
- Crude approximation Ultest , t ) = É
" "' "

can be

improved by higher. order commutator
- free expansion

( see
,
e. g.

A. Alvermann
,
H

.

Felske
,
Journal of

computational Physics 230,593012014 , arXiv : 1102.5071

↳ Resultaptolowth%ad.IE#j----tz+ocsts-&UCt+st,t)=et-st
test

with An = - is it (e) di and Az=
- 3iSGI+ - 1) Haydon .
It

→ Integrals are performed numerically with a single
Range - Kutta 4 step to yield :

An
+ oats ,

- i ? ( HH) + It Cttst ) -14 Hit + ¥ ) )



Az É←i¥[2¥ - 1) Hit) +12¥ -1111-11-+84+81=+11-11-+1-1]
.

↳ Practical recipe :
>
Ci ) Compute Kuni# - ¥1,141147) with

basis Q
-

and tri diagonal form I .

Update IF> = Q
-

E- 0+1 Yay >

liiil Compute Kn→(i(¥+1,4 ,¥JÉtwith basis Qt ,and Tt.,µg , ,yµg, , , , qg¥qµ ,
F.

Continue with
next time - step .



B.5 : Quantum Master Equations and Dissipative Dynamicsr

-

-
-

-

-

,
• Motivation : System coupled to ( HB Environment

,
¥+5Bits environment ( bath ) . IsgH

↳ Key ingredients : \
-

-

XB- -
!
←
bath

- weak coupling ( Born )
- bath without memory (Markov ) Hs , = {f-a

Box

↳ Lindblad master equation :ssstemliouvilliauwlsuperoperatowfoyparestatesf.lu#~
¥→§= - i [1+19] + ask.is Lii -1={4+4,9} )= ¥18.

0peratoFTls@n.Vectorize Lindblad master equation as

lie> =L / Yg) , where 14g > = §, Bijli
> ④ Ii >
w

Fxs c- Hills
forf-Efi.si/iscjl&



is the vectorized state on which facts as a linear

operator .
In coordinate representation ,

we have :

aim live> - Éem = - i(Hen%m - %Hnm)+§[5i%pLm
- Ellen# Em + Penkala)nm)]

.

Yn vectorized form ,
this yi¥dsge.

live> =L 14s> with L=
- i /H ☒11-11 Ht) +{ [↳☒En

-1<(14*4)*11+11 ☒ KEEN]
.

↳ Price to pay : - Linear operator L non - Hermitian (Laaczos→Arnold:)

- dimltls) → dimltls ☒Tea ) = (dim@g)
2

( effective doubling in system size )



↳ Remedy in part
D: stochastic sampling of dissipative

" jumps
" ( action of La's ) allows for algorithm based

on pure
states in Tls ( quantum trajectories ) , and

then brings us back to dimfks )
.



C. 0 : The variational principle

• Basic idea : Tame exponential complexity of 14>

by making a clever
variational

ansatz.EE?:= ?

↳ Key challenges : E) Identify set of variational states

that is unbiased and contains

states comp enough that they
are close to the true

solution

Cii ) Devise constructive algorithm
that optimizes the variational

parameters..




