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Introduction

*  Why heavy quarks are important?

 m.~ 1.3 GeV/c? and my, ~ 4.2 GeV/c?
* Have masses my > Agcp (~ 200 MeV)

* Introduce a natural hard scale into the problem
* Ensure coupling is small: ag (mQ) <1

* Heavy-flavour hadron production can be calculated with factorization
approach

d0p1pz—>H +X = Z deldxz deipl (xluuF) X fjpz (xz»HF) X 6-ij—>k(x1;x2;//‘FuuR) X Dq—>H(Z) QZ)

L,j,k
Parton distribution functions Partonic cross section Hadronisation function
(initial state hadronic (calculated within (Non-perturbative, tuned using
structure) pQCD framework) e'e” data, assumed universal across

collision system)
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Introduction

RLICIE
*  Why heavy-quarks are important? e In this talk :
, , * D%meson and BY-meson production
e m.~ 1.3 GeV/c? and my ~ 4.2 GeV/c to test pQCD predictions
* Have masses mg > Aqcp (~ 200 MeV) » Associated production of D° and ] /s
* Introduce a natural hard scale into the problem to assess the role of Multiple Parton
* Ensure coupling is small: ay (mQ) <1 Interactions

* Heavy-flavour hadron production can be calculated with factorization
approach

dop,p,oH+x = Z fdx1dx2 dz fip, (1, M) X fip, (X2, hp) X 61 (X1, X2, g, i) X Dgn(2, Q%)
L,j,k
Parton distribution functions Partonic cross section Hadronisation function
(initial state hadronic (calculated within (Non-perturbative, tuned using
structure) pQCD framework) e'e” data, assumed universal across
collision system)
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The ALICE apparatus

c-hadron ¢t : 45—313 um and b-hadron c7 :
450 — 500 pm - require high resolution for
identification of decay vertices displaced from
collision point

Continuous readout at high interaction rates, up
to 750 kHz in pp collisions, allows collection of
a large data sample: Lyt ~ 50 pb!

TOF: PID via time of flight

RLICE

TPC: tracking and PID

with dE/dX

luminosity and interaction

FIT: event selection,

time

1y
K

iv‘—# o
| & T—— d -

JEN
IR

ITS: trz;cking,
vertexing
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Prompt D’-meson production

New ALICE

= T
: " = ALICE Preliminar

measured with high precision in

. O FONLL describes the
the interval 0 < pr < 16 GeV/c =

data, with data on upper
edge of the theoretical
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(1 FONLL: M. Cacciari et al., JHEP05(1998)007
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https://iopscience.iop.org/article/10.1088/1126-6708/1998/05/007

B’-meson production

O ALICE, arXiv:2603.18904v1

«o¢ New on arXiv
T T 1 1

i T ALICE RLICIE
E 2.0_— 1< pT <23.5GeV/c 7] PP, Vs=13.6 TeV, L= 485 pb—1
p ¢ §=77821+ 367 . Daata
: B B D Kt
g 15 Bz charge conj. Beauty-quark has larger mass w.r.t. to charm
(2] . — Comb. back d . . . . .
c I oo acreren quark, resulting in smaller uncertainties in
3 5 = Total fit function ) .
© 1.0 B DK theoretical calculations
B"— D*n*— D’nn*
0 5' BY— Dar— K'K r* . .
! Al A — pK T First measurement of B-meson production
B°— D* 71— Dr+{n®y} . “ g o .
W/ N B D> D (0] at midrapidity down to low pr = 1 GeV/c in
MiOFR) (GovIe) pp collisions at /s = 13.6 TeV by ALICE
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2 2< p <4GeVic 2 10< p <14 GeVic ] ) .
= S=892+96 = * $=1992+210 reconstruction via
T 800 1 % } ' B 5D nt > Ktn n*
o joX
[} [%)] —]
P 1 5 N\ .. :
3 S \\ * Correlated background due to misidentified
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| } ] .
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B%-meson production O ALICE, arXiv:2603.18904v1

New on arXiv | - ALILCE

—.: - AlLIC|.E AL L L 2.5E- * BY%meson production cross section in
: — == . . .
& 4o2LPp collisions, Vs = 13.6 Tev I agreement with various pQCD calculations
o ElWl<05 1 1 olo 1
2 [ Lln=485pb B’ mesons ] - "oE
- 0.5k — . “q - ..
3 [ —e- Data E et 3+ FONLL describes the data within uncertainties
St B FONLL 1 L25F =
5 GM-VFNS(mod- ¢) o 220 E ..
ol o fr\:-vtFNS(SAGOT mr) 3 Sg 13: e 4 * GM-VENS (mod-/ip 1 uses tuning in
4 Tt oo ¥ = factorisation and fragmentation scale to
I S2.5E = overcome divergence at low py) describe data
gl 20 E within uncertainties
: I - Pty =
- . - —agn———— 31— .
. - ] 0'5; e e ; * GM-VENS (SACOT M uses finite mass to
- Iz zg: E overcome divergence at low pt). Central
+3.9% L, uncertainty w5l  E = : : .
1075 3 00 B dnoaa _ S S e i values overestimate the data in entire py range
- — 3 “E _-_---'-* —— %
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O FONLL: M. Cacciari et al., JHEP05(1998)007 0 SACOT mr: 1. Helenius et al., JHEP 07 (2023) 054
d mod-up r: M. Benzke et al., EPJC 79, 814 (2019) O kg fact:
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B’-meson production Q ALICE, arxiv:2603.18904v1
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RLICE

NNLO+NNLL calculations are also
available:
* Improved theoretical
precision
* Reduced scale dependence

BY-meson production cross section:

* Well described by both
NLLO+NNLL and FONLL
predictions within uncertainties at
pr < 10 GeV/c

 NNLO+NNLL predictions lie
toward the upper part of FONLL
uncertainty band

(d NLLO+NNLL: M. Czakon et al., PRL 135, 161903
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B’-meson production Q ALICE, arxiv:2603.18904v1

New on arXiv

RLICE

Comparison with transport models:

FONNL b-quark spectra

In medium heavy-quark diffusion
Hadronisation via fragmentation and
coalescence

Underestimates the data at low pt

LHCDb bb + FONLL b-quark spectra
Non-perturbative T-matrix interactions
(b = H,) from statistical hadronisation
model

Better describes data
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O Catania: V. Minissale et al., PLB 2021 136622
d TAMU: M. He et al., PRL 131 (2023) 1, 012301
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B’-meson production Q ALICE, arxiv:2603.18904v1

New on arXiv

RLICE
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B’-meson production Q ALICE, arxiv:2603.18904v1

New on arXiv
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B’-meson production Q ALICE, arxiv:2603.18904v1

- ALICE T — FONLL

New on arXiv
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$ o |cprrEaRe O | P —
°
LT Rem :
05 ALICEly| <05 T ALICE [y| <05 T ALICE ly| < 0.5
04f LHCb2.0<y<25 L LHCb3.0<y <35 1 LHCb4.0<y <45
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RLICE

Ratio of B%-meson production at midrapidity by
ALICE and B™-meson production at forward
rapidity by LHCb

As expected, harder pr-spectrum and larger
production towards midrapidty

Comparison with models:
 FONLL and NNLO+NNLL qualitatively
describe the data, with NNLO+NNLL
calculations systematically higher than

FONLL
1 FONLL: M. Cacciari et al., JHEP05(1998)007
O NLLO+NNLL: M. Czakon et al., PRL 135, 161903

*  AMPT with two hypotheses for beauty-quark
mass describes data
*  EPOS4HQ underestimates the ratio at low pt

O EPOS4HQ: J. Zhao et al., PRC 110 (2024) 2. 024909
O AMPT: J. He et al.,, PRD 113(2026), 034008
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Associated production cross section (SPS +DPS)

e Production of two specified particles in the same
collision: 0 (X +7Y)

 Particle production can occur through independent MPI

'

: : Pl >
« Single Parton Scattering (SPS) and Double Parton
Scattering (DPS) can be two of these processes ...
* SPS: A single hard scattering between partons
b2 - =

SPS

ala a o
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Associated production cross section (SPS +DPS)

e Production of two specified particles in the same
collision: 0 (X +7Y)

 Particle production can occur through independent MPI

* Single Parton Scattering (SPS) and Double Parton p }
Scattering (DPS) can be two of these processes ... .

* DPS: Two hard scatterings among partons

» Simplest form of MPI: Double parton scattering (DPS) p )

DPS

Deependra Sharma, Heavy-flavour production and correlations
22 - 27 Mar 2026 SOM in pp collisions: precision tests of pQCD and hadronization with
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Associated production cross section (SPS +DPS)

* Production of two specified particles in the same
collision: o (X +Y)

 Particle production can occur through independent MPI

o (X + Y) = O-DPS(X + Y) + O-SPS(X + Y)

P
1 oX)o(Y) 1
X+Y) =
opps(X +Y) 1+ 0xy  Ourr
SXY = 1 le:Y

Oxy = 0 otherwise

oqff - effective cross section

* Considered independent of process, scale and p
collision energy

* Measurements in different channels and kinematic
regimes can help shed light on its nature

DPS
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Associated production cross section (SPS +DPS)

Production of two specified particles in the same
collision: o (X +Y)

Particle production can occur through independent MPI

o (X + Y) = O-DPS(X + Y) + O-SPS(X + Y)

1 o(X)a(Y)
X+Y) =
opps(X +Y) 1+ 0xy  Ourr
SXY = 1 le:Y

Oxy = 0 otherwise

At LHC energies, DPS cross section can be significant

Provides input to tune Monte Carlo (MC) generators

DPS

Deependra Sharma, Heavy-flavour production and correlations
in pp collisions: precision tests of pQCD and hadronization with
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Associated production cross section of prompt D° and J/y

RLICIE
ALICE Preliminary ly /<06, p_ >05GeVic
PP, Vs=13.6 TeV 2.5 < Y= 4.0, p.. > 0
L. =39.7 pb’ .
2 e .. el * J/y reconstructed in forward rapidity using offline
§ ooy L T S trigger selection
400_ ........................................ ‘ .
5004 ondil U $ 00 * Paired with D°-mesons reconstructed at midrapidity
200—. .................. v - * Raw yield extracted using a 2-dimensional
100 g invariant-mass fit
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Associated production cross section of prompt D and J/y

O P. Skands et al., Eur. Phys. J. C (2014) 74:3024

PYTHIA 8 simulations (Monash tune + CharmoniumShower:all) :

« Compatible with single prompt D° and inclusive J/y production
Cross section

 Overestimates the associated J/y — D? production cross section

O Hua-Sheng et al., Comput.Phys.Commun. 184 (2013) 2562-2570

HELAC-Onia:

* Reproduces the associated J/y — DY production cross section
considering g.¢r = 31 mb.

» Large uncertainties on SPS LO+PYTHIAS8 component could
be reduced using NLO calculation

Prompt D°, |y| < 0.6
p,>0.5 GeV/c

Inclusive J/¥
2.5<y<4.0,pT>0

D°-J/¥
19<Ay <46

RLICE

T IlIII]I

ALICE Preliminary
pp, Vs=13.6 TeV
Ly =39.7 pb_1

I IIIIIH| T IIIIIII| T 'III[iiII

:

" PYTHIA 8 Monash
CharmoniumShower:all

HELAC-Onia

T II[IIIII T

SPS LO + PYTHIA 8

—SPS —DPS . DPS o =31mb
Total ~ Total
1 IIIIIII | L IIllII| 1 L IIIIII| L | IIIIIII L | IIIIIII | L
107" 1 10 10° 10°
G (ub)
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New measurements coming soon ...

Direct reconstruction of B-meson
signals in other decay channels

- B->D+X

* Bo>Jppp)+X

These measurements will enable
direct studies of beauty-quark
hadronisation in ALICE

x10° New
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