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THE ALICE COLLABORATION @ LHC

39 countries, |75 institutes, 1025 authors

311 published paper

250+

System Year(s) Vs (TeV) Lint
2010, 2011 276 75 ub-"
Pb-Pb 2015, 2018 5.02 800 pb-"
Xe-Xe 2017 5.44 0.3 ub-"
o 2013 5.02 15 nb-"
P- 2016 5.02, 8.16 3 nb, 25 nb"

2009-2013 0.9, 2.76, 200 pb-', 100 nb-*

7,8 1.5 pb', 2.5 pb-*
PP 2015, 2017 5.02 1.3 pb-
2015-2018 13 36 pb-

* Harvest of the past |0 years operation

* Large integrated luminosity in Run 2 allows
precise measurements, new observables
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THE ALICE DETECTOR

Excellent track-momentum
resolution and PID

a. ITS SPD (Pixel)
= A b. ITS SDD (Drift)

¢. ITS SSD (Strip)

d. VO and TO

e. FMD

Muon spectrometer:

I®

™ : » M-tracking and trigger chambers
. . f -I, l 1 ,_: :: . S -4 < '7 < -2-5

FMD, TO, VO
TPC

TRD

TOF

HMPID
EMCal

DCal

. PHOS, CPV
10. L3 Magnet
11. Absorber

12. Muon Tracker
13. Muon Wall
14, Muon Trigger
15. Dipole Magnet
16, PMD

17. AD

18. ZDC

19. ACORDE

el R e ol

Central barrel: Forward detectors:
vertexing, tracking, PID, EM calos multiplicity, trigger, centrality, time zero

Inl < 0.9
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COLLISION EVOLUTION

Lorentz-contracted disks. Diameter ~14 fm, thickness ~14/y fm, y = 2500 @ LHC Q
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Initial stage  Gluon and QGP: deconfined  Hadronization and Kinetic freeze-out <
nPDF, quark-pair creation  nuclear matter chemical freeze-out  Elastic collisions cease <
saturation,  All heavy quarks expanding Inelastic collisions Free streaming particles
shadowing  created at this stage hydrodynamically  cease to the detectors
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TEMPERATURE AT HADRONIZATION FROM PARTICLE ABUNDANCES

Statlstlcal Hadronization Model (SHM)

>
S A S I R B IR I > ™ At hadronization the system is
o ms_gjj ) Pb-Pb VS=2. 76 TeV. j 2 . _Y .
T P K 1 close to thermal equilibrium
£ 102k - 5 central collisions _g =
o = A 1 . .
2 10k ~¥es  LowerxtforTa~153Mev - » ™ A rapid hadrochemical freeze-out
1)) = e = 3 <
Q 0 0m NE; takes place at the phase boundary
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Q - 1w .
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z & - .
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DIFFERENTIAL TRANSVERSE MOMENTUM SPECTRA
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ranges at different multiplicities

O Spectra become harder with increasing multiplicity
(flatten at low p;), most pronounced for heavier
particles — expected from collective hydrodynamic
expansion (radial flow)

It
H

O Similar hardening of spectra has been also observed  conaes st o) o o —— 1 e j
in high-multiplicity pp and p-Pb collisions! o 5 10 15 20 0 5 10 15 20

ALI-PUB-338210
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MEAN TRANSVERSE MOMENTUM

Mass-dependent hardening manifests itself

in <p;> increasing with multiplicity " Modest hardening of particle

spectra with increasing collision

’G“ 16 _'"I L L | L | energy
> *p . - .
© q4f oK * |n heavy-ion collisions <p;>is
S independent of the size of colliding
Q 12f nuclei (Xe-Xe vs. Pb-Pb)
i = |n central heavy-ion collisions
; System | syy (TeV) 1 particles with similar masses have
0.8l Pb-Pb 5.02,2.76 | C
S p-Pb 502 similar values of <p;>, expected
b T P D from hydrodynamic evolution
1 10 N1o2 10° - Th deri f<p.> |
ONGOT, o @N,f07,), |05 " The mass ordering of <pr>is
ALI-DER-339322 violated in peripheral heavy-ion

collisions as well as in pp and p-Pb
Steeper increase of <p;> in smaller collision systems
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BLAST-WAVE MODEL FITS TO n/K/p SPECTRA

= 02T -
G o018 %%% - Boltzmann-Gibbs Blast-Wave fits
= 0.16F ® W&% = are used to determine parameters of the
0.141~ E radial flow:
012 el(bls'i‘;i 10215 000003300 %a% E Tin — Kinetic freeze-out temperature
01 e (oo 02 1oy Yy, - = <B;> - transverse flow velocity
0.08F O ALICE, Pb-Pb, {5 = 2.76 TeV —
0.06L ® AUCEPEPL (R, -502Tey E Fit parameters are extracted from
D04 = e oo a6 1 simultaneous fits to T, K, p spectra
0.0 91 ""02 03 04 05 06 o7 Resultsare sensitive to fitting range
B

ALI-PREL-338017 T

* T, decreases, <f;> increases with multiplicity
» Consistent results for Pb-Pb and Xe-Xe at similar multiplicities (T,;, ~ 100 MeV)

« <B;> from pp and p-Pb are consistent with each other, but with larger values wrt.
heavy ions at similar multiplicities

* T, stays constant (~ 160 MeV) in pp and slightly decreases in p-Pb
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PARTICLE YIELDS IN pp AND p-Pb VS. dN,/dn

* Hadron yields increase

Phys. Lett. B 807 (2020) 135501 . . T
> 2920) ~linearly with multiplicity,

> | | | | | | | | | | | | | | | | >,
s | ALKE T Models: pp Vs = 13 TeV 10528 :
% 0.8+ + p—Pb, VS_NN=5.02 TeV,-05<y<0 4} —— PYTHIA6 Perugia 2011 | % ConSIStentIy for pp and
mpp, {s=7TeV,|y|<05 | ---- PYTHIA8 Monash 2013 104 p_Pb collisions at
| e pp, Vs =13 TeV, lv| < 0.5 ] —— PYTHIAS8 Without CR i ' . .
f | --eposine different energies
| —— DIPSY § los

* Hadrochemistry is driven

- 102 by event activity rather
11 _'01 than by collision energy
_ | or system size
| | | |
% 5 10 15 20 25 30 35 0 5 10 15 20 25 30 35 40 45 ° * Qualitative description
ALI-PUB-339037 <dN°h/dn>|’7|<°'5 <dN°h/dn>ln|<o'5 by models
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NUCLEAR MODIFICATION FACTOR, Ry

. N_: Total number of nucleon pairs that collide,
R,.(py) = 1 % d*Ny,/dprdn assuming transparency of the collision
AA\PT) = 2
< NCO]] > d Npp/dedn

§ _i T T ] LI I LI ] T T1 I LI | LI | LI I LI LI LI I l_
At high p; > 8 GeV/c, production of light T AUCEPOPbysw-502TeV (OA0W) |;
hadrons is similarly suppressed - Phys. Rev. G101, 044907 (2020) i
n ent+m wK'+K *p+P )
— No dependence on hadron properties 08— Preliminary =
(mass, baryon number, quark content) i ‘:“TK” *0 N
0.6 B Normalization uncertainty —
At intermediate 2 < p; < 8 GeV/c: - . .
: 0.4 B —
« mass ordering of Ry, for mesons §in T+. | .
o . W O i % .
— indication of the radial flow g,gﬁ i Sa= =
et 1 - 4 ' ! .
* baryon-to-meson splitting (proton vs. ) F y

) . 0 L1 J | I - I |- I L1 I 1 -] I L1 i | L Ll I 11 I | L1 | Ll I 1

— difference in shapes of pp o 2 4 6 8 10 12 14 16 18 . %?,
references ALI-PREL-489935 pT( = C)
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HYDRODYNAMICS OF THE MEDIUM: ANISOTROPIC FLOW

Anisotropies in the initial energy density
distribution lead to azimuthal anisotropies
in particle production
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ALICE, JHEP 09 (2018) 006
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®» Depends on EOS and fluid viscosities

®» Measured via Fourier expansion
00]

d
N @s[nw _—

(Mass ordering (highe
mass - lower v,):

interplay between

r

(Higher n, higher v, 9\
qguark coalescence as
dominant particle

\ radial and elliptic flow,
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o/ AND K/t RATIOS

= At similar multiplicities,
particle ratios are consistent
for different collision
systems at different Vs,

= p/1T shows a modest
decrease with centrality at
the LHC wrt to RHIC,
consistent with smaller
antibaryon-baryon
asymmetry at the LHC

= Increasing K/t ratio is
consistent with strangeness
enhancement
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HADROCHEMISTRY: RELATIVE ABUNDANCES OF HADRONS

Ratio of yields to (mw*+m")
2

—
o
o

1073

Nat. Phys 13, 535-539 (2017)

"R EE R,
8 Hujy g 20 ()
LI LR o)
i % Im m m Q+Q" (X12)

ALICE

| IlIIIlJ|

lIIIIHl

@ O pp.Vs=7TeV
B ALICE Preliminary ® pp, Vs=13TeV 7
¢ p-Pb, |5, =8.16 TeV O p-Pb,ys, =5.02TeV
— X Xe-Xe, {5, =544 TeV (K%, Z,Q) X Xe-Xe, sy, = 5.44 TeV (p, qa)—:
- B Pb-Pb, |5, =5.02TeV (K, A, Z,Q) B Pb-Pb, 5., =5.02TeV (p, ®) -
IILII| I\lll 1 IIIIIII 1 1 IIIIII|
10 102 10° 10
dN /d
< ch 77>|n|< 0.5

ALI-PREL-321075

enrico.fragiacomo@ts.infn.it - ISMD 2021

S| =0
S| =1
S| =1
|S| = 0 (hidden)
|S] = 2
IS|=3

Smooth evolution of particle
production from small to large
systems vs. charged-particle
multiplicity

Strangeness production increasing
with multiplicity until saturation
(grand-canonical plateau) is reached

Steeper increase for particles with
more strangeness content

High-multiplicity pp: same
hadrochemistry as larger (p-Pb,
peripheral Pb-Pb) systems

Common particle production
mechanism for all systems?
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LIGHT-FLAVOUR RESONANCES PROVES THE LATE HADRON PHASE

o

— — 0

Resonances have & pTTIIIIITITTIITTTTITTTTTTTT %
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Resonance lifetime(fm/c): p(1.3) < K*(4.2) < £*(5.5) < A*(12.6) < =*(21.7) < b(46.4)
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CONCLUSIONS AND OUTLOOK

Harvest from Run 1 + 2 offers:
» Detailed insights into QGP characteristics
®» Fundamental advances in QCD at high density

Run 2 + 3 and beyond.:
®» Major LS2 upgrade on track for pp in 2022
®» |n preparation: ITS3, FoCal in LS3

®» Ambitious plans for Run 5+: the next generation
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