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The open quantum systems picture

TOWARDS DISSIPATIVE IN-MEDIUM QUARKONIUM DYNAMICS ‘ ;

®| Need a general approach to describe quarkonium coupled to a thermal medium

"I Overall system is closed, hermitean Hamiltonian: von Neumann equation

dp :
H = HQQ X Imed + IQQ X Hmed + Hint E — —I[H, P]
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®| Need a general approach to describe quarkonium coupled to a thermal medium

"I Overall system is closed, hermitean Hamiltonian: von Neumann equation

dp :
H = HQQ X Imed + IQQ X Hmed + Hint E — —I[H, P]

=| Dynamics of the reduced QQ system: PQQ = Trmed [p]
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The open quantum systems picture

TOWARDS DISSIPATIVE IN-MEDIUM QUARKONIUM DYNAMICS ( ;

®| Need a general approach to describe quarkonium coupled to a thermal medium

"I Overall system is closed, hermitean Hamiltonian: von Neumann equation

dp :
H = HQQ X Imed + IQQ X Hmed + Hint E — —I[H, P]

d
=| Dynamics of the reduced QQ system:  PQ3 = IFmed o] PRele VP4

H| Separation of time-scales determines the nature of the e.o.m. :

Environment relaxation scale TE : QQ system scale Ts : QQ relaxation scale Tyel:
<Em(t)5m(0)> ~ e_t/TE TS ~ l/lw T w,’ <p(t)> X e_t/Trel
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TOWARDS DISSIPATIVE IN-MEDIUM QUARKONIUM DYNAMICS ‘ ;

®| Need a general approach to describe quarkonium coupled to a thermal medium

"I Overall system is closed, hermitean Hamiltonian: von Neumann equation

dp :
H = HQQ X Imed + IQQ X Hmed + Hint E — —I[H, P]

d
=| Dynamics of the reduced QQ system:  PQ3 = IFmed o] PRele VP4

H| Separation of time-scales determines the nature of the e.o.m. :

Environment relaxation scale TE : QQ system scale Ts : QQ relaxation scale Tyel:
<Em(t)5m(0)> ~ e_t/TE TS ~ l/lw T w,’ <p(t)> X e_t/Trel

¥/ |n case of Markovian time evolution (Te < Trel ) leads to a Lindblad equation

d - 1 1
—-Paq = —ilHaq: poal + D (LkPQQLL — 5 Liklkpga - EPQ@LLLk)
k
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®| Need a general approach to describe quarkonium coupled to a thermal medium

"I Overall system is closed, hermitean Hamiltonian: von Neumann equation

dp :
H = HQQ X Imed + IQQ X Hmed + Hint E — —I[H, P]

d
=| Dynamics of the reduced QQ system:  PQ3 = IFmed o] PRele VP4

H| Separation of time-scales determines the nature of the e.o.m. :

Environment relaxation scale TE : QQ system scale Ts : QQ relaxation scale Tyel:
<Em(t)5m(0)> ~ e_t/TE TS ~ l/lw T w,’ <p(t)> X e_t/Trel

¥/ |n case of Markovian time evolution (Te < Trel ) leads to a Lindblad equation

d (nlpggIn) > 0,vn

~ 1 1
B : f f f
Pea = —ilHqq: Poa) + 'vk(Lka@Lk — ~LiLipgs — —po@LkLk)
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From QCD towards models

TOWARDS DISSIPATIVE IN-MEDIUM QUARKONIUM DYNAMICS ‘ ;
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Quantum Brownian motion at high T

TOWARDS DISSIPATIVE IN-MEDIUM QUARKONIUM DYNAMICS ‘ ;

H| Lindblad equation takes the standard form:

d : & i 1~ 4 1 PPN
—7paa(t) = —i[Hoa. Poa) + ZWI'(L:‘PQ@L,T ~ 5 Lillpgq - §PQ@L:‘L,T)
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TOWARDS DISSIPATIVE IN-MEDIUM QUARKONIUM DYNAMICS _ _
University

Quantum Brownian motion at high T (1) ofstavanger

H| Lindblad equation takes the standard form:

N.s
d : A 1. 1~
—-Pqa(t) = —i[Hoq. Pea] + 2 Wi(LiPQ@LT ~ 5 Lillpeq = 5paalil] )
i=1

®| In-medium Hamiltonian exhibits a screened and real-valued potential

p2 e—mDR
Hoo + Voa(R Vos(R) = —
02 = 3o+ Vaa(R) 2a(R) =

= Re[Verr(R)]
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Quantum Brownian motion at high T

TOWARDS DISSIPATIVE IN-MEDIUM QUARKONIUM DYNAMICS ‘ ;

H| Lindblad equation takes the standard form:

d . A A a L s
—7paa(t) = —i[Hoa. Poa) + ZW:‘(L:'PQ@L,T ~ 5 Lillpgq - §pQ@L;L,T)

®| In-medium Hamiltonian exhibits a screened and real-valued potential

p2 e—mDR
Hoo + Voi(R VAs(R) = —
02 = 3o+ Vaa(R) 2a(R) =

= Re[VEFT(R)]

u| Explicit form of the Lindblad operators:

D(k) kK /1 X
L .= —|:1_ (—P ):| ik-r/2 Ta 1
. 2 AmqQT \2 mFP) € (T*®1)

medium acting on the quark

D(k) kK /1 o
_ — 71— (_P . >:| ik-r/2 17?2
2 | amgT \pPeu—p) [ H(18T7)

medium acting on the anti-quark
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Quantum Brownian motion at high T

H| Lindblad equation takes the standard form:

d , A A
—7paa(t) = —i[Hoa. Poa) + ZW:‘(L:'PQ@L,T ~ 5 Lillpgq - §pQ@L;L,T)

®| In-medium Hamiltonian exhibits a screened and real-valued potential

p2 e—mDR
Hoo + Voa(R Vos(R) = —
02 = 3o+ Vaa(R) 2a(R) =

= Re[Verr(R)]

u| Explicit form of the Lindblad operators:

fluctuations dissipation

D(k) kK /1 N
Lo = —[1— -(—P )] ikt/2(Tag)]
. 2 AmqQT \2 SHRAY | © (T*®1)

medium acting on the quark
fluctuations dissipation

P e G oo

medium acting on the anti-quark
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Quantum Brownian motion at high T
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H| Lindblad equation takes the standard form:

d . A A a L s
—7paa(t) = —i[Hoa. Poa) + ZW:‘(L:'PQ@L,T ~ 5 Lillpgq - §pQ@L;L,T)

®| In-medium Hamiltonian exhibits a screened and real-valued potential

p2 e—mDR
Hoo + Voa(R Vos(R) = —
02 = 3o+ Vaa(R) 2a(R) =

= Re[Verr(R)]

u| Explicit form of the Lindblad operators: D(k) ~ Fourier(Im[Veer(R))])

fluctuations dissipation

oo 280 - BP0

medium acting on the quark
fluctuations dissipation

P e G+ oo

medium acting on the anti-quark
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Quantum Brownian motion at high T

H| Lindblad equation takes the standard form:

d , A A
—7paa(t) = —i[Hoa. Poa) + ZW:‘(L:'PQ@L,T ~ 5 Lillpgq - §pQ@L;L,T)

®| In-medium Hamiltonian exhibits a screened and real-valued potential

P Voa(R) et
Hoo + Voi(R VAs(R) = —
Q@ = 30 T Ved 2a(R)

= Re[Verr(R)]

R
u| Explicit form of the Lindblad operators: D(k) ~ FouriermVem (R
fluctuations dissipation
_ ./ D(k) k (1 ikr/2 (Ta
o=y O e G - e |

0.4 HTL mp=0.1...1GeV

medium acting on the quark
fluctuations dissipation

P e G+ oo

medium acting on the anti-quark
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Quantum Brownian motion at high T

H| Lindblad equation takes the standard form:

d , A A
—7paa(t) = —i[Hoa. Poa) + ZW:‘(L:'PQ@L,T ~ 5 Lillpgq - §pQ@L;L,T)

®| In-medium Hamiltonian exhibits a screened and real-valued potential
p2 e—mDR

Hoo + Voo(R Vhs(R) = — = Re|VerT(R
02 = 3o+ Vaa(R) 2a(R) B e[Vert(R)]
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fluctuations dissipation
— D(k) k 1 ik-r/2 (Ta gcorr
e =\ 5 [ amgr (aPeMtR) | " (771) N

0.4 HTL mp=0.1...1GeV

medium acting on the quark
fluctuations dissipation

P e G+ oo

medium acting on the anti-quark
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screening

binding force acts efficiently among Q and Q medium impedes gluons mediating force

increasing temperature
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color rotation acts coherently on Q and Q color rotation acts individually on Q and Q
see discussion in S. Kajimoto, Y.Akamatsu, M. Asakawa, A.R., PRD97 (2018), 014003
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TOWARDS DISSIPATIVE IN-MEDIUM QUARKONIUM DYNAMICS
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Solving the 1d Lindblad equation |

H| So far only one-dimensional, need to establish numerical methods

d : ~ N Y 1 A
—7raa(t) = —i[Hog: Poa) + Z'Y"<LinQL — 5 Lillpge - §PQ@LiL,T)
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Solving the 1d Lindblad equation |

TOWARDS DISSIPATIVE IN-MEDIUM QUARKONIUM DYNAMICS ‘ ;

H| So far only one-dimensional, need to establish numerical methods
9 pao(t) = ~i[Haa.roa] + Y 1i(Livaal! — 2 Liklpes — 7 paalill)
grPea\t) = QQ: PQQI T 2_Ti\%iPeQti T 5%i%iPQQ T HPeQEIN

®} Any Lindblad equation amenable to Quantum State Diffusion approach

"I Instead of 2d dim. density matrix p(r,s,t) evolve ensemble of d dim. wave functions
via a non-linear Schrodinger equation:

T T
dy) = —iH|9(t) dt+z< 2{knl ¢L<L L”L”> dt+Z (Ln = (Ln)y) [¥(2))d&n,

n>¢
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H| So far only one-dimensional, need to establish numerical methods
d . P P 1 ..
—7raa(t) = —i[Hog: Poa) + Z’Yi<LiPQ©L,T — 5 Lillpge - EPQ@LI'L:[)
®} Any Lindblad equation amenable to Quantum State Diffusion approach
"I Instead of 2d dim. density matrix p(r,s,t) evolve ensemble of d dim. wave functions

via a non-linear Schrodinger equation:
nonlinearity

T T
dy) = —iH|9(t) dt+z< 2{knl ¢L<L L”L”> dt+Z (Ln = (Ln)y) [¥(2))d&n,

n>¢

ALEXANDER ROTHKOPF - UIS QWG 2021 — March 19th 2021 — virtual



University
of Stavanger

Solving the 1d Lindblad equation |

TOWARDS DISSIPATIVE IN-MEDIUM QUARKONIUM DYNAMICS ‘ ;

H| So far only one-dimensional, need to establish numerical methods
9 pao(t) = ~i[Haa.roa] + Y 1i(Livaal! — 2 Liklpes — 7 paalill)
grPea\t) = QQ: PQQI T 2_Ti\%iPeQti T 5%i%iPQQ T HPeQEIN

®} Any Lindblad equation amenable to Quantum State Diffusion approach

"I Instead of 2d dim. density matrix p(r,s,t) evolve ensemble of d dim. wave functions
via a non-linear Schrodinger equation:

nonlinearity ¢, complex
LT ¢L LLLn noise terms
|dy) = —iH|p(t) dt+z< (L) ) dt+z (Lo — (Lp)y) [$(t))dEp,
n/y
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®} Any Lindblad equation amenable to Quantum State Diffusion approach

"I Instead of 2d dim. density matrix p(r,s,t) evolve ensemble of d dim. wave functions
via a non-linear Schrodinger equation:

nonlinearity ¢, complex
LT ¢L LLLn noise terms
|dy) = —iH|p(t) dt+z< (L) ) dt+z (Lo — (Lp)y) [$(t))dEp,
n/y

=| Estimate density matrix from ensemble averages: PQQ(l‘, s) = (P(r, t)P*(s, l“)>§
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Solving the 1d Lindblad equation |

H| So far only one-dimensional, need to establish numerical methods
d . P P 1 ..
—7raa(t) = —i[Hog: Poa) + Z'Y"<LinQL — 5 Lillpge - §PQ@LiL,T)

®} Any Lindblad equation amenable to Quantum State Diffusion approach

"I Instead of 2d dim. density matrix p(r,s,t) evolve ensemble of d dim. wave functions
via a non-linear Schrodinger equation:

nonlinearity ¢, complex
LT ¢L LLLn noise terms
|dy) = —iH|p(t) dt+z< (L) ) dt+z (Lo — (Lp)y) [$(t))dEp,
n/y

=| Estimate density matrix from ensemble averages: PQQ(l‘, s) = (P(r, t)P*(s, l“)>§

" Well suited for higher dimensions, results in 1d checked against direct solution method
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Solving the 1d Lindblad equation |

TOWARDS DISSIPATIVE IN-MEDIUM QUARKONIUM DYNAMICS ‘ ;

H| So far only one-dimensional, need to establish numerical methods
9 pao(t) = ~i[Haa.roa] + Y 1i(Livaal! — 2 Liklpes — 7 paalill)
grPea\t) = QQ: PQQI T 2_Ti\%iPeQti T 5%i%iPQQ T HPeQEIN

®} Any Lindblad equation amenable to Quantum State Diffusion approach

"I Instead of 2d dim. density matrix p(r,s,t) evolve ensemble of d dim. wave functions
via a non-linear Schrodinger equation:

nonlinearity ¢, complex
LT ¢L LLLn noise terms
|dy) = —iH|p(t) dt+z< (L) ) dt+z (Lo — (Lp)y) [$(t))dEp,
n/y

=| Estimate density matrix from ensemble averages: PQQ(l‘, s) = (P(r, t)P*(s, l“)>§

" Well suited for higher dimensions, results in 1d checked against direct solution method

= 1st QCD derivation of phenomenological models with non-linear Schrédinger eq.
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Solving the 1d Lindblad equation |

TOWARDS DISSIPATIVE IN-MEDIUM QUARKONIUM DYNAMICS ‘ ;

H| So far only one-dimensional, need to establish numerical methods
9 pao(t) = ~i[Haa.roa] + Y 1i(Livaal! — 2 Liklpes — 7 paalill)
grPea\t) = QQ: PQQI T 2_Ti\%iPeQti T 5%i%iPQQ T HPeQEIN

®} Any Lindblad equation amenable to Quantum State Diffusion approach

"I Instead of 2d dim. density matrix p(r,s,t) evolve ensemble of d dim. wave functions
via a non-linear Schrodinger equation:

nonlinearity ¢, complex
LT ¢L LLLn noise terms
|dy) = —iH|p(t) dt+z< (L) ) dt+z (Lo — (Lp)y) [$(t))dEp,
n/y

=| Estimate density matrix from ensemble averages: PQQ(l‘, s) = (P(r, t)P*(s, l“)>§

" Well suited for higher dimensions, results in 1d checked against direct solution method

= 1st QCD derivation of phenomenological models with non-linear Schrédinger eq.

®| 1st genuine potential based Linblad implementation: avoids unphysical behavior in p
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TOWARDS DISSIPATIVE IN-MEDIUM QUARKONIUM DYNAMICS
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Thermalization via dissipative dynamics LS G

®| Encouraging: it is possible to thermalize quarkonium in a fully quantum fashion
1H T ]
b No(0)=1, No(Mt) —+— 1]
I Nq(Mt) —x— |
' N1(0)=1, No(Mt) - x — | ®| Start either with single ground state or single
a Ty e excited state and monitor survival probability
Z 01:E
" Late-time results independent of initial
£ | conditions: steady-state
S
0.01 / | | |
0 1000 2000 3000 4000

Mt
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Thermalization via dissipative dynamics
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™

¥ Encouraging: it is possible to thermalize quarkonium in a fully quantum fashion

1H®

No(0)=1, No(Mt) —+— ]
Nq(Mt) —x— |
N1(0)=1, No(Mt) = * — |
Ny(Mt) =8 - |

0.01 L '

0.5 T T |

4000

0.1

N;ed

0.01

Tr/M=0.099 ——

TM=0.1 — — —
Tr/M=0.288 ——
TM=03 — -

|
-0.1 -0.08 -0.06 -0.04

ALEXANDER ROTHKOPF - UIS

|
002 0
E/M

0.02 0.04

0.06

Start either with single ground state or single
excited state and monitor survival probability

Late-time results independent of initial
conditions: steady-state

Steady state characterized by Boltzmann
distributed occupation numbers. Quarkonium
temperature very close to medium temperature.
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Thermalization via dissipative dynamics

TOWARDS DISSIPATIVE IN-MEDIUM QUARKONIUM DYNAMICS ‘ ;

¥ Encouraging: it is possible to thermalize quarkonium in a fully quantum fashion

1H T ]

b No(0)=1, No(Mt) —+— 1]

! Ny(Mt) —<— . _ _ _

' N1(0)=1, NoMt) = x —~ | B Start either with single ground state or single

a i = e excited state and monitor survival probability

Z 0.1¢H
3 = Late-time results independent of initial
£ | conditions: steady-state
S

0.01 / | | |

0 1000 2000 3000 4000

Mt
05 T T T T T T T
No(0)=1, TIM=0.1 +—+—
No@)=1. TM=0.3 —= | m| Steady state characterized by Boltzmann
N;?CC X e_Ei /T Ta/M=0.099 —— distributed occupation numbers. Quarkonium
01 T/M=0.1 - - — ~ :
g To/M=0.288 temperature very close to medium temperature.
T/M=03 — -
"! First potential based real-time approach that
can thermalize quarkonium states

0.01 ' '
-0.1 -0.08 -0.06 -0.04 -0.02 0 0.02 0.04 0.06

E/M
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Effects of dissipation (1) ofStavanger

®| Thermalization requires balance of fluctuations and dissipation.

1%

"I In absence of dissipation, fluctuations heat
up quarkonium system until fully randomized

0.1}

N;

0.01

0.001 | J

0 1000 2000 3000 4000
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®| Thermalization requires balance of fluctuations and dissipation.

N;

0.001 | |

1%

0.1}

0.01

"/ In absence of dissipation, fluctuations heat

- / up quarkonium system until fully randomized

with dissipasion, Ng(0)=1, No(Mt) +——+— —

" Note that dissipative effects are relevant for
ground state from beginning of the evolution
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)
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®| With each additional approximation

(dissipationless limit, adiabatic limit) ground

state survival more and more
underestimated.
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Challenges for a direct solution

TOWARDS DISSIPATIVE IN-MEDIUM QUARKONIUM DYNAMICS ‘ ;

®| Preservation of the continuum properties?
otp(x,y, t) = L[x, y]p(x,y, t)
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Challenges for a direct solution LS of Stavanger
®| Preservation of the continuum properties?
Positivity : ¥f(z1,s,...) € C, (8) O0ip(x,y, t) = L[x, y]p(x,y, t)

/d3x1d3x2 By Py f (T, 2, ) p(n, o Y2, Y1 ) f (Y1, Y2, .. ) >0

Hermiticity :  p(y1, Y2, .., T2, @1, )" = p(x1, T2, ..., Y2, Y1, 1)
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Challenges for a direct solution 1) of Stavanger

®| Preservation of the continuum properties?
Positivity : ¥f(z1,s,...) € C, (8) O0ip(x,y, t) = L[x, y]p(x,y, t)

/d3$1d3$2 L Pypdiy f (e, ) (T, Y2, Y1, D) (Y, Y2, ) > 0
Hermiticity :  p(y1, Y2, .., T2, @1, )" = p(x1, T2, ..., Y2, Y1, 1)

= What about the trace conservation? More involved!

Unit trace :

/d3$1d3$2 cee d3y2d3y15(3)(331 - yl) .- -P(wh L2, ...,Y2,Y1, t) =1
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Challenges for a direct solution ) of Stavanger

®| Preservation of the continuum properties?

Positivity : ¥f(z1,s,...) € C, (8) O0ip(x,y, t) = L[x, y]p(x,y, t)

/d3$1d3$2 ce e d3y2d3y1f(ml7 L2, .. ~)*p($17 L2, ...,Y2, ylvt)f(ylv Y2, .. ) > 0

proof of trace conservation needs

Hermiticity :  p(y1, Ya, - .., @2, @1, 1)* = p(T1, Ta, ..., Yo, Y1, 1) continuum like change between x,y
and z,z’:
=i What about the trace conservation? More involved! z=x—y o 1[0 9\ o 1<g_g>
Z=x+y 9z 5(% ay> 9z 2\dzx dy
Unit trace :
x+y, 0 0
dx/d d(x —y)F ——p(x,y, t
/d?’l'ldgl'g .. .d3y2d3y15(3)(ﬂ31 — yl) .. .p(iL‘l,CBQ, . ,yg,yl,t) =1 / Y ( y) 3( 2 ) Ox ay ( )
) Z 8 0 ,
:/dz/dz 6(2) F3(§) (6 5 @)p(z z't)
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Challenges for a direct solution

®| Preservation of the continuum properties?

Vf((lil, o, .. ) S C, (8)

/d39€1d3$2 L Pypdiy f (e, ) (T, Y2, Y1, D) (Y, Y2, ) > 0

Positivity :

m?awlat)* = p(wlam% s >y27y17t)

Hermiticity :  p(y1, Y2, - - -,

= What about the trace conservation? More involved!

Unit trace :

/d3$1d3$2 cee d392d3915(3)(331 - yl) .- -P(wh L2, ...,Y2,Y1, t) =1

University
LI of Stavanger

O:p(x,y, t) = L[x,y]o(x,y, t)

proof of trace conservation needs
continuum like change between x,y
and z,z’:

z=x-y, o 1(d 9 3_1<g_g>

Z=x+y 5_5(%4—@)’ 0z 2 \0x Oy
0 0

/dx/dy5x— F3X+y)a——p( LY, t)
y

/dz/dz §(z F3 6 aalz)p(z,z',t)

H| Solution: a reparameterization invariant SBP finite difference operator
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O:p(x,y, t) = L[x,y]o(x,y, t)

proof of trace conservation needs
continuum like change between x,y
and z,z’:

z=x-y, o 1(d 9 3_1<g_g>

Z=x+y 5_5(%4—@)’ 0z 2 \0x Oy
0 0

/dx/dy5x— F3X+y)a——p( LY, t)
y

/dz/dz §(z F3 6 aalz)p(z,z',t)

H| Solution: a reparameterization invariant SBP finite difference operator

u(xiy1, yj) — u(xi-1, ;)
2A
y ]Dyu = U(Xi,yj+1) _

L 2A

X

u(xi, yj-1)
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Challenges for a direct solution u

®| Preservation of the continuum properties?

Vf((lil, o, .. ) S C, (8)

/d39€1d3$2 L Pypdiy f (e, ) (T, Y2, Y1, D) (Y, Y2, ) > 0

Positivity :

Hermiticity :  p(y1, Y2, .., T2, @1, )" = p(x1, T2, ..., Y2, Y1, 1)

What about the trace conservation? More involved!

Unit trace :

/d3$1d3$2 cee d392d3915(3)(331 - yl) .- -P(wh L2, ...,Y2,Y1, t) =1
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otp(x,y, t) = L[x, y]p(x,y, t)
proof of trace conservation needs
continuum like change between x,y
and z,z’:

z=x—y, o 1[0 0 8_1<8_8)
= sty @‘5(%*37)’ 5z 2\8z By
/dx/dy5 x —y) F3( X+y)aia—6yp(x,y,t)

/dz/dz §(z F3 : aalz)p(z,z',t)

H| Solution: a reparameterization invariant SBP finite difference operator

u(xiy1, yj) — u(xi-1, ;)
2A
y ]Dyu = U(Xi,yj+1) _

L 2A

X

u(xi, yj-1)

1
l— E(DX—‘—]D),)U#]DZ/U:

e ® U(Xi—i—lvyj—i-l) - U(Xi—lv yJ'—l)
| 2A

QWG 2021
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Hermiticity :  p(y1, Y2, - - -,

= What about the trace conservation? More involved!

Unit trace :

/d3$1d3$2 cee d3y2d3y15(3)(331 - yl) .- -P(wh L2, ...,Y2,Y1, t) =1
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O:p(x,y, t) = L[x,y]o(x,y, t)

proof of trace conservation needs
continuum like change between x,y
and z,z’:

T s oy b6 by
Z=x+y 9z 2\dx  dy)’ 0z 2\0x Oy

/dx/dy5 x —y) F3( X+y)§a—6yp(x,y,t)

/dz/dz §(z F3 : aalz)p(z,z',t)

H| Solution: a reparameterization invariant SBP finite difference operator

u(xiy1, yj) — u(xi-1, ;)

DRNu =

UXi+1 3 Yj+1) b UXir 13 Yj+1) + UX+15 Y0 1) D u(Xin 15 Y1 1)

2A

u(x;, yjp1) — u(xi, yj—1)

41

Ui+ Y1) bou(Xiez s Y 1) F u(Xin 1 Y5+1) bou(Xin 155 1)

y Dyu= oK DRN
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Master equation dynamics 1) of Stavanger
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= Tiny deviations from overall trace conservation can translate into significant survival mismatch

ALEXANDER ROTHKOPF - UIS QWG 2021 — March 19th 2021 — virtual



TOWARDS DISSIPATIVE IN-MEDIUM QUARKONIUM DYNAMICS

University

Master equation dynamics 1) of Stavanger
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Direct solution of master equation does not
require additional approximations such as
employed in stochastic unravelling (QSD)
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Conclusion

H| Exciting progress in the understanding of in-medium heavy-quarkonium
dynamics from QCD within the Open-Quantum-Systems framework

H| Achieved derivation of several phenomenological models for weakly coupled
QCD using a systematic chain of approximations

®| The Stavanger — Osaka approach is based on a Lindblad equation in the
Quantum Brownian Motion regime derived from QCD at high temperature

®| |Implementation in 1d via quantum state diffusion approach, crosschecked via
direct simulation of master equation with full trace preservation.

®| Inclusion of genuine dissipative effects: thermalization from quantum dynamics
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H| Exciting progress in the understanding of in-medium heavy-quarkonium
dynamics from QCD within the Open-Quantum-Systems framework

H| Achieved derivation of several phenomenological models for weakly coupled
QCD using a systematic chain of approximations

®| The Stavanger — Osaka approach is based on a Lindblad equation in the
Quantum Brownian Motion regime derived from QCD at high temperature

®| |Implementation in 1d via quantum state diffusion approach, crosschecked via
direct simulation of master equation with full trace preservation.

®| Inclusion of genuine dissipative effects: thermalization from quantum dynamics
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