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Heavy quarks produced via hard-scattering in initial stages of heavy-ion collisions due to their large mass :
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Excellent probes to study the QGP properties: | <Taa> doyldpy

* Parton energy loss: collisional or radiative, influenced by dead-cone effect
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Excellent probes to study the QGP properties: \

* Parton energy loss: collisional or radiative, influenced by dead-cone effect
* Collective motion: test degree of thermalization, path-length dependence
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Excellent probes to study the QGP properties: | SRRSO~ U

* Parton energy loss: collisional or radiative, influenced by dead-cone effect

* Collective motion: test degree of thermalization, path-length dependence
- HF correlations and jets: sensitive to medium-induced jet-fragmentation modification and energy loss
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ALICE detector for Run
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Inner Tracking System : Vertexing and
tracking

V0 and Zero-Degree Calorimeter:
Trigger,
Multiplicity or Centrality determination

Vertexing, Trackigg ‘and PID
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Hadronic decay channel reconstructed:
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ALICE detector for
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New ITS : CMOS Pixel, MAPS improved |

resolution and fast readout |

| New Fast Interaction Trigger (FIT):
{ Centrality, event plane, luminosity and
linteraction time
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Beauty quark R, , suppression:

= Hint of R, ,(charm) < R, ,(beauty) at pr < 10 GeV/c
= R, A(beauty)/ R, ,(charm) ratio comparison with models:
- pr < 5 GeV/c : sensitive to shadowing / flow / hadronisation / decay kinematics for charm and beauty

» pr > 5 GeV/c : 3.9 o above unity — beauty quarks show less energy loss than charm quarks
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[ ALICE

Pb—Pb, |5y = 5.02 TeV

0-10%, lyl < 0.5
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MC@sHQ+EPOS2: PRC 89 (2014) 014905

_ LGR: EPJC 80, no.7, (2020) 671
Beauty quark R, , suppression:

= Hint of R, ,(charm) < R, ,(beauty) at p+ < 10 GeV/c
= Testing effect of LGR ingredients:

- pr < 5 GeV/e : The “valley” structure —> the formation of prompt D-mesons via charm-quark coalescence (iv)

- pr > 5 GeV/c : The significant enhancement of double ratio at high p+ is related to the mass dependent quark
iIn-medium enerqgy loss effect(i)
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NEW Paper
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NEW Paper

ALICE 0-10 % Pb-Pb

\/SNN =5.02 TeV

charged jets, anti-k
o D’ jets, R=0.3
3 < p_ < 36 GeV/c
+Inclu3|ve jets, R=0.2

LIDO
B0’ jets
B D’ jets w/o dead cone
B Inc. jets

mm global uncertainty

Gain further direct access to the initial parton kinematics through D%-mesons tagged jets
=R, A(DO-jet) > R, ,(Inclusive jet)? Comparison is sensitive to Casimir colour factor and dead-cone effect

* Described by heavy quark transport model (LIDO) including collisions and radiation processes as well as the dead-

cone effect

= Mass-hierarchy energy loss is more relevant at lower p1 (o1 < 50 GeV/c) compared to high pr
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Gain further direct access to the initial parton kinematics through D%-mesons tagged jets
=R, A(DO%jet) > R, ,(Inclusive jet)? Comparison is sensitive to Casimir colour factor and dead-cone effect

-Confirmed by the new preliminary result of inclusive jet based on the mixed-event approach (more precise and
lower pq)
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Beauty quark thermalisation:

=y, (charm) > v, (beauty) at low p .
= Non-zero non-prompt DY v, with 2.7 o significance

- Beauty quarks flow or beauty-hadron flow from recombination of beauty with flowing light quarks?

* Described by beauty transport models include collisional energy loss and hadronisation through coalescence
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Beauty quark thermalisation:

=y, (charm) > v, (beauty) at low p.
= Non-zero non-prompt D" v, with 2.7 ¢ significance and compatible with b (—¢) — e v> within uncertainties

* No differences for the LIDO model for v2 of different beauty probes
* Decay kinematics does not play a significant role?
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Azimuthal correlation distributions of heavy-flavor decay electrons (HFe) with charged particles:
_ _HF h
Ap(HFe —h) = Prrigger — PAssoc

» Associated yield from near-side and away-side peaks in both pp and Pb—Pb collisions
= |nterplay between the parton production spectrum and the energy loss in the medium by:
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ALICE Preliminary ® cb—e-h:4 < p <12 GeV/c

Pb-Pb, 0-10%
’ A K -h;: 8<p <1SGeV/C
\Syy = 502 TeV
Y h- h,8<pT<1GGeV/C

% Eur. Phys. J. C 83 (2023) 497

ALICE Preliminary ® ¢b—e-hi4<p’<12GeV/c:

Pb-Pb, 0-10% 4 K2 -h;8<p.“ <16 GeV/c
S =021V v 1 _hig<pl<16Gevic

Eur. Phys. J. C 83 (2023) 497
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HFe-hadron azimuthal correlations compared to di-hadron correlations: HFe 1,, In agreement with light
flavor I, , within uncertainties

Near-side I,,: High pt>°°": consistent with unity. Low p7°°%: Hint of enhancement — potential medium
excitation? modified HQ fragmentation?
Away-side I,,: Jet quenching dominant at high-p:>*°° (p7°°°> 4 GeV/c)
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First measurement of prompt D" and D meson vz2in ALICE Run 3 (x 4 larger data sample w.r.t Run 2) ;
- Compatible D" vz (non-strange) with D v2 (strange)

- Compatible D"* vz (ALICE) with D0 v2 (CMS)

* Run 3 results are more precise of the average from Run 2 and x 2 more granular at intermediate p
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A

TAMU: PLB 735 (2014) 445, PRL 124 (2020) 042301
PHSD: PRC 92 (2015) 014910

LGR: EPJC 80, no.7, (2020) 671

CATANIA: PRC 96, 044905 (2017)

= Described by charm transport models that include collisional energy loss and hadronisation
through coalescence
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Prompt A v, in Pb—Pb collisions at 5.36 TeV (
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Summary and outlook

The complete measurements from ALICE provide valuable insights into:

» mass dependence in energy loss (Raa)

» different degrees of participation in collective motion and hadronization between charm and beauty
quarks (v2)

* HFe correlation measurements indicate the significant jet-quenching effects at high-p7™° (p77°°" > 4
GeV/c)

New Inner Tracking System (ITS 2) detector and increased integrated luminosity for LHC Run 3

- The first prompt D meson v2 measurements in ALICE Run 3 show results consistent with those from
Run 2

= A factor 5 larger data sample will be analysed in the immediate future

= Extend the vz analysis including first measurement of charm-baryon v2



Summary and outlook

The complete measurements from ALICE provide valuable insights into:

» mass dependence in energy loss (Raa)

» different degrees of participation in collective motion and hadronization between charm and beauty
quarks (v2)

* HFe correlation measurements indicate the significant jet-quenching effects at high-p7™° (p77°°" > 4
GeV/c)

New Inner Tracking System (ITS 2) detector and increased integrated luminosity for LHC Run 3

- The first prompt D meson v2 measurements in ALICE Run 3 show results consistent with those from
Run 2

= A factor 5 larger data sample will be analysed in the immediate future
= Extend the v2 analysis including first measurement of charm-baryon v»

Thanks for you attention!
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Analysis techniques: multi-classification via BDT

Primary
Vertex

Biao Zhang
biao.zhang(@cern.ch 21

105llllIllllIllllIllll_LllllIlllllllllIllllJ

3
= ALICE
-
W [ 30-50% Pb-Pb, |5 = 5.02 TeV

10°F 2.5 < p.<3.0GeV/c, |y| < 0.8 E:

0
-----

¢ Conversion electrons

¢ ALICE data ¢ Dalitz electrons

— Fit P CcC—e ]
db(>c)—e

*_

Sl 4 I
—0.1 -0.05 0 0.05

-+
<+
g o
-+ i
< ;
= )
— ‘-n'
o
[ L [
I '
!I | |
.
)
l uu
‘ I|”| l | I L1l

10 .

= 3 Out-of-plane 3

s (_,
£
i N O el
A O Bh
=y ’ e
-
- '-‘-
> -
= N Qg
o '®)
" .
] ) 'ff'
D M1
b
WL
2. o

||!\ [ M'

-0.05 0.05

d, x sgn(charge x field) (cm)

» Large branching ratios via semileptonic decays: b — ¢ + X (~10%) ,b — ¢ — ¢ + X (~10%)

* Longer lifetime than c-quark and other electron sources: To ~ 500 pm/c; 7c ~ 60-300 pm/c

= larger impact parameter (do) w.r.t primary vertex

« b — ¢ yield obtained with template fit on impact parameter distributions



Analysis techniques: multi-classification via BDT
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ML based selection



