Phase transition

® Ground state energy
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® Second derivative
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“transverse
susceptibility”
diverges!

this is analogous to specific
heat divergence at a classical
phase transition




Correlation Length

® Singularity implies continuous transition

® Can focus on long-distance physics
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Time scale

® Correlation time scales with &
T~ /v~ (hy —hi)™

® This is consistent with energy-time scaling
in quantum mechanics

A~h/T~v/E
® n.b.in general, at a critical point, can have a

dynamical critical exponent z
T ~ &* z>1



Power laws

® Notice that everything appears to be
described by power laws near the QCP

® This is a general property - “scaling” - of
second order phase transitions

® How to understand it!?

® Scale invariance



Majorana
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® Majorana = real fermions

v = ¢+l

® Anticommutators
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{vi, v} = 2045 etc.

H = Z —nivit1 + Lhany;)

/dm [2777_ 4778:1:7]



Majorana magic

® Rotation 1= _s(nr+m) 5= J5(nr—nr)

® Id Ma orana Hamiltonian -

!
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deviation from
criticality

critical theory

|
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® A=0:no intrinsic length scale
—1/2 “scaling dimension”

Nr/r ~ L
of N:dn = 1/2

H~wv/L



Effective field theory
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® A critical point is described by a scale
invariant effective field theory

® Dimensionless effective action

S = /dtdw {i [UR(at — Uﬁw)nR T 77L(8t T U&U)nl}] T %nLnR}

t— bt
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critical theory (A=0) is
invariant under this!



Scale Invariance

® VWhat does it mean!?

x—bx N r=>bx b>1




Effective field theory

Se = /dt dx {% Nr(0y —v0z)NR +Nr(0r + v@x)ﬁL]}

® A critical point is described by a scale
invariant effective field theory

® Perturbations are described by local
operators carrying scaling dimensions
Fermion dh=1/2
Transverse spin AS" ~e~nrnr  de= |

Ising spin S% ~ g ~77 do=1/8"



Scale Invariance

® VWhat does it mean!?

x—bx N r=>bx b>1

. Renormalization
Group




Renormalization Group

® Perturbations
AS = /dt de {Ahy e+ hjo}
e Under RG
Ahy —b*"%h; =bh, relevant

Ahy = bQ_dahH _ p15/8 By perturbations

® After rescaling, physical quantities with new
and old perturbations should be the same



