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The hybrid model.

Controllability, scalability Memory time {coherence time)
Superconducting qubits  Good (various circuit designs) Poar (coupling to noise envirenment)

NV" centers in diamond = Poor (weak coupling between spins) | Good (isolated from extemal noise)

Quantum procassor Write Cruantum memory
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Zhu et. al, Nature478, 211 (2011).
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The hybrid model

H = Hgp + Hny + Hint.
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The Superconducting Flux Qubit.

qu=6SX+ASX.
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EqbZ\/€2+A2, Cze/Eqb, S:—A/Eqb.

[S,‘, Sj] = €ik Sk, [(T,‘,(T/'] = €jjkOk (SU.Q).
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The NV—' Centers in diamond.

HNVZDS§+E(S§—S§).

= ———1
Q~‘~A
1
o) H &
S E E
L L i
—Y
&
"
'O
4
fr— Cd
= ="
§MW

March 23t 2021.  5/21

Romina Ramirez,Marta Reboiro, Diego Tielas. UNLP-( Exceptional Points



Non-Hermitian Physics 2021.

UNLP-CONICET

NV-1-FSQ Interaction.

P, Centers

Hint—gs =29 (C oz + S ox) (aSL + S-) =
o 4 -l™>

effective term

R. Ramirez, M. R., D. Tielas, Eur. Phys. J. D, 74, 193 (2020).
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Symmetries of H.
Parity Symmetry Time Reversal Symmetry
PSP~ =S TST'=48 I 5 -i

H = Hny + qu 1‘ Hint-

non-T Symmetry

HNV:DS§+E(S)2(—S§) B\ HNV

1
qu: ) g0z — —Hgb

Hint = 29(co; + Sox)(aS; +S-) — —2g(co; + sox)(aS_ + Sy).
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Symmetries of H.

Similarity Transformation.

Ht = HT = H and H' are iso-spectral operators.

H =PJpP!

LT B } ~H=8HTSs', §=PP .

The Basis.

|kqba NS, kS> = |kqb> ® |NS) kS>
P | kgp, Ns, ks) (=1)fs*h | Koo, Ns, ks).  H = < 0 | Y _
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Spectrum SFQ — 2N Vs.

D = 2.88[Ghz], E = 0.026[Ghz], A = 2D, v = g/E.

Re(En)({GHz) Im(En){GHz)
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D = 2.88[Ghz|, E = 0.026[Ghz], v = g/E.

2.0
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Defining d = (1 — %5) 2, from left to right,
the curves correspond to values of

s 10K d= 1,050, —1.5, -3, -6, -9,
respectively.
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Time Evolution and Green Function.

Fourier Transform
Green Function ourier Transform G(w)

G(w) = (Wl — H)", F(t) = / m:—iG(w)e_i“”.

FHOQ.

Transition Matrix
P(t) = N*(1) F'()F (1)
A
Its elements give the p(t) among states.

2

N(t) = (Te(Fi(t).F (1))
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Transition Probabilities SFQ-2NVs
D = 2.88[Ghz|, E = 0.026[Ghz], g = 0.02[Ghz],

{10,0), [1,1), 10,2),(1,0), [0,1), [1,2)}.
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Transition Probabilities SFQ-2NVs
D = 2.88[Ghz|, E = 0.026[Ghz], g = 0.02[Ghz],

{10,0), [1,1), 10,2),(1,0), [0,1), [1,2)}.
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Non Exponential Decay.

G(w) = P7'Go(w)P, Go(w) = (wl—J)7".
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As an Example:|/(0)) = |0) ®

CSS(r/4,0)).
p(t) = [(I(t)[1(0))[?.

p(t) = (a2 —t (aq sin(wq ) + agp sin(wa) +
agq cos(wqt) + agp cos(wot) +
agy cos(wgt) + ag) / =
> =
(b2 & = tby sin(wqt) + by cos(wi ) + by) »
wy=E_

—E3_,wy=FE_ —E,, w3=E_ —Eq,

PE: a=0.94,
11(0))=|0)®|CSS(7/4,0))

8 16 24

t(p sec)
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Survival Probability.
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(1)) = N(t) F110)),

p(t) = [(IO)1(1))?,

Survival Probability
o
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11(0)) = |kgp = 0) @ N5 %5+ | 0 >,

zs = —e!?tan(0/2). o
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Squeezing and Anti-squeezing.

2A2S,, 2 - 2A23y,.
[(Sz)] ’* Y (Sz)
Squeezing Parameter

[Sv. Sy] = IS, & =
NS, A%S, > L|(S)P
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Schédinger-cat states.

10)) = [CS(7/2,0))— > V(¢ ~ m/2))

1
V) = ﬁ|/(9’¢)>+
1
ﬁ|/(ﬁ—9,¢+ﬁ)>7

(V|S|¥) =0
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Large number of NVs.

SFQ-2NVs SFQ-N NVs.
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Conclusions and Perspective.

m Appearance of EPs in hybrid systems.
m Non-exponential decay in the vecinity of EPs.
m Generation of Steady Robust States, i.e. Schodinger Cat States.

m Next...Non-hermitian systems at finite temperature.
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Thanks!

email :reboiro@fisica.unlp.edu.ar
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