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ABSTRACT

It is shown that for several simple possibilities
of distributing charge between pions (the so-called JT , &
and ¢ models) the (JTOJICh) multiplicity correlations
can be expressed directly in terms of the charged multipli-
city distributions. Each of the models can then be tested
experimentally, irrespectively of the unknown total multi-

plicity distribution.
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1. Multiplicity distributions belong to the most fundamental features
of the high energy collisions. The relevant experimental information is
contained at present in the charge multiplicity distributions and in the
dependence of the average number of neutral pions, E(no|n_), on the number
of simultaneously produced charged particles. The latter quantity expresses
some features of the multiplicity correlations between neutral and charged
pions. It has been measured in A p and pp collisions at several
energies. Those data seem to indicate that the shape of E(noln_) as a
function of n_ is changing with energy from a flat behaviour at 12 and

19 GeV/c to an approximately linear rise at NAL and ISR energies 1 .

" The question of multiplicity correlations between neutral and
charged particles has also been considered in the framework of theoretical
models [?or recent discussions see Refs. 2) and BXI. Those models involve
two basic ingredients: the shape of the total multiplicity distribution
P(N) and the way in which charge is distributed among particles.
Partitibn into different charge states is often specified by a statistical
assumption. Denoting the statistical fgctor by p(n+,n_,no|N), the pro-

bability p(n+,n_,no) for finding pions with given charges is the following
P(ﬂ* )'n_’n, ) = P(N) P ('n.,,‘n,"n, l N)

For given assumptions about charge partition, the (]T°<HCh) correlations
have been studied using explicitly definite forms for the total multiplicity
distribution P(N). It is an obvious requirement that the distribution P(N)
used in such calculation should give, with the same assumptions about charge
partition, correct charged multiplicity distributions. Only then, comparison
of model calculations for (IOICh) multiplicity correlations with
experimental data provides a test of assumptions on charge partition. Since
a correct guess for P(N) is equivalent to a good model for particle pro-

duction, this program encounters some difficulties.

We want to point out in this note that such an approach to the
problem of (J‘OJiCh) multiplicity correlations is indeed unnecessarily
complicated, at least for several simple possibilities of charge partition.
In the cases which we consider, charge is distributed among pions according

to statistical assumptions about:
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a) charge of single pions, b) pion pairs with isospin I =0, and c)
pior pairs with isospin I=1 (they are respectively named N , & and
9 models). For the above three models the (JTO'ﬁCh) multiplicity
correlations can be expressed directly in terms of the charged multiplicity
distributions. Therefore, the assumptions about charge partition can be
experimentally tested :éomparing calculated and measured values of e.g.,
E(no|n;) 7], irrespectively of the essentially unkrown total multiplicity

distribution.

Finally, we remark that our results could be also obtained by
solving first the general problem of reconstructing the total multiplicity
distribution, given the assumptions about charge partition, from the
measured charged multiplicity distribution. In the three cases considered
one can find the solutions of such‘a protlem in a closed form and in general
it is solvable numerically. In the following we concentrate, however, on the
(JIOJYCh) multiplicity correlations and do not discuss further the total
multiplicity distributions. Discussion of the latter reqdires more precise
data for the charged multiplicity distributions than available at present.

We first present a few formulae for the models which we have studied, we

then discuss their predictions and compare them with the existing data.

2. As pointed out earlier the different models are specified by an
explicit form of p(n+,n_,nO|N): in the 31 model a multinomial law in the
numbers of particles in the three charged states is used (in order to test the
importance of the charge conservation we discuss two versions of the E1)
model: one with charge conserved only in the average and the other with

the exact charge conservation). In the & model a binomial law in the
numbers of neutral pairs 3 YR anda AOHA° is used. The © model is
defined by a multinomial law in the numbers of pairs R~ X%, N YIT° ana
¥FtW~. We can obtain general formulae for this model when charge conser-
vation is valid in the average sense only. The over-all charge, when
explicitly conserved, is assumed equal to zero, but this limitation does

not affect the gross features obtained. We assume alsc that the average

number of neutral pions is equal to half the average number of charged

pions.

In subsequent formulae N represents the total multiplicity,

n., n_ and n are respectively the number of A +'s, N -1s and 3TO'S

produced.
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i) The JT wodel with charge conserved only in the average is specified

by the distribution

p(m.,my,me) = PCNBMW% (" L) (L-_t)'"

where q=1/3 as follows from the requirement E(n+) =E(n_) =E(no):=1/3E(N).

The expectation values of factorial moments of the WO Qqistri-
*) %*% )
bution for a given number n, of charged perticles are then the following )*)

E [mo (me- 1) ccc (k) | me | =

Y k+1 (Mg+k+4)“ Pe (vn,_-rk«el)
( 1-9 M, | Pe (’nc)‘\

In particular

E (o) = £ (re) 2220 o

and

y) c,(MdZ)
£ [mo(ne-Dln = GCe)inrt) =TS

ii) The n model with charge conserved is defined as follows:

P(N=mo+2n.) N I (ti)'(tk)'q;no

P('no,'n-=(<-*€)= RCN,E,E) m_) "-!mo!

k_ integer, 0 L 1_

*

) pc(n) and p (n) will be used throughout as the distribution of
charged and negative particles, respectively.
Notice that ELgo(no—1)...(no-k)|né] where nc=:n++n_ is different
from E[@o(no-1)...(no—k)|n‘:] as charge is not conserved. The latter

quantities can be easily calculated as well.
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E@e define the probability p(no,n_) for integer and non-integer values of
n_ as in the following we use it for g =%€1 The normalization function

R is defined by

. M NI o ¢ varp
R(N)“" P)’ ? % (i+a)! (Hp)‘.(N-&-p-Zi)! \Zq,)
o, p 0.

where M is the integer value of [(N-%-P)/Z].

In the present case we have the following expression for the

mean value of negative particles:

S R(N-1,1,0)
E (m.) =(1‘£'.’) NZ=:sz P(N) R (N.0,0)

We notice that the summation starts with N=2 and also the ratio of the
two R functions is not equal to 1 but converges towards 1 as N
increases. For these two reasors, E(n_) is not equal to 1/3E(N)

for gq=1/3. Nevertheless, for mean multiplicity E(N) not too small
|_—_say, E(N) 25:] a=1/3 1is a good enough approximation for our needs
[@he value of q for which E(n_):=1/3E(N) depends on the shape of

P(NY]].

The average values of factorial moments of the JT © gistribution

for a given n_ are now the following:
E[mo(me-1)...(m-k)|m.] =

2o \K* [ (me s )] ]?- P (m + 25)
= <i::1; ) [ * pP- th.)

(3)

For even values of Xk the unphysical charged multiplicities p_(n_+(1+k)/2)
appear in the above formulé. They have, however, been defined in terms of
the physical total multiplicity distribution and can be obtained by inter-
polation between physical charged multiplicities. Furthermore, for k even,
formula (3) is not exact (although quite close to be) since we have used

the approximation

R(N,0,0) - : z
(N Ay 1 (=39, p)=142  9(3):97 )
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I:El:no(no-1)...(no—k)|n_:| depends only on those ratios ¢ (N) for which
N>2n_ + d'n_o.j The formula (3) gives in particular

m * '/z
E(meln.) = (<% ) &P{ Cm- )) )

. (m. + 1
4)7- p- (m-*1) (5)

E [’V‘o (M."')l"‘_] = (M. + P (™. 3

iii) The & model is defined by the distribution

P(m. myzdk,) = P(N=2m. *tho) (- ,+:.,>’ (“’ 9) 2

Here q=1/3 according to the same argument as for case 1). Then it

e[l -1, . (k)| ]

. _3;_)‘“' (m.+k+1)|  p_(mtk+1)
e m_! p- (m-)

"

(6)

In particular, we obtain:

E (el )= (mv4) £Cm .

E [m.(m.-l)lm-:(:(m--rl)(m-ﬂt)—&%—)— + € (malm) (®)

--—-———...—-—-——-——-.._—-—-—————--_----—----_--—--———---—-—-——_--—-—---—-—---——-—

*

) For the ratio of factorials with half integer difference, one may use
the approximation Bx+%) !/xlj2=x+3/4 with small relative error
(4.5 at x=0, 1% at x=1, 0.1% at x=5).
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iv) Denoting the number of I J°, WYA° g - pairs by n,,
n, and n3, respectively, the ? model (with charge conserved in
average only) is specified by the distribution:

N!
P("‘n"‘t,’ﬂs) P(aN= 2(m, +n,*ﬂ«;)) T Tyl ( (4 ’) i

where again q=1/3. The mean values of factorial moments of the JTO
distribution for a fixed number n, of charged particles are now the

following:
€ [me (mo=1)__ (mo-k)|m. ] -

M-l . - (mett -2+ -1)!  (9)
= Z: (i‘_‘%‘)t(mb"t) _ﬁt(_f-_ﬂ Z( l) (" -k -2-- 1)) +1(e-~))
=0

Pe ) =0

where o =min(t, [{n, -k-1)/2].

In particular we have

/n,l

c(’”c“)
E("‘J’”‘)"f’"f' - )(m ‘) P Y (10)

and
E[""’(’“O")l"‘f-]: me (me-1) +
Me =) -2 . . - ) ) Lﬂ (11)
é ( ‘i )‘ (m‘—t P;S‘“M: (c.+1)64 =z >
o The predictions of formulae (4), (7) and (10) for E(n_[|a_) in

pp collisions at 19 and 205 GeV/c obtained using measured charged multi-
plicity distributions ( & model) or their interpolation by means of the
Czyzewski-Rybicki formula 4) (3T and p models) are shown in Figs. 1 and
2. We notice that the predictions of all three models are close to each

*
other and in agreement with experimental values ). In particular, all

*) In the & model our predictions at 19 GeV/c, although correct in shape,
give too low values for E(noln_). The ‘f model predictions are shown
only for 205 GeV/c. At 19 GeV/c they are in agreement with the data for
n_=1,2, whereas for n_>3 they depend strongly on the uncertain high
multiplicity tail of the Czyzewski-Rybicki formula [expressions (9) and

(10) are alternating series).
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three models reproduce correctly the variation with incoming energy of the
shape of E(noln_) as a function of n_. This feature is related to the
broadening of the charged multiplicity distributions when incoming energy

is increasing [%ee Ref. 3) for quelitative arguments). When more precise
results for charged multiplicity distributions are available it will be also
interesting to study in detail.the drop of E(no]n_) for large values of

n .

We see that measurements of E(noin_) are not a sensitive tool

to discriminate between the J , § and f models.

The role of the comnstraint following from charge conservation
can be tested for the J model by comparing the predictions of formula
(4) with those of formula (1). Both expressions give almost identical
results indicating that in this case charge conservation is not an important
constraint for the (J[OJFCh) correlations once charge is already conserved
in the average sense. For the f model, we have reached the same
conclusion numerically. We have checked that, for several plausible forms
of the total multiplicity distribution P(N), imposing exact charge
conservation does not affect apﬁreciably the results obtained when charge

is conserved only in the average.

Searching for a clearer test of the three models discussed one is
led to study higher multiplicity moments. The behaviour of the. second
moment or of the function f2==E(no(no-1){n_)-E2(no]n_) is at present the
most interesting one as it can be fairly soon accessible experimentally.

In Fig. 3, we show the J , & and f model predictions for the function
)

*
distributions ). We notice that the function f2 is more sensitive to the

following from the Czyzewski-Rybicki formula for charged multiplicity

assumed pairing properties of pions (in particular it is negative for the
.Y model 3 ). However, more precise measurements of topological cross-
sections are necessary to get meaningful predictions for f2.

In principle, experimental values of topological cross-sections can be
directly used in that calculation. Their experimental errors are,
however, at present still too large to give a meaningful prediction
for f2. Therefore, we illustrate the behaviour of f2 using the

Czyzewski-Rybickl interpolation.
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We conclude that, with the present experimental precision,
all three models reproduce the dats obtained for E(noln_). The measurements
of fz- would allow a better discrimination between the models.

We are grateful to Drs. M. Jacob, P. Pirild, Ph. Selin and

M. Szeptycka for many valuable discussions.
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FIGURE CAPTIONS

Plotted is the average number of neutral pions,
E(noin_) per inelastic pp collision at 19 GeV/c as
a function of the number of negative particles n_.
The data are compared with the predictions of the J

and & models.

Plotted is the average number of neutral pions,

E(nOIn_) per inelastic pp collision at 205 GeV/c
as a function of the number of negative particles n_
The data are compared with the predictions of the by
£ and f models.

Plotted are the predictions of the ¥, and §
models for the correlation function between two neutral
pions, f2=EE10(n0—1) In_:l- E2(no|n_), as a function

of n_ for pp collision at 205 GeV/c. The predictions
of the S model are shown only for n_<3 as for
higher values of n_ they depend strongly oh the details
of the high multiplicity tail of the Czyzewski-Rybicki

formula.
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