


Although not designed for heavy ions,

H eavy |O NS W/ C |\/| S CMS excels for certain measurements

of QGP properties, e.g.,
guarkonia melting & jet quenching

e The Phases of QCD

| Future LHC Experiments

LHC

Critical Point

Hadron Gas

Baryon Chemical Potential

High-energy heavy-ion collisions

investigate high temperature behavior 0O(100) physicists participate in the CMS-HI program

of matter in its deconfined phase LLR and KU are the largest non-US contributors
— the quark-gluon plasma (QGP)
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The institutes KOREA
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Matthew Nguyen

Byungsik Hong

Raphael Granier de Cassagnac

Jaebom Park

* |Inna Kucher senior
. * Yeonju Go Postdoc
e Batoul Diab Student

Kisoo Lee

Guillaume Falmagne

Francois Arleo (25%, associated theorist)

LLR and KU have participated in the CMS heavy-ion program, since the first data in 2010
More recently other Korean instates have joined (Chonnam and Sejong)

CMS Heavy lons -- Joint FKPP/TYL/FJPPL Workshop



The LLR-KU partnership (v1): 2014 — 2017

. Triggered dimuon mass spectrum in 2018
 LLR & KU are the two most active

) . ] ] PbPb 2018 partial dataset at s, = 5.02 TeV
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Upsilon spectroscopy

* Onia states “melt” in the QGP depending on their binding energy
* Three upsilon states are notches on the thermometer of the QGP
* CMS the only expt that separates the 3 Y states in central PbPb
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http://prl.aps.org/abstract/PRL/v109/i22/e222301
http://link.springer.com/article/10.1007%2FJHEP04%282014%29103
http://www.sciencedirect.com/science/article/pii/S0370269317303052
http://dx.doi.org/10.1103/PhysRevLett.120.142301
http://dx.doi.org/10.1016/j.physletb.2019.01.006

b quark energy loss

* Low p: Nonprompt J/y and exclusive B reconstruction

* High p;: b-tagged jets
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Mass dependence at low p; sensitive to interplay

of e-loss mechanisms (collisional vs. radiative)
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Larger p; sensitive to quark vs. gluon energy loss


https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.113.132301
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.113.132301
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.113.132301
https://link.springer.com/article/10.1140%2Fepjc%2Fs10052-017-4781-1
https://link.springer.com/article/10.1007%2FJHEP03%282018%29181
https://link.springer.com/article/10.1140%2Fepjc%2Fs10052-018-5950-6

J/ elliptic flow

EPJC 77 (2017) 252

Led by Dongho Moon and Camelia Mironov . cCMS PbPb 5 = 2.76 TeV
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https://link.springer.com/article/10.1140%2Fepjc%2Fs10052-017-4781-1

Other results

PbPb 351 ub™, pp 28.0 pb™ (5.02 TeV)

-1 e _
A& _I TTT | TTTT | TTTT | TTTT | TTTT | TTTT | TTTT | TTTT | I__ | 400 Eﬁbl |1| |7|3\.|4-| I:]P R —_— lle i |_| ‘8""' |6| I-I-leIX
2 T ey ms0zTey CMS 1 & =W v CMS -
= ] + 0-100% - C H ]
2 - . (5 =276Tev T B —~ 350 pr s 25Gevic E
o 1.2 ™ (PRL113 (2014) 262301) T ] O E 520 o <000 ]
* Y(2s) vs J/Y L wiets s5<p, <20 Geve I 1S e O Tsd hare -
= | T 1 8 b 0acp -
- L~ Prompt only + - B mZ/y* ]
° EI k b % 0.8 + — c\\l/ 200/ .W—*rc =
ectroweak bosons &t t I W2y o
2_ 0.6 $ 1 _ 9D 150 3
- L 95% CL 1T ] cC C ]
= L | e5%cCL 4 - [ o .
%) R I - 100~ -
+ much more D oal ﬁ 1 2w :
Z I T ] 50f N
0.2/~ T - . .
: T : Sl o éindof = 47 /38

O|||||11||||[|111||||||11||||[||||||||||l| S| 14»*1*,‘“'***Mv—-f*vﬂmA++¢‘¢++$+
0 50 100 150 200 250 300 350 400 OF a0y

Noart prss (GeV/e)

For more details on our results and collaboration see previous FKPPL presentations 2014 2017
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https://indico.in2p3.fr/event/9691/contributions/50249/attachments/40707/50412/Slides.pdf
https://indico.lal.in2p3.fr/event/3425/contributions/8822/attachments/8176/9627/FKPPL2017_v3.pdf

The 2018 PbPb data

e 3x larger than previous data

CMS center @ CERN during the 2018 run
e Last data until 2021 . _

CMS Integrated Luminosity, PbPb, 2018, Vs = 5.02 TeV/nucleon

Data included from 2018-11-08 20:19 to 2018-12-02 16:09 UTC
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LLR and KU collaborated closely during the run,

particularly on the muon-triggered data
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pp 27.39 pb ' (5.02 TeV)
T ‘ T T ‘ T T T ‘ T T

 brompt A
s 16<ly, 1<24 Preliminary ]
M . . . . 653<p <3SGeV o Data B
Ongoing activities: LLR AN
>
Tz”’ i
= 3F e
* Analysis T o e
1= ]
* Fragmentation of J/i in jets (Batoul’s thesis) Qb Lo e

= Observation of ttbar in PbPb collisions (Inna):
Contributing electron ID and b-tagging calibrations

= b-jets, eventually photon + heavy quark jet
" Exotic onia states (Guillaume): B, possibly X(3872)

* Responsibilities
" Photon trigger coordinator (Inna)
= Centrality calibrations (Batoul)
= Muon data-driven efficiency “tag & probe” (Batoul, Guillaume)
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Ongoing activities: Korea

CMS \[s,=2.76TeV L, (PbPb)=6.8ub" L, (pp)=231 nb"

. 2J”W”‘W‘”W””W”W”‘W””A
* Analysis k o

[ Systematic Uncertainty
" |solated photon R,,: Yeonju Go (contact) 15[ o T aneenary
o Baseline for jet quenching studies s B4 I ‘\\-}_‘_
. I 1? :_‘L‘_T_ iy ety st |

o Last measured w/ very low stats in 2010 I i///%/
= Upsilon v, 05 " mecoome ]
. . F e PbPb(HKNO7)/pp(CT10) |
O Pbe: JaEbeom Park (KU) & Yongsun Klm (SEJong) : — — EPSO09 PDF uncertainties :

% 20 a0 40 50 60 70 80

o pPb @ 8 TeV: Kisoo Lee (KU)

e Responsibilities
= Global observables contact: Yeonju Go (KU)
= Muon reconstruction contact: Geonhee Oh (Chonnam)

Photon E, (GeV)



Prospects for increased/renewed collaboration

* Dileptons: Plans for Run 37
= Precise flow measurements of onia states
= Further onia-jet measurements, e.g., Upsilon
= Exotic states, should be very sensitive to recombination effects

* Photon and photon+jet measurements --> precision energy-loss

 Centrality projects, especially for peripheral events / small systems &
to deal w/ radiation damage to forward calorimeters

* Improvements for muon triggering & reco for Run 3
+ Any other ideas that may emerge at our Saturday meeting



Mini-Workshop on CMS Heavy-lon Physics

Date: May 11, 2019
Venue: Seogwipo KAL hotel, Jeju Island, South Korea

Program

Session | Status of CMS HI analyses
(Chair: Byungsik Hong)

09:00-09:20 Hyunchul Kim (Chonnam National Univ.) Status report about Drell-Yan analysis
in 8.16 TeV pPb collision

09:20-09:40 Kisoo Lee (Korea Univ.) Status of Y — h correlation analysis in pPb at 8 TeV

09:40-10:00 Jaebeom Park (Korea Univ.) Status and feasibility study of bottomonium analysis
with 2018 PbPb data

10:00-10:20 Batoul Diab (LLR) Status and plans for onia-jet analysis
10:20-10:40 Inna Kucher (LLR) Plans for heavy quark jet measurements

10:40-11:00 Yeonju Go (Korea Univ.) Nuclear modification factor of isolated photons in PbPb
and pp at 5 TeV and centrality determination in heavy ion collisions

Session Il Discussion

(Convener: Matthew Ngyuen)

11:00-12:00 Future plan for Collaboration between Korean CMS group and LLR

12:00 Adjourn

Directly after this workshop, we will have a meeting of the
CMS-HI groups to discuss our current status and plans.
We hope to use this occasion to reengage direct

collaboration between our groups
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Thanks for your attention!



Money chart

Requested LIA specific funding from France
. Euro/unit Nb of units Total Requested to: *
Description
(euros)
Visit to Korea 150/day 28 4200 | IN2P3
Travels to Korea 1250 4 5000 | IN2P3
Total 9200 | IN2P3
Requested funding from Korea

Description Won/Unit Nb. of units | Total (Won) Requested to: **
Visit to France 4,000,000/visit/man | 3 visits*men 12,000,000 | NRF
(Flight + Local Expenses)
Total
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