Transport Properties of Spin-
polarized Graphene

Saeed Abedinpour Harzand

Institute for Advanced Studies
in Basic Sciences
Gava Zang, Zanjan, Iran

e

Sobin sl pudlooliin g

"Quantum transport in graphene", 24 April 2014, School of Physics, IPM
(In memory of Malek Zareyan)



Outline

- Basics of Graphene

- Spin-imbalance in graphene (FM-G)

- Transport in FM-G with magnetic impurities
+ Optical Hall conductivity in FM-G

- Spin-Coulomb drag in FM-G!

- Conclusions



Chiral Dirac Fermions in Graphene

o T
http://nobelprize.org/



Chiral Dirac Fermions in Graphene

http://nobelprize.org/




Chiral Dirac Fermions in Graphene

o T
http://nobelprize.org/



Chiral Dirac Fermions in Graphene
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Tunable electron and hole dopings
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(Some) exotic properties of spin-polarized graphene:

- Josephson coupling through FM-G: Moghaddam, Zareyan, PRB (2008)

- Andreev-Klein reflection in FM-G: Zareyan, Mohammadpour, Moghadam, PRB (2008)
- Spin-lensing in FM-G: Moghaddam, Zareyan, PRL (2010)

- RKKY interaction in FM-G: Parhizghar, Asgari, SAH, Zareyan, PRB (2013)
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Semi-classical theory of charge transport
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Semi-classical theory of charge transport (cont.)
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Semi-classical theory of charge transport (cont.)

out-of-equilibrium:  f(k) = nrp(cx) + 6 f(k)
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Transport in spin-polarized graphene
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Transport in spin-polarized graphene (cont.)
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Optical Hall conductivity (cont.)
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Optical Hall conductivity (cont.)

Barati et al., in preparation
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Optical Hall conductivity (cont.)

Non-zero Hall charge and spin conductivities
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Optical Hall conductivity (cont.)

Non-zero Hall charge and spin conductivities
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Coulomb drag and spin-Coulomb drag
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Conclusions

electron and hole like nature of the up and down
spins in graphene results in a bunch of interesting
phenomena:

e spin-flip scattering from magnetic impurities
gives rise to a Kondo-like behavior in the
electrical conductivity!

* QSH effect! in spin polarized graphene!

* Control of the spin-Coulomb drag (spin-current
dissipation) with an exchange tield!
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