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Exclusive meson photoproduction
hard scale = large quark mass

H1 — EPJ C 46 ('06) 585; 73 ('13) 2466; PLB 541 ('02) 251
ZEUS — Nucl. Phys. B 695 ('04) 3; PLB 680 ('09) 4
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large—impact-parameter interactions (> sum of radii):
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Ultra-peripheral exclusive quarkonia production

large—impact-parameter interactions (> sum of radii):
hadronic interactions strongly suppressed,
iIn favour of electromagnetic interactions

Wmex = 34 GeV PHENIX: Au-Au - Phys. Lett. B 679 ('09) 321
CDF: p-p - Phys. Rev. Lett. 102 ('09) 242001
CMS, PbPDb: Phys. Lett. B 772 ('17) 489
CMS, pPb: Eur. Phys. J. C 79 ('19) 277

ALICE: Pb-Pb - Eur. Phys. J. C 73 ('13) 2617; Phys. Lett. B 718 ('13) 1273;

Phys. Lett. B 751 ('15) 358; Phys. Lett. B 798 ('19) 134926;
Eur. Phys. J. C 81 (2021) 712; Phys. Lett. B 817 (2021) 136280.

ALICE: p-Pb - Phys. Rev. Lett. 113 ('14) 232504; Eur. Phys. J. C 79 ('19) 402
LHCb: PbPb — CERN-LHCb-CONF-2018-003

Wor™ = 15 1eVy | HCb: pp - J. Phys. G: Nucl. Part. Phys. 40 (13) 045001; 41 (14) 055002;
JHEP 1509 ('15) 084); JHEP10('18)167
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Coherent production — low Xg

At LHCDb: low xg! Down to 10-° or 10-6, depending on beam E.
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At LHCDb: low xg! Down to 10-° or 10-6, depending on beam E.

approximate GPDs to gluon PDF
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Coherent production — low Xg

Impact of LHCb data for nucleon PDFs

At LHCDb: low xg! Down to 10-° or 10-6, depending on beam E.
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Central exclusive production
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Central exclusive production
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Central exclusive quarkonium production and its backgrounds
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Central exclusive quarkonium production and its backgrounds
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EXclusive single-quarkonium production in pp

» Exclusive J/U and @(2S): v's = 7 TeV and part of v's =13 TeV data (from 2015) — xg down to 2x10-6
- Exclusive Y: /s =7 and 8 TeV data.

» Reconstruction via dimuon decay, with 2<n<4.5.

* Quarkonium: 2<y<4.5 and p2T<O.8 GeV?2
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EXclusive single-quarkonium production in pp
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Proton dissociation and feed down
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Proton dissociation and feed down

J/P feed-down background: P(2S)
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Proton dissociation and feed down
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PP Cross section
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Y Cross section

* r = gap survival factor
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Y Cross section

dn dn

* r = gap survival factor

O-pp—>p¢p — T(W+)k+ dk_|_ O-’yp—mbp(W-l—) —|_ T(W_)k_ dk,_ O-’Yp—>¢p(W—) °k:|: — %eiy — photOn energy
dn
. T = photon flux

2 . .
- W1 = 2k1/s = photon-proton invariant mass

J. Phys. G: Nucl. Part. Phys. 41 (2014) 055002
JHEP 10 (2018) 167

3 JHEP11(2013)085
E 1() : 1 1 1 1 1 r 11 I 1 1 1 1 1 | I B | I t 104 : . — l -
= - Power law fit to H1 data - % . LHCb
AT _
Q_‘ = :“'l““.lt{ —
§ - JMRT NLO prediction T il - (b)
1 - 1 - 103 S
Q.‘ 2 s J‘A ' = S : ................
&~ — el = 2 D R ™ et nsitivi
o 107 AT e LHCb (Vs= 13 TeV) :I = |l e LHED sensitvity
- X = LHCb (Vs=7 TeV) PP o : Nll:g
- g B i E
....... .I. ! Q%ICE :I PPb 10 [ B.G. bCGC — |
Hl A :I | Gauss LC bCGC - |
L
IT lIl »  ZEUS €p H1 2000 —— -
10 = | = Fixed target exp. IE 1k LHCb run 1 —— |
: 1 1 1 1 1 L1 1 I 1 1 1 1 1 L1 1 I I: 10 : ZEUS 1998/2009 T E
10° 10° 10° 10°
W [GeV] W (GeV)

Ambiguity in ID of photon emitter:

use HERA data for low-Ey contribution. 10 Neglect low-Ey contribution.



Production of charmonium pairs in pp

» sensitive to glueballs, tetraquarks

- sensitive to gluon distribution o [g(xp)]*
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cross sections: not corrected for proton dissociation
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« 7/ and 8 TeV data
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J. Phys. G: Nucl. Part. Phys. 41 (2014) 115002



Coherent J/Y in PbPb UPCs
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Coherent J/Y in PbPb UPCs

coherent scattering

Incoherent scattering

Coherent interaction: interaction with target as a whole.
~ target remains in same quantum state.

Incoherent interaction: interaction with constituents inside target.
~ target does not remain in same quantum state.

EX.: target dissociation, excitation
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Experimental important points

» Good separation of coherent and incoherent production. Not easy!

Incoherent/Breakup

do/dt

= Coherent/Elastic

|

t4 o 1] i3 ¥

t= squared momentum transfer to target
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Experimental important points :

» Good separation of coherent and incoherent production. Not easy!

» Coherent production: measurements up to large t:
3D or 2D (x independent) transverse position

x b, A
dA; GPD(z,0,A ) e *"+74
0

Experimentally limited by maximum transverse momentum.
Need to extend pr range as much as possible in measurement.
~third diffractive minimum.

Incoherent/Breakup

do/dt

IIIII| I IIIIIII| I IIIIIII| I IIIIIII| I IIIIIII| [ T TTTTTI

Coherent/Elastic

|

t4 o 1] i3 ¥

t= squared momentum transfer to target
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Experimental important points :

» Good separation of coherent and incoherent production. Not easy!

» Coherent production: measurements up to large t:

»3D or 2D (x independent) transverse position L
@ - Incoherent/Breakup
dAJ_ GPD(QE, O, AJ_) (‘3_Z.bLAL g g
0 S |
_ o _ - Coherent/Elastic
Experimentally limited by maximum transverse momentum. - “
Need to extend pr range as much as possible in measurement. -
~third diffractive minimum. 3
Saturation, Wyp= 1TeV, Q2= 10 GeV’ :
— Saturation, Wyp= 1TeV,Q=0 L “
A Saturation, Wyp =5TeV,Q=0 ;
10°F 1-Pomeron, W _ =1 TeV, Q=10 GeV’ :|||t|||||||t|||||||||||tll||||||||||||’|[l
- — — 1-Pomeron, W. = 1TeV, Q= 1 2 3 4
- Saturation: kel |77 vromem w5 Tev, gm0 t

determine dip position indirectly
via slope and probe its dependence
With Wyp

t= squared momentum transfer to target

do/dt (nb/GeV")
o

it] [GeV’]
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iINn PbPb UPCs - selection

Coherent J/Y

syny = 5.02 TeV data.
* Lint = 228 £ 10ub™!
 Reconstruct
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10N
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Coherent J/Y in PbPb UPCs — pr distribution

arXiv:2206.08221
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(y-dependent) PbPb cross section of coherent Y production

do Tlcoh
. — coh __ e e e
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(y-dependent) PbPb cross section of coherent Y production
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(y-dependent) PbPb cross section of coherent Y production
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P(2S)/J/P (y-dependent) cross-section ratio
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(pT-dependent) PbPb cross section of coherent J/ production
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Related: coherent J/Y production in peripheral PbPb collisions

*/SNN =5 TeV data.

* Lint — 210 ,LLb_l
» Reconstruction via dimuon decay, with: 2<nu<4.5
e 2<Yy/p<4.5
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Related: coherent J/Y production in peripheral PbPb collisions

*/SNN =5 TeV data.

* Lint — 210 ,LLb_l
» Reconstruction via dimuon decay, with: 2<nu<4.5
e 2<Yy/p<4.5
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Summary...

 EXxclusive production in hadron-hadron collisions: rich field of physics

 EXxclusive single-quarkonium production in pp:
* high potential to constrain GPDs and PDFs at very low-x.
* probe universality

 EXxclusive single-quarkonium production in PbPb:
e access to nuclear PDFs and GPDs
 probe to saturation

 Additional on-going analysis for exclusive production in pp, pPb and PbPb collisions
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and outlook |

 Future data taking for exclusive measurements in hadron-hadron collisions

 pp collisions: very difficult (impossible?), since too many interactions per bunch crossing. Dedicated runs?

* pPb collisions: possible and highly desired:

» Highly reduced ambiguity in ID of photon emitter
> Direct ratio of Pb to p in same measurements: much cleaner.

* PDbPDb collisions: possible and interesting for nuclear studies and potentially saturation
>~ Might consider installing a ZDC for improved measurements in purity and t reach
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and outlook Il

e [Future data taking for exclusive measurements in fixed-target mode

* Run 3: injection of unpolarised He, Ne, Ar, and Hz, Do

* EXpected total uncertainty on exclusive cross section
with p beam: 5-10%
—> constrain nucleon and nuclear GPDs in high-x region




and outlook |l

e [Future data taking for exclusive measurements in fixed-target mode

— Access to barely explored high-x region:

8.16 TeV pPb Other Collision Systems
6 I LHCb - LHCb 110 GeV
10 m ATLAS/CMS [ HERA
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* Run 3: injection of unpolarised He, Ne, Ar, and Hz, Do

* EXpected total uncertainty on exclusive cross section
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—> constrain nucleon and nuclear GPDs in high-x region



and outlook |l

e [Future data taking for exclusive measurements in fixed-target mode

— Access to barely explored high-x region:

107

8.16 TeV pPb Other Collision Systems
6 I LHCb - LHCb 110 GeV
10 m ATLAS/CMS [ HERA
0 ALICE

10°¢ ALICE Muon

100 1077 10~* 1073 102 10T 100
XT

* Run 3: injection of unpolarised He, Ne, Ar, and Hz, Do

* EXpected total uncertainty on exclusive cross section
with p beam: 5-10%
—> constrain nucleon and nuclear GPDs in high-x region

° PrOpOsal fOr F{un 4 protons protons, deuterons
- LHCSPIN: transversely polarised gas target 1"
. C— —
— access to spin-dependent GPDs
JVSny = 115 GeV

(orbital angular momentum)



