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ALICE

(Brief) introduction to heavy-ion physics and the ALICE
experiment

Selected results on:

~ Heavy quarkonia

- Open heavy flavor

o Jets

- Light flavor

- Direct photons and dileptons
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Introduction

One of the goals of studying ultrarelativistic heavy-ion collisions:

> characterize phase diagram of QCD matter ALICE

A. Bazavov et al. (HotQCD Collaboration)

https://cds.cern.ch/record/2025215 Phys. Rev. D 90 (2014) 094503
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Quark-gluon plasma: deconfined phase of quarks and gluons

Phase transition at LHC is a smooth crossover — similar to early universe (~few us after the Big Bang)
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Time evolution of HIl collisions

Time evolution of ultrarelativistic heavy-ion collisions:
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Chemical freezeout (Tchem = 155 MeV):

Different probes carry complementary information on different stages of © inelastic interactions cease
the collision ~ hadron abundances fixed

Kinetic freezeout (Tkin = 100 MeV):
Characterization of QGP and hadron gas properties from overall picture + Momentum spectra "frozen

Summary of experimental highlights from ALICE will be published in a
review paper that is in internal review
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The ALICE experiment

&

ALICE

Time Projection Chamber (TPC)

- Gas-filled tracking detector

~ Tracking and momentum
measurement

~ Particle identification via dE/dx
measurement

Inner Tracking System (ITS)

~ 6 layers of silicon detectors

~ Tracking and particle identification
at low momentum

~ Primary and secondary vertex
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Time-Of-Flight detector (TOF)

~ MRPC-based timing detector
~ Particle identification via time-of-flight
measurement

\

-
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VO detectors

~ Forward scintillator hodoscopes

~ Trigger and multiplicity measurement
Muon Spectrometer

- Absorber and tracking stations for muons
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Geometry of the collision
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Symmetry plane and elliptic flow

Initial geometrical asymmetry of non-central collisions
results in azimuthal asymmetry of particle emission:

dN N

LRI A nae

The second harmonic is the elliptic flow

vV, = < cos(2(¢p —P,)) >
Stronger pressure gradient along symmetry plane

connected to initial state eccentricity 4 p.t
) 4 g ’
X =Yy
€ =< >
x2 + y?2 ( )
W
X px>
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ALICE

Heavy Quarkonia



J/yw Raa: RHIC vs. LHC
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J/l// RAA RHIC vs. LHC
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Raa of inclusive J/y at midrapidity decreases with {Npart)

Nuclear modification factor Raa at RHIC energies

1 Yield (pA, AA)

AApA = At LHC energy: in central Pb-Pb collisions ~ 1 cC pair per fm3
| Weon» - Yield (pp) enhancemnt of the J/yy Raa with (Npart) — sign of cC recombination

Svetitsky PRD 37 (1988) 2484, PBM & Stachel PLB 490 (2000) 196,
Thews et al PRC 63 (2001) C549005, Andronic et al, PLB 652 (2007) 259
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JIy Raa vs. pr
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~ Rise at low pt (stronger effect at midrapidity): decisive signature of recombination
~ Models that include (re)generation (SHMc and TAMU) describe the data at low pr
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JIy Raa vs. pr
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~ Rise at low pt (stronger effect at midrapidity): decisive signature of recombination
~ Models that include (re)generation (SHMc and TAMU) describe the data at low pr

Rise of Raa at low pt as an effect of recombination confirmed by prompt J/y (c—J/y)
> clear centrality dependence

TAMU: M. He et al., PLB 735 (2014) 445, SHMc: A. Andronic et al., PLB 571 (2003) 36
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Sequential suppression of charmonia
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Stronger suppression of W (2S) wrt J/ys
> sequential suppression of charmonia?

Centrality dependence of y(2S)/J/yr described by TAMU and slightly underestimated by SHMc
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(Re)generation of charmonia

} i 1 | | 1 I | 1 1 | I 1 | | 1 I | 1 | | I | | 1 1 I | 1 | 1 | HLICE
0 4 PO Sw=502TeV CMS. [y__[ < 1.6, 0-100% -
" ALICE,25<y___<4,0-90% (EPJC78(2018)509) -
1.2 e Jhy (JHEP 2002 (2020) 041) ® Jy - : -
o (2S) (oreliminary) V(28] - Raa of.l//(IZS) mc_:re.ases going to lower pr
> qualitatively similar to J/ys
— Y(2S) production via cC recombination

~ pt1 dependence of Raa reproduced by TAMU

X. Du and R. Rapp, Nucl. Phys. A943 (2015)

W(2S) measurement extended to pt =0

Alberto Caliva University of Salerno and INFN 10/ 32



ALICE

Open Heavy Flavor



Non-prompt J/yy and D mesons
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Raa of hadrons containing b quark via measurements of non-prompt J/yv and D mesons

Unprecedented access to low pt region
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ALICE, Pb—Pb, 5, = 5.02 TeV

0-10%, ly| < 0.5
e non-prompt D°

e prompt D’

Prompt DO: c—D?

Non-prompt DO pb—c—DPO

Alberto Caliva

Raa of prompt and non-prompt DO

arXiv:2202.00815 [nucl-eX]

< _
m< 20 - 0_1 OO/O :3if:3:3i3:3:f:3:313.:3:3:3:3:3:3:313:3:31 E%t%
1 5 | C i | TAMU
Tk sz MC@sHQ+EPOS2
Ll o pamen GUJET3.1

Bottom shows less suppression than charm

Theoretical models that include collisional and radiative
energy loss describe the data within uncertainties
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Interaction with medium

arXiv:2202.00815 [nucl-ex]

ALICE
. [ ALCE e data | Raa (b) / Raa (c) is sensitive to effects that are different
. PO-PD, sy, =5.02TeV [T)Tamu for charm and bottom:
g ~10%, Iyl < 0.5 2 CUJET3. '
= shadowing, interaction with medium, mass-dependent
L3 radiative energy loss, ...
[ ‘o data ' —— LGRcentralvalue ]
-S| SR LTI ) m_set to m; (E-loss) ii) m_set to m, (coalescence) - charm
\y EEREY '/Q') w/0 shadowing — — |Vv) W/0 coalescence
g\ I /D ]
S 3 / \\\ E bottom
%::E L,/ | A\\¥\ ™ : radiation suppressed inside a cone
B # 255 O | e — with aperture @ = m/E (dead cone)
170 e R i S s
""" . 1 The"valley" structure at low pr is mainly due to formation

o 5 10 15 50

p(Gevic) Of prompt D-mesons via quark coalescence

LGR: EPJC 80 (2020) 651, EPJC 80 (2020) 1113
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Raa and vz of prompt D-mesons

i

ALICE

I STAR, PRL 118 (2017) 212301

B  ALICE, JHEP 01 (2022) 174

IQCD, H.T. Ding et al,, PRD 86 (2012) 014509

IQCD, L. Altenkort et al, PRD 103 (2021) 014511

IQCD, D. Banerjee et al., PRD 85 (2012) 014510

ALICE, PLB 813 (2021) 136054

_ Centrality 0-10%, |y| < 0.8

] . L 0ol . .

1 2 3 4 5678910 20 30
p. (GeV/c)

Most of the transport models describe both Raa and v2
> constraint on spatial diffusion coefficients
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Raa and vz of prompt D-mesons

ALICE
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Radiative energy loss important to describe intermediate and high pr
> small impact on low pr region
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ALICE

Jets



Heavy-flavor vs. inclusive jets
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Medium-induced jet modifications

PRL 128 (2022) 102001 —
Medium-induced jet modifications 0 0.05 ( Io.1) o1s A, ALICE

: : : : : < 1S T T —
studied using the jet grooming technique: 3|3 1el e ALICE |5y = 5.02 TeV -
: : o o 99L wppPp0-10% Charged-particle jets
> find first hard splitting —| 5 3F = Sys.uncertainy R=02, |7 |<07
° 250 gm NALL DA
: : . - oft Drop z,,=0.2, f=0 1
Jet core more collimated in Pb-Pb wrt pp collisions 2F : ¢ . " =
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b 2 :
7 = P T,subleading 1 §_¢ : _g
© PT leading T PT,subleading 0.5 - . G E
& | IJJIIETS;CAIPEI — rlecolils (I)ff —
i - Caucal JEWEL, recoils on, -
Fell® oL Pablos, L. =0 Yuan, gL = 5 GeV ]
al i Pablos, L, =2/ctT - Yuan, med q/g i

........... Pablos, L, = o Yuan, quark

ey
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Suppression of wider jets

ALICE Preliminary, 0-10% Pb-Pb \'s,,, = 5.02 TeV
Ch-particle jets, anti-k, |/7jet| <0.9-R

ALICE Data JEWEL w/o Recoils

LIDO Hybrid Model w/ Wake
I | I l I | I I | | | I I | I I | | I I I | I | I
20 40 60 80 100 120 1
P T, ch jet (GeVic

~ N

0

University of Salerno and INFN

R-dependent suppression of jets in Pb-Pb collisions:
> wider jets are more suppressed wrt more collimated jets
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Recoll jet in pp and Pb-Pb

phadron trig I
T ALICE
I reCOll(Pb Pb) } 3 :I | I'All_ICIE IP | Il .I | | | | | | | | | | | | | | | | :
AA — ~ B + reliminary 7
recoil(pp) o 5l ! ch.particle jets, anti-k+ —%— Data _
E R=04,|n |<05 |t-Ap <06 " JETSCAPE 3.4 E
Recoil jet o[ TT(2050)-TT(5.7 -
A ... obtained from data-driven subtraction of 1.5 * + -
uncorrelated background (including multi-parton - i e -
interactions) Ll E ;F_"""'.'.L'.T-'-'-'-“"""" """"""""""""" _
- . ?.J-l lllll —
0.5 :_ -'I-:..nla’: _:
~ hint of energy recovery at low jet momenta (with
azimuthal brOadening) O L |2|O| | |4|O| | |6|O| | |8|O| | |‘I (|)O| | |‘I 2|O| | |140
- data well described by JETSCAPE ,o’Tet (GeV/c)

JETSCAPE: J. Putschke et al., arXiv:1903.07706 [nucl-th]
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ALICE

Light Flavor



Deuteron number fluctuations

arXiv:2204.10166 [nucl-ex] ALICE
ot e "7 71 Newobservable based on event-by-event (anti)deuteron
AN — — . . . .
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Correlation volume

arXiv:2204.10166 [nucl-ex]

Q - =
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Pearson correlation p57 clearly indicates a correlation volume for baryon number
conservation of 1.6 units of rapidity
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]
ALICE
Coalescence Model A (x 1/30)
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Pearson correlation p57 clearly indicates a correlation volume for baryon number

conservation of 1.6 units of rapidity

> different from net-proton fluctuation results (Ay.,.. = 5)
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Precise us measurement at LH
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Uncertainties reduced wrt thermal model fit by one order of magnitude
> direct cancellation of correlated uncertainties in antimatter-to-matter ratios
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Theoretical predictions
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"deuteron” core

Hypertriton lifetime and A separation energy (B ,) measured with high precision
> consistent with weakly bound state
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Current world average
P.A. Zyla et al. (PDG), PTEP 083C01 (2020)
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Most precise measurement of the A and A lifetimes: almost a factor of 3
improvement wrt current world average (PDG)

(th, — 7x)/ T, consistent with zero: test of CPT symmetry in the strangeness sector
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3He absorption

arXiv:2202.01549 [nucl-ex]

ALICE

0-10% Pb-Pb \|'s,, = 5.02 TeV
n| <0.8

(A) = 34.7 . Data —— — GEANT4

0 1 2 3 4 5 6 7 8 9 10
p (GeV/c)

First measurement of 3He inelastic interaction cross section with matter

~17% smaller than Geant4 (Glauber model)
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3He propagation and DM searches
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ALICE

ong (CHe) used to calculate expected flux of 3He from:

> Dark matter annihilation
» cosmic ray interactions with interstellar medium

Transparency of our Galaxy:
Flux using measured opg (CHe)/Flux with opyey CHe) = 0
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Strangeness and resonances 5
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Short-lived resonances are useful tools to study hadron gas phase

s = (4.17 £0.04) fm/c Larger suppression for A*/A wrt K*/K despite A* has longer lifetime
A+ = (12.6 £0.8) tm/c > lifetime is not a good predictor (arXiv:2105.07539 [hep-ph])

Data challenge existing models: Transport (SMASH) and PCE work for different resonances
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Direct photons and dileptons
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Direct photons

Inclusive photon spectrum
from data

B (7dir T ydecay)/ n ’

Y

0
7decay/ ﬂparam

I_I_—I> Decay photon spectrum

from simulations

R}, > ] at high pr:

- prompt photons from initial hard scattering
~ can be calculated using pQCD

Hint for R}, > | at low pr:

- thermal photons from QGP
~ consistent with theory calculations
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Dileptons
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Dilepton spectrum at LHC consistent with hadronic cocktail + QGP with in-medium p

First measurement of direct y in Pb-Pb at 5.02 TeV:

> High pt: prompt photons consistent with pQCD
- Low pr: data consistent with models containing in addition pre-eq. + thermal photons

Alberto Caliva University of Salerno and INFN 29 [ 32



ALICE upgrade

JINST 16 P03022 (2021)

TPC upgrade: ALICE
GEM 1
ecemv2  © MWPCs replaced with GEMs
BGEM3 - Continuous readout @50 kHz Pb-Pb interaction rate
s ;:’-:.:' Al > Expected increase of Nevents by a factor 50-100 for Pb-Pb wrt Run 2

- Fully installed in August 2020

pad plane

ITS Upgrade: NIM 1032, 166632 (2022)

- [ layers of silicon pixel detectors with reduced material budget
(0.35% Xo per layer for inner barrel)

- Smaller beam pipe, 1st layer closer to interaction point (22 mm)
> Improved pointing resolution (x 3)
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ALICE upgrade (ll)

https://cds.cern.ch/record/27483107?In=en

MFT (Muon Forward Tracker)

- high resolution Si-tracking detector installed in front of
the Muon Spectrometer

- basic detection element: silicon pixel sensor (ALPIDE)

- Tracking before absorber: improve muon pointing,
separation of prompt and non-prompt muons

e
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ALICE upgrade (ll)

https://cds.cern.ch/record/27483107In=en

MFT (Muon Forward Tracker)

> high resolution Si-tracking detector installed in front of
the Muon Spectrometer

> basic detection element: silicon pixel sensor (ALPIDE)

> Tracking before absorber: improve muon pointing,
separation of prompt and non-prompt muons

e

Event display from first collisions at 13.6 TeV

Run 3 has just started with pp collisions at 13.6 TeV
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Summary

Detailed characterization of QGP properties

In-depth understanding of a large variety of phenomena
have been achieved

Exciting times are ahead with the LHC Run 3
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Detailed characterization of QGP properties

In-depth understanding of a large variety of phenomena
have been achieved

Exciting times are ahead with the LHC Run 3

Thank you for your attention! f‘
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