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Beauty in small systems: why? &

The heavy-flavour production is a test of pQCD

* large quark mass provides hard scale

* pQCD can calculate cross sections down to low p;
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v’ for an experiment as ALICE (devoted to QGP studies) pp is a "reference" system

v’ surprising results on the charm sector (especially c-baryons) at the LHC showed fragmentation is not well understood
— b as heavier candle to check mass-dependent QCD mechanisms (dead-cone)
- check & test hadronization in the b-sector too
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ALICE results on charm@DIS2022: Annalena's talk
https://indico.cern.ch/event/1072533/contributions/4778077/

DIS2022 - 2-6/5/2022 P. Antonioli - ALICE 2



https://indico.cern.ch/event/1072533/contributions/4778077/

ALICE detector complements HF studies at the LHC

TOF: PID time of flight
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PID capabilities
low p1 reach
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* HF mesons and baryons studied in the central barrel
|y|<0.5 in pp, as well as HF-electrons
* low pyreach at LHC: uniqueness of ALICE
P. Antonioli- ALICE ¢ complementary to LHCb in rapidity 3



Fmd beauty
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non-prompt D-mesons in pp at+/s =5.02 TeV

T> 10° ALIC

JHEP 05 (2021) 220

« f./(f,+fy) fragmentation fractions of HQ to strange/non-strange mesons
compatible with previous measurements (different /s and collision system)
* General agreement with pQCD calculations (FONLL/GM-VFNS)
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Beauty@ALICE: what's new?

A rich set of new measurements!
Non-prompt D** polarization in pp at /s =13 TeV
Beauty hadron to electron decay in pp

Non-prompt and prompt Ac/D%in pp
b-tagged jets in pp and p-Pb at \/syy = 5.02 TeV

Multiplicity dependence of non-prompt D production

Non-prompt A, production in small systems: pp and p-Pb

bb production cross-section

DN NI N N NI NI

non-prompt J/¥

These results from data samples mainly

from LHC RUN 2 —

ALICE results on Y-polarization@DIS2022: Yanchun's talk\«

https://indico.cern.ch/event/1072533/contributions/4778
125/

System Year(s) Vsyy(Tev) L.
2010,2011 2.76 ~75 b
Pb—Pb 2015 5.02 ~0.25 nb!
2018 5.02 ~0.55 nb1
Xe—Xe 2017 5.44 ~0.3 pb?
o—Pb 2013 5.02 ~15 nb-L
2016 5.02, 8.16 <3 nbL; ~25 nb
2009-2013 | 0.9,2.76,7,8 |~200 pb; ~100 nb?;
~1.5 pb1; ~2.5 pb1?
PP 2015,2017 5.02 ~1.3 pbl
2015-2018 13 ~36 pb-.
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https://indico.cern.ch/event/1072533/contributions/4778125/

D™* polarization in pp @ Vs = 13 TeV
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non-zero polarization for non-prompt as expected
prompt D*+ unpolarized by PHYTHIA8+EvtGen

"validation" of prompt /non-prompt separation!
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> looking forward for Pb—Pb studies (role of high B fields)



Multiplicity dependence of non-prompt D production

e Atool to study hadronization: comparison with models
*  fron-prompt/ M® non-prompt = NO significant dependence

with multiplicity expected (and measured)

 D%and D* average
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 CGCdescribes data
* PYTHIA tunes (ropes and
enhanced CR) show some

tensions with data at high mult

Monash: P. Skands et al., arXiv:1404.5630

CR Mode 0,2,3: J. Christiansen and P. Skands, JHEPO8 (2015) 003
CGC: I. Schmidt and M. Siddikov, PRD 101 (2020) 094020

Color ropes: C. Bierlich et al., JHEPO3 (2015) 148
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Electrons from beauty-hadron decays in pp @ Vs = 13 TeV
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e cross section ratios at different Vs: good agreement with FONLL
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Non-prompt A, production in small systems: pp and p-P

Normalised entries
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non-prompt A also in p—Pb!
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large uncertainties 2 Run3
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Baryon-to-meson ratio (A_./D°) for prompt and non-prompt components
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* non-prompt A. gives access to A, (and B-mesons)

* main discrepancies between data and pQCD estimates
at low (< 4 GeV/c) pr (as for prompt component)

* hint of higher tension for non-prompt

from Annalena's talk this morning:

. . o o + 0 =
Baryon production in pp collisions AZ/D |*l
ALICE
2 T T Baryon-to-meson yield ratios: \
i, 1  ALICE —e— pp, (5=502TeV .
—— PYTHIA 8 (Monash) ]
o HeRWIG 7 > A¥/D® depends significantly on hadron momentum
—— POWHEG B < D 9 y
L — GM-VFNS | > Yield ratio is underestimated by models based on the
L J factorization using charm fragmentation functions from
0.5 HH ‘H’ - e*e-collisions
-
—
ere- J Non-universal hadronization via fragmentation
-’_/_’,-_,__,\_/—\/\_\/\./\
e [ —— with further hadronization mechanisms?
P, (GeV/e)
Phys. Rev. C 104 (2021) 054905
Annalena Kalteyer - 04.05.2022 - DIS 2022 - Charm production and hadronization in pp and p-Pb collisions at the LHC with ALICE 5
- ALICE 11



Baryon-to-meson ratio (A_./D°) for prompt and non-prompt components

ALICE
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A - non-prompt A, gives access b
~ 18F ALlCE Prellmlnary V]| <0.5 4 <« main discrepancies between data and pQCD estimates
< - PP, Vs =13 TeV ] at low (< 4 GeV/c) pr (as for prompt component)
1.6 — ¢ hint of higher tension for non-prompt
C FONLL + PYTHIA8 Decayer 1 <+ BR & fragmentation fractions uncertainties play a role
14 3 f(b_)Ag)LHCb’ BR(Hb_)AZ-'-X)PYTHIAS E
1.2F [ A; < A, -
- 0 0. A0 -
1 oF A; < B'+B"+B+A, B ) I
C Al « BO_,_B*.,.Bg - g 1 8E ALICE Prellmlnary V| <0.5 3
0.8 Data = E e Vs=13 TeV 5
H | = prompt ] 5 1-6;‘ FONLL + PYTHIA8 Decayer E
0 6 — + — S 14F fo—n, )LHC B _)A++X)PYTHIA8 =
N e non-prompt ~ S F ERfoA) [ BRH-ARX) T ]
0 4’_ E’Eﬂ_ 5 < 1'0' [l b—>A . BR(H _)A++X)PYTHIA8 .
S = 2 B[ a 1.0 -
C f o - £ F :
C J 5 0.6F -
= 1 | | I 1 1 1 l 1 1 1 l 1 1 1 I 1 1 1 I 1 1 1 I i - 0-4—_ |
0 2 4 6 8 10 12 025 =T
P (GeVic) 0 2 4 6 8 10 12

DIS2022 - 2-6/5/2022 P. Antonioli - ALICE U 12



b-tagged jets in pp and p—-Pb at /syy =5.02 TeV

JHEP01(2022)178
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b-jet CMS measurement for prje; > 50 GeV/c (PLB 754 (2016) 59)

»
»

ALICE
» tagging HF jets allow one to study

production and fragmentation separately

CNM effects can differ in LF/HF sectors

ALICE .
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»
»

NLO calculations describe the data
13



b-jet fraction comparison at /s = 5.02 TeV and /s = 13 TeV

. . . ALICE
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R A — 1 | value than in previous measurements at LHC!
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b-tagged jets in pp and p—Pb at \/syy = 5.02 TeV
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non-prompt J/'Y in pp

arXiv:2108.02523 (results at 4/s = 5.02 TeV and +/s = 13 TeV)
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Prompt component well described by models, FONLL fits well non-prompt J/\V

Similar agreement at /s = 5.02 TeV
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non-prompt J/'¥Y in p-Pb

arXiv:2105.04957 (results at /s = 5.02 TeV)

<

& 1.4 a

o — -

L non-promptJiyp  p-Pb, \s,,, =5.02 TeV -

1 L e e \ .................................................. _.-

P 7% 1

0.6 :— Z

04 .

= FONLL + EPPS16 ® ALICE .

0.2 EPPS16 reweight (Lansberg et al.) ®m LHCb o]

[ —nDSgLO Illl ALICE extr.unc. ]

o -I L l ALA AL l LA L L l R 0 A l LA L1 I LA LL l (B l A0 0 l R A l AL l-

-4 -3 -2 -1 0 1 2 3 4
£1.6 T T L L e e e e i oy
a

T 14

e
n

—_

o
®

o
)

o
FS

non-prompt J/y

o
)

Pl RS R AT BT

® ALICE, -1.37<y <043
m ATLAS, -2<y<15
FONLL + EPPS16
EPPS16 reweight (Lansberg et al.)
G TP T T T TR vt TV P |

llllllllllllllllll llllllllll

1

o

o llllllllillllll]lll'rlllllllllll

4 6

DIS2022 - 2-6/5/2022

8 10 12 14 16 18 20
pT(GeV/c)

o(p+Pb— bb+X) =35.5+5.0 (stat.) 4.8 (syst.) 715 (extr.) mb.

(total c.s. consistent with previous measurements with total uncertainty reduced by a factor 2)

ALICE

But we can do better putting together LHC experiments (and visible regions):
G(p+Pb — bb-+X) =33.842.0 (stat.) £3.4 (syst.) "0's (extr.) mb (ALICE and LHCb).

Hint of less pronounced
suppression at pt< 3 GeV/c
for non-prompt component
with respect to prompt

P. Antonioli - ALICE
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Conclusions

ALICE
Direct measurement of prompt / non-prompt component in charmed mesons, baryons and quarkonia allow ALICE to studylbIb
production in small systems

* Since first publication last year for D-meson production, the technique to select non-prompt component used for a rich set
of observables in small systems

* FONLL and pQCD calculations describe generally well data with some tension for the baryons (as for prompt), testing
fragmentation and hadronization

* QCD-inspired generators show some tensions to describe production as a function of multiplicity
* Key reference for Pb—Pb collisions analyses established, CNM effects b-dependent not visible

*  We expect to find & study more beauty in Run 3 (ITS upgrade + continuous readout).
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