







































































































An invitation to topological semi metals and their

con linear responses

Lecture 1 Weyl semimetals basics
a

linear response and surface states

GIRI Non linear optical responses
metals

ya
Quaheed non linear response in

interereshns

Weyl seminetals

quantized non linear response of metals

not so studied

Leckey

REFS General notes on WSM web 1909.02983
mm

Strain Ilm Grushin Rhule 4903.11088
Anomalies both of the above Landsteiner anomalous as










































































































Topological seminetib GD

cent description lake description

we are
going

to construct it in 3D fh dsp
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How can I gop out
this state

In a 2 2 Subspace

H Ht Joe biog
shifts the core in energy space

T
shifts the core in momentum Space

So no 2 2 matrix can gap it out
Berry curvature

around
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tµ But Berry curvature must be

y periodic

If InSd5 Ii a monopole charge
Ux Chen number

so there exists a second monopole of opp shage
in the BZ that acts as sink of Berry flux

AUz
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chirality I

So minimal low energy model H Ht
two decoupled dualities
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To avoid this we separate dualities in momentum

space
g
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Symmetries TRI 1Hut H u I Hu I H u
Cmhunity Conitory

He 5 I breaks TRS Ta zoioyk

HE boooez g k j you IhI Ea
complexconj

T EioyU Jinment

Chi B TET it 5 E
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because of
term

He to do Zz breaks Iverson

I 2x IHnI Loro2e Zelig 58 ET

EI
F H h because of term

1 Minimal model with two Weyls breaks TRS
2 To have a Weyl model with TRs we haveto
break inversion aye I Ig Eh
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Responses from a lattice model

c hab
Take a Chem insulator and cry the mass in the

ht direction IQ who knowswhat a CI is
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How do the bonds look like for a finite system
E
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fern are










































































































FIELD THEORY Of

WEYL SEMIMETALS

FieldTheory of Weyl Semimetals Po
Ps Pi in

H bo Zo To hit 4 f Zz E TM Ex To

H Bors t Pi ki t Pi Ps bi Mpo










































































































Legendre transform I Kut w Hn 4h

to copyfrom hep 4 Utro and ve that Po t

1 41 Crow Poth 4

µg In
I

s Jdu Ntu Kpk m barn F Yu is P

Minimal substitution ha um e Am

Sersae Sdk In Ilha eAon byKs m tu

bon 1 selects a prefered direction in space time
2you

are not allowed to rotate it
since it is a parameter of the Hamiltonian
i e an expectation valve e.g magnetization

es Think of a box in a ctat.gov Feld

if I you can rotate card system
but ifyou don't rotate the

V V hectors it is not Lorentz
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We notice that bar is like a field that
distinguishes chirality because when im 0

Js 4 I 4

is this the most general theory NO
in a 4x4 space we have the matrices

K K ri b om EI 8989 roars

6 6 4

So the mostgerent Lorentz Breaks action is

S JduIdTp non EATBts tant HautemiMsts Y

where we also added something in between fu and km
Lorentzbreat

Ton 8MtMom 80 e dono f rs t em FmJs tg oir
anisotropicFermivelocities CPTbreaking

e s I can give you tilted Weyls
How cangive you nodal lines

Faye out the rest s papers and papers










































































































People have focused mostly on the on 0 bnonly knit

S Idh In folk EAT 5Mt the

Recent interest in inhomogeneous Weyls
Heterostructures

4 Wsm
11 WSM2

WSM1

Inhomogeneous strain
y fJfwe

Ihomogeneus magnetization AP TT

Turns out see Ilan Irwin Grshn review

all can be modelledby promoting to a freshapprox

bn bag t

Now bacx t is more like a feldi
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May open problems quantum oscillators
anomalies

disorder

surface stutes

Anomalies What isthe effect of a B and a Bsfield

B VV VV
0

A A
Bs W

A A
Electric field
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se p

It Cnatnr E Is
This means that in the presence of dual and real
e on fields neither the vector nor the church current are
conserved

Ijn c EB t EsBs C d
2h2

Ija c E B t BI E n horrible
nahn

units

How can this be We forgot to add the
boundary Bs cannot be constant in space

by n bf Bf chart Bo n

big
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i l but in reality
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But we knew 1 Chem insulator has a

Hall conductivity Cefn
2 Has edge state If

this means that the Hall and.huof ot

Weyl semimetal

Dkw G eza I
t.EE
pegnote
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Altar

2 Between the Weyl point there exists the
suface States of a Chem insulator for
each ht










































































































In such a way that JdxBIG O
as

since JIdxBE x f dx Oxby
4 Xf

J dx biNxi be d xp tfbff i dW
i

0

This is true for any Bs profle so the edge
state always compensate the bulk currentresponse

You can convince yourself using a lattice
model
The real anomaly equahes are

ftp.adf
E'B EE Es

If you add MCD you can interpolate between

Topological insulators and Weyl semimetals gm gzf










































































































Otter metallicbeasts

A line node seminetals lie ofdes

2 Multifold fermions

drumhead
sufaceshite 2b

G I

z
Materials

o S

c r Y Alpt
s fold f 4 fold

Hilts Heli 5 I E 2

6 fold

z

8 4 no dually


