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Ultra-peripheral heavy-ion collisions

e EM field from ultra-relativistic ions: a beam of quasi real photons

(intensity = Z2) [\(\ [Y\
= Photon energy frontier: up to ~ 500 TeV in target frame at the LHC V?_C_
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Ultra-peripheral heavy-ion collisions

e EM field from ultra-relativistic ions: a beam of quasi real photons
(intensity = Z2)
= Photon energy frontier: up to ~ 500 TeV in target frame at the LHC
energies
® Single gluon exchange:
- Lowest-order cross section is directly proportional to the gluon
distribution

- Final state particles must be color-neutral: additional gluonic
string forms between the target and final state leading to
complex final state system
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Ultra-peripheral heavy-ion collisions

e EM field from ultra-relativistic ions: a beam of quasi real photons

(intensity = Z2) [\/\ [Y\
= Photon energy frontier: up to ~ 500 TeV in target frame at the LHC vEel
energies |W w
e EXxclusive vector meson photoproduction: b
- No net color charge transfer: at least two gluon exchange m m I
- Rapidity gap around the produced particle w w vC
- Some caveats in connection with PDF (gluon distribution) \
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Exclusive photoproduction (mainly vector meson but more!)

ALICE exclusive UPC event display: from A. Khatun: arXiv:2405.19069
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Exclusive 777~ photoproduction

A.Donohoe Wed. 9:00

10 { data ® Composed with vector
— f)”:lll;“rho meson decay products,
10° T —— continuum production and
| [ Background their interference

102 2.75<y<4.50 » First access of 777~

photoproduction in
forward rapidity in UPCs
with wide invariant mass
range
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Exclusive 777~ photoproduction

X. Li, Poster #129
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o Composed with vector meson decay products, continuum production and their interference

® First access of transverse momentum dependent Drell-Soding (continuum) cross section (and angular
modulation)

® Measure the different scattering behaviors and deeper understanding on interference
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Searching for resonance and exotic hadrons
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M.Kim Wed. 9:40
¢ Exclusive production of multiple tracks in final states—resonance structure in invariant mass distribution

o T n~ntn~ state favors two interfering resonances with a mixing angle
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Searching for resonance and exotic hadrons
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¢ Exclusive production of multiple tracks in final states—resonance structure in invariant mass distribution

o JIw( = utu")p( - KTK™) shows tetraquark candidates previously observed in B* — J/y@K™ decays

e Caveat: production mechanism? i.e. double pomeron exchange
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J /Iy photoproduction: region of moderate shadowing
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o Coherent production: photon interacts with the whole nucleus
® No single model describes measured cross section in full range of center of mass energy (Bjorken x)

=>Lower-x better described with models including shadowing/saturation while Glauber calculation
works better in higher-x
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J /Iy photoproduction: region of moderate shadowing
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® Incoherent production: photon interacts with single nucleon/subnucleonic structure

e LTA and CGC describes general trend of measured cross section, yet no single model describes
measured cross section in full range

= 0Open questions: role of sub-nucleonic fluctuations, onset of saturation,....?
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J /Iy photoproduction: region of moderate shadowing
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® Incoherent production: photon interacts with single nucleon/subnucleonic structure

e LTA and CGC describes general trend of measured cross section, yet no single model describes

measured cross section in full range
New theoretical developments + more differential measurements (i.e. |fl) with better granularity measurements required!
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Caveat: Sizable impact of NLO on J/y photoproduction
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e pQCD NLO: LO and NLO gluon amplitudes cancel to a large degree; different quark/gluon
density sensitivity than LO

o Sizable impact of NLO contribution in dipole picture, better describes the measurements
e Can we (experimentalists) do better in terms of studying low-x gluon?
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Prospect of Y photoproduction measurement
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P. Pujahari Wed. 11:50

= Y photoproduction: gluon dominated in NLO (at least) + weaker scale dependence
=»> Work in progress in p-Pb and Pb-Pb UPCs!

Minjung Kim
UC Berkeley

14

Hard Probes 2024
22 - 27, September 2024


https://indico.cern.ch/event/1339555/contributions/6040929/

Inclusive photoproduction: new phase of UPC physics

ATLAS inclusive photoproduced dijet event display: from B.Gilbert

ATLAS

EXPERIMENT

Run: 286717
Event: 36935568
2015-11-26 09:36:37 CESI
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Inclusive photoproduction (mainly single gluon exchange)

Cartoons from B.Gilbert
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Inclusive photoproduction (mainly single gluon exchange)
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Innovative Measurements in UPCs: Technically challenging measurements
1. Parton fragmentation and hadronization
2. Additional event-by-event fluctuation from resolved process
3. Background from hadronic interactions of Pb-Pb on top of usual electromagnetic
dissociation and two gamma process

v' Extremely good control on event topology required to enable theoretical interpretation!
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Photonuclear dijet production
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Theory / Data

Photonuclear dijet production
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Photonuclear dijet production
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Open charm production in UPCs: a new probe for small-x
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® First constraints on nuclear gluon PDFs over a wide region of Q2 (10 < Q2 < hundreds GeV?)
at low-x (~ 5*10-4< x < 10-2) in the absence of sizable final state effects

o Kinematic information of process accessible via differential measurement of final state
open charm hadron
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DO photoproduction in UPCs

C. McGinn Wed. 10:50
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® First measurement of DO photoproduction in UPCs; good agreement with FONLL+nPDF

® Opens the way for a large program of open heavy-flavor hadrons, jets and correlations

in UPCs collisions at the LHC
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Open charm production in UPCs: more measurements are coming

. S. Nese Wed. 10:00
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® First measurement of DO photoproduction in UPCs; good agreement with FONLL+nPDF

® Opens the way for a large program of open heavy-flavor hadrons, jets and correlations
in UPCs collisions at the LHC
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Summary and outlook

Multiple probes of exclusive UPCs map the target (gluon) distribution in nuclei M- Dyndal Wed. 11:10 K. Wang Wed. 09:00
Studying the nuclear structure at high energies (small Bjorken-x), dense gluon system towards extreme condition, i.e.
black-disc limit approach of QCD, onset of saturation,..

Clean environment study offering insights into other (broader) areas of physics: various couplings between photon/hadron
and mesons, discovery of new exotic hadrons, guantum interference effect and searching for new physics (BSM) and
more....

More differential measurements with better granularity towards precision measurements together with new theoretical
developments:

Capture the “dynamic” target (gluon) distribution of fluctuations
Better understanding photoproduction coming with QGP; impact parameter info. + new insight into QGP as well?

New phase of UPC physics with measurements of inclusive production just started!
Lowest-order cross section is directly proportional to the gluon distribution

Strong constraint power on nPDF with wide kinematic ranges

Clean environment to study open questions arising from hadronic interaction: i.e. hadronization mechanism, parton
shower, .....

Many thanks to all UPC speakers and poster presenters in HP2024, in particular, special thanks to lonut Arsene, Zaochen Ye,
G.M. Innocenti, Ben Gilbert, Amanda May Donohoe and Matt Durham
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https://indico.cern.ch/event/1339555/contributions/6040921/
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Not covered in this talk: 1. more on vector mesons
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ALICE, Pb-Pb UPC, |5, = 5.02 TeV
V. l<08,p <0.1GeVic
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I Bestfit
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ALICE Pb-Pb UPC {5, = 5.02 TeV
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p._<0.1GeVic, ly| <0.8

8 ALICE
STAR Au-Au UPC Ysy = 200 GeV, p_< 0.06 GeV/c

== STAR U-U UPC |5, = 193 GeV, p, <0.06 GeV/c

H. Xing et al.
~ W.Zhao et al.
Hﬁﬁﬁﬁﬁﬁﬁﬁ!&ﬁﬁﬁﬁﬁﬁﬁﬁﬁ
OnOn XnOn + OnXn XnXn

b~ 23 fm

b~19 fm
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Not covered In this talk: 2. in peripheral collisions

RuRu + ZrZr at VSNN = 200GeV

S STAR preliminary
L Centrality: 30-80%
= 07171 T T T [ | <0.8,p5>0.5GeV/c|y,|<0.8
= - ALICE, Pb-Pb, \s, =5.02TeV —Zhaetal. - 0.4_— P < 0.2 GeV/c
> 00 j1p — e%e, Iy < 0.9 ---GBWS2 - ~ [ —e 02<p¥<15GeVic
g\g 500 - P, <0.2GeV/c : IClil\IgV?IZSS = ’ELJ 0.2~ —— pf <0.2 GeV/c sub hadronic
_8 E Norm. uncertainty: 2.5% —1IM S3 E 'e.'m i == EPA-VMD, Wu et al.
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Not covered in this talk: 3. connection to searching for new physics

Phys. Rev. Lett. 131 (2023) 151802

Exclusive tau-pair production in Pb+Pb UPC

* Measure ar = (g — 2)/2 with template fit
e Using muon pT distribution in the three SRs and 2u-CR

e Constraints on a; similar to those observed at LEP

T l T T T T I T T T T I T T T T I T T T T I T
1

arXiv:2408.11035

Magnetic monopole search in Pb+Pb UPC

Pb Pb

e Use 0.262/nb of 2023 Pb+Pb data at 5.36 TeV
e Trigger strategy M

* low-energy MM would loose energy primarily in the innermost Si layers pp
* L1: coincidence of ZDC A+C signals

<Z|

Pb*

OPAL 1998 :
| + veto on total transverse energy in calo (Er<10 GeV)
L3 1998 ® i e : :
;  HLT: > 100 Pixel clusters w/o any specific tracking selection
S ——
DELPHI 2004 ! ATLAS
| Pb+Pb \s,=5.02 TeV, 1.44 nb™
1T-SR o i .
i : O e o e  Event selection
|J.3T‘SR : : — () See also 1ollow-up measuremen S Trom o \ !
: —98%CL (Mon session) * Ntracks < 1, Ntopociusters < 1 = removes collision background IR R
ue-SR —=—@ i . .
Combined - * NpixelClusters >150, lncludlng NiBLclusters > 50
~ ° | — suppress beam-induced background (BIB)
Expected e —— . . .
. 0P1. et SoE o * Fraction of Pixel clusters from a single module, ..
T TV . . . - i simulated MM pair production
a ; fleading-module<0.9 — t0 suppress events from noisy modules \\"*~.'-(m=20 el s
Minjung Kim . Hard Probes 2024
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Not covered In this talk: 4. future perspectives




