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Abstract The two-pion correlation functions are different for some pion source distributions in two-pion

interferometry. If quark-gluon plasma of cylindrical shape is produced in relativistic heavy ion collisions,

the pion mesons will emit from the surface of quark-gluon plasma of cylindrical shape and the corresponding

correlation function will have a special oscillation behavior. The oscillation behavior can be used to verify

the existence of quark-gluon plasma and is also a signature of the appearance of quark-gluon plasma.
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1 Introduction

The results from quantum chromodynamics at fi-
nite temperature and phenomenological models in-
dicate that quark-gluon plasma may appear at the
temperature of 200MeV and/or the energy density
of 1.5GeV/fm?®. Theoretically, quarks are confined
in hadrons, but they are free in quark-gluon plasma.
The big bang model shows that the matter produced
in the early universe at the time of 10~%us may be
in the state of quark-gluon plasma. Therefore, the
verification of quark-gluon plasma is very important,
because it can provide the information about the
state of matter that is needed in the studies of rel-
ativistic astronomy and heavy ion collisions. Because
of the range of the spacetime dimensions of quark-
gluon plasma which may be produced in relativis-
tic heavy ion collisions, the phase transition from
hadronic matter to quark-gluon plasma cannot di-
rectly be observed, it can only be verified by some
signals in the experiment. For example, the momen-
tum spectra of the leptons and photons, the increased
number of strange particles, the suppresion of J/i

mesons, the shape of rapidity distribution of final
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particles and the decrease of pion source expansion
can be used to check the existence of quark-gluon
plasma. In Ref. [2], Pratt investigated the test
of quark-gluon plasma by two-pion interferometry on
spherical sources and proposed that an anomalously
long-lived source with a smaller explosive velocity can
be the signal of a first-order phase transition with a
large latent heat. In Ref. [3], the test of quark-gluon
plasma of spherical shape was studied.

In this paper, the charactistics of two-pion corre-
lation function for quark-gluon plasma of cylindrical

shape is investigated.

2 Two-pion interferometry

By assuming the pion source density distribution
p(r,t), the two-pion correlation function is defined

asld—20)

P, (p1,p2)
C(p1,p2) = =——————
PP B ) Pip)
where P(p;,p2) represents the probability when a

=1+Ap(a2)*, (1)

pion pair has momenta p;, and p,, P,(p) the single
pion probability distribution, g;» = p; —p,, and A the
coherence factor which equals zero for a completely

coherent source and one for a chaotic source. The
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expression for A is

142y
A= , 2
(= .
where
n,
=" 3
V= (3)

In Eq. (3), n. and n;, are the average pion multiplici-
ties for coherent and chaotic sources, respectively, and
p(q12) is the Fourier transformation of p(r,t). For a
pion source with a cylindrical surface distribution, the

pion source density distribution is

pulrt) = T plr—a)lp(z+5) +p(z—b)] ,  (4)

the corresponding correlation function is

Ci(q) =1+ As[cos(qib) Jo(g:a)]? (5)
and the correlation function at small relative momen-
tum is

1
Cold) =14 A =M (@0 +5¢%%) . (6)

For a pion source with a cylindrical uniform distribu-

tion, the pion source density distribution is
1

" 2MR’R;

the corresponding correlation function is

4 {sin(qul)-RtJl(tht)r ®)

RR? qQ 4t ’

and the correlation function at small relative momen-

pu(T,1) (7)

Cu(q)=14+X,

tum is
1
3

For the same pion source created in a relativistic

1
Cu@=1+ A (giR+1ER), )

heavy ion collision,taking Eq. (9) and Eq. (6) to be

equal,one obtaining

As = A (10)
1

b = —3R1 5 (11)
1

a = _Rt . (12)

V2
3 Test of quark-gluon plasma by two-

pion interferometry

If quark-gluon plasma is produced in an ultrarel-

ativistic heavy ion collision, the hadronization will

happen on the surface of quark-gluon plasma, so the
quark-gluon plasma will emit pion mesons from its
surface, and the corresponding correlation function
is Eq. (5).

the individual particle-particle collisions which pro-

If no quark-gluon plasma is produced,

duce pion mesons will happen throughout the colli-
sion region, then the pions can be produced in the
whole collision region, and the corresponding correla-
tion function is Eq. (8).
In longitudinal relative momentum direction, zero
points for Eq. (5) are
km+ %71 kmt+ 17r

2
s = = 2
)t b \/_ Rgsl

(k>0),
and zero points for Eq. (8) are

_@_\/@m
qib = R, = 2 Ry

The interval between zero points for Eq. (5) is

Tt
Aqls:\/iR )

gsl

(k> 0).

and the interval between zero points for Eq. (8) is

3 7
Agy, =1/ = .
qib \/; R

At large transverse relative momentum , zero

points for Eq. (5) are

Im+g7r Im+gn
.= = k>0),
qt p Row ( )

and zero points for Eq. (8) are

km+ Zﬂ kmt+ §7r

4
= = k=>0).
dtv Rt \/gRgst ( )
The interval between zero points for Eq. (5) is
T
A s = 9
Q1 Ryt

and the interval between zero points for Eq. (8) is

s

There are two methods to test quark gluon
plasma. One is to see the zero points of the corre-
lation functions. The other is to observe the interval
between zero points of the correlation functions at the

large relative momentum.
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