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Outline

e Quantum dynamics in a coupled qubit circuit

e Josephson junction arrays: Towards the realizatiorof a
topologically protected qubit ?



Ultrasmall Josephson junction
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The coupled circuit

Asymmetric Cooper
pair transistor
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Charging energy

Asymmetric Cooper pair transistor: charge qubit

Josephson energy

symmetric
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A charge qubit:
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Spectroscopy measurement of the two quantum systems
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Spectroscopy versus V,

Resonant coupling Dispersive coupling
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Spectroscopy versus flux

Spectroscopy at |, = 284AA
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e Two qubits can be in resonance from 9 GHz to 20 GHz.
e Strong variation of the coupling strength.
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Electrical schematic of the circuit
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Coupling in resonance
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Resonant coupling A. Fay et al., PRL 100, 187003 (2008)
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If transistor was symmetric (A=u=0) coupling would be zero
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Two qubits read-out
Aurelien Fay Thesis
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Quantronium read-out : classical Josephson junction ws<<w;

In our case: wg = w; !



Presence of an anti-level crossing
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Absence of an anti-level crossing
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Quantum dynamics in Josephson junction arrays

—> Candidate for the realisation of a topologically protected qubit

—— Dual of Shapiro steps in a Josephson junction array

o
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Phase bias and

frustration:
f=_oe

— Chain of Josephson

junctions
with effective 5 and E

Chain of N spins
2N possible states



Phase biased Josephson junction array
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Chain of single Josephson junctions: classical rage E;>>E-
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Effect of phase slip in phase biased chain
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Chain of single Josephson junctions: classical rage E;>>E-
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Chain of single Josephson junctions: classical regenE,>>E-
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Phase biased Josephson junction array
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Mathieu equation for Josephson array
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Energy spectrum and current-phase relation of chain
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Sample set-up

Sample caracteristics:
Single junction in chain

R,=6kQ
C,=1.2fF

Read-out Josephson junction:
R=1kQ

Area ratio between big loop
and SQUID loop: 285




Measurement of the current-phase relation |
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Current-phase relation yields OE,

information on the ground state (V) = 3



Measurement of the current-phase relation |l
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PhD: loan Pop, to be published




Measurement of the current-phase relation Il
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Josephson junction rhombi chain

Phase bias and frustration:

f = Pr
27,
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Chain of Josephson
junctions
with effective Eand E

Chain of N spins
2N possible states



Measurement of the current-phase relation
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(1. Pop et al.,Phys. Rev. B, 78, 104504 (2008))
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Current-phase relation at f=0: classical regime
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Current-phase relation at f=0: quantum regime
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Measurement of the ground state energy in the
classical regime (1)

o Phase slips
004 - o across Rhombi
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Measurement of the ground state energy in the

classical regime (2)
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Measurement of the ground state energy in the
classical regime (3)
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Measurement of the ground state energy in the
classical regime (4) (1. pop et al. Phys. Rev. B, 78, 104504 (2008))

|uuuu>\5"n;

0l 5

; >
:/lmmmm

= 004

411 -

| l l l l l l l l> - |I.:|--I_' HI-Hr ' |F.-IIR I ﬂlji.l I I|.I5'-_I I I|:ﬁ4 I I_lj;‘-l'i _\

” 111111 11>

) B J B I N ) N ! ' ¥
(144 4 EsmmEn : e 154 1,56



Towards a topologically protected qubit ?

Add quantum fluctuations at f=0.5 in order to
lift the degeneracy of the states
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ldea of topologically protected qubit

Other states of
the large physical system
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Energy spectrum of a rnombi chain at half flux frugration |
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Energy spectrum of a rnombi chain at half flux frugration Il

E
%l =0.qp=1-7/m=1"
: g ==
L
q=0:vrm=1>
N | g=0:1=0
| {115'--.!(1}'-1;']'.-"'?{}
— 1(go+op)t
Wounie = Fo€
N
oP
- EJ
o~ 2o
AN -1

Lev loffe and Benoit Doucot unpublished



Proposed sample
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Charging energy

E,/E.=1

Phase-charge qubit:
Asymmetric Cooper pair transistor
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