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Ultra-peripheral collisions

large—impact-parameter interactions
hadronic interactions strongly suppressed

instead: electromagnetic interactions
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photon flux « Z2

b>Ra+Rg VAV . \VAVAVAV/
+ AVAVAVA =
2
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photon virtuality Q? < (R_
A TES maix

— quasi-real photons System | /$4p Ea Es (2) vaon | (b) Eyman | (¢) ENG0,, | (d) WIH
o pPb [ 5.02 TeV [ 4 TeV | 1.567 TeV | 1.43 x 107 | 28 MeV 0.4 PeV | 0.86 TeV
: YIC Pb 8.16 TeV | 6.5 TeV 2.56 TeV | 3.78 x 107 28 MeV 1 PeV 1.4 TeV
maximum photon enerqgy = P ' ' ' ' °
P gy binin pPp 13TeV | 6.5TeV | 6.5TeV | 9.6 x 107 | 116 MeV 11 PeV 4.6 TeV
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Exclusive quarkonium photoproduction:

Kinematics

Kinematic variables

* hardness scale of the interaction:
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Exclusive quarkonium production and its backgrounds
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Measurement of exclusive production at LHCb
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Measurement of exclusive production at LHCb
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Exclusive single Y production in pp collisions
* Exclusive J/¢ and Y(2S): /s = 7 TeV and part of ,/s =13 TeV data (from 2015)

— xg down to 2x10-6

* Reconstruction via dimuon decay, with 2<n<4.5.
* No other detector activity.
* Quarkonia J//g and P(23): 2<y<4.5 and p$<0.8 GeV?
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Exclusive single Y production in pp collisions
* Exclusive J/¢ and Y(2S): /s = 7 TeV and part of ,/s =13 TeV data (from 2015)
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Background: feed down and proton dissociation

v/s = 7 TeV J. Phys. G: Nucl. Part. Phys. 41 (2014) 055002
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Background: feed down and proton dissociation

v/s = 7 TeV J. Phys. G: Nucl. Part. Phys. 41 (2014) 055002
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PP Cross section
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JMRT prediction, based on gluon PDF:

At low xg, approximate GPD to gluon PDF
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Exclusive single Y production in pp collisions
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ALICE: exclusive single-J/y production in pPb collisions
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neutron zero-degree calorimeters (ZDCs)
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pPb: use Z2 dependence of photon flux
— PDb Is predominantly photon emitter
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Extraction of the J/{ photoproduction

* r = gap survival factor

M
ke = %eiy = photon energy
pPb: use Z2 dependence of photon flux pp: ambiguity in ID of photon emitter |. dcj{_”i = photon flux

— PDb Is predominantly photon emitter
« Wi = 2ky+/s =ypinvariant mass

relation pp and yp cross section:

dn dn
Opp—spiop = T(W4 )kt @va—mbp(WﬁL) T T(W—>k—£0ﬁp—>¢p(w—)
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yp cross section: LHC
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pp, Pbp and ep data: hint of
universality of underlying physics
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Coherent production

Nuclear GPDs (PDFs at low Xg)
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Coherent production

Nuclear GPDs (PDFs at low Xg)
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Coherent photoproduction in PbPb at ALICE

ALICE, Eur. Phys. J. C 81 (2021) 712
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Coherent photoproduction in PbPb at LHCb: y dependence

Pb 4+ Pb — Pb 4 Pb + 1)

JHEP06(2023)146
15 Frrrr|rrrrrrrrrrrrprrrr| ® data
_ . stat. unc.
LICb — 1 HCH | L_syst. unc.
(_Jolwe:rmt: J/p pmdncgon . \\§\\ PbPb /sxx = 5.02 TeV 110 bOCD (GKS7)-
N Luminosity une. : 4.4% | i \\\\\ Coherent ¢/(25) production 7| #LTA / | hadowi
1.0 fmea . SN Luminosity une. : 4.4% — -:']El.iSD?me} nuciear Shadowing
N NN | NLO pQCD (FEGLP):

P PSi] _
SP'DE onge. nuclear shadowing
ocale varalion
- Colour-dipole:
-+~ bCGC+BG (GMMINS)
-+ bCGC+GLC {GMMNS)
- === IP-SA'l'| BG (GCMMNS)
~ -—== IP-SAT+GLC (GMMNS)
1 -=-Is fluct. +BG (MSL)
- = Nc fHuct. | BG (MSL)
—=—-1Is fluct. +GLC [MSL)
& | Neofuct. +GLC (MSL)
—=J --=- (CBW BT (KKNP)

5 -~ GBW+POW (KKNP)

-+ KST+DBT (KKNT)
% -—- GG-hs| BG (CCK)

doy/y/dy™ [mb)
OO VN WL R R TGO O

DOt OCTt OOt O Ct O Oto Ot O Ot

106



Disentangling the ambiguity on the ID of the ¥y emitter

detector
P(A)

Y

19



Disentangling the ambiguity on the ID of the ¥y emitter

detector detector
P(A) P(A)

Y

19



Disentangling the ambiguity on the ID of the y emitter

detector detector
P(A) P(A)

E,=small Y

19



Disentangling the ambiguity on the ID of the y emitter
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Disentangling the ambiguity on the ID of the y emitter
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vﬁ

Photon flux N, / A(Ev) Is function of impact parameter:

enhanced for large E, at small impact parameter.
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Disentangling the ambiguity on the ID of the y emitter
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Photon flux N, / A(EW) Is function of impact parameter:

enhanced for large E, at small impact parameter.

Small impact parameter, b =—®higher probability for exciting (=« 1/b2) —p higher probability to emit neutrons.
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Photon flux N, / A(EW) Is function of impact parameter:

enhanced for large E, at small impact parameter.
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CMS central detector and the (far-)forward region
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Disentangling the ambiguity on the ID of the y emitter

0 7/9(En1)

0 7/9(Er 1)

0 7/¢(Eq1)
measured computed computed
(StarLight) (StarLight)

22



Disentangling the ambiguity on the ID of the y emitter
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CMS: yPb cross section, energy dependence
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ALICE: yPb cross section, energy dependence
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coherent scattering

Incoherent production

Incoherent scattering

Trot ~ (JA]%) average cross sections

average amplitude over target configurations:

Teon ~ |(A)]° AR
probes average distributions

19 Incoherent
Oincoh ™~ Al '
h %;Z (1 A[2) = difference between both:

probes event-by-event fluctuations
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coherent scattering

Incoherent production

Incoherent scattering

Trot ~ (JA]%) average cross sections
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Incoherent production measured by ALICE in PbPb

arXiv: 2305.06169
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Incoherent production measured by ALICE in PbPb

Model / Data
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Summary

 EXxclusive single-quarkonium production in pp:
* unique potential to constrain GPDs at very low xg, down to 10-6
 probe universality

 EXclusive single-quarkonium production in pPb:
cleanest channel to probe the proton in hadron-hadron collisions, since absence of ambiguity

 Exclusive single-quarkonium production in PbPDb:
e access to nuclear GPDs
e potential to probe saturation effects
e neutron tagging by CMS and ALICE: intriguing small linear rise of cross section for Wyn>40 GeV

e first measurement of the incoherent photonuclear production of J/ by ALICE

* For access to GPDs, need measurements double-differential in y and t.
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