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ABSTRACT

Some phenomenological and experimental issues concerning photopro-
duction at HERA are discussed. This includes the total photoproduction
cross section, light and heavy quark photoproduction, determination of par-
ton densities in the proton and in the photon and the photon-photon pos-

sibilities at HERA.

1 Introduction

HERA is expected to siart data taking soon and there is a growing excitement to see
the first physics results. The potential of HERA is immense [1,. The low « physics
will enable the study of saturation of partons in the proton, with the possibility to
look for hot spots [2]. The high ©F events will serve as a check of the validity of

QCD in kinematic regions far beyond the presently accessible ones and will allow the
study of substructure of the elementary constituents of matter (3. HERA is the ideal

machine for the search of leptoquarks and other exotic phenomena like the search for
flavour changing neutral currents [4]. The accelerator has achieved a polarization of the
electron beam of ~ 20% already at a verv early stage and with the hope that higher

stable polarization is achieved one can have very interesting additional information from

polarized electrons colliding with protons |

i. The low @Q° physics will extend the study
of photoproduction to very high energies and allow a deeper insight in the behaviour
of the photon [6]. In addition to all these. HERA will provide the input needed for
calculating the expectations {rom the future colliders like LHC and 55C.

In this talk I will concentrate on the very low QF region and discuss what we can
learn from and about the photon at HERA. Before doing that let me recasp how we view
the photon, based on what we have learned so far from yp |7 and v |8] experiments.
The photon is a gauge particle mediating electromagnetic interactions. As such if
couples to the elementary charged constituents of matter, like leptons and quarks,

well defined way. However, the photon may alse exhibit properties similar to normal
hadrons. When one studies the soft ﬁﬁ@?:&.:n?qSOD reactions, they are well described
by assuming a mode] in which the photon is a superposition of vector mesons [9] (Agure
1a). When one "looks’ at the photon with a highly virtual photon in v~ reactions,

1Talk presented al the 9th International Workshop on Pholon-Photon Collisions, La
March, 1992,

tlie notion of the photon structure finction is introduced 1 analogy to the well known
nucleon cage. This photon structure funetion has indeed been mieasured experimentally
and can be interpreted in terms of parton distributionsin the photon |1 When the
photon participates in a hard interaction it will either couple directly to the charged
constituents of matter as shown in figure 1b (direct photeon), or first fragment mto
quarks and gluons which in turn participate in the hard process, as shown in figures
ic and 1d. Whenever the photon turns into partons before interacting, be it through
point-like couplings or with hadron—like couplings, it is called a resolved photon.
Direct photon reactions are usually used %o study the structure of the proton while the

{c) (dl

Figure 1: a) Diagram for a soft yp — hadrons reaction. b)-d): Diagrams for a yp hard
process. b) A direct photon contribution to 2-jet production. ¢} The point-like con-
tribution to the resolved photon contribution to 2—jet production. d) The hadron-like
contribution to the resolved photon contribution te 2-jet production.

resolved photon ounes contain information about partons in the photon |1

In this review I discuss four sub-topics, all in the photoproduction range of mmw%
The next section contains the predictions for the total photoproduciion cross section at
HERA and the possibility to measure it experimentally. Section 3 is devoted to light
and heavy quark photoproduction, where the dependence of the cross section on the
different parametrizations and on the assumed scale is discussed. Attempts to separate
resolved photon from direct photon events as well as to distinguish between quark and
gluon jets are also described. The subsequent section is about the determination of the
gluon density in the proton. via photoproduction of J/¥ and [*’s, and about that in
the photon via the Deep Inelastic Compion (DIC) process. In the final section, the
possibility of detecting ~~ reactions at HERA is explored.

(Rl
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This Reppge type of plienomenological approach predicts a value of ~ 145 gb for the

Total ypocross sectionar 1= 2000 GeV It 15 to be compared to ~ 175 b, obtained in
a sinilar approach based onolder data i reference 11

4 10 eI x=0024 2 2.1.2 Perturbative QCD approach
e (@) E

\\\\\\\ e 12004 ] The rise of the total photoproduction cross section is expected to happen as a tesult

i S

of the onset of QCD minijets. The total inelastic yp cross section is assumed to have

e e W

b T

. an energy independent part. coming from the soft non—perturbative interactions. and a

Faolx. 9%

Fa{1.9%)

CN.J part which rises with energy due to the rapid increase of gluons in the proton and

Efo% : )
%«m (x2) in the photon. The latter part includes contributions both from the direct and from the

et e 320,14 reso M ed photon:
) . soft eco, io
Tinetl8) = a0 + 00 {8) )

where,
' oCD,

o = ol (s) 4 o) {10)

inel

However. in order not to violate unitarity. one transforms to the impact parameter
representation and assumes that the etkonal is additive and not the cross section:

: . 10- . s . | ;2 NG .
1072 L L . . 1072 . Ginls) = Q b1 NT) iv {11)
107 107 10 10 w0 10° ol 107¢ 07! 10° 10 0 e 107
g GeVv'] QP{Gev?] .

wlere

Vibos) = (D) = PP (b, ) (12)

e =0 R This needs further modifications to take into account correctly the hadronic nature of

ey

ihe photon details of which can be found in [16.

P L 5 1 5=, ] Predictions based on this approach depend on the parton parametrizations and on

(<3}

WA ».g x=0.14
(>2)

g ’ o @ %2018

{x1.5)

TTmmes x=0.225

{x1.2)
./muo.mqw

Py the minimal transverse momentum down to which the perturbative calculation is
assumed to be valid. Fignre 4 shows the predictions based on the minijet approach as
calculated iu 113.. for different parameters. The predictions for the total photoproduc-
tion cross section get as high as 760ub in the HERA energy range. The same authors
also calculate the cross section for the ‘elastic’ photoproduction reaction yp — p°p and

Fo(.G%)

Fel2,9%)

predict cross sections in the range of 20 — 22046 [13].

107+ 2.2 Experimental measurement of op(yp) at HERA

The best way to weasure the total photoproduction cross section at HERA would be
in principle to use the luminosity monitor system. The electron tagger can provide
information on the exchauged plioton emergy and on its virtuality Q°. Though the
wMaow:mmmﬁ.am:;m»mﬁﬂrmnzmamu,om;m&mﬁaozmmawzgm&:E;ﬁ.wAmﬂd,m&mumwm

the range 5 « E' - 20 GeV, its acceptance is optimal for 15 - E' < 20 GeV. This is

2

also the range for which the ¢ resolution is the best and is ~ 10-20% {21,22].

There are two sources of background which make this method of direct measurement

1o-e . ; . . ,
. . - . - ; o 100 (o0 . . - .

10 107 1w - HWH 1 1 o 1 1 o %FM,E = o ' impractical: the electron-proton bremssirahlung and the beam-gas bremsstrahlung,
Ge eVe] . i B} o . o F e
both of which are expected to have much higher cross section in the photon energy

Figure 3: Comparison of the prediction of the ALLM parametrization {full line) with

c : range of interest. Iu principle one could eliminate the first source by detecting the
the predictions of the dynamical GRV (dotted line). the KMRS

{(dashed—dotted line)

) - N : ) ) bremsstrahlung photon in the forward photon detector of the luminosity monitor. Even
function of @¢, for fixed values of

and the MT (dashed line) Omwwgm»?, tious for Fy as though the acceptance of the photon detector is 97%. this background is reduced only

7 (see text for more details). The data are superimposed to underline the inematical
region probed by measurements.

G
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Figure 5: Feynman graphs for hard photoproduction subprocesses due to direct photon
interactions (a,b) and due to resolved photon interactions (c=h).

where s is the squared center of mass energy of the ep system. § = zs is the center of mass
energy squared of the 7”p system, and § = z,ops is that of the parton-parton system.
The function f, . is the luminosity factor for the flux of interacting photons originating
from the electron beam. The variable @N denotes the scale of the hard interaction
and should not be mistaken with the absolute value of the squared four-momentum
transfer @ from the electron to the nucleon system which determines the virtuality of
the photon (which in this case is close to 0). As already mentioned earlier, there is no
prescription as to what should be used for n..vmq but Q? = P seems to reproduce well the
SppS two-jet data (27]. In the reaction described by the cross section above. the photon
can interact either directly or through its own partons and all possible contributions
have to be included. In case of the direct photon contribution the following holds:

Fopr( @5, @) = fopy = 6(1 — ) (17)

In order to check how the different photon parametrizations influence the cross sec-
tions of processes which involve the resolved photon, the PYTHIAS.5 generator was used
for a comparison between the cross section obtained with the DG [28; and LAC1 [29
parametrization of the parton distributions in the photon, presented in table 1. For
completeness also the direct photon reactions are included. Wherever the gluon of the
resolved photon participates, the LAC parametrization predicts higher cross sections
than the DG one. This is the result of the fact that the gluons of the LAC parametriza-
tion have a much larger contribution than the DG one. especially in the low-z region.

9

Tlhus the HERA measuremments. which extend into thic new x domain, will enable the
study of the gluon distribution in the photon. The table presents the results for three

Table 1: Comparison between cross sections obtained with the PYTHIAL.5 generator
using the DG and the LACL parametrizations of the parton distributions in the photon.
The MT2 parametrization was used for the proton.

o for different pr(GeV/c) cuts
process LACT DG
1 5 10 1 5 10

o(ub) | a(nb) | o(pb) | o(ub) | a(nb) | o(pb)
g+g—g+g || 3853 | 157.1 | 2.96 || 26.7 | 58.1 | 1.90
ftg— Ff+g [ 1281 1159.1 | 7.04 | 201 | 92.3 | 5.52
lg+g—f+f1] 916 | 682 | 0.11 || 057 | 2.25 | 0.09
fif—g+g || 013 | 0.68 | 0.039] 0.036 | 047 |0.042
f+Ff—f+f| 515 | 566 | 7.06 | 403 | 51.0 | 6.64
v tg—f+F | 294 | 337 | 3.00 | 2.98 | 343 | 3.08
Nt fsftg| 071 [ 129 [1.346 | 077 | 11.5 | 1.39

different lower cuts of pr, and one can see the dramatic drop of the cross section with
this cut. Note also that as pr gets higher, the ratio of the direct to resolved photon
cross section increases. . .

Many calculations exist for the cross sections for heavy quark production, like ¢
and bb [30]. The hard scattering scale used varies usually from m,/2 to 2m,, where m,
is the mass of the heavy quark, which introduces the additional uncertainty of what
value to use for the heavy quark mass. Furthermore, the cross section depends on the
renormalization scheme giving different results for the DIS and MS representations.
For the EHLQ parametrization of the proton and DG parametrization for the photon
one gets (for m, = 1.5GeV) o(ep — c€X) = 0.7 £ 0.2pub and for 4.5 < mp < 5.0 GeV,
olep — bbX) = 6.0 & 1.1nbh. These values include, also higher order corrections [31], the

Table 2: Cross section values for bb production for different representations and different
hard scattering scales, in order a, and o2, A value of my=4.75 GeVis assumed.

" i olep — 86X ), nb

. process ) Dis. M5

M Q=m/2 | Q=m | Q=2m | Q=m/2 | Q=m | Q = 2m,

| a, 0.237 0.190 0.162 0.237 | 0.190 0.162
0,,0(a,) | 4.94 4.60 4.36 4.30 4.16 4.02
0,0 e?) | 192 1.62 1.72 1.71 1.54 1.68
7.,,0(a?) 0.92 0.15 -0.21 0.98 0.20 -0.17
74,0(0?) 0.14 0.12 0.11 0.15 0.12 0.11
0g0lal) || 085 0.64 0.53 0.73 0.57 0.48
Ttot | 77 7.13 6.51 7.87 6.59 6.12

10
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CQCD events. Initial and final state parton showers were included and a cut of gy 10 At HERA we have the unigue opportunity to measure the gluon density directly by
GeV/c was nnposed. Jers were reconstructed using the LUCELL algorithm and a beam isolating events where the interaction is with the gluon at the partonic level, and then
pipe cut® was performed. Only events with 2 well separated and coplanar jets-in the nieasuring the 7 of the gluon. #,: The reader should however be cautioned that this
central region were accepted.

interpretation is valid in“leading ‘order-and gets more complicated once higher order

The léarning procedure was done with 22 variables. In addition to some individual corrections are considered. Setting this aside, one can get information about the gluon
jet variables like the transverse energy, the pseudorapidity, the azimuthal angle of the density in the proton by considering J/ ¥ [38] or D* |39] photoproduction in PGF events,
jet, and some combinations of these, some of the Fodor momenta [36] have been used. and about the gluon density in the photon, by studying the DIC process {40].

These latter ones have been chosen because it was found that they show differences in

their distributions for quark and gluon jeis. In addition to the 22 inputs, the network 4.1 Gluon density in the proton
consists of one hidden layer and one output node denoted by y. A quark jet is identified .
by having y bigger than a threshold value {chosen as 0.5) and a gluon jet, by having y 4.1.1 J/Psi photoproduction

Y threc Tionre T ab et " " fones F3N ‘ ‘
less than this hwmwmrog .S.L,s@ ,fm&,m 7 shows the distribution of the ow:wi node y for Though the J/¥ can be photoproduced both through the direct photon reactions and
| gluon and quark jets. Using this method one gets a success rate of ~70% in correctls through the resolved photon ones, the dominant contribution comes from the inelastic

process 4p — J/¥X (figure 8). In the colour-singlet model [41] the differential cross

q jet

240 |-
200 {~
160 [~

120 |-

Figure 7: Distribution of the output node y for gluon jets (full line) and for quark jets

dashed line). -
(dashed line) Figure 8: Diagram describing the inelastic photoproduction of J/¥.

identifying the jet type (Table 6). These results are preliminary and more tuning has ) o
section for this reaction is:

do do
= G 2y
Zmar = Gy

{18)
Table 5: Jet classification results using a neural-network algorithm

Generated partons where G{z,u?) is the gluon density function in the proton at the hard scattering scale
Network | gluon : : N@Hw ! i, and & is the cross section of the hard process v¢ — J/%¥g. This model estimates a2,
3 — g —— OOU@O PG , cross section of about 8.5 nb [38].
casion i F Tﬂ q T ; The variable z. which is actually z,, can be determined by using the following
igh eavy | Ligh eavy | . ;
> — relation [32]
gluon 73% | 32% | 26% | 40% | 34% S 3 ’
quark 27% | 67% | 4% | 60% | 66% v v (19)
The y variable can be determined using the Jacquet-Blondel method, which uses all the
40 be done. Nevertheless, they are very encouraging. observed hadrons in the detector, or from the scattered electron detected in the electron

tagger of the luminosity monitor, and the square of the invariant mass of the y-parton
system, &, has to be evaluated from the jet—jet invariant mass. Figure 9 shows that one
can get a very good correlation between the generated gluon = and that reconstructed
by the above formula, down to v values as low as 3 x 107,

4 Determination of gluon density

The usual way to get information about parton distributions is from fits to data of
.mnﬂwogmm function Bme:mgwoﬁm‘ Since however the structure %.smi,wo:m amme}H@ only 4.1.2 D photoproduction
indirectly on the gluon density, our knowledge about the latter is very poor [37]. The

gluons are especially importani since they populate the region of low z. which gives the Another method of gluon density determination is to use charmed hadron events pre-

e

dominant contribution to interactions at high energies. duced via ep — ccéX. In order to tag these events one uses reconstructed D* events [39].
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