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Rapidity Gap Analysis and Event Rapidity Correlation ™
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Abstract The relation between event rapidity gap fluctuation and rapidity correlations is derived. It is shown that the new and inter-

esting parts included in rapidity gap analysis are the generalized two-particle rapidity-correlation moments. The physical meanings of

these moments for specific two particles and moment orders are clarified.
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Most of our present knowledge about the bulk properties
of high energy collisions is based on the study of single-parti-
cle inclusive distributions. The newly developed measures of
event-by-event fluctuations can provide additional valuable
insight into the particle production mechanism and dynamical
evolution of the system, which cannot be extracted from the
conventional single-particle inclusive distributions. Most sug-
gested measures among them are expected to provide us with
information about new phenomena, in particular, the forma-
tion of quark gluon plasma ( QGP) (1] While the physical mo-
tivation of the erraticity of rapidity gap analysis[Z] is still un-
clear, it has been analyzed by several experimental gmups[3 1

In accounting for the statistical instability of event facto-
rial moments due to the finite number of final state particles[4]
under current hadron-hadron collision energies, R. C. Hwa

et al. introduced the mean rapidity gap of gth order per event
defined ast?!:
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where, N is the number of final state particles, ¢ is the order
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of moment and X; is the corresponding cumulant variable of

the rapidity of ith particle,
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where, y; is the rapidity of ith particle, which is ordered in
each event. Xy =0 and Xy, ;=1 are added for all events so
that the number of gap in an event is N + 1. The advantage
of working in the cumulant variable X is to reduce the influ-
ence of energy conservation. If the final state particles are
closer to each other, the mean rapidity gap of gth order per
event for ¢ > 1 will be smaller, and vice versa. Therefore,
the mean rapidity gap per event describes the characteristic of
rapidity distribution of final state particles.

Then R. C. Hwa et al. argued that the anomalous be-
havior of rapidity gap in its moment order will imply the er-
raticity of final state particle rapidity distribution'? . Howev-
er, this is not as clear as the anomalous scaling of moment
function in nonlinear physics, which indicates the self-similar
structure of observed system. In this letter, we will demon-
strate the relation between the rapidity gap analysis and the
rapidity correlations, and pick out the new interesting mea-
sures included in the rapidity gap analysis, which are differ-
ent from the conventional ones.

When multiplicity NV is not high enough, the mean ra-
pidity gap per event defined by Eq. (1) is unstable in statis-

(51, Moreover, the relation between such ratio-like event-

tics
by-event fluctuation and inclusive distribution is difficult to
derive!®! . Therefore, we start from the simplest event rapidity

gap defined by:
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Its fluctuation is:
ASE= (8D - (8% 4)
The first and second terms of this fluctuation can be readily

written as:
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They are complex combinations of various rapidity correla-
tions.

Let us define a general event two-particle rapidity-corre-

lation moment as,
N
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in particular, the two-neighboring-particle event rapidity-cor-

relation moment,
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and the event rapidity moment,
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With these definitions the event-by-event rapidity gap fluctua-
tion, Eq.(4),can be clearly written as:

AS3 = 4(B3?) +4[((BEHY) - (BLH?] +4(X3BY) +

4 X5BY) - 8(BYOBY) - [4(XD) + 4(X%) -
8CNYCX2)) I BRY) + 4N)((X*)) -

4N (X)) - A[KXTB3Y) + (X3BYO) -
(NYUXED - (NMUXHXE] +

(XT+ X508 - (X3 + X33, (10)
with
<BI£’O> = <N><<Xp>>, P = 09192’”" (11)
N N
(By) = (2] D2XXT)
i=1 jgi
= [axaxe(x:, x) xexy, (12)
and
N
(B = (D) XXL)
i=2
= JdXLXm_I‘O(X Xi—l)X}l?X?—l’ (13)
Wherepz()’l’zs.“’q :091929.“-'1}18 <“'>and <<.“>> are

respectively the event average for event variables such as N,
B54, and the inclusive average for single particle variable X .

So the basic measures included in the event-by-event ra-
pidity gap fluctuation are the event two-particle rapidity-corre-
lation moment { B5'?), in particular, { B%’2> , the event-by-
event fluctuation of two-neighboring-particle rapidity-correla-
tion moment {( B}ll’)l)2> - <B,11f)1>2, the correlation between
event rapidity moment B3°, and the two-neighboring-particle
rapidity-correlation moment of an event BY'. Those event
variables characterize the rapidity correlation of an event and
open an new world to explore the underlying dynamics of high
energy collisions.

Usually, the investigation of two-particle correlation is
focused on the measure of joint density p ( X;, Xj)m . The
event rapidity correlation, such as Eq.(12) or Eq.(13), is
the average of two-particle rapidity with respect to joint densi-
ty o(X;, X;) in given phase space region. So it is the sum-
mation of various correlation lengthes and should have better
statistical stability. For the lowest moment order p =0 and ¢
=0, if we restrict the species of particle i to the positively
charged particles and j to the negatively charged particles,
Eq.(12) reduces to the integration of charge correlation, i.
€., the dynamic part of the event-by-event charge fluctua-
thﬂS[S]

In this letter, the relation between event-by-event rapidi-
ty gap analysis and event rapidity gap correlation is derived.
The general two-particle rapidity-correlation moment is sug-
gested. It has a clear physical meaning and less statistical in-

stability and therefore is recommended in future measurements.
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