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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 | 3
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
guantum 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 number of subatomic particles in the
observable universe.



Topological guantum computation to rescue

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

 topological quantum computation: error
rate < 10-39,
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However....

Existence of Majorana fermions
has not been confirmed yet!



Topological quantum materials project at Sandia
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Spacegroup: Cmcm (#63)
a=3.9875A, b=14.530A, c=13.724A

H. Fjellvag, A. Kjekshus, Solid State
Communications, 60 (2) (1986) 91-93

b=14.46 A, c=13.72A



Quantum oscillations in ZrTe5
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Quantum Oscillations at Fractional Landau levels

(QTY)

XX

dr* /dB

B (T)

W. Yu, Y. Jiang, J. Yang, Z.L. Dun, H.D. Zhou, Z. Jiang, P. Lu, and W. Pan, Scientific Reports (2016).



W. Yu, Y. Jiang, J. Yang, Z.L. Dun, H.D. Zhou, Z. Jiang, P. Lu, and W. Pan, Scientific Reports (2016).



freshly fabricated device
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Dirac semimetal Cd,As,

All of the observed diffraction
maxima correspond with expected
reflections for single-phase 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).

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



Neupane et al Nature Commun. 5, 3786 (2014).
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3D nature

R

B1= B xcos(0)

Yu, Pan et al, PRL (2018)
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Proximity induced superconductivity in Cd;As,

(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 semimetals

i ~ : ! 4 2 "
Anffany Chen."? D. I. Pikulin."»*® and M. Franz'-?

30+ ﬂ kgT 1
o 0—
0.1meV -~
g IS5} // lmeV |
> |/
(D) /
R '
,'l
'\_]5 \/
=30 _-
0 z m S on -T2
2

Majorana flat bands



Idc (Ap)

w

N

Formation of Majorana flat bands

l\ —u—0.012 K

0o 10 20 30 40

J [meVe/h]

kT ]
0 —
0.1meV =~
ImeVe==-|]
—15¢
—301}
0 3 m o 27
2



AC Measurements

‘ Microwave coax cable

Shapiro steps:
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N = +/- 1 Shapiro steps missing
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‘ hews & views

FRACTIOMNAL JOSEPHS0OM EFFECT

A missing step is a key step

Fhysicists are searching for superconducting materials that can host Majoranas. Mew avidence for these elusive
particles is provided by missing Shapiro steps in a Josephson effect mediated by an accidental Dirac semimetal.

FanZhang and WeiPan

Zhang and Pan, Nature Materials 17, 851-852 (2018)

a Topological material b

In the presence of
Majorana particles,
the current is 4m
S periodic, and only

B lz;r 4z .
c e even Shapiro steps
I = are visible.
SR I
N TN

¢ Vyo(hf/2e)



Search for Majorana Zero modes: zero bias peak
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Au-Cd;As,-Al tunnel junctions
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Andreev reflection

Metal + superconductor(SC) junction
Andreev reflection process involves an electron incident on the
Assuming Andreev reflection: 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
S hole of opposite spin and velocity but equal momentum to the
incident electron, as seen in the figure. (from wiki)

GN: normal state conductance
+
(dl/dV)/GN
N S

v

V/A

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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Normalized dI/dV

@)

Normalized dI/dV

4.5

O
I
o

e
o

)
»

Normalized Peak Value
N w
()] o

ey
o

i :OT
VN
L ]
01 02 03
T (K)
T ',' T T
/
/ ]
/
/ _
/
V
/ u
/
/
/ R ]
/
. eb"’“»,oﬂko/
/ |
-/
01 02 03
T (K)

For MZMs:
FWHM ~ 3.5 kT

38



A possible lvanchenko and Zil'berman (1968) origin
(JETP Lett. 8, 113 (1968))
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In collaboration with Dima Pikulin at Microsoft Station Q,
and Rafael Haenel and Marcel Franz at UBC
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lvanchenko and Zil'berman 1968
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However, the phase coherence length of
Cd;As, ~ 0.6 um (obtained from weak anti-
location fitting) is much less than 10 um!

Normalized dlI/dV
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The origin of the zero bias

peak in our Au-Cd3As2-Al

tunnel junctions remains

puzzling !
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