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Abstract. Probability (multiplicity) distributions and those densities
(KNO scaling functions) are investigated in a two-component (charged and
neutral) branching process. It is shown that the two-component KNO
scaling functions depend effectively on one variable in two typical cases. A
formula for multiplicity correlation between two components (charged and
neutral particles) is formulated. It is applied to the analysis of experimental
data.
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1. Introduction

In hadron-hadron (h-h) collisions with energy more than several ten GeV
(=10° eV) in the laboratory system, many particles are frequently produced
through the strong interactions between the colliding particles. See Fig. 1.
A hadron means a strongly interacting particle such as proton, neutron, pion
and so on. Experiments on high energy 4-h collisions are done mainly by big
accelerators, for example, the proton synclotrons at Serpukhov (USSR) and

Fig. 1. TIllustration of a multiple particle production process in A-4 collisions. Charged particles
are expressed by solid lines, and neutral particles are by dashed lines.
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Fermilab (USA), and ISR and the pp collider at CERN (Switzerland). The
production process is represented symbolically in the following way,

h + h — n charged particles + X ,

where A is a hadron and X represents missing neutral particles. In many
experiments, as the detector sensitive only to charged particles are used,
neutral particles are not observed. The number n of charged particles is
counted event by event and is sometimes called the charged multiplicity of an
event.

A mean number (n) of charged particles produced per event is a function
of the Lorentz invariant energy squared s of colliding particles. It is defined as
s=(pi+p2)’, where p; (i=1,2) is the four momentum of the i-th incident
hadron. The observed mean charged multiplicity (n) increases with s: roughly
speaking (ndccs”* (Alner er al. (1986)). Number distributions of secondary
particles are considered to reflect their underlying production mechanisms.

It is derived theoretically (Koba et al. (1972)) that the number distribu-
tion P(n) of (charged) secondary particles in high energy h-h collisions
satisfies the scaling law,

(1.1) mP(n) — w(2),

in the limit of n, (n)—co with z=n/{n) finite. This is called the KNO scaling.
From equation (1.1), the k-th moment of multiplicity is expressed as

(1.2) Ce = En* P} — [ w(2)dz

For example, let the probability P(n) be the Poisson distribution, the scaling
function and the k-th moment become

(1.3a) w(iz)=0d(z—- 1)
and
(1.3b) CGe=1 (k=23..),

in the same limit.

From the analyses of experimental data, the KNO scaling seems to work
from the Serpukhov energy region (v/s=11.5 GeV) (Slattery (1972)) up to the
ISR energy region (v/s=60 GeV) (Breakstone et al. (1984)). The distributions
(nyP(n) plotted with the variable z=n/{n) are almost same in shape and
Cir=constant (>1) (k=2~5) are observed in those energy regions.

Experiments at the pp collider show that Ci observed at \/s=546 GeV
and 900 GeV (Alpgard er al. (1983), Alner et al. (1984, 1986)) become larger
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than those in the ISR energy region, namely, the KNO scaling breaks.
However, observed multiplicity distributions are well described by one type of
function (negative binomial distribution) (Alner er al. (1985)).

It is pointed out (Ellis (1984), Durand and Ellis (1984), Biyajima and
Suzuki (1985), Biyajima et al. (1987)) that some distribution functions P(n)
derived in a single component birth process does not have the scaling form,
but w(z,{n)). This contrasts with equation (1.1). There is a possibility that the
observed violation of the KNO scaling is explained by this effect.

In this paper, we mainly consider multiplicity distributions in a two-
component (charged and neutral) branching process. In Section 2, a two-
component branching equation is rewritten into a differential equation for a
generating function, and is solved under a general boundary condition.
Multiplicity distributions corresponding to two typical initial conditions are
obtained from generating functions in Section 3. A correlation between
two-component (charged and neutral) multiplicities is considered in Section
4. The KNO scaling functions for each component multiplicity distribution
and those for the two-component distribution are derived in Section 5 where
the Fokker-Planck equation corresponding to the two-component branching
process is obtained and its solution is investigated. Section 6 is devoted to the
analysis of experimental data. Summary and discussions are given in the final
section.

2. A two-component branching process

A system composed of two species of particles is considered. One has
charge and the other is neutral. Two species will be identified as charged
hadron (mainly pion) and neutral hadron (mainly pion) in a hadronic level, or
quark and gluon in a sub-hadronic level. In either case, it is assumed that
particles with charge are produced in pairs but not the neutral ones. In the
following, we assign charged and neutral particle for two species without
reference to the hadronic or sub-hadronic level.

A branching process of charged particle (/quark ¢) and neutral particle
(/gluon g) is considered (Giovannini (1979), Anselmino ez al. (1981), Biyajima
and Suzuki (1984), Durand and Sarcevic (1986)). Let P(n, m;¢) be a number
distribution of n charged particles and m neutral particles at ¢, where ¢ is a
parameter which describes an evolution of the g-g system. (The maximum
value of 7 is determined by the s dependence of the observed mean charged
multiplicities.) In aninterval (¢, £+ dt), three types of interactions take place: (i)
q—q-+g with a probability Aodt, (ii) g—g+q with a probability A:dt, and (iii)
g—g+g with a probability 1,ds. The elements of branching are illustrated in
Fig. 2. It is assumed that Ao, A; and A; are constants.

Then the distribution P(n, m; 1) satisfies the following difference-
differential equation (Giovannini (1979)),
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Fig. 2. Three elements of branching. The solid line and wavy line denote charged particle
{/quark) and neutral particle (/ gluon), respectively.

2.1 _3(?; P(n,m;t) = nAoP(n,m — 1;t) — ndoP(n,m;1)
+(m+ DHAPHR—2,m+ ;1) — mAiP(n,m; 1)
+ (m — DA2P(n,m — 1;1) — mAiP(n,m;t) .
In order to solve equation (2.1), we define the generating function:
(2.2) M(x.y:0) = X % P(n,m;)x'y" |

The two-component multiplicity distribution, that of charged particles and
that of neutral ones are derived from equation (2.2), respectively, as

1 a a"
(233) P(n5m9t) = n'm' axn aym H(X,,Va 1)|x:y:0 )
o l 1
(2.3b) Py(n;t) = X P(n,m;1) = PR II(x,y = D=0 ,
1 J
(2.3¢) P,(m;t) = ey W II(x = 1,y;0|y-0 .

We can also derive the j-th cumulant of charged multiplicity (j=1,2,...) and
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that of neutral one from equation (2.2):

(242) (nglng — V(ng = j + Dyr= Zn(n = -1 = j + 1) Py(;)

d
= Wn(x,y = l)IX:I ’

aj
(2.4b) (ng(ng — 1)--(ng —j+ 1)) = 3}717(36 = Ly;0)ly=1

By the use of equation (2.2), equation (2.1) is rewritten into the following
differential equation

d d d
(25&) 3; H(xLV;Z) :fl(x’y) —5;— H(x,y;t) +ﬁ(X,y) 3; H(xay;t) s

Six,y) = Aox(y — 1),

(2.5b) )
Filx,y) = Ayt — (A + Ay + Aix’

Aninitial condition for equation (2.1) and a boundary condition for equation
(2.5) are generally written as

(2.6a) P(n,m;t = 0) = f(n,m) ,
(2.6b) Nxyi=0=E 2 fnmx'y" = F(x) .

In general, equation (2.5) cannot be solved analytically. Under the condition
22=2A¢ (Giovannini (1979)), we can obtain a solution. In the quantum
chromodynamics (QCD), the relation A2=24, holds in the limit of N.—oo,
where N. is the number of color states.

The auxiliary equations for equation (2.5) are given as

dx

(2.7a) - - filx,y) ,

d
(2.7b) == filx) .

Changing the variables x and y with the new ones, u=x"and w=y/x*, we
get

(2.8a) % =— 2Aou(uw — 1),
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d
(2.8b) d—’t” = (s — 20)uw? + (b + Aa — 2w — Ay .

By making use of 4o=4,/2, we obtain

(2.92) w— 1 = Aexp[At],
A
(2.9b) u= l/( Aexp[Air] + 1 + Bexp[—Aat] ) ,
N+ A2

where 4 and B are constants. The solution of equation (2.5), which satisfies
the boundary condition (2.6b), is given as follows,

(2.10a) H(x,y;1) = F(gi(x,y;0), g2(x,y;1)) ,

gy ) = x[1 —a(x* = 1) — oy — D],
2.10b
( ) x V't):l+/31(x2—1)+ﬁ2(y—1)

B - )~y - 1)
where

_ A At _ A2 At -kt

a;—ll+b(e 1), a2-21+,13(e ey,

(2.11)

ﬁl — 1 _ e.%]l, and ﬁZ — e*lll
Note that gi(x, y;t=0)=x and gx(x,y;t=0)=y. The generating function for

the two-component probability distribution is obtained under the condition
Ao=4A2/2.

3. Typical solutions

In this section, we consider solutions for the following initial conditions:

(3.13.) f(lz(n, m) = 5n,ﬂ05m-mo b
3.1b _ 3554 Do X
G1b)  filnm) = £ F o 5 exp(-Din, L expu)

The initial condition (2.6a) is in general written by the sum of the function
fa(n, m) with adequate weights. Then the solution (2.10a) can be derived from
the solution corresponding to f«(n, m). The function fi(n, m) is connected to
the boundary condition of the Fokker-Planck equation derived from
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equation (2.1).
(@) fu(n,m)=06nn Omm: From equations (2.6) and (2.10), the boundary
condition and the generating function are derived, respectively, as

(3.2a) Fo(x,y) = x"y™,
(3.2b) I(x,y;t) = x*[1 — au(x* = 1) — ao(y — DJ+™
S+ A = D+ By - DY,
where A=no/2. For simplicity, we define the function as
(3.3) Gao(u, v;t) = IL(Vu,v; )| x™ ,
where u=x" and v=y. G.(u, v; f) is also interpreted as the generating function,
because G.(l, 1;¢t)=1. Hereafter, subscript a is abbreviated.

The multiplicity distribution of charged particles and that of neutral ones
are expressed by G(u, v; ?), respectively, as

7

1
&mwam0=; G, ;0o =p(m1) (n=0,1,..),

"
(3.4a)
P,n)=0 for n<no,
and
3.4b ; __1___ch G(1,v; =0,1
( . ) Pg(m,t)_ m! avm ( !v5t)|V=0 (m_ ’ s) .

Inequation (3.4a), n denotes the number of produced charged-pairs within an
interval (0, 1), and p-(n; ) represents the probability that n charged-pairs exist
at ¢. Both distributions reduce to the function (Biyajima and Suzuki (1984))

. T(n+d) (1-B\m
(3.5) ”m”‘rm+nnb(l—a)
a’ . _etB
e E i g )

where F(a, b; c; x) is the hypergeometric function. The charged distribution
pr(n; ) is given by the substitution, a=a, and f=f,, and P,(n;1) is by a=a;
and f=p,. '

~ The j-th multiplicity moment {n’)r of charged particles is related to that
{nye of produced charged-pairs:
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n'dr = n:EO(no + 2n) p.(n; 1) = {(no + 2ng)") .

The j-th cumulant of charged-pairs and that of neutral particles are expressed,
respectively, as

(3.6a) <ngglngg — 1)--+(ngg —j+ 1P

N o Tg+h Lt pr

- au-l G(U,l,t)’uzl - I-‘(A) aIF( qu ]913 al )3
(3.6b) (ng(ng — D)--+(ng —j+ 1))

__gi ' I(G+Ad ( ,__az+,82)

= avj G(la‘)’t)l\/:l = T(l) aF mo, ]"lv o .

From equation (3.6), we obtain the mean multiplicity of charged-pairs
(nggy=Aa1+mo(a;+1) and that of neutral particles (ngy=Acx+mo(az+f2).
By the use of G(u, v;1), the two-component probability is expressed as,

1 n m

n'm! 9" "

P(no + 2n,m; 1) = G, v;0)|umv=0 = pr(n,m; 1)

where

prnmt)=0 for n+m<mg,
3.7

pr(n,m;t)=r(m0+ DI'(n+m+ 4) iiémo.[ﬂ'(r.l)(m) n_i'B,-

a
nlm!' I'(mo + A) i=0,/=0 j e

ca B+ o + @)™ for mo<n+m.

Equation (3.7) reduces to a distribution derived in Anselmino et al. (1981)
with (4, mo)=(1/2,0) or (0, 1).
(b) ﬁ,(n,m)=i§()1§5n.zi(/li/ i)exp(—4) Omj(’/j)exp(~p): A and p in

f(n,m) denote the mean number of charged-pairs and that of neutral
particles, respectively, at the initial stage of the evolution (at :=0). The
boundary condition and the generating function become,

(3.8a)  Fu(x,y) = exp[A(x* — D] - exp[u(y — D],

x2
(3.8b)  II(x,y;1) = exp [ '1{ l—a(—D-am(y-1) 1 }]
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eou{ R e )

The generating function for charged-pairs and neutral particles is defined as,
3.9) Gu(u,v; 1) = IIy(Vu, v;1)

where u=x" and v=y. In the following, subscript b in equations (3.8) and (3.9)
is abbreviated.

The multiplicity distribution of charged particles and that of neutral ones
are expressed by G(u,v;1):

n

(3.10) Py(2n;1) = — — G(u, 1;0)|um0 = pr(n; 1)
n! du
1 9"

3.11) P,(m;1) = PN G(1,v;8)]v=o .

The moment of charged particles is related to that of charged-pairs:
e = B(Q2nY pin; 1) = 2y .
The j-th cumulant of charged-pairs is expressed as,

J

8
(3.12a) (ngg(ngg — 1):-+(ngg —j+ 1)) = G(u,l,t)lu 1

= r()myel" LY, (— L ) ,
ay
where (n)=<{ngep=A(1+a1)+u(o1+61).
The j-th cumulant of neutral particles is given by,

aj

(3.12b) {ng(ng — )--+(ng — j + 1) = —— G(L,v;0)|va
- rGyomal? 1 (- L2,
2

where (n)={(ngy=Az+u(0z+4).
From equations (3.8b), (3.9), (3.10) and (3.11), p,(n; 1) and Pg(n; ¢) reduce
to the equation (Biyajima and Suzuki (1984)),
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L - w
P(O,t)—exp[ (74l
(3.13) 1
g m_d
P(n,t) - n (l + a)n+1
. w10 (__<£>_) _
exp[ T+ a L ol + ) n=1,2,..),

where (m)=(n,e), a=ai, and f=4; for p.(n; 1), and {(nY={ny), a=a, and f=4;
for Py(n; ).
The two-component probability is expressed by

1 9" "
3.14)  PC2n,myt) = ——— — — G(u, v; )|u=v=0 = p,(n,m;1) .
n'm! du" dv

As 1s known (Biyajima and Suzuki (1985)), fi(n,m) is the sum of f.(n,m)
with the Poisson weights. Therefore, the two-component probability defined
by equation (3.14) can be obtained from equation (3.7).

4. Correlation between charged-pair and neutral particle

Here, we consider a correlation between the number of charged-pairs and
that of neutral particles (Csikor et al. (1973), Zajc (1986)). The mean number
{ng» of neutral ones when n charged-pairs are observed, and the mean number
(ngqm of charged-pairs when m neutral particles are observed. It is noticed that
we restrict ourselves to the case (3.1b). Those are also derived by the use of
formulae,

n

1 d
(nginpr(nst) = Y I G(u, v; )u=0,v=1

! "
m

pa G(u, v; t)|u=1,v=0 .

1 4
(MggmPe(m; 1) = P

Then we obtain

(4.1a) g =rc(n + Dp:(n + L0/ p(n;t) + r(1 — )n

(4.16)  (gpm = { 1+ (l_fx) } (m + 1)Pe(m + 1;1)] Py(m; 1)
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(1-x)
- — m
r

b

where k=u(1+a1+a2)f2/<{ngy and r=(ng/<{ngy. It is noticed that xk—0 and
r—Az/ A1 in the limit of —occ. Equation (4.1a) coincides with a formula in
Csikor et al. (1973) and Zajc (1986), when k=1 and r=1.

In the following, we examine asymptotic behaviors of equation (4.1a) in
two cases. Substituting equation (3.13) into equation (4.1a), we get

411
1+ o

(Nedn = rkn LY/ L) +r(d—n (n=1,2,...),

where x={ny»/{ai(1+ai)}.
(i) When |x|<l. The generalized Lagurre polynomial is written
approximately in the form
L(l)(_x) = M 1

- 1+ 2 5+ 0(x2)}.

2

Then we have

4.2) <ng>,.zr{ (1a1—1)x+1}n+r i (1+1).

1+ o 2 14+ o 2

(i) When |x|>1, using the approximation,

x
we obtain

a — 1 1K
4. n = .
4.3) {ng r{l+1+alx}n+rl+alx

It is found that (ng), depends linearly on n in both limits.

5. KNO scaling functions and Fokker-Planck equation

In this section, the branching equation for p,(n, m; ) is considered:

d
a1 Ep,(n,m; 1) = 2niopr(n,m — 1;1) — 2niop,(n, m; )
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+(m+ HiAp(n— 1,m+ 1;t) — mhip/(n,m;1)

+ (m— DAp(n,m — 1;1) — mA,p(n,m;1) .

We getequation (5.1) from equation (2.1) by replacing n by 2n, and P(2n, m; )
by p-(n, m;t). By the use of the generating function

(5.2) Glu,vi1) = 350 }fop,(n,m;z)u"vm

equation (5.1) is reduced to the differential equation,

(5.33) g; Glu,v;t) = fi(u,v) :_u G(u,v;t) + fo(u,v) —:7 G(u,v;t) ,

(5.3b)  filu,v) = 2hou(v — 1),
(5.3¢)  fo(u,v) = AoV — (A1 + Ay + L .

The distribution function p.(n,m;f) of discrete variables n and m is
connected to the continuous function w(zi, z;;¢) of z; and z; by the Poisson
transform,

G4 pammy = L[

- exp[—mpzi — My w(z1, 225 1)dzidzs .

Inequation (5.4),{(n) and {(m) do not depend on 7, but are to be identified with
the mean number of charged-pairs, {ny, and that of neutral particles, <ny),
respectively. The Laplace transform of y(zi, z; 7) and its inverse transform are
defined by the following equations,

(5.52) F(si,s5,1) = fo fo Wiz, 22 1) exp[—sizi — s2z2]dzidzs

c1+i oo fertice
f f F(s1,5:; Hyexplsiz1 + s2z2]dsids:

(5.5b) w(zi,z2;0) =( 27.”) cmioe i

where ¢; and ¢; are some real constants. Then we have
(5.6) F(si,5:0) = G(1 — s1/<m, 1 — 52/ (ms 1)
from equations (5.2), (5.4) and (5.5). Equation (5.6) means that the two-

component scaling function w(z, z2;¢) can be derived from the generating
function of p,(n, m; ) by the inverse Laplace transform.
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In the following, we consider two cases corresponding to the initial
conditions (3.1a) and (3.1b) in Section 3.

(a) An adequate initial condition for equation (5.1) cannot be derived
from equation (3.1a). However, we can obtain

(5.7 F(S1,Sz;t)=[ | +—51+—82]1ma[ 1 —ﬁ 1_%S2]m°’

from equations (3.2b), (3.3) and (5.6).
First of all, we will derive the scaling function of charged-pairs and that
of neutral particles from equation (5.7):

1 retie
(5.83) w(zit) = E—n—;fc~iw F(s1,52 = 0;0) e "ds1 ,

l ¢+ o
(5.8b) va(zs) = 5~ Flsi = 0,550 ds,

Both functions reduce to

mo!é
I'(A + myp)

+f
B

where {=(n)/ a1, a=a: and f=p, for y,(z;1), and E=(m)/ @z, a=a; and f=p;
for w,(z;1).

We can also derive the two-component scaling function from equation
(5.7):

(59 = (2 exp[—¢2] (—%)”’Lfrfo‘“( e,

(5.10) w(z1,22;8) = 0(Erzo — E121) “;- [Cawi(zi;0) + Lipe(z2;0)]

where {1=(n)/ ay and &,=(m)/ a,. The function w(zi, z:; t) depends only on a
single variable z1 or z,, because of the term &(¢:z,—¢&1z)) on the r.h.s. of
equation (5.10), namely, two components are not independent. Furthermore,
the two-component scaling function is expressed by two single component
scaling functions.

Here, let’s consider the relation between (n) and {n,,, and also {m) and
{ng. Equation (1.2) implies

Co= ZPM)/my=1 and C = % nP(n)/ny=1.

Therefore, each single component scaling function should satisfy
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(5.11a) f: wzndz =1,

(5.11b) f:zt//(z; Hdz=1.
The following relations are derived from equation (5.11b):
(5.12) ny=<ngy and <{m)=<{ng .

In the limit of {ny, (ng—oe (t—o0), we have the following asymptotic
distributions,

A+ me

Tam) {(A + mo)z}"™ 'exp[—(A + mo)z],

w(z; 1) — ws(2) =

w(z1,2258) =~ ws(21)d(z2 — z1) .

(b) The initial condition p,(n,m;t=0)=(1"/n)e*(u"mHe™ is
obtained from fiy(n,m) in Section 3. Then the inverse Laplace transform
of y(z1,22;1) is given as follows,

(5.13a) F(s1,52;¢t = 0) = exp [—z%sl —<'u;>S2],

(5.13b)  F(s,s21) = exp [ A ( L= sij¢w 1 )]

1+ a1s1/<n> + s /{m) -

. exp[#( L= Busim = BasalGmy )] .

1 + ais1/<m + azs2/{m)

Two single component scaling functions, y.(z; t) and y,(z; t) are derived
in a similar way as equation (5.9). They reduce to

(5.14) Wz 1) = &2/ &) eI N2ENED)
where =)/ a; and &'=(ngg)/<{n) for y,(z;1), and {=(m)/ ay and &'=(ng)/{m)
for we(z;1).

Next, we consider about the two-component scaling function. The
boundary condition for w(zi, z2; 7) is given by

(5.15a) w(z1,22t = 0) = (21 — A/M)d(z2 — p/im))

from equations (5.5b) and (5.13a). The two-component scaling function is
also derived by the inverse Laplace transform of equation (5.13b):
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1
(5.15b)  wi(z1,22,8) = 8(Eazz — Euz1) 5 [Cawi(z;0) + Crpe(z2s0)]

where &=/ a1 and &=(m)/ as.
From equations (5.3), (5.5) and (5.6), we obtain the following Fokker-
Planck equation,

d 240 9
(5.16) V= <m>( 3707 <n> (z1y)
/12 32 d <m>/11 3

az+(/11—'12)72— (z29) .

(m) m dz1
Equation (5.15b) becomes the solution for equation (5.16) with the boundary
condition (5.15a) and A,=24,.

In the limit of {ng), (ng)—oc, we obtain the following asymptotic
expressions,

Wz ) — ws(2) = (A + wz e "I RQA + pVz) |
w(zi,2251) — ws(z1)0(22 — 21) .

6. Analysis of experimental data

Equations (3.13) and (4.1a) are applied to the analysis of experimental
data in pp collisions (Dao et al. (1972, 1973), Dao and Whitmore (1973)).
We assume that produced secondary particles are mainly pions. We interpret
charged-pairs as charged pion-pairs and neutral particles as neutral pions.
Equation (3.13) is used for the probability distribution of negative pions.
Equation (4.1a) is for the mean multiplicity of neutral pions (no)., when n
negative pions are observed in the final states.

The observed multiplicity distribution of negative pions at v/s=24 GeV
(Dao et al. (1972)) is shown in Fig. 3 with the theoretical curve. Observed
values of (n)=3.428 and (C,=1.408 are used to fix the parameter (n) and ai.

In analyzing the correlation between neutral pions and negative pions,
we put r=1, namely, we assume the mean number of neutral pions is equal to
that of negative pions. Calculated results of (), with k=0, 0.4 and 1 are
compared with the experimental data at /s=24 GeV (Dao et al. (1972)) in Fig.
4. Data are well described by the linear equation,

(6.1) {noyn = 0.858 n + 1.19 .

Equation (6.1) is determined by the method of linear regression from the data
point of n=0 to that of n=8 and the correlation coefficient (c.c.) is 0.973.
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Fig. 3. Multiplicity distribution of negative pions at /s=24 GeV (Dao er al. (1972)). Solid lines
represent the theoretical results obtained by equation (3.13).

Our calculated results are also expressed by the linear equation,
(noyn=an+b. The slope parameter a is a decreasing function of x; a=1 at k=0
and ¢=0.277 at k=1. For example, we get

(o = 0.712 n + 0982  (c.c. = 0.9998) .

with r=1 and x=0.4. Our results with x=0~0.4 are consistent with the data.

7. Summary and discussions

The two-component branching equation is investigated under the
condition A¢=4,/2. It is proposed by Giovannini, but is only investigated
under the simple initial conditions, Ju , Omm, With (10, mo)=(1,0) or (0,1)
(Giovannini (1979)). Even in these simple cases, two-component probability
distributions or those scaling functions are not derived (Anselmino et al.
(1981), Durand and Sarcevic (1986)).
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Fig. 4. Mean multiplicity of neutral pions, when n negative pions are observed in the final
states. Data are taken from Dao et al. (1973). Theoretical results with r=1 and k=0, 0.4, | are
obtained by equation (4.1a).

We obtain solutions under two typical initial conditions, (3.1a) and
(3.1b), using the method of the generating function. In each case, the
multiplicity distribution of charged-pairs and that of neutral particles are
reduced to the same function. This function is also the same as that obtained
in a single component birth and death process (Biyajima and Suzuki (1984)).
The two-component multiplicity distribution is explicitly obtained under the
initial condition (3.1a), dn.n G, mo

The two-component scaling functions are investigated in two cases. It is
found that only one variable is effective in those functions, namely, two
components are not independent. The two-component scaling function is
given by the single component scaling function multiplied by a d-function in
each case. This result is contrasted to the formula in Durand and Sarcevic
(1986).

The Fokker-Planck equation for the two-component branching process
is obtained and its solution is found by the use of the inverse Laplace
transform for the generating function. Further consideration on the Fokker-
Planck equation and its solution will be reported elsewhere (Biyajima and
Suzuki (1988)).

As for the correlation between charged-pairs and neutral particles, the
formula is derived for the conditional mean multiplicity of neutral particles
when a given number of charged-pairs is observed. It is applied to the analysis
of experimental data.
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