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Two-particle and three-particle correlation functions in the central
rogion have been worked outs in order to study the behaviowr of multa-
particle productions at very lugh energy  The two-particle correla-
tion function 15 expressod m terms of relative distance between the
two parbicles m rapuhity spaco. The three-paticle correlation func-
tion i3 also a function of relative distance i rap:dity space apart
from contaiming individual rapidity terms

1. INTRODUOTION

The stracture of hadrons and their mteractions are very hitle known even to-day
Both theoretical and exporimental efforts have been gomg on {o interprot the
congtituonts of hadrons in terms of a fow (undamental umts (Gell-Mann 1964
und Zwoig 1964) without much success. Recently. high enorgy clectron bas
been used to probe the structure of the hadron

In doep inelastie scattermng, the compling constant mvolving the virtual
photon is modol dependent  The virtual photon nucleon seattering is similar
to that of tho hadron-hadron scattermg when the mass of the virtual p]wt(; 18
fixed. The observed scaling phenomena suggests that the coupling constant
(Cahn & Colglazier 1973) of the virtual photon should be independent. on Q2
when 2 tends to infinity  In deep melastic scattermg, physical quantities are
dependent on Bjorken variable only (Bjorken & Pasches 1969). Our earher
work (Pal 1975) shows that the two partiele correfation function is independent.
on §* and w when the particles are not produced . the central plateau. When
both of them are producod in the central region, their sub-region 18 much smaller
than other sub-regons. This, of eourse, does not follow from the hadron-hadron
scattering.  We note that for large v and @* the sub-region of the virtual photon
and the hadron produced nearer to o is larger than other sub-regions. Using
the tochwique of Abarbonel (Abarbonel 1970), the correlational function is pro-
portional 1o exp| —(y,—y.)/L] where y; and y, are the repiditics of “the produced
particles  We note that it is mdependent of the virtual mass and the target.
When three hadrons are produced in the central region, the correlation function
is proportional {0 sum of tho terms containing factors exp[— (¥,—¥a)/L) and
oxp(—y/L), i — 1,2.8 if y; >y, >y,  The first term is expeeted, for it con-
tains the relative distance between the end partieles in rapidity space.
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To new featurc of the three particle correlation function is that it damps

oxponentially with a characteristic range for rapidity pa(l—ag(0)]. i =1.2.3
2. KiNeMaTics AND CorreraTion Funcrions

Lot the momenta of the virtual photon. {he target and {he observed hadrons
be g, P, py.p; and py respectively, The rapidity variable »; which 15 defined
by yi = ¥ In(wi+pLi)/(wi—pyg) 15 convenient for our considerations at. high
onergy. Here w; and py; are the energy and longitudinal momentum of the +-th
purticle. At high energy. the transverse momentum of any particle 15 finite
and doss not play any role for various physical quantities of mterost At labora-
tory frame, the square of tho total energy of the virtual photon and the target s
s given by s = M2—Q>*4+2Myv Lot Ny, and 84 be the square of the sub-energies
ot the virtual photon and i-th particle, the virtual photon and the target and
the particles 1 and 2 vespectively. Thercfore, we have

8y = = 2my[v 0xp(— y1)— M/w sinh y,]— Q*

4 Nay ~ —Mui g exply,) )
a

Spo = sy gy oxpl— (.= )]
where

me® = mpg

QP — —g* and
v = energy of the virtual photon,

provided

Yy = Y andd Iy [ M <y K Anes[Many,

To start. with, we have gol the virtual projectile y (the photon) and the taget
proton P The one particle dwstrihution s defined as the invesiat. quantity ot
distribution ol one particalar type of particles due the collislon between 1he
vittual particle and the target  The particle distribntaon can he defined smularly
when we are interosted in distubution of two particular types of particles due
to collision between the virtual projecuile and the target. oo is the total cross-
section of the virtual projectile and the target. With the help of generalized
oplieal theorem ol Mucllor (Mueller 1970). the total eross-seetion oy, particle 1,
particle 2 and particle 1 and 2 produced together distributions are given by the
following equations :

Oto0 == fp(Q))BA" ARQ?) 4Bs— (1—ar(0)) - @)

This 15 oblamed m (figure 1a)  The fisst terms i eq. (3) s due to Pomeronchon
exchango. Hore #p(Q®) 15 the coupling constant of the virtual photon with the
Pomeronchon trajoctory and 4P is that of the target. with the Pomeronchon
trajoctory. The second torm m oq. (2) is due to other trajoctoties R Sr(Q?) and
A4R aro the corresponding coupling constants duo to exchange of trajectores R,
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Totul Cross-secton ol viduul projectile roprosontod by wavy Ime and the (apoet
L’ by thick Jme. Tho th e ¢ roprosents Pomoronehon and Regge {rajociory
oxchange betwveon the projoctio and the tagel

Ono pubiclo melusive cross-section pg - The thm ine 7 1eprescubs Pomeronchon
and Rogge trajoctory exchunge betweon the virtual projectile and (he obsoved
hadron p. The thin buo j roprosents Pomeronchon and Regge tiajoclory excehiango
hotwoon (he tapot. 12 and the observod hadhon gy

Suntlwr mberprotation holds good as - Mg (Lh). Only one has to weplaee the
observed hudron py by ps.

Two-pw bicle melusive eross-soction pgat,* due to collmon between the virtual
projoclde y and the target 1. The mtorpretation of thin lines ¢ and A s smoudar
1o that of 2 and yn Kig, (1b).  Tho thun lme ) here sopresents Pomeronchon and
Roggo Trajectory oxchango betwoen the obsorved hadrons gy and pp.

The thioe-particle melusive  crosy-soetion pg 443 due to colhsion hetween the
virtunl projecislo y and tho target . The thin ine 4 represents Pomeronchon and
Rogge tuygeelory exchango between virtuwl projeetale y and obsorved hadron py.
The nes ) and & ropresont. Pomoeronchon and Regpo trajectory oachange between
obrorved hadvons py and p, and observed hadions p, and p, respectavely.  The
thm hno Froprosents Pomeronchon and Reggo trajectory exchange hetiween ubsorved
hadion py and the tmgol P.

par’ = Pe(@IB 4 Top(por) +Br(@)B Ffrr(pa) 15| T EY L 3)

(This is given m figure (1h))

poat ~ Be(Q)Pal e pro) + B PaRfpr(pig) | 5a:] " H” @)

(Sve figure (le))
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Poa? = Bp(@) AT pp(pyy)fre(pys) +

+ B @B AR pR(Par) [RE(Prg) | o' T )
(See figure (1d))

In statistical mechanies (Mucller 1971), correlation functions we defined to
moasure the differonco betweon the particle distributions aet ually observed in
an interaction and the particle distiibutions capeeted o there are no conelo-
tons present. The two particle correlation function Go(yy. puy. s prs) 1 definud
by the following equation

A Yo, Dys) == 2 2 ;

Gol¥s Prts Yo Pra) == Poa®?[0 1 —(pga* [o2a)(Pya*(o ) o (6)
"This 13 zero when the total energy ineluding all sub-energies are allowed 1o tend
to infinty.  The sub-energy [, ]! % the smallest of all. We note, therclore,
how the correlation function tends to zero with {re separation between obrer
vod hadrons in rapudity is given by

Go(Y1 Puss Yo P1s) = frr(Pu)frr(pee) |91 | e

= Jer(PL) np(R )y )~ 2expl — (=) [ L)
(7

where
L =[1—ap0)]' ~2
ancd gty ppa® and pyat® are imvariant distobutions of partiele T, partele 2 and
particles 1 and 2 together respectively  The three-particle correlation [unetion
Gy(y1s Puss Yo Puss Yo Pus) is defined by the lollowing equation .
CalY1> Puss Yo Puss Yar Pas) = Ppa’>—

Vo tat*[poa™ poa* +poa® poa®+poa™ pea’l-| 200 pea' poapy s’ )
where pgat3 1s the mvariant distrabution of particles 1, 2 and 3 {ogether (see
fisure le¢). This s zero when the total energy meluding all sub-cnergies anc
allowed to tend to mfinity  The sub-energies s, and s,3" wie the smallest of all
The measure of the rate of approach to the scalng hout ms given by the next
leadmg trajectory £ The three-particle correlation {function expressed m tams
of the separation between observed hadrons m rapidity 15 given by

Ga(Y1s Paxs Y2 Puss Ya Pug) =
—Jpp(P12)frP(Pra)fPR(P 1) (Mesyinys) " texpl—(y,—¥3) | L]
—3fpp(PL)fRE(P L) fPR(DL)BRIBp(2mm ) exp(—y, /L)
—3fpp(Puy)fer(Du)fPR(DLs)Aul Ap(2mm 1) ~tex)(— ¥,/ L)
—3fpp(p1y)fep(Dia)fPR(PL2)BRIBP(2Mm o)~ dexp(—Y,/L). e (9)
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Thus we obssrve that the charactoristic distance over which the corrclation
tanetion 1s offective is given by 1/[1—ag(0)], where R is the next to Pomeronchon
trajoctory which controls tho approach to sacling, for p, w, 4, and f trajectories,
we have ap(0) ~ } and L~2 We have used our earlier work (Pal 1975). The
notutions usod horo aro properly explamed thero. Expressions for various
physical quantitios o.g., total cross-section, corrclation functions cte. have been
proporly intorprotod on the basis of tho assumed model there. For the sake
of completeness, we are reproducing some of our earlier works. We have used
smooth functions fpr(py,) and frp(py,) n the correlation function Gylyy, pyy,
Yy Pyg) in ey, (7). Here py, and p,, arc the transversc momentum of the
observed hadrons of energy-momoentum p, and p, respeetively The lower suffix
P and 2 denote pomeronchon exchange from one side and Regge trajoctory
cxchange from the othor side  The f's are the couphing constants of the observed
hadrons with Pomeronchon and Regge trajectory. Other smooth funclions m
oc(. (9) have similar interpretation.

3. CoNoLusION

When hadrons are produced in the central retion, the correlation funetion
bocomes indepondent of the beam and the target. The two-particle correlation
lunction depends only on the rolative distance of the two patticles in rapidity
space.  The three-particle correlation function behaves similarly but it also
contams terms as function of cach mdividual rapidity However, when any
of the hadrons is prodaced in the cwrrent {ragmontation region, the correlation
function highly model-dependont and depends on the mass of the virtual photon
(Pal 1975). We hope that 1t will be easier to visualize the many-body system
al high cnergios with the help of lngher correlation function
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