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We derive the forward photoproduction amplitude for thefdiftive yp — |*1~p reaction in
the momentum space within the formalismlkof- factorization. Using this formalism we study
exclusive photoproduction of lepton pairp — | 1~ p at high energie8\j,, > 100 GeV.

We calculate the total cross section as a function of phptoten center of mass energy and
the invariant mass distribution of the lepton pair. We alggcass whether the production of
timelike virtual photons can be approximated by continuimghe spacelike domaigf < 0. The
amplitude will be used to predict the cross section for esigkeiproduction of lepton pairs in the
pp— plTI~preaction.
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1. Introduction

Measuring absolutely normalized cross sections at the L$16f igreat importance for the
high-energy physics community. This requires having a weterstood luminosity monitor. The
QED procespp— pl '~ pvia photon—photon fusion is often discussed as a proceswehin be
used for measuring the luminosity at the LHC. It is therefgegy important to estimate other non-
QED contributions to exclusivie'| ~ production. One possible source of dileptons is the exausi
production of vector mesons drbosons (see e.g. [1, 2, 3]).

In the present work we shall concentrate on the photon-ponmsirbprocess. In Fig.1 we show
a QCD mechanism, where the photon splits into a quark-aatigpair which interacts with the
proton through the exchange of an off-diagonal QCD gluodédadIn Fig.1 the incoming photon
is spacelike, (or quasireal) but the outgoing photon is likeei.e. ¢ > 0. Here we review the
momentum-space formulation of timelike Compton scatgeahsmallx introduced in [4] which
takes into account the timelike nature of the final state ot

2. Formalism

p

Fl(z, k) = 0G(z, k) /0 log K

Figure1: The diagram for the production of virtual timelike photons.

The photoproduction amplitude will be the major buildingdH for our prediction of exclusive
dilepton pair production impp collisions. The amplitude for thgp — |71~ p reaction is shown
schematically in Fig.1. The calculation of the amplitudédies the same procedure as for the
exclusive production of vector mesons, which is explainedetail in Ivanov’s thesis [5]. The
main difference is that the final state light—cone wavefiomat replaced by a free quark propagator
times the QED—spinor structure for thg — y* transition. The amplitude of the subprocess—
y*(g?)p is a sum of the contributions for a given flavofirof quarks in the loop. The forward
yp — y*p amplitude for a given flavour contribution can then be wnitses:

12 dz e (2 K2 W2
lyp—y (@p) ~Wianaengiz-2 [ 9L | ndki[ HZkLWD) (o)
2(1-2)

Z(1-2) K2 +m? —qz—ig},
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where thes (z, ki,WZ) we refer to it as the glue convolutiom, is the QED fine—structure
constantg; = % foru,c,t andes = —% for d,s,bis the quark charge. The quark masses)(have
been fixed form, g = 0.22 GeV,ms = 0.37 GeV,m¢ = 1.5 GeV,m,= 4.75 GeV. The masses used
here are consistent with the analysis of deep inelastitestay data in Ref.[6]. This analysis was
used to find the unintegrated gluon distribution which islisghe present analysis. The transverse
momentum squared of (anti-)quarks is denotedi@ytheir longitudinal momentum fractions aze
and 1- z, respectively. The running couplira enters at the scat = max{k2,k3 +mé}, where

m is the quark mass for flavdr. Now notice, that the invariant mass of thgpair is given by

K g

M2
Z(1-2)°’

(2.2)

so that the second line of Eq.(2.1) suggests a change oblesifrom(z, k3 ) — (M2,k?). Finally,
we can cast the amplitude in the form

ar (WZ’ Mz) dMZ

M2 ie (2:3)

A4 (YP— V' (@)P) = WP L6rPaens? - |

Herea;(W?,M?) is related to the diffractive amplitude for thg — qgp transition [7], however
with the spinorial contractions from the final state perfednWe refer to it as the spectral function.
Very detailed discussion concerning the spectral funateombe found in our original paper [4].

As a last step we must extend our amplitude to finite momentansters. For simplicity we
will assume it to have the following factorized form

Mi(yp— Y () p;t) = 41 (yp— V' (q°) p) expBY . (2.4)
The total cross section for thg — y*p process is obtained as

(Dev%)er(Dm\%)z

a(yp— V' (9F)p) = 6B : (2.5)

where for definiteness we talBe= 4 GeV 2.
The invariant mass distribution of dileptons for thye — |71~ p reaction is given by

S P11 p) = 22 o(yp— v (@), 26)

wherel I~ means eithee*e~ or u*u~. This simple formula applies only whegt >> n¥. More
detailed discussion of the formalism can be found in [4].

3. Results

Here we present predictions for thg — 171~ p reaction. In Fig. 2 we show the invariant
mass distributioro /dc? of dileptons in theyp — |+1~p reaction as a function of photon-proton
center-of-mass energy at fixed values of the invariant nsagsthe dilepton pairs ¢?). Here all
flavours are included in the amplitude. In general, the highariant mass, the faster growth with
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Figure2: The cross section farp — |11~ p as a function of center-of-mass photon-proton energy fexdfix
values of the dilepton invariant mass.
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Figure3: Giot(yp — I117p; %, for g2, = 0.1,0.5,1.0,1.5GeV2.

the photon-proton energy. This points to the fact that thHategrated glue is probed at on average
harder scales, where it has a fastedependence. In Fig. 3 we show cross section integrated over
dilepton invariant mass

*» do
—d
qrznin dq2
These cross sections are by a factor of about 5 larger thae thd8].
Finally, it is interesting to investigate how well the ditep mass spectrum can be calculated
from the amplitude for the production of spacelike photanshie final state. In Fig. 4 we show
the ratio ofda /d¢f for the timelike photons and the spacelike prescriptioe@usreviously in the

literature) as a function af? at various fixed energies. We observe that, the spacelilgepption
does not reproduce the structure present in the timelikdiardp. The cross section for timelike

O'tot(Vp_’IJrIip;qzmin) = q2 (3.1)
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Figure4: The ratio of the cross secti as a function ofp.

W(spacelike
photons is bigger by a factor of 3-4 compared to the spacplikgon prescription.

4. Conclusions

We have derived the amplitude for the exclusive diffrac{ivmtoproduction of lepton pairs
in the k -factorisation approach in the momentum space. We haveisied several details of
the formalism as well as differences compared to the exjstadculation in the literature which
ignored the fact that the "produced" photons are timelike.

We have calculated the cross sections as a function of pttaton center of mass energy as
well as a function of dilepton invariant mass. We have denrated how important is the inclusion
of correct dynamics (timelike outgoing photons insteadpafcelike outgoing photons).

The amplitude for theyp — | "1~ p is the main ingredient of the diffractive amplitude for the
pp— |1~ ppprocess.
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