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Chirality of structure

No Inversion I
No Mirror M
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Asymmetry between t and -t

1. Microscopic time-reversal symmetry breaking

external magnetic field B
magnetic ordering M

2. Macroscopic irreversibility

dissipation of energy
diffusion



Non-reciprocal transport in non-centrosymmetric system

Time-reversal symmetry of microscopic dynamics vs irreversibility

o (k,w,BY=c (-k,w,—B Onsager's reciprocal relation
' )=l ) for linear response

Magnetochiral optical effect &, (K,0,B)=¢,+0ak-B

directional dichroism e.g. electromagnon in multiferroics

A. Loidl, Y.Tokura
K— 1 6. L J A Rikken (2001)

"dichroism” of the electric current  magnetochiral anisotropy

R (+1) # R (-]) Qo

R =R, (1 + BB? +|yBI)

Broken inversion symmetry & yz0 *_I —~— /

Nonlinear response ] = gE + gBE?



Binding energy (eV)

i

Band structure in noncentrosymmetric crystal
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Shift current
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pn junction
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Intra- and Inter-band matrix elements of current
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Wavefunction matters |l

Of-diagonal matrix elements

- Distort the band structure by E
- Additional current

Even a filled band can

support current

e.g., polarization current
quantum Hall current

Time-reversal b(k) = —b(—k)
Inversion b(k) = b(—k)

B b(k)=0




Berry Phase Curvature in k-space
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DC nonreciprocal responses
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AC nonreciprocal response - Shift current
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Wavefunction matters!!
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First-principles calculation of shift current

Steve M. Young and Andrew M. Rappe, Phys. Rev. Lett. 109, 116601 (2012)
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Topological nature of Floguet bands in Keldysh formalism
T. Morimoto, NN Science Adv. 2016
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Exciton formation
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Bethe-Salpeter equation for exciton formation
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Localization and shift current
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Shift current on the surface of TI
K.W.Kim, T.Morimoto, NN arXiv:1607.03888, PRB 2017
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Emergent electric field of 3d Weyl fermion in momentum space
H. Ishizuka et al., PRL 2016
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Theorems

Nonreciprocal dc transport with time-reversal symmetry
In honcentrosymmetric systems:
dc E-field: requires both irreversibility and electron correlation
virtual excitation by interband matrix element of J
ac E-field: the quantum geometry of the multiband structure even
In noninteracting systems
robust against the exciton formation and localization

real excitation by interband matrix element of J
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Magnetochiral anisotropy - tiny effect
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Enhanced magnetochiral anisotropy in BiTeBr
Y.Iwasa G, Y.Tokura G, NN G Nature Phys. 2017




Magnetochiral anisotropy in Rashba model
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X. Huang et al., PRX 2015
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Chiral anomaly in Wey| semimetals
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Weyl fermions in noncentrosymemtric semimetals
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Magnetochial anisotropy in noncentrosymemtric Weyl semimetals
T. Morimoto, NN PRL2016
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Wakatsuki, Saito et al. Science Adv. 2017
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Band structure and spin splitting in MoS2

A top view




Paraconductivity due to SC fluctuation in noncentrosymmetric MoS2
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Rashba superconductor
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Summary

- Non-linear and non-reciprocal responses in hontrosymmetric systems
contain rich physics

- Time-reversal symmetry plays an important role

- Nonreciprocal response without T-breaking is related to
“interband current” and "quantum geometry”
- Electron correlation gives the dc nonreciprocal response
- Shift current in photovoltaic effect from Berry phase

- Enhancement of Magnetochiral anisotropy
- Polar Rashba semiconductor
- Weyl semimetals due to chiral anomaly
- Bosonic transport due to Cooper pairing

Symmetry  Quantum Geometry Electron Correlation  Irreversibility



	スライド番号 1
	スライド番号 2
	スライド番号 3
	スライド番号 4
	スライド番号 5
	スライド番号 6
	スライド番号 7
	スライド番号 8
	スライド番号 9
	Intra- and Inter-band matrix elements of current
	スライド番号 11
	スライド番号 12
	スライド番号 13
	スライド番号 14
	スライド番号 15
	スライド番号 16
	スライド番号 17
	スライド番号 18
	スライド番号 19
	スライド番号 20
	スライド番号 21
	スライド番号 22
	スライド番号 23
	スライド番号 24
	スライド番号 25
	スライド番号 26
	スライド番号 27
	スライド番号 28
	スライド番号 29
	スライド番号 30
	スライド番号 31
	スライド番号 32
	スライド番号 33
	スライド番号 34
	スライド番号 35
	スライド番号 36
	スライド番号 37
	スライド番号 38

