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Overview :

I single atoms as quantum building blocks

II Rydberg interactions + QIP

III. Simulation + Research@ Ulkicago
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2 opportunities :
◦ optical clocks
◦ nuclear spin



2. setup
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◦ moving atom sees doppler shift
⇒ absorbs from counter prop. beam



Patton = in - Ékabs -1 £Ñem it
them it> = 0

⇒ atom slowed down

+ & -fields ⇒ spatially dep .
restoring force

Magneto Optical Trap : NOT

✓ 109atoms
T ~ lope k ,

un¥

4. trapping single atoms
◦ optical trap
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⇒ atom tepelles

⇒ Optical tweezers (red detuned / focused
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want too small ⇒ large
⇒ microscope objective (NA = &)

typ NA-0.6 ; in 810am (Rb )

⇒ won 400mm

• how
many atoms ? ⇒ 0 or 1 when

trap tight
⇒ reason : light assisted collisions
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⇒ trap occupied typ with 50%

Arrays of optical tweezers :

• multiple input beams @ different
angles
⇒ multiple foci
⇒ many different ways

5. need rearrangement of prob .
loaded atoms

1. load prob . atoms

2. take pic . identify loaded /empty
traps

3. move loaded atoms on desired

empty trap sites

4. take pic
⇒ 2016

Lukin

Browaeys
Ahu



6. 1 Atom = 1 qubit
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⇒ translation HF basis
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b) measurements
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◦ in reality very challenging
⇒ solution ⑦state dependent loss

②fluorescence image
c) manipulate qubit states
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Lecture II Rydberg Int .

,YMʰ spin - spin int << Hz
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• electric dip .

- dip . Int :
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◦ symmetric atom < d→i 7=0
but <a / di lb > =/0 : transition dip

element

◦ for low trans :
e.g. 5s 5P

dab too small 1- 5P state decays
fast

• Rydberg states : states with
high N



dune ✗ N2 : huge + long lived
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approx : ① only consider states
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② ueclect angular dep
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⇒ typ for atoms coupled to same

Ryd .

state

• ↳ is huge : e.g.Rb 805=>8--4%22,
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• general : N blockaded atoms
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• simple ☒pulse ⇒ entanglement
e. g. Endres group

: F 799%

4. 2- qubit gates : many options

• Jakschetal . PRL 2000
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%:#102 > -1022 ⇒ ( 7- gate
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• ( 2- symmetric , pulses not

◦ atom 1 spends time in it >
• I ~ 89%

better gates : Pichler /Levine gate :
PRL 2019

• ~ 97.5% F

⇒ universal gate set



⇒ quantum computer ?
- put it all together
◦ requirement : individual addressing

↳ multiple options



b) coherent transport of atoms

remarks :

◦ F meed to improve
• better read out needed



II Quantum Sim
.

1. Hamiltonians :
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◦ highly tunable : • Vij rearrangement
•D: laser poured

• I : - a - deterring

◦ R
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prepare
:

% arrange in desired geometry



2. initialize ↓↓↓↓
3. Rydberg laser
"
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◦ tf Stow enough
⇒ adiabatically prepare
phase

4. measure

⇒ study PT , study non eqailib. dgu .

(e. g. kibble Zurek

quench dynamics)
• entanglement generation
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2D

◦ beyond square
:

e.g.
• triangular : freestation ?
• Kagome

◦ recent highlight : topological spin
liquid

⇒ Semeghiui
Science2021

• connection to optimization problems
◦ Maximum indepedeat set

⇒ NP - hard

%¥ Pichler arxiv 2018



2. Spin exchange &
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• ✗ Y spin model

◦ I transport of hardcore boson

◦ challenge : prepare 2 rydberg states

example : SSH model (bosonic)
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◦ remarks :
• more ☆ possible by Floqaet

engineering e. g. ✗ ✗ 2- Spink

(Browaeys/Weidemiiller
PRX

g.
2022)

◦ possibility to include tunneling
( Kaufman -1 Bakr •*xiv 20221

• 5000h > 1000 atoms


