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Why Quantum Computer?

Quantum computer (QC) can

"... solve problems that classical computers
cannot crack...."

(News: Q&A article in Nature)



Modern encryption is based on the assumption that it is
impossible to prime-factorize a large digit number within a
reasonable time frame.

Peter Shor

Classical computer: Factorizing a 200-digit RSA-200
semiprime required 75 CPU-years  (Wikipedia).

Peter Shor in 1994, algorithm for prime factorization

using a quantum computer
A 300-digit number can be prime-factorized in a few hours!



Issues with quantum computation
• large error rate

• many extra bits for error correction
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However, this is
extremely difficult, if
not impossible, to
implement many extra
quantum bits!
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The Case Against
Quantum Computing

The proposed strategy relies on manipulating with
high precision an unimaginably huge number

of variables

By Mikhail Dyakonov

To repeat: A useful quantum computer needs to process a set of continuous

parameters that is larger than the mirnber o f subatomic particles in the

observable universe.



Topological quantum computation to rescue

• global operation of braiding Majorana
fermions, thus robust against local
decoherence processes.

• topological quantum computation: error
rate < 10-30.
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However....

Existence of Majorana fermions
has not been confirmed yet!
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Quantum oscillations in ZrTe5
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Quantum Oscillations at Fractional Landau levels
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W. Yu, Y. Jiang, J. Yang, Z.L. Dun, H.D. Zhou, Z. Jiang, P. Lu, and W. Pan, Scientific Reports (2016).
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Dirac semimetal Cd3As2

air stable, and can be purchased from a commercial company
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Wang et al. Three-dimensional Dirac semimetal and quantum

transport in Cd3As2. Phys. Rev. B 88, 125427 (2013).

Cd3As2 is a 3D Dirac semimetal, protected by
the C4 symmetry and spin-orbit coupling.



Neupane et al Nature Commun. 5, 3786 (2014).
a First principles band calculations
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3D nature
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Proximity induced superconductivity in Cd3As2
(W. Yu, W. Pan, D.L. Medlin, M.A. Rodriguez, S.R. Lee, Z.Q. Bao, F. Zhang, Phys. Rev. Lett, 2018)
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PHYSICAL REVIEW B 95, 174505 (2017)

Josephson current signatures of Majorana flat bands on the surface
of time-reversal-invariant Weyl and Dirac semirnetals

Anffany Chen.1'2 D. I. Pikulin,1'2'3 and M. Franz1.2
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Formation of Majorana flat bands

••••••••%
N.
•

-0-0_012 K

■
ti•

■ 90/2 (or 7r)
•
\N
•

■
■
•••

•

10 20 30

B (mT)

40

30

15

0

—15

—30 -

•
•
•
• ;
t •

• •
•
•
•

•

•

•
•
•
•
•

kBT

0.1meV.- -
1meV-- r

•

co



AC Measurements
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news& views

FRACTIONAL JOSEPHSON EFFECT

A missing step is a key step Zhang and Pan, Nature Materials 17,851-852 (2018)

Physicists are searching for superconducting materials that can host Majora n a s. New ev idence for Mese elusive

particles is provided by missing Sha piro steps in a Josephson effect mediated by an accidental Dirac sem imetat.

Fan Mang and Wei Pan
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Search for Majorana Zero modes: zero bias peak
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Au-Cd3As2-Al tunnel junctions
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Andreev reflection
Metal + superconductor(SC) junction

Assuming Andreev reflection:

s
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Andreev reflection process involves an electron incident on the
interface from the normal metal at energies less than the

superconducting energy gap. The incident electron forms a

Cooper pair in the superconductor with the retroreflection of a
hole of opposite spin and velocity but equal momentum to the
incident electron, as seen in the figure. (from wiki)
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GN: normal state conductance
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Because of Andreev reflection, there is a finite conductance even when V is smaller than A. Due to two conducting processes,
electron tunneling from metal into SC and reflection of hole, the conductance actually is doubled.
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A possible lvanchenko and Zil'berman (1968) origin
(JETP Lett. 8, 113 (1968))
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lvanchenko and Zil'berman 1968
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puzzling !
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