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Composite operators with large positive anomalous 
dimensions can have interesting applications to model 
building and phenomenology. 

  : scalar primary operator in a 4d CFT

   : lowest dimension scalar primary appearing in the         OPE

Anomalous dimension of    :   

It is still not known whether 4d CFTs with such 
operators actually exist. 

Motivation
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Motivation
In non-SUSY CFTs, the main application people have in 
mind is “conformal technicolor” (Luty & Okui ’04):

∆H†H ∼ 4

∆H ∼ 1

γH†H > 0

for gauge hierarchy

for O(1) top Yukawa

ΛUV

TeV

H ∈ CFT

Standard Model



Motivation

Recently there has been major progress in 
characterizing anomalous dimensions in 4d CFT.

Using crossing symmetry of the four point function, 
Rattazzi, Rychkov, Tonni & Vichi ’08 were able to place 
an upper bound on the anomalous dimension of    .  

Exciting evidence for a 4d ``conformal bootstrap”!

φ2

�φ(x1)φ(x2)φ(x3)φ(x4)� =
F (u, v)
x2∆

12 x2∆
34



Their result:

Note: for conformal technicolor, need bounds on complex scalars. 
Much harder -- less crossing symmetry! Results are much 
weaker! (Rattazzi, Rychkov & Vichi 1009.5985) 
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Figure 14: From this plot one can get an idea how the bound monotonically improves
as more and more derivatives are taken into acccount in the infinite system (5.5). The
black (upper) curve is the simplest bound of Section 5.4, obtained by using only the
second derivatives. The next two curves (green and red) correspond to the two sets
(5.19). The lowest-lying blue curve is our best current bound obtained using the set
(5.16).

within 1% (due to the finite accuracy of the division-in-two algorithm used to bracket ∆c); they
have been rounded up with 3 significant digits.

In obtaining these results, we used the trial set in the sense of the previous subsection with
lmax = 10, ∆max = 20 (l = 0), ∆max = l + 10 (l ≥ 2). We discretized ∆ with step δ∆ = 0.01,
decreased to δ∆ = 0.0025 around a few critical dimensions where the functional approaches zero,
as in Fig. 12 for ∆k < ∆ < ∆k+1. To take into account the asymptotic behavior (5.14), we have
included into the trial set vectors with

F (2m,2n) =

�
[(2m + 1)(2n + 1)(1 + x)2n]−1 , 2m + 2n = 6 ,
0, 2m + 2n < 6 ,

(5.18)

obtained from (5.14) by rescaling and taking the l → ∞ limit. The parameter x in (5.18) was
varying from x = 0 to 10 with δx = 0.01. We set ε = 10−4 in (5.15).

We expect that including more derivatives in the list (5.16) should somewhat improve the
bound, especially for d close to the upper end of the considered interval. We have observed a
similar improvement trying out the functionals with the same leading a-derivative (6, 0) as in
(5.16), but with smaller sets of subleading derivatives:

Set 6a: (2m, 2n) = (6, 0), (4, 0), (2, 0), (0, 2); (5.19)

Set 6b: (2m, 2n) = (6, 0), (4, 0), (2, 0), (0, 2), (0, 4), (0, 6) .

For illustration, we plot the corresponding bounds in Fig. 14, including also the simplest second-
derivative bound from Section 5.4.
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∆φ2

∆φ

Motivation

Positive anomalous 
dimensions are not 

ruled out!



Motivation
In 4d N=1 SCFT, can consider analogous questions for 
chiral primary operators (now necessarily complex!)

Might hope that with supersymmetry, one could say 
more about      .

Positive anomalous dimensions in SCFT would also have 
interesting applications.

γφφ = ∆φφ − 2∆φ = 0

γφ†φ = ∆φ†φ − 2∆φ = ?

γφ†φ

SUSY protects OPE of 
chiral primaries



Motivation
        problem in gauge mediation (Dine, Fox, Gorbatov, Shadmi, 
Shirman & Thomas ’04; Schmaltz & Roy ’07; Murayama, Nomura, Poland ’07)

Suppressing flavor violating effects

Gaugino mediation (Kaplan, Kribs & Schmaltz ’99; Chacko, Luty, 
Nelson & Ponton ’99; Schmaltz & Skiba ’00)

.....
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Motivation

Currently no example with positive anomalous dimensions. 

Interesting to speculate whether            always? 
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Figure 4: An upper bound on the dimension of !†! (the lowest-dimension scalar appearing in
the ! ! !† OPE), as a function of d = dim!. Here, we have taken k = 6. The bound appears
to approach 2 as d " 1, as expected. On the other hand, we do not find a dimension bound for
d ! 1.16. It is possible that pushing the numerics beyond k = 6 could lead to bounds in this region.

For dimensions larger than this value, the resulting bounds on |!O0|2 become stronger and
stronger as !0 becomes large, but never lead to a violation of unitarity. We also note that
at k < 6 we do not find a dimension bound at any value of d, so that one can only see these
bounds when a large number of derivatives are considered.10 It would be very interesting to
see if pushing the numerics further and incorporating even more derivatives could lead to
bounds at larger values of d.

We can also consider bounds on the OPE coe"cients of operators without making any
assumptions about the spectrum. In this case we simply require that "(F",0) # 0 for all
! # 2, which is the SUSY unitarity bound for scalar operators with vanishing U(1)R charge.
In Figure 5 we show the resulting bounds on |!O0| for scalar operators appearing in this
OPE as a function of their dimension, at various values of d. This is a supersymmetric
generalization of the bounds considered in [35] in non-supersymmetric theories. Here we
see that the bounds become very strong as !0 is increased, and appear to approach zero
asymptotically. On the other hand, there are still finite bounds at !0 = 2, which tells us
that even the coe"cients appearing in front of flavor symmetry currents cannot be too large.
We will explore this in more detail in the next subsection.

10As discussed in Appendix B, Wk has dimension k(k+1)
2 , so that k = 6 corresponds to 21 derivatives. It

may be that not all of these derivatives are important for obtaining a dimension bound, and one possible
numerical optimization might involve using a subspace of W6 other than Wk for k < 6.
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Highly nontrivial bounds from 
crossing symmetry exist. 
(Poland & Simmons-Duffins ’10) 

Positive anomalous dimensions 
are allowed. But perhaps 
stronger bounds are possible?

γφ†φ < 0



Motivation
In today’s talk, we will take a complementary 
approach to anomalous dimensions in 4d SCFT.

Rather than try to improve the general bounds, we 
will instead attempt to construct calculable examples 
with positive anomalous dimensions.

We will see that there are obstructions to positive 
anomalous dimensions in weakly-coupled SCFTs, but 
going to strong coupling via AdS/CFT potentially offers 
a way forward.



Outline of the Talk
Motivation

Obstructions to positive anomalous dimensions at weak 
coupling

Going to strong coupling: effective AdS/CFT

Overview of N=2 gauged supergravity

Two ways to calculate anomalous dimensions in effective AdS/
SCFT -- 4pt functions vs binding energies

An example: the “universal hypermultiplet”

Future directions



Global Symmetries
One obstruction: global symmetries.

If a chiral primary is charged under a global 
symmetry, then scalar component J of current 
supermultiplet always appears in the OPE.

Then anomalous dimension is never positive:

J = J + · · · + θσµθ̄jµ + . . .

∆J = 2 ≤ 2∆

φ†(x)φ(0) ⊃ a

x2∆−2
J(0)

For positive anomalous dimensions, phi must 
be a singlet under all global symmetries.

Luty & Sundrum ’01
Dine, Fox, Gorbatov, Shadmi, 

Shirman & Thomas ’04
Schmaltz & Sundrum ’06 

Roy & Schmaltz ’07



Perturbative SCFTs
Can positive anomalous dimensions occur in 
perturbative SCFTs?

Operator must be elementary singlet S, otherwise 
free-field contractions => negative anom. dim.

Consider for instance the simplest Banks-Zaks fixed 
point SU(Nc) SQCD, coupled to an additional singlet S 

∆(S) = 1 + �

Nf = 3Nc(1− �), Ncg
2
∗ ∼ �

δL = λ

�
d2θ SQQ̃



Perturbative SCFTs
     will mix with anomalous axial current:

Turns out                     , so the anomalous 
dimension is always negative.

No-go theorem for positive anomalous dimensions in 
perturbative SCFTs? (Green & DS, in progress) 

S†S

JA = Q†Q + Q̃†Q̃

∆(JA) = 2 +O(�2)

γS†S = ∆(JA)− 2∆(S) = O(�2)−O(�) < 0



Strongly-coupled SCFTs
What about strongly coupled SCFTs? 

Here it’s difficult to calculate anything... 

AdS/CFT provides a framework for studying strongly 
coupled examples using a weakly coupled 5d dual.

But again, progress has been limited by the complexity 
of realistic string compactifications...

Strongly-coupled 
4d SCFT

Weakly-coupled 
string theory 
on AdS5xSE5



Effective AdS/CFT
Heemskirk, Penedones, Polchinski, Sully ’09
Fitzpatrick, Katz, Poland, Simmons-Duffin ’10

In today’s talk, we will decouple stringy complications by 
focusing on effective supergravity theories in AdS5.

Weakly-coupled gravity:

Bulk locality:

This setup is dual to an “effective 4d SCFT”: low 
dimension subsector of an SCFT in the large N ‘t Hooft 
limit.

Massive string states decouple! Remaining light states are 
described by supergravity down to sub-AdS scales.

�O(x1) . . .O(xn)�connected ∼ κn−2

Calculable correlation functions!

κ� 1

mstring �
1
R



Can focus on dynamics of a small number of low-dimension 
single trace operators and their multi-trace excitations.

Effective AdS/CFT
More on the effective CFT:

Large hierarchy in dimensions between 
operators dual to massive string states 
(               ) and operators dual to light 
states (           ) 

Among the light states, well-defined notion 
of “single trace” vs. “multi trace” operators 
(single particle vs multi-particle excitations). 

Unitary bound

Few single-trace primaries    spin  ≤ 2}

} Multi-trace primaries

Other single-trace∆ � 1

O(1)

0

dim (O1∂
n
O2) = ∆1 +∆2 + n+O

�
1/N2

�

AdS coupling 
constant

[Heemskerk, JP, Polchinski, Sully ‘09]
[Fitzpatrick, Katz, Poland, Simmons-Duffin ‘10]

Spectrum of Effective CFT

[El-Showk, Papadodimas ’11]

Tuesday, March 22, 2011

∆ ∼ mstring

∆ ∼ 1/R



Anomalous Dimensions in 
Effective AdS/CFT

Let    be one of these single trace operators (a scalar 
chiral primary). We want the anomalous dimension of 
the double-trace operator     .  

Primarily interested in the sign -- can focus on the 
leading-order anomalous dimension.

This is captured by a tree-level calculation in the dual 
supergravity theory.

∆φ†φ = 2∆φ +O(κ2)

φ†φ

φ



Anomalous Dimensions in 
Effective AdS/CFT

Fig. 2: Witten Diagrams for the quartic contact interaction (left) and photon,

graviton exchange (middle, right).

4.2. AdS/CFT calculation of four-point functions

The O(!2) correction to the four-point function is calculated using the standard tech-

niques of AdS/CFT. For the model (2.2), the relevant Witten diagrams are shown in fig.

2. We see that there are three types of contributions to the four-point function in general

– those from scalar quartic interactions, photon exchange, and graviton exchange. We will

separate out these contributions and write

CO1O2(x1, x2, x3, x4) = C(quartic)
O1O2

(x1, x2, x3, x4)+C(photon)
O1O2

(x1, x2, x3, x4)+C(graviton)
O1O2

(x1, x2, x3, x4)

(4.10)

Witten diagram calculations are generally more tractable in Euclidean AdS Poincaré

patch coordinates

ds2 =
d"w2 + (dw0)2

(w0)2
. (4.11)

In what follows, we will need the formula for the bulk-to-boundary propagator:

K!(w, "x) = N!

!

w0

(w0)2 + ("w ! "x)2

"!

. (4.12)

The normalization factor is fixed by imposing the canonically normalized two-point func-

tion in the CFT; it is exactly equal to the normalization of the ground-state single-particle

wavefunction #0(x) derived in section 3.6 Note that for indices, we will be following the

6 For 1 < ! < 2, there are two available branches !+,!! of the mass-dimension relationm2 =

!(! ! 4), and one must modify the AdS/CFT prescription for obtaining correlation functions.

There are several equivalent procedures: the earliest method was to use (4.12) and Legendre
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Tree-level diagrams => can ignore many interactions of phi



Calculating 
Anomalous Dimensions 
in Effective AdS/CFT



N=2, d=5 gauged 
supergravity

N=1 SCFT dual to string theory with 8 supercharges 
in              .

Low energy effective theory: N=2 gauged supergravity 
(Andrianopoli et al ’96....Ceresole & Dall’agata ’00....Tachikawa ’05....)

Gravity multiplet: Contains graviton and graviphoton. Dual to 
multiplet containing stress tensor and R-current in 4d SCFT.

Hypermultiplets: Contains two complex scalars. Dual to chiral 
primaries and their F-components in 4d.

Vector multiplets: Contains a real scalar and a spin 1 gauge field. 
Dual to current supermultiplet of non-R global symmetry in 4d.

AdS5 ×X5



Additional multiplets include

higher spin multiplets => dual to massive string states, not 
present in local effective SUGRA Lagrangian

semi-short and long multiplets => present in generic string 
compactifications, arises from KK modes...

We will ignore these for simplicity 
(no other justification)

N=2, d=5 gauged 
supergravity



A Minimal Model
Our minimal model: single hypermultiplet in AdS5 
coupled to gravity, U(1) gauge field, and itself:

Usual R-charge/dimension relation 
for chiral primaries in SCFT

Usual AdS/CFT mass/
dimension relation

S =
1
κ2

�
d5x

√
−g

�
Lgrav + Lphot + Lscalar

�

Lscalar = −(Dµφ)†(Dµφ)−m2φ†φ− V [φ, φ†]

Dµ = ∂µ − iqAµ

q =
2
3
∆

m2 = ∆(∆− 4)



Scalar Self-interactions
For hypermultiplet self-interactions, can specialize to 
quartic and two derivatives:

Everything else only contributes at higher order:

More than two derivatives: corresponds to alpha’ corrections, 
cannot arise from compactification of IIB SUGRA

Cubic couplings generically forbidden by charge conservation

Higher order couplings cannot contribute at tree-level

V [φ, φ†] = a(φ†φ)2 + b(φ†φ)(∂µφ†∂µφ)



Traditional method for calculating anomalous dimensions 
uses the four-point function.

Want leading order anomalous dimension                         

Take 

Corresponds to log singularity in connected 4pt function

Liu & Tseytlin ’98; 
Freedman et al ’98; 

.... ; 
Arutyunov, Frolov & 

Petkou ’00

4pt Functions -> Anomalous Dimensions

∆φ†φ = 2∆ + κ2γφ†φ

�φ†(x1)φ(x2)φ†(x3)φ(x4)� =
F (u, v)
x2∆

12 x2∆
34

u =
x2

12x
2
34

x2
13x

2
24

, v =
x2

14x
2
23

x2
13x

2
24

x1 → x2 : F (u, v) ∼ u∆φ†φ/2

Fconn(u, v) =
1
2
κ2γφ†φu∆ log u + . . .



        4pt function can be calculated using tree level 
Witten diagrams. Need to include scalar quartic 
vertex, photon exchange, and graviton exchange

Was successfully used to obtain anomalous dimensions 
of all protected double trace operators in N=4 SYM.

Arutyunov, Frolov & Petkou ’00

4pt Functions -> Anomalous Dimensions

O(κ2)

Fig. 2: Witten Diagrams for the quartic contact interaction (left) and photon,

graviton exchange (middle, right).

4.2. AdS/CFT calculation of four-point functions

The O(!2) correction to the four-point function is calculated using the standard tech-

niques of AdS/CFT. For the model (2.2), the relevant Witten diagrams are shown in fig.

2. We see that there are three types of contributions to the four-point function in general

– those from scalar quartic interactions, photon exchange, and graviton exchange. We will

separate out these contributions and write

CO1O2(x1, x2, x3, x4) = C(quartic)
O1O2

(x1, x2, x3, x4)+C(photon)
O1O2

(x1, x2, x3, x4)+C(graviton)
O1O2

(x1, x2, x3, x4)

(4.10)

Witten diagram calculations are generally more tractable in Euclidean AdS Poincaré

patch coordinates

ds2 =
d"w2 + (dw0)2

(w0)2
. (4.11)

In what follows, we will need the formula for the bulk-to-boundary propagator:

K!(w, "x) = N!

!

w0

(w0)2 + ("w ! "x)2

"!

. (4.12)

The normalization factor is fixed by imposing the canonically normalized two-point func-

tion in the CFT; it is exactly equal to the normalization of the ground-state single-particle

wavefunction #0(x) derived in section 3.6 Note that for indices, we will be following the

6 For 1 < ! < 2, there are two available branches !+,!! of the mass-dimension relationm2 =

!(! ! 4), and one must modify the AdS/CFT prescription for obtaining correlation functions.

There are several equivalent procedures: the earliest method was to use (4.12) and Legendre

19



In more a general setting, the necessary techniques 
can be extracted from D’Hoker, Freedman, Rastelli ’99

Very technical calculation!

Much harder than Feynman diagrams in flat space, 
because of the complexity of AdS propagators

Overly complicated -- don’t need all the information in 
the four point function to extract the anomalous 
dimensions.

There must be an easier way!

4pt Functions -> Anomalous Dimensions



Hamiltonian AdS/CFT

ds2 =
1

cos2 ρ

�
−dt2 + dρ2 + sin2 ρ dΩ2

3

�

Equation (2.20) can be solved by setting

X0 = R cosh ! cos ", Xp+2 = R cosh ! sin ",

Xi = R sinh ! !i (i = 1, · · · , p + 1;
!

i

!2
i = 1). (2.22)

Substituting this into (2.21), we obtain the metric on AdSp+2 as

ds2 = R2(! cosh2 ! d" 2 + d!2 + sinh2 ! d!2). (2.23)

By taking 0 " ! and 0 " " < 2# the solution (2.22) covers the entire hyperboloid once.
Therefore, (", !, !i) are called the global coordinates of AdS. Since the metric behaves
near ! = 0 as ds2 # R2(!d" 2 + d!2 + !2 d!2), the hyperboloid has the topology of
S1 $ R

p+1, with S1 representing closed timelike curves in the " direction. To obtain a
causal spacetime, we can simply unwrap the circle S1 (i.e. take !% < " < % with
no identifications) and obtain the universal covering of the hyperboloid without closed
timelike curves. In this paper, when we refer to AdSp+2, we only consider this universal
covering space.

The isometry group SO(2, p + 1) of AdSp+2 has the maximal compact subgroup
SO(2) $ SO(p + 1). From the above construction, it is clear that the SO(2) part
represents the constant translation in the " direction, and the SO(p+1) gives rotations
of Sp.

S2

!

"

#=0

#=$/2

Figure 2.5: AdS3 can be conformally mapped into one half of the Einstein static universe
R $ S2.

To study the causal structure of AdSp+2, it is convenient to introduce a coordinate
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Hamiltonian in AdS global 
coordinates = dilatation operator 
of the CFT.

AdS energies = CFT dimensions

So double-trace anomalous 
dimensions = binding energies of 
two particle states in AdS! 

How to calculate these binding 
energies? 

AdS in global coordinates <-> CFT in radial quantization



AdS ∼ box -- discrete energy levels

Spectrum of single particle states:

Corresponds to primary operator 
and its descendants!

Want two-particle spectrum. Start 
by quantizing the free theory.

En,� = ∆ + 2n + �

Equation (2.20) can be solved by setting

X0 = R cosh ! cos ", Xp+2 = R cosh ! sin ",

Xi = R sinh ! !i (i = 1, · · · , p + 1;
!

i

!2
i = 1). (2.22)

Substituting this into (2.21), we obtain the metric on AdSp+2 as
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covering space.

The isometry group SO(2, p + 1) of AdSp+2 has the maximal compact subgroup
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represents the constant translation in the " direction, and the SO(p+1) gives rotations
of Sp.

S2

!

"

#=0

#=$/2

Figure 2.5: AdS3 can be conformally mapped into one half of the Einstein static universe
R $ S2.

To study the causal structure of AdSp+2, it is convenient to introduce a coordinate
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Hamiltonian AdS/CFT



Hamiltonian AdS/CFT
Canonical quantization is straightforward

Quantum field: wavefunctions, creation/annihilation operators

Free Hamiltonian

Two particle states

φ(x) =
�

n,�,J

�
ψ∗

n,�,J(x)an,�,J + ψn,�,J(x)b†n,�,J

�

ψ0(x) ≡ ψ0,0,0(x) = N∆(eit cos ρ)∆

Hfree =
�

n,�,J

En,�

�
a
†
n,�,Jan,�,J + b

†
n,�,Jbn,�,J

�

|φφ� =
1√
2
b†0b

†
0|0�, |φ†φ� = a†0b

†
0|0�

Hfree|φφ� = 2∆|φφ�, Hfree|φ†φ� = 2∆|φ†φ�



Interacting Theory
Now consider interacting theory

Leading order binding energy can be evaluated using 
old-fashioned perturbation theory 
(Fitzpatrick, Katz, Poland, Simmons-Duffins)

First term is easy, just doing free contractions of 
quartic interactions.

Hfree → Hfree + κ Hexchange + κ2
Hcontact

Eφφ = E
(0)
φφ + κ2



�φφ|Hcontact|φφ� +
�

|α��=|φφ�

|�φφ|Hexchange|α�|2

E
(0)
φφ − E

(0)
α



 + O(κ4)



Interacting Theory

Second term is more challenging. 

Requires understanding an infinite tower of energy eigenstates with 
higher dimension and spin

Descendants of scalars, photons and gravitons in AdS. 

Quickly becomes intractable!

Eφφ = E
(0)
φφ + κ2



�φφ|Hcontact|φφ� +
�

|α��=|φφ�

|�φφ|Hexchange|α�|2

E
(0)
φφ − E

(0)
α



 + O(κ4)



Interacting Theory
Our idea: classically integrate out exchanged particles 
(photon and graviton) to obtain effective (non-local) 
theory for phi alone.

Effective Lagrangian:

Leading order binding energy now given by first order 
perturbation theory!

Aµ[φ, φ†] =
�
∆−1

V

�
µν

Jµ[φ, φ†]

hµν [φ, φ†] =
�
∆−1

T

�
µν;ρσ

T ρσ[φ, φ†]

Leff = −|∂φ|2 −m2|φ|2 − Veff [φ, φ†]

Veff = Vtree[φ, φ†]− 1
2
κAµ[φ, φ†]Jµ[φ, φ†]− 1

4
κhµν [φ, φ†]Tµν [φ, φ†]



Binding Energies

Straightforward to evaluate free-field contractions

Only nontrivial step is solving diffeq for           -- 
sourced by phi charge and energy density

Turns out solutions are very simple!

γφφ =
�

d4x
√
−g �φφ|Veff [φ, φ†]|φφ�

γφ†φ =
�

d4x
√
−g �φ†φ|Veff [φ, φ†]|φ†φ�

Aµ, hµν

htt =
2∆N2

∆(y2 − y2∆)
3(∆− 1)(1− y2)

, hρρ = htt −
2∆N2

∆

3
y2∆−2

A0 = −N2
∆gq(y2 − y2∆)

2(∆− 1)(1− y2)

(y = cos ρ)



Results
Final results (    case):

Need vanishing total anomalous dimension

Will see this is satisfied in explicit example!

γ(quartic)
φφ =

π2N4
∆(a + b∆(2−∆))

(∆− 1)(2∆− 1)

γ(photon)
φφ =

π2N4
∆g2q2

2∆− 1

γ(graviton)
φφ = −2π2N4

∆∆2(∆− 2)
3(∆− 1)(2∆− 1)

a = ∆(∆− 2)b− 2∆2

3

φφ



Final results (     case):

Total anomalous dimension:

γ(photon)
φ†φ = −γ(photon)

φφ = −π2N4
∆g2q2

2∆− 1

γ(graviton)
φ†φ = − 2π2N4

∆∆2(2∆2 −∆− 7)
3(∆− 1)(2∆− 1)(2∆ + 1)

γφ†φ =
2π2N4

∆∆
2∆− 1

�
b− 2∆(2∆ + 3)

3(2∆ + 1)

�

φ†φ

Results

γ(quartic)
φ†φ =

2π2N4
∆(a + b∆)

(∆− 1)(2∆− 1)
=

2π2N4
∆∆(3b(∆− 1)− 2∆)

3(∆− 1)(2∆− 1)



Results
Can have either sign, depends on b and Delta!
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Positive Anomalous 
Dimensions?

Check: can redo entire calculation using traditional 
4pt function approach. Find complete agreement!

First existence proof for positive anomalous dimensions 
in 4d N=1 SCFT -- almost!

Still needs UV completion (string embedding) to 
complete the existence proof.



Simplest example of N=2 gauged supergravity with a 
single hypermultiplet: 

Sigma model with target space SU(2,1)/SU(2)xU(1)

Describes axion-dilaton in 4d CY compactifications of IIA (and 
5d S-E compactifications?): “universal hypermultiplet”

Target space is a quaternionic-Kahler manifold

Hypermultiplet interactions arise from gauging isometries of 
target space

Target space is a symmetric space -- only a one-parameter 
family of distinct isometries (dimension of phi)

Example: SU(2,1)/SU(2)xU(1)



Example: SU(2,1)/SU(2)xU(1)
The Lagrangian:

Mass and charge:

Self-interactions:

Chiral primary!

and its F-component!

L = −gij̄DµziDµz̄j + 6−m2
1|z1|2 −m2

2|z2|2 − V (z, z̄)

b = 2, a =
4
3
∆(∆− 3)

Compare with 
general result: �a = ∆(∆− 2)b− 2∆2

3

m2
2 = ∆(∆− 4), q2 =

2
3
∆

m2
1 = (∆ + 1)(∆− 3), q1 = q2 − 2

Vquartic ⊃
4
3
∆(∆− 3)|z2|4 + 2|z2|2∂µz2∂µz̄2



Example: SU(2,1)/SU(2)xU(1)
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anomalous dimension 
are realized in this 
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Summary
We have computed the anomalous dimensions of 
double-trace operators in a minimal ``effective SCFT” 
using its AdS5 dual.

In order to perform the computation, we developed a 
new method using the Hamiltonian formulation of AdS.

Goes after the anomalous dimensions = binding energies 
directly!

Simplifies old-fashioned approach based on 4pt function

We have seen that the anomalous dimensions can be 
positive!



Future directions
Our effective theory not UV complete -- might be 
part of the “swampland”

must repeat with bona fide string compactifications!

AdS5xT11 a promising direction?

Easy generalizations to models with more fields? 

More hypermultiplets

Semi-short and long multiplets -- KK modes (possibility of scalar 
exchange?)

SUSY-breaking, model building applications, ....



The End


