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Engineering platforms
Spin qubitsUltra-cold atoms Trapped ions

Many body physics Long coherence,
Room temp., Solid state
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Superconducting circuits
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Superconducting qubits: xmon vs. gmon

Barends et al., Nature (2014)

Kelly et al. Nature (2015)

Chen et al., PRL (2014) 

Roushan, et al., Nature (2014)

Tunable coupling

State-of-the-are in controlState-of-the-art in coherence Mixing the best of two worlds?!

Xmon gmon

simple more wire

residue coupling perfect off

fix coupling
less control

adjustable coupling
full control

frequency crowding scalable

CZ gate and TLS alternative CZ gates

Modulate g in ~10 ns
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Barends et al., Nature (2014)

Kelly et al. Nature (2015)

Chen et al., PRL (2014) 

Roushan, et al., Nature (2014)
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Tunable coupling



The gmon architecture

A homebuilt variometer
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Fully controllable & coupled qubits



Many-body physics

1) Fermionic systems

2) Bosonic systems

?

Fundamental
physics

Topological 
computation



Many-body phases in interacting bosons

1) Strong interactions

2) Synthetic gauge fields

3) Engineering flat band structure



Theory and experiments so far…

J. Koch et al. , PRA (2010)

A. Nunnenkamp et al., New J. of Physics (2011)

A. L. C. Hayward et al. , PRL (2012)

M. Hafezi et al., PRB (2014)

J. Cho et al., PRL (2008)

E. Kapit et al., PRX (2014)

Jaynes-Cummings lattice

J. R. Abo-Shaeer et al., Science (2001)

B. Paredes et al., Solid State communication (2003)

Y.-J. Lin et al., Nature (2009)

M. Aidelsburger et al., PRL (2013)

V. Schweikhard et al., PRL (2014)

A. L. Fetter, RMP (2009)  

Cold atoms
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modulating coupling terms 

where, 

, and if

Using RWA, the effective Hamiltonian of the system is gauge-invariant

Engineering complex hopping

Universal two-qubit interactions: E. Kapit, PRA (2015)



Pulse sequenceIn the lab: 

In the rotating frame: is gauge-invariant



Single photon circulation



Single photon circulation
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Behaves better than advertised !
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Entanglement circulation
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Measuring quantum correlations



Signature of strong interacting photons
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Ground state chirality

Adiabatic ramping
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define: 

measure: 



Ground state chiralityGround state chirality



Holistic picture
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Lemma 1: 

eigenstates on that manifold have this form
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is an eigenstate of Heff at B=0,

Purity=0.994

Overlap=0.997

Purity=0.984

Overlap=0.995
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Lemma 2: 

eigenstates on that manifold have this form
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Current phase relation
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W-state

W-like state
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Chirality
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At Google we are focusing on quantum computation

and 

we are open to ideas

500$   vs.   500,000$

… …
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