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Studying QGP with elliptic flow

Eccentricity in the initial state of a heavy-ion collision is converted to momentum anisotropy in the final state
distributions of particles — the second-order coefficient of the Fourier expansion is referred to as elliptic flow

vy = (cos 2(¢ — Ygp))

* Elliptic flow can be used to probe the transport coefficients of the QGP (i.e. shear viscosity and bulk
viscosity), the initial state of the collision and its fluctuations

e Strange hadrons are good candidates because they have small hadronic cross sections — their flow is less
affected by the hadronic phase interactions

— Flow in pp and p-Pb collisions in talk by W. Wu Thu 18th 11:02
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https://lup.lub.lu.se/luur/download?func=downloadFile&recordOId=8770714&fileOId=8770715

Elliptic flow of hadrons vs centrality and pr
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ALICE, JHEP 09 (2018) 006

For all species, v, increases from central to peripheral collisions up to 40-50%
— Due to the larger initial state eccentricity in more peripheral collisions

The magnitude of v, in the 50-60% class is compatible to the one measured in 40-50%
— Due to a convolution of several effects, e.g. smaller lifetime of the fireball that does not allow for the
development of v,
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Particle dependence of elliptic flow
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pt < 3 GeV/c: mass ordering
At fixed pt, v, is larger for particles with smaller mass
— Due to interplay between elliptic and radial flow

3 < pt < 6 GeV/c: meson and baryon grouping

v, (baryons) > v,(mesons)

— Reproduced by models implementing hadronization
via quark coalescence

— Interpreted as evidence that quark degrees of
freedom dominate the stage when v, develops

prt > 10 GeV/c:

v, depends only weakly on p and v, ()~ v,(p)

— V% 0 is the result of the path-length dependence of
the energy loss of hard partons interacting with the QGP

Chiara De Martin — ICHEP 2024 3/14



Elliptic flow of multi-strange hadrons in Run 2

RAILICE

ALICE, JHEP 05 (2023) 243
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* Also multi-strange hadrons E and Q exhibit mass ordering for pt < 3 GeV/c and are grouped with
baryons at intermediate py values

* The measurement of = and Q flow is limited to the centrality range 10-50% and pt < 6 GeV/c

— Run 3 data will allow for an extension of pt and centrality intervals
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Comparison with model calculations

:‘?;P0§8VS_W=5-02 TeVv e Comparison with predictions of CoLBT hydrodynamic model with
0.3 40-50% = (3+1)-D viscous hydro initialised at 7y = 0.6 fm/c, shear viscosity
F L . E g@ n/s =0.10 and freeze-out temperature T = 150 MeV
ool Lesee L. W. Zhao et al., PRL 128 (2022) 022302
> o NEE
L .. 3 \\ Hydrodynamic + fragmentation:
s Ny * underestimate (v,) of pion and kaon for pt >3 GeV/c
St . * predicts the baryon/meson crossing with protons
Pb-Pb \'s,,, =5.02 TeV
l <0;8m ALCE | - Hydrodynamic + coalescence + fragmentation:
o ; ] —  provides a better description of the data
A /. g # p(p)
= 0.2 2
Y ,-: 4 N * Coalescence mechanisms important to provide connection
0.1 :‘j. ' I between low and high pt regions
<. * The crossing point develops also in absence of coalescence
g T e ST Govig ° ALICE, JHEP 05 (2023) 243
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Studying QGP with hyperon polarization

RAILICE

In non central heavy-ion collisions, elliptic flow is expected to generate a non-zero vorticity component
along the beam axis with a quadrupole strucuture in the transverse plane

— due to the spin-orbit coupling, this leads to a longitudinal component of particle spin polarization

The polarization can be experimentally measured via parity
violating weak decays like A — p m, in which the daughter
baryon is preferentially emitted in the direction of the spin of the

hyperon
i The polarization along the beam axis is sensitive to:
X * the QGP evolution at later times wrt the global polarization

* the bulk viscosity of the QGP
* the dynamics of the spin degrees of freedom

Figure credit

S. Voloshin and T. Niida, Phys. Rev. C 94 (2016) 021901(R)
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https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.131.202301

Polarization of A along the beam direction

RAILICE

ALICE, PRL 128 (2022) 172005
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In the parity violating decay A — p T, the daughter proton is PN 10° S —————
preferentially emitted in the direction of the spin of the A Lo of @ A 30-40% Pb-Pb |5, = 5.02 TeV ALICE
Q\|

The angular distribution of protons in the A rest frame is: fit (BG)
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P, = ( > ) M. (GeV/c?)
v aH<COS 9*> ALI-PUB-530303

P, P, = (P.sin2 ) P, s, is esimated as a function of the
zs2 = AP sSIn2(¢ — ;) invariant mass of the A, in order to account
for combinatorial background contamination
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Polarization of A along the beam direction
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RAILICE

P, ¢, increases with decreasing centrality, likely due to
increasing elliptic flow contribution

3+1 D hydro model MUSIC + AMPT initial conditions
predicts correct sign polarisation if shear-induced
polarisation is included and the hyperon inherits quark s
polarisation at the hadronisation stage

B. Fu et al., Phys. Rev. Lett. 127 (2021) 142301

4 )
Run 3 data will allow for more differential and

precise measurement of hyperon longitudinal
polarization, including £ and  baryons

g J
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ALICE at the LHC in Run 3

New Fast Interaction Trigger (FIT) nim 1039, 167021 (2022)
Collision time, event selection, centrality estimation,

event plane determination
T0C: array of Cherenkov radiators at forward rapidity

Upgraded TPC JinsT 16, P03022 (2021)

Main tracking detector, vertexing,

PID (dE/dx)

* MWPCs replaced with GEMs

* Continuous readout up to
interaction rate of 50 kHz in
Pb-Pb collisions

7
£ “he gl o

FDD-C

— Talk by Y. Melikyan, Fri 19th 8:48

Upgraded ITS niv 1032, 166632 (2022) t “

Tracking, vertexing
* 7 layers of silicon detectors with

reduced material budget New 02 framework cern-LHCC-2015-006, ALICE-TDR-019
* First layer closer to the beam pipe Q! «  Common Online-Offline computing system

(L0at22 mm) _, Talk by J. Liu, Thu 18th 10:45 * Process data throughput x 100 wrt Run 2
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ldentification of a high purity sample of cascades

RAILICE
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The application of Boosted Decision Tree (BDT) allows for the identification of a high-purity sample of cascades

Statistical uncertainty of () yields decreased by a factor 6 wrt Run 2 — large data sample collected in Run 3 allows for
more differential measurement of flow
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Analysis technique for flow calculation &»

The flow is calculated using the scalar product method in intervals of pt and invariant mass
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Elliptic flow calculation with Run 3 data

AILLCE
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3 roplr 3PP e msseTevitozme Y| S The invariant mass distributions are fit with:
8 T . :O_A&Kz_;‘;’:_fz_;g;’;”c - * asum of two gaussians to describe the signal
£ o[ BDT St =114 ] * asecond degree polynomial to describe the background
> — Gaussian fits + bkg.
& [ e Y. i (dotted black line)
g e ]
© — |
£ - ] \
2 a0 — In Run 3 we have already collected 2.5 x 10° Pb-Pb collisions,
- N more than 10 times the Run 2 ones used to study the flow of
0 — multi-strange hadrons
I | Lol | —
> - | o | o We will measure the elliptic flow of = and (1 more differentially in
N ] pt and centrality in order to probe:
0.1 — . A g q
T * Hydrodynamic model description in the most central and the
0.05 - most peripheral collisions
' 4 <~, ] & Meson-baryon grouping up to larger pt values /

| 1I.66 1665 1.67 1675 1.68 1.68I5I
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ALI-PERF-576519
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Polarization of A along the beam axis in Run 3

RAILICE
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w B n . . .
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<~ 1.105 . 125 \_ )
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Summary and outlook

* The elliptic flow of the multi-strange hadrons & and Q exhibit the same features
measured for lighter hadrons, i.e. mass ordering for pt < 3 GeV/c and baryon-meson
grouping at intermediate py

* Asignificant z component of the A polarization due to elliptic-flow induced vorticity
was measured by ALICE for the first time at the LHC

4 )

* Thanks to a x10 larger number of collected events in Run 3, the elliptic flow of = and ()
and the A polarization will be measured more differentially in pt and centrality

* The first measurement of Z and Q longitudinal polarization will become feasible
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(v,) and gy, show the same qualitative features shown by v,{2} and v,{4}, i.e. mass ordering at
low pr and meson-baryon grouping at larger pt values
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Relative flow fluctuations
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ALICE, JHEP 05 (2023) 243
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ALICE at the LHC in Run 2

PEERE AW Y AN RYm a aVh :

) — | TS Inner Tracking System
' : 6 layers of silicon detectors
Tracking, triggering, vertexing

TPC: Time Projection Chamber
Gas-filled detector

Main tracking detector, vertexing,
PID (dE/dx)

- FaE =,
i N 7 wolll o
5 /8 g -
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VOA and VOC
Arrays of scintillators at forward rapidity
Triggering, event selection, centrality estimation, event plane determination
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Analysis technique for flow calculation

o

RAILICE

The flow is calculated using the scalar product method in intervals of pt and invariant mass
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Elliptic flow calculation with Run 3 data &p

AILLCE
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2 b 'E',]LT,OSigmf_(%f;Msﬂ - * asecond degree polynomial to describe the background
8 L e . (dotted black line)
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166 1665 167 1675 168 1.685 vzbkg(MAK) =A+ BM,k
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ALI-PERF-576519
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Polarization of A along beam axis &p

LR L L L
ALICE Performance

Run 3 Pb-Pb 5.36 TeV, 60-70% N

The P, ¢, vs invariant mass distributions is fitted with:
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