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1 Abstract

Describing the quark-gluon cascade, we come to the necessity of using Markov
branching processes. The process of hadronization is considered using the exam-
ple of electron-positron annihilation. The distribution by the number of charged
particles is described. Based on experimental data, a fitting is made to find the
distribution parameters.

2 Introduction

One of the observables in the high energy experiment is multiplicity - the number
of secondary particles. The most popular one is multiplicity of charged particles.
Experimenters also restore multiplicity of neutral particles. The main statistical
characteristics of multiplicity are its mean value and a variance. pQCD allows
us to calculate hard processes but it has a hard time with description of the
hadronization stage. Two stage model offers to add to the quark-gluon stage
the phenomenological hadronization stage and calculate multiplicity distribution
for electron-positron annihilation. The comparison of this model with data
demonstrates good agreement.

3 Main part
3.1

Based on Giovannini’s idea, we consider the quark-gluon jet as a Markov branch-
ing process. Y is introduced as an evolutionary parameter.

1 Q?

The main possible events are:
1. Gluon fission
2. Quark bremsstrahlung (i.e. emission of a gluon by a quark)
3. Creation of a quark-antiquark pair from a gluon.

The expressions for the probability of each of these events are, respectively.

1. P= AAY
2. P = AAY
3. P = BAY



where A, /L B are constants that do not depend on Y.
The probability for a gluon or a quark to convert into m, quarks and my
gluons in the interval (Y, Y + AY') is given by the following sum of probabilities:
For gluon:
51mg 5Omg + amgmq AY =1

Taking into account only the above events, we get
1+ (alo + ago + aog)AY =1

aro = —(ago + ao2)

And for quark:
50m951mg + amgquY =1

1+ (a11 + a01)AY =1
aplr = —ai11
The generating function acting on the interval AY has the form:

o0

o mg, Mg
w(ug, uq) = E: Umg,mgUg " Uqg

mg,mq=0

Let’s define asy = A, age = B, a;1 = A. Then the generating functions for
gluon and quark will be:

w9 (ug, uq) = (—A — B)ug + Auﬁ + Bug

w(ug,uy) = —Aug + Auguy,

3.2

For process (mgy,mq) — (ng,n,) we introduce the probability P, m,n,n,(Y),
then the generating functions for gluon and quark will be:

oo
Z Pl,O,ng,nq (Y)UZ”U;LQ = G(uga Ug, Y)

Ng,Mg=0

Z Po1ngm,(Y)ugiug® = Qug, ug,Y)

Ng,nqg=0

Due to the independent action of the individual partons it can be shown as:
(oo}
Z Pmy,mq,ng,nq (Y)uggugq = ng (U'g7 Uq, Y)qu (u97 ufb Y)
Ng,Mg=0
Considering this expression at the moment ¥ + AY we obtain

G(ug,uq, Y + AY) = G(ug + wAY, u, + wiAY,Y)



oG oG . 0G|
—=—wit+ —w
Y  Ouy Ouq
Similarly, for the quark generating function ) and using the expressions for w9
and w? we obtain a system of differential equations
5% = —(A+B)G + AG* + BQ?
99 = —AQ + AQG
The probability of one gluon to form a state (ng4,n,) on an interval Y + AY
is:
Pion,n, (Y +AY) = [1 - AngAY — AngAY — BngAY | Pi o, (Y)
—|— A’I’LqAY P17071’L971,7lq (Y) + A(ng — 1)AY Pl,O,ngfl,nq (Y)
+ B(ng +1)AY Pion,+1,n,—2(Y) +0(AY)

Also acting with the quark probability, and also considering the creation of a
quark-antiquark pair from a gluon process to be suppressed in comparison with
the other two processes under consideration, we obtain this differential equations
and their solutions:

The gluon jet:
dP,,

solution:
Pm — efAY(l _ efAY)mfl
And the corresponding generating function
o uge=AY
1 —ug(l—e4Y)

The quark jet:

dP,, - ~
v —AP,, — AmP,, + AP,,_1+ A(m — 1)P,,_1
solution:
p, =MD (ptm—1) iy (1— e A7)"

m)!

where p = %. The corresponding generating function

o~ AY p
o= (i)

Probability for convenience we will write as follows

pm:M(M+1)~-~(u+m—1)< 1 )u( - >m

m! p+m m+p

It is negative binomial distribution.



3.3

Let’s consider the process of electron-positron annihilation. In the first stage,
through an intermediate photon or Z-boson, a quark-antiquark pair is formed.

Figure 1: First stage

The pair begins to emit gluons, thus forming a quark-gluon cascade. In the
second stage, the predominant particles are gluons. And the third stage is the
formation of hadrons, in which some of the gluons, not having hadronized, will
remain and will create mass.

The hadronization generating function for gluon or quark has the form

_ N
I n n
= 1 e —— —
where N and 77 are the maximum and the average number of hadrons that can
be produced from a gluon or a quark.

Let quarks and gluons have the same hadronization probability, then

ni nl nl N,

9 . q S 9 g o
= => = = —= =
Ng Nq *an Nq

Then the result distribution will be:
Pn =Q Z Pm [QH](2+o¢m)N

where () is the normalization factor

m _H\T _H 2N —n
7! n n
P, =0 no [ — 1— —
<u+m> CQN(N) < N> *

M i m
pp+1)---(ptm—-1) [ m n
+ﬂ; ™A+ C(2+o¢m)N

m/!

ﬁH n ﬁH (24+am)N—n
(o) (1-2-
N N



4 Conclusion

The resulting expression for the multiplicity distribution was fitted to the ex-
perimental data at an energy of 22 GeV and the following results were obtained

Fitting of P(n) function
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Figure 2: Graph
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Figure 3: Graph in logarithmic scale



Minimizer is Minuit2 / Migrad
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Figure 4: Parameters
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