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Engineering artificial gauge fields with cold atoms

- slides -

I. Laser - assisted tunneling ( Feoquet engineering )

Recap : perturbative calculation of the Floquet Hamiltonian

using a high- freq . expansion

General form of Floquet 's theorem :

|Ñ(tp,t;)=p(tg)e-%Ñr-(tF-ti^pt(,
g-

= e- ikctp )

where Tht) = Ñlt+T) is time periodic and

usually denoted as kick operator
-

ti : initial time

tg : final time

ty - t ; : arbitrary
, including non - stroboscopic times



②
a,

Commutator relations
-

Assume :/^HlH=^Ho+V
-

me periodic

⇒ int)= § ( it einwt + in e-
inwt )

n=l

→

|i¥=H:+¥&÷[i:i-i
+ ÉPÉE /Eli :#7. it] +Kii , III. in])
+ 01 :-, )

|k^lH=I÷%Ñe"wt+O
a-

b
, Magnusexpansion

useful f. description of stroboscopic long- time

dynamics
to

|Hr_=Ei¥



T ③
with IIÉ

'

= F- / HIM dt
T te

n (A)

Hp = ¥7 / / ( Hiltz )
,

itch] dt
,
dtz

o
o

÷

+ higher orders that scale as In

c
, Rtdng

additional toms in the Hamiltonian it
.

that

diverge with w → N
,
denoted as tlw

⇒ perform a unitary transformation

Ñlt ) = e
it /It

⇒ |JtH1=RHitARY+)-itRHd+Ñ
⑧

d, Example : Two - level system
-

energy levels to> and It>

with large energy offset ,
I is the coupling between

the two levels



④

→

energy difference between the two eigenstates

is

Égap = ✓A2t4fT
-

In the limit of large A → no coupling between

the two levels

Addresonantpeiodimoduation : Kw = A

H' G) = I 110>(11+11×01) + to 11>4^1 +
←

diverging with u - N

+ Vocoslwt + 4) to>< of



⑤
Traniittdgfane :

problem simplifies in rot. frame using

aiwllkiltt.ca/Vct)dt'loXo1f/Rlt1-#s.--
with Ñlt) = Vocoslwtty )

iwt 11>41 + i Eosin ( wt + g) 107<01
⇒ 12^4-7 =

e

Using this unitary transformation , we find the

new Hamiltonian

|HH=floxe1eiH"+yiexo|e-i2
with y

A) = - ( wt - ¥=sin(wtty) )

⇒ time - dependence now moved to

coupling terms

⇒ ft (t) is periodic in time without any diverging
terms



⑥
⇒ compute effective Floquet Hamiltonian e.g.

using the Magnus expansion

T

ftp.F/HlHdt--
0

21T

- i[E- II. sinltty ) ]
= ¥ / [ 810>< He + a.c.) do

→
oc- = wt

= J Ja( E.)eidlokelth.c.LT
where f. (x) = y.ly/e-iCt-xsinc-) de

0

is the first - ordo Bessel function of the first kind .

⇒ In the presence of resonant periodic

modulation
,

the coupling between levels

to> and 11> is restored with an effective

coupling strength



⑦
Multi - photon processes
-

with lAio
,

where ✓ c- I

same derivation :

/ftp.fflEl/eiM1oxe1+e-iH1ixol#
=

Bessel function of first kind of order ✓

21T

→ %lx1= ¥ / ei
lot - ✗sine )

olio

e. g. Zero order :

@

⇒ no energy difference between to> and le>

¥ plus periodic modulation

107 le>

→ efknding :

renormalization according to f. (x ) ⇒_=f



⑧
e) Measurement

optical superlatives (3D array of isolated double wells )

⇒ calibration of effective tunnel coupling

→ Prepare initial state ,

where atoms are localized

on
the lattice site with lower

energy
I turn on Telly

modulationt.ir - w
Initial state Floquet system

C. Schweizer et al
.

Nat Phys . 15,116812019 )



⑨
dephasing is due to

external harmonic confinement

f. Extension to extended ID lattices

•
on - site potential In

• periodic modulation

V. sin (wt + 4m)

m mtl

Floquet Hamiltonian with effective tunnel coupling

Leg --8×1,1%4 eiom



⑨
with %×= {¥w sin 1%+12%-1

,

which defines the

argument of the Bessel

function

¢m=%+m
,
defines the phase that appears in the

eff . complex tunneling element

%
"

Gil

⇒ one - photon processes define effective tunneling and phaie

BIT : effective flux is defined by phase variation

pop .
to the law - assisted tunneling direction



g) Artificial gauge fields in 2D ①

uniform flux : Hofstadter model

Ba ki , wz

Ten
,
we

__→& Ly

Fx

→ tunneling inhibited along ✗ for A- ⇒ J×

Add periodic modulation :

-

Interference between additional laser beams with

wave vectors in
,
Liz and frequencies we

,
we

VII. t ) = Vo cos ( wt + ¢81 )
,

067 = DE - E

oñ=ñ
.

- E.

Resonance condition :

- |w.-w^=^-



①
effective Floquet Hamiltonian with venom . tunneling

• along ✗ : Leaf = L, Lely:) ei¢""

• alongy : Jey
"

= fy Lolz!)

⇒ complex tunneling along ✗
,

real tunneling along y
⇒ effective magnetic flux § = Onn - 0m ,n+i

%
"

Yod

example :

a

flux is fully
tunable

§= dkya



①h
, Measuring the effective flux

cyclotron motion

⇒ measure real - space motion in Supelaltices

M.A
.

et al .
, Phys .

Rev
.

Left
.

107
,

255301 (2011)



Experimental protocol : ④

→

quench

⇒ extract an effective flux §= 0.73 (5) ✗ Iz



i , synthetic dimensions ⑤

⇒ sharp edges : shipping orbits



④
ji spin - Hall effect

M.A
.

et al
.

.

PRL 111
,

185301 12013 )

Id > = IF
= 2

, mf
= 1>

19 > = IF -- 1 , mr.
= - e>

19 > and Id > have opposite magn .

moments



other synthetic systems
⑤

Review : MA
.

, Comptes Rendue Phys . ( 20181


