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We discuss the@p — ppy reaction at the LHC. We consider diffractive classical bsstrahlung
mechanisms including effects of non point-like nature adtpns. In addition, we take into
account (vector meson)-pomeron, photon-pion as well asophpomeron exchange processes
for the first time in the literature. The integrated diffiget bremsstrahlung cross section
(Ey > 100 GeV) is only of the order ofitb. We try to identify regions of the phase space
where one of the mechanisms dominates. The classical birammssig dominates at large for-
ward/backward photon pseudorapidities, close to the psapdlities of scattered protons. In
contrast, the photon-pomeron (pomeron-photon) mechad@minates at midrapidities but the
related cross section is rather small. In comparison theallomega-rescattering mechanism
contributes at smaller angles of photons (larger photoidlités).
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1. Introduction

Exclusive diffractive photon bremsstrahlung mechanisreh#een studied recently [1] in the
pp — ppy reaction at the LHC! Because at high energy the pomeron exchange is the driving
mechanism of bremsstrahlung it is logical to call the me@®ras described by the diagrams from
(a) to (d) in Fig.1 the diffractive bremsstrahlung to digtiish from the low-energy bremsstrahlung
driven by meson exchanges.

We shall include bremsstrahlung diagrams as well as somealiagrams characteristic exclu-
sively for proton-proton scattering, not present e.gg'ia~ scattering. We include diagrams which
arise in the vector-dominance model as well as photon-giom{photon) and photon-pomeron
(pomeron-photon) exchange processes not discussed adliarliterature. We shall try to identify
the region of the phase space where one can expect a domioiaoce of the processes through
detailed studies of several differential distributionsieTexclusive photon production mechanism
is similar topp — ppw [2] and pp — ppr° [3] processes. As discussed in the past the dominant
hadronic bremsstrahlung-type mechanism is the Drellddidddck mechanism [4] for diffractive
production ofniN final states (for a nice review we refer to [5] and referenbesein). The photons
radiated off the initial and final state protons can be seethé&yero Degree Calorimeters (ZDCs)
[7] in the pseudorapidity regiofn| > 8.5 and 83 at the CMS and ATLAS, respectively. The
scattered protons can be tagged e.g. by the ALFA detectd®&L#S (see [9]) or TOTEM at CMS.

2. Sketch of formalism

The amplitudes for exclusive production of photons showresatically by diagrams in Fig.1
are discussed elsewhere [1], e.g. formula of diagram (apeasritten as

B e = €U(PLADE(Pa. A3)Su (PP vFu(pa, Aa) Py (PB) Fenn (P3¢

_ g or(t2)—1 BNN¢ 1
xisCRN <§> exp( P2 2> 2g U(P2:A2) Vu(Po, Ap) (2.1)

We use interaction parameters of Donnachie-Landshoff fi%é¢ to the total and elastinN and
NN scattering, see [11]. In the bremsstrahlung processessdisd here the intermediate nucleons
are off-mass shell. In our approach the off-shell effedatee to the non-point-like protons in the
intermediate state are included by the following simpleafarm factors
AN

F(p?) = :
)= g

(2.2)

The cut-off parameterdy in the form factors are not known but could be fitted in the fatto
the (normalized) experimental data. We shall discuss h@wititertainties of the form factors
influence our final results.

1The pp— ppy process at high energies was discussed before in [6] andsiton@posed to use the exclusive
photon bremsstrahlung to measure or estimate elasticrpptzion cross section at the LHC. But only the approximate
formulas for the classical bremsstrahlung were given th&he participating particles were treated there as pdket-|
particles. No differential distributions for the exclusiliremsstrahlung have been discussed.

2The exclusivepp — nnrtt 7t [8] can be also measured with the help of the ZDCs. Very largescsections has
been found which is partially due to interference of a few hagisms.
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Figure 1. Diagrams of the dominant diffractive bremsstrahlung (aj)-driven by the pomeron exchange,
and from (e) to (j), the virtuado - pomeron exchanges (ar-rescattering), thg - ° exchanges, and the-
pomeron exchanges (gfrescattering).

3. Results

In the following section we show results of the differentititributions for the all mecha-
nisms of Fig.1. In calculating cross section we performgraéons in; = log;o(p1. /1 GeV) and
& =100,0(p21/1GeV) instead inpy; and py,, in the photon pseudorapidity, and the relative
azimuthal angle between the outgoing protgns= @ — @.

Corresponding distributions in the photon energy and thestrerse momentum are shown in
Fig.2. The ZDC detectors can measure only photons above soergy threshold. In the calcu-
lation of classical bremsstrahlung presented here we asByn 100 GeV as an example. The
contribution of classical bremsstrahlung is concentratiedery small transverse momenta which
is consistent with very small photon emission angle (largguporapidity). The other distributions
have rather similar shape and vanistpat, = 0 GeV. The exact shape may depend somewhat on
the functional form and values of cut-off parameters ofsti€ll form factors taking into account the
non-point-like nature of the vertices involved. Here weééixed the values of the corresponding
form factors at typical hadronic scales.

In Fig.3 we show two-dimensional distributions for the slaal bremsstrahlung ifé1, &2)
in a full range of photon (pseudo)rapidity and(ia,t>) for n, > 0. We observe an enhancement
along the diagonal. This enhancement is a reminiscenceea@l#stic scattering for whicky, = &,
ort; =t,. The distributions discussed here could in principle baioled with the TOTEM detector
at CMS to supplement the ZDC detector for the measuremertaibps.

Photon (pseudo)rapidity distribution is particularlyargsting. In Fig.4 we show both distri-
butions for photong, (left panel) and corresponding distributions for outgoprgtonsn,, (right
panel). In this variable both protons and photons are Ipedlin a similar region of pseudorapidi-
ties (or equivalently polar angles). The classical breraking clearly gives the largest contribu-
tion. It is also concentrated at very large i.e. in the region where ZDC detectors can be used.
We observe a large cancellation between the correspondingstin the amplitude (as shown in
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Figure 2. Energy spectrum of photons (left panel) and distributiotréamsverse momentum of photons
(right panel) for all processes considered herg’'st= 14 TeV and fom, > 0. For classical bremsstrahlung
we have impose#, > 100 GeV and used two values&f; = 0.8,1 GeV in the proton off-shell form factors
(see the lower and upper solid line, respectively).
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Figure3: Distributionin(&1,&2) = (10g;0(p1./1GeV),log;o(p21/1GeV)) (left panel) and intg, t) (right
panel) for the classical bremsstrahlung mechanismgsat 14 TeV. We have imposed in additidgy, >
100 GeV and usedy = 1 GeV.

the left panel between diagrams (a) and (c) denoted by theelbhg-dashed and the blue short-
dashed lines, respectively). Therescattering process with pomeron exchange clearly datesn
in the region of, < 6. The cross section for this process is rather small. Glearlexperimental
measurement there would be a challenge.

If both protons are measured one could also study corrakatiothe relative azimuthal angle
between outgoing protons. Our model calculations are shoviaig.5. One can observe a large
enhancement at back-to-back configurations for the clsbiemsstrahlung which reminds the
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Figure4: Distribution in (pseudo)rapidity of emitted photons (leénel) and in pseudorapidity of outgoing
protons (right panel) a{/s = 14 TeV. For classical bremsstrahlung we have impdsgd- 100 GeV and
used two values ofy = 0.8,1 GeV (the lower and upper solid line, respectively). Thedopseudorapidity
limit for the CMS ZDC detectorrf, > 8.5) is shown in addition by the vertical line.

elastic scattering casenb = ). The contributions of other mechanisms are significanthalter

and weakly depend og».
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Figure 5: Distribution in relative azimuthal angle between outgoprgtons for different mechanisms at
v/S= 14 TeV and fomn, > 0. For classical bremsstrahlung we have impdsgd- 100 GeV and used two
values ofAy = 0.8,1 GeV (the lower and upper solid line, respectively).

4. Conclusions

We have considered several mechanisms of exclusive sihglem production and calculated
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differential distributions at the LHC nominal energy. Byposing several cuts one could select
or enhance the contribution of one of the mechanisms. Tlesick bremsstrahlung mechanism
turned out to give the biggest cross section concentratéatge photon (pseudo)rapidities. The
photons are emitted at only slightly smaller pseudorailithan the scattered protons. We ob-
serve a strong cancellation between the initial and finaé stdiation. The cross section for the
classical bremsstrahlung is peaked at back-to-back caafigns (similar transverse momenta or
polar angles of outgoing protons and relative azimuthaleaogncentrated close tp, = ). This

is a clear reminiscence of elastic scattering. Cut on phetwrgy E, > 100 GeV) reduces the
region of @ = T significantly and the integrated diffractive bremsstrallicross section is only
of the order ofub. The cross section for pion-photon or photon-pion exchang much smaller.
Here both small (photon exchange) and large (pion exchadogedmomentum transfers squared
are possible. For this process there is no correlation muthial angle between outgoing protons.
The classical bremsstrahlung mechanisms could be studigdlose future with the help of Zero
Degree Calorimeters (photons) and the ALFA or TOTEM detscfprotons).

Summarizing, even present LHC equipment allows to studiusi@ production of photons.
Since this process was never studied at high energies it ithwom make efforts to obtain first
experimental cross sections. Since the cross sectiongaserrably large one could try to obtain
even some differential distributions. This would allow &stt our understanding of the diffractive
processes and help in pinning down some hadronic and efeatnoetic off-shell form factors,
difficult to test otherwise.
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