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KoMapoa B.K., M10nnep r. P2 - 12208 
0 MeX8HH3Me 9MHCCHH H8381l 6biCTpbiX npOTOHOB B 81lpOH-SUlepHblX 
B3BHMOJleiiCTBHSIX. llpH cpenHHX H BhiCOKHX 3Hepr'HRX 

PaccMorpeHa Moaenh, OITHChiBaJOwaH 3MHCCHID 6biCTphiX nporoHoa 

B aaaueli nonycfjlepe npu anpoH-SIIlepHhiX aaauMoneliCTBHSIX. B Moaenu 

He HCflOnh3YIOTCSI npeLlCTBBneHHH 06 BHOMBnbHO BbiCOKHX HMITynhCaX HnH 

nnOTHOCTRX HyKnOHOB B OCHOBHOM COCTORHHH HJlp8-MHW€HH, H B paMKBX 

MOJl.BnH 3MHCCH51 npOTOHOB 51BnHeTC51 pe3ynhTBTOM pacnana ManoHyKnOHHbiX 

I'pynn SlllP8-MHllleHK, nony'IHBlliHX BbiCOKOe B036y>KileHHe RpH KBa3Killf<j>pax­

UHOHHOM pacceHHrlH Ha HHX aapoHa. PaccMarpuaaeTcH runoreaa o6 yuuaep­
canbHOCTH <j>yHKUKK B036ylKileHHS! M81lOHYKilOHHb!X I'pynn npH B036y)f(lleHifSIX 
llOpH.O.KB llHOHHOA MaCChi H Bhillle. 

Pa6ora Bhmonueua B na6oparopuu SlllepHblX npo6neM OK.RK. 

npenpHHT 06bellHHeHHOI'o lfHCTHTyra HllepHbiX uccnenoaauuli • .Qy6ua 1979 

Komarov v.r., Muller H. P2 - 12208 

On the Mechanism of the Backward Emission 
of Fast Protons in Hadron-Nucleus Interactions 
at Intermediate and High Energies 

A model describing the backward emission of fast 
protons to the backward hemisphere in hadron-nucleus 
interactions is considered. The anomalously high momenta 
or densities of nucleons in the ground state of the tar­
get-nucleus are not used in this model. Proton emission 
is a result of the decay of the target-nucleus few­
nucleon groups, highly excited in the quasi-diffraction 
scattering of hadrons at these groups. The hypothesis 
on the universality of the excitation function of few­
nucleon groups in the excitations of the order of 
magnitude of the pion mass and higher is considered. 

The investigation has been performed at the 
Laboratory of Nuclear Problems, JINR. 
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IlpH BhleOKHX JHeprH.RX ( T 
0 

) uaJieTaiOIQHX a.n;pouoB HJ B.n;pa­

MHWeHH DO)); yrJiaMH 60JibWe 90 ° HenyeKaiOTeJI 6hleTphle npOTOHhl. 

HHKJIIOJHBHhle eneKTPhl TaKHX npoTOHOB e 3HeprHeii 5 30 M3B 
HMeiOT BH)); 

E/(p2a). da/(dfl dp ) = A
0 

exp(-A
1

p2 ) 
p t p p /1/ 

/E H p - 3HeprHJI H HMDYJibe HenyeKaeMOrO HaJa)); 6bleTporo 

npoToul, at - nonuoe celfeHHe a.n;pou- B.n;epuoro BJaHMo.n;eiieTBHJI/, 

DpH'IeM A O H A I eJia6o JaBHeJIT OT THDa H 3HeprHH HaJieTaiOIQHX 

a.n;pOHOB h, a napa~eTp HaKJIOHa A
1 

H OT MaeeOBOrO lfHeJia .A Jl));pa­

MHWeHH /eM. /I, 21 /. AHaJIOrH'IHOe DOBe));eHHe 3MHeeHH npOTOHOB 
' I 

ua6JIJO.n;aeTcJI H npH epe.n;HHX JHeprHJIX 
1 3

• 
4

' • CymeeTBeuuo, 'ITo 

e poeTOM 1
0 

A 
1 

___, A~s:::. 10-15 / F3B/c/-'l. )J,JIJI o6"bJieHeHHJI 

ua6JIIO.n;aeMhiX JaKOHOMepuoeTeii Bbi));BHHYT pB.n; BeebMa paJJIH'IaiO­

mHxeJI rHnoTeJ /eM., uanpHMep,/S/ I. lioJibWHHeTBO HJ HHx eo.n;ep­

)I(HT npe.n;eTaBJieHHJI 06 aHOMaJibHO BhleOKHX BHYTPHJI));epHbiX HM­

DyJibeax / 6 /, DJIOTHOeTJIX/?/, JIH60 eneu;HciJHifeeKHX MeXaHHJMax/B/, 

eBOBeTBeHHbiX TOJibKO npou;eeeaM, DpOTeKaiOIQHM npH BhleOKHX 3Hep­

rHJIX /uanpHMep, KBapKnapTOHHhle MexaHHJMhl, o6paJoBaHHe ciJaiiep-

6oJioB/. Cnoeo6HOeTb MHOrHX MO));eJieii BOeDpOHJBO));HTb eBOiieTBa 

HHKJIIOJHBHOB 3MHeeHH HaJa.n; 6hleTphiX npOTOHOB HaBO));HT Ha MhleJib 

0 eo.n;ep)l(aiQeBeJI B 3THX MO));eJIJIX HJ6hiTO'IHOeTH ));JIJI ODHeaHHJI 

.n;aHHhiX 06 HHKJIIOJHBHbiX npou;eeeax. BoJHHKaeT Bonpoe, MO)I(HO 

JIB e e.n;HHOB TO'IKH JpeHHJI ODHeaTb 3TH .n;aHHhle npH epe));HHX 

H BhleOKHX 3HeprHJIX, He npH6eraJI K eneu;HaJibHhiM rHDOTeJaM 

0 BhleOKOHMDYJibeHOB eTpyKType Jl));ep. 

B eBJIJH e 3THM Mhl paeeMOTpeJIH HHKJIIOJHBHYIO 3MHCeHIO 

npoTouoB HJ peaKUHH h + A--. p ;eP > 90° , 1p > 30 M3B/ + ... 
B ene.n;yiDIQHX npe.n;noJIO*eHHJIX: 
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1. A.n;poH BJaHMo,n;eiicToyeT c rpynnoii HJ HecxoJILKHX nyx­

JIOHOB [ kN) H,ZJ;pa-MHWeHH. llpH 3TOM h pacceuoaeTCH npeHMy­

IQeCTBeHHO Ha Manble yrJibl onepe.n;, yoenuquoax HHBapuaHTHYIO 

Macey rpynnbl Min v l"ooJ6y)l(1enue MaJioHyKJIOHHoii rpynnLI"I: 

h + [ kN] h" + [kN]'. 121 

TipoTOHbl ucnycxaiOTCH HaJa.n; npu pacna.n;e 

[ kN]* --. p ,_ 
Nl + N 2 + Nk-1. 131 

B pacqeTax npHHHManocL, qTo 131 HMeeT cTaTHCTHqecxuii xa­
paxTep. 

2. 0THOCHTeJILHaH oepoHTHOCTb yoenuqeHHH M in v na onpe-
in v 

.n;eneHHYIO oenuquHy AM He JaBHCHT oT Tuna u JHepruu 

h. Taxax oepoHTHOCTb l"cllYHKD;HH BOJ6y)l(.n;eHHH"I xonxeTcx BHYT­

peHHHM cooiicTBoM MaJioHyxnonHoii rpynnLI IMHr I, JcllclleKTHBHo 

npHHHMaiOmeii yqacTue B npouecce 121, H cna6o JaBHCHT OT k u 

A npu AM in v > 100 M3B. )J;nx KOHKpeTHbiX pacqeToo «<lYHKD;HH 

BoJ6y)l(,n;eHBH MHr ow6paHa B ou.n;e 

Wk (AMinv) = exp (-t\Minv/M ,.) /(1 - exp (-Eta'/ M ex ) ) . 141 

r.n;e M - xapaxTepHblH napaMeTp oepoHTHOCTH BoJ6y)l(,n;enux, 
max ex 

a Ek - MaKCHMaJibHOe 3HaqeHHe 3HeprHB B036y)I(,ZJ;eHHH, KHHe-

MaTHqeCKH ,ZJ;OCTYDHOe B npoD;ecce 121. ECJIH ,IJ;ODYCTHTb, qTo HH­

TepecyiOIQee Hac BoJ6y)l(,n;eHHe rpynnw u.n;eT qepeJ BOJ6y)l(,n;enue 

BXO.IJ.HIQHX B Hee HYKJIOHOB IT.e. B nepByiO oqepe,n;b qepeJ B03-

6y)I(.IJ;eHHe A(1232) -peJOHaHCa BJIH pO)I(,IJ;eHHe DHOHOBI, TO ,ZJ;JIH 

napaMeTpa M.,x ecTecTBCHHO npHHHTb JHaqenue, paBHoe Macce 
DHOHa. 

3. llpouecc 121 HMeeT KBaJu.n;ucllpaxuuoHHbiH xapaxTep, To 

eCTb C pOCTOM 'f pacceHHHe h npH6JIH)I(aeTCH K .n;HcllpaKD;BOHHO-
O d. '·Jinv My. ITiepe.n;aoaeMblH a.n;poHy 4-uMnynLc npu "'uxcupoBaHHOM At• 

CTpeMHTCH C pOCTOM T0 K COOTBeTCTBYIOIQeMy 3HaqeHHIO ,IJ;JIH yn­

pyroro h + l k N] paccexHuxl. lloJTOMY oepoHTHOCTb paccexHHH Ha 

yroJI (}* B C.D;.M. (hI [ kNJ) npH HMDYJILCe pk DpHHHTa B BH.IJ.e, 

ODHCbiBaiOIQeM rJiaBHblH MaKCHMYM .IJ;HcllpaKD;HOHHOrO pacCeHHHH Ha 

qepHoii c4lepe pa.n;uyca a= 1,81 k
1

·
3 H" 2 : 

4 

I 

I 

Wk ( fi'') - exp (-UI'pk.k 1 
:J R,. 2 )

2 ) lSI 

I Rcz - coo6o.n;Hb1H napaMeTp Mo.n;enul. 

4. llOJIHOe ceqeHHe B3aHMO.IJ;eHCTBHH 121 onpe,n;eJIHeTCH,C Toq­

HOCTbiO .n;o nocTOHHHoro cllaxTopa ( P) . reoMeTpuqecKHM nonepeqHbJM 

ceqenueM MHr l k N I u xoM6unaTopHoii :BepoxTnocTLIO HaiiTH MHr 
B H.n;pe: 

'\ \ - ~'17 (k 
1 'R, 1 \ ,~::~~ }~ (A/k') (R/R/(k-l)exp (-(R k' R

0
) 3 ). 161 

u R kl 3 R r,n;e "hi'> - llOJIHOe ceqeHHe hN -oJaHMO.IJ;eHCTBHH, k .c c , 

R0 H R,. - cpe.n;Hee Me)I(HYKJIOHHOe paCCTOHHHe COOTBeTCTBeHHO 

a x.n;pe u a MHr. llpe.n;nonarax, qTo cpe.n;HHH nnoTHOCTb HYKJIOHOB 

a MHr 6JIH3Ka K cpe.n;Heii x.n;epnoii nnoTHOCTH, npHHHJIH Rc ~· R
0

. 

)J;nx HMnyJILCHoro pacnpe.n;eneHHH MHr a x.n;pe BJHTo rayccoocxoe 

co cTaH.n;apToM "v( k) · y'k/2 90 M3B/c. BTopuqnble BJaHMo.n;eii­

cTBHH h HJIH p B H,n;pe He UpHHHMaJIHCb 80 BHHMaHHe. 

.2'30 
"0 

Q. 

0 20 "0 -10 

""10 "0 

p+ 12C-p+ ... 

To =640 M38 

8p=122° 

01 I I I I I I 1 I I =-, 
60 8Q 100 120 T 140 

•p,M3B 
Puc. 1. 3Hepzelllu'lecKui1 cnen1p npo111o

1
H96. Kpuea.fl c Kopuc)opo.w 
4· owu6oK - pac'lelll, IIIO'IKU - 3Kcnepu.weHIII '. 
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A1 (r38fcl-

. :l)t t\ 
\ 

\ 
' 

' ' 

I 
8p"'140° 

p+UC-p+ ... 

14 

12 

~----~ ............. ----.-·-· 
a) 6) 

10• I I I I I I 1 I I ~~ 
-1,0 -(),8 -Q,6 -o,4 COS8p 1,0 1l1Qf3B 

Puc. 2. Yz11oeaR /a/ u 3Hepze111U'IecKaR /6/ 3aeucuMocmu A1 . 
x - pac'le111, • - 3KcnepuMeH111 /ccbiiiKU e /4/ /, 50 M3B<. T < . p 
< 150 M3B. 

k 

CneKTpbl npoTOHOB BW'IHCJJJIJJHeb KaK cyMMa 
'l max 3 ~ 

d' a/dp o L d' a/dp . 
p lk2 p 

3 ·• FM. 3 FM ~ 
r,D;e d a/dpp ··("kA/Rk J(d Rk /dpp ). HuTerpan ciJa3osoro o6'beMa 

FM Rk H ero npOH3BO,D;HaJI uaxo.D:HJJHCb no peKyppeHTHbiM KHHeMaTa-

qecKHM ciJopMynaM THna Konhlnosa-liJOKJJHHra-KaJIHTH /eM. jg/ I 
C BBe,D;eHHeM B HHTerpaJJ ciJa30BOrO 06'beMa BeCOBbiX ciJyHKUHH B BH,D;e 

/4/, /5/ H y'leToM HMnynbcuoro pacnpe,D;eneHHJI MHr B JI,D;pe­

Maweua. HuTerpaposaHHe npoBO.D:HJJOCb MeTO.D:OM MouTe-Kapno. 

3ua'leHHe napaMeTpoB R . 
2 

H ~J' no.D;o6paHO epasHeHHeM pac­

'leTHoro cneKTpa c 3K~nepHMeHTaJJbHbiM I 41 .D:JJJI peaKUHH 

p + 12c _ _, p -t ••• npa 640 M3B a (;IP = 122°. Ha puc. 1 noKa3aH 

pe3YJJbTaT TaKoro cpaaHeHHJI npH R" = 0,25 filM H ~) = 2,8. 
3aciJHKCHPOBaB 3TH 3Ha'leHHJI, nonyqaeM paC'IeTHYIO yrJJOBYIO 3a­

BHCHMOCTb A 
1

, 6JJH3KYJO K 3KcnepaMeuTam.Hoii I puc. 2a/, H cKeii­

JJHHroawii XapaKTep 3HepreTH'IeeKOH 3aBHeHMOeTH 3TOrO napa­

MeTpa /puc. 26/. llony'leHHble pe3yJJbTaTbl ycTOH'IHBbl K uapHaUHH 

HCnOJJb30BaHHbiX B pac'leTe napaMeTpOB: 

6 

i 
i .. 

TaKHM o6pa30M, HHKJJI03HBHble ,D;aHHble MO~HO 06'bJICHHTb, He­

nOJJb3YJI npoeTble npe,D;nOJJO~eHHJI 0 CBOHeTBaX JI,D;pa H MeXaHH3Me 

peaKUHH. Pe3yJJbTaTbl cna6o 3aBHeJIT OT ,D;eTaJJeH KOHKpeTHOrO 

BH,D;a ciJyHKUBH /4/ H /5/, TaK KaK Ha6JJJO,D;aeMbiH cneKTP JIBJJJieTeJI 

eno~Hoii KoMno3HUHeii napuHaJJbHbiX cneKTpos oT MHr c pa3nH'I­

HbiM k /puc. 3/. CTaTHeTH'IeCKHii xapaKTep eneKTPOB eeTb ene,D;­

CTBHe 60JJbWOrO 'IHCJJa B03MO~HOCTeH ,D;n.ll 3MHCCHH npoTOHa C 3a­

,D;aHHWM p I 2 < k < k = 6-;.8, pacna.D: /3/, ciJepMHeBeKoe .D:BH~euae 

ueHTpa Mage r kN] :rp~~~w/. Onpe,D;eJJeHHble KaHaJJbl /2/ c JJH­

.D:HPYIOIUBM a,D;pOHOM h' MOryT 6WTb Bbi,D;eJJeHbl H H3Y'IaTbCJI B 3K­

CKJJI03HBHWX H nony3KCKJJI03HBHbiX H3MepeHBJIX I eM., HanpHMep, /I Of. 
ECJJH pacceJIHHe /2/ HMeeT KBa3H.D:HciJpaKQHOHHWH KOrepeHTHbiH 

xapaKTep, CJJe,D;yeT O~H,D;aTb, B 'l&eTHOCTH, 'ITO yrJJOBOe pacnpe­

,D;eJJeHHe h. HMeeT WHPHHY L\(;lk "" (p~k1 I~ c2 )-I . llpe,D;nOJJO~eHHe 
0 TOM, 'ITO B036y~eHHe MHr MO~eT 6b1Tb OnHCaHO O,D;HOB H TOH ~e 

ciJYHKUHeii ,D;JIJI pa3JJH'IHbiX JI,D;ep H HaJJeT&IOIUBX 'I&CTHU, MO~eT 6WTb 

nposepeHo 3KenepHMeHTaJJbHo: pacnpe,D;eJJeHHJI no ().Minv MoryT 

6WTb Henocpe,D;CTBeHHo H3MepeHw, no KpaiseA Mepe .D:JJJI nerKHX 

.R,D;ep,, B WBpOKOM Kpyre peaKUBB, conpOBO~,D;&IOIUHXCI B036y~­

,D;eHHeM ManoHyKJJOHHbiX rpynn. Cne,D;cTBHeM TaKoii yHBBepcanbHOCTH 

ciJYHKUHH B036y~,D;eHHJI MO~eT .RBHTbC.R, HanpHMep, O,D;H03Ha'IHa.R 

CB.R3b Me~,D;y napaMeTpaMH HaKJJOHa ,D;JI.R cneKTpOB 6WCTpbiX npoTO­

HOB H ciJparMeHTOB (
2 H, 3H, 3He, 4He),, HCnycKaeMWX Ha3a,D; B a,D;pOH­

JI,D;epHWX peaKUHIX, JJH60 ,D;JI.R cneKTpOB 6WCTpbiX nHOHOB, HCnyc­

K&eMWX Bnepe,D; B .D;eiiTpOH-JI,D;epHWX COy,D;apeHHJIX, H CneKTpOB npo­

TOHOB, HCnyCKaeMWX Ha3a,D; npH pa3BaJJe .D;eiiTpOHa HYKJJOHaMH. 
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a. 
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"' u 

10-3 

0.1 

1-<=5 

p+ 12C--p + ... 

To= 10 r38 
8p= 180° 

0.2 Pp2 , (f38/c) 2 

Puc. 3. Ko;wnoHeHIIIbl pac'lei/IHOZO cneKIIIpa, pa3AU'IUKJU1Uec.R KOAu­
'leCIII60M HYKAOH06 k 6 MQAOHYKAOHHOU zpynne. 
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