Quantum integrated photonics

Edo Waks

Department of Electrical and Computer Engineering
University of Maryland College Park

INTQUANTUM
STITUTE

@ A.JAMES CLARK

Yoy SCHOOL OF ENGINEERING




Photonics is a powerful tool

for quantum information
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Scalability requires photonic integration
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Light doesn’t naturally interact with light




Atoms mediate optical interactions
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Quantum applications need

single photon nonlinearity

Interaction Hamiltonian
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Atom coupling generates

an anharmonic spectrum
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Real systems suffer from decoherence
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High cooperativity modifies the cavity spectrum
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High cooperativity generates

strong photon-photon interactions
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How do we reach high cooperativity?
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Quantum nanophotonic devices attain

low photon nhumber nonlinearities
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Quantum Dots: An “Artificial Atom”

GaAs InAs GaAs




Photonic crystals reach high Q and small V
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Tunable
Laser

Photonic crystals generate

low-photon-number nonlinearity
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Photonic crystals generate

low-photon-number nonlinearity
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Photonic crystals generate

low-photon-number nonlinearity
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Two-level atoms cannot create

single photon nonlinearities
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Two-level atoms suffer from a time-bandwidth limit
Rosenblum, Phys. Rev. A 84, 033854 (2011).



Atoms generate single photon interactions
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Quantum dots are qubits

Charged Quantum Dot

GaAs
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Atoms modulate photon phase
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Spin controls photons
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Photons control spin
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Photons control spin
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A photon controls a photon
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Spin controls photon polarization

Input Polarizer

Ref.
§ 1 (=)
Ao & |
o/ 3
I =
8' . . : !
A > 7
) I =
= I 2
9 | O - !
i= 1 T I :
3 Iy e = &l !
() . l' T T o 1L I
927.4 927.5 927.6 w274 s 927.6
Wavelength (nm) Wavelength (nm)
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Ramsey interferometry realizes

complete coherent control
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A single photon flips a spin
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A single photon controls a single photon
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A single photon controls

many photons
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Applications of quantum photonic circuits




Atoms mediate strong

photon-photon interactions

Example: A deterministic photon entangler
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Entangled state: ‘RR} +‘LL>

Scalable to many photons:‘ RR--- R> +‘LL ce L>

Photonic cluster states:
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Memory-based quantum networks are slow
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Quantum error correction eliminates latency

Quantum Error
Correction Code
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A single spin qubit can implement error correction

\ 4

- >

v

v

oS
Spin-photon A

Interface A

A 4

A

A 4

\ Photons Encoded in
Input + ‘ﬂ\Loglcal [[4,2,2]] State
(@) *§* Fast Optical Switches Output

Photon

'4‘ Mo H
U N Detector
‘ '.;L "” * * .‘* 7 \:

Matter Qudits

Localized in Cavities .

Glaudell, Waks, and Taylor, New J. Phys. 18 093008 (2016)



Single-photon nonlinearity opens

an unexplored regime of photonics

Quantum Machine learning
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Quantum Simulations

Topological photonics

Cho et al.,PRL 101, 246809 (2008)
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