Ma}gorza ; : e ]_J} . .,,\»L;i’/ i \ - i ) &g :;  = 7 ’ “, ‘. ‘-; [ j’iv ',\,.,’ f_—_‘ = ._;“ o e r

HADRON 203 ﬂ



The ALICE Cgl;

* Run 1+ Run 2 data:
436 ALICE papers on arXiv

https://alice-publications.web.cern.ch/submitted

Run 1 Run 2
System Year(s) Vsyn (TeV) Lint
oppp  2010,2011 276 ~75 bl
2015, 2018 5.02 ~800 pb!
Xe-Xe 2017 5.44 ~0.3 b
2013 5.02 ~15 bl )
p-Pb 2016 502 8.16 ~3 nbl ~25 nb-l 40 countries
2009-2013 0.9, 2.76, ~200 mb-L, ~100 nb-! * 174 1nstitutes
7.8 ~1.5pbl, ~2.5 pb e 1954 members
PP 2015, 2017 5.02 ~1.3 pb-!
2015-2018 13 ~36 pb!

5-9/06/2023, HADRON 2023 Matgorzata Janik for the ALICE Collaboration 2/34


https://alice-publications.web.cern.ch/submitted

Run 1+ Run 2 version:

Central Barrel
In| < 0.9 -
- Tracking |
-PID

- EM-Calorimeters

PEERE AW Y AL Rm a vaVh .

A e —

[
- _ ﬂ%/ﬂ? ]

High precision ,{}' '
tracking: . :
- TPC
- ITS
Particle
Identification:
- TPC Muon Spectrometer
gg]g % ~ -4<eta<-2.5
) = ~ <
\EMC ‘ = l ™

5-9/06/2023, HADRON 2023 Matgorzata Janik for the ALICE Collaboration

Forward detectors:

. AD (diffraction selection)

- VO (trigger, centrality)
- TO (timing, luminosity)
- ZDC (centrality, ev. sel.)

-FMD (Nch)
-PMD (N,, N

ACORDE (cosmics)
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INITIAL STAGE COLLISION QUARK-GLUON PLASMA KINETIC FR_EEZE—:QU'_T
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MADAI collaboration

0 - ~10 ~20 t (fmy/c)

Study the properties and evolution of QGP:
- Color deconfinement
- Parton interactions

- Expansion dynamics and hadronization

...and more!
- Study QCD with small systems

- Study hadron-hadron interactions

5-9/06/2023, HADRON 2023 Matgorzata Janik for the ALICE Collaboration 4/34



Publications
alice-publications.web.cern.ch

439 papers submitted
4004 8-05-2023

The ALICE experiment:
A journey through QCD

250

200 4

» g~

§
v
$
$

n 2022
202,

Preliminary results
alice-figure.web.cern.ch

ALICE review paper
« arXiv:2211.04384
» selected physics highlights from Run 1 and Run 2

5-9/06/2023, HADRON 2023 Matgorzata Janik for the ALICE Collaboration 5/34
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Matgorzata Janik for the ALICE Collaboration

- Hadron yields described by
statistical hadronisation models
over many orders of magnitude

- Chemical freeze-out

happens near the hadronization
of the QGP itself

- Chemical equilibrium close to QGP
transition temperature:

A. Caliva
Mon 5 Jun 2023, 14:00

T

chem

Light-flavor hadron
production with ALICE at LHC

=Tc=156 MeV

M. Barlou
Mon 5 Jun 2023, 15:00

Probing hadron formation at the
LHC trou the study of strange
articles in different collision

systems and energies with ALICE
¥ the LHC
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LHC - (anti)nuclei factory

Nuclei accessible in Run 2:
d, t, iH, 3He, 4He
arXiv: 2211.14015

‘Illlllllllllll]llll
Pb-Pb |5, =5.02 TeV
% 0-90% central
3lnl<0.8

l]llll]llllll]]llll]gl

1000F ALICE
900

800
700
600
500

A e

dE/dxin TPC (arb. units)

100. — o \ \w

213 i P AT e o

S S S R B R R
p/z (GeV/c)

Production of (anti)nuclei:
e sensitive to hadronization;
« formation mechanisms - statistical hadronization
of quark and gluons versus coalescence of
nucleons

A study of K-d and K+d
interactions via femtoscopy
technique

Constraining the formation
mechanisms of light (antijnuclei
at the LHC and alications for

Overview and new directions
about light (anti)nuclei
measurements with ALICE

cosmic ray physics
G. Malfattore

Wed 7 Jun 2023, 17:50

W. Rzesa
Wed 7 Jun 2023, 14:25

M. Rasa
Wed 7 Jun 2023, 17:00

5-9/06/2023, HADRON 2023 Matgorzata Janik for the ALICE Collaboration 7/34


https://arxiv.org/abs/2211.14015

Measurements of the

ypertriton production and
properties with ALICE

60 years after discovery, its properties were not yet well

measured...

Unprecedented precision with Pb-Pb Run 2 data:

Theoretical predictions
- = Nuo. Cim. 46 (1966) 786 =+ Nuo. Cim. 51 (1979) 180-186
—— J.Phys. G18 (1992) 339-357 -~ PRC 57 (1998) 1595

PRC 102 (2020) 064002 PLB 811 (2020) 135916

PR 136 (1064) B1803| ﬂ;'r@.—' o
PRL 20 (1968) 819| 4—1 N
PR 180 (1969) 1307 | S DR |
NPB 16 (1970) 46 | - I: I N
PRD 1 (1970) 66| it ' N
- IR _
NPB 67 (1973) 269 | . —h-:—— |

STAR, Science 328 (2010) 58 m—lv—
HypHi, NPA 913 (2013) 170: IEIEI: : :

ALICE, PLB 754 (2016) 360 ==

STAR, PRC 97 (2018) 054909 | —— |E : i lfeime - FDG value™
ALICE, PLB 797 (2019) 134905 | —Elmk N
STAR, PRL 128 (2021) 202301| al]ijl : N
ALICE, Pb-Pb 5.02 TeV | | | |' N

500 400 500
°H lifetime (ps)

PRSI R
0 100 200

arXiv: 2209.07360
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Theoretical predictions
---*NPB47 (1972) 109-137
— arXiv:1711.07521

—— PRCT7 (2008) 027001
EPJA(2020) 56

. — :
I NPB1 (1967) 105

: TL NPB4 (1968) 511

|
———— | PRD1 (1970) 66
- .l |
+ | I NPB52 (1973) 1
- : | | —
| I e STAR, Nat. Phys 16 (2020)
L | || _
= ALICE, Pb-Pb 5.02 TeV
0 | i 1 ‘|||\ [
-04-02 0 02 04 06
B, (MeV)

Matgorzata Janik for the ALICE Collaboration

S. Bufalino
Thu 8 Jun 2023, 14:00

e Lifetime: no deviation from the
free A lifetime

e abundantly produced in QGP
- even if size comparable to medium!

Copper ‘;\H
p
® G @,
(7Y
R~5fm R~ 5-10 fm

e Binding energy Ba: this is a loosely
bound deuteron-2A molecule
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https://arxiv.org/abs/2209.07360

Information about antinuclei has strong impact on dark matter searches in space,
e.8. XoXo > anti-d, anti-3He+X (AMS-02, GAPS, BESS)

 Antinuclei cosmic rays could provide a smoking gun signal for dark matter (virtually background free).

- Antinuclei absorption in space poorly known.

Nature Phys. 19 (2023) 1, 61-71

*He, p

®=DM

p+p— "He+X

yd
.‘A:A 2
oV
P

/-@\} S He+p-Y
p+4He — ‘He + X
y+x—= WW~ = SHe + X
/\W/ Voyager 1
' A

AMS-02

GAPS

Distance to the Galactic Centre (kpc)

5-9/06/2023, HADRON 2023

5100

Matgorzata Janik for the ALICE Collaboration

. 10 1
Distance to the Sun (AU)
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https://www.nature.com/articles/s41567-022-01804-8

‘ ;E\and Galaxy
R : ’

* Novel technique to use detector as
an antiparticle absorber

* First experimental measurement

Of Oinel( 3I—Te)

5-9/06/2023, HADRON 2023 Matgorzata Janik for the ALICE Collaboration 10/34


https://www.nature.com/articles/s41567-022-01804-8
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* Novel technique to use detector as
an antiparticle absorber

* First experimental measurement

Of Oinel( 3I—Te)
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https://www.nature.com/articles/s41567-022-01804-8

4 L
ALICE

» F | E * Novel technique to use detector as
5 10° Bg: Phys. Rev. D 102 (2020) 063004 . .
$ " owes B an antiparticle absorber
Xt S * First experimental measurement
. [ m, =100 GeV/c? | 31T
!;l_' " oy + x> WW = 3He+ X i Of Oinel( He)
107 = . Nature Phys. 19 (2023) 1, 61-71
— - § 5i'-"'l""l""I""I""I""I""I""I""IIIII
ot © “5f ALICE Pb—Pb |5, = 5.02 TeV
- 5oy T 0-10% centrality
o0 - s 7l <0.8
’ el NG « 350
E‘ 0_31-" — n/'—/""? 35 (Ay =34.7 .Data — — GEANT4
O o6 - =
= : 25\
r_g 01I(;_1 — ”““‘II — II“l:1|0 — ]“”‘IIOZ 2;_\\
E../A (GeV/A) -

nel*He) was employed to carry out the propagation of 3He using GALPROP f—
« can be used by for any dark-matter or cosmic-ray interaction modelling

- measured o.

- 3He nuclei can travel distances of several kpc in our galaxy without being absorbed Z 8 9 10
« excellent probe for new physics that awaits discovery p (GeV/c)



https://www.nature.com/articles/s41567-022-01804-8

i // . - : . b o \ 010 Centrality 0-1%, [n| < 0.8
. , 4 W __»_;_ ; "k O ’ g o Jan|>1 ]
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v, — tool to study the flow of produced particles

« non-central collisions: elliptical geometry

,.L*'\\\ / /‘ expansion (flow) 2 azimuthal modulation in momentum A9 (rad.)
\ - y

decomposed into Fourier expansion
W =1+ @os (2(¢ — Wgp)) + higher harmonics (v3, va, ...)
v, # 0 2 indicates presence of collective behavior

arX1v 2206 04587

' ' ALICE
. 30-40%
_ 03 [ [} % 7 Pb-Pb s, =5.02 TeV Mass ordering :
S %o: n| <0.8 described by hydrodynamlcs
= o7 J 1 e W pp)
=
= H s N g A(A) Baryon vs meson splitting at high p,:
< o1l 5 0 4 & S
= ' o Kt + 0 quark-level flow + recombination
¥ ZE)
0%:.__. - a4 oK ® QQ)
2 4 6 8 10
P, (GeV/c)
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https://arxiv.org/abs/2206.04587

« Mass ordering
« Baryon vs meson splitting at high p.: quark-level flow + recombination

: described by hydrodynamics

| |
ALICE Preliminary
0.15 PP E= 13 TeV

| 1 I
Template fit method

=
©
V
g VOM, 0-0.1% I ]
v E E :
&5 0.1 é d Q@ —
a o
Xy -
g W
005 — J —
® @ [e]n*  [olh*
- mK* [+#p@)
| | | | 1
0 1 2 3 4 5

« Characteristic flow behaviors of Pb-Pb have been observed in pp and p-Pb collisions!

5-9/06/2023, HADRON 2023

P, (GeV/c)
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| 1
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Matgorzata Janik for the ALICE Collaboration
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Flow of partdr

Baryon vs meson splitting at high p,: quark-level flow + recombination

o 1 1 1 1 1 $ - . 'I l I l .
@ ALICE Preliminary Improved template fit ‘3 0.2 ALICE Freliminary Improved template f't_
v 021 b pp G502 TeV - AR p—Pb \s\ = 5.02 TeV ey
g VOA, 0-20% =l VOA, 0-20% L :
G \ y . \
) ji ) W )
S o1 - & 01 E L/ -
g HE g / ALICE Hydro- frag \ g i,i ® / ALICE Hydro-coal-frag ﬁ\
005 i@/ [t On 0.05~ wie / [o]nt Ot
o/ mK: K <%/ [w]K* K
/47 4 (+]p() Cp(®) &/ [+]p() Cp®)
0 | 4 1 1 ] 1 1 0 1 1 1 1 1
0 1 2 3 4 5 6 0 1 2 3 4 5 6
p. (GeV/c) p, (GeVic)

| without quark coalescence |

Model without quark coalescence cannot qualitatively describe trends seen in data

| with quark coalescence |

 Indication of partonic flow in small systems

5-9/06/2023, HADRON 2023

Matgorzata Janik for the ALICE Collaboration
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Proton

arXiv: 2303.13361

J/p dissociation and n:§ oL S ALl(I_‘,E' |
(re)combination at the I Pb-Pb, s =5.02TeV |
LHC I Inclusive J/v, |y| < 0.9 |
e (0-10%
I e 30-50% ]
~100 c€ pairs in central Pb-Pb at LHC :&I[J&% ____________________ color scre ?P_iﬂji /
energy loss
R i
! M ]
regeneration ry .
0 1 1 1 1 ] 1 ! 1 1 l 1 1 1 1
0 5 10 15
P, (GeV/c)
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http://arxiv.org/abs/2303.13361

 J/@ suppression due to color screening in QGP

+interplay with c€ recombination A = 1 | dN/dpy |Pbe
(in low p; and large centrality) (Nl dN/dpy |pp | pO _,#g._o
roton

arXiv: 2303.13361

J/p dissociation and n:§ oL S ALl(I_‘,E' |
(re)combination at the I Pb-Pb, s =5.02TeV |
LHC I Inclusive J/v, |y| < 0.9 |
e (0-10%
I e 30-50% ]
~100 c€ pairs in central Pb-Pb at LHC :&I[J&% ____________________ color scre ?P_iﬂji /
energy loss
R i
! M ]
regeneration ry .
0 1 1 1 1 ] 1 ! 1 1 l 1 1 1 1
0 5 10 15
P, (GeV/c)
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* J/w suppression due to color screening in QGP New @(2S) measurement

+interplay with ct recombination N . aerI 2210.08893
. . (I T T T LI T T T T _|_'_|_|_|_|—r|_|_|_
(in low p; and large centrality) 2ol ALICE Preliminary |
[oh) £ 3
s .l/ Pb-Pb, sy =5.02 TeV !
&) 10° £ EER 2.5 < Y s < 4 E
g g . & opo<12 GeV/c 0-90% -
%) 4 | R ";‘“ 8, _ |
A0 i \‘ .
3 |t TR
o
O

w(i””i

10° « Pb-Pbdata
- ---- pp data, A,, scaled

10 _ background il
total fit E
New result: L
measured y(2S) - 10x lower binding energy! 26 28 3 32 34 36 38 4 42
m,..- (GeV/c?)
State 7wl wes) | Y "@
Mass (GeV/c?)| 3.07 | 3.68 > . )
expected higher suppression for the @(2S) compared to the
Binding (Gev)| 0.64 | 0.05 P € PP W(25) comp Iy

P (25)
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 J/@ suppression due to color screening in QGP 1 dN/dpy o

+interplay with ¢t recombination Ryy=————o—"
(in low p; and large centrality) (N.o)! dN/dpy |pp _l Q+%+Q

Proton

CMS, ly__| < 1.6, 0-100%

[ ALICE,25<y_ <4,0-90% (EPJC78(2018)509) ]
12F © Jiy (JHEP 2002 (2020) 041) o Jjy o

§ _""I"_"IIII
o 4 4 PbPb.|S=502TeV

e y(29) Yy(2S)

A [ mmm e -

i TAMU .

0.8 F Ody 1
Cly(2S)

0.6 -

New result: 04 o >
measured Y(2S) - 10x lower binding energy! ' stronger suppression

0.2 -

- 2 x stronger suppression of @(2S) than J/y regeneration’é R T S

- hints of regeneration of y(2S) 10 15 20 25 30

[ (GeV/c)

Extension of the @(2S) measurement down to 0 p;
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» First polarisation measurement of coherently

photoproduced J/¢ in ultra-peripheral Pb-Pb

collisions at Vsnw = 5.02 TeV, arXiv: 2304.10928

U L L I T L L I
04
g0
ALICE ——— 0.068 + 0.070 + 0.070
H1 [y 0.003 + 0.039 + 0.028
ZEUS —— 0.120 +0.080 ‘0012
04
ALICE (1 1,1 0.014 +0.014 +0.012
H1 = A% -0.011 + 0.036 + 0.030
ZEUS H—a— 0.340 +0.090 7o
Lo b bww oo bvwn e by w o b bon v baa s

-03 -02 -041 0 0.1 02 03 0.4 0.5

04 .04
Foor 144

« Measurement of inclusive J/¢ pair production
cross section in pp collisions at Vs=13 TeV,
arXiv: 2303.13431

5-9/06/2023, HADRON 2023

Measurements of
inclusive J/¢ production
at midrapidity and

forward rapidity in Pb-Pb , @
e

ALICE _
| Pb-Pb, {5, = 5.02 TeV

| Inclusive J/y

® |y|<0.9(0.15<p <15GeVic) |
® 25<y<4(0.3<p <8GeVic) |

collisions at Vsnn = 5.02 g B @ o
TeV, arXiv: 2303.13361 " o= - =
0 1 L L L |
0 200 400
(Npart)
, . . Bi_(;rken-x
Exclusive and dissociative g [~ T
J/¥ photoproduction, and !
exclusive dimuon 2
production, in p—Pb £
collisions at \[ENN = 8.16 TeV,
arXiv: 2304.12403 ;::ICE&%W:BJGT&V
P T T R

Quarkonium production in

small collision systems in
ALICE

M. Pennisi
Mon 5 Jun 2023, 14:25

Matgorzata Janik for the ALICE Collaboration
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N*., D%-hadron correlations
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Most recent heavy-flavor ALICE publications: ° = 3.<p;" <5 Gevic -
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o +5% +5% y
 Inclusive and multiplicity dependent production of electrons from heavy-flavour glo t s e soale unc, +5+= |
hadron decays in pp and p-Pb collisions arXiv: 2303.13349, o3 L % + _
: : e Lol "i# SRR B

« Measurement of the non-prompt D-meson fraction as a function of multiplicity in i 1
proton-proton collisions at Vs=13 TeV, e-Print: arXiv: 2302.07783, I g beselne subacton |

uncertainties

Coova b b by v v b v P by 1

: . . - o o5 1 15 2 25 3
« Exploring the non-universality of charm hadronisation through the measurement Ao (rad)

of the fraction of jet longitudinal momentum carried by A", baryons in pp collisions,
arXiv: 2301.13798 ,

Hadronisation of heavy

quarks in small systems with
ALICE at the LHC

 First measurement of prompt and non-prompt D** vector meson spin alignment in
pp collisions at Vs=13 TeV, arXiv: 2212.06588,

T. Cheng
Fri 9 Jun 2023, 9:00

o R e e B B L s s A R
S 2.0F ALICE, p-Pb, {5, = 5.02 TeV 3
x F 09%<y <004

 First measurement of A", production down to pr=0 12; E
in pp and p-Pb collisions at Vsxw=5.02 TeV, arXiv: 2211.14032, . H ~H> E Measurement of A'c production
2 ] pE, —Pb and Pb-Pb collisions
140 e with the ALICE experiment at
» Measurement of electrons from beauty-hadron decays 120 ﬁt@ N E — 1 tch‘;—LiItCl
in pp and Pb-Pb collisions at Vssw = 5.02 TeV, arXiv: 2211.13985. ' —— . mares
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Source-size - femtBscopy

Femtoscopic correlation function carry information about the particle source S (r*) from which
pairs emerge, as well as the interaction potential via the two-particle wave function g(k*,r*).

"2\

ﬁ \ b Interaction \ ﬁ \
z , Correlation Function
& Repulsive
~ e ————————————e
¢ 0 o
- =
=
S .
(] % Attractive Attractive
o/ A :
S '/‘ 0 05 1 15 2 1 _
re(fm) |} e .
P1 Schrodinger equation P Repulsive
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Two-particle wave K (MeV
\_ AR IS AN e J

¥ 3 L)

c unknown
measured| o) = Wk* )2 d3r* = &(k*) . Nsame(KT)
known mixe

If the interaction is well known we can study the source S (r*) by measuring correlation
function C(k*)
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Femtoscopic correlation function carry information about the particle source S (7*) from which
pairs emerge, as well as the interaction potential via the two-particle wave function w(k*r?).

ﬁ \ b Interaction \ ﬁ \

"2\

z . Correlation Function
& Repulsive
N e
¢ 0 o
- =
S
(] % Attractive Atiractive
o/ A :
S '/‘ 0 0.5 1 15 2 1 —
re(fm) |} e .
P1 Schrodinger equation - Repulsive

Two-particle wave 50 100 150 200
k*

\ / K function|¥ (k*, r")| \ (MeV/cy

¢ unknown

measured Ck) = | @ (k)% d3r = E(k*) -
cnown

Nsame(k*)
Nmixed(k*)

« We constrain the source S(r*) from pairs where interaction is known

« We can use femtoscopy to measure the interactions g between other particle species

5-9/06/2023, HADRON 2023 Matgorzata Janik for the ALICE Collaboration 24/34



Hadron- ha d]?/b %

Hadron-hadron interaction:

» Poorly known for strange baryons
- Relevant for neutron star modeling

« Unknown for charm hadrons and 3-body

S=0 S=1 S$=2 S=3

Strmgen;ss
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5.PLB 805 (2020) || arXiv:2104.04427 4. arXiv:2206.03344
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Hadron-hadron interaction:

» Poorly known for strange baryons

- Relevant for neutron star modeling

« Unknown for charm hadrons and 3-body

§=2 §$=3
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Novel technique to access the

three-body interactions with
ALICE at the LHC

L. Serksnyte
Wed 7 Jun 2023, 15:15

Constraining coupled channels

dynamics using femtoscopic
correlations with ALICE at LHC

R. Lea
Thu 8 Jun 2023, 15:42

A study of K-d and K+d
interactions via femtoscopy
technique

W. Rzesa
Wed 7 Jun 2023, 14:25

Constraining the equation of
state of neutron stars with

femtoscopy measurements by
ALICE

M. Lesch
Thu 8 Jun 2023, 15:15

5-9/06/2023, HADRON 2023

Matgorzata Janik for the ALICE Collaboration

A laboratory for QCD: how to

employ LHC to study hadron-
haron interactions

V. Mantovani
Mon 5 Jun 2023, 14:30
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ALICE 2

 Tracking resolution x3
(especially low p-!)

 Pb-Pbrate x50

(continuous readout,
50 times more statistics for
most observables!)

« New analysis software
(02 framework)

ALICE upgrades during the LHC Long
Shutdown 2 arXiv:2302.01238

5-9/06/2023, HADRON 2023

New Inner Tracking System (ITS)
— 7 barrels, 10 m2 silicon tracker
based on MAPS (12.5 G pixels’

New GEM-based TPC
with continuous readout

New Muon Forward
Tracker (MFT) - 5 disks
based on MAPS

Upgrade of readout
electronics of all detector,
new Central Trigger
Processor

New Beampipe
smaller diameter (36.4 mm), first
detection layer at 20 mm

New Fast Interaction Trigger (FIT)
— 3 detector technologies:
interaction trigger, online
luminometer, forward multiplicity

Matgorzata Janik for the ALICE Collaboration

New Trigger and Readout

27/34
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- First results4r

2017 2018 2019 2020 2021 2022 2023 2024 2025
ALICE 2

2026 2027 2028 2029 2030 2031

e Collisions from Run 3: data-taking on the way!

Event display from first collisions at 13.6 TeV
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 Successful commissioning and data-taking in pp collisions and Pb-Pb test run
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ALICE 2.1
Upgrades in Long Shutdown 3: BoCal Lotter of Infert
- - Forward Calorimeter (FoCal)
* ITS-3 Forward physics at LHC provides an
« More precise tracking with less material opportunity to study the low-x region:
budget. gluon saturation at low-x with forward
* Good for heavy flavor measurements - direct photons

FoCal-H: Metal-scintillator
sampling calorimeter

ITS-3 Letter of Intent

Cylindrical
Structural Shell . ; ;
FoCal-E: High granularity Si-W
_, &~ sampling sandwich calorimeter
Half Barrels

Matgorzata Janik for the ALICE Collaboration 30/34


https://cds.cern.ch/record/2703140?ln=en
https://cds.cern.ch/record/2719928?ln=en
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ALICE 3: anew experiment for Run 5 and beyond

« Compact and ultra-light all-silicon tracker with large ALICE 3
acceptance and high-resolution vertex detector Letter of Intent

* Superconducting magnet system

« Particle identification down to vanishing p; over 8 units of Letter of intent for
pseudorapidity ALICE 3

* Howdo partons transition to hadrons as ¢ What are the mechanisms for

the QGP cools? chiral symmetry restoration in the QGP?
» Isthe hadronization at the QGP-hadron + What mechanisms drive the QGP toward
phase boundary different from pp equilibrium?
collisions?
*  Whatis the nature of parton interactions
in the QGP?

All of this and more will be explored by ALICE 3!

5-9/06/2023, HADRON 2023 Matgorzata Janik for the ALICE Collaboration 31/34


https://cds.cern.ch/record/2803563
https://cds.cern.ch/record/2803563

Summary

The ALICE results from Run 1 and 2 offer

- detailed description of the QGP properties
e including particle production, fluid-dynamic properties,
heavy quark interactions

« as well as an insights into QCD:
formation and annihilation of nuclei, hadron-hadron interactions, ...

ALICE completed the upgrade and is now taking datain Run 3 o
with significantly enhanced capabilities,
and first results already on the way.

5-9/06/2023, HADRON 2023 Matgorzata Janik for the ALICE Collaboration



ALICE-HADR

o

Constraining the formation mechanisms of light (anti)nuclei at the LHC and applications for cosmic

Giovanni Malfattore Wed 7 Jun 2023, 17:50

ray physics
Overview and new directions about light (anti)nuclei measurements with ALICE Marika Rasa Wed 7Jun 2023, 17:00
Measurements of the hypertriton production and properties with ALICE Stefania Bufalino  Thu 8 Jun 2023, 14:00
Production and hadronization: ... ... ... . .. ... . .. . |
Light-flavor hadron production with ALICE at LHC Alberto Caliva  Mon 5 Jun 2023, 14:00
ﬁ/li_;egsurement of A+c production in pp, p-Pb, and Pb-Pb collisions with the ALICE experiment at the Clara Bartels Mon 5 Jun 2023, 15:40
Light flavour resonance production with the ALICE at the LHC Neelima Agrawal ' Mon 5 Jun 2023, 16:30
Quarkonium production in small collision systems in ALICE Michele Pennisi | Mon 5 Jun 2023, 14:25
Hadronisation of heavy quarks in small systems with ALICE at the LHC Tiantian Cheng Fri 9 Jun 2023, 9:00

o

Probing hadron formation at the LHC through the study of strange particles in different collision
systems and energies with ALICE at the LHC

Maria Barlou Mon 5 Jun 2023, 15:00

Two-particle angular correlations of identified particles in pp collisions at Vs = 13 TeV Daniela Ruggiano  Wed 7 Jun 2023, 15:35
Femtoscopy:

A study of K-dand K+d interactions via femtoscopy technique WioletaRzesa ~ Wed7]Jun 2023, 14:25

Constraining coupled channels dynamics using femtoscopic correlations with ALICE at LHC Ramona Lea Thu 8 Jun 2023, 15:42

Novel technique to access the three-body interactions with ALICE at the LHC Laura Serksnyte = Wed7]Jun 2023,15:15

Constraining the equation of state of neutron stars with femtoscopy measurements by ALICE Marcel Lesch Thu 8 Jun 2023,15:15

New techniques: __

Advanced Tools for physics analysis in ALICE Tuba Gundem Mon 5 Jun 2023, 17:00



https://agenda.infn.it/event/33110/contributions/197548/
https://agenda.infn.it/event/33110/contributions/197548/
https://agenda.infn.it/event/33110/contributions/197559/
https://agenda.infn.it/event/33110/contributions/197536/
https://agenda.infn.it/event/33110/contributions/197563/
https://agenda.infn.it/event/33110/contributions/197926/
https://agenda.infn.it/event/33110/contributions/197926/
https://agenda.infn.it/event/33110/contributions/197558/
https://agenda.infn.it/event/33110/contributions/197936/
https://agenda.infn.it/event/33110/contributions/198265/
https://agenda.infn.it/event/33110/contributions/197553/
https://agenda.infn.it/event/33110/contributions/197553/
https://agenda.infn.it/event/33110/contributions/200160/
https://agenda.infn.it/event/33110/contributions/197931/
https://agenda.infn.it/event/33110/contributions/197531/
https://agenda.infn.it/event/33110/contributions/200158/
https://agenda.infn.it/event/33110/contributions/197925/
https://agenda.infn.it/event/33110/contributions/201401/




ALICEupgradé tor.

Ml

New TPC:
« MWPCs replaced with GEMs

« Enabling continuous readout
@50 kHz Pb-Pb interaction rate

« Fully installed in August 2020

EIND

pad plane

ALICE TPC coll., JINST 16 (2021) 03, P03022
35/34



New ITS:

« Inner tracking with 7 barrels
(3 inner and 4 outer)

Improved pointing resolution (x 3)

Smaller beam pipe, 1st layer
closer (22 mm)

ALICE collab

beam pipe

,,,,,

5-9/06/2023, HADRON 2023
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Up iANtimatter /3

Baryochemical potential 1OSE 0-5% E
* Up — antimatter-matter balance in TOE —e— . | =
hadron systems at thermal and chemical 0.95— + -
equilibrium o E =
g 0.90 — ® =
Baryoqhemlcal pot.ent.lal Ig can be ob.ta.med from the 085F-  ALICE Prefiminary E
Statistical Hadronisation Model by fitting = Po-Pb 5 = 5.02 TeV 4 data =
antihadron/hadron yield ratios : = N — E
JsE. %INDF=1.7272 E
h S 0, o b e e —
— —2(B+ = |\&H — 23— & I _
e |2 (4 3) &P -2y :
ol & Of—------ T T CO TR EE R —
T[° °
Bl A woo- —
where: with T=156.2 +/- 2 MeV e s =
T/ P/p SH/SH He / °He
11" p *He | ,°H . . . . L
Thanks to using ratios = cancellation of uncertainties
B+s/3 | 0 | 1 3 | 89
I, 1 12|12 o

Matgorzata Janik for the ALICE Collaboration 37/30



Baryochemical potential

* Up — antimatter-matter balance in
hadron systems at thermal and chemical
equilibrium

Baryochemical potential j; can be obtained from the
Statistical Hadronisation Model by fitting
antihadron/hadron yield ratios:

E S HIs
Eocea:p[—Z(B—i—g) <7 — 213 T

—->Thanks to using ratios : cancellation of uncertainties

- Consistent with previous measurement but with x6
better precision

- Most precise |/; measurement at TeV scale!
2/9/2022 ICNFP 22
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I I ] l l l l l

ALICE Preliminary
Pb-Pb \/SNN =5.02 TeV

E Uncorr. uncert.
N\ SHM fit, Nature 561, 321-330 (2018)
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Matgorzata Janik for the ALICE Collaboration
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Direct.(real afid;

<
> 10°
Direct %?hotons carry information about the & "
properties and dynamics of QGP 43
$ [30°
Q
New measurement of direct y in Pb-Pb at 5.02 TeV 2:;102
- Virtual y (M., method), 0-10% centrality = & 10
-Real y (conversion method), other centralitiesm m m m 1
. 107"
High p. (pr = 5 GeV/c) - prompt photons .
- consistent with pQCD expectations
10°°
(pr S 4 GeV/c) - “thermal” photons 107
- described by with prompt + 10°°
pre-equilibrium + thermal photons o6

2/9/2022 ICNFP ‘22 Matgorzata Janik for the ALICE Collaboration
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ALICE Preliminary
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“Dead cone” effect reduces small-angle gluon radiation for high-mass quarks.

Dokshitzer, Khoze, Troian,

- First direct observation using iterative analysis of jets J.Phys.G 17 (1991) 1602

that contain a D® meson

¢ g d_,"—-r
= = e o
| € =P C | S J——
S i c} . —aanl
W = -
= \b s :

M)
"\'%,, » \‘_.

v
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f f‘_”‘\,\

— I‘EE,E .{l "-

Dead-cone effect
radiation suppressed inside a cone
with®, =m/E

Legend

e Charm quark

. 'gl . Gluon

Nature 605 (2022) 7910, 440 .
2/9/2022 .
https://cds.cern.ch/record/2809214
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“Dead cone” effect reduces small-angle gluon radiation for high-mass quarks.

 First direct observation using iterative analysis of jets

that contain a D% meson
PYTHIA 8 q / inclusive

Bl ALICE Data ==~ no dead cone limit
The dead cone is uncovered through a — PYTHIA 8 o
direct measurement of the emission —— SHERPA - -- fygg‘;”‘cg n’ ;”lfr:;‘its"’e
angle 2, ‘ 0.37 0.22 0.14 008 0O (rad)
0 ~ k;/zp, 8 T T T T T T [ T T T T T T T
Small angle emissions suppressed for ks T, | 3 < Enadaor < 10 GeV |
charm quarks compared to light £ 8 ] ' | _
uarksandgluons arge angle ssssssnkammnnmny
G ==Ll W7 76
' === Smallangle Isignificance
R(B) - comparison of the angular distribution of charm- 0.5F o
quark emissions to those of light quarks and gluons ' | | |
R(g) _ (1). anOjets / | 1- | dpinclusive jets 01 1.5 2 2.5 In(1/6)
NP din(1/0)/ Nivwsiveses “dln(1/8) |

Nature 605 (2022) 7910, 440

2/9/2022 ICNFP 22 Matgorzata Janik for the ALICE Collaboration



I, , measurement shows how the jet energy is redistributed in
heavy-ion collisions

Recoiling jet
» Hint of energy recovery at low momenta
 Inassociation with azimuthal broadening

Trigger hadron

NN

pFudron
=
— Are:coil(Pb — Pb) 25
Are:coil(pp) 5
ratio of the yields of jets e
recoiling from high-p,hadron

1

0.5

0

» JETSCAPE predictions in agreement with data

2/9/2022 ICNFP ‘22

Matgorzata Janik for the ALICE Collaboration
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Trigger hadron

Jets: energy#se

* [,, measurement shows how the jet energy is redistributed in &7} pie
heavy-ion collisions g o Deh
Recoiling jet
plljudmn > pj(flc p}mdmn ~ p_i(ftc prhudron < p_ie.lm
AA = =S RS
A . -~ 5 ALICE Preliminary i
I'CCOll(pp) 25 :_+ ch.-particle jets, anti-k —=— Data _:
Yield of jets recoiling from high-p; hadron: - R=041p1<05In-apl<06 " JETSCAPES4
U , ) . TT(20,50) - TT(5,7) ]
2A7AA - ]
f/ 1 d ]Vjet a B energy recovery? ]
= 1.5 * ]
L Et——
trig YPT chet - IV
| ) . IE e e e E
+ data-driven subtraction of uncorrelated background: 05 _ ol S suppression _
yields measured in two exclusive trigger track classes: - .
- - - _ _ O _I | | | 1 | 1 | 1 | | | 1 | | | | 1 | | 1 | 1 | 1 | | ]
e 1 ) 20 40 60 80 100 120 140
recoil = M(TTgje)=Cep - N(TTRep) pjretch (GeV/c)

Crer = “alignment” constant extracted from data

2/9/2022 ICNFP ‘22 Matgorzata Janik for the ALICE Collaboration 43/30
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