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Interacting single atom interferometers
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Interactions

Applications
e Atom interferometer inertial sensors
* Accelerometers
* @Gyroscopes
* Clocks
* Magnetometers
* Quantum information
* improved sensors
* quantum computation
e quantum simulation
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Light-pulse atom interferometers @),
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Force resolution of a single atom
interferometer
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Parazzoli, et al., Phys. Rev. Lett. 109, 230401 (2012)
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Interaction between neutral atoms

Valence electron in
Rydberg state

Wavefunction symmetric
in zero electric field

orbital radius a n?

* Interaction between ground state atoms is small ~ 100 Hz

* Excite valence electron to Rydberg state—nearly ionized

e Atom becomes highly polarizable—strong interactions

* Even the presence of another atom can cause a massive response >> 10 MHz



Interaction between neutral atoms @&

van der Waals interaction

* Interaction between ground state atoms is small ~ 100 Hz

* Excite valence electron to Rydberg state—nearly ionized

e Atom becomes highly polarizable—strong interactions

* Even the presence of another atom can cause a massive response >> 10 MHz




Interaction between neutral atoms @&

Entanglement demonstrations
‘ * Madison: Phys. Rev. Lett. 104, 010503 (2010)
* Paris: Phys. Rev. Lett. 104, 010502 (2010)
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Rydberg blockade—direct excitation g
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Weak (Ugg < 100 kHz)  Intermediate (Ugg = 1.9 MHz)  Strong (Ugg > 6 MHz)

V2 Enhancement




Interaction between neutral atoms @&

Entanglement demonstrations
‘ * Madison: Phys. Rev. Lett. 104, 010503 (2010)
* Paris: Phys. Rev. Lett. 104, 010502 (2010)

Ground to 64P3/2, x-polarized, B=4.8 G, E = 6.4 V/m
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Rydberg-dressed states
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mpg
[F'=4) 0.
mp = —4 . * \

6S1/2 Qmw

-~

|F'=3)

3
5
I
L
@o
3
T
I
w
-

‘qubit states”  single atom picture

wHF + AESS) /h

Light shift [Q]

—
, o
n

Sandia
||'| National
Laboratories

Ground state response
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Controllable with laser intensity and
detuning—on demand

Transfers blockade effect to ground

state manifold

Blockade changes light shift

i.e. “J” = change in light shift due to
dipole-dipole interaction




Rydberg-dressed states ) B
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Jaynes-Cummings Ladder )
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Ground state, Spin-flip blockade )

Rabi oscillations
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Single atom control of 2 atoms
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Dynamic atom positioning )
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Interacting interferometers )

State-dependent force = 740+/- 45 m/s? \
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Interacting interferometers )

State-dependent force = 739+/- 45 m/s? \
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Interferometry of interacting atoms—simplified ) =
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Interferometry of interacting atoms—simplified ) =
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Interferometry of interacting atoms—simplified ) =
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Interferometry of interacting atoms—simplified
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Interacting interferometers ) .

State-dependent force = 739+/- 45 m/s? \
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Entangling interferometer
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Entangling interferometer ) i,
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Scaling to N atoms rh) e
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Interacting interferometers 319 nm
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Jaynes-Cummings ladder with Rydberg-

dressed atom
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Autler-Townes Spectrum
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Rydberg-dressed interaction, J )

J = change in light shift due to interaction

Jau, et al., Nat. Phys. (2016)
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Rydberg state spectrum s
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Jaynes-Cummings ladder with Rydberg-dressed atoms rh) s

Bare State atoms
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Ground state, Spin-flip blockade )

Rabi oscillations
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Jaynes-Cummings ladder with Rydberg-dressed atoms

Cavity QED

Symmetric Atomic Ensemble

Two-level system
Bosonic mode

Vacuum
Bare states
Dressed states

Frequency scales
Qubit control
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n) = n photons in cavity mode
0) =no photons in cavity mode
2) ®|n),|e) ® |n)
alg,n)=Ple.n—1)

Presence or absence of Rydberg excitation
|n) = n atoms in logical-|1)
|0)°""\ =all atoms in logical-|0)
Sym.(|0)*" " 1)), Sym.(|0)** =" 1)~ |r))
Sym.(|0)*¥ =" 1)~ [a[1) +B]r))

boson= @, 2-level= ., Rabi= g boson= Eyf. 2-level= Eyy — A,, Rabi= Q,

Rabi oscillations on 2-level atom
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