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A Higgs mechanism for Gravity ?

A question with a long history:
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cf.  (spin-1) gauge theory:

L = tr
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three  [for SU(2)]  scalar Stueckelberg fields

Breakdown of perturbative unitarity at E ⇠ v = m/g
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Restore with Higgs particle: 

� = U
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For (spin-2) gravity:

Stueckelberg fields :  

massless vector + scalar 

massive vector 

Geometric interpretation from bimetric theories (two Universes + interaction):

Sbm ⇠ m2
Planck

Z
d4x

p
g[R(g) + �] + M2

Planck

Z
d4X

p
G[R(G) + ⇤]
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where Ĝµ⌫ = GMN (X)@µX
M@⌫X

N
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Mixing two massless gravitons :  one massless & one massive 

XM (xµ)
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In the limit                       the  massless one decouples 

and we are left with massive gravity.

MPlanck ! 1
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Four Stueckelberg scalars

universe UNIVERSE

In consistent effective theory one of these should drop out.



This happens in the  dRGT  [3 parameter] action

Ultimate breakdown scale in Minkowski :  

Analog of ‘Higgs particle’ ?  Need quantum (UV) embedding

E? = (m2mPlanck)
1/3
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Tension with GW data:
LIGO quotes m  10�23 eV
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E? ⇠ 10�6 eV
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Have found one (but) for  AdS  (super)gravity

technical control ?



Massive AdS supergravities 

Particle states in               form representations of the  

conformal group 

AdSd+1
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energy ang.mom.
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<latexit sha1_base64="DKkbGzF8WodDLem4W8g9Z672slM="></latexit><latexit sha1_base64="DKkbGzF8WodDLem4W8g9Z672slM="></latexit><latexit sha1_base64="DKkbGzF8WodDLem4W8g9Z672slM="></latexit><latexit sha1_base64="DKkbGzF8WodDLem4W8g9Z672slM="></latexit>

Lowest-lying (in          ):   spin     ,  energy s
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Corresponding unitary representation denoted

d = 3
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Massless particles for               :s >
1

2
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 is a short representation



Massless graviton +  `Goldstone’ 
Massive graviton

[s]� ! [s]s+1 � [s� 1]s+2
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At the unitarity threshold,

For spin 2 : [2]3+✏ ! [2]3 � [1]4
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Stueckelberg = massive vector

Long Short Stueckelberg

Porrati  2001, 2003



Supersymmetry:

Conformal group Superconformal group d  6
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Nahm 1978e.g. SO(2, 3) ! Osp(4|N)
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Goldstone multiplet Goldstone supermultiplet 
includes  spin 3/2

Absolutely protected massless supergravitons 
[short spin-2  supermultiplets]

=)
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Susy g Massless graviton

AdS7
N=(2,0) osp(8⇤|4) D1[0, 0, 0]

(0,2)
4

N=(1,0) osp(8⇤|2) B3[0, 0, 0]
(0)
4

AdS6 N = 1 f(4) B2[0, 0]
(0)
3

AdS5
N = 4 psu(2, 2|4) B1B̄1[0; 0]

(2,0,2)
2

N = 3 su(2, 2|3) B1B̄1[0; 0]
(1,1;0)
2

AdS4

N = 8 osp(8|4) B1[0]
(0,0,0,2) or (0,0,2,0)
1

N = 7 osp(7|4) B1[0]
(0,0,2)
1

N = 6 osp(6|4) B1[0]
(0,1,1)
1

N = 5 osp(5|4) B1[0]
(1,0)
1

Table 1: The AdSD supergravities for which the massless graviton is in an absolutely protected representation.
We list the number of supersymmetries, the superconformal algebra g, and the absolutely protected representation in
the notation of ref. [9]. The list includes all cases in D > 5 dimensions, and all cases with more than half-maximal
supersymmetry for reasons explained in the main text. The table has redundancies: when the massless graviton is
protected for given (D,N0) it is also protected for all (D,N > N0).

be clear in the following section. A quick mnemonic for string theorists is that Higgsing is
only possible if the dual SCFTd can couple as a defect to a higher-dimensional bulk theory
without breaking its own superconformal symmetries. This is indeed impossible whenever
NQ > 8 or for d = 5, 6. 6

Let me stress however that these no go statements are purely kinematical and do not
depend on any details of the Brout-Englert-Higgs (BEH) mechanism. The only assumptions
are superconformal invariance and unitarity.

It should be also noted that the existence of marginal superconformal deformations is
neither a necessary nor a sufficient condition for the Higgsing of the supergraviton. Indeed
superconformal manifolds exist for N = 1, 2, 4 in d = 4 but only for N  2 in d = 3 [26].
On the other hand, Higgsing of the supergraviton is forbidden for N = 4 in AdS5 whereas
it is possible for N = 4 in AdS4.

6Our counting of supersymmetries in the table is the standard counting on the field theory side, i.e. N
is the number of spinor supercharges of the SCFTd. Superconformal symmetries double this number on
the gravity side. The two maximal massive supergravities in particular, dual to N = 4 SCFT3 and N = 2
SCFT4, correspond to AdSD vacua of gauged N = 4 supergravity in D = 4 and D = 5 dimensions. In both
cases the number of Poincaré supercharges of the SCFT is NQ = 8.

5

ruled out
AdSD>5

<latexit sha1_base64="emgHruKG3W7c5AjivA3F70eMq8U="></latexit><latexit sha1_base64="emgHruKG3W7c5AjivA3F70eMq8U="></latexit><latexit sha1_base64="emgHruKG3W7c5AjivA3F70eMq8U="></latexit><latexit sha1_base64="emgHruKG3W7c5AjivA3F70eMq8U="></latexit>

N >
1

2
max
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in the following section.
The cases N = 2, d = 3 and N = 1, d = 4 are not ruled out as easily seen with explicit

examples. The marginal or relevant deformations for N = 1, d = 4 are superpotential
deformations in chiral multiplets with U(1)R charge 2 � r >

2
3 . One can form a marginal

deformation (r = 2) from the product of two chiral multiplets with r = 1. A famous example
is the Klebanov-Witten theory [28] in which the bifundamental chiral fields have R charge
r = 1

2 , so there are gauge-invariant operators with r = 1. The product of two such operators
can be used to deform two previously decoupled Klebanov-Witten theories. The case N = 2,
d = 3 is even simpler, since quartic superpotentials are classically marginal. They can be
used to make two decoupled theories interact. For instance N = 4 SCFTs have a plethora
of marginal N = 2 deformations of this kind (see e.g. [29]).

These conclusions are summarized in table 2 . Also listed in this table are the multiplets
that provide the extra polarization states of a massive supergraviton in all the cases where
Higgsing is a priori allowed. Consistency requires that such Stueckelberg multiplets should
be available whenever two decoupled theories are made to interact. We will now see that
this is indeed always the case.

Susy Multitrace Massless graviton Stueckelberg

AdS5
N=2 no A2Ā2[0; 0]

(0;0)
2 B1B̄1[0; 0]

(4;0)
4 �

�
A2B̄1[0; 0]

(2;2)
3 � cc

�

N=1 yes A1Ā1[1; 1]
(0)
3 LĀ2[1; 0]

(1)
7/2� cc

AdS4

N = 4 no A2[0]
0,0)
1 B1[0]

(2,2)
2

N = 3 no A1[1]
(0)
3/2 A2[0]

(2)
2

N = 2 yes A1Ā1[2]
(0)
2 LĀ1[1]

(1)
5/2� cc

N = 1 yes A1[3]5/2 L[2]3

Table 2: The AdS supergravities for which the graviton multiplet can obtain a mass by gauging
a global symmetry of the dual SCFT. The alternative ‘multi-trace mechanism’ is only possible for
NQ  4 supercharges. The superconformal algebras are su(2, 2|N ) in d = 4 and osp(N|4) in d = 3.
The two right-most columns list the massless graviton and the Stueckelberg multiplets in the notation
of ref. [9]. The massive graviton multiplets contain 2NQ�1 bosonic and 2NQ�1 fermionic states.

3.3 Stueckelberg multiplets

Since the reader may not be familiar with the representation-theoretic notation of ref. [9],
let me discuss the case of N = 1 supersymmetry in d = 4 in more familiar language. In this
case the conserved and traceless energy-momentum tensor sits in a real vector superfield
R↵↵̇, subject to the conditions D̄

↵̇
R↵↵̇ = D

↵
R↵↵̇ = 0. This superfield includes in addition

9

kinematically 
allowed Msugras



Case of N=4, D=4 supergraviton :

L[0](0;0)1+✏

✏!0
�����! A2[0]

(0;0)
1 �B1[0]

(1;1)
2 ,
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graviton supermultiplet

(6 vectors, 2 scalars)

Goldstone mode

112 bosonic d.o.f.


& 4 spin-3/2 fermion  

massive supergraviton


bosons : [0](0;0)1 � [0](0;0)2 � [1](1;0)�(0;1)
2 � [2](0;0)3
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fermions : [1/2]
( 1
2 ;

1
2 )

3
2

� [3/2]
( 1
2 ;

1
2 )

5
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3

�[1](0;0)�(1;0)�(0;1)
4 � [0](1;1)�(0;0)

4 � [0](0;0)5 ,
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NB1:  The extra spin-3/2 Goldstones  NOT part of 4d gauged supergravity  

But  part of (gauged) N=8 sugra  

A technical challenge :

Construct  N=4, D=4 massive AdS supergravity

m ⌧ 1

`AdS
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CB, Severin Luest in progress

NB2:  Massive N=4 supergravity in Minkowski with higher-R terms by

Ferrara, Kehagias, Dieter Luest 2018



Holographic  duals 

DICTIONARY:

hµ⌫
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energy-momentum tensor
graviton

CFT gravity

dimension  mass   �
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m
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�(�� 3) = m2`2AdS
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massless   

leaking    @itij = Vj
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Stueckelberg   



BIMETRIC DUAL :

L = Lcft + LCFT + �L
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 separately conserved�L = 0
<latexit sha1_base64="XsKHwY6JmSKP9ZlcooSmsFBjzkc="></latexit><latexit sha1_base64="XsKHwY6JmSKP9ZlcooSmsFBjzkc="></latexit><latexit sha1_base64="XsKHwY6JmSKP9ZlcooSmsFBjzkc="></latexit><latexit sha1_base64="XsKHwY6JmSKP9ZlcooSmsFBjzkc="></latexit>

(decoupled) =)
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 two massless gravitons

`small’  coupling

=)
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tij + Tijp
c+ C
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Ctij � cTijp
C2c+ c2C
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total conserved

� = 3 + ✏, ✏ ⌧ 1
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limit of massive gravityC ! 1
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 CFT perturbation theory:

TWO `MECHANISMS’ :

1. Double trace �L = � tr(o)tr(O)
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 `quantum’ in gravity

Aharony, Clark, Karch 2006
Kiritsis, Niarchos 2008

Kiritsis  2006

✏ = #�2(
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c
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1

C
)
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 Relevant/marginal deformations =)
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max
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CB 1905.05039
 Superpotential deforms

 Stueckelberg superfield �D↵�� �D↵�
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2. Gauge mediation  gauge common global symmetry

n

 quiver 1  quiver 2

low-n or weakly-coupled

U(n) messenger gauge field

 Allowed by N =
1

2
max
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N = 2, d = 4
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 Stueckelberg in (conserved current)⌦ (free vector)
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 multiplet



String theory embedding 

 The embedding uses a well-studied class of 

N = 4 AdS4/SCFT3
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dual pairs 

On CFT side: `good linear-quiver’  theories with IR fixed points

 The quiver describes the gauge group and hypermultiplet content

 masses = FI terms = 0; gauge couplings flow to 1
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 no other free parameters

Gaiotto, Witten 2008

Hanany, Witten 1996



. . . . n1n2nN�1

mN�1 m1m2

Gauge group: U(n1)⇥ U(n2)⇥ · · ·⇥ U(nN�1)

Flavor symmetry: [U(m1)⇥ U(m2)⇥ · · ·⇥ U(mN�1)] /U(1)

fundamental 
hypers

bifundamental 
hypers

The field content of the (Lagrangian) theory is determined by a  quiver diagram:

A-type quiver



On gravity side:  Exact IIB solutions and holographic dictionary known

D’Hoker, Estes, Gutperle 2007

Assel, CB, Estes, Gomis 2011

Aharony, Berdichevsky, Berkooz, Shamir 2011

 Gauge-group ranks =  f(brane charges)         continuous in supergravity

 Compute the geometry in the degeneration limit  

n

 quiver 1  quiver 2

n ! 0
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Step 1:

Step 2:  Compute the spin-2 Kaluza-Klein spectrum cf CB, Estes 2011



 Graviton mass

✏ ' 1

3
m2`2AdS = �2

e↵(
1

c
+

1

C
)
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�2
e↵ =

n2

4⇡4

tanh3 ��

|��� tanh ��|
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can be made parametrically small

dilaton variation of 

two universes ��

<latexit sha1_base64="n6bHZMEyfIhi8F9z2rPVEU5DO9o="></latexit><latexit sha1_base64="n6bHZMEyfIhi8F9z2rPVEU5DO9o="></latexit><latexit sha1_base64="n6bHZMEyfIhi8F9z2rPVEU5DO9o="></latexit><latexit sha1_base64="n6bHZMEyfIhi8F9z2rPVEU5DO9o="></latexit>

m`AdS
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: n2

c
⇠ d.o.f. mediator

d.o.f. universe
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 Tower of spin-2 or more must come down in                 limit

Breakdown  of Stueckelberg theory: E? ⇠
✓
mmPlanck

`AdS

◆ 1
3
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Spins < 2 do not help (?)

m ! 0
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 Non BPS spin-2 modes (in Janus throat) shown indeed to condense

visible in CFT ?   bootstrap ?

 Similar phenomenon for double-trace coupling ?



Conclusions & Outlook 

 Massive AdS N=4, D=4 supergravity can be UV completed

 (part of the landscape)

 Construct the Lagrangian; deform N=8 ? 

 Embedding for  D=5 ?  (class-S theories)

 Minkowski ?  Phenomenology ?


