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(Some of the) questions

What is the origin of small
system collectivity?

How can we probe different
regions of nPDF better?

What is the eftect of geometry
and initial state fluctuation on the
guenching phenomenon?

How do we disentangle
different nuclear effects?

What is the production
mechanism of quarkonia?

How does the system
evolve into thermalization”?

Can we understand the QGP better by
studying initial state effects?

b
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How to disentangle various
types of fluctuations?

—
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Potential effects from initial
electromagnetic field?

...and many others...
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Ultra-peripheral

Pomeron / y

Clean environment:
no hot medium effects

Large EM flux around the ion

¥-Pb & Pomeron-Pb topologies




Exclusive dimuon

Yy = uTp"

Impact parameter =>
photon energy

Photon energy (pt) =>
dimuon back-to-back-ness

impact parameter =>
number of forward
Nneutrons

Y. Shuai, Jan. 13 8 arxXiv:2011.05239



Exclusive dimuon

Acoplanarity
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Forward Rapidity Gap

Pb X Pb Pb
P ) Gap N ) rep
p p p X

By looking into non-hadronic events, we gain
access to pomeron / photon interactions

Characteristics: large forward rapidity gap in
the detector (region with no visible activity)

. Kuznetsova, Jan. 12 10 CMS-HIN-PAS-18-019



Forward Rapidity Gap

Pomeron-Pb

Trend generally
captured by
generators

Pb X

CMS  Preliminar
L B B

Diffraction enhanced

PPD Sy =8.16 TeV (6.4 ub)

[ @ Data

>
Larger gap

o Hadron Level
.g. - 4 EPOS-LHC IPPb Data corrected for low energy particles IPp +Yp
= ¥ HIJING i< 2.5: p_<200 MeV/c and E <6 GeV/bin
3 102+ QGSJETII mIE[2.5,3.0]: E,, < 13.4 GeV / bin =
IS a Inl> 3.0: No particles
© C —
i ° o o ®
L ° PP o o e ©
. ® o o P —A—
L TV y——p—=Y= 7 ¥V —V—/—9_— — g —Y— 7 V™
| )4 —A— A=Y= A—A—A— * X —X“A—*—A——X:—A——
—— —-vV— N —— . e =
_Q—_’__’__’_’__,_—O—:Q: _’__’__’__’__’__,_
L —V— _
1’\ L | | L [ | [
= 2 1 e L L L L L L L
e]
58 1t =
0 r 7
= r _y YV VYA ]
—A—= ) S X _y——A—A—
Go —a— Y —¢—_4 4 —A—_
== V- ——  —¢=¢ —A—-—V—_‘_
o) e —o— 4 -vV— == x__x_ V—_v_
—— —V— —AT—p— —Y—
—o— —o— —A—=X= ,_|
107" 4 -
1 B Qe SR SIS S £
\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ ]
0 1 2 3 4 5 0 1 2 3 4 5
AnF AnF

>
Larger gap

Valuable input to generators

\

Also
sensitive

to ¥-p

Pb Pb

[Por vy

P X

. Kuznetsova, Jan. 12

11

CMS-HIN-PAS-18-019




Electroweak results



Electroweak

Do not interact
strongly with the hot
QCD medium

Probes initial state

Good reference for
other measurements
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Z/Y* in pPb

2
Pb w“

do/dy

@
P

y>0

R,r =
"5 doldy

y<0
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Forward-backward ratio

Prediction from nPDF matches
better than free proton PDF

Measurement of dimuon
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/ boson in PbPb

CMS Preliminary

1.7 nb” (5.02 TeV PbPb)

/ boson yield as a function of centrality
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/ boson in PbPb

0.6 CMS Profiminary 1.7 nb” (5.02 TeV PbPb)
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/ boson yield as a function of centrality

e/u

Some apparent “suppression” in peripheral 2

e/u

Trend captured with geometry+selection (HG-PYTHIA)
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Heavy Flavor



Heavy Flavor

Samples the
- entirety of
-~ QGP evolution

Diffusive movement
in QGP

Produced early-on

(9




J/U In Jet
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Quarkonia suppression

PbPb 368 ub™!, pPb 34.6 nb™", pp 28.0 pb™ (5.02 TeV)
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Correlations

collective behavior

¢ Initial geometry +
/‘ / hydrodynamic expansion +
fluctuation (+non-flow) =>

\ Information encoded in the
detall of the correlations

/ f(P) x1+2 Z v, cos(¢p — D)

23




Correlation in UPC pPb
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Heavy Flavor
Collectivity



Collectivity: DO

\
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(Initial) Electric Fielo
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Collectivity: Y(13S), Y(2S)
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x107° PbPb 1.6 nb”', pp 302 pb™' (5.02 TeV)
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x107° PbPb 1.6 nb”', pp 302 pb™' (5.02 TeV)
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Thank you!

All CMS results: https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsHIN


https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsHIN
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsHIN
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Definition of ¢* observab\e\

* = tan (ﬂ _2A¢) SIn (H,f)

cos(@,;k) = tanh (An/ 2)
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