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Understand the physics of Hall effects
in graphene and graphene-based
materials.
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Graphene and graphene-based ™\ 8% I[CN27

heterostructures L
Why graphene?
e Stronger and lighter than steel
* Tran ible

Better conductor than gol
e Ultrahigh mobility
nable properties
Among others
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From electronicto spintronic
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Spintronic and graphene il
4 Challenges "\ SPIN-ORBIT COUPLING!!
1. Long spin lifetimes X - L 2

2. Electrical manipulation v Asoc L(P).5

3. Large spin currents v Y

Small Agpc Spin-orbit Spin Hall effect
enhancement

graphene

Spin conductivity tensor
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The Kubo formula
> dG"(H,¢) . .
Oap(U,T) = de f(p, &, T)Tr P JoIm[GT (H, &)]jp —
— 00
_ . dG™(H,¢) |
Im[G (H» 5)]]05 B
— de
* ], ]p currentmatrix
JarJp o . matrices with dimension
H Hamiltonian matrix = N=number of atoms
* G*(H, &) Green’sfunctions
O(N) real-space algorithms
P s * S.Roche, Phys. Rev. B 59, 2284 (1999)
.‘”“”' * F. Ortmann, N. Leconte, and S. Roche Physical
SUbstrate Review B 91, 16511 (2015)
* Jose H. Garcia, Lucian Covaci, Tatiana G.

Rappoport, Phys. Rev. Lett. 114,116602 (2015)

O(N3) > O(N)
1 billion years > 1 month

N =10 —10? atoms
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algorithm

Jﬂﬁf’fi;’f’;‘*ms of What kind of methods
provide a better balance?

The problems you
want to solve

Gt(H, ¢e) =i _
H,€) nl—rftl)e—H+in

The problem you
® aresolving

Iterative methods!
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Matrix inversion Matrix-vector product
1 M
GT(H,e) = lim S— 4 GJ—’H,E=Za &)P. (H
(H,e) = lim ——— (H,€) (&) P (H)
m=0
Chebyshev Polynomials

Pn(H) =@)Pp—1(H) +@)Prm—2(H) ‘|:
Lanczos algorithm

Depends on the
polynomial basis

Expansion moments U, ,

M M
aa,ﬁ(u, T) — 2 2 Fm,n(g) Ir [Pm(H)jaPn(H)j,B]

0n=0
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The Chebyshev Polynomials o

Recursive relation:
Tm(H) = 2 H Ty 1(H) — Try—2(H)
Chebyshev kernel:
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Stochastic trace approximation !
Umn=1T [Tm(H)jaTn(H)jﬁ] 10% — 10° N-dimensional traces
Special random vectors Trace as average of mean values
RKN
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Parallellizability

Multi-threaded
U n =TT [Tm(H)jaTn(H)jB] sparse matrix-vector

multiplication
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Our results
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toms, samples of 400 nm
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176602 (2016).

(OPEN ACCESS) Charge, spin and valley Hall effects in disordered graphene, A. Cresti, et al. Rivista del Nuovo Cimento 39, N.

12,pp.586-664 (2016).

Spin lifetime anisotropy in graphene/TMDC heterostructures.A.W. Cummings et al, submitted to Phys. Rev. Lett.

Theory of quantum magneto-transport in graphene on hexagonal boron nitride, N. Leconte et al, to be submitted to Phys. Rev.B
Extension of the levitation scenario for interaction of states coming from primary and secondary Landau levels in a superlattice
system, N. Leconte et al, ongoing calculations.
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-6 , , WSe; |
-1 -0.5 0 0.5 1
k [107%/A]
AE, AE, dipole Werp Wimbc ve/10° t A A AP AR Abia AR
TMDC (eV) (eV) (Debye) (eV) (eV) (m/s) (eV) (meV)  (meV) (meV) (meV) (meV) (meV)
MoS, 1.51 0.04 0.628 4.12 4.407 8.506 2.668 0.52 -0.23 0.28 0.13 —1.22 —-2.23
MoSe, 0.56 0.92 0.624 4.3 4.577 8.223 2.526 0.44 —0.19 0.16 0.26 2.46 3.52
WS, 1.13 0.30 0.675 4.12 4432 8.463 2.657 1.31 —1.02 1.21 0.36 —0.98 —3.81
WSe» 0.22 1.15 0.641 43 4.587 8.156 2.507 0.54 —-1.22 1.16 0.56 —2.69 —2.54

Gmitra M, Kochan D, Hogl P and Fabian J. Phys. Rev.B93, 155104 (2016)
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Spin Hall effect in Gr/TMDC \
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Suppression of spin Hall angle
due to intervalley scattering!



The next steps
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 Study spin-orbit torque in Gr/TMDC heterostructures

* Study spin Hall effect and spin-orbit torque in
Gr/Topological Insultator heterostructures
* Improve the SpMV multiplication in order to achieve

linear scaling up to 48 threads
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Conclusions % [CN2
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* The Chebyshev approximation of the Kubo
formula can be implemented to efficiently use
more than 1000 cores using a hybrid multithread-
multicores strategy.

e Using MareNostrum infrastructure we manage to
simulation the transport properties of systems
containing tenth of millions of atomes.

 Through numerical simulations we proved that a
large spin hall angle can be achieve in graphene-
based materials, showing it suitability for
spintronic devices.
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Thank you for your attention



