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The question

Open system - reservoir ( SR ) Hamiltonian

Hy = Its -1 Hr t a I

t
coupling parameter

acting on Hilbert space

Hsp = Hs ④ HR
← field of oscillators

4
finite-dimensional



Schrodinger dynamics

psf = e-
it"
s

g,
e.

itHa

← initial state

Reduced system state

gt = H
, Sir
← partial trace

Two kinds of initial states :

Psr
=

Ps ④ fr uncorrelated

5s,
not of product form correlated



Reduced dynamics of uncorrelated initial states psxoppn

Born approximation ftp.xpstxpr
( g, stationary , SKR & a small)

Markov approximation pts x et
's

gs

( R loses memory quickly enough)

Master equation Ss '→ Vis = ettps
(Dynamical map for system )



Davies generator L from weak coupling Iran Hove) limit

I = It fixed , a→ o
,
t→a :

e'
*

gs = tiff tr, e-
i "
' ei

"•

( yoga) e-
i "• eiÉHa

f
interaction picture dynamics, rescaled

L = Ltd ) = - i [ Hs, . ] + a
'
K'

generates CPTP semigroup



Reduced dynamics of correlated initial states ? ?

>
pst = tge-itltagp.tt eitlty

• Born approximation A☒ 5¥ ☒ Ps fr

• Dynamical map A☒ q.it/spst



full evolution
SSR > Psat

¥
•

gs , PDB > % <

*,

y

! ° Jst p

Jsr > BE
full evolution

cannot define dynamical map Vt but can still analyze structure of reduced
S dynamics



Works similar in spirit to ours



Lindblad- type ME
with jump operatorsdependingon initial correlation

Ourmainaiemlts : Perturbation theory small 1, all times t>o .

• tribal correlations decay and then Markov approximation becomes

valid for SR dynamics .

• Markovian approximation for reduced S dynamics is valid for all
times .



Quantum process tomography

Initial SR correlation can increase

distinguishability of system states .



Model

SR open quantum system : N- level S coupled to thermal R

H = CIN④ 7
←

☐

is ( R"
,
d
'"A)

Bosonic took space

Hy = Its + Hr + a
coupling constant



Uncoupled Hamiltonians

Its = É Ej 14,754J / , Hpi-fwlklakklalkld.sk
j= , R

'

ppl

interaction operator I = G④ 4cg )
←

any hermitian matrix

4191 = ¥ [ a
* (g) + algl]

of (g) = f gtfo ) a*lk)d%
R'

glpjc-icpp.dk)
'

form factor
'



Equilibrium states

S : Gibbs density matrix gs,p=
e-P"

tr e-pits

R : Infinitely extended (continuous modes ) KMS slate Wap
Two-point function

Ya,p( a
*
Male) ) =

81k-e)

epwlhl -1



Initial states

quantum channel
f.

Psat )= A(%④WR,p ) = I ps④Wqp( KI . Ka )a

3- KIK, =L Kraus ops

Kate ' correlation algebra
'



Observable and conclator algebras

D= Ble
"
) ④WIL!bs ) Weyl algebra

8 = alg span { XP } sums and products

/

(f : linear comb . of B☒a* - -
- attffp )

, fjthhcor

☒ : linen comb. of expf.FI?Bjxa#lfj))-fjeEcor



Test function spaces

Robs : ft HR?d% ) 3 times differentiable w.at . 181>0 &

• 1kt -0 : 71k)~ 1ft
"

p= -1-2,1-2 or p>1

• 1k / → a : flk)~ 1h17 g- > 3

[
cor

: f- c- Kobs and also e.PH/flk)EL4lR3,d3k)



Example of initial slate :

Ssr
= É EE ( Ps ☒wr.pl eE*

E = I Bj ⑤ a
*(ti ) + Ie De ⑤ a the)

j



Assumption on effectiveness of SR coupling

Fermi Golden Rule Condition

✓ spectral density of reservoir

Colm
,
G Ion) T ( 1 Em - En 1) -1-0 t Emt En

second order transition processes are not suppressed



Main result



Consequences

1 The Born approximation holds pspt a pstxwpp & the

Markov approximation Pst x et
* holds
,
as soon as the

initial correlation has decayed ( ~ 4+3 )

2 The system dynamics is Markovian at all times :

trplpstr ) = ett (Hps;) +011N
'

4)



Outline of proof

Wo = Ps,p Wap uncoupled equilibrium state

at
,
1. , = eitttd . e-

it 't'd
Heinberg dynamics

KMS condition W.LA ✗¥1B 1) =wo (BA)

walk
* at
,
10 ) K )

= w
. ( iii. 1k )k* at, 101 )

= we ( eat, 10 ) )



GNS representation
= fro

,
IT (e) IT fatal 01 / No)

Liouville operator
= fro

,
IT / E) eittaitlo ) e-

it↳ d.)

Perturbation theory of KMS states : 11h - I
>
HE CIH

Invariance Lara __ 0

= fro
,
IT / e) eithd 11-10 ) + Octal )

←
indep . oft

Use resonance expansion [ KM 2017
,
M 202s]



eitLa-eitMH@pn_ptne.it ↳ ptn + 01121
"
4)

weakly on dense set of vectors
←

ftp. = Isro><rot

proj . onto uncoupled equilibrium

I. = Is☒Rp

walk
* at
,
( O ) K )

= Sro
,
IT (e) @

it""
☒ Pr) 11-10 ) d.) + ✗1440 )

+ 01121
"
4)



Term along Ps :

@
itM"

④ per ) it ( Os⑤ Or ) No

=

Wgp ( Or )
- (eit M" ☒ 11ps ) IT 10s④ ftp. ) do

= wr.pl Or ) . IT / lets
*

Os ) ④ ftp. ) no Defines L*



Sro
,
Tle) @

"""
☒ Pr)ñl0s Ortho

=

wqp ( Or ) She , IT /
iii. 114k$ ) IT / et**0s④Hp ) no>

KMS and .
=

wqp ( Op ) ( do
,
ITIK
't
) IT / et£*0s IT /K)

= wr.pl OR ) §, let
#

0s ftp. )

¥ÉOs ) reduced initial

-
state

=

is Wqp ( et£*Os☒0r )
= ( ett g. ④ wpyp ) ( Os ④ Or ) MAB



Thank you 
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