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Motivation

*The (yy = ¢7¢7) process provided a penetrating probe that occurs at
non-negligible rates in ultra-relativistic heavy-ion collisions due to the
intense electromagnetic fields generated by ions.

eThe associated photons have small pT typically less than 10 MeV and
large longitudinal momenta and energies. Due to the low pT of the
photons, the leptons are produced nearly back to back in azimuth and
with nearly identical momenta



* photon-induced reactions are typically measured in UPCs, but recently have
also been observed in hadronic collisions of heavy ions. In such events, the
photon fluxes are largest just outside the nuclear overlap region, and it is
expected that charged leptons produced in this region interact with the

electric charges in the QGP that is formed. (while the effects of EM are much weaker than
the stror:jg interactions, the initial angles and momenta of the produced leptons are sufficiently well

correlated to make even small modifications observable. A potential source of modification is the final-state
interaction of the produced leptons with the electric charges in the QGP)

small momentum transfers to the leptons due to EM => broadening of the
momentum and angular correlations of the lepton pair

In analogy with the picture of jet energy loss proposed by Bjorken is expected
to be largest in central collisions, where the degree of overlap between the
colliding nuclei is greatest and the transverse size and lifetime of the plasma
are largest
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The CMS detector

CMS DETECTOR STEEL RETURN YOKE

Total weight : 14,000 tonnes 12,500 tonnes SILICON TRACKERS

Overall diameter :15.0m Pixel (100x150 pm?*) ~1.9 m* ~124M channels
Overall length :28.7m Microstrips (80-180 ym) ~200 m? ~9.6M channels
Magnetic field  :3.8T

SUPERCONDUCTING SOLENOID
Niobium titanium coil carrying ~18,000 A

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

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

ZDC

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

In/>8.1

CRYSTAL
ELECTROMAGNETIC
CALORIMETER (ECAL) .
76,000 scintillating PBWO, crystals Zero Degree Calorimeter (ZDC) detects

neutral particles in |n|>8.5|n|>8.5 region
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HADRON CALORIMETER (HCAL)
Brass + Plastic scintillator ~7,000 channels

https://twiki.cern.ch/twiki/bin/view/CMSPublic/SketchUpCMS



[S

Exclusive production P ) s é
Concentrate at low p; (back to back)

Smooth mass spectrum

May followed by EM dissociation between the same ion pairs

Also observed in hadronic collisions of heavy ions

From the combinations of the number of neutrons in each ZDC separately, a total of six
neutron multiplicity classes, labeled as OnOn, On1n, OnXn, 1n1n, 1nXn, and XnXn, are
used in this study. The OnOn class corresponds to no Coulomb breakup of either nucleus
and the 1nXn class corresponds to one neutron emitted from one nucleus and at least
two neutrons emitted from the other nucleus
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The photon-photon interactions can occur in conjunction with
the excitation of one or both of the ions via photon absorption
into giant dipole resonances or higher excited states.

The giant dipole resonances typically decay by emitting a single
neutron, while higher excited states may emit two or more
neutrons. (These forward neutrons have very low relative
momentum with respect to their parent ions and therefore
approximately retain the beam rapidity).

=> Therefore, # of emitted neutrons detected in the forward
region can be used to classify UPC events into different b
(impact parameter) ranges.

High excited state = more neutron emitted

Small b = large high excited state contribution
Bearing analogy to centrality bXnXn < bOnXn < bOnOn




Data selection

Data from the CMS detector during the 2018 LHC run (PbPb at /s = 5.02 TeV)
Integrated luminosity 1.5 nb-1
Ultraperipheral Pb-Pb collisions
Yy > utuT

Muon pair invariant mass region
Muons are selected in the kinematic range 8 < m,, <60 GeV (suppress contribution from
Photoproduced resonances)

ly#| < 2.4  [In*| <24 pr > 3.5 GeV
Reconstructed combining u u candidates and combinatorial background estimated
using events containing the same sing muons
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STARLIGHT prediction and the
dashed line corresponds to the LO

QED calculation [J. D. Brandenburg,
et. al, arXiv:2006.07365.].

The dot-dot-dashed and dotted
lines indicate the core and tail
contributions, respectively. The
vertical lines and shaded areas
represent the statistical and
systematic uncertainties,
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x10" respectively.

Model calculations with a < 0.008 Observation of Forward Neutron Multiplicity Dependence of Dimuon Acoplanarity in
Ultraperipheral Pb-Pb Collisions at VsNN=5.02 TeV, CMS Collaboration, Physical Review Letters

127, 122001 (2021)
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Strong neutron multiplicity dependence of
<aLO>

Strong neutron multiplicity dependence of
<mpup>

Small <b> ’

 The vertical lines on data points depict the statistical
uncertainties, while the systematic uncertainties of the data
are shown as shaded areas.

* The dot-dashed line shows the STARLIGHT prediction, and
the dashed line corresponds to the leading-order QED
calculation [J. D. Brandenburg, et al, arXiv:2006.07365.] 13
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A clear neutron multiplicity dependence is observed,
with the <mpp> value measured in XnXn events being
larger than in OnOn events with a significance exceeding

----- STARlight
--- b-dep. y P;

5 standard deviations. These trends of can are

* """ + """ ' | ¢ The vertical lines on data points depict the statistical

uncertainties, while the systematic uncertainties of the data

ly 1<2.4 — are shown as shaded areas.
Pr>35GeV,i'l<24 1 o The dot-dashed line shows the STARLIGHT prediction, and
8 <My <60 GeV the dashed line corresponds to the leading-order QED

On1p  Onx, Tz, Tnx,  Xny, calculation [J. D. Brandenburg, et al, arXiv:2006.07365.] 14



The first measurementsof yy - u+ u -
production as a function of forward neutron
multiplicity in ultraperipheral lead-lead collisions  ; «
at a nucleon-nucleon center-of-mass energy of

5.02 TeV.
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A significant broadening of back-to-back azimuthal correlations is seen, with
respect to the LO process, for increasing multiplicities of emitted forward
neutrons. This observed trend is qualitatively reproduced by a LO QED calculation,
demonstrating the importance of an impact-parameter- dependent photon pT.

* Asimilar trend of increasing average invariant mass of muon pairs with
neutron multiplicity is also observed. These measurements provide the
first experimental demonstration that the initial energy and transverse
momentum of photons exchanged in ultraperipheral heavy ion collisions
depend on the impact parameter of the interaction. 15



Data selection

Thank You!

More details can be found in:

Observation of Forward Neutron Multiplicity Dependence of Dimuon Acoplanarity in Ultraperipheral
Pb-Pb Collisions at VsNN=5.02 TeV, CMS Collaboration, Physical Review Letters 127, 122001 (2021)
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