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Classical bit Vs Qubit:

= Classical bit: {o, 1}
* Qubit: {o, 1, superposed states of o and 1}
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it © first transistor,
invented at Bell Labs,
December 23, 1941

50 Years and Counting...
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sSingle crystal Polyorystal Amorphous solid
Feriodic across the Feriodic across Mot periodic.
whole volume. each gram.
Crystalline SiO, Amorphous SiO,
(Quartz) (Glass)
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sSingle crystal Polyorystal Amorphous solid

Feriodic across the Feriodic across Mot periodic.
whole volume. each gram.
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initialize after operation

FLUX
QUBIT
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pulse separation, at [ns]
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Below T =T, = 3K

Internal Friction Q™

C,xT* a=~1
K=<T? p=~2

Q*t=A/2xl~10"

Amorphous Solids
¢ 6 il P
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Zeller and Pohl, PRB 4, 2029 (1971)
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Standard tunneling model

2-level systems Below T =T, ~3K
E[A Aﬂ CoeT Cv*xT® a=1
2% -4 K=BT* KT/ B2
P(A,A) =% Q'=const Q'=4/271=10"

0

Co- E’;’Cf SO QtanCy 2 LI

1. What is tunneling?

2. Why is C,~107° universal and small?
3. What dictates the energy scale of T, = 3K?

4. Magnitude of specific heat, non-integer exponents
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Detecting single TLSs with
superconducting qubits
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Lisenfeld et al., PRL 105, 230504 (2010)
Grabovskij, Peichl, Lisenfeld, Weiss, Ustinov, Science 338, 232 (2012)
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sSingle crystal Polyorystal Amorphous solid
Feriodic across the Feriodic across Mot periodic.

whole volume. each gram.

Amorphous SiO,

Crystalline SiO
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