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( |0ñ+|1ñ )n
n=50: supercomputer 

n=300: more states than
atoms in universe

Really Big Data
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Qubit Systems

H atom: quantum circuit:

6 GHz microwave oscillator

100 !m

orbitals

Easier control for large size
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Quantum vs. Classical-Supercomputer Challenge
49 qubits - checked with classical supercomputer



Quantum Supremacy Algorithm: Qubit Speckle

Clifford Non-Clifford
X, Z, H, X1/2… Z1/4

CZ               

(Random guess: any outcome k has probability  pcl = 1/2n)

2) Run quantum computer, measure k  (2n possible outcomes)
repeat sampling 100,000 times

4) Correlation: cross entropy S = á ln p(k)/pcl ñ
5) Compare to theory Squ � 0.42    quantum

Scl � -0.58    classical
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6) Try another instance

1 s

days
200 drives

1) Choose 1 instance, randomly from gateset

3) Calculate |yñ, p(k)= |ák|yñ|2 store in lookup table



speckle = coherence
predict = fidelity
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How Does it Work?

index k’  [p(k)-ordered]0 2n
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cl• Gaussian distribution Re{Y} & Im{Y}
gives Porter-Thomas distribution
(exponential)

• Uniform distribution with one error
(lose speckle) e-p

0 errors: exponential
1+ errors: uniform



Intrinsic Errors in 
Quantum Computation

Stot � P0 Squ + (1-P0) Scl

Probability of no error:  
P0 = exp[ -Ng eg ]

Average number of errors:
Ng eg = 49 x 7 x 0.005 = 1.7

Need:  scaling   with low 
errors 



Typical dataset with 5 qubits

statistical
error bars

quantum info
just from

prob. histograms

photon conserving
states



Compare probabilities of experiment and theory

speckle pattern
matches theory



Measuring fidelity

cross entropy
= fidelity

(T1 decay excluded)



Measuring fidelity

0.3% error
per gate & cycle

2.9% for 9-qubit gate!



Scaled fidelity for 45 qubits

45 qubits

supremacy possible
with margin



Quantum Materials (theory)
9 lattice sites 10000 T



Quantum Materials (theory + experiment)



Systems: Quantity and Quality
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Huge Progress in Algorithms (Quantum Chemistry)
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Exact: 100 logical qubits (error corrected)
Approximate: 100 physical qubits (?)

1985 Feynman (proposal)



Huge Progress in Algorithms (Quantum Chemistry)
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1985 Feynman (proposal)

Useful QC now possible?



Google Hardware Plans

1) 9 qubit devices, both gate based and continuous (gmon)
1 qubit: 0.05-0.1% error
2 qubit 0.5-1%

2) 22 qubit device in test (2x11 array)
Single and 2 qubit performance similar to 9 qubit device

3) Quantum supremacy device ready to fabricate (square array)
By end of year
Working towards Quantum Cloud offering




