
Dear Colleagues, March 30, 2020

this is a short report on the calculation of the polarized Bethe-Heitler (BH) process
(lepton-pair production, see Fig. 1) in scattering of real photons on protons, based on the
papers [1] (unpolarized case) and [2] (polarized case).
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We calculate the Bethe-Heitler cross section for the production of lepton pairs in the field of a longitudinally
polarized nucleon, taking into account the lepton masses and the target mass. This process is a dominant
background to the detection of open charm from semileptonic decay modes, which is a potential probe of the
polarized gluon distribution in the nucleon.@S0556-2821~97!06221-8#
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The knowledge on the spin structure of the nucleon has
improved considerably over the past few years. More precise
measurements of the spin asymmetryA1(x,Q2)
.g1(x,Q2)/F1(x,Q2) in longitudinally polarized deep-
inelastic scattering~DIS! of leptons off proton, deuterium,
and neutron targets@1# yielded valuable information on spin
sum rules and on the polarized valence quark distributions.
On the theoretical side, it has become possible to perform a
consistent analysis of polarized DIS in next-to-leading order
~NLO!, since the required spin-dependent two-loop splitting
functions have been calculated recently@2#. Nevertheless, all
NLO analyses@3,4# have demonstrated that the available
data sets are still not sufficient for an accurate extraction of
the spin-dependent sea quark and gluon densities of the
nucleon. This is true in particular for the detailedx shape of
the spin-dependent gluon distribution, even though a ten-
dency towards a sizable positive total gluon polarization was
found @3,4#. The spin-dependent gluon distribution enters the
polarized structure functions at leading order~LO! only in-
directly via theQ2 dependence ofg1 , which could not be
studied accurately until now due to the rather limited kine-
matical coverage in (x,Q2) of the present fixed target experi-
ments@1#. Moreover, a direct extraction of the gluon distri-
bution from scaling violations of the polarized structure
functions is more involved than in the unpolarized case, as a
complicated interplay of quark and gluon contributions to the
scaling violations@5# is taking place even at low values ofx.
Clearly, the determination of the polarized gluon distribution
is one of the most interesting challenges for future spin phys-
ics experiments.

Recently much effort was devoted to examining the fea-
sibility of such measurements at future polarizedpp @BNL
Relativistic Heavy Ion Collider~RHIC! @6## andep colliders,
one conceivable option for a future upgrade of the DESYep
collider HERA, which is currently under discussion@7#. An
alternative measurement could be possible at the recently
approved COMPASS experiment@8# at CERN or at the pro-
posed E156 experiment@9# at SLAC. The key process stud-
ied in these latter fixed target experiments is the production
of charmed particles, as the cross-section asymmetry for
open charm photoproductionDsgN→c c̄X/sgN→c c̄X provides
a clear tool to access the spin-dependent gluon distribution
due to the dominance of the photon-gluon fusion subprocess

gg→cc̄. Such a measurement at fixed target energies has
originally been suggested in the literature in@10# and was
further studied in@11#. The charm production induced by
partons in the photon~the ‘‘resolved’’ subprocess, where
also the yet experimentally unknown polarized parton distri-
butions of the photon enter! is moreover shown to be negli-
gibly small at the energies available at fixed target experi-
ments (ASgN&20 GeV) for realistic scenarios of the
photonic parton densities@12#.

The charmed events can either be detected via their had-
ronic D-meson decays @D0→K2p1,D* 1→D0psoft

1

→(K2p1)pso f t
1 ,...#, which allow for an efficient back-

ground rejection provided a sufficiently good particle identi-
fication and energy resolution, or from the observation of
decay muons. The hadronicD-meson decay channels were
used in the recent H1 and ZEUS measurements@13# and will
be employed also in the upcoming COMPASS experiment
@8#. The proposed SLAC experiment@9# will use the muonic
decay channels, which were first used in the measurements
of charm photoproduction by EMC@14#.

Obviously, a good understanding of possible background
processes yielding charged lepton final states is essential in
the latter case. The calculation of asymmetries induced by
one of the most important background processes, the photo-
production of charged leptons with circularly polarized pho-
tons and longitudinally polarized nucleons via the Bethe-
Heitler ~BH! mechanism@15# depicted in Fig. 1 is the
purpose of this paper. There is, in principle, another source
of charged leptons in photon-hadron interactions@16#: the
Drell-Yan ~DY! process, where the incoming quasireal pho-
ton can either resolve into its hadronic content~‘‘resolved’’
process! or can act as an elementary particle~‘‘direct’’ pro-
cess!. For the energies available at the proposed SLAC ex-
periment (Eg&50 GeV⇔ASgN&10 GeV), the contribution

FIG. 1. Feynman diagrams for the photoproduction of leptons
via the Bethe-Heitler process.
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Figure 1: Feynman graphs for Bethe-Heitler lepton pair production.

The algebra is somewhat involved but I have managed to code the expressions for the
unpolarized BH cross-section in the case when only one lepton (say, electron) is detected
— this is given by Eq. (2.7) of [1] — as well as the polarized cross-section under the same
conditions — given by Eq. (7) of [2]. I encountered several problems:

1) what type of structure functions to use in these cross-sections, meaning W1 and W2

in [1] and G1 and G2 in [2]; this is related to the magnitude of q2 of the virtual photon
involved in the process, which varies a lot depending on the kinematics, hence different
physics regimes become pertinent: if |q2| is small, one needs atomic (!) form factors,
while if it is comparable to inverse proton radius squared, one needs nucleon elastic form-
factors, and if it is even larger yet, one needs the DIS-scale g1(x,Q

2) and g2(x,Q
2) instead.

Ultimately I used the usual nucleon elastic form-factors to obtain at least good estimates,
i. e. parameterization (B44) of [1] without the delta-func and formulas (9) of [2]. I have
no gut-feeling yet of the error I am committing by adopting these assumptions.

2) Which angular range for θe, the electron scattering angle, to cover. This is related
to the question of integration stability as the double integrals fall off rapidly with θe and
my Mathematica is struggling with them — and I would need more time to see what
causes the poor convergence of adaptive integration in those domains. I also took a
different approach in polarized vs. unpolarized cases: in the former case I used direct
2d integration, in the latter case I used 1d integration within a 1d integration, which is
slower and even less stable.

Figure 2 summarizes the results for low angles (0◦ ≤ θe ≤ 30◦); the wiggles betray
numerical integration woes. If the calculations are sort-of correct, one can see that the
cross-sections are very much forward peaked and comparable to our 150µb “beacon”, yet
note that the dσBH shown are still differential in pe and Ωe. The asymmetry increases
with θe but I guess this would not hurt since both unpolarized and polarized cross-sections
fall dramatically with θe. Note that one should also consider the µ+µ− process; according
to [1], for large transverse momenta of the produced particles, the cross-section is nearly
independent of the mass of the particle produced.
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Figure 2: Bethe-Heitler unpolarized cross-section (top), polarized (center), asymmetry
(bottom) for Eγ = 11 GeV and different pe, as function of θe.
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