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Trap quantum particles Optical cavities  Superconducting loops
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RMP 85, 1083 (2013) Nature 431, 162 (2004) PRL 115, 166603 (2015)
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Superposition and coherence

Trap quantum particles Optical cavities  Superconducting loops
Photon Cooper pair

Nature 431, 162 (2004) PRL 115, 166603 (2015)
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Nature 431, 162 (2004) Science 342, 1494 (2013)
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Quantum simulation

Cold atoms
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Figure from
Bloch, Nature
453, 1016 (2008)
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Mesoscopic devices
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AlGaAs
GaAs

KWANT, NJP 16, 063065 (2014)

PRL 115, 166603 (2015), Physics 8, 98 (2015), PRB 96, 235431 (2017), PRL 120, 236801 (2018), arXiv:1612.03850
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Many-body transport

[

AlGaAs
GaAs

KWANT, NJP 16, 063065 (2014)

Electrons »Spin + Interaction

PRL 115, 166603 (2015), Physics 8, 98 (2015), PRB 96, 235431 (2017), PRL 120, 236801 (2018), arXiv:1612.03850
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Open Kondo box problem

PRL 115, 166603 (2015), Physics 8, 98 (2015), PRB 96, 235431 (2017), PRL 120, 236801 (2018), arXiv:1612.03850



Q Uantum——
. enginEered 7 "
> sySTens

Many-body transport

H = Hleads + Hdot + Hcav + Hcoupl + Htun

Hyor = Z €d Cl:rjd(7 -+ UnT')u

(o

_E T E : T
Hleads — ELkCLkJCLkU + ERkCRkachJ
k.o k,o

Heay = Z Egzj)f]Tafja

ag,]
Heoupt = »_ Q; fl,d, +hec.
7,0

Hyw = Y tudbe ,, +he.+ ) trdicy,, +he
k,o k,o

+ Z thJTUchU + h.c.
Open Kondo box problem j.k.o

PRL 115, 166603 (2015), Physics 8, 98 (2015), PRB 96, 235431 (2017), PRL 120, 236801 (2018), arXiv:1612.03850
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Exact diagonalization Jikso

PRL 115, 166603 (2015), Physics 8, 98 (2015), PRB 96, 235431 (2017), PRL 120, 236801 (2018), arXiv:1612.03850
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PRL 115, 166603 (2015), Physics 8, 98 (2015), PRB 96, 235431 (2017), PRL 120, 236801 (2018), arXiv:1612.03850
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Singlet dot-cavity

Many-body Kondo singlet molecule

PRL 115, 166603 (2015), Physics 8, 98 (2015), PRB 96, 235431 (2017), PRL 120, 236801 (2018), arXiv:1612.03850
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2D quantum Hall effect

In

K. Von Klitzing, RMP 58, 519 (1986).

guantized transverse linear response

1st Chern number
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C, = %Jl 0, (k)dk?
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Dimensional
reduction

Laughlin, PRB 23, i} \
5632 (1981) ot

Thouless PRB 27, 4f 1
6083 (1983)

(x) = [[ (v, (k,.0)) dk,di = C,d, C, = % j j 0, (e ) ke ded
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Hofstadter model

Hamiltonian:

;;.
= Z ( Cok, Cosip, F h.c.) +2t, cos(2rbx +k,)cy, ¢,

X,k

Spectrum:
Harper, PPSL A 68, 874 (1955)
Azbel, JETP 19, 634 (1964)
Hofstadter, PRB 14, 2239 (1976)
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Hofstadter model

« Hamiltonian: W

H = Zt ( Xkcm,( +h.c.)+2t, cos(2rbx +k, )c!

X/c

. Quantized Hall conductance:

TKNN, PRL 49, 405 (1982)
82 D. Osadchy and J. E. Avron, J. Math. Phys. 42, 5665 (2001)

A

e Chern numbers:

2 2r
Y = J-dpx J.dpr(Px»Py)
0 0
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Real dimension Synthetic dimension
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cos(27bx + @)

“Long-range” order
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Atomic topological pumps
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= Cool atoms into a Mott insulator state
Homogeneous delocalization over first
Brillouin zone

Nat. Phys. 12, 350 (2016)
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Atomic topological pumps

Rice-Mele Model [PRL 49, 1455 (1982)]

() ==Y (Ti(g) by, + () @l iby, + i)

m
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Nat. Phys. 12, 350 (2016)
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bjnam + ]2( )am+1b7n + h.c. )
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x)y= [ (v, (k.00 dk.di = C,d,

Nat. Phys. 12, 350 (2016)
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Atomic topological pumps
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Nat. Phys. 12, 350 (2016)
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4D quantum Hall effect

B
¢ . Pu

afyo
o 0

x= (2%)2 [[]] dk.dk,dk.dk,QAQ

First derivations:

J. E. Avron et al., Comm. Math. Phys. 124, 595 (1989).

J. Fréhlich and B. Perdini, in Mathematical Physics 2000 (Imperial College
Press, London, United Kingdom)..

S.-C. Zhang and J. Hu, Science Vol. 294, 823 (2001):

X.-L. Qi and S.-C. Zhang, Rev. Mod. Phys. 83, 1057 (2011).
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4D quantum Hall effect

K. Kraus, Z. Ringel, and OZ, PRL 111, 226401 (2013)

/[

e B
[ =y—e . —2LE;
a Z h afyo (DO o

1

(272')2 -UJ- BZ dkxdkydkzdkaszyw

Z:

See also PRL 115, 195303 (2015), PRA 93, 043827 (2016), PRB 93 245113 (2016)
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4D quantum Hall effect

[ =1 =0
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See also PRL 115, 195303 (2015), PRA 93, 043827 (2016), PRB 93 245113 (2016)



4D quantum Hall effect

K. Kraus, Z. Ringel, and OZ, PRL 111, 226401 (2013)
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Lorentz-type response

[ =1 =0

I =

X

2
e

= n,v.E.;

eB
hCD

Density-type response

I,=1,=1,=0

[ =y—

2 2

e B,
E +—v n E;
h

xv yw

0

See also PRL 115, 195303 (2015), PRA 93, 043827 (2016), PRB 93 245113 (2016)
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PRL 111, 226401 (2013), Nature 553, 55 (2018) & Nature 553, 59 (2018)
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* An optical superlattice

Nature 553, 55 (2018)
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Nature 553, 55 (2018)
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Boundary effects in photonics

Topological pumps

Bulk (cold atoms) Boundary (photons)

J

A /Z ;”//////

Nat. Phys. 12, 350 (2016) Phys. Rev. Lett. 109, 106402 (2012)
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Nature 553, 55 (2018) Nature 553, 59 (2018)
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Particle in a box

Optical resonators
Photon

RMP 85, 1083 (2013)

Superconducting loops
Cooper pair

Nature 431, 162 (2004)
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Optical cavities
atom

RMP 85, 1083 (2013)

Quantum dots

PRL 115, 166603 (2015)
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Synthetic dimensions

physical-dimension
F. Nori et al., RMP 86, 153 (2014); Celi et al., PRL 112, 043001 (2014)
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F. Nori et al., RMP 86, 153 (2014); Celi et al., PRL 112, 043001 (2014)
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1 Synthetic + 1 physical dimensions

C
9
2}
C
o
£
?
o
g
o
e
e
c
>
7))

physical-dimension
F. Nori et al., RMP 86, 153 (2014); Celi et al., PRL 112, 043001 (2014)
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Recent experimental realizations

Image source: M. Mancini et al., Science 349, 1510 (2015).
B. K. Stuhl et al., Science 349, 1514 (2015).

L. F. Livietal, PRL 117, 220401 (2016).

S. Kolkowitz et al., Nature 542, 66 (2017).
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(1+1)D quantum Hall effect

Image source: M. Mancini et al., Science 349, 1510 (2015).
B. K. Stuhl et al., Science 349, 1514 (2015).

L. F. Livietal, PRL 117, 220401 (2016).

S. Kolkowitz et al., Nature 542, 66 (2017).

m=-5/2
(o=1)

guantized transverse linear response

y X
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| /
K. Von Klitzing, RMP 58, 519 (1986). 1st Chern number

2
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Jye'?

Phys. Rev. Lett. 115, 195303 (2015)
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4D quantum Hall effect

J. Fréhlich and B. Pedrini, Mathematical Physics (2000)

Phys. Rev. Lett. 115, 195303 (2015) S.-C. Zhang and J. Hu, Science 294, 823 (2001)

quantized transverse non-linear response

2nd Chern number
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4D Topology
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