One fluid may not rule them aII
- Collectivity in Pb-Pb, p-Pband p-p (« "
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Various flow observables in large and small syste
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C. Loizides NPA956 (2016) 200

CERN Yellow Report: CERRC01807

Observable or effect Pb-Pb p—Pb (high mult.) pp (high mult.)
Low pr spectra (“radial flow”) yes yes yes

Intermediate pr (“recombination™) yes yes yes

Particle ratios GC level GC level except €2 GC level except €2

Statistical model

v =1, 10-30%

78€ % 1, 20-40%

MB: 7 < 1,20-40%

HBT radii (R(kt), R(v/Na))

Rout/ Rside ~1

RDutXRside ‘_.S, 1

Rout/ Rside i:..- 1

Azimuthal anisotropy (vy,) V1= V1—Us Vo—y

(from two particle correlations)

Characteristic mass dependence Up—TUs, Uy, Ug Uy

Directed flow (from spectators) yes no no
Charge-dependent correlations yes yes yes
Higher-order cumulants “d~6=~8~LYZ" “U=6=8=LYZ" “4d ~ 67
(mainly vo{n},n > 4) +higher harmonics +higher harmonics

Symmetric cumulants up to SC(5,3) only SC(4,2),SC(3,2) | only SC(4,2),SC(3,2)
Non-linear flow modes up to vg not measured not measured
Weak 7 dependence yes yes not measured
Factorization breaking yes(n=2,3) yes (n =2,3) not measured
Event-by-event v,, distributions n=24 not measured not measured
Direct photons at low pp yes not measured not observed
Jet quenching through dijet asymmetry | yes not observed not observed
Jet quenching through R 5 yes not observed not observed

Jet quenching through correlations

yes (Z—jet, y—jet, h—jet)

not observed (h—jet)

not measured

Heavy flavor anisotropy

yes

yes

not measured

Quarkonia production

suppressedf

suppressed

not measured
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One fluid rules all early work

One fluid to rule them all: Viscous hydrodynamic description of
event-by-event central p+p, p+Pb and Pb+Pb collisions at

/s =5.02 TeV

Ryan D. Weller?, Paul Romatschke *"*

superSONIC for p+p, Vs=5.02 TeV, 0-1%

superSONIC for p+Pb, vs=5.02 TeV, 0-5%

Physics Letters B 774 (2017) 351-356

superSONIC for Pb+Pb, vs=5.02 TeV, 0-5%

-superSONI@escribes v2 and v3 data in ppPp and PH°b using a single
choice for the fluid parameter
- Suggestsommon hydrodynamic origimcludingpp collisions




Can one fluid rules them all ?
-a detailed evaluations from hydrodynamics

Brief review for Pb-Pb, p-Pb collisions

-Success of hydrodynamics (Pib)

-hydro descriptions; initial /final state effects-®p)

Pb+Pb, p-Pb, p-p collisions

-can one hydrodynamigsvith the same parametersiles them all ?

p-p collisions

-sign of C2{4} & nonlinear effect from hydrodynamics



Can one fluid rules them all ?
-a detailed evaluations from hydrodynamics

Brief review for Pb-Pb, p-Pb collisions

-Success of hydrodynamics (Pib)

(g

Preequilibrium hadronisation
/J \\ /J \\ J
Y Y Y

Initial conditions viscous hydro hadron cascade
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The Success of HydrodynamiasPb+Phbcollisions
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-hydrodynamics nice describe of integrated and differential Vn of all
charged and identified hadrons



The Success of HydrodynamiesPb+Phcollisions(I1)
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Flow distributions

V2, V3 for deuterons

ALICE:PRC102
055203 (2020).

Hydro calculations / predictions:
IEBE-VISHNU: Zhao, Xu& Song, Eur. Phys
J. C 77, no. 9, 645 (2017).

Hydro output + coalescence model
predictions:

IEBE-VISHNU+coalescenceZhao, Zhu, Zhenc
Ko, Song,Phys.Rev.G@8 5, 054905 (2018)

75 > — Hydro quantitatively / qualitatively describe /

predict various flow data for Pb+Pb collisions



