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S -MBTpH'IHblH ITO.lXOJl K MHO)KeCTBeHHOH reHepaUifll 8JlpOHOB 

npoueCCbl MHO)KeCTBeHHOli reaepaUiflf 8JlpOHOB paCCMOTpeHbl C TO'IKH 

3peHH51 KBBHTOBOli Te.opnn nons • .Uns MHDrO'IBCTH'IHblX BMnnHTYil nony'!eHbl 

peKyppeHTHbiB COOTHOWBHHH • .lleTanbHO o6Cy)KJlBHbl npoueCCbl OJlHO- If llBYX

'IBCTH'IHOli reuepaunH. B nocneJlHeM cnyqae noKaaaaa aeaasncHMaH oT 

KlfHBMBTHKH B03MO)KHOCTb OTplfUBTBnbHblX 3H8'1BHilii BTopo·ro KoppenHUHOHHOrO 

napaMeTpa. 

npenpHHT 06DeJU(HeHHOrO HHCTHTyTa B.!lepHhiX HCCJie,!lOBBHJdt 

,ny6Ha, 1974 

Dushutin N.K., Maltsev V.M., 
Sinegovsky S.I. 

S -Matrix Approach to the Multiple Hadron 
Production 

P2 - 7908 

The multiple hadron production was considered from 
the point of view of quantum field theory. Recurrent cor
relations are obtained for many-particle amplitudes. The 
one- and two-particle production is discussed in detail. 
In the latter case, independent of cinematics, negative 
values of the second correlation parameter are possible. 
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. .,B npu6nu:>KeHHB. cnyqaiiHbiX: .nponeccoa /I/ . .zuu1 MHO-.: 

:>Ke CTBeHHoii. reHepanuu a.npoHoanony,eHo y,noaneTaopBTenh-. 
Hoe onucaHBe BHTerpanhHbiX xapaKTepBCTBK B3aBMo,neii
CTBBJI · npu BhiCOKBX :meprBJIX •. Mo:>KHO pa3BBTh ,naHHhiii 

. no,nxo,n, BKniO'IBB B paCCMOTpeHBe; BMeCTO aepOJITHOCTeii, 
aMnnHTY.I\bl nepexo,na B COCTOJIHBe C HeKOTOpbiM 'IBCnOM 

BTOpB'IHbiX 'laCTBU. .' 
B CBJI3B c 3TBM npe,ncTaanJieT HHTepec onucaltue He

ynpyrux a,npoH-a,l\pOHHbiX B3aHMO,neHCTBBH C nOMOil(blO S -
MaTpHUbi,B KOTOpyJO BBe,neHa ·3aBHCBMOCTb OT 3cllclleKTHBHOH 
KOHCTaHTbl CBJI3B g TaKBM o6pa30M; 'ITO '~e Hyneaoe 
3Ha'leHue BbiKmoqaeT HeynpyrocTh / 2, 3• 4 I. llpoH3BO,nHaJI 
TaKoii s -MaTpHUhi no g, Bbipa:>KeHHilJI qepe3 narpaH:>KBaH 
B3aHMO,neHCTBHJI, MO:lKeT 6LITb pa3nO:>KeHa no HOpManbHbiM 
npou3ae,neHHJIM in -onepaTopoa: 

_!_ as< g) 

i a g 
S(g) fd 4xLint [t/;(x,g)]= S(g)[r

0
+ 

00 ... -.· .,·.4 ' '· 4··· . . . .. . . . . . . ' 
+ ~[d x .. :d x T (x

1
; ... ,x.;g)!¢. (x

1
) ••• ¢. (x ):], 

n=l 
J. n n ·"- - n ·. . 10 ·• · 10 n 

/1/ 

r.ne L int - nnoTHOCTb narpaffitrnaHa a3auMo.neiicTBBJI; t/; (x,g), 
¢in (x) - onepaTOpbi B3aBMO,neHCTBYJOIUHX B CB060,nHbiX no
neii, T n (X 1, ••• , xn; g)- CBMMeTpB'IHbleK03cllciiHUBeHTHble tPYHK
UBB, CO,nep:>Kall(Be BCIO HHcllopMaUBIO 0 B3aBMO,neHCTBHB. ·. 

C ,npyroii cTojlOHhi, ucnonh3YJI nonuoTy ¢in -onepaTo
·poa, S -MaTpHUY MO:lKHO 3anHCaTb B BH,ne: 
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4 4 s (g) = s 0
( g) [ l + I. I d X ••• d X X 

n=I I 4 
/2/ 

x X (x , ••• ,x ;g):¢. (x ) ••.• ¢. (x ):], 
n In mi mn 

r,IJ;e so= <0 ISJ 0 > onpe,IJ;eJIHeTCH H3 ycnoaug YHHTapHOCTH 
H COOTHOWeHHH BH,IJ;a 

.!. ..E._ so(g) = TO (g) so(g) ' 
i a g /3/ 

a. «ilYHK:UHH X n(xi , ••• ,xn;g) onpe,IJ;eJIHIOT aMnJIHTY,IJ;LI nepexo,IJ;a 
B COCTOHHHe C n -BTOpH'IHLIMH 'laCTH:UaMH, .KOTOpbie, ,IJ;JIH 
npocTOTbi, npe,IJ;nonararoTCH c.KaJIHPHbiMH 6o3oHaMH. Ec
TecTaeuuo, 'ITO. x n ( x.j ... , x n' g = 0) = Bno. 
... HcnoJib3YH, COOTHOWeHHH /1/ .H /2/,· MO:>KHO CBH3aTb 

«ilYHK:UHH X n H T n ypaaHeHHeM: 

· 1 a . ._. -a--x (xi , ... ,x ;g) =r (_xi'"'' x ;g)+ .. g n n n_. n 

.. 

/4/ 

£! (n -£) ! X ,.,,,X£ · 
+ I, p { . I ) 'X ( x , .... , X'n ; g) X , 

· 1 -- · e I c. 
I<£<n-I n. x£+I,. •• ,xn .. ·.·' 

x rn-£ (x£+ 1 , ... ,xn ;g), 

r,IJ;e 
XI, ... ,"£ /3/ 

p ( )- On epa TOp CHMMeTpH3a:UHH. 
Xf+l,. ..•. ,xn 

cllypLe-npeo6pa3oaauHeM ypaaueuue /4/ MO:lKeT 6LITb 
3aiTHCaHO B HMITYJibCHOM npOCTpaHCTBe: 

1 a 
-:---x (k 1 , ... ,k ;g) =r (k

1
, ... ,k ;g)+ 

.I a g _ n , n n , n 

£!(n-£)! k 1 , ... ,ke 
+I. 
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P( Jx 

.n.. k£+1 , ... , kn 
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X X 0 (k , ... ,k 0 ;g); ~ (k 0 . , ••• ,k ;.g); . /5/ 
c. I c. n -c. .c.+ I n ·•. 

r,IJ;e Xi H '; i : 4JypLe- o6pa3LI oT cooTaeTCTBYIOIUHX 4Jy~'X-- --.. 
:UHii. Ypaaue:HHe /5/ npe,IJ;cTaBJIHeT co6oii peKyppeHTHoe co-· 
o-fuoweuHe ,IJ;JIH X H. Mo:lKeT 6LITb peweuo, ecnH a KaqecTae . n 

. na·paMeTpOB Bbi6pa Tb_ BeJIH'IHHbl , _ 
. g, ')d' 

c (k 1 , ... ,k ;g) = i J Tn (ki , ... ,kn ;g g • n . n 0 
KaK nepaoe npu6nH:lKeu:He K o611leM;y peweuHJO ypaaueHHH 

/5/ ,IJ;eTaJibHO o6cy,IJ;HM ,IJ;Ba 'laCTHLIX cnyqag. 

llpH. YCJIOBHH T 11-0' T n > 2 = 0 peweuue ypaaHeHHH /5/ 
cne,IJ;yrolllee: 

n 
"? .. • .. . l 
X (ki, ... ;k ;g) =-

1 
II c

1
(k.';g) 

n . n . n. i=I. I 

c 1 (k:;g) =·~ 1 (k.;g)' . l l 

g 

I ~I < k. ; g ') d g', 
0 l 

a 
Tor,IJ;a aepoHTHOCTb o6pa3oBaHHH_n -qacT~P =~ . . . . . ·. . n 

a.inel 

/6/ 

/an,, 

a inel - _cooTBeTCTBeuuo, nap:uuanLuo~. H ueynpyroe ceqe
HHH/ 3a,IJ;aHa nyaccOHOBCKOH .«lJopMoii: 

... '" . . .. 3·. 
'b 2 1 1 d .. k i . . . ·. .. . 2 .n. 

Pn=IS (g)I-[_--3-I E ,lcl(ki;gll]' 
· n L · 16rr i 

'/7/. 
,. '-~ '- :, 

. .. 3--
t·-~ IS0

(g) 12
=exp(- -3-J E·' 

l6rr 1 

r,IJ;e, C y'leTOM YHHTapHOCTH 

lei (ki ;g) 1
2
• Pe3yJILTaT ,IJ;OCTaTO'IHO H3BeCTHLiii. 

lionee HHTepeceH cnyqaii *'T n < 2 -1- 0 , rn > 3 = 0, Kor,IJ;a B03-
HHKaeT . B03MO:>KHOCTL o6pa30BaHHH .,IJ;BYX'IaCTH'IHLIX KJiacTe-

, _ · poa. PeweHHe HMeeT BH,IJ;: 

* llpH6JiH:lKeHHOe . peweuH·e : .. nonyqe:Ho T~ioKe .";·· Con:H;i>:M / 4/. 
- ; .- -··. - . ,; ~ . "' . 
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n·· n-1 
,. 2'_2_ (2s) ! k I , ••• , k n - 2 s ) X X ( k 1 , ••• , k n ; g) = I 

~~ ,. 

0 s = 0 s !n! p ( k . ,. •.• ·, k n . 
Ii-2s+l 

, .. ' s 

X cl (kl ;g) ••• cl (k n-2s ;g) fl 
. f=l 

2 !(2f-2)!. 

(2e)! 
·x /8/· 

. ::--~- ' ' "• 

··-kn...:.2f+I'kn-2f-i: 2 ) c (k. ~2f+('kn·...:.2f+2;g); 
( 2 n , .. 

X p k . nO •••• k ,. ,· 
••n""''a.+3'. .. n 

B 3TOM cnyqae pacnpe,Ileneuue no MHO:>KeCTBeHHOCTH c yqe
TOM YCJIOBHJI YHHTapHOCTH MO:>KeT. 6b1TL npHBe,IleHO K BH,Ily: 

n 

(-B-: B*--20)2 
P = -exp[ -A-·(B+ B*) - 2D] -----

n n! 
H ( A 

n ' 2y:-B-B*-2D 

/9/ 
,, 

. . . ' d 3 k 0 • • 

r,Ile H n - nonHHOMbl 3pMHTa; A :: ~ f --E-Ll c 
1 

( k i "; gl 2 
, 

. . ·' .d 3k,' .d 3k_l67T~ . i 
·n = 1 ·· • f · l .. ". 

1. lc (k. ,k.;gJL2 
(16773)2 E;· . Ej . 2 I J ' 

HMeiOT CMbiCJI BepOJITHOCTeii reHepal{HH O.IlHOH 'laCTHI.\bl 
H .IlBYX'IaCTH'IHOro KJiaCTepa; . . . . . · ·. . . . 

l d3ki d3k. * . . • )*( B = f I c
1 

(k.;g) c 2 (k. ,k. ,g c 1 kj;g) 
(16 7T 3)2 E i E j I I J 

. HHTepll!epeunuoHHLIH · qneH. BenH'IHHLI A , B , D nerKo 
Bblpa:>KaJOTCJI 'lepeJ nepBbiH H BTOpoii KOppeJIJII{HOHHble 
napaMeTpbl: · · 

f 1 = I n P = A+ .2( B * + B) + 4 D = A +. 4 ( R e B + D) 
n n 

£2 = In(n-l)Pn-(InP~) 2 =~(B*+B) +4D=4(ReB+D).' 
n . · n •'· · c. /IO/'' ~ 

TaKHM o6paJoM, pacnpe,Ileneuue no MHO:>KeCTBeHHOCTH 
.IlJI.JI ,IlaH:Horo cnyqa11 coiina,IlaeT c pacnpe,IleneHiiHM.H, iiony-
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'leHHbiMH B TeX :>Ke npe,IlnOJIO:>KeHHJIX B npH6JIH:>KeHHH cnyqaii
HbiX nponeccoB · /I/ H B 'pe,Il)Ke:BcicoM no,Ilxo):le /5/. 3To 
JIBJIJieTcJI · cne,IlCTBHeM : . .'no,Ilo6HJI B .CTPYKType _ypaBHeH~ii /5/ 
.IlJIJI xn-u ypa:Bueuuii ~n11 uopMupoBa:H:Horopacnpe):leneuuJI 
no· MHO:>KeCTBeHHOCTH ·. P B npH6JiH:>KeHHH cnyqaiiHbiX il:po-

n . - - . 
necco:B. PaJJIH'IHe 3aKnro~ae'fcH JIHWL ~'ToM, 'ITO.· i:JepBble 
3anucaHbl ·~JIJI aMnnHTY~~ TOr~a KaK BTOpble ·-· MJI BepOJIT
HOCTeii i<oueqHLIX cocTo)tHHii · c li!HKcupoBaHHbiM 'IHCJJOM qac
THn. 3To o6cT011TeJILCTBo, ecTecTBeHHO, ·He MO:>Kei H3Me
HHTL 4JopMy pacnpe~eJieHHH; :uri. ~OBOnLHO CYil{eCTBeHHO 
CKa3biBaeTCJI Ha noBe,Ile_HHH f 2 • TaK, ecJIH B npu6nH:>KeHHH 
cnyqaiiHbiX npon~ccoB ·:KoppenHI{HOHHble napa'MeTpbl. £1 :H 
f 2 Bcer,Ila nono:>KHTeJibHLI, noc:Kon~oKy ouu CB113aHbl.:c Be,. 
poHTHocTHMH "qucTblx" npou;eccoB .o.IlHo'lacTH'IHoii ·u ~Byx
qacTH'IHoii reHepal{HH, T.e., ll!aKTH'IeCKH, c BeJIH'IHHaMH 
Tuna· A H D ,To B paccMoTpeHHOM MeTo,Ile BTopoii Koppe
JIJII{HOHHLiii napaMeTp MO)KeT npHHHMaTL TaK:>Ke OTpHI{aTeJIL
Hble 3HatleHH11 npu onpe,IleneHHOM Bb16ope B H D. 

HHTepll!epeunuoHHLie qneHbl B noHBJIJIIOTCJI Bcne,IlCTBHe 
B03MO:>KHOH HeopToroHaJibHOCTH COCTOJIHH~ c· pa3Hb1M 'IHC
JIOM .IlBYX'IaCTH'IHLIX .KnacTepoB. B cnyqae, KOr,Ila .TaKue 
COCTOJIHHJI . npe,IlnOnaraJOTCJI OpTOrOHaJibHbiMH, B = 0 H 
f 2 noJIO:>KHTeJibHO. 

Cyll{eCTBYJOII{He 3KcnepuMeHTaJILHble ,IlaHHble He no3Bo
JIJIJOT CKa3aTL, .KaKOe H3 3THX n'pe,IlnOJIO>KeHHH cnpaBe,IlJIHBO. 
0):lHaKO nepBoe ,IlaeT B03MO:>KHOCTL. HeKHHeMaTH'IeCKOH HH
TepnpeTal{HH ·oTpHI{aTeJibHbiX 3Ha'leHHH BTOpOrO KOppeJIJII{H
OHHOrO napaMeTpa B o6JiaCTH Ha'lanLHbiXHMnyJILCOBMeHLWe 
50 T3B/c /~n11 pp -pacceHHHH/: 

TaKHM o6pa3oM, :B paMKax paccMoTpeuuoii KBaHTOBo
noneBoii MO~eJIH MHO:>KeCTBeHHOH reHepal{HH MO:>KHOHe TOJIL
KO BOCnpOH3BeCTH OCHOBHble pe3yJILTaTbl, nony'leHHble 
B ll!eHOMeHOJIOrH'IeCKOM nO,IlXO,Ile, HO TaK:>Ke H 6onee KOppeKT
HO 06'LJICHHTL HeKOTOpble 3KCnepHMeHTaJILHO Ha6nro):laeMble 
:Jll!ll!eKTbi. 

ABTOPbl 6naro~apHbl A.E.roBopKoBy u H.A.qepHHKOBY 
3a none3Hble o6c~eHH11. 
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Y CJIOBHSI 06MeHa 
llperrpuHThi u coo6meHHH OHJIH paccbiJiaiOTCH 6ecrrnaTHo, Ha ocHoae 

B3aH)'dHOrO. 06MeHa,. YHHBepCHTeniM, HHCTHTyTaM, Jia6opaTOpHHM9 
6u6nuoTei<aM, HayqHbiM rpyrrrraM u oT~eJihHhiM yqeHbiM 6onee 50 cTpaH. 

Mbi OJKH~aeM, qTo rronyqaTenu HJ~ll.Hllii OHJIH 6y~yT caMH rrpoHa· 
JIHTb HHHU:Ha THBY B 6eCIIJia THOR IIOCbiJII<e rry6JIHI<aU:HH B )J;y6Hy. B IIOpH~I<e 
o6MeHa rrpuHuMaiOTcH HayqHhle KHHru, iKypuanbl, npenpHHThi u uHoro 
au~a ny6nuxau:uu no TeMaTHI<e OHJIH. 

E~HHCTBeHHbiH BH~ rry6JIHJ<aU:HH,I<OTOpblii HaM IIpHChiJiaTb He CJie~y· 
eT,•!}TO perrpHHTbl /OTTHCI<H CTaTeii, YJKe ony6JIHI<OBaHHbiX B HayqHbiX 
iKypaanax/. 

B PH~e cnyqaea Mhl caMH o6pamaeMCH I< nonyqa TeiU!M uawux HJ~a
HHH. C. IIPOCh6oii 6eCIIJiaTHO IlpHcpaTb HaM I<ai<He·JI~6o I<HHrH HJIH 
BbiiiHCaTJ, ~JIH Hawei'i 6H6JIIWTeKH HayqHhie JKypHaJibi, H3~aiOutHeCH B HX 
cTpauax. 

OT~eJibffihle 3anpocM 
H3~aTeJibCI<HH OT~eJI eJKero~HO BbiiiOJIHHeT oK'ono 3 QQQ OT~eJibHbiX 

JarrpocoB Ha BhiC,:hiJII<Y rrperrpHHTOB H coo6meauii OHJIH. B Taxux Ja· 
npocax cne~yeT o6H3aTeJibHO yxaJbiBaTb. HH~_exc JanpawuaaeMoro · 
H3~aHHH. 

'A~peca 

fiHCbMa IIO BCeM BOIIpocaM 06MeHa rry6JIHI<aU:HHMH, a Tai<Ji<e 3arrpo• 
Chi Ha oT~eJibHbie H3~aHHJI cne~yeT HanpaBJIHTh no a~pecy: 

101000 MocKea, · 

,·'{ 

TllaBHbiU no'llllaMm, n/JI 79. 
H3oamellbcKui1 omoe11 
06'beOUHeHHOZO UHCIIIUIIIY111a 
Jloepubrx IJCC/Ieooeauua. 

A~pec . .I{JIH IIOCbiJII<H BCeX rry6JIHKaU:HH B IIOPJI~I<e o6MeHa, a Ta~qKe 
~JIJI 6ecrrJiaTHOH IIO~IIHCKH Ha HayqHbie JKYPHaJibl: 

101000 Moc1(ea, 
T11aeHbiU no<~maMm, n/JI 79. 
llay<~Ho·mexHu<~ecKaJI 6u611uomeKa 
06'beOUHeHHOZO UHCIIIU111Y111a 
JIOepHbiX uccAeooeauua • 


