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Many reasons to think about CFT’s

UV structure Beyond the Standard Model

- ad hoc CFT hidden sectors (unparticles)
- EWSB sector (Walking and Conformal Technicolor)

- Quantum gravity in AdS
- Inflation (dS)

Critical phenomena
- statistical mechanics
- quantum condensed matter (=quantum criticality)

This talk
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Classical O(N)-invariant ferromagnet in d=3

N-1
1 g; cS |
Z = eXP[__ a; Uj] =L

@lng model (GE focus on this

Near critical temperature:

(o(r)o(0)) ~ r/&f”? correlation length

)—> o0 (T —T,)

At T=T. theory is |) scale invariant

2) conformal
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Special Conformal transformation

0,Tq = 2(k - T)Tq — T°Ky

—>

(preserves orthogonality of coordinate grid; locally looks like dilation)

Are there interesting scale invariant theories
without full conformal invariance!

Polchinski 1988, Dorigoni, S.R. 2009,
El-Showk, Nakayama, S.R. 201 I, Antoniadis, Buican 201 |

Fortin, Grinstein, Stergiou 201 |
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Critical Exponents (universal)

|) Spin-spin critical exponent A 1
(dimension of O) iy (0(r)a(0)) ~ r24,
2) Correlation length exponent V: 5( ) ~ T — T,|”

Related to the dimension of another local field, €(x):
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Energy density field, €(x)
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Energy density field, €(x)
e~"0?%”

Lagrangian describing the near-critical system:

For T=T. perturbation vanishes

T'/T,.—1
LorT A édEAe E(CL‘)
=
1
)
Correlation length develops at the length scale where
perturbation grows to O(I) in strength S 1
d— A
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Flows
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Important: € is the only relevant operator which is singlet
under Z; symmetry ¢ — -G
(otherwise multicriticality)
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How to determine critical exponents
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How to determine critical exponents

AG: 05183(4)
As = 1.412(1)

- Laboratory measurements

- Lattice Monte-Carlo simulations

- Field theory techniques in 4-€ dimensions

8 /20
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E-expansmn Wilson,Fischer

Study scalar field theory in 4-& dimensions

L = (0¢)* + Ag*

A
1672

= 0(e) K 1 weakly coupled fixed point

Compute critical exponents at € <<| and then extrapolate to € =|

Works pretty well but not to arbitrary accuracy (divergent series)
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| think the epsilon expansion ended the subject in the practical sense.

You can calculate more or less what you want with good accuracy
but aesthetically the subject is not closed yet.

It's possible that there will be classification of fixed points in three dimensions.
But that's just dream:s.

A.M. Polyakoyv, 2003 interview
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Conformal bootstrap |
Ferrara,Gatto,Grillo 1973

Polyakov 1974

Consist .four 4pt
onsis ?Eztiefn our ap <0(m1)0($2)0($3)0($4)>

OPE: (o) #0

/

o(x1)o(xg) =14+€+...

(coe) #0
Conformal symmetry fixes:
A
olx)o(y)el0)) =
(0(z) o(y) €(0)) T — y|280—Ac|g[2Ac |y [2A
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Conformal OPE

o(z1) o(z2) = Y Ao C(z1 — 22,8s,) O(z2)

N\

fixed by conformal symmetry

0= 0}
| =2,4,6,...
Azl+d+2 (2df2—-1,1=0)
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<0’(£l71) O'(CL‘Q) 0’(363) 0’(334)>

OPE

OPE
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-~ -~
OPE OPE

Conformal partial wave

R
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<O’(SB1) 0'(332) 0'(333) 0'(374)>

-~ -~
OPE OPE

Conformal partial wave

R

<0_0_0_0_> — g(ua ’U) — <7°127°34)2 s (7'147"23)2
DA 2A.. 13724 713724

190 T34
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<O’(£C1) 0'(.’132) 0(333) 0'(334)>

-~ -~
OPE OPE

Conformal partial wave

R

(0_0_0_0_> o g(’U, 'U) - <r12r34)2 - (r14’r23)2
2. 24N 713724 713724
T12 T34 "~

g(u,v —1—|—Z)\0gouv

T

known functions of u,v 1320



Crossing symmetry/OPE associativity

OPE
A
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Crossing symmetry/OPE associativity

OPE
/_/\_\
<0(:c1) o(xz) o(x3) 0(334)) = <0(:c1) o(xz) o(x3) 0(334))
OPE OPE OPE

{ o) = (2)" g(v,u)
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Crossing symmetry/OPE associativity

OPE
P/\—\
<0(:131) o(xz) o(x3) 0($4)> = <0(:131) o(xz) o(x3) 0($4)>
OPE OPE OPE
o) = (2)" g(v,u)

g(u,v —1+Z>\OQOU’U

Conformal bootstrap equation for CFT couplings and spectrum
(no progress for 30 years)
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Resurrecting Conformal Bootstrap

Rattazzi, S.R., Tonni,Vichi 2008
S.R.,Vichi 2009
Caracciolo, S.R. 2009
Rattazzi, S.R.,Vichi 2010
Vichi 201 |

Ay

free scalar
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Resurrecting Conformal Bootstrap

Rattazzi, S.R., Tonni,Vichi 2008
S.R.,Vichi 2009
Caracciolo, S.R. 2009
_ Rattazzi, S.R.,Vichi 2010
Ay Vichi 201 |

free scalar

Motivated by Conformal Technicolor
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Exercise in d=2
S.R.,Vichi 2009

-
-
-
-

region

A,

What is this knee?

It’s the 2D Ising model!
o — |/8, Ae =]
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Extracting d=3 Ising critical exponents

Idea O:
Look for the knee on the boundary of allowed region in (Ag, A¢) plane
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Origin of the knee
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Origin of the knee

Allowed OPE spectrum:

relevant scalars {

For Ag <1/8 solutions to crossing symmetry have always > 2
relevant scalars
(while Ising model has only one)
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Impose condition that no other scalars in OPE
(apart from &) with A<2.5
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Impose condition that no other scalars in OPE
(apart from &) with A<2.5
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Ising model at the tip

Allows much sharper determination of critical exponents
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Why not yet applied in d=3?

Explicit conformal partial waves: Dolan,0Osborn 2001

ZZ

d=4 go(u,v) = | kat1(2)ka—i1-2(2) — (z ¢ Z)]

Z2—Z

d=2 go(u,v) = kari(2)ka_i(Z) + (z & 2)

u=2z, v=(1-2)(1-2)

ST E B o
ks(z) = 2P/ (2,2, )
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Why not yet applied in d=3!

Explicit conformal partial waves: Dolan,0Osborn 2001

A
d=4 go(u,v) =

| ka+i(2)ka—1-2(2) — (2 ¢ 2)]

Z2—Z

d=2 go(u,v) = kari(2)ka_i(Z) + (z & 2)

u=2z, v=(1-2)(1-2)

ST E B o
ks(z) = z°/* (22 )

In d=3 equally simple expressions are not yet known
There exist double power series in (1, /-v) which can be used
but with more difficulty
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