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Overview

* Open-flavour production
* Inclusive quarkonium production

* Exclusive quarkonium production in ultra-peripheral collisions



Open-flavour production



Charm and beauty production
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D meson production
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Fragmentation of ¢ quarks
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Fragmentation of ¢ quarks
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Fragmentation of ¢ quarks
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Fragmentation of b quarks

Ratio to data
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b hadrons in jets from tt event sample

Complement data from e+e- annihilation j

Probe effect of QCD ISR, multiple partonic
interactions on fragmentation in more complex
environment of hadron colliders
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Inclusive quarkonium production



Quarkonium production

* Production mechanism of quarkonia not understood
« Usual assumption: factorisation between QQ formation and QQ hadronisation

» Different approaches for hadronisation: colour-evaporation model, colour-singlet model, non-relativistic QCD (NRQCD)

10



Quarkonium production
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Quarkonium production

* Production mechanism of quarkonia not understood
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* Universality of LDMEs from prompt production and b-hadron decays
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Quarkonium production

* Production mechanism of quarkonia not understood
« Usual assumption: factorisation between QQ formation and QQ hadronisation

» Different approaches for hadronisation: colour-evaporation model, colour-singlet model, non-relativistic QCD (NRQCD)

colour-singlet state
Qd

Long-distance matrix element (LDME)

NRQCD

LDME

Figures by Pietro Faccioli

* Universality of LDMEs from prompt production and b-hadron decays

* Relation between LDMEs of different quarkonium states

via heavy-quark spin symmetry (HQSS)
10



Quarkonium production

* Production mechanism of quarkonia not understood

« Usual assumption: factorisation between QQ formation and QQ hadronisation
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* Universality of LDMEs from prompt production and b-hadron decays

* Relation between LDMEs of different quarkonium states
via heavy-quark spin symmetry (HQSS)
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Quarkonium production in pp
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Quarkonium production in pp
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Nuclear effects on guarkonium production

bottomonium
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Polarisation

angular distribution of positive lepton:
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See also: arXiv:1703.04752; EPJ C 78 ('18) 5;
PRD 99 ('19) 076013.



Polarisation
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Polarisation

angular distribution of positive lepton:
d?> N
d cos 0do

frame independent variables()

F

x 14 Agcos? O + Ngg sin(26) cos ¢ + Ay sin® 6 cos(2¢)

q
B 1—|—)\9‘|‘2)\¢
34 )\

0: no net polarisation
-1: longitudinal polarisation
+1: transverse polarisation

 Complement measurements from ALICE (PRL 108 ('12) 082001,
EPJC 78 ('18) 562), CMS (PLB 727 ('13) 381), LHCDb (EPJC 73 ('13) 2631)
* First measurement in PbPb by ALICE (arXiv:2005.11128)

STAR: pp at 1/s = 200 GeV

PHENIX: pp at v's = 510 GeV

1 —
F o - — PHENIX ® Helicity frame
3 PhyS. Rev. D 102 3 j;i:;:—: 2)8( :§:<18 08 — p+p at {s=510 GeV A Gottfried-Jackson frame
= (2020) 092009 @ Jy—u'y, HX, lyl<0.5 0.6 — B Collins-Soper frame
2 ¢ Jy-p'w, CS, lyl<0.5 —
/777 CGC+NRQCD, lyl<1.0 il
3 CGC+NRQCD, lyl<0.5 0.0 -
1= =
z /< \.C;E"‘ o l(< 0 - A
-] - N
0 %3M'f 1] 3 128001 4‘;;—“"'5 ;"‘ ---------- 2 ]
:_ o = 22 T -0.4 - T
- - - |
—__J l‘E b
1 Sﬁ . %, -0.6 — +
- STAR +p Vs = 200 GeV oy =8
S | prp o ==vb ey % CPhys. Rev. D 102 (2020) 072008
1 | | | | | | | | | | | |
0 5 10 =1 5 1 5
P; (GeV/c) rapidity 13

(*) EPJC 69 (’10) 657; PRD 83 ('11) 056008.
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Polarisation in helicity frame through Xco/ X1
Phys. Rev. Lett. 124 (2020) 162002
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Exclusive quarkonium production



Exclusive vector-meson production In ultra-peripheral hadron-hadron collisions
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Exclusive vector-meson production In ultra-peripheral hadron-hadron collisions

photon flux « Z2

pPb collisions
Z(p)=1
Z(Pb)=82
— Pb ion dominant photon emitter
no ambiguity in identity of photon emitter
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Study of exclusive quarkonium production

3D parton distributions Ty

Generalised parton distributions

M. Burkardt, PRD 92 ('00) 071503
Int. J. Mod Phys. A 18 ('03) 173

\4

Q 3D distribution in x and transverse position bt
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Study of exclusive quarkonium production

3D parton distributions

o(y p — JAp p) [nb]

Generalised parton distributions

M. Burkardt, PRD 92 ('00) 071503
Int. J. Mod Phys. A 18 ('03) 173

\4

3D distribution in x and transverse position bt

Approximate access to gluon PDF
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Study of exclusive quarkonium production

3D parton distributions

Generalised parton distributions

M. Burkardt, PRD 92 ('00) 071503
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J/P photoproduction on nucleon

ALICE, Eur. Phys. J. C 79 (2019) 402
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J/P photoproduction on nucleon

ALICE, Eur. Phys. J. C 79 (2019) 402
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J/P photoproduction on nucleon

ALICE, Eur. Phys. J. C 79 (2019) 402
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J/P photoproduction on nucleon

ALICE, Eur. Phys. J. C 79 (2019) 402
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J/P photoproduction on nucleon
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Coherent photoproduction in PbPb
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Summary

* The study of heavy quarks and flavours covers a wide spectrum.

* Meson production better under control than baryon production.
Influence of medium on hadron production?

* Inclusive quarkonium production: complementary tool to open-flavour production to study
nucleon/nucleus. Yet, no consensus on production mechanism.

e Exclusive quarkonium production in ultra-peripheral collisions:

- complementary probe to ep studies, with additional complication, but higher energy.
- can help to understand quarkonium production.
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Inclusive J/Y production at PHENIX

PHENIX: pp at v/s = 510 GeV; £ = 94.4 pb™!

PHENIX, Phys. Rev. D 101 (2020) 052006
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J/P production in d Au UPCs at STAR
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Coherent Quarkonium photoproduction on transversely polarised proton

0.5 . . . -
e + - —
F F pTAu—e'epAu 1(73pN=200GeV ly|<1 Transverse spin asymmetry in ultra-peripheral collisions
041 STAR preliminary
» — first low-xg channel to complement
0.3 YP—J/yp . .
- ~—8— <p‘T"“’> = 0.48 GeV/c transversely polarised fixed-target measurements
0.2: stat. uncert.
P —— Lansberg et al.
0.1
0
0.1
:l l I ' R l I l
0275 10 15 20 25 30

23



