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MagTop

BASIC IDEA

AIM & MOTIVATION

e Chain of magnetic impurities on s— wave superconductor (SC) — viable routes to realize topological SC || Shiba dimer on s— wave SC:
hosting Majorana bound states that holds promise for TQC.

* Majorana bound states based TQC: distant goal— no quantum coherent degrees of freedom yet identified in Hpag(t) = €, + AT, + ijm Vi(t)6(r — R))
these systems.

Vi(t) = J;S;(t) - o

e First step in this roadmap: we propose a minimal system to demonstrate the quantumness of these systemes:
YSR qubit arising from two nearby impurities on s— wave SC.
1 5 i S, (t) = (sin 6, (£) cos ¢, (1), sin 6, (&) sin é; (£), cos 6, (t))

Single YSR state —+YSR qubit ---> TQC S, — target spin — read out (off-resonant with ¢,)

e Manipulation and read out of the YSR qubit via dynamics of the impurity spins that engenders it. Sy — test spin — manipulation (resonant with ¢)

Magnetization Dynamics — Qubit Dynamics

QUBIT HAMILTONIAN

Core of our proposal:

(]

Tunneling of YSR states at different impurities— Hy(t) = —A(n; - o)(ny - o) [Io(R)1, + 1 (R)T.]

Interaction of individual spins with SC— H;(t) =~ —A ("’a" | Tx) +  (n; Xxn;) -0  — Berry phase contribution

 Dynamics of the spin biases the double well potential

Projectionto . hybrid in-gap states e Frequency shift: feedback universal torques acting on classical spin due to its dynamics — aids to extract
occupation of in-gap states
Qubit Hamiltonian: H,(t) = %Zz Single precessing magnetic impurity (Mishra et. al., PRB 103, L.121401 (2021)):
Ts(t) = —(ng — 1/2) Fs n(t)— Universal torque with geometric origin
: . . . 2
- - - - o " """ | eq = Aozlozg\/ Sa + tn sin(krR + m/4) cos &
.......................... ’-.> 4 . . ( . 2) QUBIT MANIPULATION AND DECOHERENCE
o > tp, qubit basis — left, right states
01) | da < tp, qubit basis — symmetric and antisymmetric | | Manipulation: via precessing the test spin S2 — 3., (¢) dictate coherent manipulation.
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Including the imprints of the classical spin dynamics: B.(t) ~ sin*(6/2)¢/2 — shifts the potential well. U;;jg \TZU_";Q ;:g \ 0ol _ decoherence.
Bz (y) o ty /0o — Coherent control of qubit. .
H (t) _ G—QZZ 1 /3(75) .Y ) ~ ’ LY. v, v U \ M Decoherence time 75 = 7pus.
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QUBIT READ OUT The pulse sequences proposal for coherent manipulation of the YSR qubit.
Adiabatic pulse: 6(t) = m tanh(2=«t/T1,), 1T, > T,, 1T, = h/e,.
(a) x10™ Via feedback torque: 7 = —J15n1 x (o(0)) | P Q ( t/ ) t_qu o = /g L
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. 7T0a | 14 ng YSR Qubit — YSRQ: spin dimers on s-wave SC. Manipulation and
0 - R—_924 . + read out via dynamics.
1 --Tid p_ 2°9 sopological % LW sopological Majorana Qubit — Extend the formalism to include SOC.
\ T R = o : 59 ~ {1 _hﬂ"“’o L , ?“‘? - .“‘? 1 — Extend the dynamical framework of Shiba dimers to
D \\.,, T | }FCY 1guﬁates the two qubit states 1n ) R | Universal Shiba chains and 2D Shiba islands.
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