIIY 180 ° oaHHI>Ie m6o•l>l I 41. 
cniiOIIIHQJI KpU6QJI 6/ - 3KCnepuMeH.aiii>Hble OaHHI>Ie U3 

3 ~ IlyHK•up-

HQJI KpuaaJI - pac'fe• u3 121. 
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H rrpaBHnbHO rrepe~aiDT 06~HH XO~ ceqeHH~ B JaBHCHMOCTH OT 

3Hepruu Ha6nro~aeMoro rrpoToHa. 

BepxH~~ H HB)I(H~~ CITnOWHble KpBBble Ha puc. 5-7 ITOKaJbiBaiDT 

qyBCTBBTenbHOCTb ceqeHHJI rrpu Manblx JHepru~x T = q 2; 2M K 

rrapaMeTpy (. BepxHue KPHBble cooToeTCTBYIDT < = 0,13 41M -I , 
- ~ -

a HB)I(HHe - E = 0,22 41M . Borrpoc o Bhl6ope' .rro-ou~HMOMy, 

CBJIJaH C He06XO~HMOCTbiD ~anbHeHWero yToqHeHH~ MeXaHHJMa 

paccMaTpuoaeMoro rrpouecca. 

iO 

~0 

GO 

so 
~0 

30 

2D 

11 

~ 
c1.5lclT 

/M6/M3B·cp/ 

p -r1~ __, p ( 160°)+ ..• 

SO GO ~0 80 90 ~00 1~0 12.0 1~ 11.40 150 
2. 

.!£_/M3B/ 

2.M 

Puc. 5. HHK/JI03U6Hoe ouHepeHIIUU/J.HOe Ce'ieHue POJKOeHUJI npo
IIOH06 noo YZAOM 160,° CnAOIMHWe /JIIHIIU - HQCIIO.Jifi#UU pac<iell 
C ( = 0,13 41M-l U ( = 0,22 41M-l/eepXHJIJI U HWICHJIJI COOII6eii
CII6eHHO/. Ilo OCU a6CIIUCC - KUHeiiU'ieCKQJI 3HepZUJI peZUCIIpu
pyeMOZO npoiiOHQ. 

8 

I 

J 

d_2o" /M6/M3B· cp/ 

dstdT 
80 

?o~\ p + i2. c ~ p ( i 50°) + ... 
60 

5{) 

~0~ t. 

30 

20 

10 I ~ - . 
50 GO 7() so 90 100 i10 12.0 i"!IO 1'i0 iSO 

1: M3B 

2M 
Puc. 6. To xe, limo Ha puc. 5, noo yzAoM 150°· 

3aBHCHMOCTb pacqeTHOH cTpyKTYPHOH liJYHKUJ:IH f OT yrna Ha-

6nro~eHBJI IT pH liJBKCHpOBaHHOH JHeprHH BblneTaiD~HX qaCTHU rrpHBe

~eHa Ha puc. 2. KaK BH~Ho, pacqeTHa~ Kpuoa~ o6Hapy)I(BBaeT 

cy~eCTBeHHOe OTKnOHeHHe OT 3KCITepHMeHTanbHOH ITpB ManbiX yr

nax. 06~a~ TeH~eHUHJI 6biCTporo pocTa CTpyKTypHOH liJyHKUHH 

C yMeHbWeHHeM yrna, O~HaKO, BOCITpOHJBO~HTC~ rrpaBHnbHO B OT" 

nuque OT pacqeTOB C BCITOnbJOBaHHeM ~pyrHX MeXaHHJMOB peaKUHH 
I ! 

/KpBBble b, C i S; /. 

B JaKnroqeuue OTMeTBM, qTo rronyqaeMble a6coniDTHble JHaqe

HH~ ceqeHBH cy~eCTBeHHO JaBHC~T OT KOHKpeTHOrO BB~a HMITynbC" 

HOrO pacrrpe~eneHBJI - HanuqBJI BbiCOKOBMITynbCHbiX KOMITOHeHT. 
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~10 

.90 

80 

70 

60 

d~ 
dn.c41" 

~o~.l .•. 
30 • 

• 
20 

I 
10 
I 

I I 

50 GO 10 

/M6/M3B·cp/ 

p +f2c ~ ~ u~rf) + ••. 

-
• 

' 80 90 100 ~10 12.0 1~ 1"i0 fSO 
2 .r /M3B/ 

2M 

Puc. 7. To JICe, '11110 Ha puc. 5, noo YZ.IIOM 140°· 

MOlKHO C,D.eJJaTb BbiBO,II. 0 TOM, 'ITO JJY'IWee KOJJH\feCTBeHHOe corJJa· 

CHe C 3KCnepHMeHTaJJbHblMH ,D.aHHblMH MOlKHO llOJJY'IHTb Ha OCHOBe 

HMllYJJbCHOrO pacnpe,D.eJJeHBB MO,D.eJJH KOrepeHTHblX ~JJYKTOHOB, HC· 

ll0Jlb3YB ~H3B'IeCKH o60CHOBaHHYIO KOHKpeTHYIO 3aBHCHMOCTb Be

JJH'IHHbl £ OT KHHeMaTH\feCKHX nepeMeHHblX 3a,D.a'IH. 
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