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measurement
�MW=�01

•Flux-pulse sequence:

Coherentoscillations in a dcSQUID

P = +6 dBm
�����= 260 MHz

�RLO= 208 MHz
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•Anharmonicoscillator:

TMW: tunable

Anharmonicity:�01��12 = 160 MHz



Introduction to superconducting qubits

Multi-levels artificial atom
-current-biased Josephsonjunction and dc SQUID
-quantum measurements
-quantum dynamics in a multilevel quantum system
-quantum or classical description
-optimal control
-decoherenceprocesses

Two-degrees of freedom artificial atom
-inductive dcSQUID
-spectroscopymeasurements
-strongnon-linearcoupling
-coherentoscillations 

Multi-degreesoffreedomsystem
-Josephson junctionchains
-quantum phase slip
-chargingeffects

Outline



Total Hamiltonian:

Optimal control for a current-biasedSQUID

control
system

(H. Jirari, FH and O. Buisson,EPL 2009)



Statementoftheproblem

Desired time evolution of quantum 
system:

We seek a control field :

|0>

|0(t)>= |d>

(example:|1>
and |4>)

	(t)
To have a  reasonablecontrol field, weaddconstraints:

-on theamplitude
-on itstimedependence



Test for a two-levelsystem: �-pulse
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guess

(H. Jirari, FH and O. Buisson,EPL 2009)



Use �-pulseas a guessfor optimal control
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(H. Jirari, FH and O. Buisson,EPL 2009)



Effectof �-pulse in the presenceof otherlevels
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(H. Jirari, F. Hekking and O. Buisson,EPL 2009)



Optimal control in the presenceof otherlevels
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(H. Jirari, F. Hekking and O. Buisson,EPL 2009)
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Optimal control for more complicatedtransitions
(H. Jirari, F. Hekking and O. Buisson,EPL 2009)
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Relevant noise sources

significant fluctuation sources located close to the SQUID

MQT analysis •LF flux noise

Heavy filtering and shielding

chip

Rmcs

~ 25mK

Rp(�)

Cp

Loc

Cmsc

Lf
�
 ��

LF flux
noise

electric
circuit

•HF fluctuations
fromelectriccircuit

quantum fluctuation
dissipation theorem

(long correlation time
~30ns)

•ParasiticTwolevelfluctuators



environment coupling terms SQUID
eigenbasis { |0
, |1
}linear 

transverselongitudinal

current
fluctuations

flux
fluctuations

relaxation“pure”dephasing

Decoherenceprocesses

T1T2

J. Claudon, A. Fay, L.P. Lévy, and O. Buisson (PRB2006)
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Not working at
an optimum point !
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1/T1for different bias points

IcIc � exp(�Dm/T1)

|0


|1

�r

-0.117 �0

-0.368�0

J. Claudon, A. Fay, L.P. Lévy, and O. Buisson (PRB2006)
Relaxationmeasurements
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Environment at high frequencies (> 5GHz)
LocRp(�)gold

capacitor

consistent with skin effect estimations

Effective resistance ~ 105 �!

Long T1for a connected circuit
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Low power spectroscopy
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Low power spectroscopy
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Main effect:
inhomogenousbroadening
due to current noise

2 01I
I

� � �
�
�

� �

withnA L
kT I

OC
6

2
�  �

No free parameter!!

88.18.28.38.48.5
��(GHz)

P
esc (%

)



Hoskinson,Lecocqet al , PRL (2009) Manipulation at zero current bias

�p(Ib,�b)
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Microwavecurrent: Ib(t) Manipulation



Hoskinson,Lecocqet al , PRL (2009) Manipulation at zero current bias

called: theCamelbackphase qubit…



Hoskinson,Lecocqet al , PRL (2009) Camelback phase qubit

�p(Ib,�b)

) ˆ ˆ ˆ (
4 2 2

X X P H� �� �  � Atzerocurrent: 

Microwavecurrent: Ib(t) Manipulation



(1)
(2)

(3)

(1)(2)(3) ()()()

Nanosecond flux pulse and 
switching current 

measurement

Hoskinson,Lecocqet al , PRL (2009)

The probability of escape 
increases when the system is 

excited

V?

Spectroscopy at zero current bias

FWHM = 18 MHz

�01 = 10.17 GHz



•Frequency is maximum 
at zero current biased

•Width ��01(FWHM) due to low 
frequency fluctuations of �01

Away from the optimal line
Current noise limited :

9nA (RMS)

Close to the optimal line
Flux noise limited :

40μ�!(RMS)

Demonstration of optimal current bias
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Side band resonances

Side bands disappears @ sweet point



Coherent oscillations along the optimal line
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Coherent oscillations along the optimal line

Rabi oscillation

Ramsey oscillations
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Ibias= -73nA
~ 20 parasitical two level 
system (TLS) per GHz 
with a coupling to the 
Qubitvarying from 5MHz 
to 150MHz

Spectroscopy versus flux bias, TLS limitation



Conclusion

•Improvement of the coherence time along the optimal line.

•New potential along this line, 
preliminary results on double escape processes.

•Limitations : -Residual dephasingcan be explained by a 40 ��0RMS flux 
noise.

-Too many parasitical two levels systems.
-Unknown sources of noise (low frequency current noise)

Currentworks: -improvementon the Josephson junctionquality


