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We investigate the deep inelastic Compton process yp => yX at the forthcoming ep-
collider HERA (4/3,p ~ 170 GeV). We perform the consistent, order a*x, calculation of the
DIC cross section paying particular-attention to the contributions which appear due to the
hadron-like mtetactxon of photon. In addition we include new important higher order contri--
butions, ~a2«2, which arise due to the hadronic nature of initial and final photons. We
find that the production of photons with transverse momenta pt up to ~ 15 GeV/e is domi-
nated by events involving hadron-like interactiori of photon, with a significant contribution
from the new subprocesses. In this region of pr there appeats an interesting possibility to
probe separately the content of gluons in photon and in proton as they contribute to the
different domains of rapidity.

PACS numbers: 13.60.-r

1. Introduction

The first aim of the planned ¢p collider HERA is to consider the fine siructure of
proton through the collision of proton with highly virtual photcos in a new regicn of very
large Q? —up to ~10° GeV? [1].

However, at HERA there is also a large chance for the hard interacticn of proton
with almost real photons (@2 &~ 0). In this case we deal with the photcprcducticn prccesses:
which also can be used to probe structure of proton at very small distance. The average
photon-proton center-of-mass energy expected for these events (s,, ~ 30000-50000 GeV2,
see e.g. [1]) is high enough to allows for hard collision of real photon with proton constit-
uents. Individual particles or jets with large transverse mcmenta prcduced in such hard
scattenng can then be used to determine. structure functicns of proton at energy scale
0>~ p3 similarly as in high energy hadron-hadron prccesses.

The simplest inclusive photoprcduction prccess which can be measured at HERA
is the decp inelastic Compton (DIC) scattering yp = yX. In this paper we discuss this
precess in the region of large transverse mcmenta cf final photons, pr » Aqcp, Where:
the perturbative QCD can be applied.

* Address: Instytut Fizyki Teoretycznej, Uniwersytet Warszawski, Hoza 69, 00-681 Warszawa,.
Poland.
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Various aspects of QCD can be tested in the DIC process depending on the magnitude
of the transverse momentum of produced 7’s.

The production of photons with largest py (pr ~ pT™* ~ /5,,) is dominated by the direct
quark-photon interaction. In these events both initial and final photons act as elementary
fields. The photons with relatively low py are produced mainly in higher order subprocesses
which occur due to hadronic structure of photons.

In the region where the point-like coupling of the photon to the constituents of the
proton dominates (events with large py photons) one can study the Compton scattering
on quarks yq = yq (the Born level) and the structure of higher order QCD corrections
to this process [2-6]. At the HERA collider this can be done in a new kinematic range
of the photon transverse momentum up to 80 GeV/c. Presently the data on the deep inelastic
Compton scattering coming from the fixed target experiment (NA14 collaboration) exist
at much lower energy, /s,y ~ 13 GeV, with the highest transverse momentum of final
photons about 4 GeV/c [7].

In this large py region both initial and final photons probe directly the parton distribu-
tions in the proton by pure electromagnetic forces. Therefore the DIC process at large
Py can be used for the measurement of the proton structure functions in a way comple-
mentary to the usual deep melastlc scattering structure function method [4,-8]. Typically
the large Q2 (~p2) and large x, x > 0.1, can be reached here. It is important that higher
order QCD corrections are found to be small for these events [2-6]. -

The DIC process at low pr has more complicated structure. In the region where py is
small but nevertheless large enough to justify the perturbative calculation there may appear
large QCD corrections typical for the processes characterized by two large but very different
scales, \/s,, > pr > Agcp [9]

The other new aspect which shows up at low p; is related to the nonelementary,
hadronic-type interaction of photons with hadrons [10, 11, 2, 3]. This feature of high
-energy photons can be described in a convenient way by introducing the concept of the
structure of photon.

The point-lilce or perturbative component describing the parton content of photon
and the parton fragmentatlon into photon is, in principle, exactly calculable in the QCD
[10]. Unfortunately the next-to-leading order calculation leads to unphysical results in
small x region [12].

The nonperturbative contribution to the photon structure function is usually taken
from the vector dominance model. There is no unique way for adding in a consistent way
these two components, the perturbative and nonperturbative one, especially in the analysis
performed beyond the leading order. Recently there was proposed an interesting leading
order approach based on solving Al*tarelh-Pansx equations for photon with the experimental
input at some Q3 [13] This is probably the most consistent treatment of the structure of
photon, even if it has some limitations, e.g. it leads to discontinuities in parton distribu-
tions.

Unfortunately, in our analysis we need to know not only the parton distributions
in the photon but also the functions describing parton fragmentation into photon. These
are not known experimentally and at the moment only the “pure” theoretical parametriza-
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tions of fragmentation functions based on parton model [10] or on leading order analysis,
as proposed by Duke and Owens [12], exist.

Therefore we prefer here to use the simple description of the effects of the nonelemen-
tary structure of photon taking into account only the point-like component of quark
densities and quark decays functions basing on the parton model predictions or asymptotic
leading order parametrization [10, 12]. The other parametrizations we will discuss in the
forthcoming publication: [14].

In the DIC process there exists the region of relatively low py where the effects of the
structure of photon dominate over the higher order QCD corrections and even over the
Born contribution i.e. that due to the subprocess yq = vq. In this case the DIC process
looks like ordinary hadron-hadron collision. At HERA collider this is expected to happen
for pr ~ 5+15 GeVJc. In this kinematic region one can consider hadronic structure of
photon, especially, as we will see later, the gluon content of photon. Of course in these
same events simultaneously the structure of proton is probed. Comparing to the previous
case of large pr photons, lower Q2 and wider range of x, down to very small value ~10-3,
might be involved here. The similar effect has been found by Drees 4and Godbole [15]
in the photoproduction of jets at the HERA collider.

In this note we study the deep inclastic Compton scattering at HERA energies. Our
main aim is to investigate the effects of hadronic structure of photon connected with its
point-like constituents: quarks and gluons. We discuss the importance of aa, subprocesses
which correspond to the hadronic-type interaction of initial or final photon. Next we
calculate the contributions to the DIC cross section due to order o? subprocesses arising
when both initial and final photons interact through their constituents. These terms were
neglected in all previous analyses of the DIC process at HERA (see however the comment
in Ref. [3]).

We are primarily interested in the main features of Compton events and for this
purpose we make simplifying assumption of the fixed energy of photon-proton scattering.
Following [1] we assume that the (real) photon energy in the laboratory frame for the
HERA collider is equal to 9 GeV which, taking into account that the proton energy is
830 GeV, corresponds to S = s,, = 30000 GeV2. The more appropriate treatment should
include a spread in the initial photon momentum spectrum using the equivalent photon
approximation or full ep kinematics. This will be done later when the final results for cross
section will be presented [14].

2. Basic subprocesses
The deep inelastic Compton (DIC) process
1P — ¥X 0))

occurs at the lowest order of the perturbative expansion in « and a,, i.e. in the Born approxi-
mation, due to the photon-quark scattering (~a?)

Yqd = 14 ¥))]
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This leads to the o? terms in the inclusive cross section for the precess (1). The correspond-
ing diagrams for processes (1) and (2) are shown in Fig. 1 and Fig. 2, respectively. -
The simple’ photon-ghion elastic process

Y8 — 78 )]

contributes also to (1) via the box djagram (Fig. 3). It gives however higher order terms.
~aZa? in the cross section for the prccess (1). The prccess (3) plays a minor role at the
kinematical regime expected for the collider HERA and we will not ccnsider it in detail.
The discussion of some features of this interesting prccess can be found in Refs [16] and
2, 3} ,

Taking into account the «, corrections to the lowest order basic subprccess (2) we
have to include the virtual diagrams (Fig. 4a) as well the rcal gluon production (Fig. 4b)

79 ~ Y98 (4a)

Fig. 1. The deep inclastic Compton process yp => yX with almost real initial photons coming from the
bremsstrahlung radiation from the electron at the ep collider HERA

Y 4 ? ¥

4] p

Fig. 2. The Bora contribution to the Compton process :yq = yq

3»\\"‘“ JJJJJV

P

Fig. 3. The box contribution to the Compton process :yg => vg
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Fig. 4. The Feynman diagrams representing @, order QCD corrections: a) virtual gluon corrections to the
Born term; b) real emission of gluons :yq => vq g; ¢) subprocess with initial gluons: yg => vq q, which
contribute at the same order

and the process (Fig. 4¢)
g — 149: (4b)

These corrections leads to the order aa, terms in the cross section for (1).

To the DIC process (1) contribute also some subprocesses involving the interactions
of partonic constituents of photon. We will consider the following order oa, subprocesses
(see Figs 5-6) involving one elementary photon:

aq - 78 (52)
qg - Y49, (5b)
89 = ¥4, (59
Yq - qs, (62)
g - qq. (6b)

The above formulae have the general form of the 2-body subprocesses ab = cd, where
a(c) stands for the initial y or its constituent (the final y or its parent parton), b — for the
constituent of proton. The related processes corresponding to the change q <> are not
explicitly written. Note that some of cross diagrams are omitted in Figs. 5-6.
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Fig. 5. Initial or final photons interacting through their partonic constituents. The most important 2, sub-
processes: a) the decay of initial photon into quark or gluon; b) the fragmentation into photon. Only
quark and antiquark fragmentation is taken into account

¥ Y 3 v
a 9
] g q g

P P

Fig. 6. Initial and final photons interacting through their partonic constituents. The most important &g sub-
processes with gluons gg = gg and gq = gg. The gluon fragmentation into v and gg collisions are neglected

Fig. 7. Initial and final photons interacting through their partonic constituents. The > quark-antiquark
subprocesses ado => qaGb and GaQa = ada

When both photons in (1) act as hadrons there appear the order a? subprocesses
involving quarks and gluons. We take into account the following «? subprocesses (see
Figs 7-8)

qg — qg, (70)

QaGp > Gados (83)
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q.9. ~* 9u9ss (8b)
939a ~* 9alas (9a)
‘-laC_la - quﬁm (9b)

and the corresponding ones obtained by the substitution q <> q. Subscripts denote flavour-
states.

As can be seen from the above formulas, Eqs (5)-(9), we neglect in the calculation
the gluon fragmentation into photon, and we do nct take into account gluon-gluon scatter~
ing. These contributions due to the softness of the structure and the fragmentation functions.
of gluon are expected to be negligibly small in the ccnsidered pr range even at the lowest
transverse momentum which we will consider, pr ~ 5 GeV/c. We will discuss these contribu--
tions in future [14).

Taking into account that the structure and fragmentation functions for photon are:
proportional to « we see that the subprccesses (5-6) lead to the a’a, terms in the cross
sections for (1) whereas subprocesses (7-9) contribute at order a202. They are the higher
order (in ;) corrections as compared to the previous ones. Nevertheless they happen to-
be large, as we will see later. In some papers there is introduced a different notation (see-
for example Ref. [2]) based on the fact that the structure and fragmentation functions.
for the photon contain the factor log Q?/4* ~ 1/a,. In this apprcach both sets of sub~
processes give the contributions to the cross secticn fcr the DIC precess (1) of the same
order which moreover is equal to the lowest order (Born) term, namely 2. We prefer to
use the notation which shows the close relation of the oo, subprccesses with the o, corrections.
which appear simultaneously in the analysis of the DIC prccess performed beyond the
leading logarithmic approximation.

Fig. 8b
Fig. 8. As in Fig. 7 for a) gada => ¢aQs; b) Qala = qus
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3. The Born contribution

For the deep inelastic Compton process (1) we consider the inclusive distribution
of the final hard photons. The naive parton model predicts the invariant cross section for
the photon production in the following form:

o1
do O doPorn
3 = Z fdxf (N2E, —5—, (10)
v 4 Dy
‘Ga ©
where
daBorn 1 )
2E7 —dT— =81‘Ts IMIgomﬁ(s+t+u) (11)

is the differential cross section for the yq = yq scattering calculated in the Born approxima-
tion (Fxg 2). The squared matrlx element averaged (summed) over spin, polarization
and colour in the initial (ﬁnal) states is equal in this approximation to

7 IMllziom = —26: (% + %) . (12)

‘We use the Mandelstam variables s, 7, u desenbmg the kinematics of the partonic Compton
process yq = vq and assyme that quarks are massless. The energy-momentum conserva-
tion for the Compton procass at the parton level leads to the delta function in Eq. (11).
Introducing the corresponding hadronic variables S, 7, U:-

s=xS, t=T,. u'= xU, (13)

.one can fiad that only quarks (antiquarks) carrying the momentum fraction x = x,, where
~-T

S+U’

.contribute to the hadronic cross section (10).
Finally we give the QCD improved parton model formula for the DIC process 1)
-with scale depsndent quark distributions in the proton

(14)

Xo =

do o?
2E, — = —u E 4 , Q%) Tr=re 15
yd3py S('—T) £ eqfq(xo Q) ( )
a.q
-with the modified matrix element
TS o ) (_"i_ + i) . (16)
s u

‘We see (Egs (12), (16)) that the matrix element is large for the backward scattering (small u)
‘but for the hadronic cross section (15) the situation is quite opposite — here the large
.enhancement for the forward direction is predicted due to the structure function behaviour.
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4. The order a, corrections

Taking into account the «, corrections to the basic subprocess (Figs 4a—) we get
for the inclusive production of photon in the DIC process the following expression (symboli-
cally)

1
do

o daBom
2E, — d3 dxf(x, 0 ZEYW + o4
L. b
0

1

11 1
i d
+ fdx J‘d(xp)f (x, @) ,(xp, Q*)dé, + | dx JTif (*, @*)D (z, 0*)dé;, a7
o o 0

o
0

where f(x, Q?) is the parton distribution in proton, f,(xp, 9%) and D,(z, Q?) describe parton
distribution in photon and parton fragmentation into v, respectively; xp is the momentum
fraction carried by the partonic constituents of photon (parton in y), z is the fraction of the
parton momentum carried by final photon (y in parton). The invariant partomc Cross
sections with nonelementary initial (final) photon are denoted by do1(de,):

dé;

d&j = 2E7 d3 s

j=12 (18)

For simplicity we have omitted in the above formula, Eq. (17), the sum over different species
of partons. The subprocesses described by Egs (5a—c) contribute to the do, ; these from
Eqs (6a, b) to do,. The invariant cross sections for the individual subprocesses can be cal-
culated using the relevant formulae from Ref. [2].

In the equation (17) the first two terms constitute the QCD improved parton model
contribution or the Born term (Eq. (15)) and the first order correction, respectively. The
others terms are due to structure or the fragmentation function of the photon. The formula
has the next-to-leading order structure, that means that all ingredients e.g. distribution
and fragmentation functions (also the running coupling constant ) should have a proper
accuracy.

In this next-to-leading order approach the size of the «, correction (function 4) depends
on the scheme used for the definition of the structure and fragmentation functions and
there is an interplay between the various terms in (17). It would be inconsistent to compare
the Born contribution (with elementary photons) with the hadron-like photon contribu-
tions omitting the 4 term in the next-to-leading analysis.

We will discuss the contributions due to the structure fragmentation of the photon
(Eq. (17)) separately in the next Section.

It can be easily found that in the Eq. (17) the following range of x:

Xo<x<1,

where x, is given by Eq. (14), is relevant.
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5. Hadron-like photon contributions

5.1. The order ax, subprocesses

As we already discussed, the contributions due to the order ao, subprocesses appear
necessarily in the consistent QCD calculation of the cross section for the process (1) with
the «2a, accuracy (see Eq. (17))..

The contribution involving the structure function of photon due to the particular
subprocess (i) from Eq. (5) can be written in the following form

dét ooty _ 1 -
2E, FE : 50 Idxf(x, 0% f,(xpo> 0%) g %, 19)
X
with
— -xU (20)
Xpo = —,
Po xS+T

whereas for the fragmentation into photon we have (for subprocess (i) from Eq. (6))

dh _ SN i 4
E‘Y d3p1 S(—T) def(x’ Q )D_,(zo, Q )X(1+XU/T) zi’ (21)
with
—(T+xU
20 = ,(—x-;x_._) . (22)

In Egs (19) and (21), for each subprocess (i), there appears the modified matrix element
Z,, which is equal to the standard matrix element without the corresponding coupling
eonstant.

5.2. The o} subprocesses

Taking into account the possibility that in the DIC process (1) both initial and final
photons interact through their constituents we have to include the contributions due to the
aZ subprocesses. The individual subprocesses (i) of this type (Eqs (7-9)) contributes

da,
2E: 7o, , f f d(xp) f f(x, @ (xp, @")D(z, Q*) [de]s» 23)
where the partonic cross section
dé,
[da‘]; = 2E'Y Ea—l—,;

can be found in Ref. [17].
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The expression (23) can be written in the simpler form

N 1t
d(;; _ af 2 2 1 5
5 = J dx jd(xp)f(x, O (xp. @D Lo O s o 29

xa XPo

where, as above, we have introduced the corresponding modified matrix elements and
_ —(xpT +xU)

© 7 T6ens) @

6. Results

We have studied the DIC prccess (1) at the future HERA collider. Assuming the fixed
energy of the yp scattering with real photon S = 30000 GeV? we first calculated the
kinematical range of x, xp and z, corresponding to the structure of proton, photon and
for the quark fragmentation into photon, as well Q% which can be probed in this process
by observing the final photon with the particular transverse momentum and rapidity. Next
we performed the numerical calculations of the cross sections for the DIC process.

6.1. Kinematics

It is very convenient to describe the production of final photons in the DIC process
(1) in terms of following variables (the yp center of mass system is assumed):
2pr 6 T
= _—— and = -Intg- = —11ln —. 26
Xt \/ 3 y g 2 2 U ( )
The forward (backward) scattering is described by large positive (negative) y, with initial
photons pointing in the positive rapidity direction.

In the Born approximation (Eqs (10)-(16)) we have obtained the simple result that
only quarks carrying the momentum fraction x, (Eq. (14)) contribute to the hadronic
cross section for the DIC process. In terms of the variables (26) we find for x, the following
expression

xge”?
Xo = .
° 2—xTe"

27

At fixed xy the minimum value of x, is reached in the forward hemisphere, namely we have
xPin = x2 at y= —Inxg. (28)
The range of the rapidity of final photons is given by
Ymin <V < Ymaxs 29
where

arc sin x
Ymax = —In tg ’*'-i‘_r and Ymin = = Ymax*
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The kinematics based on the lowest order subprocess (2) is shown in Fig. 9. Here
the value of x, as a function of the rapidity o: the final photon at few values of py (5, 20
and 60 GeV/c) is presented. If higher order subprocesses dre included the whole range
of x, between x, and 1, contributed to the DIC scattering. From the Fig. 9 it is easy to
read out what proton constituents participate in the production of final photons with partic-
ular values of pr and of y. We sce that at pr = 5 GeV/c for the forward direction we enter
very small x,, with the minimum value x, ~ 3 - 10-3 at the rapidity y,, ~ 2.8. The minimal
value of x, grows with the pr, at pr = 20 GeV/c it is ~0.055. Very characteristic shape
of x,, with rapid growth in the forward direction, will influence the behaviour of the cross
section as we will see later.

The similar analysis one can perform for the contributions due to the structure of
photon and due to fragmentation into photon. The minimal values of xp and z can be
obtained from Eqs (20), (22) by putting x equal to 1. In terms of xy and y they can be written
as follows

%€
Xpo = 2_xTe_y s (30)
ey 4
Zo = xT( ;-e ) . (31)

Compton process ¥ q—>¥ q

!n T "y A L] A
60

S
o .1 9 4
1 9 ]
A i 1
8 i
%
]
o 01 | S=30000 GeV’ 1
£t ]

00, S0 00— —Z00 " —2.00

y, rapidity ¥ —proton (CMS)

Fig. 9. The kinematics of the DIC process at S = 30000 GeV? corresponding to the Born subprocess yq = yq

(with elementary ¥’s). The values of x, (Eq. (27)) probed in the DIC scattering at the different transverse

momenta of final photon (pr = 5, 20 and 50 GeV/c) are shown as a function of its rapidity y (in the y-proton
center of mass system with the initial ¥ going to the right)
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Fig. 10. The kinematics of the ' DIC process at .§ = 30000 GeV? for the contribution due to the structure

function of photon. The values of xp, (Eq. (30)), i.e. the minimal fraction of the initial photon momentum

carried by its constituents as can be probed in the DIC events with different transverse momentum of final
photons (pr = 5, 20 and 50 GeV/c) are shown as a function of the rapidity of the photon y

fragmentation into ¥
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y. rapidity y-proton (CMS)

Fig. 11. The kinematics of the DIC process at S = 30000 GeV?2 for the contribution due to the parton

f ragmentation into photon. Here we present the values of zo (Eq. (31)), i.e. the minimal fraction of the

final parton momentum which should carry the final photon in order to be observed with the particular
transverse momentum (py = 5, 20 and 60 GeV/c) and the rapidity y
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structure of y or fragmentation into ¥
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Fig. 12. The momentum fractions xo, Xpo, and z, as functions of the final photon rapidity for the DIC process
at § = 30000 GeV? and pr = 5 GeV/c. At fixed value of the rapidity the allowed ranges of fractions x, xp
and z lie between the corresponding curves and 1
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Fig. 13. The relation between x and xp for the photon structure function contributions (z = 1) to the

(

DIC process at S = 30000 GeV2. The transverse momentum of the final photon are equal to 5 GeV/e
) and 20 GeV/c (- — — -). The corresponding rapidities are y = 0, +2.8 for pr = 5 GeV/c and

y = 0 for pr = 20 GeV/c
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Fig. 14. The same as in Fig. 13 but for the case where the photon structure and the fragmentation into
photon contribute to the DIC process. Now the transverse momentum and the rapidity of final photon
are fixed, pr = 5 GeV/c and y = 0. The relation between x and xp is presented for two values of z, z = 1

(: ) and z = 0.25 (-~-~-)
,.- S —— .r..a
Y p—>7r X ]
- L0
10* | 5=30000 GeV* 2
: min 2 ]
o %=X ]
% 3 Y _ ’ ’
S 10" Prpun = 5 GeV/c 3
ke F ]
2

10 3 3
F Q = a p-r E
101 4. toa s aassd _'aL A Anl_:ul _z. s aaand —l. Adodidsd

10 10 10 10

min
XO

1

Fig. 15. The range of x and Q? as can be measured in the DIC process at S = 30000 GeV?2. The full line
corresponds to the widely used definition of the 02, namely Q2 = p%. The allowed area (Q?, x) lies to the
right of the line. The comparison with two other definitions, Q = 2pr and Q = pt/2, i3 presented
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The values of xp, and z, as functions of y at fixed transverse momentum of photon, py = 5,
20 and 60 GeV/c, are shown in Fig. 10 and Fig. 11, respectively. Note that, whereas the
xp, follows the pattern of x, from Fig. 9 with the interchange of the forward and the
backward direction, the shape of z, is different. It is symmetric under the change y <> —y.
Note that the fragmentation is rather hard for the DIC process in the considered range
of transverse momentum. The minimum value of z, is ~0.06 at pr = 5 GeV/c and ~0.3
at pr = 20 GeV/c. But even in the case of lower py we will see that effectively the fragmenta-
tion will be much harder, since the most important contribution arises from y ~ +yn
where the corresponding z, is around 0.6. This fact may help in the detection of final
photons.

In Fig. 12 the comparison of x,, xp, and z, as function of y is presented for
pr = 5GeV/c. In Figs 13 and 14 we show in more detail the kinematics of the DIC events
with the nonelementary photons.

In Fig. 15 the allowed range of (Q32, x,) is presented for the DIC scattering. It seems
that it may fill the gap between the present day DIS experiments and the DIS at HERA
collider [1]. Of course one has to remember thdt in the DIC process there is a freedom in
the definition of the scale Q2. Besides, x is not fixed as we discussed above.

6.2. Cross sections

We have performed numerical calculations of the invariant cross section for the deep
inelastic Compton process at S = 30000 GeV2. For the parton densities in proton we use
the Martin-Roberts-Stiiling parametrization (MRS1 sct [18]). The Duke-Owens [12]
and parton model {10, 3] parametrization of quark distribution in the photon and of the
quark fragmentation into the photon were used. For the gluon distribution in the photon
only the Duke-Owens parametrization was taken. The other parameters are as follows:
energy scale Q = pr, Agcp = 0.197 GeV, n; = 4. We used the results of Ref. [6] for the
contribution 4 (Eq. (17)) using the universal conventions for the structure and fragmenta-
tion functions. Two loop coupling constant «, was introduced.

In Fig. 16 we present the contribution to Edo/d3p for the DIC prccess due to hadron-
-like y’s — the aa, subprocesses (Eqs (5)-(6)) — at the transverse momentum of the final
photon equal to 5 GeV/c. In Fig. 17 the same for the a7 subprccesses (Eqs (7)—(9)) are shown.
In both cases the gluon content of the photon and gluon content of the proton dominate
the corresponding cross sections. Their domination occurs in the separated regions of the
phase space — “gluons in ¥y dominate in the photon production in the backward direction
whereas “gluons in proton” are responsible for the large cross section in the forward direc-
tion. This can be easily understood since in these regions very small xp, and x, are probed
in photon and in proton, respectively. As it is well known, small x regions are highly pop-
ulated by gluons in proton and in photon. In addition in these interesting for us domains
of rapidities, y ~ +y.,, produced photons are taking large fractions cf their parent parton
energy (z > 0.6).

In Fig. 18 we compare the elementary y and hadron-like y contributions to the invariant
cross section E do/d3p for the DIC prccess at S = 30000 GeV? and py = 5 GeV/c. The
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Fig. 16. The coniribution to the invariant cross section E do/d®p for the DIC process due to hadron-like:
’s — the axy subprocesses. The energy S = 30000 GeV?, the transverse momentum of the final photon.
is equal to 5 GeV/c. For the proton we use the Martin-Roberts-Stirling parametrization (MRS1) set [18]..
The Duke-Owens [12] (DO - - - -) and parton model [10, 3] (parton ) parametrization of quark.
distribution in the photon and of the quark fragmentation into the photon were used. For the gluon distribu-
tion in the photon (......... ) the Duke-Owens parametrization was taken. The other parameters: energy
scale Q = pr, Agcp = 0.107 GeV, ns = 4 '
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Fig. 17. The contribution to the invariant cross section E do/d®p for the DIC process due to hadron-like

+’s — the @3 subprocesses. The parton model (parton ) parametrization of quark distribution in

the photon and of the quark fragmentation into the photon were used. For the most important contribu-

tion due to qg = qg and gq => qg processes also the Duke-Owens (- — — —) parametrization were intro-

duced: energy scale Q = pr, Agcp = 0.107 GeV, ne = 4. On the down-right diagram a curve (- - - )
is a sum of (o000} qq processes and (- ) gq-+-qgg processes

elementary photons lead to the Born term and the “Born + (a,)” contribution (sec Eq. (17))
and also to the box term (Eq. (3)) due to the diagram from Fig. 3.

The hadron-like y’s contribute to the cross section due to ac, and o} subprocesses.
‘Their sum is presented by the highest curve in the figure. We see that the hadron-like
v’s dominate over the elementary ones especially in the backward scattering where the
effect is on level of two orders of magnitude. The most interesting is the fact that the aa, and
a2 subprocesses are giving similar contributions both in shape and in magnitude.
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Fig. 18. The elementary versus hadron<ike v’s contribution to the invariant eross section E da/d*p for the
DIC process at S = 30000 GeV? and pr = 5 GeV/c. The scale @ is equal py. The MRS1 parametrization
for proton and the parton parametrization for photén were used. Only for the gluon content in the photon
the DO parametrization was introduced. The élementary photons leads to the Bornt term (——) and the
“Bora + («5)’ (- - - -) contribution (see Eq. (I7)). The hadron-like y's contribate to the cross section
due to ax, {~ - — -) and a2 subprocesses (......... ). Their sum is presented by thie highest curve (- s - = -).
For comparison also the box contribution (———-) (see Eq. (3)) is shown. Other details as in Fig. 16

The box contribution (Eq. (3)), which gives contributions of the same order («®a?y
to the cross section for the DIC process (1) as the o subprocesses, can be neglected here
but in the very forward direction (see also Ref. [6]).

The results for pr = 30 and 60 GeV/c are presented in Fig. 19. Only the Born contribu-
tion (Eq. (19)) and the full hadron-like ¥’s contribution (the sum of the ax, and a? sub-
processes) are shown here. The elementary photon interaction dominates already
at pr = 30 GeV/c. As before the box diagram plays negligible role and we do not present
the corresponding curves.

Finally we show the py distribution for final y’s produced in the DIC process
at S = 30000 GeV2. The comparison of contributions from elementary (only the Born
term) and hadron-like v’s are presented. In the range 5 GeV/c < pr S 15 GeV/c one can
expect to observe the effect due to structure of photons.
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Fig. 19. The same as in Fig. 18 for pr = 30 and 60 GeV/c. Only the Born contribution (Eq. (19)) ( )]
and the full hadron-like ¥’s contribution (the sum of the a2, and &} subprocesses) (- & — +) are shown

7. Conclusions

We have discussed the deep inelastic Compton prccess at the e¢p collider HERA,
assuming according to the existing estimation that the fixed initial energy of yp collision
would be, in the center of mass system, around 170 GeV (S = 30000 GeV?). At this energy
we discuss production of the photons with the transverse momenium pr between 5 GeV/c
and the maximum pr ~ 80 GeV/c. We present predicticns fer the invariant cross section
and py distribution of hard photons based on comnsistent order a?a, calculations. In this
approach there appear large contributions from the hadronic structure of initial or finat
photons. The effect is very large for the prcducticn of photens with pr = 5 GeV/c especially
in the backward direction. In this region subprccesses connected with the structure of
photon give contributions to the invariant cross scction almost two orders of magnitude
larger than elementary basic Compton prccess yq = vq (the Born term). The a, corrections
are well under control, not exceeding 100 9 of the lowest order contribution. Summing large
double logarithmic terms we can obtain the factcr of 3-4 but no more [7]. This will not
change the domination of the hadronic structure cf photcn over the elementary y’s interac-
tion at least in the backward direction. Having this in mird we then include in the analysis
the o subprocesses which: arise when iwo ’s invclved in the DIC process behave
as hadrons. These contributions formrally should be neglectcd as terms of higher order in
the small parameter a,. However, numerically they are fcurd to te large, comparable to
those which are due to order aa, subprccesses. At larger py the contributicns due to o sub-
processes decrease faster than these due to aw, subprccesses as can be seen in Fig. 20, where
the p; distribution is shown. :
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Results obtained in this papsr show that we should expect the large effect due to
hadronic structure of initial orfand final photons in DIC at HERA for the p between
5 and 15 GeV/c. However some words of caution are needed here.

First, in the consistent analysis of the DIC process with the a®a, accuracy one should
use the parton distributions in the photon as well the parton fragmentation function into
photon calculated in the next-to-leading order approach. Unfortunately they do not
exist yet.

Second, in parforming the consistent «2x? calculation one should include beside the
considered by us contributions due to hadron-like y’s also the a? corrections to the basic
Compton process (Eq. (2)) and the a, corrections to the ax, subprocesses. We expect that
the first type of terms should not influence the effect, as we have discussed above. Similarly
we do not expect that the second type of new contributionsi.e. &, corrections to the aa, sub-
processes may be larger that 1009.

Finally, the high energy photons interact with proton not only elementarily or via
their partonic constituents. There is an important nonperturbative component as given
by the vector meson dominance model. It should be included in the full analysis of the
DIC process at HERA, espzcially at region of low pr. There does not exist the accepted,
consistent approach which would allow to separate and extract the nonperturbative
component of photon from the data. However one expects that considered effect of non-
elementary v's would be stronger due to these additional contributions.

Nevertheless we believe that our results give reliable estimations of the particular
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Fig. 20. The pr distribution for final y*s produced in the DIC process at S = 30230 GeV?2. The coatribu-

tions from elementary and hadron-like y’s are presented: the photon-quark scattering vq == yq (Born

term ), order axs subprocesses (- — - ) and the sum of the a2, and @ subprocesses (s * # ). The
other details as in the Fig. 16
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contributions to the cross section for the DIC process at HERA. If we take integrated
luminosity of 100 pb~! per year, we sce the photon distribution is measurable out to about
pr ~ 60 GeV/c [4]. This means that HERA enlarges enormously the range of pr as compar-
ed to with previous experiment on DIC. It is interesting that in the DIC preccess at HERA
the proton structure functions can be measured in the range of x, and @* which may fill
the gap between the present day DIS experiments and the deep inelastic scattering planned
at HERA.

For p; larger than 20 GeV/c the Born contribution dominates. At lower py the higher
order subprocesses involving the constituents of photon are more important than the ones
with elementary photons. The events with photons carrying the transverse momentum
pr ~ 5-10 GeV/c and going in the backward direction may be used to measure the gluon
content of photon with xp down to 10-3. The same can be done for gluon content of proton
by observing photons with the same pr but going in the forward direction.
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