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Sighatures of quark-gluon plasma

Collectively expanding Thermalised medium Dense & deconfined medium

Signatures: Signatures: Signatures:
modification of momentum and modification of hadronisation parton energy loss
angular distributions thermal photon radiation quarkonia dissociation

dense system
many interactions

high multiplicity
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| What causes “flow” in small and/or dilute systems, and ‘
| what can we learn from it? |

Collectively expanding Thermalised medium Dense & deconfined medium

Signatures: Signatures: Signatures:
modification of momentum and modification of hadronisation parton energy loss
angular distributions thermal photon radiation guarkonia dissociation

St A0 dense system
pe—+o°p et \ ~2x>3 many interactions

low multiplicity - high multiplicity
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Many similarities with large collision systems

Similar features across collision systems of different sizes
Near-side long-range ridge, only different magnitude
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Many similarities with large collision systems

Similar features across collision systems of different sizes

Near-side long-range ridge, only different magnitude

ATLAS
[Syn=5.02 TeV, 22 pb”’
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Many similarities with large collision systems

Similar features across collision systems of different sizes Patterns of partonic collectivity

Near-side long-range ridge, only different magnitude YIS S A pf o oreo——
i »> <« v - ALICE Preliminary . smplate fit method
V2 131 40-50% [ PPb |syy=5.02 Tev v2 pp Vs = 13 TeV
ATLAS 2<p™<3 GeV o Sy, VOA, 0-20% - 1o ] .
P ap & : =~ VOM, 0-0.1% )
_5.02 TeV, 22 ub"" T e ATLAS p+Pb 0.5<p. <5 GeV pp f}"s 13 TeV . . B £ ) o o ¢ v m o
(S0=5- " [su=5.02 TeV, 28 nb”" " | "\ N"es000 <N <150 ) h-h o o T oK® %K < 0151 1 - 2 g .
Pb+Pb ch = '9 “ <3 GeVic_ " % 0.2 ﬁ* Q S - - ]
. : r = ke % Ep+P OA+A e G 01 a 3 ] % |
> <« OC—» <0 - g | N* & o1f 4 8 g
, . 1.75 0.1 . Y (o) i # ><\1 o o ("]
’g : A 31 1.70 Y/ [ £ Ei " El ALICE Hydro-coal-frag i 0.05 g ® |
= | A e | ' 005 wi® o . ~ : g .
3 I \\\\\\\\\\\\\ N2 LA \ NS : ) L SR s = S @b
o \\\\\‘\\\\\\\\\\\\ 8] ALY D Taislteel ottt Bl ot i trioets fesesbesd “r 5op)  BeE . "k )
: < DRI N R CRE 2 L e e , . ; L L ; .
' eVi/c
', 4 ) Py 0 1 > 3 4 5 6 5 (GVIG)

P, (GeV/c)

4 No sharp turn-off as a function of multiplicity
4
- (a “PD v gegoren, V{2, ANl > 1.4} T
0.1—( ) Pb-Pb o6 505{5"5‘ 212, 1A b=
- O OR—e Oy =
= 6 00% Tk % -
008~ " 490 o —
T p-Pb " -
| O mE : _
v 006 gl.””,,o,mﬁm. / //’/’/’/:,w.ﬁ— ﬁ( ]
2 R op  p-PbXe-Xe Pb-Pb =
0.04 — PP 502 13 502 544 502 |5, (TeV) —
- o = [B% [0 ALICE Dy
0.02 — NN W 7 IP-Glasma+MUSIC+UrQMD ~—
ol — PYTHIA 8 T
0.04 __ (a) V3{2, |An| > 1.0} _
ok o0 0 PO
| < 0.8 —
o OFge-o O""% %"" 2<p <3.0GeV/c
1o~2 o

N_. (Inl < 0.8)

1IS2023 | 22.06.2023



Many similarities with large collision systems

Similar features across collision systems of different sizes Patterns of partonic collectivity
Near-side long-range ridge, only different magnitude AoE Pratmay O o S O —
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Digest of experimental results

measured and similar V'
measured but different

_ p—A PP
OBSERVABLES A—A (high multiplicity) | (high multiplicity)
Long-range correlations Near-side ridge yield [1,2] [30,32,33] [30,31]
Anisotropic flow [3,4] [36,37,38,39] [35,37]
Multi-particle correlations Multiparticle cumulants 5 [40-45) 40,41,45]
_ o Mass ordering 6 47-49 46,48]
Partonic collectivity | — — j—
Baryon-meson grouping 6] 47-49)] 46,48]
o _ Flow decorrelations (pr) 7.8] [50-51] —
Factorisation breaking | — — j—
Flow decorrelations (n) [9,10] [52] [53]
Flow p.d.f. Event-by-event v [11,12] — —
Vn correlations 13,14] [54-57] 54,55,57]
Correlafclons and Pn correlations 15] — 58]
fluctuations of Vi — —
Nonlinear response of V; 16-18] — 59]
Response to geometry Event-shape-engineering [19] — —
Role of the IS rho(vn2,[pT]) 20,21] 60,61 61]
High-pr flow 22,23] 63,65 (62,64]
Hard probes Charm flow | 67,68] (66,67]
Bottom flow [70] X (69

not measured

Caveats

proper
nonflow
treatment
IS
important

Acceptance
and

An gap
matter
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Digest of experimental results

measured and similar ¥
measured but different

Long-range correlations

Multi-particle correlations

Partonic collectivity

not measured

Flow p.d.

Correlations and
fluctuations of V,

Response to geometry
Role of the IS

Hard probes

N p—A PP
e S (high multiplicity) | (high multiplicity)
Near-side ridge yield [1,2] 30,32,33] 30,31] Caveats
Anisotropic flow [3,4] [36,37,38,39] [35,37]
Multiparticle cumulants [5] [40-45] [40,41,45] proper
Mass ordering 6] [47-49] 146,48) nonflow
| treatment
Baryon-meson grouping [6] 1 [47-49] 1 [46,48] -
— -0 . We see signs of collectivity (almost) everywhere. mportant
Can we ever switch it off ?
| Acceptance
Vn correlations 13,14] [54-57] 54,55,57] and
Pn correlations 15] — 58] An gap
| matter
Nonlinear response of V; 16-18] — 59]
Event-shape-engineering [19] — —
rho(vn,[pT]) 20,21] 61]
High-pr flow 22,23] 62,641
Charm flow 24-27] [66,67]
Bottom flow [28,29] XK 69
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Measurements at the extremes

Near-side long-range ridge yield in pp down to low Nch
Observed in specific ete- = W+W- high Nch processes?
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Measurements at the extremes

Near-side long-range ridge yield in pp down to low Ncn Anisotropic flow down to low multiplicity
Observed in specific ete- = W+W- high Nch processes? N hel
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Measurements at the extremes

Near-side long-range ridge yield in pp down to low Nch

Observed in specific ete- = W+W- high Nch processes?
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Measurements at the extremes

Near-side long-range ridge yield in pp down to low Nch
Observed in specific ete- = W+W- high Nch processes?

Anisotropic flow down to low multiplicity

Nonzero v2 below average
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Measurements at the extremes

Near-side long-range ridge yield in pp down to low Ncn Anisotropic flow down to low multiplicity
Observed in specific ete- = W+W- high Nch processes?
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measured and similar V'

measured but different

Digest of experimental results

not measured

OBSERVABLES A=A (higph_mp:nt.) (highp::]ult.) (Iowpnpmlt.) UPC °p (hig?:r?]ult.) &e
Near-side ridge vield 1,2] 30,32,33] 30,31] [34] — XK (74,75 77 X [76]

Anisotropic flow 3,4] 36,37,38,39] 35,37] 130] 72,73] K (74,75 77 —
Multiparticle cumulants 5] 40-45] 40,41,45] — — — —_ _
Mass ordering [6] [47-49) [46,48] — — — — —
Baryon-meson grouping |64 (] [47-49] 146,48] — — — _ _
Flow decorrelations (pr) |84 (7.8 [50-51] — — _ — _ _
Flow decorrelations (n) 9,10 52] 53] — — — — _
Event-by-event vn 11,12] — — — — —_ _ _
Vn correlations 13,14] [54-57] [54,55,57] — — — — _
In correlations 15] — — — — _ _
Nonlinear response of Vn |64 [16-18] — — — — _ _
ESE 19] — — —_ _ _ _
rho(vn2,[pT]) 20,21] 60,61 — — — — _
High-pr flow 22,23] 63,65 — — — _ —
Charm flow 67,68 — — — — _
Bottom flow 70] — — — —_ _
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The big picture of small systems

—ven the smallest (hadronic) system seems to be collective ...

... Is the underlying physics of small & dilute in essence the same as in large & dense?

p O — 4—% Pb
o e o -0y dense system
P P e , few interactions -2+ 9 many interactions
low multiplicity - high multiplicity

Collectively expanding

Signatures:
modification of momentum
and angular distributions
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The big picture of small systems

—ven the smallest (hadronic) system seems to be collective ...

... Is the underlying physics of small & dilute in essence the same as in large & dense?

-0 dense system
2m, few interactions x4 many interactions
low multiplicity high multiplicity

pos+op i

Thermalised medium Dense & deconfined medium

Collectively expanding

Signatures:
modification of momentum
and angular distributions

Signatures:
modification of hadronisation

Signatures:

.. Should we expect jet quenching?
ndication for a 200 MeV energy loss in d-Au collisions

Not everything is similar | o |
Does the high-pr flow fit into the picture 7

to heavy-ion collisions...

... should we expect to see any thermal radiation?

... Should we expect to see any quarkonia dissociation?
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