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On the bas:s of fits to the multiplicaity dastributicnos

for variatle rapidity vaindsws ard the forward backward

ABSTRACT

- r -
correlatizn for the Z jet subset of e e data it 1s

impoesible te Jdistinguish between a glchal megatave

Einsmis]l and 1ts generalizatvicn. the partially coherent

distratutizn It 15 sup

metry., especi1illy the Bsse-Einstein

informavicn whach will discriminate

models

1 Recently great success has been chtained in f1tt1ng1-

gested that

intensity interfe.-o-

cerrelation, gives

among dynamical

]

hadronic

multiplicaty distrituticns arising from all types cof colliding particles teo

the negativre binocmia: distributisn

pNE _ tn=k-11+  iN-k)"
n n'tk=11" ll*N'kin'k

wherr N = <n- 1+ the mean charge multiplicaity

vindows cof varying 4y are well des

5]

criced "

Data for symmetrac rapidity

by 1) for all measured Ady.

Although 1t 1= tempting tc regard (1} as a universal empirical “law"” 1t »f

1mportant te censider egually precise altrrnative phenomenological

pessibilities In particular w= have tcnsidered the generalizaticn of 111



PC . (N/K)" (-S/N ) k-l(-kS/N)
P~ = —=— exp L — (2)
n (1+N/k)n+k 1+N/Kk n 1+N/k

6,7]

appropriate to partially coherent emission from k sources. Here
<n> = S+N where S is the strength of the coherent emission and N that
of the (Gaussian) "noise'" emission. Note that (2) contains both

Eq. (1) and the Poisson distribution as limits when S/N + 0 and N/S » 0

respectively.

Regarding <n> as give by experiment, we parametrize Eq. (2) by the

1/2

parameters k and m = (N/S) , the magnitude of the noise to signal

anplitude. Previously we have noteds’gl

that as an alternative to the
very large and rapidly varying values of k resulting from fits to
hadron-hadron data, we can obtain equally good x2 fits using (2) with
small and slowly varying k; i.e. the narrowness associated with large k
in the negative binomial can be equally well described by a small N/S
ratio. The broadening of hadronic Koba, Nielson Olesen (KNO) plotslo]
is then ascribed to a decreasing coherent emission as the energy is in-

11]

creased, a conclusion also reached by the Marburg group. Detailed

4]

that the narrow, KNO plots for

documentation can be found in our forthcoming review article.

7]

e+-e’ + hadrons can be explained by (2) with a very small N/S ratio (a

2. We have previously shown

few percent) and k chosen on physical grounds, specifically k = 1 for
the 1 jet subset of events, k = 2 for ihe 2 jet subset etc. Although
almost Poissonian, the "wings" of the distribution (2) are very sensi-
2)
ete multiplicities are purely Poisson. QOn the other hand Derrick
3] showed that the new HRS data from SLAC are well fit by the

tive to a small amount of noise. Chou and Yangl suggested that the
et al.
negative binomial with k ranging from ~ 102 down to ~ 10 as the maximum
accepted rapidity decreases from its maximum value down to unity.
Figure 1 summarizes and compares the results of the two approaches.
Clearly the statistical merit of either approach is equally good. For
the indicated parameters both Eqs. 1 and 2 are nearly Poisson and
difficult to distinguish.

3. The forward-backward correlation is sensitive to the differ-

3]

ence (1) and (2) for moderate values of k, a fact we recently usedl'
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to put a bound on

of gy while a Poisson global distribution has zero slope.

Y

Fig. 1 The best-fit
parameters to the
limited-rapidity
multiplicity distri-
butions -y <0<y are
shown for the par-
tially coherent dis-
tribution in Eq. 2
(i.e., the left hand
ordin gives m =
(N/S),',’5 as a func-
tion of y_) and for
the negative hinomial
formula Eq. 1 (i.e.,
the right hand ordi-
nate gives (and
<n>) as a fungtion of
Y-

N/S for hadron-hadron multiplicity distributions.
For example if we partition the population n as n = np + ng and assume
that the conditional probability P(nlnF) is binomial, (1) leads to a

linear slope for the average of backward particles <nB>F as a function

In general,

Eq. (2) leads to a curved <nB>F except that, for large k or small

noise, linearity obtains with a small slope.

Allowing for moving

sources we write the joint probability as a composite of emissions from

k sources whose probability of forward (backward) emission is pj(qj)

ith +q.=1.
v Py 7 9



P(n.,n.) = N P.(n..,n..)6 6 (3)
g Mg j J nFJ Bj nF’anj nB’?“Bj

We apply this to the two-jet subset of the HRS data, taking P, > 9
9, =P, and P, = 4> writing Pj as the product of (1) or (2) with a
binomial having parameters p., q.. Similar proposals have been made

14715}

recently by other authors. (1he p, cannot be measured and are

presently unavailable theoretically, so we vary them through a range of

plausible choices.) Figure 2 compares the negative binomial with the
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Fig. 2 The forward backward correiation as measured by the quantity
<nB> as a function of n. is given for forward emission probabilities
of tge forward quark of E = 0.5, 0.80 and 0.95 for the negative
binomial (top curve) and the partially coherent distributions.



partially coherent predictions. Noting that the experimental slope is
b ¥ 0.006 we see that although p = 1/2 is excluded, both (1) and (2)
easily accommodate the data given all fhe uncertainties.

4. We have shown that neither the KNO plot nor the F/B correla-
tion can discriminate between (1) and (2) for e+e- -+ hadrons. We can
note however that Pn is merely the disgonal elemcnt of the density
matrix, the latter having much more information (in particular phase
information) in its off-diagonal elements. In order to learn about
this phase information one needs to use higher order correlation infor-
mation, in particular the Bose-Einstein correlations among like-sign
particles. For a Gaussian ensemble of fields one expects a Hanbury-
Brown Twiss intercept (zero detector separation) of 2 while for pure

6] of

Fowler and Weiner that the correlation formulae of quantum optics can

coherent it is one (no effect). If we accept the conjecturel

be adapted to particle physics by substituting rapidity for time, the |

+ -
apparent fact that the Q2 = 0 intercept is small for e -e = hadrons
+ -
than for hadron hadron + hadrons suggests more coherence in the e e

7]

approximate coherent state (which is not only nearly Poisson in

case. According to our earlier speculation’ ° the fast quark emits an

'
]
«

counting statistics but has nearly perfect coherence).
Details of our analysis will be found in a paper submitted to the
Physical Review. This research was supported in part by the U.S.

Department of Energy and the U.S. National Science Foundation.
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A. ESKREYS
Did 1 understand you well, that given the ratio RBE {of like pion pairs
to the pairs from a reference sample) as defined by me a few days ago,

its intercept at 02 = 0 measures the coherence of the pion source?

CARRUTHERS

Yes, under certain assumptions whose validity requires further study.



L. GUTAY (Purdue)

It is explicitly stated that the Kecpylov Podgoretskii Hanbery-Brown
Twiss correlation is an incoherent intensity correlation. How do we
observe coherence with such a technique? Also, could you explain the
measuring or consequences of conerence in E-p collisions?

CARRUTHERS

It is known that incoherent starlight is involved in the original H-BT
experiment. The experimental correlation is completely explained by
assuming the radiation field to belong to an (incoherent) gaussian en-
semble. For he hadronic correlation it is not a priori clear that the
emitted fields lack a coherent emission component. The structure of the
theory is unchanged but in particular the predicted intercept at 2zero
momentum transfer is decreased in the presence of coherence. There are
two immediate consequences of partial coherence of the hadronization
fields in (oon-annihilation) pp collisions. First of all the ratio
intercept of like-sign pairs to all pairs should be less than two.
Secondly, the forward-backward correlation will be smaller than thoge

derived from the negative binomial, in a calculable way.



