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CMS DETECTOR STEEL RETURN YOKE

Total weight : 14,000 tonnes 12,500 tonnes
Overall diameter :15.0m
Overalllength  :28.7m
Magnetic field :3.8T

SILICON TRACKERS
Pixel (100x150 ym) ~1m* ~66M channels
Microstrips (80x180 ym) ~200m* ~9.6M channels

SUPERCONDUCTING SOLENOID
Niobium titanium coil carrying ~18,000A

MUON CHAMBERS
Barrel: 250 Drift Tube, 480 Resistive Plate Chambers
Endcaps: 540 Cathode Strip, 576 Resistive Plate Chambers

PRESHOWER
= Silicon strips ~16m* ~137,000 channels

. FORWARD CALORIMETER
Steel + Quartz fibres ~2,000 Channels

CRYSTAL
ELECTROMAGNETIC

CALORIMETER (ECAL)
~76,000 scintillating PbOWO, crystals

HADRON CALORIMETER (HCAL)
Brass + Plastic scintillator ~7,000 channels

Large, hermetic detectors with precise spectrometers

Zero degree calorimeters z=+140m: neutrons & photons |n[>8.3




Golden age for small system collectivity!

Physics Letters B 813 (2021) 136036
PHYSICAL REVIEW LETTERS 124, 082301 (2020)
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Flow-like signals identified in p+Pb almost 9 years ago!

By now we have observed similar effects in pp with strangeness
and heavy flavor!
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A golden (or lead) age for UPC @ LHC!

Pb

Pb

lepton pair production

(Breit-Wheeler formula, Brodsky et al 1971)

\Ci::"/
P

photo pair productlon

a quark, lepton, W, BSM? loops)

Exclusive pu & yy production are pure QED processes,
one photon frorp each nucleus



A golden (or lead) age for UPC @ LHC!

Exclusive J/psi and photonuclear processes involve just one photon
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ZDC correlations in Pb+Pb
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« ZDC “counts” forward neutrons
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FCal
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FCal

and ET’C > 20 GeV

Counts

* Use measured FCal ET to define MB & UPC (when one side < 20 GeV)
» Clear separation of "Glauber" (right) and EM (left) with one and two-

side ZDC topology

* Use of ZDC topology allows distinct class of UPC triggers
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Recent photon-photon results

arXiv:2011.12211
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Measured dimuon cross
sections show an enhancement
of high momentum photons
compared to STARIight

Fraction of events with XnOn or
XnXn rises with myy, and
decreases with |y,



Recent photon-photon results

Recent CMS results on
acoplanarity as a function of the
ZDC forward neutron topology
reveals coupling between impact
parameter and photon transverse
momentum
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collectivity in photonuclear processes

AT LAS Run: 286717
Event: 43643466
EXPERIMENT 2015-11-26 09:53:40 CEST
Pb+Pb, vsyy = 5.02 TeV




arxiv: 2101.10771

Gap distributions

single-sided ZDC events
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Reconstructed charged multiplicity
distribution can be described of

superposition of photonucleon (low Nch)

and photonuclear (higher Ncn)
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aghosing photonuclear collisions

2. An

Reconstructed sum-of-gap distribution
roughly described of superposition of
photonucleon/nuclear (large gap) and
peripheral Pb+Pb (smaller gap):
crossover around 2-2.5

— More work needed for generators!
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arxiv: 2101.10771

Extracting flow contributions
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Template method has been successfully used to extract
flow coefficients from pp data, based on use of a lower multiplicity sample

13



arxiv: 2101.10771

Flow coefficients In y+A
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V> and va observed - with no Significant vz signal, lower than pp.

observed multiplicity dependence CGC calculation (Shi et al) has also
been applied to EIC kinematics
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Flow coefficiencts In y+A
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CMS-PAS-HIN-18-008

Collectivity in yp?
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Conclusions

 Golden age for collectivity and UPC
* Flow signals observed in pp, but not e+e- and DIS ep

« Many new UPC measurements, both for photon-photon and
photonuclear processes

* Collectivity observed in yA from ATLAS
* Event selection based on presence of photon-going sum-of-
gaps
 Template analysis, previously used in pp, used to extract a

significant vz signal: no multiplicity dependence, magnitude
lower than pp/pPb

e CMS measurements of yp show no obvious contribution
from collectivity

* negative vi1 and positive vz indicative of jet production

« LHC Run 3 offers many exciting possibilities!
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Summary and outlook: yy & YA

* Light by light in Pb+Pb (JHEP 03 (2021) 243)
* Measured in 2015+2018 Pb+Pb data
* Wide range in myy, Yuu
* Data unfolded for experimental resolution
 Good comparisons with Superchic 3.0
* New, stringent limits set on ALP

« Correlations in photonuclear collisions (. arXiv:2101.10771)

e Measured with 2018 dataset

* Photonuclear processes isolated using (sum) gap selections
o Still need more work for theory on details of gap distributions

* Ridge signal extracted, using ATLAS template method
o Qbserve significant vo and pr-integrated v3
O vz similar in magnitude, but vz is smaller than pp and p+Pb

* Interesting prospects for similar studies at the EIC
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