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Conformal symmetry
> At the critical point
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» Recently the critical exponents of the systems like 3D Ising

model are calculated using the consequences of this symmetry.

» Gliozzi and Rago propose an alternative method to evaluate

them.
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Conformal symmetry

» Symmetry generators Py, M,,,,D, K, € SO(D,?2)

» Primary fields

My, 0 (0)] = 2u0(0)
[D,0(0)] = iAO(0)
K, 00)] = 0

classified by their scaling dimension A and spin [. Unitarity

A>{§—1 (1=0)

implies

|liep-2 (>

» Other fields can be expressed as drivatives of primary fields.
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Conformal symmetry

» Two and three point functions are fixed by the symmetry

1
(0@)o () = —sa;
|z —y[*7?
. A123
(@1 (w1) @2 (w2) #3 (x3)) = oo | TR g Ba A AT [ R A
Tij = X — I,
¢ : primary scalar
A1og : constant
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OPE

» For scalar primary ¢12

b1(@)62(0) = > Moo WO(OH--'
O

= Z A20C120 (7,0) O (0)

O:primary
» Four-point function

(¢1 (z1) P2 (2) P53 (3) da (4))

= Z A20X310C120 (x1 — X2, 02) Ca10 (23 — x4, 04) (O (22) O (23))
o

We can calculate everything once we know all the A.
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OPE
> We get the form of the four point function

(@ (z1) @ (z2) ¢ (z3) ¢ (z4))

=3 Mp0Copo (T1 — T2,02) Cho (x5 — 24,04) (O (22) O (x3))
(@]

= |12 7?2 |w34| 732 g (u, v)

g(u,v) =1+ z /\i(ﬁ@GA,l (u,v)
Al

2 2 2 2
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Conformal bootstrap

» There are two ways to get the four point function

(¢ (1) ¢ (22) ¢ (w3) & () = |wrz| > [waa| 7227 g (u, v)

¢ ¢
) o
4 [

» Thus we get the identity

Vg (uv) = utPg(vu)

g(u,v) =1+ Z /\ZMQGA,Z (u,v)
Al

» We should be able to get informations on A by studying the

constraints.
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Recent developments

» The identity can be rewritten as

ZAZCbOFA(p»AJ (’LL,’U) =1
ALl

UA¢ GA,I (’LL, U) — uAd) GA,l (ua U)

Fagan(u,v) = woe _ phe

» from which one gets

11
2 Nvolapan (M) -
Al
man 11
Z)\ﬁ,¢oaz 81) FAdeal (17 Z) = 0
Al
b
u=zz,v=(01-2(1-2), 2= “?[
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Recent developments

9 11

ALl

2 2m qn 11
Z)\¢¢08a 817 FA¢,,A,l <Z’Z> = 0

Al

» Unitarity implies )‘éd’) > 0.
» For 2D and 4D, one can get constraints on A and A.

(Rattazzi et.al., EI-Showk and Paulos)
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3D lIsing

» There are primary fields o, ¢, - - - such that
o0 ~ € + e

» Bootstrap equation for (o (1) 0 (z2) o (z3) 0 (z4)):

11
NoooF. N |
Z cocOL Ay AL <474>

ALl
m an 11

> X000 Fa, a0 <Z’ Z) =0

ALl

2m An 11 A .
> For A> 1, 92O Fa, .ay (3.3) < r™P(A) (r <1) with P

a polynomial.

» One can approximate these equations by finite set of (A, 1)

(~200) and get an upper bound for A..
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3D lIsing

Ae A(e) bound (105 comp.)
(78 comp.) 1.42

3d Ising ?
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o

> From the values of A,, A, the 3D Ising model is at the cusp
of the graph.
» Assuming it is exactly at the cusp, one can get various

quantities very accurately. (El-Showk et.al.)

A, = 0.518154(15), A; = 1.41267(13), etc.
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Proposal of Gliozzi and Rago

» Start from the bootstrap equations

) 11
> NosoFa,an (gq) =1

ALl

2 2m qn 11
> Nop002 "0y Fa,an (1’1) =0

ALl

and the fusion rule (first few terms)

[A6] x [Ag] = (A 1]

K3

» Prepare N set of (A,l) and consider M (> N) such
equations. From the condition that the linear equations have a

solution, we get A.
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Results 1

Lee-Yang edge singularity

[Ag] X [Ap] =1+ [Ag] +

[D,2] + [Ag, 4] + [A'] 4 -

D dimensional Yang-Lee model-the edge exponent o
D | bootstrap | Ising in H Fluids Animals | e—expansion
2 | -0.1664(5) | -0.1645(20) | -0.161(8) | -0.165(6) | (exact -1/6)
3| 0.085(1) | 0.077(2) | 0.0877(25) | 0.080(7) | 0.079-0.091
4] 0.2685(1) | 0.258(5) | 0.2648(15) | 0.261(12) | 0.262-0.266
5| 0.4105(5) | 0.401(9) | 0.402(5) | 0.40(2) | 0.399-0.400
6| 0.4999(1) | 0.460(50) | 0.465(35) 1/2

» One does not need unitarity to apply this method.
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Results 2

3D Ising

» fusion rule

o] X [A0] = 14 (A4 [Au] + [Aur] + [Aur]

+[3,2] + [A4, 4] + [A6,6] + - - -

» Ay =5.0208(12)

scalar operators

I o
A, best estimates | 0.51813(5) | 2 4.5
A, bootstrap 0.5171(1) | 4.05(5)

- 7 i

1.41275(25) | 3.84(4) | 4.67(11)
1.413(2) | 3.79(3) | 4.60(7) | 5.80(4)

I

spinning operators | [Ag,2] | [A),2] [Ay,4] AL 4] | [Ag, 6]

5.0208(12) 7.023(3)
input 6.70(1) | 7.04(2)

A, best estimates

A, bootstrap 5.117(1) | 6.20(1)
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