Topolegical guantum; registers

Eytan Grosfeld, BGU

Daniel Dahan, Amrita Ghosh, Shimon Haver, Konstantin Yavilberg (BGU)
Eran Ginossar (University of Surrey)

@ Ben-Gurion University
of the Negev

Dutch-Israeli Quantum Technology & 5G mini-symposium, 1.12.2020

ISRAEL
SCIEN CE
FOUNDATION

m THE ROYAL
@ SOCIETY




IHybrid gubits: a marriage of two paradigms
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The Transmoen Qubit
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Transmon: the role ofi guasi-particles
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4 Non-coherent quasi-particles
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4 Coherent quasi-particles
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Two Majorana fermions — neutral zero energy non-local single fermion level

Majorana fermions

extra degree of freedom (“parity of condensate”) = 0,1

AN

)

E. Grosfeld, Topological Quantum Registers

0O



Origins: the fractional guantum; hall effect, filling 5/2
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Experimental signatures of non-Abelian
statistics in clustered quantum Hall states
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Non-Abelian Anyons:
When Ising Meets Fibonacci

v=1/2

E. Grosfeld and K. Schoutens, PRL 103, 076803 (2009)
R. llan, E. Grosfeld, K. Schoutens, and A. Stern, PRB 79, 245305 (2009)
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Majorana fermions — perfect Andreev: refiection
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Hao Zhang et al, Nature 556, 74—79 (2018)
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Topoelogical guantum computation
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J. Alicea et al, Nature Physics 7, 412—-417 (2011)
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TThe Majoerana-Tlransmon
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1% order in electron tunneling

E. Ginossar and E. Grosfeld, Nature Communications 5, 4772 (2014)
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Double-Lambda system

Rotated parity states

control subspace
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Majerana circuit-QED! (McQED)
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A term that mixes the photon,

the transmon and the parity!

K. Yavilberg, E. Ginossar and E. Grosfeld, Phys. Rev. B 92, 075143 (2015)
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Realization: topolegical insulator weak link

e 3D Topological Insulator nano-wire (BisSes, BiyTes)
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Mesoscopic Tl Josephson Junction
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Andreev Bound States
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e Dipole Transitions (i|n|7)
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B-dominated Spectrium

e Andreev vs. Majorana assisted charge transfer

Wp = 5.7 Ghz, F/EC = 0.0l, €/EC = —1.2, B/EC = 12
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K. Yavilberg, E. Ginossar and E. Grosfeld, Phys. Rev. B 100, 241408(R), 2019
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SC circuits as simulaters for tepolegical matter

Kitaev chain XY spin chain
non-local JW transformation
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Lieb et al, 1961
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Local perturbations in the spin language
non-local perturbations in the fermionic language
— may lead to decoherence!
\_ J

A. Callison, E. Grosfeld and E. Ginossar, Phys. Rev. B 96, 085121
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SC circuits as simulaters for tepolegical matter
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All qubits interact with cavity mode
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Summary.

The Majorana-Transmon qubit

* Proposed & analyzed hybrid device combining topological

superconductors in superconducting cQED devices P~ /ﬂ;;h ;
OOEJ :0
° Remains highly coherent due to an almost exact decoupling b s
from cavity ¥ 7zl/”‘"’ 4
QR A——
o Can be initialized, controlled and manipulated via side-band BT T
transitions sastisfying selection rules ©—

° Can be used to detect Majorana fermions
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cQED as simulator for topological states = EE s,
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* Generating a protected qubit from a small array of 14 !
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