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Prospects for diffractive dijet photoproduction at the EIC
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Abstract

We discuss the prospects of diffractive dijet photoproduction at the EIC to distinguish
different fits of diffractive proton PDFs, different schemes of factorization breaking, to
determine diffractive nuclear PDFs and pion PDFs from leading neutron production.
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1 Introduction

The HERA electron-proton collider, which operated at DESY Hamburg from 1992 to 2007,
has provided us with a wealth of experimental information on the strong interaction and the
quark and gluon structure of the proton [1]. In particular, parton density functions (PDFs) and
the strong coupling constant a, were determined with unprecedented precision, not only in
inclusive deep-inelastic scattering (DIS), but also from jet production in DIS and photoproduc-
tion. It came as a surprise that a large fraction of events (e.g. 10-15% in DIS) were diffractive,
leaving the scattered proton intact or in an excited state. Using QCD [2] and assuming Regge
factorization [3], these processes could be described in terms of diffractive PDFs.

In photoproduction [4], factorization for diffractive processes turned out to be broken [5],
similarly to observations at hadron colliders [6]. The question whether this occurred only for
photons resolved into their hadronic structure or also for direct photons (and thus globally)
could not be answered, also because the two processes become related at next-to-leading order
(NLO) of QCD and beyond [7].

The advent of a new electron-ion collider (EIC) at BNL raises hopes that a solution for this
long-standing problem might be found, although we will see that this will not be easy due to
the lower beam energies of the EIC compared to HERA and the ensuing dominance of direct
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Figure 1: Diffractive production of dijets with invariant mass M, in direct (left) and
resolved (right) photon-pomeron collisions, leading to the production of one or two
additional remnant jets. The hadronic systems X and Y are separated by the largest
rapidity gap in the final state.

photon processes [8]. However, the EIC will also provide access to so far completely unknown
nuclear diffractive PDFs, which would then allow one to test theoretical models of nuclear
shadowing and its relation to diffraction [9]. Finally, a leading neutron spectrometer would
permit to resume studies of the virtual pion cloud in the nucleon and thus of the pion PDFs at
low momentum fractions x [10].

2 Diffractive dijet photoproduction and HERA results

At HERA, electrons or positrons of 27.5 GeV energy collided with protons of first 820, then
920 GeV. Instrumentation with forward taggers allowed the study of both photoproduction
and diffraction. Dijet events accounted for a large fraction of the cross section (e.g. 10-20%
in DIS) [11]. The ratio of diffractive over inclusive dijets in photoproduction was 1-4% [12].

The two mechanisms of direct and resolved diffractive dijet photoproduction are illustrated
in Fig. 1. In inclusive DIS (i.e. with virtual photons y*), diffractive PDFs were extracted by both
the H1 [13] and ZEUS [14] collaborations and tested successfully in DIS dijet and heavy quark
production. When only a rapidity gap between the hadronic systems X and Y was imposed
and the intact proton was not measured as in the H1 2006 Fits A and B, the normalization
was larger by a factor of 1.23 than when the diffractive PDFs were determined with a leading
proton as in ZEUS 2009 Fit SJ. The H1 2006 Fits A and B differed mostly in their singular vs.
regular gluon behavior at large observed parton momentum fraction z]‘;,bs' in the exchanged
pomeron P.

3 Electron-proton collisions at the EIC

At the EIC, electrons of energy 21...18 GeV will collide with protons of energy 100...275 GeV,
leading to center-of-mass energies of 4/s = 92...141 GeV. Since only longitudinal momentum
fractions y and xp, x?bs‘ and zf}’,bs' are transmitted from the electron and proton to the photon
and pomeron and their partonic constituents, the invariant mass M;, of the hard dijet system is
typically small and requires low kinematic cuts. From experience at HERA, the (asymmetric)
cuts on the transverse momenta prq () can be as low as 5 (4.5) GeV [15]. The K-factor of
NLO/LO cross sections is about two for an anti-ky jet radius of R = 1 except at the kinematic

edges, where it can be larger [16].
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Figure 2: Left: Distributions in the observed pomeron momentum fraction z%bs' for
three different sets of diffractive PDFs at NLO QCD. Right: Evolution in Q% ~ p% of
the contribution from gluons in the pomeron. Here, xp < 0.03 is imposed.

As one can see in Fig. 2, with 21 GeV x 100 GeV beams and the expected luminosity the
two H1 2006 Fits A and B (which is similar to ZEUS 2009 Fit SJ) could be distinguished and
the evolution of the diffractive PDFs tested, although only over relatively small ranges in zz’)bs'
and Q% ~ p%.

With 18 GeV x 275 GeV beams, the range in jet pr then extends to 12 rather than only
8 GeV and in x°" and z]‘;bs' down to 0.2 rather than only 0.5, giving at least some access to
the resolved photon contribution as shown in Fig. 3. As also shown there, a similar effect can
be obtained by increasing the cut on the pomeron momentum fraction xp from 0.03 to 0.10,
although this also increases the otherwise subleading reggeon contribution. These conditions
give at least some hope to distinguish global from resolved-photon-only factorization breaking
at the EIC [16].
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Figure 3: Distributions in the observed photon momentum fraction x;’bs' in the 18
GeV x 275 GeV and 21 GeV x 100 GeV beam configurations (left) and with a higher
cut on xp < 0.10 (right).
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4 Electron-ion collisions at the EIC

Coherent diffraction on nuclei can be selected with a large rapidity gap and by requiring that
no neutrons are produced in the zero-degree calorimeter. At small x nuclear diffractive PDFs
are expected to be suppressed compared to the coherent sum of free nucleon diffractive PDFs
due to nuclear shadowing. In the model of leading twist nuclear shadowing, it can be shown
that [9]

fiaep, Q% xp) M A-0.65- f) (2p, Q% xp). ¢))
In addition, since the nuclei stay intact, the diffractive free nucleon PDFs obtained from pro-

cesses including diffractive dissociation like H1 2006 Fits A and B must be divided by a factor of
1.23. Our NLO predictions for diffractive dijet photoproduction on different nuclei are shown
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Figure 4: NLO QCD cross sections for coherent diffractive dijet photoproduction
eA — e’ + 2 jets + X + A with various nuclear beams and a center-of-mass energy
per nucleon of /s = 92 GeV at the EIC. The cross sections are shown as functions
of the jet average transverse momentum (top left) and rapidity difference (bottom
left) as well as the longitudinal momentum fractions in the photon (top right) and
pomeron (bottom right).

in Fig. 4. Scaling these predictions with a global suppression factor of 0.5 or with a factor
0.04 for resolved-only factorization breaking as expected from the commonly used two-state
eikonal model [17] leads to very similar results, making a distinction of these two schemes
again difficult [16].
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5 Conclusion

Identifying the mechanism of factorization breaking in diffractive photoproduction is a desider-
atum of the HERA program which should be addressed at the EIC. However, we have seen that
this will not be easy due to the lower EIC center-of-mass energy and the ensuing dominance
of direct photon processes. Access to nuclear diffractive PDFs is, however, a novel unique op-
portunity at the EIC, where in particular the connection of diffraction and nuclear shadowing
can be addressed experimentally.
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