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Open quantum systems

system - bath models

Hamiltonian H = H+ Hp + 31 on 16,496,

I
Is E Hs&Ap ABE AseHB coupling constant coupling operator



· Full density matrix at time t

33 H)
= eTitH 3splo) eith

· Reduced system density matrix

3, 1) = tr [spIt)

· For uncorrelated initial (splo) =310) 9p(0) define

g,10)1 > JsH) = 1 [7s1017

·N CPTPmap but not group VeoUs #Vets



Markovian approximation

I CPTP map on system density matrice

++s =1IES, It=et2

Markorian master equation: 3M (t)== 1(3s(0))

83
M
It) = 2 g"It)



Challenge: Mathematically rigorous derivation

Heuristics (ubiquitom in physics literature)

Born approximation: 1stB10) = 3101493 > Pstp1t)-3, 1t* 3B

Marker approximation: srelax < TBcorr

Rotating wave approximation: "Tsrelax & Is

- > Master equation



Some advances

Mathematically rigorous technique: Quantum Resonance Theory

Van Hove ultra-weak coupling limit (vanHore 1955 Davies 1974 (

Naxo: lim
btooshtza lIVe-etes1

= 0

"Davies generator"

weak coupling regime

(Yaksic-Pillet 97, Berman-Signe-Merbli, Kineberg - Merki, Merkli 22)

1133 => anye IIVe-et2s1< C1P



Further advances

What happens for initially correlated SR states?

· strong coupling (C.Latune, A. Rivas, 5. Thingner,
A. Trushechkin...

· New-markorian corrections (B. Vacchini; A. Rivas, 1. Sinayskiy,
K.Modi...)

· (Near) degeneracy of energy (A. Tushechkin...)

Present talk:



In utha-meals camping regime a+0,TE 3 it To

Iran Hove's limit)



For correlated SR initial states SSRI0)

· Born approximation SSRI) of EsltTR

· Aynamical map # 3olo) Ys 3slt

· Initial state SR cnrelations decay due toHeuristic picture
we uncover:

dispensive R dynamics as speed indep. of a

· After decay of convelations, Born and Markor

approx. become valid.



Model  &  Results

N-level system & thermal bose reservoir

1 = (**F) ((R3,932)

I= Hg *1 + 1*dM (171) + 32x41g)

matrix

IE, 17(P) (121a*)ale)dE is 9919) a*3K) +h.c. 392j =/ RS

*
FORM FACTOR



form factor 9: (R3->

Assumptions ~- 12

Al Regularity of 91t)
<

· g1u,2)4 times continumly differentiable in radial (c(0, 0)

· Us: earge> 19(4121) -> for 23
· IR: a small 3 19(4, 21) w uP

p
= -E.E.

p> 3

A2 Fermi Golden Rule condition

(9) Em FEn: 1<tm, G42/co,sIgLEmEn,zldz 3o

18) The level shift operators have simple eigenvalues



Initial states:

in"S
A uncrrelated 4s *WR, p

is correlated E 3*WRp (K.Ka)

Es: artitrary is density matrix WR,B: R equilibrium state

(thermodyn. limit)Ma: Knaw operators

Reduced system density matrix 3glt)

31t) = TUE JSR /eTtH]. gTitt (



Observable alpetia 6 and conelator alpetia I

0: $CCN)*WILobs ( 1 Ney()

C: span [K,... (n: heIND

Kj -BC(N) *Pol(Icor) Polyn. In afi
S
Ki -> exp(BL(N) *Pol((cor)]

Pops, Licor: Test function spaces

13 times cont.diff, a decay, IR behaviour)



espleitHy jitHs) = 2 7100Rp (M** eitH.etitHKa)

Es= tp 35R Reduced system initial state

ae
=I
E<
· MARKOX CORREL REM

man
· M
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thecem shows:

Is Born & Marker approx.valid for initial product states

5t (A) = (e+2s 1) 3,. x Upp) CA) + OC Id4)

12) Marker approx.valid for initial correlated states

ai 1ysT-et211:11 <<1>
4

1) Decay of correlations & emergence of Born - Marker regime - >MARKON

X W 1/t3 "T
t2(3) of

-It -
C C I &

> t
0

EMARKOD



Strategy of proof

① GNS representation (purification Araki-Woods)

Ief)
951A) = 3*WMp (K*eitHy A exitHs x)

V

-itly
et (A) = M, T(**) eithe 71A) e TK) to]

A

↳ = Le+3l Zionnile operatori &: KMS for eitho eithe

=

Sho, i (k*K) eith I (A) Mop +01d)

=SI, with ip +01).



② Analysis ofSE, eithsE: singular perturbation theory

↳"AtAs*LR,
t bE

embedded eigenvalue (simple) cout-spec. R
I ↳

spec (()-
O

< degenerate

spec(Ls) X *X * *X x

O

/
ate evals embedded in cout-spec.

specklo)*Xx X

0 A
degenerate



👍

🤔
What happens when the interaction is switched on?

· bLy=1+ is analytic at =0

· But imperturbed eigenvalues are not isolated
(singular perfurtation theory)

General wisdom: embedded eigenvalues may well disappear for to

"Well known": 1330 sit. If O115, then

O

specks) =- purelyasspec Rt
simple eigenvalue



⁉

What happens to the unstable eigenvalues ?

Where do they go ?

Will they still influence the dynamics ?

Eigenvalues migrate into complex plane ! 
They produce metastable dynamics !

‼

physical interpretation: the uncoupled SR complex has many
stationary states but as soon as coupled, SR has a unique station -

navy state ('coupled equilibrium).



Extension of analytic perfutation theory:

Level shift operator Mc = = - PeIP' (Lo-e+iot)"P8IPe

describes spectrum of a close to eigenvalue - of L

He #he* so eigenvalues of the are complex....
tat correction to spec of by must the real because by = 1*1

I
A

- complex eigenvalue of te ux initable e

E Real evals of Ne my 2nd order correction of surviving evals



He describes fate of embedded

e+gac"+Old"
I

->
e E.1) = = +1490+0(d")
X

30 ...-xx
Imust m ↑mult m'<m

· sigenvalues -found states

· Unstable eigenvalues metastable states ("almost found")



· By Feshback map, one can link eigenvalues of me to complex poles

of resolvent (L-z)"

· Then can extract metastability of dynamics using Laplace
representation

citl= siiSeitz (1-2)' (w>0)

we
X R

S A

Details can be found in



peStOMe

· Finites coupled to thermal quantum field

· Expansion of propagator (part
on R in equil. +01d)

part on R equil

· Expansion valid It and for carelated initial states

· Markovian approxfor Sdyn. Valid for
all times

&, for correlated in states

· Born approx , for
SR dyn, valid

- uncorr. in state: It
=corr in states: after decay ofCar



Thank you 
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