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Quark-Gluon Plasma % C\E?N)l

ALICE /
Quark-gluon plasma: Heavy-flavour quarks:
-+ Deconfined state of quarks and gluons * Produced in the early stages of the collision
»  Created during Pb-Pb collision * Interact with medium during all stages of the

system’s evolutions
*  Quickly cools down and hadronises

* Excellent probe of QGP and its properties
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Pre-reaction QGP Hadronization
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Heavy-flavour production across (g@

collision systems ALICE

[ . )
pp collisions
* Test pferturbatlve Q_CD- calculat|0n§ PS > <« PS
* Investigate hadronization mechanisms
" Baseline for p-Pb and Pb-Pb collisions y
j
p-Pb collisions
* Cold nuclear matter effects ® |
J
[ )
Pb-Pb collisions
« Study parton interaction in Quark Gluon Plasma > <«
* Investigate modification of hadronisation mechanisms
. J
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Hadronisation mechanisms @)’\

Fragmentation: Coalescence:
* Energetic quark or gluon excites the *  Predicted to occur in high parton
vacuum and creates a pool of quarks and density systems
antiquarks Quark and gl ‘ol Hi
. . : : * Quark and gluons get close enough in
It combines with them into hadrons space and momentum to recombine
* Predicted to be universal in collision into hadrons directly
systems
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Hadronisation mechanisms %ifj

LICE

= Quark distribution

Mechanisms can be probed by relative
production of hadrons: hoz &
. 10t >
* Three low energy quarks recombine into a ..= w0 3
ba.r On -10—1 =
’ SRR RO
*  Two intermediate energy quarks ... o5 3
recombine into a meson !.. 104 "’r’i
| | e
* High energy quark fragments into lower p+ V4
meson 1
—» Expect enhanced baryon-to- 0 o>
meson ratio at intermediate Pr (& ’
e 9 N
momentum 7c) 1073 12 figure from F. Groza
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The ALICE detector D)

ALICE
: . Zero Degree Calorimeter Time Projection Chamber
* One of the 4 main LHC experiments | , /. <ure coliision - Track reconstruction
centrality  Particle identification

*  Optimised for heavy-ion (Pb-Pb)
collisions, but also provides excellent
performance in pp collisions

VO detectors
* Trigger
Event selection

> Track and PID down to low pr -

> |dentification of short-lived
particles

Inner Tracking
System

* Track
reconstruction
* Primary and

> Low material budget

» Heavy-flavour decay reconstruction

aChleyed with several different Time of Flight detector secondary decay
techniques and detectors . Particle identification vertices
reconstruction
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Reconstruction of the A:* baryon @)’\

.-=udc, m =2286.46 + 0.14 MeV, ct = 60um

A - pKTT* (BR = 6.28%)
A - pK< (BR = 1.59%)

* Reconstructed via hadronic decay
channel

* Candidates built as combinatorial of track
triplets

* PID selection

* kinematic and topological cuts applied
using rectangular cuts or Boosted
Decision Trees (BDT)
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Reconstruction of the A:* baryon @)’\

A, =udc, m =2286.46 + 0.14 MeV, ct = 60um

=
o
N

ALICE B Background (Training)
/\+—>pK° [ Signal (Training)

' p Pb, VSun = 5.02 TeV ¢ Background (Test)
¢ Signal (Test)

A - pKTT* (BR = 6.28%)
A - pK< (BR = 1.59%)

Counts (arb. units)
=
C.i

=
o
o

* Reconstructed via hadronic decay
channel

* Candidates built as combinatorial of track

triplets 107

* PID selection

* kinematic and topological cuts applied 1025 01 02 03 02 S 05 086 oy
using rectangular cuts or Boosted BDT probability
Decision Trees (BDT)

ALI-PUB-529559 arXiv:2211.14032
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Reconstruction of the A:* baryon &@)’\

A, =udc, m =2286.46 + 0.14 MeV, ct = 60um

At - pKTT (BR = 6.28%) e o
Ae* - pK (BR = 1.59%) %300? ALICE pp, Vs = 5.02 TeV ; ALICE p-Pb, {5, = 5.02 TeV

= se0f- 8<pT<12GeV/C E 5<pT<6GeV/C

g _

* Reconstructed via hadronic decay 200}

channel

* Candidates built as combinatorial of tra 150F

Entries per 4.0 MeV/c?
W
(=]

N
6]
T T T T T

Ent@es pe

triplets ok A7 pK? + c.c. o T Al 5 pKTt +c.C. ]
. . [ u=2.285 +0.003 GeV/c? ] T u=2.289 +0.001 GeV/c?
PID selection " 5 =0.011 GeV/c?, fixed to MC 1 - 5 =0.007 GeV/c?, fixed to MC
. . . . 50 S(+3c) = 155 + 31 = - S(+30) = 5326 + 475
* kinematic and topological cuts applied N R TR YR Ty 20 it i et
using rectangular cuts or Boosted ' ' ' M( 0y 2 2
= — pK.) (GeVies) M(pKr) (GeV/c?)
Decision Trees (BDT) BUESELE eCnon s ALI-PUB-499694

arXiv:2011.06079
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A Cross section evaluation @)’\

Corrections are applied to the yield:

10°
° i i o ey« 35—
Branching ratio 2 %% ALICE pp, (5 =5.02Tev 12 | ALICE p-Pb, {5y =5.02 TeV
*  Feed-down g SEal 8<pT<12 GeV/c E g 5<pT<6GeV/c
o i 1 o
' 13
> Account for A" produced = 200 133
through beauty-hadron 8 o T
n B o) L
decays 2 150¢ T E |
. € A = pK° + c.c. T W B A oK+ cc. ]
- Efficiency 0 10k ¢ = PK_ +cc T : [ — pKT* + C.C
L 1 =2.285 + 0.003 GeV/c? . " u=2.289 +0.001 GeV/c?
[ 6 =0.011 GeV/c?, fixed to MC ] - o =0.007 GeV/c?, fixed to MC
- Detector acceptance S0F Swsg-1s5231 | S(0)- 50265475 |
215 22 225 23 235 24 20 2.2 2.25 2.3 2.35

M(ng) (GeV/c?) M(pKn) (GeV/c?)

ALI-PUB-499690 ALI-PUB-499694

arXiv:2011.06079
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A Cross section evaluation @)’\

: : : . ) REEREEEEREAEE R EEEE
Corrections are applied to the yield: o 1OI§_ALICE Pb-Pb, (5. = 5.02 Tevé
Branching ratio 3 e Prompt Al, ly| <05 ]
—~ F B =
*  Feed-down %" == :
107 TR —— 0-10% E
> Account for A:* produced - . 30-50% :
through beauty-hadron Z 102k Baaie=—s ;
© = 3
decays F R ]
. . 103 E
» Efficienc g 3
y : —&— :
* Detector acceptance 107 £

E 15.5% BRlsyst. unc. nolt shown | == | 3

0 5 10 15 20
ALI-PUB-500239 arXiv:2112.08156 pT (GeV/C)
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+ . . - . % CERN
A\:* cross section in pp collisions \/

ALICE

) E Sl i 7
= B ALICE pp, Vs = 5.02 TeV ]
E 102 = - Prompt A, |y| < 0.5 .
. = -8 —— 3
* AJspectra underestimated by =5 [ = e ]
=1 1oL [ |eMm-vFNs _:
models T & ; Wi CT14NLO PDF
g [ - ]
T 'F ==~ E
NB f ]
ho] 10_1 L XX F\ _
E + 2.1% lumi. unc. not shown E
L ' ' ' | 3 " |
10 L - +
g - ——
= L. ll I I | -
[92]
slE
> i
O 4L SN
g r
0 5 1
p_ (GeV/c)
e arXiv:2011.06079
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At cross section in pp collisions .@E\/RD/\

ALICE

pp, Vs = 5.02 TeV

ALICE

6\ E E —_ L L L L B |
- C 4 &)
E 102§_ - Prompt A, |y| < 0.5 = 'T> . pp, (s = 5.02 TeV j
1 E e —e— data 3 1
* Acspectraunderestimatedby & [ = ! 1 & ¢ ]
) ) = 0L N [ am-vens — o] I Prompt D, |y|<0.5 |
PQCD calculations with = e rowecome 3 3 10 Promet B <0 .
fragmentation function tuned 2 L Ubhle 13 L GMAVFNS, mod, |
on leptonic collisions S f U= - 8 F e ;
_ _ “o ’ L |, ] ::.6 107 =
* DP° spectra in agreement with | s2tumiunenotston L1 3 "o F = ;
the same calculations JR10E Tm—— E E e
Q§ 1 é—- l[ ]I ! _él 10° ?2.1% lumi, = 1.0% BR uncertainty not show _§
g 82 2 E
> (=] E
i z g
0] 5 05 ‘ . . =
0 5 1 0 5 10 15 20 25 30 35
p. (GeV/c) P, (GeV/c)
e arXiv:2011.06079 arXiv:1901.07979
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A\ */DCratio in pp collisions g(‘i\z

*  Pythia 8 (Monash)™": fragmentation function taken
from e*e- measurements

9 11 ALICE pp, Vs = 5.02 TeV
+ 0
<

" ly| <05
i —a— ALICE

0.8 —— PYTHIA 8 (Monash)
L e PYTHIA 8 (CR Mode 2)
- Catania, fragm.+coal.
~ SHmodel + RQM
—— QCM

°  PYTHIA 8 CR Mode 2): string formation beyond
leading colour order

* Catania® coalescence and fragmentation in de-
confined system

0.4
: TR *  SHM+ROQM!: statistical hadronisation model with
0.2 ] additional charm states
_/W\/\/— . . .
) N *  QCMP! quark combination model assuming
5 10 coalescence
ALz-DER-535945 arXiv:2211.14032 p, (GeV/c)
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ALICE

*  Pythia 8 (Monash)™": fragmentation function taken
from e*e- measurements

A [D°ratio in pp collisions @

o T T T T | T T T
[ L
— {-ALICE pp, Vs =5.02 TeV
+ O L
< [lyl<05
—&— ALICE

0.8:— —— PYTHIA 8 (Monash) 2]. ) £ . b q
I PYTHIA 8 (CR Mode 2) © PYTHIA 8 CR Mode 21?1 string formation beyon
. _ leading colour order

0.6/ - Catania, fragm.+coal.

SH model + RQM
— QCM

* Catania® coalescence and fragmentation in de-
confined system

e SHM+ROMM: statistical hadronisation model with
additional charm states

L I | | *  QCMP: quark combination model assuming
2 10 coalescence
arXiv:2211.14032 p; (GeV/c)

* Significantly underpredicted by expectations from e*e- collisions

* Models that modify hadronisation or include additional charm baryon states do better
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CERN

Results In p Pb collisions NN

o T T I T T TTT T T T T T TTT T [ T T ¥ | T T T | T T ¥ I T T T | T T T T T T T _|
o 1 T, ]
2_2_— ALICE, p-Pb, \[s = 5.02 TeV ] , ,
= ALICE 1@ © 096y <004 1« QCMU: quark combination
< | pp, p-Pb, |54y =5.02 TeV i 2 ore E model assuming
- —m —e— PRL 127 (2021) 202301 . 1.8 = coalescence
0-8__ —& —o— This paper ] 1 6:— E
F T oo ] ab 3+ POWHEG+PYTHIA2: NLO
0.6l ,@ | 1'22_ E pQCD calculations coupled
i ] “E ] with MC parton shower
N / I // i 1: 1 B
0.4~ | o . 0.8F '— . _ _4 ° POWLANGF! uses the
i M *H‘ ¥ ' 0.6E ﬁ —e— A}, PRC 104 (2021) 054905 ] Langevin approach and
0 2;// N 0.4 —6— AL, This paper E Hard Thermal Loop (HTL)
" pp:ly] <0.5 —B g —— POWHEG + PYTHIA 6 + EPPS16 nPDF transport coefficients
| _ i 0.2 — . - POWLANG -
p-Pb:-0.96 <y <0.04 - i ] , ) _ _
o RS ] Y A P L L L gln]st'irl?lg}|Z-§::frhzgdhgdsrgﬂg'inpggdclgclltilsgigr?sfgggﬂavor
10_1 1 10 2 6 8 10 12 5002 TeV in an equal-velocity quark combinatioﬁ
p_ (GeV/c) P (GeV/c) model”, Chin. Phys. C 45 (2021) 113105,
ALT-PUB-529579 arXiv:2211.14032 T [ arXiv:2211.14032 T arXiv:2103.14900 [hep-phl - .
[2]. S. Frixione, P. N{ason, and G. Ridolfi, “A Positive-
* Hint of shift of peak towards higher * Hint of intermediate pr N ey
arXiv:0707.3088 [hep-ph].
momentum bump [31 A. Beraudo, A. De Pace, M. Monteno, M. Nardi, and
. F. Prino, “Heavy-flavour production in
* Trend is reproduced by QCM model high-energy d-Au and p-Pb collisions”, JHEP 03 (2016)

123, arXiv:1512.05186 [hep-ph].
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Results in Pb-Pb collisions @)’\

e T T rryer e et e ooyt rrL
?o 1.4- ALICE s\ = 5-02 TeV, |y| < 0.57
1.2F ‘H‘ -
1= -- —+ 0-10% Pb—Pb -
0.8E —— 30-50% Pb-Pb E
0.6 %{} | B
0'4;_ B}B} —EE—_H_ _ central semi-central
0.2 —H— M - collision collision
- PR [ T SN TR NN TR SO T SN [ SO SR Y SR T S N :
0 5 10 15 20
ALI-PUB-500243 arXiv:2112.08156 pT (GeV/C)

* Increasing trend at intermediate pr: pp < semi-central Pb-Pb < central Pb-Pb
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Results in Pb-Pb collisions &@v\

Z [T = A e nE | o T S ]| NE 1: statistical
D 1.4FALICE ~10% Pb—Pb¥|y| < 0. "50% Pb—Pb |5y = 5.02 TeV ] - oHMcH: ste
= ; C 0-10% Pb-Pb 1 ly| < 0.5 30-50% Pb—-Pb f Syy =9.02Te PP hadronisation model
= 1'2:_ E) __ SHMc+FastReso+corona_E . Catanial | d
1 I Y Catania . atania'”: coalescence an
- 17 i : fragmentatlon in de-
0.8f T . confined system
0.6F K - 1 - TAMUS: implements
0.4 e % ] coalescence via a
 d =K ] resonance recombination
0.2 — 1 f ] method
1 I l - I.I:IIO . I I !I :IIO I I I <II II:IIO . I . . Androni .,“ m i - rm
ALI-PUB-500251 pT (GeV/C) P (GeV/C) pT (GeV/C) Eig:?ar/éh?/ i% tzsts,taa:tist-:-?ael haudlt;c?ri(iezgggn

arXiv:2112.08156 model”, JHEP 07 (2021) 035,
arXiv:2104.12754 [hep-ph]

° 1 1 1 . - _ [2] S. Plumari et al., “Charmed hadrons from
Increasing trend at intermediate pr: pp < semi-central Pb-Pb < central 717 fuman e, chermed nedons 1o
Pb_Pb nucleus-nucleus collisions at RHIC and LHC”,

Eur. Phys. J. C 78 no. 4, (2018) 348,
arXiv:1712.00730 [hep-ph]

»  Described by models with charm hadronisation via both fragmentation and R TS TR

Phys. Rev. Lett. 124 no. 4, (2020) 042301,
Coalescence arXiv:1905.09216 [nucl-th]
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Summary %))

ALICE

* A baryons are an excellent probe of hadronisation mechanisms in
different collision systems at the LHC

* A baryon hadronisation modified in pp and p-Pb collisions with regard
to e*e collisions

* The observed intermediate pr production enhancement hints that Ac*
production in Pb-Pb collisions could occur via both fragmentation and
coalescence

* Higher-precision measurements will be done with Run3

> Inner Tracker upgrade has greatly increased impact parameter
resolution

> Much higher data taking rate —» larger data samples collected
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