Synchronization of qubits by resonator coupling

Comparison of Quantum and Semiclassical Radiation

‘T'heories with Application to the Beam Maser®
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@ (1963) Jaynes-Cummings model
(Proc. IEEE)
@ Hamiltonian:
H = Awoh — hQoy /2
+ghwo(a + &t)o, + f coswt (4 + &)
@ Master equation for the density matrix:
p=—i[A,p/n
+A(paf —afap/2 — pafa/2)
@ Quality factor: Q = wp/A ~ 100
Zhirov, DS, PRL 100, 014101 (2008)
@ Single artificial-atom lasing
O. Astafiev et al. Nature 449, 588
(2007)
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Dynamics and bistability of qubit

< 101 ’ @ Fig.1: Bistability of qubit coupled to a driven
e “ . v ; oscillator with jumps between two
metastable states. Top panel shows average
oscillator level number (n) as a function of
time t at stroboscopic integer values wt/27;
middle panel shows the qubit polarization
vector components & (blue) and &; ( )
at the same moments of time; the bottom
panel shows the degree of qubit polarization
o . &. Here the system parameters are
051 T AJwo = 0.02, w/wo = 1.01, Q/wy = 1.2,
f = hAy/Np, np =20 and g = 0.04.
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Dynamics and bistability of qubit

@ Fig.2: Top panels: the Poincaré section
taken at integer values of wt /27 for oscillator
with x = ((&+4a%)/v2),p = ((a—&")/V2i)
(left) and for qubit polarization with
polarization angles (6, ¢) defined in text
(right). Middle panels: same quantities
shown at irrational moments of wt /27.
Bottom panels: qubit phase ¢ vs. oscillator
phase ¢ (p/x = —tan ) at time moments as
in middle panels for g = 0.04 (left) and
g = 0.004 (right). Other parameters and the
time interval are as in Fig.1. The color of
points is blue for & > 0 and red for & < 0.
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Macroscopic detector of qubit state

14
\/ @ Fig.3: Top panel: dependence of average

qubit polarization components & and &; (full
and dashed curves) on g, averaging is done
over stroboscopic times (see Fig.1) in the
interval 100 < wt /27 < 2 x 10%; color is
fixed as in Fig.2. Bottom panel: dependence
of average level of oscillator in two
metastable states on coupling g, color is
fixed by & sign on right panel (red for large
n; and blue for small n_); average is done
over the quantum state and stroboscopic
times as in the top panel; dashed curves
show theory dependence (see text). Two QT
are used with initial value & = £1. All
parameters are as in Fig.1 except g.
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Macroscopic detector of qubit state

el @ Fig.4: Dependence of average level n of
30 { ey oscillator in two metastable states on the
3 driving frequency w (average and color
207 001 ; choice are the same as in right panel of
IS 0.00 0.05 0.10

9 Fig.3); coupling is g = 0.04 and g = 0.08
(dashed and full curves). Inset shows the
variation of position of maximum at w = w4
0 . 5 i i — _
Zo0a 00 D with coupling strength g, .A(.(J:!: = wit — Wo.
(w=w,)/w, Other parameters are as in Fig.1.

Theoretical estimates: the shift Awi explains two states n of driven oscillator well
described by ny = npA?/(4(w — wo — Aw+)? + X?)] (see dashed curves in Fig.3
bottom traced with numerical values of Aw+ from Fig.4 inset). To estimate Aw+ we
note that the frequency of effective Rabi oscillations between quasi-degenerate levels
is Qr ~ gwoy/N+ + 1 (JC-model) that gives Aw+ ~ dQr/dn ~ +gwo/2+/N+ +1in a
good agreement with data.
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Macroscopic quantum tunneling

between qubit states

A - @ Fig.5: Dependence of number
Z 410 of transitions N; between
= metastable states on rescaled
200 A1 103 qubit frequency Q/wy for
parameters of Fig.1; N¢ are
1 computed along 2 QT of

1.4 16 length 10° driving periods.
Inset shows life time
dependence on /wy for two
metastable states (7 for red,
0 T T 7_ for blue, 7+ are given in
1.0 1.2 1.4 1.6 number of driving periods;

Q/coo color choice is as in Figs.2,3)
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Radiation spectrum of qubit

Fig.6: Spectral density S(v) of qubit radiation &, (t) as function of driving power n, in
presence of phase noise in ¢ with diffusion rate = 0.004wy. Left: Q/wo = 1.2; right:
Q/wo = 1. Other parameters are as in Fig.1. Color shows S(v) in logarithmic scale
(white/black for maximal/zero), v is given in units of wp.
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Future entanglement-enabled technologies

(part presented on blackboard)
@ superconducting qubits coupled to a resonator: new sources of lasing of coherent
and entangled photons

@ entangled microwave photons open new prospects for microwave mobile telecom
communication with complete privacy

@ using coherent and entangled microwave photons for holographic imaging
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