
 

An invitation to Weyl semi metals and their

non linear responses
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1 Generalities

What are we talking about

ji Iii Ej Ogie Ej Eu t

T
linearconductivity Tsecard

order conduhuf
I

A NOTE j j so 4 must be oddI
under inversionE E

Now we want the response of the material in the

log wavelength limit of o and W is fake
e we assume the wavelength is larger than sample site
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also diagnoses for interacting systems b f w



2 Hard wavy zoology of non
linear effects
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3 How do we calculate off with we w
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WARNINGzi tensthga.se vs velocity
gauge

good refs FHipolito et al PRB 98,20542012018 Ksk
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G B Verba et al PRB 96 035431 2017

Both
give equivalent results but approximations

made can lead to contradictory results
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PROS CONS
can be formulated withFeynman spurious divergencesrule Parker etat if not carefulenoughPRB 99,04512112019 when w o CDCknit
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4 How do we calculate lengthgauge
e charge

velocity
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The result is
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Now we want to get g m perturbativeb
the eof of notes of g is
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i e Filled state up to µ with Femi Dirac
distribution
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g.it qEpEbpiwPtL wpirnimtifmgprmnE x en En

Ther we plug it in 4 and 5 to obtain
the line response
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2ndorderresp
Thine do the same and get gf4n
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to obtain for the non linear response
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Vey complicated expression see defan

but simplifies a lot focusing on WEI 0
notreally
Important
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Things we notice Wp wt Ewmm z

linearpolarization

of large this isgabe w shift current
good for photocells
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we know how to make it large longer ragehapp

can be shown to be related to polarization stuff of
photoexcited e



Circular polarization as.IE l1itic0
tab a Fermi surface integral

only non zero for metals es Weyl
but non topological

Berry curvature dipole
Sodeman IE
Moore Orenstein

a semiclassical term extra here
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Lets focus on Pablo for Aw so we see
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injection over

Why is it special Only special for
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And calculate the Trace of p
in

trips i
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This is general for two band models goback to
formula
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Some comments i

2 bands quanheahar is exact but
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Sometimes nature is kind and matrix elements
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disorder corrections



Cheat sheet for non linear see appendix in de Juan eta

Ruin C jue rank
rime

1907 02537

In i Zin Rim i Em Ccab rn rmb

Gija Ceju 259 E Een dear'm ranch

rim rmf Crni rn I f
k sonnet
In a antisymmetric

Ft
w w t wm.tw in Forcum w Numata

Ft Cwm w I F wenn w
ad

Anantisymmetric tensor Aabc Tak Tach EscdB
abc

and Bad t EdbcA

Fn a Dua 0 pi Eu VaDe Car E Vaq E


