Study of exclusive processes in ultra-peripheral
collisions at LHCDb

Charlotte Van Hulse
University of Alcala

8th Red LHC workshop
_ May 28-30, 2024
de Madrid UCM, Madrid




The various dimensions of the nucleon structure

Wigner distributions W (z, k7, b | )



The various dimensions of the nucleon structure

Wigner distributions W (z, k7, b | )

/ d°b,
/ V‘JLCT P,
Y .

transverse-momentum

dependent (TMD) "f ..... . _

parton distribution functions 6\ v ’

(PDFs) ’



The various dimensions of the nucleon structure

Wigner distributions W (z, k7, b | )

/ d°b,
/ V‘JLCT P,
Y .

transverse-momentum

dependent (TMD) "f ..... . _

parton distribution functions \ v ’

(PDFs) ’

Semi-inclusive production
e h

e / TMD//"
i IH,‘L(* _ FF

o




The various dimensions of the nucleon structure

Wigner distributions W (z, k7, b | )

/ d°b,
/ ‘J’CT B
§ g

transverse-momentum

dependent (TMD) 9 ( \AAAS N _

parton distribution functions \ ~* ¢

(PDFs) ’

0.05

0.20
1.0

0.5

0.0 ky (GeV)

-0.5

-1.0

-0.5 ’
-1.0 ky (GeV) 2



The various dimensions of the nucleon structure

Wigner distributions W (z, k7, b | )

/ d°b,
/ ‘J?T B
§ g

transverse-momentum

, P,
dependent (TMD) 92 AVAVAS > - — — ="
parton distribution functlons ~* .
(PDFs) ’

1.0
1.0
ke =0
x k:r
0.5 0.5 1
z <
S 00 S 0.0
> g .
- r&?}
—0.5 —0.5 1
~1.0 —1.0 4=
2 4 1 2 3
ky=0r4 k,=0F3
- 2
’ -1
-1.0  —05 00 0.5 1.0 -1.0  —-05 0.0 0.5 1.0
ky (GeV) ky (GeV)



The various dimensions of the nucleon structure

Wigner distributions W (z, k7, b | )

/ / [
P,
[ W .

transverse-momentum b,

: P, Impact-parameter
dependent (TMD) 92 1 ANANA > - — = =" dependent PDFs
parton distribution functlons ~* '
(PDFs) ’

1.0

0.5 7

0.0 1

ky (GeV)

—0.5 1

—-1.0

~1.0 —-05 0.0 0.5 1.0 ~1.0 —-05 0.0 0.5 1.0
ky (GeV) ky (GeV)



The various dimensions of the nucleon structure

Wigner distributions W (z, k7, b | )

/ / [
P,
[ W .

transverse-momentum b,

: P, Impact-parameter
dependent (TMD) gal AVAYAS > — — — ="» dependent PDFs
parton distribution functlons ~* . |
(PDFs) . PRD 92 ('00) 071503 Fourier
Int. J. Mod Phys. A 18 (03) 173 | transform

generalised parton
distributions (GPDs)

—-1.0 —0.5 0.0 0.5 1.0 —1.0 —0.5 0.0 0.5 1.0
ky (GeV) ki (GeV)



The various dimensions of the nucleon structure

Wigner distributions W (z, k7, b | )

/ / [
P,
[ W .

transverse-momentum by} P, impact-parameter
dependent (TMD) o AVAVAS S — — — ="» dependent PDFs
parton distribution functlons ~* . ,
(PDFs) . PRD 92 ('00) 071503 Fourier
Int. J. Mod Phys. A 18 (03) 173 | transform

generalised parton
distributions (GPDs)

Exclusive production




The various dimensions of the nucleon structure

Wigner distributions W (z, k7, b | )

/ / [
P,
[ W .

transverse-momentum b,

_ P, Impact-parameter

dependent (TMD) 4'\’\ | - - dependent PDFs
parton distribution functions ~* ’ |

(PDFs) . PRD 92 ('00) 071503 Fourier

Int. J. Mod Phys. A 18 ('03) 173 transform

generalised parton
distributions (GPDs)




The various dimensions of the nucleon structure

Wigner distributions W (z, k7, b | )

/ / [
P,
[ W .

transverse-momentum b, e impact-parameter
dependent (TMD) gal AVAYAS > - — = =" dependent PDFs

parton distribution functlons ~* . |
(PDFs) . PRD 92 ('00) 071503 Fourier

Int. J. Mod Phys. A 18 ('03) 173 transform

generalised parton
distributions (GPDs)

10 -05 00 05 10 -10 -05 00 05 10
by (fm) by (fm)




Experimental access to GPDs

Hard exclusive meson production
Hard scale=large Q2



Experimental access to GPDs

X+E

Hard exclusive meson production Exclusive meson photoproduction
Hard scale=large Q2 Hard scale = large charm/bottom-quark mass

fixed target: medium/large xs

colliders HERA/EIC: small xg, down to xg=10-4



Experimental access to GPDs

Hard exclusive meson production Exclusive meson photoproduction Exclusive meson photoproduction
Hard scale=large Q2 Hard scale = large charm/bottom-quark mass Hard scale = large charm/bottom-quark mass

fixed target: medium/large xs

colliders HERA/EIC: small xg, down to xg=10-4



Experimental access to GPDs
> ﬁ» k

Hard exclusive meson production Exclusive meson photoproduction Exclusive meson photoproduction
Hard scale=large Q2 Hard scale = large charm/bottom-quark mass Hard scale = large charm/bottom-quark mass

fixed target: medium/large xs

colliders HERA/EIC: small xg, down to xg=10-4 down to xg=10-6 at LHC!
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Ultra-peripheral collisions

large—impact-parameter interactions
hadronic interactions strongly suppressed

instead: electromagnetic interactions

|

A

photon flux « Z2

b>Ra+Rg VaVaVe b \VAVAVAV/
+ AVAVAVYA =
2

. . he

photon virtuality Q2 < (R_
A TES maix

— quasi-real photons dystem | /S Ea Es (2) Yaop | (b) Bymar | (€) Elfjo, | (d) W
o pPb [ 502 TeV | 4 TeV | 1.567 TeV | 1.43 x 107 | 28 MeV 0.4 PeV | 0.86 TeV
- e Pb | 816 TeV | 6.5 TeV | 2.56 TeV | 3.78 x 107 | 28 MeV 1 PeV 1.4 TeV
maximum photon enerqgy = b ' ' ' ' ~
P W= pp | 13TeV | 65TeV | 6.5TeV | 9.6x107 | 116 MeV | 11 PeV | 4.6 TeV
4

table: K. Lynch
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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/Y and @(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//P and P(2S): 2<y<4.5 and p$<0.8 GeV?
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- Exclusive J/Y and @(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//@ and Y(2S): 2<y<4.5 and p?<0.8 GeV?
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PP Cross section
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J/P photoproduction cross section
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J/P photoproduction cross section S orkenx
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Exclusive single Y production in pp collisions
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Ultra-peripheral PoPb collisions

What object are we probing?

coherent scattering

Incoherent scattering

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

Incoherent interaction: interaction with constituents inside target.

~ target does not remain in same quantum state.
EX.: target dissociation, excitation
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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 J/g in PbPb UPCs - selection
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Coherent photoproduction in PoPb: y dependence

Pb 4+ Pb — Pb 4+ Pb + 1)
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Coherent photoproduction in PoPb: w(2S5)/J/w

JHEP06(2023)146
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Coherent photoproduction in PbPb: pr dependence
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Fixed target at LHCDb
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Fixed target at LHCDb
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Fixed target at LHCDb
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Fixed target at LHCDb

Proposal for Run 5:
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Fixed target at LHCDb

Proposal for Run 5: /—\
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Fixed target at LHCDb

Proposal for Run 5: /\
SMOG2 LHCSPIN: transversely polarised gas target
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Summary

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

 EXxclusive single-quarkonium production in PbPDb:
e access to nuclear GPDs
e potential to probe saturation effects

* Fixed target: potential to constrain GPDs in the poorly constrained high xs region,

18



