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Hofstadter model
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P.G. Harper, Proc. Phys. Soc., Sect.A 68, 874 (1955);
M.Y. Azbel, Zh. Eksp. Teor. Fiz. 46, 929 (1964); D.R. Hofstadter, Phys. Rev. B14, 2239 (1976)



Hofstadter model

Single-particle energy spectrum: Hofstadter-butterfly

e For ®g/ Dy = plg, the band splits
Into g subbands

e For ®p/ Do = O /211 = 1/4: _

=

» Lowest band has a ,é'?
Chern number 1

» Large flatness ratio:
Egap/EbW ~ 7

P.G. Harper, Proc. Phys. Soc., Sect.A 68, 874 (1955);
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M.Y. Azbel, Zh. Eksp. Teor. Fiz. 46, 929 (1964); D.R. Hofstadter, Phys. Rev. B14, 2239 (1976)



Topology Iin hexagonal
optical lattices



Hexagonal lattice

Lattice: A and B degenerate sublattices

3
H=Hy~JYY (arby.q +hec.)
R i=1

Two sublattices = two lowest energy bands

Real Space Reciprocal Space

gx

Quin zone

A. Castro Neto et al., Rev. Mod. Phys. 81, 109 (2009)
cold atoms: K. Sengstock (Hamburg), T. Esslinger (Zurich)




Hexagonal lattice

Band dispersion Berry curvature
2L
K
e T
I
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nr

Dirac points at the corners of the first BZ



Hexagonal lattice

Berry curvature concentrated at Dirac cones

with alternating sign at K and K" point.

(1) ’L
e Berry Phase around K-Dirac cone
e G G
PBerry, K = 7{ A(q) dq =N
C \ ” W
\
Berry connection N %
I
e Berry Phase around K'-Dirac cone L
ne ne

PBerry K = — 7

L Tarruell et al. Nature 483, 302-305 (2012)
T. Uehlinger et al. Eur. Phys. J Special Topics 217, 121-133 (2013)



Hexagonal lattice

Experimental realization:

Arbitrary accelerations
by t-dep. frequency shift

d
%Aw = cst.

— constant acceleration

PhD thesis L. Duca (2015)



Lattice acceleration

Lab frame

PhD thesis L. Duca (2015)

Energy

quasimomentum

Constant force in reference frame

of co-moving lattice Kt
g q(?) = qo + ?



Hexagonal lattice

Stuckelberg oscillations:

Energy

e Landau-Zener transitions as beam-splitters

e Oscillations as a function of hold time at g=0Q reveal energy gap Eo

Hold time
B e PR |
q q q q q

Stuckelberg, Helv. Phys. Acta 5, 369 (1932)
Shevchenko et al., Phys. Rep. 492, 1 (2010)
Zanesini et al., PRA 82, 065601, (2010), Weitz PRL 105, 215301 (2010)

Determine band occupations!




Hexagonal lattice
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Stuckelberg, Helv. Phys. Acta 5, 369 (1932)
Shevchenko et al., Phys. Rep. 492, 1 (2010)
Zanesini et al., PRA 82, 065601, (2010), Weitz PRL 105, 215301 (2010)



Hexagonal lattice m

8- /\/\ - 0.8 Er
’[:T Star:mint M ‘1_‘ ‘
é 6— Miﬁupoint ‘ —
é “ \/K\/ : 2.5 E|r
&) ' |
L 4 o/ N
o ® o
a0 .
GL) 2 90’9 . §
W ‘\ /

\ ¥
0, . AN




'‘Aharonov-Bohm' interferometer B:}é

Real Space Momentum Space
OAD
Qy,
| o\ /o
dx
oz =1 4 A(r)dr Prcry =  An(@)dg
C

PAp = %/Bdszzﬂiq)/q)() ¢Berry — /Qn(q)dsq




Interferometer in momentum space

Forces applied by lattice acceleration and magnetic gradients!

L. Duca et al. Science 347, 288 (2015)



Interferometer in momentum space

n/2,0 7,0

Forces applied by lattice acceleration and magnetic gradients!

L. Duca et al. Science 347, 288 (2015)



Interferometer in momentum space

n/2,0 7,0

Forces applied by lattice acceleration and magnetic gradients!

L. Duca et al. Science 347, 288 (2015)



Interferometer in momentum space EE
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Forces applied by lattice acceleration and magnetic gradients!

L. Duca et al. Science 347, 288 (2015)



Interferometer in momentum space

Na

I K M K T (k{in=0) K M K' I
- kI,i"<O k;,in>0 i
Final quasimomentum k{,‘“

L. Duca et al. Science 347, 288 (2015)



Interferometer in momentum space

n l T T T
1.0 i r Y ? 10 .
o—E
= 9 ? 2\ o o
— (oo 0 /
:0.5 P \8\0 o? " < 05 + (é"-p / i
b\%mt;{ \3 ® /C(/O
o—35 NN
0.0
0.0 1 L
O B =
2 cpmw (pMW

r K M K T (in=0) K M K r
ax ko k"o e

Final quasimomentum k;"

L. Duca et al. Science 347, 288 (2015)



Berry phase EE

Cyclic adiabatic evolution (along closed path C)

HR); R® = (R, R0, ...)

Instantaneous orthonormal basis

HR)|n(R)) = E,(R) | n(R))

Time-evolved state:  |y(f)) = ein® e~ #hd ERO) | 5 (R(7)))

0
Geometric phase: | 7,(t) = J A,(R)-dR A,(R) = i(n(R)|— | n(R))
C




Haldane model

The Haldane model

_— e = et e - - o

* no net magnetic field

\ \
ST o RN EYA e e

\ ’ \
3.p e
/

* no breaking of lattice
translational symmetry! \

Tight-binding Hamiltonian:

H=> tjele; + Z e'itl ele; + Aap Yy ele;

(17) 1€A

F. D. M. Haldane et al. Phys. Rev. Lett. 61, 2015-2018 (1988)



Haldane model

Experimental realization:
T. Oka und H. Aoki, Phys. Rev. Lett. 79, 081406 (2009)

Circular Iattice shaking

. (t) = —A (cos(wt)ey + cos(wt — ¢)es)

Photonic systems:

G. Jotzu et al. Nature 515, 237 (2014) M. C. Rechtsman et al. Nature 496, 196 (2013)



Haldane model

The Haldane model

Starting point: honeycomb lattice

n_ o inversion + time-reversal symmetric
1000
B A 500 ]
0 ~
-500 7
—1000 T

ETH lattice



Haldane model

The Haldane model

1) break time-reversal symmetry
complex next-nearest neighbor hopping

1000 7N
77 777N
N
. 777730
500 777 7% X
0
NN 0 vy, 77 Z
LA
~500 7
~10007

Chern bands!

ETH lattice



Haldane model

The Haldane model

2) break inversion symmetry
AB-site energy offset
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Quench protocol

Experimental measurement of 120°
Berry curvature in Floquet bands

N. Flischner et al. Science 352, 1091 (2016) 2

« Key ingredient: large A-B offset
— nearly flat bands = reference lattice

) o
P. Hauke et al. PRL 113, 045303 (2014) S e | | n
e K M K
T | | | |
s b || | |
» Protocol: S o | |
T L | |
Study geometric properties oY | , .
. | | ] ]
of Floquet-Bloch bands via K MK T K
quench to flat reference bands Momentum space

see also: T. Li et al. Science 352, 1094 (2016)



Quench protocol Hamburg

fermionic 40K
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1) Start in flat bands: |k, B)

N. Flaschner et al. Science 352, 1091 (2016)



Quench protocol Hamburg

fermionic 40K

© N \
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T | | | | |
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— e | | 1
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| |
lk,B> k,B>
4
Jw ------- "‘k__x\‘/
Ik, A> Ik, A>
\_ ) \_ J

2) Prepare ground state in dressed bands
k) = sin(0,/2)|k, A) — cos(0x/2)e"?* |k, B)

N. Flaschner et al. Science 352, 1091 (2016)



Quench protocol Hamburg

fermionic 40K

> >
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3) Quench to flat-band configuration
— oscillation around |k, B) with energy difference of flat bands vy

N. Flaschner et al. Science 352, 1091 (2016)



Quench protocol Hamburg

Momentum-resolved oscillations after ToF

0.04

n(k,t) (a.u.)

0.00
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n(k, t) — f(k)[l — Sin((gk) COS(¢k + 27‘(’th)]

Extract amplitude and phase to reconstruct the Berry curvature!

N. Flaschner et al. Science 352, 1091 (2016)



Quench protocol Hamburg

Berry curvature reconstruction

A

Amplitude Phase Berry curvature

W N e, Sty

experiment

experiment

N. Flaschner et al. Science 352, 1091 (2016)



Engineering genuine out-of-
equilibrium topological phases



Anomalous Floquet phases

Quantum

Floguet engineering: laf

R
Pl
v=3

—
N
Classic

* Engineer time-periodic system to emulate ol
properties of non-trivial static system af

 High-frequency limit: 0 2 4 6 B 10
Magnetic Flux Density [T]
— known bulk-edge correspondence

Beyond static systems:
T. Kitagawa et al., PRB 82, 235114 (2010), M. Rudner et al.,, PRX 3, 031005 (2013)

« Beyond the high-frequency limit:

S

— top. protected edge modes, while
conventional top. invariants are zero!

o

Quasienergy €

S5

« Robust edge transport «— localized bulk!




Anomalous Floquet phases

Simple example: Stepwise modulated square lattice

e Four equal time steps, with JT'/4 = 7 /2

GmEnO)—@mmmn()—— @

)

[

O—@mmm()——— @

.
o) ——— Q@m0
.
) @u—)
 J

o After one period: initial state

o) —@mmn)— @m0 O
A

O

Q reproduced — U(T) =1
I L4 I L I L Ommg——Omm@——COmng
I I I YT T Y o Effective Floquet Hamiltonian:
I I I ( SRER zero matrix Huog = 0
O O O O—Omm@—Omm@—O
%
%
— two degenerate flat bands —e 5 O
at e=0, with trivial topology! C ) E
<)

T. Kitagawa et al., Phys. Rev. B 82, 235114 (2010), M. Rudner et al., PRX 3, 031005 (2013)



Anomalous Floquet phases

Simple example: Stepwise modulated square lattice

7 71 7 l ! l ! l « Topology not determined by
T | l | l , properties of H.g !
Q « Full time-dependence is important
I : I : T I ) S ) S * Non-trivial winding of quasi-
I O I O I Ommg—Omm@—Omn@ energy SpeCtrum
I O I O I O O—Omm@—Omm@—O \
— two degenerate flat bands —e

at e=0, with trivial topology!

)
N\

. Quasienergy
(@]

3

N
-]

Ry ma

Photonics: S. Mukherjee et al., Nat. Commun. 8, 13918 (2017), L. J. Maczewsky et al., Nat. Commun. 8, 13756 (2017)



Anomalous Floquet phases

State-of-the art:

Modulated square lattice in coupled waveguide arrays

arm . L 4 9

— Robust edge transport

Cold atoms: e« Reveal bulk and edge-state physics
e Study many-body phases

S. Mukherjee et al., Nat. Commun. 8, 13918 (2017), L. J. Maczewsky et al., Nat. Commun. 8, 13756 (2017)



Topological Floquet phases

How to characterize top. properties?

Winding number counts
A . |

w Hho. W # edge modes in gap!

> 2

S

o 1 0 + 0 7

EJ 0 W Ct = ——(W %% )

n

S _ho. w .

T 2 Chern number not sufficient to
characterize Floquet systems

Complete set of invariants given by winding numbers!

T. Kitagawa et al., Phys. Rev. B 82, 235114 (2010)
M. Rudner et al., PRX 3, 031005 (2013), N. Unal et al., PRL 122, 253601 (2019)



Topological Floquet phases EE

High-frequency limit: Haldane phase

T~ — » High-frequency limit: W™ — 0

(mapping to static system via RWA)

Cr=-1
1
@C . * Edge state at zero energy

_____________ wY =1

How to determine bulk top. invariants of the other phaﬂ

T. Oka et al., PRB (2009); M. C. Rechtsman et al., Nature (2013); G. Jotzu et al., Nature (2014)




Topology of gap-closing points m

Band-touching singularities

* Consider 3D-parameter space:

(Gzy Gy, ), where A parametrizes mod.

3 / Topological charge Qs = 1|
% os ( )
i * Topological charge describes the

|
-
(=)

change in Winding number

18l . . .
1 1 1 1 .] —_— J
r M K r II)\S-|—€ T II)\S—g—I_Q?S

Quasimomentum

|) Identify energy gap

2) Measure topological charge Q;

—

F. Nathan et al, New J. Phys. 17, 125014 (2015); N. Unal et al., PRL 122, 253601 (2019)




Topology of gap-closing points EE

1) Measure Berry flux associated with Q;

a A (a) Measure Berry-flux through
A

all six faces!

F. Nathan et al, New J. Phys. 17, 125014 (2015); N. Unal et al., PRL 122, 253601 (2019)



Topology of gap-closing points EE

1) Measure Berry flux associated with Q;

(b) Measure Berry-flux locally

(op
>» >

shortly before and after the

gap-closing point!

/ /; 2
/Qs 7 )Cly \ ¢

7 )\ —+ €
K . Io.oz
q 5
X o T o 10.00 S8
c
q
y A " -0.02
ALK |

>q, gap-closing at T’

F. Nathan et al, New J. Phys. 17, 125014 (2015); N. Unal et al., PRL 122, 253601 (2019)



Geometric properties of energy bands

Transport measurement
semiclassical dynamics when applying a force F

— Anomalous transverse velocity F

L — ——
prop. to Berry curv. Q, vila) = P Qu(q)
K A€ A—e€
M K - Io.oz
El
o . 000 &
9, q G

Yy, |k * ¢ I—o.oz
‘ extract
9 L>q

x  center-of-mass

Asl(qs) — sgn[sl (q87 As + 5)] — Sgn[sl(qs, As — 5)]




Geometric properties of energy bands

Transport measurement
semiclassical dynamics when applying a force F

— Anomalous transverse velocity N 0
prop. to Berry curv. Q, u(d) = 7 u(Q)

K A+ € A —€
Y K « . Io.oz
=
@ 0 -0.00 8
q G
Y qy K * o I—o.oz

‘ extract
9 L>q

x  center-of-mass




Modulated hexagonal lattice

Modulate NN tunnelings between A/ and | Here: Bosonic 37K
T. Kitagawa et al., Phys. Rev. B 82,2351 14 (2010) A=73Mmm, a = 284nm

Continuous modulation scheme:
O O

N
o

w
o

N
o
Potential (E/)

Q) (O
y 10
X 0
1.0
> \
N
o
.E 0.8
o
2 — /4(t)
% 0.6 — 1,(t)
oC . . 5(t)

0.00 025 050 075 1.00
Time (T)

K.Wintersperger, ...., M.A,, Nature Phys. 16, 1058-1063 (2020)
see also:A. Quelle et al., New | Phys. 19, 113010 (2017)



Topological Floquet phases

Phase diagram

1IO 15
w/(27t) (kHz)

-04 -0.2 0.0
QX(kL)

Haldane-like phase Anomalous phase
C*t = +1 Ct =0

K. Wintersperger, ...., M.A., Nature Phys. 16, 1058-1063 (2020)

€ (FL(D)

-04 -02 00 02 04
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Haldane phase
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Phase diagram BE
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Track gap-closing points EE

I-point Modulation amplitude m
0.3 0.3 0.25 0.2 0.15 01 0.1
| | | | | |
05 F o °
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LA ic
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Track gap-closing points EE

Stuckelberg oscillations:

A
\/ T * We always measure the

0 : 0 =
/\ g smaller energy gap: min(g~, g™)

* In the high-frequency limit
we probe g9

\é/ .............................. gﬂ-
~—\
r M K T

N.Unal et al., PRL 122,253601 (2019)



Track gap-closing points EE

Stuckelberg oscillations:

\/ [ e We always measure the
0 . 0 m
/\ g smaller energy gap: min(g-, g")

* In the high-frequency limit
we probe g9

é\ ------------------------------ g

= J  Transition, when
\/ g =l
r M K r

N.Unal et al., PRL 122,253601 (2019)



Track gap-closing points EE

Stuckelberg oscillations:

\/ [ e We always measure the

0

g smaller energy gap: min(g”, g™)
/\ Jr * In the high-frequency limit
"""""""""""""""" {T we probe g9

vt * Transition, when
TN s
r * I

N.Unal et al., PRL 122,253601 (2019)



Identify different energy gaps

I-point Modulation amplitude m
0.3 0.3 0.25 0.2 0.15 0.1 0.1
| | | | | |
05 F o ®
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A A
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(# g 7 8 g o
() ()
’é 0.3 F °
< l S ® Q o
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K.Wintersperger, ...., M.A,, Nature Phys. 16, 1058-1063 (2020)



Topology of gap-closing points EE

I'-point: . -
0.00 C}
v 0.02
Modulation amplitude m
0.3 0.3 0.25 0.2 0.15 0.1 0.1
| | | | | . . @|
p o
____________ Jommme-
Haldane
bhase
| | | + | | | |

4 6 8 10 ®/(271) (kHz2) 10 20 30 40

—Wo 1
—-W™ 0




Topology of gap-closing points EE

I'-point: o . . 0.02
» . 0.00 (3
» ¢ "’ -0.02

Modulation amplitude m

0.3 0.3 0.25 0.2 0.15 0.1 0.1
| | | | | qy @I
[N
JJ)/
____________ _|________
Haldane
+ bhase

—Wo 1
-Ww™ 0




Topology of gap-closing points EE

I'-point:

. . . 0.02
1

. . 0.00 C3

. . . -0.02

Modulation amplitude m
0.3 0.25 0.2 0.15 0.1 0.1

@IIIII®"VL@I
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Local Hall-deflection measurements

F-point: o . . 0.02
o . 0.00 (3
qy . oy v 0.02
>4, Modulation amplitude m
0.1

0.3 0.3 0.25 0.2 0.15 0.1

Loy o G
f 1

; Anom. M + J - \
~ L 8N\{| phase | |1 " | Complete
IC‘U; (F % i} 4) set of top.
% Ll % + invariz&

i (% Haldane
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Making synthetic gauge
flelds dynamical



Density-dependent gauge fields

Non-trivial gauge-matter coupling

previously. no backaction of motion of particles onto fields

Use periodic driving

to control amplitude and
phase of density-assisted

tunneling processes |  \—/..¥¥.) IU= Tha + 4y

[ How to engineer local symmetries? ]

L. W. Clark et al. Phys. Rev. Lett. 121, 030402 (2018); F. Gorg et al. Nat. Phys. 15, 1161-1167 (2019)



Gauge theories

Lattice gauge
theories:

High Energy Physics Condensed Matter Physics Top. Quantum Computation



Simulating lattice gauge theories

Lattice gauge
theories:

!

Matter (fermionic) & gauge (bosonic) fields K. G. Wilson

Microscopically engineered quantum systems
In table-top experiments

Challenges: e matter- and gauge-field coupling
e local symmetry (Gauss's law)

U.-J. Wiese et al. Ann. Phys. 525, 777-796 (2013); E. Zohar et al. Rep. Prog. Phys. 79, 014401 (2015);
M. Dalmonte et al. Contemp. Phys. 57, 388-412 (2016); M. Banuls et al. Eur. Phys. J. D 74, 165 (2020)



Quantum link models: implementations

» Staggered |D Bose-Hubbard chains
B.Yang et al. Nature 587, 392-396 (2020)

odd even U /( o+A  2A

* Rydberg atom quantum simulator
H. Bernien et al. Nature 551,579 (2017); F M. Surace et al. Phys. Rev. X 10,021041 (2020)

41
1,013 nm VI] 420 nm Qp

B — - — )

——|g)

* Atomic mixtures / spin-changing collisions
E. Zohar et al. Phys. Rev.A 88,023617 (2013); A. Mil et al. Science 367, |1128-1130 (2020)

gauge field matter field

n-1 n n+1 n+2



Z> lattice gauge theory coupled to matter

_— i
Hz, =+ Z Ja (T<J,J+1>a.7 jy1 T h'C‘> Z JfT(J,J+1>
J

-~

Zio charge A

KQ] _ Biﬂ-ﬁ?

J

e matter field 0 gauge field

KZQ gauge field\

@—O

T"=+1

\_ J

~

2, electric field

O0—=O

"= 41
T

e matter-gauge field coupling with strength J;

e energy of electric field J

C. Schweizer

-----

E

MA, et al., Nat. Phys. 15, 1168-1173 (2019)



Gauss's law

Z; symmetry:

0:(4,J)

eigenvalues: g; = x1

Z> Gauss's law: g 7 gj+1

((Gilv) =gilv) ) O—0—;

g; :local conserved quantities

— Subsectors characterized by set of conserved quantities {g;}

C. Schweizer,..., MA, et al., Nat. Phys. 15, 1168-1173 (2019)



Dynamics in 1D

Initial state: ; j=0
Single charge on site j=0 d @ + + O + O
+1 -1 +1 +1
C o = 0.1 -
electric field 0 - f]f/.‘] .O | 1 electric field
Jr =0 dominated:
Jr>» J;
= a
0.2 n;
™~
0.4 e - 0
-4 0 4
lattice site J

C. Schweizer,..., MA, et al., Nat. Phys. 15, 1168-1173 (2019)



Dynamics in 1D

Initial state: ; j=0
Single charge on site j=0 d @ + + O + O
+1 -1 +1 +1
- = 0.1
electric field 0 - f]f/.‘]“ .O | 1 electric field
Jr =0 dominated:
Jr>» J;
= a
0.2 n;
~
0.4 0

-4 0 4 -4 0 4
lattice site Jj lattice site j

C. Schweizer,..., MA, et al., Nat. Phys. 15, 1168-1173 (2019)



Z> lattice gauge theory coupled to matter

_— i
Hz, =+ Z Ja (T<J,J+1>a.7 jy1 T h'C‘> Z JfT(J,J+1>
J

Implementation: ¢ mixture of two-component bosons

e resonant modulation at interaction U

e matter field 0 gauge field

C. Schweizer,..., MA, et al., Nat. Phys. 15, 1168-1173 (2019)



Floquet scheme

Resonantdriving: hw =U, hw>J and ¢ =1{0,7}

Tunneling of matter particle:

Link variable: 7%= — A

[ﬁeﬂ;:Ja 72 (a;al + &{5@) Jo=J T (x)

Reflection properties of Bessel function:

T-v(x) = (=1)"Tu(x)

e matter field 0 gauge field

C. Schweizer,..., MA, et al., Nat. Phys. 15, 1168-1173 (2019)



Floquet scheme

Resonantdriving: hw =U, hw>J and ¢ =1{0,7}

Tunneling of gauge-field particle:
Needs to be real: 7%= fIf, + f1f,

Depend weakly on position of a-particle:

Jr=JTo(x) 1§ + J Ta(x) 1

Can be avoided for:
x=184: Jo(x) = J2(x)

C. Schweizer,..., MA, et al., Nat. Phys. 15, 1168-1173 (2019)



Dynamics double-well

Initial state I:

eigenstate of electric-field operator 7%

® /0 T
)

Ye)=]a,0) @ (|£,0) + [0, £)) /V2

eigenvalues g1 = —1 and go = +1

= oscillation amplitude / frequency depends on ratio Jr/ J;|

C. Schweizer,..., MA, et al., Nat. Phys. 15, 1168-1173 (2019)



Dynamics double-well Bﬁ

Observed dynamics: 1F - - . =

L

t

Observable: site occupations
= /2 charge + Z> gauge field

Parameters: J¢/J, ~ 0.54

C. Schweizer,..., MA, et al., Nat. Phys. 15, 1168-1173 (2019)



Dynamics double-well B:}»

Observed dynamics: 1F - - . =

Observable: site occupations
= /2 charge + Z> gauge field

Parameters: Jy¢/Jq ~ 0.54 T Gauge-field dynamics suppressed! L

C. Schweizer,..., MA, et al., Nat. Phys. 15, 1168-1173 (2019)



Dynamics double-well

Initial state Il

eigenstate of electric-field operator 77

ST

t

5)=1a,0) @10, f)

coherent superposition of two subsectors
with g1 = —go==1

- - e Note, subsectors are not coupled
(G1)=(G2) =0 ] e Dynamics of charge unchanged!

C. Schweizer,..., MA, et al., Nat. Phys. 15, 1168-1173 (2019)



Dynamics double-well B:}»

Observed dynamics:

JHIITLLE

t

Observable: site occupations

= 7, charge + Z»> gauge field

Parameters: J¢/J, ~ 0.54 T

0 0.5 1 1.5
Jt/h

C. Schweizer,..., MA, et al., Nat. Phys. 15, 1168-1173 (2019)



Dynamics double-well B:}»

Observed dynamics:

X X B go t‘\
JUITLE 1 V -

= 7, charge + Z»> gauge field

Parameters: J¢/J, ~ 0.54 -1k

o
Z
o
>
N
9
R
o
3
D
Y
>
<
=]
-
)

C. Schweizer



Corrections ____________ JuMl

Symmetry-breaking terms W N

e tilt distribution = create homogeneous potential W W Jm

e correlated tunneling processes due to higher-order Floquet
corrections & extended Bose-Hubbard terms (deeper lattices)

25
Jt/h

MA, et al., Nat. Phys. 15, 1168-1173 (2019)



Thank you!





