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e Heavy ion collisions .“-::;';“m"m, T

e Produce QGP and jet quenching
e Modify jet production
e Medium response to jet propagation
 Intermediate systems studies (OO/NeNe)

e Explore to what extent ‘large’ ions are
needed to study QGP




Dead cone effect in D-tagged jets (pp)

e Gluon radiation predicted to be suppressed at
small angles for heavy quarks
“Dead cone effect”
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e Systematic exploration of emissions using jet
grooming techniques

e Suppression confirmed for D-tagged jets
compared to inclusive jets at small angles
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https://physics.aps.org/articles/v5/132

Gluon radiation predicted to be suppressed at
small angles for heavy quarks
“Dead cone effect”
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Systematic exploration of emissions using jet
grooming techniques
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Suppression confirmed for D-tagged jets
compared to inclusive jets at small angles
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Effect also seen for b jets!
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Dead cone effect in b-tagged jets (pp)
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https://physics.aps.org/articles/v5/132

What happens in a QGP?
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e Medium-induced gluon radiation predicted to

fill the dead cone é B:J—l% PbPb, 0-30% | Hybrid Medium [__| LIDO Medium -
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Wakes in the QGP

e If an energetic quark goes through QGP, can it leave a wake?

e How does QGP respond to perturbations?

More water/QGP in the direction of the duck/quark (positive wake)
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Less water/QGP behind the duck/quark (diffusion wake) 6



Searching for a jet wake

e Proposed to use eta-separated dijets to search for the wake

e Compare large/small eta gap selections to isolate wake from jet modifications
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Analysis method

e Examine distribution of particles

with respect to dijets

e Compare symmetric and

asymmetric cases

e Use pp baseline to remove

vacuum effects
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Projections

arXiv:2602.19431, Accepted by PRL as editors’ suggestion
CMS 0.66 nb™' (PbPb), 299 pb™ (pp), 5.02 TeV

e PbPb 50-80%

e PbPb 30-50% e PbPb 0-30%

e Take 1-d projections to

................... quantify the effect

e Clear centrality-
dependent depletion

seen In expected region

Depletion from jet wake
(Stronger for low p. charged particles) 9



Observation of diffusion wake

arXiv:2602.19431, Accepted by PRL as editors’ suggestion
CMS 0.66 nb” (PbPb), 299 pb™ (pp), 5.02 TeV
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What about OO and NeNe?

CMS Experiment at the LHC, CERN
Data.recerded: 2025-Jul-05 02:50:13.306688 GMT
Run / Event / LS: 394153 / 243679213 / 100

:

OO/NeNe provide alternative way to
probe a similar multiplicity region

Initial state more well-defined as
compared to pPb

Less chance for selection biases

More likely to create a QGP?

Oxygen-Oxygen Event Display



Particle production in OO
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Centrality dependence
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e Centrality-dependence can be used to tune MC models Submitted to PLB
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Azimuthal anisotropies in OO and NeNe

e Collectivity effects hypothesized to be present in OO/NeNe
 Proposed as a way to explore nuclear structure (i.e., bowling pin Ne)

PRL 135 (2025) 012302 14



Azimuthal anisotropies in OO and NeNe

e Clear ridge structures seen in OO and NeNe collisions!

CMS Preliminary OO 5.36 TeV
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https://arxiv.org/abs/2510.02580

Azimuthal anisotropies in OO and NeNe

e Measured v2{2}, v3{2}, v2{4} in OO and NeNe collisions
e v> dips towards central events - geometry changes with impact parameter
e V3 Increases - fluctuations important!
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NeNe/OO vs ratios

OO 7 nb™' + NeNe 0.8 nb™ (5.36 TeV)
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Charged particle Raa
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Charged particle Raa
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Comparing different systems

Accepted by PLB: arXiv:2602.21425

1 dopa/dpy
Rayp=———7—
A% do,,/dpy

Using A" as proxy for nuclear radius
Clear evolution see with size
Provides an unbiased method to
evaluate particle suppression vs.

system size

Greatly constraining on models of
energy loss
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ldentified neutral hadron Raa

6.8 nb™' (00), 1.1 pb™' (pp), 5.36 TeV
| | | | 1 | | | [
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1 1 LI [
R., = —AATT h N q
AA A2 do_pp/de 14? CMS Prellmlnary |y| <10 -

Normalization uncertainty e h*

e Charged hadrons extended down
to 500 MeV
e Clear radial flow bump

. similar to charged hadrons

e A less suppressed for 2-5 GeV

CMS-PAS-HIN-25-020
|

e All particles merge at pr>10 GeV

e From energy loss + nPDFs 5x107" 1 2 3 4567 10
p; (GeV)
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ldentified neutral hadron Raa

+ A/K? ratio greatly enhanced in
OO0 relative to pp

e Baryon anomoly likely related to

radial flow + quark coalescence

e Roughly comparable to peripheral

PbPb In nature
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CMS

vo(pT) in small systems
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e Quantifying event-by-event radial flow fluctuations
e Comprehensive evaluation of vo(pT) In small systems over large Nuwk range

e Similar behavior across systems for Ni'k>20 and p1/<pt> < 2

vo(pr) =

(on(pr) - élpr])

(n(pr)) - O1p;]

CMS-PAS-HIN-25-016

e Potential signature of collective behavior, but to be discussed further
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Upsilon Invariant Mass Peaks

CMS Preliminary PP v Snn=5.36 TeV OO syn=b5.36 TeV NeNe v syn=5.36 TeV
| | | | | 12 | | | | | | | | | |
5L ~ i K 1751 | ]
I
1 L -
> 5l i > 1501 JT @ Data i
) () — :
= ) —— Total fit
O Y O ) i
o p1 <30 GeV S o 125 o - y(s) i
g 4+ ly| < 2.4 —~ (@) o I : e Y(2S
o pt > 4.0 GeV S S ool A (2S)
= 2 5 B “-=- Y(38)
..g ..g ~ | Background
o D _fé) /5F ', ! _
> > P o
LLI LLI o ol s
_ - -
= [= o0 © ! 5! l‘; O&%O..__ 079 9 o
— — r—O“o,.o QT l' ------ ll . o8] -O_O-OOO-OO-O§Q'O\O_QO\ ? \|
250" %0 :" i 6 © OOO.O.CTO’
/ “‘ A
0 -_--===::/____-=:\§/_...-._—\l'\—\~
| | | | | | | | | | | | | | |
8 9 10 11 12 13 14 8 9 10 11 12 13 14 8 9 10 11 12 13 14

e Clear Y (395) peak in OO collisions, but not visible for NeNe

e 5.36 TeV pp reference also analyzed

CMS PAS HIN-25-015 24



https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIN-25-015/index.html

Double Ratio Results - 25/1S
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIN-25-015/index.html

Double Ratio Results - 3S/1S
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIN-25-015/index.html

pt dependence of 3S/2S
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIN-25-015/index.html

Compilation of Nwk-dependent results
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIN-25-015/index.html

High-pTt charged particle vo

00 8.10 nb™ + pp 1.02 pb™ (5.36 Te\M\\
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CMS-PAS-HIN-26-005

e Nonzero v2 observed up to 50 GeV
e Consistent with pQCD parton model with T constraint and radiative energy loss
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Conclusions

e Very recent exciting new studies exploring jet quenching and medium response
* No ‘dead cone filling’ and observation of ‘diffusion wake’

e OO and NeNe collisions display nearly all hallmark signs of QGP production
e Only 1 year after taking the data, we have clear evidences for:
e Particle suppression, flow, baryon anomaly, sequential quarkonia suppression
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e Enhanced statistics from large Run 3 Minimum bias dataset
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e Testing hadronization and path-length dependent energy loss at high pr

e Full Run 3 dataset promising in the future!
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