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Blueprintof a quantum processor
basedon gquantumgates
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Electrical implementations ?



Can electrical circuits be quantum

Jack Xilby handlingthe firstintegrated circuit

electricalvariables
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A guantum electrical component : the Josephson junctio
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Superconductinglosephsomuantum circuits
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1. Quantumbehaviordemonstratedin 1980s
2. Sincel999qubitswith increasinglyjongcoherenceimes.
3. Potentially scalable

Other electricalimplementations :
guantumdotsin 2DEGs



The Cooper Pair BoXrom charge to phase
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first electrical qubit : Cooper pair box
Nakamura, Pashkin &Tsai (NEC, 1999)
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Pulse durationDt (ps)
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Ramseysequence

First operational qubit : quantronium, Tz =500 ns T,;=218

single-shot readout, protected
against dephasing
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Vion et al., (Quantronics, 2002)
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Circuit QED: Cooper pair box in a time between pulses Dt (us)

microwave cavity (2D, 3D)

Schoelkopf lab., Yale 1D CPW
-Wallraffet al., Nature 2004
-Kochet al., 2007
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The transmon Cooper pair box: circuit QED
(inspired from cavityQED)

Cooper pair box
In the phasaegime

Non-linear I
inductor ™=

Htransmon = ECI\Ez B EJ COS&
. E<E
\\ ?/h W.
3) 34
|2>\\ 7 it
B\, e

o\ M

anon linearresonator
at the singlephoton level

>4

Circuit QED:
dispersiveregime

—{] ‘:I@Hl-

\\ J
Y

| /2 resonator
bare resonance frequency =

vu di, W] >g [j

= -E(wro1 +G)EE, + (¥’ - cEl)& a

/1

) ) qubit controlled Cavitypull
qubit Stark shift




Statusor S>C guantum processors

SchoelkopfLah YaleUniversity Martinis Lah UC Santa Barbara  Quantronics CEA

DiCarloet.al., l\.lature2009 Yamamoto et.al. , PRR2 2010 , NaPhys2012 Deweset. al., PRI& PRB 2012
Two-QubitGroverSearch Two-QubitDeutschJoszaAlgorithm  GroverSearchAlgorithmon 4 items

Factorizationof 15
No individual readout:

: Individual non-destructivereadout
not operational individual destructivereadout

Quantumspeedup demonstrated
on elementary cases

Why slow progress?

e Quantumcoherencein complexarchitecture
DIfTI.CU.|'[ Hifi readout of qubit register
scalablilityissues | Quantumerror Correction




An operational two-qubit (4 states) processor

Dewes et al., PhyRev Lett. 108, 057002 (2012)
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Transmorreadout with a nonlinearresonator

JosephsoiBifurcation Amplifier Siddigiet al.,Phys.Rev.Lefi3 (2004)
Transmon Readout: Mallet et al. NaturePhysic®, 791- 795 009
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Switchable SWAP interaction
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A quantum algorithm for the search problem

The 4 state case: X, yl' {00011011

Gamefind y by calling the discriminating fy(x)=
functionf onceonly
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f02(00)=0 fo; (0D)=1 f01(10)=0 fo1(11)=0

Classical Guessand checkstrategy" succesgrobability: 1/4
Quantum Groversearchquantum algorithm findsin 1 call !

Forsearching 1 objectout of N: sqrt(N) steps
sgrt(N) gain/ classicakearchalgorithm



TheGroversearchalgorithm
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Single run success rate > % demonstrates
Quantum Speedup



Thereadoutscalablilityissue in circuit QED

Lineardispersivereadout
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| . limited bandwidth, low saturation power E. Jeffrey et al.
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A N+1 architecturbasedon multiplexedJBAreadout
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DemonstratingmultiplexedJBAreadout
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