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The ALICE detector in Run 3 [
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Major upgrade of the ALICE detector
in 2019-2021  [1)insT 19 Po5062 (2024) BN

L\S 2

Continuous readout (up to 500 kHz
in pp and 50kHz in Pb-Pb)

L]} CERN-LHCC-2020-018

-  Selection of interesting physics
events using high-level offline
trigger selections

Improved pointing resolution at
midrapidity by a factor of 3 (6) in the
transverse plane (beam-line direction)
compared to Run 2

Secondary vertex reconstruction
enabled at forward rapidity for
muons
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The importance of heavy quarks %

v In heavy-ion collisions: excellent probes to characterize precisely initial state, QGP properties and ALICE
hadronization mechanisms in medium

Heavy quarks 0 0.01-1 1-10 ~10 1020 (fmic)

v Produced in hard

partonic collisions ;
(Tho = 0.05-0.1 fm/c) . . G 4
AR
v Sensitive to the b r

initial state

(.

v Interaction with Initial state QRGP Hadronization Hadronic phase
medium: energy
loss, diffusion and
thermalization
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The importance of heavy quarks %

v In heavy-ion collisions: excellent probes to characterize precisely initial state, QGP properties and ALICE
hadronization mechanisms in medium

v In small systems (pp & p—Pb)

vacuum

et e~

> *o— —eo
Pb Pb h . . «@

P P

large system, extended size

v Reference for heavy-ion studies v Test / constrain QCD-based models
v Insight into multiparton interactions

v Collectivity in small systems
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The importance of heavy quarks %
ALICE

v In heavy-ion collisions: excellent probes to characterize precisely initial state, QGP properties and
hadronization mechanisms in medium

v In small systems (pp & p—Pb)
vacuum

large system, extended size
et e~

>o—><—o
Pb h 4‘ @@

P P
v Reference for heavy-ion studies v Test / constrain QCD-based models
. v Insight into multiparton interactions
In this talk:
highlights on fresh v Collectivity in small systems
results from Run 3
and Run 2!
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Open heavy-flavour and quarkonia in ALICE
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Open heavy-flavour and quarkonia in ALICE
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Open heavy-flavour and quarkonia in ALICE
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ALICE

Highlights from Pb-Pb collisions
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Jhp photoproduction in peripheral Pb—-Pb collisions . . Q

Ultra-peripheral vkl etk ALICE
Collisions
(UPC) [b > 2R]
Pb
A/
b =
AN T
or p or p
Y Coherent - <p_>~ 60 MeV/c
Incoherent - <p_>~ 500 MeV/c
/\
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Jhp photoproduction in peripheral Pb—-Pb collisions
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v Strong y-dependence observed for J/{y photoproduction cross section

v Models based on vector meson photoproduction in UPC and modified for PC can
describe qualitatively but not quantitatively the y-dependence
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photoproduction in peripheral Pb—-Pb collisions

ALICE Preliminary

3__ Helicity Frame
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v Strong y-dependence observed for J/{ photoproduction cross section

v Models based on vector meson photoproduction in UPC and modified for PC can
describe qualitatively but not quantitatively the y-dependence

v Transverse polarization measured for inclusive J/y for p.< 0.3 GeV/c, compatible

with results in UPC
F. Fionda
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Prompt J R,, in Pb—Pb collisions

o QRGP Hadronization HLICE
: gg Dissociation: Vitev et al., PLB 778 (2018) 384-391
LLIHEP 02 (2024) 066 WK L L) SHMc: Andronic et al., PLB 797 (2019) 134836

MBT B. Chen, CPC43 (2019) 124101

§ 2'2:I T T I T ' | ' rrT I T ! | ' T I T I: < 1.6_l 1T | TTTT | T T 1T | LI I L I LI I T T I LI IL
o 2;— Prompt J/y, Pb—Pb, |s, = 5.02 TeV, 0-10% —; m( - ALICE Pb-Pb, ”SNN - 5.02 TeV 1
180 = ALICE, Jy - e'e, [y| <0.9 E .45 Prompt Jiy, |y| < 0.9 E
o ¥ CMS, Jiy — u*u, [yl <2.4 . - -
1-65* o ATLAS, Jiy - pit lyl <2.0 E [y 1.5<p <10 GeV/c | [ATLAS, Eur. Phys. J. C 78 (2018) 762
1.4 E U Hl LCMS, Eur. Phys. J. C 78 (2018) 509
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part

v p,-differential results compatible with corresponding measurements from ATLAS ad CMS in the overlapping p, region

v Models including regeneration can describe the rising trend towards low p, and with increasing centrality
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ALICE

Highlights from pp & p—Pb collisions
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Charmonia in pp collisions at Vs = 13.6 TeV

— T T T T T T T T T T T T L o EE L e = L L L= [ — H L IC E
» = S [ e
S ’ K i ALICE Preliminary % ’ \ ALICE Preliminary
8 - Inclusive JAy, pp SRun 3 datal O] 1 pp. (5=136Tev ~ —=Run3datal
= E . o) Inclusive Jiy — e*e’, [y| < 0.9 J
@] B = . o) L ’ .
5 10—1 = ﬁ-_?— = 5 = Lumi. uncert.: 10%
> B = : S 107" & E
Q|_ il g - 4 - y Q|_ = 3
O 102 EALICE, Jiy —e'e, ly| <09 £ = R - ]
© -+ Vs = 13.6 TeV (Preliminary) =%=: cg 1 0_2 i
B o men o : M ceamnan o
1073 L-+15=13TeV (Eur. Phys. J. C 81 (2021) 1121) - = ] NROCD (. Butemsahon ot al) + FONLL
—  Lumi. uncert.: 1.6% (0 < p <15 GeV/c) = — [ ICEM (V. Cheung et al) + FONLL
B 2.0% (pT > 15 GeV/c) = 1 0—3 L [_] FONLL (Jfy from bj (Cacciari et ai) -
10—4 — | ' ; i ; i : i . i o o | : i L E TR TN L T L | [ I
0 5 10 15 20 0 5 10 15 GoV/ 20
p. (GeV/c) o p. (GeV/c)

v First Jhp cross section measurement in pp at Vs = 13.6 TeV !
NRQCD (Ma et al): PRL 106 (2011) 042002

. . T T INRQCD+CGC (Ma et al): PRL 113 19, (2014) 192301
- Good agreement with corresponding Run 2 results LTINRQCD (Butenshon et al): PRL 106 (2011) 022003

A
. . . .. FONLL (Cacciari et al): JHEP 05 (1998) 007
- High granularity thanks to the available Run 3 statistics A e e

- Well described by ICEM and NRQCD based models coupled with
FONLL to account for the non-prompt Jhp contribution
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Prompt D* /D* in pp collisions at Vs = 13.6 TeV
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Prompt D* /D* in pp collisions at ¥'s = 13.6 TeV [ Tuesday, 11:00 ]
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v Comparison with LHCb results suggests no rapidity dependence M(KKr) (GeV/c?)
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Non-prompt D° fraction in pp at 13.6 TeV
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[ M. Zhang ]
Wednesday, 11:00 ALICE

- D meson, |y| <0.5

0.15 e pp, Vs=13TeV (JHEP 10 (2023) 092)
= pp,Vs=13.6TeV

+ Run 3 datal

fnon-prompt

0.10

PYTHIA 8 (Monash): Skands et al, Eur. Phys. J. C 74 (2014)
L[ YPYTHIA 8 (CR-BLC): Christiansen and Skands, JHEP 08 (2015) 003
[T Y PYTHIA 8 (Col. Ropes): Bierlich et al., arXiv:2203.11601
LT ZEPOS4: Werner, arXiv:2301.12517

0.05 PYTHIA 8 i
B ~: Monash CR-BLCO

F “ ) CR-BLC 2 CR-BLC3

i EPOS 4 Colour Ropes ]

e by s by by by s b e by b g by by g by |
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v Non-prompt D° fraction measured at midrapidity in pp at 13.6 TeV
* Compatible with results at lower energy within uncertainties

- Significantly improved granularity compared to Run 2, and measurement extended down p_ =0

v Models either underestimate (EPOS4) or overestimate (PYTHIA 8) results - inputs for theoretical models
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Prompt and non-prompt D meson ratios in pp collisions [ Tu“e"s:de,’%i{!oo ] %

A L B B BELE /—\06\||\ AR I L
Og1 / ALICE <05 | &5 IALICE vi<os | O [ALICE <05 |
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v No energy dependence observed within current uncertainties for both prompt and

non-prompt D meson ratios at midrapidity [} FONLL: Cacciari et al., JHEP 05 (1998) 007

[L[}PYTHIA 8: Skands et al., Eur. Phys. J. C 74 (2014)

v No strong p_ dependence for measured particle ratios

v Described by models based on factorization approach, employing fragmentation fractions from e*e-
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Charm and beauty strange fragmentation fractions [ Tuesday, 11:00 ]

Charm-strange FF Beauty-strange FF ALICE
L) IHEP 12 (2023) 086 L) arXiv:2402.16417
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pD)>0 | =] LHCb, pp V5 = 13 TeV L
ALICE 0.5xy_, pp Vs = 7 TeV ° Pi(B)>4GeVic | | -
p(D)>0 | | CMS, pp Vs =13 TeV 0|
pT(B) > 18 GeV/c constant fit | | |
ALICE, pp Vs =5.02 TeV -
p.(D) > 1 GeV/c, p.. constant fit ALICE, pp Vs =5.02 TeV —|—-—
T T — — p,(D) >2GeV/c, p_constant fit | N
ALICE, pp Vs = 13 TeV theory sys —o— ALICE, pp Vs = 13 TeV [Mextrap. sys ,l
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v No significant energy dependence
v Similar values found in charm and beauty sectors

v Results at the LHC compatible with those in other collision systems
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Open heavy-flavour via high-mass dimuons in pp at Vs = 13 TeV

[ M. Zhang

Wednesday, 11:00
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¥ y
v Charm and beauty quark pair production cross sections extrapolated from high-mass (mml > 4 GeVIc?) continuum dimuons
at forward rapidity
« Simultaneous unbinned fit to p.** and m,, distributions from data via a cocktail of templates (estimated from PYTHIA 8) to
account for the different signal and background sources
v Results in agreement within uncertainties with FONLL, although they lie at the upper (lower) edge of the uncertainty band
for charm (beauty) cross section
(L[ ) FONLL: Cacciari et al., JHEP 05 (1998) 007
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Baryon enhancement at the LHC [ Tuesday, 09:30 ]

v Larger A" /D° observed by ALICE compared to e*e” - baryon enhancement observed at the LHC ! ALICE

* Models implementing several mechanisms (color reconnection, feed-down from unobserved resonant charm baryon states,
guark coalescence, small expanding fireball) are able to reproduce the trend within uncertainties

PYTHIA 8 (Monash): Skands et al, Eur. Phys. J. C 74 (2014)

L1 HEeP12 (2023) 086 ) PYTHIA 8: Christiansen and Skands, JHEP 08 (2015) 003

B prrTTTTTTELE () SHM+RQM: He et al., PLB 795 (2019) 117-121
+<° 1.0 — PYTHIA 8.243 ) Catania: Greco et al., PLB 821, 136622
- Monash 2013 QCM: Song et al., EPJC (2018) 78: 344
[ e mggg g L )POWLANG: Beraudo et al., arXiv:2306.02152
0.8 - — Mode3
| — — POWLANG, HTL _
I N — — POWLANG, IQCD -
S ., ALICE
0-6 [ ‘\ =
pp, Vs = 13 TeV ]
| o 5] 8 s ren
Il o] < ev/c IS paper ]
0.4l p; paper) |
0.2 -
O 0 i 1 | | 1 | 1 | | | | 1 1 | 1 | 1 | 1 1 | 1 | 1 1 | | |
0 5 10 15 20 25
P, (GeV/e)

LEP average: 0.113 = 0.013 + 0.006

[EPJC 75 (2015) 19]
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Baryon enhancement at the LHC [ Tuesday, 09:30 ]

v Larger A" /D° observed by ALICE compared to e*e” - baryon enhancement observed at the LHC ! ALICE

* Models implementing several mechanisms (color reconnection, feed-down from unobserved resonant charm baryon states,
guark coalescence, small expanding fireball) are able to reproduce the trend within uncertainties

v Tensions of available models for reproducing A*_feed-down fraction from X °** and =_/ D° ratio, as well as the D* /D* meson ratio
- more inputs from experimental data needed to constrain models !

L1 PRL 128 (2022) 012001 L1 jHeP12 (2023) 086 RecEL§‘g‘:éo\. .
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< - PYTHIA 8.243, Monash 2013 1 @ | ---Mode2 . . PYTHIA 8 .
i B 4 € —-Mode 3 — - POWLANG, HTL 0.8 .= -
¥ B PYTHIA 8.243, CR-BLC: 1 g L POWLANG. 1QCD ] TR Monash .
] I Mode 0 - - - Mode 2 | = . : E N, ]
7§ 0.8 Mods 3 = BR unc. | 0.7 “ CR - Mode 0
L - 4 —0/0 F S 3
" '-':.:..-_: S SHM+RQM . g‘ 0 41— :‘C/D v_ —13TeV | 0 6:_ \\'/_ N CR - Mode 2 _:
= 0 6 : ~.,..\H-;,:_:.‘ ) Eatani ; 8 £ H pp, ¥s = e b E \ \\ﬁg_ CR - Mode 3 ]
= |l Fuli.. . —— QCM i - zy/D° pp, Vs = 13 TeV il 0.5 =
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e || —
i s e ] 0.2 . o.3,ﬂ =
E _t-tj__|:$j_g N A _E_ i E - Catania ]
0.2 o e e e e e e e M A ';//§§§ 0'2;_ D;,D'— ¢n'— K'K = POWLANG =
- raters N0 A e 0,17 ABell). ] L= — EnS —— | £ ameEppeml, oo e L =
i ereny / c 0 (Belle) ] _’f:_‘ E=—_- Z_Z_“‘-----T_"\‘_\'\_\&—-\~ i 0-1:_ BR unc. (not shown): 7% —.—1QCD =
0 e b by by b b s b O 1~iilxllil|l[]llj“l—llIll'l]ll—'l- 0:II\‘Illllllllll‘\\I‘\\Il\\II\\\IIIIII\\'I\\‘I\\:
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L1 Belle Coll., PRD 97, 072005 S—
F. Fionda SQM 2024 23



X *** in pp collisions at V's = 13.6 TeV [ Tuesday, 09:30 ]

v Relative production of X °**(2520) baryon to the ground state ¥ °**(2455) measured in pp at 13.6 TeV ALICE
- first measurement at the LHC !

2 E v PYTHIA 8 Monash (default tune)

un 3 datal
§4-G:IIIIIIf'll'\llIIIIII'II\IIIIII]ITI[IIIIIIIII:: | ] V N .d f h
S , o} ALICE Preliminary .vata 1 p imegrated ] o te"'+ ‘?“cﬁ. oranen ‘?‘d“c?m‘ir'?t
£ 350 00 V52 13.6 Tov 1 : w.rt. e*e” collisions considering the
g Fy<05 PYTHIA8 1 ] current uncertainties
S 3.0+ : [JMonash  — SHMc GSI-Heidelberg —
&L Mode0 T - ]
), 48 STL Rl B Mode? 1 7.~ 1566 Mev ] v SHMc describes the results
E 777 T,y=170 MeV [JMode3 R within uncertainties; SHM+RQM
20l T e, (5=10.52GeV 1 predicts lower values
r T = Prompt ]
1 o Direct

%ﬁ—%

ob ] } = _ overestimates the ratio
v e | =
0 5'_ - I ] v PYTHIA 8 with CR-BLC
~r underestimates the ratio
O-G-IIIIII\|I\I|III|IIII\IIIIIlll\l‘llllllll\:: ]

0 2 4 6 8 10 12 14 16 18 20

P, (GeV/c)

LIIPYTHIA 8 (Monash): Skands et al., Eur. Phys. J. C 74 (2014)
[YJPYTHIA 8 (Mode 0/2/3): Christiansen and Skands, JHEP 08 (2015) 003
[IJSHMCc: Andronic et al., PLB 797 (2019) 134836

[[OBelle, Phys. Rev. D 97, 072005 (2018)
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X *** in pp collisions at V's = 13.6 TeV [ Tuesday, 09:30 ]

v Relative production of X °**(2520) baryon to the ground state ¥ °**(2455) measured in pp at 13.6 TeV ALICE
- first measurement at the LHC !

’Lr')‘- 4.07| T | TTT | 7T ‘ TTT | 7T | LI ‘ TTT | 7T | 7T ‘ TTT | T
© L ALICE Preliminary @
f 35— pp.Vs=136TeV —
4.0 un 3 datal 2¢ F <05 * Data Run 3 data!
E‘ - _I TT I TTT '| TTT l TTT l TTT I T1rT I TTT ] LI [ LU I TTT I f__ | ‘;_-:\ — —
C s T 3.0 - v No evidence of an enhancement
N : 5;ALICE Preliminary . Data 1 p, integrated % 3 0: PYTHIA 8, Mode 2 1 W.rt e*e collisions considering the
2 "L pp, (s=13.6 TeV PYTHIA 8 T £~ [ probQQ1toQQOjoin_charm = 0.0275 (default) CL.JI’.r.ent uncertainties 9
Wt T 1 Seoel ioi _ 3
= .0 V<05 Monash - SHc GSiHeidelberg | +4 29 ngggl:‘?gggl_ofnﬁ:a’m = ?-5 ]
o E JMode0 I E7,-1566Mev | : ] pro 0QQOjoin_charm = : .
8 o gf. SHM-RQM CiMode2 T = o 2ok 1 v SHMc describes the results
5.7 7] Ty=170 MeV EIMode3 1 gaiie (PRD 97, 072005) ] “F . within uncertainties; SHM+RQM
2 T e, 5=1052GeV ] C ’_| ] redicts lower values
2‘0: T = Prompt ] 16— E I — p
- <+ o Direct E C ]
1.5F T+ . - _E|_ I_I { v PYTHIA 8 Monash (default tune)
. - ¥ = 1.0 . overestimates the ratio
1.0:-//’/ |y i ] C ]
. 53 - T ] 0.5 — v PYTHIA 8 with CR-BLC
~F C ] underestimates the ratio
O-G-IIIIII\|I\I|III|IIII\IIIIIIlI\I‘II\IIIII\-— b Dlo-llI|I\I|III‘III|I\IlIII‘IIIlI\IllII‘lIIlL_
0 2 4 6 8 10 12 14 16 18 20 0 2 4 6 8 10 12 14 16 18 20 .

Better agreement after tuning
[Altmann et al., the parameter which
https://arxiv.org/pdf/2405.19137] suppresses spin-1 w.r.t.

COPYTHIA 8 (Monash): Skands et al., Eur. Phys. J. C 74 (2014) spin-0 charm-light diquark
CPYTHIA 8 (Mode 0/2/3): Christiansen and Skands, JHEP 08 (2015) 003 onA, (< Z2) N,

[ JSHMCc: Andronic et al., PLB 797 (2019) 134836

([Belle, Phys. Rev. D 97, 072005 (2018)
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https://arxiv.org/pdf/2405.19137

E . production in p-Pb collisions at Vs, = 5.02 TeV

~.-6\ 108 E_AL|CIE ' ' i Datal ' . Marxiv:2405.14538 On arXin! H LIC E
> F =0 7 o LI S N L B I I I B B N B B LI L
[ r Prompt = POWHEG + PYTHIA 6 ]| @] - .
g 10° ?p—Pb, \/SNCN =5.02 TeV + EPPS16 nPDF _@ <;[>\I]o i AL|CE,\[S_NN =5.02TeV Models: , I
[ E —QCM p-Pb: +22% BR unc. on £ not shown —— p—Pb, QCM
3 1 04 3 0.96 < ycms< 0.04 = on R pp: £28% BR unc. on E.g not shown — - pp, QCM
= g e 10n arXiv! 1 ’ —
S, a0 C Data: p—Pb, POWHEG ]
o 10°F E " @ pPb 096<y <004 +PYTHIA 6 + EPPS16 ]
© r cms
= 5 - O pplyl<05 §
L 1028 3 - ]
© E
: . ! = !
10 E E m
g 3 -1
1L#3.7% lumi. unc. not shown ] 10
E +22% BR unc. not shown
4E : : : : : 3
g= 3¢ 3
do 26 T e —w— i y
@ 80 * i i g 1072 [ s =
LIJ E d rl 1 I 1 1 1 I 1 L 1 I 1 1 1 I 1 1 1 I 1 [ 1]
] r
7z o # U o 2 4 6 8 10 12
az 40 _@__E_ =
ot E p. (GeV/c)
20_ ) 1 L 1 1 1 1 1 — T
0 2 4 6 8 10 12
P, (GeVic) v Baryon-to-meson ratio compatible in pp and p-Pb collisions within uncertainties
v POWHEG+PYTHIA 6 coupled to EPPS16 nPDF

et : ~ . v Models underpredict = ° / D° in both collision system
significantly underestimates = ° cross section ¢

POWHEG: Banfi et al., JHEP 09 (2007) 126
v Better agreement with QCM, however = ° cross LIIPYTHIA 6: Sjostrand et al., JHEP 05 (2006) 026

section still underestimated by a factor of 2 LT1QCM: Song et al., Eur. Phys. J. C 78 344 (2018)
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= ° production in p-Pb collisions at Vs,

=5.02 TeV

~.-6\ 108 ALl C'E D 1 Marxiv:2405.14538
> ) 05 - Prompt & POWHEG + PYTHIA 6
g Ep-Pb, 5,y = 5.02TeV | +EPPS16nPDF @
g el 1 0n arXiv! P
L 10 - 008
° ] s v Fragmentation g
10E - fractions at the LHC
: : 0.6
1L [ £3.7% lumi. unc. not shown . .
£ +22% BR unc. not shown * consistent with
= = I = I % system size
4
g= 3¢ o3 0.4
© E —@— = . “pn
alo 21_ ______________ ——_ & E * Significantly
D 802_ { } = { | : Egra(t)nncse\?vfrotr e'e” 0.2
ST 60 el %] y rt.
8= 406 — E and ep - different
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P, (GeVic) environment
v POWHEG+PYTHIA 6 coupled to EPPS16 nPDF
significantly underestimates = ° cross section
v Better agreement with QCM, however = ° cross
section still underestimated by a factor of 2
F. Fionda SQM 2024

A. Palasciano
Wednesday, 08:50

] ALICE

[[JarXiv:2405.14571
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o ALICE, pp, Vs = 5.02 TeV |
= ALICE, p—Pb, {5 = 5.02 TeV i
+ B factories, e'e”, Vs = 10.5 GeV |
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« HERA, ep, DIS |
o HERA, ep, PHP ;
|

|

|

|

|

I

3|

On arXiv!
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POWHEG: Banfi et al., JHEP 09 (2007) 126
LILIPYTHIA 6: Sjostrand et al., JHEP 05 (2006) 026
LTIQCM: Song et al., Eur. Phys. J. C 78 344 (2018)
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Summary & Outlook %

2010-2012 2015-2018 2022-2025 2029-2032 2035-2038 2040-2041 ALICE
00 720 3 N 70 0 R
We are here

v Impressive collection of new heavy-flavour physics results produced by ALICE on Run 3 and Run 2 data !
v Efficiently Run 3 data taking ongoing with upgraded ALICE detector

v Several ongoing heavy-flavour analyses on fresh collected Pb-Pb and pp Run 3 data...
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Summary & Outlook %

2010-2012 2015-2018 2022-2025 2029-2032 2035-2038 2040-2041 ALICE

v Impressive collection of new heavy-flavour physics results produced by ALICE on Run 3 and Run 2 data !

v Efficiently Run 3 data taking ongoing with upgraded ALICE detector

v Several ongoing heavy-flavour analyses on fresh collected Pb-Pb and pp Run 3 data... LS4: ALICE3

...and exciting upgrade programs important for heavy-flavour physics...
Absorber —ECAL

Magnet RICH

Muon chambers

f G. Volpe )
LS3: ITS3 (and FOCAL) | Toesday 1520

_TOF
Tracker

Vertex detector

crea . g P. Larionov
{ C. Wang ! Tuesday, 15:40 J
2 Tuesday, 14:20

...STay tuned 1
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Parallel talks:

Jaeyoon Cho............ “Investigation of charm-quark hadronisation into baryons in hadronic collisions with ALICE”
[Tuesday, 09:30]
Maurice Coquet........ “Investigating the interplay between initial hard processes and final-state effects measuring
prompt and non-prompt J/{ with ALICE” [Tuesday, 15:00]
Mattia Faggin........... “The role of strangeness in heavy-quark hadronisation from small to large collision systems
with ALICE” [Tuesday, 11:00]
Dukisham Mallik....... “J/P photoproduction and polarization in peripheral Pb-Pb collisions with ALICE”
[Wednesday, 10:40] T
Antonio Palasciano...“Study of charm fragmentation with charm meson and baryon angular correlation ha
measurements with ALICE” [Wednesday, 08:50] k
Himanshu Sharma....“Investigation of early magnetic field and angular momentum in ultrarelativistic heavy-ion 7[‘0 gou
collisions via D**-meson spin alignment with ALICE” [Wednesday, 09:50] l’ %
Maolin Zhang........... “Study of charm and beauty production in hadronic collisions via muon measurements at OUP
forward rapidity with ALICE” [Wednesday, 11:00] 57 1' e
Posters: n

Emilie Martine Barreau — “Prompt / Non-prompt J/{ separation performances with ALICE” o
Jaeyoon Cho - “Multiplicity dependence of =*_baryon production in pp collisions at vs = 13 TeV with ALICE”
Tao Fang - “=°_ multiplicity dependence via hadronic decay in proton-proton collisions at vs = 13 TeV”
Binti Sharma - “Beauty production in pp collisions at Vs = 13 TeV using the ALICE detector at the LHC”
Victor Valencia Torres - “Multi-particle cumulant J/{ v, measurement in Pb—Pb with the ALICE experiment”
Josephina Rae Wright - “Investigating charm quark production in and outside jets using the ALICE detectors at the LHC”
Zhenjun Xiong - “Studying QCD production mechanisms and medium effects on quarkonia formation with ALICE”
Mingyu Zhang - “Studies of beauty-quark production, hadronisation and cold nuclear matter effects via measurements of
non-prompt charm hadrons in pp and p-Pb collisions with ALICE”
Senjie Zhu - “System size dependence of collective phenomena by means of quarkonia measurements with ALICE”
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Tuning of PYTHIA 8 QCD-based CR-BLC parameters

[Altmann et al.,https://arxiv.org/pdf/2405.19137] ALICE
o 12 T T T T T T T T T T T T T
-|—< |- \J'lg_-] 3 1|_eV | ‘ | - FLr__J"\ 4 : LI | LI | LI | T 1T | LI LI T T T LI :
=~ [ PpTeE e 12 F pp (=13 TeV ] , - ,

L ly|<05 i _ o 35 — PYTHIAB.306, Monash ] Particle Mass (MCV/C“] Spm

1 PYTHIAB.306, Monash - o B
: PYTHIAS.306 CR-_BLC, Mode 2 : } C D(| <O. 5 PYTHIAS.308 CR-!%LC, Mode 2 ] A 1115.6 1/2
i ;ZC(2455) pmeQ![t;%%%gl;l_charm values: ] DL_;\]U 3__ pmeQ;tt‘;)%%%glsnl_charm values: — A( 1520) 1519.5 3/2
< o8 - - < F —t ] 50 1192.6 1/2
e e 1 T 25¢ o . 2(1385)* 1382.8 3/2
e — 0 i o - —0 . B- 1321.4 1/2
0.6~ — — N 2F = 2(1530)° 1531.8 3/2
. T 1% C ] Q- 1672.4 1/2
Enani g 1 S.15E 1 4 Af 2286.4 1/2
0.4 - W 1 ] A,(2595)* 2592.2 1/2
i 3 11_ s g R ] A (2625)F 2628.1 3/2
i - R ] ¥.(2455)° 2453.7 1/2
0.2 - N ———— ‘ %, (2520)° 2518.8 3/2

i 1 11 | 11 1 | 1 11 | 1 1 1 ‘ 1 11 | 11 1 ] : | | | | | | | :

00 2 4 6 8 q)l | I2I | I4I | IE 11 IBI | I10I | I12I 11 111

14 6
,;IJ? (Ge\.;";l’c-s2 P, (GeWcB

v Charm-light diquark is coupled to a quark to form a baryon
* In¢=0, spin-1 (spin-0) diquark coupled to spin %2 quark results in a baryon with spin 3/2 (2)

v Excited A*_and Z_states with spin=3/2 decay preferentially to A*_rather than to Z°***_(2455) -~ A*_production enhanced by resonant higher
mass charm baryon states

v Parameter “probQQ1toQQO0join” regulates the suppression of spin-1 w.r.t. spin-0 charm-diquarks
*  “probQQ1toQQO0join”" =1 — no suppression
* Lower “probQQ1toQQ0join” values correspond to higher suppression
« Values between 0.5 — 1.0 can describe the measured A\ feed-down from X (2455) (more precise data will help to tune the value)
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https://arxiv.org/pdf/2405.19137

Hadronization in PYTHIA 8

[Altmann et al.,https://arxiv.org/pdf/2405.19137] ALICE
v Color Reconnection among partons belonging to different MPls
CR

- In the Leading Color (CR-LC) limit (Monash 2013, default
. . tune) only “dipole” string configurations are allowed

* characterized by two endpoints, typically a colour and an
(a) Dipole-type reconnection. anti-colour charge endpoint (can have any number of
intermediate gluons between them which form “kinks” on the

. . \ string)
— }@
@ @

) Junction reconnection. v Color Reconnection beyond Leading Color (CR-BLC):
alternative string configurations allowed
* Junctions provide a nhew mechanisms to produce
baryons (in the LC approximation baryons are only produced
via diquark creation next to a heavy-flavour endpoint)
(¢) Gluon-loop formation. j
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https://arxiv.org/pdf/2405.19137

Q°_baryons production and BRs [ Tuesday, 09:30 ]

~ LI Phys. Lett. B 846 (2023) 137625 | (arxiv:2205.13993 ALICE
(DQ/ .Data ALICE IIIIIIII|IIII|IIII|IIIIIIIIIIIIIII
o [] Catania (coal.+fragm.)
cgo L [ Catania (coal.:fragm.+res.) PP, Vs =| 1|3 Tg\Sl
& 10 - CJacm y| <O0. CLEO [= .
S ) PYTHIA8 CR-BLC . i On arXiv!
~102 - [IMonash [[JMode2  BR(Q: — Q) = 0.51% 5, Pythia 8 (Monash): Eur. Phys. J. C 74 (2014)
a 10 - ALICE | L Pythia 8 (CR-BLC): JHEP 08 (2015) 003
Catania: PLLB 821, 136622
29107 - =5 pp, (s =13 TeV QCM: Eur. Phys. J. C 78 344 (2018)
= elle
g 10—5 — Light-front approach
EPJC 80 (2020) 11, 1066
1 0—6 Light-cone sum rules
— PRD 106 (2022) 7, 074022
© Tttt 3)
'E 6 - EE En%sg;/?shown E—r— = ERLDE 1009 (2024) 3, 033004
= 4 F ' = ALICE Bl - PRL 89
o 3] (2020), 171803
(.o) oE = = = e e 3 - Belle
= = = PRD 105 (2022) 9, L091101
-2 0' 1 1 1 ! 1 N 1 N 1 N 1 = caa ol b b b b b b Lo
= 0 2 4 6 8 10 12 14 0.5 1 1.5 2 25 3 35 4
p;(GeVie) BR(Q® — Qe v,)/BR(Q — Q1Y)

v No measurement available of the absolute branching ratios for any of the decay modes of the Q ° baryon ( BR(R2 ° - Q1) derived from theory
calculations)

v Large BR uncertainties limit the effectiveness of the comparison with theoretical models

v Branching-fraction ratio BR(Q °- Q- e*v,) / BR(Q - Q 11*) released by ALICE - in agreement within uncertainties with state of art theory calculations
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https://arxiv.org/abs/2205.13993

Baryon formation in current state of art models

ALICE

v Quark (re-)combination mechanism (QCM) [QCM: Song et al., EPJC (2018) 78: 344]
« Coalescence of charm quark and light flavour quarks close in “phase-space)”
* Thermal weights for describing relative production of vector and scalar mesons

v SHM + Relativistic Quark Model [He et al., PLB 795 (2019) 117-121]
« Hadrons formed according to thermal weights driven by mass at the freezout temperature estimated
from Pb-Pb fits (156.6 MeV)
« Significant feed-down from excited charm baryon states beyond those listed in the PDG: additional
18AN,42%,62=,2Q (inthe PDG:5A,3%2,8=,34Q)

v Catania [Greco etal., PLB 821, 136622]
* Thermalised systems of light flavour quarks and gluons
e Charm quark hadronization via fragmentation + recombination with light flavour quarks from the bulk

v POWLANG [Beraudo et al., arXiv:2306.02152]
* Expanding fireball assumed in pp collisions
* Hadronisation via recombination with light quarks
* Charm baryon formation enhanced thanks to diquark excitations
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Beauty production via non-prompt D-mesons in pp at 13 TeV

L[} arXiv:2402.16417

6- F~ T 1 T T 3 5 T T LI R L H LICE
g wrALlCE <05 = 1L «PHENIX pp, lyl<1.5 /? @
2 - PP, AS= 1518V Tonartivl  —% [ DUATDR, lyl<15 ,,4, = On arXiv!
102 & Non-prompt D = % : o CDF pp | |<0 6 / :
'g_ F ® Data 3 ‘Tg R W0
Taenl FONLL + PYTHIA 8 decayer ] g 10 B —=| FONLL: JHEP 05 (1998) 007
Qg -c|_10 = GM-VENS b — H, — D - SR ALICE pp 3 NNLO: PRL 118 (2017) 122001
s —— TAMU + PYTHIA 8 decayer 1 L /_/,.[Ik ' +b - D|y|<0.5 -
1e 3 i 8 +b—->D+b— A]|y[<0.57 .
g : L = -V _| v Beauty quark pair cross
; ] 1E ob — Jy |y|<0.9 = : L
107 _: B R . = section at mldrapldl_ty
B dielectron |n_|<0.8 ] extrapolated from visible
ot ] STO—— sb —ely|<0.8 . cross sections of non-
107 £ 0 8% BR unc. not shown kL. R s A fit with PYTHIA6 _ prompt charm hadrons
r 1.6% lumi. unc. not shown ] E v flt Wlth POWHEG 3
——t—+—t—+—+—+—+—F—+—+—+—+—F—+—+—+—+—F—+—+— C L L | | ] . ..
2= FONLL + PYTHIA 8 decayer ' = " » » improved precision
g 1 107 2x10 1 2 3 4567810 20 .
N S L e E * (s (TeV) compared to previous
4 TR e T B S S e e A S B = pUbHC&tiOﬂ
o8 GM-VFNSb - H, - D 1 v Precise non-prompt D meson production cross sections
S g 2 90 ®®0eq o o . computed at 13 TeV ! « Dependence on Vs
: , , , , ] _ o o _ well described by
25 TAMU + PYTHIA 8 decayer E * well described within uncertainties by FONLL, using state-of-art pQCD
18 goeoee-t-0 | fragmentation fractions derived from e*e- calculations
0 5 10 15 20 25 + TAMU calculations, based on a statlstlc_al hadro_nlzatlon PYTHIAS: Eur. Phys. J. C 74 (2014)
p (GeV/ ) approach for beauty hadron fragmentatlon fraCtlonS, L) GM-VENS: JHEP 05 (2018) 196
provides also a good description () TAMU: PRL 131 (2023) 012301
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c- and b-quark pair production cross sections

JHEP 12 (2023) 086 arXiv:2402.16417 ALICE

3 T T T 01T \l T T T T 17 II‘ T T T 1T II| B 3 102 B T T T T T T 1 T I T T T T T T 1 1 l ]
= [ e el | 2 ™Y E «PHENIX pp, ly|<1.5 //.$ e
< 10° | 4 L F oUA1pp, lyl<1.5 -
< " o PHENIX B = - B ]
>~ [ 4STAR ] 8, [ ¢CDFpp, <06 i
kS - - # g” 10} _
|8 L = © = =
8 . _ - .
- +b — D|y|<0.5 -
10° E i +b—>D+b— Al |y<0.57
- i 1 ob — Jy|y|<0.9 E
I i . dielectron [ |<0.8 |
i FONLL 7 K . b —ely<0.8 o
oL . ol R s fit with PYTHIAG |
g ] = . vfitwith POWHEG, €

_|||||| i i ||r|||\ i i \|||||| - 1 1 | 1 j " . ¢ 1 1 1 1 111

N 107" 2x10™ 1 2 3 4567810 20
107" 1 10

(s (TeV) s (TeV)

_ _ FONLL: JHEP 05 (1998) 007
v CC Cross section . NNLO: PRL 118 (2017) 122001
» Data on upper edge of FONLL and NNLO calculation

v bb cross section:
* Good description by FONLL and NNLO calculations over a wide range of energy

v Less sensitive to non-perturbative hadronisation effects — excellent tools for testing pQCD based models
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E .’ production in p-Pb collisions at Vs, = 5.02 TeV

([} arXiv:2405.14538

D HCEALICE o Data @ ALICE
D i - Prompt &) POWHEG + PYTHIAG | )~ . ‘ ‘
g ; p_Pb, VS_NN = 5.02 Tev b EPPS16 nPDF ; noar 1” T T T I T T T I T T T I T T T |or|l a|1'¥t’|”[| + O T T T I T T T I T T T I T T T Olnla{'xll'yll
3 M —QCM 1 L 4 - -
2 gt 096 <, <004 18 ALICE, {5 =502 TeV  Modsls OSQ 14F ALICE P70 (fm=502TeV, 0.96<y, <004
% F 3 ) i p-Pb: +22% BR unc. on Z¢ notshown ~ —— p-Pb, QCM i ) B PP, Is=13 TeV, Iyl <05 ]
_8_!_ 1 03 g_ - _g 1 pp: #28% BR unc. on 32 not shown — - pp, QCM | 1.2 ~ Data: Models: »
% (2B . E Data: p-Pb, POWHEG ] [ & PR —B-Pb, GO .
N 107§ ] E T ® p-Pb,-096<y <0.04 +PYTHIA 6 + EPPS16 1E O pp —-pp, QCM .
8 | e E C O o pl<0s " ] i p-Pb, POWHEG i
10E — N L 1 - +PYTHIA 6 + EPPS16 ]
- ! | - @EQ L.l . 0.8F -
1£8.7% lumi. unc. not shown ] ‘@’ C +22% BR unc. on E; not shown i
£ +22% BR unc. not shown 1 B ]
c : : : : : - 10 0.6 -
4E oo i :
S= 3F = - ]
s 20 w3 L .
®© 80F ; ’ ’ ’ ’ = 08k 2 e —
%I o ‘@7 T3 4% 1072 e i ﬁ
D % 40;_ _@_ _; r. 1 | L1 | L1 | L1 | 111 | 11 1 O C 111 I 111 | 11 | 11 | 11 | 11
0-200_246810;2 0 2 4 6 8 10 12 0 2 4 6 8 10 12
p. (GeV/c) p, (GeVic) p, (GeVic)
v POWHEG+PYTHIAG6 coupled to EPPS16 nPDF v Charm hadron ratios compatible in pp and pPb collisions within uncertainties

ignifi i z 0 i . . .
significantly underestimates £ ° cross section v Overall, models underpredict °/D°and £°/ A_* in both collision system

v Better agreement with QCM, however E ° cross () POWHEG: JHEP 09 (2007) 126

. . ) L1 Pythia 6: JHEP 05 (2006) 026
section still underestimated by a factor of 2 L) QCM: Eur. Phys. J. C 78 344 (2018)
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ITS3:

Outlook: Run4 and beyond A

FOCAL:

Lol: ALICE, LHCC-I-036 (2020) HLICE
2010-2012 2015-2018 2022-2025 2029-2032 2035-2038 2040-2041

LS3: ITSs (an d FOCA L) 103 —— ITSZ s[andalone :‘ T T T T | T T T T | T T T T | T T T T | T T T T |
e 0 1E ALICE Upgrade Simulation 3
o ITS2 standalone (full MC) % F  Pb-Pb VSun = 5.5 TeV Rapp p (broad) 3
—— ITS3 standalone &) _ 0-10%, L, =3nb’ Rapp QGP ]
Cylindrical E wee [TS3HTPC g ITS2, B=02T Rﬂpp Sum
Structural Shell E.:‘mz, 0 ITS3 standalone (full MC) %;‘10_15_ Inl <08 ‘meas.’ - ¢t - cockt. 3
e % = I; p,,>02 GeVic Syst. uncert. sig. + bkg. ]
Hali Barets 3 5 E== syst uncert. ¢t + cocktail |
.é: X =2 EE1O_Z 3
. § 10 o g © ]
‘w‘ﬁ\? = “"-__ -‘\“'-., : -
‘‘‘‘‘‘‘ s.,_‘_‘_h __2__ 3
"""""" =10 F n | Inverse slope E
- &, F — Temperature 3
0.05 0.1 0.2 0.3 05 1 2 3 5 10 20 30 4
Transverse momentum [GeV/c] 10 F _§
v Replacing the 3 innermost layers with new ultra-light, truly cylindrical layers IS 'ols' T ' 13 2+5
« Reduced material budget (from 0.35% to 0.05% X)) ' T M, (GeVic)
* Closer to the interaction point (from 23 to 18 mm) High precision )
v Main motivations: measurement of medium
« Improve performance for open heavy-flavour and dielectron measurements temperature!
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Outlook: Run4 and beycnd fol'l!CcEE?F{:N-LHcc-zozz-oog %

ALICE
2010-2012 2015-2018 2022-2025 2029-2032 2035-2038 2040-2041
LS4: ALICE3 v Innovative detector concept focusing on
Absortiar ~—ECAL silicon technology

Muon chambers

Magnet RICH « Compact and lightweight all-silicon Q E T I R | 3

et tracker s F ]
 Large acceptance: -4 < n <4, e s i‘:} -

p; > 0.02 GeV/c & 10 =

« Continuous readout @ - .

- improved tracking and vertex - +EE+3 -

TOF performance at very low p, = e e

Venexzzi:?;r - increased redout rate and n coverage i Pt';ﬁlf f%itmvm g

- improved PID capabilities

Full acceptance over n|<4.0
Particle + antiparticle
L= 35nb"
1 1 | 1 1 1 | 1 1 1 | 1
10 12 14
[ (GeV/c)

—
<

O TTTT
]
i
o
®
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b-quark thermalization via non-prompt D° v, in Pb-Pb collisions

WY
L) Eur. Phys. J. C 83 (2023) (RETERELY" ——
Wednesday, 11:00
a [ T T I T T | Y (| T T ] a T ! T | T T I | T | T T T I | T L T | ]
< 94 ALICE yI<08] < 0'3 ALICE - <084  significant v, measured for non-
< 7 S 1 2 T . ) prompt D mesons (significance:
a 0.3~ Non-promptD - o g2~ * Non-promptD - 2.70)
C_Q; [ ¢ PromptD°, D¥, D*" average i c_r):\‘ ppm— Sl L ]
> L | > L o
[ (PLESE3{2021) 136054) ] i 1 v v, (prompt D) > v (non-prompt D)
L ] A — . . g .
0.2 D:VS: romdata ] o |l with a significance of 3.20 in
= yst. Trom ee own _| - — 1
i i ! 2<p,<8GeVic
0.1+ $ — 0.0———————"——F-———+—————
i = ] AL |1 v Described by models including
i 1 C - s ] hadronization via coalescence
— .. . 0. 1 .. .. . . . . . | -0.1— — i
0.0F T N\ Lo i and fragmentation
C I 1 1 L1 1 | 1 I n I_ 1 | 1 | L | L Il I | 1 I 1 ‘ L 1 Il | 1 L 1 | I_
’ 10 2 4 6 8 10 12
P, (GeV/c) o P, (GeV/c)

LTI TAMU: PLB 735 (2014) 445-450
LJLBT: PLB 777 (2018) 255-259

dN L)LIDO: PRC 98 (2018) 064901
- % 1+2 Z vy, - cos[n(p — WYrp)] v, = (cos[n(p — Yrp)]) L Langevin: CPC 44 (2020) 114101
P LI JLGR: EPJC 80 (2020) 1113
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