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In order to analyze data on joint charged-particle—photon distributions from an experimental(3e@éeh
MiniMax) for disoriented chiral condensa@CC) at the Fermilab Tevatron collider, we have identified robust
observables, ratios of normalized bivariate factorial moments, with many desirable properties. These include
insensitivity to many efficiency corrections and the details of the modeling of the primary pion production, and
sensitivity to the production of DCC, as opposed to the generic, binomial-distribution partition of pions into
charged and neutral species. The relevant formalism is developed and tested in Monte Carlo simulations of the
MiniMax experimental conditiong.S0556-282(197)05807-4

PACS numbeps): 13.87.Ce, 14.40.Aq, 14.70.Bh

[. INTRODUCTION Carlo simulations, predict that the partition of pions into
charged and neutral species is governed by a binomial dis-
There has recently been renewed interest in semiclassicaibution which, in the limit of large multiplicity, leads to a
mechanisms of pion production in high-energy collisions ofsharp value of ~1/3. We refer to this agenericpion pro-
hadrons and of heavy iorfd—11]. One hypothesis in par- duction. On the other hand, for the decay of a pure DCC
ticular is that pieces of strong-interaction vacuum with anstate the distribution of neutral fraction is very different, fol-
unconventional orientation of the chiral order parameter mayowing an inverse square-root law in the limit of large mul-
be produced in high-energy collisiofi$2]. This disoriented tiplicity [1-7,13. Some other production scenarios involv-
chiral condensatéDCC) is then supposed to decay into a ing the common feature of coherent final states lead to
coherent semiclassical pion field having the same chiral oriidentical f distributions[9,10,13-15%
entation. Sophisticated phenomenological techniques have been de-
The primary signature of this mechanism is the presenceeloped in order to study the properties of multiparticle final
of large, event-by-event fluctuations in the fractidn,of  states, and much has been done on multiplicity distributions,
produced pions that are neutral. Conventional mechanisms gbrrelations, and fluctuatiod46—20. Most of the practical
particle production, including those used in standard Montestudies, however, have considered the properties of a single
species at a time. In the case of DCC, formal tools for the
study of the joint distribution of neutral and charged pions
*Now at Department of Physics, University of Michigan, Ann are required, and here there is much less data and corre-
Arbor, M| 48109-1120. sponding analysis experienf21—25.
"Now at Department of Physics, Massachusetts Institute of Tech- The authors of this paper comprise the MiniMax Collabo-
nology, Cambridge, MA 02139. ration (Fermilab T-864, who for the last three years have
*Now at Department of Computer Science, University of Minne- carried out an exploratory search for signals of DCC at the
sota, Minneapolis, MN 55455, CO0 area of the Fermilab Tevatron collid@6]. The heart of
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our detector is a telescope of 24 multiwire proportionaldo not depend upon the nature of the rest of the event. The
chambersMWPC's), with a 1.0 radiation-length lead con- validity of these idealizations is not contradicted by the
verter inserted after the eighth plane, so that charged track&mulations presented in this paper. This idealized model
and converted photons can be counted event by event. ThbBus appears to be a good basis for a first-order analysis of
acceptance in the lego space of pseudorapigitygnd azi- the properties of the ratioR. We anticipate that this will
muthal angles is roughly a circle of radius 0.65 centered at remain true for observations more general than those of the
n=4.1. In 1995-1996, 81(F triggered events af/s=1.8  MiniMax experiment.
TeV were recorded. The purpose of this paper is not to report The layout of this paper is as follows. In Sec. Il we review
the results of this experiment, but rather to describe the tectthe conventional formalism16-2Q of single-variable-
niques we are using as the basis of our data analysis strategienerating functions and factorial moments used in describ-
We believe these techniques have much wider applicabilityng global multiplicity distributions. We then develop the
and may be of value in other searches for DCC signals. €xtensions required to describe the bivariate case of distribu-
Even from this very brief description of the experiment, it tions of 7=’s and 7°'s. The modifications needed to accom-
should be clear that we face many challenges in trying tanodate the decay af”s into y's, as well as the inclusion of
infer either the presence or absence, within limits, of DCCless-than-perfect detection efficiencies for charged tracks and
signals from the data. These include the followi@: The  ¥’s, are considered in Sec. Ill. In Sec. IV we introduce the
MiniMax acceptance is small, so that it is improbable thatrobust observable® and demonstrate their sensitivity to
both y's from a 7% enter the detector acceptandb) the  charged-particle—photon correlations and their insensitivity
conversion efficiency pey is about 50%:;(c) not all y's  to detection inefficiencies and the overall aspects of the pri-
come from 7%'s; (d) not all charged tracks come from mary production process for a wide class of production mod-
w='s; (e) because of the small acceptance, the multiplicitiese!s. The DCC distribution is shown to fall into that class, but
are rather low, so that statistical fluctuations are very imporWwith distinctly different values of th&'s that clearly distin-
tant; (f) detection efficiencies for charged tracks ayid are guish it from the generic distribution under realistic experi-
momentum dependent and are not the safgegfficiency ~mental conditions. Generalizations of the formalism which
functions may be dependent upon the observed multiplicity@!low for the admixture of both generic and DCC charged
or other parametergh) the efficiency for triggering when no and neutral production are considered in Sec. V. In Sec. VI
charged track or converteg is produced within our accep- We estimate, by Monte Carlo simulation as well as by use of
tance is relatively low and different from that for events in the UA5 charged-particle and photon data at 200 GeV and
which at least one charged particle or converteds de- 900 GeV[25], the effects on th&’s from the realistic com-
tected. plications discussed in the preceding paragraph. Concluding
Nevertheless, we find that there do exist observableiemarks are made in Sec. VII. A number of new results con-
which are robust in the sense that, even in the presence 6€rning the interpretation and representation of the standard
large (uncorrelatedl efficiency corrections and convolutions DCC probability distribution that are needed to establish our
from produced='s to observedy's, the observables take results concerning DCC production are presented in the Ap-
very different values for pure DCC and for generic particlePendix.
production. Each such observable is a ratio, collectively re-

ferred to asR, of certain bivariate normalized factorial mo- ||, GENERATING FUNCTIONS FOR CHARGED-PION
ments, that has many desirable properties, including the fol- AND NEUTRAL-PION DISTRIBUTIONS

lowing: (1) The R's do not depend upon the form of the )

parent pion multiplicity distribution(2) the R’s are indepen- The entire content of a set of probabilitigB(N)} for the

dent of the detection efficiencies for finding charged trackspProduction ofN particles in a fixed region of phase space can
provided these efficiencies are not correlated with one an?® encapsulated into the generating function

other or with other variables such as total multiplicity or "

background level(3) some of theR’s are also independent _ N

of the y efficiencies in the same sense as above. In the re- G(Z)_NZO ZP(N), @
maining cases, th&'s depend only upon one parameter

which reflects the relative probability of both photons from awhose derivatives evaluated zt 1 yield the factorial mo-
0 being detected in the same eve(d) In all casesR is ments

independent of the magnitude of the null trigger efficiency;

see commenth) above;(5) the ratiosR possess definite and d'G(z) _
very different values for pure generic and pure DCC pion =gz ] =(NIN-1)---(N=i+1)). (2
production. z=1

The idealizations implicit in the realization of properties

1-5 include the assumptions that particles other than pio i LS
can be ignored, that there is no misidentification of charge 7] where one introduces a spectral representation in terms
f ﬂf Poisson distributions with a weighting functigrw):

particles with photons, and that the production process cal

It is often useful to expresB(N) as a Poisson transform

be modeled as a two-step process, with a parent-pion multi- . N

plicity distribution posited, followed by a particular charged P(N):f dp p(p) = e n 3)
-y . . . . N! L

or neutral partitioning of that population by, e.g., a binomial 0

or DCC distribution function. In addition, there is the vital
assumption that detection efficiencies for findinggd or y ~ where
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% Next, letP(N) be the probability for producing a total of
fo du p(p)=1. (49 N pions with any distribution of charge among them. Then,
p(neh,Ng) can be written as the product of two disjoint prob-

The Poisson transform isolates the random statistical fluctua"lb'“ty distributions:
tions from the physics contained @if ). As an example, the

negative binomial parametrization P(Nch,No) =P(N)P(Nch,Ng;N), (10)
k ) whereN=ng,+ ny, and
=— Kk lg7u
p(w) NCLERE 5) )
. . . > P(N)=1, (1D
wherex =k/(N), gives a fairly good two-parameter descrip- N=0

tion of charged multiplicity distribution§16,17. From Egs.

(1) and (3) we also obtain a spectral representation for the * R
generating function: > Sun o +noP(Neh,No;N)=1. (12
nch:O,nOZO ¢
G(z)=j du p(u)erz b, (6) What we call the generic model for the charged-neutral
0

distributionp(ng,,no;N) involves no correlations, namely, a

where now the factoe*(?~1) reflects the purely random binomial (bin) distribution ofng, andny:

character of the Poisson distribution. N

The generating function forma_th;m has. be_en ywdely used pbin(nch:nO;N):( )fno(l_f)nch_ (13)
to study charged-hadron multiplicity distributionjsl6— No
20,27. We next generalize this formalism to bivariate distri- R
butions of charged and neutral pions. Among our motiva-Here,f is the mean fraction of%’s, which is expected to be
tions for doing this is the simple manner in which detectionabout 1/3 as a consequence of isospin symmetry. If we sub-
inefficiencies and particle decays can be handled with gerstitute Eq.(13) into Eqg.(10) and explicitly denote the depen-
erating fUnCti0n$27]. These features are particularly impor- dence onf' the generating functio(]?) becomes, in the bi-
tant in dealing with the MiniMax experimental situation. nomial case,

Here, the parentr®’s are not reconstructed from the ob-

servedy's and the efficiencies for detecting both the charged R - u

particles and the photons are less than perfect. These exten- Gbin(zchvzo;f):% P(N)[fzo+(1-f)znl", (14
sions are taken up in detail in succeeding sections. Some

earlier work in this connection is contained in R¢f1-25.

Let p(nch,ng) denote the probability distribution for the
occurrence of, andng charged and neutral pions, respec-
tively, in a multiparticle event within a given phase-space
region. As in the single-variable case, the content of thisC
bivariate distribution can be conveniently represented by th
generating function for factorial moments defined by

which only depends on the linear combination
(=Ftzp+(1-F)zgp. (15

onversely, if a generating functidd(z.,zg) is a function
%nly of £, the charged and neutral pions are binomially dis-

tributed.
% If P(N) is a Poisson distribution, (B[,in(zch,zo;f) is lin-
G(Zen,20)= Z p(nch,no)zfc‘ﬁhzgq 7) earing. The simulatiqns of ge_neric production describe_d in
Nch:No=0 Sec. VI yield generating functions that, to good approxima-

_ o tion, depend only on a fixed linear combination zf, and
The partial derivatives of G(zen,20) evaluated at g - the incorporation of the modeling of the MiniMax detec-
Zn=29=1 generate the factorial moments referring totor into these simulations is found to alter this linear behav-
charged(ch) and neutral0) particles: ior slightly.
i Much of the simplicity of the generic case is also realized
9"1G(zeh,20) ®) for what can be called the binomial transform

fi’j(Ch,O)E W

) Zen=20=1

N\ r1
,Ng;N)= dfp(f)fho(1—f)Neh 16
For example, we have P(Ncn.No;N) (no) JO p(f)fho(1—1) (16)

f1och,00=(ngy, of the normalized distributiop(f),

= l
fo,1(ch,0)=(no), f dfp(f)=1. 17
0
f1.1(ch,00=(n¢No),
This leads to a wide class of possible pion factorial-moment-
foo(ch,0)=(Ne(Nch—1)). (9)  generating functions, namely,
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1 regarded as the two “decay” modes of the primary charged
G(zch,20) = fo df p(f)Gpin(Zen, 205 1), (18 pion which is otherwise regarded as stable. Similarly, there
are probabilitiese,,, m=0,1,2, with

whereGy(zen. 2o f) is given by Eq(14) with  replaced by
an arbitraryf, 0O<f<1. Combining Egs(3) and (14) we et et =1, (20

obtain for observingm photons from ar® decay and each possibil-

ity can be regarded as a decay mode of #fecluster. If
* L _ these probabilities are identified with what we suppose are
G(ZCh'ZO)ZL dp p('“)jodf p(Hetdt, (19 e independent, i.e., uncorrelated, efficiencies for the re-
spective detection options, the generating function for the
distribution of observed particles, including efficiencies, is
obtained fromG(zg,,z,) by replacingz,, by the generating
function

where agair?(f) is given by Eq.(15) with f replaced by an
arbitrary f.

The forms ofp(f) and p(x) depend on the production
model and the detector. The uncorrelated, generic ¢Bbe
corresponds t@(f) = 8(f — ), wheref is some fixed value el Zen) = (1~ €cn) + €cnZen, (21
of f.

It is shown in the Appendix that for a simple DCC mode
[1-7] and with a sampling prescription appropriate to the

I and z, by the generating function

experimental situationp(f)=1/(2/f). Although the same 9o(Z,) = €0+ €12, + €,7,. (22
bivariate distribution is realized in other hadronic production . .
models leading to coherent staf€10,13—1% we refer to For the class of production models characterized by Eq.

this case as the DCC model. We note that in the DCC mod€(l8), the preceding considerations lead to the following
(No)=2(ny), just as in the generic case o 1/3. factorial-moment-generating function for the distribution of

It is quite possible that the parent pion distribution observed charged pions and photons:
P(N) or, equivalently,p(u), will be different for the DCC
and generic production mechanisms. This distinction is im- [t )
portant for our considerations of admixtures of the two Gobs(zch’zv)_fodfp(f)Gbin(gch(Zch)'QO(Zv)'f)' 23
mechanisms. We investigate some possible scenarios for

such admixtures in Sec. V. The charged-pion—photon factorial moments are

Ill. GENERATING FUNCTIONS FOR CHARGED-

PION-PHOTON DISTRIBUTIONS fi,j(Ch:'}’)E(

ai,JG(zch,zy)) 24
z.=z =1

9Zep "9z, o
For a detector that is designed to observe charged par- o

ticles and convertedy's within its acceptance, events are which introduces the bivariate indexing i) with respect to
classified only according to the numbers of charged particlesharged particles and photons employed henceforth. For ex-
and photons,ng, and n,,, respectively. With sufficiently ample, the two lowest orders of factorial moments are
large statistics, we can determine probabilif¥s,,n,) for
observing these combinations over some portion or all of the
available phase space.
In order to obtain the charged-pion and photon generating
function, incorporating bothr= and vy detection efficiencies foa(ch,y)=(n,)=(f)(e;+2€,)(N), (26)
from G(zg,2p), we extend Pumplin’s cluster theorei7]
to the bivariate case. Consider a generating function
G(24,25) that refers to charged and neutral “clusters.” Sup- | 20(€N:%)=(Ner(Nen=1))=((1- H?)ei(N(N=1)),
pose, for the sake of simplicity, the charged clusters decay in (27
a number of ways into charged particles and likewise for the
decay of neutral clusters into neutral particles. For each of f, y(ch,y)=(ngn,)=(f(1—f))ecn(€1+2€,)(N(N—1)),
these decay scenarios there is a probability distribution and a (28
corresponding generating functiogen(zen) Or go(zo), re-
spectively. The bivariate generating function of the factorial _ e 2
moments of the final charged and neutral particle production foAch,y)=(n,(n,—1))=(F)(e1+2€;)(N(N-1))
is then G(gen(Zen),90(Zp))- If the charged clusters do not +2e,(f)(N). (29
decay, thengq(zq)=2- On the other hand, the decay
m— yy with perfect photon detection efficiency corre- In Egs. (25—(29) the overall statistical averages for the
sponds togo(zy)=z§. charged, the photon, and the charged-photon factorial mo-
More realistically, there is a probability,,, for observing ments are expressed, in an obvious notation, in terms of the
a given primary charged pion in the detector and a probabilindependent moments taken with respect to B{&) and
ity 1— e, for not observing it. These possibilities can be p(f) distributions.

frolch,y)=(ng)=(1—f)e(N), (25
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Finally, we turn to the effect of the MiniMax trigger on (f(1-H)){(1—1))
these considerations. The MiniMax trigger requires, among ra= FELRIGEE (39
other things, a coincidence in the signals from scintillator
counters located behind both the converter and the entirg
tracking telescope. In consequence, events in which no.
charged particle or convertegdgoes through the acceptance
of the detector are triggered with differefand lowej effi-
ciency e than that for events in which either a charged par-
ticle or y conversion products go through the aperture. An ry1—rqq (36)
effective model for the effect of the MiniMax trigger on the ' ’
probability p®*{n;,n,) for observing an event witme,  under the transformatior80)—(32) so thatr ; is a “robust

charged particles and, convertedy’s passing through the observable” in the sense referred to in Sec. I.
acceptance is given by the proportionalities It follows from Eq. (35) that

n expression in which all reference to the background dis-
ibution P(N) and the efficiencieg,, €5, andeg, have can-
celed out. Further, we see that

ptrig(O,O): eapObS((),o), nCh:n7:01 (30) I’111$ :]_7 (37)

and o . S .
where the equality is realized for generic pion production,

ptrig(nch,ny):apobS(nch,ny), nch+ny>0- (31) p(f):5(f—f),

Here, p"9(ngy,n.) is the measured probability of seeing an i0=1 38
event, includingythe effects of both the trigger and the par- f1a(generig=1, (38)

ticle detection efficiencies, Whilp"bs(nch,ny) presumes per- | - o o )
fect triggering. If independently off. The realization of the limi(38) in the

UAS data at 200 GeV and 900 G4¥5], and in Monte Carlo
simulations at 1.8 TeV, both of which include nonpionic
sources of charged particles and photons, is considered in

p"9 will be properly normalized ip°is. Sec. V1. o _
The bivariate factorial moments transform homoge- ForaDCC distributionp(f)=1/(2\f), one finds

neously under the transformatiof30)—(32) incorporating

a=[1+(1-¢€)p°%0,0] %, (32

differential trigger efficiencies: r, (DCO)=1. (39)
fij(ch,y)—af; j(ch,y). (33 This clearly distinguishes the pure DCC and generic distri-
butions.
IV. ROBUST OBSERVABLES The valueg(38) and (39) represent the limiting extremes

) of a mixture of generic and DCC distributions. Generally,

The second-order factorial momer(®5)—(29) represent proad (DCC) and narrow(generi¢ statistical distributions
the lowest-order correlative effects among charged pions angh, pe distinguished in a mixture of the two by means of
photons. We see from EQ29) that they-y correlations are  higher-order moments that are sensitive to the tail of the
distinguished by the terme3(f)(N) for observing the two  charged-particle—photon distribution. Robust combinations
photons from a single neutral pion, so that this average wilpf these higher-order moments that are generalizations of
not be a component of a robust measure involving only firsty | will be of greatest practical value in an analysis of data
and second-order moments. This suggests the construction # which a discemible fraction of DCC form is expected to
a measure from the momen#5)—(28) in the form of a ratio appear.
in order to cancel out as many effects as possible, apart from | et ys first note that the normalized factorial moments
the p(f) averages, that reflect the particular details of the
production mechanism.

i ' N(N—=1)---(N=i+1
Consider, then, the ratio FiE< ( )<N>(' )) 40
<n<:hn ><nch>
r1,1=<nch(nch1 DYy (34) are unity if the parent distributio®P(N) is Poisson. There-

fore, deviations from purely random fluctuations are mea-
For generating functions of the for(@3), we find from Eqs. sured by the departure of thg’s from unity. A bivariate
(25—(28) that generalization of thé;’s is given by

_(Ner(Mep—=1)- - - (Nep—i+1)ny(ny—1)---(n,—j+1))

g P,y “
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In particular, one finds that ¢ o=1,
Fi((1—1)' i
MFH (42) Ci1=i(j—1)/2,
Cjo=3jlal(j—4). (51
and
i One can use the ratigs;’s in the analysis of experimen-
_Fi+1<f(1_f)> (43) tal distributions, with the understanding that the parameter

V(A=) £ is to be determined from the data. Generally, we have the

) . ) bounds and limiting values
whereF; refers to theith normalized factorial momerit0)

of the P(N) distribution for the total multiplicity. We note rij(generig=1, (52
that '
o ri i(generig];—o=1, 53
Fi,j_>a17|7JFi,j (44) [ri;(g 0ls=0 (53
. and
under the transformation80)—(32).
Evidently, r; ,=F, 1/F, 4. From EQs.(42) and (43) we il(2j— 1N
find a generalization of, ; to a family R of robust observ- [ri,,-(DCC)],g:o:(iJr—.)'. (54
ables: 1)
Fin  ((1=H)F(a-H V. SENSITIVITY TO DCC ADMIXTURES
ri,l:F. = <f><(]_—f)'+l> (45) ) )
i+1,0 We next turn to the question of what can be said about

robust observables when there is an admixture of DCC and
generic multipion production. There is a considerable theo-
ri ,(generig=1, retical uncertainty about how such an admixture would arise
’ in hadronic collisions and so there are many possibilities for

Moreover, one finds that, for al=1,

1 extending the development given in the preceding sections.
ri(DCC)= 1 (46)  Our objective in this section is only to provide a formalism
in which the sensitivity of experimental results to the pres-
in the two cases. Thus; ; becomes more sensitive to the &Nce of DCC or some other anomalous mechanism can be
difference between DCC and generic production mecha!_nvestlgated. Thus it will s_ufflce to _a_ddress this question only
nisms with increasing order of the moments. This reflects thd the context of a few simple limiting models of pion pro-
broadness characteristic of the DCC distribution in the neuduction containing both generic and DCC components. Spe-

tral fractionf compared to the generic case. cifically, we consider modifications of the generating-
The ratios function formalism we have developed in the preceding

sections in three different scenarios for mixing DCC and

Fij generic multiparticle production. Then, we examine the im-

ri,,:,:_—_ (47) pact of these modifications on the values of the robust ob-
1.0 servables.

are not robust because the momefts for arbitraryi and
j are not independent of the photon detection efficiencies. A. Exclusive production
However, the terms involving these efficiencies can be ex-

pessed in terms of only one combination of these parameterg,
namely,

First, let us consider the possibility of what we refer to as
clusiveproduction. That is, in a given event, particle pro-
duction is either the result of the formation of a DCC with
probability A, or it is generic with binomially distributed
=, (48) charged and neutral particles with probability . The pic-
(€1+2€)(n,) ture of exclusive production could be regarded as a first-
order phenomenology of very high-energy cosmic-ray inter-
actions, which seem to divide themselves into what appear to

262

3

along with the mean number of photons, as

2 ((1—f)ifi—m) be generic and anomalous clasg2g).
Fij= > Cimé Fisj-m7 e —m- (49 The generating function for the exclusive production of
m=0 ((1=H))X) charged pions and the photons resulting frath decay is

simply the weighted sum of the generic and DCC generating

The coefficients; ,, are obtained from the identity, true for functions:

any differentiable functionD(z?),

dD(z2) U2 ) Gexcl(zchuzya}\):(1_)\)Ggeneri((zchrzy)+)\GDCC(Zcth(75)é)
o :m§=)0 c,—ymzm(zz)J*Zm(d—zz)J,—m. (50)

Here, Ggenerid Zch,Z,) and Gpc(Zeh,z,) are obtained from

The first fewc; , are[28] Eq. (23) for the casep(f)=4(f—f) and p(f)=1/(2f),
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respectively, and where the distributioR¢N) of the total ijCC
number of pions are generally different in the two cases. FRC= (1= N) PN N FPFO= 10 14\ <oen 1],

The expressions for the moments; obtained using I
Geycl(Zen 2, ,\) interpolate between the generic and DCC

j
(56)
L ‘y L
limits as\ varies between 0 and 1. For example, since it follows, using the results of Sec. lll, that one can write

J
( 2 (N(N—l))DCC_1>
15F(1—F) (N(N—1))°e"

1H( 8 <N<N—1>>DC°_1)
15(1—F)2 (N(N-1))%e"

SN
3(1—F) (N)™*"

1 <N>DCC ' (57)
5 <N>Gen_ )1

()=

o

Note that this expression explicitly depends on the relativejependent of the probabilit gened N) for producingN bi-

size of the DCC and the generic factorial moments. Techninomially distributed pions, so that the generating function
cally, this ratio is no longer “robust” in the sense of the factors into a product:

preceding section. However, it still does not depend upon

efficiency corrections. In addition, the extra dependence will Gind(Zch»Zy) = Ggenerid Zeh»Z,) Gpecd Zeh  Z,) . (58)
be anadvantagdaf DCC dominates the high-multiplicity tail
of the distribution. Thus we find

B. Independent production ind_ 2': EJ: ( [ )( ] )fgen  ¢pcc (59
A second possible production scenario is where the occur- M o la)\g) iR
rence of DCC in an event is independent of the pions that are
produced generically. Independent production implies thatHence, using the results of the previous sections, it follows

the probabilityPpcc(N) for producingN DCC pions is in-  that, for example,

. (N)ySeyNyPee [ o i) . 2(N(N—1))PcC 2(N)PCE
o L (N(N=1)M\ 31-F) " 3F)  18R(1—HH(N(N-1))%|| " 3(1—F)(N)®e" o
" 1+ <N>Ger<N>DCC< 4 ) 8<N(N—1)>DCC 1<N>DCC :
<N(N_1)>Gen 3(1—?) 15(1—?)2<N(N_1)>Gen 3'f<N>Gen

Again, the sensitivity to the independent production of DCCFor single-variable probability distributions, cumulants re-
is dependent on the ratios of DCC and generic factorial moflect nonrandom correlations in that they vanish for a Poisson
ments, but not on the efficiency corrections. distribution. In the bivariate case their properties as a mea-
We note that in the independent production model sure of correlations are not so direct.
As with the bivariate normalized factorial momeittsl),
INGina(Zch,Z,) = lnGgenerir(ZchaZy)+InGDCC(Zch:Zy):(Gl) we introduce normalized bivariate cumulant moments:

which suggests an analysis in terms of a bivariate generali- i | i+
zation of single-variable cumulant momehis,18—2Q. We Kij={(Nen " (N,) 9707 InG : (64)
define bivariate cumulants for-j>0 by oy Zni2)=1
I+ X
ki i=| ——InG . (620  In the independent model we obtain figi" the weighted
W azy02, —_— sum '

From Eg.(58) we see that in this production scenario, the

cumulants are additive: K:nld: N JKDF O (1= (1= M) KPS, (65)

i,j 1)

k:an: kig,efneric*‘ kPre. (63)  where
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(Nehypee 1 1 *
Neny =y (60 Gussokzenz, )= |ty bifa) | dfa bt 3, PN)
ch,y. 0 0 N=0
are the fractions of the mean charged or photon multiplicities X[(l—)\)gb(Zch,Zy)Jr?\gd(Zch,Zy)]N,

attributed to the DCC.

The formulas for the normalized cumulant moments for
DCC and generic subsamples are obtained in a straightfor-
ward manner. As before, most of the efficiency correctiongNhere,
cancel out. However, the cumulant moments do not scale
homogeneously under the differential trigger inefficiency
characteristic of MiniMax. While this is disadvantageous for 9a(Zen Z,) =Ta00(Z,) + (1= o) Ger(Ze), (69)
the early MiniMax analyses, there is reason to expect that
they will be eventually of substantial utility in MiniMax as
well as in other experiments. po(fp)=8(f,— 1), (70)

(68)

C. Associated production

A third possibility for the contamination of a DCC signal pa(fa) =142 \/fy), (72)
by generic multiparticle production is what can be called

associated production. For exgmplg, in 'the Baked AI""Sk%nd the indeXA takes the valueb andd in the binomial and
model[8] the number of DCC pions is estimated to scale AHCC cases, respectively. As before, one can carry out the

Nocc™ (Ngenerid ¥2 (67)  calculation of the robust observables which results in formu-
las that interpolate as a function of the fractisnof DCC
A simpler case, which is also a credible scenario, is wher@dmixture between the generic and DCC limits. Note that in
the amount of DCC production is, on the average, proporthis case there would be only a single pare(iN), common
tional to the amount of generic production. It then follows to both the generic and DCC production. Using the results of
using the cluster theoref27] that the previous section, one can calculate, for example,

[(1-MZF(L-H+INA-N) A+ + 2N -N)(1-F)+ 2\]

assog) ) — _ _ —
O A D (=T + BN+ 50

(72)

which, in contrast with the other two cases, E(¢8/) and characterized by a generating function for detecting the prod-
(60), is a fully robust observable. ucts of that species:

D. Other particles 0i(Zenz,) =2 X €l |z, (73

Nep-Ny~ch Ty
A similar framework can be used to discuss the sensitivity leh Ty
of the predictions to the production of particles other thanwhere g;(1,1)=1. Then, the observed generating function,
pions. This is of potential concern, sineand 7° produc- neglecting DCC production, can be written as
tion may be a substantial fraction of pion production
[17,25,3Q. In particular, they®/ #° ratio can be quite large
leading to an excess of's over the case of pions alone,
where(n,)=(ngy).

Relatively little is known abouK and 7° distributions at We can now make a few observations about the impact of
the highest energies, especially in forward directions, sogontamination of the predictions that arise frdtnand 7°
while an independent production model might be more accuproduction. The following estimates of the effects of various
rate, we will limit our considerations at the moment to theparticle types on the magnitude of ; draw upon the simu-
context of an “associated” production model. In essence, wdations specific to MiniMax reported in Sec. VI.
are thus assuming that a system of parent partons is created First, we note that thé<*’s, which are seen simply as
in the collision process, and that this system then evolvesharged particles in MiniMax, appear just as another source
into a system oN hadrons with probability?(N), with the  of charged particles from the collision point and so modify
hadrons independently partitioned into various species.  the neutral fraction, but are otherwise benign. Similarly, the

Let the indexi run over the various types of hadrons thatK, 's have, on an average, a decay length much longer than
are produced. Thith type of hadron is produced with rela- the length of the MiniMax detector. In consequence, they are
tive probability); (with Z;x\;=1). These hadrons then decay only detected, but not identified, when they interact strongly
into charged particles ang's, and each species of hadron is in the converter used to identify photons. On the relatively

N

Gobgzch,z»:% P(N) (74)

Z NiGi(Zen,Zy)
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rare occasions whel{,'s do interact in the converter, they principle, of interest from the point of sensitivity to very
are misidentified ag’s. This will also influence the net neu- small domains of DCC.
tral fraction that is observed, but is also otherwise benign. In Let us consider associated productionkafs with frac-
conclusion, the associated productionkof’s andK ’s will tion Mg The generating function for studying the modifica-
not change the values of the;’s predicted in Sec. IV for  tion of generic production is thus
“generic” production.

The case oKg production is rather interesting since the

Ks decay modesKs— 7" 7~ (69%), K s— w07%(31%), are Ck(Ze:Zy kg = % PN)[(1 = Akg)9ged Zc.Z,)
essentially those of an isosinglet DCC with one pair of pions.
That is, in regard to the statistics of the particles produced, +)\KSQKS(ZC,ZY)]N . (79

K decays are essentially identical to those of the smallest
conceivable domain of DCC's. As sudkg production is, in  Using previous methods, one finds that

2(N)h 53
(N(N= 1)) (LN (1 F)ent A (€ 5265912

[ris)] =1+ (76)

which is manifestly not robust. VI. ROBUST OBSERVABLES IN PRACTICE
Kg's are not DCC domains; they are, rather, particles of I
well-defined mass and a lifetime such that most of them hav we now tum to the utilization of the rob_ust observables
: - . or analyzing collider data, both actual or simulated. As we
decayed before reaching the MiniMax detector, and their de- : . . )
. aw in the last section, the assumptions made earlier are
cay products have strong correlations and are not vertexed

the collision point. As a consequence, in MiniMax the aCcep_laeahzatlons that are violated by some types of production

tance for two charged pions from a sindle is about 4% mechanisms and by less than ideal detector performance. In

Consequently. the impact #f< production on the MiniMax this section we examine the properties of the robust moments
quently, P s pro in the context of the UA5 data and Monte Carlo simulations
systematics is expected to be quite small.

One can similarly study the impact o production on of the MiniMax detector in order to assess the importance of

the idealized predictions of Sec. IV. Thg’ has a wider these violations in practice.

variety of decay modes and all of the charged particles and

y's from the decays are collision vertexed. Thus A. 111 from UAS

g,0(z¢,z,) is more complicated, but the calculations follow  For collider energies of 200 GeV and 900 GeV, UA5

closely those outlined foKg decays. In addition to having measured the inclusive charged-particle and phatiind »

decay modes with more than a single charged particle, therdistributions, as well as the corresponding charged-charged

are decay modes with intrinsic chargedeorrelations, as and the charged-photon correlation functions,

well as the charged-charged correlations which entered intQ, o 7ch=0,7¢0) and C,, c,(7,=0,7¢n), respectively25].

the Kg analysis. The conclusion is, nevertheless, much thelere, 7, and », denote the charged-particle and photon

same. pseudorapidities, respectively. The measurements were car-

ried out over about four units dfy.. The mean values

(ney and(n,) can be calculated for different pseudorapidity

bins using the experimentdIN/d » distributions. Under the
Finally, we note that the formalism we have developedassumption thatC, . 7,,7,) and C,.ci71,7m2) depend

can be extended to consider contamination due to detectognly on the absolute value dfy;— 7,|, the second-order

related effects. For example, in detectors which idenfify moments that enter into, ; can also be calculated for corre-

rays by electromagnetic calorimetry, charged hadrons cagponding pseudorapidity bins. Despite large uncertainties in

also be identified as photons when they interact strongly inthe UA5 photon data and the validity of our assumptions

the calorimeter. For example, in WA981], a heavy-ion  about the correlation functions, we fing ;=1.0+0.10 for
experiment at CERN which has instituted a DCC search, thighe different energies and various bin choices.

is expected to occur approximately 20% of the time. Such
misidentifications can be handled by using an appropriate
form of the generating functiog;(z,z,). For example,

E. Detector effects

B. Simulations

While we believe the robust observables will find general
9= (ZensZ,) = eg3+ e’fézch+ f’fizchzy (777 application in experimental searches for DCC, we are moti-
' ’ ’ vated here primarily by the MiniMax experimental situation.

. In this context, in order to make a rough check of the validity
would be suitable if some fractioe; of the charged pions of the assumptions we have made in the opening sections, we
were tagged as both charged particles and photons becausext describe a series of complete simulations of the Mini-
of the calorimeter’s response. Max experiment.
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Minimum bias events are generated RNTHIA version 2. DCC generator

5.702 an.dJETSET7'4O.1[32]'.The output OfPYTHIA is then . DCC production is modeled according to the 1Y} dis-
used as input to the simulation of the detector response usingy, tion For the present simulation, the DCC domain size in

;EANT’hve;S:IOF 3'k2.1[33]' dThe IGE.ANThOPtp% IS the?[. pu; n— ¢ space is taken to be on the order of the detector ac-
rough a full tracking and analysis chain. The resulting re'ceptance. The c.m. momentum of the DCC is directed at the
quency distributions for observing, charged tracks and

ted phot th 4t lculate th . _center of the acceptance with a reasonably lgrge We
n, converted pholons aré then used 1o calcuiate e vanous, me that the number of pions in the DCC is independent
robust observables. Similar studies, in which the output o "

; laced ted by th tout of a DCC the central pseudorapidity of the DCC. The ratio of the
PYTHIA IS T€P ac<|a or aggdmen eW 3]( de r?u pu F af h mean energy density of DCC pions to that of generically
generator, are also carried out. We find the results of thesg,q, ceq pions is then approximately constant; we take the
simulations to be in agreement with expectations from ou

lculat in th . " ratio to be unity.
caicutations in the previous sections. DCC's are generated using what could be called a “snow-

ball” model in reference to the low pion momenta in the
DCC c.m. The numbeN ¢ of DCC pions is chosen using a

PYTHIA is used to simulate the minimum bias collisions atPoission distribution with meappcc.

Js=1.8 TeV. Default values are taken for all parameters The neutral fraction is generated using the transformation
except that particles with a mean decay length greater than rhethod, where, ik is a uniform deviatef =x2 is distributed
cm were not allowed to decay. according to 1/(2/f). A uniform deviatex; is then generated

There are no published data on multiparticle production afor each of theNpcc pions; if x;<<f, the pion is defined to be
1.8 TeV in the pseudorapidity interval covered by MiniMax, neutral, otherwise it is defined to be charged. This procedure
so there is no independent check on the accuracy of thenplements the 1/(2f) distribution exactly; if one takes the
simulations. For recent measurements at 630 G2, the  yjewpoint that the isosinglet distribution is more fundamen-
agreement betweepvTHIA and thedN/d 7 data, in a range  ta|, then this procedure can be viewed as an approximation to
of pseudorapidity including that of MiniMax, is less than jt which is valid in the limit that the total number of pions is
ideal. Nonetheless, theyTHIA output represents a useful |arge, and one is sampling a subset of the DCC. The actual
benchmark. distribution is, of course, an experimental question.

The particles generated in a simulated collision are then gach of the pions is assigned a three-momentum in the
taken as input into &EANT simulation of the detector and its pcc c.m. system by drawing from a zero-mean Gaussian
environment. The experimental data give evidence of a larg8< i ipution with a variancép- p)=3a?
background of particles aising from interactions in material 1. e is then boosted such thgf the momentum of the
immediate_ly surrou_nding th_e dete_ctor. _Therefore, MAMBCC c.m. is in the direction of the center of the MiniMax
nearby objects are included in the simulatiGEANT propa- detector aty=4.1, so that the DCC pions haypr)~ . If

gates the particles_ throu_gh the detector and its surroundinqﬁe pions are not too relativistic in the DCC c.m. frame, the
and produces a simulation of the data that are produced bﬁf o '

the actual detector. Despite care in including all relevant aséogitee%vi?hcg d?u(gnamwlj ?pproxmately circular - ¢
pects of the detector and its environment, $EANT data  Povs pcc™ Tp/ P

. . . , The results we report next are based on Monte Carlo
show a smaller number of reporting wires in the MWPC Ssimulations in whicho.=01 GeV andp-=0.14 GeV-
than do the actual data by a factor of 2. Ip= " Pr=". i

hence,Rpcc~0.7, the typical radius of a hadronic jet. The

GEANT data are written to a file that is used as input to thePoisson mean for the number of DCC pions has the value
same code that is used for the analysis of the actual MiniMax P

. . . . =5.0, which corresponds to an energy density in lego
data. The analysis proceeds in two stages. First, a trackmnggge combarable 1o tha?t of Generic rod%i/:tion Tﬁe Mo%te
code is used to find track segments in frgheads of and P 9 P :

behind (tails) the converter plane. The output of this calcu- Carlo simulation of DCC production is used to generate pure

lation is used by a second cofertexej that determines the bcC eyents. .These events are then run through the.same
number of charged particles ants observed in the event. In GEANT S|mulat|on_as the’DYTH'A. events, except ‘h‘?‘t the trig-
so doing, it counts a charged track to be a head that can per 1S not used since no particles go in fheirection.
joined to at least one tail. A conversion is taken to be one
or more tails emanating from the same point in the converter
without an accompanying head. Candidate charged and  Once the number of charged tracks ayid passing into
tracks are required to point to within some given distancehe acceptance is determined, the momentsrgrare calcu-
from the collision point in order to remove secondary par-lated. Statistical errors are estimated assuming Poisson fluc-
ticles from material adjacent to the detector and fake tracktuations and the standard propagation of errors formalism
arising from chance combinations of random reporting wires[35].
The parameters used in the vertexer are determined by opti- The results obtained for approximately<30* PYTHIA
mizing the reconstruction of the events generate@sHIA events which would be seen by the detedfpass trigger
and GEANT. cutg and 2x 10* pure DCC events are shown in Table I. The
This track-reconstruction procedure is still under developYTHIA results are given for perfect charged apdinding
ment. It does not satisfy all of the assumptions made in Seefficiencies, and then from the output of running these events
| regarding tracking efficiency. In particular, the reconstruc-through theGEANT simulation. The DCC events were also
tion efficiency may depend on the multiplicity and proximity processed bysEANT. For purposes of comparison, the pre-
of tracks. dicted values for idealized binomial and DCC distributions

1. Standard Monte Carlo program

C. Results
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TABLE I. Robust observables ; for generic events simulated leyTHIA and pure DCC events simulated
with the “snowball” model. Comparisons with thg ;'s obtained with binomially distributed pions and the
1/(24/f) classical limit of DCC's.

PYTHIA PYTHIA and GEANT DCC andGEANT binomial 1/(2\f)
i i rij*o, rj* o, rj* oy, Fij Fij
1 1 1.02+ 0.01 1.00% 0.02 0.57+ 0.01 1.00 0.50
2 1 1.05+ 0.04 1.01+ 0.02 0.43+ 0.03 1.00 0.33
3 1 1.15+ 0.10 1.04+ 0.13 0.38+ 0.05 1.00 0.25
0 2 1.24+ 0.02 1.36x 0.04 1.55*+ 0.06 1.36 1.80
1 2 1.24* 0.06 1.36+ 0.10 0.66+ 0.06 1.30 0.62
2 2 1.34* 0.15 1.47+ 0.26 0.44+ 0.09 1.25 0.31
0 3 1.76* 0.12 2.13+ 0.25 2.98+ 0.39 1.89 3.54
1 3 1.75* 0.26 2.03+ 0.43 1.19+ 0.31 1.74 0.90
0 4 3.27+ 0.62 3.06+ 0.94 6.82+ 2.18 2.70 7.34

are included. For those ratios involving higher-order mo- In order to illustrate the effect of an admixture of DCC
ments of the number of observed, converjés, the predic-  with generic events, where the amount of DCC produced is
tions are nonrobust, as discussed in Sec. IV, and depend @amndependent of the amount of generic production, DCC do-
&, which is determined from the relationship betwefgny,  mains from the DCC generator combined WitEANT are

f,0, @and(n,), assuming a binomial distribution. The same added to various fractions of randamTHIA combined with
values are used in correcting the DCC predictions for theseant events. This represents a mixture of the independent
higher-order moments. In particular, it is assumed thagnd exclusive models considered in Sec. V. The effect on the
262./(614‘ 262)~0.08t 0.01 obtained frompYTHIA for ge- ., is shown in Table II.

neric production has the same value for DCC production. " these simulations support the expectation that the robust
This is certainly violated in practice, for the simulated DCC ghservaples introduced in this paper will be a useful analysis
pions have significantly lowefpr)~ o, than those gener- (0] even though all of the technical requirements of robust-
ated bypYTHIA, and hence the probability of botfis from @ ess may not be met. Thus these observables provide a well-

0 . . . . . ! ) . i 3
7 decay being in the acceptance, which is reflected,in  gefined framework for describing correlations in such a way
will be different. In addition, thé=;’s are also taken to be the that many systematic uncertainties cancel out.

same in the DCC case as in thgTHIA case, which is also
clearly a poor assumption. We have chosen to display the
data in the manner shown, however, in order to illustrate the
problems which will arise in DCC searches using these mo- Most of the experimental analyses and theoretical studies
ments. of multihadron production have concentrated only on
There is a general agreement between the “predictions’tharged-hadron production, for which the bulk of the data
based on the analysis in Sec. IV of this paper, and the resultsave been taken; for exceptions to this, $2&-25. The
of these full simulations. One of the striking features of thesejuestions we have addressed concerning the neutral-hadron
results is how well the combineglyTHIA and GEANT simu- ~ component of multiparticle production have received little
lation, which includes a photon conversion efficiency ofattention, but are vital for our MiniMax experiment.
about 50%, an 80% efficiency for detecting converted pho- The robust observableR, which are here proposed, ap-
tons, resonance production, simulations of detector effectqpear, on the basis of the analytic calculations and Monte
among other features, matches the predictions of a simpl€arlo simulations we have presented, to be of considerable
binomial model. value in all future analyses of combined charged-particle and

VII. CONCLUDING REMARKS

TABLE Il. The effect on ther; ; of an admixture of DCC and generieyTHIA) events. DCC domains
from the DCC generator GEANT are added to various fractions of randerTHIA or GEANT events. The first
column represents the fraction of events in which a DCC is overlaying a generic event. A DCC fraction of 1
means that DCC has been added to every event, not that the events are pure DCC as in Table I.

DCC fraction rator, it oy, st o, Events
0.00 1.01+ 0.02 1.02+ 0.05 1.09+ 0.14 51741
0.02 1.00%= 0.02 1.00+ 0.05 1.01+ 0.15 51741
0.05 0.97+ 0.02 0.93* 0.05 0.95* 0.10 51741
0.10 0.95+ 0.02 0.89+ 0.04 0.89+ 0.08 51741
0.20 0.93+ 0.02 0.83+ 0.04 0.77%+ 0.07 51741
0.50 0.84+ 0.01 0.71+ 0.03 0.68*+ 0.06 40000

1.00 0.74%= 0.01 0.60= 0.03 0.55* 0.06 20000
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photon distributions in high-energy hadron and heavy-ion N\ (1 df
collisions, and especially with respect to the search for dis- P[n;N]z( ) J Z_ﬁfn(l_ fy(N=m, (A3)
oriented chiral condensate. n/Jo

While these observables are manifestly robust, there are ) ] -~
still clear limitations to their use which must eventually be The representatiofA3) can be established by rewriting Eq.

addressed. We have said little about momentum-dependefft1) in terms of theg function,
efficiencies; this will, at the formal level, require generating

functions to be generalized to generating functiof@2— rx)rey)
24]. At this level, even the choice of the parent generating B(x.y)= L(x+y) (Ad4)
functional may have considerable ambiguity due to a lack of
consensus on the underlying physics, e.g., can the Poissogg
transform structure of Eq6) be simply generalized?
At a more practical level, the issue of correlated efficien- 1/N
cies, especially with respect to total multiplicity and back- P[n;N]= _( B(n+%,1+N—n), (A5)
ground level, is vital. Here, the features of the individual 2\n
experiment and its environment are essential, and a strong
interplay between simulations and the analysis of real data ighich is found using the identity
required.
Finally, in experiments with large acceptance, even for Lo @mr
pure DCC production, the chiral order parameter may be I'(n+ E)ZWF(E)- (AB)

different in different portions of the;— ¢, or lego, phase
space. In this case the formalism we have presented mu

undergo further generalization. ields Eq.(A3). The identity(A5) establishes the connection

Neverthe_less, we believe that the analysis strategy W%etween the coherent-state production model of Martinis
have described can serve as a very useful starting point fog

the experimental search for disoriented chiral condensates tal.[9] for 1=0 and the analysis 46,15. The continuous
P ‘binomial distribution(A3) allows one to calculate all aver-

ages in the same explicit manner as for the binomial distri-
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%e standard integral representation of ghdunction [36]

versity Provost’s Fund. bution (A1) in connection with a realistic detector or, equiva-
lently, a sampling consisting of a finite number of pions. The
APPENDIX: DCC DISTRIBUTIONS limited sampling_of such a dete_ctor means that typically one
sees only a portion of the particular group of the correlated

The distribution pions that are thought to be the earmark of a DCC. Within
Nei L 2 that sampling, we need to find the distribution induced by the

PIN:N]= 27N! (2n)! (AD) DCC and with it we can carry out a generating-function

' 2! ) (2N+1)1° analysis. We show that the coherent distribution is self-

similar in that the combined neutral and charged distribution
whereN andn<N are non-negative integers, was discov-of a finite number of pions chosen from a sampling space
ered by Horn and Silver15] in the context of coherent-state distributed using the limit of EqA1) for N—o, is given in
production models. For this reason we will refer to it as thefact by Eq.(A1), but now withN andn regarded as the total
coherentdistribution. It was later found that the coherent number and the number of%'s, respectively, whether they
distribution was an appropriate final state for a simple modekre even or odd.
of a zero isospin DC(6]. In both physical contexts, the  |n support of these remarks, let us consider the problem of
distribution is relevant to the case of an even total numbethe combined neutral and charged distribution of an arbitrary
2N of pions and, necessarily, because of zero isospin, to agubset, even or odd, of a DCC corresponding b (fions
even number @ of #%'s. In the mathematical considerations that are distributed according B n;N]. Suppose, then, that
that follow, n andN are regarded as arbitrary non-negativepecause of limited sampling we obsemes<2N pions. The
integers. joint probability distribution function for finding, neutral

In [6] it was shown that pions andn.,=n,—n, charged pions is then a product with
P[n,N] of the hypergeometric distributiof85] of the two

1 . .
P[n:N]— —= —, A2 relevant binomial samplings:
[M;N]— 2\/? N (A2)

1
as N,n—o, with n/N=f constant, in agreement with the N 2% fon\ [2(N—n)\[[2N\]"1
classical expectations for a DC(1-5,7,1]. Generally, a Q[no;n¢;N]= 21: N N 0 P[n;N],
bivariate distribution can be expressed as a continuous bino- n=zng |0 h !

mial distribution weighted over the infinite-sampling limit: (A7)
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where realizing equality in either of the limits is possible form (A3) when it is applied to the full DCC: It represents a
only when these limits are even. The nature of the summasampling algorithm carried out by means of neutral pairs of
tion limits in Eq. (A7) complicates a direct proof of the cor- pions to induce a DCC of a finite, even number of pions out
rect normalization, viz., of the infinite sample.
The distribution(A10) refers to a collection of pions that
need not have a net zero charge, the signal characteristic of a

”02 Qlno:ne;NI=1, (AB) ) DCC, but yet makes no reference to the total charge. For
the sampling algorithm used to obtain E§10), the abso-
however, Eq(A8) has been verified numerically. lute magnitude of total charge will obviously be binomially

Because of the limited sample, one cannot reddid Eq.  distributed about zero ifi, is even, and about unity if it is
(A7) as known. Therefore, the case where all that is known isi0t; this extended form of EQA10) should be used when
thatN>1 is of special interest. In this case we find using Eq.the sign of the pions can be distinguished. When they cannot,
(A2), the Stirling approximation, and passing to the con-the means and variances have interpretations that are differ-

tinuum limit of f, that ent from a DCC.
Finally, let us weightP[ng;n;] with respect to a parent
QLNno;n¢;N]—P[ng;n¢], (A9)  distribution P[n,]. Then, the relevant generating function is
where * .
] GoodlZen20)= 2 By ngyengPLNoindPINZ( 7",
t:lch "0~
P[no;nt]z( t)f ——=fo(1—f)("""0) (A10) i (A11)
0 2\/—

RepresentatiofA10) when combined with EqA7) yields

which has precisely the same form as E43). Here, how-
ever, the respective functional parameters are the number of G _ lﬂG ¢ AL2
neutral and total pions sampled from the DCC, rather than pecl Zen: Zo) = 02f bin(Zeh.Zo; ), (A12)
half those numbers as they are for all of the pions of a full
DCC. Thus the induced representat{@0) is a quasicoher- which we interpret as the generating function of the factorial
ent distribution that goes over to the classical DCC distribu-moments of the numbers of charged and neutral pions
tion (A2) in the infiniten, limit which, in practice, may not sampled from a very large DCC sample space.
be too large, because of the accuracy of the Stirling approxi- The distributionp(f)= 1/(2\/f) has been associated with
mation for fairly small numbers. the decay of a DCC in the classical limit. Thus, the generat-

The similar forms of Egs(A3) and (A10) show that, in  ing function(A12) can be considered applicable to the situ-
regard to an infinite sampling space, the coherent distributioation in which the phase-space domain of the particles result-
generates a self-similar-induced distribution. In addition, theng from the DCC is very much larger than the acceptance of
procedure used to arrive at E&10) indicates how one uses the detector. Then, one can picture DCC production as cor-
the continuum limit of the coherent distribution to define aresponding to an event distribution for which the neutral
sampling of a finite number of pions from an infinite sam- fraction f is a random variable distributed according to
pling space. This remark then also explains the use of the/(2\/f), a depiction reflected in EGA12).
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