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Introduction



Heavy-flavour production

» Large quark mass — hard scale for pQCD calculation.
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Heavy-flavour production

» Large quark mass — hard scale for pQCD calculation.

* Test pQCD factorisatioN
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» Large quark mass — hard scale for pQCD calculation.

* Test pQCD factorisatioN
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e Probes the hadronization mechanisms:
* Fragmentation functions.
e Coalescence.




» Large quark mass — hard scale for pQCD calculation.
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Heavy-flavour production

* Test pQCD factorisatioN
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e Probes the hadronization mechanisms:
* Fragmentation functions.
e Coalescence.
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* Many questions remain on coalescence mechanism:

* Occurring in pp/pAlAA collisions?
* Multiplicity dependent?
* Probe for medium composition?



Open-question at Quark Matter 2019

Slides from Heavy-flavour overview talk at Quark Matter 2019
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New: LEEh PhPh sample might give some insights ?
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Latest results - pQCD oriented
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J/yproduction in pp collisions at 5 T
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J/yproduction in pp collisions at 5 T
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[ J/yproduction in pp collisions at 5 TeV
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Open-charm production in pPb collisions

LHCb-PAPER-2022-007
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* New results for D? cross-section in pPb/Pbp collisions at
vVsnn = 8 TeV up to pr=30 GeV/c.

* Improved statistics by factor 20 compared to previous
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* Tension between data and theory predictions at high pr.

+ Additional effect required?
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Fragmentation fraction ratios in pp collisions

Phys. Rev. D 104 (2021) 0352005

* Fragmentation functions measured with B mesons :
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Fragmentation fraction ratios in pp collisions

Phys. Rev. D 104 (2021) 0352005

* Fragmentation functions measured with B mesons :
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Fragmentation fraction ratios in pp collisions

Phys. Rev. D 104 (2021) 0352005

* Fragmentation functions measured with B mesons :
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Fragmentation fraction ratios in pp collisions

Phys. Rev. D 104 (2021) 0352005

* Fragmentation functions measured with B mesons :
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e New paper combined six different decay channels.
of;/fqis observed to depend on the B meson transverse momentum.

e No dependence on the collision energy:. 10
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BY/BYproduction versus multiplicity in pp@13TeV

LHCB-PAPER-2022-001
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. E versus multiplicity:
* Probe for local medium strangeness density via coalescence?

* Sensitive to multiplicity?
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BY/BYproduction versus multiplicity in pp@13TeV
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* Probe for local medium strangeness density via coalescence?

» Sensitive to multiplicity?
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New

BY/BYproduction versus multiplicity in pp@13TeV
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BY/BYproduction versus multiplicity in pp@13TeV
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AT-t0-DO ratio in peripheral PbPb collisions
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* Centrality measured in 2018 PbPb
collisions at vVsnn = 5.02 TeV.

» Up to 60% centrality reached in hadronic
collisions !
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AT-t0-DO ratio in peripheral PbPb collisions
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AT-t0-DO ratio in peripheral PbPb collisions

Simultaneous fit
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AT -t0-DO ratio in peripheral PbPb collisions

LHCB-PAPER-2021-046

First AT-to-D? production ratio measured in peripheral PbPb collisions at forward rapidity.
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AT-to-DO ratio in peripheral PbPb collisions

LHCB-PAPER-2021-046

First AT-to-D? production ratio measured in peripheral PbPb collisions at forward rapidity.
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AT-to-DO ratio in peripheral PbPb collisions
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First AT-to-D? production ratio measured in peripheral PbPb collisions at forward rapidity.
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» prdependance compatible with a relative enhancement at intermediate pr.

« Compatible with flat rapidity dependence.
« Comparison to theory predictions:

« PYTHIA 8 + Colour Reconnection: compatible with data within 3.
 Standard Hadronization Model do not reproduce the data.
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AT-to-DO ratio in peripheral PbPb collisions

LHCB-PAPER-2021-046

First AT-to-D? production ratio measured in peripheral PbPb collisions at forward rapidity.
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* Most central point compatible
with STAR measurements.
* Rising trend ?
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First AT-to-D? production ratio measured in peripheral PbPb collisions at forward rapidity.
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First AT-to-D? production ratio measured in peripheral PbPb collisions at forward rapidity.
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First AT-to-D? production ratio measured in peripheral PbPb collisions at forward rapidity.
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Conclusion

+ LHCb: a pQCD experiment.

= Large catalogue of HF measurements, from pp to pA and AA collisions.

= Precise data add constrains on pQCD models:

- PDFs, nPDFs, hadronization mechanisms ...

* New results presented in this talk:

= J/y production in pp collisions - JHEP 11 (2021) 181

= Open-charm production in pPb collisions - LHCb-PAPER-2022-007

= Fragmentation fraction ratios in pp collisions - Phys. Rev. D 104 (2021) 032005
= BY% /B0 production versus multiplicity - LHCB-PAPER-2022-001

= AF-to-D0 ratio in peripheral PbPb collisions - LHCB-PAPER-2021-046

+ Striking observations in the results:

= Fs/fq dependence on the B transverse momentum.

- Increasing BY/B° production ratio versus multiplicity.

= Tension between data and theory predictions at high pr for DO production in pPb collisions.

= Af-to-DOratio in peripheral PbPb collisions compatible to similar measurement in pPb collisions made by LHCb — difference with ALICE remains.

15




Back-up

16



RAC / D°

AT-t0-DO ratio in peripheral

0.6

0.4

0.2

| I I I | I I I I I I
- — OD | | | | | | | I I I |
- LHCb PbPb \s,, =5.02 TeV — - B ‘
-} 2<y<45,<N_>=15.75+ 10.01 - <& 1 LHCb PbPb ysy, =502 TeV —
i part - g ¢ 2<y<45,<N_>=15.75+-10.01
i Uncorr. uncert. _ . L tpart _
I Global uncert. 5.16 % _ : Clobal uraort 516 9 -
i LHCb pPb@5.02TeV - 2.5 < lyl < 4 - 0.8 HOE oPb G 00TV - 2.5 < vl < 4 -
-~ 4 LHCb Pbp@5.02TeV - 2.5 <lyl < 4 - i P e e¥meo <Y< i
- — " ¢ LHCb Pbp@5.02TeV - 2.5 <lyl <4 i
B - 0.6 —
N : 5a __ 0.4 —
e | — ¢ 1 —— -
N as o _ - RS : al }
i Simmm s e :
B | | | | | | | | | | | | : | | | :
2 4 O I I I I I I I I I I
2 3 4

8
P |GeV/c]

17

<



BY/BYproduction versus multiplicity in pp@13TeV
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Fragmentation fraction ratio

* Fragmentation functions measured with B mesons :

ﬂ COI"I"(BO — J/l/j¢)
R x —

fu Neor (Bt = JIWwK™)

e 0141
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Proton-proton collision energy [TeV]

e 4.8 o evidence is seen for an f;/ f
dependence on the collision energy.
of,/f, is observed to depend on the B

meson transverse momentum.
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e f;/fqis observed to depend linearly
with PT (> 30).
* No rapidity dependance observed.
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e fop/(fa+fu) is observed to depend on pr

* No rapidity dependance observed.

e pp@13TeV results are consistent with
previous results pp@7 TeV.
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Fragmentation fraction ratio

PHYS. REV. D1 2019) 112

* Fragmentation functions measured with B mesons :
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Baryon-to-meson ratio in pPb collisions
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Phys. Rev. D 99, 052011

Beauty mesons and baryon measured in pPb/
Pbp collisions at vsnn = 8 TeV.

- Flat 6(B?)/o(B+*) ratio versus pr.

- pr dependance observed for the ¢(A%)/

o(B?) ratio.

= Hint of a relative A% /B0 suppression in Pbp
collisions compared to pp ?

Extensive studies show good agreement
between data and HELAC-onia predictions
with several sets of nPDFs.


https://link.springer.com/article/10.1007%2FJHEP11%282018%29194
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.99.052011

Baryon-to-meson ratio in pPb collisions
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Charm mesons and baryon measured in pPb/Pbp
collisions at vsnn = 8 TeV.

No strong dependance of the relative Ac+/D0ratio is
observed versus pr and rapidity.

= Decreasing trend versus prin pPb.

Good description of the nuclear modification
factors and forward-to-backward ratios with
various nPDFs sets.

= within large model uncertainties ...

Tensions between models and data at higher pr in
pPb collisions.

= Data fluctuation ?

= Limitation of the hadronization part in the model
?

- Additional effect ?


https://doi.org/10.1007/JHEP02(2019)102

