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Qutline

|. Introduction - Global AdS: a tool for describing
perturbative modification of the dilatation operator.

. “CFT perturbative unitarity” implies that non-
renormalizable AdS interactions are small.

Large dimension operators & unitarization of an
“effective conformal theory.”

. Large dimension double-trace operators and the
flat space limit of AdS.

. Conclusions.




What CFTs give good AdS!?

Important for:

|. Understanding warped Extra-Dim models in UV:
a) Is SUSY important for good AdS!?

b) What from the p.o.v. of the CFT suppresses
bulk non-renormalizable terms?

2. Duals of condensed matter systems.




Introduction

Global-AdS is just a convenient math tool to describe a
CFT with (I. Heemskerk, J. Penedones, J. Polchinski, J. Sully) :

|. A parameter like N of SU(N):

(O(X)0(0)) = 5, 1OKION)O@OW) o = 5F (x,y.2,W)

Dilatation Op: (Ez : O = tr(F?))
O, (X) = O(97)" 0y, -0,y O(X)

Ani=2A0 +2n 41 - O<




2. A hierarchy in the dimension of operators:

OHeavy

|01 ™ O FO Effective Conformal

Theory
for
A <K AHea/z)y




A comparison

A perturbative, Lorentz-Inv.
theory of particles: H = Hy +V

A perturbative, Conformal-Inv.
theory of operators: D = Dy + V

|. For B2 < Myeqvy,,H describes

a few particles (say one type).

2. E-states of Hy:

Ho|P) = \/p2 + m?|p)

Ho| D1, pa) = (\/p% + m? + \/p% + m2> D1, P2)




A perturbative, Lorentz-Inv. A perturbative, Conformal-Inv.
theory of particles: H = Hy+V theory of operators: D = Dy + V

3. V will mix states with different
particle number:

atjor




A perturbative, Lorentz-Inv.
theory of particles: H = Hy +V

A perturbative, Conformal-Inv.
theory of operators: D = Dy + V

4. Making Lorentz Inv manifest:

{a%,aﬁ} — | (X,1)

2) U(M)p(x)U(A)T = ¢(A &)
b) [¢(2), d(y)] = 0, (z —y)* <0
V= /dd! L2V (@, t)
V(X) = Ao*(x) + i(<‘9gb)4 + 4é
V(zx )satlsfes a) & b):
[K H]=i P
Ho— Ho+V = KO KO L KO
2): B = / 2 1y TV(T 1)
b): [?(1),V] =0




A comparison

A perturbative, Lorentz-Inv.
theory of particles: H = Hy +V

A perturbative, Conformal-Inv.
theory of operators: D = Dy + V

|. For B2 < Myeqvy,,H describes

a few particles (say one type).

2. E-states of Hy:

Ho|P) = \/p2 + m?|p)

Ho| D1, pa) = (\/p% + m? + \/pg + m2> D1, P2)

l. For A < Apequy, D describes

a few single-trace Ops (say one type).

2. E-states of D (in radial quantization):

(az)na{m 0y O €= ‘A(’); n,l, J

DOlAO;n7l7J>1 = (AO +2n+ l)lAOinalv‘]>1

Dole;n, l, J>1|Ao;n/, l/, Jl>1 =

((! o) —|—2n—|—l)—|—((! Q+2n,+l/)>|! o;n,l,J>1|! o;n/,l/,J,>1




A perturbative, Lorentz-Inv.
theory of particles: H = Hy +V

A perturbative, Conformal-Inv.
theory of operators: D = Dy + V

3. V will mix states with different
particle number:

atjor

3. At O(I/N) V will mix operators
with different number of traces:

al ;10! = |Ap;n,l, JY

nala

V ({ahy sanis })




A perturbative, Lorentz-Inv.
theory of particles: H = Hy +V

A perturbative, Conformal-Inv.
theory of operators: D = Dy + V

4. Making Lorentz Inv manifest:

{a,, a5} —>

1 ("X, )

a) U(A)p(z)U(A)T =
b) [¢(z), d(y)] =0, (z

V = /dd! Lev (e, t)
V(x) = AGX) + T (06)" + A

o(A ar)
—y)* <0

V(x )satlsfes a) & b):

[K H]=i P
Hy — Hy +V = E©
2): B = / 2 1y TV(T 1)
b): [?(1),V] =0

L KO O

4. Making Conformal Inv manifest:

{0 .0 0n1,0} —» ¢ 0 , P51
(t is global AdS time ~ dilatation)
UM cons)” (@UC conp) =" #.8.¢
b) [(',1), (Y, 1)] =0, 7 # 7y

/\/_odx V(X,1)
V(x) = A¢*(x) + —(3@5)4 +aé

V(x) satisfies a) & b):
D,K,]="! K,

Dy — Do+ V=p K =K +K

Vod®z (2, ) V(T 1)
b): [V, K{V] =0

a): Kﬁl) =




A perturbative, Lorentz-Inv.
theory of particles: H = Hy +V

A perturbative, Conformal-Inv.
theory of operators: D = Dy + V

5. When isV small?

When perturbative unitarity isn’t violated.

For &' < MHeqqv, Cross-sections
are well behaved:

V(X) = A6 00+ (06)" + 4

\

A f§ (47T)27 A Z MHeavy

A hierarchy in the spectrum ensures

that non-renorm terms are small.

5. When isV small?

AdS: Good behavior for local bulk scattering

at Egi1 < Muyeavy -

V(x) = A0 + 5 (00)" + 48

v

A 5 (47T)27 A Z MHecwy

CFT ??? (MHeavy N AH@OW?J)

A hierarchy in the dimensions ensures

that non-renorm bulk terms are small ???




CFT: 2

131 (p)37(a) 3 (k)"

2
(P )y + -+ )F1(p, Q) A(F)

~(F)

+f 2%¢(pqg.k, + - - )F2(p, Q)

o

Suppressed for Apequy > 1




CFT perturbative unitarity

Dy >»D =Dg+V

/ \

Eigenstates Eigenstates




Anomalous dimensions of double-trace operators

Primary: O, (z) = 0(9,0")"0, - 5’MO(33) — traces

Ap =2A+2n+ |+ y(n,|) €=Pert-Thy inV

Degenerate P T?

VaB
Ean — EB

[D(O) ,K(l)] + KO — [K(O) V] —p K,g\lls) N

Smoothness of K,SB) requires that V43 =0 for E4 = Ep

On,l (O)‘O> — ‘nv l>2
(V] 172

I (n,]) = oln,l|V|n, z"2+z PEE T




‘Vn,l,n+1l‘ < Z ‘an ‘B |2 < 4
B

En,l — bp )
(IB) = \n+1 )2) (Vi =2(N, 11V[B))

‘Vn,l;n—l—l,l‘ <4

1
Vn,l;n—l—l,l — Vn,l;n,l + O(E), n>1

Perturbative Unitarity Bound:

v(n,1)] < 4, n>>1




Anomalous dimensions from global AdS

1
ds® = : (—d’[2 + dp? + sin? deQ)
COS? p

=110;: global energy is dimension.

| (n.]) = the energy shift of a 2-particle primary state,|n, )2,
Y due to the interaction V.

Example: d%z\/—go*(x)

(X)ans + 1 (x)al

sin—1

Pt 2 0167 (2)|0) (0167 @), 0);

primary wave-fcn !




Primary scalar of dimension 2A + 2n:

10[¢? ()|n, 0"

1m0 = TN I

0,072 (2)"

Dimensional analysis with n! E'!

v(n,0) for (Vo)* © V2(0|¢%(x)|n, 0)2, V.V, (0|¢(z)?|n,0)s

Ad+1

n

—_— Y(n,0) fo (K)dﬂ




. . 1
In general - for an interaction of the form: —

AP

1 1 /T\P
0¥ ()
v(n,0) n
Perturbative Unitarity:

v(n, )] < 4, n>1

'

|. If no single-trace operators appear for A < Ap.q., besides O.

2. Perturbative unitarity obeyed for A < Ageqyy, -

'

A z AHeafuy
All non-renormalizable terms suppressed by hierarchy!

PT.: AdS/CFT no different than Mink/LIT!




Perturbative unitarization of Eff. Conf. Thy

Al A

OX 5! d

vV — w2 /ddaﬁ! W¢2(x)x(x)7 my # mgy

2

| n@1m@1 k@  For low dimension double-trace ops:

5—d

Vers ~ Iqu /dd$¢jg¢(x)4 +..

X

Does the O, unitarize the growth
in the anomalous dimensions?




S-channel contribution:

|
|m, n1,na, n3, n4l (M, N1, N2, N3, Ny

(n,0]o() - -&_(J|n, 0)2

O
> '
m=0




AdS5: V = /up®y, ! =2.2, ! , =100.1

10 20\ 50 100 200
E,
1

~ N for — 4
orAgb




Flat-space limit of AdS

For n > 1 we seem to reproduce features similar to flat-space-why?

1
ds® = : ( dt* 4+ dp* + sin” deQ)
COS? p

Primary scalar wavefcn:

1 .
016 (2)In, 0" = 1= (e cos p)* 7"

As 1 — 00, the wavefcn is increasingly concentrated at p =~ Q!

ds* ~ —dt* + dp* + p*dQ)?

N
n, O>2 — ‘P =0, E,, | = O>partialwave

n—oo




Emergence of momentum conservation

Special conformal generators:

g . o0 0
K,LL — Ra{ljlu + Zﬂfua + ’Lt@ + O(t/R,f/R)

Primary: K, |¢)o =0

E (x1+x2)?

— |O|| (ZIZ'l)I (CIZ’Q) "y # e’ip-(xl—a:Q)— 4R , Ly $ R

d—2
2p| 2
(2m)9vV2RE

|n, ZJ>2 —

dp Y13 (ﬁ)/ddq

5d('q ) with fuzziness ! g ~  E/R

!
For matrix elements what matters is -1 _, Q




(fuzziness !¢ ~ E/R)

1"V |n, I"5]?
En’| # E(X

L (n,l) = 2!n,l|V\n,l"2+Z

N
>2H |P :O,En,l,J>pW, n — OO




" (4
M (S,tau)flat space vol(S9—1) (B2 —

E,=2n+"!), p,,%

s=(En)?, t=—2p2(1 —cos(9)), u= —2p: (14 cos(6))

(Large n, A limit)




Examples

1 (n,0) = p

5 aVol(S97Y) [[n(n+21)]= pi—2
8(2" )¢ l +n E

(Vo)?*, d=2:

6! 3n (n O) n,A_>>>1 7n4 + 28n3A + 36n2A2 + 167LA3 -+ 3A4 \ 3E4 + 2E’2p2 € 2p4
v/ ) S(A n n) , 7 |
n, A>1 n? (n + QA)Q p4
—_= > .
16(A +n) 16E

6! 1*" (n,2)

u 2) L 452
_ €(3E4 _|_ 2E2p2 _I_ 2p4)|:)0 (COS(! )) _|_ ?p P2 (COS(! ))

~s* +t? +u?




Tn+L+1)F2A+n+L! 1)I'(A+n! 2)T(A+n+L)
AT+ n)(A+n)I(A+n+L+3)T2A+n! 1)
m [n(n+248)]

4 A+n

d=d. | n(n + 2A))A RO
) A +n E

s-channel exchange:

> 2E X
_ | ~, - no |2 m
v(n, 0) mEZOﬁ 1;m, 0|V n, 0" (E%# E%%Q)

13

T @) En(EZ -1 2)




Momentum conservation from CFT

B
B =0,E,1=0)pw ~ /dﬂ 2q (DT + DT - T

e

Energy is shared equally
How does this happen in the CFT?

2D Ex, holomorphic only: Oy (2), Oanin ~ On! "On

From 3pt fen (02 4nOnOn) 120+ 1) = Y cm |h;m)|h;n — m)

m

(m—1)2

n, N> 1

“Entropy of derivatives”: Oap1, ~ 020,020y,




Conclusion

|. AdS is just a clever tool to deal with a large N CFT
with a hierarchy in operator dimensions.

2. The CFT has a notion of perturbative unitarity
which controls the size of bulk non-renorm terms.

3. Flat space S-matrix (to leading order ) can be
obtained directly from anomalous dimensions of
double trace operators.




