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Dispersive  limit:

ωc

ωqb

gωω qbc 

Two level system in a cavity:

Wallraff et al,
Nature 2004

|e>|g>zqbzc ccH ww ~)(  = 

)ω(ωg=χ qbc
2 /where

cw

Janes-Cummings Hamiltonian

Dispersive  read-out drawbacks:
- Purcell effect
- weak photon number

Motivation V-shape: quantum measurement
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Ancilla mode
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|2a>

|0a>
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Transmon qubit mode

|1s>

|2s>

|0s>

|g>= |0s,0a>

|a>= |0s,1a>

|e>=|1s,0a> wa
wqb

New qubit read-out 
using

the ancilla mode

I. Diniz, E. Dumur et al., PRA 2013

Motivation V-shape: quantum measurement
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Ancilla mode
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E. Dumur et al., PRB (2015)

Transmon qubit

E. Hoskinson et al., PRL (2009)

Longitudinal coupling with large gzz (gzz/2p~60 MHz)

Motivation V-shape: quantum measurement
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The 3D V-shaped transmon

350 µm
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The 3D V-shaped transmon

Cavity TE101 ~7,1 GHz

5
 m

m

Inserted inside a cavity:

Output
port

Input
port

Kout/2p~18MHz ; Tphoton life time=T1,cavity~10ns
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The 3D V-shaped transmon
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m

Cavity TE101 ~7,1 GHz

Inserted inside a cavity:

Cavity field coupling:

))(())((ˆ aaccgccgH a
qbqb

qbc = 


  

No Purcell effect for the qubit!

gqb~0 ga~hundreds of MHz
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Cavity-Ancilla spectroscopy

ga~300MHz

Estimated T1,ancilla

Single tone spectroscopy

Bare cavity

Zero-field
ancilla mode
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Sample 1
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Two tone spectroscopy:

Logical Qubit properties 

Rabi oscillation:

Relaxation time: ~2.5ms

|e>
|g>

|a>

gaw

cw

w

w
Qubit spectroscopy

qubit

Read-out
signal

Sample 1

Sample 1

Fb/F0-1 0 -1
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Measurement photon induced relaxation

Sample 1

|e>
|g>

|a>

gaw

cw

w

w

Read-out
signal

P pulse

Cavity
drive

Read-out
signal

+

Weak qubit sensitivity on the cavity photon number

Fb=0

P pulse

time

Cavity
drive
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Effective dispersive coupling

Large effective dispersive shift

)2(

2

zzaa

zz
a

qb
eff

g

g
g


=

w

Read-out
signal
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[5F0]

|e> |g>

|e> |g>

Sample 2

(dispersive limit)

gzz ~ 40 MHz

Complete separation on transmitted peak!

P pulse
or Not
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Qubit readout fidelity

without JPA!!

|e>
|a>

ga

cw

|g>w

P pulse
or Not

Large read-out
signal

Tmeas=500ns: wmeas/2p=7.51GHz

Sample 2

t

V(t)

Tmeas

wmeaswmeas

|e>|g>

Fb=5F0

Fidelity=84%

Intrinsic fidelity=95% !

Thermalization: 2%
Relaxation: 8%
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Conclusion

Implementation of a 3D V-shape transmon 

Resonance condition ancilla-cavity

Promissing large readout
fidelity without JPA

|e>|g>

Work in progress to reach large fidelity...


