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derivation of GKLS equation

1- starting from maps: CPTP/q channels o(12) = Es(72,11)[0(7T1)]

—no initial correlation
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—time homogeneous dynamical semigroup property  (divisibility of the dynamical map) ; :
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derivation of GKLS equation

1'- more general: starting from mayps (without semigroup property with memory effects)

Gorini-Kossakowski-Sudarshan theorem

initial correlation

linear map with Hermiticity and frace preserving properties €
time-local generator as

o — -
- Lsos(t) = —i[Hs, 0s(T)]+ X, Tm (2LmosL
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[M. Merkii's talk] * can be negative
[G. A. Paz-Silva et al., Phys. Rev. A 100, 042120 (2019)]



derivation of GKLS equation

2- starting from Hamiltonian (microscopic derivation)

—Born approximation 0sB(T) = 05(7) ® 0B(0) (Ts > TB)

v approximation (kiling the dependence of time evolution of the stafe on

‘ave approximation (RWA) (fast oscillating ferms are r
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derivation of GKLS equation

2’- more general: starting from Hamiltonian (microscopic derivation)

correlation-picture approach

versal GKSL dynamical equation for general open quantum syst

~ [Phys. Rev. X 10, 041024 (2020)] j
joint work with A. T. Rezakhani, A. Babu,
K. Mgimer, M. M&tténen, T. Ala-Nissila

key element. 0SB

general:
no weak-coupling

[M. J. W. Hall et al., Phys. Rev. A 89, 042120 (2014)] no Markovian . ;
[D. Chruscifiski et al., Phys. Rev. Lett. 104, 070406 (2010)] no uncorrelated preparciioRiCEs IS,



derivation of GKLS equation

3- trajectory-based approach




NOT to provide a microscopic/physical g
ctory i



special case: thermal trajectory for a system in contact with a thermal bath

thermalization




general case: the given trajectory is non-thermal

System Hamiltonian TB-Hamiltonian -

1\ H(7)

—-BH (1)

Hamiltonic

H
TB-Hamiltonian H

System Hamiltonian
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| ) |
key observafion: arbitrary trajectory = “thermal” frajectory |
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goal: setting up a scenario such that the given frajectory is {Q(t)
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achieving this goal in two steps:
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1- description of the change in the eigenvectors

W prepare a system with TB-Hamiltonion H with no environment around
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adiabatic theorem
- 7 (2)) » ~ |rr(t + 0t))

H() = > ex(t)lra(t)) (re(t)]

-----
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Or (I (8)) (ra(B)]) =

2Tk 0 ([ric)(rie|) = —i[Hep, 0] = —



2- description of the change in the eigenvalues
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0 = —i[Hep, 0] ‘H\Zkfkli’kﬂl’k ‘l)

description of this term in the GKLS form?



2- description change of the eigenvalues 5,0

o(t) = 2_xrk()lr () (1 (2)]
H(t) = 2 g en(@®)]rr(®) {re()] |
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Reminder

0 = —i[Hcep, 0] ‘|"\:Zk7;k|7’k><l’k ‘,‘.
M

changing the eigenvalues = changing the probabilities of staying in a level

jump operators: | Lgj = |ri){r;|

| TB-based GKLS ¢ = —i[H

e = — =

— general: no weak-coupling/no Markovian/no uncorrelated preparation assumptions
— geometric and trajectory-dependent
— no need for thermal environment

— no need to be full-rank [Quantum 4, 336 (2020)]



microscopically derived GKLS TB-GKLS

Q=—Z[H,Q]+.£[Q] Qz_i[HCD9Q]+Z)[Q]

Hilbert space of the system

o1\
5y =i p, o+ O




so far so good

but

SO what?




* natural application: dynamical and thermodynamic process engineering
(not the subject of this talk)

e energetics of TB-GKLS

guous description of heat and work (’rhermo“



energetics of microscopically derived GKLS

coherent dissipative

o0 =-i|H, o] +L|o]

v

system Hamiltonian/effective Hamiltonian

Internal energy: U = Tr

energy change: dU = Tr

no contribution to energy change by the coherent part  Tr[-i[H, o]H] = 0

Trldo H] = Tr[ L] o] H]



heat and work in quantum regime: conventional definitions [ala Alicki et al. ]
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heat?

cons

dW whole work?

— second law: entropy change | does the whole of L[ 9]
contributes to entropy change?

0 =—i[H, o] + L]o]

dS = —Tr[do log 0] e S = —Tr[ L] 0] log o]dt

[alternative approaches: A. Rivas's talk]



what do we learn from the TB-GKLS?
energy change: dU = Tr|doH| + Tr[o dH ]
entropy change: dS = —Tr[dp log o]

TB-GKLS ¢ = —i[h, o] + D]o] microscopic ¢ = —i|H, o] + L] o]

—iTr[[h, o]H]dt + Tr[D| o] H]dt Tr[L[o

—Tr[ D] o] log o]dt —Tr[ [

There is part of the energy exchange, in the dissipative part of the microscopic mastel
equation, along the trajectory, which does not contribute in entropy change
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----------------

o(t) = 2_xrk()lr () (1 (2)]
H(t) = 2 g en(@®)]rr(®) {re()] |

a closer look:
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Reminder
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Y dri(|re){(re]) nonunitary, enfropy change B

dsS = —derk In Iy =

dU = Tr|o dF

---------------------

trajectory-induced

dw dW .y dQR

AW = dWe, + dW |
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example: transversal noise

time-independent Hamiltonian

o(t) = —ilwooz, 0(1)] + ¥ (ox0(t)ox — (1))

(1/2)(1 + (ox + 0)/2)

—2ty+ 1+(_1)s+le—2ty eZ,BwO
e s




H = wyor,

energy is preserved: dU =0



classical example: isothermal process in ideal gasses

heat

A isothermal 11 const ———3% dU = 0

expansion

B

isen’rro_ i
compr




— |y (0)) = (|0) +|1))/V2

classical example:

no heat, no w

NO



{0 =1/Vd - 01—(1/h)(H T[H/d) > {0,395}

complete set of
orthonormal observables

: tfraceless normalized
E Hamiltonian
\ 4
normalization factor f ;= \/TI‘[HZ] i

as =

Cov(X,Y) = Tr[(1/d)XY] — Te[(1/d)X] Tr[(1/d)Y] A’H = Tr[(1/d)H?] - (Te[(1/d)H])?



dS = COZ(;LII_I’H) dQ + Zi>2 5XiTI’[Oi|H]

\L independen’r {d(Q {5Xz d—l

variables

(5,
23 X2,X3, "

entropy production a> = dS — d%Q — Zi>2 o0x; Ir[O;!

variables of the system other than energy contribute to entropy production



— |y (0)) = (|0) +|1))/V2

Q = dWe, =0




properties of the presented dynamical and thermodynamic description of
Systems:

— fully geometric (i.e., frajectory-baed)
- only system-dependent (no need to environment degrees of fre
opic-based



