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Quarkonium in heavy-ion collisions

Static screening Dynamical processes

T # 0 — Suppression of color attraction Collisions with medium partons

Melting of pairs at high T — Pair dissociation

= Suppression = Suppression
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Quarkonium in heavy-ion collisions
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Recombination
» Initially uncorrelated heavy
quarks form a quarkonium

» Can happen below the
dissociation temperature

» Essential to have a formalism
that can treat this effect

Still a challenge for
open quantum systems
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Open quantum systems

System + environment sip=—1ilH,p] Evolution of the total system

p(t) = pog @ pace p(t') = U(t' 1) [pog ® page] U(t', 1)

Trace out environment degrees of freedom

System (QQ pair) Evolution of the system
PSS
paa(t araa = £raa | poq(t') = Tragp [U(E, (D)UY, 1)
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Quantum Master Equation (Quantum Brownian Regime)

singlet density L=Ly+ L1+ Lo+ L3 _|_
operator
? e Higher-order terms,
/ Ly : Kinetic terms expected to be
! subleadin
S 0) L1 : Static screening (V) 9
/ Lo : Fluctuations (W) Dynamical
octet density
esses
E;S/‘ so operator L3/ L4 : Dissipation (Www=)| P
00

singlet-octet

Transition between color states
transitions

S.D, P-B. Gossiaux, T. Gousset, and dissipation effects

R. Katz, J-P. Blaizot (in preparation)
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1D Potential
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» Based on a 3D potential inspired from Lattice results D. Lafferty, A. Rothkopf (2020)
» Real part: parametrization to reproduce 3D mass spectra

» Imaginary part: separated in a coulombic and string part, aims at reproducing 3D
decay widths R. Katz, S.D, P-B. Gossiaux (2022)
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Charmonium dynamics at fixed temperature
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Charmonium dynamics at fixed temperature

10()

1S-like
1P-like
2S-like

107° T
0 5 10

Time (fm/c)

Stéphane Delorme - HP2023 - March 29! 2023

15

» Instantaneous projections on
vacuum eigenstates

» 2S-like state first populated from
1S-like then population of 1P-like
(different types of transitions)

» Decay phase afterwards, with same
decay rate for all states

What happens in a more
realistic setting?
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Charmonium dynamics in a dynamical medium
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» Cooling medium following a Bjoérken profile

1/3
> T(t) = T0<1L+t> , Ty = 400 MeV

» 1S-like state less suppressed due
to the cooling

» Inversion of 2S/1P populations
» Similar global evolution

What about bottomonia?
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Bottomonium system

» 3 different initial states: » 4 different medium settings

e T(1S)-like initial state °
e T(2S)-like initial state ¢
o Mixture of S and P states:

X2
\U(X) X € 202 (1 + aoddg)
0 =0.045fm a4, =35
(see talk by P-B Gossiaux from HP2016)

PRELIMINARY STUDY

Fixed temperature T = 400 MeV

Average temperature profiles obtained from
EPOS4 for three different centrality classes:
0-10%, 20-30% and 40-50%

with |y| < 2.4 (CMS conditions)

0.25
0.20
0.15

0.10

0.05

Stéphane Delorme - HP2023 - March 29! 2023

9/13



Bottomonium dynamics at fixed temperature
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» Similar evolution
to charmonium » Similar final state » Lower initial populations
» 1S-like reduced » Similar 2S/1S ratio » 1S (2$) evqlutlon similar to the
by a factor 100 evolution with the 1S (2S)

» Inversion of populations

» Factor 2 between initial state

1S and 2S
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Bottomonium dynamics in a dynamical medium (0-10% profile)
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» Fastdrop

in temperature

= 1S — 2S feeding reduced
» Factor >100 between

1S and 2S5
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Probabilities
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Limited population
inversion

1P not ordered

= far from statistical
equilibrium

» Similar P(t;)/P(tp) as with
the other initial states
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Bottomoniu

m dynamics in a dynamical medium
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» Reduction of suppression for more peripheral profiles
> "Raa" of 1S seems too high, 2S too low
» Effect of the imaginary potential too strong

Stéphane Delorme - HP2023 -

= Possible way to constrain potentials
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Conclusions and perspectives

>
>
»

Direct resolution of quantum master equations
Progressive decoherence of the density operator

Preliminary study of bottomonium dynamics with realistic temperature profiles from
EPOS4

Reduction of suppression for more peripheral collisions

Study using multiple temperature profiles per centrality (not just averaged)
Global effort of comparison between theoretical models (EMMI RRTF)

Stéphane Delorme - HP2023 - March 29 2023 13/13



Back-up



Quantum Master Equation

LoD = —i[Hq, D] » nZ: color charge density
LD = % V(x — ') [n2n?, D) ng=6(x-—rttel-ITwdx—r)t
xx'
LoD = % W(x — x") ({n2n2,D} — 2n2DnZ)
xx’

i . . 1 .
L3D = ~17 W(x — x') <n§Dn§, —n2Dné, + 3 {D,[ng, nj%]})
xx’

» Can recover L3 from L, by performing:

i . i . i . i .
({nn%, D} — 2n2Dr2) — {<n§ _ ﬁn;?) <n§, + ﬁn§,> 79} P <n§ + ﬁn,f) D <n§, _ En@)

» Additionnal terms = L4
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1D Potential
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» Very good agreement for the mass spectra

» Good agreement for the decay widths, differences due to the large distance
behaviour of the imaginary part
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Asymptotic Wigner distribution
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» /< p? > does not scale as

\/ ML (dotted lines)

» Equilibrium limit modified by £4

» At Iarge distances, scaling as
MT w(0)
7'z With Y = e
(dashed lines)
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