Quantum dissipation in the quarkonium evolution

by Lindblad master equation
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1.Motivation

B Suppression of guarkonium yields  cMs Collaboration(19)
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* Properties of QGP can be diaghosed
oy studying quarkonium evolution in QGP
* How do we formulate and study this phenomenon?

B Open quantum system approach
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E.0o.M. of total system

atptot = —1 [H tot Ptot]

ract quarkonium information by integrating out QGP

Trace out _ (quarkonium...
QGP variables

PQa = 1rQapptot

all of the information
of quarkonium in QGP
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Lindblad form of master equation  0dipgo = Lrog
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Lindblad operator

Kinds of interacting forces

= random force

Stochastic Potential model [Kajimoto+ (18)

thermal ﬂuctuation) n (quantum dissipation)

= friction force

How does quantum dissipation affect quarkonium fate?

3.Quantum State Diffusion method

* Lindblad operator for the relative motion
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 (Quantum State Diffusion method

Density matrix in Linc
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* Nonlinear Schroedinger eq. in QSD
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4. Numer

ical Outline and Results

( ) ( ) ( ) ( )
Initial Time evolution Eigenstate .
| j‘> j1> L j‘> Occupations
Wave function event by event projection
. J . J . J . J
P’ « "
=P e Ny= [ dady 61 (@)ote,n)onty
r
2
Bjorken expanding QGP - H = ]% — % +or o=0.01M; vacuum eigenstate ¢;(x)
b
setup
AT At Ny g Ccorr Ct mup L PC)I
1/M  01M(Ax)? 254 | T/xm 1/T 03 2I' 1/M | O
 Thermalization cf. Akamatsu+ (18)

1.00000 Bk
0.10000 |

._0.01000 ¢
Z £

for single heavy quark

w/ dissipation

w/o dissipation

I with dissipation, Ng(0)=1, No(Mt) ——+— .
00100 L2 nvy —— 1oteady state is independent
' 1 with dissipation, N1(0)=1, No(Mt) — * - : C - t | d t
N;(Mt) — B - : OT INnftial CONAltions
without dissipasion, Ng(0)=1, No(Mt) —&— ] . . )
0.00010 £ | | Ny —— 3 — Boltzmann distribution
0 1000 2000 3000 4000
Mt
* Bjorken expanding QGP
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* With heavy quark diffusion constant fixed [Miura+ in progress]
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> Future work

‘ects on quarkonium relative motion

[0 Suppression pattern as a measure of gluon correlation length

SU(3) color effect + 3D simulation
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