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Photon induced processes
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Feb 17-21 2025, Heidelberg

important possible processes:
@ inclusive photoabsorption (soft or hard) processes.

o diffractive photoproduction of vector mesons or general diffractive excitation products of the
photon, with or without excitation of the target.

@ photon-photon processes
@ nuclear photoexcitation




Photoinduced inelastic processes

Figure: Diagrams for the cross sections with dissociation of both hadrons, AB — XY (left) and one of the
hadrons, AB — XB (right), respectively.

Many similarities with single & double diffractive dissociation:
@ color singlet exchange in the t—channel (photon instead of Pomeron).
@ dominated by M)Z( y/8 < 1, with large rapidity gap between hadron remnants.

Other properties:
@ calculable in terms of hadron tensor measured in DIS

W (Pa. 9) = —6.5, (Pa, 9) Wr(M2, Q) + €%,ed W, (M2, Q?)
do WL@ (Pa, Q) é WBE (pg —q). Low&Treiman’72

@ long range in impact parameter space, dominated by small photon virtualities Q2.



Photoinduced inelastic processes

cross section: Carimalo et al. '74
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@ known functions Cj(s, @2, M2, M2),i,j€ T,L

@ ¢4 g convention dependent qux factor, e.g.
pa=da=Mgz—mi, or ¢a=A\/3(MZ, M5 —-Q).

@ virtual photoabsorption cross sections (lnelastlc vertices):
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@ elastic vertices involve electromagnectic form factors:
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oT( A M, Q) = = a(My — ) Giy(QF)
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o for spinless nuclei, only GZ(Q?) contributes. Enhanced by large Z2 of heavy nucleus.



Input and total photoabsorption cross section on the proton
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@ total photoabsorption
cross section:
resonances at low
energies, high energy
Pomeron behaviour with
typical soft Pomeron
intercept
Ap ~0.08 +0.1.

@ high energy data from
cosmic ray muons and
at highest energies from
H1, ZEUS at HERA.

@ Our calculations use a parametrization of structure functions including resonance region,
nonperturbative Regge terms and NNLO pQCD calculations at large Q2, W2.

@ Plot shows the restriction to Q® = 0. Regge fits: ALLM and GDP07 by HERMES Collab.

@ blue dashed line: color dipole model extrapolated to Q2 = 0.



pp — XY via one-photon exchange: invariant mass distributions
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Figure: Distributions in invariant masses My, My for the process pp — XY at v/s = 13 TeV via one—photon
exchange. The left panel shows the low—mass resonance region of the yp — X, vp — Y processes, while the
right panel shows large masses, My, My > 2GeV.



pp — XY via one-photon exchange: invariant mass vs Q2
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Figure: Distributions in invariant masses My, My for the process pp — XY at v/s = 13 TeV via one—photon
exchange. The left panel shows the low—mass resonance region of the yp — X, vp — Y processes, while the
right panel shows large masses, My, My > 2 GeV.



Invariant mass and Q? distributions for pp — XY
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Invariant mass and Q? distributions for pA — XA: low My
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Figure: Distributions of invariant mass (left panels) and photon virtuality (right panels) in the electromagnetic
dissociation of protons on nuclei for the low—mass range of My < 2GeV.



Invariant mass and Q? distributions for pA — XA: high My
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Figure: Distributions of invariant mass (left panels) and photon virtuality (right panels) in the electromagnetic
dissociation of protons on nuclei for high—mass contribution using the GDP-07 fit including uncertainties.

@ We do not measure the ion (photon source), so don’t know photon energy. To determine
energy of yp collision, need to measure the whole hadronic final state — ongoing work.

@ If we wish to use protons as a photon source, we could measure the proton by tagging. But
need special low-lumi conditions (pileup problem).



DO photoproduction on nuclei: quest for the nuclear gluon distribution

Po(A+B—ARD+X) [ dz o [Ro(A+ B — A® &+ X)
:/ —5Deypo(2,147)
Z pT

dYpd?pr p

‘min

do[AB — A® cC + X]
dYcd?pr

@ open charm photoproduction as a probe of
the small-x gluon distribution of the target.

@ gluon saturation: saturation scale enhanced
by large size of a nucleus.

@ leading twist shadowing of nuclear gluon
distribution?

@ in UPC one of the ions serves as a source
of Weizsacker—Williams photons. On top of
the hard process, ions can be excited
electromagnetically. Large contribution from
giant dipole resonance which evaporates
neutrons.
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Electromagnetic dissociation

@ left: photoabsorption
cross section on 208Pb,

@ right: impact parameter
dependent probabilities
for 1,2,3-neutron
emission.

M. Klusek-Gawenda,
M. Ciemala, W. S. and
. S A. Szczurek, Phys. Rev.
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effective photon flux:

stf/fA(X) = /dszNA(‘*‘" b)P(b)Pstrong(b), X = 2w/v/SNN

@ exclude impact parameter space configurations, where ions overlap:
Pstrong(b) = 0(b — 2Rpp), b = | b).
@ Probability of no electromagnetic excitation:
. Z2em

P(b) = exp[~7(b)], ﬁ(b)zb—i, S= /E°°

T2

dE
Eo'tot(’YPb; E).

min

GDR contribution: S = (11.4 fm)?, for E < 10 GeV: S = (15 fm)?,



Color dipole representation of YA — ccX

cross section:

O rn = gy | E1E el (= P via )

X

/ d?sexplil - s]{a(s +zr') 4+ o(s — zr)

—o(s—2(r—r)—a(s)} ,

@ herek =(1—-2)p, — zpz, and A = p. + pz
@ dipole cross section <« unintegrated gluon distribution

dipole cross section:

o(r,x) = N ci(zkas]:(x k)( "” /d2kf(x k) ( ok r)

dor(yh — ctX)
dzd?p -
where the auxiliary functions B,- are defined by
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1

Pr pr+k _
pr+mz  (pr+ k)2 + mg

pr+mg  (pr+K)P+mg
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The putative “gluon shadowing” from exclusive J/1 photoproduction in

UPC

A.tuszczak, W. S., Phys. Lett. B 856 138917 (2024), for GBW dipole cross section, including ccg state

—4— ALICE

—+ CMS

— GBW-S +ctg
—-GBW-S

o(yPb — J /v Pb)
oia(yPb — J/+Pb)

no_n gA(X7 mg)
AgN(Xa m§)

@ Ry(x): is supposed to quantify the suppression (shadowing) of the per-nucleon glue in the
nucleus at small-x.

@ CMS, [arXiv:2303.16984 [nucl-ex]]; ALICE, JHEP 10 (2023), 119.

@ see collinear approach to hard nuclear proceses nNCTEQ, EPPS, .. . (talk by Michael Klasen)



Distributions in rapidity and transverse momentum
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Figure: Predictions for the rapidity (left panel) and transverse momentum (right panel) distributions associated

with the inclusive D° photoproduction in PbPb collisions at /s = 5.36 TeV, derived assuming different models
for the nuclear UDG and P(b) = 1. The nucleus that has emitted the photon was assumed moving in direction
of positive rapidities.

o three different UGDs/TMDs from the literature (TMDLib)

@ CCFM (H. Jung) is a free nucleon UGD rescaled by A. Benchmark for no nuclear effects.

@ PB-EPPS is based on a EPPS16 collinear gluon distribution with leading twist shadowing.
Transverse momentum is generated from a DGLAP parton branching cascade. (E. Blanco et
al.).

© rcBK s a solution of the Balitsky—Kovchegov equation with running coupling (Albacete et al.).
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Figure: Predictions for the rapidity (left panel) and transverse momentum (right panel) distributions associated
with the inclusive D° photoproduction in PbPb collisions at /s = 5.36 TeV, derived assuming the rcBK nuclear
UDG and different assumptions for the nuclear electromagnetic dissociation.

@ We show curves for P(b) = 1, which correspond to the inclusive sum of no-excitation + any
number of neutron, as well as for finite P(b), appropriate for the 0nXn topology.

@ photon flux has stronger suppression the harder the photon — affects shape of kinematical
distributions.
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@ preliminary data from CMS,
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIN-24-003/

@ the data is for the 0nXn topology: one arm without forward neutrons, the other arm inclusive.
The Xn side includes the inelastic system.

@ a caveat: also diffractive production with subsequent neutron decay contributes to this
topology! Neglected in our calculation.

@ TMD based on EPPS gives the correct amount of nuclear suppression, the rcBK
overestimates nuclear effects.



Intermediate and large pr
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@ small-x limit for gluon at positive Y.
@ EPPS overpredicts cross section, rcBK systematically too low.
@ Especially at large Y additional suppression due to 0nXn constraint.




Summary

total photoabsorption cross section:

@ (mutual) photodissociation of protons/nuclei is calculable in terms of structure functions/form
factors.

@ possibility to measure otot(vp) beyond the HERA energy range?
@ need to measure the hadronic final state, to determine W.

@ To obtain otot(yA) even proton as a photon source would give sizeable cross sections.
Determine W, Q® by measuring protons?

@ Backgrounds from diffractive dissociation?




