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Other Recent Works (Il)

* Topology from driven-dissipative dynamics
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Outline

Transport in 2D topological insulators

Large S impurity: low energy

Large S impurity: finite energy transport

Large S impurity: shot noise



2D Topological Insulators

 “Quantum spin Hall”: Time reversal invariant

analogue of the quantum Hall effect
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 Time-reversal symmetry » No 1-particle
backscattering » G, = e*/h per edge
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Proposed Systems

Realizable in semiconductors with inverted
bands due to strong spin-orbit coupling
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Transport Experiments (l)

« Semiconductor quantum wells:

Type | quantum well
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Transport Experiments (ll)

e 2D materials:
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Evidence for Edges (I)

 No dependence on
sample width

 Nonlocal transport:
Landauer-Buttiker
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Evidence for Edges (ll)

Direct measurement:
Scanning SQUID
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But ...
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Point Defects?

« Elastic backscattering » forbidden m o)

* |nelastic backscattering » strong T dependence
— Luttinger liquid effects typically insignificant
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Extended Defects: Puddles

* HgTe heterostructure (similarly for InAs/GaSb):

donors, n,

gate tloping

/7 layer

AL

Insulator (Si;N,/SiO,)
S Hg,.Cd,;Te:l, 9 nm

electron /
hole puddles
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\
\
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Vayrynen, MG, Glazman, PRL 110, 216402
(2013); + Gefen, PRB 90, 115309 (2014)
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Puddles in Semiconductors
« Potential flu lons + narrow-band semiconductor
Undoped (ng =0
semiconductor:
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Evidence for Puddles

» Applying a local gate voltage in

[Goldhaber-
Gordon group]




Modeling a Single Puddle

 Apuddleisaquantum dot




Single Puddle Backscattering

« Elastic backscattering: forbidden
— tunneling: can be chosen to conserve R/L

* |nelastic backscattering:

— charging: conserves R/L
— “non-universal interaction” (order §/g) !

« Coulomb blockade: Even vs. odd valley
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Single Puddle Backscattering

« Elastic backscattering: forbidden

— tunneling: can be chosen to conserve R/L

* |nelastic backscattering

— charging: conserves R/L
— “non-universal interaction” (order §/g) !

« Coulomb blockade: Even vs. odd valley
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TABLE II. Components of the exchange tensor J. The components are obtained by matching terms in Eqs. (4.7) and {4.8).




Single Puddle Conductance

: 4
» Low-T behavior ~ (T/Epin) only for T < Epin < Eg
Enmin = 6 In even valleys

Emin =T on peaks

| 1 I'? [In(T/Tk)]’
— Epin = Tk In 0dd valleys ~ P2 EZ [1H(5/TK)]

helical edge |AG/Gj
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Long Edge
« Sum over puddles:

« Sum over gate voltage dominated by odd valleys
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I
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— far away ? » weak backscattering
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Charge Puddles
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 Backscattering still has to be inelastic !
 Long dwell time in puddles » weak T dependence

 Quantum dot like: spin %2 with weak anisotropy

Vayrynen, MG, Glazman, PRL 110, 216402 (2013);
+ Gefen, PRB 90, 115309 (2014)



Outline

Transport in 2D topological insulators

Large S impurity: low energy

Large S impurity: finite energy transport

Large S impurity: shot noise



Large Spin Magnetic Impurity
 Naturally present

— example: Mn (S=5/2)
< <
> ' >

N

Himp :@ﬁj(ﬂf = DD, 5.5,
* Isotropic bulk exchange » Jis Jop ~ 1073

fully anisotropic edge exchange

Kimme, Rosenow, Brataas, PRB 2016;
Kurilovich? & Burmistrov, PRB 2016

« Local anisotropic self-exchange N, 3
mn F
— Very relevant under RG! P~ ( VF ) (Eaaimp) ve




Low Energies |

- D,, >0, Sinteger
— effectively spin 0 ALimp /D

I 9 I

» Spin self-screened P residual backscattering

J2S(S + 1) AG o max(T, V)] ai, k7
VRR—RL ~ —— ~ |VRR=RL| 1
Dzz GO vF



Low Energies Il

« D,, >0, S half-integer
— effectively spin 1/2 ALinp/D-.
— 25/4 —

Jij > (S +1/2)Ji, i=wzy
/4 —
sa s

-5/2 -3/2 -1/2 1/2 3/2 5/2

« Spin Kondo-screened » residual backscattering
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Low Energies Il

- D,, <0, Sinteger

— effectively spin 1/2 ALinp /| D

3 2 -1 o1 2 3
3 ] )

— very small effective
“magnetic” field

[ Daa |
55’ ~ |Dzz|s_1 Sz
* Spin self-screened below 65 »
residual backscattering
JQS(S_I_ 1) AG [maX(T, V)]4ailmpk12:’
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Low Energies IV

« D,, <0, S half-integer

: : Eimp/|DzZ|
— effectively spin 1/2

-5/2 -3/2 -1/2 11/2 3/2 5/2

D.. S—1/2
Jij — Jij D—zz , 1=x,Y
— very small T{Y?) |

« Spin Kondo-screened » local backscattering

4

AG max (7T, V)
G_() ~ Tf({l/Q)




Outline

Transport in 2D topological insulators

Large S impurity: low energy

Large S impurity: finite energy transport

Large S impurity: shot noise



High Energies
 Negligible local anisotropy

— master equation
— analytic solution for spin 1/2 or linear response

« Several competing scales
- TV
— edge-induced magnetic field
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Intermediate Energies

« Half-integer S
— Additional scale: D,, » nonmonotonic behavior

(a) AV
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T
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‘ I A A :
11 11 I
] 1

Phys. Rev. B 99, 085407 (2019)



Intermediate Energies

 Integer S

— Additional scales: D,;, 85| ~ |Dyx |7l /|D,, 152171 »
nonmonotonic behavior
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Phys. Rev. B 99, 085407 (2019)
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Large S impurity: low energy

Large S impurity: finite energy transport

Large S impurity: shot noise




Shot Noise

« Backscattering Fano factor: F = (5155)/2(3(11,5) (large V)

¢ S5=1/2

Himp = J?;jS@'Sj(ZL’ = 0)
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2.3

2 particle backscattering
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1.5
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1 particle
backscattering

2 2 2
J2, + ng + Jy2m + J2, + Jzzy

arXiv:1903.03965[weak anisotropy: Vayrynen & Glazman ‘17]



Shot Noise, S>1/2
« Backscattering Fano factor: F = (5155)/2(3(11,5) (large V)
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arxiv:1903.03965



Tractable limits

Hirnp = JijSiSj(IB = O)

Jow 0 0 B
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Typically: § - o »
1 particle backscattering

exceptional point

F=1 AT =10
polarized impurity, D_I
two-level model F =2
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Tractable limits

Himp = JijSiSj (.GU = O) o | F -1 Eﬂﬂpi?rfﬂmt
T 0 0 ’ o polarized impurity, F oo
T — ']y Jyy 0 Q= two-level model
1)) x
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Tractable limits

Himp = JijSiSj (.GU = O) o | F1 Eﬂﬂpi?rfﬂmt
Jpz 0 0 8 ized Impurity, D_IF—hE
T = | J J 0 Cp\%;’ wo-level model
i yz  Jyy
Jo Ty J) ST
: : : : _ 8IS . 1
 Gibbs distribution: Sl ||Fes | Fo1ac 2
S
P(S,) o 65 9:1+‘/§21 Ak
1 — \/E N
] equipartition
Q F oc §° C
: 0! 1
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Conclusions

Large S » strong backscattering

Low T, V:

— Impurity always screened

— scale can be anomalously low (D,, < 0, especially
half-integer S)

Higher T,V:
— Multiple competing scales
— Complex T,V dependence » impurity parameters

Shot noise: F >» 2 — electron bunching

JETP Lett. 106, 575 (2017); Phys. Rev. B 99,
085407 (2019); arXiv:1903.03965



