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OQCD matter at its extreme

MADAI Collaboration

; quark-gluon plasma
Initial stages  fluid dynamic expansion
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OQCD matter at its extreme

MADAI Collaboration
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Charged-particle pseudorapidity density (dNc/dn)
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® New results in line with other experiments and expectations
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ALICE Preliminary 0-5%
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Identified hadron yields (AN/dy)
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Strange hadron production

&k
++ i )
B K2
. . . —1 |
® Ratios of strange particles over pions 21074 -
O - .
TR -
® Continuous increase from small to >0 ArK -
large systems with multiplicity 2 i ]
, , o 542 (%2)
® Final yields depend only on the 102 |- =
multiplicit - -
b y Ril Q40 (x5) -
<ﬂ> (ﬂ)+® ALICE
1073 = ﬂ+ O pp, Vs=7TeV ¥ Pb-Pb, {5,,=276TeV
I S T S I PR P S NS PSS SO, S NI, B ® pp, Vs=13TeV O p-Pb, {5 = 5.02 TeV |
More in talk by P.Kalinak i B Preliminary Pb-Pb, {Sy = 5.02 TeV 3

Friday 13.12., 11:50

LA Tarasovicovh UPJS ~ seeeemmmnddeermmmanesrerermmmneons) 7


https://indico.cern.ch/event/1361472/contributions/6242004/

’EUN

/é\ 7 B 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 l o
= B + ALICE Preliminary _
< 6F Pb—Pb |Spy = 5.36 TeV  —
-E e ppOFP
. . B 0 —— ® 0-10% =
® Dynamics typical for Pb—Pb - —— . -
E =10-30% -
® Increase of the source size with - , . +30-50% -
centrality = +50-90% —
- S — -
- t . | stat. unc. -
— ——  ——
° - ¥ :lsyst. unc. -
1 : 1 I 1 | 1 I 1 1 1 I 1 1 | I | | | I | 1 | I ] 1 ] I ] 1 ] I ] | ] :
04 06 0.8 1 12 14 16 18 2
k- (GeV/c)

kr = 0.5|pr 1 + Pyl

L.A. Tarasovicova, UPJS 3



’EUN

/é\ 7 B | I | | | I | | | I | | | I | | | I | | | I 1 | 1 I 1 | 1 I 1 | l _
= N + ALICE Preliminary ~
< 6F Pb—Pb Sy = 5.36 TeV = —
- PPOPP -
*E ©0-10% -
; . o —— — A
® Dynamics typical for Pb—Pb - —— . -
E *10-30% -
® Increase of the source size with - , . +30-50% -
centrality = +50-90% —
- —— -
- , -
. - + | stat. unc. -
® Decrease of the R, with k- caused 2 —
: v " ¥ syst. unc. -
by radial flow B .
1 [ 1 I 1 | 1 I 1 1 1 I 1 1 | I | | | I | 1 | I ] 1 ] I ] 1 ] I ] | ] -
: 04 06 0.8 1 12 14 16 18 2
® Stronger effect in more central
k- (GeV/c)

collisions R R
kr =0.5[pr+prol

L.A. Tarasovicova, UPJS



J/w recombination
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QGP (hydrodynamic) expansion
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Elliptical flow of identified particles
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Elliptical flow of identified particles

v, = (cos[2(¢ — w)])
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Elliptical flow of identified particles

Py
S vy = (cos[2(¢ — w)])
) - o | | | 10l20% ;\LICE' |
i ik -~ o3 Pb—PDb FNN=5.02 TeV
g nl <0.8
® Full set of identified particles ;’;. 02 I o ?\@(X)
: nt
o s& 0.1 $ Kt + ¢
® Mass ordering at low py > te !
S ®

® Common velocity of all hadrons -
radial flow

® Baryon/meson grouping and
splitting at intermediate py

v.{2,An| > 0.8}

® Hadrons created via coalescence

® ¢ meson follows the meson line p. (GeVic)

. JHEP 05 (2022) 2
L.A. Tarasovi¢ova, UPJS 5 (2023) 243 10



Elliptical flow of light nuclei
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Semi-inclusive jet energy distribution
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Semi-inclusive jet energy distribution %\%
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Recoil jet azimuthal modification %\%
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® Broadening of recoil jets from R=0.2 to
R=0.4

® Characteristic of medium response

® Soft radiation is recovered with :
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Trigger B -

Track
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Jet quenching via dihadron correlations

R

= JEL I L B L N NS R
® High p track used as a jet proxy § 0.8/~ ALICE Performance ~ Pb-Pb, [5yy=5.36TeV
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® Suppression of the away-side peak i )
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Jet quenching via dihadron correlations

Ny,
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® Trigger particle used as a jet proxy  ALICE Preliminary  PO-PD, Ysyy =5.36 TeV -
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] Away region
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Thermal radiation




Search of the onset of thermal radiation

ALICE, Pb-Pb, 1.0 < p. < 5.0 GeV/c, U.L. at 90% C.L.
® \s,, =5.02 TeV, arXiv:i2308.16704 ¢ \s,, =2.76 TeV, (PLB 754, 235
\/SNN = 5.02 TeV, Preliminary + \/SNN = 2.76 TeV, Preliminary

N

® Recent measurements in agreement with
. . C. Gale et al., PRC 105, 014909
model predictions: — Plbo-Pb, {5 = 5.02 TeV
— Pb-Pb, |5, = 2.76 TeV H

dN/dy of Y direct
5
|
+

Au-Au, \sy, = 0.2 TeV
pp, Vs =13 TeV, 1.0 < p.<3.0GeV/c
% ALICE Preliminary

® Virtual photons (arXiv:2308.16704) /g1 LC- Shen et al, PRC 95, 014906

A Prompt
ﬂ v

® Real photons (PLB. 754 (2016) 235)

VvV Prompt + Thermal

® Small systems crucial for the theoretical

mOdel 107 E_ —E
) - I STAR, 1.0 < p_ < 3.0 GeV/c -
® New data points for MB and HM pp nE " Au-Au, (S = 02 TeV (PLB 770, 451)
o 107 PHENIX, 1.0 < p_ < 5.0 GeV/c =
CO"lSlOnS - AU-AU, Sy = 0.2 TeV (arXivi2203.17187)
= pp, Vs = 0.2 TeV (PRC 91, 064904) .
® First measurement in small systems at ot L Ewe Tzt

1 10 102 10°
low pr at the LHC dNi/dnl,
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1.4 =
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0.6 -CMS, JHEP07(2020)116 -
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: .\ 10 20 30 40 102 2x10?
® Equivalent results for both radii p! (GeVic)
arXiv:2409.12041
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Initial Stages
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Precise measurement of the chemical potentials

® Chemical potentials extracted from the fits of
antimatter/matter ratios

® Previous uncertainty decreased by a factor
of ~ 8

® No centrality dependence and the value
compatible with O

® Nuclear transparency regime reached even
in the most central collisions

JALCEftwnal
po=—0.18+0.90 MeV |

[ jip = 0.71£0.45 MeV

(MeV)

0.5

0.0 —

-0.5

-1.0—

-1.5
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-~ 4 0-5% 5-10% _
¢ 10-30% % 30-50% N
x 50-90% i -
Thermal-FIST . 3
T, =155+ 2MeV u -
u, constrained -
— Uncorr. uncert. g
-.--Corr. uncert. |
N | | | | | |
-1.5 1.0 -0.5 0.0 0.5 1.0 1.5
i (MeV)

B
Phys. Rev. Lett. 133 (2024) 092301
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Search for QGP limits
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Long-range correlations at low multiplicities

32 <N, <37 ALICE

1 < P, trig/assoc <2GeV/c pp Vs =13TeV UBL
X ks T

_% x1072
5.1
S 1 |
® Measurement of long-range NP E ALICE —
. . STans (G ety pp Vs =13TeV | o O ® -
correlations in 7 - o O '
o v
. . . K3 1 <p , trig/assoc <2 GeV/C
® Extracted ridge yield compared with | T_[ 1 ’ 1.4< A <18
+ — vDPp ete™
the frome™ 4+ e: Yridge > ridge T 95% CL ® ALICE
o ALEPH thrust
o 95% CL ete~ 91 GeV
56 (bESt) at I 95% CLI-:-I I_:_I I ALEPH thrust
' MB! ! — 7 ete~ 183-209 GeV
v v v
® 6.30 (best) at 183-209 GeV 0 3 16 24 32 a0 a8
(Nch)
PRL 132 (2024) 172302
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Long-range correlations at low multiplicities

32 <N, < 37 ALICE
1< PT, trig/assoc <2GeV/c PP \/E =13TeV

X

=

o
N

w W
s ~
I N

(1/Ntrig )dszair/dAI‘]dA(D
NN
o ©

2.0 ]_0_1
® ALICE
1 rig/assoc 2 GeV
® Measurement of long-range e -2 s PYTHIAS Monash L <P <26 Ic
l . . S o0 = PYTHIA8 shoving g=3
correlations in 7 Lo-3 |_ == EPOS LHC e
@
. . . @ o m—n
® Extracted ridge yield compared with $ o4 P
~ +m = T T ¢ el ALICE
the frome™ +e7: Y8 > Y7 2 5 e
riage 8 10" P pp VS =13TeV
- ¥ ny
® 50 (best) at 10-° _| } ‘|: 1: T T T _[
v
~7
® 630 (beSt) at 183'209 GeV 10 0 g 16 24 32 40 48
(Nch)
® Not reproduced by the models
PRL 132 (2024) 172302
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Elliptical flow of identified particles

Two-particle correlation Two-particle correlation J— Two-particle correlation g
An| > 2.0 +'“*+"‘+ 11<|An|<7.8 ; 11 <|An|<6.4 :
. ¥
o X7
o4
€ Fé
:# {7, fa, 1) 4
= ALICE "o i ALICE *W% ' &
Pb-Pb, s, = 5.02 TeV p-Pb, Y5, = 5.02 TeV op, ¥s = 13 TeV *ﬁ
40-50% VOM (N ) =~ 478) 0-20% VOA (N ) ~ 395) 0-0.07% VOM  ((N_) = 35)
0 5 100 5 100 5 10
P, (GeV/c) P, (GeV/c) P, (GeV/c)

arXiv:2411.009323
® Similar shape in all 3 collision systems

® Significant baryon/meson splitting and grouping also in pp and p—Pb collisions

L.A. Tarasovicova, UPJS 21
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Elliptical flow of identified particles

® Mass ordering at low py - hadrons emitted in
a common velocity field

10.5281/zen0do.13819739
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Elliptical flow of identified particles

o | 10.5281/zenodo.13819739

ALICE

p—Pb, Y5y = 5.02 TeV
0-20% VOA

v,{2PC, 1.1 < |A77| < 7.8}

® Mass ordering at low py - hadrons emitted in
a common velocity field

® Baryon/meson splitting and grouping
described by model including coalescence

o . arXiv:2411.09323
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Elliptical flow - multiplicity evolution
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® The grouping and splitting disappears in collisions with low multiplicities

® Mass ordering remains, but up to lower py
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Strangeness enhancement origin search
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Strangeness enhancement origin search
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Search for jet quenching in small systems

® Recoil jets in HM collisions:

® Broader and smaller yield

Probability density
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QCD in vacuum

- ALICE Performance, Run 3, pp, (s = 13.6 TeV
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Offline trigger overview by A.A.Riedel ' 10
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| on Thursday 12.12., 16:45 ]
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® No visible energy dependence

® Agreement between inclusive and semi-
inclusive measurement at high p

® Suppression for high p - due to the energy
distribution in jet

Ratio R=0.2/ R=0.

® Enhancement of small jets at low p
® NLO effects ?

® Jet splitting ?

1.8
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5.02 TeV: Phys.Rev.C 110 (2024) 1, 0149006
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Baryon correlation puzzle

® Like-sign proton correlation function
looks different that for mesons
ALICE preliminary, pp Vs =13 TeV

nr + ntnt, 0-20%

x107
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Baryon correlation puzzle

ALICE preliminary, p,'s»= 13 TeV
7+t 0-20% £ PP+PP, 0-20%

C.(Agp, Ay)
Cc(Ag, Ay)

® Like-sign proton correlation function
looks different that for mesons

® The anticorrelation not describedby & [ 7~ :
< [ ALICE preliminary :

models PO pp Vs =13 TeV -

L pp+Pp, 0-20% :

® A possible mass effect? 0.005}-
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ALICE preliminary, pp Vs = 13 TeV S FaLce prehmmary

pp Vs =13 TeV
pp+pp, 0-20%

nm + ', 0-20% pp+@, 0-20%

== DATA
PYTH IA8 ]
— EPOS

® Like-sign proton correlation function
looks different that for mesons

® The anticorrelation not described by
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Baryon mass measurement

® From ~30.000 (2~ + =%) and ~20.000 ..............

(Q_ + §+), Wlth 96% and 90% purities PRL 26 410 (1971)
respectively

® Precision dominated by the systematic
uncertainties PRL 54 628 (1985) = ®
__ALICE Preliminary________ |

M(E) = 1321.975 # (stat.)0.026 % (syst.)0.078 MeV/c? | B
M(E") = 1321.964 * (stat.)0.024 = (syst.)0.083 MeV/c* ¢

ALICE preliminary (2024)

{ M(Q) = 1672.511 * (stat.)0.033 * (syst.)0.102 MeV/c? | _

, ki — 9) ) T T
M(Q_I_) — 672555 + (stat.)0.034 + (syst)0102 M@V/C , 1671 1672 16+73 1674
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® First direkt measurement of bottom

mesons with ALICE

® Thanks to high statistics and dedicated

triggers in 2024

® More similar measurements to come

® b-jets tagging

® Multicharm measurements

Ry
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Measurement of new charm states

>0++(2520 Q
o ) UN

® First measurement of the X2t (2520) together >0.++(2455)
C
With Z(c)a_l__l_ (2455) Eﬂ:4.0_lII'|A\1Ll|6|E'IFI>|l|.||.||||||||||||||||||||||||||__||||||||||||||||||||||||||||||||III|III|I_
) I f reliminary 1 _ -
® Comparable yield for both S 350 pp. V5136 TeV g _:-_QpL"%E F:;egf;‘g:/ary . Data
S o B |y| <0.5 ® pPata 1L ; = . -
resonances . oF & /<05 PYTHIAS -
cLf\l) - PYTHIA 8, Mode 2 1 Mode0 .
. o - robQQ1toQQOjoin_charm = 0.0275 (default) - SHM+RQM .
® Not described by default PYTHIA ;25 £ pobaaiteaanjin cham- 03 T 170 Mev Mode2 -
- probQQ1toQQOjoin_charm = 1 1 H .
® Tuning of parameters improve 201 - .
the description 1,50 + \ - + | -
. o - E pu i :
~ Amount. of suppression for : E
heavy diquark spin 1 state w.r.t 0.5 _; -
Spin O O O:I | 1 | ] 1 1 I | 1 1 | ] 1 1 | | 1 | | 1 1 1 | | 1 1 | 1 1 | | 1 1 | 1 1 1 | I::I |1 | 1 11 | 1 11 | 1 11 | 111 | 1 11 | 1 11 | 1 11 | 1 11 | 1 11 | |:

0 2 4 6 8 10 12 14 16 18 20) 2 4 6 8 10 12 14 16 18 20
p, (GeV/c) p. (GeV/c)

L.A. Tarasovi¢ovd, UPJS 32



® Most precise determination of the
ratio up to 50 GeV/c

final \
Co'n" = (0,578 + (stat.)0.006 = (syst.)0.013

®/ o

o e P e N P i B o . P e e D o

® PYTHIA overestimate the ratio

® Different fragmentation functions
agree within uncertainty

® Empirical mp-scaling works well in the
full pr range

L.A. Tarasovicova, UPJS
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Nuclear structure

pherical Prolate Triaxial
32:0 BZ>O,Y=O° 32>0,V=270

Z ?Z ?Z
T ”Y «y £ ey
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Xenon deformation

® Similar dynamic evolution - final state  ~ of|
effects cancel out in the ratios

® Steep decrease of the ratio in the 0.0} 1
most central collisions =502 TV
I 0.2< p. < 3.0 GeV/c |

® |n Xe—Xe - fluctuations more HHrHHHHH

15 15} 0 |IP-Glasma+MUSIC+UrQMD

pronounced . o xexea =057, =0

Q- Q. Xe-Xea,=0.57, p =0.162

: : o T Xe-Xe a, = 0.57, B_=0.207

® Model with quadruple deformation §|J | ;‘l’ _ Xe-Xe a, = 0.492, B = 0.207
f, = 0.207 match the data s SR I

* T
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I Conclusion and Outlook
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| ® Many new measurements regarding QGP and its limits, QCD in
vacuum and nuclear modification

® Runj is ongoing - many new measurements to come

® Factor 10 higher statistics in Pbo—Pb

® Offline triggers for pp collisions —rare processes
® Rung4 in preparation

® FoCal will allow for low-x measurements

PRk, R =T P N PRV SO 2 e e o Azp B Lo pocaag o oo g ST s e el A i N Acp B Lo _bocma A s A e -~ TR A Ace B L oo B BE5 o A Aen At Lo L2 (A Mt B =0 BTSN S D _ oAl

Takaki Tuesday 10.12., 13:50
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t  FoCal overview talk by D. Tapia ;- 5 '{j t


https://indico.cern.ch/event/1361472/contributions/6260843/

ANl ALICE talks C.5

® ALICE FoCal project overview - D. Tapia Takaki - 10.12., 13:50

® Advancements in photonuclear J/1 production in ultra-peripheral Pb—Pb collisions from Run 2 and early results from
Run 3 in ALICE - D. Krupova - 10.12., 16:40

® ALICE trigger system Runi/Run2 - R. Lietava - 12.12., 9:43 ‘
® ALICE Central Trigger Processor in Run3 - I. Ahuja - 12.12., 10:10 ;A‘

i o ALICE software trigger run3/rung - A.A.Riedel - 12.12., 16:43
® ALICE3-N. Jacazio -13.12., 9:00

® Production of strange and multi-strange particles with ALICE experiment at LHC - P. Kalinak - 13.12., 11:50
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Deuteron production

Leading particle (highest p;and p;>5 GeV/c)

(1<d2N \‘ cr/);L"|"l|||||||||||||||||||L
27/3)pd \ dyd S~
B, = S o \ > 10 EALICE Preliminary P-Pb, {Syy=5.02TeV pp, Vs = 13 TeV
: S
m(\I

lEJ\r/\JEDNETRLYING N | elin Jet mlin jet
i ( 2N > / \ ps* > 5 GeVic
(2z/3)py \ dydpr 1

RECOIL

o |underlying event O |underlying event

+

® Gap between jet and UE parameter - 107 '
consistent with coalescence picture

® Larger gap for p—Pb collisions w.r.t. pp 10

° ° ] | ]
® Larger source size in p—Pb? 04 0.6 0.8 10 15 14
pT/A (GeV/e)

® Stronger momentum correlations?
pp: PRL 131 (2023) 042301 [Erratum: PRL 132 (2024) 109901]
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