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Conformal Field Theory

Diffeomorphism
xH — x'H(x)

such that
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only massless “particles”
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Conformal Field Theory
Scalar operators

A = dimension of O1(t, )



Conformal Field Theory
CFTs are important!

® Condensed Matter Physics

® String Theory
® Mathematics

o AdS/CFT!
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Anti-de Sitter Spacetime

spacetime with
constant positive curvature

in Euclidean signature, a sphere

Anti-de Sitter (AdS) — __ sPacetime Wiih
constant negative curvature

in Euclidean signature, a hyperboloid



Anti-de Sitter Spacetime

solution of the vacuum Einstein’s equation
with negative cosmological constant




Anti-de Sitter Spacetime

solution of the vacuum Einstein’s equation
with negative cosmological constant
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Anti-de Sitter Spacetime
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Anti-de Sitter Spacetime
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Anti-de Sitter Spacetime

2z =0  AdS Boundary
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Anti-de Sitter Spacetime

conformal group of d-dim. Minkowski space!
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Generating functional of
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AdS/CFT Dictionary
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DEEP AND PROFOUND
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These are concrete examples of
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Not “proven”



Statement of AdS/CFT




Statement of AdS/CFT




Statement of AdS/CFT




Statement of AdS/CFT




Statement of AdS/CFT

Generating functional of

ZAde_H [GMN, (I), .. ] — /DGMND(I) c. eiSEH+iSmatter+...

Make approximations to get classical Einstein gravity.
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Statement of AdS/CFT

ZAde_H [GMN7 (I), o ] ~ 6ZSEH—|—ZSmatter

on-shell

Make approximations to get classical Einstein gravity.

0 a
T sl corvatres




Statement of AdS/CFT
What are these limits in the CFT?

best. understood examples are
non-Abelian gauge theories/Yang-Mills theories
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Gn ~ 1/N-?
't Hooft limit /N — o0

(2 small curvatures
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Statement of AdS/CFT

@ Determine AdS field @ dual to O

@ Solve | O equation of motion with B.C.

@ Plug solution into action

@ Vary on-shell action w.r.t. ¢
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Scalar 2-point Function
ds® = Gyn dXMdX"Y = = (d2® — dt* + d7°)

dS — GMN dXMdXN

z2 (dz* + dr° + d2*)



Scalar 2-point Function

CFT scalar field O(t, )
Perform a holographic calculation to reproduce




Scalar 2-point Function

CFT scalar field O(t, T)

(1) Determine AdS field ® dual to O




Scalar 2-point Function

ds® = Gyn dXMdX" = (dz +dr° + dZ°)



Scalar 2-point Function

@ Solve | O equation of motion with B.C. &,

Fourier transform in Minkowski directions




Scalar 2-point Function

@ Solve | O equation of motion with B.C. &,



Scalar 2-point Function

@ Solve | O equation of motion with B.C. &,

The # dependon K and !




Scalar 2-point Function

@ Solve | O equation of motion with B.C. &,

® diverges exponentially unless




Scalar 2-point Function

@ Plug solution into action
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Scalar 2-point Function

@ Plug solution into action
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Scalar 2-point Function

@ Plug solution into action

T, d—1
onshell—/ dd ( > @0(1)




Scalar 2-point Function

@ Plug solution into action

T, d—1
Son—shell — / ddaj (_) o azq)
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Scalar 2-point Function

@ Plug solution into action

Son-shell = / d°x # Cq (# C1 + # C2>

=0

Son-shell = / dx (Stuff) C%
z=0




Scalar 2-point Function

@ Vary on-shell action w.r.t. O,

on—shel :/ ddaj Sthf
z=0




Scalar 2-point Function

@ Vary on-shell action w.r.t. O,

Son-shel] = / d%x (Stuff) C%
z=0




Scalar 2-point Function
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Applications

Spacetime only asymptotically AdS

mass gap and confinement
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Break conformal symmetry
Spacetime only asymptotically AdS

non-zero temperature [’




Applications

Break conformal symmetry
Spacetime only asymptotically AdS

non-zero temperature [’

shear viscosity 7]
2_1
S =

A7

small than any known substance... except QGP



Applications

Break conformal symmetry
Spacetime only asymptotically AdS

non-zero chemical potential [{




Outline

Statement of AdS/CFT
CFT Side
AdS Side

Example: scalar 2-pt function
Applications

Summary and Outlook



Statement of AdS/CFT

Maldacena Conjecture
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Open Questions

What (more) can we learn about quantum gravity!?




Thank You.




