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Transition metal dichalcogenides: MoS,, MoSe,, WSe,
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Transition metal dichalcogenide MoS,
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Transition metal dichalcogenides: MoS,, MoSe,, WSe,
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Nanoseconds-long spin memory of optically

excited carriers, observed in MoS,, MoSe,, WSe,

Mak, He, Sahn, Heinz, Nature Nanotechnol. 7, 494 (2012)
Zeng, Dai, Yao, Xiao, Cui, Nature Nanotechnol. 7, 490 (2012)
Cao, et al., Nature Commun. 3, 887 (2012)
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KP model for transition metal dichalcogenides (MoS,)
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KP model for transition metal dichalcogenides (MoS,)
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KP model for transition metal dichalcogenides (MoS,)

Kormanyos, Zélyomi, Drummond, Rakyta, Burkard, VF - PRB 88, 045416 (2013)

¥20) (198 +

Hcﬂ' — Hﬂ + HHS T+ HBu: + H{‘uh:

Ey T Yig—
Hy + Hys = T Y34+ Ec ‘|‘(
2

%) G5 (¥ 1) SIARN

+ for £ K valleys

LDA HSE06

o 1.73 eV A? 157 eV A2
B —0.13eV A2 0.1eV A?
Vs 3.82eVA 4.13eV A
K —1.02eVA2  —1.12eV A2
0 8.53eV A3 787 eV A3
Mg/ M 0.48 0.43

M/ M —0.62 —0.53

o

_‘-._jkv[2nfag] o
(=] o




Spin-lattice coupling and relaxation due to ripples
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Spin-lattice coupling and relacxation due to ripples
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spin-lattice relaxation

due to ripples in
2DHCs
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MoS, at room temperature

for electrons at 10'3cm-2: 5ns
for holes 103cm2: 20ns
(atomically flat substrate quenches bending modes,
longer lifetimes —> even better for spintronics!)

assisted by flexural
phonons
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S0 coupling and flexural deformations in graphene

Irrep  Z phonon mode (z — —z asymmetric)
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Enhancement of SO Kane-Mele coupling (splitting)

by zero-mode & thermal out-of-plane diplacements
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Interference correction to conductivity in MLG: WAL versus WL.

w~ [A+A = A +A T HAA +AA]

A

Al

€

2

o

N e
(A

=0, +%|n(min[rq),78]/r)

chiral electrons ¥/ .

*

WL = enhanced backscattering
for non-chirallelectrons in
time-reversal-symmetric systems

WAL = suppressed backscattering
for Berry phase 7 electrons in MLG

—_ _|¢( 2/2)
=€ ’ Win

ACAD :e—iZﬂ'(GZ/Z) ‘ AC ‘2:_‘ AC ‘2<O




... however,

bond disorder (riples, epoxy-bonded adatoms) leads
to a valley-dependent effective ‘magnetic field’.

A=A H=ve p+IU(r)+V(F)

Foster, Ludwig - PRB 73, 155104 (2006)
Morpurgo, Guinea - PRL 97, 196804 (2006)
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.. but bond disorder has the opposite effect on electrons in K and K’ valleys, so
that the true time-reversal symmetry is preserved, and the inter-valley

scattering restores the WL
behaviour typical for
electrons in time-inversion

A;( L A§$ symmetric systems.
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Spin, z—-z symmetry and weak localisation in graphene

In z—-z symmetric MLG,
SO coupling breaks time
inversion for the orbital motion
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PHYSICAL REVIEW LETTERS week ending

PRL 100, 056802 (2008) 8 FEBRUARY 2008

Weak Localization in Graphene Flakes

F. V. Tikhonenko. D. W. Horsell. R. V. Gorbachev. and A. K. Savchenko
School of Physics, University of Exeter, Stocker Road, Exeter, EX4 4QL, United Kingdom
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Graphene Cr/Au contacts
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Phys. Rev. B 86, 045436 (2012)
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decoherence rate detected by the

magnetoconductance minimum

curvature of

WL tip curvature
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WL tip aurvanme, T=(0.12, 0.14, 0.25, 045 K

Non-monotonic dependence of
the curvature of
magnetoconductance minimum & /‘ """"""""" |
on the in-plane magnetic field: !} / .-
evidence of spin %, defects 1l
(vacancies?)

Kashuba, VF + NPL + Chalmers + Vancouver (2013)
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