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Constraining parton dynamics in nuclei in (x,02)
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In nuclei, saturation expected at higher x
(1)2 * does it exist? is it experimentally reachable?
non perturbative - what is its shape in (x,Q2)?
04 103 102 10- 1 - what is the dependence on A?
Bjorken X

Accessing the saturation scale is
expected to be easier in nuclei (due to

the higher initial partonic density) EIC: BNL-98815-2012-JA, arXiv.1212.1701

J.Albacete, C. Marquet, Prog. Part. Nucl. Phys. 76, 1 (2014)



https://arxiv.org/abs/1212.1701
https://www.sciencedirect.com/science/article/abs/pii/S0146641014000052?via=ihub

Ultra-Peripheral heavy-ion collisions

Ultra-peripheral collisions (impact parameter b > Ra+Rb)
* Flux of photon is proportional to Z2

Z - Photon kinematics:
+ p1 < 1/RA ~ 30 MeV
) ST * Emax ~ 0(1 OO) GeV at LHC.
. \VAVAVAVA

When running on PbPb, LHC is effectively a yy and yN collider!

— access to high-energy photon-nuclear collisions to test nuclear

b = impact parameter matter effect in abscence of final-state effects (as in pPb)

K. Hencken, M. Strikman, R. Vogt, P. Yepes, Phys. Rept. 458:1-171, 2008 3



https://doi.org/10.48550/arXiv.0706.3356

Recent QCD UPC measurements in
PbPhb collisions with CMS and highlights for Run 3

CMS-HIN-21-015
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https://cds.cern.ch/record/2895091
https://moriond.in2p3.fr/QCD/2024/WednesdayAfternoon/Enterria.pdf

Coherent J/yp photoproduction in UPC PbPb collisions

Q2 ~ M2.. GeV , xa ~shadowing — access to gluon PDF in absence of hadronic interactions

(gluon PDFs)?
- 4.0< y*< -2.5 (forward)

14 ALICE Pb+Pb — Pb+Pb+J/y  \sy, =5.02 TeV
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At fixed y, contributions from different x
regions (higher and lower)

Two-way ambiguity can limit the constraining power due to large uncertainty on the determination of x!
* The initial direction of the photon is not fully defined



Coherent J/ in PbPb UPCs with forward-neutron tag with CMS

For events with Xn “on the same side” of the J/i):

— select low impact-parameter events (Pemp ~ 1/b2)
— high-energy photon, low-x events
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high Wl;b , low x

— increased sensitivity to low-x effects without “W+W-*“ ambiguities

— Have we observed saturation?!
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.262301

Untagged di-jets in yN scatterings

Dynamic constraints on (x, Q2)
by varying dijet kinematics

Pb Pb
Y * “‘
> \ 4 )
) . s “untagged” ™_| Limited access to low x and Q2
Pt light jet — jets limited to pt >~15 GeV/c
1 » ‘:’:“" k J p J
< q
g
Pb+X+Xn JRCS?. 3
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Sizeable contamination from
“resolved”-photon processes:
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ATLAS, ATLAS-CONF-2017-011 7



https://cds.cern.ch/record/2244822/files/ATLAS-CONF-2017-011.pdf

“Open” heavy-flavor and jet photoproduction in UPCs

- Simple pQCD description down to pt=0

* “In-vacuum” environment with limited final-state effects

- dynamical acces to a wide region of x, Q2 region down to low XgJ
Y — scan the region where high-density effects should emerge

pertubative
saturation

(10)2

* Xmin = 10-4 with low pr, forward probes (LHC)

2 ~ 2
* Chin ~ Mee

non perturbative

| 104 10° 102 1017 1
XBJ S. Klein, R. Vogt et al: Phys. Rev. C, v66, 2002



https://www.sciencedirect.com/science/article/pii/S0370269319306483

Experimental strategy for “hard” inclusive photoproduction

Event selection: XnOn events with “rapidity gap”.

Nno heutrons
in the ZDC (0On)

A
Rapidity gap in the
direction of outgoing photon

C Heavy-quark tagged jets:

— high-statistics up to high-pr
D0 - K-ttt reconstruction: T
— Trace charm quark down to low pr nind xchother

ZDC Layout
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HAD4
HAD3

|| HAD2
HAD1

at least one neutron EM 1-5
in the ZDC (Xn)

~

Reaction Plane Detector (RPD)

5 EM sections - next to each other

BEAM

Triggering on vy, YN events as a big experimental challenge!

- Hardware trigger system (Level-1 has max accepted rate in heavy-ions about 20-30 kHz)
- Interaction rate of yy, YN in heavy-ions O(MH2z)!!



Converting CMS into a yy, YN detector for the “LHyC"

ZDC Layout Zero-Degree Calorimeter (ZDC) as a trigger detector
4 HAD sections — stacked — integrate ZDC in the Level-1 (hardware) trigger-emulation chain
behind each other — develop a strategy for fast online calibration
HAD4
HAS? > L1 trigger efficiency vs DO pr (2023 data)
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Recent UPC measurements in
pPh collisions: a few highlights




no(770) photoproduction in pPb UPC collisions at 5.02 TeV
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Results are consistent with those of the H1 and ZEUS Collaborations at HERA
— ion—proton collisions can be used in the same way as electron—proton ones, with ions acting as a source of quasi-real photons.

CMS, Eur. Phys. J. C 79 (2019) 702, CMS-FSQ-16-007 12



https://link.springer.com/article/10.1140/epjc/s10052-019-7202-9
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/FSQ-16-007/index.html

Upsilon production in exclusive photonuclear pPb events

— sensitive to generalized parton distributions (GPDs) in the proton for 10-4< x < 10-2
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https://link.springer.com/article/10.1140/epjc/s10052-019-6774-8

Prospects for photon-induced
measurements in Run 3 and Run 4:
some highlights



Jets and open heavy-quarks in photonuclear yp scatterings

“HERA”-like
e / e

- New constraints on proton nPDFs, GDF, TMD at
the highest yp center of mass energies available
- Baseline for yPb measurements (searches for

beyond DGLAP evolution)
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Dijet photoproduction at HERA and the structure of the photon
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Jets and open heavy-quarks in photonuclear yp/yPb scatterings
o / “HERA”-Iikee

See Mark Strikman’s talk and paper(s)
(M. Strikman, V. GuzeryarXiv.2402.19060

Pcom b(N)

) 0 5 10 15 20 25 30
- New constraints on proton nPDFs, GDF, TMD at N - Emitted neutrons

the highest yp center of mass energies available

' E:;grl]lge[)fgrl_}&l;ber\?oelﬁtsigque)ments (searches for Hard-scattering production at central rapidities with

information on the number of neutrons in ZDC:
— stronger discrimination power on low-x nuclear matter
— new experimental challenges for ZDC
reconstruction and calibration 16


https://arxiv.org/abs/2402.19060

Diffractive production of jets and heavy quarks
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— test for fractorization: diffractive PDFs ® partonic coefficient functions

- LHC vs HERA

- hadronic vs photoproduction

- direct vs resolved photoproduction ..
— benchmark for PbPb measurements

lIkka Helenius, arXiv:2107.07389
C. Marquet, C. Rayon et al. arXiv.1306.4901
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https://arxiv.org/abs/2107.07389
https://arxiv.org/pdf/1306.4901

Exclusive and Inclusive quarkonium photoproduction

vy+p—J/yY p collisions:
From Kate Lynch’s talk Jean-Philippe Lansberg (IJCLab),

X
7o 1072 10 10 107° Charlotte Van Hulse (UAH), Ronan McNulty (UCD)
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Sensitive to the proton structure at high-gluon densities
(So far, no indication of gluon saturation, even

down to x~10-° in a free nucleon) 18




The upgraded CMS detector for Run 4 (Phase lI)

New endcap calorimeters (HGCal)
Unprecedented granularity Inl <3 New silicon tracker

Trigger / HLT / DAQ Improved granularity
« L1/HLT rate x7.5 Nl I -- - MWl Lighter material budget
éé é Inl<2.4 — Iyl <4
- sample the entire cross section of | ” " | " il
photon-induced collisions in both

- DAQ: 6 — 60 GB/s
pPb and PbPb events . i ;

* tracking capabilities at Level-1:

-
—

| |

Radiation-hard ZDC + PPS upgrades Extended muon coverage New MIP Timing Detector (MTD)
& down to ~ 1.5% nl <2.4 — Iyl <2.8 Prec_ision timin_g- I < 3
Particle Identification!
19



High-resolution, large acceptance silicon tracker (|n| < 4)

from 100 x 150 to 50 x 50 ym2 pixel size
Tracking out to Inl < 4 !

CMS Simulation CMS Simulation
s e e L]
Q O ~ Simulated muons
~ S, I U o t0Gey — —
g_ 'CO ISR SR 3 . :Phase:-1 traci(er ................................... -
oY 0 i s Phase-2 tracker
b 1 O- AU SOOI SO SRRSOt SO HORNR SO
107" L
102}
4 -3 -2 -1 0 1 2 3 4 4 3 -2 1 0 1 2 3 4
Simulated trackn Simulated trackn
Improved pr resolution by about 25% Impact parameter resolution improved by 40%
 Improved mass resolution for resonances - Improved heavy flavor measurements (B/D hadrons
& b/c-jet tagging)

CMS, CMS-TDR-014



https://cds.cern.ch/record/2272264?ln=en

MIP timing detector (MID)

CMS Phase-2 Simulation PbPb (5.5 TeV)

Barrel Timing Layer (BTL) Endcap timing layer (ETL) 1.7 T
- Coverage: Inl <1.45, pr>0.7 GeV » Coverage: 1.6 <Inl<3.0,p>0.7 GeV - 8 103
- Timing resolution: ~ 30 ps - Timing resolution: ~ 30 — 40 ps e 1 Hydjet —
» Tech: Scintillator + Si photo-multiplier < Tech: Silicon w/ internal gain (LGAD) - m>1.6 -
1.9 %; P -
1.4 4107
g‘ 1.3 13
120 Kg B
- =10
1.1 :
- T
1-
y : | D.‘ .Imvl I .I | I | I I'. I I. AI‘ | 1 1 .I ' | I I
E:Ms | °% 1 2 3 4 5
” L p [GeV

Unlock a wide set of semi-inclusive “DIS-like” measurements with identified hadrons with CMS

CERN-LHCC-2019-003

21


https://cds.cern.ch/record/2667167?ln=en

A new ZDC CMS detector

* Joint ATLAS & CMS effort: radiation-hard ZDCs for Run 4
* Crucial part of heavy-ion min. bias trigger from Run 3 onwards
* Used to identify & characterize ultra-peripheral collisions
* Bias estimation for centrality, especially in small systems

* Exclusively HI detector (removed for high-lumi pp)

Tungsten plates

Hadronic Section

2

PMTs: Hamamatsu R2059

Trapezoidal light guide

Plate & rod assembly

Fused silica rods

Divider wall(s)

e
)
)
.
\
.
\

, ‘ Top View
Rod/Light Guide Interface

-

CMS-TDR-024
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https://cds.cern.ch/record/2791533/files/CMS-TDR-024.pdf

Upgraded Precision Proton Spectrometer (Run 4 and J)

See Michael Pitt’s talk

Basic working principle:
Protons which lose a fraction of momentum at the interaction point (§ = Ap/p) are deflected away from the beam and measured by PPS
— direct measure of the £ = Ap/p

Staged installation

420 m
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PPS upgrade will further extend the ¢ acceptance of the legacy PPS:
* 1.42 < £ < 20 % for the first 3 stations (from Run 4)
* 0.33 < £ < 20 % for the first 3 stations (from Run 5)

CMS NOTE -2020/008 23



https://arxiv.org/pdf/2103.02752

Highlight: exclusive vector-meson production in pA

S Q—

* Vector mesons (Spin 1) are produced in y — IP interactions

Intensity
] I

A * lons emit a photon at Q2~0
* In coherent production proton remain intact:
— PPS would provide high-accuracy tagging of coherent processes
— Similar technique applicable to exclusive dijet production
D Starlight PPb, |(s = 5.02 TeV
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— Proof of principle for proton (and ion) tagging with the upcoming pO/OO run (scheduled for 2025)



Characterizing the emergence of collective phenomenon

HM pp HM PbPb

(@) pp V5 =7 TeV, N> 110 (C) POPb s =276 TeV, 220 <N < 260
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Multiplicity

New insights into collective phenomena in “small” systems as well as high color-density hadronization:
* push for the highest yp multiplicities, exploiting the extended pseudorapidity coverage and PID capabilities
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Synergies with the physics program at the Electron-lon Collider

Q2

@)
@]

C . EE : g
UPC at the LHC EIC — control on the photon virtuality (Q2)
— very low x reach and on the scale of the interaction

We think is essential to have a strong pA and AA program at the LHC also in Run 5/6 to while EIC will be taking data!

2023 2024 2025 2020 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 20338

CMS at the LHC

Upgraded CMS at the LHC Run 5 and 6 at the LHC
(Inl up to 4 + PID with MTD)
EIC physics data-taking




Synergies with the physics program at the Electron-lon Collider

UPC at the LHC EIC — control on the photon virtuality (Q2)
— very low x reach and on the scale of the interaction

We think is essential to have a strong pA and AA program at the LHC also in Run 5/6 to while EIC will be taking data!

Thank you for your attention!
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CMS Precision Proton Spectrometer (Run 2 and 3)

Since 2016 operated in standard pp runs, PPS TDR (TOTEM-TDR-003)
* Located ~ 200m from the interaction point in both arms, approach the beam down to a few mm

Basic working principle:
Protons which lose a fraction of momentum at the interaction point (¢ = Ap/p)

are deflected away from the beam and measured by PPS

In Run 2 and 3: PPS sensitive to proton’s Ap/p in the range 3 - 15 %

Q6 Q5 Q4,D2 D2,Q4 Q5 FPS Q6

TAN
TAN

Q3 Q2 Q12 2 Q1Q2Q3 D1

00

Material from Michael Pitt’s talk @ HI Forward 29



Coherent J/2) in PbPb UPCs with forward-neutron tag with CMS

CMS, Phys. Rev. Lett. 131 (2023) 262301

First coherent measurement in different neutron classes — inputs to disentangle low from high energy yN events
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dy A (@1) 6 (@) +”;IXH(W2)UJ/W(@2)

* in jn = (ONON, OnXn, XnXn)

- @1 5 = W »(y) two possible photon energies

. n},A(a)) is the photon flux (from theory)

. aj/w(a)) the coherent photoproduction cross section

for a single yA interaction, averaged over a range of y
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.262301

