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Probing nuclear gluon structure with
photoproduced J/y in ultra-peripheral collisions
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The crltlcal role of gluon fluctuation

Mantysaarl Rep. Prog Phys 83 (2020) 082201
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® The critical role of gluon fluctuations

» Only CGC considering gluon fluctuations can describe HERA data
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The Crltlcal role of gluon fluctuation
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® The critical role of gluon fluctuations

» Only CGC considering gluon fluctuations can describe HERA data
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The Crltlcal role of gluon ﬂuctuatlon
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® |[ncreasing energy, probing lower-x gluons

* Reduce variance over configurations — reduce the incoherent vector meson cross
section — signature of gluon saturation
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Ultra-dense gluonic matter
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Gluon saturation is expected to be easier to be achieved

INside heavy nuclel
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Photon-nuclear interactions in UPC
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Photon-nuclear interactions in UPC
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The “two—way amblgurty problem

(a) photon emitter
(higher energy)

photon emitter
(lower energy)
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A solutlon te the twe—way amblgurcy
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® Employ neutron tagging to measure the energy dependence of
photoproduced vector mesons

Coherent photoprod uction Klein and Steinberg, Ann. Rev. Nucl. Part. Sci. 70 (2020) 323
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A solution to the “two-way ambiguity”
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® Employ neutron tagging to measure the energy dependence of
photoproduced vector mesons
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A solutlon tO the twc)—way amblgurcy

CMS PbPb 1.52 nb (5.02 TeV)
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® Coherent J/i: no correlation with neutron emissions
® Incoherent J/i: strong correlation with neutron emissions
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do,,, / dy (mb)

Solve the "two-way ambiguity” for coherent J/3
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Energy dependence of eoherent J/

CMS PbPb 1.52 nb™’ (5.02 TeV) CMS PRL 131 (2023) 262301

I | I 111 1 —IJ_J-‘Fl I | I | 111 | [ ALICE JHEP 10 (2023) 119
107 | Splitting Recombination
re)
-
o i: Saturatlon ::
n- ,(linear) ) (nonlinear)
<
LO pQCD - %,
/|\ @‘;’ ® CMS —LTA_SS —DbBK_GG
oVM oc [XG( )] Q 10 if O ALICE --LTAWS -- bBK_A |
> A LHCb* (-4.5<y <-3.5) CD_BGK CGC IPsat
o Syst. exp. CD_GBW -~ GG-hs
Syst. y flux CD_IIM - .= Impulse approx.]|
!I [ 1 1 | L1 1 1 | [ 1 1 1 | [ 11 1 | [ 11 1 | L1 1 1 | L1 1 1 | [ 1 1 1 | [

0 100 200 300 400 500 600 /700 800

» Small x

® Direct evidence of gluon saturation inside heavy nuclei?

. Wy < 40 GeV: rapidly rising

. 40 < WY < 800 GeV: nearly flat with a much slower rising
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Solve the two—way amblgurcy fOr mccherent J/z,b

CMS, PRL 135 (2025) 112301
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CMS PbPb 1.52 nb™ (5.02 TeV)
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CMS, PRL 131 (2023) 262301
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f The roadmp of probing gluon structure
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Probe gluon structure at x — Q2 — ngA
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® First energy- dependent measurement of eoherent and meoherent J/gb
production off nucleus

Cross-section of coherent J/i) gradually approaches saturation at high energy

 Ratio of incoherent/coherent J/i has no energy dependence

CMS PbPb 1.52 nb™ (5.02 TeV) 2} CMS Pbe 1 52 nb (5 02 TeV)
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. N\
production off nucleus o
» Cross-section of coherent J/y gradually approi&ﬁes saturation at high energy

- Ratio of incoherent/coherent J/3 has no en&’/ dependence
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A solutlon to the twc)—way amblgurcy
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Nuclel may exchange soft photon = nuclear dlssomatlon
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A solutlon to the two—way amblgurcy
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Nuclel may exchange soft photon( ) = nuclear dlssomatlon
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A solutlon to the two—way amblgurcy
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Nuclel may exchange soft photon( ) = nuclear dlssomatlon
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A solutlon to the twc)—way amblgurcy
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Nuclel may exchange soft photon( ) = nuclear dlssomatlon
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o— i i

! 5
Two nuclei breakup .
aC 0.5 STARLIGHT .
- LHC beam energy -
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Pb Pb* o— |
0 10 102 103
b (fm)

Klein and Steinberg, Ann. Rev. Nucl. Part. Sci. 70 (2020) 323

® Control the impact parameter via forward neutron multiplicity
* (b)xnxn < (B)onxn < (B)onon
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S =

-
o

.“1\III|III|III|III|III|II

Rl

Imaglng heavy nuclear with COherent J/v,b
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Coherent J/y photoproduction at LHC

e e e ——— - — _—
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Extract energy dependence of mcoherent J/z,b

_— _ = = ,_’—__—-___F.,__ e —— =

 Jncoherent cross section accounted for in OnAn*®

OnAn* onXn Oonon
do PbeAPbe]/w( ) do Pbeanijfw( ) do PbeAPbe]/¢( )

dy - dy T dy

 Photon flux calculated with STARLIGHT
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nyjeh (@) = mypn (@) + 2 my g (@)

do onAn* (
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Inccherent J/?,b prOductlon W|th ALICE

ALICE, PRL 132 (2024) 162302
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® CGC model with sub-nucleon fluctuations can describe the |t| spectrum
shape of incoherent J/i but not for the magnitude
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® Super challenging for coherent ¢ measurements for all experiments

» The pt of daughter kaon is ~ 0.05 - 0.1 GeV/c
» CMS can perform PID at low momentum
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CMS PbPb 1.68 ub™ (5.36 TeV)
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First observation of coherent Y(15) meson
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® Y(1S) is expected to be less sensitive to the non-linear QCD effects
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« However, strongly (~3-4x) suppressed is observed!
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