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Research accomplishments
since last review

• Developed theory of the Bell (CHSH) inequality violation 
for phase qubits, taking into account finite measurement 
fidelity, decoherence, and crosstalk; computed thresholds 
for the inequality violation; proposed a version of the 
inequality insensitive to the crosstalk. 

• Developed theory of quantum undemolition (QUD) 
(measurement undoing); proposed a QUD experiment for 
a phase qubit (recently realized in John Martinis’ group). 

• Analyzed in detail partial collapse process for a phase 
qubit, taking into account level discreteness and 
decoherence; analyzed crossover behavior in presence   
of both null-result measurement and Rabi oscillations.
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Research topics for the next year

• Gate fidelities for coupled phase qubits 

• Process tomography characterization for 
quantum gates based on phase qubits 

• Quantum efficiency of binary-outcome  
detectors (as for phase qubits) 

• QUD analysis and related problems of 
quantum measurement 
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Theory of Bell inequality (BI) violation 
in phase qubits

2 2S− ≤ ≤BI in CHSH form:
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Pseudospin measurement along arbitrary 
axis ( , ', , ') is realized by rotation 
(microwave) + measurement along z-axis.
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Effect of measurement errors  
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Effect of measurement crosstalk
( 10 11  with probability , 01 11  with probability )a b

c cp p→ →

Crosstalk is a nonlocal effect modified CHSH inequality:

      2 4 min{ , } 2 2 | |a b a b
c c c cp p S p p− + ≤ ≤ + −

Quantum max/mi (for  n  ):  2 (1 )C a b
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For max-entangled state  ( 10 01 ) / 2+

,  is measurement fidelity for state  a b
iF i

but not much improvement for strong violation

non-maximally:

Crosstalk decreases both gaps between classical and quantum results
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Combined effects of errors, decoherence, and crosstalk

Version of Bell (CHSH) inequality insensitive to crosstalk:

1 0T− ≤ ≤ 00 00 00 00 0 0( , ) ( , ') ( ', ) ( ', ') ( ') ( )T p a b p a b p a b p a b p a p b= − + + − −

0 0( ') [ ( )] is non-switching probability for measuring qubit  ( ) onlyp a p b a b

1 2450 ns, 300 ns, 
20 ns;  0.08a b

c c

T T
t p p
= =
= = =

Equal errors and crosstalk make preferable measurement of positive S
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Idea: use only “null-result” measurements (opposite to optics!)
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Quantum undemolition for phase qubits 
(uncollapsing wavefunction)

Theory: A. Korotkov and A. Jordan Recent experiment: N. Katz et al. 
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Expt. protocol:
1) partial collapse
2) π-pulse
3) partial collapse
4) π-pulse
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Partial-collapse theory for phase qubits
L. Pryadko and A. Korotkov

/ 2

2 2
| 0 | 1( )
| | | |

t

t
et

e

α βψ
α β

Γ

Γ
〉 + 〉

+

-

-
=

Simple model for null-result evolution:

Expt: N. Katz et al., Science-06

Better model: tunneling into discrete 
levels + decoherence (in the second 
well and inter-well)

Result: qubit remains practically pure 
despite extra decoherence processes
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Crossover of phase qubit dynamics
in presence of weak collapse and μwaves

under-critical
(weak μwaves)

over-critical
(strong μwaves)

R. Ruskov, A. Mizel, and A. Korotkov

null-result

relaxation

Evolutions due to null-result 
measurement and relaxation 
are clearly distinguishable

Null-result measurement + Rabi oscillations 
(μwaves)

Crossover between asymptotic stability 
and non-decaying oscillations
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