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CoaeprKaHue

> BBeaeHue.
» HemHoro s3k30TuKK: KI'M 1 obpasosaHune nerkmx (aHtu) (runep) spep
» Ctpyu B cpene QGP
» CTpaHHOCTb M 04apOBaHME B CTOIKHOBEHUAX 60bLLUNX U MaNE€HbKUX
cucTem
--- CTpaHHOCTb B CTONKHOBEHUAX pp, p-Pb n Pb—Pb
----OyapoBaHmMe B CTONKHOBeHUAX pp, p-Pb n Pb-Pb
» [1ByX4acTM4YHOE paccessHMe C yY4acTUeM CTPaHHbIX M 04apPOBaHHbIX
rMnepoHoB
» 3anyck Run3 Habopa aaHHbIX Ha BAK 1 nepBbie pe3yabTaThl
» ALICE @LHC PacnucaHue v Bbi3oBbl anda Run 4

o mamepuanam 0oknada 04.04.2924 om umeHu Konnabopayuu ALICE Ha ceccuu PAH



A wealth of ALICE results in 2023
at major conferences, among them:

HLICE

NIY OF DISCAVIRY

Quark Matter 2023 conference,

3-9 Sept 2023, Houston, Texas, 77010, USA
1 plenary talk

e 30 parallel talks

¢ 60 posters

European Physical Society Conference on High B

Energy Physics (EPS-HEP) 2023 e i
Conference on High Energy Physics e
Germany, Hamburg, (2023-08-21 - 2125 Nyt 2023 ‘ 1 T
2023-08-25) -- 27 talks s, =
""" e o b The 7th International Conference on the Initial
; Stages of High-Energy Nuclear Collisions: Initial
Stages 2023
g Copenhagen, Denmark, (2023-06-19 -
3 TheYJ!?Z.'EZZ’;‘SS'Z?Z'EET'935233‘!;? 2023-06-23 ) -- 2 plenary talk + 1 flash plenary,

Collisions (1S2023), Copenhagen

10 parallel session talks, 13 posters
» See also “The ALICE experiment. A journey through QCD” , arXiv:2211.04384

» So, this talk is focused only on just few topics:

HEPD Seminar NRC KI - PNPI, Gatchina 28 3
May 2024 G.A. Feofilov, SPbSU



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
Phase (< %o) at T, ~ 155 MeV
" 2> Thermal freeze-out:
particle p; spectra are fixed
at Ty, ~ 100 MeV

crit

“Quark-gluon soup”

Colliding
nuclei

4 April 2024, G.Feofilov (for ALICE Collaboration)



ALICE in Run 1 and Run 2 in 2009-2018

ALIC

R JDUSNIY OF DISCAVIRY

Central Barrel |n| <0.9
* Tracking
* PID

* EM-Calorimeters

ITS

EMCAI

TOF
TRD E

- .o _ | HweD

ACORDE (cosmics) TPC
Forward detectors: — S S

* AD (diffraction selection)

VO (trigger, centrality) EMCAI + PHOS
VO (timing, luminosity) | Muon Spectrometer

ZDC (centrality, ev. sel.) o 7-4 <M<-2.5 |

FMD (N,) t ‘ =
PMD (N, 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.

HEPD Seminar NRC KI - PNPI, Gatchina 5
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ALICE in Run1 and Run 2 in 2009-2018

A

=7

ALICE

System Year(s)
or oy, 2010.2011 2.76 ~75 bl
: 2015, 2018 5.02 ~800 pbl
Xe-Xe 2017 5.44 ~0.3 nb?
e 2013 5.02 ~15 nbl
P 2016 5.02, 8.16 ~3 nb1, ~25 nbl
2009-2013 0.9, 2.76, ~200 mb1, ~100 nb™?
7,8 ~1.5 pbl, ~2.5 pb?
PP 2015 2017 5.02 ~1.3 pbl
2015-2018 15 ~36 pb?
Runl || Run2

R JDUSNEY OF DISCAVIRY

> ALICE Collaboration: 40 countries, 169 institutes, 1977 members
> Publications: total 475

HEPD Seminar NRC KI - PNPI, Gatchina
28 May 2024 G.A. Feofilov, SPbSU



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

HEPD Seminar NRC KI - PNPI, Gatchina
28 May 2024 G.A. Feofilov, SPbSU



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

ALICE

R JDUSNIY OF DISCAVIRY

3
e K'+K . =+2' Q+Q' H+ H —
b3 ;n: K ;K K2 K ;‘R" 0 P_;F A _.;_. Q-'Z-Q d = ‘e ‘He ‘Fie
s 0 o 0

>, 10¢ ) ) ) ) ) ! ) ) ) ; ) ) )

T 4% Lo s a z s : = = = z z
2 i it HUUE AU R B B ALICE, 0-10% Pb-Pb, (S =276 TgV
10 F ‘ e RN B S S ‘ 5 5 ? ]
2 : : [l | s P
‘I(')‘1 — i i i i i | - i =
| £ Not in fit : : ]
10_3 B & Extrapolated : i i i i ! ! : 71
B Model T(MeV)  V (fm) XINDF |; PR o ]
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Pb-Pb collisions

> 4He is the heaviest
antinucleus observed

» What is the mechanism
of light (anti)nuclei and
(anti)hypernuclei
production in hadron
collisions?

» Statistical hadronisation

model (SHM)[2]

vs. Coalescence?

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

[1] ALICE Collab., Nucl. Phys. A 9711 (2018) 1-20
[2] A.Andronic, P.Braun-Munzinger,R. Redlich, J.Stachel,
Nature 561 (2018) 321

HEPD Seminar NRC KI - PNPI, Gatchina
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Formation of light (anti) (hyper) nuclei

. o o ""}'| N
. in pp, p--Pb and Pb--Pb collisions: i
\o, hypertriton .z,
'/ pp, p—Pb and Pb—Pb collisions
arXiv:2107.10627 > The 15t measurement in p—Pb collisions at
< R the LHC of hypertriton, reconstructed via
T _® JALICE p-Pb, 0-40%, {5,y = 5.02 TeV the decay channel 3,H - 3He + -
™ <, | | = | ALICE Preliminary pp, HM trigger,is = 13 TeV B !
10" 9 ALicE Po-pb, 0-10%, (5.0, = 2.76 TeV - — The lightest hypernucleus (p,n, A)
o aer000 » (mass = 2.991 GeV/c?)
I PR ey — The binding energy : B, = 130 keV
i 7 » Fragile but surviving at chemical freeze-
I out temperature T, = 156 MeV ?
- » Important to discriminate between
nucleosynthesis mechanisms in dense
108 y N - and hot environments
N &7 T 3-body coalescence 1 3 Results are currently in favour of
i R ‘* — 2-body coalescence ]| coalescence
- \:; i —SHM, Ve=dv/idy 1 » Improved statistics - it is expected in the
7y 4 ~SHM, Ve=3dvidy ]  upcoming LHC Run 3 with the upgraded
1 11 § ;I | 1 L1 1 11 I| | ALlCE
10 102 10°
(chh/dn)ka.S
HEPD Seminar NRC KI - PNPI, Gatchina 9
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Formation of light (anti) (hyper) nuclei

e@\- in Pb--Pb collisions: “R\“
\y antimatter-over-matter ratios ALICE

R JDUSNIY OF DISCAVIRY

Antiparticle-to-particle ratios of charged pions, Pb—-Pb collisions, Vsy,=5.02 TeV
protons, hypertriton (3,H) and 3He

» T=156.5+1.5 MeV, fixed from the

1055 0-5% =
ooF E Statistical Hadronisation Model (SHM)
095E- —T — 2 [ A. Andronic et al., Nature 561, (2018)
§ 0.905— ? _i 321]
0.85F  ALICE Preliminary = » Measurement of baryon
osof- PO-PD {5y, =5.02TeV vamo 3 chemical potential 1,
E 2/NDF = 1.72/2 —fit : .
075 | | | = » Most precise measurement
= T in Pb-Pb at LHC
I e ®escssssssnsassassns oo - ]
_8 B | T T L L r T LT T T PRSP [ EREEED ] ; ":""I""I """"" [ R B B |"":
—Ofmcusccasaccsacccagecncasacsnscsnsasaapeanasasasasacasasaspasnassananansnas — j 45— ALICE Preliminary \§ —E
— 5/p SH/H He / °*He im 3_ Pb-Pb S, = 5.02 TeV s\ _E
Fit using the relation obtained from SHM. 11 %E :
L= %\ E
» Small but non-zero [y at LHC ¥ \ E
» The analysis will be extended % Eurcomumen.  WGor.ueon \ |
. . 3 N\\SHM fit, Nature 561, 321-330 (2018) \N 3
to antimatter-over-matter ratios for strange baryons,

0 50 100 150 200 250 300 350 400
(N
par

10

'S
@
o

such as A, = and
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v’ Jets in QGP medium

HEPD Seminar NRC KI - PNPI, Gatchina
28 May 2024 G.A. Feofilov, SPbSU
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Hadron+et to explore energy loss & deflection

ALIC

central (0-10%) Pb-Pb collisions at 4 /syy = 5.02 TeV

Semi-inclusive yield of jets recoiling from high-p hadron

- —= £

1 d2 N]é? I d2 AA—htet+X Trigger hadron

AA—h+X Jet
mg DT, chd’het o dpr hd’het ,1’

Perturbatively-calculable observable
Chenetal., PLB 773 (2017) 672

/ o no'....:}:
See Qo§ter by Yongzh.en Hou for more Recolling et
details and comparison to pQCD , _
anti-kt charged jets (R = 0.2, 0.4)

R. Cruz-Torres - QM22 1




Jets as probes
for the study of the deconfined matter

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

Observables for recoil jets:

Signal Trigger Track (TT

sig

A, .oil (P7» BP)- the azimuthal correlation

between the trigger hadron and recoil jet

Arecoil (p T, Ad))

1 dzNjet

) -- interval 20 to 50 GeV/c
(labeled as TT20,50)

Reference Trigger Track (TT,,) -- interval 5to 7 GeV/c

(labeled as TT5,7)

1

PN

= ) h —C- . h
ng dp %,_]etdA(p TTsig ng dp %JetdAd) TTy.

HEPD Seminar NRC KI - PNPI, Gatchina

28 May 2024

G.A. Feofilov, SPbSU

Example distribution

P+
A |

-
’

’ '---w!

Recoiling jet

WoOTENTT o OISCAVIRY

Trigger hadron

CCOT-IND sali01-zni)y



\, Jetsin QGP medium:
$e$ modification of the angular structure 2
of recoil jets ALICE

WoOTENTT o OISCAVIRY

pp and Pb—Pb collisions

Measurement of the semi-inclusive hadron+jet
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?

HEPD Seminar NRC KI - PNPI, Gatchina

28May 2024  G.A. Feofilov, SPbSU 14



Analysis detalls

ALICE
2

/G 200 LI I LILEL l-l =T 11 | L I L I LI L I LI B B 1 d NJet
S —  ALICE Preliminary pp \s =5.02 TeV - n=
g [ ) Ch-particle jets, anti i Nig dpfdn
C | -particle jets, anti-k;, A= 0.4 _ trig p]‘ ch-'ljet
£
@] — ch —
= p >0.15GeV/c,|n. | <0.5
8 1150_ : T,track jet — 3 _ _ )
S r = TT(20,50) - TT(5,7) signal - reference sl 10 Arecoil - n(pT trigE’ITSig) Cef " 1Py ; trigeTTRef)

- ] - .

- = - - -

; - il

._! -
100— = ) "= . — -

- - ! =T sl

i - -=Z2 m o, _

L. L - |

50—
0=
-2

SVD (and Bayesian) unfolding to correct for detector
effects and (in the case of Pb-Pb) residual UE fluctuations

R. Cruz-Torres - QM22 19
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Analysis details

ALICE
2a7AA
’Gzoo_f"']llll_l"ll|“7"[""]1'I‘|'l' 1 deet
S —  ALICE Preliminary pp \s =5.02 TeV n=
> - = NAA et g
g | Ch-particle jets, anti-k;, R=0.4 trig p’]‘, ch ”jet

ch
P vack > 0.15 GeV/e, Inwl <05

econ,cn
T,jet

—

wn

=)

-3 —_ — . .
TT(20,50) - TT(5,7) signal - reference B 10 Arecoil - n(pl", trigE'ITSig) CRef n(pT , trlgETI‘Ref)

S : )
- = - 14 - I
100/ iecti et i \
- projection onto pr.~ (with Ag cuts)
: Arecoil VS p’JEtCh
. . [ . = Are:coil(Pb — Pb)
i AA = .'
- Arecoil(pp) J
o
-2

SVD (and Bayesian) unfolding to correct for detector
effects and (in the case of Pb-Pb) residual UE fluctuations

. Cruz-Torres - QM22 20



Analysis detalls

(GeV/c)
n
S

recoil,ch
T.jet

o

o

p

100—

50—

Ty rrroprEmrrrprr Ty rrrrprrrT
I -l I I I |

ALICE Preliminary

ll.l:..ltll b

Koy omie o

I,I

pp \'s =5.02 TeV

Ch-particle jets, anti-k;, A= 0.4
ch
P ek > 0.15 GeV/e, I"jetl <05

TT(20,50) - TT(5,7) signal - reference -

IlIIlI

SVD (and Bayesian) unfolding to correct for detector

effects and (in the case of Pb-Pb) residual UE fluctuations

R. Cruz-Tores -

am22

o~

e

A

n

1

d2NAA

jet

]Vt/?l? pT Chdn_]et

ALIC

107 Arecoil = n(pT, trige'ITSig)_ CRef n(pT , trigG'ITRef)

Arecoil VS pjet
_ reconl(Pb Pb)
I\ =
recoil(pp)

/_\\I/ projection onto pJet (with Ag cut

\

)

projection onto Ag (with p

A

recol

1 Vs Ag

y
pan)

J



= VLW Iaa results - energy redistribution

p}ladron S p’{f:tch p}ladron ~ ”l."?tch pllladron < ;‘:tCh
Arecoil(Pb - Pb) 4—p & p 4

I E < 3 | I I I I l I | I l | L I LI 1 I I LI | 1 LI
AA A < E |
recail(PP) < + ALICE Preliminary .
o5 ch-particle jets, anti-k; —# Data o
JETSCAPE prediction in - R=04,p <05 [x-A/<06 " JEISCAPESS -
agreement with measurement o[ TT(20,50) - TT(57) - b
- Energy - Rising trend .
hadron tri - ? e
pT g 15 - " regovew. + -
: “‘lll.:
1 —_ ........................ :...._ ............ T CTO B _-
- - gannnnt n o
B , ?.u..-u-“' o -
05 Bt Suppression N
0 -I | 1 I | | | | | | 1 I 1 | 1 | | | | I | 1 | | | | | ]

20 40 60 80 100 120 140
P (GeVic)
T,ch

- Interplay between hadron vs jet energy loss?

25



\, Jetsin QGP medium:
$e$ modification of the angular structure |
of recoil jets ALICE

WoTTENTT T OISCAVIRY
R=0.2 hadron+jet R=0.4 hadron+jet i
TS kel pp and Pb—Pb collisions
o) : ALICE Prellmmary ] — E ALICE P 3
© I ] °© E rellmlnary E . . .
© 25p [ (s =502TeV  10<pf <20GeVic @ 40 E (5 =502 TeV 10<p <20GeV/c = Example distribution
é [ Ch-particle jets, anti-k ] x 35 E Ch-particle jets, anti-k; Jet 3
S 20F A=021n,1<07 3 L L R-04y <07 E )
e TT(20,50) - TT(5,7) ] S 30E TT(20,50) “TT(5.7) E Trigger hadron
= 15| —*-Pb-PbO-10% + S 25F e Pb-PbO-10% E
g§ [ =P ) —“4 7 8, F —+pp ]
< 0 [ [_] Sys. uncertainty =#= - < 20 E [ Sys. uncertainty _,__.—E A(p
: N3 et 2
5F == 1 10 = . — Q
: : L —— S
L —— 5 —— E |_|
< e !
L ] L = o
0 | 1 ! I 1 | 1 6:1 . T B | — ! ! | 8
: o . a
- £ 4 | / 3
: g e
5F £ 2f == - . o
E ] Foremmome s —e—me=m0 e g s
Of6~ 18 2 22 24 26 28 3 %6 18 2 22 24 26 28 3 Recoiling jet
Ag (rad) A (rad)

©>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.
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fraction of momentum
carried by the emitted gluon

... Heavy quark jets in QGP medium:
dead cone effect

energy of the
emitting charm

of the splitting

emission angle

Testing of QCD with parton showers ST

Difference with QCD jet produced by a heavy quarks? A
Yu.L.Dokshitzer, V.A. Khoze, S.I. Troyan: “Iti is the restriction on the phase space of emitting gluons cc .
the kinematics of a heavy quark Q=c,b,...” . which determmes the difference of the QCD jet produced by Q from

that of ordinary light (practically massless) quarks g=u,d,;s”“

The soft-gluon emission probability:

dog qre = _S_CF(Qsm ©/2)*d(2sin©/2)* dw 14 0(6,, w)] (1)

m (2sin©/2)2 + ©3° w

. “Considering the soft-gluon emission probability...(by a massive Q)... one concludes that the large
logarithmic contribution comes only from the region of relatively large radiation angles THETA .5 THETAo”

*  “Since the differential cross section equation (1) vanishes in the forward direction, it is natural to call this region
the ‘dead cone’-the relatively depopulated cone around the Q direction with an opening angle THETA -
THETAoO,... “

[1] Yu.L.Dokshitzer, V.A.Khoze, S.I.Troyan 1991 J. Phys. G: Nucl. Part. Phys. 17 1602
HEPD Seminar NRC KI _ PNPI,
Gatchina 28 May 2024 20
G.A. Feofilov, SPbSU



Direct observation of the dead-cone effect in g
gquantum chromodynamics[1] H&I,SER

[1] ALICE Collab., Nature 605 (2022) 440-446, 19 May 2022  Yu.L.Dokshitzer, V.A. Khoze, S.1.
) P e N Troyan: “.. Although it is not clear now

*{ P "\ how to visualize the dead cone directly
P \  with the current experiments, ...”
T~ ‘ | 1991 J. Phys. G: Nucl. Part.

Fully reclustered jet

()

- 1 2 \
Radiator R a e il Charm
Y I quark
—
|
T |
Charm qu.arif RN \ Dead-cone effect
*  Gluon emission vertex \-\ Gluon emissions are
Emitted gluon . suppressed in a cone /
0 P P o with edc = mD/ERadia:C(
1> 6,>...>6 ", . . .
Enasator;1 > > Enadtors " » Method used: iterative declustering

e

of jets tagged with a fully
reconstructed charmed (DO) hadron.

[2]. Frye, C., Larkoski, et al.,Casimir meets Poisson:
» New declastering technique [2,3]

improved quark/gluon discrimination with counting
observables. J. High Energy Phys. 9, 083(2017).
[3]. Dreyer, F. A., Salam, G. P. & Soyez, G. The Lund

jet plane. J. High Energy Phys. 12, 0645[%(5)3-rr8n)narNRC KI_ PNPI,

Gatchina 28 May 2024 21
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Heavy quark jets in QGP medium:
dead cone effect HLICE

SNIY OF DISCAVIRY

Difference with QCD jet produced by a heavy quarks?

» Yu L Dokshitzer: “It is the restriction on the phase space of emitting gluons
connected with the kinematics of a heavy quark Q=¢, b, ...”

> Angular region with size mQ/EQ within which g;/E
emissions are suppressed ~ Tiaa. >

The observable used to reveal the dead cone is built by constructing the ratio of the splitting angle (8)
distributions for DO-meson tagged jets and inclusive jets.

. 1 d nDOJelS 1 dninclusive jets
DO-meson tagged jets: R(6) = % din(l/ 0)/ Nircusveles  din(1/6)
kT'ERadiator
R(e)no dead-cone limc o e by the it g
Inclusive jets: 1 dntQiets 1 dninclusive jets ‘
- NLQijets d'n(l/e)/Ninclusivejets din(1/6)

Tr~Radlator

emission angle

[1] Yu.L.Dokshitzer, V.A. Khoze, S.I. Troyan, Specific QCD properties of heavy quark fragmentation. 1991 J.
Phys. G: Nucl. Part. Phys. 17 1602 (1999)

Yu.L.Dokshitzer, V.A. Khoze, S.I. Troyan 1991 J. Phys. G: Nucl. Part. Phys. 17 1602
HEPD Seminar NRC KI - PNPI,
Gatchina 28 May 2024 22
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Dead cone effect: ratios R(0) of splitting angle
probability distribution (pp collisions, Vs=13 TeV)

B AUCEdata === PYTHIAv.8 LQ/inclusive proton-proton 5 = 13 TeV P 22.8GeVic
no dead-cone limit
m— PYTHIA v.8 Charged jets, anti-k;, R=0.4 kr > 200 MeVic
= SHERPA === SHERPA LQ/inclusive C/A reclustering Ingpl< 0.5

no dead-cone limit

037 022 0.14 0.08 0.22 0.14 0.08 0.22 0.14 0.08 0.05
1T T1T7 I TTTT | 17T TT I T T TT | T I l I I |
6 < Enggar < 10 GV 10 < Epg gy < 20 GaV 20 < Eg gy < 35 GV
15+ 4 4+ amsssas= [ ELLLEEE
..............
------- pooomoe S -
m ______ EEEEEEE [ T memmmEm= | amaspmas
S (R EEE 1 + 1 i —_— ]
" ™ }
— — _‘_
05k —_— +
0|111111111111|[.111|||||111|||1|11|1| RN EEENE SR R
1.0 15 20 25 1.5 20 25 15 20 25 3.0
In(1/6)

Fig. 2 Ratios of splitting angle probability distributions.

Nature 605 (2022)440-446 0 o
1 an jets 1 dnlncluswe jets

=NDOJetS dln(l/e)/NlnCIUSivejets dln(]./e)

R(6)
kT'ERadiator
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Dead cone effect: ratios R(0) of splitting angle
probability distribution (pp collisions, Vs=13 TeV) HLICE

SNIY OF DISCAVIRY

B AUCEdata === PYTHIAvSLQinclusive proton-proton & = 13 TeV P 22.8GeVic
— PYTHIA V.8 ro deadcons imt Charged jats, anti-k;, R = 0.4 Ky > 200 MeVie
m== SHERPA === SHERPA LQ/inclusive C/A reclustering Ingpl< 0.5
no dead-cone limit
8 (rad)
037 02 014 008 02 014 008 022 044 008 005
||||Il||||||||||||||||||||||||I||||||||||[||||||||||||]|[
5 < Epggapy < 10 GeV 10 < Epg gy < 20 GV 20 < Epy gy < 35 GeV > A Significa nt Suppression
15 ! | premnend : .
....... oo _ in the rate of small-angle splittings
.............. busmnan
S ofemie e : S |, = [ I _'i'— is observed in DO-meson tagged jets
c 3
— ' relative to the inclusive jets
S e J
05F —_— 4 i
0 L1l I jl Ll l L1 L1l I L1l I (| l 111 L1 11 I L1l l L1 | L1l
10 : 20 25 15 20 25 15 20 25 30
In(1/6)

Fig. 2 Ratios of splitting angle probability distributions.
Nature 605 (2022)440-446

» Novel instrument for QCD studies of influence of mass effects on jet properties
» Future: the dead cone of beauty jets tagged with a reconstructed beauty hadron

HEPD Seminar NRC KI — PNPI,
Gatchina 28 May 2024
G.A. Feofilov, SPbSU



v'Strangeness and charm
in collisions of large and small systems

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

HEPD Seminar NRC KI - PNPI, Gatchina

28May2024  G.A. Feofilov, SPbSU =



\)
™ .
N Strangeness production in jets
and of jets HLICE

SNIY OF DISCAVIRY

pp collisions at Vs=13 TeV and Vs =5.02 TeV = vs. multiplicity

’S\. = LA L AL L DL L L DL L L AL DL AL AL L DL LA L DL EL N DL =
< - ALICE Preliminary [ Isyst. error 3
= 0.035— | ¢ stat.error
<] = = . trigg . =
= - h-Z correlation, P, >3 GeV/c .
Ps: 0.03 ® pp, Vs=13TeV
£ E o Toward leading s .
3 0.025— |ag <0.75, |Ag| < 0.85 PP E5 =0 Tey =
>’ C m Transverse to leading ¢
0.02— 0.75<jA7<12,085<4p<20 " =
— ¢ Full & = L
0.015F a7 <12, -x/2 < Ap < 3x/2 = Near-side jet,
) o = out-of-jet
0.01 - . -
- s 0 B and full yield of =
0.005F . ¢ = vs. multiplicity
E...l.,..l......l.....l.....l....l......l... =
0 5 10 15 20 25 30 35 40
(dN ,/dn >|,,|<o.s

» For = mesons the near-side leading jet yield is practically flat with multiplicity

» Linear growth of = yield with multiplicity in transverse to leading
HEPD Seminar NRC KI - PNPI, Gatchina

28May 2024  G.A. Feofilov, SPbSU 26
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Strangeness production in jets

\fll

Toward / Transverse
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o
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¢
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Toward leading
nl < Q.75 Kol <085

Transverse to leading

075 <|An|<12,085<Ap<20

Full
Bpl< 1.2 -n2 < Ap <32

[Jsyst. error
@ stat. error

—@= g

e e

S Sl
== @

= o=l

jet, out-of-jet
and inclusive =/KOs yield ratios vs.
multiplicity of charged particles

and of jets Hk;ggg‘_
— =/KO, ratios vs. multiplicity
ALICE Preliminary
pi% >3 Govie ] §
¢ pp.Vs=13Tev |
pp. Vs =5.02 Tev ]
& ¢ ¢ ] Near-side

» A week dependence

20 25 30 35 40 TP
n multiplicity in h
AN fdm o) ultiplicity in both cases

ch [n|<0.5

HEPD Seminar NRC KI - PNPI, Gatchina
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Nature Physics 13,535-539 (2017)

d*N/(dydpy) ((GeV/e)™)

Enhanced production of multi-strange particles in

high-multiplicity pp, p—Pb

and Pb-Pb collisions

FILICE

R JDUSNEY OF DISCAVIRY

p.-differential yields

10° ALICE pp5=7 TeV

(event multiplicity classes)
108
107

108

. — K2 (x10%)
10 — TS
=4 O
104 F = ‘E\ Wb}
103 T
==X
102 (0]
o VI A+A (x10%)
3 [¢9)
107
102 Ny £+ Exa0d)
1073
107 ‘*’*
q: =+
0 V+VD
a: 2+
107 CIX+X)
10—7[IIIIIIIIIIIIIIIIIIIIIIIIIIII
0 2 4 6 8 10 12 14

pr(GeV/c)

p.-integrated yield ratios to pions (t* + r”) as a
function of {dN_/dn) measured in |y| < 0.5.

Ratio of yieldsto (x*+ )

HEPD Seminar NRC KI - PNPI, Gatchina

102

1072

§ b i
2K§

A+A(x2)

i

Z+E°(x6)

El

2+ 3 (x16)

ALICE

® pp,5=7TeV

O p-Pbv5, = 5.02 TeV
[ Pb-Pbys =276 TeV
— PYTHIAB

28 May 2024

10? 10°
(dNr_h/ dﬂ)m <05

>

pp, p-Pb and Pb—Pb collisions

The enhancement is larger
for particles with larger
strangeness content

No dependence on

the LHC collision energy

» Striking similarities in
strangeness production
for large and small systems
» Origin of strangeness
enhancement?

28

G.A. Feofilov, SPbSU



pr-differential yields of K° A,Z and Q
in pp collisions at 7 TeV

(DOI:10.1038/NPHYS/4111)

T 1n° ‘ ]
< 10 ALICE pp Vs =7 TeV =
% 108 (event multiplicity classes) ;
0] ]
= 107 =
g 10° E
S S KS (x10%) 3
B 10 - = E
> == 0 ]
(o] 104 &‘szl (Vi) e
© g 3
10° E

0 == (x 3

10° 0 ]

VI A+A (x10°) 7

(X) _E

107" =
1072 3 3 : T+E (x10°%) =
107 =

—4 i - j

10 E‘ ‘ St ) =
107 = o E

s V) Q40 5

10°° S (IXHX) =

1 0*7 L1 | 111 | L1 l L1 | L1 | 111 | L1 l 11 ]

0 2 4 6 8 10 12 14
pT(GeV/c)

NB! The data are scaled by different factors
to improve the visibility

Some observations:

» hardening of p; spectra with increasing
multiplicity

» the hardening of p spectra is more
pronounced for higher-mass particles

» the appearance of collective behaviour at
high multiplicity - ?

» particle emission from a collectively
expanding thermal source - ?

U.Heinz, https://inspirehep.net/record/714564

Some event multiplicity classes in pp collisions, 7 TeV

Class name | VII X
o/ O, > 0 0-0.95% 28 -38% 68 —100%
<dN,/dn> 21.3+-0.6 6.72+-0.21 2.26+-0.01
HEPD Seminar NRC KI - PNPI,
Gatchina 28 May 2024 29
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pr-ntegrated yield
ratios to pions as a function

DOI:10.1038/NPHYS/4111

of the <dN_ /dn>

» A significant enhancement of strange to non- &
strange hadron production with increasing
particle multiplicity in pp collisions.

» Smooth behavior of particle ratios with the
<dN_/dn> regardless of colliding system
and energy

» DIPSY rope hadronization model [1,2]
1s providing the best description

» PYTHIAS [3] fails completely

[1] C.Bierlich, G.Gustafson, L.Lonnblad, A.Tarasov,
https://inspirehep.net/record/1335149 (2015)

[2] Bierlich, C. & Christiansen, J. R. Phys. Rev. D 92,
094010 (2015).

Ratio of yields to (n*+n")

1o

A+A (x2)

0 Yoy

E+E (xB)

b b

Q+Q" (x16) __

ALICE

® pp,Vs=7TeV
O p-Pb,ysy=502TeV |
[0 Pb-Pb, sy =2.76 TeV

—— PYTHIA8

[3] Sjostrand, T., Mrenna, S. & Skands, P. Z. Comput. Phys. 107

Commun. 178, 852—-867 (2008).

[4] EPOS LHC:T. Pierog et al., Phys. Rey,. (592, 034906, o p)

(2015). Gatchina 28 May 2024
G.A. Feofilov, SPbSU
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The hadron strangeness hierarchy in pp and p-Pb

collisions
h dN, /dn) |
( /Z;) :1—|—aSblog < h/ pz>
(h/7 )ieL>0 (dNen /dm) ixgr - | (DOI:10.1038/NPHYS/4111)
B ALICE
e §1s the number of o | @pp 5 =7TeV

strange or anti-strange
valence quarks

e g and b are free

. O p-Pb,vsyy =5.02TeV

INEL >0

*
*
*
=

.

.
.
o*
.
*
.
*
.
‘¢
.
*

parameters: 2 ">
a =0.083 + 0.006, S
b=1.67+0.09 S

1.0

» No enhancement
with the <dN_/d»> 1s observed for

particles with no strange quark content 9[- '

HEPD Seminar NRC KI — PNPI,
Gatchina 28 May 2024
G.A. Feofilov, SPbSU
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Q/@’ Strangeness at midrapidity

<> vs multiplicity and effective energy
L I B B B | I |||||pr|).cp.".is|ip.ns’13-rev
3 b eA ] ¢ A ]
%,\f l4r #E B $ 1r $ B <05 +E 5
/\E 312: e : ' ﬂ' o
Sl g 1 tesn —
=l ¢ 8 @ JF +re¥ily g
= - ¢ i’ﬂi IH. 1r @ -Q [¢] ] (uds)
~ I j * 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?

HEPD Seminar NRC KI - PNPI, Gatchina

28May 2024  G.A. Feofilov, SPbSU 32



Some theoretical approaches:
Multi-Pomeron Exchange Model

005

0o

0.005

0.001

Ratio of yields to (x*+ 77)

Q
Ratio of yields t
>
s o
[}

0.

0.

with string fusion

M @ DD
K(S) 10‘ 5
A+A(x2)

6))]
Tem)

27+ 2" (x16)

ALICE
pp. & =7 TeV
l 7 > PP Sy =502 TeV
[1 Pb-Pb,¥5,= 276 TeV
— PYTHIAS
...... DIPSY
oot EPOS LHC

2 4

G.Feofilov,V.Kovalenkro, A.Puchkov
arxiv: 1710.08895 [hep-ph](2017);

Universe 8 (2022) 4, 246,
DOI: 10.3390/universe804024

6 210 20
Neh

HEPD Seminar NRCKI - PNDOI:10.1038/NPHYS/4111
Gatchina 28 May 2024

G.A. Feofilov, SPbSU
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pp
INEL >0

(h/m)/(h/7)

Some theoretical approaches:
Multi-Pomeron Exchange Model

2

4

6

8-—

10

20

40

G.Feofilov,V.Kovalenkro, A.Puchkov

arxiv: 1710.08895 [hep-ph](2017)

()

pp
INEL>0

(h/m)/(h/m)

with string fusion

ALICE
" @pp.S =7TeV l &
20 I~ - 11‘..0'1‘
@ p'Pb. \rst\ =502TeV 1 1
- .K\Q . .._af,f.
1.5
1.0
05 =

DOI:10.1038/NPHYS/4111

HEPD Seminar NRC K| - PNPI,
Gatchina
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v’ Strangeness and charm

in collisions of large and small systems
<>Charm in pp, p-Pb and Pb-Pb collisions

HEPD Seminar NRC KI - PNPI, Gatchina

28May2024  G.A. Feofilov, SPbSU 3



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

ALICE
Time . Why open heavy flavour
A o “.d,v\e?"“ © is interesting?
PRSI v" Production is relevant to early

stages of collision

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:
D-mesons (D%, D*,D. D*) and
charm baryons (A" 2., 2 20,

-+ -0 = 0
—c'—c'—c'Qc)

Pre-Equilibrium
Phase (< 1)

7
Colliding \ 2

nuclei

1-5 April 2024, G.Feofilov (for ALICE Collaboration) 36



QP Flow of prompt D.*-mesons
in Pb-Pb collisions  gLIC

R JDUSNEY OF DISCAVIRY

Physics Letters B 827 (2022)

1' ' Al L

& o4 ALIGE <08 - i

A | 30-50% Pb-Pb, {5y = 5.02 TeV 1 TAMU

ﬁ: ¢ Prompt D} —— PHSD .

% e Prompt average D°, D*, D** T i Pb_Pb CO"ISIOnS
N

~

Tk !

[

0.0 H‘ —| -
[]Syst. from data
_I | T Syst. from B feed-down l T
1 2 3 4567810 20 30 40 1 2 3 4567810 20 30 40

P, (GeV/c) P, (GeV/c)

» 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

HEPD Seminar NRC KI - PNPI, Gatchina

28May 2024  G.A. Feofilov, SPbSU 37



\,
$Q/$ Constraining hadronization mechanisms =
with A*_/D° production ratios  q7¢E

JOUSNEY OF DISCAVIRY

+
Prompt A",
L L A AL B R
1°§EAL|CE Pb-Pb, Sy = 5.02 TeVé
Les Prompt A, |y| < 0.5
E =
- B9 ]
EE —— 0-10% E
- e —— 30-50%
E E|
=
_E_
3 E
_$_

o H#
[ 1111

+5.5% BF%I syst. unc. n?t shown |
0 5 10 15 20
P, (GeV/c)

The p;-differential production yields of
prompt A*_in central (0-10%) and mid-
central (30-50%) Pb—Pb collisions at
VsSNN =5.02 TeV.

pp and Pb—-Pb collisions

0
A+ /D
o I e mo e e e e e e BB
S 1-4:—ALICE ISy = 502 TeV, vl <0.57

+ o

N .
| T T

1.2 ]
- — 0-10% Pb-Pb
0sh —— 30-50% Pb-Pb 1

: —_— pp -1
0.6

1l
SEm {EL E
0.4F ']”“E _H_ ]
- ]
0.2 — ra -
Co v v by v o by o v by oy by oy
0 5 10 15 20

P, (GeV/c)

The A*_/DP ratio in central and mid-
central Pb—Pb collisions at Vs, = 5.02
TeV compared with the results

obtained from pp collisions [1]

» N\*_/D° -ratio is sensitive to hadronisation mechanism

[1] ALICE Collaboration, S. Acharya et al.,Phys. Rev. C 104 (2021) 054905.

HEPD Seminar NRC KI - PNPI, Gatchina
28 May 2024 G.A. Feofilov, SPbSU
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\,
$@$ Constraining hadronization mechanisms 3%
with A*_ /D production ratios  q7¢

JOUSNIY OF DISCAVIRY

p—p collisions

o T T T T | T T T T I T T T T T T T T | T T T T | T
@) - _
T ALICE
21.0 - PYTHIA 8.243 —
The A*_/D° ratio as a < - Monash 2013 lyl <05 _
function of p; - — moge g SHM+RQM .
Is measured in p--p sl = Mode 3 tagase 8gt'e\lnnla b
collisions L i
at 7 TeV (Runl), 5.02 TeV B - ngamg I}EI)%D .
(Run2) and at 13 TeV. 06 - ’ ]
Is also measured in in p-Pb ' T i5 = 13 TV i
collisions at 5.02 TeV (Run2) 3i!1} h p% ZT_>1 GeeV/c _ .
and compared with models. 04 11k, 4 O p;<1GeV/c (this paper) 7
L / :
» Behavior is similar to Pb—Pb case - .
+ O . o o, ® 02 I |
» N\*_/DP -ratio is sensitive : 1
to hadronisation mechanism : | | | | %
. . 0.0 | | 1 | 1 | | | | | | | | | | | 1 | | | 1
» So far, standard hadronization models 0 5 10 15 20 25
fail to reproduce the baryon P, (GeVic)
enhancement[1].

[1] ALICE Collaboration, JHEP 12 (2023) 086. https://arxiv.org/abs/2308.04877,

HEPD Seminar NRC KI - PNPI, Gatchina

28May 2024  G.A. Feofilov, SPbSU 9



v Two-body scattering involving strange and
charm hyperons

HEPD Seminar NRC KI - PNPI, Gatchina
28 May 2024 G.A. Feofilov, SPbSU
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Two-body scattering and study of strong interaction
involving strange hyperons

R JDUSNEY OF DISCAVIRY

a P Imemclon _ pepuisive Nature 588, 232-238 (2020)
- . | —— Attractive
Tl | |
s | = - Repulsive
A < / < —— Attractive
95"00 P = \
) &6’9 © ,‘\ (6]
& W 0 05 10 15 20 =
P, r (fm) T
Emission source S(r*) Schrodinger equation 50 100 150 200
¥ k* (MeV/c)
Two-particle wavefunction Correlation function
[0, 1) /
c I 1 r 1
Nsame(k?)
'\ * w same
Clk) = [ Sk, ¥)| 2 = Ek)————
lexed(k')

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

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

HEPD Seminar NRC KI - PNPI, Gatchina 41
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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

HEPD Seminar NRC KI - PNPI, Gatchina
28 May 2024 G.A. Feofilov, SPbSU
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Q¢ Two-body scattering involving charm hadrons

ALICE

R JDUSNEY OF DISCAVIRY

Time pp collisions
Phys.Rev.D 106 (2022) 052010, arxiv:2201.05352

I T T T T I T T T T I T T T
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

HEPD Seminar NRC KI - PNPI, Gatchina 43
28 May 2024 G.A. Feofilov, SPbSU



\
$e Two-body scattering involving charm hadrons
ALIC

R JDUSNEY OF DISCAVIRY

"Dt ® 1T D- D@1t Dt

pp collisions

~ 13 ~ 13
LT . . T\ ]
O C ALICE Preliminary ] G [\ =D ® =~ D" ]
120 PP, V8 = 13 TeV, high. mult. (0-0.17%) 120 | ) genuine CF -
C atD*®a D" ] C — Coulomb .
L _ L Coulomb + Lednicky-Lyuboshits (stat. unc.)
1 1'_ ] 1 1'_ .Coulomb + Lednicky-Lyuboshits (tot. unc.) ]
1.00 ] 1.0f— — = —
, e ] C ]
COU Iom b - ) ] 0'9__ Simultaneous fit ]
C Dzuble-G?ﬁ?an source ] T Coulomb + Lednicky-Lyuboshits ]
C r1ﬁ = 0'97; 8-% fm ] C anD(I=-21) = —0.03:0.04(stat):0.02(sys.)ﬁ:21(source sys.) fm ]
0.8~ / ry' =2.52 g% fm — 0.8 a,5(1=}) = -0.06+0.03(stat)=0.02(sys.)", .- (source sys.) fm
C I 11 1 I 11 1 I 11 1 I 11 1 I 11 1 I 11 1 I 11 1 I 11 1 I 111 C1 11 I 11 1 I 11 1 I 11 1 I 11 1 I 11 1 I 11 1 I 11 1 I 11 1 I 1117
0 20 40 60 80 100 120 140 160 180 200 0 20 40 60 80 100 120 140 160 180 200
k* (MeV/c) k* (MeV/c)

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

HEPD Seminar NRC KI - PNPI, Gatchina

28May 2024  G.A. Feofilov, SPbSU 4



v'Run 3 data taking, performance
and the 1st results

HEPD Seminar NRC KI - PNPI, Gatchina
28 May 2024 G.A. Feofilov, SPbSU
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ALICE upgrade for Run 3:
Inner Tracking System (ITS2)
and GEM TPC RHHSERT

A}

E; I'\LiU_ =] IE‘ Nnarice
= Run 3 pp, Vs =13.6 TeV
o
= Inl < 0.8
3 10°
(%]
o ro-projectioi
I i « Run3data
GE) ) « Run 2 data
] -
ARV N
G -
ITS 2 - the new Inner Tracking & el b -
System (26 May, 2021) k= ."'!-.“"...
Yesee o
107 1 10
P, (GeV/e)

ITS impact parameter resolution

» ITS 2 is the largest pixel detector ever built in CMOS » TPC with new Gas Electron
(MAPS) technology: 12,5 Gpixel camera of ~10 m? area. Multiplier

» High tracking precision and vertex resolution, (GEM) technology

» Fast readout - New electronics (SAMPA),
» Closer to the IP: first layer at =22 mm - continuous readout

» Smaller pixels: 28 x 29 um?
» Lower material budget of the Inner Barrel: 0.35% X,

HEPD Seminar NRC KI - PNPI, Gatchina 28 46
May 2024 G.A. Feofilov, SPbSU



Pixel Muon Forward Tracker (MFT)
and Fast Interaction Trigger (FIT)

ALICE

R JDUSNEY OF DISCAVIRY

Fast Interaction Trigger

*  Minimum bias trigger

B O « Timing signal for TOF (13 ps in FT0)
% 1000 ALIGE Performance, Pb-Pb, VS = 5.36 TeV + Centrality, luminosity, event plane
= [ * Forward vetoes for diffractive studies
& L pi¥ < 0.25 GeVie
?9 800? -4 < 1, < -25
c
=)
S)
o

600

400

200

4 4.5 5

M (58I ESG; ALICE Performance ,

» The new Muon Forward )/ signal extraction 2 Faof P fomsmcey ?
Tracker, one of ALICE’s di-muon spectra : é“’ .
main subdetectors, Was , pp ppy UpCs at 5.36 TeV £ £ 9
installed in the cavern in N
December 2020 L ’

» Substantial increase in pseudorapidity = |
coverage for ALICE T e a0

» High pointing resolution for muon tracking Zyerien POSition based on FTO timing

HEPD Seminar NRC KI - PNPI, Gatchina 47
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ALICE Data taking in Run 3

ALIC

2 | ALICE Performance, Run 3, pp, s = 13.6 TeV E
e | Recorded: 28.2 pb 2
€ | g
=)
= 25 =
e °
© I o)
S T
& 20 $
= 0 E

15
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0* | | | |

02Jul22 010ct22 31Dec22 02Apr23 02Jul 23

Run 3 (2022 - now)

1.6

1.4

1.2

0.8
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0.2

R JDUSNEY OF DISCAVIRY

= 1 &
- ALICE Performance, 2023 —12 2
Pb—Pb, | Sy, = 5.36 TeV 2
- Recorded: 1535.5 ub’ 10 f_z
i g
- s §
=z
. 6
B 4
- 2
L 0
05 Oct 12 Oct 19 Oct 26 Oct

» 2022 pp: 19.3/pb or 1000 billion minimum bias collisions
» 2023 pp: 9.7/pb or 500 billion minimum bias collisions

(~800 larger sample compared to Run 1-2)

» 2023 Pb-Pb: 1.5/nb or 12 billion minimum bias collisions

(x40 larger minimum bias sample compared to Run 1-2)

HEPD Seminar NRC KI - PNPI, Gatchina

28 May 2024

G.A. Feofilov, SPbSU
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The 15t results in Run 3:

(Q and open heavy flavor in pp at Vs=13.6 TeV

ALICE

R JDUSNEY OF DISCAVIRY

» First Q baryon yields

Normalised counts / 11 MeV/c2

Normalized counts per 1.6 MeV/c?

—_
N

=i
o

2 2.2 24 2.6
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042 ALICE Performance Q
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+ ALICE Performance 1
L pp, s =13.6 TeV 1
P, > 5GeV/c -
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L

¢

- 2 — =n* and charge conj.
e Data

---- Background

— Total fit function

v e b by 1

2.8 3
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» DY D* D*, and A*_signals obtained from the HF
software trigger in pp collisions at Vs=13.6 TeV

N
o

Normalised counts / 4 MeV/c?
@
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T | S L
- ALICE Performance 1
I pp, Vs = 13.6 TeV -
| offline trigger

D’ - Kx* and charge conj.
P> 1GeV/c
el gl i

baryon yields
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T e )
1.9 1.95 2
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1.9 1.95 2
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ALICE @LHC Schedule

ALICE
ALICE LS3 Upgrade ALICE LS4 Upgrade ALICE 3

ALICE LS2 Upgrade ITS3 FoCal-H AL{CES

Half Barrels /
Vg

TOF
j Superconducting ricH r
net

.— FoCal-E i
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ALICE 3in Run 5 ,
expected > 2035 aALIC

R JDUSNEY OF DISCAVIRY

» ALICE 3 -- a completely new experiment, fast with precise tracking and timing.

» A large-acceptance (|n|<4), 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\ absorber potentials
A chambers <> Long-range correlation studies
<> Searches beyond-the-Standard-
Letter of Intent for ALICE 3 Model
https://cds.cern.ch/record/2803563/
files/2211.02491.pdf HEPD Seminar NRC KI _ PNPI, Gatchina

28 May 2024 G.A. Feofilov, SPbSU 46



Beauty and multi-charm studies

with ALICE 3

_1 __I TT I TTTT I TTTT I TTTT I TTTT I TTTT I TTTT I TTTT I TTTT I TT IL_
Particle Mass (GeV/c) ¢T (um) Decay Channel Branching Ratio (%) % 10 .  Decay products only 3
OCJ r — Strangeness Tracking ]
Qf 3.746 50 (assumed) QO+7x+ 5.0 (assumed) ° = g
Q0 2.695 80 Q 4t 5.0 (assumed) 2 107 E
g 3.621 76 &+t 5.0 (assumed) % - .
Qo L i
EF 2.468 137 E- 42t (2.86+1.27) DE_) 108
=; 2.468 137 p+K 4+t  (6.2£3.0)1073

Table 6: Particles and decay channels used in the reconstruction of the " and Q. analyses using
strangeness tracking. Values from [227]. Where no measurement is available, a branching ratio of 104

5% is assumed.

T IIIIIII

11 IIIIIII

(] lllI

ALICE 3 Study

arXiv:2211.02491 Pb-Pb 0-100% PYTHIA Angantyr
10_5 =, from hybrid simulations, I <1.5
. H 20< GeVic)<4.0
» Measurements of the multi-charm baryons E ST ]
. -500-400-300-200-100 0 100 200 300 400 500
are a central part of the ALICE 3 physics =t DCA,, to PV (um)

» Challenge: small life time ct and BR

» Effective reconstruction using strangeness tracking : example for

=t S5 Er 4t 5 E 431 and QL - Q04+t - Q 427t

-—cc

See Section 3.2.1.3 inarXiv:2211.02491

HEPD Seminar NRC KI - PNPI, Gatchina
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Beauty hadrons =7, and Q7
with ALICE 3

R JDUSNEY OF DISCAVIRY

'_.‘Q 102 1 | | | | | | T
0 + S :
E, 2E 4+ 2E +0+0 § [ = ]
< i T ]
E o
8 *
Q Q4 s Q 4T+ § w0 ~
o - -
5 5 i
» f - Q ]
B ALICE 3 Study .
Pb-Pb 0-10% PYTHIA
1 - Full acceptance over ml<4.0
C Particle + antiparticle T
_I 11 I 1 1 1 I 11 1 I 11 1 l 11 1 I | I - I 11 1 I 11 1 l 11 1 I 11 I_
0 2 4 6 8 10 12 14 16 18 20

P, (GeV/e

» Masses of =, and Q, are assumed to be 5,797 GeV/c2 and 6.046,
respectively, as measured by the LHCb.

» BR are unknown so far (<5%)

» Large life time ct ~ 500 um --- it is beneficial for background discrimination

See inarXiv:2211.02491
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Summary

Production of loosely bound light (anti)(hyper)nuclei --Still puzzling.

2. Progress in results on the medium induced effects on strange and charm particle
yields and on the shape of jets

3. Studies of the residual strong interaction between strange, charm, and light hadrons
* The new physics lab
e 10 times increased statistics during the LHC Runs 3 and 4

4. The intriguing similarities in collision of small systems and in heavy-ion collisions are
still to be investigated.

5. Run 3 has started successfully:
* New tracking detectors and higher pointing resolution
* Higher counting rate and the extended rapidity coverage
e Better muon measurements in the forward arm

7. Future upgrades are in progress for Run 4: ITS3 and FoCal

8. ALICE 3 with a completely new detector in Run 5 will be focused on rare processes of
multi-charm and beauty baryon production aimed at the precise evaluation of the QGP

properties. HEPD Seminar NRC KI _ PNPI, Gatchina

28May 2024  G.A. Feofilov, SPbSU o4



Back-up
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Charm in pp, p-Pb and Pb-Pb collisions %

ALICE

Why open heavy flavour

A ape> is interesting?

PR 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:
DO —K-T11*
+ -1+ 7T+
Pre-Equilibrium D*—K-1r* 11
Phase (< 1) DS+_) d) '|T+ —_ K + K---n'+
m - D*+ ﬁDO'IT'l‘ ﬁK---rr-'- ,I_l.+

7
‘ + 0 +97 -
Colliding \ ’ A= Kop—Trmp

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

1-5 April 2024, G.Feofilov (for ALICE Collaboration) 56



\,
$@$ Constraining hadronization mechanisms
with A*_ /D production ratios  q7¢

JOUSNIY OF DISCAVIRY

p—p and p—Pb collisions

+ 0
/\ C /D c)D B T T T T | T T T T | T T ]
=~ 1.4~ ALICE Preliminary ]
L[ pp \s=5.02TeV op, \s =7 TeV .
1.2~ Iyl <05 ly| <0.5 —
- data —e— data (JHEP 04 (2018) 108) ]
1.0 —— PYTHIA8 (Monash) —
I PEPPE PYTHIA8 (CR Mode1) i
. - DIPSY (ropes) N
0.81 S HERWIG7 i
0.6 p-Pb,\ sy =502TeV
: ii -0.96 < ycms <0.04 :
0'4__ il —a— data ]
The A*_ /DY ratio as a function of p; measured in e .
pp collisions at 7 TeV (Runl) and 5.02 TeV — —
(Run2) and 13 TeV and in p-Pb collisions at 5.02 e .
H 1 1 | 1 | 1 1 1 1 | 1 1

TeV (Run2) compared with models. 0 O0 10 50

P, (GeV/c)

» Similar beavior
» N*_/DP -ratio is sensitive to hadronisation mechanism
» So far, standard hadronization models fail to reproduce the baryon enhancement
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