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Content Quarkonia: ¢¢ and bb,

example J/y

« Why measuring quarkonia?
» The ALICE detector

* Run 2 quarkonium measurements:
> Nuclear modification factor for inclusive, prompt and non-prompt J/y
> Nuclear modification factor of y/(2S5)

> Anisotropic azimuthal distribution of J/y

e Qutlook: Quarkonia measurements in Run 3
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Nuclear matter phase diagram

« Studying the properties of deconfined matter
is the main mission of ALICE

Early
—~ |- — ;
» Properties of QGP can be studied by using a Universe  |(Critical Point
variety of experimental probes O \L /
=
- Temperature — quarkonia as a S| Crossover Quark-Gluon Plasma
thermometer & transition
» Entropy density/viscosity — anisotropic & Deconfinement
flow by d d P ﬁ First—order 7/ &chiral transition

phase transition

Colour
Hadron £as superconductor
Nu.clei Neutron stars

Baryon Chemical Potential HB
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Quarkonium production
Non-prompt Prompt

« Heavy quark-antiquark pairs: c¢c and bb

« Heavy quark pairs created in the initial stages of
the collision (as m, , > T,p) — experience

® © ®
the full medium evolution 0\9 o ®
> Calculable with pQCD \ Freezeout
T > 10 fm/c
« J/y production mechanisms: TP ——
_ 6 <T <10 fmlc
> Prompt J/y: bound state of cc-pairs with \
vertex indistinguishable from primary vertex —
Equilibrium QGP
2<T<6fmc

> Non-prompt J/y. Feed-down processes,
from B hadron decays

Non-equilibrium QGP
0.3<T<2fmlc

Semi-hard particle production
0<T<03fm/c

Fo
-

beam direction

[1] arXiv: 1410.5786
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Quarkonium in heavy ion collisions

 Color screening and dissociation by the medium
results in suppression of bound quarkonia

T. Matsui and H. Satz, PLB 178 (1 416, A Rothkopf, Phys. Rept. 2020) 1-117

~ Different binding energy of different quarkonium

states, O(MeV)-O(GeV) results in «sequential»
suppression

T/T¢  1/(r) [fm1]

Y(1S)

J/y(1S)

Xb‘(zp)

%(1P)
Y'(3S)
y(2S)

» Large heavy quark cross section at LHC energies @ arxiv: 0811.0337

— recombination

Muzi S PLB 490 (2000) 196, R. Thews et al. Phys. Rev. C 63 (2001) 054905)

> Quantified by the nuclear modification factor R4 4

* Quarkonium measurements in different systems

> pp: reference, and QCD studies

1

dN,4/dpy

Suppression

® 0
0 [T G.Q T
¢
p urbative Yacuu . ,:.-l:-f}u'-w;
Invacuum InQGP

Recombination

RAA

> pPb: cold nuclear matter effects <TAA> dep/de

» PbPb: cold + hot medium effects
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https://www.sciencedirect.com/science/article/abs/pii/0370269386914048
https://www.sciencedirect.com/science/article/pii/S0370157320300600
https://www.sciencedirect.com/science/article/abs/pii/S0370269300009916
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.63.054905

The ALICE detector

« Midrapidity (| y| < 0.9): J/w — ete™

« Forward rapidity (2.5 <y < 4): i 4 T TR R
Jhy = ut =, w2S) = puu~
* Inclusive quarkonia reconstructed

down to zero p at both mid- and
forward rapidity LSSy -

« Separation of prompt and non-prompt = e ; %’/’/h‘
Jy: "

> vertex reconstruction at midrapidity
with Inner Tracking System

» vertex reconstruction at forward
with Muon Forward Tracker

« Time Projection Chamber Tracking
and particle identification

» VO detector for triggering, centrality
determination, and background
rejection
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Inclusive J/y at mid- and forward rapidity

« Results from Run 2 indicate competition between J/y dissociation and recombination 1 dNAA/de

R
» Decrease in J/y suppression with increasing collision ener AA
Y supp g ay <TAA> do /de
» LHC: Less or no suppression at low p,, more pronounced at midrapidity, and suppression at high p,

- Both transport and statistical hadronisation models are in agreement with data at low p, where there is evidence for
recombination
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Prompt and non-prompt J/y at midrapidity

 Similar suppression in semi-central collisions

« Difference in central collisions — indication of
recombination for prompt J/y
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w(2S) at forward rapidity .

- Smaller binding energy leads to stronger suppression — sequential melting in the QGP Rya = (Ty,) do, ldp;
pp

« Hint of recombination also for y/(25)?

» Transport model TAMU is in good agreement, while SHM overestimates suppression in central events.
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J/yr anisotropic azimuthal distribution

* |Initial eccentric profile leads to final state momentum anisotropy

> Density gradients
» pr dependent

« The final state particle azimuthal distribution can be modeled in terms
of a Fourier expansion

» 2nd order coefficient — Elliptic flow

» 3rd order coefficient — Triangular flow
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J/yr anisotropic azimuthal distribution

* V, is higher for pions

> More pronounced than J/y v,
for semi-central events

» Pion flow reflects the initial
geometry

. v, for J/y
> saturates at 20% centrality

> Increases at higher p,, while
Vv, for pions decreases

« Pronounced v; for pions, but not

for J/y, indicates J/y formation at
later stage in the collision
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Conclusion and outlook

» Sequential suppression for charmonium states
> Rya(w(28)) < Ry (Uw)
> Clear indication of charmonium recombination
> Major production mechanism for J/y
> Hint of similar effect for y/(25)
- J/y v, indicates a collective charm flow, with charm quarks thermalizing later than light quarks
* Prospects for Run 3:

> Increased statistics: improved precision on y(25)
> Improved or new vertexing capabilities due to
> Inner Tracking System upgrade (midrapidity)

> Muon Forward Tracker upgrade (forward)

» = Improved separation between prompt and non-prompt charmonia
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