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attire and prerequisites : See syllabus

Books and additional material See Syllabus as well
.
These lecture

notes are far from being original ,
and were inspired by other lectures

I myself attended
,

on other sets of lecture notes of friends and

colleagues ( some of which are available online ) : J
. McGreevy ,

H
.

Salem
,

A. Vishwanath
,

5
.

Parameswanan and A. Potter
.

Overview '

Lattice model QFT
=) ( quantum field theory)( ex : spins ,

interacting electrons ) low
energy

long distances

Examples we will encounter :

. S=tzfdzdE[X+2X+ + X. JX ] Yajongaftsing
[ conformal

= Describing the critical Point
in 2/2 systems in Id

. H= - iv. fdx[4rt2×4r - 412×4 Masskss Dirac
Fermin in Id

= low
energy QFT describing the spin 42 XX chain :

H=JE( six # t.si 's 'I )



.
H= ¥

,
fd×[KG×¢1 't K

'

'G×oD Luttigu liquid
( = free boson CFT )

= Describes the
generic

low
energy physics 08 interacting e-

in ld ( = non . Fermi liquid)

. 212 and Uk )
gauge theories in Ztld ( Zd quantum system)

Some concepts :

• Quantum ( States ( operators )
⇐s Classical (Path integral

,
partition

£ correspondence function )

.
Thermal partition function = Propagation in imaginary time

. Objects of interest : correlation functions
,

critical exponents

. Universality : long .
distance is low - energy properties independent of

microscopic details
. ( e§ : critical exponents

, topological properties etc ) .

↳ depend only on global structures : dimensionality
, symmetry

topological defects . . .

Emergence : rentz symmetry ,
conformal symmetry ,

SUSY
, gauge

invariance
, fractional change and statistics can emerge even if absent

at the microscopic level
.
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.

µ spinon
" /d interacting wire

e-
⇒ spin . charge separation
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BT eg ¥leg

⇒ any ons and fractionalized charge

- QHE d=k

QFT . KB = £= a = I throughout

D= dtl
[ time

QFT = Quantum mechanics with A - many degrees of freedom
=) fields 41×1 XEIR

'

ex : strings H= fdx I [ IT 2+(2×01) ]
[$61 ,

# KT ] = i SK - x
' l

⇐ ) continuum limit of a chain of harmonic oscillators

H= E ? Ti
'

t (9.+ ,

- §.
)

'

Objects of interest :

.
Ground state : IGS )

"

vacuum
"

t low
energy excitations

. C
= lz EPH ( thermal physics)

. Dynamics :
U (H .

. E
" Ht ( tip : thermal physics )

typically : compute Uft ) = e-
TH then T= it ( Wick

rotation )
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Correlation function : 10k ,H 01×1

'

I .

.¥
f. .

. )
,

= lz Tn¢BH. . . ) ,
at To < . . 7 = kGSI . .  .

IGS >

e. g.

magnetic
system : fm G) mlo ))×⇒~a {£5×tg

Ferromagnet

( out J Para magnet
magnetization Yxzsm critical point

Cutoffs : We 'll see that dealing with QFTS leads to
many

"

infinities
" that we 'll have to deal with

.
( eg : GS energy !)

QFT = effective description valid at leaght scales f DEW
wtoeb

,
lattice

In Particle Physics : Planck scale Pp ~ ( o
' 35

m

spacing
"

.
Lattice models =

"

UV regularizations
"

of QFTS

.
Not all QFTS can be put on a lattice : ( of .

"

Anomalies "

(single )
"

UV complete
"

)
eg chiral fermin H .  - ivefdx 4+2×4


