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EXPERIMENTAL STUDY OF THE HADRONIC PHOTON STRUCTURE FUNCTION
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Abstract - We have measured at PETRA the process ey - e + hadrons at
an average Q2 value of 9 Gevz/cz. The total number of observed events
attributed to this process is 215. Our data are compared to calcula-
tions based on the estimation of the photon structure function Fz in

the quark parton model and in QCD.
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1. INTRODUCTION

Deep inelastic electron scattering on a photon target is
considered as a good place to test the predictions of Quantum
Chromodynamice (QcD))’. The photon structure functions, at high 92,
are dominated by the point-like contribution, and can be completely
calculated Dby perturbative QCD. This is in contrast with extended
targets (nucleons, mesons) where only the evolution of the structure
functions with Q2 can be computed.

Some experimental results with lower statistical accuracy than
presented here have been reported by the PLUTO collaborationz) and
recently by the JADE collaboration3). Preliminary results obtained
with the present data have alsc been previously presented4).

Experimentally, the study of deep inelastic scattering of elec~
trons on photon targets

e + ¥y =~ e + hadrons (1)
is achieved by measuring the "two—-photon™ reaction

e+ +e = e+ + e + hadrons (2}
in configurations where one of the outgoing electrons is detected at a
large angle. The corresponding Feynman graph and our notation of the
asgsociated kinematical variables are given in Figure 1. Using

2 N 2 2 2 LTI VR VR A E! 2
X = - g/2kgq=0Q /0 and v = k.g/k.p = 1 -~7; cos @/2, the
differential cross section of reaction (1) can be written, for a real

photon target, as

2
do 8ra 2
= . EE_ . [l 4+ (1-y)")] . {F_ + (e(y) - 1)F.} (3)
dxdy Q4 Y 2 L

Por our experimental conditions, where vy and therefore
(e{y) - 1) = _y2/2 are small, this simplifies (provided F2 is not too

small compared to FL) into

do 4wa2 (l-y)Fz(x,QZ)
= (4)

ddez Q4 X

This relation shows that the measured cross section iz essentially



, but with a weighting factor which favours the low X

5) contributien to F2 is important.

when the electron scattered at large angle is the only one which

proportional to Fz

region where the non point-like VDM

is detected, the cross section of reaction (2) is obtained, to a geod
approximations), by a convolution of the cross section of reaction (1)
with a quasi-real photon flux factor. This flux should take into
account the fact that we "antitag" the second electron, i.e that it has
to be emitted at an angle with the beam smallexr than sa (0.13 rad).
Since +this angle is not very small, the structure function Pz has to
incorporate correction terms depending on the squared mass (-t} of the
target photon. This fact has been verified in the case of lepton
production in deep inelastic e—y scattering (see preceding 1etter)7) by
comparing the structure function formalism to the exact QED

¢calculations.

2. DATA COLLECTION AND EVENT SELECTION

The data used in this analysis have been collected in 1980 and
1981 at the e+e- storage ring PETRA using the CELLO detectors). The
luminosity used for this work is 9.5 pb_l and the mean beam energy is
17 GeV. The triggering conditions and the detector performances
relevant for this analysis were the same as for the lepton analysis and
are described in the previocus letter., The hadronic system iz measured
using both charged particles and photon showers as reconstructed in the
barrel 1liquid argen calorimeter with an energy cut of 0.3 Gev. The
large angle scattered electron of reaction (1) and (2) is detected at
polar angles bhetween .13 and .40 rad using the end cap liquid argon
calorimeters. To be considered further in the analysis, events were
required to meet the following criteria
i) one and only one isoclated shower (with E' > 3.6 GeV) in the
end cap modules,
ii} at least three charged particles (not including the tagged
electron) with a vertex cut aleng the beam <|Z1> < 2 cm,
iii) the total wisible energy (charged and neutral, but not inclu—
ding the tagged electron) lower than 40 % of the total available energy

(2E )

beam



iv) the visible transverse momentum vector of the hadronic system
pointing opposite to the transverse momentum of the tagged electron
within * 0.8 rad.

Cut i) is common te both hadron and lepton analyses. It implies the
rejection of events which would be double-tagged. Cut iii) redjects a
large fraction of single photon annihilation events hut leaves some
background in our sample. To reject most of this remaining background,
as well as inelastic Compton events, a further cut E' » B GeV was
applied in the subsequent analysis., This together, with the lower polar

2 > 2.7 Gevzfcz. We have also regquired

angle c¢ut, implies the cut : Q
that the visible invariant mass (wﬁis) of the hadronic system be
greater than 1 GeV/c2 to be in the deep inelastic region. After these
cuts we are left with 249 events.

The main possible socurces of background have been studied by
)

Monte—Carlo simulations : i) inelastic Compton scatterings has been
found negligible in our acceptance, ii) deep inelastic production qf T
pairs corresponds to 18 events, iii) hadronic one photon annihilation
events with one 7°® or an initial radiation faking a tagged electron
contributes 16 events. A study of the wertex pesition of reconstructed
events has also shown that the residual beam—gas background is
négligible. The different backgrounds have been subtracted bin by bin
in all distributions. After this subtraction our sample contains

215 £ 17 events.

3. DATA ANALYSIS

Measuring Q2 with the tagged electron and the hadronic system as

explained before, we obtained the multiplicities, W . and x . =
» 2 3 ' . ‘ _ _ _ vis vis

Q /(g tW vis) distributions which are shown in Figure 2—-4 after
background subtraction. Since Monte—Carlo studies show that w§is/W
fluctuates substantially (around an average value of 0.6) it 1is
difficult to obtain, 1like in the lepton case, a reliable true x
distribution, from which we could deduce Fz and then compare to
theoretical predictions. We therefore fcllow an alternative method : we
produce a sample of Monte-Carlo events, which uses a suitable
expression of FZ and FL’ take into account all the known effects of our
experimental detection, and then compare the obtained distributions to

the experimental data.



In this simulation e+ e - e+ e q& events are first produced

according to equation (3) using the F_ structure functions given below,

2
and FL as in the quark parton models).

Po= — .3 .Le x*(1L-x) (5)
1 1

)

The target photon flux used is the same as the one given in the
previous letter 7), and off-mass—shell effects are taken into account
in the expression of P2 as explained below. Radiative corrections are
applied by allowing the electron, which suffers afterwards the large
angle scattering, +to radiate (at @ = 0} a photon with the usual
spectrum,

In the yy* center of mase, the 77* - qa angular distribution is

9)

assumed +to be the same as for two real photons™ ', An investigation of
the deviation due +to off mass-shell effects has been made ; these
effects are small and taken into account in our systematic errors.

In the second step the qa system is fragmented using the Lund

) procedure, keeping track of the flaveur (u,d,s,c) of

gtring model10
the produced guark pair. In a third step events are passed through a
gimulator program which includes all known effects of the CELLO
detector. Particular care is taken to account for the material (mostly
aluminium) located in front of the end cap calorimetexr. In the last
step, events generated in this way are processed through the same
reconstruction chain as the real events. The tagged electron momentum
as well as the vigible hadronic invariant mass and multiplicity
distributions are particularly sensitive to acceptance and resolution
effects. Good agreement is found at this level between data and the
various models used. This can be seen in figure 2 and 3 where we have
shown the predictions of models a) and b)(see below) which are the
extremes in our analysis.

For the dominant structure functiocn Pz the four following models
have been used :

a) The quark parton model (QPM)

11

We have used the complete expressions derived by Hill and Ross .

which for 1light quarks and t = 0 reduce <o



3a 2
2 4 2 2 W
Fo(x,Q7) = — L e {x(x"+(1-x)")in (—) + 8x2(l—>:)-x} (6)
T T 1 2
|
We have taken the same mass y for the three light quarks as a free
parameter and we have used mc = 1.6 GeV'/c2 for the charm quark.
b) Leading order QCD (L.O.)

Pz has been derived by many authors in the leading order of

5,12,13, .
ocp”/+2:13:24) L1 the case of real photons

2

3a Q
Pz(x,Qz) = —z et gx) tn

7 * i Aio

In the present work we have used the expression of f(x) of ref (5)

(7)

[f(x) = 0.24x + 0.12 for 0.1 < X < 0,9], and in order to take into
account the target photon mass we replaced AZLO by AZLO + t, in
analogy with the QPM and following the work done by Uematsu and

15, : .
16). The charm cross section is put to zero when W < 4 GeV‘/c2

walsh
¢) Mixed model.
In this model P2 is taken according to (7) for light quarks, and
according to the QPM for the charm guark.
d) Bigher order QCD (H.O0.,)

In next to leading order F2 can be written

2 3a 4 Q2 Q2
Fo(x,07) = TE e; {£(x) n = + 9(x) In(fn ——) + h(x)} (8)

We have determined g and h from the curves obtained in the MS scheme in
ref (16), in which the effect of the target photon mass is estimated.
To take most of this effect into account we have, as before,

replaced Ar. by A + t. values of F, obtained isn) this work for

t = 0 are in agreement with earlier calculationsl In particular Fz
becomes negative for x < 0.2. This is due to the fact that h(x) is
negative, and not compensated for by the other terms forrlow x,

egpecially at low Qz. In the generation of our events F2 has been set

to zero whenever formula (8) led to negative values., Due to its high



mass the charm quark is treated as in c). In each case an extra term

has been added, which corresponds to the soft hadronic component of

)

the photon. This scaling term has been calculated5 using the vector

meson dominance model. We have used

o 1
P (x) = —==== = (1-X), with a p—y coupling constant £ such as
2 /an 4 P

q:/4n = 2,2. The resulting xvis digtributions for models a, b, ¢ and 4
are shown in figure 4, and the corresponding Fz(x) digtributions in
figure 5. The parameters used are those corresponding to the fit in
the whole x range {see below).

The sizeable differences in Fz(x} between the 4 modelg arxe
somewhat washed out by the 1/x weighting factor (see formula {4)) and
the experimental errors on W, and within the present statistical
accuracy, all models are compatible with the data. As indicated in
ref (16) the prediction for QCD (HO) is quite close in shape to the
quark parton meodel, and it should be noticed that the parton model
cannot be ruled out by the present work. One can however remark that
i+ has the tendency to slightly overestimate the high x region.

The values of A (or u) for each model have been obtained by
fitting the predicted number of events to the observed cones. This has
been done using the whole x range, and by restricting the fit to the
x > 0.3 region. The QCD H.0. value is only given for x > 0.3 since the
low x region suffers from theoretical uncertainties, The values
obtained for A are shown in table 1. All of them are in the range 0.0%
to 0.3 Gevycz, i.e compatible with what has been obtained in deep
inelastic lepton hadron scattering. They are also compatible with the
result from JADE3). For example in the QCD (LO) model, treating the

charm quark as in the parton model, we obtain,*

*  Neglecting the mass of the quasi real photon target (the radiative
corrections) would have led to a A\ value about 80 MeV (30 MeY)
iarger.



+ .07
A = .13 08 GevV
. L . + .17
where in a similar x range (x > 0.4) JADE obtains A = 0.21 _ 09 GeV,

Systematic errors in the absclute yield of events translate into
systematic errors on A. In the case of this model ¢) we obtain an
* -
error of 1t .015 GeV due to uncertainties in the angular vy - qq

distribution, and + .02 Gev due to uncertainties in the parameters of

the Lund model.
Finally, since all medels (except for the small soft hadronic

piece of the photon due to VDM) predict a Qz dependance of the

structure function, we have plotted (Figure 6) the mean value of Fz(x)

{averaged in the range .2 < x < 1,) as a function of Qz. We have

2,3)

included in this figure data from previous experiments and also

one point coming from our previous work in the high Q2 rangelg).
Clearly data available so far are compatible with a logarithmic

variation, without demonstrating the existence of such a dependance.
4. CONCLUSION

In summary, a measurement of the process e+e— - e+é— hadrona has
been carried ocut in the gingle tag condition. Data are interpreted in
terms of deep inelastic scattering of electrons on quasi real pho-
tons. At the average Q2 of 9 GeVZ/c2 a good description of the data
can be obtained using calculations of the structure functions in the
quark parton model and QCD at the leading and next to leading order.

Values of A obtained range between .07 and .28 GeV depending on
specific features of the model used. When the light quarks are treated

by QCD (LO) and the c gquark in the parton model we obtain

+ .07
A = .13 c (stat) * .03 (syst) GeV
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FIGURE CAPTIONS

. . + - -
Graph and kinematics of e e —>» e+e + hadrons

Charged and neutral multiplicities, e: Data. So0lid curve :
QCD.LO (u,d,8,c). Dash-dotted curve : QPM(u.d,s,c).

w&. distribution. e : Data. Solid curve : QCD.LO (u.d,s,cC).
Da%ﬁed curve : QCD.LO (u,d,s8) plus QPM (c). Dash. dotted cuxve
QPM (u,d,s,C).

Xv_ distribution. e: Data. Solid curve : QCD.LO (u,d,s,cC).
Da%ﬁed curve : QCD.LO (u,d,8) plus QPM (c). Dash. dotted curve :
oPM (u,d,s,c). Dotted curve : QCD.HO (u,d,s,¢).

1/a F_ (X) curves corresponding to the different fits in the

x > .§ region., Solid curve : QCD.LO (u,d,s,c). Dashed curve :
QCD.10 (u,d,s) plus QPM (c). Dash. dotted curve : QPM (u,d,s,c).
Dotted curve : QCD.HO (u,d,s,c).

/a0 <FP.{x)> as a function of Qz. Solid curve : QCD.LO
(u,d,s,d%with ALo = 0.3 GeV, Dashed curve = QCD.LO (u,d4,s).



S3URA® IO IIqUNU PIAIDSHO oyl 03 5313

U1 Ul peluTeElge (A X0} y JO soniea
N
(=]
. 1 919el
Lid
—_ =
[¥9]
= ©
THER 1
-~
L,
te 207, . WA ©
| £0°+ oH a3 spn (P
S
e —
n = {Tepor paxT®)
lor o EL PO°- oo Wad o
Lo+ S0°+ o1 303 spn (2
=3
BO - 90"~
e - -
2= a1+ 14 80"+ 14 o1 aXd (g
2w
v
F 3 (%] o
o = E 80"~ SQ° -
\mv./ 11+ ¥ L0+ 11 wad (e
I,
S~
1=
£°0 < % X [Ie Topou




N
w —
- &
B O
= - | o
= E o
a X o
g = d
| [
. [
| &=
i o~
S
5 "
x w e
B, =
558
> (W8]
NUIB‘IFBER
D NEUTRAL
EVENTS CHARGE
e——_ QacD_LO
60 - . (oPM 80 CELLD

40+

20+

v gy —p
345 6 78 810N

Fig. 2

01 23 4656 1
Multiplicities

Fig.3



\ /ar\l\\\\ WOA oo
OH"03D =777
017020
j3poN paxiy — T
Wdo — —

_U\Nm

y By

{BPOWN paxIy T
WdD ~

IREN;

0

SINIAI

10

HIGNNN



¢F2(0%) ) /e

e CELLO

» CELLO  (ref: 19)
& PLUTO

o JADE

2

a

~
Cad
on
;
— ]
[—]
[ o ]
=
s
=
on
[—J
e
J
— 4
=
=
=3
[ 7% ]
[~
=1
-
-
=
=
[x]
p——
(5]



	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18

