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HF production in pp collisions

e In pp collisions: description of open heavy-flavor (i.e. bound states of
charm or beauty quark with a light quark) production mechanism represents
a challenge for theory

e Factorisation approach: for calculating production cross section
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HF production in pp collisions

e In pp collisions: description of open heavy-flavor (i.e. bound states of
charm or beauty quark with a light quark) production mechanism represents
a challenge for theory

e Factorisation approach: for calculating production cross section

Non-perturbative problem, pQCD calculations not applicable !
o Parton distributions functions: from deep-inelastic scattering measurements
o  Fragmentation fraction: parameterized on e’e* data
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HF production in pp collisions

e In pp collisions: description of open heavy-flavor (i.e. bound states of
charm or beauty quark with a light quark) production mechanism represents

a challenge for theory

e Factorisation approach: for calculating production cross section

Non-perturbative problem, pQCD calculations not applicable !
o Parton distributions functions: from deep-inelastic scattering measurements
o Fragmentation fraction: parameterized on e’e* data

A

y - N - N\
dO'HC/b rdo.c/b )
de = PDF(xla II'F)PDF(:E% /J'F) ® c/b (wla L2; LRy ,U'F) ® Hc/b —H.p (Z - pHc/b/pc/b ’ /"'F)
\ y Lde ] y
Partofn dlst.rlbutlons Partonic_: cross Fragmentation functions
unctions section

4  Michele Pennisi

~

Perturbative regime (large quark masses), pQCD applicable!
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Measurements of charm and beauty cross section

= Measurement of charm and beauty cross sections by reconstructing prompt and non—prompt charm particles hadronic
decays at mid-rapidity (|ly| < 0.5)

ALICE paper JHEP 12 (2023) 086

a LR UL T T T T ALICE paper : arXiv:2402.16417
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fgﬁl;:agf?an etal,JHEP 1210 (2012) 137G \/g (TGV) NNLO: d’Enterria et al., Phys. Rev. Lett. 118, 122001
= ALICE results in agreement with FONLL and NNLO predictions
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https://inspirehep.net/literature/2697877
https://arxiv.org/abs/2402.16417
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= ALICE results in agreement with FONLL and NNLO predictions (23/09 14:40)
6 Michele Pennisi Hard Probes 2024 23/09/2024

Nagasaki, Japan


https://inspirehep.net/literature/2697877
https://arxiv.org/abs/2402.16417

Measurements of charm and beauty cross section %

= Measurement of charm and beauty cross sections via a template fit to low-mass dielectron invariant mass distribution at

mid-y (lyl<0.8) ALICE paper Phys.Lett.B 788 (2019) 505-518
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PYTHIA: EPJC 74 (2014) 8 \ STV) oo comoes Vs (TeV)
POWHEG : JHEP 11 (2004) 040 ALT-PUB-5

e charm results updated with latest FF, addendum close to be published

= Difference w.r.t. results with hadronic decays: template contains complementary information about the initial correlation of
charm quarks, i. e. the underlying production mechanism, not accessible in conventional single HF measurements. This is
strictly correlated with MC generator employed (i.e. PYTHIA and POWHEGQG)
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Measurements of charm and beauty cross section

E

= Measurement of charm and beauty cross sections via a template fit to low-mass dielectron invariant mass distribution at

mid-y (]y|<0.8)
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Single heavy-flavor hadron measurements:
o ALICE, PLB 763 (2016) 507
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FONLL uncertainties
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> ALICE results in agreement with FONLL and NNLO predictions. For charm both PYTHIA and POWHEG results lie on the upper
edge of FONLL and NNLO predictions. For beauty, PYTHIA agrees with th. predictions, while POWHEG stays in the lower edge

8 Michele Pennisi

Hard Probes 2024

Nagasaki, Japan

23/09/2024



A Large lon Collider Experiment (Run 2)

| Muon spectrometer (MS) l

Semileptonic (Muons) decay of
HF particles + quarkonia

Front absorber

| Central Barrel l

Semileptonic (electrons ) decay
of HF particles + quarkonia +
hadronic decays of HF particles

Inner Tracking System
Time Projection Chamber

Time Of Flight
(o] vo
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A Large lon Collider Experiment (Run 2)

l Muon spectrometer (MS) l

Semileptonic (muons) decay of
HF particles + quarkonia

Front absorber
- n Dipole magnet

Tracking System

B

| Central Barrel l

Semileptonic (electrons ) decay of
HF particles + quarkonia + hadronic
decays of HF particles

. Inner Trackmg System :
. Time PrOJectlon Cham >

ﬂ Time Of Flight .

e
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A Large lon Collider Experiment (Run 2)

l Muon spectrometer (MS) l

S Semileptonic (muons) decay of HF
particles + quarkonia

Semileptonic (electrons) decay of
HF particles + quarkonia +
hadronic decays of HF particles

Inner Tracking System
Time Projection Chamber

Time Of Flight
(o] vo
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High-mass dimuon measurements

with ALICE
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Continuum regions of the dimuon mass spectrum

p*u” pairs with m > 4 GeV/c? collected by ALICE during Run 2
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ALI-PREL-538696
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Continuum regions of the dimuon mass spectrum

p*u” pairs with m > 4 GeV/c? collected by ALICE during Run 2
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Continuum regions (above m L= 4 GeV/ c?)
are mainly populated by:

®

[ Semileptonic decays of pairs of open heavy-flavor
(HF) hadrons

from the
hadronization of
cc and bb pairs

c->D->p+vu+cc.
b->B—>p+vp+cc.
b->B->D—>p+vu+cc.
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Continuum regions of the dimuon mass spectrum

®

dn/dm,,, (GeV/c?)

15

p*u” pairs with m > 4 GeV/c? collected by ALICE during Run 2
1073
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ALICE Preliminary, pp Vs = 13 TeV J
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Continuum regions (above m L= 4 GeV/ c?)
are mainly populated by:

Semileptonic decays of pairs of open heavy-flavor (HF) hadrons

Drell-Yan mechanism

=
Access to Drell-Yan process
at fwd-y for the first time at
LHC energies
(studies in progress)

LF /

Z/y*

Combinatorial bkg. from light-flavor (LF) hadrons
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Continuum regions of the dimuon mass spectrum %

Continuum regions (above m = 4 GeV/c?)

L . are mainly populated by:
p*u” pairs with m > 4 GeV/c? collected by ALICE during Run 2

. 1073 DR L L L L L L 4 R
§ ALICE Preliminary, pp Vs = 13 TeV J Semileptonic decays of pairs of open heavy-flavor (HF) hadrons
& 10 25<y, <40 E \ J
éi 10°E ?: f )
= = continuum regions 3 Drell-Yan mechanism
© 10 i - o
- . 1
—7 L
107E Combinatorial bkg. from light-flavor (LF) hadrons
: —
10°%
= Two possible bkg. sources:
10° o Uy <- LF: both p produced by LF hadron decay
= \ o p*u <- LF,HF: one p from HF, the other p from LF j

My (GEV/C?)
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Continuum regions of the dimuon mass spectrum

p*u” pairs with m > 4 GeV/c? collected by ALICE during Run 2

L = e L B
R E
% o ALICE Preliminary, pp Vs =13 TeV_:I
(‘5; 20 < Yy <40 E / ALICE explores the continuum of the p*y- \
15: 105k _ _ . mass spectrum to make the first-ever
= - continuum regions . measurement of charm and beauty quark pair
106 production at forward rapidity in LHC
- collisions.
107
: Extension of previous ALICE measurements
10°% at mid-rapidity (| y| < 0.5 for HF and | y| < 0.8
- \ for dielectrons). /
1095—
5 10 15 20 25 30
ALI-PREL-538696 nﬂru_(CSG\//Cz)
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Analysis technique




Analysis steps %

p*u” pairs with m > 4 GeV/c? collected by ALICE during Run 2

iy 1073 L L L L L L L L
(\IQ f 1 =
% ALICE Preliminary, pp Vs =13 TeV 1 Dedicated Monte Carlo simulations (PYTHIA 8) to study the
4 .
o 10 25<y, <40 E different p*p- sources above m , = 4 GeV/c?
gl 10° . . —;.
S g continuum regions E
© — -
108
E Template fit with the shapes of the main p*u™ sources in the
107 = continuum region, extracted from PYTHIA simulations
107° ;— . .
= P Cross section calculation and
L | 1 1 1 i I i L 1 1 I 1 L L L l 1 1 1 1 I L L 1 1 reSUlts
5 10 15 20 25 30
. (GOVIEH .
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Analysis steps %

- AR ~
Dedicated Monte Carlo simulations (PYTHIA 8) to study
u*p pairs with m > 4 GeV/c? collected by ALICE during Run 2 the different p *p” sources above m_ =4 GeV/ c?
Hu
'(%\ 10—3 T E LA B L L E k J
§ ALICE Preliminary, pp Vs = 13 TeV 1 > LF hadrons (combinatorial background):
é‘i 1074 25<y <40 E m Minimum bias MC to study the contamination of LF =¥ p*u~ and
L wH 3 LF,HF = p*y-
£ 10° - > HF hadrons :
2 E continuum regions 3
< E . m HF-enriched® MC to study the different HF components
10@? *rwwmdmem%amedcwmpwﬂnmewaﬂ+ap<4ﬁaﬁwdmmww
o \ to increase the HF = p*u~ above m = 4 GeV/c? /
107
1078 é_ -
- Template fit with the shapes of the main py*p~ sources in the
107 = continuum region
T 1
5
Cross section calculation and results
My (GEV/c?)
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Analysis steps: study LF contamination

®

Invariant mass distribution per pp collision of p*u™ pairs,
normalized to Nev, from minimum bias PYTHIA 8 simulation

- £/ -
Dedicated Monte Carlo simulations (PYTHIA 8) to study
the different p *u” sources above m, = 4 GeV/ c?
& A
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kS - ALICE Simulation, pp Vs = 13 TeV .
> 9 ]
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10—7 - T*T —Q—_*_ ]
- _|
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21 Michele Pennisi

Hard Probes 2024

Nagasaki, Japan

> LF hadrons (combinatorial background):

> HF hadrons:

\_

m PYTHIA simulation to study the contamination of LF =% p*y-
and LF,HF = p*u-

/
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Analysis steps: study LF contamination

dN/dm,,, (GeV/c?)
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107

y 37

Invariant mass distribution per pp collision of p*u™ pairs,

normalized to Nev, from minimum bias PYTHIA 8 simulation

4 T T T T [ T T T T | T T T T I T T T
- ALICE Simulation, pp Vs = 13 TeV .
— PYTHIA8 Monash Tune, Norm. to Ng,= N, + Np;
. Reconstructed ptu-, 2.5 < Y, < 4.0 _|
L —e— WU~ < Sum HF (incl. resonances)
- . —— p'u « Sum LF
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Dedicated Monte Carlo simulations (PYTHIA 8) to study
the different p *u” sources above m, = 4 GeV/ c?

A

N
> LF hadrons (combinatorial background):

m PYTHIA simulation to study the contamination of LF =% p*y-
and LF,HF = p*u-

> HF hadrons :
m HF-enriched® MC to study the different HF components

* required the presence of cc/bb pair in the event + a U <- HF at fwd. rapidity
to increase the HF =» y*u™ above m,, = 4 GeV/c?

= Different contributions above m, = 4 GeV/c%:

o p'u <-HF  :both y produced by HF decay
o u*u <-LF : both p produced by LF decay
o M*u <- LF,HF : one p from HF, the other mu from LF

= The p"p <- LF contribution is negligible for m, = 4 GeV/c%
= Almost negligible contribution of the mixed LF-HF component,/

further studies needed to precisely quantify the effect

.
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Analysis steps: study HF components

®

p; distribution per pp collision of p*p™ pairs with m > 4 GeV/c?,
taken from HF-enriched PYTHIA 8 simulation

|

-
Dedicated Monte Carlo simulations (PYTHIA 8) to study
the different p *u” sources above m, = 4 GeV/ c?

~

A

> LF hadrons (combinatorial background):
m PYTHIA simulation to study the contamination of LF =¥ p*u-
and LF,HF =» p*y-

> HF hadrons :
m HF-enriched® MC to study the different HF components

* required the presence of cc/bb pair in the event + a J <- HF at fwd. rapidity
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\ to increase the HF =» py*u™ above m,, = 4 GeV/c?
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Analysis steps: study HF components

®

r

p; distribution per pp collision of p*p™ pairs with m > 4 GeV/c?,
taken from HF-enriched PYTHIA 8 simulation
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€

Dedicated Monte Carlo simulations (PYTHIA 8) to study
the different p *u” sources above m, = 4 GeV/ c?
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10° ALICE Simulation, pp Vs = 13 TeV
PYTHIA8 Monash Tune, N =2 -10°
Reconstructed ptu-, 2.5 < y, < 4.0

m,. >4 GeV/c?
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> LF hadrons (combinatorial background):

m PYTHIA simulation to study the contamination of LF =¥ p*u-
and LF,HF =» p*y-

> HF hadrons:

m HF-enriched® MC to study the different HF components

* required the presence of cc/bb pair in the event + a J <- HF at fwd. rapidity
to increase the HF =» py*u™ above m,, = 4 GeV/c?

= Different contributions p 'y~ <- Sum HF above m,. 4

GeV/c2

> pTP<- ¢

> p*u<- b,b : both p produced by beauty particle decays
(include the non prompt charm component)

> p*u”<- c¢,b :onepfrom prompt charm particle, the other p

from beauty particle

: both p produced by prompt charm particle decayd
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Analysis steps: template fit %
—

Dedicated Monte Carlo simulations (PYTHIA 8) to study the
different p*u™ sources above m,, = 4 GeV/c?

Mass and p; components of the template fit to the data, using -

a HF cocktail with PYTHIA

................. T T T T T T T T T T T

% 10 ALICE Preliminary - —g 104L_ ALIGE Preliminary 4 . . q . )
8 [enis-13Tey TotalFit Data E I Y Total Fit Data E Template fit with the shapes of the mainpy *p” sources in
2107 Reconsmatss e T FE reomsmoson oo E the continuum region, extracted from PYTHIA
% 1075;_pTw<10GeV/c e W byb _; T geL4<my <9Gev/c e bb . simulations
E 2.5<yw,<4.0 e @ ecb 3 2.5<yw,<4.0 e W e Gb 3 k A
107 =
10 1 > Extraction of the charm and beauty probability density
o : functions (PDFs) from HF-enriched MC
o “reend 3> Simultaneous unbinned p; and m fit of data with the cocktail
o P b of the signals from HF-enriched MC
_ - B \ ,/
8 1 = e s I - SRl s
05 1 05 - -
4 45 5 5.5 6 6.5 7 7.5 8 8.5 0 1 2 3 4 5 6 7

8 9 10
My, (GeV/c?) P (GeVic)
[ Cross section calculation and results J
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Analysis steps: template fit (mass component)

mass component of the template fit to the data, using a HF

4 D
Template fit with the shapes of the mainy *p” sources in
the continuum region, extracted from PYTHIA
simulations
. !

> Extraction of the charm and beauty probability density
functions (PDFs) from HF-enriched MC

> Simultaneous unbinned fit to m and p_ data distributions
with cocktail of HF sources from the HF-enriched
PYTHIA 8 simulation

> Good agreement between the fit and the data in the

cocktail with PYTHIA
‘(%.\ l TT I TTr 1T | TT 1T | TT 1T | L TTr 1T 1O T O L TT 1T L
© 10 = ALICE Preliminary =
> E 3
8 - pp, Vs =13 TeV Total Fit Data .
\‘/ 5 — —— —
= 10 = Reconstructed pu- 3
S = PR «ce 3
o C ]
D [ Pry < 10GeVic . ww e bb
s 107 E
E 25<ymf<40 « UuT«cb 3
10—7 ............. _§
108 .................... IE
10—9 g_ .................. _g
ST T N T T T IO T =
15 =
g5 @
g—é 1 et T e eea e m QT estnganagarm s oruagarngraspengpe P ity
&)
0.5 N -
4 45 5 55 6 6.5 7 7.5 8 8.5 9
my., (GeV/c?)
ALI-PREL-538700
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Analysis steps: template fit ( p. component) %

P, component of the template fit to the data, using a HF -

cocktail with PYTHIA 4 _ i )
Template fit with the shapes of the mainy *p” sources in
s S A AN RN IS RN RS RN AR R the continuum region, extracted from PYTHIA
S 1U4EALICE Preliminary ; k simulations JJ
() E =
O} - pp, Vs =13 TeV Total Fit Data -
o 10*5_gR . . = > Extraction of the charm and beauty probability density
S E Reconstructed pu 3 . .
3 - . W ece 3 functions (PDFs) from HF-enriched MC
O 6L _4<m. <9GeV/? . . . . .. .
107 « MW «bb 3 > Simultaneous unbinned fit to m and p.. data distributions
F 2O <40 =E [CF e-ch - with cocktail of HF sources from the HF-enriched
e E PYTHIA 8 simulation
- ............... ] > Good agreement between the fit and the data in the mass
e e TS = region under study
e E > Stringent test of Monte Carlo generators (PYTHIA)
. “Sssg predictions:
107 E = .
= - = = Results show that measured m and p_yields are well
15 ¢ +; reproduced by a superposition of known sources within a
o3 ] 20% discrepancy in very broad m and p, ranges
g% 1 = P S PEEELE ._._.._._._w.-r._.’.T .......................... -
S
0.5 N -
0o 1 2 3 4 5 6 7 8 9 10
o pT(GeV/c)
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Analysis steps: results %

Dedicated Monte Carlo simulations (PYTHIA 8) to study the different
Pty sources above m, = 4 GeV/c?

Template fit with the shapes of the main p*py™ sources in the
continuum region

N

Cross section calculation and
results

|

> By using the p"y™ <- ¢,c and p*y™ <- b,b yields, calculate
the charm and beauty cross section

> First measurement of charm and beauty cross section at

\ forward rapidity (2.5 < y < 4) at LHC energies )

.
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Analysis steps: charm cross section

®

New ALICE charm cross section results at fwd-y
(high-mass dimuons ) compared previous measurements
at mid-y (low-mass dielectrons* and via hadronic decays )

| & A

Cross section calculation and
results

e Stringent test of Monte Carlo generators (PYTHIA) predictions:

= Results show that measured m and p,yields are well
reproduced by a superposition of known sources within a
20% discrepancy in very broad m and p, ranges

¢/ bb

CC/bb th,u,da,ta CC/ bb
O data /d </ bb X dO' /d
pp,MC

e Results compatible with other mid-y measurements

B 104 E T T T T T T T T T T T T T T T T T T =
\E t  ALICE Preliminary charm ]
3 r pp Vs =13 TeV open points: reflected 7

oS —==— 1
T 10 . E
102 & -
E (M Py ) PYTHIAfit 3
F FoniLcTE@es 1 ' ]
L unc. tot. (Mg P, ) PYTHIA fit J
L unc. scale + Phys. Lett B788 (2019) 505 ]

[ unc. mass addendum arXiv:2409.12025

10 unc. pdf + ¢ — h,, JHEP 12 (2023) 086 =
E P B B P R B 3

-4 -2 0 2 4

<

* charm results updated with latest FF, addendum close to be published
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e Testing FONLL predictions rapidity coverage:
k Charm cross section value lie on the upper edge
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Analysis steps: beauty cross section %

New ALICE beauty cross section results at fwd-y d . . D
(high-mass dimuons ) compared previous measurements Cross section ca::ulatlon L
. . . . results
at mid-y (low-mass dielectrons and via hadronic decays ) L P
_ —_,— e Stringent test of Monte Carlo generators (PYTHIA) predictions:
Q0 C ]
2 . ALICE Preliminary beauty : = Results show that measured m and p, yields are well
<l [ ppf5=13TeV POLR—— i reproduced by a superposition of known sources within a
E: 20% discrepancy in very broad m and p, ranges
10° E =
© - s |~ il e
S e N
i éﬁeffﬁ‘f - “*Qf’;;% y Cc/bb/d i, data % do_CC/ bb / d
N N T data ¢/ bb
E —— by, PYTHAR 2 p, MC
X unc. tot. (Moo, ) PYTHIATH 11 e Results compatible with other mid-y measurements
i —) 322 fncféz ' Phys. Leit B788 (2019) 505 T e Testing FONLL predictions rapidity coverage:
— . pdf — rXiv:. . — . .
'E L .Unc i f s R ! E = Beauty cross section value lie on the lower edge,
-4 -2 : 2 4 . compatible with other measurements at mid-y
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Quarkonia and HF

performances in Run 3

N A G A § A K |




A Large lon Collider Experiment (Run 3) %

l Muon spectrometer (MS) l

( )

MFT - Muon Forward Tracker

[CERN-LHCC-2015-001]

e 8

”+

e Providing vertexing capabilities at forward
rapidity, allowing prompt/non-prompt separation
for HF hadrons

\_ J

B | Muon CH amber
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Prompt/non-prompt separation at fwd %

4 )
A lot of statistics in Run 3!
L L S L I L IR L B L JJ
T ALICE Performance 25<y <40 ) ) ) ] ]
e 107 pp collisions, s = 13.6 TeV 170°< 6 <178° e High-p, region measurements feasible even with a fraction
2|y ool Inclusive w p x DCA within 60 of the 2022-2023 pp sample at 13.6 TeV
S Uncorrected MCH-MID matching
= e Muons from W-boson decays clearly observed at p ~ 40
GeV/c
10° NEw L . .
. 2 e Multi-differential measurements of open heavy flavours in
10 = the semi-muonic channel with high precision can be
107 - muons from W decays \w /
10° —
107° g
10" | | | [iogiliniil Livsid
0 10 20 30 20 50 60 70 0 %
p, (GeV/c)
Hard Probes 2024 23/09/2024
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Prompt/non-prompt separation at fwd

®

% T T T I T T ! T T T T T T I T '} T I T T & | T T T | T T 1 | T L} T | T T T ]
o ALICE Simulation

=, 107 pp collisions, Vs = 13.6 TeV
© -
O b el ]
R ]
© b ]
E 10° =
o =
< ]
107”7 =
—— Combined distribution 3
- —— W« 7w, K, PYTHIA 8 MB .
- —— U < b, embedded MC 7]
108 — Ut < ¢, embedded MC |
0" E _ Fittotal E
- Fit template of p* « 7w, K -36<n<-25 3
[~ Fittemplate of u* « b 05<p. <1GeVic ]
L Fit template of u* < ¢ T -

10—9 1 L 1 I 1 1 1 | 1 L 1 | 1 1 1 I 1 1 1 I ) L 1 | 1 1 L | L 1 ) I L 1 1 I 1 1 1

0 002 0.04 006 0.08 0.1 0.12 0.14 0.16 0.18 0.2

DCA,, (cm)
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@ )

Prompt/non prompt charm muons separation

A )

e Multi-differential measurements of open heavy flavours in
the semi-muonic channel with high precision can be
performed

beauty sector more complicated
producing muons also through

charm hadrons

nz(i)

e Observable: DCAxy (Distance of Closest Approach to the

primary vertex in the transverse plane) of heavy-flavour
\decay muons /
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Prompt/non-prompt separation at fwd %

—~ 2400 g T T T T T T
N§ 2200 i_ pp,l o =I 136 TIeV ALICE Plerform;nce _i [ )
@ 2000 MFT+MCH+MID = H
g 1800 F o<t <20 E Prompt/non prompt J/ g separation
2 1288 E 25<y <36 E A\ y
g ﬁgg‘ i E e Performance in pp with MFT+MCH+MID muon tracks
o) F —Prompt Jy =
@ 800 F- :gg&;::gmdf\v = e Boost at forward rapidity allows non-prompt fraction
600 = = —
a00f- E measurement down to p. =0
200; |||||\||_; z-position of the primary (PV) and secondary vertex
%.6 27 28 29 3 3.1 3. 3.3 3. 3.5
. (GeV.
M (GOV/C) J/y pseudo-proper I c (zpv—28v)"Mm /3
’\1055""""""""""""""""""5 J — *
E pp,l\/s_=|13.6 TIeV ALICE Performance decay length /¥ Pz
= 10 B MFT+MCH+MID —— Dat N n Y'I
o E ata 3
g E o< P < 2GeVic iTotaI fit 3 z-component of J/ momentum
(%) - g — Background _
g 10° L 25< |y <3.6 —J/y Prompt -
> F —+J/y Non-Prompt 3 o Different decay pseudo-proper length for prompt and
102 5 non—prompt J/y observed
10k ] e Simultaneous 2D fit to J/y mass and pseudo-proper decay
length distributions to extract non-prompt fraction at fwd
[ e e | GO I rapidity for the first time in ALICE
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Conclusions

1 Charm and beauty measurements via high-mass dimuons:

O Opposite sign dimuons, already employed for quarkonium analyses in ALICE,

can be used to study heavy-flavour production at fwd-y
= Extension of ALICE HF cross section measurements to fwd rapidity

O First measurement of charm and beauty cross section at fwd-y with ALICE

O First measurement of charm cross section at fwd-y at LHC energies

= Charm and beauty cross section values lie on the upper and lower edges of FONLL

predictions, respectively

1 Run 3 perspectives:
O Thanks to the MFT, ALICE has now vertexing capabilities also at fwd-y
O First performances of prompt/non—prompt charm muons separation show potential for

directly accessing the beauty sector also at fwd-y
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Thanks for your attention!




What can we study with HF in pp?

Given their large masses ( m _=1.3 GeV/ c?, m, =4.2 GeV/ c?), heavy quarks are generated
predominantly during the initial stages of collisions.

e In pp collisions: description of open heavy-flavor (i.e. bound states of
charm or beauty quark with a light quark) production mechanism represents
a challenge for theory

= Test both the perturbative and non-perturbative regimes of QCD

< Fragmentation fraction: phenomenological functions parameterized on ee* data

doHer dO'c/b
o PDF (1, prp)PDF (23, ur)|® e (21,2, gy r)|@He o s m,, (2 = PH, ), /Dyt > 1F)
Pr
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What can we study with HF in p—Pb?

Given their large masses ( m _=1.3 GeV/ c?, m, =4.2 GeV/ c?), heavy quarks are generated
predominantly during the initial stages of collisions.

e In pp collisions: description of open heavy-flavor (i.e. bound states of charm
or beauty quark with a light quark) production mechanism represents a

challenge for theory
= Test both the perturbative and non-perturbative regimes of QCD
< Fragmentation fraction: phenomenological functions parameterized on e’e* data

do e doc/®
o PDF(z, ur)PDF(x2, ur)|® T (21, T2, gy r)|®He o s m,, (2 = PH, ), /Dt > F)
Pt

e In p—-Pb collisions , HF are important to study:
o cold nuclear matter effects (CNM), in particular PDFs modification
o disentangle medium-induced effects in Pb—Pb

Hard Probes 2024 23/09/2024
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What can we study with HF in p—Pb?

Given their large masses ( m _=1.3 GeV/ c?, m_ =4.2 GeV/ c?), heavy quarks are generated
predominantly during the initial stages of collisions.

e In pp collisions: description of open heavy-flavor (i.e. bound states of charm
or beauty quark with a light quark) production mechanism represents a
challenge for theory

= Test both the perturbative and non-perturbative regimes of QCD

< Fragmentation fraction: phenomenological functions parameterized on e’e* data
do-Hc/b

do.c/b
= PDF(zy1, pup)PDF (x2, pr)|®
PT

ol (21, T2, gy F)|®He o - m,, (2 = PH, ), /Desp ,up)]
Pt

o cold nuclear matter effects (CNM), in particular PDFs modification
o disentangle medium-induced effects in Pb—Pb

e In p—Pb collisions, HF are important to study:

ngi\j\‘:y
e In Pb-Pb collisions , HF are important to study:

o QGP-induced effects of HF hadrons distributions

&

\/
D
1
1
1
! S
1 O
1
1
1

Sa

c-quark

o in particular using HF: quarkonium suppression, energy loss, azimuthal anisotropies
40 Michele Pennisi
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Measurements of charm cross section

E

> Measurement of charm cross section by reconstructing the prompt charm particles hadronic decays
at mid-rapidity (|y|<0.5) D°, D, D, A and =_

T ALICE lvl<0.5 1 10°¢ ALICE lvl<054 [ ALICE ly|<0.5 ]
& 10°F pp, {s=13TeV 3 pp, Vs = 13 TeV 11021 PP Vs =13 Tev ]
5 Prompt D° 1102 Prompt D* E: Prompt D!
o317 e Data 3 = Data + Data .
o|lg” []FONLL 1 10 []FONLL 3
10 [ kp-fact. 4 [ ] kpfact. [Tk fact.
[ ]GM-VFNS 1 [ ]GM-VFNS [ ]GM-VFNS
1 E =
i 1107 P
] ol = ]
10- e =
102 3 |
ol — 1 ==
E 0.8% BR unc. not shown :: 3 1.7% BR unc. not shown E F 2.7% BR unc. not shown :j
[ 1.6% lumi. unc. not shown p—— 10 E 1.6% lumi. unc. not shown I [ 1.6% lumi. unc. not shown ]
ol
(8
Ole
0 020 30 4050 0 02030 40 50 0 5 10 15 20 25 3
p; (GeVic) p; (GeVic) p_ (GeVic)

= ALICE lie on the upper edge of FONLL and NNLO predictions
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Measurements of beauty cross section %

> Measurement of beauty cross section by reconstructing the non-prompt charm particles hadronic
decays at mid-rapidity D°, D, D, and extrapolating the cross section using FONLL

= 10 ALICE vl <054 'O FALICE ly| <05 %, [ ALICE ly] <05 ] (
> [ pp, (s=13Tev I fpp (s=13TeV 17 Fpp, /s=13TeVv :
r 1..0 1 F E
O ek Non-prompt D° 10°E Non-prompt D* E . Non-prompt D —
% F @ Data E F @ Data 110 @ Data E
> 10 FONLL + PYTHIA 8 decayer 1 10t ~ FONLL + PYTHIA 8 decayer 4 * FONLL + PYTHIA 8 decayer E B 1 ——— ———
O[T © GM-VFNSb > H, »D ER ©° GM-VFNSb—H, - D ] @ | GM-VFNSb—H,—D 1 2 10°E A PHENIX pp, ly|<1.5 E
o8 —— TAMU + PYTHIA 8 decayer —— TAMU + PYTHIA 8 decayer 1 TE TAMU + PYTHIA 8 decayer T F _ 3
1€ TE 4 = [ oUA1 pp, ly|<1.5 ]
E F 1t T | °CDFpp, ly|<0.6 E
] + 1101 L a ‘ D
107 1107 1%F ] g 10E S E
E R EI ] F =< ALICE pp E
o2k o2l Jo2 — — u +b D y|<05 1
E 0.8% BR unc. not shown 3 F 1.7% BR unc. not shown E F 2.7% BR unc. not shown F B +b—>D+b— A]|y<0.57
FSo e E ISR P e lobnt ]
[ 1.6% |UTI. unc. no:t shown . : 1 \ i 1.6% ]urinl. unc. no;( shown ‘ ; 3 [ 1.6% |UTI. unc. noit shown . ‘ 1 = ob — Jy [y|<0.9 =
2 FONLL + PYTHIA 8 decayer E E FONLL + PYTHIA 8 decayer 3 2F FONLL + PYTHIA 8 decayer E F . B
F 1 2F El F E F dielectron | |<0.8 ]
1 Soet0ee ® . o St I 1 ee N RS RREERRERA—_—_— E r b eo 8 b
£ ] — = ] L 4
= : | " " = E | | : } 3 4 | } } } E S FONLL N ._ielyk )
o|® [ GM-VFNSb-H, D 1 4FGMVFNSb—H,—>D 1 PEGMVFNSb>H, »D E 10" — — NNLO A fit with PYTHIAG -
S8 or 1 F 1 2F - E F fit with POWHEG 3
. v fit wi
gg 2-_2/" "0'*’-* ——ae—t——— ] 2_—*‘"‘@_** E 1,‘@* T 3 E M| Pl
o - : ‘ , 1 B : A — ; E , | , ; E 107 2x107 1 2 3 4567810 20
F TAMU + PYTHIA 8 decayer 1. E TAMU + PYTHIA 8 decayer 2 "F TAMU + PYTHIA 8 decayer ] [ Vs (TeV)
8¢ 00000 00 ~ E 3 E 5
1 : *® = 1 1 g— r.'“‘@-—*_*_$ 3 F ]
0 5 10 15 20 2 0 5 10 15 20 2 0 5 10 15 20 25
P, (GeV/c) P, (GeV/c) p; (GeV/c)

> ALICE results in agreement with FONLL and NNLO predictions
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. Analysis steps

@ )
Cross section calculation and
results
N A
. . ]Vcc/bb
How the cross section is cc/bb/d Yy, data > do_cc/ bb / d
computed: T data </ bb

\ pp,MC )
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Analysis steps

How the cross section is computed:

charm and beauty dimuon yields extracted from the fit and
from the HF-enriched simulation, normalized to the number
of equivalent MB events in data and MC, respectively

Michele Pennisi

®

Cross section calculation and

N

J

results
¢/ bb
CC/bb Aﬁuﬁﬂa CC/bb
O data /d </ bb X dO' /d
pp,MC
cE/bg CE/bE

Nuu,data pp,MC

/
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Analysis steps

®

Cross section calculation and

N

A

How the cross section is computed:

charm and beauty dimuon yields extracted from the fit and
from the HF-enriched simulation, normalized to the number of
equivalent MB events in data and MC, respectively

charm and beauty quark pair cross sections in

PYTHIA simulation, estimated as: \

results
¢/ bb
cc/bb N,Cm,data cc/ bb
O data /d </ bb X dO' /d
pp,MC
cE/bg CE/bE
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Analysis steps

®

( )
Cross section calculation and
results
- _J
c/bb
How the cross section is computed: cc/bb/d N/Cw{data ~ do.cc/ bb/ d
O data </ bb
B, MC
charm and beauty dimuon yields extracted from the fitand __ __ _ _ _ __ __ __ __ _
from the HF-enriched simulation, normalized to the number of B _
equivalent MB events in data and MC, respectively cc/bb cc/bb

charm and beauty quark pair cross sections in
PYTHIA simulation, estimated as:

charm and beauty quarks pairs produced at

dO’CE/bb/dy - Nf/bb XEJ_pYTHIA

pp

forward rapidity (2.5 < y < 4) x event "-\_/

PYTHIA cross section of a inelastic pp collision \
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