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Circuit QED Architecture
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Traditional Multi-qubit Architecture
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Problem of Relaxation
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Zoo of Cavities
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Under

exploration

Weizmann
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High-Q 3D SRF Cavities

Romanenko et al. PRApplied 13, 034032
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1.3 GHz SRF:
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High-Q 3D SRF Cavities

Q> 101 at1K
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1.3 GHz SRF:

5 GHz SRF:
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High-Q 3D SRF Cavities

Q> 101 at1K

Q> 1019 gt 10 mK
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1.3 GHz SRF:

5 GHz SRF:
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High-Q 3D SRF Cavities

Q> 101 at1K

Q> 1019 gt 10 mK
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® 2.6 GHz— TLS model fits
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T, > 300 ms
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High-Q 3D Cavities as Qudits
J ¥ /13)

[ 712)
AE| \
*—/1)

Romanenko et al. PRApplied 13, 034032

TV > 300 ms
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High-Q 3D Cavities as Qudits

Romanenko et al. PRApplied 13, 034032

TV > 300 ms T/? > 150 ms
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High-Q 3D Cavities as Qudits
J ¥ /13)

711)
ﬂEI \ /

Romanenko et al. PRApplied 13, 034032

TV > 300 ms T/? > 150 ms

T > 1Y/
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High-Q 3D Cavities as Qudits
J ¥ /13)

711)
ﬂEI \ /

Romanenko et al. PRApplied 13, 034032

TV > 300 ms T/? > 150 ms

T > 1Y/ 7' > 30 ms
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High-Q 3D Cavities as Qudits

Romanenko et al. PRApplied 13, 034032

TV > 300 ms T/? > 150 ms

T > 1Y/ 7' > 30 ms
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High-Q 3D Cavities as Qudits
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High-Q 3D Cavities as Qudits
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Qudit States and Gates

Qubit: a|0) + B|1)

Qudit: ay|0) + a|1) + -+ a4|d)
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Qudit States and Gates

Qubit: a|0) + B|1)

Qudit: ay|0) + a|1) + -+ a4|d)

‘ SNAP gate PRL 115, 137002 (2015)

Qudit: age'®|0) + a;etf1|1) + - + ayet?4|d)
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Qudit States and Gates

Qubit: a|0) + [|1)

Qudit: ay|0) + a|1) + -+ a4|d)

‘ SNAP gate PRL 115, 137002 (2015)

Qudit: aget?|0) + a,etf1|1) + - + agzet?d|d)

SNAP + Cavity drive » Universal control
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First Milestone

Incorporate Transmon into a
TESLA cavity
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Incorporate Transmon into a
TESLA cavity
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First Milestone

Incorporate Transmon into a
TESLA cavity
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First Milestone
T ‘ TE3RI003 photon splitting
I ! = 0.20 1.0

P qubit

0.00
. 4.3075 4.3080 4.3085 4.3090 4.3095
Qubit Frequency (GHz)

Incorporate Transmon into a
TESLA cavity
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First Milestone
T ‘ TE3RI003 photon splitting
I ! = 0.20 1.0
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Incorporate Transmon into a
TESLA cavity
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First Milestone
T ‘ TE3RI003 photon splitting
I ! = 0.20 1.0
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0.10

P qubit
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Cavity displacement amplitude
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Qubit Frequency (GHz)

Incorporate Transmon into a
TESLA cavity
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T ‘ TE3RI003 photon splitting

i = 0.20 1.0
1
|

P qubit

0.00

. 4.3075 4.3080 4.3085 4.3090 4.3095
Qubit Frequency (GHz)

Incorporate Transmon into a
TESLA cavity
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First Milestone
. | TE3RIO03 photon splitting
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Cavity displacement amplitude
o
=

g
o
S
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Incorporate Transmon into a

VST e Achieved photon counting
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Second Milestone

[ Prepare quantum states
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Second Milestone

Wigner tomography

SN
0;%'
-1

[ Prepare quantum states J
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Second Milestone

/ Wigner tomography
13) 2] Fock |1),
1 L

[ Prepare quantum states }
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Second Milestone

Wigner tomography

[ Prepare quantum states J

Relaxationn =1

1-0-2 T = 0.95 ms

bt
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Multqudit Architecture
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Multqudit Architecture

Crosstalk issues
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Crosstalk issues

Multqudit Architecture

-

Transmon

Manipulator

\

Coupler

J
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Multqudit Architecture

Crosstalk issues

Moderate-Q cavities High-Q 3D cavities
d D <
Transmon Manipulator Coupler Storage
J N
CPU BUS RAM
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Multqudit Architecture

Crosstalk issues

Faster scaling: d > 2N

Moderate-Q cavities High-Q 3D cavities
[ ) e
Transmon Manipulator Coupler Storage
J N

CPU BUS RAM
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Multqudit Architecture

Crosstalk issues

Faster scaling: d > 2N

All-to-all coupling

Moderate-Q cavities High-Q 3D cavities
i ) <
Transmon Manipulator Coupler Storage
J N
CPU BUS RAM
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Outlook

s* Improve single-cell devices
» Optimize transmon design, placement
» Investigate other SRF cavity geometries
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Outlook

¢ Improve single-cell devices
» Optimize transmon design, placement
» Investigate other SRF cavity geometries
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*» Improve single-cell devices

Outlook

» Optimize transmon design, placement

» Investigate other SRF cavity geometries

% Scaling up

» Develop modular architecture

> Connect several modules

<Multimode

High-Q

133
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Brand New SQMS Facility at Fermilab
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