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1 Introduction

In the reaction e*e™ — efe X,
where X is a multihadronic sys-
tem produced by the collision of
two virtual photons coming from

lect
the beam particles, one of the scat- etectron ,
tered leptons can be detected. Its Sl
energy ., and scattering angle 2 2 2 2
0,44 can be measured (Fig.1), thus Q" = —q; W*=(q1+qz)
giving the virtual photon squared P2=—g}
mass 2 Q2

through —Q? = ~4E,,, E,; sin(0,,,/2),
where Ej is the beam energy. In
these "single tag” events the other
photon can be required to be al-
most on-shell, and the whole pro-
cess is viewed as deep inelastic scat-
tering of an electron off a quasi-
real photon with a squared mass —P? ~ 0.

Quntuq, Euntag

—< positron
Fig.1

The corresponding cross section reads :

d Eta .
oo T e B [+ (1~ P @) - File, @] ()
with
y = 1= Ey,/Eycos®(8/2),
. Q2

Q2+W2'

Fy(z,Q?) and Fi(z,Q?) structure functions are defined in terms of cross sections for
photons with different helicities (for details see {1]). W is the invariant mass of produced
hadron system.

Only a few previous experiments have studied the photon structure function Fy at Q?
greater than 50 GeV? [2, 3, 4] . Using the DELPHI detector a new measurement of
F7 can be obtained. The description of the detector in detailes can be found elsewhere
[5]. Experimentally, a scattered lepton can be tagged in the Forward ElectroMagnetic
Calorimeter (FEMC) at relatively large angles (10° < 04, < 36.5°). Using estimates
for F and Fy in the Quark Parton Model (QPM) [1], and taking into account that
<y > =~ 0.15 under experimental conditions, it was found that the cross-section of the
process is saturated by the structure function F3 only.

The theoretical background of the photon structure function can be found elsewhere [6, 7]

Section 2 describes the data selection, while the two-component model used here js de- ]
scribed in section 3. The background subtraction is discussed in section 4. Fmally, in
section 5 are the results and a comparison with a two-component model presented.
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2 Event selection

Since there is about two radiation
lengths of materia in front of the

arbitrary unit

10t
120 +, . . .
iff to determine the tagged particle
100t ]l—H‘ + A ‘ energy. The largest cluster in each
i ,<|~ F|, FEMC arm was found. Smaller
sol ; G clusters, but with energies greater
i +H.+ than 0.5 GeV, were then added if
60F i

.. + o their distances to the largest clus-
5 ﬂ\ ﬂiﬁ_ . + ter were smaller than 30 cm in the
SETTHET T L R¢ plane. The values found

:i‘, +++++++++ﬁ:} based on ete™ events (viz?ctzgr;n

w0l T oo the FEMC. We will call this final

i - cluster a "summed cluster”. The

40}

0 i . \ . ) ) . kinematic characteristics of the
0 10 20 30 40 50 6.0 70 80 summed cluster are thus determined
Fig2 distance (cm) by the summed clusters barycen-

. ter, where a weight of each cluster
component was proportional to its energy. The comparison of the distribution for the
distance for the data and Monte Carlo described below is shown on fig.2.

Livents were accepted if there was a summed cluster (tagged cluster) with energy greater

than 30 GeV in one FEMC arm and no summed cluster with energy greater than 15 GeV
in the other arm.

The following selection criteria were used:

¢ At least 3 charged tracks having momentum greater than 0.4 GeV and polar angles
6 between 20° and 160° were required. The error on the momentum had to be less

than 100%, while the impact parameter had to be smaller than 4 em in R¢ and
10 em in 2 :

¢ Neutral particles were required to deposit at least 1.0 GeV in the barrel electro-

magnetic calorimeter High-density Projection Chamber (HPC) or 0.5 GeV in the
FEMC; -

® To' avoid the resonance regions and problems with the Monte Carlo fragmentation
reliability, the invariant mass of the system (excluding tagged cluster) had to be
- greater than 2.0 GeV; V

® The thrust (excluding the tagged cluster) was required to be smaller than 0.99 in
order to reject photon conversion events as well as contaminations from 7+r~ pairs.

After the pr.eselection there are 367, 1166 and 1087 events for the 1991,'1992 and 1993
runs resp:egi_;xv_ely. It was checked that there was no essential disagreement between the
dlﬂ'ergnt year dat@. The data was united into one sample. .

FEMC a specific algorithm was used

Since the threshold for the trigger in the FEMC is 25 GeV, the requirement of the large
energy cluster in the FEMC makes us sure that the efficiency to trigger vy events is close
to 100%. V .

3 Monte Carlo simulation

A two-component model was used for the vy gvent simulation. QPM describes a pertur-
bative term of the process where a photon splits into a quark pair (the point-like term).
The non-perturbative part describing a bound state in the photon quark coupling (the
hadron-like term) was introduced through GVDM [8]. The GVDM multihadronic final
system was generated as a ¢ system according to a quark do/dp} ~ exp(—5p%) distri-

© bution in the ¥y center-of-mass system. The TWOGAM ~+ event generator [9] was used

with default parameters, while the JETSET7.3 string fragmentation scheme was used for
the fragmentation of the produced quarks.

Measurements at PEP and PETRA have shown that for Q? values greater than 20 GeV/2
the point-like coupling part dominates the cross section of the y4* process. The following
table gives the cross section o;,; when one of the scattered leptons is within the angular
range of the FEMC. The cross section egpec is after detector simulation and selection
procedure introduced above. The large decrease of the cross section is due to the cuts
applied to the hadron system.

cross section in pb | GVDM | QPM
Otot 9.4 12.6
Uezpect 0.5 1.5

4 Background rejection

The expected number of two-photon events (around-100) is small compared with powerful
Z° background. To determine criteria in order to extract vy events, one needs to make
sure that the data and Z° Monte Carlo simulation are in agreement. Around 900000 Z°
simulated hadronic events {~ 30pb~!) were processed taking into account the selection
criteria. Also Monte Carlo simulation of other sources of a background was considered.
The contribution of e*e™ events in the sample was evaluated to be around 11 =+ 5.5 events,
Z° — 7+7~ gives 6.3 & 1.8 events, yy* — 777~ gives 8 & 3 events. Fig.3(a,b) show energy
and polar angle distributions for the tagged cluster. A charged multiplicity and invariant
mass calculated using charged and neutral component distributions of hadron system are
shown in fig.3(c,d) respectively. All distributions are compared to the Z° simulated events
together with v+ simulation. The agreement is reasonable to choose for criteria to extract
two-photou events based on Monte Carlo.

Let us introduce two dimensionless variables : Normalized Longitudinal Momentum Bal-

ance 4 i had
o, i, hadron
Py 9+ Ei P

NLMB:sign(pi"g) : B ‘,‘ ' (2)
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and Normalized Transverse Momentum Balance

NTMB = | Pr.tag ﬂ'EZ.' Dihadron || )
beam

For the events with a few lost particles both the first variable and the second one express
the fact that the longitudinal and transverse momentum are balanced:

Besides from that at least one scattered lepton (most probable with a small transverse
momentum) is undetected in two-photon single tagged mode. The main consequence is
an expected unbalance in longitudinal direction for two-photon events.

Fig.4(5;c) show the NLMB vs NTMSB for the data, Z° and two-photon Monte Carlo
respectively. It is seen that the main part. of Z° background is concentrated below 0.6
NLMB. The two-dimensional cut was used:

¢ NTMB < 0.2 and the domain above the line conhecting the point (0.6,b.0) and
{0.85,0.2) was rejected (solid line in figures 4).

To suppress the remaining background the following cuts were added:

o the sum of charged particle momentum in the event was lower than 20 GeV;

o the polar angle of the tagged cluster was below 17 degree. Fig.3b shows that the

polar angle distribution for a tagged cluster for Z° events has an uniform behaviour.
Besides from that two-photon events are peaked at the small polar angle domain.
The upper limit of the polar angle domain for the tagged cluster allows to remove
many Z° events saving most part of v events;

o there is no particle detected in the luminosity monitor [5] with the energy greater
than 20 GeV (” antitagging condition”).

After applying the cuts above we are left with 123 events with the background from Z°
+ of 9.4 & 3.9 events. ‘The other sources of a background like 7 pair production (both in

two-photon and annihilation reactions), Bhabha events and beam-gas interactions were
- “estimated as negligible..

5 Result aﬁd' conclusion

Two photon single events tagged in the FEMC can be selected with less than 10% back-
ground. They are in qualitative agreement with the sum of two models: QPM and
GVDM describing the point-like and bound state behaviours of the photon to quark cou-
pling. Fig.5(a-d) show the charged multiplicity, invariant mass, Q% and « distributions
respectively for the data compared to QPM plus GVDM Monte Carlo predictions.

Mean value for the Q? is around 90 GeV?.

. QCD prediction testing should proceed through F; unfolding [10] to take into account

the effect of limited acceptance and finite resolution of the detector.

4

The main features of a single tagged event can be seen on the R¢ and Rz projections for
one selected event. The track detectors and electromagnetic calorimeters are drawn. The.
showers in calorimeters are drawn by boxes. The solid lines show reconstructed charged
particles, the dashed show neutrals. It is seen a separate cluster in the FEMC produced
due to a shower before the FEMC.

The features described below are an consequence of the fact that both an energy and a
polar angle of emitted photons are peaked at small values. Thus the most probable that
produced quarks (hadrons) are boosted in z direction of a tagged particle if its energy
is small compared to the beam energy (the normalized longitudinal momentum balance
NLMB introduced above is the quantative description of such feature). The reconstructed
energy of the tagged electron was 37.4 GeV for the selected event. It is seen on the Rz
projection that the main part of produced hadrons move in positive z direction as the
tagged electron. :

On the R¢ projection one can see that the produced hadrons move in the direction

opposite to the tagged particle, because a target photon polar angle is peaked at small
values.
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