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Aim: study quark-gluon plasma

(QGP)

Colour-deconfined state
predicted by QCD

Created in ultra-relativistic
heavy-ion collisions

High-multiplicity environment:

Need excellent vertexing and
particle identification (PID)
capabilities

Temperature T [MeV]

m
QO
=
<
c
El
2
[]
o
%]
0]

’,
=

QUARK - GLUO.N PLASMA

COLOR SUPER-
CONDUCTOR?

Net Baryon Density




A" production in heavy-ion collisions (ﬁ@j\

ALICE
Quark gluon plasma: Heavy flavour quarks:
* created during Pb-Pb collision * Created at start of interaction
* Quickly cools down and hadronises * Interact with medium during all
time stages of hadronisation
>
Pre-reaction QGP Hadronization ° Excellent probe Of QGP EVOlution
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Hadronisation mechanisms @)’\

Fragmentation: Coalescence:

* Energetic quark or gluon excites the * Quark and gluons get close
vacuum and creates a pool of enough to each other in the QGP
quarks and antiquarks to recombine into hadrons directly

* |t combines with them into hadrons * Predicted to occur in QGP

*  Predicted to be universal in collision
systems
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Measurements in pp and p-Pb
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ALICE
A *ID° ratio in pp collisions:

Underestimated by models using
fragmentation function tuned on e*e
collisions

Better described by model assuming
coalescence in pp collisions also




Measurements in pp and p-Pb @

ALICE
Q [ AUCE  pPbysy-502TeV A *ID° ratio in p-Pb collisions:
= —e— A (arXiv: 2011.06079) ]
. —s— A%, Preliminary : - Shift towards higher p. compared to
[ pp. Vs = 5.02 TeV ] pp collisions
N —e— A! (arXiv: 2011.06079) _
061 ﬁﬂﬂﬂ - - p, dependence not observed in
4L ﬂﬂt + k measurements from e*e- and ep
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The ALICE detector @

ALICE

VO detectors
» Trigger
* Event selection

Time Projection Chamber

= One of the 4 main LHC experiments » Track reconstruction
* Particle identification

* Optimised for heavy ion (Pb-Pb)
collisions

> Track and PID down to low p-

> |dentification of short-lived
particles

> Low material budget Inner Tracking

L L . : System
» Particle identification achieved with « Track
: ; reconstruction
several different techniques and . Primary and
detectors Time of Flight detector secondary decay
« Particle identification vertices
reconstruction
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Reconstruction of the A * baryon %@)’\

ALICE

* two centrality classes:
> 0-10% (central)
> 30-50% (semicentral)

* Four p; bins:

> 4 GeV/c-6GeV/c
> 6 GeV/c -8 GeV/c
» 8 GeV/c-12 GeV/c

» 12 GeV/c - 24 GeV/c central semi-central
collision collision
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Reconstruction of the /\ baryon .@)’\

ALICE

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

N LpKm (BR=6.28%) | < used in this analysis

A"~ pK° (BR = 1.59%)

* Reconstructed via decay channel

* Candidates built as triplets with
correct charge sign

* kinematic and topological cuts
applied using Boosted Decision
Trees (BDT)
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Training the BDT model @

ALICE

* Training input:
> MC production (signal)
> Data sideband (background)

* Trained on kinematic and topological
variables, e.g.

> Decay length
> Distance of closest approach (dca)

> Pointing angle 6
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Training the BDT model @

ALICE

* Training input:

> MC production (signal)

107 4

> Data sideband (background)

* Trained on kinematic and topological
variables, e.g. ]

-
o
L

> Decay length

Arbitrary units

> Distance of closest approach (dca)

a
o
ta

> Pointing angle 6

1073

1074 4
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Model output
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Training the BDT model @

ALICE

* Training input:

> MC pI‘OdUCtiOI‘l (Signal) 71 —— xgboost_classifier ML_dataset 8 i pr/(GeV/c) < 12
> Data sideband (background) 6
: . . . signif =
Trained on kinematic and topological VS+B
variables, e.g. ’
> Decay length S
> Distance of closest approach (dca) £, Maximum of plot:
o ’ BDT cut with highest
> Pointing angle 6 ] significance
*  BDT cut decided using significance
optimisation '
0.0 0.2 0.4 b kol 0.6 0.8 1.0
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Invariant mass distribution @)’\

Entries/(4 MeV/c?)

C. Bartels

15

14.5

14

13.5

13

12.5

12

11.5

8.0 < p. < 12.0(prob > 0.80)
x10°

T S=1427+354

y/ndf = 1.0788
- B(30) = 175625 + 224 1L = 2.2871+ 0.0051 GeV/c?

S/B(30) = 0.0081 6 =8.9920 + 0.0000 MeV/c?

Signif(3c) = 3.4 £ 0.8

III|IIII|III|IIII|IIII|IIII|IIII|III

2.2 2.25 2.3 2.35 2.
M., (GeV/c?)

central collisions

Entries/(4 MeV/c?)

160

140

120

100

80

60

40

Annual Liverpool HEP meeting 2022
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Invariant mass distribution @)’\
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‘g 100__S=187126 x/ndf = 1.2464 ‘g 70_—8:135123 y/ndf = 0.8124
% | B(3c) =447 £ 13 u=2.2891+0.0015 GeV/c? % B B(30) =330 + 12 u=2.2836 + 0.0019 GeV/c?
E ~ S/B(3c) =0.4172 6 =10.7254 + 0.0000 MeV/c? E 60__S/B(3o)=0.4084 6 =9.8233 + 0.0000 MeV/c?
% 80 signitao) = 7.4 + 0.9 B [ Signif(30) =6.3 0.9
2 - 2 -
S [ G 50
60— + -
B 40—
af ! | :
L + * + * 00] 30__ + +
I C LT T
P * | |
205 } } 4 *H+ 20 + + w T*|TH+*
- 10 *
0 C :
c 1 | 1 Il | | | I} 1 I 1 | | | 1 | | | | | | : | | 1 Il | | | I} 1 I 1 | | | 1 | | | | | |
2.2 2.25 2.3 2.35 2. 2.2 2.25 2.3 2.35 2.
M., (GeV/c?) M., (GeV/c?)
central collisions semi-central collisions
C. Bartels Annual Liverpool HEP meeting 2022 14




CERN

Calculating the corrected yield % L
ALICE

A
fprompt X N|y|<yfid

(A X €)prompt

Corrected yield =
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Calculating the corrected yield %@j\

Corrected yield =

fprompt X

(A X €)prompt

C. Bartels

Raw yield
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8.0 < p. < 12.0(prob > 0.75)

| s=144+32 /ndf = 0.6636
™ B(30) = 1038 + 19 1 = 2.2840 + 0.0020 GeV/c?
- 5/B(30) = 0.1392 6 = 8.2936 + 0.0000 MeV/c?
| Signif(3c) = 4.2 + 0.9
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Calculating the corrected yield %@j\

C ) Ac
. _ fpromp >< N|y| <yfid ‘g_ 1_|I T T 1T TTT TTT T TT T 1T 1T TTT T TT TT I_
Corrected yield = £ S ]
(A X €)prompt | :
* Raw yield 08F.. .
* Feed-down correction N R
i —central f, |
Non-prompt A_* production: 02 - FONLL unc. B
A - AT+ X I ]
N P TR RN IR I P PR PR S S
4 6 8 10 12 14 16 18 20 22 24
P, (Gev/c)
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Calculating the corrected yield @

Corrected yield =

* Raw yield
* Feed-down correction

* Correction for detector
efficiency and acceptance

C. Bartels

fprompt X N
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Corrected Yield %))

ALICE
» Corrections are applied to the FRERESIEE C6
. - 107'E
yield: S
(5 -
> - 0 :'_ |
Fragmentation function ¢ ool _T_ - Aq > oK
>~ Efficiency °F
> Detector acceptance 10°E ——
* Find corrected yield 5
= 3
45_...I | | | Ll | | | [+
1074 6 5 10 d2 i4 i 18 20 2.2
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Corrected Yield %))

ALICE
» Corrections are applied to the FREROSI0%e 60
. - 107'E
yield: s
(5 -
> - 0 ;'_ | +A K
Fragmentation function 8 ol _T_ c =P :
~ Efficiency °F A = PR
> Detector acceptance 10° - —}—
* Find corrected yield 5
107 -
* Comparison to measurement i
In other decay channel :
L T B U I ey ';2l%c;e'v;5>4
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Corrected Yield %))

ALICE
 Corrections are applied to the FORRISHROTe G
. 7 10 E
yield: Sk
g -
> Fragmentation function § b - Ag — pKr
.. Z = 0
> Efficiency g j: T Ag = PK
> Detector acceptance 10°
* Find corrected Yield B '
107 -
* Comparison to measurement .
in other decay channel : .
10°,7% I T | ) 'ézl%c;elwlczf
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Summary % &N

ALICE

* A quark gluon plasma can be created in heavy-ion collisions

* Heavy flavour hadrons are a useful probe into hadronisation
mechanisms

* Lc production measured via corrected yield in two centrality classes
» Compatible with measurements from different decay channel

* Next steps:
> Evaluate systematic uncertainties
> Merge with pK,0channel
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