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AnaaepA~H r.b. ~ AP· P2 - 12537 

MOAenb KaCKaAa n~A~PY~~ero aApOHa: OAH04aCT~4H~e 
~HKn~s~ BHble pacnpeAeneH~~ 

B paMKax MOAen~ KacKaAa n~A~PY~~ero aAPOHa, npeAnonara
~e~ HeB3a~MOAe~CTB~~ BTOP~4H~X 4aCT~~, paccMaTp~Ba~TC~ 

OAH04aCT~4Hble ~HKn~3~BH~e pacnpeAeneH~~. 06CYJKAaeTC~ ~X 

3aB~C~MOCTb OT aTOMHOrO HOMepa ~Apa-M~WeH~. npoBeAeHO cpaa
HeH~e pac4eToa c 3Kcnep~MeHTanbH~M~ AaHH~M~. B~4~cneH~~ no
Ka3~aa~T,4TO cornac~e anonHe YAOBneTaop~TenbHOe. 

Pa6oTa B~nonHeHa B na6opaTOp~~ ~AePH~X npo6neM OH~H. 

Coo6WeHHe 06bellKHeHHOro KHCTHTyTa SlllepHbiX HCCnellOB8HHl!, ,Uy6H8 1979 

Alaverdian G.B. et al. P2 - 12537 

Cascade Model of a Leader Hadron; One-Particle 
Inclusive Spectra 

One-particle inclusive spectra are considered in the 
framework of a cascade model which supposes that secondaries 
cannot interact. Their dependence on atomic number of at 
target nucleus is discussed. The calculations are in good 
agreement with experiment. 

The investigation has been performed at the Laboratory 
of Nuclear Problems, JINR. 
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B rrpe,nLI,nymeil Haweil pa6oTl 1 / 6Lina rrpe.nno)l(eHa Mo,nH$Hxa

UHll Mo.nenH xacxa.na nH,nHpyromero a,npoHa, rro3BOnHBWall .nocTH'Ib 

y,noBneTBOPHTenbHoro orrHcaHHll 3MynbCHOHHLIX ,naHHbiX. B HacToll

meil MLI B paMKaX TOrO )I(C rro,nxo,na paCCMOTpHM CllCKTpLI \faCTHU, 

pO)I(,naJOIUHXCJI B peaKUHH 

p~A •Ci X, /1/ 

r.ne c - xaxaJI-nH6o 3apJI)I(CHHaR qacTHua. B TOM cnyqae, xor.na 

C JIBnJieTCJl BTOpH'IHOH \faCTHUeH*, H3 OCHOBHOrO llpe,nrronO)I(CHHJI 

MO,nenH 0 TOM, 'ITO B rrpouecce pA "CTOnKHOBCHHH HMeeT MCCTO 

xacxa.n HaneTaJOmero a,npoHa, B TO BpeMJI xax BTOPH'IHbie qacTHUbi 

llOKH,naJOT Jl,npo 6e3 B3aHMO,nCHCTBHH, cne,nyeT, 'ITO HHKnJ03HBHLie 

o,nHO\faCTH'IHLie CllCKTpbl CCTb pe 3ynbTa T HanO)I(CHHJI ClleKTpOB 

qacTHU, po)l(,neHHLIX Ha pa3HbiX BHYTPHR,nepHbiX HyxnoHax. To ecTb, 

ecnH CTpyKTypHaJI $yHKUHJI nH,nHpyromero a,npoHa B pp -coy ,nape

HHJIX ,naeTCJI <J>yHKUHCH f (X ,p l ) , llO,n'IHHJIIOIUCHCJI $eHHMaHOBCKO

MY CKeilnHHry 110 3HeprHH I 4 I 

3 E d a 
f(x ,pl ) =a dp3 

a CllCKTpLI pO)I(,nCHHLIX \faCTHU OllHCLIBaJOTCJI $yHKUHCH 

_, CJ) d3 a 
fc (Eo' z 'q -i.) ~ a "dq'3 , 

- 12 31 
* Cnyqaif, xor.na c- rrpoTOH, 6bln paccMoTpeH B pa6oTax • • 

/2/ 

/3/ 
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r.D.e x ~ E IE 0 - .D.Oml nepBoHa'laJILHOH 3HeprHH E 0 . yHoeuMaJI 

JIH.IJ.HPYJOll.IBM a.D.pOHOM, p..!. - ero nonepe'IHbiH HMDYJibe, Z H q 1 -

aHaJIOrH'IHbie BeJIH'IHHbl .ll.JIJI qaeTHUbl C, HMelOll.leH noeJie eTOJIKHO

BeHHJI 3HeprHIO w /see BeJIH'IHHbl ODpe.D.eJieHbl B Jia6opaTOpHOH 

eHeTeMe/, TO HHBapHaHTHOe HHKJil03HBHOe eeqeHHe peaKUHH /1/ 
* eeTb 

Fc(E 0 ,z,q )=a N 1 (A,a) fc(E
0

.z,q'...l..) t 

1 a N 2 (A , a ) [ f c (E 0 , z , q l ) 1 z f f ( x 1 , p..!. 1 ) f c (x
1 
E 

0 
, z 

2 
, qH) ' 

.• -.. ... dx 1 dz2 2 2 l 
o(ql -pl1-ql )o(z-x1z2)-- --d pl1d q l 2 c 

2 x 1 z2 -

+ aN 3 (A , a)[ f c (E 0 , z , q 
1 

) + z f f ( x 1 , p 
1 1

) f ( X 
1 

E 
0 

• z 
2 

, <1
1 2 

) * 

* _, _, ... dx 1 dz2 2 2. 
o (ql- Pl1 - q-1.2 )o(z-x1 z2) -- -- d P-1.1 d q.l. 2 

x1 z2 

+ z I f (x 1 ' p ..l. 1 ) f ( x 2 • p l 2 ) f c ( x 1x 2E o , z 3 , q l 3 ) * 

_. 0 ( q• _ p... _ • ) " ( d x dx dz, 
l l1 p.l.2 - q-1.3 u z-x1x~z3 )...:....::L.::g...::::;3 * 

x1 x 2 z 3 

2 2 2 * d p .l. 1 d p.!.2 d Q .j. 3 ) I /4/ 

B tjlopMyne /4/ Nv(A, a) - Tax HaJbiBaeMble 3tjlqlexTHBHble que

m/ 5 ~ nponopuuoHaJibHble sepo.IITHOeTliM ,, -xpaTHblX eoy.D.apeHaii:. 

Nv(A,a) • .!.... I d2 b laT(b)( -aT ( b) 
a v! e /5/ 

T (b)- tjlyHKUBll TOJill.IBHhl .ll.IJ.pa , eB.IIJaHHall e paenpe.D.eJieHHeM JI.IJ.ep

Hoii: MaTepHH p (r) eOOTHOWeHBeM 
t-oo ----

T (b) = I p ( y b2 
1- z2 ) dz 

3 
Ip(r)d r =A 

a =30 M6H- Heynpyroe ee'leHHe pp-peaxuuii:. 

/6/ 

·• Mhl npeHe6peraeM paJJIH'IHeM eTpyxTypHbiX tjlyHxuuii: B pp -
H pN • BJaHMO.D.eHeTBHliX. 

4 

( 
-+ / 3 / 

Bb16epeM tjlyHKUHIO f x , p J. ) B BH.D.e 

2 
( -.. f3 8 -1 

fx,p..l.)=f3x -(Bp.!.)K 1(3p..L), 8=4,58 /F3B/c/. 
2 Tr 

/7/ 

Tor.D.a, npose.D.JI HHTerpuposaHHe H neperpynnupoBKY 'IJieHoB B Bbl

pa>KeHHH I 4/, rrony'IHM 

... -+ A 
Fc(E 0 ,z ,q , ) = af (E 0 z,ql)~ N (A,a) + 

-L C V= 1 V 

A 
1- l 

i= 1 

A 
l 

v~i 1 1 

rf 1 dx [f:Hn 1/x] 
N v(A ,a)]x 2;" xf3J-;:t::rr {i-1)! 

i-1 

X 

8P.l 2i-1 -.. ·• ) 
x f ct2p (--) K . (8p, )! (xE 0 ,z/ x,q 

1 
-p, , 

l 2 21-1 -L c • .... 

r.D.e Ke - tjlyHKUHJI MaK.D.oHaJIL.IJ.a . 

/8/ 

H3 eOOTHOWeHBll /8/ BH.IJ.HO, 'ITO eeJIH npeue6pe'lb BeeMH 

qneHaMH, xpoMe nepsoro, TO~ HHKJIIOJHBHOe ceqeHae F c 6y.D.eT 

nponopuuouaJILHO cyMMe 3tjlqleKTHBHblX queen, HMelOJ.UeH noxaJa

TeJib A - JaBHCHMOeTH nop.ll.D.Ka 2/3. }J;pyrue 'IJieHbl HMelOT 6onee 

Bbleoxue noxaJaTenu, no3TOMY ecTeCTBeHHO, 'ITO F c CHJibHO JaBu

CHT OT aTOMHOrO HOMepa JI.IJ.pa·MBWeHH, 'ITO H 6biJIO o6uapy>KeHO 

aBTOpaMH pa6oT / S,7!, }l;JIJI .D.eMOHCTpaUHH 3TOrO yTBep)I(.IJ.eHH.Il Bhl" 

'IHCIIHM noxaJaTeJib A- 3aBHCHMOCTH HHKJIIOJHBHbiX ceqeHHii: aHTH· 

npOTOHOB (P) H KaOHOB (K), po)I(.IJ.alOll.IHXC.Il B peaKUH.IIX npOTOHOB 
48 . 181 

c HMDYJihCOM 300 T3B/c c .ll.IJ.paMH Tt H Ta. )l;nx 3Toro, 

npeHe6pera.ll 3HepreTH'IeeKOH JaBHCHMOCThlO, napaMeTpHJyeM 

CTpyKTypHble tjlyHJCnHH CJie.D.YlOIIUIM o6pa30M: 

f ji ( z , q..!. ) - (1- z ) 
4 

( 8 P q l ) K 1 ( 8 P q.!.), 8 P =4,58 
/9/ 

fk(z,ql)- (1-z)3 82 e -BkQ.l 
k ' 

8 k=4,58, /10/ 

r .D.e 3Ha'leHH.Il napaMeTpOB B -P u 8 k nonyqeuw HJ tjlHTHpoBaHBJI 
/ 8 / 

.D.aHHbiX , JI.D.epHble DJIOTHOCTH Bbl6epeM B BH.D.e: 

p(r) = 
const P ~~ + W P (r/ Rp )llJ 
~ 

1 +e Cp 

2 
cons1N [1+~ (r/RN) 1 

+--....:..:_--..:.;:...,;~==-
rcRN 

l+e N 

/11/ 
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3ua'leH8Jl napaMeTpos .D;aHhl s 111a6A. 1. Tor.D;a pac'leT no 4JopMyne 

/8/ .D;aeT pe3ynLTaThl, npe.D;cTasneHHhle ua puc. 1, 2 . Kax BH.U.JJO , 

OH8 nepe.D;aiOT OCHOBHOH xapaxTep A - 3aB8C8MOCT8 8HBap8aHT 

HhlX Ce'leH8H . AHanor8'1Hble paC'IeTbl .D;nJI TT ± ·Me30HOB B Ha CTO JI " 

mee BpeMJI He .D;aiOT Y.D;OBneTBOp8TenLHhlX pe3ynbTa TOB 83- 3a 

RAPO 

47 T' 
22 1 

18 1 T 
7:l a 

oC 
1.4 

1.2 

1.0 

0.8 

0 

R cP p 

3,855 0,563 

6,45 0,638 

, ..... 
/ 

/ 
/ + // p 

/ 

2 4 

Ta6AU14a 1 

wP 

-0,076 

0 

-.-

RN 

3,76 

6 , 45 

eN WN 

0,644 - 0,076 

0,638 0 

+ + 

,.""' ----t ,,. 
!'J/ -p 

6 0 2 4 6 
PT( r3B/c) 

Puc.1 , lloKa3a1tleAb a~ ln ( FT a (x ,pl ) / FT i(X,pJ. )) / ln(181! 48) 

/ 13/ 

/14/ 

6 3a6ucu.wocmu 0111 nepeoaHHozo u.wnyAt>ca Pl · CnAowHa.Ji u nyHKIIIup
Ha.li KPU6ble • pact~ellf no ¢opMyAe /8/ npu 3Hat~eHUJIX (3 = 1, 5 u 1 
coollf6elflcm6eHHO. 3KcnepuMeHIIIUAbHble oaHHble OA.Ii npollloHo6 u aHifiU· 
npoJJoHo6, poJtCOUfOII#UXC.Ii 6 peaKijUJIX 300 F3B/c npomoH06 c JIOpa· 
MU, 63Ji111bl U3 pa6011 16•71 • 

6 

·~ J• 

• 
: I 

I 
.\ 

0( 

1.2 

1.0 
~ :+~ K+ -1- + 'rT K-

0.8 
L 
0 2 4 6 0 2 4 6 

PT(r 3B/c) 
Puc.2. To Jtre, 'I IIIo u Ha puc. 1, HO OA.Ii K • Me30H06 . Kpu6a.Ji • pac 
t~e111 no ¢ op MyA e /8/. 

TPY.D;HO CT8 Bb160pa xopoweB: na paM eTp83aU88 CTpyxTypHhlX 4JyHXU8H 

s .D;os onLuo 6on LwoB: o6naCT8 8 3MeHeH8Jl E 0 , z , q l.HaM n o xa 

He y .D;aeTCJI caMocor nacosauuoe on8caH8e pa3n8'1HhlX .D;aHHLix no 

p P • B3a8MO.D;eHCTB8JIM, 6onLW8HCTBO 83 XOTOpblX npe.D;CTaBneHO 

s B8.D;e 6hlcTpOTHhlx pacnpe.D;eneH8H, 3a'laCTYIO npo8HTerp8posau· 

HhlX no nonepe'IHOMY 8MnynLcy . IlocxonLxo no.D;o6Hble xapaxTep8c • 

T8X8 BeCLMa nonynJlpHbl Dp8 83Y'feH88 pA "CTOnXHOBeH8H, Mbl 
o6paT8MCJI X 8X OD8CaHHIO . 

Kax 83BecTHo, pacnpe.D;eneHBJI no 6blcTpoTe y unu· nces.D;o-

6hlCTPOTe Ti . onpe.D;enJleMLIX, xax o6LI'IHO, 

. I 2 q2 
w + y w - .1 • y =., . ~ .L ln - --2-

Y 2 w - -jw2 -q.J.. 
., "' - ln tg0/2, / 12/ 

cne.D;yiOiliBM o6pa30M CBJI3aHbl CO CTPYXTYPHLIMB 4JyHXUBJIM8 /3/ 

1 
a 

... ) - r ( E o,z, q...L . c 
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8 

dnfcl!l\ 
d? l.d~l 

5 

2 

-2 -I 0 

. 
cJ!!. (cln) 
d7 di 

3 

2. 

-I 0 

I 

67 f3B/c 

z 3 4 5 7 7{!1) 
Pvtc.3 

200 f3B/c 

2 3 q !; 6 1 8 

Pvtc.4 

7l~ 

cfn (~n) 
d7 l o:1 

400 f3B/c 
4 

3 

2 

~ 

2 3 4 5 6 

Pvtc.5 7&J 
7 8 

J Puc. 3-5. EblcmpomHble pacnpeoeAeHuR AUeHeBbiX 'lacmu!J. CnAowHaJI, 
"'Il nyHKmupHaJI, wmpux- nyHKmupHaJI KPUBble - pac'lem no ¢opMyAe 

/14/ npu 3Ha'leHUJIX f3 =1,5; 1;0,6 coomeemcmeeHHO. rucmozpaM
Mbl- 3MYAbCUOHHble oaHHble pa6om 1 ~0 . 1 11 . 

llapaMeTpHJyeM 3TH pacnpe.neneHHll, npoHHTerpHpooaHHbie no no

nepe'IHOMY HMnyJibCY, ljlyHJ<li;HeH BH,na ' 9 ' 

dn (Eo ) 
1 3 ( ~ 
;;-- f -~~- 2 n(E ) - .!..._- Yo ) 

dy dq dq.l. = 
0 

2-c--..L -- e 
•/ 2rr L dy 

r.ne /13/ 

L = ln~~ ·~ lnY 
2m c Yo = ln2Yc 

a ii(E 0) onpe,neJIJieTCJI J<aJ< cpe,nHJIJI MHO)I(eCTBeHHOCTb 3apJI)I(eHHbiX 

'laCTHll, po)l(,naJOillHXCJI a NN -oJaHMo,neiicTBHJIX, a 'IHCJIO J<OTOpblx 

- I 11 He BJ<JIIO'IalOTCJI J<aJ< npOTOH OT,na'IH, TaJ< H JIH,nHpYJOillHH npOTOH 

9 



diJ (r!!!) 
d7 d~ 200 I3B/c 

'I 

3 . 
- . 11-"1- ·· .. 

J~/ \~} '/ ., f ~ -
' I. ~ --. 
• f! -,~\ ;;/ -~ 

l ' 

.. ,t 
' 

-2 _, 0 f 2 3 'I 5 6 7 8 tzM 

!1!1 ("") t d' i!J 5 300 I3B/c 

I( 

,.. ...... 

{,1··-t-\ .. ,, \ ,·, 
~- \\ 
(. ''t\ 

' ,1 \\~ 
IJ; '4'~\ //J \_ t 

'tf '\ 
~ - \ i .I.J " -1 -~ 

3 

z 

-l -1 D z ~ " .s- 6 I fcy) 

Puc.6,7 . .ObiCmpomHble pacnpe<)eAeHu.!f AUeHeeblx 'lacmut~ eo e3au
,wo<)eucllleU.!IX npomoHoe c zpynnaMu .!f<)ep AgBr /cnAOWHble Kpu
et>le/ u CNO /nyHKIIIUPHble/. Kpueble - pac'lelll no r/JopMyAe /14/ 
npu <)eyx 3Ha'leHU.!IX f3 =1 ,5 u 1. To'lKU - 3KcnepuMeHmaAbHble 

<)aHHble pa6ollfbl 1 121. 

10 

ol 

-1 0 z. 5 4 s 6 7 f/('l) 

Puc.B. lloKa3a1fleAb A - 3aeucuMocmu 6t>IC111P0111HbiX pacnpe<)eAeHuil 
KQK r/JyHI<ijU.Jf Y. llyHK111UpHa.Jf AUHU.Jf - 3HQ'leHUe ncee<)o6biC1flp0111bl, 
omee'laKJ111ee 3KcnepuMeHmaAbHbiM ycAoeu.!IM pa6om 16 ,7 I . 

MaTerpapyg /8/ no nonepeqaoMy HMnynbcy, nonyqaM 6~cTpOTH~e 

pacnpe,neneHHR nHBHeB~X qacTHU B pA -coy,napeHHRX, He yqaT~

BaR BKna,n nH.D;HPYJOIUHX npOTOHOB H H3MeHeHHe HX HanpaBneHHR 

,D;BH)I(eHHR. 

~ pA = i!!. (E 0) I 
dy dy 

A-1 A A i:
1 

[ l '=~ 1 N1, (A ,a) / .i::l N /A,a)1x 

i-1 
dx [{3lnllx] ~(x E

0
). 

X {3 J ~ (i-1)1 dy 

/14/ 

PacqeTbl no <l>opMyne /14/ c acnonb30BaHHeM ff(E 0 ) =-2,35 + 
+ 1,52 lns B cpaBHeHHH C 3MynbCHOHH~MH ,naHH~MH / 10-12/ npe,n

CTaBneH~ aa puc. 3-7. lloKa3aTenb A -3aBHCHMOCTH 6~cTpoTa~x 

pacnpe.neneaaii:, onpe.neneaa~ii: KaK 

a (y) = ln( ~ Ag Br I _Q£_CNO)I ln (94 / 14). 
dy dy 
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npHBe.UeH Ha puc. 8. KaK BH.UHO, B o6JiaCTH 6blCTpOT, COOTBeTCTB}'IO" 

mux 3KcrrepHMeHTY / 6 · 71, OH .noBOJibHO BeJIHK I a- 0, 9 I . 113 pac'le

TOB MO)I{HO JaKJDO'IHTb, 'ITO cornacHe DO BCeM .UaHHbiM BilOJIHe 

y.noBJieTBOPHTeJibHOe. 

ABTOpbl 6naro.uapHT A . B.TapacoBa H JI.li . Jlarru.uyca Ja nno.noT

Bopuble .UHCKYCCHH H o6Cy)I{.IleHHJI . 
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