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EapaweHKOB B.C., KocreuKo E.<l>. 

Mno>Kecrseuuoe o6pa3osanl!e 'facri!U B anpoH->IllepHbiX 
cronKHOBeHHHX Upl! O'feHb BbJCOKHX 3HeprHHX 

P2 -11648 

BhmonueHhi paC'ferhi suyrpu>Iaepuoro KaCKaaa c y'feroM npeapasuosec
HhlX npoueccos u ucnapeHI!>I ocraro'fHOro B036y~neuuoro >Iapa B o6nacru 
3Hepruil uaneraJOJlleil 'fBCrUUbl T =10-100 rsB. nposeneuo cpaBHeHI!e c Ollbi
roM. HecMorp>! na p>!a Konu'fecrseuuhiX pacxmKaeuuii Me~ny 3KcnepHMeuroM 
B reopueil, B uacro>llllee speM>I Her ocuosaul!il an>~ yrsep>~<aeuHil o uecnpa
aennl!socru MeXBHH3MB BHyrpH>!IlepHbiX KBCKB!lOB UO Kpai\uei\ Mepe snnorb )]0 
auepruu s uecKonbKO corea rsB. 

Pa6ora Bbmonuena B Jla6oparopu11 Bhi'fHCnHrenbuoll rexHHKH 

H asroMarH38UI!I! OiHJH. 

npenpRHT 06benuueuuoro HHCTHTyTa llnepuhiX uccnenoaauui\. lly6na 1978 

Barashenkav V.S., Kostenko B,F'. 

Multiple Particle Production in Hadron-Nucleus 
Interactions at Extremely High Energies 

P2 - 11648 

Calculations of intranuclear cascade taking into account 
preequilibrium processes and evaporation of a residual excited 
nucleus for projectile particle in the T = 10-100 GeV energy range 
have been performed, 'I'he comparison with experiment was made. 
Despite a number of qualitative desagreements with experiment, up 
to date there is no reason for statements as to unvalidily of the 
intranuclear cascade mechanism at least up to energies of several 

hundred of GeV. 

'I'he investigation has been performed at the Laboratory 
of Computing Techniques and Automa.tion, JINR. 

Preprint of the Joint Institute for Nucleor Research. Dubna 1978 

@ 1978 06'b8/1BB8HBbiit HHCTI!Tyf' RJlepHblX HCCnetiOBBBHf1 J!y6HB 

MuorHMH aaTopaMH 6wno noKa3aHo, 'ITO Mo.nenb BHyTpu
s.nepuwx KacKa,noa xopowo cornacyeTcs c onwToM B wu
poKoH o6naCTH 3HeprHH OT ,neCHTKOB Af3B ,no HeCKOJibKHX 
T3B /cM./1-3/, r.ne yKa3aHa no.npo6uas 6u6nuorpa«bus/. 
llOCJie TOrO KaK 6biJIO yqTeHO H3MeHeHHe CBOHCTB s,npa
MHWeHH B xo.ne KacKa,nuoro npon;ecca /3«P«VeKT Tpeanuura/, 
cornacue c onLITOM y,nanoch nony'IHTb annoTb .no 3Hep
rua B HeCKOJibKO ,neCHTKOB T3B /2,4, 5/. O,nHaKO B o6naCTH 
T> 10 T3B* 6wno npoauanH3Hpoaauo nHWb ue6onLwoe 
'IHCJIO H3BeCTHblX B TO BpeMH 3KCnepHMeHTaJibHbiX ,nau
HbiX, a 6onee no3,nuue cornacoaanucb c ony6nHKOBaHHbiMH 
TeopeTH'IeCKHMH pe3yJibTaTaMH 3Ha'IHTeJibHO Xy:lKe. 3TO 
nocnyJKuno ocuoaoa .nns yTaepJK,neHHH o npuun;unuanLHOH 
HenpHMeHHMOCTH H,neH BHyTpHS,nepHOrO KaCKa,na B o6na
CTH BbiCOKHX 3HeprHH. 

Hawa n;enb - npoauanH3HpoaaTb, uacKoJibKO o6ocuo
aaH 3TOT awao.n. HMeromuecn B uacrosmee apeMs 3Kcne
puMeHTaJILHbie .nauuwe, 3Ha'IHTenbHO 6onee no.npo6uwe H 
TO'IHbie, 'leM 3TO 6wno 5-10 neT Ha3a,n, Kor.na 6wnu aw
nonueuw o6cyJK,naromuecs B nuTepaType KacKa,nuwe pac
'leTw, no3BOJIBJOT npoaecTH 6onee ua,neJKHoe conocTaaneuue 
3KcnepuMeHTa c Teopuea. 

Pac'leTbi OCHOBaHbi Ha KaCKa,nHO- HCnapHTeJibHOH Mo,ne
JIH C TpeHJIHHrOM / 2/. )l;onOJIHHTeJibHO yqTeH BKJia,n HeCTa· 
D;HOHapHbiX npon;ecCOB pacna,na B036yJK,neHHbiX OCTaToq
HbiX s,nep /6/ H npH 'I > 20 T3B HCUOJib30BaJIOCb 6onee 
TO'IHOe, 'I eM a pa6oTax I 4• 5/, Mo,nenupoaauue BHyTpus.nep
HbiX N-N H rr- N - B3aHMO,neHCTBHH. 

* 3,necb H Be3,ne HH)Ke 'I · KHHeTH'IeCKaH 3HeprHH Ha· 
neTaJOID;eH qacTHD;bi B na6opa TOpHOH CHCTeMe KOOp,nHHa T. 
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lihlllH npoaHanH3HpOBaHbl llHOH- H HYKllOH- Jl)l.epHble B3a

HMO)l,eHCTBHJI. BbiBO.IJ.bi .IJ.nB 3THX B3aHMO.IJ.eB:cTBHH nony

'!aiOTCB npaKTH'!eCKH O)l.HHaKOBbiMH, ll03TOMY )l,anee Mhl 

orpaHH'IHMCJI, B OCHOBHOM, cnyqaeM HyKnOH+B)l.pO. 

113 puc. 1 BH)l.HO, 'ITO cpe)l.HJIJI TeopeTH'IeCKaJI H 3K

cnepHMeHTanbHaB MHO)I(eCTBeHHOCTH llHBHeBhlX 'laCTHU <n s > 
xoporno cornacyroTCB BnnoTb .IJ.O T =30 T:JB. IlpH 6onLrnHx 

3HeprHBX TeOpeTH'IeCKHe 3Ha'!eHHJI OKa3biBaiOTCJI 3aBbi

rneHHbiMH, H pa3llH'!He C OllhlTOM CHllbHee llpOBBnBeTCJI 

B TJI)I(ellhlX Jl)l.pax. 0)l.HaKO 3Ha'IHTellbHbiM 3TO pa3nH'!He 

cTaHOBHTCB nHrnb npH T > 100 F:JB. IlpH T = 200 T:JB 
3KCOepHMeHT H TeOpHB pa3nH'IaiOTCJI Ha <!laKTOp 1,5 B cnyqae 

nerKHX H Ha <!laKTop 2 B cnyqae TJI)I(enbiX B.IJ.ep <!loT03MynL

CHH. 

Xy)l(e cornacHe .IJ.nB HH3K03HepreTH'IeCKHX qacTHU. XoTB 

xo.IJ. KpHBbiX Ha puc. 1 nepe)l.aeT Ha6niO.IJ.aeMoe B onbiTe 

CHllbHOe ocna6neHHe 3HepreTH'IeCKOH 3aBHCHMOCTH <ng>H 

<n h> B o6naCTH BbiCOKHX 3HeprHH, a6COniOTHOe 3Ha'leHHe 

pac'!eTHOH MHO:>KeCTBeHHOCTH 3Ha'IHTenbHO npeBOCXO)l.HT 3K

cnepHMeHTanbHOe, ~nB TJI)I(enhlx B.IJ.ep pa3nH'IHB JaMeTHbl 

y)l(e npH T ~ 10 T:JB. 
B o6nacTH BhlCOKHX 3HeprHB: TeopeTH'IeCKHH KacKa.IJ. 

OKa3biBaeTCJI CllHlllKOM pa3BeTBneHHbiM, )l,a)l(e ecnH y'leCTb 

B03paCTaHHe "np03pa'IHOCTH" Jl)l.pa 3a C'leT Bbi6HBaHHJI 

'!aCTH ero HYKllOHOB. 3TOT BhlBO)l. MO:>KHO C'IHTaTb )l.OCTa-

TO'IHO Ha)l,e)I(HbiM. 

B ma6A. 1 
.IJ.HCnepcHH D% s 

T,T:JB 

10 

30 
75 

cpaBHHBaiOTCJI 3Ha'!eHHJI OTHOCHTenbHOH 

/<n >=[<n2~-<n >2] lhj<n > • 
s s s s 

Ta6Auija 1 

Pac'leT /±0,02/ 

LErn 

0,56 

0,66 

0,71 

HEm 

0,51 

0,64 

0,66 

OnbiT: 0,59±0,02 0,55±0,02 
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Pac'leTHLie 3Ha'leHHH Me,IJ,neHHO B03pacTaiOT rrpH yse

llH'ICHHH 3HeprHH 'I, 3KCIIepHMCHTanLHLIC 3Ha'ICHHH B IIpe

,IJ,enax 311/o- HLIX rrorpeWHOCTCH OCTaiOTC.H IIOCTO.HHHLIMH. Cne

,IJ,yeT, O,IJ,HaKO, HMeTL B BH,IJ,y, 'ITO B KaCKa,IJ,HOH TeOpHH pac

'ICT N-N- H rr-N -s3aHMO,IJ,eHCTBHH rrpOH3BO,II,HTCH 6e3 rro,IJ,

roHKH ,II,HCIIepCHH po:>K,IJ,aiOIUHXC1l 'laCTH:U K ee 3KCIIepHMeH

TallLHOMY 3Ha'leHHIO. B HaweM sapuaHTe TeopHH paJnH'IHH 

MC:>K,IJ,y paC'ICTOM H OIILITOM IIpH 'I = 10--o-70 F3B ,II,OCTHra

IOT 20-;-3011/o. PacxmK,IJ,eHHH TeopHH H 3KcrrepHMeHTa B 

ma6/l. J B 3Ha'IHTellLHOH CTeneHH o6ycnosneHLI HMeHHO 

3THM o6CTO.HTeiiLCTBOM. 

0THOCHTenLHaH ,IJ,HcrrepcHH Me,IJ,neHHO yMeHLwaeTcH rrpH 

IIepeXO,IJ,e K 3Be3,IJ,aM C 6onLWHM 'IHCllOM h-nyqeu; rpa,IJ,HeHT 

H3MelleHHH HeCHllLHO OTllH'IaeTC.H OT Ha6niO,IJ,aeMOrO Ha 

OIILITe *. 
)J.HcrrepCH.H - BeCLMa ,IJ,eiiHKaTHaH xapaKTepHCTHKa, H ro

BOpHTL 0 CKOllLKO-HH6y,IJ,L cepLe3HOM pa3HOrnaCHH C OIILI

TOM 3,IJ,eCh rrpem,l],espeMeHHO. 

l.JTo KacaeTCH qacTo o6cym,IJ,aeMLIX B nHTepaType cpe,IJ,

HHX yrnOBLIX H 3HepreTH'IeCKHX pacrrpe,IJ,eneHHH, TO 3,IJ,eCh 

TaKme IIOKa HeT CYII\eCTBeHHLIX paCXO)K,IJ,eHHH C OIILITOM. 

MLI XOTenH 6LI, O,IJ,HaKO, IIO,II,'IepKHYTL, 'ITO XOpOWeMy co

rnacHIO B 3TOM IIYHKTC He cne,IJ,yeT IIpH,IJ,aBaTL CllHWKOM 

60nLWOrO 3Ha'leHHH, IIOCKOllLKY cpe,D,HHe yriiOBLie H 3Hep

reTH'IeCKHe xapaKTepHCTHKH B 3Ha'IHTellLHOH CTeiieHH orr

pe,D,eiiJIIOTCH KHileMaTHKOH IIPOltCCCa H cpaBHHTeiiLHO cna6o 

3aBHCJIT OT ,IJ,eTaneii MO,IJ,enH. :Jionee Ba)KHLIM HBn.HeTCH 

paCCMOTpeHHe, B 'laCTHOCTH, "XBOCTOB" pacrrpe,IJ,eneHHH. 

ITO HaweMy MHeHHIO, O'leHh Ba)KHLIM ,II,ll.H IIOHHMaHH.Il 

MexaHH3Ma BHYTPH.H,IJ,epHLIX B3aHMO,IJ,eHCTBHH MOmeT OKa-

3aTLC.Il TO, 'ITO TeopeTH'IeCKHH KacKa,IJ, OKa3LIBaeTC.Il He 

TOllLKO 6onee pa3BeTBneHHLIM /MOIIJ;HLIM/, HO H CO,D,ep)KHT 

B pa6oTe hi yKa3LIBanocL, 'ITO TaKoe yMeHLweHHe 
,II,HCIIepCHH HCKlliO'IaeT BCe KaCKa,II,HLie MO,IJ,enH, T .K. Ha 

OIILITe OTHOCHTenLHa.H ,II,HCIIepCHH He 3aBHCHT •OT nh • 3TO 
3aKIIIO'IeHHe OCHOBaHO Ha He,IJ,opa3yMeHHH: B pa60Te /7/ 
rrponymeHa qacTL 3KcnepHMeHTanLHoro pacnpe,IJ,eneHH.H, 6na

ro,IJ,ap.H 'leMy ,IJ,HcrrepCHH H OKa3anacL IIOCTO.IIHHOH. Hao6opOT, 
Ha6niO,IJ,aeMoe B 3KCIIepHMeHTe yMeHLWeHHe ,II,HCIIepCHH npo

THBOpe'IHT MO,IJ,enH "HeB3aHMO,IJ,eHCTBYIOIUCf.O/ a,D,pOHHoro co
CT011HH11", paCCMaTpHBaBWeHCH B pa6oTe 7 • 
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60IILWHH npo:u;eHT BLICOK03HepreTH'ICCKHX 'laCTHIJ;, '!eM 3TO 

Ha6nro,IJ,aeTC.Il B 3KcnepuMeHTe I ma6A. 2/. 

Ta6AU!la 2 

Cpe,IJ,Hee que no qacTH:U c 3Heprueii ~ > ~ *, o6pa3yeMLIX 

B tboT03MYIILCHH rr-Me3oHOM npu 3HeprHH 50 F3B 

LEm HEm 
~*, F3B 

OIILIT/8 / TeopH.Il OIILIT / 8 / TeOpH.Il 

5 1,57±0,14 1,05 1,34±0,14 +,90 
10 0,78±0,10 0,64 0,58±0,10 0,51 
15 0,46±0,08 0,50 0,28±0,07 0,40 
20 0,34±0,06 0,48 0,14±0,05 0,35 
25 0,24±0,05 0,43 0,10±0,03 0,29 

C '!eM CBH3aH 3TOT pe3yllLTaT- C He,II,OCTaTO'IHO KOppeKT

HOH annpOKCHMa:u;HeH "XBOCTa" B CIIHCKe llH,IJ,HpyromHX qac

TH:U B rr-N- H N- N - CTOllKHOBeHH.IIX, HllH me C oco6eH

HOCTLIO MexaHH3Ma BHYTPHH,IJ,epHLIX B3aHMO,II,eHCTBHH, - ,II,ll.ll 

HaC OCTaeTC.Il IIOKa He.HCHLIM. 

llO,IJ,BO,II,.Il HTOr, MO)KHO CKa3aTL, 'ITO paCXO)K,IJ,eHHH HC

IIOIIL3YIOmeHC11 B HaCTOJI.mee BpeMJI. BepCHH KacKa,IJ,HOH Mo

,IJ,enH C OIILITOM Ha'IHHaiOT npO.IlBllHTLCJI. yme npH 'T=-10 T3B 
H ysenH'IHBaiOTCJI. C poCTOM 3HeprHH nepBH'IHOH 'laCTHIJ;LI. 

TeM He MeHee, xapaKTep pacxom,IJ,eHHH TaKoB, 'ITO noKa HeT 

OCHOBaHHH ,II,llJI. yTsepm,D,eHHH 0 npHHIJ;HIIHanLHOH HeiipHMeHH

MOCTH KacKa,IJ,Horo MeXaHH3Ma BHYTPHJI.,IJ,epHLIX B3aHMO,IJ,eH

CTBHH B o6naCTH BLICOKHX 3HeprHH. KaqeCTBeHHO KaCKa,IJ,

HaJI. MO,IJ,enL XOpOlllO OIIHCLIBaeT BCe OCHOBHLie qepTLI JI.,IJ,ep

HLIX B3aHMO,IJ,eHCTBHH no KpaHHeH Mepe ,II,O 3HeprHH B He

CKOllLKO COTeH F3B, 'ITO yKa3LIBaeT Ha He06XO,II,HMOCTL 

,IJ,anLHeilwero ycosepWeHCTBOBaHHJI., a He OTKa3a OT 3TOH 

MO,IJ,enH. 
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