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Abstract

We present new high statistics data on hadron production in photon
photon reactions. The data are analyzed in terms of an electron photon
scattering formalism. The dependence of the total cross section on Q%,
the four momentum tranfer squared of the scattered electron, and on
the mass W of the hadronic system is investigated. The data are com-—
pared to predictions from Vector Meson Dominance and the quark mod—
el.



High energy electron positron storage rings offer the opportunity to
measure the inclusive reaction e*te —»e*e +hadrons. These reactions are
usually interpreted as hadron production by two virtual photons which
are radiated from the incoming leptons {ete™»e*e y*y*- ete"+hadrons).
Experimentally these reactions can be easily separated from the annihi-
lation processes (e*e »y*- hadrons) by detecting one of the outgoing
leptons at small angles in the forward direction (‘'single tagging’). If on
the other hand the scattering angle of the second lepton is kept very
small by excluding events with an angle greater than e.g. 25 mrad
(‘antitagging’), the radiated photon is practically on mass shell and pure-
ly transverse polarized. This is the kinematical situation of electron
scattering (lepton 1 in fig. 1) off a real photon bearm.

The inclusive cross section for this process (ey—eX) is given by
do(ey—eX) = Nifo@W)+e 0,(Q2W)]dO,dE", (1)

The kinematical quantities are explained in fig.1. I'y is the flux factor for
the incoming virtual photons radiated from lepton 1 and ¢ is a
polarization parameter for the virtual photons. oy is the total cross
section for the scattering of virtual transverse polarized photons off real
photons and o; the respective cross section for virtual longitudinal
photons. Ty and & are respectively given by

aB (1+(1-3)%)

[y= (2)
2n? Q®y
e= 2(1-y)/(1+(1-¥)?)
with y=1-(E'/E) cos?(8,/2) (3)

as a measure for the relative energy of the virtual photon.

The inclusive cross section for the reaction ete~=ete” +hadrons ig then
given by

o(ete~—+e*te +hadrons} = da(ey->eX) N(z,0zmax) dz  (4)

N(z,B2max)dz is the number of incoming quasireal photons in the energy
interval dz ( z=E,/E radiated from leptons with a maximum scattering
angle ®pmax. A standard expression is given bytl#

N(Z>®2max)=a/(7rz) ((1+(1*Z)2)1n[(E/m)((I"HZ)/Z)@Bmax] —‘1'1‘"2) (5)

A similar formula published in the literature® produces numerical dif-
ferences of less than 5 % for the experimental conditions accessible to
our detector. The cross section definition for photon photon reactions
(o, ,o0 ) agrees with ref. 1 and leads to the above expressions for I't and
¢ which slightly differ from those given in our first paper*, but do not
contain any small angle approximations. I'''N exactly reproduces the
single tag luminosity function given in formula 11 of ref. 5.

In our previous publication* we presented cross section measurements
up to W values of 6.5 GeV at a <@*> of 0.1 GeV?. Our new data extend this



range up to W=8.5GeV and Q%®=0.6 GeV: The much higher number of
events allows for a detailed study of the W and Q? dependence.

The experiment has been performed using the detector PLUTO at PETRA
the e*e” colliding beam machine at DESY. A description of the exper—
imental set up can be found in refs. 4 and 6. The data reported in this
paper have been taken at beam energies between 15 and 16 GeV ( <E> =
15.5 GeV) for an integrated luminosity of 2700 nb~! as determined by
the luminosity monitor.

Hadronic events from electron photon scattering have been defined by
the following conditions:

a) a tag signal on one side, i.e. we have requested a deposited energy of
more than 4 GeV in one of the small angle taggers (SAT) of the forward
spectrometers (23mrad<®,;<55mrad).

b) 'antitagging’ on the opposite side, i.e. events with a tag signal in any
part of the opposite side forward spectrometer (small angle tagger and
large angle tagger) have been rejected, thus keeping @gmax<23 mrad.

¢) three or more tracks in the central detector or 2 tracks in the cen—
tral detector and at least ome shower which is not associated with the
tracks (E, > 150MeV lcos®,! <.966). The two tracks have been defined by
the following conditions: Icos®,,i < 0.629, pr > 350MeV, lcos@n,l < .8686,
pr > 100 MeV, where pr is the transverse momentum, ®, and ®,; are the
polar angles of showers and hadrons relative to the beam axis. Two of
the tracks in multitrack events are subject to the same conditions.

After applying these cuts the contamination from beam gas scattering
was approximately 15%. Using the vertex position along the beam this
background has been subtracted on a statistical basis. The resulting
number of events after all cuts is 488 +27.

The total cross sections o, and oy depend on Q% the mass squared of the
virtual photon, and on W, the invariant mass of the hadronic systemn. Q°
has been determined from the energy and angle of the scattered lepton
as measured in the SAT. Due to the fine granularity and the good energy
resolution of the system the error in the determination of Q® is rather
small, typically 15%. The invariant mass W of the hadronic system has
been determined from the showers and tracks in the central detector
assuming pion masses for all charged particles. Because of particle
losses (due to the limited acceptance of our detector, reconstruction
losses etc.) the visible invariant mass Wiis is allways lower than the true
mass, typically by 15-20 %. Our conclusions do not depend critically on
the difference between W and W,,, and thus an unfolding procedure has
only been applied in the final step of the analysis (see below).

We have calculated the detection efficiency via a Monte Carlo program
simulating the electron photon scattering process in the PLUTO detector.
The angle and energy spectra of the ouigoing leptons have been gener--
ated according to the formalism discussed above (formula 2 and 5 ). For
the hadronic part of the cross section ( oy +&£0; ) we have used a
multipion phase space model with limited transverse mormentum {as
familiar from other high energy hadronic scattering processes) and con-—



stant production rate, independent of Q® and W. Note, that the
polarization parameter is practically constant (£~0.95) in the
kinematical range discussed in this paper, and it is thus impossible to
separate oy from o .

The detection efficiency has been found to depend critically on the
transverse momentum cutoff. The inclusive pr distribution for all our
events is shown in fig.2. A single exponential does not fit the data. They
are well reproduced however if 75 % of the events are generated accord—
ing to exp(—5pr®) and 25 % according to exp(—1pr? ) (solid line in fig.2).
The charged multiplicity has been taken from low energy e*e” annihi—
lation data”®® (parametrized by n=2+0.7InW*) and the ratio of charged
pions to neutral pions has been taken as 2:1. The observed charged mul-
tiplicity and the observed number of showers is well consistent with the
predictions from the Monte Carle simulation.

The resulting cross section is plotted in fig. 3 versus W.is, the visible in—
variant mass. Fig. 4a contains ¢y +&o, as function of Q2% for W,;,<3.5 GeV
whereas in fig 4b. we show the same quantity for W.is>3.5 GeV. The figure
da also contains the result from ref. 4 (<Q*>=0.1 GeV?®) measured at
much smaller beam energies (<E>= 7.8 GeV). The errors given are sta—
tistical only, we estimate an additional overall normalization error of
20% mainly due to uncertainties in the hadronic cross section model. It
must be noted that in contrast to the annihilation channel the probabil—
ity for the detection of two photon initiated hadronic events is only in
the order of 25% (not accounting for the tagging efficiency).

The W dependence of the data is relatively smooth, the cross section be-

ing practically constant above Wy, =3 GeV and increasing by a factor of
2.3 towards the smallest value of Wy, It is quite obvious that the cross
section drops with growing Q2.

For the following discussion we put o, =0 1in accordance with the
experience from electroproduction on hadronic targets. A rather flat W
dependence can be calculated from theories applying the usual tools of
hadronic physics, specifically resonance—Regge duality and
factorization. A 'standard prediction’ for o (0,W) is'®

(W) = oy (OW) = 240nb + 270nbGeV/W (6)

As a first guess one would assume the Q? dependence of the cross
section to be given by the p pole form factor

1 2
or (QRW) = 04y - Fp ® = UW( T ) (7)
1+Q%/mp?

Both the W dependence (formula 6) and the Q® dependence of oy (Q%W)
(formula 7) can also be derived from Vector Meson Dominance, VMD, (fig.
1b).

The Q? dependence for Wy, < 3.5 GeV and for Wi > 3.5 GeV is well con-—-
sistent with the p pole as is demonstrated by the solid lines in figs. 4a
and 4b which each have been normalized to the number of events in the
plot. The statistics of our data is too poor to distinguish between the p



pole and a more complicated series of vector mesons as suggested by
general VMD.

We have further compared the expectation from VMD with the W
dependence of our results. The solid line in fig. 3 is the expectation after
folding in the detector resolution. Although at higher W, the agreement
is good ( oy = (1.2120.13)avyp (formula 7) for W .;.> 3.5 GeV), the VMD
curve can obviously not account for the increase at smaller W.is. This we
have already pointed out in our previous publication?.

We have extrapolated the data to Q*=0 using the p pole ansatz and cor—
rected for the difference between W and Weis- In doing that we have used
the following ansatz for the hadronic cross section

g (Q2W) = (A[240nb + 270nbGeV/W]+ B/Wa) F,2  (8)

The best fit to the measured invariant mass distribution was achieved
- for A=0.97+0.16 and B=2250+500 nbGeV? with x?/df =0.5. This result is
graphically represented by the hatched band in fig. 5 where we have
plotted o,, versus the true invariant mass W. The limits represent the
one standard deviation error of the fit.

It has been suggested!! to include into the theoretical predictions non
‘Regge terms like the quark box diagram (fig. 1lc), the magnitude of
which can be very roughly estimated by (q; is the quark charge and m,
its mass)

uark __
O'-y q =

3 it In (Wz/qu) (9)

The most important feature of this prediction is the 1/W* dependence.
Including u d s quarks with masses of 100 MeV the magnitude of g,,usrk
1s 650 nb at W= 1GeV. Note, that for small values of Q?/W? the Q? depend—
ence of the bare box diagram is given by 1-2Q®/W? which is weaker than
the p form factor. It is thus not certain if the deviations from VMD at
small W can be explained quantitatively by a simple inclusion of the box
diagram!®

In conclusion we have measured for the first time hadron production in
electron photon scattering for Qf values up to 0.6 GeV? and over a wide
range in W. The Q? dependence is properly described by VMD in its sim—
plest form (p pole). Above W, = 3.5 GeV the data are well consistent
with the VMD prediction whereas at smaller invariant masses a 1/w=
term is needed which may qualitatively be understood as the contrib—
ution of point-like quarks.
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Figure Captions

Fig. 1 a) Basic diagram for the reaction ete " —»ete~+hadrons

Fig.

Fig.

Fig.

with explanation of the kinematical symbols used in the text.
b) Contribution of VMD fo the total cross section

¢) Contribuion of the free quark model to the total cross
section

2 Inclusive pr® distribution of the charged hadrons.
The solid line is the prediction of the Monte Carlo
simulation including the detector efficiency.

3 The total cross section o, +&0; at <Q®> = 0.25 GeV? versus
the visible invariant mass. The prediction of the VMD model
is given by the solid line.

4 The total cross section gy +eo; as function of Q° for Wy,
< 3.5 GeV (a) and for W > 3.5 GeV (b). The solid line
is the prediction from p meson dominance.

Fig. 5 The total photon photon cross section extrapolated to

Q2=0, versus the true invariant mass W. The hatched band
represents the 1 std. limits as obtained from the fit.
The VMD prediction is given by the dashed line.
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