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Why quarkonia are interesting?

« Quarkonia are made of charm and bottom quarks (mc¢, mp >> Aqcb):
 Their production cross section can be calculated with pQCD.
- Different production models available: CSM, CEM, NRQCD.
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Quarkonia in URHI collisions
Quarkonia are produced in the early stages of the collision
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Cold nuclear matter effects
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Cold nuclear matter effects
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Cold nuclear matter effects
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QGP medium effects

JIy

Collision QGP Time
The Quark-Gluon Plasma is expected to modify the quarkonium production
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QGP medium effects

J/y
Collision QGP Time
The Quark-Gluon Plasma is expected to modify the quarkonium production
QGP
QGP @ high energy density

Suppression +Enhancement
Medium-induced Regeneration
dissociation
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QGP medium effects

J/y
Collision QGP Time
The Quark-Gluon Plasma is expected to modify the quarkonium production
QGP
QGP @ high energy density

Suppression +Enhancement +Parton energy loss
Medium-induced Regeneration at high pr
dissociation

Quarkonia are good probes of the medium evolution
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OUTLINE

o QQ production mechanism: “ . Probing cold nuclear effects: " e Probing QGP effects:

e Polarization in pp e Q0 production in pA e Q0 polarization in AA

e Production in pp e Q0 production in AA
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OUTLINE

' o OQ production mechanism: |

e Polarization In pp
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Quarkonium polarization

quarkonium
rest frame

 Polarization is defined as the spin alignment with respect to a chosen direction.

Agelsin 20 cos qﬁ)

* Measured as anisotropies in the angular distributions of decay products in the QQ CM w.r.t:

Quarkonium |

» Helicity (HX): quarkonium pr direction. | & rost frame

GJ

» Collins-Soper (CS): bisector of angle between beams.
- Gottfried-dackson (GJ): direction of one beam.

 Constrains J/W production mechanism:
- LO NRQCD: transverse polarization (Ae > 0) at high pr.
« NLO CSM: longitudinal polarization (Ae < 0).
» Medium effects could possible modify J/W polarization.
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J/W polarization in pp at RHIC

STAR, pp @ 200 GeV
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» J/W production at mid-rapidity do not exhibit significant polarization.

« CGC+NRQCD expects no polarization in agreement with data.

« CSM and NRQCD predicts non-zero polarization towards high pr.

~S

. J/W production at forward rapidity shows hint of longitudinal polarization (4
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https://indico.cern.ch/event/985652/contributions/4305141/
https://indico.cern.ch/event/985652/contributions/4305141/
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.102.092009
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.102.092009
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Charmonium polarization in pp at LHC
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» W(nS) production in pp at LHC shows no significant polarization up to pt ~ 60 GeV.
- NRQCD and CSM also fail to describe W(nS) polarization @ 8 TeV.
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https://www.sciencedirect.com/science/article/pii/S0370269313008629?via=ihub
https://www.sciencedirect.com/science/article/pii/S0370269313008629?via=ihub
https://link.springer.com/article/10.1140/epjc/s10052-018-6027-2
https://link.springer.com/article/10.1140/epjc/s10052-018-6027-2
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Charmonium polarization in pp at LHC
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Low pr pp @ 8 TeV
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» W(nS) production in pp at LHC shows no polarization up to ptr ~ 60 GeV.
- NRQCD and CSM also fail to describe W(nS) polarization @ 8 TeV.

» Prompt X = J/W+y production favours scenario where at least one X state is polarized.

* Need to be careful with feed-down contribution when studying J/W polarization.
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.124.162002
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.124.162002
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STAR p+p collision ()
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J/W production in pp

RHIC pp @ 510 GeV

Murad Sarsour, May Room D 10:30

LHC pp @ 5 TeV
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* Precise pp data measured over a wide range of beam energies.

« NRQCD + FONLL (b-hadron decays) describe pp measurements at

both RHIC and LHC.
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https://link.springer.com/article/10.1007/JHEP10(2019)084
https://link.springer.com/article/10.1007/JHEP10(2019)084
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.101.052006
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https://indico.cern.ch/event/985652/contributions/4305122/
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Quarkonium in high multiplicity pp

Yanchun Ding, May 18, Room D 11:30

o

A
2
L
P

dN,,/dy
(dN | /9 y)

PLB 810 (2020) 135758

20_I [ | T T | T T | T T | IIIIIIII | T T T T ]
- ALICE pp Vs =13 TeV ]
18_— 7
Inclusive J/y, |y| < 0.9, [ mtegrated .
16~ SPD event selection 4 / /
- - Data Fo 7 ]
140 pyTHIAS.2 g~ -
12:— Prombpt J/ »_ n\ j‘/ _:
10— CPP B —
- --:EPOS3 (no hydro) /&% v ]
g — 3-Pomeron CGC _@# =~ -
- {1l Percolation * PP L
B y " e .
6__ ,, ’ "x" ““_" q‘g )( o
N L et ]
4 a® .
- . i
2= & JIPlyl <0.9-
R T“T ol b b b a0
" 12 3 4 5 6 7 8
dN/dn i<
(dN _ /dn)
e INEL>0

- J/W yield grows faster than linear.
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 QQ yields consistent with linear growth.


https://indico.cern.ch/event/985652/contributions/4305085/
https://indico.cern.ch/event/985652/contributions/4305085/
https://www.sciencedirect.com/science/article/pii/S037026932030561X?via=ihub
https://www.sciencedirect.com/science/article/pii/S037026932030561X?via=ihub
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Quarkonium in high multiplicity pp

cms lyl<1.93, pp @ 7 TeV 2.5<y<4, pp @ 13 TeV
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Jaebeom Park, May 20, Room D 10:50 Yanchun Ding, May 18, Room D 11:30
Mid rapidity I ]

- J/W yield grows faster than linear.

 QQ yields consistent with linear growth.

* Y(nS)/Y(1S) reduced at larger dN/dn.
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 Flat 25/1S ratios vs event activity.
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J/Win jets in pp

PRL 118 (2017) 19, 192001 CMS-PAS-HIN-1 9-&%32 5 (5,02 TeV)
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T

» Results at LHC show that prompt J/W is less isolated than expected by LO NRQCD in PYTHIA.
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https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.118.192001
https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.118.192001
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J/Win jets in pp

PRL 118 (2017) 19, 192001 CMS-PAS-HIN-19-007

pp 302 pb™” (5.02 TeV)

Kaifeng Shen, May 21, Room D 10:10
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» Results at LHC show that prompt J/W is less isolated than expected by LO NRQCD in PYTHIA.

* New measurements from STAR also see more jet activity with no z-dependence.
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J/Win jets in pp

» Parton-parton scattering not enough to describe J/W production in pp.
0.30

-\

Bodwin et al. Vs =13 TeV » Model including J/W produced in parton showers
20 PRL 119 (2017), 032002 LHCb | :
0.20 T + = successfully describe LHCb data.
S -
g 0.15 i\*\
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J/Win jets in pp

» Parton-parton scattering not enough to describe J/W production in pp.
0.30

1sF. Bodwin et al. \/§= ated » Model including J/W produced in parton showers
" E PRL 119 (2017), 032002
0.90 successfully describe LHCb data.
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Take-home note: Quarkonium production

" polarization:
= \g~ 0 up pr ~ 60 GeV at LHC.
| = Hint of Ae <0 at forward rapidity at RHIC.

e = ——————

J Event act|V|ty dependence
- QQ(NS)/QQ(1S) ~ flat at forward v.
* Y(n S)/Y (18) Suppressed at mid- y

]
E—— El——rne Wi —— = = — - -

J J/LIJ formed Ig parton showers crucral to descrlbe

\_production in jets.
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le Probing cold nuclear effects:

e OO production in pA
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J/W production in pX @ 200 GeV
PRC 102 (2020) 1, 014902

m 1.6 | T | ' | ' | ' ) ¥ I:I:I T | ) | ¥ | ' . | ' |
= o 0%-100% p+Al Inclusive J/y (@) ¥ o 0%-100% p+Au Inclusive J/y  (b)
1.4 Vs=200 GeV  F ¥s,=200 GeV
15 PHENIX k3 PHENIX
1= == :_ .......
0.8 +
0.6 %
0.4 T
EPPS16 LO (Vogt) \\\\ EPPS16 (Vogt) + Abs + EPPS16 LO (Vogt) .o EPPS16 (Vogt) + Abs
0.2 EPPS16 (Shao) EPPS16 (Shao) + Abs — EPPS16 (Shao) EPPS16 (Shao) + Ab
= NCTEQ15 (Shao) —— nCTEQ15 + Abs T, = nCTEQ15 (|Shao) —— nCTEQ15 + Abs
0 | L | 1 | 1 ] 1 | 1 | 1 | | | 1 1 | I 1| L é I é

-3 —2 -1 0 1 2 3 -3 —2 -1

' y e 3 >

- Significant suppression seen at forward rapidity for p+Au compared to p+Al = Al smaller target size.
* NPDF model calculations describe forward rapidity.

» Nuclear absorption effect needed to explain results at backward rapidity in p+Au.
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W(nS) production in pPb

 J/W production suppressed at pt <3 GeV in mid rapidity.

» Energy loss model captures pt dependence of J/W Rppo.
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W(nS) production in pPb
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 J/W production suppressed at pt <3 GeV in mid rapidity.

» Energy loss model captures pt dependence of J/W Rppo.

» Y(2S) Rprb < J/W Rppob in Pb-going side (backward rapidity).
Final state comover model describe the trend of W(nS) production in pPb.
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Y(nS) production in pPb

Jaebeom Park, May 20, HF 10:50 Yanchun Ding, May 18, Room D 11:30
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 Hint of stronger Y(nS) suppression towards low pr.
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Y(nS) production in pPb
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pPb 34.6 nb™, pp 28.0 pb™ (5.02 TeV)
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 Hint of stronger Y(nS) suppression towards low pr.
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* Y(1S) Rpprb > Y(2S) Rprb > Y(3S) Rppn = sequential suppression of bottomonium states
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Y(nS) production in pPb

: ALICE p- Pb \/ = 8. 16 TeV

Y(1S), -4.46 < yCmS < -2.96
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 Hint of stronger Y(nS) suppression towards low pr.
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Y(3S)

NCTEQ15 + comovers (E. Ferreiro)
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* Y(1S) Rpprb > Y(2S) Rprb > Y(3S) Rppn = sequential suppression of bottomonium states

- NPDF models overestimate Y(1S) Rprp at backward rapidities.

« Comover + nPDF model predicts the suppression trend of Y(nS) production in pPb.

Andre Stahl - Quarkonium production and polarization

sz 13


https://indico.cern.ch/event/985652/contributions/4305085/
https://indico.cern.ch/event/985652/contributions/4305085/
https://www.sciencedirect.com/science/article/pii/S0370269320302902?via=ihub
https://www.sciencedirect.com/science/article/pii/S0370269320302902?via=ihub
https://link.springer.com/article/10.1007/JHEP11(2018)194
https://link.springer.com/article/10.1007/JHEP11(2018)194
https://link.springer.com/article/10.1140/epjc/s10052-018-5624-4
https://link.springer.com/article/10.1140/epjc/s10052-018-5624-4
https://www.sciencedirect.com/science/article/pii/S0370269320302902?via=ihub
https://www.sciencedirect.com/science/article/pii/S0370269320302902?via=ihub
https://indico.cern.ch/event/985652/contributions/4305085/
https://indico.cern.ch/event/985652/contributions/4305085/

Jiavin Sun, May 17, Plenary 11:30

arXiv:2103.07349v1
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* First measurement of Xc1 and Xc2 in HI collisions at LHC.

* Prompt Xc:1/Xc2 ratio in pPb consistent with unity and pp within uncertainties.

Andre Stahl - Quarkonium production and polarization


https://indico.cern.ch/event/985652/contributions/4296053/
https://indico.cern.ch/event/985652/contributions/4296053/
https://arxiv.org/abs/2103.07349
https://arxiv.org/abs/2103.07349

Take-home note: Quarkonia in pA

o §

' NPDF effects not enough to describe Rppb
' | backward Yy at both RHIC and LHC '

— e .

J Sequentlal suppression of QQ states N pA ;
- * Y(1S) Rppo > Y(2S) Ropo > Y(3S) Rpes

g == ===

J New QQ states been explored in pA XC ]
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e Probing QGP effects:

e OO0 polarization in AA
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Quarkonium polarization in PbPb

PLB 815 (2021) 136146
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E [ ALICE,ppVs=8TeV,25<y <4
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[ @] ALICE, Pb-Pb (s, =5.02 TeV,25<y <4 E

— ALICE pp @ 8 TeV

A

f LHCbpp @7 TeV

» J/W polarization in PbPb:

» Polarization parameters close to zero.

 Hint of J/W polarization towards low pr.
» Tension with pp LHCb Ag at low pt in HX frame.
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Quarkonium polarization in PbPb
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» J/W polarization in PbPb:

Andre Stahl - Quarkonium production and polarization

Polarization parameters close to zero.

Hint of J/W polarization towards low pr.
Tension with pp LHCb A at low pt in HX frame.
No significant centrality dependence.

Differences between reference frames.
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Quarkonium polarization in PbPb

Inarid Lofnes, May 21, Room D 09:50
PLB 815 (2021) 136146
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e Probing QGP effects:

e OO production in AA
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Central AA, Low pr_

J/W production in AA

Kaifeng Shen, May 21, Room D 10:10

PLB 797 (20129) 134917

@Npan

"

» J/W production suppressed in all centrality bins, decreasing from peripheral to central events.
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Interplay of J/W primordial and regenerated production in central AA vs beam energy.
» LHC > RHIC Raa at low pT: higher charm production at LHC — larger regeneration.

» LHC < RHIC Raa at high pt: primordial production — larger suppression at LHC.

SaM a1 Saoszi 16
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J/W production in PbPb
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 Hint of less J/W suppression at mid-rapidity compared to forward rapidity.

» Models including J/W production via regeneration are able to describe data at low pr.
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Y(nS) production in PbPb

Ingrid Lofnes, Mayv 21, Room D 09:50 _
= i arXiv:2011.05758

f(( B I|IIII|IIII|IIII|IIII|IIII|IIII|IIII|I_ i([ _IIII|IIII|IIII|IIIIIIII|IIII|IIII|IIII_
T 1.2 — Pb—Pb |s,,=5.02 TeV,25 <y <4.0 — T 1.2 — CMS (0-100%) ALICE (0-90%) ]
" ALICE « Y(1S) = Y(2S) ‘: - ¢ Y(1S) = Y(25) ¢ Y(1S) = Y(25) i
e g e -
Y(1 S) Transport model e - Pb-Pb \s,,=5.02TeV  Hydrodynamics .
0.8 M % Y(1 S) Wlth V%//"WlthOUt regenerat!on N 0.8 B R N1 77/3 =3 _
i Y(2S) I with Zwithout regeneration : - 224w n/s =2 ]
1 Coupled Boltzmann equations - §
0.6 —Y(1S) —Y(2S) - 0.6 -
0.4 — 0.4
0.2 . 0.2
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0@50 100 150 200 250 300 350 400
part

* Y(nS) more suppressed towards central collisions.
* Y(2S) Raa < Y(1S) Raa — sequential suppression of bottomonia.
- LHC data favours model with regeneration and hydrodynamics.

» Hydrodynamic model show tension in Y(1S) Raa at forward rapidity.

m Andre Stahl - Quarkonium production and polarization 20/05/21 18



https://arxiv.org/abs/2011.05758
https://arxiv.org/abs/2011.05758
https://indico.cern.ch/event/985652/contributions/4305085/
https://indico.cern.ch/event/985652/contributions/4305085/

Inarid Lofnes, May 21, Room D 09:50

h

» Clear vz ordering:

+

0.25

Quarkonium collectivity in PbPb

h+

® CMS PbPb 5 TeV 30-50%
Prompt D’ lyl <1

M| ATLAS PbPb 5 TeV 30-40%
b—u nl <2

% | ALICE PbPb 5 TeV 30-50%
Inclusive J/y 2.5 <yl <4
CMS PbPb 5 TeV 30-50%
Y(1S5) lyl<2.4

10€20¢ (8102) 021 1dd

15 20 25 30 35
p_ (GeV/c)

* Low pr: va(h) > v2(D) > v2(J/W) > va(b) >
» High pT: va2(h) ~ v2(D) ~ va(J/W) ~ va(b)

40
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Quarkonium collectivity in PbPb
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Inclusive Jhp,2.5< y <4 0.15 | Du, Rapp (20-40%)

e v, {SP, |An| > 1.1} - Cent. 10-90%
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_I ] ] | ] ] ] | ] ] ] | ] ] ] | ] ] ] | ] ] ] | ] ] ] | ] ] | | | | I— _O 05_I | 11 | | 111 | | 111 | | 111 | | 111 | | 11 I| IIIIIIII |IIII|IIII_

0 2 4 6 8 10 12 14 ((316V/ ) 0 5 10 15 20 25 30 35 40 45 50

ev/C
Pr pT (GeV/c)

» Models with recombination describe low pr. » Models predict small v2 at low pT as in data.

» Large vz at high pt not explained by TAMU.  Clear differences start to appear at high pr.
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» J/W produced in parton showers may play an important role at high pt in PobPb:
» Implies that J/W at high pt could be formed at later stages in parton showers.

J/W in jets in PbPb

- May be affected by parton energy loss in the QGP medium.
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» Would show similar vz and suppression between open and hidden charm production.
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J/W in jets in PbPb

PbPb 1.6 nb™', pp 302 pb™ (5.02 TeV)

- CMS Preliminary

- Prompt J/y DAC_HIN-{Q.
- b, , >65 GeV CMS-PAS-HIN-19-007

- 30<p

= InJetI <2

. Cent. 0-90%

T,Jet

<40 GeV

O_III

03 04 05 06 07 0.8 0.941

y4

J/W + large
jet activity Isolated J/W

* New CMS results show that isolated J/W less suppressed than J/W with larger jet activity in PbPb.
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J/W in jets in PbPb

1 6 PbPb 1.6 nb™', pp 302 pb™ (5.02 TeV) Pbe 368 ub™!, pp 28.0 pb™ (5.02 TeV)
:E - | < IIIIIIIIIIIIIIII | L | L | L | L | L | 1T I_
. 1 4? CMS Preliminary o 1.4F Prompt J/xp CMS -
"I Prompt JAy _PAS-HIN-19- C lyl <2.4 :
i pT,J/w >6.5 GeV CNIS-PAS-RIN-19-007 1.2 - Cent. 0-100% EPJC 78 (2018) 209 -
l.er 30 <p, , <40 GeV ; i
B m, | <2 1 :l
1™ Cent. 0-90% - = sy = 5.02 TeV -
0.8 0-8:_ ® \[s, =2.76 TeV -
0ol 0.6 -
! i B : E E _
0.2 0.21- — -
-t i ]
O_ | | | . O L 111 | 1111 | 1111 | L 111 | L 111 | L 111 | L 111 | 1111 | IIIIIIII
03 04 05 06 07 08 09 4 1 O 5 10 15 20 25 30 35 40 45 50
JW ¥ large Z P, (GeVic)
et activity |lsolated J/W

* New CMS results show that isolated J/W less suppressed than J/W with larger jet activity in PbPb.
 Parton energy loss in QGP could explain rising trend of inclusive prompt J/W Raa at high pr.
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Take-home note: Quarkonia in AA

J Hmt of J/LIJ polanzatlon towards Iow pT

JQQ results are consistent with dissociation ,

and regeneratlon plcture '\
| vHigh 00 pr
= v>(D) ~ v2(J/W) > 0 and v2(Y(1S)) ~ 0.
“ = J/W Raa suppressed vs jet activity.

—_— — e — — _— —_—— ——
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e Exotic quarkonium states
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Exotic quarkonium states: X(3872)

e First observed by Belle and later confirmed by LHCDb.

Tetraquark Hadronic molecule Others

r~0.3fm

e Structure not yet understood: tetraquark or hadron molecule or ...?
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Exotic quarkonium states: X(3872)

e First observed by Belle and later confirmed by LHCDb.

Tetraquark Hadro ecule
"o >5fm
N 107
1

r~0.3fm

e Structure not yet understood: tetraquark or hadron molecule or ...?

e Production yield in QCD medium strongly reflects internal structure.
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ExHIC Collaboration
PRL 106 (2011) 212001

Coalescence Model

Molecule

Tetraquark
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X(3872) in pp @ 8 TeV

PRL 126 (2021) 092001

— | 1 1 I 1 " " 1 I 1 1 1 1 I ]
- |~ 014~ T.HCb -
¢ |k = op (5=8 TeV -+ Prompt b decays .
s (8 "M, Ss5Gevie | . -
= |= - T Comover Interaction Model, Esposito et al. -

>~
/l\ ~ 0.1 [— , _ < Molecule Compact gz Molecule ™
~ 1\\ - — W (coalescence) tetraquark ¥ (geometric) -
> ln 008 | T =
A N , n
ES R 0.06 — T
8 " -
S|~ 004 —

- ~ $ _
“ | Q - ‘$_ _
=] > = ~
b>< @ 0.02 |— R

0 50 100 150 200
VELO
Ntracks

» Prompt X(3872) / W(2S) decreases with event activity = X(3872) more suppressed than W (2S)
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X(3872) in pp @ 8 TeV

PRL 126 (2021) 092001

pp Vs=8TeV
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- Prompt
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» Prompt X(3872) / W(2S) decreases with event activity = X(3872) more suppressed than W (2S)

» Data described by comover interaction model assuming X(3872) being a tetraquark.
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0.12 —_— — ,
l Comover Interaction Model, Braaten et al -
0.10F Loosely bound charm-meson molecule -
S I
0.08F .
S = — Prompt X
2 0.06} ~ :
'>?' I —
S 0.04f |
m |
0.02¢ T b decays :
0.0l ——08M———— '
0 20 40 60 80

X(3872) in pp @ 8 TeV

PRD 103, 071901 (2021)

d N/dy, Ntrackslz .2

» Prompt X(3872) / W(2S) decreases with event activity = X(3872) more suppressed than W (2S)

» Data described by comover interaction model assuming X(3872) being a tetraquark.

- However using a different breakup xsec. ansatz for CIM can also favour X(3872) being a molecule.

Sosz 24
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X(3872) in PbPb @ 5.02 TeV
1 .7 nb”" (PbPb 5.02 TeV)

1.8
- CMS
1.6:— Prompt arXiv:2102.13048
§ 51-4;— : :;?Z':.(g,'%?ng/:/)  Hint of prompt X(3872) to W(2S) enhancement in PobPb
é ;1'2:_ PbPb L « X(3872)/W(2S) in PbPb =1.10 £ 0.51 = 0.53
8 S 1 A .
Sz 1 « X(3872)/W(2S) in pp = 0.1
' 0.8 1 B pp (7 TeV)
o i ! lyl < 1.2 (CMS)
s %o} « bp (TeV)
& 0.4F ,ﬁ lyl <0.75 (ATLAS)
F_....I....I....I.....I....I....
9% 20 30 20 50 60 70
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X(3872) in PbPb @ 5.02 TeV
1 .7 nb”" (PbPb 5.02 TeV)

1.8
- CMS |
§ 51-4;— iyl < 1.6, 0-90%  Hint of prompt X(3872) to W(2S) enhancement in PobPb
é ;1'2? PbPb L « X(3872)/W(2S) in PbPb =1.10 £ 0.51 £ 0.53
S g 15 .
Sz b + X(3872)/W(2S) in pp = 0.1
' 0.8:— B pp(7TeV)
X R
o L pp (8 Te
2 0.4F lyl <0.75 (ATLAS) 1O_AMPT coalescence model Zhang et al
- PP T o
g — . —
e e L Lo L Ly ng—;MoIecuIar_ == Molecular
90° 20 30 40 50 60 70 ok Tetraqurk
p_(GeV/c) z 103  ‘,  ~250 —
. g ; V)IIIIIIII/A / " /| ’ IIIIIIIA E
» Coalescence model expects a larger yield for molecular vs g 10+ IIII” T
= 5
tetraquark up to a factor of ~250 in central PbPDb. 105 - ‘
PRL 126, 012301 (2021)
10” 0 | 2|O | 4IO | 6|0 | 8|O | 100
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X(3872) in PbPb @ 5.02 TeV
1 .7 nb”" (PbPb 5.02 TeV)

1.8

- CMS
1.6:— Prompt arXiv:2102.13048
§ 51-4;— : :;?Z':.(g,'%?ng/:/)  Hint of prompt X(3872) to W(2S) enhancement in PobPb
é ;1'2:_ PbPb L « X(3872)/W(2S) in PbPb =1.10 £ 0.51 = 0.53
183 |
Sl= b « X(3872)/WV(2S) in pp = 0.1
' 0.8 B pp(7TeV)
a 0.6:— lyl < 1.2 (CMS)
& oab O e ATLAS TAMU transport model Wu et a
0.23— pp - 4 — Central 5.02TeV Pb-Pb collisions —
qmo' ~20" 50 8070 : T rk 4 :
p. (GeVic) 3 Naq ual;z " ! )

- Coalescence model expects a larger yield for molecular vs

dNy/dy (107°)
(A
|

Tetraquark transport === |
Molecular transport ===3

EPJA 57. 122 (2021) Equilibrium ——

tetraquark up to a factor of ~250 in central PbPb. 1 -

* However large differences prevail between models.

» Future data will help elucidate the nature of X(3872).
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Summary

TN A
)

q e Jip
)
q

J Hlnts of QQ polarlzatlon seen in pp at forward y and PbPb at Iow pT

v Sequentral suppressron of QQ tates In pA

J J/L|J flow at hrgh pT challenge the modeI descrrptlon

J/L|J formed Ig Jets prowdes new |nS|ghts into productlon at hlgh pT

I = S —

\ J Exotlc charmonrum states are becommg accessible in HI.
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Thank you for your attention!
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Coherent J/@ photoproduction in semi-central AA

1 ()
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PRL 123 (2019), 132302

A S
=
5
Y
QO | 4

8 <Npart

* No significant centrality dependence seen at LHCb down to 60%.

Coherent photo-production

Pb Pb

N — - Qualitative good model description in peripheral events using models with modified

photon flux w.r.t to UPC.
y(pomeron) — J/y

» Results at RHIC disfavour production from nucleus-nucleus interactions.

Saoszi
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B: production in PbPb

CMS-PAS-HIN-20-004

5.02 TeV PbPb (0.37-1.6 nb™) + pp (27-302 pb™) PbPb (1.61 nb™) + pp (302 pb™), 5.02 TeV
3 B CMS 2015;:entr13/gy 0|-1|00‘7; . D:% 3‘_C|V|S Bg s (J /w — - M+) M+ VM
- . B <lyl<?2. - Prelimi
" Prel _ Preliminar
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oc 1.9 ’ e weyss 151
i (visible kin))  © Iyl <2.3 L
L T L - R e
- : uncert. (2015) - -
- 5N o - Cent. 20-90% Cent. 0-20%
05 ¥ ¥ ¥ ¥ 0.5
" B x x BT : b, =0.56
C % i
_IéllllAl*lll*llIllll*ll‘llllI+IIII|IIII|IIII|IIII|IIII O_IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|II
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p [GeV] Npart
-

* First measurement of B: in HI collisions.

 Hint of less suppression than quarkonia.
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Non-prompt J/ production in PbPb
1

<

<
C

0.8

0.6
0.4

0.2

- ATLAS Preliminary
 Pb+Pb, 5.02 TeV, 246 ub™
— pp, 5.02 TeV, 1.17 pb™

0-10%

PR
ﬂﬂ@g@%ﬂ

DREENA-B b—B%—y
DREENA-B b—B’

4 5 67890

» Non-prompt J/ production consistent with other b-decay measurements.

* b-hadron suppression described qualitatively by energy loss models.
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CMS
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J/¥ v2 in high-multiplicity pPb
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e Observation of prompt J/y flow in high-multiplicity pPb — charm collectivity.
e pPb: v2(J/p) ~ v2(D9) < vz(light hadron) , PbPb: va(J/w) < v2(D9)

e Final state effects don’t describe charm vz in pPb — CGC in agreement wit
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J/Y FJF test of LMDE in pp
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» ~85% of J/Y produced within a jet at high energies (Eyy > 15 GeV, Ejet > 19 GeV, lyl < 1).

« CMS results in pp at 8 TeV sensitive to LMDE sets.
- Within FJF approach, the BCKL (Bodwin et al) LMDE set is favoured.
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Andre Stahl - Quarkonium production and polarization

« Measured result in pp at 7 TeV and 8 TeV:
) B(X(3872) = w(295)y)
B(X(3872) — J/yy)

R= =2.46 £0.64 £0.29

* Does not support a pure DD molecular interpretation.
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Y(nS) vs Y(nS) modification in PbPb

PbPb 368/464 ub™, pp 28.0 pb™ (5.02 TeV)

1 6— Charmonia (EPJC (2018) 78:509) CMS -

% Prompt J/y Supplementary -
140 |y1<24,65<p_<50Gev
1.2

v Prompt ¢(2S) |y| < 1.6,6.5< P, < 30 GeV
1
<

<
o 0.8

I|III|III|

0-100% -

® Y(1S) Y(2S) J Y(2S)

= Y(2S) Y(3S) J Y(3S)
* P, < 30 GeV, |y| <24

-

|
1

68% CL 95% CL Cent. A Y(3S
+‘ ““““““““““““““““ 1 “““ Y(1S) Y(2S) (35)

.l
1%
%

0.6
| k|®
04 " x *@g

v I@mlﬂ
0.2 :ﬁﬁ% mw

0 50 100 150 200 250 300 350 400

8 <N, @

J/p

0.2 (61L02) 062 91d

III|III|III|III|II
IIIIIIIIIIIIIIIIII

III|III|

A
<H

AN

P(2S)

e Raa(J/y) ~ Raa(Y(1S)) > Raa(w(2S)) ~ Raa(Y(2S)) > Raa(Y(39)).

e Effects beyond Debye colour-screening suppression.
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