SAND2020- 7646 PE

Anomalous Shapiro steps
In a Dirac semimetal

Cd3As2-based SQUID

Joseph J. Cuozzo
Technical supervisor: Wei Pan

2020 Intern Symposium
August 7th, 2020
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Can we protect our qubit from the
environment?
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(b) Full protocols: Single and double braid
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Dirac & Weyl Semimetals
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Josephson Effect
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Shapiro Steps
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Topological Superconductivity
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Anomalous Shapiro Steps
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Anomalous Shaplro Steps
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Shapiro Steps in Symmetric

Fail to observe suppressed even steps with

most basic description of supercurrent
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Tight-binding Simulations

0.0
-2.
-5.0
7.5

\\».\\ Cd3ASZ //525'0

B 0.0
-5.0\\2’5\\\, s

00 T < =5.0

25 _T— i
o TSaany 7.5
7.5 ~10.0

0.0
D
.0
5

5

Reduce
dimensionality for -
simplicity

—

NO000000000000006
bt
N000000000000000

A 4
-5 [) 5 10

Hasm (k) = €(k)so ® 0o + M(k)so ® 0, + Ag(kys, ® 0y — kyso ® 0y)

== —

- AV -
=

e(k) = Co — p + 2C, k2 + 2C, (k% + k2)

M(k) = My — 2My k2 — 2M, (k2 + k2)

S; = spin

o; — orbital

12

Epsw [t]




W =24a,u=0
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Summary

No trivial mechanism identified to explain anomalous Shapiro steps

Simplest description of a topological SQUID fails to agree with
experiment

Strong SOC in Cd3As2 affects ABS spectrum (directly related to
supercurrent) significantly, even in the absence of Zeeman splitting

Outlook:

®* Developing more detailed analytic model of CPR for Cd3As2
with and without magnetic field

®* Experimental signatures - potentially less ambiguous
demonstration of Fermi-arc topological superconductivity
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