
↳ 16¢
,

k> is only admissible if k= n satisfies

|Qq;hmodN otherwise ÉKQ"
* y

.

-

N%rfi☒↳ Basis construction for k = YIN : fPwtidena!
E) Initialize arrays of length ~ dimly ,
called É

,
and Oir

.

Iii ) Check all states in Hilbert space
( or particle number

block ) as follows :

(a) Check if 6- is representative ,
i.e. if I , cannot

be reduced by applying bitwise translations , and
infer periodicity Qg .

(b) If 6- is representative and Qin nod N=O i

e compatibility)



add 6 to É
,
and Qo to Qr .

↳ Compute non
-vanishing matrix elements of Hk

( either to store as sparse array or
on the fly ) :

H 16,2
,
k> =p T [

e-
" l
Tl 11-16,> =p

[H,Te
"

H=§

=N÷ { É éikltl Have> "aniq?;;;y
a e-- o ¥E-EXE THEE >j

Lp GI - - -

transitionamplitud@ l→l!
= § h?iF É e-

ike tie-441*2=1
1=0



= Eh:< e-
" "

%÷¥x Hiiiii >
i +

e-
- -

-
- at

-
-
-

→

iii. :p.>
=F¥ { e-

"Feige >
'

i
\ I e-- o
L
-

-
--

I

→ LEE
,
k / Hala

,
a> = h? e-

i " hook
¥

→ Loop on 6k and A to find all non - vanishing
d¥ye¥ldimR'

elements .

2. Lookup table to infer the index of 6-5 in É, ?



↳Two -table method used for particle numberconservationonly suitable for additive ( between subsystems
A

and B) quantum numbers
.

↳ Common solution : Do binary search of ÉR in É, at

extra cost log ( lengthÉr ) = log/dim@ ¥ ) ) .

B. 4 : Time - Evolution and Non - Equilibrium Dynamics

• Consider the time - dependent Schrodinger equation

of QMB system
:3+144-1> = ACHMED

e-
i Fido Hoy 14 Hot>→ Man =

JEFF



• Let us start with a time - independent Hamiltonian
• ⇐ HIT -to) )

&

It
,
then Ult , to ) = e-

"+1++4
= {⇒ ,

and UU-i-jlllt.io)=
e=o = Ultito )

£
•

14%17 c- Kin
,
/ It ,
HAD)

- Observation :
( to -_ o from now on) e. = 0

- For na 50 and small t ( order inverse energy
scale of A)

Ult it ~~Éji*¥ becomes a very good approximation
C- error is of order t

"" )
.

→ For arbitrary t , define St
= ¥,, small enough

and factorize

Uct , 01 = e- iHt= stets éistit
a

j=7



→ Update 14 Ct )> → 1411-+81-1 > = e-
"+1+141+1> using

"

Krylov time propagation
"
:

(d) Apply Lanczos algorithm ( see
B. 2) to represent It

in tri diagonal form T on Kn* , lit , 14447) , storing
either full Krylov basis Q= Hair , . . -11%3) , or generatingToa He fly .

(b) Apply the time
- evolution operator in Krylov space :

I. G- + St) = e-
its+0-+19.2 = e- ittf ?;)
i÷k

(c) 141++81-1 > = Q g. (+ + stg . [ei-tier-dire-ty-ifa.li
'

Krylov basis is stored,
or from Jolt-1$

a- ±e¥zwtnz ¥1s:B:#
(d) Repeat @ - c) (with updated 19.7--144-+51-1> ! )
until final time is reached , and converge
results with respect to step - size ft .



- Krylov time propagation allows for exact computation

of time - evolution for generic
QMB problems at a

cost 0 ( dim (D) •t)
,
i. e. the best we could hope for

at an exact level . Y
log⑨

↳ Time - dependence of observables as well as
auto - correlation

functions such as <4411190) > can be efficiently computed.

• Now consider the case of a time - dependent Hamiltonian

HIH .

- Problem : É "
"" "

Iya ,> a Q e-
it"' "

Qtlyctj> correct

up to 01st
"") with n = 50

,
but

I e-
¥+1T Holy jilt "

"

only correct up to 0181-4 .

Hower ,
the error in the latter expression only

stems from the time
-dependence of Hct and is



small if Hull is small ( slow time dependency

*

÷÷÷÷
.


