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Introduction: vector mesons in UPCs, A+ A = J/¢+ A+ A
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D. Grund, UPC2023

Two-fold ambiguity: 2
M I e R
g4 = —Letv y
Vs In principle UPCs provide access to very small-z nuclear

0 ~ 1y (+9)0 (1)1 (—y) o (—y) Structure, but high-z 4 component dominates at large |y|

ALICE, 2101.04577
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Recent development: extract individual v + A contributions
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10” 10° 107 10°°

do_{bl} 5 A A e -
— =  E  # ALICE Pb-Pb 5, =502TeV 3
d - n'Y(y’ {b}l )O-'YA (y) 2 F & Guzeyetal, using ALICE Pb-Pb 5,y = 2.76 TeV (PLB 726 (2013) 290-295) 3
Y % [ 4 Contreras, using ALICE Pb-Pb |5, = 2.76 TeV (PRC 96 (2017) 015203) ]
o . |~ - Impulse approximation ","’ i
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20 30 4050 107 2x10 10°
Forward neutron classes = impact parmeter Wipon (GEV)
range {b;} = different flux n, Access VM production at very small x
= solve for g4 Method: Guzey et al, 1312.6486 Confront CGC calculations with this data!
See talk by Contreras (Tue) for details ALICE, 2305.19060
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Coherent and incoherent vector meson production

Py b, JJV, T / pb, I, T

Coherent w2 Incoherent

A\ A A

Figure: 2007.13625 \ / \
t + /

Coherent: target remains intact, initial state |¢) = final state |f).
Good, Walker, Phys. Rev. 1960:

d O.coherent

dt
= Probe average interaction = average geometry

~ [(Agl*
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Coherent and incoherent vector meson production

Py, JJV, T / pob, I, T

Coherent w2 Incoherent

A A A
Figure: 2007.13625 \\\\\\\\ </////// \\\\\\\\
13 i/

Coherent: target remains intact, initial state |¢) = final state |f).
Good, Walker, Phys. Rev. 1960:

d Ucoherent

dt

= Probe average interaction = average geometry
Incoherent: |i) # | f): target breaks up:

~ [(Agl*

d o.incoh d O.total diff d O.coherent 2
- - ~ ), = (40,
dt dt dt Q Q
Variance = access to event-by-event fluctuations in the target structure
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Vector meson production at high energy

vy+A—= (J/,p,...)+A

AVAVAVAVE /17

Lowest order in perturbation theory:
Ag ~i [d?b e LAY @ Uy, @ No
Q@ 7" — ¢g: photon wave function ¥ (QED)
@ (g-target interaction: dipole amplitude
Na
© qq — J/+: J/1p wave function ¥y,

H.M, Salazar, Schenke, 2207.03712

No net color charge transfer
Heikki Mantysaari (JYU)

“diffractive”

Exclusive VM production at small-z

Dipole: MV model + JIMWLK evolution
constrained by HERA data (backup)

T+p—=J/d+p

CGC + shape fluct ¢ ZEUS
-- cGC 1 AuCE
IPsat § LHCb
10! 3 HL
10% 10°
W [GeV]

y+p—=J/v+p

—— CGC + shape fluct
-- CGC

1 H1 coherent

1 H1incoherent

do/d|t| [nb/GeV?)

[t] [GeV?]

()=target configuration
April 10, 2024
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Initial condition

Dipole: MV model 4+ JIMWLK evolution
constrained by HERA data
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x =0.01 - JIMWLK
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Large e-b-e fluctuations in proton geometry.

H.M, Schenke, 1603.04349 + subsequent papers
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Saturation in coherent production: v+ Pb — J/¢ + Pb

—— CGC + shape fluct
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@ Challenging to describe the T dependence of o7
» LHC data well reproduced at moderate W < 100 GeV
» Energy dependence well reproduced at higher W, but
overestimate overall cross section

@ Nuclear suppression factor

o7Pb

doP
Scoh = OIA = —
€0 o1A dt

[atipor
t=0

» General trend captured. ..
> ...but data would prefer a stronger W dependence

No free parameters when moving p — A: genuine prediction
Ongoing work: include v + Pb to fits determining JIMWLK IC

H.M, Salazar, Schenke, 2312.04194; H.M, Salazar, Schenke, Shen, Zhao, in progress
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Saturation in incoherent production: v + Pb — J/¢ + Pb*

0.6
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do/dt [ub/GeV?]
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—— CGC + shape fluct (Pb)
- CGC (Pb)
¥ STAR (Au)
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—— CGC + shape fluct x0.81
- CGC x0.81
1 ALICE

Proton e-b-e fluctuating geometry tuned to HERA data

Smoother proton at small-z = reduced fluctuations,
incoherent cross section suppressed

Lower-energy measurement from STAR for the
suppression factor

o1 TPb—J i+ Pb*

Sincoh = Aot /4p 4 vt [$p7)

LHC data can probe xp dependent geometry fluctuations

ALICE t spectra: compatible with no modification to
nucleon substructure in nuclei at zp ~ 1073

H.M, Salazar, Schenke, 2312.04194
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Interference patterns (see previous talk for a proper introduction)

;j/%f—z: P+g//7r* @ v linearly polarized 11 B, polarization transferred to p
B ‘ P?Z'\ o Effect on decay products, but not visible as B, random
—1 ,JA,,, BARES @ But two different amplitudes & interference:

Correlations in daughters p — 7+ + 7~ (or J/ob — et +¢e7)

do_p—>71'+71'_ .
P, q. dyrdss = coherent + incoherent =

1 12 {</d2BJ_Mi(qJ_ B, )M"(qu,B1)P PLO(BL|— Bu )>
2(277)3 (M72r7r - M‘2/')2 + M‘Q/FQ ’ 7 i determ:;ne—b—e «

M (y1,92,91,B1) = /dele_iquL Ai(21,b1) Fi(xa, by —B1)+As(x2,by — B )Fi(a1,b.)

v+ A1 scattering ~ field of As

H.M, Salazar, Schenke, Shen, Zhao, 2310.15300
April 10, 2024 9/14
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L —
Interference patterns: A+ A — A¥) + A% 4 p

T T T T
p - T Au+Au at 200 GeV

STAR data, U+U
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B P+ nt ™ o STARdata, A® = 0.0 U+U, B, =00
Pay N o 2 o STARdata, A® = 2
p——-a’ 510 --- CGC,A®=0.0 3
Bu bL‘ q \ g —— CGC,Ab= W2 3
S I 117N —P+1 8 ]
= Ay o 4
Pa, 8
>10°F
®: angle between © g f
a.L 1 1 1 L 7 1
P, +%-andqy 0 0005 001 0015 002

qi [Gev?]
@ Spectra well described including linearly polarized photons, interference and photon kr

@ Angular modulation sensitive to deformations
» Dominant reason: different B, distributions

Caveat: p mass not large enough to fully justify perturbative calculation,
but modulation insensitive to 2> 1 fm dipoles at |q | < 0.1 GeV

H.M, Salazar, Schenke, Shen, Zhao, 2310.15300
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Interference in different neutron classes: Pb + Pb — Pb* ++ Pp™*)

Counts (norm. to unity)

o

0.4

o
N

T T T

H.M, Salazar, Schenke, Shen, Zhao, 2310.15300

poTOTE % XnXn 1 'Xnon + OnXn] onon3
1-% HF-N 7 N e npeToamo
3 it f it ]
6F 1t it 1
Pb+Pb at 5.02 TeV
F o ALICE Preliminary F F 1]
—I_ CGF 1 1 a)l- EL 1 1 1 (b)l— EL 1 1 1 (c)l-
“m w2 0 W2 m-m -w2 0 w2 mw-m -w2 0 12
AD AD AD
@ More neutrons emitted when impact parameter is smaller
@ Interference decreases with increasing impact parmeter
Exclusive VM production at small-z April 10, 2024
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Polarized deuteron
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@ Unique at the EIC: polarized beams
= probe spatial distribution of small-z gluons in a polarized d

e &: Angle between J/1) momentum and d polarization

o Effective deuteron size seen depends on the angle

H.M, Salazar, Schenke, Shen, Zhao, in preparation
April 10, 2024 12/14
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Conclusions

~ + Pb data from UPCs: probe saturation in the TeV range

Strong suppression from the LHC qualitatively understood, but challenging to get as large
suppression at high W

» Note: no free parameters when moving p — Pb

e Future measurements for incoherent v + Pb — J/¥ 4+ Pb* allow for probing nucleon
geometry fluctuations in nuclear environment

Azimuthal correlations in UPCs sensitive also to deformed structure of nuclei

EIC possibility: how are small-x gluons distributed in a polarized deuteron?
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The 2nd workshop on the physics of Ultra Peripheral Collisions

Ultra Peripheral location for UPC physics
e Lapland, Finland, 9.-13.6.2025 (24h daylight!), TBC
@ https://indico.cern.ch/event/1378275/

vegian Sea

Local organizing committee chairs

@ llkka Helenius and Heikki Mantysaari

Finland

Stpetersbur
oslo CankT-TeTep6)
© Stockholm ‘o

S eeid o Travel

{orth Sea
Denmark

@ International flight to Helsinki + domestic connection

Netherlands Berlin©
Germany
m

Ukraine

s
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Saturation effect on nuclear geometry: A+ A — A+ A+ J/9Y
v+ Pb at the LHC: very high density, saturation can modify the nuclear geometry

10t
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W=125GeV

Woods-Saxon

ALICE
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UPC data from LHC: z =6-10~*
e Coherent v +Pb — J/¢ + Pb

@ No saturation: geometry = Woods-Saxon
= not compatible with ALICE data

@ Saturation: nucleus = black disc at the center
= modifieds nuclear geometry
= J /1 spectra compatible with ALICE measurements

H.M, Schenke, Salazar, PRD106 (2022), ALICE: PLB817 (2021)

16/ 14



Example with protons: proton shape from v +p — J/W +p

Comparison to HERA data including color charge fluctuations (z ~ 1073)

do /dt [nb/GeV?]

3[ " j ]
10 === Only color charge fluctuations
g H1 coherent
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H.M, B. Schenke, PRL 117, 052301 (2016), PRD 94, 034042, H1: EPJC73, 2466

Round proton:

Fit proton size: (gluonic)
radius 7, ~ 0.6 fm

Note EM radius 0.88 fm

Average geometry
(coherent) v/

Fluctuations (incoherent) X
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Constraining proton fluctuations: v+ p — J/¥ +p

3T - - -
10% With shape fluctuations % H1 coherent
=== Only color charge fluctuations H1 incoherent

102}

10t

100k

do/dt [nb/GeV?]

I |
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Parametrize e-b-e fluctuating
geometry, fit data

Fluctuations Round

CERNCOURIER

PROTON

. ¥

&

HERA data can be described with large event-by-event fluctuations in the proton geometry

H.M, B. Schenke, PRL 117, 052301 (2016), PRD 94, 034042, H1: EPJC73, 2466
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Dipole amplitude from the CGC
Color charge distribution at = = 0.01

o Event-by-event random color charge distribution p®
@ McLerran-Venugopalan model g?{p%(x)p’(y 1)) ~ 6%0(x, —y.1)g
o g'u? ~ Q%(by) ~ Ty(by) from IPsat fit to HERA o, data

4'u2

Small-z evolution
@ Perturbative JIMWLK evolution (event-by-event)

@ Infrared regulator to suppress gluon emission at long distance

Dipole-target amplitude
o N(ri=x—y1)=1- 3 (VIx1)V(y1))
o V(xy)= Pexp( ig [dax~ p2_ )2)
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STAR suppression factor data

H.M, Salazar, Schenke, 2312.04194:

Channel ‘ STAR CGC + shape fluct CGC
Scoh 0.846 + 0.063 0.89 0.90
Sincon 0.3670 00 0.58 0.32

Table: Nuclear modification factors for J /1) photoproduction in v + Au collisions. The CGC predictions
are calculated at zp = 0.01 and the STAR measurements are performed at xp = 0.015. The coherent
suppression factors S, obtained with and without nucleon substructure fluctuations are compatible

with each other within the numerical accuracy.

20/14



