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Schematic of Heavy lon Collisions

Still via Ann.Rev.Nucl.68 (2018)

Full video via Yen-jie Lee, Wit Busza,
and Andre Yoon

y= y=1ly=6
50 (time (fm/c))

1 2 3 4
1. Lorentz-contracted nuclei inbound

2. Initial collision
3. After some formation time, Quark Gluon Plasma (QGP) - hydrodynamics takes over

4. After some longer time, freezeout and hadronization
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https://arxiv.org/abs/1802.04801
https://drive.google.com/file/d/1ZjWBxrp_RKLO1UzJ8nL5AhtfuX_mdJk3/view?usp=sharing
https://www.bnl.gov/phobos/Animations/index.htm
https://www.bnl.gov/phobos/Animations/index.htm

Probing the Quark Gluon Plasma with Jets

| jet

y=0F y=1ly=6
50 (time (fm/c))

1 2 3 4 Via D. d’Enterria

(quenched) jet

e Hard-scattered partons act as QGP probe
* Energy loss observed in jets is taken as a possible sign of QGP formation
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https://arxiv.org/abs/0902.2011

Geometry to Momentum Space Correlations

(a) CMS PbPb |5, = 2.76 TeV, 220 < NJy'™ < 260

1< pT <3GeVic
1<p* <3Gevic

2Jd =
‘“ngm
HZ: :
ransverse
: PLB 724°% 3
view (2013) 213%° >
y=0F y=1ly=6 Initial state geometry in AA —
50 {time (fm/c)) long range correlations via hydro.

~1+2Y,v2cos(nA¢)
v, — ellipticity

¢ Long-range correlations taken as a possible sign of QGP formation
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https://cms-results.web.cern.ch/cms-results/public-results/publications/HIN-13-002/index.html
https://cms-results.web.cern.ch/cms-results/public-results/publications/HIN-13-002/index.html

PLB 724 (2013) 213
PbPb [ =276 TeV, 220 < N2 < 260
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https://cms-results.web.cern.ch/cms-results/public-results/publications/HIN-13-002/index.html

PbPb [y =276 TeV, 220 <

b e
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» Decreasing Size

¢ Observable phenomena in collisions systems of all sizes!
¢ Possible signature of QGP droplet formation in small systems?
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https://cms-results.web.cern.ch/cms-results/public-results/publications/HIN-13-002/index.html
https://cms-results.web.cern.ch/cms-results/public-results/publications/HIN-16-010/index.html

Complication: Where Is Quenching?
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¢ Many independent searches for quenching in pPb have returned no indications
e ALICE, ATLAS, and CMS have all set stringent limits w/ dijet =, jet-hadron correlations
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https://arxiv.org/abs/1712.05603
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HION-2021-17/
https://cms-results.web.cern.ch/cms-results/public-results/publications/HIN-23-010/index.html

Probing Many Geometries at the LHC

> Increasing Size >
PbPb

~Pb

(UPCs) pPb XeXe
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Probing Many Geometries at the LHC

> Increasing Size >
PbPb

~Pb

(UPCs) pPb XeXe

See flow-like v,
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Probing Many Geometries at the LHC

> Increasing Size >
PbPb

~Pb

(UPCs) pPb XeXe

See flow-like v; See quenching
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Probing Many Geometries at the LHC

> Increasing Size

1. Study the relationship between system-size and particle production w/ dN /dn
2. Probe the nuclear structure with v, and v; in each system
3. Search for partonic energy loss in light ions

Christopher McGinn



The CMS Detector

CMS DETECTOR

Total weight
Overall diameter
Overall length
Magnetic field

STEEL RETURN YOKE
: 14,000 tonnes 12,500 tonnes
:15.0m
:287m
:38T

SILICON TRACKERS
Pixel (100x150 um?) ~1 m? ~66M channels
Microstrips (80-180 um) ~200 m? ~9.6M channels

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

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

CRYSTAL
ELECTROMAGNETIC
CALORIMETER (ECAL)
~76,000 scintillating PbWO, crystals

HADRON CALORIMETER (HCAL)
Brass + Plastic scintillator ~7,000 channels

CMS,/ W Massachusetts
2 II Institute of
Technology

Christopher McGinn

Study of Hl enabled by
The CMS Detector

Silicon trackers for
charged hadrons

ECAL for photons / 7°
HCAL for neutrals

Forward calorimeters
for centrality

Muon chambers and
ZDC (used minimally
in these analyses)



Datataking for pO,

CMS Experiment at the LHC, CERN
~ §| Datgecorded: 2025-Jul-0106:27:19.958208. GMT
RURT Event,/ LS: 393953 / 42096806118

Data taken July
1st-3rd

pO event
displays via CDS

CMS, W Massachusetts ) N
. I““ st Christopher McGinn 13
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https://cds.cern.ch/record/2937996

Datataking for pO, OO,

CMS Experiment at the LHC, CERN
Data recorded: 2025-Jul-05 03:20:06.329728 GMT
Run/Event/ LS: 394154 / 8598934 / 5

Data taken July 5th-7th

00 event displays via CDS

aaaaa
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https://cds.cern.ch/record/2937997

Datataking for pO, 00, and NeNe!

CMS Experiment at the LHC, CERN
Data recorded: 2025-Jul-08 14:38:58.532736 GMT
Run / Event / LS: 394270 / 1040531 / 1

—————————

Data taken July
8th-9th

NeNe event
displays via CDS

M W Massachusetts ) N
I I I | '"S"'“"-’Df Christopher McGinn 15



https://cds.cern.ch/record/2937998

Luminosity Delivered in Light lons
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https://indico.cern.ch/event/1586852/contributions/

Luminosity Delivered in Light lons
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ATLAS 10.3 ATLAS 0.1 1.0 10 Only experiment

ALICE 05 515 103 ALICE 0.1 091 9.1 w/ VdM in NeNe!

[cms 0.8 94 18| [omMs 0.1 091 9|

LHCb 0.5 575 115 LHCb 0.1 061 6.1

Via LHC report at Sept. Jamboree
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https://indico.cern.ch/event/1586852/contributions/

Luminosity Delivered in Light lons
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Via LHC report at Sept. Jamboree
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https://indico.cern.ch/event/1586852/contributions/

Luminosity Delivered in Light lons
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ALICE 0.5 515  10.3 ALICE 0.1 0.91
ICMS 0.8 9.4 11.8| |CMS 0.1 0.91
LHCb 0.5 575 11,5 LHCb 0.1 0.61

Via LHC report at Sept. Jamboree
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https://indico.cern.ch/event/1586852/contributions/

dN /dn in Light lons
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIN-25-010/index.html

Npart dependence of dN /dn

HIN-25-010
00 (5.36 TeV)
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIN-25-010/index.html

Centrality dependence of dN /dr
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIN-25-010/index.html

Comparisons with ALICE

(1/Ngy) (dNy/dn)

Model/Data

20

e Comparison just a the dN/dn level, no Glauber modeling
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¢ Results consistent between 1-20; already being studied by modeling community!
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https://indico.cern.ch/event/1371434/contributions/6667419/

00 N /dn in the Global Picture
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIN-25-010/index.html

Motivating Flow in Light lons

¢ Do we see collectivity in light-ions?

Christopher McGinn


https://arxiv.org/abs/2401.06625
https://arxiv.org/abs/2402.05995
https://arxiv.org/abs/2402.05995

vating Flow in Lig
e Do we see collectivity in light-ions? (Answer: Yes!)

CMS Preliminary OO 5.36 TeV
03<p <30 GeV/c
i <24

Centrality 0-1%

CMS Preliminary NeNe 5.36 TeV
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<24

Centrality 0-1%
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CMS-HIN-25-009
¢ How do the signs of collectivity evolve w/ centrality in
light-ions compared to heavy-ions?
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Via S. Zhang QM Talk
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIN-25-009/index.html
https://arxiv.org/abs/2401.06625
https://indico.cern.ch/event/1334113/contributions/6369532/

Motivating Flow in Light lons
e Do we see collectivity in light-ions? (Answer: Yes!)

CMS Preliminary OO 5.36 TeV
03<p <30 GeV/c
i <24

Centrality 0-1%

CMS Preliminary NeNe 5.36 TeV
03<p <30 GeV/c
<24

Centrality 0-1%

Z SIS
3 20.0 I';“'\\\““"
=

CMS-HIN-25-009
¢ How do the signs of collectivity evolve w/ centrality in
light-ions compared to heavy-ions?

e 00/NeNe: similar nucleon numbers, but different geometry

¢ Should imprint on v, ratio; are we sensitive? PRL 135 (2025)
o Like STAR probe of U-deformation, Nature 635 (2024) 8037 012302

lassachusetts
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIN-25-009/index.html
https://arxiv.org/abs/2401.06625
https://arxiv.org/abs/2402.05995
https://arxiv.org/abs/2402.05995

Measuring v,,;,: in 00 and NeNe

00 7 nb'(5.36 TeV) NeNe 0.8 nb™" (5.36 TeV)
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F CMS Preliminary T ® Vp{2,An>2} 1
r 0.3<pT<3.0 GeV/c T —-V,{2,]An|>2}, Sub ]
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> System Size >

¢ Measured vo{2} +v3{2} w/ and w/o subtraction, and v,{4} in 00 and NeNe
¢ v, behavior qualitatively similar to heavy-ions expectation
¢ v; strictly increasing as centrality — 0% contra HI; impact of fluctuations?
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIN-25-009/index.html

Comparing v, with Models

00 7 nb™(5.36 TeV) NeNe 0.8 nb™ (5.36 TeV)
- T T T T T T T
r CMS Trajectum (NLEFT) T ® v,{2 An>2} + vy{2,An>2) E
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> System Size >

e Reasonable qualitative agreement observed with hydro models in 00 and NeNe
® NLEFT appears modestly better than PGCM

¢ [P-Glasma+PGCM fares worse; impact of greater fluctuation in initial conditions?

mmm Massachusetts
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https://cms-results.web.cern.ch/cms-results/public-results/publications/HIN-25-009/index.html

Ratio of vo{2} in 00 and NeNe

007 nb"+ NeNe 0.8 nb™ (5.36 TeV)
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e Uptick in v,{2} as centrality — 0% i
¢ Indicative of nuclear deformation present in neon! PRL 135 (2025)
¢ ‘Bowling pin’ structure compared to more symmetric oxygen 012302
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https://arxiv.org/abs/2402.05995
https://arxiv.org/abs/2402.05995

Comparing to ATLAS and ALICE

Note: Flipped x-axis!

g ALICE 00 and Ne-Ne, {5y = 5.36 TeV/
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Submitted PRL
¢ Qualitatively consistent trend across all three experiments in 00/NeNe v, vs centrality
¢ All pointing towards sensitivity to nuclear deformation via correlations
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https://cms-results.web.cern.ch/cms-results/public-results/publications/HIN-25-009/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HION-2025-02/
https://arxiv.org/abs/2509.06428

Nuclear modification factor

—_
[¢;]

—_

o
&)

Motivating a Quenching Search in Light lons

(pp) + 35 nb™" (pPb) + 404 ub™ (PbPb) 5.02 TeV

27.4 pb™!
T

O
=
n

[ T, uncertainty
[ T, uncertainty
1 pp lumi. uncertainty

Lo v b v i by

~ JHEP 04 (2017) 039

1

10 102
P, (GeV)

¢ One manifestation of quenching —
high-pt particle suppression

e Long-observed in AA, absent in pA

e Measure in light ions to establish where
quenching effects turn-on

Christopher McGinn


https://cms-results.web.cern.ch/cms-results/public-results/publications/HIN-15-015/index.html

Existing Results from STAR at RHIC

I LA e B e e e e AR I
STAR Preliminary
0+0 sy =200 GeV
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0 2 4 6 8 10
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Via S. Zhang QM Talk

u - Massachusetts

Institute of

e STAR Raa above unity, but with
significant uncertainties

e Uncertainties come from Glauber
normalization for centrality bins

e Can we be more precise looking
inclusively? What about higher p1?

Christopher McGinn
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00 Charged Particle Raa

6.1 nb" (00), 1.02 pb™ (pp), 5.36 TeV

1.6_ T T T T L | T T L | ]
- CMS [[o] PbPb (5.02 Tev) .
1.4 Bl oPo (5.02 Tev) XeXe (5.44 TeV, 0-80%) ]|
< 12F - e Measure inclusive in centrality to avoid
c I 1 Glauber modeling
o 4= ~
O r ]
& osf - e Raa definition as:
e] - i
(0] . i
© 06 . Raa = 1 dogo/dpr
L 4 2
S 0.4k B A dO'pp/de
0 of 8o B * Any guesses?
I Submitted PRL ]
G_ 1 1 1 1 I | 1 1 1 1 1111 | ]
10 10°
P, (GeV)

u - Masoachusetts

institute of Christopher McGinn
fechnology


https://cms-results.web.cern.ch/cms-results/public-results/publications/HIN-25-008/index.html

00 Charged Particle Raa
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Baseline without Quenching Effects

6.1 nb™ (00), 1.02 pb (pp), 5.36 TeV
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Comparison with Quenching Models

6.1 nb" (00), 1.02 pb™ (pp), 5.36 TeV
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Comparison with Quenching Models

6.1 nb" (00), 1.02 pb™! (pp). 5.36 TeV
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Data is best descrlbed w/ quenching effects!
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Raa in NeNe Collisions

0.76 nb™ (NeNe), 6.1 nb™' (00), 5.36 TeV
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Raa in NeNe Collisions
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Raa Dependence on A

CMS Preliminar
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Raa Dependence on A

CMS Preliminar
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Raa Dependence on A

CMS Preliminar
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Raa Dependence on A'/?
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Quenching in Small Systems

0.76 nb™ (NeNe), 6.1 nb™(00), 5.36 TeV
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ALICE 1S25 Briefing

CMS-HIN-25-014 ATLAS-CONF-2025-010

e ATLAS, ALICE, and CMS light-ions measurements all favor quenching

® Global evidence stronger than CMS results alone
¢ Fast analysis from all three experiments made this advance possible!
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2023+2024 Integrated Luminosity for PbPb and pp ref.

Via LUM TWiki

2023 (PbPb 5.36 TeV/nucleon) 2024 (PbPb 5.36 TeV/nucleon) 2024 (pp 5.4 TeV)
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PbPb 2023 PbPb 2024 pp ref. 2024

e Recorded PbPb total ~ 3.5 nb~", per above, or about halfway to our 7 nb~" target
¢ Reference pp sample delivered last year, ~1.5x our Run 2 reference from 2017
¢ Per-fill peak luminosity improved in 2024 over 2023; optimistic for 2025
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Future Prospects
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See talk “NA61 future plans” . . .

) D oo < Alt. ions via Via Town Hall

ee talk “NAGO+ proposal” by
. Enrico Scomparin . .
o talks ALICE, ATLAS, contribution from R.A. Fernandez

CMS, LHCb future plans”

weas “Light ion collisions at the LHC”. workshop

& €@ White paper submitted to ESPP

o Alt. ions an option if we hit our

Run 5LHC or or or or or

GAMMA .
- PbPb target in 2025
e i Untested

o
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e Measurement of bulk particle-production suggests 00 is akin to heavy-ions
¢ Flow measurements in 00 and NeNe are a new tool for nuclear structure
* New results suggest quenching present in light-ions!
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