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Heavy ions with CMS

llars of the CMS heavy-ion program at LLR
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Group composition & evolution

e As of today: 1 senior + 2 postdocs + 1 PhD student
» Arriving in 2025: Postdoc (lab), PhD (IN2P3), pending Marie Curie fellow

_ast few years only: mSenior BPostdoc B PhD student
Matthew Nguyen
Raphael Granier (< 2024)
_eticia Cunqgueiro (2021-2022)

Cristian Baldenegro (2021-2023)

-lorian Damas (2021-2024)

Postdoc (2024-2026)

Bharad Harikrishnan (2021-2024)

_ida Kalipoliti (2020-2025) | | | i I I I

Dh D Stb dent ( 20 2 5_ 20 27) 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026

ERC ANR ERC

NB: Also 5 Marie Curie fellows
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e Historically supported by ext. grants
» No new permanent staft since 2011




Responsibilities within CMS

e Matthew Nguyen:
- Coordinator of CMS heavy-ion program on CMS executive board (since 2019)
- Responsible for CMS computing in France (since 2013)
- CMS Reconstruction “level-2” convener (L2, 2022-2024)
- CMS Offline Software Release Manager (L2, 2024-2026)

e Raphael Granier: Heavy-ion Publication Committee Chair (2022-2024)

e Florian Damas: Convener of heavy-ion dilepton group (L3, 2023-2024)
e Cristian Baldenegro: Convener of heavy-ion forward group (L3, 203-2024)

Previously many convener roles in Heavy-ion PAG,
particularly in dilepton and high pr group

Matthew Nguyen CMS Heavy-ions & EIC



Selected results from the past few years



Harder subjet

Initial jet
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Analysis led by C. Baldenegro

CMS. JHEP 05 (2024) 116

Lund Jet Plane Institute @ CERN, July 2023
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https://inspirehep.net/literature/2783507

In(kT/GeV)

Substructure of heavy quark jets

* Mass & flavor dependence of jet
guenching is of fundamental interest

b hadron
b hadron
. : daughters
e b-hadron decay kinematics observe
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Preliminary, for submission to JHEP
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http://cds.cern.ch/record/2909071?ln=en

Double parton scattering in proton-lead collisions

DPS possible from one or two different nucleons in pPb DPS separated from SPS by template fit
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https://inspirehep.net/literature/2804399

First PbPb collisions in 2024

Vatthew Nguyen

e

Heavy ions in LHC Run 3

>l 354/1-016

LR team has important responsibilities during data taking
Run coordination, trigger optimization, shift leader, etc.
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S. Obratsov played a key role in ZDC commissioning
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Delivered Luminosity 2024

I Preliminary

1.25 | «=ATLAS: 1.332 nb-1
+CMS : 1.303 nb-1
1 = LHCb : 0.351 nb-1
+ALICE : 1.36 nb-1

Run 3 data taking strategy

ity [nb-1]

0.75

ed integ. luminos

0.5

e Up to Run 2 we focused on “hard probes” of the QGP using rare object triggers

0.25

Deliver

eDuring LS2 we have dramatically increased our data taking capabilities e o

N .
now recording 30 GB/sec, record for CMS 1 trigger rates in a typical fill in 2024
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L1_ZeroBias pre_dt_rate

e |[n Run 3 we are now recording ALL hadronic interactions with minimum bias triggers

*|n addition, we are recording large samples of EM interactions (most photon-nucleus)

» Opens up new possibilities for heavy flavor (MB) or ultra-peripheral collisions

Matthew Nguyen CMS Heavy-ions & EIC 11



What is the electron-ion collider?

Electron
Injection
Line

Electron
Storage
Ring

Electron
Cooler

lnjector

Hadron
Storage
Ring

Possible
Detector
Location (IP8)

Polarized
Electron
Source

b 4 /SNN — 29— 140 Gev

» Luminosity = 1033-34 /cm2/s, 10-100 /fb/year

Electrons
Hadrons

A:'Iectrons

Possible
Detector
Location (IP())

Electron
Injector (RCS)

(Polarized)
lon Source

» 10 ns bunch spacing w/ 500 kHz integration rate
(1 collision per 200 BX)

» Energy recovery linac w/ hadron beam cooling

» 2 interaction points with detector caverns

Slide from CS of LLR

S—

18 January 2024
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A new collider based on existing proton (500 GeV)
and ion (e.g., Au @ 200 GeV) rings at BNL
=Fecatures polarized (>70%) DIS with e-p

=|_arge variety of colliding nuclei up to uranium
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EIC YELLOW REPORT

Volume I: Executive Summary

EIC YELLOW REPORT

Volume II: Physics

)

Why does the world need an EIC?

EIC YELLOW REPORT
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Electron-endcap EMCAL

Scattered electrons have to be detected in the Lepton Endcap (-3.5 <1 < -1.0) — - I\/l Cal b eamte St @ PS | N AU g U St

104: 1 1 lllllll 1 1 lllllll 1 1 lllllll I I llIllll 1
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Region of physics enabled by the EEEMCal

CrUC|a| rO|e| I\/eaSJre Figure10:PWOcrystalreadoutbyanarrayof16l-.lamamatsu514160-1315SIPM5.
» Scattered e~ from DIS LR Workforce:
. Near-term goals: o
» Direct y from DVCS J MN 507 over LS3

e Demonstrate readout w/ ASIC designed at OMEGA S. Obratsov (PD) 50%
e Design front-end electronics based on this ASIC ~ NewFb: S0%

: New PhD: 30-50%
Ne.e_cils ’[O.. g .- e [DR expected ~ end of 2025 O. Le Dortz (IR): 30%
» distinguish e- from 7 New IR CDD: 90%
» collect bremsstrahlung y’s Project presented to CS of IN2P3 in Oct. o
IR* being negotiated w/ ministry NB: L. Kalipoliti & 5. Obratsov

» reject photons from 79 deeply involved in ASIC testing for CMS

Matthew Nguyen CMS Heavy-ions & EIC 14



Summary & outlook

e \We have been exploiting the Run 2 CMS heavy-ion data for QCD studies
- Mainly focus: applying substructure tools to study jet quenching
- Secondary focus: nuclear effects on quarkonium production
e Currently collecting data from ongoing LHC Run 3
* More et quenching studies planned, but may pursue measurements of
heavy flavor and/or ultra-perhgiphal collisions, depending on personnel
® [nitiated participation in the electron-ion collider set to start around 2032
eStarting point is design of the front-end readout for electron-going ECAL,

an essential detector for any of the physics being pursued there

Matthew Nguyen CMS Heavy-ions & EIC
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Figure 17: Beam test setup at CERN SP (September 2024).

Matthew Nguyen (LLR)

Beamtest setup

Figure 16: CAD drawing of the interface between the SiPMs and the ASICs.

FEEMCal Status

5x5 crystal prototype designed at |JCLab
Only 4 crystals equipped for 1st test

Readout identical to forward HCAL
HGCROC protoboard + KCU (FPGA)

Interface card between SiPM &
ASIC designed by LLR

17



