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ON THE eP—»eP)/ CROSS SECTIGN AT HERA

G.L.Kotkin, S.I.Polityko and V.G.Serbo
Novosibirsk State Univerasity, Novoaibirak, 630090, USSR

ABSTRACT: Tuminogity measurement on the HERA accelerator is
planned to be carried out by means of the elp_, EPJ’
process, We note that in this process impact pa-
remeters occur which are larger than the
transverse beam sizes, Thig leads to a decrease in
the number of the observed photons as compared with
standard caleulations, Our caleculations show that the
difference ia greater than 10% at the photon energy
E P < 0,04 Ee .

1. The accelerator HERA with the colliding ep =beams (which

is under construction now} will have electron energy Ee = 30 GeV,

proton energy EP = 820 GeV and Iluminosgity L = 0.6'1032 cm_gs-1

[1] . One of the main parameters of the accelerator, the luminosity,

is planned toc be measured by detecting the photons of the QP—:GFJ’
process [2] The standard quantum electrodynamic calculation [3]
of this process corresponding to the diagrem of fig. 1 is well
known (see ea. (1)).

However, for this accelerator the observed cross section will
be smaller then that in eq. (1). Por example, the devietion from

the standard formula (1) is > 10% for the photon energy E};\{- Ee/z‘f;

certainly, such a difference should be taken into sccount at the
luminosity measurement. It is not difficult to understand this
phenomenon, The process under consideration cen be represented as
the Compton scattering of the equivalent photons produced by a
proton on an electron., Equivalent photons with the energy (0

form a "disk" whosge radius is J’ ~ EP/me where m is proton

mess, For backwa.rd Compton scattering the energ}: of the ob-
gerved photon f} corresponds to 2arn equivalent photon energy
W~ [mg /Ee)z Ex which is ten orders of magnitude smaller than
EJ’ . That is why the quantity f becomes macroscopically
large: j’ 2 0.1 cm at E; £ 0.1 Ee . The standard cross sec-

tion (1) corresponds to the intermction of the photons of the
n3igk" with the infinite electron flow, Meanwhile, the electron
beam st HERA has finite transverse size @ ~ 1073 em, Therefore,
not all equivalent photons collide with electrons. That leads to
the decrease of the number of the observed photons, Below, one
caleulates the correction to the orogs section due to these “mige
sing" equivalent photonsg.

The discussed effect was found for the first time in
the e*E’_,e?Ef( reaction at the VEPP-4 accelerator in Novosi-
birsk, its magnitude reaches 40% [4]. Corresponding calculations
were performed in refs.[B]. In these papers one congidered head-
on collision only, On the HERA accelerator, however, one plans
to collide electron and proton beams at the angle 2t = 2'10q2rad.
General formulse {which are suitable for this case as well) were
obtained in our paper [6}. Below we use formulae (15), (24), (30),
(33) from this paper for the considered case of the intergecting

eP beams,



2. The well-known cross section of the E’/J-’ep{ proceas
(see fig, 1) has the form [ 3]:
de LQE‘: _*_(.4_5, )[g,, eebp 1Y) L] g ()
dy 3mg, 4 Memg Y 2]’ Eo
(The main contribution in this cross section is given by the re-
gion of the 4-momentum trensfer range -7,2,5 mf_:‘ s therefore,
one can calculate this cross section with high accurmcy by means
of quapntum electrodynamics only, neglecting proton structure).

The observed crossg section is equal to

dovogj = dd‘ - dé‘caf" (2)
where the correction dO},,,. is expressed in terms of the Compton
cross section dG’C and the number of the "missing" equivalent

photons 0‘{ h H

A6, = da, (W) - dnw) ; (3
LA mol"[ 1 4y 4 y2 ] YwE,
—_—t = —_— f-y—- — v T e
dy mix LY B Aalrny x2{y-4f mt Y73 1 9’ (4)
dntw) = }._z_ % C-(w) | (5)

The function & igs defined by the density of the electron

—» " N
Ne (7 f) and proton My(F, {) beams, We choose 2 -axig
along the axis of theproton beam and X -axis - in the plane of

the intersecting beams, In this casge
)] 2
g;? 990 2 [ k) - K, )] (©
whereJ) E(fx,ﬁy,0)=f(ws‘f’; Hn¥,0), w=pmuwle, , K, (u«) is

the Macdonald function and

4(7)=1- [[n,(Z8)ne (-7 d‘fafé/jnpf«:,g nid)d5dt], (D

3. Tt is ugually assgsumed that the beam density has a Causgi-
an distribution, In this case we have the following densities

for the beams intersecting at a small angle 2,-"/
2
)= Mo ox { <t Yt (2 f)} ,
('L ) B YT S R ) 3
{ (2 )sza. 0. 0;) P 20;: 20}3 26;,2

-2 N '2 4 (}?""f‘z
e ()=t s P 2 - - S

20 2085 T 205
X'=x-242, 2'=2+2vX,

The beam parameters are given in table 7 taken from ref.[1]. Sub~

(8)

stituting eq. (8) into eq, (7) and neglecting

Table 1

G« , Em 0y » mm A s T
P 0.12 c. 027 95
e 0.22 Q. 013 9.3

the terms of order of (o'ex/d'e,z)z"' 5.10"% one obtains

_ AR
9[_?) 1- e:rp{ 262, Z2at |’ a,-a'e,w' +\}«z[o' +o’)

L 2 2
ay = dey + O;’y .
One can see from eq., (9) that further calculations for the inter-
secting beams differ from thoge for the head-on collisions by the
5 value only,

Substituting eq. (8) into eq. (6) one finds the function



5.

6‘(00), see fig, 2. The asymptolic behaviour of this function at

Ep/”’pw Ay » 7 has the form
£, 5t
k= Qﬂn_&i 1,522 (10)

2 mpw ay ay

The function G’(w) goes very rapidly to zero at W-+00, there-

fore, integration over “ in the correction aes,

cor 7(3) can be

expanded vwp to infinity.

The dependence of relative value of the correction
dd"m,/g[g)/{gf/dy)on the relative photon energy y= £y /Ea is shown
in fig. 3. The correction increases rapidly with ¥ decrease,

At Y <«w{ one can obtain, using eq, (10), such an expression

as
Ac,,. _ 6o’ [(f_h_q_sz) Onafzfofe (1-9)(ay+2y)
Im} 3

dy m2 m
e Tp Y Ratty (1)

43 3 1}
—_— (gay) . = .
9 (1-9) = 5 4
The dependence dG'w,, on ¥ ig weak under the conditions

considered.

4. Let us discuss briefly the results obtained . The lumino-
sity {, of the accelerator is defined by the relation dw=1 de
where N is the number of obgerved evenis per time unit for a
process with a cross section ¢ . Let us consider a process
with the following properties: 1) it is sufficiently exactly
caleulable; 2} it has noet too small a cross seetion; 3) it is
convenient for recording. Then its measurement allows one to de~
termine the luminosity; in this case no detailed information on
the distribution of the beams densityv in the interactioﬁ range,

which is hard to measure, is required. The'ep., epy process

hag a large crosa section and is conv_enient for recording. How-
ever, the use of this process for the "1uminosity determination
is commected with a number of difficulties, end it should be
taken into account in plenning future experiments on HERA, Using

this process one. should dejermine the luminosilty by the relation
dv = [ de¢ (12)
ofs

where cross section dd;gs (2) iteelf depends on the beams den-
gity. Fig. 3 shows that the ro®fl of the considered effects can
be decreasged if A the energy f} of the obgerved pho-
tons is increasad. | -

All these circumstances lead to the limitations in the ap-
plicability of the QP-’EPJ' p:éocess for the luminosgity measure-
menta. Therefore, it may be useful to‘f-:«_ttmct attention o the
process ep-aépe"e' which was proposed for the luminosity
measurement in ref, [7] The crosa section of this process is
large enough { = 6 mbn) and it practically does not depend on
the beam sizes,

We are grateful to I,F,Ginzburg and P,Soding for useful dis-

cussions, and to K.Steffen for having sent us the HERA meterials,
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Pig. 3.

Relative value of the correction to the
eP--ePaf cross gection in dependence omn
the observed photon energy & ¥
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