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Heavy ions in CMS

Using the full experimental toolbox to probe heavy ion collisions:

� Colourless probes and photon processes for nuclear PDFs
� Jet modifications for jet quenching and medium response
� Heavy quark dynamics from small to large systems
� New probes made accessible by high luminosity data samples

� Impressive LHC performance (6× design in 2018!)

� 2018 PbPb data:
� 1.7 nb−1

� ≈ 4.5× 109 minimum bias events
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Nuclear PDFs

Nuclear PDFs: W bosons in pPb
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W± → µν in pPb at 8.16 TeV

� Sea quark shadowing and anti-shadowing

� 2× 10−3 . xPb . 1× 10−1

� Most precise constraints in this kinematic range

Data inconsistent with pp PDF, favouring EPPS16
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[495] H. Kim, Tue. 16:40
1905.01486, accepted by PLB

http://arxiv.org/abs/1905.01486


Nuclear PDFs

Exclusive vector meson photoproduction in pPb
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Exclusive Υ(1S) and ρ(770)0 meson photoproduction in pPb

� Using lead ions as a photon source

� Probing low-x gluons in the proton
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[505] D. Sosnov Wed 14:00
EPJC 79 (2019) 277
EPJC 79 (2019) 702

http://dx.doi.org/10.1140/epjc/s10052-019-6774-8
http://dx.doi.org/10.1140/epjc/s10052-019-7202-9


Jets and medium response

Outline

1 Nuclear PDFs

2 Jets and medium response

3 Heavy flavour
Production and hadronisation
Correlations

4 Into the future: new probes and detector upgrades
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Jets and medium response

Quark-enriched jet substructure with photon+jets
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Quark-enriched jets: photon-tagged jets

Jet shape PbPb / pp

� Jet broadening

Jet fragmentation function

� Observation of medium induced modifications
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[512] R. Bi, Wed. 14:20
PRL 122 (2019) 152001

http://dx.doi.org/10.1103/PhysRevLett.122.152001


Jets and medium response

Quark-enriched jet substructure with photon+jets
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Quark-enriched jets: photon-tagged jets

Jet shape PbPb / pp

� Jet broadening

Jet fragmentation function

� Observation of medium induced modifications
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[512] R. Bi, Wed. 14:20
PRL 122 (2019) 152001
PRL 121 (2018) 242301

http://dx.doi.org/10.1103/PhysRevLett.122.152001
http://dx.doi.org/10.1103/PhysRevLett.121.242301


Jets and medium response

Jet RAA: jet radius scan

9

Jet RAA as a function of jet pT and radius

� First measurement up to R = 1.0

� Competing effects for wide jets
(suppression vs recovery of quenched energy)

� New constraints on jet quenching models
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[514] M. Taylor, Wed. 11:20
CMS-PAS-HIN-18-014



Jets and medium response

Jet charge in pp and PbPb
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Quark / gluon fraction extracted from jet charge

� No modification of jet charge distribution in PbPb
� Extraction of quark / gluon fraction using PYTHIA templates

� Consistent fractions in pp and PbPb
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[508] D. Hangal Wed. 08:40
CMS-PAS-HIN-18-018



Heavy flavour Production and hadronisation

Outline

1 Nuclear PDFs

2 Jets and medium response

3 Heavy flavour
Production and hadronisation
Correlations

4 Into the future: new probes and detector upgrades
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Heavy flavour Production and hadronisation

b-jet shapes in pp
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b-jet shapes in pp:

� Different shape with respect to inclusive jets

� Imperfectly reproduced in PYTHIA

� Flavour dependence in parton fragmentation
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J. Viinikainen (poster)
CMS-PAS-HIN-18-020



Heavy flavour Production and hadronisation

D0 mesons in jets in pp and PbPb
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Radial profile of D0 mesons in jets

� Hint of wider distribution in PbPb than pp at low pT

� Charm quark diffusion with respect to the jet axis
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arXiv:1911.xxxxx



Heavy flavour Correlations

Prompt D0 meson v2 in PbPb
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2018 D

Prompt D0 meson v2 in PbPb and
search for strong EM fields

� Multi-differential in pT, |y |, centrality

Search for strong EM fields effects: no sign of rapidity dependence of ∆v2(D0 − D̄0)
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[497] C. Bernardes Tue 15:20
CMS-PAS-HIN-19-008



Heavy flavour Correlations

Υ(1S) and Υ(2S) v2 in PbPb
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Elliptic flow of bottomonia in PbPb

� Precise Υ(1S) v2 measurement:

v2(Υ(1S)) = 0.007±0.011(stat.)±0.005(syst.)

� First Υ(2S) v2 measurement!

� Contrast with larger J/ψ v2
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[494] J. Park Tue 16:20
CMS-PAS-HIN-19-002



Heavy flavour Correlations

Prompt and nonprompt D0 v2 in pPb
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� Charm v2 in pPb
� Open charm: (prompt D0)
� Similar to hidden charm: prompt J/ψ

� Beauty (nonprompt D0) v2 in pPb
� First measurement: consistent with 0
� Smaller than prompt D0 at low pT

� Heavy quark collectivity puzzle in small systems
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[500] A. Baty Tue 08:40
CMS-PAS-HIN-19-009



Heavy flavour Correlations

Prompt D0 meson v2 in pp
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Prompt D0 v2 in high-multiplicity pp

� First measurement

� Compatible with light flavours

� Similar v2 in pp and pPb for similar
multiplicities
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[500] A. Baty Tue 08:40L. Zhang (poster)
CMS-PAS-HIN-19-009



Heavy flavour Correlations

Prompt D0 meson v2 in pp
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[500] A. Baty Tue 08:40L. Zhang (poster)
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Into the future: new probes and detector upgrades

Outline

1 Nuclear PDFs

2 Jets and medium response

3 Heavy flavour
Production and hadronisation
Correlations

4 Into the future: new probes and detector upgrades
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Into the future: new probes and detector upgrades

New probe: X (3872)→ J/ψπ+π−

� What is the nature of X (3872)?

� Tetraquark? D0 − D̄
∗0

molecule? Hybrid?

� Coalescence for a 4-quark / molecular state?

� Probing the X (3872) structure using the QGP!

E. Chapon (CERN) CMS highlights QM 2019 17 / 24

[517] Y-J Lee Wed 17:40



Into the future: new probes and detector upgrades

New probe: X (3872)→ J/ψπ+π−
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4.2 σ: strong evidence!
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[517] Y-J Lee Wed 17:40
CMS-PAS-HIN-19-005



Into the future: new probes and detector upgrades

Prompt X (3872)→ J/ψπ+π−
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Comparison to pp: use ψ(2S) as reference

R = N
(Corr)
X (3872)/N

(Corr)
ψ(2S)

R(PbPb) = 1.10± 0.51(stat.)± 0.53(syst.)

Less suppression for X (3872) than ψ(2S)?
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[517] Y-J Lee Wed 17:40
CMS-PAS-HIN-19-005



Into the future: new probes and detector upgrades

New probe: top quarks

Electron

Muon
b-tagged jet

b-tagged jet

The top quark:

� Top quarks decay well before QGP is formed

� nPDF: probing high-x gluons

� With more data: probing the formation time of the QGP
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[513] G. Krintiras Wed 15:00
CMS-PAS-HIN-19-001



Into the future: new probes and detector upgrades

New probe: top quarks
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Also b-jet counting

4.0 σ: strong evidence!
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[513] G. Krintiras Wed 15:00
CMS-PAS-HIN-19-001



Into the future: new probes and detector upgrades

Into the future: examples of detector upgrades

New Zero Degree Calorimeter (2021+)

� Radiation-hard, improved reaction
plane resolution

� Can also be used in pO/OO!

MIP Timing Detector (2026+)

� Time-of-flight: π/K/p identification!

� Enhanced heavy flavour program...
and more!
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[490] A. St̊ahl Tue 17:40M. Nickel (poster)



Into the future: new probes and detector upgrades

Summary

High luminosity Run 2 CMS data samples in all systems: pp, pPb, PbPb (and XeXe)
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� Precise nPDFs
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Into the future: new probes and detector upgrades

CMS talks and posters (with links)

Talks:
[500] Collectivity of heavy flavor hadrons in pp and pPb collisions with the CMS detector A. Baty Tue 8:40
[497] Search for extreme electromagnetic fields through measurements of charm meson flow harmonics in PbPb collisions

at 5.02 TeV with the CMS detector
C. Bernades Tue 15:20

[494] Azimuthal anisotropy and nuclear modification of Upsilon states in PbPb collisions with the CMS detector J. Park Tue 16:20
[495] Constraining nPDFs with electroweak boson measurements in pPb collisions with the CMS detector H. Kim Tue 16:40
[490] New opportunities in heavy ion physics at HL-LHC with a Mip Timing Detector at CMS A. St̊ahl Tue 17:40
[508] Studies of quark and gluon contributions to jet production using jet charge measurements in pp and PbPb collisions

with the CMS detector
D. Hangal Wed 8:40

[514] Mapping the redistribution of jet energy in PbPb collisions using jets with various radius parameters with CMS M. Taylor Wed 11:20
[505] First observation of diffraction in proton-lead collisions with the CMS detector D. Sosnov Wed 14:00
[512] Parton modification and medium response studies using EW-boson-tagged jets and hadrons with pp and PbPb

collisions at 5.02 TeV with the CMS detector
R. Bi Wed 14:20

[513] Observation of top quark pair production in nucleus-nucleus collisions with the CMS detector G. Krintiras Wed 15:00

[516] Studies of beauty quark hadronization with B0
S in PbPb collisions with the CMS detector Z. Shi Wed 16:20

[517] Observation of X(3872) in PbPb collisions with the CMS detector Y.-J. Lee Wed 17:40

Posters:
Nuclear modification factor of isolated photon production in pp and PbPb collisions at 5.02 TeV with the CMS detector Y. Go
Study of medium-induced modifications of dijet energy balance, jet substructure distributions, and medium response to dijets
with 5.02 TeV PbPb and pp collisions at CMS

J. Viinikainen

Study of in-medium momentum broadening with photon-jet momentum correlations in PbPb collisions at 5.02 TeV in the
CMS experiment

R. Bi

The Reaction Plane Upgrade to the CMS ZDCs M. Nickel
Studies of heavy flavor collectivity in pp collisions with the CMS detector at the LHC L. Zhang
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