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Outline:

@ Common problems of superconducting quantum computing

@ Two-level defect states in dielectric is a powerful source of
decoherence in superconducting qubit

@ Resonance methods of study of defect states in dielectric.
@ Experimental observation of TLS-TLS interaction

@ Resonance absorption of dielectric in the swept DC field
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Source of dielectric loss in
superconducting qubit

AlO, Josephson
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Two-level defect states in

Josephson qubit

Loss in the amorphous
dielectric arise from
resonant absorption from
two level system (TLS)
defects with a dipole
moment coupling to the
electric field .
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Approximations of strong and
weak fields

Weak field Field Dependence of TLS Loss
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Experimental setup
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Resonance dielectric studies sece
Quasi-lumped element coplanar Lumped element resonators with

resonators parallel plate capacitor
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Equivalent model of the

experimental device :
voltage wave amplitudes: Vi+ L V0+
— 1 — —
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Coplanar resonators
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ALD dielectric research with eseo
coplanar resonators se
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Simulation of electric field esee
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Fabrication of the parallel plate
capacitor superconducting resonat




Fabrication of the e
superconducting resonator

waveguide

iInductor



1/Q

Coupling strength of the
microwave resonators

Qe describes interaction of
resonator with the transmission
line and inversely proportional to
square of coupling coefficient.
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TLS in amorphous SiN,
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“Classic” TLS model: OH rotor (point defect)

(Phillips, 1981; Hutt, Phillips, Butcher, 1989)
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Dielectric loss versus microwave

voltage
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Dielectric loss versus
temperature
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Delocalized collective excitation

A. Nonresonant pair
Ag
\/\o/ \Lk %

B. Resonant pair

WoW W
T
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Energy transport is not efficient in the off resonance (A) case where the energy Level mismatch
exceeds the resonant interval. For resonant pair (B) interaction induce flip-flop transition.

A.L.Burin, L.A.Maksimov, and l.Ya. Polischuk JETP Lett.80, 513 (2004)



Fluctuation of the dielectric
loss In non-saturated TLS regime
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Low temperature dielectric response
of glasses to DC electric field

SRR ' "1 The relaxation and resonance response
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Superconducting resonator with | g2::°
DC bias
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Response of resonance absorption of
SiN, in the presence of swept DC field

tan&*10™

d(tand)/tand

15
14]
13
12]
11
10
09
08

T e
0o 1 2 3 4 &5 6 7 & 9 10 11 12 13 14
time, s

Resonant relaxation

time (s)

<€ > e
Logarithmic relaxation caused by rela
This law can be explained by%@farﬂhml

' DC pulﬁﬁ@%tl{deﬂ{m 40MV
J DC Pulse

TLS tunneling amplitudes A,.

0.7
0.6
0.5
0.4

d(tand)/tand

0.1

-0.1

10° 10

0.3
0.2}

Non-resonant relaxation

ey

0.023*In(1434/t)

10 i 10
time (s)

4.677



Dielectric loss for different delay
time after DC pulse application

Pulse turned on at t=0 (rise time~20ms)
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Loss tangent increases at sudden DC voltage step then decays
as 1/t and logarithmically. The dielectric permittivity (~ f-2)
changes instantaneously to the steady state value, which is
shown to the left, after the step.
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Summary

e We studied sources of decoherence in the superconducting qubits mainly
focusing on the two level defect states in amorphous dielectrics.

1. We measured the dielectric loss of ALD deposited AlOx. That is the same order of
magnitude as the loss found for another amorphous oxides.

2. The dominant contribution of the native oxide loss has been found for the coplanar
resonator deposited on the crystalline sapphire.

3. We have demonstrated that the OH rotor is the main source of loss in amorphous
SiNXx.

4.  We found evidence of interaction between two-level defects states in amorphous
SiNx. We suppose this interactions can lead to delocalized collective excitation at
sufficiently low energy.

5.  We measured AC susceptibility response on the DC field and found the clear proof of
the both relaxation and resonant TLSs contribution to dielectric function.

6. The discrepancy between theory and experiment found in the behavior of real
component of dielectric function.



Superconductor loss
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Effect of TLS-TLS interaction

independent TLSs

high power - TLSs saturation
small absorption

interacting TLSs
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high power - dispersion -
with a given frequency it is very difficult
to saturate them
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