
How to see that these  concepts survive interactions ?

Bloch 's theorem is valid
only for non - interacting electrons

.

Once interaction is switched on

,
bands are not well

defined , Quel therefore Bloch theorem is not valid
.

Thou less introduced a trick with the twisted boundary condit
.
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Yt the system rise is longe ,
the precise form of the boundary
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should not matter ,
or long as it satisfies basic lows .
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one used to derive Berry phone formula for the interacting

system .

To derive it
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we will use Kubo formula for electric

conductivity . We will compute Hull effect 2g ,
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a current response s j ) due to magnetic Held in z .

direction
.

The action  in the
presence

×

of the B - field is 5- So -

fjy.A.cl
.

#  r  I -  -  -

The derivation for polarisation is analogous , except that the
coupling

for polarization is 5- So tffttz.de
- .  - - .

Reminder !

H  = fopr ftp.yfhnfitfr-et5-veetcrDXcr ) t Vint - HTT

-

EmttziELEA-AE.IE/AtH--foPr4tcr)fEm0Z-
Vescio ] Xc :S t Vincent ] tizntftcrsfxtirs# ter ) - Yea ]
-

sjg
"

o t.gr
egrets

become j-eztm-icxt.BY - next ) X ]



and E = -

II
of

¥
,

"  "
" "

i' ' x*¥H= eg.in
.

.

This choice  is celled

S= So - fi .jo

↳ ndaa
go.ge

(jxcxD-tzfDIttxJES.tt#JdtjxcxintzofDcxtyEsqj.cxstfAijcxsjxcxsdf -
-foll'Aj" JI ' "j " " )

note cj.io -

- 0

A
T

'

qq.cj.cg.ws
>

ei~ifr.gg,wAIE
⑤"

 "  

jsciii"j×
" " > " r "

triage
Ffl g.  w ) real axis

Esteem

r
arm

.
atIII?oxygen,

eiw-ifi.to
 " - if

jgcrrsj.ir , > circa 'Eglise

twfeiwi
- if "

sjgcr.rsj.com >otros;
I -

.

et
where

I
-  "

zxziw , . E few 'Izir( e-
' " -

e'

ttfjgcp
,

.pro#-jnoyoo-v--tmCp

- it )

Ekin .EzTSEEWvay
Cml Nyce ) In > LMI Nicoll rn > Eze

Em C Em - Entiw )
off

Train.

1W  t  Em - Em
E 'ciwi-EE.fr#NxnmfE7IeIEm

)mm
w  t Em - Em

first to

[ Tciw ,=
I '

[ ( Nx )o (Ng )
oWVn life-

C
?1?I!Y¥÷ ) ( torneo monster ,

hence  no )
meet w - so -

- E
Cite'¥eo) - E÷u -

 '

'

Ere
.
)

zxi.ezfY.IE#no+iwfei?;oYQWonevxI

]WV
go

#

From  gauge invariance  we  can

prone thot it nourishes
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otherwise  diverges)
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Finally we can wite conductivity for the state with twisted B. c. :
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Chem theorem has something to do with it !



We recall the Chern theorem :
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He also  prove fractional gwentm Hell effect.
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Finally the result is :
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Laughlin wrote  down a concrete

woke function ,
which fines

such

conductivity (Both Laughlin and

Thou less got Nobelprize .)
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Note that if me shorted with s= so tffix I dl we could derive polarisation .
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