Discavery Park

Birck Nanotechnology Center

Electrostatic control of spin polarization‘

N a quantum: Hall ferromagnet:
a platform to realize ngh OrGer non-
ARElIaN EXCITALIONS

) P R o] : 7 [ . 20T B S -
Aleksander Kazakov: & Leonid Rokhinsen
DDEpartmentolFnysICs, FUraueJniversity
Vo KOIKOVSKY/ Z5 G AMIUS; S 1I0MIaSZ VIO LOWICZ:
LNSUtUE A1 ENYSICS ROUSIACAOEMYZOIFSCIENCE\AGLS AN, 010!

.t et

DEPEAUMENGEOEAYSICSEEULAUENIMIVELSILY.

Luchon, France |
May 24 - 29, 2015 [




Engineering Majorana fermions

requirements:
1D
spinless (one mode)
superconductor

—

J

topological superconductor

Sau, et al *10, Alicea, et al ‘10



parameter space

single-spin condition: s AZ + E2

to protect superconductivity:

Eso =275 (k2 )k =275 (1 d)?k

w>200nm

E,, ~2.6-k [meV], Kk[10°cm™]

E, ~0.1-k [meV], k[10°cm™]




Characteristic 4 energy-flux relation

modification of the Josephson phase

trivial superconductor 2T Cooper pairs,
topological superconductor 4x Majorana particles,

FIG. 1: {(a) Butt-to-butt Josephson junction between two

Q1D p.-wave superconductors. (b) The energies (left panel)



ac Josephson effect

direct TVEE

a(8p) _ zeV [ = Iy + [,sin(wt)
dt  h
I, = Iesin(w,;t) = I, sin Zth V= -
S W ~\2e,
Current oscillates with frequency oc V Constant voltage steps « @
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Disappearance of the first Shapiro step
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LR, X. Liu, J. Furdyna, Nature Physics 8, 795 (2012)



Shapiro steps
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4-periodic Josephson supercurrent in HgTe-based 3D Tl
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Advantage of 1D wires:
easy to perform spectroscopy

Disadvantage of 1D wires:
almost impossible to perform exchange

magnetic quantum Hall
semiconductors effect

superconductivity

new materials to support exotic non-Abelian excitations
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Motivation and inspiration




Development of a new system CdTe:Mn QW
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Development of a new system

High mobility 2D gas in CdTe/CdMgTe QW
m*=0.11, E;=1.44eV

add Mn into CdTe (neutral impurity with 5/2 spin)

" Magnetic Field [T] TR R N agec AT




FOQHE in CdTe:Mn




Anomalous Zeeman splitting in CdTe:Mn

. SB
Enrn=Mm+ V)howe £ 1/, [g UpB + XpnEsqBs (ngl:T )]

cyclotron Zeeman s-d exchange (>0)
g*=—1.6

1.3% Mn 0.13% Mn

E, (meV)

B (Tesla) B (Tesla)




Magnetoreflectivity studies

negatively charged exciton complex X (trion) to singlet X
transition under polarized o /o~ light
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new platform for non-Abelian excitations

Ohmic SC contact
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new platform for non-Abelian excitations

Ohmic SC contact
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Crossing of neighboring LLs
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Quantum Hall ferromagnet & level crossing

uniformly Mn-doped guantum well




Gate control of exchange

E¢q & flpe(x)XMn(x) dx
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Structures with asymmetric doping
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Gate control of s-d exchange

1.3% Mn crossing |1{>and [0 T >
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change of the overlap with density
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Gate control of the crossing
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low Mn concentration
Node position:
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SdH beating, X, and Tgy,

N+ 1) how = g*usB + sp, (—IHe°8
2 a)C_gluB 04 S kB( _l_T)
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Gate control of SdH beating
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Comparison of high and low Mn concentrations

model xEﬁ=1%

exp. data:
—a—x_=0,34%
—v—x_=0.2%
—+—x_=0,085%
—o—x _=1,71%
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Anticrossing between 1tand 2" LLs

anticrossing gap between E|0T> and E|1¢>
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The role of SO Interactions
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Only Rashba coupling contributes to N=1 and N+2 anticrossing



Transport across a gate

v=2andv =3
m=2m=1)
G = 6Gg,

® o @~ N O

10.00
i 12.00
14.00



Transport across QHFm domain wall

V,, =60V

V,_ =03V
g

T =100 mK

ungated area
gated area
——— across the gate
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