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Introduction
 Heavy quarks (charm and beauty) are primarily produced in hard scattekigproéeses w-ithlarge morhentum frnsfer

e Production cross-sections is calculated in pQCD by the convolution of 3 ingredients utilizing a factorization approach.
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Fractorization Jix;, up) pdf do  hard x-section ~ Parton shower Hadronization
non-perturbative

theorem non-perturbative i |
p perturbative perturbative phenomenology + fit to data (e+e-, e-p)

Initial condition from data

doP do*
——(Up, ug) = PDF(x;) PDF(x,) X
dpR dp

X D._ pz=pp/p.)

Measurements of heavy flavor particles—> test the perturbative QCD (pQCD) calculations and provide input for the data driven non-
perturbative QCD (npQCD) quantities.
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System size dependence
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pp and p-A Pb—Pb
» Test and constraint pQCD calculations and phenomenological e Study transport properties of QGP using heavy quark
models. iInteractions with medium constituents.
e Jet fragmentatiOn and hadronization e Hadronization in the presence of QGP.
* Multiplicity dependent studies

This talk: [

| ® Latest charm and beauty hadron measurements from LHC experiments (most from QM 2025) 1
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Double charm production o e

Measurement of double parton scattering (DPS) scattering ALICE Preliminary 0° — K and charge corj
DD -~ D D" pairs
2.0 < p$ < 24.0 GeV/e

pp, Vs=13.6 TeV
Two parton-parton collisions in a single hadron-hadron collisions —> measured via
double-charm production

—> significant at LHC energies.

Different kinematic distributions of cC pairs for single parton scattering (SPS) and DPS
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Double charm production p P

Measurement of double parton scattering (DPS) scattering
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ALICE Preliminary
pp, Vs=13.6TeV, |y| <0.5

D° — K= and charge conj.
2.0 < pr’ <24.0 GeV/c
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ALICE Preliminary
pp, Vs=13.6TeV, |y|<0.5

D° — K™=+ and charge conj.
2.0 < p$ <24.0 GeV/c

- DD°+ DD

. DD’ + D D°
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Ratio of single charm cross-section to
double charm cross-section
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a = 1/4, op from previous measurement
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Next: separate SPS and DPS components in
the DYDY measurements to extract effect
cross-section using D’DYA¢ distribution




Charm hadronisation with A_ ERCE

Study charm quark hadronization using baryons

o e Ratio of A_ in Mult bin to MB
S 1ol ALICE Preliminary . °
< - pp,Is=13.6 TeV, |y| <0.5 - ; [P ALICE Preliminary <dN,/dn>:
! _ = -
. PYTHIA 8.243 SHM+RQM : — g " 4.34 * 5.58
- i Catania _ s - PP, \s=13.6 TeV, |y| <0.5 . 703 11.42
: — .- QCM ] i) -5 AY : -
- — — POWLANG, HTL - S - rompt A = 15.94 = 20.07
—— POWLANG, IQCD | % 10 |
D°, {s=13 TeV ] © i
ccaled by: FONLL(S = 13.6 TeV) - ~, 5
\ Y- FONLL(Ts= 13 TeV] — E ;=
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| L b oy 1 | Lo % I | ! 4 l . A . | | | A . | | ! 1 . | A A A A
0 > 1202 0 5 10 15 20 25
p, (GeVic) pT(GeV/ C)

* pr differential yield increases from lowest to the highest multiplicity
class.

e Ratio to INEL > 0 increases (decreases) with increasing pr for the
highest (lowest) multiplicity class.

o AC/D0 ratio in pp higher than e+e- collisions; Strong pt dependence

* Models based on fragmentation function parametrized on ete- data
(PYTHIA 8 Monash) cannot describe data.

* Different description of hadronization requirgd.  Hardening of the pr spectra with increasing multiplicity.
* PYTHIA 8 (CR-BLC), , Latania, and QCM. « Data qualitatively described by PYTHIA Monash.
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Study charm quark hadronization using baryons
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PRL 128,, 012001 (2022) p. (GeV/c) P- (GeV/c) P- (GeV/c)
« HO/DY and AF( < ZFTY)/AT ratio in pp collisions higher than in ever
. 2tY/DY underestimated by PYTHIA 8 Monash tune; Described by other models
o« AT( < TP /AT overestimated by PYTHIA 8 CR-BLC
 Contribution from excited charm baryons?

- Deepa Thomas

Charm Hadronization with




—00—

Excited " production " p

Excited X7 baryons

e

3
% 4Oi<l19ll]lllllllllll]lll[l IIII]I~ 32?/52 322332 2800 %\4.0:!]][!!['[]['[[]]III]IIIII]I]IIIIlllllll'l:: I Run3
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— = L I = Prompt ]
n N - 1T © Direct §
151 B<p, <12GeVic — 1.5 f { T B
- 5042520 . | ok U P + H ——
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- s . SN RETE PERE FERE RS SRR FRTE TR AT P | :
E 40005 e AEm % 24 6 8 10 12 14 16 18 20
2 30005 p_(GeVic)
S 2000E =
« 1000E 3
I OF . : e ++.0 ++.0 . . . .
0O == ) " : . N . SR ’ ’ -
ST 0T 08 05 055 554 056 058 « 2777 (2520) / X" (2455) ratio consistent with e+ e- measurement in the
M(pKnx) - M(pKn) (GeV/c?) measured pr range.
* Prediction from SHMc GSIl+Heidelberg compatible with data in a different pr
range
. Z;r+,0 (2520) measured at the LHC for the first time Other model predlctlong unf:Jer or overestimate the measurement.
* Measurements provide important constraints
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Excited " production " p
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S [ ALICE Preliminary -
I 3.5 pp, {s=13.6 TeV -
W F <05 * Data - * In PYTHIA 8 Mode 2, tune of model parameter probQQ1toQQ0join_charm
S - required for £+ production
o 71 PYTHIA 8, Mode 2 -
T pmeOHOQOO].O!n—Charm = 0.0275 (default) * Probability of forming junction diquark (cq) with spin 1 over spin O
Tesp probQQTtoGiA0join_charm = 0.5 E * Changing the parameter changes the model prediction
- probQQ1toQQ0Ojoin_charm = 1 - ging P 9 P
2-0:— —:  Measurements of excited states sets important constraints on the hadronization
_ : models
1.5 ¢ H— -
i ' |_| -
1.0~ ~
0.5 -~
0 0 :l | | L1 | | | | | . | L1l I | I . | L1l | | | | L1 | L | l:
0 2 4 6 8 10 12 14 16 18 20
p_ (GeV/c)

Deepa Thomas 9



HF-h A correlations in pp PP

Study of heavy-flavor jet properties using A correlations

Two-particle angular correlations with a high pr trigger —> complementary method to jet reconstruction to characterize jets
and their properties, especially at low pr.

; IAl_Ilc:IEIPIrefim'in'ar'y' o +pp, (s=136TeV —— Tt
6— D* and charged particle Ag correlations _LOtal f'_td — }‘ .
- Y <05, [Anl <1 Ny side . A Associated
- 5:_ 5<p_'?+<GGeV/c, p3®*° > 0.3 GeV/c - .- Baseline _: | D
s E
iy mEesE. o TPepppesdEdTUINTRS Typical structure at LO:
2o 3 _
o . [ N : ] ~
& F E Near-side: Agp ~ 0 I
- * g9, scale unc. -  Associated particles from same jet as
s E trigger
0:¢ eer | R A N TPeea oo
-1 0 1 2 3 4
Ag (rad) _
Away-side: Ap ~ & .
e Associated particles from the recoill jet
HF-h correlations characterizes: A K ;
: . . . : : ssoclate
* Angular profile : fit with Generalized Gaussian or von Mises
to describe the near-side and away-side peaks
* Associated particle multiplicity
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HF-h A correlations in pp PP

A@(D™" — h) correlations in pp collisions
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Samuele Cattaruzzi

A(p(D T

@ QM2025
A(p(D T
3 I 1 I 1 I I I 1 | ] I
_ ALICE Preliminary V. <0.5, 1An| < 1
D-meson and charged particle  p3***° > 0.3 GeV/c
- A correlations
TO e __ pp, Vs=13.6 TeV
g = * DI-ch. part., 3 < p$: < 5 GeV/c
Q - + o
% S I e D"ch. part.,, 3 < pT‘< 4 GeV/c
% g = ® D'-ch. part., 4 < pg < 5 GeV/c
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it fei
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| | | | l | | | | l | | | I
0 1 2 3
Ag (rad)

 Dst/D+ ratio flat in pr and multiplicity in pp collisions

—h)

* Near-side: significantly lower associated yield for Dst compared to

. A(p(DS+

D+ at low prtrigger; Consistent at higher prtrigger

* Away side: similar distributions for Dst and D+ triggered correlations

in the full ptrrange measured.

Deepa Thomas

h) correlatlons Inpp

h) correlations in pp collisions: study fragmentatlon mechanism

. aseline-su.btraction
uncertainty

— - ALICE Preliminary * pp, Vs=13.6TeV
g  D; and charged particle A correlations

; 1.5+ ly”| < 0.5, |An| < 1 PYTHIA 8

% 3< p%<5GeVic — CR-BLC Mode 0
% passoc > 0.3 GeV/c - CR-BLC Mode 2
.cIJ 1 - CR-BLC Mode 3

— Monash

I 1 I || I 1 | I 1 I 1 I I 1 l Run 3

+6°/o

le unc.
6% scale unc

JIIIIIIIII

d ,VaSSOC
dAg
(@»]
o1

|

1
Np.
o
:
llllllllllllllllllll

* Different tunes of PYTHIA overestimate the near-side peak
at low Dst* pr; describe the away-side peak, and the full
distribution for pt> 5 GeV/c

 Possible explanation for the difference: harder
fragmentation of charm quark into Ds* than non-strange D
mesons (consistent with zy measurement)




A(p(A T h) correlations in pp collisions: study baryon hadronization mechanism

dNassoc

- baseline (rad™)

dAg
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Ap(Af -

: pp, 1s=13 TeV
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— N
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0.3 < Pt < 1 GeV/c
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.. scale unc. .L -
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Ag (rad)

h) correlatlons Inpp

—> O
_I_

o

- baseline (rad ™)

1 dNaSSOC
dAg

o Larger AC+/ DV ratio measured in pp compared to ete- at low and
intermediate pr.

. ACJr triggered correlations compared to D-meson.

nNo

—

« Trend of enhanced correlation peaks at low ACJr and associated

particle pr.

* Deepa Thrﬁ
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arXiv:2411.10104

« PYTHIA underestlmate the peaks at low A pr; describe

the data at higher pT
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http://arxiv.org/abs/2411.10104

EEC

“Tase Energy-energy correlators of HF jets

Probe different time scales of jet evolution using EEC
- ' '
« ALICE pp, Is =13 TeV
— . . n O
EEC(Ar) = S Z 2 (pT,lpT,J) & 25F ch.-particle jets, anti-kr, A = 0.4
Palrs jets pairs€[Ar,,Ar,] , 10s po" ™ <15 GeVic, el =05
5<p” <15 GeVic, | y_|=08
1 sk =¥ Inclusive jets, pe*>5 GeVic— g
- _ _ , _ =¥ Inclusive jets
- e Varying Ar gives access to different time . |
. _ , -@- D"-tagged jets
| scales of jet evolution in vacuum —F T 20T LS
0.5
0
o 1.2
2 4
. o[ 0.8
Transition Two-Point Energy Correlator Al3 0.6
. region 100 ) 204
: : I w = Light Jet ,/ '\\ = 0.2
= 80 e = Charm Jet ,‘/ j \ AN *
.:E - = Beauty Jet | \\ oy % - §,0.8 T T T 1 1T 11 Ll | ! r 1
i [\ Pl /207
E 40 / : = ; % 0.6 .
z / 21205 — arXiv:2504.03431
. AKS Jets, || < 1.9 —| 2 0'4
pr = 500-550 GeV D= A
i | _ e '5)0'3 I L1 313l |
% 001 0.005  0.010 ‘ 0.050  0.100 0.500 - - 0.2 " 1
R 10 10 R,
A R  Charm-tagged EECs: lower amplitude —> EECs for massive quarks
a— I

e Similar peak position: inclusive (gluon dominated) <—> convolution of casimir
and mass effects

pPQCD calculations indicate tension with data.
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Fabrizio Chinu
@ QM2025

Beauty hadron cross section in pp collisions
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= . ™ T — _ . . =
£ 10°= ALICE Preliminary B° mesons — % | ALICE Preliminary
$ £ ppecolisions ALICE, Vs=13.6TeV - O 102-pp collisions, Ys=13.6 TeV —
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2&- 1§— -.---B:B- = -DI— L —l)— Data -
3 F -, = aQ | B FONLL i
40 = — = NB GM-VENS (mod-pig ¢)
- = - ©10E ~ GM-VFENS, SACOT m; —
107 =ss- E o Kk fact. 1 : :
= - = — TAMU ] Different implementation
10° = - I { of pQCD calculations
~ B mesons FONLL - - mpatible with the
104 CMS, Vs=13TeV == Vs=136TeV,|y|<0.5 — = compd
= ——ly|<1.45 Vs=13 TeV, y| < 1.45 3 e _| measurement.
105:_—0—|y|<2.1 e Vs=13TeV, ly| < 2.1 _ - -
— \ | o . L = ' -
N — 1 ' T N i
cz)’ 2 — ot — - - 7
s 1E = - N\ "
S E E
1 10° -1
b (GeV/c) 107E g
° NeWAL|CEmeaSUI’ementOfBOmeSOnprOdUCtIOnCrOSS- -lllllllllllllllllIlllIlllIlllIlllIlllllll|lI-
section down to very low prt (1 GeV/c). 2 4 6 8 10 12 14 16 18 20 22
* Extends the kinematic reach w.r.t previous measurements p. (GeVic)
from other CMS and LHCb experiments
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@ OM2025 Rapidity dependence of beauty production o P

Beauty production vs rapidity

""|""|""[""|""|'lllllllllllllllllll|llllllTllllIllllIllllIllllllllll Run3

> 20
'% ALICE Preliminary L B® ALICE (13.6 TeV)
.5 10 pp collisions 1 B* LHCb (13 TeV) 1 4|+|7 -
= [ T I .
s T T D° ALICE (13 TeV) I -B_ j
—O—F
2 5t o L = DPLHCb (13 TeV)
O 4- w \ -+ 4
= e — D mesons
S — 1 |
=i = _I_'_|7 F B meson
Q 2- -+ 4+ 4
0
3 wE]
“o
i - — -
LHCb, JHEP 12 (2017) 026 B 1 Y—r , 1 \ 4 .
ALICE, Preliminary Physics B T R e e e e o | Y e i
Summary - ALICE |y| < 0.5 T ALICE |y| < 0.5 5 A T ALICE |y| < 0.5 7
410} LHCD20< y <25 ] LHCb3.0< y<35 ° ' ] LHCb40< y<45
3x10—11111||11||1111|11|1|1||1||llllIlllllllllIllllIlllllllllllllllllllllIlllllllllll
5 10 15 20 25 5 10 15 20 25 5 10 15 20 25
P, (GeV/c) P; (GeV/c) P (GeV/e)
* B9mid) / B+(fwd) ratio for 3 different rapidly ranges from ALICE and LHCDb
 Increasing trend with p_at higher rapidity
 FONLL prediction compatible within uncertainties
* B meson ratios compatible with that of D mesons
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Ezra D.Lesser
@ QM2025

Substructure studies of beauty quark initiated jets

Cambndge—Aachen declustering

Primary Lund-plane regions

In(k:/GeV)

(v abue)) ysi

%
-
’% non-pert. (small k;)

kr = PT soft - A

* Lund plane visualizes branching
kinematics (kT vs emission angle)
* High k1 -> early splitting
 Small k1 -> later splitting

In(1/4)
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beauty
Dead-cone
effect! ‘
e = light
, - . . e f

Parton shower of b-jets
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Evidence of dead-cone effect, b vs light quarks




@ OM2n25 HF production in fixed target collisions (SMOG) p‘|:

Fixed-target mode

Sy = 70 — 113 GeV

- > &
p Gas Py — .;/::: X1
(He,Ne, Ar...) L

Gluon fusion

g -(i.‘;‘,”
c O_f Intrinsic charm [4]
277 <y*<0.23 P .

q _
cq) = D

Braaten-Jia-Mechen (q)

(BJM) mechanism [5]
e

g ¢ =D

At y*<0, intrinsic charm and BJM mechanism contribute to charm
hadron production —> experimentally observed through an
asymmetry in DO production

* Different gases (H2, D2, He, Ar) injected in 2024 during pp run
» Effect of the systems’s size on the asymmetry can be
iInvestigated.

— = = B ~= — = e e ————— e
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e Open charm photoproduction in UPC

Study gluon nPDFs over a wide (x, Q2) down to low-x

 UPC: study cold nuclear matter effects, sensitive to gluon PDF, saturation and shadowing effects in a
/\ - clear environment —> absence of final state effects.

% * Open HF particles in UPC —> pQCD description even at low pr
——C

—3C 8CMS Preliminary 8.3 ub (PbPb 5.36 TeV)
L | L I L | L | L l L | L | L I_J
. = XnOn + 0nXn (y— -y) ¢ Data ]
+» — 7
> F 2< Py < 5 GoV Gy A-FONLL * First measurement of D0 mesons in ultra peripheral Pb-Pb
(b 6:—(DO+DO)/2 EPPS21 (nPDF)_ collisions
(\D : m.=1.5 GeV : '
O 5- — scale unc. . _ , ,
£ 1 SOE unc. | + Data compared with FONLL pQCD calculations with
— 4F 1  nPDFs (EPPS21)
-8‘ 3l + E * Good agreement with data within large uncertainties.
> & ¢ }
O : )
B 2eF 71 * Open HF measurements provide direct input to reduce
c ¢ = nPDF uncertainties.
1+ :
N ®
~1 Ll l L l Ll 1l l L I | | l L .l L1l I L1l L]
-2 -1.5 -1 -0. O 0.5 1 15 2
0
high-x low-X
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E v2 of charm quarks ol oo

Heavy Flavor va2: quantify HQ interaction strength at low pt and constrains its path length dependent

energy loss at high pr
'53'030 ] — : ] ] Run3

o AL T s : _ ALICE Preliminar <08 -
v  F ALICE Prellmlnary 30-40% T Pbopb 30-50% (3 4 536 TeV M<B8:
" 08 Pb-Pb {5, = 5.36 TeV E = 0.25/ Vo=

= S, =5.02 TeV, |y| < 0.5, [A7] > 2.0 : < - PromptD TAMU ys), = 5.02 TeV )
0.5 o 7 (JHEP 09 (2018) 006) - o 020~ ° D’ D° _
- @ d (PRC 102 (2020) 055203) . 0T e D D; Dst .
0.4k 1_ 5.36 TeV, |y| < 0.8, |An| > 1.3 = Ny ; — DO -
" Prompt D’ 6 - 0.15[ +—Eﬁf ]
m 0.3F o - : 7 ﬂﬁ :
D mesons - o - 0.10- &% -
o o° - _ ——— :
02: o O =n“-o‘ - i ﬂ a _E-‘E: +__
. o° o 8 . 0.05( + ~
000" oF  %sap - = =
07 e ae® o819 : | | :

: I - I : 0 OO 1 111 1 ] L1 1 11
0.0b——il=a= ' 4x10" 1 2 3456 10 _ 20
510" 1 > 3 4567 10 _ 20 0. (GeV/e)

p. (GeV/c) T

DO meson v2 measured to very low pt <1 GeV/c
* Low pr: vo(ri+) > vo(D)

* D-meson v2 from charm quark flow + recombination
with the light-flavor quark

* High pt: va(rt+) ~ vo(D)
* Path Iength dependent E.loss

— - = - — E— — — = S e e ———— e — = = = == = = — == p—— e ————p—— ———

_ = — — S——— e —— — —— e _ — - = =

Deepa Thomas 20

Dst v2 close to non-strange D vo
—> tendency to be smaller up to pr = 4 GeV/c (different
contribution of hadronic phase?)




Chuntai Wu
@ QM2025

Open charm meson and charmonium vz

v2 of charm quarks

— ._>
b. Pb

TAMU PRL 124 (2020) 042301
Catania PRC 96 (2017) 04490
LBT PRC 94 (2016) 014909

Run 3
—— | | I I | | L |
Al _4 B | | | | | | | | | | | | | | | | | | | | ] CY). — — LGR EPJC 80 (2020) 671
S 3 NN | ,—' | ] — 0'40 ALICE Prehmlnary ly| < 0.8 : POWLANG EPJC 75 (2015) 121
- o5 4 A0 >17  ly| <08, [An| > 1.3 ] = 0.35_— Pb—Pb | s, = 9.36 TeV, 30-50% - PHSD PRC 92 (2015) 014910
03 <y=m R 4 < O 180 0> ' e <4 -« Prompt DO - Langevin NPA 830 (2009) 865
0.25F LI, 30-50% Prompt D7, 30-50% - o 0.301 Transport models |s,, = 5.02 TeV E
0.2F E an 0 o5F [ TAMU LGR —PHSD -
JIY Ok - " F I Catania  wwi POWLANG Langevin -
0.15¢ 7 ii E 0.20F -~ LBT4PNP  --- EPOS4HQ -
0.1 :_ e :EI § —: B —--o- _
- g _*_ | . - 0.15F = i
0.05F *'i'm F—] E T F ) .
04 : 0.10F . -
0,05 : 005~ P N f
_O 1 :l ] | | | | ] | ] | | | | | | | | | | | | | | | | |: E‘— \\\\\\\\\\\ ..... E
0 5 10 15 20 25 OOO Lo ! ! Lo L
p. (GeV/c) 4x107 1 2 3456 10 20
P, (GeV/c)

* Low pt (< 3 GeV/c): vo(D) ~ vo(J/W) : similar effects from charm
quark flow

e Intermediate p1 (3-7 GeV/c): v2(D) > vo(J/W) :
recombination with light quarks

e High pr: vo(J/W)

hadronisation via

~ vo(D): similar path length dependent E.loss

Deepa Thomas

21

Model comparisons: charm quarks strongly interacting
with medium + critical role of hadronization via
coalescence/recombination




Nihar Ranjan Saha
@ QM2025

vz of charm quarks

Sensitive to the fluctuations in the initial energy-density within the overlap region

0.3EMS Preliminary PbPb 5.02 TeV (0.58 nb™
' UL L B R L B IR B |
-yl <2.4 o | Prompt D* CMS -
0.25FCent : 10-30% "o | Prompt D' CMS -
0.2 E
- D.+ :
A“" 01 5 — Do -
a o ;
=" 0.1F el E
- Tottel— :
0.05 e o E
OE—:f -------------- L A e T
_O 05 :I T T T T R R T Iy | I:

p. [GeV/c]

Deepa Thomas

Non-zero vs measured for D0 and Ds*

Similar vs values for D% and Ds* in the measured pt range.

Confirms charm quark thermalized in the QGP medium.




Soumik Chandra
@ QM2025

3-CMS Preliminary ~ Cent: 20-30%
- ] < 1 2<p_<4GeVic
250
Slope: 1.00 + 0.06 (stat) + 0.04 (sys)
2 - Intercept: -0.03 £ 0.06 (stat) £ 0.04 (sys)
0 15- ~
/\>:N E /
R 0..9{.’
> ~
3 ”
3 (]
0.51- ~
0"
_0°5:—_ " " 'lllllljllLllllJlllllillllL
002040608 1 121416 1.8 2

HF vs LF v; eoll oy

Study of the correlation between v2 of D% and the charged hadrons

0.607 nb™' (PbPb 5.02 TeV)

"~ Deepa Thomas

Vo/(V,) (h™)

= - — —— e S —— — =

Vary initial eccentricity by Event Shape Engineering g, while keeping same
centrality

DO v2 exhibits an approximate linear proportionality to the bulk flow

DOvs is entirely driven by initial shape as light flavors




E v2 of beauty quarks Poll | oo

Mass dependence of v»

>(\] 0.3 B | | | | | | | | | | | | | | | | | | | | | | | | | | | Run 3

N | | . |. | | _
i)' 04‘_ ALICE Prellmlnary V] <0.8 7 - ALICE Preliminary
A " Pb—Pb |5 = 5.36 TeV, 30-50% y 023 F by _pp Y(1S)>u's, 2.5 < y < 4, 5-60% E
< - 7 - ’
D meson S ggl D TAMU |sy=5.02TeV - 02 "o | CMS, {syy = 5.02 TeV[_® ] ALICE, {5y = 5.36 TeV-
CD/_; ~ o Prompt Prompt D° ] 015k E
= . e Non-prompt Non-prompt D’ _ o ]
S 02 promp promp - N __
oo T F .
i y 4 o - : 0.05 - H -
i ) _fol— &1 -
Bty
0.0_ ® 1 ] -0.05 ]
E E _01 - | L1 1 | | I | L1 1 | L1 1 | L1 1 | I | I | |
—0.1— | | _ 0 2 4 6 8 10 12 14 CMS PLB 819 (2021) 136385
TAMU PLB 735 (2014) 445 T — | p_ (GeV/c)
4x10 1 2 3 456 10 20 T
P (GeV/c)

* Low and intermediate p1 (< 8 GeV/c): vo(b->D9) < vo(DO) | |
 Open-beauty v2 > 0, while bottomonia vz ~ 0

° ' - 0) ~ 0

High prv2(D->D7) ~ v2(D°) e Recombination and path-length dependent energy loss
* Model description: longer thermalization time for beauty quarks affecting open beauty?

+ recombination effects play significant role.
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Chuntai Wu
@ QM2025

Meson vs baryon v> L L

Charm meson vs baryon v2

Ac baryon
D meson

& 0.35
A 03
0.25

0.2

v, {SP, |An|

0.15
0.1

O
=
o o

B L B L L BN B I I B BB R
g ALICE Preliminary e Prompt Al = Prompt D’ E
- Pb—Pb, 30-50% Transport models, |s,, = 5.02 TeV -
:— m =95.36 TeV TAMU A . TAMU D° —:
: = ' -
| -HEiet i
== N e
HI I 1l 1 1 | I 1 1 I 1 1 1 | I 1 1 | 1 1 1 | 1 1 1 I 1| 1 1 | I 1 1 | 1 1 1 | 1 1 1 | |- I:
2 4 6 8 10 12 14 16 18 20 22 24

p_ (GeV/c)

 Low pr: similar v2 of /A, and DO -> thermalized quarks

e pt>4 GeV/c: va(/\) > vo(DO)

e Meson vs baryon behavior —> from hadronisation via
recombination

- Deepa Thomas

E— —— — = e e e ——————— e

- = S -—— . e —— — —— e —_—

-~ 0.4:“|"'1"'1"'1"‘1‘”1”‘1”‘1”‘1”'1"'
7 0.35 ALICE Preliminary = PromptD” =
= 0.3E Pb-Pb, 30-50% : ';'°"'P':’/’Spt0 =
g = ) » Prompt A} .
- 0-25F Sy = 5.36 TeV > Non-prompt A; E
2 0.2F =
A ~ b -
¢ >015;— B ' ;
D 0.1F =
b -> A 005: T ; _E
b ->D ' g_ : :
il | :
-0.051} =
_01:,,| I T T PP PR PP PRI P PP P
2 4 6 8 10 12 14 16 18 20 22 24
TAMU PLB 735 (2014) 445 pT (GeV/c)

* Non-prompt D mostly from B mesons
« Non-prompt A, mostly originate from Ag—baryons

e vo(b -> DO ~ vo(b -> A) < v2 (prompt A)

— = __ — _ _ — _
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Heavy quark pair dynamics

Pb

Further constraint heavy quark dynamics by tracking quark pairs
 Using cC and bb angular correlations —> sensitive to relative importance of collisional and radiative scattering

e | b

Pb

Xf 2‘ Slame'-sigrg pairs | AfLAé
D G | Pb+Pb5.02TeV,1.94nb'  p >5GeV :
0-2I7 0-10% ]
- AU
0.1~ © Data _

O\ o Pb-Pb 4
® o I / |
(d] —— Fit
0 ‘ - .
e 016 1 \ < -
D Q e Q @ {I) 2 ¢- -———— T
% @ ° | (l) : \'d —%ﬁ - ﬁ/ - *%;{
@ L] M R S S R
Q @ D T T | T T T T T
]
oOVvO

§ s Sémei-sigr]\ pairs ](,}{ .

Q | pp5.02TeV,0.26 b | \ .

ol Py

: PP / \ .

D _ 4 k _

i / -

Measurement of py-p angular correlations (largely from heavy flavor decays): 2r j \ )

* No broadening effects observed in Pb-Pb compared to pp i j Hong

 But width slightly narrow in most central collisions S IecetetetPl L o mm T - L
 High pt range used? — S —

* Bias towards less quenched jets? Ag

ATLAS PRL 132 (2024) 202301

I — _— — — - —_— e — — — — = —_— = -

e —————— o P ————— — = — S
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HF reconstruction at forward rapidity =/

40007 ---= D* = K"K~a"  LHCb preliminary _ LHCD preliminary ---- B~ — D~
N{ -~ D} S K'K 2024 PbPb L 9. 2024 PbPb BN Comb.
> Background Vsny = 9.36 TeV, 0.43 nb | % V/snn = 5.36 TeV, 0.43 nb L Partial reco.
230001 — it = — Fit
N }{  Data " = { Data
Ry o _ = 201 |
8 2000 - | 0
z ' - L:
.‘-8 ’1‘\ | = 10 -
= 1000- A P = || ~ | | \
O " ‘\‘ ,‘ \\1 O
0 —F’, \\"- . -'."j N |
1850 1900 1950 2000 QOOO 5100 15)2000_ 151300 : 5400 5500
m(K*K-n+) [MeV/c? m(D ™) [MeV/¢?
LHCb-FIGURE-2025-004
Further extend study of heavy-flavour interactions using beauty quarks and at forward rapidity
- ~ DeepaThomas - 7 05092025 o



Summary

<+ Several new and exciting heavy flavor results from LHC —> more to come.

<+ Moving forward
Further constraint QGP transport properties using beauty quarks and differential measurements.
- Heavy quark initiated jets and jet substructure measurements.
Possible with LHC Run 3 & 4 and beyond.
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L. Dello Stritto

@ QM2025

& (Christiansen & Skands, JHEP 1508 {2015) 003)

PYTHIA 8 (CR Mode 2)
« Colour reconnection mechanisms beyond leading
colour (BLC) approximation with new junction

topologies that favour baryon formation.

= \""- —= \9 "\\"R ; . q"\jj“< q)
No CR Monash CR-BLC

S (Hee & Rapp, PLB 795 (2019) 117-121)
 Quark hadronisation driven by statistical weights
governed by hadron masses.
 Feed-down from excited baryon states predicted by
the Relativistic Quark Model (RQM).

— Deepa Thomas

Model Description

Catania LU . Minissoleet ol, PLB 821 (2021) 136622)
+ Thermalised system of u,d,s quarks and gluons.
« Hadronisation via interplay of fragmentation and

coalescence. "
0o
°@@@
QCM & (song, Li & Shao, EPIC 78 (2018) 344) d) e
» Pure coalescence model. o

« Charm quark is combined with a co-moving light
antiquark or two quarks.

POWLANG L (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.

= e —_— . = ——— =——
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Deepa Thrﬁ R

e e —

Dst/D+ ratio independent of pt and multiplicity in pp collisions
iIn the measured pr range.

Value in pp collisions consistent with ete-

Ratio compatible with PYTHIA Monash and CR-BLC.

Pb-Pb collisions:
* Ratio higher at low and intermediate pt compared to pp
collisions.
 Recombination of charm quarks with enhanced strange
quarks in the QGP medium.
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Fragmentation Function

Study charm jet fragmentation functions
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« Hint of softer fragmentation of charm quarks to Ac * Hint of harder fragmentation of charm quarks to Ds*
compared to DO mesons. compared to DO mesons.

« PYTHIA 8 with CR describes the data * MC does not describe large Zjch
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__Model comparison
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Azimuthal correlations of p-u pairs
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