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CFT = QFT with scale invariance

Setup
Symmetry generators:
e Translations P,, Rotations M,

e Dilatations D, Special Conformal Transformations K|,

Irreps of conformal group = Conformal families (HW reps)
e Primary |O): K,|0) =0, D|0) = Ap |O), spin
@ Descendants |O, n) ~ P"|0), D|O,n) = (Ao + n)|O, n)



Definitions

onforma Study scalar field ¢(x) in thermal state with T =1/5

Conformal

B (6(x)); = Tre(x)e?H] = Trlg(x)e 0] = Zq

= > g (0.n¢(x)|0,n)q"

primaries O n

where g = e~# and assume orthonormal basis for simplicity.
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Conformal Study scalar field ¢(x) in thermal state with T =1/5

(6(x))5 = Trlo(x)e™ "] = Trlp(x)e™7°] = Z q
= > qA@Z<o,n|¢(x)|o,n>q

primaries O n
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Setup

where g = e~# and assume orthonormal basis for simplicity.

Conformal symmetry relates (O, n| ¢ |O, n) to (O] ¢ |O) so
define

(@g= Y. (0]6]|0)q*°F(Ly, Ao, Lo q)

primaries O

Purely kinematic object, focus on /¢
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Direct [D’ P”] = P“’ [D’ KM] = _Kltv [Klu PV] — 25,uuD—2MMV
Calculation
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Direct [D’ P”] = P“’ [D’ KM] = _Kltv [Klu PV] — 25,uI/D—2MMV
Calculation

[Mw/’ 'Dp] = 0upPu—0upPu [Mum Kp] = 0upKu—0up Ky

@ For scalars:
[D,d(x)] = (DAg + x*0u)d(x), [P, d(x)] = 9ud(x)
(K 600)] = (252885 + 2,50, — x20,)(x)
[Muua (x)] = (Xvau - X#&,)qb(x)
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X, Xy
S (Ol Kuo(x)P, |0) = (288, — Byd + BFZ5) (0] 6(x) |0)
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el Using (O] ¢(x) |O) ~ (x?)~24/2, get

(O] Kud(x)P, |O) = (2A5W — Dyl + Ai%) (0] $(x) |O)

Calculation

Non-orthonormal basis so need
<O| KM’DI/ ’O> = 2A05w/
Dy(Dy — d)

= #Z,; (Kuo(x)Py) (<KM’DV>)71 =d+ 2A0
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For example in 3d we find

F(Ag, Ap; q) = a0 + a1q + a2q® + ...

Ay(By —3)

200
Ap(Dy —3)[AoDy(Ay —3) +2 (842 + Ap — 2)]

with
30:1
a =3+
a =6+

4(Ao +1)(Ap)(240 — 1)



Result

Thermal
Conformal
Blocks

For example in 3d we find

Yan Gobeil

F(Dg, D0iq) = a0+ a1q+ 229" + ...
Direct
Calculation

with
ap = 1
Ay(Ag —3)
R TV
sy — 64 Ay(Dg —3)[AoAy(Ay —3) + 2 (8AZ + Ap — 2)]

4(Ao +1)(Ap)(240 — 1)

Can't resum...
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Need to add potential for angular momentum:

gfafsfimir " F(A¢, AOv qay) - q_AO <O‘ ¢ |O>_1 TrO [¢qDyJZ]
ifferentia
Equation

Care about y = 1.



Angular potential

Thermal
Conformal
Blocks

Nern @efbefl Focus on 3d so rotations are SO(3)

Need to add potential for angular momentum:

g?fsfimir " F(A¢7 AO, qv y) = q_AO <O‘ ¢ |0>_1 TrO [¢qDyJZ]
ifferentia
Equation

Care about y = 1.
Casimir operator of conformal group (in 3d)
C=D(D~-3)+ >~ P,K"

has eigenvalue A(A — 3) on irrep.
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Insert Casimir into trace

= Tro[CoqPyP] ~ Ao(Ao — 3)F(Ay, Ao; q,Y)

Casimir

Differential Convert to differential equation using algebra and

Equation

D~ q0q, J; ~y0,

= C(quvx)F(AdhAO; q,)/) = AO(AO - 3)F(A¢7A(91 q,)/)
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Insert Casimir into trace

= Tro[CoqPyP] ~ Ao(Ao — 3)F(Ay, Ao; q,Y)

Casimir

Differential Convert to differential equation using algebra and

Equation

D~ q0q, J; ~y0,

= C(q,y,x)F(A¢, L0;q,y) = Ao(Ao — 3)F(Ay, Ao q,y)

Can't solve exactly...
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Anti de Sitter space
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Euclidean AdS space is like
a cylinder

Isometry group of AdSy11

_ d
Witten - Conformal group on R time anti-de Sitter space
Diagram in conformal

AdS boundary

= Consider CFT on
boundary and compute
using bulk
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Witten diagram

Thermal Thermal state so periodic in time (t ~ t + f3)

Conformal
Blocks

N Interested in 1-point function of ¢ with one loop of O (from
(0] 9]0))
Y
\H—J”/
Witten )
géasgram in AO
y X
Ay
-7 r—-~\\
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Explicitely (without angular potential)

A A
F(Ad)’ Ao; q) - /AdS dy\/g GbuTk—bdy(y7 X) Gbu(ﬁ(_bu/k(Ya yrhermal)

Witten
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AdS



Final result

Thermal
Conformal
Blocks

Explicitely (without angular potential)

A A
F(Ay, Aoiq) = /Ads dy\/& GbuTk_bdy(%X) Gpuik—buik (Y Ythermat)

Witten Can actually do the integral
Diagram in
AdS 1
=F(A ,A ; = X
(Dy, Do q) (1= q780
1—d Ay Ay—d 4
3F +h0,00 - 22,2270 L Api Ao, —d 42080 +1;——0

2 22 (g—1)
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e e Higher point functions
AdS

@ Do bootstrap
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Computed conformal blocks for thermal 1-point function of
scalar operator with 3 different methods.

Next steps:

@ Spinning operators

e e Higher point functions
AdS
@ Do bootstrap

Thank you!
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