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® JJ phase qubit
@ Microwave spectroscopy

@ Two-level fluctuators (TLFs)
@ Manipulating a TLF by the qubit
@ Direct driving of TLFs by microwaves
@ Entangling two or more TLFs

J. Lisenfeld, C. Mueller, J. H. Cole, A. Lukashenko, A. Shnirman,
and A. V. Ustinov. ArXiv:0909.3425
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I Josephson tunnel junction QAT

‘ equivalent circuit
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I Spectroscopic evidences of ﬂ(“‘

two-level fluctuators (TLFSs) e
| = - Pesc
N swapping a 0.45
(ID 8 photon from
. qubitto TLF | F§o4
> 1
o £ - 035
c
S
> 76 | PP gl [ 03
D 100 150 200
Y= readout pulse delay [ns] - 10.25
Q 74
>
© - 0.2
5 7.2b .
O 0.15
E 7 o
) _ _ 6.8/
electrical dipole two-level fluctuators
+ o078 0.8 0.82 0.64 0.86 0.88 og °
two-level fluctuator (TLF) external flux =’ -
Alexey Ustinov Two-level fluctuators in Josephson junctions Universitat Karlsruhe (TH)

Forschungsuniversitil - gegrindel 1825



I Phase qubit readout: QAT
Tunneling from the excited state

current

A tunneling event
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I Reducing dissipation by QAUT
placing the junction in aloop
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I Josephson phase qubit

qubit
junction

Alexey Ustinov

readout SQUID

gubit loop

/!

Two-level fluctuators in Josephson junctions

IT

Kartsrubse Indtitute of Technology

EEEEEEER
E BB EEEEDN
EEEEEEES
EEEEEEEDR
EEEEEEES
EEEEEEERN
E N EEEEENR
EETN N N TR
COEEEROE@
microwave line

R
-
=
| I0dEEREE®
N B
{
Y

OCOEEERIEE

EEEEEEER

J. Lisenfeld et al.,
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I Origin of decoherence in phase qubits: AUT
microscopic two-level fluctuators

it of Technology
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K. B. Cooper, et al., Phys.Rev.Lett. 93, 180401 (2004).
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Josephson junction as a quantum system QAT
- an artificial ‘atom’
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Swapping a guantum state of

gubit with the state of two-level fluctuator
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I Using a two-level fluctuator as Q]UT
a quantum memory
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I Is TLF really atwo-level system ? AT
Yes, It Is.

an excited multi-level system could absorb additional photons
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I Rabi oscillations of the qubit
In the vicinity of a TLF: Data

7.95

—
7]

7.85

—
o)

775

microwave frequency [GHZ]

—
—J

Sweeping flux through splitting,
at each flux adjusting microwave

1.6

1.8

Field[DAC YV, a.u]

microwave pulse duration: [ns]

frequency to qubit resonance and
recording a Rabi oscillation trace.

Alexey Ustinov

Two-level fluctuators in Josephson junctions

100
250 08 90
08
200 04
0.2 w70
=
=50
150 >
& 50
:.1-._'...-\ . g_
100 o £ 40
“-l; o
| 30
50 -0
10

0

time domain data

7.7

7.8

7.9

frequency domain data

7.7

7.8 7.9

microwave frequency [GHZ]

D

microwave frequency [GHZ]

Universitat Karlsruhe (TH)

Forschungsuniversitil « gegrindel 1825



I Transitions in the driven 4-level system: __.\_](l'l'
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I Rabi oscillations of the qubit in the vicinity
of TLF: Comparison in time domain

Theory:
C. Muller

J. H. Cole
A. Shnirman
(Karlsruhe)
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I Rabi oscillations of the qubit in the vicinity of ‘("‘
TLF: Comparison in frequency domain

Asymmetric picture
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I Direct excitation of a TLF by applying .ﬂ(“'
microwaves e

\ Rabi oscillations in TLF
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I Rabi oscillations in a directly driven TLF :
Dependence on driving field detuning
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I Ramsey oscillations in a directly driven
two-level fluctuator: Dephasing time T,
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I Two-level fluctuator has much longer ‘("'

T,time than the JJ qubit
\ TLF is a better qubit than JJ ...
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I Rabi oscillation in TLF versus .&‘(“-
gubit ‘parking’ position e e
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I Migration of fluctuators due to thermal

annealing
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I Possibility to entangle two or more TLFs AT
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I Conclusions AT

® TLFs may have longer coherence times
than qubits
@ they can be used as a built-in quantum memory
B they allow to entangle a macroscopic object
with microscopic defect and study a coupled
guantum system
@ TLFs show direct coupling to the electrical =
ac field in the junction 70
@ they can be directly controlled by microwaves
@ a qubit is only necessary to measure them

@ Full quantum control and characterization  *®
of individual TLFs is readily possible 10
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