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Multiparticle production in photon-photon collisions
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The relationship between multiparticle production in photon-photon collisions and that in
hadron-hadron collisions is discussed.

Photon-photon collisions have been studied' at
electron-positron storage rings via the process

e +e ~e +e++y+y~e +e++X,
where X stands for the final state of the two interacting
photons, denoted by the y's in (1). By measuring the en-
ergy and the scattering angle of the outgoing lepton
(e,e+), one can "tag" the corresponding photon by
determining its energy co, =p, o

—p, 'o, and its squared mass

q, = —Q, = (p; —p ) . Here, p; and p are the four-
momenta of the corresponding incoming and outgoing
leptons (i =1,2), respectively. We denote the lepton-
beam energy by E and the total center-of-mass-system
(c.m. s.) energy of the photon-photon system by &s (Ref.
2).

While at low energies the final state X consists of a lep-
ton pair, or a hadron pair, or some hadronic resonances,
it becomes more complex when such experiments are car-
ried out at larger storage rings with more energetic
beams. We are thus led to study multiparticle production
processes in high-energy photon-photon collisions. Al-
though not very much is known about such processes at
this moment, it is hoped that much data will be available
in the future.

One of the interesting points which should be studied
in more detail in this connection is the similarities and
the differences between photons and hadrons in multipar-
ticle production processes in high-energy photon-photon
and hadron-hadron collisions. This is because, based on
the vector-dominance-type models' which are very suc-
cessful at lower energies, it is envisaged that virtual pho-
tons have a kind of "dual nature, " and that they are more
"hadronlike" than "pointlike" when their masses are not
too different from that of real photons. It is clear that
such a picture implies a close relationship between the
phenomena associated with multiparticle productions in
high-energy photon-photon processes with those in
hadron-hadron collisions at comparable energies. It is
this relationship that we would like to discuss in the
present paper. In fact, as a first step, we shall use the
equivalent-photon approximation' and assume that all
photons with not too large Q can simply be considered

(2)

Here, the ranges of co; (i = 1,2) in the functions I (co;,Q, )

are of course such that the total c.m. s. energy of the two-
photon system is &s, given in P(n, s). In fact, for rela-
tively small Q we use the Weizsacker-Williams approxi-
mation

1(~,Q')=
4+E

(2E —co) 4m
~2+Q2 Q2 Q

2
(3)

where a is the fine-structure constant 37 and m is the
electron mass.

For single-tagging experiments, in which the squared
mass of only one of the two colliding photons is known,
while the scattering angle of the other is kept in the
neighborhood of zero degrees (82=0, say) and the total
c.m. s. energy &s has a given value, the corresponding
probability can be obtained from Eqs. (2) and (3) as

as hadrons. We then insert the hadron-hadron multipar-
ticle production data at the corresponding incident ener-
gies in our ansatz and compare the calculated result with
the experimental finding in the photon-photon case. In
order to check the proposed ansatz and to examine the
similarities and the differences between photons and had-
rons in high-energy multiparticle production processes in
the small-Q region, several other tests are also suggest-
ed.

Consistent with the equivalent-photon approximation,
we propose the following ansatz for the case in which the
squared masses of the photons are known (through dou-
ble tagging): The probability for F(n ~Qf, Qz) producing
n charged hadrons in collisions between two photons of
squared masses Q, and Q2 is the convolution of the had-
ron production probabilities P(n, s ) at a given total c.m.s.
energy &s and the probabilities of having photons with
energies co, and co2 and squared masses Q, and Q2, re-
spectively:

f dc@,f dco21 (co&, Q& )I (co2, Qz)P(n, s)
F(n~Q2„Q22) =

fd, fd, l( „Q', )I( „Q', )
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f E fly C02 s+Q,
dco2(E —co2)I co2, I,Q &

P(n, s)
sl4E E(E—co2) 4coz+ Q~) /E

711 CO 2f dco, f dco~(E —co~)I co2, I (co„Q, )' E(E—
co2

(4)

To obtain Eq. (4) we have used

s =4co&co2 —(E —co2)Q~& /E

and

for the experimental data:

5
16 3nP( n&s)=
( ) ( )

exp
6n

(n) (7)

0- pl CO.

Q ~
=4E(E —co; )sin +

2 E(E—co; )

First, we check the quality of the ansatz by summing
over n in Eq. (4) and compare the result with the mea-
sured number of hadron production events as a function
of the observed invariant mass O'„,. Such data are avail-
able from the single-tag experiments of the PLUTO Col-
laboration. We note that, because of the normalization
Q„P(n~s)=1, by performing the summation over n, we
are checking the quality of our product ansatz and the
usefulness of the Weizsacker-Williams approximation for
this purpose. The above-mentioned data and our calcu-
lated result are shown in Fig. 1. Here we have taken into
account that the measured invariant mass 8 „;, is smaller
than the total invariant mass +s by about 27%, and we
have scaled our probability curve to obtain the experi-
mental number of euents by adjusting to a single experi-
mental data point at 8'„,=4 GeV.

Next, we calculate the multiplicity distribution. Since
the photons are treated as hadrons, we insert into Eq. (2)
the charged hadron multiplicity distributions P(n, s ) ob-
tained from hadron-hadron experiments. In carrying out
the calculations, we used the following parametrizations

Here, ( n ) is the mean multiplicity, which can either be
taken directly from the data or obtained from the pa-
rametrization

(n ) =a+b lns+c(lns) (8)

c n& p(g.,s)

with a =0.88, b =0.44, and c =0.118, where s is given in
GeV .

We note that, since hadron production in photon-
photon collisions is enhanced at low &s values, it is im-
portant to check the quality of the above-mentioned
parametrizations in these kinematical regions. As an ex-
ample we show in Fig. 2 a comparison of Eq. (7) with ex-
perimental data down to &s =2 GeV. It is interesting to
see that Eqs. (7) and (8) taken together indeed give a
reasonable description of these data.

The only low-Q multiplicity distribution data in
photon-photon collisions now available are those ob-
tained by the PLUTO Collaboration. Comparison be-
tween these data and our calculated result is shown in
Fig. 3. The agreement between the existing low-Q data
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FIG. 1. Number of multihadron production events as func-
tions of measured invariant mass 8 „;„which should be equal to
&s when the experimental corrections are taken into account.
The curve is the calculated result. (See text for details. )

FIG. 2. Comparison between data on the hadron-hadron
multiplicity distribution for 2.2(&s (7.1 CxeV (taken from
Ref. 5) and the parametrization [Eq. (7)] used in this paper.
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and the calculated results seems to suggest that photons
in multiparticle production processes in high-energy
photon-photon collisions can indeed be considered as
hadrons, and that it is worthwhile to study the similari-
ties and the differences between photons and hadrons in
such reactions in further detail. In experimental studies
of high-p, (transverse-momentum) jet formation in un-
tagged photon-photon collisions, it has been observed

FIG. 3. Multiplicity distributions of charged particles in
photon-photon collisions. Data are taken from Ref. 6. The
curve is the calculated result.

that events with two-jet topology can be well described
by the sum of Born and vector-dominance-model (VDM)
terms alone, when the p, of the jet is less than 3 GeV/c.
But for jet transverse momenta greater than this value,
there is evidence for an excess of events above the Born
and VDM terms. In this connection, it should be of con-
siderable interest to see whether such excesses are associ-
ated with QCD multijet formation and/or whether the
low-p, -jet and high-p, -jet events in photon-photon col-
lisions are related in the same way as that between low-E,
(transverse energy) and high-E, events in hadron-hadron
collisions. ' '"

It would also be interesting to measure multiplicity dis-
tributions in no-tag and in double-tag experiments. In
both cases the distributions can be readily calculated by
using the equations and data parametrizations given in
this paper in a straightforward manner. Furthermore, it
would also be interesting to measure the forward-
backward charge-multiplicity correlations in the double-
tag case; this is because the existence of such long-range
correlations is one of most characteristic features of
hadron-hadron multiparticle production processes.
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