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Key QUESTIONS IN SMALL SYSTEMS

O Strong collectivity and jet quenching observed in larger systems — Formation of Quark-Gluon
Plasma

@ Evidence of collectivity also observed in high-multiplicity pp and p—Pb collisions

ALICE, JHEP 05 (2021) 290, Phys. Lett. B 719 (2013) 29

@ No evidence of jet quenching in small systems so far avice, juep 05 (2024) 041

Key Questions still remain:

@ How to measure collective flow in small systems while jets are dominant?

@ Possible observables for jet quenching in small systems?
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TWO-PARTICLE CORRELATION METHOD
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https://doi.org/10.1103/PhysRevLett.119.102301

MipraPIDITY VS. FORWARD MuLripLICITY ESTIMATOR

. Midrapidity Multiplicity Estimator
(In] <0.8)

@ Event activity estimated with
tracks

© Directly translates to (N;) with
unfolding
ALICE, JHEP03 (2024) 092

© pp, Vs =13 TeV, Ny, ~ 80

© Pb-Pb, /snN = 5.02 TeV,
N, =~ 3000

ALICE, Physics Letters B 845 (2023) 138110

. Forward Multiplicity Estimator
© Run2,VOM, 2.8 < n < 5.1 and

-37<n<-17
© Run 3,FT0M, 3.5 < n < 4.9 and
33 <n<-21
@ Measures centrality percentiles
More about ALICE ALICE, Eur. Phys. J. C 81, 630
ALICE, Eur. Phys. ]. C 84, 813 (2024)

1 Mallick, neelk l.mallick@cern.ch 10th ATHIC 2025 3/10


https://home.cern/resources/image/experiments/alice-images-gallery
https://doi.org/10.1140/epjc/s10052-024-12935-y
https://doi.org/10.1140/epjc/s10052-024-12935-y
 https://doi.org/10.1007/JHEP03(2024)092
https://doi.org/10.1016/j.physletb.2023.138110
 https://doi.org/10.1140/epjc/s10052-021-09349-5

JETS AND FLOW EXTRACTIONS

@

'H'M)(MTF/S-(

ity Toore it

Sgb-i-mc‘i'ioh_@

U

an

_Z

(1/Ntrig)dNpair/dAN = Dzvam

T T T T T
0-12 = AliCE pp vS =13TeV

0.10 |- 1 <Prassoc <Pruig <2GeVic =
89| <13

0.08 F= 32 <Ny <37

——Gen. Gauss

4
o
S

| |
-1.8 -12 -06 0.0

|
0.6 1.2
am An

18

Jets, Short Range Correlation:

. Project to An for |Ap| < 1.3

Priion ()3 |f\‘A -F « Prion
A /\, . Evaluate jet yields and shapes
Iw ‘ :q’ Flow, Long Range correlation
\ @ Project to Ap for 1.6 < |An| < 1.8
\\
° \i UO\' . Subtract LM from HM with a
@ template fit — flow magnitudes(v,
@ Yigee (Ridge Yields) and vs3)
w0 Agp
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https://doi.org/10.48550/arXiv.2409.04501

FLow SIGNAL IN SMALL SYSTEMS

ALICE, JHEP 03 (2024) 092

Anna Onnerstad

ALICE, arXiv:2409.04501

Maxim Virta

[ [ I I I 0.64f T T T T =
ALICE 1 <Pr,assoc < Pr,trig < 2 GeV/c
0.15F N——— B @ ALICE = PYTHIA Monash
R 0.56~ = EPOS LHC # PYTHIA 4C B
B AMPT SM (x0.6) PYTHIA shoving g=3
0.10 .
~ - 0.48 ]
S s &
[0 pp 13 TeV o —
0.051 O p—Pb 5.02 TeV ] 0.40~ ® e, . - ]
® e o, ¢
16< |Ag < 18 GubsHyd, param0, pp 13 TeV ALCE +
1.0 1.0Gey  E==GubsHyd, paraml, pp 13 TeV [ B
0.00 <prs ¢ &= GubsHyd, param2, p Pb 5.02 TeV ] 0.32 rAp € 1=313 Tev . )
| | | | | | | 0| . | Mldra;laldlty Multlpl||c|ty Estlmatlor |
0 10 20 30 40 50 60 ( s = 35 s o =
Nen(|n| <0.5) (Nen) (In| < 1.0, pr> 0.2 GeV/c)
O Finite elliptic flow measured in small systems
@ Jet shape modification as a function of multiplicity and pr
@ PYTHIA: Only jets, AMPT and EPOS: Jets+Flow
@ Second assumption for the LM-template fit got broken
O Instead of broadening as a signature of jet quenching expected from larger system, we found
narrowing in HM events, this is represented in PYTHIA — Disentangle QCD bias to QGP
effects in small systems
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BreakinG oF CHARM FRaGMENTATION FUNCTION UNIVERSALITY

@ Observation:
@ Universal behavior of charm fragmentation function breaks in pp
compared to ete” (e.g. arXiv:2105.06335)
@ Measurement Challenge:
© Most measurements include underlying event (UE) contributions
@ This complicates direct comparison with models
@ Large jet contamination makes traditional methods ineffective
@ Solution: Two-particle Correlation Method
@ Currently the only viable technique to extract flow signals:
@ Effectively removes UE contributions
@ Successfully handles large jet contamination (LM-template)
@ Enables direct comparison with models without UE activities
@ Provides cleaner test of fragmentation universality
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DY TAGGING AND SIDEBAND SUBTRACTION

pp, /s = 13.6 TeV (PYTHIAS, Monash)
Mid-rapidity multiplicity, i.e., || < 0.8, pr > 0.2 GeV/c

2.0 < pg“mg < 8.0GeV/c, 1.0 < prassoc < 3-0GeV/c, |n| < 0.8

Fit the invariant mass distribution with signal+background

f(mpo) =a+ bmpo + csz0 +AG(mpo, Mpo, o)

=B(mp)

Sideband regions, R 4, R € [t40, £80]
Signal region, Rs € [—20,20]

=S(mpo)

Extract the relative background ar , and ar,; from the fit

Subtract the sideband 2D correlation function as,

dszair
dAnAg
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DCApo

Phys. Rev. D 110, 034017 (2024)

Primary Vertex

105k

pp, V5 =13.6 TeV

(Nen)ipi <06 = 5.61
2.0 <pr<8.0 GeV/c

mps = 1866.31 % 0.04 MeV
0Opr =14.30 £ 0.04 MeV

“7 PYTHIA8, Monash
Total Fit
Signal
Background

1977

@ The final correlation function is

Ra Rs Rs
‘ ‘ ‘ . ‘
1.80 1.86 1.92 1.98 2.04
Mkn (GeV)

normalized by

trig
Nz

tri
—ar,N Ri

tri,
— aRBNRi .
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DY-raprON CORRELATION FUNCTION

pp, Vs = 13.6 TeV

PYTHIA8, Monash

trig
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pp, Vs =13.6 TeV
PYTHIA8, Monash

2.0 < pr,tig < 8.0 GeV/c
1.0 < Pr, assoc < 3.0 GeV/c
(Nch)in) <08 =17.04

|Ap| <1.3,|An| <1.8

@ Ay proj.

== g fit

m  An proj.

= An fit
DZYAM

@ Sideband subtracted D’-hadron correlation function from PYTHIAS
@ Ay projection for |An| < 1.8, and An projection for |Ap| < 1.3
O Fitted with generalized Gaussian function:
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JET SHAPE
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O Fitted with the generalized Gaussian function

B (BN, [eres)
A+2ar(1/5)ep{ (a)] _m

The widths of the jet fragmentation peak
extracted from Ap and Arn projections

Within uncertainty, both oA, and oA, are
quite comparable in magnitude, no
multiplicity dependence unlike light-flavor
case

Broadening of the jet fragmentation peak

with increasing multiplicity is associated
with jet quenching in HI collisions
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SUMMARY

O Finite flow signal down to the low multiplicity (Ne,) ~ 10 (Better understanding of the flow
extraction) and Jet shape from Light-flavor sector in small systems — more insight from theory
needed

@ DP-hadron correlation measurement in pp, Vs = 13.6 TeV
@ Very little to no variation in D°-hadron jet shape vs. multiplicity in pp collisions

@ Experimental measurements ongoing including D° flow in pp collisions in Run 3
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]ET QUENCHING EFFECTS IN SMALL SYSTEMS

Min.Bias
ALICE, JHEP 05 (2024) 041 ——r——rrr——
F ALICE, ATLAS, CMS p-Pb |y =5.02 TeV, Ay = 0.465 ]

E PHENIX d-Au {5y = 200 GeV + E

# ALICE charged-particle jets, R =0.4
0.6 D Correlated uncertainty

04 Shape uncertainty
: €5 ATLAS (0-90%) full jets, A=0.4 [PLB 748 (2015) 392-413]
0.2 [# cMStulljets, R=0.3 [EPJC 76 (2016) 372] ]

® PHENIX full jets, R =03 [PRL 116 122301 (2016)]
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@ Evidence of collectivity observed in HM pp
and p—PDb ALICE, JHEP 05 (2021) 290, Phys. Lett. B 719 (2013) 29

@ No sign of jet quenching in small systems

@ Strong collective behaviour associated with
QGP formation in large systems

© Key Questions:

How to measure collective flow correctly in small
systems?

. How to probe the creation of QGP in small
systems? — How can we best utilize
experimental data and model approaches?

@ Challenges: Flow measurements biased by
non-flow effects, jets

Recent Solutions:

B Latest development: PRC 108, 034909 (2023), [S.
Ji, T. Kallio, M. Virta, D.J. Kim]
— Definitive suggestion on extracting flow signals
in small systems

B Experimental verification: ALICE, JHEP 03 (2024)
092 [A. Onnerstad, J.E. Parkkila, D.J. Kim]
— Non-flow subtraction was validated and hydro
limits
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https://journals.aps.org/prc/pdf/10.1103/PhysRevC.108.034909
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https://arxiv.org/abs/2308.16591
https://arxiv.org/abs/2308.16591

@: Frow ExtrACTION METHOD — HOW TO REMOVE REMAINING JET CONTRIBUTIONS
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https://doi.org/10.1007/JHEP03(2024)092
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ALICE Run3

ALICE Performance, Run 3, pp, Vs = 13.6 TeV

Recorded

2022: 19.3pb”"
2023: 9.7pb’
2024: 459 pb™'
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Integrated luminosity, pb

TPC continuous readout
allows to collect much
larger data sample
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CHARM FRAGMENTATIONS IN PP IS DIFFERENT FROM EE AND EP

JHEP 12 (2023) 086
1.0 arXiv : 2405.14571 - 1 T T T T T T
R — ' ‘ ‘ ‘ ] < [ ALICE, pply|<0.5 | ]
7 L °ALICE, pp, /s =5.02 TeV } ] T [ wis-13Tev | ,
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Fragmentation fractions in pp and p—Pb

collisions are consistent with each other . .
Fragmentation fractions do not show

energy dependence within the uncertainties
No modification of charm hadronization process
due to different hadronic collision system size
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