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A wealth of ALICE results
at major conferences in spring/summer 2022:

)\ F— covsgeen RIHEE  Quark Matter 2022 conference
0 2072?2 KRAK W, oA .
1 & (4-10 April 2022):

e 1 plenary talk
e 35 parallel talks
e 84 posters

Large Hadron Collider Physics
conference (16-21 May 2022):
* 6 plenary talks

e 17 parallel talks

e 10 posters

:‘(')' s Q M 2 2 2 SQM 2022 conference (13-17 June 2022):

e e sanseres o 2 plenary, 26 parallel, 9 posters

,prl fK

FE BOLOGNA ICHEP 2022 6 ICHEP 2022 conference

Xlln_tlernational Conference 13 07 2022 (06'13 July 2022)

on High Energy Physics
Bologna (ltaly) 1 plenary, 39 parallel, 13 posters

NUCLEUS-2022, G.Feofilov (for ALICE
Collaboration)
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Layout of this talk “

» Introduction.
» QGP and formation of light (anti) (hyper) nuclei
» Jets in QGP medium

» Strangeness and charm in collisions of large and small
systems

<>Strangeness in pp collisions at midrapidity
<>Charm in pp, p-Pb and Pb-Pb collisions

<>Two-body scattering involving strange and charm
hyperons

» Flow of identified particles in small systems
» ALICE @LHC Schedule

Collaboration)



”Relativistic heavy ion physics“- why ?:
a bit of history

Cabibbo, N. & Parisi, G. , Exponential hadronic spectrum and quark liberation. Phys. Lett. B
59, 67-69 (1975).

Collins, J. C. & Perry, M. J. Superdense matter: neutrons or asymptotically free quarks?
Phys. Rev. Lett.34, 1353-1356 (1975).

E.V.Shuryak, Quark-gluon plasma and hadronic production of leptons, photons and psions,

Phys. Lett. B78 (1978) 150. .
Lattice QCD results OGP
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1i0 1.15 2I.0 2I.5 3i0 3i5 4.0
E.V.Shuryak, Phys. Lett. B78 (1978) 150

F. Karsch, Lect. Notes Phys. 583 (2002) 209
» Early expectations: QGP like an ideal gas of quarks and gluons
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Space-time stages of nucleus-nucleus collision H%LICE

» Pre-equilibrium phase
Time 1< 0.5 fm/c
» QGP medium
. Almost perfect liquid: n/s ~ 0.1
. Temperature: ~300 MeV from
the photon spectrum inverse slope
. Large volume: ~5000 fm?3
. Mean life time: t ~ 10 fm/c
. Energy density (in central Pb-Pb
collisions at 5.02 TeV): =20 GeV/fm?
(>>¢ .. =1 GeV/fm3)
» Mixed phase
» Chemical freeze-out:
Pre-Equilibrium particle composition is fixed
“Quark-gluon soup” Phase (< ) at T, ~ 155 MeV
*, » Thermal freeze-out:

/7NN
’ particle p; spectra are fixed
Colliding \ at T, ~ 100 MeV

nuclei

crit




ALICE in Run1l and Run 2

HLICE

R JDUSNEY OF DISCAVIRY

Central Barrel |1)| < 0.9
* Tracking

* PID

* EM-Calorimeters

ACORDE (cosmics)

Forward detectors:

o

* AD (diffraction selection) < ~ “"'\"-'*-z
* VO (trigger, centrality) ~
* VO (timing, luminosity) ‘

* ZDC (centrality, ev. sel.)
* FMD (Ng)
* PMD (Ny, Nch)

» ALICE is optimized for Heavy-lon Physics - excellent tracking of low momenta particles
» Efficient registration of the hadrons, electrons, muons, and photons.
produced in pp, p-Pb and Pb-Pb collisions at the LHC.

NUCLEUS-2022, G.Feofilov (for ALICE
Collaboration)



ALICE datain Runs 1,2 in 2=09-2018

R JDUSNEY OF DISCAVIRY

System Year(s) Vs (TeV) Lt
oppp  2010,2011 2.76 ~75 ub?
E 2015, 2018 5.02 ~800 pb?
Xe-Xe 2017 5.44 ~0.3 bt
. 2013 5.02 ~15 nbl
P 2016 5.02, 8.16 ~3 nbl, ~25 nbl
2009-2013 0.9, 2.76, ~200 mb1, ~100 nb?
7,8 ~1.5 pbl, ~2.5 pb?
PP 5015, 2017 5.02 ~1.3 pbl
2015-2018 13 ~36 pb?
Runl || Run?2

> ALICE Collaboration: 40 countries, 173 institutes, 2027 members
Publications: total > 390

NUCLEUS-2022, G.Feofilov (for ALICE
Collaboration)



v'QGP and formation of light (anti) (hyper)
nuclei




Formation of light (anti) (hyper) nuclei
in central Pb-Pb collision at Vs,,=2.76 TeV

HLICE

SNIY OF DISCAVIRY

o KK +K* g E+E Q+Q' 3H+ H 4 as . o
BEEE K EE e o4 EREER 4 S5t e T Pb—Pb collisions
104 Lol ¢ ¢ ¢
Rl SPUL N R A U A O N —
T L leeleeel i1 p i AUCEO10%PBPD 5y =276TeV 1 ) 4He js the heaviest
P IR AR PO b R T T I T A .
i i Rt B R 3 antinucleus observed
10" :— i i : : e : =
| 4 Notinft : _
0% b 0 b b » What is the mechanism
B Model T(MeV) V() Y?INDF i PP o P
s [ |—THERMUS 2.3 155+2 5924 +543  24.8/11 |} {BR = 25%) ] of ||ght (anti)nudei and
10 [ |=GSl-Heidelberg 156 +2 53304505  19.6/11 |; ] - .
o7 L lzSHARES 156+3 4476 4696 15.1/11: Bl Rt (anti)hypernuclei

S R R T D R A R —1 3 production in hadron
S T T l 5 i
0 Fyuyrs 056+ 850 grufd 202 % e ¢¢¢ ‘:’é SHCIRI collisions?

(mod.-data)/c .. (mod.-data)/mod.

o S : > Statistical hadronisation
] v i LI model (SHM)[2]
g S - == vs. Coalescence?

Thermal-model fits to the p;-integrated yields of many hadron species measured in ALICE[1]

[1] ALICE Collab., Nucl. Phys. A 971 1 (2018) 1-20
[2] NATURE, (2 0 1 8) vol. 561, 321-325

NUCLEUS-2022, G.Feofilov (for ALICE
Collaboration)



Formation of light (anti) (hyper) nuclei

N

N in pp, p--Pb and Pb--Pb collisions:
G : ALIC
% hypertriton ..o
./ pp, p-Pb and Pb—Pb collisions
arXiv:2107.10627 » The 1%t measurement in p—Pb collisions at
< - ﬁ ALIéJE | P'b'o' 40/' _502T V o the LHC of hypertriton, reconstructed via
T P-Po, 0-40%, | = 5.02 e the decay channel 3,H - 3He + -
™ <, 5| | = |ALICE Preliminary pp, HM trigger,is = 13 TeV '
10 [+ ] ALICE Pb-Pb, 0-10%, S, = 2.76 TeV — The lightest hypernucleus (p,n, A)

T T T 17

T (mass = 2.991 GeV/c?)
BR.=025£0.02 . i, - -
----------- e — The binding energy : B, = 130 keV
71 » Fragile but surviving at chemical freeze-

out temperature T, = 156 MeV ?
» Important to discriminate between
nucleosynthesis mechanisms in dense
and hot environments

Results are currently in favour of
coalescence

10°°
~—— 3-body coalescence

§>§ 2-body coalescence

IIIIIII
Y

o — SHM, Ve = dV/dy » Improved statistics - is expected in the
vy & ~-SHM, Vo = 3dV/idy | upcoming LHC Run 3 with the upgraded
11 Ils}\\\ | 1 I | II| | | I | II| | ALlCE
3
10 10° 10 » Search of 29-hypernuclei: talk by Alexander

(AN /dr)

1]<0.5 Borissov at this conference,12 July 2022, 12:30

NUCLEUS-2022, G.Feofilov (for ALICE 10
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QO in Pb--Pb collisions:

$6

Formation of light (anti) (hyper) nuclei

antimatter-over-matter ratios HLICE

NIY OF DISCAVIRY

Antiparticle-to-particle ratios of charged pions, Pb—-Pb collisions, Vsy,=5.02 TeV
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data - fit
Gdaia
o

-1
-2

Fit

protons, hypertriton (3,H) and 3He

E 05% =
i_ . _i » T=156.5+1.5MeV, fixed from the
3 — 3 Statistical Hadronisation Model (SHM)
E ¥ 3 [A.Andronic et al., Nature 561, (2018)
— ® T
= 1 321]
— ALICE Preliminary =
= ¢ dat .
E Pb-Pb {5, =502TeV _maa — » Measurement of baryon
= XMNDF=1.722 = chemical potential
(O I -
. — E— =
O O —

RE: p/p 3A/3H He / °He

using the relation obtained from SHM.

NUCLEUS-2022, G.Feofilov (for ALICE tH
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Formation of light (anti) (hyper) nuclei
in Pb--Pb collisions:

antimatter-over-matter ratios n|_1

u_(MeV)
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X SHM fit, Nature 561, 321-330 (2018) N\

o

50 100 150 200 250 300 350

parl>

Pb—Pb collisions, Vs, =5.02 TeV

» Most precise measurement
in Pb-Pb at LHC

» Small but non-zero [z at LHC

» The analysis will be extended
to antimatter-over-matter ratios for

strange baryons, such as A, Zand Q

NUCLEUS-2022, G.Feofilov (for ALICE

Collaboration)
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v’ Jets in QGP medium




Jets as probes
for the study of the deconfined matter

ALICE

WoOTENTT o OISCAVIRY

Example distribution

Charged-particle jets recoiling from a high-p; trigger hadron

Trigger hadron

Pt

Ag

» Observables for recoil jets: m
* Signal Trigger Track (TT,,) -- interval 20 to 50 GeV/c S
(labeled as TT20,50) §

* Reference Trigger Track (TT,) --interval 5to 7 GeV/c N7 g
(labeled as TT5,7) w 5

* A .. (P Ad)- the azimuthal correlation Recoling jet S

between the trigger hadron and recoil jet
27 27
LTrecoil (T, Ad) |= Nl. d (cihM;tA ¢ Nl. (cihNJet
trig AP jo AP TTeg trig dpjedAQ TTys
NUCLEUS-2022, G.Feofilov (for ALICE 14
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\, Jets in QGP medium:
$e$ modification of the angular structure 2
of recoil jets ALICE

WoOTENTT o OISCAVIRY

Measurement of the semi-inclusive hadron+jet pp and Pb—Pb collisions

distributions

Example distribution

Trigger hadron

/G zm L] L] L] I Ll L} L] L -I T L} L] L l Ll L] L] L I Ll L} L] L I T ] L] L I Ll L] L]
S —  ALICE Preliminary pp Vs =5.02 TeV -
(0 = ' ]
S | Ch-particle jets, anti-k;, R = 0.4 i -
5 L - ] o
B | _ Pl yes > 0.15 GeV/c, miell <05 ] 2
g 21%0 - 10° N
'-Q" = - TT(20,50) - TT(5.,7) signal - reference - 6|
- 1 — S
[ i ] 2
100— T <
o . “ i )
- _ ., % S
..... 4 N
B 7] Recoiling jet
50— —
[ ] » Modification of A¢ distribution
al ] for recoil jets
-2

» Medium-induced gluon radiation
vs. multiple-scattering-like intra-
jet?

NUCLEUS-2022, G.Feofilov (for ALICE

Collaboration) 15



\ Jetsin QGP medium:

$Q, modification of the angular structure |
of recoil jets ALICE

FTTERTTET OIS COVIRY
R=0.2 hadron+jet R=0.4 hadron+jet i
TS kel pp and Pb—Pb collisions
o) : ALICE Prellmmary ] — E ALICEP 3
© I ] °© E rellmlnary E . . .
© 25p [ (s =502TeV  10<pf <20GeVic @ 40 E (5 =502 TeV 10<p <20GeV/c = Example distribution
é N Ch-pamcle jets, antn-kT - X 35 __ Ch-particle jets, anti-kT et _:
S 20F A=021n,1<07 - L L R-04,p |<07 3 i
O TT(20,50) - TT(5,7) ] > 30 = TT2050) TT(5,7) 3 Trigger hadron
= 15| —e-Pb-PbO-10% + S 255 o Pb-PDO-10% E
8 [ =P —“4 7 8, F —pp ]
< 10: [ Sys. uncertainty =¢=_¢_ ] < 205 [ Sys. uncertainty _.__.—5 A(/)
: b e it
5F == A 10 = ° . — Q
r —— E == E
L —— 5 —— E |_|
@ e !
L ] L = o
ul | 1 } I 1 | 1 6:1 . T B | — ! ! | 8
a .F 4 @
2 o ; 2
£ 4 ] ' 3
i —— .
@ 2f — = . S
E ] Foremmome s —e—me=m0 e g B
Of6~ 18 2 22 24 26 28 3 %6 18 2 22 24 26 28 3 Recoiling jet
Ag (rad) A (rad)

Q>T Cﬁ > Modification of A¢ distribution

for recoil jets

» At high p;, the ?b—Pb an.d PP » At low p; (R=0.4), a significant azimuthal (in Ad)
shapes are consistent within broadening is seen in Pb—Pb collisions with respect
uncertainties. to pp collisions.

NUCLEUS-2022, G.Feofilov (for ALICE

Collaboration) 16



@\ Jets in QGP medium:

%Q’ modification of the angular structure

of recoil charge particle jets HLIC

pp and Pb-Pb collisions

g 3 Ly L UL UL UL I U ]

~ C ALICE Preliminary 5

25F + ch.-particle jets, anti-k; —*— Data i

R=04,|n |<0.5, [t-A0|<0.6 " JETSCAPE 3.4

] . AreCOil(Pb - Pb) 1T(20,50)q j-mTT<(5,7) ) g
AA — A ]
recoil(pp) 1.5 =

1

» Jet energy is redistributed
in HI collisions? 0

» Low jet momenta region:
energy recovery?

llllll'lllllllllllllll
*

lllIlllll

80 100 120 140
e
p’T’Ch (GeV/c)

%
:
g
o
(o)} I
o

20

R=0.4 hadron+jet /,, distribution vs. p,  Jt
in 0-10% Pb-Pb collisions over pp collisions
at vs,,=5.02 TeV

NUCLEUS-2022, G.Feofilov (for ALICE
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v'Strangeness in hadronic collisions

Collaboration)



Enhanced production of multi-strange particles in
high-multiplicity pp, p—Pb
and Pb-Pb collisions n,ﬂ&;gﬁa,

Nature Physics 13,535-539 (2017)  pi-integrated yield ratios to pions (rt* + r”) as a

p-differential yields function of {dN_/dn) measured in |y| < 0.5.
y et © 1 0 PP, p-Pband Pb-Pb collisions
107 C .
i pitls  © 3 gy > The enhancement is larger
1o* . A+X(x2) ; ;
- | =e— _ K(ao) e for particles with larger
o =
10" \=’="~=¢=\-w,,) W B strangeness content
A e Zmeg S =+5«0 | »  No dependence on
3 0 ) % . .
- = o : [H] cﬂa [H][H] the LHC collision energy
§ ; o) E w0 ?HHtH] @+ 3 (x16)
< s
° % g“ » Striking similarities in
102 Sy BT+ Erxaod * ALICE .
B T e ms=7Tev strangeness production
10 . i i O PPhR=502TeV
o i “/ O P ERareTe for large and small systems
. I=,Q=(1\~||) /S P 2
0 E‘:(MD . oS » Origin of strangeness
0°¢ L0 enhancement?
sl ler s by by e by s bo b 10-37'-.’.T.Tﬁ—/........I L1y aaul
10 0 2 4 6 8 10 12 14 10 10? 10°
pr(GeV/c) (dN.-_h/dTl)M <05

NUCLEUS-2022, G.Feofilov (for ALICE
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Q/§ " Strangeness at midrapidity

<> vs multiplicity and efficient energy
L S e e L T I |||||pr|).c.o.".is|ip.ns’13-rev
2 b eA ] oA ]
%"f 14- 4B B $ 1 $ B <05 +E .
/\E 312: ° e : .!. ﬂ' o
NI 1 tesn —
=l ¢ 8 @ JF +re¥ily g
= - ¢ i’ﬂi IH. 1r @ -Q [¢] ] (uds)
~ I ) * 1 A:(uds
0'8:_ ¢ .H. _: [ ALICE preliminary E| [+] _: =: (dss)
0.6:_ ++ VOM EPJC80167(2020) _ op 5= 13 Tev Bﬂ ] Q: (sss)
0_4:....|....|....|....|....|....::....I....I....I....I....I..
0 5 10 15 20 25 30 100 200 300 400 500
(AN /dn ) s ( ZDC Energy Sum ) (a.u.)

» N, = and Q production vs midrapidity multiplicity -(left) and vs. energy deposited in
ALICE’s Zero Degree Calorimeters (ZDC) —(right)

» Yields of multistrange baryons are anticorrelated with the forward energy, measured by ZDC
» Correlated with the effective energy available in the event for particle production
» Role of the initial stages and number of partonic collisions (MPI) in strangeness production?

NUCLEUS-2022, G.Feofilov (for ALICE

Collaboration) 20



ey

Strangeness production in jets
and of jets HLICE

R JDUSNIY OF DISCAVIRY

pp collisions at Vs=13 TeV and Vs =5.02 TeV

= vs. multiplicity =/KO, ratlos vS. multlpI|C|ty
T T Ty v o !
< - ALl ICE Preliminary [Csyst. error 3 Pd [ ® Imaurgsfe:ggag ALICE Pneumlmry ]
5 0.035 ¢ stat.error 2' 0.12|- m Transverse toleading PP>3Gevie
= = h-Z correlation, p “.3GeVic ‘ E [ 07<in<12,085<4p<20 ® pp.is=13Tev
8 0.035— —— ® pp, Vs=13TeV _E ol O cipeses op, G502 TV ]
=3 0. 025__. |An| < 0.75, |Ag| 2%85 PP, 15 = 5.02TeV — L [syst. error
2' E m Transverss to |eading ‘ E 0.08.'.— @ stat. error 9 h
0.02F 075<an|<12,085<Ap <20 = : f ] ]
E o Full 2 ! - : V4
0.015F |an <12, %2 < Ap < 3x2 = 0.061- ] ]
0015_ s _g 004 * & t * ¢ H t * ]
B = e ® E B ]
0.005[- . ’ 3 R O DU
:.‘.1.9..1.'..'.1.'...|.'...|... 2.0 I.E H I pol fit 1
0 5 10 15 20 25 30 35 40 g 08F & & + ]q f( * ]
AN fdm, o 5 0.6 * 1 * * -
Near-side jet, out-of-jet and full yield of = vs. 0 5 10 15 20 25 30 35 40
. .« . . <chn/d”>m|<o,5
multiplicity of charged particles produced at o _ _ iaad _
midrapidity Near-side jet, out-of-jet and inclusive =/KOs yield

ratios vs. multiplicity of charged particles

» For = mesons the near-side leading jet yield is practically flat with multiplicity
» Linear growth of = yield with multiplicity in transverse to leading

NUCLEUS-2022, G.Feofilov (for ALICE

Collaboration) 21



v'Charm in pp, p-Pb and Pb-Pb collisions




Charm in pp, p-Pb and Pb-Pb collisions

ALICE

Why open heavy flavour

A _one? is interesting?

v’ Production is relevant to early

collision stages

v’ Theoretical calculation of
production in perturbative QCD

v Transport of c-quark through the
medium: collisions and
radiative e-losses ?

v Hadronisation mechanism?

Charm measurements in ALICE:
D0 —K-1T1*
D*— K11t 11
D,— ¢ 1t — K+ K11t
7 > , D*+ _)D01-|-+ — K1 171
+ 0 +1T7 -
Colliding \ ’ A= Kop—Trmp

i ¢ — p* X (with muon spectrometer)
nuclei

Pre-Equilibrium
Phase (< 1)

23



Flow of prompt D_.*-mesons
in Pb-Pb collisions gL1C

D

R JDUSNEY OF DISCAVIRY

( T T T |
4 ALICE
| 30-50% Pb—Pb, {5 = 5.02 TeV
¢ Prompt D}

" e Prompt average D°, D, D**

o=

Physics Letters B 827 (2022)

[

[]Syst. from data
Syst. from B feed—-down |

2 3 4567810

—_

20 30 40 1
P, (GeV/c)

3 4567810
pT(GeV/c)

NUCLEUS-2022, G.Feofilov (for ALICE
Collaboration)

Pb—-Pb collisions

» For prompt D*_ mesons v, is compatible with that of non-strange D mesons

» Charm participates in collective expansion/motion: noticeable elliptic flow is in line
with TAMU and PHSD models with charm-quark coalescence

» Future data samples will be collected in Run 3 extended to lower p; with the upgraded
ALICE detector

24



\}
$@\“ Constraining hadronization mechanisms
with A*_ /D° production ratios 7cE

JOUSNEY OF DISCAVIRY

+
Prompt A*_
L L I B B
1OEALICE Pb-Pb, Sy = 5.02 Tevé
%E-a} Prompt A, |y| < 0.5 4
=z ]
F —— 0-10% E
C P —— 30 -50% ]
E E
i - 3
_E_
E E
: —e— E
E £ E
515.5% Bﬂlsyst. unc. n?tshown | B | ]
0 5 10 15 20
P, (GeV/ce)

The p;-differential production yields of
prompt A*_in central (0—10%) and mid-
central (30-50%) Pb—Pb collisions at

VSNN =5.02 TeV.

pp and Pb—-Pb collisions

/\+C /DO

/D°

1.4

+

[}

A

0.8F
C —— Pp
0.6F %ﬂﬂ}‘a} -
0.4F Iyl _H_ -
C - ]
0.2F H— ]
- L | | T | |
0 5 10 15 2

L I
- ALICE
1.2F

—
TT TT

L I L B
\Syy =502 TeV, |y| < 0.57]

—— 0-10% Pb-Pb
—— 30 -50% Pb-Pb ]

The A*_ /DY ratio in central and mid-central Pb—
Pb collisions at

VsNN =5.02 TeV compared with the results
obtained from pp collisions [10, 11]

» N*_/DP -ratio is sensitive to hadronisation mechanism

NUCLEUS-2022, G.Feofilov (for ALICE

Collaboration)
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e\“ Constraining hadronization mechanisms

Q
with A*_ /D° production ratios

JOUSNIY OF DISCAVIRY

pp and Pb—Pb collisions

Tom-s02TeV pp-

|

¥| <05  30-50% Pb-Pb

]

SHMc + FastReso + corona ]

T T Catania .

I + bz T :

A ' —:

1 10p_(Gevic)] 10p_(Gevic)] 10p_(GeVic)
Different theoretical > The A*_ /DO ratio is enhanced in central Pb-Pb collisions with respect

calculations:

to the pp measurement for 4 <p; < 8 GeV/c
TAMU, PRL 124, 042301 (2020) >

_ It is described by theoretical calculations that include hadronisation
arX|v:.1905.0921 via both coalescence and charm quark fragmentation mechanisms.
Catania, PRC 96, 044905 (2017)  » However, no enhancement with multiplicity for p; integrated Ac /D.

arXiv:1712.00730. Is it due to radial flow? arXiv:2112.08156 and arXiv:2111.11948
SHMc, HEP 07 (2021) 035

arXiv:2104.12754
NUCLEUS-2022, G.Feofilov (for ALICE

Collaboration) 26



v Two-body scattering involving strange and
charm hyperons




Two-body scattering and study of strong interaction
involving strange hyperons

ALICE
R JDUSNEIY OF DISCAVIRY
a D Interaclon __ oecuisive Nature 588, 232-238 (2020)
= | \_ | — Attractive
2 i _ .
= 1 — -~ Repulsive
. < \/ < — Attractive
o :
Q \ ‘ 0 05 10 15 20 1 e
P, r (fm) L
Emission source S(r") Schrodinger equation 50 100 150 200
) k* (MeV/c)
Two-particle wavefunction Correlation function
MI r)| /
c r 1] 1 ] 1
Ngamelk™)
Clk) = [ S| p k', )| 28 = E(k) ——
lexed(k')

» Absence of interaction C(k*) =1
» Attractive potential C(k*) > 1

» Repulsive potential C(k*) < 1
»Bound-state formation C(k*) <> 1

NUCLEUS-2022, G.Feofilov (for ALICE
. 28
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Two-body scattering and study of strong interaction
involving strange hyperons

R JDUSNEY OF DISCAVIRY
Nature 588, 232-238 (2020) .
Bl AucE data p-=
100 1= 3.0 + -Coulomb
Coulomb + p-Z- HAL QCD
0 25 [ coulomb + p-2- HAL QCD elastic
7 g I coulomb + p-2- HAL QCD elastic + inelastic
-100 == p-=-HALQCD,/=0,S=0
== p-{rHALQCD,/=1/2,S=2
~200 or
~p-=-HALQCD, I=0,S=0
- - p-=-HALQCD b
-300 < —p—£2-HALQCD, I=1/2,S=2
= 5[
o
\
500 % 50 100 150 200 ’
| kK Mev) |
0 1 2

r (fm)
Potentials for the p-=— and p-Q~ interactions

predicted by the HAL QCD collaboration.

[Phys.Lett. B 792, 284-289 (2019); . .
Nucl.Phys. A 998, 121737 (2020)]. » Important input for the equation

of state of neutron stars

k* (MeV/c)

NUCLEUS-2022, G.Feofilov (for ALICE

Collaboration) 29
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Q% Two-body scattering involving charm hadrons

ALICE

R JDUSNEY OF DISCAVIRY

arxiv:2201.05352

Time pp collisions

T I T T T T I T T T T I
ALICE pp Vs = 13 TeV -
High-muilt. (0—0.17% INEL >0)

° pD- GED+ -

Coulomb

—— C. Fontoura et al. n
Y. Yamaguchi et al. ]
J. Hofmann and M. Lutz ]
——— J. Haidenbauer et al. (gi/An =225 —

Pre-Equilibrium i | =

Phase (< 1) i ' + +
C 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 ]

- 0 100 200 300 400

k* (MeV/c)

» The data are compatible with the Coulomb-only interaction hypothesis within ( 1.1-1.5) o.
» The scattering parameters of charm hadrons with non-charm hadrons are important for
models based on charm-quark transport in the expanding QGP

» Precision studies during the LHC Runs 3 and 4 are planned with 10 times increased statistics

NUCLEUS-2022, G.Feofilov (for ALICE
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pp collisions
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D-nt femtoscopy in high multiplicity pp collisions at Vs=13 TeV

» The first studies of residual strong interaction between
charm and light hadrons performed with Run 2 data

» Some deviation from the Coulomb baseline, indication on
a shallow repulsive potential (left)

» Significant improvement is foreseen with Run 3 data

NUCLEUS-2022, G.Feofilov (for ALICE
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v Flow of identified particles
in pp and p-Pb collisions
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Flow of identified particles

in pp and p-Pb collisions
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pp and p-Pb collisions

P{ ! Ho—. I ! I H ! froagd | I 1 1 I
© AL'?_E P{g";n'(‘/ary Template fit method = ALICE Preliminary Improved template fit
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v, in High Multiplicity pp collisions with h, pi, K, p

» Collective effects in small systems

» Baryon-meson splitting - both in High Multiplicity pp and in p-Pb collisions
» Partonic flow + coalescence + fragmenation?

Hydro-coal-frag model

NUCLEUS-2022, G.Feofilov (for ALICE
from Phys. Rev. Lett. 125, 072301 (2020)
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v ALICE LS2 Upgrade




an/CERN
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Credit: Maximilien Brice, Julien Marius Ord
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ALICE upgrade: ..
Inner Tracking System (ITS2) for Run 3 ALIC

R JDUSNEY OF DISCAVIRY

26 May, 2021
ITS2 in the process of installation

ALICE, the new Inner Tracking System

Installation of the Outer Barrel of the new ITS. (Image: CERN)

» The new ITS is the largest pixel detector ever built in CMOS Monolithic Active Pixel
Sensor (MAPS) technology: 12,5 Gpixel camera of ~10 m? of active silicon area.

» High tracking precision and vertex resolution, fast readout

» Closer to the IP: first layer at =22 mm

» Smaller pixels: 28 x 29 um?

> Lower material budget of the Inner Barrel: 0.35% X,

NUCLEUS-2022, G.Feofilov (for ALICE
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GEM TPC in the pilot beam in October 2021
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TPC PID performance

» Photo: Installation

1000 AR T i GeAUNEAEMRARAL

900;_ 2 §:‘ .ALICE Performance—; | Of the TPC

“F % A pp f5-900Go » TPC with new Gas

;:Z 3 Electron Multiplier

oo (GEM) technology

il PRE - New electronics

200 : (SAMPA),

1o0f- &8 - continuous readout
p (GeV/e)

NUCLEUS-2022, G.Feofilov (for ALICE
Collaboration)
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Pixel Muon Forward Tracker (MFT)
in the pilot beam in October 2021

Good performance of the new MFT in the
» The new Muon Forward pilot beam

Traf:ker, one of ALICE's » Substantial increase in pseudorapidity
main subdetectors, was

_ _ _ coverage for ALICE
installed in the cavern in . . : :

» High pointing resolution for muon tracking
December 2020

NUCLEUS-2022, G.Feofilov (for ALICE
. 38
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Fast Interaction Trigger (FIT) in October 2021 run

ALICE
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Fast Interaction Trigger

Minimum bias trigger
Timing signal for TOF (13 ps in FTO)
Centrality, luminosity, event plane

Forward vetoes for diffractive studies
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NUCLEUS-2022, G.Feofilov (for ALICE
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ALICE upgrade for Runs 3 and 4:
Integrated Online-Offline System (0?)

ALICE

BlCb AL LT OLLZOVIRY

e ™~100 times more recorded collisions expected in Run3 & 4
* Expected computing increase by ~ factor 4 in 10 years
¢ Need to gain factor 25 (disk and CPU) through smarter strategy and algorithms

Overlapping events in TPC with realistic bunch structure @ 50 kHz PbPb
Timeframe of 2 ms shown (will be 11 ms in production)
Tracks of different collisions shown in different colour

» Goal: record Pb-Pb collisions at 50 kHz (vs. 1 kHz in Runs 1 & 2)
» Collect 13 /nb in Runs 3&4 - gain factor 100 in statistics!
» Continuous readout

NUCLEUS-2022, G.Feofilov (for ALICE
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The 5th of July 2022: E
pp collisions at Vs=13.6 TeV for the firsttime ! /5
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Start of LHC Run3: 5 July 2022 at 16:45

NUCLEUS-2022, G.Feofilov (for ALICE
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The 5th of July 2022, event display

Tracks from one time frame, 10 ms, about 100 pp interactions
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ALICE @LHC Schedule

ALICE

Sedlb AL AL QLLL OV IRY
ALICE LS3 Upgrade ALICE LS4 Upgrade ALICE 3
ALICE LS2 Upgrade ITS3 FoCal-H ALCEE
finished ! FocalE S
Today
v
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ALICE upgrade in 2026-2028:
is under preparations

JOUSNIY OF DISCAVIRY

FoCal-H

.— FoCal-E

Cylindrical |
Structural Shell

\\, &
2%
N
S
X

» Ultra-light,
a truly-cylindrical
Inner Barrel

» X3 less material

C/ Forward Calorimeter

» high-granularity readout
for direct photonsat 3.2<n<5.8
» to probe gluon density

~ 6
>_ Large area, % |mproves measurement of low p; down to x~ 5x10
th'”_ bent charm and beauty hadrons
Si pixel MAPS and low-mass dielectrons .
sensors
[Lol: CERN-LHCC-2019-018] NUCLEUS-2022, G.Feofilov (for ALICE 45
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ALICE 3 in Run 5 =
expected > 2031-? ALIC
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» ALICE 3 -- a completely new experiment, fast with precise tracking and timing.

» A large-acceptance, ultra-low material budget, all-pixel silicon tracking system

Superconducting TOF
magnet system

» Future HI programme

at the LHC:

<> Low-mass dileptons and soft hadrons
(<50 MeV)

<> Evolution of QGP and chiral
symmetry restoration

<> Exotic (multi-)heavy-flavoured
hadrons, hadronisation mechanisms

<> Hadron correlations and interaction

Muon

L\ sbsorber potentials
FCT chambers <> searches beyond-the-Standard-
Model
Letter of Intent for ALICE 3 was reviewed * see also talk at this conference by
by the LHCC in March 2022 Yury Kharlov

NUCLEUS-2022, G.Feofilov (for ALICE
Collaboration)
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THANK YOU FOR ATTENTION!
ALICE results at this conference "NUCLEUS—2022" . HLICE
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Sergey Kiselev Hadronic resonance production with ALICE at the 13 July 2022,

LHC 15:40
Gleb Femtoscopic analysis of identical charged kaonsin 13 July 2022,
Romanenko Pb—Pb collisions at 5.02 TeV with ALICE - 15:20
Dmitry Blau Direct photon and neutral meson production 12 July 2022,
results from ALICE experiment 12:10
Dmitri Performance of the precise electromagnetic 12 July 2022,
Peresunko calorimeter ALICE/PHOS and upgrade plans 13:30
Alexander Production of SigmaO hyperon and search of 12 July 2022,
Borissov SigmaO0-hypernuclei at LHC with ALICE 12:30
Yury Kharlov Probing the hot QCD matter via quarkonia at the 12 July 2022,
next-generation heavy-ion experiment at LHC 13:10

NUCLEUS-2022, G.Feofilov (for ALICE
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