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Introduction

Johannes Zeiher

Pirsa: 24100052

Many-body systems

Motivation: Understanding, controlling and creating many-body systems |

Fundamental research
Strongly correlated systems, transport, phase transitions, ...

New technological applications
High-Tc superconductors, quantum computing, ...

Improved measurement/sensing
Atomic clocks (e.g. time), atom interferometers (e.g. gravity, dark matter)

Novel light-matter interfaces
Controlled & enhanced light-matter coupling

This talk: Extended-range interacting quantum systems

Feynman, Int. J. Theor. Phys. 21, 467 (1982) Mann, Nature 475, 280 (2011)
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Lloyd, Science 273, 1073 (1996) Young, ..., Kaufman, Nature 588, 408 (2020) Ml ANCK NS N TUT
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Introduction Extended-range interactions

Quantum simulations: Competing length scales lead to new physics!

Non-local order: Haldane insulator Superfluidity and density order: Supersolid
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Berg, ... Altman, PRB 77, 245119 (2008) Pupillo, ... Zoller, PRL 104, 223002 (2010)
Dalla Torre, ... Aitman, PRL 97, 260401 (2006) Henkel, ... Pohl, PRL 108, 265301 (2012)
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Introduction Extended-range interactions

Quantum computing: Long-range interactions allow for realizing entangling gates
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Interaction radius spanning multiple atoms
Evered, ... Lukin, Nature 622, 268 (2023)

Barredo, ... Browaeys, Science 345, 1021 (2016)

Review: Saffman, J. Phys. B, 49, 202001 (2016) Endres, ... Lukin, Science 345, 1024 (2016)
Levine, ... Lukin, PRL 123, 170503 (2019) Ebadi, ... Lukin, Nature 595, 227 (2021) i i
Johannes Zeiher Ma, ... Thompson, Nature 622, 279 (2023) Scholl, ... Browaeys, Nature 595, 233 (2021) MAX PL%NF'&;!?TSI!-WI
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Introduction Extended-range interactions

Trapped ions Magnetic atoms Dipolar molecules

Quantum information Quantum simulation of itinerant physics Quantum simulation of itinerant

Quantum simulation of spin models physics & spin models

Islam, ... Monroe, Science 340, 583 (2013) Kadau, ... Pfau, Nature 530, 194 (2016) Ni, Ospelkaus, ... Ye, Science 322, 231 (2008)
Jurcevic, ... Blatt, Roos, Nature 811, 202 (2014) Baier, ... Ferlaino, Science 352, 6282 (2016 ) Yan, ... Ye, Nature 501, 521 (2013)
Richerme, ... Monroe, Nature 511, 198 (2014) Norcia, ... Ferlaino, Nature 5§96, 257 (2021) Park, ... Zwierlein, PRL 113, 205302 (2015)

Debnath, ... Monroe, Nature 536, 63 (2016) Su, ... Greiner, Nature 622, 724 (2023) Gregory, ... Cornish, Nat. Phys. 17, 1149 (2021)
Rosenberg, ... Bakr, Nat. Phys. 18, 1062 (2022)

Schindewaolf, ... Bloch, Luo, Nature 607, 677 (2022)

MAX-PLANCK-INSTITUT \(¢}
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Introduction Atomic arrays

o"‘o
<o° Quantum gas microscope &
optical lattices

Optical microtraps

Static traps

Bakr, ... Greiner, Nature 462, 74 (2009)
Sherson, ... Bloch, Kuhr, Nature 467, 68 (2010)  Barredo, ... Browaeys, Science 345, 1021 (2016)

Haller, ... Kuhr, Nat. Phys. 11, 738 (2015) Endres, ... Lukin, Science 345, 1024 (2016) //_/?:)
Cheuk, ... Zwierlein, PRL 114, 193001 (2015) Ebadi, ... Lukin, Nature 595, 227 (2021) MAX-PLANCK-INSTITUT ‘(l“\;{i.f;"ﬁ
Johannes Zeiher Parsons, ... Greiner, PRL 114, 213002 (2015) Scholl, ... Browaeys, Nature 595, 233 (2021) FUR QUANTENOPTIK Sl
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Outline

@ Quantum gas microscopes
@ Realization of extended Hubbard models with Rydberg dressing

@ Quantum computing with strontium atoms

Summary & outlook

Pirsa: 24100052 Page 8/40




Experimental setup

\\
oo
(OQ Quantum gas microscope Reconstruction of occupation
for 8Rb for each lattice site, a = 532 nm
&~
v' Single-atom sensitivity
v Local resolution
v Single-atom control
Review: Gross & Bloch, Science 357, 995 (2017)
Sherson, ... Bloch, Kuhr, Nature 467, 68 (2010)
Johannes Zeiher Bakr, ... Greiner, Nature 462, 74 (2009)
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Experimental setup Quantum gas microscope

R\
Q©
<o® Quantum gas microscope Hubbard regime: Tunneling J, on-site interaction U
for 8Rb

L

&= e U o
H=-] Z(a;r“ai + Gy444)) +Ez f;(A; — 1)
i

Typical parameters:
J/h=0-100Hz
U/h = 250 Hz

Review: Gross & Bloch, Science 357, 995 (2017)
Sherson, ... Bloch, Kuhr, Nature 467, 68 (2010)

Johannes Zeiher Bakr, ... Greiner, Nature 462, 74 (2009) e b AL
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Experimental setup / Quantum gas microscope

o
<o® Quantum gas microscope Hubbard regime: Tunneling J, on-site interaction U
for 8Rb

L

&= e U o
H=-J Z(a;r“ai +83418]) + EZ f;(A; — 1)
i

Superfluid Mott insulator

Increase U/] >
Review: Gross & Bloch, Science 357, 995 (2017)

Sherson, ... Bloch, Kuhr, Nature 467, 68 (2010) T —— 2y
Johannes Zeiher Bakr, ... Greiner, Nature 462, 74 (2009) FUR QUANTENOPTIK a1/
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Experimental setup Quantum gas microscope

8o

<o® Quantum gas microscope Hubbard regime: Tunneling J, on-site interaction U
for 8"Rb

L

= -~ ~ ~ ~ U ~ o~
H=-J E (a;r“a,- + ai.,_la'if) +E E fi;(A; — 1)
i

R — _‘:___:_7_7:_? ’ ¢U d

Atomic limit U > | and two species (hyperfine states):
H==f Z (S‘fﬁﬁl + §j3’§j?jrl + AS}? Afz+1)
J

ARAJARARAJARARARVEVEVEVEIVEYEvEY

Ferromagnetic Heisenberg model: KPZ-transport
Wei, ..., Zeiher, Science 376, 716 (2022)

Review: Gross & Bloch, Science 357, 995 (2017)
Sherson, ... Bloch, Kuhr, Nature 467, 68 (2010)
Johannes Zeiher Bakr, ... Greiner, Nature 462, 74 (2009)

MAX-PLANCK-INSTITUT
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Rydberg dressing

Rydberg state

58S/

Ground state

Johannes Zeiher

Pirsa: 24100052

Long-range interactions through highly-excited Rydberg states

Property Scaling 87Rb 31P,,,

Diameter I 150 nm
Lifetime n? 28 us
Polarizability n’ 83 MHz at 1V/cm
Interaction

energy

Review: Saffman, Rev. Mod. Phys. 82, 2313 (2010)

ni 200 MHz at 1 um

Rydberg atoms

@0.5nm
O

87Rb 36P, ,
@150 nm

MAX-PLANCK-INSTITUT
FUR QUANTENOPTIK
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Rydberg dressing

Rydberg state

58S/

Ground state

Johannes Zeiher

Pirsa: 24100052

Rydberg atoms

Long-range interactions through highly-excited Rydberg states

Property Scaling 87Rb 31P,,,

Diameter I 150 nm
Lifetime n? 28 us
Polarizability n’ 83 MHz at 1V/cm
Interaction

ni 200 MHz at 1 um
energy

Frozen-gas regime: Neglect atomic motion on

timescale of Rydberg lifetime

Review: Saffman, Rev. Mod. Phys. 82, 2313 (2010)

@0.5nm
O

@150 nm

MAX-PL)’PNCK-INSTITUT

UR QUANTENOPTIK
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Rydberg dressing Rydberg blockade

Long-range interactions through highly-excited Rydberg states

e, oAl
R=§3 + Y Yot
i

Rydberg state
nF’J 30 T .
C,
___________ il | V(R) =% ~ GHz/pm |
ool
=
298 nm < 15 7r)
S
2 10t i
= lgr)
5F F'y
5S, 0 l9g)
0 1 2 3 4
Ground state Distance R (um)
Reviews: Saffman, Rev. Mod. Phys. 82, 2313 (2010)
Johannes Zeiher Browaeys & Lahaye, Nat. Phys. 16, 132 (2020) K R et
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Rydberg dressing Rydberg blockade

Long-range interactions through highly-excited Rydberg states

e, oAl
R=§3 + Y Yot
i

Rydberg state
nP, 30 \ - .
G
___________ il ”s V(R) =% ~ GHz/pm |
T 20
2
298 nm < 15
2
2 10
w
5
5S, ol lgg)
2 3 4
Ground state Distance R (um)
Reviews: Saffman, Rev. Mod. Phys. 82, 2313 (2010)
Johannes Zeiher Browaeys & Lahaye, Nat. Phys. 16, 132 (2020) MAX: PLANF'& ;I\QJTS -rEIJJLr'I
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Rydberg dressing Rydberg blockade

Long-range interactions through highly-excited Rydberg states

AX __AZ ~e Z U] Aeae
A=320 +

Spin-up state

nP, 5 : : : . Quantum simulation
A \ =
___________ ! ”s V(R) =& ~ GHz/um T i e
iq 20 » 1 > A b2 :
é d * % - <
298 nm < 15
5 | . -
2 4o Ordering of (spin) excitations
w
See Rydberg array experiments at
° Harvard, Paris, KAIST, Caltech, Princeton,
5S, l9g) .
0 Singapore, Glasgow and others
1 2 3 4
Spin-down state Distance R (um)
Schauss, ... Bloch, Gross, Science 347, 1455 (2015)
Reviews: Saffman, Rev. Mod. Phys. 82, 2313 (2010)
Johannes Zeiher Browaeys & Lahaye, Nat. Phys. 16, 132 (2020) e L
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Rydberg dressing Unfreezing the Rydberg gas

Hubbard Hubbard Rydberg  Rydberg laser Rydberg
tunneling interaction decay coupling interaction
0-1kHz 1 kHz 28 us 1 MHz 0 - GHz

e e

1 Hz 1 kHz 1 MHz 1 GHz
1s 1ms 1 us 1ns
Itinerant Physics Supersolid? Frozen Rydberg Physics

3{(b)

Henkel, ... Pohl, PRL 104, 195392 (2010) )
Pupillo, ... Zoller, PRL 104, 223002 (2010) //T-—i?.:\

Henkel, ... Pohl, PRL 108, 265301 (2012) -PL : I ¢ )
Johannes Zeiher Geissler, ... Hofstetter, PRA 95, 063608 (2017) MAX ANCK INST TUT \j/
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Rydberg dressing

AdmiXxing interactions

- - Off-resonant admixture A > Q, f = 2% <1

T 13) Jinherits (a little bit of)
S
@ Rydberg - Rydberg interaction

e | 3D =g v+ £
|§>= 197+ o7 (%) Rydboerg lifetime

Lightshift modified by blockade

8} ' ~
4
v Switchable light-induced interaction Vo = = = g3
é C 1/6
5 ] v" Extended range R. = (ﬁ)
¢ 199)
i 2
C e 2A T
v Increased effective lifetime Teff = 'r(—) =—
83 + 7 3
0 1 2 3 \ A

Distance R (um)

Santos, ... Lewenstein, PRL 85, 1791 (2000)
Bouchoule, ... Molmer, PRA 65, 041803 (2002)
Jau, ..., Biedermann, Nat. Phys. 12, 71 (2016)

Johannes Zeiher

Pirsa: 24100052

Zeiher, ..., Gross, Nat. Phys. 12, 1095 (2016)

Borish, ... Schleier-Smith, PRL 124, 063601 (2020)
Guardado-Sanchez, ... Bakr, PRX 11, 021036 (2021)

MAX-PLJ}

NCK-INSTITU

UR QUANTE!
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Rydberg dressing

Interferometry

Push
®N |1 Dressing Dressing x| | |'mage
0 2 tuv/2 % tuv/2 2 0

Time i
Initial state Ramsey sequence Detected atoms
Idea: Interaction energy shift leads to correlated phase evolution
298 nm _ _ _
0 - Use Ramsey interferometry combined with quantum gas

Fof S 53, microscopy to measure this

O
Zeiher, ..., Gross, Nat. Phys. 12, 1095 (2016)
Zeiher, ..., Gross, PRX 7, 041063 (2017)
Borish, ... Schleier-Smith, PRL 124, 063601 (2020) //——\;ﬁ\\
Steinert, ..., Gross, PRL 130, 243001 (2023) i 5 i £+

Johannes Zeiher Eckner, ... Kaufman, Nature 621, 734 (2023) MAX PLANCKINS TlTUT \"? ko
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Rydberg dressing Interferometry

Push
®NJ;U Dressing U U Dressing \ Hﬂ Image
0 2 tuv/2 ls tuv/2 2 0
Time i
Initial state Ramsey sequence Detected atoms

Extended-range correlations between distant spins

tUV = O tUV =44 US
C@ correlation
y ®
0,0.0,0 , l
O\.\.,\O ' Extended range
Q00
4 0 ] - M
; imet
shift (a, ) Sw 9 O op 002
Zeiher, ..., Gross, Nat. Phys. 12, 1095 (2016)
Zeiher, ..., Gross, PRX 7, 041063 (2017) -
Borish, ... Schleier-Smith, PRL 124, 063601 (2020) %—\
Steinert, ..., Gross, PRL 130, 243001 (2023) ? 5 .
Johannes Zeiher Eckner, ... Kaufman, Nature 621, 734 (2023) A e e e
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Rydberg dressing Extended Hubbard model

J/h =17 Hz
Extended Hubbard model H =—J Z(al B ama*) +—= Z A;(R; — 1) + VZﬁiﬁ,-H Ul =14
i i =[0,...,6J]
Qg = 752 nm
K Pulsed stroboscopic dressing: Improved
lifetime
ﬁ UV J L JL L
5t T Time
5 150 %
30P,, T T - £ &
—|r) _ 10 10 §w° ;
€ ok | g § s 5
A 2 08 "o °
2 L 0 200 400
2’ 0.6 - | - g Inverse duty cycle, D'
i) ! % 06
B g 04 - c
g 02 | : | 5 04
- 00 : 02 | | | | |
e’ |0} 0.5 1.0 1.5 2.0 25 3.0 0 25 50 75 100
Interatomic distance (a.) Dressing time (ms)
Santos, ... Lewenstein, PRL 85, 1791 (2000)
Hines, ... Schleier-Smith, PRL 131, 063401 (2023)
Guardado-Sanchez, ... Bakr, PRX 11, 021036 (2021)
Johannes Zeiher Weckesser, ... Zeher, arXiv:2405.20128 (2024) A N
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Rydberg dressing Extended Hubbard model

R U J/h =17 Hz
Extended Hubbard model A = =] ) (al,,a; + ) +5 ) i = D HV ) Ay o/l =14
i i i Vv =10,..,6/]
%p‘:?sznm
@ Quenches from initial states
v
A
30P
—|r) _ 1.0
@ ;. . . .
5 £ osf 1 @ Quasi-adiabatic preparation of near
2 0sl 1 ground states
5 I 1
Q = 04 H
g o2 | -
= |
0.0 A
- i9) 05 10 15 20 25 30 /\U/W\gf\
Interatomic distance (aq)
A\

Guardado-Sanchez, ... Bakr, PRX 11, 021036 (2021)

|"
. -PLANCK-INSTITUT |
Johannes Zeiner Weckesser, ... Zeher, arXiv:2405.20128 (2024) MAX-ELANGK INSTIUT

5 ,|
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Rydberg dressing Bound states

Initial state f=-] Z(ﬁL.ﬁs +@a]) +M) + Vzﬁiﬁul
U/J ~ 14
Wi =20 v/ =1.0 Vil =20 V/] =33
g 1 1 Ll g I I | L) I g Ll L T g Ll LI ] 9 0.5
=
S 6 1 6F 1 6F 1 6 6 2
& 2
s O
ES3F {1 &f 1 8} {1 3F 8t =
) ® ® ®
1 1 1 1 0 1 1 00
50 5 50 5 50 5
Site x
Increasing interaction strength V
Valiente, Petrosyan, PRB 42, 121001 (2009)
Fukuhara, ... Bloch, Nature 502, 76 (2013) L 4
Johannes Zeiher Morvan, ... Roushan, Nature 612, 240 (2022) MAX PLANCK [IN]STITl[J'!'
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Rydberg dressing Bound states

Initial state A=) Y (@] +aa) +M> HV Y A

t

U/ ~ 14

T T |
10 + Repulsively bound pair —
~
V T 'l T
6| 2 = = 06| Nobound : Stable d
PO e ® § ' states : bound states
4 -y ; L J2
= T = [
o ® SS 04t OQ\ ¥ .
2 Vc© Q E | \\ ¢
m > I ~
o) ' O, O
0 Scattering © : e
continuum wn 02F : ",‘(D.-
-2 r = 1 'I |
0 2 4
=T l : : g Interaction VV/J
-1.0 -0.5 0.0 0.5 1.0
ka/m Valiente, Petrosyan, PRB 42, 121001 (2009) :
Fukuhara, ... Bloch, Nature 502, 76 (2013) . 4 |
Johannes Zeiher Morvan, ... Roushan, Nature 612, 240 (2022) R PLANCK,IN1STITIF|T
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Adiabatic preparation

Rydberg dressing
Initial state / \__/ \:4:} / \3/ \ 10
Ss
.
0
Goal: Ramp of extended Hubbard interactions to perform Time (2Jt/h)
adiabatic state preparation
4 1 1 T 4 T T 1 4 T T 1
&I"“‘ f’o‘ ;O‘\ fol Q\
=) Y NP — ou—— e - W— %-0- P S Lo .
T 0fgoloyg -uoteyg 0@ - Eﬁ‘/ﬂmn-g 0 Hox o,g.,a‘g‘ﬂ A G
ko) \ ] \ ]
> -4 1 47t o o 1 -4r /! i
V=0 Vid = 5.0(3) VA = 10.0(6) '¢, o
U/j o 14 _8 1 1 1 _8 1 L 1 —8 L 1 L
I/h~ 17Hz -5 0 5 -5 0 5 -5 0 5
L =17 Distance (a,)
N=9
Johannes Zeiher Erbium: Su, ... Greiner, Nature 622, 724 (2023) A P e e
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Adiabatic preparation

Rydberg dressing
Initial state / \__/ \:4:§ / \:/ \ 10
Ss
.
0
Goal: Ramp of extended Hubbard interactions to perform Time (2Jt/h)
adiabatic state preparation
V (Jrh)
0 5 10
4 F T T s
”‘-'ﬁ ------------------ ¢— T T T
__ﬂ-’ ¢ 4 Q 34 (d)
0 . e P ‘:' “‘r—-——--: k) -y 2 & - M
;8 8 i} ») 0 J-‘O)QWDTD G,'.J-fg:ﬁ; & " | g
] [ Se— ¢ 4 A v "l *aas
S, -~ R ] -4 r \ / g Y PR
g5 S R -
U/l ~14 E Cototn S e -8 A & 2
/h~ 17Hz » AIC.,:,[nghTI-wnhUW . ‘ . . ¢ -5 0 5
=17 0.0 0.5 1.0 1.5 2.0 25 3.0
N =9 Time (2Jt/h)
- - “-l\\‘:‘,;_' i
Johannes Zeiher Erbium: Su, ... Greiner, Nature 622, 724 (2023) MAX PLANCKINS TITUT e ]
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Neutral-atom quantum computing

Tao, ... Zeiher, PRL 133, 013401 (2024)
Gyger, ... Zeiher, Phys. Rev. Research 6, 033104 (2024)
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Introduction Atomic arrays

o"‘o
<o° Quantum gas microscope &
optical lattices

Optical microtraps

Static traps

Bakr, ... Greiner, Nature 462, 74 (2009)
Sherson, ... Bloch, Kuhr, Nature 467, 68 (2010)  Barredo, ... Browaeys, Science 345, 1021 (2016)

Haller, ... Kuhr, Nat. Phys. 11, 738 (2015) Endres, ... Lukin, Science 345, 1024 (2016) //_/?:)
Cheuk, ... Zwierlein, PRL 114, 193001 (2015) Ebadi, ... Lukin, Nature 595, 227 (2021) MAX-PLANCK-INSTITUT ‘(l“\;{i.f;"ﬁ
Johannes Zeiher Parsons, ... Greiner, PRL 114, 213002 (2015) Scholl, ... Browaeys, Nature 595, 233 (2021) FUR QUANTENOPTIK Sl
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Quantum computing Quantum registers

Sortable quantum registers of microscopically Optical microtraps

controlled atoms

Interaction radius spanning multiple atoms
Rydberg-based entangling gates

Barredo, ... Browaeys, Science 345, 1021 (2016)

Review: Saffman, J. Phys. B, 49, 202001 (2016) Endres, ... Lukin, Science 345, 1024 (2016)
Levine, ... Lukin, PRL 123, 170503 (2019) Ebadi, ... Lukin, Nature 595, 227 (2021) i 2
Johannes Zeiher Ma, ... Thompson, Nature 622, 279 (2023) Scholl, ... Browaeys, Nature 595, 233 (2021) MAX PL&NFlfrI\?TSI!ILr,I
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Quantum computing

Sortable quantum registers of microscopically Use two stable electronic states &
controlled atoms direct optical coupling for qubits
% Hw CE kg B o k) ns°S,
y il * W K - . » . ¥ Tt |
L ® ¥ e - L - . * ® P -
L v - % % - a
¥ P L] ¥ - - » - :ip:
- - - + - = a > 3P'
S i, 4
Interaction radius spanning multiple atoms
Rydberg-based entangling gates Munich
y 9 gling g Quantum
Valley
Review: Saffman, J. Phys. B, 49, 202001 (2016) Scholl, ... Endres, Nature 622, 273 (2023)
Levine, ... Lukin, PRL 123, 170503 (2019) Cao, ..., Kaufman, arXiv:2402.16289 (2024) i .
Johannes Zeiher Ma, ... Thompson, Nature 622, 279 (2023) Tesi, .. Endres, arXiv:2407.20184 (2024) M AKX PL AN G K N ey
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Quantum computing

@*é’oé,\’i\"{\

Johannes Zeiher
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Excited state prob.

Ground state prob.

1.0

0.0 . .
0.0 0.5 1.0

Time (ms)

L P

1
o

0.0 ;
0.0 0.4 0.8

Time (us)

Use two stable electronic states &
direct optical coupling for qubits

ns°S,

# |1)

|0) Munich
Quantum
Valley
Scholl, ... Endres, Nature 622, 273 (2023)

Cao, ..., Kaufman, arXiv:2402.16289 (2024) MAX-PLANCK-INSTITUT
Tsai, ..., Endres, arXiv:2407.20184 (2024) FUR QUANTENOPTIK
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Quantum computing

Rabi oscillations via two-photon

coupling

= o o bt
= [} [ o

3P, population

— Q=2nx115.9(1) kHz

006 0.08

Pulse duration (ms)

A fast and highly coherent qubit!

0.10

Normalized contrast

Coherence measurements

O

0.8

0.6

0.4

0.2

0.0

Fine-structure qubit

Two metastable states: Encoding
qubit in fine-structure basis 3P, - 3P,

(New result: Atom-atom coherence up to 1.4 s)

Johannes Zeiher

Pirsa: 24100052

N i
5
------ 40 K, T, = 462(7)us
[ eeeen 40 uK, T = 103(6)ms | %, 5
e 5K, T = 356(16)ms P, |1)
Lasenl 1l Lol T WRET I 1143 ;p
=1 100 1 102 1i 3 1
10 . 10 0 P, |0)
Time (ms)
Munich
Quantum
Valley

Unnikrishnan, ..., Meinert, PRL 132 150606 (2024)
Pucher, ..., Blatt, PRL 132 150605 (2024)
He, ..., Schreck, arXiv:2406.07530 (2024)

Carman, ..., Hogan, arXiv:2406.07902 (2024) A N

FUR QUANTENOPTIK
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Strontium lattice array

Tweezer lattice hybrid

Scaling system sizes: Sr-88 hybrid lattice-tweezer

Optical lattice at 1040 nm + Optical tweezers at 520 nm and 813
array nm

| i i 20 pm
X

Direct single plane loading from MQT in strongly anisotropic
potentiall

Tao, ... Zeiher, PRL 133, 013401 (2024)

See also: Buob, ..., Tarruell, PRX Quantum 5, 020316 (2024)
Kaufman lab @ JILA
Johannes Zeiher

Scaling: Manetsch, ..., Endres, arXiv:2403.12021 (2024) MAX-PLAFPJ‘RC cﬁ;;I\ETSEEJELT’l
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Continuous operation Requirements

Idea: Use optical lattice as storage zone to enable continuous reloading of atoms in loading zone

Paradigm shift:
From repeated single-shot measurements to
iteratively assembled and continuously operated

arrays

Gyger, ... Zeiher, Phys. Rev. Research 6, 033104 (2024) Related: Shaw, ..., Endres, PRL 130, 193402 (2023) MAX-PLANCK-INSTITUT
Johannes Zeiher Norcia, ... Bloom, PRX Quantum 5, 030316 (2024) Singh, ... Bernien, PRX 12, 011040 (2022) FUR QUANTENOPTIK
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Continuous operation Requirements

Idea: Use optical lattice as storage zone to enable continuous reloading of atoms in loading zone

Singlet series Triplet series
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Hide the stored atoms in the metastable states!

Gyger, ... Zeiner, Phys. Rev. Research 6, 033104 (2024) Related: Shaw, ..., Endres, PRL 130, 193402 (2023)
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Continuous operation Requ irements

Idea: Use optical lattice as storage zone to enable continuous reloading of atoms in loading zone
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Quantum computing GKP codes

2\/m 3

Idea: Combine internal and external degrees of freedom for encoding a logical qubit
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Ofek, ..., Schoelkopf, Nature 536, 441 (2016) MAX-PLANCK-INSTITUT
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Other projects

e D

Macrodimerons: Rydberg
molecules bound by light

Fluorescence (a.u.)

\Hol\erith,... Zeiher, arXiv:2401.05129 (2024)/

Johannes Zeiher
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4 Quantum optics with atom
arrays
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\‘Srakaew,... Zeiher, Nat. Phys. 19, 714 (2023y

Quantum matter interfaces

arrays
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Atom array

(Cavity—enabled readout & error\
correction in Rydberg atom

a Quantum simulation of )
many-body systems far from
equilibrium

v

\ Adler,... Zeiher, arXiv:2401.14896 (2024) )
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Rydberg dressing and quantum computing Summa ry

v" Extended Hubbard models with Rydberg dressing _

+ Stroboscopic sequence for extended coherece times — : —
+ Observation of bound states & low-energy state preparation ' :

v’ Strontium as a QC platform . % H
» Highly coherent Rydberg dynamics ;- - I itk n

. Fast and highly coherent QUbitS Weckesser, ... Zeiher, arXiv:2405.20128 (2024)

v" Continuous loading

* lterative assembly of large-scale arrays

« Continuous operation of large-scale arrays '
Tao, ... Zeiher, PRL 133, 013401 (2024)
Gyger, ... Zeiher, PRR 6, 033104 (2024)

Outlook
» Quantum optics in subwavelength optical arrays
) Rui, ..., Bloch, Nature 583, 369 (2020)
+ Fast cavity-based readout of Rydberg atom arrays Srakaew, ..., Zeiher, Nat. Phys. 19, 714 (2023) B
Johannes Zeiher M AXPLANCKINST|TUT %j
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