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Heavy-flavour physics

Charm and beauty quarks: m_~1.3 GeV/c?, m _~4.2 GeV/c? ALICE
— Significantly larger than A .. (~200 MeV)

QCD

— Produced in hard-scattering processes among partons CQ’Ce//o
To, Ot %
04, W 6/;20
pp: test for pOCD-based models Pb-Pb: e 7200
H - k producti
e | Do uanprodctn s e
—3 k< — Diffusion in the medium
— Parton Distribution Functions (PDFs) % _, Modification to hadronisation
— Reference for larger systems

In pp, the heavy-flavour hadron production cross section is calculated by factorisation approach:

dote do®
dor (pr; pr, pr) = PDF (21, up)© PDF (22, pr) ® d]TT(pT;MF,MR) ® Dq — Hq (2 = pao/pq, i¥)
Parton distribution Hard scattering Fragmentation functions
v\a’sa\‘a““@gsrga functions cross section (hadronisation)
18-

105, Tue: (PQCD)
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ALICE in LHC Run 1 and Run 2 %
] ALICE

Heavy-Flavour (HF) hadrons are very short-lived: Time Projection Chamber (TPC):
b-hadrons: ct=500 pm c-hadrons: cT = 45-300 pm tracking and PID via dE/dx

Their reconstruction requires:
— excellent spatial resolution for secondary-to-primary

vertex separation
— effective particle ID over wide p, region

. oty

Non-prompt charm hadrons reconstructed by ALICE:

VO detectors:
trigger and event
selection

DY - K r™ AY - pK 7t
Dt — aTK 7™ AF — pK?
Df - ¢ort - K Ktat J/¢p—ete” Time-Of-Flight
Hp —e +X Detector (TOF):
\ M. Zhang, mid- PID via time of flight Inner Tracking System (ITS):
forward correlations tracking, vertexing
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Non-prompt D meson production cross section

S o[ALCE  wi-osd]| ALICE
Non-prompt + - 10 —AL|CE |y[ <05 E
B oh,—vex s e ety
g 1022— Non-prompt D° E
. _.ngQ . = F @ Data
Model description of non-prompt meson production S 10l FONLL + PYTHIA 8 decayer
c . . OO Tk GM-VFNSb — H, — D
consistent with data: ol g eyl Lo

FONLL and GM-VFNS:
— collinear factorisation :
— NLO + Next-to-Leading Logarithm (NLL) resummation 107 F § 8% BR une. not shown
— fragmentation functions b—H, tuned on e’e” collisions s e i

2 FONLL + PYTHIA 8 decayer ' -

1_‘.40“‘% ,,, TR = S E

TAMU: [ 4;_GM-VFN=Sb—>Hb—£D : } _

. . KS‘ -8 2 :_ ..‘..'.w* —:

— FONLL for beauty-quark production cross section BIE s =

— .. 2F TAMU + PYTHIA 8 decayer ' E

— H, aboundances from statistical hadronisation model i I et
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Cacciari et al,, Benzke et al,, g He et al, PRL131 pT (GeV/C)
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bb production cross section

ALICE
The beauty-quark production cross section at midrapidity

is extrapolated from measurements of non-prompt charm hadrons

= JHEP 10 (2024) 110

3 2 B T T T T T T 17T | T T T T T T F k I ] 3 :-v L I L5 | T T T T T T T T | T T 5 T l-:
2 10°E «PHENIX pp, lyl<1.5 =l E: ALK\F 13 TeV Sxlap. sy -
L | oUA1pp, lyl<15 . & qogf PP 5= = £
~ = - o - ;
S | ©CDFpp. <06 1 38 100k :
-8_0 10 L // 077 _ _8 i ]
- /S 3 = 80 ]
- 'L}L:)CE IC|;p|y| 05 10 |2 - 5
i i > 600 .
i +b—->D+b— Al ly<0.5 = : @@@ ]
1= ob — JAy ly]<0.9 = s iy am.
C . ] © 5 > T
- dielectron |n_|<0.8 ] 20 - - ]
. _— b — e |y|<0.8 - of | dog/dy : do, /dn <
i s a— FIRG A fit with PYTHIAB _ - : [e]ALICE | [Z]LHCb, PRL119 (2017) 169901
: . vfitwith POWHEG, ~ ° —20F | SNFONLL | % FONLL E
107" 2x107 1 2 3 4567810 20 N 1 2 3 A4 B
Vs (TeV) yorn
& Cacciari et al, JHEP05(1998)007  §& UA1: Phys. Lett. B 256 (1991)
% Catani et al., JHEP 03 (2021) 029 g CDF: Phys. Rev. D 71 (2005) 032001
% PHENIX: Phys. Rev. Lett, .103(2009) 082002
" i —=——— EPS-HEP 2025, Antonio Palasciano IR RN
=D = —— —_—= —_—


https://doi.org/10.1007/JHEP10%282024%29110
https://doi.org/10.1088/1126-6708/1998/05/007
https://link.springer.com/article/10.1007/JHEP03(2021)029
https://doi.org/10.1016/0370-2693(91)90228-I
https://doi.org/10.1103/PhysRevD.71.032001
https://doi.org/10.1103/PhysRevLett.103.082002
https://doi.org/10.1103/PhysRevLett.103.082002

Beauty baryon-to-meson ratio
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= Phys. Rev. D 108, 112003 (2023) = EPJC 74 3024 (2014) = Phys. Rev. D 108, 112003 (2023) = JHEP 1508 (2015) 003
- Similar trend for charm, beauty, and strange-hadrons Sy
7‘ Ooatt Qr U@/e
- Models using FF tuned on e"e” significantly underestimate the HF baryon-to-meson ratios S T U2z
“ 197,

- PYTHIA 8, CR-BLC tune shows a good agreement for charm and strange hadrons,
slightly worse for beauty
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ALICE upgrades for LHC Run 3 %
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E |, ALICE Performance ]
New ITS(ITS2) £ 7ot .
— 1% layer closer to IP 2 o0, D" > Kwat <08
. § F *Run2,pp Vs=13TeV 1
— reduced material Improved spatial resolution | =% . ~Run3,pp (5= 136TeV -
budget , — better background and o | T -
— 7 layers of pixel sensors prompt-to-feed-down a0 ~ —— ]
J. Phys. G 41 (2014) 087002 se parati on 200 Te, ,
10- 3
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TPC upgrade

From MWPC to GEM-

based readout

ALICE Performance, Run 3, pp, Vs = 13.6 TeV

Recorded

2022: 19.3 pb™
2023: 9.7 pb”!
2024: 45.9 pb™'

o
=]

Continuous readout
+higher interaction rate
(pp ~600 kHz, Pb-Pb 50 kHz)

IS
[=)

Integrated luminosity, pb™'

w
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t

rate produces an extremely large volume of data é 00000000
— necessary to minimize the amount of data stored X

Data collection in continuous readout at high interaction

permanently on disk
— Offline Trigger Selections (0OTS) 000

Software-based event selection process:
1) complete reconstruction and calibration of the full dataset

2)identification of events of interest (OTS) F

3) data skimming: Q000

— Keep only raw data in At window (132° s )

4)Final reconstruction

ALICE-PUBLIC-2020-005
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Offline Trigger Selections %
ALICE
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OTS for beauty-hadron reconstruction

Example of beauty hadron reconstruction: ALICE
(>_)‘ 10§| IAII_lléIElI IPI| T III.| T I.I | TTT | TTT | TTT | TTT | TTT | T \;
0 — & . T /K o = reliminary New B
B” — D7 (BR = 0.25%) Aé ) 2 - pp collisions, Vs=13.6 TeV -:

T T [T
LW_K+7T_(BR=9.38%) D\‘Cg R R S AR
o § 2 BEUTTRE o ]
PV‘B g [ 0TS I
D~ candidates: S 401 BDT _
g E H . |
o Built from triplets of tracks with correct charge hyp. C ]
> 0TS selection: Boosted Decision Tree (BDT) 102 _
— Enhanced non-prompt D-meson selections E B’— D mton K'n ;
r and charge conjugate 7
' 107 -+ Acceptance =
0 . = -
B° candidates: - o ACC.xE -
> OTS-selected D meson combined with a displaced track - -
—4 | | 111 | 111 | 111 | 111 | 111 | 111 | 111 | 111 | 111 | 111 | 1 1
> BOT for signal and background separation 1077274 76 8 10 12 14 16 18 20 22

P, (GeV/c)
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https://cds.cern.ch/record/2928766

B°-meson invariant mass distribution

5 ALICE
I e o Invariant mass peak of fully reconstructed
~ r . . 7 0 H
> 2_0_ ALICE Prellmlnary—_ B” mesons with ALICE
= | pp, Vs=13.6TeV, L, =43 pb"
o - o | 3 .
T 1< p;<23.5GeVic 7 B candidates reconstructed in 1< p.<23.5 GeV/c
8 1.5 ® Data —
0 - ) B> D't K . . . . . . .
S T QU Dg"d snerge o Raw yields extracted via unbinned maximum likelihood fits:
° L N — = Comb. background |
O - B> DK* - — Total fit function T . .
1.0~ B°->D o Do \\ — — B’ signal peak: gaussian
r Bg% D" — K'K*me 7
[ A Ao pK i — combinatorial background: 2"%-order polynomial
I B> D n*— D nt{rn’y} J
0.5 B PP D — correlated background: templates from Monte Carlo
i i simulations
IR RIS o W artially/mis-reconstructed beauty hadrons
49 5 51 52 53 54 55 56 (partially y )

M(D*rt) (GeV/c?)
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B° production cross section

© 10 ALICE Prelimi ° ALICE
c : 0 - 10 reliminary B” mesons =
Erom the p.-differential analysis the ?6 op collisions ALICE, Vs=13.6TeV -
first measurement at ALICE of p.-dependent g 10 —o—ly| <05 -
. ; g = — 3
beauty-hadron production cross section was 5 _— 3
. [ L.-—&a— —
obtained. :\3 : - =
© 10 —E= =
- e =
— Measured down to very low p_(>1GeV/c) 102 e -
- - =

10° +*
. . . - B* mesons FONLL

— Exte-nS|-on of.the k|pgmat|c reach beyond 1045~ CMS, Vs5=13TeV = (5= 13.6 TeV, [y| < 0.5 é:
existing mid-rapidity measurements = - ly|<145 Vs=13TeV, ly| <145 =
18— I<21 = (s=13TeV, y| < 2.1 -
E f t —t——+—++ } f f —t—+——+13
— — ]
(2)' 2 2 —
— Compatible with FONLL predictions within T E o1 et £ =i
o ERRIES = = e = = S ; -w®-
uncertainties 5 E ——r— T E
1 10 107
p. (GeVic)

ALICE-PUBLIC- CMS, Phys. Lett. B % Cacciari et al.,

Mﬂ%ﬂ%l 2025-004 771 (2017) 435 JHEPo05(1998)007
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Mid-to-forward rapidity ratio: beauty mesons

Investigating rapidity dependence of B-meson production:

N
o

_re
(=]

dzc/dedy mid / forward rapidity
R wsa

—_

T I Trrrr
ALICE Preliminary

IIIIIIIIIIIIIIIIIIIIIIIIII

— BYALICE (13.6 TeV)

IIIIIIIIIIIIIIIIIIIIIIIII

-$-

4x107'F
3x107 1=

- pp collisions B LHCD (13 TeV) T
T B rone 1
F .
[sinas
é T
e -]
L ALICE vl <05 I ALICEWI<05 I ALICEWI<05
LHCb2.0< y<25 1JLHCb3.0< y<3.5 1|LHCb4.0< y <45
T T P i N P P AR AR e b T T T T N
5 10 15 20 25 5 10 15 20 25 5 10 15 20 25
P; (GeV/c) P, (GeV/c) P, (GeV/c)

Comparison with FONLL predictions:

— good agreement with data

— hint of different p_-slopes ?

S

ALICE

ALICE-PUBLIC-
2025-004

LHCb, JHEP 12
(2017) 026

Cacciari et al,,
JHEPO05(1998)
007
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Mid-to-forward rapidity ratio: beauty & charm mesons %

What about the charm? ALICE
'é, 20 LI I LI ) I EETE I Trrr I LI I ) I T | N I LI I | A (N I LI I L I LI I LI I | L V) I LI I I, P W | T
ie] T
‘3 ALICE Preliminar 0
Sl oo e | A | Aucerusuc
B il 1 1 : : 2025-004
g I T __D°ALICE (13 TeV) 1 _E_ ]
g 5} + D° LHCb (13 TeV) 1 _H_ . ALICE, JHEP 12
o 4r - T 1 (2023) 086
€ 3l 1
2 } “p LHCb, JHEP
b
Q" 2f 1 % 1 1 : 12
O
° E (2017) 026
[N 1
S Hyagem - |
L ALICE jyl <05 L alcE <05 L alicE yicos ]
4X10_1: LHCb2.0< y <25 ] LHCb3.0< y<35 J|LHCb 4.0< y <45
3><10—1llIllllllllllllllllllllllIlIIIIlllIIIllllllllllllll RN TR T AT e
5 10 15 20 25 5 10 15 20 25 5 10 15 20 25

P, (GeV/c) P, (GeV/ce) P, (GeV/ce)

— Similar dependence on rapidity for charm and beauty mesons
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Comparisons with theoretical predictions
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% Cacciari et al., JHEP 05 (1998) 007
% Benzke et al., EPJC 79, 814 (2019)
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=] Helenius et al., JHEP 07 (2023) 054
g Barattini et al., JHEP 05 (2025) 115
= Heetal, PRL131(2023) 1, 012301

ALICE

The measurement is compatible with all the predictions based on pQCD calculations:

FONLL, GM—VFNS(mod—uR’F), GM-VFNS
(SACOT-m,)
» collinear factorisation

» NLO + NLL resum.
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Comparisons with theoretical predictions

ALICE

The measurement is compatible with all the predictions based on pQCD calculations:
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Comparisons with theoretical predictions %
ALICE

The measurement is compatible with all the predictions based on pQCD calculations:
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. . » FONLL for beauty-quark production cross section
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Summary %

First measurement of fully reconstructed decays of beauty mesons with ALICE: ALICE
— theoretical predictions successfully describe experimental results

Future perspectives:

© Improvement of OTS for 2025 data taking © Huge amount of Pb-Pb collision data collected in Run 3:
© Other beauty mesons are on the way — Possibility of studying the QGP with beauty hadrons
without dilution of physics effects from decay kinematics
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What's cooking?
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D° meson non-prompt fraction in Run 3 %
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p.-integrated beauty quark cross section
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