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String Theory AdS/CFT correspondence

[ Jelele]

Why String Theory?

Modern physics is based on quantum physics to describe
atoms and particles while general relativity is used for stars,
galaxies, etc...
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String Theory AdS/CFT correspondence

Using and Testing

[ Jelele]

Why String Theory?

Modern physics is based on quantum physics to describe
atoms and particles while general relativity is used for stars,

galaxies, etc...

...but stars and galaxies are ultimately made of particles: they
all have to be described by the same theory!

I
STRING THEORY
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String Theory AdS/CFT correspondence
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What is String Theory?

ordinary quantum field theory: string theory:
quantization of point particles quantization of 1 dim objects
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String Theory AdS/CFT correspondence
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What is String Theory?

Vibration of strings — that’s how particles are
described in String Theory
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String Theory AdS/CFT correspondence nd Testing

[e]e] le]

What is String Theory?

Vibration of strings — that’s how particles are
described in String Theory

We want a consistent relativistic quantum theory which
describes bosons and fermions in curved space...

...we need to add:
» supersymmetry
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String Theory AdS/CFT correspondence nd Testing
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What is String Theory?

Vibration of strings — that’s how particles are
described in String Theory

We want a consistent relativistic quantum theory which
describes bosons and fermions in curved space...

...we need to add:
» supersymmetry
» extra dimensions — 10-dim space: My x Cg
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String Theory CFT correspondence
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What is String Theory?

String Theory spectrum
There are several types of string theories: |, IIA, 1B, heterotic...

...but all these theories are related to each other by dualities!
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String Theory
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What is String Theory?

String Theory spectrum
There are several types of string theories: |, IIA, 1B, heterotic...

...but all these theories are related to each other by dualities!

particles
Type IIB ——— (4,94, Buw) + (C°,C2,C*) + fermions

+ massive states: m ~ -
s

Testing the AdS/CFT correspondence Marta Leoni



String Theory AdS/CFT correspondence
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What is String Theory?

String Theory spectrum
There are several types of string theories: |, IIA, 1B, heterotic...

...but all these theories are related to each other by dualities!

particles
Type IIB ——— (4,94, Buw) + (C°,C2,C*) + fermions

R + massive states: m ~ -
s

Dp brane (pochinski 95]
p dimensional hyperplane:

place where open string ends

l

charged and massive
extended dynamic object
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AdS/CFT correspondence
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Origin of the correspondence

[Maldacena '97]
N coincident D3 branes in type |IB superstring theory on My x Rg

D
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AdS/CFT correspondence
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Origin of the correspondence

[Maldacena '97]
N coincident D3 branes in type |IB superstring theory on My x Rg

D
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decoupling//limit
1

ls =10

N=4 Super Yang
Mills in d=4

free gravity
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AdS/CFT correspondence
@00

Origin of the correspondence

[Maldacena '97]
N coincident D3 branes in type |IB superstring theory on My x Rg

D

’ - N
. A \
decoupling, limit
1

\
near horizon limit
ls =10 |

N=4 Super Yang e

Mills in d=4 superstring on
free gravity AdSs x S5 free gravity
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String Theory AdS/CFT correspondence
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AdS;/CFT, correspondence

Type 1IB superstring N=4 SYM
on AdS; x S° SU(N) in d=4

!
| |
! |
! !

~ v

S0(2,4) x SO(6) = S0O(2,4) x SO(6)r =
background isometry group super conformal group
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String Theory AdS/CFT correspondence
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AdS;/CFT, correspondence

Type 1IB superstring N=4 SYM
on AdS; x S° SU(N) in d=4

!
| |
! |
! !

~ v

S0(2,4) x SO(6) = S0(2,4) x SO(6)r =
background isometry group super conformal group
parameters: R,ls,gs parameters: N, gym

R2
T, — JymV N

weak/strong duality
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string Theory AdS/CFT correspondence
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AdS/CFT correspondence

Key ingredients

AdS,;. 1 = Anti de Sitter space CFT,; = Conformal field theory

in d + 1 dimensions in d dimensions
gravity theory in Anti de Sitter space: quantum field theory invariant under
- maximally symmetric solution of conformal group SO(2, d):
Einstein eq. with A < 0 - scale tranformations
- isometry group SO(2,d) - special conformal
- has boundary: d dimensional transformations

Minkowki space
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orrespondence Using and Testing

[ Jelele]

AdS/CFT correspondence

How can we use the correspondence? [witten 98]

CFT on
he boundary String
<6pr¢)00 d4x>CFT = ZS((Z)()) t theory in
/ ,\ the bulk
partition function of partition function
SYM “on the boundary” of string theory
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String Theory SFT correspo ] Using and Testing

[ Jelele]

AdS/CFT correspondence

How can we use the correspondence? [witten ‘98]

CFT on
he boundary String
<6pr(b00 d4x>CFT = ZS((bo) t theory in
/ ,\ the bulk
partition function of partition function
SYM “on the boundary” of string theory

When I — 0 and gs — 0 string theory is approximated by classical supergravity, which
correspond to a SU(N) SYM with N — oo (planar) at strong coupling:

<exp/¢00 d4m>CFT — ¢~ Ssugra
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Using and Testing
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How can we test the correspondence?

Computation of correlation functions in N = 4 SYM

Constraints on 2 and 3 point correlation functions from conformal algebra:

a d;;5

|z1 — z2|28

(0i(z1)0j(z2)) =

) . _ Cijk
<O7‘(xl)o] (22)Ox(3)) = 1 — To|D1+HB2—A3 | — ga|A1HA3Z—A2|p, — go|D2+A3—A
1 2 1 3 2 3
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0@00

How can we test the correspondence?

Computation of correlation functions in N = 4 SYM

Constraints on 2 and 3 point correlation functions from conformal algebra:

a d;;5

|z1 — z2|28

(0i(21)0; (w2)) =

) . _ Cijk
<OZ($1)O] (22)Ox(3)) = 1 — To|D1+HB2—A3 | — ga|A1HA3Z—A2|p, — go|D2+A3—A
1 2 1 3 2 3

Chiral primary operators:
— are protected operators: A doesn’t receive quantum corrections

— they correspond to supergravity states
— matching of 2 and 3 point correlations function found at weak and strong coupling
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FT correspondence Using and Testing
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How can we test the correspondence?

Non protected operators:
— they receive an anomalous dimension: A = d + y(g)
— they correspond to string states

e.g. Konishi operator: K = tr ¢ o
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String Theory AdS/CFT corre ce Using and Testing

[e]e] le]

How can we test the correspondence?

Non protected operators:
— they receive an anomalous dimension: A = d + y(g)
— they correspond to string states

e.g. Konishi operator: K = tr ¢ o

They can be used for testing the correspondence:
» 2 point function: matching with strong coupling sector found for special operators

BMN [“quasi string” states]
long operators [via integrability]

short operators

» 3 point function: matching found only at one loop for BMN operators!
Idea: calculation at two loops!
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Testing the correspondence
Superspace techniques
The action of N=4 SYM:
S = /dzd‘*e tr (e—g"@ieg"@i) + # /dzd26 tr (WoWa)
+il /d4xd29 AIE 41 (B, [@;, 1)) + h.c.
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Testing the correspondence
Superspace techniques
The action of N=4 SYM:

_ 4 —9V & . .9V Hi
S_/dzd 0 tr (e 9V, e <1>l) 27

1
+ —

Using and Testing

[e]e]e] )

/d%l?a tr (WoWy)

+il /d4xd20 AIE 41 (B, [@;, 1)) + h.c.

N =1 super Feynman rules:

sab

Vi = igfapes I BEVODE

Propagators : (Veydy = _%b (@3®t) = 6, =
Vertices : Vo = —§ €k o, DIB0DE
@) _ g% gij avbHepd
VV - 75 fadmfbcmv 14 (I:',L-‘I’j
V¥ =i, vepevtD2p, Ve
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String Theory AdS/CFT correspondence Using and Testing

Conclusions

Calculation of correlation functions is crucial for:
» testing the AdS/CFT correspondence
» improving our knowledge of N = 4 SYM and string theory

Future perspectives:

» calculation of the three-point correlation function at two
loops in the weak coupling regime

» match with the one at strong coupling?
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Thanks for your attention!
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