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WISCONSIN

UNIVERSITY OF WISCONSIN-MADISON

Wisconsin Summer School for Quantum Science

Lab tours:

Tuesaay Wednesday Thursday
Lab Tour: Eriksson Lab /Yavuz |Lab Tour: Song Lab Lab Tour: Choy Lab
3:30 PM Y3 /Brar Lab /Kats Lab (Engineering)
Lab Tour: McDermott Lab  /Kuzmin |Lab Tour: Saffman Lab Lab Tour: Wang Lab (Engineering)
4:00 PM TEYS
Meeting 3 30pm|by elevator 3 30pm|Chamberlin lobby ||3 30pm |Chamberlin lobby
point 4 00pm|5th floor Chamberlin (University Av exit) (University Av exit)

Wifi: eduroam

Lunch and Coffee: Hallway behind lecture hall 8 45 am

Dinner for registered participants:
Steenbock’s on Orchard, today, reception at 5 45 pm




WISCONSIN

UNIVERSITY OF WISCONSIN-MADISON

Wisconsin Summer School for Quantum Science
Lectures (@ Chamberlin 2223, backup Sterling 1310)

Tuesaay Wednesday Thursday
9am Konig Song Kuzmin
Overview Quantum LEGO  Superconducting gbits (exp)
11am Perkins Esterlis Vavilov
Quantum spin liquids Quantum sensing Superconducting gbits (th)
20m Perkins Levchenko

Kitaev Materials Quantum transport
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the era of the 2nd quantum revolution
VWhat Is quantum science gooo for?

-7 ey —— ———
- - L ey -
e o = e T e L
) = > ~ - NS o -~ BN L Renings B ~ Bong
L Q e T . y ." ) i D . - I e T ha . —mo SR - e SR
‘x P — \.‘. b . . . e
—_— . - - ! 3 .

v 'y

. T4
:" * e Y BAh
y
T ST L )

- LS -""" y
LA

' - . ",_ 3 sl % ..1 4 ‘ i oy E . > i » : J . )]L‘
P ‘ ; ) A L > : .
\ . | > g ... 1 b - ! b, - . )
T I' J < - y ‘Iw 4 r I .
. . o > — ! ' > ] . .

= -.“ 124 e - ' SE N, 1 -

. -y ' - ; - , L

— "l N ‘ by ~ &l .
i T - B » ¥ R . . : o R "

LA
Rr?



domestication ok
quow\%um F‘st‘*ﬁﬁ

the era of the 2nd quantum revolution
What is guantum science good for?
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quantum materials

Majorana
fermion

1
quamﬁum revolution

domesticaktion 04

VWA LCS
RuCls: candidate Quantum Spin Liquid: QL&O\V\EM P‘Ajs
Matsuda et al, Nature (2018).
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22 flux

RuCls: candidate Quantum Spin Liquid:
Matsuda et al, Nature (2018).

What Is quantum science

“Quantum technology seeks to
harness the peculiar laws of
quantum mechanics for processing
information, to develop new kinds
of computers, communications
networks, and sensors.”

(@he Washington Post. Aug 18th, 2019)
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RuCls: candidate Quantum Spin Liquid:
Matsuda et al, Nature (2018).

Aspects of
guantum science

“Quantum technology seeks to
harness the peculiar laws of
quantum mechanics for processing
information, to develop new kinds
of computers, communications
networks, and sensors.”

(@he Washington Post. Aug 18th, 2019)

quantum computing
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RuCls: candidate Quantum Spin Liquid:
Matsuda et al, Nature (2018).

Quantum chip:
Google Quantum, Science (2021)

Aspects of
guantum science

quantum sensing

“Quantum technology seeks to
harness the peculiar laws of
quantum mechanics for processing
information, to develop new kinds
of computers, communications

networks, and sensors.” S
Color center magnetometry:
(@he Washington Post. Ave 18th, 2019) \Maletinsky et al, Physics World (2019)
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RuCls: candidate Quantum Spin Liquid:
Matsuda et al, Nature (2018).

quantum design

2D materials (twisted bilayer graphene):
Efetov et al, Physics World (2019).

Aspects of
guantum science

“Quantum technology seeks to
harness the peculiar laws of
quantum mechanics for processing
information, to develop new kinds
of computers, communications
networks, and sensors.”

(@he Washington Post. Aug 18th, 2019)

quantum computing
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Quantum chip:
Google Quantum, Science (2021)

quantum sensing
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Maletinsky et al., Physics World (2019)
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Majorana
fermion

RuCls: ¢ In Liquid:
superposition 00

principle

2D materials (twisted bilayer graphene):
Efetov et al, Physics World (2019).
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Color center magnetometry:
Maletinsky et al., Physics World (2019)
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| ““the simplest of
definitions is that a quantum material is one whose electronic
or magnetic properties are best described as having a nontrivial

quantum mechanical origin ¥ [R Cava, et al. "Introduction: Quantum Materials”, Chem. Rev. (2021)]



Quantum Materials & forms of order

| ““the simplest of
definitions is that a quantum material is one whose electronic

or magnetic properties are best described as having a nontrivial
quantum mechanical origin ¥ [R Cava, et al. "Introduction: Quantum Materials”, Chem. Rev. (2021)]

uperfluids and superconductors

S {“‘,{ Nt
by ." o_:\

FP - FP

v-.,t X
A
7 40 r

£

I

20 1
0 - 8
40 20 0 20 40
<«— g axis ¢ (°) b axis 0 (°) c axis —»

[Superfluid He: A Leitner (BBC).
UTe2: S Ran, ..., N Butch, Nature Phys (2019)]



Quantum Materials & forms of order

| ““the simplest of
definitions is that a quantum material is one whose electronic
or magnetic properties are best described as having a nontrivial
quantum mechanical origin ¥ [R Cava, et al. "Introduction: Quantum Materials”, Chem. Rev. (2021)]
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[Superfluid He: A Leitner (BBC).
UTe2: S Ran, ..., N Butch, Nature Phys (2019)]
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Quantum Materials & forms of order

““the simplest of
definitions is that a quantum material is one whose electronic
or magnetic properties are best described as having a nontrivial
quantum mechanical origin ¥ [R Cava, et al. "Introduction: Quantum Materials”, Chem. Rev. (2021)]

topological phases superﬂwds and superconductors

omg ical tnsulator
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[scanning SQUID on graphene Marguerite,..., Zeldov, Nature (2019) .. [Superfluid He: A Leitner (BBC).
ARPES on Bi>Ses: Wray, ..., Hasan, Nat Phys (2010)] UTez: S Ran, ..., N Butch, Nature Phys (2019)]
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““the simplest of
definitions is that a quantum material is one whose electronic
or magnetic properties are best described as having a nontrivial
quantum mechanical origin ¥ [R Cava, et al. "Introduction: Quantum Materials”, Chem. Rev. (2021)]
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““the simplest of
definitions is that a quantum material is one whose electronic
or magnetic properties are best described as having a nontrivial
quantum mechanical origin ¥ [R Cava, et al. "Introduction: Quantum Materials”, Chem. Rev. (2021)]
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[FQH: Nakamura et al, Nature (2020)
RuCls: Kasahara et al Nature (2018)] [cuprates: Proust, Taillefer, Annu. Rev. of CM Phys. (2019)]
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symmetry- protected topological phases

Qtog ical tnsulator
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[scanning SQUID on graphene. Marguerite,..., Zeldov, Nature (2019)
ARPES on BixSes: Wray, ..., Hasan, Nat Phys (2010)]

topological order
quantum SF?LM. chuid

[FQH: Nakamura et al, Nature (2020)
RuCls: Kasahara et al Nature (2018)]
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What is winding?
phase of Bloch
wavefunction
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[scanning SQUID on graphene: Marguerite,..., Zeldov, Nature (2019)
ARPES on BixSes: Wray, ..., Hasan, Nat Phys (2010)]

topological order

What is winding?
phase of many-body
e, WaVEfunction with

'FQH: Nakamura et al, Nature (2020) point-like excitations
RuCls: Kasahara et al Nature (2018)]
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What is winding?
phase of Bloch

wavefunction
ected topological phases
ffect &omgwt thsulator
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For both:
many-body quantum state
cant be created from product state
with finite dﬁpﬁh unitary circullk =~
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[scanning SQUID on graphene: Marguerite,..., Zeldov, Nature (2019)
ARPES on BixSes: Wray, ..., Hasan, Nat Phys (2010)]
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'FQH: Nakamura et al, Nature (2020) point-like excitations
RuCls: Kasahara et al Nature (2018)]
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.., Zeldov, Nature (2019)
Hasan, Nat Phys (2010)]
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What is winding?
phase of Bloch
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symmetry-protected topological phases
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Quantum Design

I\/Iaterlals by design: van der Waals LEGO

twisttronics artificial Kondo

M1, 6=1.16°

Latbice

-1.8 -1.6 -1.4 -1.2
n (102 cm=2)

[van der Waals Lego: Geim & Grigorieva, Nature (2013)
twisted bilayer graphene: Jarillo-Herrero et al Nature (2018)
STM on TaSz: Liljeroth et al Nature (2021)]




Quantum Design

I\/Iaterlals by design: van der Waals LEGO

&wm&%ramas

M1, 6=1.16°

artificial Kondo
Latbice

18 16  -14 12
n (10’2 cm—2)

[van der Waals Lego: Geim & Grigorieva, Nature (2013)
twisted bilayer graphene: Jarillo-Herrero et al Nature (2018)
STM on TaSg: Liljeroth et al Nature (2021)]

Quantum dots

Tunable 6 - wigqle wei.i. quah&um dok

[3-channel Kondo device: Pierre et al, Science (2018)
Si quantum dot: Eriksson, Joynt, Friesen ef al Nat Comm (2022)]



Quantum Design

I\/Iaterlals by design: van der Waals LEGO Artificial materials
artificial Kondo Anderson Localization superconductor-
Lablkice - 0131-%?:[:?%5 sulator Eransikion

* *—

Ewistbtronics

M1, 6=1.16°

Metal

-1.8 -1.6 -14 -1.2
n (10’2 cm—2)

[van der Waals Lego: Geim & Grigorieva, Nature (2013) | |
twisted bilayer graphene: Jarillo-Herrero et al Nature (2018) [Polariton waveguides: J Bloch et al, Nat Phys (2020)
STM on TaS:: Lilieroth et al Nature (2021)] Josephson junction chain: Kuzmin et al Nat Phys (2019)]

——

Quantum dots
wiggle wei. quantum dok

[3-channel Kondo device: Pierre et al, Science (2018)
Si quantum dot: Eriksson, Joynt, Friesen ef al Nat Comm (2022)]
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I\/Iaterlals by design: van der Waals LEGO Artificial materials
artificial Kondo Anderson Localization superconductor-
Lablkice - 0131-%?:[:?%5 sulator Eransikion

* *—

M1, 6=1.16°

Ewistbtronics

Metal

-1.8 -1.6 -1.4 -1.2

[van der Waals Lego:n (&emlrﬁ & Grigorieva, Nature (2013) | |
twisted bilayer graphene: Jarillo-Herrero et al Nature (2018) [Polariton waveguides: J Bloch et al, Nat Phys (2020
STM on TaS:: Lilieroth et al Nature (2021)] Josephson junction chain: Kuzmin et al Nat Phys (2019)]
Quantum dots Cold atoms, Lra;E:)ped ions, etc.
wiggle well quantum dot vdb&\“‘a spmu!.a&mm 0& :‘;;j\iéuﬁ?:ﬂ gaﬁe&-;bﬁsed
o M conmputabion

MW‘ 78, . —r— Rydberg level 2
qua\%& ol i EEERE

o EEE R
T Rt
| e e HEEEEREE
N N FER R RS
wipw ||| st RS
E8v2 :(;IE"';; Qubit = an N - EE
[3-channel Kondo device: Pierre et al, Science (2018) [87Rb Rydberg states: Lukin et al, Science (2021)

Si quantum dot: Eriksson, Joynt, Friesen et al Nat Comm (2022)] Cs quantum gates: Saffmann et al, Nature (2022)]



Quantum Design

Materials by design: van der Waals LEGO
!J}f? Fwisttronics

M1, 6=1.16°
0.6 -

0.5 | Metal

-1.8 -1.6 -14 -1.2
n (10’2 cm—2)

[van der Waals Lego: Geim & Grigorieva, Nature (2013)
twisted bilayer graphene: Jarillo-Herrero et al Nature (2018)
STM on TaSg: Liljeroth et al Nature (2021)]

Quantum dots
wigqle wei. quantum dot

-
B

s

[3-channel Kondo device: Pierre et al, Science (2018)
Si quantum dot: Eriksson, Joynt, Friesen ef al Nat Comm (2022)]

artificial Kondo
Latbice o

Artificial materials
Anderson Localization superconductor-
oi&rﬁ'ﬁ&?g}s sulator Eransikion

*- —’—

. S

[Polariton waveguides: J Bloch et al, Nat Phys (2020)
Josephson junction chain: Kuzmin et al Nat Phys (2019)]

Cold atoms, trapped ions, etc.

sinulation of Neubral abom gate-based
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Cs quatum gtes: Saffnn et al, Nature (2022)]
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Materials by design: van der Waals LEGO
%f,}’“ Ewisttronics. artificial Kondo

M1, 6=1.16° LQ&E E,ﬁ@.

0.6 -

Metal

- -—
L

-14
n (10’2 cm—2)

[van der Waals Lego: Geim & Grigorieva, Nature (2013)
twisted bilayer graphene: Jarillo-Herrero et al Nature (2018)
STM on TaSg: Liljeroth et al Nature (2021)]

-1.8 -1.6 -1.2

Quantum dots

Artificial materials
Anderson Localization superconductor-
oio\r'@fl:?y}s sulator Eransikion

-*—

&

*

-

[Polariton waveguides: J Bloch et al, Nat Phys (2020)
Josephson junction chain: Kuzmin et al Nat Phys (2019)]

Cold atoms, trapped ions, etc.

sinaulakion of Neubral abom gate-based
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Cs quatum gtes: Saffnn et al, Nature (2022)]
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Materials by design: van der Waals LEGO Artificial materials
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