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1 Introduction

De Sitter (dS) and anti de Sitter (AdS) spacetimes allow for exotic irreducible represen-

tations which go by the name of partially massless (PM) particles [1–15]. A partially

massless particle of spin s possesses a mass and also gauge symmetry, labelled by a depth

t ∈ {0, 1, ..., s − 1}. The gauge symmetry eliminates the helicity components 0, 1, . . . , t
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from the particle, leaving a number of degrees of freedom intermediate between that of a

massless and a massive field. These gauge invariances emerge at fixed values of the particle

mass relative to the (A)dS curvature.

In this work, we consider the supersymmetric (SUSY) extension of partially massless

representations on AdS4. We do this through the AdS/CFT correspondence by studying

the representations of the d = 3 superconformal algebra of the boundary. In AdS, the

partially massless representations are non-unitary, and so we must study the non-unitary

representations of the superconformal algebra. Unitary superconformal representations

in three dimensions have been extensively studied [16–18], but the non-unitary case has

remained relatively unexplored (see however [19, 20]).

In the boundary CFT, partially massless particles correspond to short multiplets with

conformal dimension ∆ = t + 2, which have a null descendent at level s − t. We will

find that partially massless particles appear in superconformal multiplets which contain

the standard four conformal primaries for generic massive particles. For instance, the

simplest super-multiplet which contains a partially massless spin-2 particle also contains a

massless photon, a massless spin-3/2 particle and a massive spin-3/2 particle. The scalar

partially massless gauge parameter is a Wess-Zumino super-multiplet which contains the

scalar gauge parameters of the photon and the partially massless graviton, as well as the

spin-1/2 gauge parameter of the massless spin-3/2 particle. We explicitly find the AdS

action and SUSY transformations for this multiplet.

Away from the partially massless values, we classify new types of BPS-like shortening

conditions that can arise for non-unitary representations of the d = 3 superconformal alge-

bra. For fields that obey the usual “standard quantization” we recover the expected short

multiplets whose duals consist of massless fields in AdS4. We also find a shortening con-

dition for “alternatively quantized” fields which themselves have finite dimensional Verma

modules, including an additional shortening condition for certain alternatively quantized

partially massless fields. Finally, for ∆ = 1, we find a supersymmetric example of the

exotic “extended modules” of [21].

Studies of massive supergravity can be found in [22–26]. Partially massless supergravity

is potentially interesting for a number of reasons. While theories of free partially mass-

less particles are straightforward to construct, various studies and no-go theorems seem to

forbid consistent theories of a single interacting partially massless spin-2 particle [27–50].

However, it may still be possible to construct theories of partially massless particles inter-

acting with other fields, and there are examples of Vasiliev-like theories with infinite towers

of fields [51–55]. A theory of an interacting supersymmetric partially massless multiplet

would not contradict any known no-go theorems. Finally, non-unitary conformal theories

and representations have found applications in a range of condensed matter systems [56],

and in understanding the analytic structure of the conformal blocks in unitary theories [57].

It is thus useful to explore and categorize the non-unitary irreducible representations of

the superconformal group.

Conventions. We work in D = 4 spacetime dimensions for AdS, and d = 3 Euclidean

spatial dimensions for CFT. We use the mostly plus metric signature convention. Ten-
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sors are symmetrized and anti-symmetrized with unit weight, i.e T(µν) = 1
2 (Tµν + Tνµ),

T[µν] = 1
2 (Tµν − Tνµ). We use µ, ν, · · · for AdS spacetime indices, i, j, · · · for flat CFT

3d tensor indices, a, b, · · · for 3d CFT spinor indices. Conventions for 3d spinor quanti-

ties are detailed in appendix A, and conventions for 4D spinor quantities are detailed in

appendix B. Conventions for the curvature tensors and covariant derivatives are those of

Carroll [58]. L the AdS radius. The scalar curvature R and cosmological constant Λ are

related as R = − 12
L2 , Λ = − 3

L2 .

2 Partially massless fields and their dual operators

Through the AdS/CFT correspondence, a spin s field in AdS4 corresponds to a spin s

primary operator in CFT3. The mass m of the field and the dimension ∆ of the primary

are related by

m2L2 =

{
∆(∆− 3), s = 0 ,

(∆ + s− 2) (∆− s− 1) , s ≥ 1/2 .
(2.1)

For a given mass, there are two different ways to quantize the field in AdS4. These cor-

respond to the greater and lesser roots of (2.1), ∆±. ∆+ corresponds to the so-called

“standard quantization” which covers the operators with ∆ > 3/2, and ∆− to the “alter-

nate quantization” [59] which covers the operators with ∆ < 3/2.

The unitarity bound for primary operators is [60–62]

∆ ≥


1/2, s = 0 ,

1, s = 1/2 ,

s+ 1, s ≥ 1 .

(2.2)

Theories containing primary operators violating these bounds are necessarily non-unitary.

2.1 Bosons

Bosonic fields of spin s on AdS4 are carried by fully symmetric tensors φµ1...µs whose

equations of motion can be brought to the form:[
�− 1

L2
(s(s− 2)− 2)−m2

]
φµ1...µs = 0,

∇νφνµ2...µs = 0,

φννµ3...µs = 0, (2.3)

i.e. they are transverse and traceless and obey the wave equation. Here � ≡ ∇µ∇µ is the

bare curved space Laplacian.

For bosons of spin s ≥ 1, partially massless points occur at the following mass values

labelled by t,

m2
s,t = − 1

L2
(s− t− 1) (s+ t) , t = 0, 1, 2, · · · , s− 1 . (2.4)

– 3 –
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Here, t is known as the depth of partial masslessness of the field. The massless field is the

one at depth t = s− 1. At these mass values, the equations (2.3) becomes invariant under

a partially massless gauge symmetry,

δφµ1...µs = ∇(µt+1
· · · ∇µsξµ1...µt) + . . . (2.5)

with a symmetric tensor gauge parameter ξµ1...µt , which on shell is subject to its own

conditions analogous to (2.3). The . . . in (2.5) stand for lower-derivative terms proportional

to factors of the curvature 1/L2. Note that the depth t corresponds to the number of indices

on the gauge parameter in (2.5).

The partially massless values (2.4) correspond to the conformal dimensions

∆s,t = t+ 2 . (2.6)

(This is the normal quantization root ∆+, the alternate root is ∆− = 1− t.) They violate

the unitarity bound (2.2) except for the massless case at t = s− 1, which saturates it.

A primary state |∆〉i1···is with the conformal dimension (2.6) gives rise to a short

multiplet [63]. There is a null descendent at level s− t,

Pi1 . . . Pis−t |∆〉i1···is = 0 , (2.7)

(this is the type II shortening in the language of [57]). This primary can be called a

multiply-conserved current.

2.2 Fermions

A spin s fermion on AdS4 is a totally symmetric tensor spinor Ψµ1···µs−1/2
, whose equations

of motion can be brought to the form:

(i∇�− m̃) Ψµ1···µs−1/2
= 0 ,

∇νΨνµ2···µs−1/2
= 0 ,

γνΨνµ2···µs−1/2
= 0 , (2.8)

i.e. they are transverse, gamma traceless (hence traceless) and obey the Dirac equation.

Here ∇ is the full AdS covariant derivative, which includes both Christoffel symbols acting

on the tensor indices and a spin connection acting on the spinor index. The parameter m̃ in

the Dirac equation is related to the mass m2 appearing in the AdS/CFT formula (2.1) by

m̃2 =
(2s− 1)2

4L2
+m2. (2.9)

For s ≥ 3/2, partially massless points occur at the following mass values labelled by

the depth t,

m̃2
s,t =

(2t+ 1)2

4L2
, m2

s,t =
(t− s+ 1)(s+ t)

L2
, t = 1/2, 3/2, · · · , s− 1 . (2.10)
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The massless field is the one at depth t = s− 1. At these mass values, the equations (2.8)

becomes invariant under a partially massless gauge symmetry,

δΨµ1···µs−1/2
= ∇(µt+1/2

· · · ∇µs−1/2
Φµ1...µt−1/2) + . . . (2.11)

with a symmetric tensor spinor gauge parameter Φµ1...µt . which on shell is subject to

its own conditions analogous to (2.3). The . . . in (2.11) stand for lower-derivative terms

proportional to factors of the curvature 1/L2. Note that the depth t corresponds to the

spin of the gauge parameter in (2.11).

The partially massless values (2.10) have m2 < 0, increasingly negative as t decreases,

with m2 = 0 the massless value t = s− 1. However they have m̃2 > 0. They correspond to

the conformal dimensions

∆s,t = t+ 2 . (2.12)

(This is the normal quantization root ∆+, the alternate root is ∆− = 1− t.)
The partially massless fields are dual to short multiplets with tensor spinor conformal

primaries |∆〉i1···is−1/2 a (a is the spinor index) that have a null descendent at level s− t,

Pi1 . . . Pis−t |∆〉i1···is−1/2 a = 0 . (2.13)

These are fermionic multiply-conserved current.

3 d = 3 superconformal representations

We are interested in seeing how the partially massless bosons and fermions are joined

together into supermultiplets. For this we must study the SUSY representations of AdS4,

which are the same as the superconformal representations of the flat three dimensional

boundary. Unitary superconformal representations in three dimensions have been studied

in [16, 17], and in other dimensions in [18, 62], and the multiplets on AdS4 have also been

studied [64]. The partially massless values (2.6), (2.12) fall below the unitarity bound (2.2),

so we will be interested in non-unitary superconformal representations, which have not been

studied as far as we know. Along the way, we will find new kinds of BPS-like shortening

conditions for the non-unitary superconformal multiplets which have no analogue among

the unitary representations.

3.1 d = 3 superconformal algebra

The generators of the euclidean N = 1 superconformal algebra are

P i, Jij , D, Ki, Qa, Sa . (3.1)

Here P i are the translations and Jij the rotations, which together generate the Poincare

transformations of 3d euclidean space. D is the dilation and Ki the special conformal gen-

erators, which together with the Poincare generators generate the conformal symmetries of

3d euclidean space. Qa is the supersymmetry, which together with the Poincare generators

generate N = 1 SUSY. Sa is the special superconformal generator, which completes the

SUSY generators and conformal generators into to the superconformal algebra.
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We now list all the non-vanishing (anti)commutators of the 3d euclidean superconfor-

mal algebra [62] (see appendix A for our conventions on 3d spinors and representations).

First there are the standard commutation relation of the Poincare algebra,[
J ij , P k

]
= i
(
−δkiP j + δkjP i

)
,[

J ij , Jkl
]

= i
(
−δikJ jl + δjkJ il − δjlJ ik + δilJ jk

)
. (3.2)

Next are the commutators which when taken together with (3.2) form the conformal alge-

bra, [
D,P i

]
= P i ,[

D,Ki
]

= −Ki ,[
Ki, P j

]
= 2(δijD + iJ ij) ,[

J ij ,Kk
]

= i
(
−δkiKj + δkjKi

)
. (3.3)

Then we have the commutators which when taken together with (3.2) form the N = 1

SUSY algebra, {
Qa, Qb

}
= 2σabi P

i ,

[Jij , Q
a] = − i

2
(σij)

a
bQ

b . (3.4)

The first line of (3.4) is the fundamental anti-commutator of SUSY, the second indicates

that Qa transforms as a spinor.

Finally we have the commutators which when taken with all the above fill out the

superconformal algebra,

[Jij , S
a] = − i

2
(σij)

a
b S

b ,

[D,Qa] =
1

2
Qa ,

[D,Sa] = −1

2
Sa ,{

Sa, Sb
}

= −2σabi K
i ,{

Qa, Sb
}

= 2εabD − iσabij J ij ,

[Ki, Q
a] = − (σi)

a
b S

b ,

[Pi, S
a] = (σi)

a
bQ

b . (3.5)

The first line of (3.5) indicates that Sa transforms as a spinor, the second and third lines

indicate that Qa carries dimension 1/2 and Sa carries dimension −1/2.

In radial quantization, the generators satisfy the following reality conditions1

P †i = Ki, D† = D, J†ij = Jij , Qa† = Sa . (3.6)

1Note that with our conventions, outlined in appendix A, there is a subtlety with the spinor indices; the

condition Qa† = Sa implies Sa
† = Qa, but when raising and lowering indices we get a minus sign (A.15),

Qa
† = −Sa, Sa† = −Qa.
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It is straightforward to check that all the (anti)commutation relations above are consistent

with the reality conditions (3.6).

3.2 Conformal representations

Conformal representations are built by starting with a spin s conformal primary operator

of dimension ∆. We represent this as a state |∆〉a1···a2s carrying 2s completely symmetric

spinor indices. It transforms as an irreducible spin s representation under rotations,

Jij |∆〉a1···a2s = − i
2

(σij)
a1
b |∆〉

ba2···a2s − · · · − i

2
(σij)

a2s
b |∆〉

a1···a2s−1b, (3.7)

JijJ
ij |∆〉a1···a2s = 2s(s+ 1)|∆〉a1···a2s , (3.8)

and carries eigenvalue ∆ under the dilation generator D,

D|∆〉a1···a2s = ∆|∆〉a1···a2s . (3.9)

The primary has the property that it is annihilated by Ki,

Ki|∆〉a1···a2s = 0. (3.10)

The rest of the conformal representation is built by acting repeatedly with P i on the

primary. The representation is graded by the level, which is the number of P ’s acting on

the primary, so that at level l the states are

P i1 · · ·P il |∆〉a1···a2s , (3.11)

and they have dimension ∆ + l. Each level is then further decomposed into irreducible

representations of Jij . This forms a Verma module where we go up in dimension starting

from the primary by acting with P , and down in dimension acting with K.

We take the primary to be normalized to unity in the inner product. Denoting the

conjugate |∆〉a1···a2s† = a1···a2s〈∆|, this normalization condition reads

b1···b2s〈∆|∆〉a1···a2s = δ
(a1
b1 · · · δ

a2s)
b2s
. (3.12)

The inner product of any of the descendants can then be computed by using the conjugation

properties (3.6) and the conformal algebra commutators. At certain values of ∆, some of

the descendent states become null. These null states can then be factored out and the

result is a shortened multiplet. The values of ∆ at which this happens are catalogued

in [57]. Of interest to us are the multiply conserved currents (2.7), (2.13) dual to partially

massless fields of depth t, which have null states at level s − t. We denote the conformal

representation built from the primary2 |∆〉a1···a2s as [s]∆.

2Unitary representations of the conformal group are all of this type [65], however there exist non-unitary

representations which cannot be built by the action of P ’s on some primary. They contain states which are

neither primary nor descendent. An example is the so-called extended modules present in higher order free

CFTs, which can be thought of as a kind of gluing together of ordinary modules [21, 66]. The AdS dual is

a field which cannot be diagonalized [55].

– 7 –
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3.3 Generic superconformal representations

The superconformal algebra is larger than the conformal algebra, and so the superconformal

representations are larger than the conformal representations and can be built by joining

together the conformal representations using the action of the generators Q and S which

are not present in the conformal algebra. The superconformal representation is built by

starting with a superconformal primary, which is a conformal primary which in addition is

annihilated by S,

Sa|∆〉a1···a2s = 0. (3.13)

We get the rest of the conformal primaries present in the superconformal multiplet by

acting with Q’s in all possible combinations:

Qa|∆〉a1···a2s , Q[aQb]|∆〉a1···a2s + (P |∆〉 terms). (3.14)

The P |∆〉 terms in (3.14) are necessary and fixed by the requirement that the state be

a conformal primary (i.e. annihilated by K), and we will be explicit about these terms

shortly. Each time we act by Q, ∆ increases by 1/2. We need only consider the action by

anti-symmetric combinations of the Q’s because the symmetric ones give descendants, due

to the {Q,Q} ∼ P anti-commutation relation in (3.4). We do not have to act with more

than two Q’s because we cannot anti-symmetrize three or more Q’s.

The states Qa|∆〉a1···a2s with weight ∆+ 1
2 at the first level break up into two irreducible

representations, of spin s± 1
2 ,

Qa|∆〉aa2···a2s , Q(a|∆〉a1···a2s) . (3.15)

These are conformal primaries which are not superconformal primaries, i.e. they are anni-

hilated by K but not by S.

Using (A.16) the states at the second level are a spin s state with weight ∆ + 1, which

we call |∆〉a1···a2s1 ,

|∆〉a1···a2s1 ≡ QaQa|∆〉a1···a2s , (3.16)

as well as the first P descendent of |∆〉a1···a2s which has the same quantum numbers as

|∆〉a1···a2s1 , which we call |∆〉a1···a2s2 ,

|∆〉a1···a2s2 ≡ 2sP iσ
(a1
i b |∆〉

a2···a2s)b

= P iσa1i b|∆〉
ba2···a2s + P iσa2i b|∆〉

a1ba3···a2s + · · ·+ P iσa2si b |∆〉
ba2···a2s−1b . (3.17)

There is one linear combination of |∆〉a1···a2s1 and |∆〉a1···a2s2 which is annihilated by K, and

which is the true second level conformal primary. By acting with K and demanding the

result vanish, we find this conformal primary, which we call |∆̃〉a1···a2s ,

|∆̃〉a1···a2s = |∆〉a1···a2s1 +
1

∆− 1
|∆〉a1···a2s2 . (3.18)

(We will see later what happens when ∆ = 1.)
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Thus the generic superconformal representation contains four conformal primaries, and

the structure of this representation can be illustrated as follows,

{s}∆ generic multiplet:

[s]�


s+

1

2

�

�+ 1
2


s� 1

2

�

�+ 1
2

[s]�+1

(3.19)

In this diagram the conformal dimension increases upward and the spin increases towards

the right. The superconformal primary is at the bottom. We use the notation {s}∆ to

denote the full superconformal multiplet, where s,∆ are the spin and dimension of the

superconformal primary. The notation [s]∆ is used for the individual conformal primaries

within the superconformal multiplet.

In AdS4, the multiplet (3.19) corresponds to a generic multiplet of massive fields.

For example, the massive vector multiplet of AdS4 corresponds to the case
{

1
2

}
∆

; in this

multiplet there is a massive spin-1 [1]∆+ 1
2

with 3 propagating degrees of freedom, a massive

spin 0 [0]∆+ 1
2

with one propagating degree of freedom, and two massive Weyl (or Majorana)

fermions
[

1
2

]
∆

,
[

1
2

]
∆+1

of spin-1/2, each with two propagating degrees of freedom, for a

total of 4 bosonic and 4 fermionic propagating degrees of freedom.

In the case where the superconformal primary is spin 0, there is only one representation

at the first level, Qa|∆〉, so there are only three conformal primaries in the representation,

and the structure of the representation can be illustrated as follows

{0}∆ generic scalar multiplet:

[0]�


1

2

�

�+ 1
2

[0]�+1

(3.20)

The conformal primary [0]∆+1 at the second level is just QaQa|∆〉. In AdS4, this corre-

sponds to the generic massive Wess-Zumino multiplet; there are two scalars (which on flat

space would be of equal mass packaged into a complex scalar, but on AdS have different

masses) and one massive fermion, for a total of 2 bosonic and 2 fermionic propagating

degrees of freedom.

– 9 –
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3.4 Shortening conditions

Assuming that the superconformal primary is normalized to unity, the norms of the remain-

ing conformal primaries within the superconformal multiplet can be computed using the

conjugation properties (3.6) and the commutators of the superconformal algebra. When

the dimension ∆ of the superconformal primary takes on certain values, some of the other

conformal primaries may have zero norm. When this happens, the multiplet may shorten.

In this section, we classify the various cases for which the conformal primaries within the

superconformal multiplet get zero norms.

3.4.1 s = 0

We start with the case where the superconformal primary has spin s = 0. Calculating the

norm of the first descendent Qa|∆〉, we find

|Qa|∆〉|2 = 〈∆|SbQa|∆〉 = 〈∆| {Sb, Qa} |∆〉 = 2δab〈∆|D|∆〉 = 2δab∆〈∆|∆〉 = 2δab∆ .

(3.21)

We see that when ∆ = 0 this is a zero norm state, and in this case the second descendent

QaQa|∆〉 also has zero norm. Both of these zero norm states have zero inner product with

the remaining states and are thus null states. They form their own sub-module which can

be factored out. We denote this by,

{0}0 vacuum multiplet:


1

2

�

1
2

[0]1

[0]0

(3.22)

Here the null states are indicated in green, and they are removed from the multiplet. Once

they are removed we have a shortened multiplet consisting of only the state [0]0. A scalar

conformal primary with ∆ = 0 has no non-null conformal descendants, and so there is only

one state in the entire supermultiplet (3.22). This is the trivial vacuum multiplet.

Looking now at the second level, there is another shortening condition which we can

find by looking at the norm of the second level descendant QaQa|∆〉. For this it is useful

to first calculate an expression for S2Q2 between superconformal primaries (SCPs),

S2Q2 ≡ SbSbQaQa =
between SCPs

−2
{
Qa, Sb

}
{Qa, Sb}+

{
Qa,

[
{Qa, Sb} , Sb

]}
. (3.23)
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This can now be evaluated using the (anti)commutation relations of the superconformal

algebra,

S2Q2 =
between SCPs

−16D2 + 8JijJ
ij + 8D = −16

[
∆

(
∆− 1

2

)
− s(s+ 1)

]
, (3.24)

where we have used (3.9) and (3.8) which say that D = ∆ and JijJ
ij = 2s(s + 1) when

acting on conformal primaries. Thus, between scalar superconformal primaries where s = 0,

we have ∣∣Q2|∆〉
∣∣2 = 〈∆|

(
−SbSb

)
QaQa|∆〉 = 16∆

(
∆− 1

2

)
. (3.25)

We see again the vacuum multiplet shortening condition at ∆ = 0, but now there is another

root at ∆ = 1
2 . This is a shortening condition where the second level descendent goes null

without the first one going null, and we have the shortened multiplet

{0} 1
2

singleton multiplet:

[0] 1
2


1

2

�

1

[0] 3
2

(3.26)

This is the supersymmetric Dirac singleton [67].

As ∆ crosses the values where zero norm states appear, the norms of various supercon-

formal descendants will switch sign. From (3.21) and (3.25), we can read off the relative

signs of the kinetic energy terms expected in the AdS4 duals. We see that when ∆ > 1/2,

all the norms are positive, consistent with unitarity. When ∆ = 1/2 we reach the first

shortening condition where the second level superconformal descendant [0]∆+1 goes null,

and the other state
[

1
2

]
∆+ 1

2
retains positive norm, so this multiplet is unitary. When

0 < ∆ < 1/2, the norm of
[

1
2

]
∆+ 1

2
is still positive, while that of [0]∆+1 becomes negative.

At ∆ = 0 we hit the second shortening condition where we have the unitary vacuum mul-

tiplet. When ∆ < 0, the state
[

1
2

]
∆+ 1

2
goes to negative norm, whereas [0]∆+1 turns back

to positive. These norms are illustrated in figure 1.

3.4.2 s ≥ 1/2

We now turn to the case where the superconformal primary has spin s ≥ 1/2. Starting at

the first level, there are two possible shortening conditions, corresponding to when one or

the other of the two first level descendants in (3.15) go null. For the norm of Qa|∆〉aa1···a2s−1 ,
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Figure 1. Relative norms of the conformal primaries within the {0}∆ multiplets, for the various

values of ∆. Black is positive norm, red is negative norm, and green is zero norm. We see the

unitarity bound ∆ ≥ 1/2. All the cases below this bound have a negative norm conformal primary

and are non-unitary, except for the vacuum multiplet at ∆ = 0.

we find

|Qa|∆〉aa1···a2s−1 |2 = bb1···b2s−1〈∆|(−Sb)Qa|∆〉aa1···a2s−1

= − bb1···b2s−1〈∆|
{
Sb, Qa

}
|∆〉aa1···a2s−1

=
2s+ 1

s
[∆− (s+ 1)] δ

(a1
b1
· · · δa2s−1)

b2s−1
. (3.27)

For the norm of Q(a|∆〉a1···a2s) we find∣∣∣Q(a|∆〉a1···a2s)
∣∣∣2 = (b1···b2s〈∆|Sb)Q

(a|∆〉a1···a2s) = (b1···b2s〈∆|
{
Sb), Q

(a
}
|∆〉a1···a2s)

= 2(∆ + s)δ
(a
bδ
a1
b1
· · · δa2s)b2s

. (3.28)

At the second level, it is useful to compute the Graham matrix between the states

|∆〉a1···a2s1 and |∆〉a1···a2s2 defined in (3.16) and (3.17),

b1···b2s

(
1〈∆|∆〉1 1〈∆|∆〉2
2〈∆|∆〉1 2〈∆|∆〉2

)a1···a2s

=

(
16
[
∆
(
∆− 1

2

)
− s(s+ 1)

]
−8s(s+ 1)

−8s(s+ 1) 8s(s+ 1)(∆− 1)

)
δ

(a1
b1 · · · δ

a2s)
b2s
. (3.29)

For ∆ 6= 1, this hermitian form is diagonalized by the conformal primary |∆̃〉a1···a2s and

the descendent |∆〉a1···a2s2 ,

b1···b2s〈∆̃|∆̃〉a1···a2s =
8(2∆− 1)(∆− s− 1)(∆ + s)

∆− 1
δ

(a1
b1 · · · δ

a2s)
b2s
, (3.30)

b1···b2s 2〈∆|∆〉a1···a2s2 = 8s(s+ 1)(∆− 1)δ
(a1
b1 · · · δ

a2s)
b2s
, (3.31)

b1···b2s〈∆̃|∆〉
a1···a2s
2 = 0 . (3.32)

We see from (3.30) that the second level conformal primary becomes null when ∆ =

s+ 1 and when ∆ = −s, which are the two values when the first level conformal primaries
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become null, as we can see from (3.27), (3.28). There is thus a shortened multiplet when

∆ = s+ 1 with the following structure,

{s}s+1 massless short multiplet:

[s]s+1


s+

1

2

�

s+ 3
2

[s]s+2


s� 1

2

�

s+ 3
2

(3.33)

This is the conserved tensor multiplet, whose dual consists of massless fields in AdS4. For

example,
{

3
2

}
5
2

is the N = 1 supergravity multiplet on AdS4, consisting of a massless spin

3/2 and a massless graviton.

The shortened multiplet when ∆ = −s has the following structure,

{s}−s finite short multiplet:

[s]�s


s+

1

2

�

�s+ 1
2


s� 1

2

�

�s+ 1
2

[s]�s+1

(3.34)

There are conformal multiplets which themselves have null descends which when factored

out make the Verma module finite dimensional. This is the type I shortening in the

language of [57], which occurs for the conformal representations [s]−s−k, k = 0, 1, 2, · · · .
These finite multiplets have dimension ∆ < 3/2 and so occur for alternately quantized

fields which have a finite number of modes on AdS [55, 68]. The superconformal multi-

plets {s}−s−1−k, k = 0, 1, 2, · · · are long SUSY multiplets which link together these finite

dimensional multiplets. These are thus finite dimensional supermultiplets, which can be

thought of as supersymmetric spherical harmonics on AdS4. The short multiplets (3.34)

are the boundary case, linking together two finite dimensional conformal multiplets on the

boundary of the region of finite dimensional multiplets, thus they can be thought of as

short supersymmetric spherical harmonics on AdS4.
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We see also from (3.30) that the second level conformal primary becomes null when

∆ = 1/2. At this value, neither of the two first level conformal primaries are null, so we

have the shortened multiplet:

{s} 1
2

PM shadow short multiplet:

[s] 1
2


s+

1

2

�

1


s� 1

2

�

1

[s] 3
2

(3.35)

This multiplet also involves only ∆ < 3/2 and so corresponds to alternately quantized

fields. In fact, the fields here are all alternately quantized partially massless fields of depth

t = 0, 1/2 and so these are the shadow operators of multiply conserved currents. These

shadow operators themselves have shortening conditions corresponding to the vanishing of

the partially massless field strengths [45] (this is the type IV shortening in the appendix

of [57]). The short multiplet (3.35) sits at the boundary of the region of multiplets of

partially massless shadow operators.

Finally, we must treat the case ∆ = 1. In this case, there is a degeneration because

the conformal primary |∆̃〉a1···a2s degenerates with the descendent |∆〉a1···a2s2 , and this state

has zero norm: b1···b2s 2〈∆|∆〉a1···a2s2 = 0. However, as we can tell from the Graham ma-

trix (3.29), this state is not null because it does not have zero inner product with the other

states, and so it does not decouple. In fact there is a second null state |∆N 〉a1···a2s , linearly

independent of |∆〉a1···a2s2 , which is not orthogonal to |∆〉a1···a2s2 , and is neither primary

nor descendent,

|∆N 〉a1···a2s ≡ |∆〉a1···a2s1 − 2s(s+ 1)− 1

2s(s+ 1)
|∆〉a1···a2s2 , (3.36)

b1···b2s〈∆N |∆N 〉a1···a2s = 0, (3.37)

b1···b2s〈∆N |∆〉a1···a2s2 = −8s(s+ 1) δ
(a1
b1 · · · δ

a2s)
b2s
. (3.38)

The Graham matrix is Lorentzian. Diagonalizing it would produce a state with positive

norm and a state with negative norm, though these would not have nice actions under

the superconformal generators. This phenomenon can only happen in the non-unitary

case where some states have negative norms. The structure of the module is that of an

“extended module” rather than a shortening. This is a supersymmetric version of the

extended modules found in the Hilbert space of higher order free CFTs [21]. Note that this

case bridges the ∆ = 3/2 divide between the alternately quantized fields and the standardly

quantized fields.
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� > s+ 1
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Figure 2. Relative norms of the conformal primaries within the {s}∆ multiplets with s ≥ 1/2, for

the various values of ∆. Black is positive norm, red is negative norm, and green is zero norm. We

see the unitarity bound ∆ ≥ s + 1; all the multiplets below this bound have at least one negative

norm conformal primary and are thus non-unitary.

Finally, we can read off from (3.27), (3.28), (3.30) the relative norms for various values

of ∆, which correspond to the signs of the kinetic energy terms expected in AdS4. These

norms are illustrated in figure 2.

4 Partially massless multiplets

With the representations in hand, we can now look for those that contain the partially

massless fields. In what follows, we will restrict to those multiplets which contain only

∆ ≥ 3/2 states, so that we are dealing only with standardly quantized fields with a clean

AdS4 interpretation.

The partially massless multiplets are shown in figure 3. Other than the massless fields,

which appear in the shortened multiplet (3.33), the multiplets with standard quantization

containing partially massless fields are not short multiplets. The PM fields all appear in the

generic long multiplet (3.19). For example, the simplest multiplet containing a partially
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massless spin-2 is the following:

{
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PM graviton multiplet: [2]2


3

2

�

3
2


3
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�

5
2

[1]2 PM spin 2massless photon

massless 3/2

massive 3/2
m2L2 = �1

(4.1)

The propagating bosonic and fermionic degrees of freedom of the corresponding AdS4 fields

match: the PM spin-2 has 4 degrees of freedom and the photon has 2, whereas the massive

spin-3/2 has 4 degrees of freedom and the massless spin-3/2 has 2. The general pattern of

PM field multiplets can be visualized from figure 3. In all the multiplets, it can be checked

explicitly that the number of bosonic and fermionic propagating degrees of freedom in

AdS4 match.

The relative norms of the states within the partially massless multiplets can be read

from figure 2. The massless multiplets are unitary. The partially massless multiplets we

are considering all lie in the range 1 < ∆ < s+ 1, so as indicated in the figure, the states[
s− 1

2

]
∆+ 1

2
and [s]∆+1 have negative norm, whereas

[
s+ 1

2

]
∆+ 1

2
and the superconformal

primary [s]∆ have positive norm. Thus on AdS4, the two bosonic fields within the multiplet

will have opposite sign kinetic terms, and the two fermionic fields will have opposite signs.

We will see in section 5.3 how these opposite signs are necessary in order to be consistent

with the reality properties of the fields and transformations on AdS4.

4.1 Branching rules

In the partially massless multiplets, the partially massless gauge parameters for all the

fields themselves form a supermultiplet. For example, for the partially massless spin-2

multiplet in (4.1), the gauge parameters form the following scalar multiplet:

{0}3 PM graviton gauge

parameter multiplet:

[0]3
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PM gauge parameter

photon gauge parameter

massless spin 3/2 gauge parameter

m2 = 0
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m2L2 = 4
<latexit sha1_base64="tzxJ0tY9J+SdvPF2rw230LW0hFw=">AAAB7nicbVA9SwNBEJ3zM8avqKXNYhCswl0IqIUQsLGwiOCZQHIJe5u9ZMnu3rm7J4Qjf8LGQsXW32Pnv3GTXKGJDwYe780wMy9MONPGdb+dldW19Y3NwlZxe2d3b790cPig41QR6pOYx6oVYk05k9Q3zHDaShTFIuS0GY6up37ziSrNYnlvxgkNBB5IFjGCjZVaolu97Vavar1S2a24M6Bl4uWkDDkavdJXpx+TVFBpCMdatz03MUGGlWGE00mxk2qaYDLCA9q2VGJBdZDN7p2gU6v0URQrW9Kgmfp7IsNC67EIbafAZqgXvan4n9dOTXQRZEwmqaGSzBdFKUcmRtPnUZ8pSgwfW4KJYvZWRIZYYWJsREUbgrf48jLxq5XLindXK9dreRoFOIYTOAMPzqEON9AAHwhweIZXeHMenRfn3fmYt644+cwR/IHz+QMcjo7a</latexit><latexit sha1_base64="tzxJ0tY9J+SdvPF2rw230LW0hFw=">AAAB7nicbVA9SwNBEJ3zM8avqKXNYhCswl0IqIUQsLGwiOCZQHIJe5u9ZMnu3rm7J4Qjf8LGQsXW32Pnv3GTXKGJDwYe780wMy9MONPGdb+dldW19Y3NwlZxe2d3b790cPig41QR6pOYx6oVYk05k9Q3zHDaShTFIuS0GY6up37ziSrNYnlvxgkNBB5IFjGCjZVaolu97Vavar1S2a24M6Bl4uWkDDkavdJXpx+TVFBpCMdatz03MUGGlWGE00mxk2qaYDLCA9q2VGJBdZDN7p2gU6v0URQrW9Kgmfp7IsNC67EIbafAZqgXvan4n9dOTXQRZEwmqaGSzBdFKUcmRtPnUZ8pSgwfW4KJYvZWRIZYYWJsREUbgrf48jLxq5XLindXK9dreRoFOIYTOAMPzqEON9AAHwhweIZXeHMenRfn3fmYt644+cwR/IHz+QMcjo7a</latexit><latexit sha1_base64="tzxJ0tY9J+SdvPF2rw230LW0hFw=">AAAB7nicbVA9SwNBEJ3zM8avqKXNYhCswl0IqIUQsLGwiOCZQHIJe5u9ZMnu3rm7J4Qjf8LGQsXW32Pnv3GTXKGJDwYe780wMy9MONPGdb+dldW19Y3NwlZxe2d3b790cPig41QR6pOYx6oVYk05k9Q3zHDaShTFIuS0GY6up37ziSrNYnlvxgkNBB5IFjGCjZVaolu97Vavar1S2a24M6Bl4uWkDDkavdJXpx+TVFBpCMdatz03MUGGlWGE00mxk2qaYDLCA9q2VGJBdZDN7p2gU6v0URQrW9Kgmfp7IsNC67EIbafAZqgXvan4n9dOTXQRZEwmqaGSzBdFKUcmRtPnUZ8pSgwfW4KJYvZWRIZYYWJsREUbgrf48jLxq5XLindXK9dreRoFOIYTOAMPzqEON9AAHwhweIZXeHMenRfn3fmYt644+cwR/IHz+QMcjo7a</latexit><latexit sha1_base64="tzxJ0tY9J+SdvPF2rw230LW0hFw=">AAAB7nicbVA9SwNBEJ3zM8avqKXNYhCswl0IqIUQsLGwiOCZQHIJe5u9ZMnu3rm7J4Qjf8LGQsXW32Pnv3GTXKGJDwYe780wMy9MONPGdb+dldW19Y3NwlZxe2d3b790cPig41QR6pOYx6oVYk05k9Q3zHDaShTFIuS0GY6up37ziSrNYnlvxgkNBB5IFjGCjZVaolu97Vavar1S2a24M6Bl4uWkDDkavdJXpx+TVFBpCMdatz03MUGGlWGE00mxk2qaYDLCA9q2VGJBdZDN7p2gU6v0URQrW9Kgmfp7IsNC67EIbafAZqgXvan4n9dOTXQRZEwmqaGSzBdFKUcmRtPnUZ8pSgwfW4KJYvZWRIZYYWJsREUbgrf48jLxq5XLindXK9dreRoFOIYTOAMPzqEON9AAHwhweIZXeHMenRfn3fmYt644+cwR/IHz+QMcjo7a</latexit>

(4.2)
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<latexit sha1_base64="sSzGd3U4NIHqSUA6qWuVlXGk5AU=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMFYwttLJvtpF26m4TdjVJC/4cXDype/THe/Ddu2xy09cHA472Z3ZkXpoJr47rfztLyyuraemmjvLm1vbNb2du/10mmGPosEYlqhVSj4DH6hhuBrVQhlaHAZji8nvjNR1SaJ/GdGaUYSNqPecQZNVZ6yDtKEkm1Fqj1uFupujV3CrJIvIJUoUCjW/nq9BKWSYwNE/aVtuemJsipMpwJHJc7mcaUsiHtY9vSmErUQT7dekyOrdIjUaJsxYZM1d8TOZVaj2RoOyU1Az3vTcT/vHZmoosg53GaGYzZ7KMoE8QkZBIB6XGFzIiRJZQpbnclbEAVZcYGVbYhePMnLxL/tHZZ827PqvWrIo0SHMIRnIAH51CHG2iADwwUPMMrvDlPzovz7nzMWpecYuYA/sD5/AFSOZKY</latexit><latexit sha1_base64="sSzGd3U4NIHqSUA6qWuVlXGk5AU=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMFYwttLJvtpF26m4TdjVJC/4cXDype/THe/Ddu2xy09cHA472Z3ZkXpoJr47rfztLyyuraemmjvLm1vbNb2du/10mmGPosEYlqhVSj4DH6hhuBrVQhlaHAZji8nvjNR1SaJ/GdGaUYSNqPecQZNVZ6yDtKEkm1Fqj1uFupujV3CrJIvIJUoUCjW/nq9BKWSYwNE/aVtuemJsipMpwJHJc7mcaUsiHtY9vSmErUQT7dekyOrdIjUaJsxYZM1d8TOZVaj2RoOyU1Az3vTcT/vHZmoosg53GaGYzZ7KMoE8QkZBIB6XGFzIiRJZQpbnclbEAVZcYGVbYhePMnLxL/tHZZ827PqvWrIo0SHMIRnIAH51CHG2iADwwUPMMrvDlPzovz7nzMWpecYuYA/sD5/AFSOZKY</latexit><latexit sha1_base64="sSzGd3U4NIHqSUA6qWuVlXGk5AU=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMFYwttLJvtpF26m4TdjVJC/4cXDype/THe/Ddu2xy09cHA472Z3ZkXpoJr47rfztLyyuraemmjvLm1vbNb2du/10mmGPosEYlqhVSj4DH6hhuBrVQhlaHAZji8nvjNR1SaJ/GdGaUYSNqPecQZNVZ6yDtKEkm1Fqj1uFupujV3CrJIvIJUoUCjW/nq9BKWSYwNE/aVtuemJsipMpwJHJc7mcaUsiHtY9vSmErUQT7dekyOrdIjUaJsxYZM1d8TOZVaj2RoOyU1Az3vTcT/vHZmoosg53GaGYzZ7KMoE8QkZBIB6XGFzIiRJZQpbnclbEAVZcYGVbYhePMnLxL/tHZZ827PqvWrIo0SHMIRnIAH51CHG2iADwwUPMMrvDlPzovz7nzMWpecYuYA/sD5/AFSOZKY</latexit><latexit sha1_base64="sSzGd3U4NIHqSUA6qWuVlXGk5AU=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMFYwttLJvtpF26m4TdjVJC/4cXDype/THe/Ddu2xy09cHA472Z3ZkXpoJr47rfztLyyuraemmjvLm1vbNb2du/10mmGPosEYlqhVSj4DH6hhuBrVQhlaHAZji8nvjNR1SaJ/GdGaUYSNqPecQZNVZ6yDtKEkm1Fqj1uFupujV3CrJIvIJUoUCjW/nq9BKWSYwNE/aVtuemJsipMpwJHJc7mcaUsiHtY9vSmErUQT7dekyOrdIjUaJsxYZM1d8TOZVaj2RoOyU1Az3vTcT/vHZmoosg53GaGYzZ7KMoE8QkZBIB6XGFzIiRJZQpbnclbEAVZcYGVbYhePMnLxL/tHZZ827PqvWrIo0SHMIRnIAH51CHG2iADwwUPMMrvDlPzovz7nzMWpecYuYA/sD5/AFSOZKY</latexit>

...
<latexit sha1_base64="+ILm5FjEqJnzphrPubeXVhpqUA8=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rmLbQhrLZbNq1m92wuymU0P/gxYOKV3+QN/+N2zYHbX0w8Hhvhpl5YcqZNq777ZTW1jc2t8rblZ3dvf2D6uFRS8tMEeoTyaXqhFhTzgT1DTOcdlJFcRJy2g5HdzO/PaZKMykezSSlQYIHgsWMYGOlVm8cSaP71Zpbd+dAq8QrSA0KNPvVr14kSZZQYQjHWnc9NzVBjpVhhNNppZdpmmIywgPatVTghOogn187RWdWiVAslS1h0Fz9PZHjROtJEtrOBJuhXvZm4n9eNzPxdZAzkWaGCrJYFGccGYlmr6OIKUoMn1iCiWL2VkSGWGFibEAVG4K3/PIq8S/qN3Xv4bLWuC3SKMMJnMI5eHAFDbiHJvhA4Ame4RXeHOm8OO/Ox6K15BQzx/AHzucPN7yPFg==</latexit><latexit sha1_base64="+ILm5FjEqJnzphrPubeXVhpqUA8=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rmLbQhrLZbNq1m92wuymU0P/gxYOKV3+QN/+N2zYHbX0w8Hhvhpl5YcqZNq777ZTW1jc2t8rblZ3dvf2D6uFRS8tMEeoTyaXqhFhTzgT1DTOcdlJFcRJy2g5HdzO/PaZKMykezSSlQYIHgsWMYGOlVm8cSaP71Zpbd+dAq8QrSA0KNPvVr14kSZZQYQjHWnc9NzVBjpVhhNNppZdpmmIywgPatVTghOogn187RWdWiVAslS1h0Fz9PZHjROtJEtrOBJuhXvZm4n9eNzPxdZAzkWaGCrJYFGccGYlmr6OIKUoMn1iCiWL2VkSGWGFibEAVG4K3/PIq8S/qN3Xv4bLWuC3SKMMJnMI5eHAFDbiHJvhA4Ame4RXeHOm8OO/Ox6K15BQzx/AHzucPN7yPFg==</latexit><latexit sha1_base64="+ILm5FjEqJnzphrPubeXVhpqUA8=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rmLbQhrLZbNq1m92wuymU0P/gxYOKV3+QN/+N2zYHbX0w8Hhvhpl5YcqZNq777ZTW1jc2t8rblZ3dvf2D6uFRS8tMEeoTyaXqhFhTzgT1DTOcdlJFcRJy2g5HdzO/PaZKMykezSSlQYIHgsWMYGOlVm8cSaP71Zpbd+dAq8QrSA0KNPvVr14kSZZQYQjHWnc9NzVBjpVhhNNppZdpmmIywgPatVTghOogn187RWdWiVAslS1h0Fz9PZHjROtJEtrOBJuhXvZm4n9eNzPxdZAzkWaGCrJYFGccGYlmr6OIKUoMn1iCiWL2VkSGWGFibEAVG4K3/PIq8S/qN3Xv4bLWuC3SKMMJnMI5eHAFDbiHJvhA4Ame4RXeHOm8OO/Ox6K15BQzx/AHzucPN7yPFg==</latexit><latexit sha1_base64="+ILm5FjEqJnzphrPubeXVhpqUA8=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rmLbQhrLZbNq1m92wuymU0P/gxYOKV3+QN/+N2zYHbX0w8Hhvhpl5YcqZNq777ZTW1jc2t8rblZ3dvf2D6uFRS8tMEeoTyaXqhFhTzgT1DTOcdlJFcRJy2g5HdzO/PaZKMykezSSlQYIHgsWMYGOlVm8cSaP71Zpbd+dAq8QrSA0KNPvVr14kSZZQYQjHWnc9NzVBjpVhhNNppZdpmmIywgPatVTghOogn187RWdWiVAslS1h0Fz9PZHjROtJEtrOBJuhXvZm4n9eNzPxdZAzkWaGCrJYFGccGYlmr6OIKUoMn1iCiWL2VkSGWGFibEAVG4K3/PIq8S/qN3Xv4bLWuC3SKMMJnMI5eHAFDbiHJvhA4Ame4RXeHOm8OO/Ox6K15BQzx/AHzucPN7yPFg==</latexit>

t = 0
<latexit sha1_base64="XZB6WtHMNNAM5gYl4T4hjH4iuu4=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4KkkR1INQ8OKxorGFNpTNdtMu3WzC7kQooT/BiwcVr/4jb/4bt20O2vpg4PHeDDPzwlQKg6777aysrq1vbJa2yts7u3v7lYPDR5NkmnGfJTLR7ZAaLoXiPgqUvJ1qTuNQ8lY4upn6rSeujUjUA45THsR0oEQkGEUr3eO126tU3Zo7A1kmXkGqUKDZq3x1+wnLYq6QSWpMx3NTDHKqUTDJJ+VuZnhK2YgOeMdSRWNugnx26oScWqVPokTbUkhm6u+JnMbGjOPQdsYUh2bRm4r/eZ0Mo8sgFyrNkCs2XxRlkmBCpn+TvtCcoRxbQpkW9lbChlRThjadsg3BW3x5mfj12lXNuzuvNupFGiU4hhM4Aw8uoAG30AQfGAzgGV7hzZHOi/PufMxbV5xi5gj+wPn8ATmGjT0=</latexit><latexit sha1_base64="XZB6WtHMNNAM5gYl4T4hjH4iuu4=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4KkkR1INQ8OKxorGFNpTNdtMu3WzC7kQooT/BiwcVr/4jb/4bt20O2vpg4PHeDDPzwlQKg6777aysrq1vbJa2yts7u3v7lYPDR5NkmnGfJTLR7ZAaLoXiPgqUvJ1qTuNQ8lY4upn6rSeujUjUA45THsR0oEQkGEUr3eO126tU3Zo7A1kmXkGqUKDZq3x1+wnLYq6QSWpMx3NTDHKqUTDJJ+VuZnhK2YgOeMdSRWNugnx26oScWqVPokTbUkhm6u+JnMbGjOPQdsYUh2bRm4r/eZ0Mo8sgFyrNkCs2XxRlkmBCpn+TvtCcoRxbQpkW9lbChlRThjadsg3BW3x5mfj12lXNuzuvNupFGiU4hhM4Aw8uoAG30AQfGAzgGV7hzZHOi/PufMxbV5xi5gj+wPn8ATmGjT0=</latexit><latexit sha1_base64="XZB6WtHMNNAM5gYl4T4hjH4iuu4=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4KkkR1INQ8OKxorGFNpTNdtMu3WzC7kQooT/BiwcVr/4jb/4bt20O2vpg4PHeDDPzwlQKg6777aysrq1vbJa2yts7u3v7lYPDR5NkmnGfJTLR7ZAaLoXiPgqUvJ1qTuNQ8lY4upn6rSeujUjUA45THsR0oEQkGEUr3eO126tU3Zo7A1kmXkGqUKDZq3x1+wnLYq6QSWpMx3NTDHKqUTDJJ+VuZnhK2YgOeMdSRWNugnx26oScWqVPokTbUkhm6u+JnMbGjOPQdsYUh2bRm4r/eZ0Mo8sgFyrNkCs2XxRlkmBCpn+TvtCcoRxbQpkW9lbChlRThjadsg3BW3x5mfj12lXNuzuvNupFGiU4hhM4Aw8uoAG30AQfGAzgGV7hzZHOi/PufMxbV5xi5gj+wPn8ATmGjT0=</latexit><latexit sha1_base64="XZB6WtHMNNAM5gYl4T4hjH4iuu4=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4KkkR1INQ8OKxorGFNpTNdtMu3WzC7kQooT/BiwcVr/4jb/4bt20O2vpg4PHeDDPzwlQKg6777aysrq1vbJa2yts7u3v7lYPDR5NkmnGfJTLR7ZAaLoXiPgqUvJ1qTuNQ8lY4upn6rSeujUjUA45THsR0oEQkGEUr3eO126tU3Zo7A1kmXkGqUKDZq3x1+wnLYq6QSWpMx3NTDHKqUTDJJ+VuZnhK2YgOeMdSRWNugnx26oScWqVPokTbUkhm6u+JnMbGjOPQdsYUh2bRm4r/eZ0Mo8sgFyrNkCs2XxRlkmBCpn+TvtCcoRxbQpkW9lbChlRThjadsg3BW3x5mfj12lXNuzuvNupFGiU4hhM4Aw8uoAG30AQfGAzgGV7hzZHOi/PufMxbV5xi5gj+wPn8ATmGjT0=</latexit>

t = 1/2
<latexit sha1_base64="YF0fPI06yFnPlYsan0VnZT6RuMs=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4qkkR1INQ8OKxgrGFNpTNdtMu3WzC7kQoob/BiwcVr/4hb/4bt20O2vpg4PHeDDPzwlQKg6777aysrq1vbJa2yts7u3v7lYPDR5NkmnGfJTLR7ZAaLoXiPgqUvJ1qTuNQ8lY4up36rSeujUjUA45THsR0oEQkGEUr+Xjjndd7lapbc2cgy8QrSBUKNHuVr24/YVnMFTJJjel4bopBTjUKJvmk3M0MTykb0QHvWKpozE2Qz46dkFOr9EmUaFsKyUz9PZHT2JhxHNrOmOLQLHpT8T+vk2F0FeRCpRlyxeaLokwSTMj0c9IXmjOUY0so08LeStiQasrQ5lO2IXiLLy8Tv167rnn3F9VGvUijBMdwAmfgwSU04A6a4AMDAc/wCm+Ocl6cd+dj3rriFDNH8AfO5w8Zfo2z</latexit><latexit sha1_base64="YF0fPI06yFnPlYsan0VnZT6RuMs=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4qkkR1INQ8OKxgrGFNpTNdtMu3WzC7kQoob/BiwcVr/4hb/4bt20O2vpg4PHeDDPzwlQKg6777aysrq1vbJa2yts7u3v7lYPDR5NkmnGfJTLR7ZAaLoXiPgqUvJ1qTuNQ8lY4up36rSeujUjUA45THsR0oEQkGEUr+Xjjndd7lapbc2cgy8QrSBUKNHuVr24/YVnMFTJJjel4bopBTjUKJvmk3M0MTykb0QHvWKpozE2Qz46dkFOr9EmUaFsKyUz9PZHT2JhxHNrOmOLQLHpT8T+vk2F0FeRCpRlyxeaLokwSTMj0c9IXmjOUY0so08LeStiQasrQ5lO2IXiLLy8Tv167rnn3F9VGvUijBMdwAmfgwSU04A6a4AMDAc/wCm+Ocl6cd+dj3rriFDNH8AfO5w8Zfo2z</latexit><latexit sha1_base64="YF0fPI06yFnPlYsan0VnZT6RuMs=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4qkkR1INQ8OKxgrGFNpTNdtMu3WzC7kQoob/BiwcVr/4hb/4bt20O2vpg4PHeDDPzwlQKg6777aysrq1vbJa2yts7u3v7lYPDR5NkmnGfJTLR7ZAaLoXiPgqUvJ1qTuNQ8lY4up36rSeujUjUA45THsR0oEQkGEUr+Xjjndd7lapbc2cgy8QrSBUKNHuVr24/YVnMFTJJjel4bopBTjUKJvmk3M0MTykb0QHvWKpozE2Qz46dkFOr9EmUaFsKyUz9PZHT2JhxHNrOmOLQLHpT8T+vk2F0FeRCpRlyxeaLokwSTMj0c9IXmjOUY0so08LeStiQasrQ5lO2IXiLLy8Tv167rnn3F9VGvUijBMdwAmfgwSU04A6a4AMDAc/wCm+Ocl6cd+dj3rriFDNH8AfO5w8Zfo2z</latexit><latexit sha1_base64="YF0fPI06yFnPlYsan0VnZT6RuMs=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4qkkR1INQ8OKxgrGFNpTNdtMu3WzC7kQoob/BiwcVr/4hb/4bt20O2vpg4PHeDDPzwlQKg6777aysrq1vbJa2yts7u3v7lYPDR5NkmnGfJTLR7ZAaLoXiPgqUvJ1qTuNQ8lY4up36rSeujUjUA45THsR0oEQkGEUr+Xjjndd7lapbc2cgy8QrSBUKNHuVr24/YVnMFTJJjel4bopBTjUKJvmk3M0MTykb0QHvWKpozE2Qz46dkFOr9EmUaFsKyUz9PZHT2JhxHNrOmOLQLHpT8T+vk2F0FeRCpRlyxeaLokwSTMj0c9IXmjOUY0so08LeStiQasrQ5lO2IXiLLy8Tv167rnn3F9VGvUijBMdwAmfgwSU04A6a4AMDAc/wCm+Ocl6cd+dj3rriFDNH8AfO5w8Zfo2z</latexit>

t = 1
<latexit sha1_base64="rfnNVXNfBOS5hyrUuHpGRuiDElw=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4KkkR1INQ8OKxorGFNpTNdtMu3WzC7kQooT/BiwcVr/4jb/4bt20O2vpg4PHeDDPzwlQKg6777aysrq1vbJa2yts7u3v7lYPDR5NkmnGfJTLR7ZAaLoXiPgqUvJ1qTuNQ8lY4upn6rSeujUjUA45THsR0oEQkGEUr3eO116tU3Zo7A1kmXkGqUKDZq3x1+wnLYq6QSWpMx3NTDHKqUTDJJ+VuZnhK2YgOeMdSRWNugnx26oScWqVPokTbUkhm6u+JnMbGjOPQdsYUh2bRm4r/eZ0Mo8sgFyrNkCs2XxRlkmBCpn+TvtCcoRxbQpkW9lbChlRThjadsg3BW3x5mfj12lXNuzuvNupFGiU4hhM4Aw8uoAG30AQfGAzgGV7hzZHOi/PufMxbV5xi5gj+wPn8ATsJjT4=</latexit><latexit sha1_base64="rfnNVXNfBOS5hyrUuHpGRuiDElw=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4KkkR1INQ8OKxorGFNpTNdtMu3WzC7kQooT/BiwcVr/4jb/4bt20O2vpg4PHeDDPzwlQKg6777aysrq1vbJa2yts7u3v7lYPDR5NkmnGfJTLR7ZAaLoXiPgqUvJ1qTuNQ8lY4upn6rSeujUjUA45THsR0oEQkGEUr3eO116tU3Zo7A1kmXkGqUKDZq3x1+wnLYq6QSWpMx3NTDHKqUTDJJ+VuZnhK2YgOeMdSRWNugnx26oScWqVPokTbUkhm6u+JnMbGjOPQdsYUh2bRm4r/eZ0Mo8sgFyrNkCs2XxRlkmBCpn+TvtCcoRxbQpkW9lbChlRThjadsg3BW3x5mfj12lXNuzuvNupFGiU4hhM4Aw8uoAG30AQfGAzgGV7hzZHOi/PufMxbV5xi5gj+wPn8ATsJjT4=</latexit><latexit sha1_base64="rfnNVXNfBOS5hyrUuHpGRuiDElw=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4KkkR1INQ8OKxorGFNpTNdtMu3WzC7kQooT/BiwcVr/4jb/4bt20O2vpg4PHeDDPzwlQKg6777aysrq1vbJa2yts7u3v7lYPDR5NkmnGfJTLR7ZAaLoXiPgqUvJ1qTuNQ8lY4upn6rSeujUjUA45THsR0oEQkGEUr3eO116tU3Zo7A1kmXkGqUKDZq3x1+wnLYq6QSWpMx3NTDHKqUTDJJ+VuZnhK2YgOeMdSRWNugnx26oScWqVPokTbUkhm6u+JnMbGjOPQdsYUh2bRm4r/eZ0Mo8sgFyrNkCs2XxRlkmBCpn+TvtCcoRxbQpkW9lbChlRThjadsg3BW3x5mfj12lXNuzuvNupFGiU4hhM4Aw8uoAG30AQfGAzgGV7hzZHOi/PufMxbV5xi5gj+wPn8ATsJjT4=</latexit><latexit sha1_base64="rfnNVXNfBOS5hyrUuHpGRuiDElw=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4KkkR1INQ8OKxorGFNpTNdtMu3WzC7kQooT/BiwcVr/4jb/4bt20O2vpg4PHeDDPzwlQKg6777aysrq1vbJa2yts7u3v7lYPDR5NkmnGfJTLR7ZAaLoXiPgqUvJ1qTuNQ8lY4upn6rSeujUjUA45THsR0oEQkGEUr3eO116tU3Zo7A1kmXkGqUKDZq3x1+wnLYq6QSWpMx3NTDHKqUTDJJ+VuZnhK2YgOeMdSRWNugnx26oScWqVPokTbUkhm6u+JnMbGjOPQdsYUh2bRm4r/eZ0Mo8sgFyrNkCs2XxRlkmBCpn+TvtCcoRxbQpkW9lbChlRThjadsg3BW3x5mfj12lXNuzuvNupFGiU4hhM4Aw8uoAG30AQfGAzgGV7hzZHOi/PufMxbV5xi5gj+wPn8ATsJjT4=</latexit>

Figure 3. The N = 1 partially massless multiplets. The filled circles are bosons, the hollow circles

are fermions. The blue circles are the partially massless points, the grey open circles on the bottom

row at ∆ = 3/2 are massive fermions that participate in some of the multiplets. The multiplets

are all diamonds containing four fields, like the example diamonds illustrated which show the
{

3
2

}
3
2

partially massless spin-2 representation (4.1) as well as the {4}3 representation which contains only

partially massless fields. The diamonds degenerate at the top due to the shortening condition (3.33).

These are the familiar unitary massless multiplets, and in these short multiplets there are only two

massless particles, like the {4}5 example shown.

As the dimension ∆ of a generic massive graviton multiplet approaches the value

∆ = 3/2 of the partially massless multiplet, conformal descendants of the spin-2, spin-1

and spin 3/2 conformal primaries become null. On the AdS4 side, the fields are becoming

massless and partially massless, and so they are developing gauge symmetries. The gauge

parameters corresponding to the null descendent states can be thought of as Stückelberg

fields which are decoupling in the limit (see [69] for a recent discussion of this in context

of the massless and partially massless spin 2).
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This describes a branching rule: as the generic massive multiplet approaches one of

the partially massless values, it breaks up into the partially massless multiplet plus the

multiplet corresponding to the emerging gauge parameters,{
3

2

}
∆

→
∆→ 3

2

{
3

2

}
3
2

⊕ {0}3 . (4.3)

In terms of all the fields, the branching rule is as follows,

PM spin 2
[2]2


3

2

�

3
2


3

2

�

5
2

[1]2
massless photon

massless 3/2

massive 3/2
m2L2 = �1

massive spin 2massive photon

massive 3/2

massive 3/2

3

2

�

�
<latexit sha1_base64="EnkbqW9txkkmqtddmlwSoT2QyJI=">AAACBHicbVC7SgNBFJ31GeMraqnFYBCswm4MqF1AC8sIxgSyyzI7uZsMmX0wc1cISxobf8XGQsXWj7Dzb5w8Ck08MHA451zu3BOkUmi07W9raXlldW29sFHc3Nre2S3t7d/rJFMcmjyRiWoHTIMUMTRRoIR2qoBFgYRWMLga+60HUFok8R0OU/Ai1otFKDhDI/mlI1dCiJ0zNzEpWnWV6PXR891rkMj8Utmu2BPQReLMSJnM0PBLX2434VkEMXLJtO44dopezhQKLmFUdDMNKeMD1oOOoTGLQHv55IoRPTFKl4aJMi9GOlF/T+Qs0noYBSYZMezreW8s/ud1MgwvvFzEaYYQ8+miMJMUEzquhHaFAo5yaAjjSpi/Ut5ninE0xRVNCc78yYukWa1cVpzbWrlem7VRIIfkmJwSh5yTOrkhDdIknDySZ/JK3qwn68V6tz6m0SVrNnNA/sD6/AFgl5gE</latexit><latexit sha1_base64="EnkbqW9txkkmqtddmlwSoT2QyJI=">AAACBHicbVC7SgNBFJ31GeMraqnFYBCswm4MqF1AC8sIxgSyyzI7uZsMmX0wc1cISxobf8XGQsXWj7Dzb5w8Ck08MHA451zu3BOkUmi07W9raXlldW29sFHc3Nre2S3t7d/rJFMcmjyRiWoHTIMUMTRRoIR2qoBFgYRWMLga+60HUFok8R0OU/Ai1otFKDhDI/mlI1dCiJ0zNzEpWnWV6PXR891rkMj8Utmu2BPQReLMSJnM0PBLX2434VkEMXLJtO44dopezhQKLmFUdDMNKeMD1oOOoTGLQHv55IoRPTFKl4aJMi9GOlF/T+Qs0noYBSYZMezreW8s/ud1MgwvvFzEaYYQ8+miMJMUEzquhHaFAo5yaAjjSpi/Ut5ninE0xRVNCc78yYukWa1cVpzbWrlem7VRIIfkmJwSh5yTOrkhDdIknDySZ/JK3qwn68V6tz6m0SVrNnNA/sD6/AFgl5gE</latexit><latexit sha1_base64="EnkbqW9txkkmqtddmlwSoT2QyJI=">AAACBHicbVC7SgNBFJ31GeMraqnFYBCswm4MqF1AC8sIxgSyyzI7uZsMmX0wc1cISxobf8XGQsXWj7Dzb5w8Ck08MHA451zu3BOkUmi07W9raXlldW29sFHc3Nre2S3t7d/rJFMcmjyRiWoHTIMUMTRRoIR2qoBFgYRWMLga+60HUFok8R0OU/Ai1otFKDhDI/mlI1dCiJ0zNzEpWnWV6PXR891rkMj8Utmu2BPQReLMSJnM0PBLX2434VkEMXLJtO44dopezhQKLmFUdDMNKeMD1oOOoTGLQHv55IoRPTFKl4aJMi9GOlF/T+Qs0noYBSYZMezreW8s/ud1MgwvvFzEaYYQ8+miMJMUEzquhHaFAo5yaAjjSpi/Ut5ninE0xRVNCc78yYukWa1cVpzbWrlem7VRIIfkmJwSh5yTOrkhDdIknDySZ/JK3qwn68V6tz6m0SVrNnNA/sD6/AFgl5gE</latexit><latexit sha1_base64="EnkbqW9txkkmqtddmlwSoT2QyJI=">AAACBHicbVC7SgNBFJ31GeMraqnFYBCswm4MqF1AC8sIxgSyyzI7uZsMmX0wc1cISxobf8XGQsXWj7Dzb5w8Ck08MHA451zu3BOkUmi07W9raXlldW29sFHc3Nre2S3t7d/rJFMcmjyRiWoHTIMUMTRRoIR2qoBFgYRWMLga+60HUFok8R0OU/Ai1otFKDhDI/mlI1dCiJ0zNzEpWnWV6PXR891rkMj8Utmu2BPQReLMSJnM0PBLX2434VkEMXLJtO44dopezhQKLmFUdDMNKeMD1oOOoTGLQHv55IoRPTFKl4aJMi9GOlF/T+Qs0noYBSYZMezreW8s/ud1MgwvvFzEaYYQ8+miMJMUEzquhHaFAo5yaAjjSpi/Ut5ninE0xRVNCc78yYukWa1cVpzbWrlem7VRIIfkmJwSh5yTOrkhDdIknDySZ/JK3qwn68V6tz6m0SVrNnNA/sD6/AFgl5gE</latexit>


3

2

�

�+1
<latexit sha1_base64="KZXHV2/KWSdUO6ID8DMAsSr4Fuo=">AAACCHicbVC7SgNBFJ31GeNr1dJmMAiCEHZjQO0CWlhGMCaQXcLs5G4yZPbBzF0hLGlt/BUbCxVbP8HOv3HyKDTxwMDhnHO5c0+QSqHRcb6tpeWV1bX1wkZxc2t7Z9fe27/XSaY4NHgiE9UKmAYpYmigQAmtVAGLAgnNYHA19psPoLRI4jscpuBHrBeLUHCGRurY1JMQYvvMS0yKVjwlen30O7l3DRLZqTvq2CWn7ExAF4k7IyUyQ71jf3ndhGcRxMgl07rtOin6OVMouIRR0cs0pIwPWA/ahsYsAu3nk0tG9NgoXRomyrwY6UT9PZGzSOthFJhkxLCv572x+J/XzjC88HMRpxlCzKeLwkxSTOi4FtoVCjjKoSGMK2H+SnmfKcbRlFc0JbjzJy+SRqV8WXZvq6VaddZGgRySI3JCXHJOauSG1EmDcPJInskrebOerBfr3fqYRpes2cwB+QPr8wckLJmA</latexit><latexit sha1_base64="KZXHV2/KWSdUO6ID8DMAsSr4Fuo=">AAACCHicbVC7SgNBFJ31GeNr1dJmMAiCEHZjQO0CWlhGMCaQXcLs5G4yZPbBzF0hLGlt/BUbCxVbP8HOv3HyKDTxwMDhnHO5c0+QSqHRcb6tpeWV1bX1wkZxc2t7Z9fe27/XSaY4NHgiE9UKmAYpYmigQAmtVAGLAgnNYHA19psPoLRI4jscpuBHrBeLUHCGRurY1JMQYvvMS0yKVjwlen30O7l3DRLZqTvq2CWn7ExAF4k7IyUyQ71jf3ndhGcRxMgl07rtOin6OVMouIRR0cs0pIwPWA/ahsYsAu3nk0tG9NgoXRomyrwY6UT9PZGzSOthFJhkxLCv572x+J/XzjC88HMRpxlCzKeLwkxSTOi4FtoVCjjKoSGMK2H+SnmfKcbRlFc0JbjzJy+SRqV8WXZvq6VaddZGgRySI3JCXHJOauSG1EmDcPJInskrebOerBfr3fqYRpes2cwB+QPr8wckLJmA</latexit><latexit sha1_base64="KZXHV2/KWSdUO6ID8DMAsSr4Fuo=">AAACCHicbVC7SgNBFJ31GeNr1dJmMAiCEHZjQO0CWlhGMCaQXcLs5G4yZPbBzF0hLGlt/BUbCxVbP8HOv3HyKDTxwMDhnHO5c0+QSqHRcb6tpeWV1bX1wkZxc2t7Z9fe27/XSaY4NHgiE9UKmAYpYmigQAmtVAGLAgnNYHA19psPoLRI4jscpuBHrBeLUHCGRurY1JMQYvvMS0yKVjwlen30O7l3DRLZqTvq2CWn7ExAF4k7IyUyQ71jf3ndhGcRxMgl07rtOin6OVMouIRR0cs0pIwPWA/ahsYsAu3nk0tG9NgoXRomyrwY6UT9PZGzSOthFJhkxLCv572x+J/XzjC88HMRpxlCzKeLwkxSTOi4FtoVCjjKoSGMK2H+SnmfKcbRlFc0JbjzJy+SRqV8WXZvq6VaddZGgRySI3JCXHJOauSG1EmDcPJInskrebOerBfr3fqYRpes2cwB+QPr8wckLJmA</latexit><latexit sha1_base64="KZXHV2/KWSdUO6ID8DMAsSr4Fuo=">AAACCHicbVC7SgNBFJ31GeNr1dJmMAiCEHZjQO0CWlhGMCaQXcLs5G4yZPbBzF0hLGlt/BUbCxVbP8HOv3HyKDTxwMDhnHO5c0+QSqHRcb6tpeWV1bX1wkZxc2t7Z9fe27/XSaY4NHgiE9UKmAYpYmigQAmtVAGLAgnNYHA19psPoLRI4jscpuBHrBeLUHCGRurY1JMQYvvMS0yKVjwlen30O7l3DRLZqTvq2CWn7ExAF4k7IyUyQ71jf3ndhGcRxMgl07rtOin6OVMouIRR0cs0pIwPWA/ahsYsAu3nk0tG9NgoXRomyrwY6UT9PZGzSOthFJhkxLCv572x+J/XzjC88HMRpxlCzKeLwkxSTOi4FtoVCjjKoSGMK2H+SnmfKcbRlFc0JbjzJy+SRqV8WXZvq6VaddZGgRySI3JCXHJOauSG1EmDcPJInskrebOerBfr3fqYRpes2cwB+QPr8wckLJmA</latexit>

[1]�+ 1
2

<latexit sha1_base64="HOMxeTIkJGRkBMqERUOOebDjuA4=">AAACCnicbVC7SgNBFJ31GeMramkzJAiCEHZDQO0CWlhGcE0gu4TZyd1kyOyDmbtCWNLb+Cs2Fiq2foGdf+PkUWjigYHDOfdw554glUKjbX9bK6tr6xubha3i9s7u3n7p4PBeJ5ni4PJEJqodMA1SxOCiQAntVAGLAgmtYHg18VsPoLRI4jscpeBHrB+LUHCGRuqWyp6EEDuOp0R/gH43965BIjvLHS8xOVobj7ulil21p6DLxJmTCpmj2S19eb2EZxHEyCXTuuPYKfo5Uyi4hHHRyzSkjA9ZHzqGxiwC7efTW8b0xCg9GibKvBjpVP2dyFmk9SgKzGTEcKAXvYn4n9fJMLzwcxGnGULMZ4vCTFJM6KQY2hMKOMqRIYwrYf5K+YApxtHUVzQlOIsnLxO3Vr2sOrf1SqM+b6NAjkmZnBKHnJMGuSFN4hJOHskzeSVv1pP1Yr1bH7PRFWueOSJ/YH3+AP74moo=</latexit><latexit sha1_base64="HOMxeTIkJGRkBMqERUOOebDjuA4=">AAACCnicbVC7SgNBFJ31GeMramkzJAiCEHZDQO0CWlhGcE0gu4TZyd1kyOyDmbtCWNLb+Cs2Fiq2foGdf+PkUWjigYHDOfdw554glUKjbX9bK6tr6xubha3i9s7u3n7p4PBeJ5ni4PJEJqodMA1SxOCiQAntVAGLAgmtYHg18VsPoLRI4jscpeBHrB+LUHCGRuqWyp6EEDuOp0R/gH43965BIjvLHS8xOVobj7ulil21p6DLxJmTCpmj2S19eb2EZxHEyCXTuuPYKfo5Uyi4hHHRyzSkjA9ZHzqGxiwC7efTW8b0xCg9GibKvBjpVP2dyFmk9SgKzGTEcKAXvYn4n9fJMLzwcxGnGULMZ4vCTFJM6KQY2hMKOMqRIYwrYf5K+YApxtHUVzQlOIsnLxO3Vr2sOrf1SqM+b6NAjkmZnBKHnJMGuSFN4hJOHskzeSVv1pP1Yr1bH7PRFWueOSJ/YH3+AP74moo=</latexit><latexit sha1_base64="HOMxeTIkJGRkBMqERUOOebDjuA4=">AAACCnicbVC7SgNBFJ31GeMramkzJAiCEHZDQO0CWlhGcE0gu4TZyd1kyOyDmbtCWNLb+Cs2Fiq2foGdf+PkUWjigYHDOfdw554glUKjbX9bK6tr6xubha3i9s7u3n7p4PBeJ5ni4PJEJqodMA1SxOCiQAntVAGLAgmtYHg18VsPoLRI4jscpeBHrB+LUHCGRuqWyp6EEDuOp0R/gH43965BIjvLHS8xOVobj7ulil21p6DLxJmTCpmj2S19eb2EZxHEyCXTuuPYKfo5Uyi4hHHRyzSkjA9ZHzqGxiwC7efTW8b0xCg9GibKvBjpVP2dyFmk9SgKzGTEcKAXvYn4n9fJMLzwcxGnGULMZ4vCTFJM6KQY2hMKOMqRIYwrYf5K+YApxtHUVzQlOIsnLxO3Vr2sOrf1SqM+b6NAjkmZnBKHnJMGuSFN4hJOHskzeSVv1pP1Yr1bH7PRFWueOSJ/YH3+AP74moo=</latexit><latexit sha1_base64="HOMxeTIkJGRkBMqERUOOebDjuA4=">AAACCnicbVC7SgNBFJ31GeMramkzJAiCEHZDQO0CWlhGcE0gu4TZyd1kyOyDmbtCWNLb+Cs2Fiq2foGdf+PkUWjigYHDOfdw554glUKjbX9bK6tr6xubha3i9s7u3n7p4PBeJ5ni4PJEJqodMA1SxOCiQAntVAGLAgmtYHg18VsPoLRI4jscpeBHrB+LUHCGRuqWyp6EEDuOp0R/gH43965BIjvLHS8xOVobj7ulil21p6DLxJmTCpmj2S19eb2EZxHEyCXTuuPYKfo5Uyi4hHHRyzSkjA9ZHzqGxiwC7efTW8b0xCg9GibKvBjpVP2dyFmk9SgKzGTEcKAXvYn4n9fJMLzwcxGnGULMZ4vCTFJM6KQY2hMKOMqRIYwrYf5K+YApxtHUVzQlOIsnLxO3Vr2sOrf1SqM+b6NAjkmZnBKHnJMGuSFN4hJOHskzeSVv1pP1Yr1bH7PRFWueOSJ/YH3+AP74moo=</latexit>

[2]�+ 1
2

<latexit sha1_base64="t4GdHHzxb0T2y+gvnLBvTVf5gdM=">AAACCnicbVC7SgNBFJ31GeMramkzJAiCEHZDQO0CWlhGcE0gu4TZyd1kyOyDmbtCWNLb+Cs2Fiq2foGdf+PkUWjigYHDOfdw554glUKjbX9bK6tr6xubha3i9s7u3n7p4PBeJ5ni4PJEJqodMA1SxOCiQAntVAGLAgmtYHg18VsPoLRI4jscpeBHrB+LUHCGRuqWyp6EEDs1T4n+AP1u7l2DRHaWO15icrQ2HndLFbtqT0GXiTMnFTJHs1v68noJzyKIkUumdcexU/RzplBwCeOil2lIGR+yPnQMjVkE2s+nt4zpiVF6NEyUeTHSqfo7kbNI61EUmMmI4UAvehPxP6+TYXjh5yJOM4SYzxaFmaSY0EkxtCcUcJQjQxhXwvyV8gFTjKOpr2hKcBZPXiZurXpZdW7rlUZ93kaBHJMyOSUOOScNckOaxCWcPJJn8krerCfrxXq3PmajK9Y8c0T+wPr8AQClmos=</latexit><latexit sha1_base64="t4GdHHzxb0T2y+gvnLBvTVf5gdM=">AAACCnicbVC7SgNBFJ31GeMramkzJAiCEHZDQO0CWlhGcE0gu4TZyd1kyOyDmbtCWNLb+Cs2Fiq2foGdf+PkUWjigYHDOfdw554glUKjbX9bK6tr6xubha3i9s7u3n7p4PBeJ5ni4PJEJqodMA1SxOCiQAntVAGLAgmtYHg18VsPoLRI4jscpeBHrB+LUHCGRuqWyp6EEDs1T4n+AP1u7l2DRHaWO15icrQ2HndLFbtqT0GXiTMnFTJHs1v68noJzyKIkUumdcexU/RzplBwCeOil2lIGR+yPnQMjVkE2s+nt4zpiVF6NEyUeTHSqfo7kbNI61EUmMmI4UAvehPxP6+TYXjh5yJOM4SYzxaFmaSY0EkxtCcUcJQjQxhXwvyV8gFTjKOpr2hKcBZPXiZurXpZdW7rlUZ93kaBHJMyOSUOOScNckOaxCWcPJJn8krerCfrxXq3PmajK9Y8c0T+wPr8AQClmos=</latexit><latexit sha1_base64="t4GdHHzxb0T2y+gvnLBvTVf5gdM=">AAACCnicbVC7SgNBFJ31GeMramkzJAiCEHZDQO0CWlhGcE0gu4TZyd1kyOyDmbtCWNLb+Cs2Fiq2foGdf+PkUWjigYHDOfdw554glUKjbX9bK6tr6xubha3i9s7u3n7p4PBeJ5ni4PJEJqodMA1SxOCiQAntVAGLAgmtYHg18VsPoLRI4jscpeBHrB+LUHCGRuqWyp6EEDs1T4n+AP1u7l2DRHaWO15icrQ2HndLFbtqT0GXiTMnFTJHs1v68noJzyKIkUumdcexU/RzplBwCeOil2lIGR+yPnQMjVkE2s+nt4zpiVF6NEyUeTHSqfo7kbNI61EUmMmI4UAvehPxP6+TYXjh5yJOM4SYzxaFmaSY0EkxtCcUcJQjQxhXwvyV8gFTjKOpr2hKcBZPXiZurXpZdW7rlUZ93kaBHJMyOSUOOScNckOaxCWcPJJn8krerCfrxXq3PmajK9Y8c0T+wPr8AQClmos=</latexit><latexit sha1_base64="t4GdHHzxb0T2y+gvnLBvTVf5gdM=">AAACCnicbVC7SgNBFJ31GeMramkzJAiCEHZDQO0CWlhGcE0gu4TZyd1kyOyDmbtCWNLb+Cs2Fiq2foGdf+PkUWjigYHDOfdw554glUKjbX9bK6tr6xubha3i9s7u3n7p4PBeJ5ni4PJEJqodMA1SxOCiQAntVAGLAgmtYHg18VsPoLRI4jscpeBHrB+LUHCGRuqWyp6EEDs1T4n+AP1u7l2DRHaWO15icrQ2HndLFbtqT0GXiTMnFTJHs1v68noJzyKIkUumdcexU/RzplBwCeOil2lIGR+yPnQMjVkE2s+nt4zpiVF6NEyUeTHSqfo7kbNI61EUmMmI4UAvehPxP6+TYXjh5yJOM4SYzxaFmaSY0EkxtCcUcJQjQxhXwvyV8gFTjKOpr2hKcBZPXiZurXpZdW7rlUZ93kaBHJMyOSUOOScNckOaxCWcPJJn8krerCfrxXq3PmajK9Y8c0T+wPr8AQClmos=</latexit>

[0]3
<latexit sha1_base64="O5PHyZfqdb37U+Stv1jYXt8qMqM=">AAAB+HicbVBNS8NAEN34WetX1KOXxSJ4KokK6kUKXjxWMLaQhLDZbtqlm03YnRRK6D/x4kHFqz/Fm//GbZuDtj4YeLw3w8y8OBdcg+N8Wyura+sbm7Wt+vbO7t6+fXD4pLNCUebRTGSqGxPNBJfMAw6CdXPFSBoL1omHd1O/M2JK80w+wjhnYUr6kiecEjBSZNuBYAn4TqB4fwBhdBHZDafpzICXiVuRBqrQjuyvoJfRImUSqCBa+66TQ1gSBZwKNqkHhWY5oUPSZ76hkqRMh+Xs8gk+NUoPJ5kyJQHP1N8TJUm1Hqex6UwJDPSiNxX/8/wCkuuw5DIvgEk6X5QUAkOGpzHgHleMghgbQqji5lZMB0QRCiasugnBXXx5mXjnzZum+3DZaN1WadTQMTpBZ8hFV6iF7lEbeYiiEXpGr+jNKq0X6936mLeuWNXMEfoD6/MHeOiTFg==</latexit><latexit sha1_base64="O5PHyZfqdb37U+Stv1jYXt8qMqM=">AAAB+HicbVBNS8NAEN34WetX1KOXxSJ4KokK6kUKXjxWMLaQhLDZbtqlm03YnRRK6D/x4kHFqz/Fm//GbZuDtj4YeLw3w8y8OBdcg+N8Wyura+sbm7Wt+vbO7t6+fXD4pLNCUebRTGSqGxPNBJfMAw6CdXPFSBoL1omHd1O/M2JK80w+wjhnYUr6kiecEjBSZNuBYAn4TqB4fwBhdBHZDafpzICXiVuRBqrQjuyvoJfRImUSqCBa+66TQ1gSBZwKNqkHhWY5oUPSZ76hkqRMh+Xs8gk+NUoPJ5kyJQHP1N8TJUm1Hqex6UwJDPSiNxX/8/wCkuuw5DIvgEk6X5QUAkOGpzHgHleMghgbQqji5lZMB0QRCiasugnBXXx5mXjnzZum+3DZaN1WadTQMTpBZ8hFV6iF7lEbeYiiEXpGr+jNKq0X6936mLeuWNXMEfoD6/MHeOiTFg==</latexit><latexit sha1_base64="O5PHyZfqdb37U+Stv1jYXt8qMqM=">AAAB+HicbVBNS8NAEN34WetX1KOXxSJ4KokK6kUKXjxWMLaQhLDZbtqlm03YnRRK6D/x4kHFqz/Fm//GbZuDtj4YeLw3w8y8OBdcg+N8Wyura+sbm7Wt+vbO7t6+fXD4pLNCUebRTGSqGxPNBJfMAw6CdXPFSBoL1omHd1O/M2JK80w+wjhnYUr6kiecEjBSZNuBYAn4TqB4fwBhdBHZDafpzICXiVuRBqrQjuyvoJfRImUSqCBa+66TQ1gSBZwKNqkHhWY5oUPSZ76hkqRMh+Xs8gk+NUoPJ5kyJQHP1N8TJUm1Hqex6UwJDPSiNxX/8/wCkuuw5DIvgEk6X5QUAkOGpzHgHleMghgbQqji5lZMB0QRCiasugnBXXx5mXjnzZum+3DZaN1WadTQMTpBZ8hFV6iF7lEbeYiiEXpGr+jNKq0X6936mLeuWNXMEfoD6/MHeOiTFg==</latexit><latexit sha1_base64="O5PHyZfqdb37U+Stv1jYXt8qMqM=">AAAB+HicbVBNS8NAEN34WetX1KOXxSJ4KokK6kUKXjxWMLaQhLDZbtqlm03YnRRK6D/x4kHFqz/Fm//GbZuDtj4YeLw3w8y8OBdcg+N8Wyura+sbm7Wt+vbO7t6+fXD4pLNCUebRTGSqGxPNBJfMAw6CdXPFSBoL1omHd1O/M2JK80w+wjhnYUr6kiecEjBSZNuBYAn4TqB4fwBhdBHZDafpzICXiVuRBqrQjuyvoJfRImUSqCBa+66TQ1gSBZwKNqkHhWY5oUPSZ76hkqRMh+Xs8gk+NUoPJ5kyJQHP1N8TJUm1Hqex6UwJDPSiNxX/8/wCkuuw5DIvgEk6X5QUAkOGpzHgHleMghgbQqji5lZMB0QRCiasugnBXXx5mXjnzZum+3DZaN1WadTQMTpBZ8hFV6iF7lEbeYiiEXpGr+jNKq0X6936mLeuWNXMEfoD6/MHeOiTFg==</latexit>

[0]4<latexit sha1_base64="UDimhU8Wdmgqb+iQkDWwQ7kdpvM=">AAAB+HicbVBNS8NAEN3Ur1q/oh69LBbBU0lEUC9S8OKxgrGFJITNdtMu3WzC7qRQQv+JFw8qXv0p3vw3btsctPXBwOO9GWbmxbngGhzn26qtrW9sbtW3Gzu7e/sH9uHRk84KRZlHM5GpXkw0E1wyDzgI1ssVI2ksWDce3c387pgpzTP5CJOchSkZSJ5wSsBIkW0HgiXgO4HigyGE0WVkN52WMwdeJW5FmqhCJ7K/gn5Gi5RJoIJo7btODmFJFHAq2LQRFJrlhI7IgPmGSpIyHZbzy6f4zCh9nGTKlAQ8V39PlCTVepLGpjMlMNTL3kz8z/MLSK7Dksu8ACbpYlFSCAwZnsWA+1wxCmJiCKGKm1sxHRJFKJiwGiYEd/nlVeJdtG5a7sNls31bpVFHJ+gUnSMXXaE2ukcd5CGKxugZvaI3q7RerHfrY9Fas6qZY/QH1ucPemuTFw==</latexit><latexit sha1_base64="UDimhU8Wdmgqb+iQkDWwQ7kdpvM=">AAAB+HicbVBNS8NAEN3Ur1q/oh69LBbBU0lEUC9S8OKxgrGFJITNdtMu3WzC7qRQQv+JFw8qXv0p3vw3btsctPXBwOO9GWbmxbngGhzn26qtrW9sbtW3Gzu7e/sH9uHRk84KRZlHM5GpXkw0E1wyDzgI1ssVI2ksWDce3c387pgpzTP5CJOchSkZSJ5wSsBIkW0HgiXgO4HigyGE0WVkN52WMwdeJW5FmqhCJ7K/gn5Gi5RJoIJo7btODmFJFHAq2LQRFJrlhI7IgPmGSpIyHZbzy6f4zCh9nGTKlAQ8V39PlCTVepLGpjMlMNTL3kz8z/MLSK7Dksu8ACbpYlFSCAwZnsWA+1wxCmJiCKGKm1sxHRJFKJiwGiYEd/nlVeJdtG5a7sNls31bpVFHJ+gUnSMXXaE2ukcd5CGKxugZvaI3q7RerHfrY9Fas6qZY/QH1ucPemuTFw==</latexit><latexit sha1_base64="UDimhU8Wdmgqb+iQkDWwQ7kdpvM=">AAAB+HicbVBNS8NAEN3Ur1q/oh69LBbBU0lEUC9S8OKxgrGFJITNdtMu3WzC7qRQQv+JFw8qXv0p3vw3btsctPXBwOO9GWbmxbngGhzn26qtrW9sbtW3Gzu7e/sH9uHRk84KRZlHM5GpXkw0E1wyDzgI1ssVI2ksWDce3c387pgpzTP5CJOchSkZSJ5wSsBIkW0HgiXgO4HigyGE0WVkN52WMwdeJW5FmqhCJ7K/gn5Gi5RJoIJo7btODmFJFHAq2LQRFJrlhI7IgPmGSpIyHZbzy6f4zCh9nGTKlAQ8V39PlCTVepLGpjMlMNTL3kz8z/MLSK7Dksu8ACbpYlFSCAwZnsWA+1wxCmJiCKGKm1sxHRJFKJiwGiYEd/nlVeJdtG5a7sNls31bpVFHJ+gUnSMXXaE2ukcd5CGKxugZvaI3q7RerHfrY9Fas6qZY/QH1ucPemuTFw==</latexit><latexit sha1_base64="UDimhU8Wdmgqb+iQkDWwQ7kdpvM=">AAAB+HicbVBNS8NAEN3Ur1q/oh69LBbBU0lEUC9S8OKxgrGFJITNdtMu3WzC7qRQQv+JFw8qXv0p3vw3btsctPXBwOO9GWbmxbngGhzn26qtrW9sbtW3Gzu7e/sH9uHRk84KRZlHM5GpXkw0E1wyDzgI1ssVI2ksWDce3c387pgpzTP5CJOchSkZSJ5wSsBIkW0HgiXgO4HigyGE0WVkN52WMwdeJW5FmqhCJ7K/gn5Gi5RJoIJo7btODmFJFHAq2LQRFJrlhI7IgPmGSpIyHZbzy6f4zCh9nGTKlAQ8V39PlCTVepLGpjMlMNTL3kz8z/MLSK7Dksu8ACbpYlFSCAwZnsWA+1wxCmJiCKGKm1sxHRJFKJiwGiYEd/nlVeJdtG5a7sNls31bpVFHJ+gUnSMXXaE2ukcd5CGKxugZvaI3q7RerHfrY9Fas6qZY/QH1ucPemuTFw==</latexit>
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2<latexit sha1_base64="QIoPL5GgZf6HDiufgxvcMJ2Er7I=">AAACCHicbVBNS8NAFNz4WetX1KOXxSJ4KkkRqhcpePFYwdhCE8Jmu2mXbjZh90UooVcv/hUvHlS8+hO8+W/ctjlo68DCMDOPt2+iTHANjvNtrayurW9sVraq2zu7e/v2weG9TnNFmUdTkapuRDQTXDIPOAjWzRQjSSRYJxpdT/3OA1Oap/IOxhkLEjKQPOaUgJFCG/uCxdBz/dSkcMNXfDCEICyapTAJ7ZpTd2bAy8QtSQ2VaIf2l99PaZ4wCVQQrXuuk0FQEAWcCjap+rlmGaEjMmA9QyVJmA6K2SUTfGqUPo5TZZ4EPFN/TxQk0XqcRCaZEBjqRW8q/uf1cogvgoLLLAcm6XxRnAsMKZ7WgvtcMQpibAihipu/YjokilAw5VVNCe7iycvEa9Qv6+7tea11VbZRQcfoBJ0hFzVRC92gNvIQRY/oGb2iN+vJerHerY95dMUqZ47QH1ifPyJDmYc=</latexit><latexit sha1_base64="QIoPL5GgZf6HDiufgxvcMJ2Er7I=">AAACCHicbVBNS8NAFNz4WetX1KOXxSJ4KkkRqhcpePFYwdhCE8Jmu2mXbjZh90UooVcv/hUvHlS8+hO8+W/ctjlo68DCMDOPt2+iTHANjvNtrayurW9sVraq2zu7e/v2weG9TnNFmUdTkapuRDQTXDIPOAjWzRQjSSRYJxpdT/3OA1Oap/IOxhkLEjKQPOaUgJFCG/uCxdBz/dSkcMNXfDCEICyapTAJ7ZpTd2bAy8QtSQ2VaIf2l99PaZ4wCVQQrXuuk0FQEAWcCjap+rlmGaEjMmA9QyVJmA6K2SUTfGqUPo5TZZ4EPFN/TxQk0XqcRCaZEBjqRW8q/uf1cogvgoLLLAcm6XxRnAsMKZ7WgvtcMQpibAihipu/YjokilAw5VVNCe7iycvEa9Qv6+7tea11VbZRQcfoBJ0hFzVRC92gNvIQRY/oGb2iN+vJerHerY95dMUqZ47QH1ifPyJDmYc=</latexit><latexit sha1_base64="QIoPL5GgZf6HDiufgxvcMJ2Er7I=">AAACCHicbVBNS8NAFNz4WetX1KOXxSJ4KkkRqhcpePFYwdhCE8Jmu2mXbjZh90UooVcv/hUvHlS8+hO8+W/ctjlo68DCMDOPt2+iTHANjvNtrayurW9sVraq2zu7e/v2weG9TnNFmUdTkapuRDQTXDIPOAjWzRQjSSRYJxpdT/3OA1Oap/IOxhkLEjKQPOaUgJFCG/uCxdBz/dSkcMNXfDCEICyapTAJ7ZpTd2bAy8QtSQ2VaIf2l99PaZ4wCVQQrXuuk0FQEAWcCjap+rlmGaEjMmA9QyVJmA6K2SUTfGqUPo5TZZ4EPFN/TxQk0XqcRCaZEBjqRW8q/uf1cogvgoLLLAcm6XxRnAsMKZ7WgvtcMQpibAihipu/YjokilAw5VVNCe7iycvEa9Qv6+7tea11VbZRQcfoBJ0hFzVRC92gNvIQRY/oGb2iN+vJerHerY95dMUqZ47QH1ifPyJDmYc=</latexit><latexit sha1_base64="QIoPL5GgZf6HDiufgxvcMJ2Er7I=">AAACCHicbVBNS8NAFNz4WetX1KOXxSJ4KkkRqhcpePFYwdhCE8Jmu2mXbjZh90UooVcv/hUvHlS8+hO8+W/ctjlo68DCMDOPt2+iTHANjvNtrayurW9sVraq2zu7e/v2weG9TnNFmUdTkapuRDQTXDIPOAjWzRQjSSRYJxpdT/3OA1Oap/IOxhkLEjKQPOaUgJFCG/uCxdBz/dSkcMNXfDCEICyapTAJ7ZpTd2bAy8QtSQ2VaIf2l99PaZ4wCVQQrXuuk0FQEAWcCjap+rlmGaEjMmA9QyVJmA6K2SUTfGqUPo5TZZ4EPFN/TxQk0XqcRCaZEBjqRW8q/uf1cogvgoLLLAcm6XxRnAsMKZ7WgvtcMQpibAihipu/YjokilAw5VVNCe7iycvEa9Qv6+7tea11VbZRQcfoBJ0hFzVRC92gNvIQRY/oGb2iN+vJerHerY95dMUqZ47QH1ifPyJDmYc=</latexit>

PM Stückelberg

photon Stückelberg

massless spin 3/2  
Stückelberg

m2 = 0
<latexit sha1_base64="SkNwy1lAKZwbyHi3StNgLBwJQ0M=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lKQT0IBS8eKxhbaGPZbDft0t1N2N0IJfQ3ePGg4tU/5M1/4zbNQVsfDDzem2FmXphwpo3rfjultfWNza3ydmVnd2//oHp49KDjVBHqk5jHqhtiTTmT1DfMcNpNFMUi5LQTTm7mfueJKs1ieW+mCQ0EHkkWMYKNlXzx2Lh2B9WaW3dzoFXiFaQGBdqD6ld/GJNUUGkIx1r3PDcxQYaVYYTTWaWfappgMsEj2rNUYkF1kOXHztCZVYYoipUtaVCu/p7IsNB6KkLbKbAZ62VvLv7n9VITXQYZk0lqqCSLRVHKkYnR/HM0ZIoSw6eWYKKYvRWRMVaYGJtPxYbgLb+8SvxG/aru3TVrrWaRRhlO4BTOwYMLaMEttMEHAgye4RXeHOm8OO/Ox6K15BQzx/AHzucPVWSN3A==</latexit><latexit sha1_base64="SkNwy1lAKZwbyHi3StNgLBwJQ0M=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lKQT0IBS8eKxhbaGPZbDft0t1N2N0IJfQ3ePGg4tU/5M1/4zbNQVsfDDzem2FmXphwpo3rfjultfWNza3ydmVnd2//oHp49KDjVBHqk5jHqhtiTTmT1DfMcNpNFMUi5LQTTm7mfueJKs1ieW+mCQ0EHkkWMYKNlXzx2Lh2B9WaW3dzoFXiFaQGBdqD6ld/GJNUUGkIx1r3PDcxQYaVYYTTWaWfappgMsEj2rNUYkF1kOXHztCZVYYoipUtaVCu/p7IsNB6KkLbKbAZ62VvLv7n9VITXQYZk0lqqCSLRVHKkYnR/HM0ZIoSw6eWYKKYvRWRMVaYGJtPxYbgLb+8SvxG/aru3TVrrWaRRhlO4BTOwYMLaMEttMEHAgye4RXeHOm8OO/Ox6K15BQzx/AHzucPVWSN3A==</latexit><latexit sha1_base64="SkNwy1lAKZwbyHi3StNgLBwJQ0M=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lKQT0IBS8eKxhbaGPZbDft0t1N2N0IJfQ3ePGg4tU/5M1/4zbNQVsfDDzem2FmXphwpo3rfjultfWNza3ydmVnd2//oHp49KDjVBHqk5jHqhtiTTmT1DfMcNpNFMUi5LQTTm7mfueJKs1ieW+mCQ0EHkkWMYKNlXzx2Lh2B9WaW3dzoFXiFaQGBdqD6ld/GJNUUGkIx1r3PDcxQYaVYYTTWaWfappgMsEj2rNUYkF1kOXHztCZVYYoipUtaVCu/p7IsNB6KkLbKbAZ62VvLv7n9VITXQYZk0lqqCSLRVHKkYnR/HM0ZIoSw6eWYKKYvRWRMVaYGJtPxYbgLb+8SvxG/aru3TVrrWaRRhlO4BTOwYMLaMEttMEHAgye4RXeHOm8OO/Ox6K15BQzx/AHzucPVWSN3A==</latexit><latexit sha1_base64="SkNwy1lAKZwbyHi3StNgLBwJQ0M=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lKQT0IBS8eKxhbaGPZbDft0t1N2N0IJfQ3ePGg4tU/5M1/4zbNQVsfDDzem2FmXphwpo3rfjultfWNza3ydmVnd2//oHp49KDjVBHqk5jHqhtiTTmT1DfMcNpNFMUi5LQTTm7mfueJKs1ieW+mCQ0EHkkWMYKNlXzx2Lh2B9WaW3dzoFXiFaQGBdqD6ld/GJNUUGkIx1r3PDcxQYaVYYTTWaWfappgMsEj2rNUYkF1kOXHztCZVYYoipUtaVCu/p7IsNB6KkLbKbAZ62VvLv7n9VITXQYZk0lqqCSLRVHKkYnR/HM0ZIoSw6eWYKKYvRWRMVaYGJtPxYbgLb+8SvxG/aru3TVrrWaRRhlO4BTOwYMLaMEttMEHAgye4RXeHOm8OO/Ox6K15BQzx/AHzucPVWSN3A==</latexit>

m2L2 = 4
<latexit sha1_base64="tzxJ0tY9J+SdvPF2rw230LW0hFw=">AAAB7nicbVA9SwNBEJ3zM8avqKXNYhCswl0IqIUQsLGwiOCZQHIJe5u9ZMnu3rm7J4Qjf8LGQsXW32Pnv3GTXKGJDwYe780wMy9MONPGdb+dldW19Y3NwlZxe2d3b790cPig41QR6pOYx6oVYk05k9Q3zHDaShTFIuS0GY6up37ziSrNYnlvxgkNBB5IFjGCjZVaolu97Vavar1S2a24M6Bl4uWkDDkavdJXpx+TVFBpCMdatz03MUGGlWGE00mxk2qaYDLCA9q2VGJBdZDN7p2gU6v0URQrW9Kgmfp7IsNC67EIbafAZqgXvan4n9dOTXQRZEwmqaGSzBdFKUcmRtPnUZ8pSgwfW4KJYvZWRIZYYWJsREUbgrf48jLxq5XLindXK9dreRoFOIYTOAMPzqEON9AAHwhweIZXeHMenRfn3fmYt644+cwR/IHz+QMcjo7a</latexit><latexit sha1_base64="tzxJ0tY9J+SdvPF2rw230LW0hFw=">AAAB7nicbVA9SwNBEJ3zM8avqKXNYhCswl0IqIUQsLGwiOCZQHIJe5u9ZMnu3rm7J4Qjf8LGQsXW32Pnv3GTXKGJDwYe780wMy9MONPGdb+dldW19Y3NwlZxe2d3b790cPig41QR6pOYx6oVYk05k9Q3zHDaShTFIuS0GY6up37ziSrNYnlvxgkNBB5IFjGCjZVaolu97Vavar1S2a24M6Bl4uWkDDkavdJXpx+TVFBpCMdatz03MUGGlWGE00mxk2qaYDLCA9q2VGJBdZDN7p2gU6v0URQrW9Kgmfp7IsNC67EIbafAZqgXvan4n9dOTXQRZEwmqaGSzBdFKUcmRtPnUZ8pSgwfW4KJYvZWRIZYYWJsREUbgrf48jLxq5XLindXK9dreRoFOIYTOAMPzqEON9AAHwhweIZXeHMenRfn3fmYt644+cwR/IHz+QMcjo7a</latexit><latexit sha1_base64="tzxJ0tY9J+SdvPF2rw230LW0hFw=">AAAB7nicbVA9SwNBEJ3zM8avqKXNYhCswl0IqIUQsLGwiOCZQHIJe5u9ZMnu3rm7J4Qjf8LGQsXW32Pnv3GTXKGJDwYe780wMy9MONPGdb+dldW19Y3NwlZxe2d3b790cPig41QR6pOYx6oVYk05k9Q3zHDaShTFIuS0GY6up37ziSrNYnlvxgkNBB5IFjGCjZVaolu97Vavar1S2a24M6Bl4uWkDDkavdJXpx+TVFBpCMdatz03MUGGlWGE00mxk2qaYDLCA9q2VGJBdZDN7p2gU6v0URQrW9Kgmfp7IsNC67EIbafAZqgXvan4n9dOTXQRZEwmqaGSzBdFKUcmRtPnUZ8pSgwfW4KJYvZWRIZYYWJsREUbgrf48jLxq5XLindXK9dreRoFOIYTOAMPzqEON9AAHwhweIZXeHMenRfn3fmYt644+cwR/IHz+QMcjo7a</latexit><latexit sha1_base64="tzxJ0tY9J+SdvPF2rw230LW0hFw=">AAAB7nicbVA9SwNBEJ3zM8avqKXNYhCswl0IqIUQsLGwiOCZQHIJe5u9ZMnu3rm7J4Qjf8LGQsXW32Pnv3GTXKGJDwYe780wMy9MONPGdb+dldW19Y3NwlZxe2d3b790cPig41QR6pOYx6oVYk05k9Q3zHDaShTFIuS0GY6up37ziSrNYnlvxgkNBB5IFjGCjZVaolu97Vavar1S2a24M6Bl4uWkDDkavdJXpx+TVFBpCMdatz03MUGGlWGE00mxk2qaYDLCA9q2VGJBdZDN7p2gU6v0URQrW9Kgmfp7IsNC67EIbafAZqgXvan4n9dOTXQRZEwmqaGSzBdFKUcmRtPnUZ8pSgwfW4KJYvZWRIZYYWJsREUbgrf48jLxq5XLindXK9dreRoFOIYTOAMPzqEON9AAHwhweIZXeHMenRfn3fmYt644+cwR/IHz+QMcjo7a</latexit>

m2L2 = 4
<latexit sha1_base64="tzxJ0tY9J+SdvPF2rw230LW0hFw=">AAAB7nicbVA9SwNBEJ3zM8avqKXNYhCswl0IqIUQsLGwiOCZQHIJe5u9ZMnu3rm7J4Qjf8LGQsXW32Pnv3GTXKGJDwYe780wMy9MONPGdb+dldW19Y3NwlZxe2d3b790cPig41QR6pOYx6oVYk05k9Q3zHDaShTFIuS0GY6up37ziSrNYnlvxgkNBB5IFjGCjZVaolu97Vavar1S2a24M6Bl4uWkDDkavdJXpx+TVFBpCMdatz03MUGGlWGE00mxk2qaYDLCA9q2VGJBdZDN7p2gU6v0URQrW9Kgmfp7IsNC67EIbafAZqgXvan4n9dOTXQRZEwmqaGSzBdFKUcmRtPnUZ8pSgwfW4KJYvZWRIZYYWJsREUbgrf48jLxq5XLindXK9dreRoFOIYTOAMPzqEON9AAHwhweIZXeHMenRfn3fmYt644+cwR/IHz+QMcjo7a</latexit><latexit sha1_base64="tzxJ0tY9J+SdvPF2rw230LW0hFw=">AAAB7nicbVA9SwNBEJ3zM8avqKXNYhCswl0IqIUQsLGwiOCZQHIJe5u9ZMnu3rm7J4Qjf8LGQsXW32Pnv3GTXKGJDwYe780wMy9MONPGdb+dldW19Y3NwlZxe2d3b790cPig41QR6pOYx6oVYk05k9Q3zHDaShTFIuS0GY6up37ziSrNYnlvxgkNBB5IFjGCjZVaolu97Vavar1S2a24M6Bl4uWkDDkavdJXpx+TVFBpCMdatz03MUGGlWGE00mxk2qaYDLCA9q2VGJBdZDN7p2gU6v0URQrW9Kgmfp7IsNC67EIbafAZqgXvan4n9dOTXQRZEwmqaGSzBdFKUcmRtPnUZ8pSgwfW4KJYvZWRIZYYWJsREUbgrf48jLxq5XLindXK9dreRoFOIYTOAMPzqEON9AAHwhweIZXeHMenRfn3fmYt644+cwR/IHz+QMcjo7a</latexit><latexit sha1_base64="tzxJ0tY9J+SdvPF2rw230LW0hFw=">AAAB7nicbVA9SwNBEJ3zM8avqKXNYhCswl0IqIUQsLGwiOCZQHIJe5u9ZMnu3rm7J4Qjf8LGQsXW32Pnv3GTXKGJDwYe780wMy9MONPGdb+dldW19Y3NwlZxe2d3b790cPig41QR6pOYx6oVYk05k9Q3zHDaShTFIuS0GY6up37ziSrNYnlvxgkNBB5IFjGCjZVaolu97Vavar1S2a24M6Bl4uWkDDkavdJXpx+TVFBpCMdatz03MUGGlWGE00mxk2qaYDLCA9q2VGJBdZDN7p2gU6v0URQrW9Kgmfp7IsNC67EIbafAZqgXvan4n9dOTXQRZEwmqaGSzBdFKUcmRtPnUZ8pSgwfW4KJYvZWRIZYYWJsREUbgrf48jLxq5XLindXK9dreRoFOIYTOAMPzqEON9AAHwhweIZXeHMenRfn3fmYt644+cwR/IHz+QMcjo7a</latexit><latexit sha1_base64="tzxJ0tY9J+SdvPF2rw230LW0hFw=">AAAB7nicbVA9SwNBEJ3zM8avqKXNYhCswl0IqIUQsLGwiOCZQHIJe5u9ZMnu3rm7J4Qjf8LGQsXW32Pnv3GTXKGJDwYe780wMy9MONPGdb+dldW19Y3NwlZxe2d3b790cPig41QR6pOYx6oVYk05k9Q3zHDaShTFIuS0GY6up37ziSrNYnlvxgkNBB5IFjGCjZVaolu97Vavar1S2a24M6Bl4uWkDDkavdJXpx+TVFBpCMdatz03MUGGlWGE00mxk2qaYDLCA9q2VGJBdZDN7p2gU6v0URQrW9Kgmfp7IsNC67EIbafAZqgXvan4n9dOTXQRZEwmqaGSzBdFKUcmRtPnUZ8pSgwfW4KJYvZWRIZYYWJsREUbgrf48jLxq5XLindXK9dreRoFOIYTOAMPzqEON9AAHwhweIZXeHMenRfn3fmYt644+cwR/IHz+QMcjo7a</latexit>

!
<latexit sha1_base64="80xL0Chz8s25gtsr/nC208l2RCc=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjxWMLaQhrLZbtqlm2zYnSil9Gd48aDi1X/jzX/jts1BWx8MPN6bYWZelElh0HW/ndLa+sbmVnm7srO7t39QPTx6MCrXjPtMSaU7ETVcipT7KFDyTqY5TSLJ29HoZua3H7k2QqX3OM54mNBBKmLBKFop6GoxGCLVWj31qjW37s5BVolXkBoUaPWqX92+YnnCU2SSGhN4bobhhGoUTPJppZsbnlE2ogMeWJrShJtwMj95Ss6s0iex0rZSJHP198SEJsaMk8h2JhSHZtmbif95QY7xVTgRaZYjT9liUZxLgorM/id9oTlDObaEMi3srYQNqaYMbUoVG4K3/PIq8S/q13XvrlFrNoo0ynACp3AOHlxCE26hBT4wUPAMr/DmoPPivDsfi9aSU8wcwx84nz8otJFT</latexit><latexit sha1_base64="80xL0Chz8s25gtsr/nC208l2RCc=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjxWMLaQhrLZbtqlm2zYnSil9Gd48aDi1X/jzX/jts1BWx8MPN6bYWZelElh0HW/ndLa+sbmVnm7srO7t39QPTx6MCrXjPtMSaU7ETVcipT7KFDyTqY5TSLJ29HoZua3H7k2QqX3OM54mNBBKmLBKFop6GoxGCLVWj31qjW37s5BVolXkBoUaPWqX92+YnnCU2SSGhN4bobhhGoUTPJppZsbnlE2ogMeWJrShJtwMj95Ss6s0iex0rZSJHP198SEJsaMk8h2JhSHZtmbif95QY7xVTgRaZYjT9liUZxLgorM/id9oTlDObaEMi3srYQNqaYMbUoVG4K3/PIq8S/q13XvrlFrNoo0ynACp3AOHlxCE26hBT4wUPAMr/DmoPPivDsfi9aSU8wcwx84nz8otJFT</latexit><latexit sha1_base64="80xL0Chz8s25gtsr/nC208l2RCc=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjxWMLaQhrLZbtqlm2zYnSil9Gd48aDi1X/jzX/jts1BWx8MPN6bYWZelElh0HW/ndLa+sbmVnm7srO7t39QPTx6MCrXjPtMSaU7ETVcipT7KFDyTqY5TSLJ29HoZua3H7k2QqX3OM54mNBBKmLBKFop6GoxGCLVWj31qjW37s5BVolXkBoUaPWqX92+YnnCU2SSGhN4bobhhGoUTPJppZsbnlE2ogMeWJrShJtwMj95Ss6s0iex0rZSJHP198SEJsaMk8h2JhSHZtmbif95QY7xVTgRaZYjT9liUZxLgorM/id9oTlDObaEMi3srYQNqaYMbUoVG4K3/PIq8S/q13XvrlFrNoo0ynACp3AOHlxCE26hBT4wUPAMr/DmoPPivDsfi9aSU8wcwx84nz8otJFT</latexit><latexit sha1_base64="80xL0Chz8s25gtsr/nC208l2RCc=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjxWMLaQhrLZbtqlm2zYnSil9Gd48aDi1X/jzX/jts1BWx8MPN6bYWZelElh0HW/ndLa+sbmVnm7srO7t39QPTx6MCrXjPtMSaU7ETVcipT7KFDyTqY5TSLJ29HoZua3H7k2QqX3OM54mNBBKmLBKFop6GoxGCLVWj31qjW37s5BVolXkBoUaPWqX92+YnnCU2SSGhN4bobhhGoUTPJppZsbnlE2ogMeWJrShJtwMj95Ss6s0iex0rZSJHP198SEJsaMk8h2JhSHZtmbif95QY7xVTgRaZYjT9liUZxLgorM/id9oTlDObaEMi3srYQNqaYMbUoVG4K3/PIq8S/q13XvrlFrNoo0ynACp3AOHlxCE26hBT4wUPAMr/DmoPPivDsfi9aSU8wcwx84nz8otJFT</latexit>

� ! 3

2
<latexit sha1_base64="doUg+3i0WWwkPX4o+ekMjdIVHTs=">AAACBHicbVBNS8NAFNzUr1q/oh71sFgETyWpBfVW0IPHCsYWmlA22227dJMNuy9KCb148a948aDi1R/hzX/jts1BWwcWhpk3vH0TJoJrcJxvq7C0vLK6VlwvbWxube/Yu3t3WqaKMo9KIVUrJJoJHjMPOAjWShQjUShYMxxeTvzmPVOay/gWRgkLItKPeY9TAkbq2If+FRNAfMX7AyBKyQecnfrSRHB13LHLTsWZAi8SNydllKPRsb/8rqRpxGKggmjddp0Egowo4FSwcclPNUsIHZI+axsak4jpIJteMcbHRuninlTmxYCn6u9ERiKtR1FoJiMCAz3vTcT/vHYKvfMg43GSAovpbFEvFRgknlSCu1wxCmJkCKGKm79iOiCKUDDFlUwJ7vzJi8SrVi4q7k2tXK/lbRTRATpCJ8hFZ6iOrlEDeYiiR/SMXtGb9WS9WO/Wx2y0YOWZffQH1ucPnt6YKQ==</latexit><latexit sha1_base64="doUg+3i0WWwkPX4o+ekMjdIVHTs=">AAACBHicbVBNS8NAFNzUr1q/oh71sFgETyWpBfVW0IPHCsYWmlA22227dJMNuy9KCb148a948aDi1R/hzX/jts1BWwcWhpk3vH0TJoJrcJxvq7C0vLK6VlwvbWxube/Yu3t3WqaKMo9KIVUrJJoJHjMPOAjWShQjUShYMxxeTvzmPVOay/gWRgkLItKPeY9TAkbq2If+FRNAfMX7AyBKyQecnfrSRHB13LHLTsWZAi8SNydllKPRsb/8rqRpxGKggmjddp0Egowo4FSwcclPNUsIHZI+axsak4jpIJteMcbHRuninlTmxYCn6u9ERiKtR1FoJiMCAz3vTcT/vHYKvfMg43GSAovpbFEvFRgknlSCu1wxCmJkCKGKm79iOiCKUDDFlUwJ7vzJi8SrVi4q7k2tXK/lbRTRATpCJ8hFZ6iOrlEDeYiiR/SMXtGb9WS9WO/Wx2y0YOWZffQH1ucPnt6YKQ==</latexit><latexit sha1_base64="doUg+3i0WWwkPX4o+ekMjdIVHTs=">AAACBHicbVBNS8NAFNzUr1q/oh71sFgETyWpBfVW0IPHCsYWmlA22227dJMNuy9KCb148a948aDi1R/hzX/jts1BWwcWhpk3vH0TJoJrcJxvq7C0vLK6VlwvbWxube/Yu3t3WqaKMo9KIVUrJJoJHjMPOAjWShQjUShYMxxeTvzmPVOay/gWRgkLItKPeY9TAkbq2If+FRNAfMX7AyBKyQecnfrSRHB13LHLTsWZAi8SNydllKPRsb/8rqRpxGKggmjddp0Egowo4FSwcclPNUsIHZI+axsak4jpIJteMcbHRuninlTmxYCn6u9ERiKtR1FoJiMCAz3vTcT/vHYKvfMg43GSAovpbFEvFRgknlSCu1wxCmJkCKGKm79iOiCKUDDFlUwJ7vzJi8SrVi4q7k2tXK/lbRTRATpCJ8hFZ6iOrlEDeYiiR/SMXtGb9WS9WO/Wx2y0YOWZffQH1ucPnt6YKQ==</latexit><latexit sha1_base64="doUg+3i0WWwkPX4o+ekMjdIVHTs=">AAACBHicbVBNS8NAFNzUr1q/oh71sFgETyWpBfVW0IPHCsYWmlA22227dJMNuy9KCb148a948aDi1R/hzX/jts1BWwcWhpk3vH0TJoJrcJxvq7C0vLK6VlwvbWxube/Yu3t3WqaKMo9KIVUrJJoJHjMPOAjWShQjUShYMxxeTvzmPVOay/gWRgkLItKPeY9TAkbq2If+FRNAfMX7AyBKyQecnfrSRHB13LHLTsWZAi8SNydllKPRsb/8rqRpxGKggmjddp0Egowo4FSwcclPNUsIHZI+axsak4jpIJteMcbHRuninlTmxYCn6u9ERiKtR1FoJiMCAz3vTcT/vHYKvfMg43GSAovpbFEvFRgknlSCu1wxCmJkCKGKm79iOiCKUDDFlUwJ7vzJi8SrVi4q7k2tXK/lbRTRATpCJ8hFZ6iOrlEDeYiiR/SMXtGb9WS9WO/Wx2y0YOWZffQH1ucPnt6YKQ==</latexit>

�
<latexit sha1_base64="YS8NX43V73ipLWjNL9XlpF8IgaA=">AAAB7HicbVBNSwMxEJ31s9avqkcvwSJ4KrsiqLeiF48V3LbQLiWbZtvYbBKSrFCW/gcvHlS8+oO8+W9M2z1o64OBx3szzMyLFWfG+v63t7K6tr6xWdoqb+/s7u1XDg6bRmaa0JBILnU7xoZyJmhomeW0rTTFacxpKx7dTv3WE9WGSfFgx4pGKR4IljCCrZOaXal4ZnqVql/zZ0DLJChIFQo0epWvbl+SLKXCEo6N6QS+slGOtWWE00m5mxmqMBnhAe04KnBKTZTPrp2gU6f0USK1K2HRTP09kePUmHEau84U26FZ9Kbif14ns8lVlDOhMksFmS9KMo6sRNPXUZ9pSiwfO4KJZu5WRIZYY2JdQGUXQrD48jIJz2vXteD+olq/KdIowTGcwBkEcAl1uIMGhEDgEZ7hFd486b14797HvHXFK2aO4A+8zx88SI8Z</latexit><latexit sha1_base64="YS8NX43V73ipLWjNL9XlpF8IgaA=">AAAB7HicbVBNSwMxEJ31s9avqkcvwSJ4KrsiqLeiF48V3LbQLiWbZtvYbBKSrFCW/gcvHlS8+oO8+W9M2z1o64OBx3szzMyLFWfG+v63t7K6tr6xWdoqb+/s7u1XDg6bRmaa0JBILnU7xoZyJmhomeW0rTTFacxpKx7dTv3WE9WGSfFgx4pGKR4IljCCrZOaXal4ZnqVql/zZ0DLJChIFQo0epWvbl+SLKXCEo6N6QS+slGOtWWE00m5mxmqMBnhAe04KnBKTZTPrp2gU6f0USK1K2HRTP09kePUmHEau84U26FZ9Kbif14ns8lVlDOhMksFmS9KMo6sRNPXUZ9pSiwfO4KJZu5WRIZYY2JdQGUXQrD48jIJz2vXteD+olq/KdIowTGcwBkEcAl1uIMGhEDgEZ7hFd486b14797HvHXFK2aO4A+8zx88SI8Z</latexit><latexit sha1_base64="YS8NX43V73ipLWjNL9XlpF8IgaA=">AAAB7HicbVBNSwMxEJ31s9avqkcvwSJ4KrsiqLeiF48V3LbQLiWbZtvYbBKSrFCW/gcvHlS8+oO8+W9M2z1o64OBx3szzMyLFWfG+v63t7K6tr6xWdoqb+/s7u1XDg6bRmaa0JBILnU7xoZyJmhomeW0rTTFacxpKx7dTv3WE9WGSfFgx4pGKR4IljCCrZOaXal4ZnqVql/zZ0DLJChIFQo0epWvbl+SLKXCEo6N6QS+slGOtWWE00m5mxmqMBnhAe04KnBKTZTPrp2gU6f0USK1K2HRTP09kePUmHEau84U26FZ9Kbif14ns8lVlDOhMksFmS9KMo6sRNPXUZ9pSiwfO4KJZu5WRIZYY2JdQGUXQrD48jIJz2vXteD+olq/KdIowTGcwBkEcAl1uIMGhEDgEZ7hFd486b14797HvHXFK2aO4A+8zx88SI8Z</latexit><latexit sha1_base64="YS8NX43V73ipLWjNL9XlpF8IgaA=">AAAB7HicbVBNSwMxEJ31s9avqkcvwSJ4KrsiqLeiF48V3LbQLiWbZtvYbBKSrFCW/gcvHlS8+oO8+W9M2z1o64OBx3szzMyLFWfG+v63t7K6tr6xWdoqb+/s7u1XDg6bRmaa0JBILnU7xoZyJmhomeW0rTTFacxpKx7dTv3WE9WGSfFgx4pGKR4IljCCrZOaXal4ZnqVql/zZ0DLJChIFQo0epWvbl+SLKXCEo6N6QS+slGOtWWE00m5mxmqMBnhAe04KnBKTZTPrp2gU6f0USK1K2HRTP09kePUmHEau84U26FZ9Kbif14ns8lVlDOhMksFmS9KMo6sRNPXUZ9pSiwfO4KJZu5WRIZYY2JdQGUXQrD48jIJz2vXteD+olq/KdIowTGcwBkEcAl1uIMGhEDgEZ7hFd486b14797HvHXFK2aO4A+8zx88SI8Z</latexit>

(4.4)

As the partially massless point ∆ = 3/2 is approached, the massive
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shortens into the
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representation, and the null states split off into the massive {0}3
representation. Within this massive {0}3 representation, the [0]4 is the longitudinal mode

of the [2]∆+ 1
2

spin-2 which becomes partially massless, the [0]3 is the longitudinal mode of

the [1]∆+ 1
2

spin-1 which becomes massless, and the
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is the longitudinal mode of the[
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]
∆+1

spin-3/2 which becomes massless.

There is also a branching rule in the massless limit ∆→ 5/2,{
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⊕ {1}3 . (4.5)

In terms of the fields, this branching rule is as follows,

massive spin 2massive spin 1

massive 3/2

massive 3/2
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<latexit sha1_base64="EnkbqW9txkkmqtddmlwSoT2QyJI=">AAACBHicbVC7SgNBFJ31GeMraqnFYBCswm4MqF1AC8sIxgSyyzI7uZsMmX0wc1cISxobf8XGQsXWj7Dzb5w8Ck08MHA451zu3BOkUmi07W9raXlldW29sFHc3Nre2S3t7d/rJFMcmjyRiWoHTIMUMTRRoIR2qoBFgYRWMLga+60HUFok8R0OU/Ai1otFKDhDI/mlI1dCiJ0zNzEpWnWV6PXR891rkMj8Utmu2BPQReLMSJnM0PBLX2434VkEMXLJtO44dopezhQKLmFUdDMNKeMD1oOOoTGLQHv55IoRPTFKl4aJMi9GOlF/T+Qs0noYBSYZMezreW8s/ud1MgwvvFzEaYYQ8+miMJMUEzquhHaFAo5yaAjjSpi/Ut5ninE0xRVNCc78yYukWa1cVpzbWrlem7VRIIfkmJwSh5yTOrkhDdIknDySZ/JK3qwn68V6tz6m0SVrNnNA/sD6/AFgl5gE</latexit><latexit sha1_base64="EnkbqW9txkkmqtddmlwSoT2QyJI=">AAACBHicbVC7SgNBFJ31GeMraqnFYBCswm4MqF1AC8sIxgSyyzI7uZsMmX0wc1cISxobf8XGQsXWj7Dzb5w8Ck08MHA451zu3BOkUmi07W9raXlldW29sFHc3Nre2S3t7d/rJFMcmjyRiWoHTIMUMTRRoIR2qoBFgYRWMLga+60HUFok8R0OU/Ai1otFKDhDI/mlI1dCiJ0zNzEpWnWV6PXR891rkMj8Utmu2BPQReLMSJnM0PBLX2434VkEMXLJtO44dopezhQKLmFUdDMNKeMD1oOOoTGLQHv55IoRPTFKl4aJMi9GOlF/T+Qs0noYBSYZMezreW8s/ud1MgwvvFzEaYYQ8+miMJMUEzquhHaFAo5yaAjjSpi/Ut5ninE0xRVNCc78yYukWa1cVpzbWrlem7VRIIfkmJwSh5yTOrkhDdIknDySZ/JK3qwn68V6tz6m0SVrNnNA/sD6/AFgl5gE</latexit><latexit sha1_base64="EnkbqW9txkkmqtddmlwSoT2QyJI=">AAACBHicbVC7SgNBFJ31GeMraqnFYBCswm4MqF1AC8sIxgSyyzI7uZsMmX0wc1cISxobf8XGQsXWj7Dzb5w8Ck08MHA451zu3BOkUmi07W9raXlldW29sFHc3Nre2S3t7d/rJFMcmjyRiWoHTIMUMTRRoIR2qoBFgYRWMLga+60HUFok8R0OU/Ai1otFKDhDI/mlI1dCiJ0zNzEpWnWV6PXR891rkMj8Utmu2BPQReLMSJnM0PBLX2434VkEMXLJtO44dopezhQKLmFUdDMNKeMD1oOOoTGLQHv55IoRPTFKl4aJMi9GOlF/T+Qs0noYBSYZMezreW8s/ud1MgwvvFzEaYYQ8+miMJMUEzquhHaFAo5yaAjjSpi/Ut5ninE0xRVNCc78yYukWa1cVpzbWrlem7VRIIfkmJwSh5yTOrkhDdIknDySZ/JK3qwn68V6tz6m0SVrNnNA/sD6/AFgl5gE</latexit><latexit sha1_base64="EnkbqW9txkkmqtddmlwSoT2QyJI=">AAACBHicbVC7SgNBFJ31GeMraqnFYBCswm4MqF1AC8sIxgSyyzI7uZsMmX0wc1cISxobf8XGQsXWj7Dzb5w8Ck08MHA451zu3BOkUmi07W9raXlldW29sFHc3Nre2S3t7d/rJFMcmjyRiWoHTIMUMTRRoIR2qoBFgYRWMLga+60HUFok8R0OU/Ai1otFKDhDI/mlI1dCiJ0zNzEpWnWV6PXR891rkMj8Utmu2BPQReLMSJnM0PBLX2434VkEMXLJtO44dopezhQKLmFUdDMNKeMD1oOOoTGLQHv55IoRPTFKl4aJMi9GOlF/T+Qs0noYBSYZMezreW8s/ud1MgwvvFzEaYYQ8+miMJMUEzquhHaFAo5yaAjjSpi/Ut5ninE0xRVNCc78yYukWa1cVpzbWrlem7VRIIfkmJwSh5yTOrkhDdIknDySZ/JK3qwn68V6tz6m0SVrNnNA/sD6/AFgl5gE</latexit>


3

2

�

�+1
<latexit sha1_base64="KZXHV2/KWSdUO6ID8DMAsSr4Fuo=">AAACCHicbVC7SgNBFJ31GeNr1dJmMAiCEHZjQO0CWlhGMCaQXcLs5G4yZPbBzF0hLGlt/BUbCxVbP8HOv3HyKDTxwMDhnHO5c0+QSqHRcb6tpeWV1bX1wkZxc2t7Z9fe27/XSaY4NHgiE9UKmAYpYmigQAmtVAGLAgnNYHA19psPoLRI4jscpuBHrBeLUHCGRurY1JMQYvvMS0yKVjwlen30O7l3DRLZqTvq2CWn7ExAF4k7IyUyQ71jf3ndhGcRxMgl07rtOin6OVMouIRR0cs0pIwPWA/ahsYsAu3nk0tG9NgoXRomyrwY6UT9PZGzSOthFJhkxLCv572x+J/XzjC88HMRpxlCzKeLwkxSTOi4FtoVCjjKoSGMK2H+SnmfKcbRlFc0JbjzJy+SRqV8WXZvq6VaddZGgRySI3JCXHJOauSG1EmDcPJInskrebOerBfr3fqYRpes2cwB+QPr8wckLJmA</latexit><latexit sha1_base64="KZXHV2/KWSdUO6ID8DMAsSr4Fuo=">AAACCHicbVC7SgNBFJ31GeNr1dJmMAiCEHZjQO0CWlhGMCaQXcLs5G4yZPbBzF0hLGlt/BUbCxVbP8HOv3HyKDTxwMDhnHO5c0+QSqHRcb6tpeWV1bX1wkZxc2t7Z9fe27/XSaY4NHgiE9UKmAYpYmigQAmtVAGLAgnNYHA19psPoLRI4jscpuBHrBeLUHCGRurY1JMQYvvMS0yKVjwlen30O7l3DRLZqTvq2CWn7ExAF4k7IyUyQ71jf3ndhGcRxMgl07rtOin6OVMouIRR0cs0pIwPWA/ahsYsAu3nk0tG9NgoXRomyrwY6UT9PZGzSOthFJhkxLCv572x+J/XzjC88HMRpxlCzKeLwkxSTOi4FtoVCjjKoSGMK2H+SnmfKcbRlFc0JbjzJy+SRqV8WXZvq6VaddZGgRySI3JCXHJOauSG1EmDcPJInskrebOerBfr3fqYRpes2cwB+QPr8wckLJmA</latexit><latexit sha1_base64="KZXHV2/KWSdUO6ID8DMAsSr4Fuo=">AAACCHicbVC7SgNBFJ31GeNr1dJmMAiCEHZjQO0CWlhGMCaQXcLs5G4yZPbBzF0hLGlt/BUbCxVbP8HOv3HyKDTxwMDhnHO5c0+QSqHRcb6tpeWV1bX1wkZxc2t7Z9fe27/XSaY4NHgiE9UKmAYpYmigQAmtVAGLAgnNYHA19psPoLRI4jscpuBHrBeLUHCGRurY1JMQYvvMS0yKVjwlen30O7l3DRLZqTvq2CWn7ExAF4k7IyUyQ71jf3ndhGcRxMgl07rtOin6OVMouIRR0cs0pIwPWA/ahsYsAu3nk0tG9NgoXRomyrwY6UT9PZGzSOthFJhkxLCv572x+J/XzjC88HMRpxlCzKeLwkxSTOi4FtoVCjjKoSGMK2H+SnmfKcbRlFc0JbjzJy+SRqV8WXZvq6VaddZGgRySI3JCXHJOauSG1EmDcPJInskrebOerBfr3fqYRpes2cwB+QPr8wckLJmA</latexit><latexit sha1_base64="KZXHV2/KWSdUO6ID8DMAsSr4Fuo=">AAACCHicbVC7SgNBFJ31GeNr1dJmMAiCEHZjQO0CWlhGMCaQXcLs5G4yZPbBzF0hLGlt/BUbCxVbP8HOv3HyKDTxwMDhnHO5c0+QSqHRcb6tpeWV1bX1wkZxc2t7Z9fe27/XSaY4NHgiE9UKmAYpYmigQAmtVAGLAgnNYHA19psPoLRI4jscpuBHrBeLUHCGRurY1JMQYvvMS0yKVjwlen30O7l3DRLZqTvq2CWn7ExAF4k7IyUyQ71jf3ndhGcRxMgl07rtOin6OVMouIRR0cs0pIwPWA/ahsYsAu3nk0tG9NgoXRomyrwY6UT9PZGzSOthFJhkxLCv572x+J/XzjC88HMRpxlCzKeLwkxSTOi4FtoVCjjKoSGMK2H+SnmfKcbRlFc0JbjzJy+SRqV8WXZvq6VaddZGgRySI3JCXHJOauSG1EmDcPJInskrebOerBfr3fqYRpes2cwB+QPr8wckLJmA</latexit>

[1]�+ 1
2

<latexit sha1_base64="HOMxeTIkJGRkBMqERUOOebDjuA4=">AAACCnicbVC7SgNBFJ31GeMramkzJAiCEHZDQO0CWlhGcE0gu4TZyd1kyOyDmbtCWNLb+Cs2Fiq2foGdf+PkUWjigYHDOfdw554glUKjbX9bK6tr6xubha3i9s7u3n7p4PBeJ5ni4PJEJqodMA1SxOCiQAntVAGLAgmtYHg18VsPoLRI4jscpeBHrB+LUHCGRuqWyp6EEDuOp0R/gH43965BIjvLHS8xOVobj7ulil21p6DLxJmTCpmj2S19eb2EZxHEyCXTuuPYKfo5Uyi4hHHRyzSkjA9ZHzqGxiwC7efTW8b0xCg9GibKvBjpVP2dyFmk9SgKzGTEcKAXvYn4n9fJMLzwcxGnGULMZ4vCTFJM6KQY2hMKOMqRIYwrYf5K+YApxtHUVzQlOIsnLxO3Vr2sOrf1SqM+b6NAjkmZnBKHnJMGuSFN4hJOHskzeSVv1pP1Yr1bH7PRFWueOSJ/YH3+AP74moo=</latexit><latexit sha1_base64="HOMxeTIkJGRkBMqERUOOebDjuA4=">AAACCnicbVC7SgNBFJ31GeMramkzJAiCEHZDQO0CWlhGcE0gu4TZyd1kyOyDmbtCWNLb+Cs2Fiq2foGdf+PkUWjigYHDOfdw554glUKjbX9bK6tr6xubha3i9s7u3n7p4PBeJ5ni4PJEJqodMA1SxOCiQAntVAGLAgmtYHg18VsPoLRI4jscpeBHrB+LUHCGRuqWyp6EEDuOp0R/gH43965BIjvLHS8xOVobj7ulil21p6DLxJmTCpmj2S19eb2EZxHEyCXTuuPYKfo5Uyi4hHHRyzSkjA9ZHzqGxiwC7efTW8b0xCg9GibKvBjpVP2dyFmk9SgKzGTEcKAXvYn4n9fJMLzwcxGnGULMZ4vCTFJM6KQY2hMKOMqRIYwrYf5K+YApxtHUVzQlOIsnLxO3Vr2sOrf1SqM+b6NAjkmZnBKHnJMGuSFN4hJOHskzeSVv1pP1Yr1bH7PRFWueOSJ/YH3+AP74moo=</latexit><latexit sha1_base64="HOMxeTIkJGRkBMqERUOOebDjuA4=">AAACCnicbVC7SgNBFJ31GeMramkzJAiCEHZDQO0CWlhGcE0gu4TZyd1kyOyDmbtCWNLb+Cs2Fiq2foGdf+PkUWjigYHDOfdw554glUKjbX9bK6tr6xubha3i9s7u3n7p4PBeJ5ni4PJEJqodMA1SxOCiQAntVAGLAgmtYHg18VsPoLRI4jscpeBHrB+LUHCGRuqWyp6EEDuOp0R/gH43965BIjvLHS8xOVobj7ulil21p6DLxJmTCpmj2S19eb2EZxHEyCXTuuPYKfo5Uyi4hHHRyzSkjA9ZHzqGxiwC7efTW8b0xCg9GibKvBjpVP2dyFmk9SgKzGTEcKAXvYn4n9fJMLzwcxGnGULMZ4vCTFJM6KQY2hMKOMqRIYwrYf5K+YApxtHUVzQlOIsnLxO3Vr2sOrf1SqM+b6NAjkmZnBKHnJMGuSFN4hJOHskzeSVv1pP1Yr1bH7PRFWueOSJ/YH3+AP74moo=</latexit><latexit sha1_base64="HOMxeTIkJGRkBMqERUOOebDjuA4=">AAACCnicbVC7SgNBFJ31GeMramkzJAiCEHZDQO0CWlhGcE0gu4TZyd1kyOyDmbtCWNLb+Cs2Fiq2foGdf+PkUWjigYHDOfdw554glUKjbX9bK6tr6xubha3i9s7u3n7p4PBeJ5ni4PJEJqodMA1SxOCiQAntVAGLAgmtYHg18VsPoLRI4jscpeBHrB+LUHCGRuqWyp6EEDuOp0R/gH43965BIjvLHS8xOVobj7ulil21p6DLxJmTCpmj2S19eb2EZxHEyCXTuuPYKfo5Uyi4hHHRyzSkjA9ZHzqGxiwC7efTW8b0xCg9GibKvBjpVP2dyFmk9SgKzGTEcKAXvYn4n9fJMLzwcxGnGULMZ4vCTFJM6KQY2hMKOMqRIYwrYf5K+YApxtHUVzQlOIsnLxO3Vr2sOrf1SqM+b6NAjkmZnBKHnJMGuSFN4hJOHskzeSVv1pP1Yr1bH7PRFWueOSJ/YH3+AP74moo=</latexit>

[2]�+ 1
2

<latexit sha1_base64="t4GdHHzxb0T2y+gvnLBvTVf5gdM=">AAACCnicbVC7SgNBFJ31GeMramkzJAiCEHZDQO0CWlhGcE0gu4TZyd1kyOyDmbtCWNLb+Cs2Fiq2foGdf+PkUWjigYHDOfdw554glUKjbX9bK6tr6xubha3i9s7u3n7p4PBeJ5ni4PJEJqodMA1SxOCiQAntVAGLAgmtYHg18VsPoLRI4jscpeBHrB+LUHCGRuqWyp6EEDs1T4n+AP1u7l2DRHaWO15icrQ2HndLFbtqT0GXiTMnFTJHs1v68noJzyKIkUumdcexU/RzplBwCeOil2lIGR+yPnQMjVkE2s+nt4zpiVF6NEyUeTHSqfo7kbNI61EUmMmI4UAvehPxP6+TYXjh5yJOM4SYzxaFmaSY0EkxtCcUcJQjQxhXwvyV8gFTjKOpr2hKcBZPXiZurXpZdW7rlUZ93kaBHJMyOSUOOScNckOaxCWcPJJn8krerCfrxXq3PmajK9Y8c0T+wPr8AQClmos=</latexit><latexit sha1_base64="t4GdHHzxb0T2y+gvnLBvTVf5gdM=">AAACCnicbVC7SgNBFJ31GeMramkzJAiCEHZDQO0CWlhGcE0gu4TZyd1kyOyDmbtCWNLb+Cs2Fiq2foGdf+PkUWjigYHDOfdw554glUKjbX9bK6tr6xubha3i9s7u3n7p4PBeJ5ni4PJEJqodMA1SxOCiQAntVAGLAgmtYHg18VsPoLRI4jscpeBHrB+LUHCGRuqWyp6EEDs1T4n+AP1u7l2DRHaWO15icrQ2HndLFbtqT0GXiTMnFTJHs1v68noJzyKIkUumdcexU/RzplBwCeOil2lIGR+yPnQMjVkE2s+nt4zpiVF6NEyUeTHSqfo7kbNI61EUmMmI4UAvehPxP6+TYXjh5yJOM4SYzxaFmaSY0EkxtCcUcJQjQxhXwvyV8gFTjKOpr2hKcBZPXiZurXpZdW7rlUZ93kaBHJMyOSUOOScNckOaxCWcPJJn8krerCfrxXq3PmajK9Y8c0T+wPr8AQClmos=</latexit><latexit sha1_base64="t4GdHHzxb0T2y+gvnLBvTVf5gdM=">AAACCnicbVC7SgNBFJ31GeMramkzJAiCEHZDQO0CWlhGcE0gu4TZyd1kyOyDmbtCWNLb+Cs2Fiq2foGdf+PkUWjigYHDOfdw554glUKjbX9bK6tr6xubha3i9s7u3n7p4PBeJ5ni4PJEJqodMA1SxOCiQAntVAGLAgmtYHg18VsPoLRI4jscpeBHrB+LUHCGRuqWyp6EEDs1T4n+AP1u7l2DRHaWO15icrQ2HndLFbtqT0GXiTMnFTJHs1v68noJzyKIkUumdcexU/RzplBwCeOil2lIGR+yPnQMjVkE2s+nt4zpiVF6NEyUeTHSqfo7kbNI61EUmMmI4UAvehPxP6+TYXjh5yJOM4SYzxaFmaSY0EkxtCcUcJQjQxhXwvyV8gFTjKOpr2hKcBZPXiZurXpZdW7rlUZ93kaBHJMyOSUOOScNckOaxCWcPJJn8krerCfrxXq3PmajK9Y8c0T+wPr8AQClmos=</latexit><latexit sha1_base64="t4GdHHzxb0T2y+gvnLBvTVf5gdM=">AAACCnicbVC7SgNBFJ31GeMramkzJAiCEHZDQO0CWlhGcE0gu4TZyd1kyOyDmbtCWNLb+Cs2Fiq2foGdf+PkUWjigYHDOfdw554glUKjbX9bK6tr6xubha3i9s7u3n7p4PBeJ5ni4PJEJqodMA1SxOCiQAntVAGLAgmtYHg18VsPoLRI4jscpeBHrB+LUHCGRuqWyp6EEDs1T4n+AP1u7l2DRHaWO15icrQ2HndLFbtqT0GXiTMnFTJHs1v68noJzyKIkUumdcexU/RzplBwCeOil2lIGR+yPnQMjVkE2s+nt4zpiVF6NEyUeTHSqfo7kbNI61EUmMmI4UAvehPxP6+TYXjh5yJOM4SYzxaFmaSY0EkxtCcUcJQjQxhXwvyV8gFTjKOpr2hKcBZPXiZurXpZdW7rlUZ93kaBHJMyOSUOOScNckOaxCWcPJJn8krerCfrxXq3PmajK9Y8c0T+wPr8AQClmos=</latexit>

!
<latexit sha1_base64="80xL0Chz8s25gtsr/nC208l2RCc=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjxWMLaQhrLZbtqlm2zYnSil9Gd48aDi1X/jzX/jts1BWx8MPN6bYWZelElh0HW/ndLa+sbmVnm7srO7t39QPTx6MCrXjPtMSaU7ETVcipT7KFDyTqY5TSLJ29HoZua3H7k2QqX3OM54mNBBKmLBKFop6GoxGCLVWj31qjW37s5BVolXkBoUaPWqX92+YnnCU2SSGhN4bobhhGoUTPJppZsbnlE2ogMeWJrShJtwMj95Ss6s0iex0rZSJHP198SEJsaMk8h2JhSHZtmbif95QY7xVTgRaZYjT9liUZxLgorM/id9oTlDObaEMi3srYQNqaYMbUoVG4K3/PIq8S/q13XvrlFrNoo0ynACp3AOHlxCE26hBT4wUPAMr/DmoPPivDsfi9aSU8wcwx84nz8otJFT</latexit><latexit sha1_base64="80xL0Chz8s25gtsr/nC208l2RCc=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjxWMLaQhrLZbtqlm2zYnSil9Gd48aDi1X/jzX/jts1BWx8MPN6bYWZelElh0HW/ndLa+sbmVnm7srO7t39QPTx6MCrXjPtMSaU7ETVcipT7KFDyTqY5TSLJ29HoZua3H7k2QqX3OM54mNBBKmLBKFop6GoxGCLVWj31qjW37s5BVolXkBoUaPWqX92+YnnCU2SSGhN4bobhhGoUTPJppZsbnlE2ogMeWJrShJtwMj95Ss6s0iex0rZSJHP198SEJsaMk8h2JhSHZtmbif95QY7xVTgRaZYjT9liUZxLgorM/id9oTlDObaEMi3srYQNqaYMbUoVG4K3/PIq8S/q13XvrlFrNoo0ynACp3AOHlxCE26hBT4wUPAMr/DmoPPivDsfi9aSU8wcwx84nz8otJFT</latexit><latexit sha1_base64="80xL0Chz8s25gtsr/nC208l2RCc=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjxWMLaQhrLZbtqlm2zYnSil9Gd48aDi1X/jzX/jts1BWx8MPN6bYWZelElh0HW/ndLa+sbmVnm7srO7t39QPTx6MCrXjPtMSaU7ETVcipT7KFDyTqY5TSLJ29HoZua3H7k2QqX3OM54mNBBKmLBKFop6GoxGCLVWj31qjW37s5BVolXkBoUaPWqX92+YnnCU2SSGhN4bobhhGoUTPJppZsbnlE2ogMeWJrShJtwMj95Ss6s0iex0rZSJHP198SEJsaMk8h2JhSHZtmbif95QY7xVTgRaZYjT9liUZxLgorM/id9oTlDObaEMi3srYQNqaYMbUoVG4K3/PIq8S/q13XvrlFrNoo0ynACp3AOHlxCE26hBT4wUPAMr/DmoPPivDsfi9aSU8wcwx84nz8otJFT</latexit><latexit sha1_base64="80xL0Chz8s25gtsr/nC208l2RCc=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjxWMLaQhrLZbtqlm2zYnSil9Gd48aDi1X/jzX/jts1BWx8MPN6bYWZelElh0HW/ndLa+sbmVnm7srO7t39QPTx6MCrXjPtMSaU7ETVcipT7KFDyTqY5TSLJ29HoZua3H7k2QqX3OM54mNBBKmLBKFop6GoxGCLVWj31qjW37s5BVolXkBoUaPWqX92+YnnCU2SSGhN4bobhhGoUTPJppZsbnlE2ogMeWJrShJtwMj95Ss6s0iex0rZSJHP198SEJsaMk8h2JhSHZtmbif95QY7xVTgRaZYjT9liUZxLgorM/id9oTlDObaEMi3srYQNqaYMbUoVG4K3/PIq8S/q13XvrlFrNoo0ynACp3AOHlxCE26hBT4wUPAMr/DmoPPivDsfi9aSU8wcwx84nz8otJFT</latexit>

� ! 5

2
<latexit sha1_base64="CY5u2bSnRTovA6GDgE+3Qr3S16o=">AAACBHicbVBNS8NAFNzUr1q/oh71sFgETyUpFfVW0IPHCsYWmlA22227dJMNuy9KCb148a948aDi1R/hzX/jts1BWwcWhpk3vH0TJoJrcJxvq7C0vLK6VlwvbWxube/Yu3t3WqaKMo9KIVUrJJoJHjMPOAjWShQjUShYMxxeTvzmPVOay/gWRgkLItKPeY9TAkbq2If+FRNAfMX7AyBKyQecnfrSRHB13LHLTsWZAi8SNydllKPRsb/8rqRpxGKggmjddp0Egowo4FSwcclPNUsIHZI+axsak4jpIJteMcbHRuninlTmxYCn6u9ERiKtR1FoJiMCAz3vTcT/vHYKvfMg43GSAovpbFEvFRgknlSCu1wxCmJkCKGKm79iOiCKUDDFlUwJ7vzJi8SrVi4q7k2tXK/lbRTRATpCJ8hFZ6iOrlEDeYiiR/SMXtGb9WS9WO/Wx2y0YOWZffQH1ucPofSYKw==</latexit><latexit sha1_base64="CY5u2bSnRTovA6GDgE+3Qr3S16o=">AAACBHicbVBNS8NAFNzUr1q/oh71sFgETyUpFfVW0IPHCsYWmlA22227dJMNuy9KCb148a948aDi1R/hzX/jts1BWwcWhpk3vH0TJoJrcJxvq7C0vLK6VlwvbWxube/Yu3t3WqaKMo9KIVUrJJoJHjMPOAjWShQjUShYMxxeTvzmPVOay/gWRgkLItKPeY9TAkbq2If+FRNAfMX7AyBKyQecnfrSRHB13LHLTsWZAi8SNydllKPRsb/8rqRpxGKggmjddp0Egowo4FSwcclPNUsIHZI+axsak4jpIJteMcbHRuninlTmxYCn6u9ERiKtR1FoJiMCAz3vTcT/vHYKvfMg43GSAovpbFEvFRgknlSCu1wxCmJkCKGKm79iOiCKUDDFlUwJ7vzJi8SrVi4q7k2tXK/lbRTRATpCJ8hFZ6iOrlEDeYiiR/SMXtGb9WS9WO/Wx2y0YOWZffQH1ucPofSYKw==</latexit><latexit sha1_base64="CY5u2bSnRTovA6GDgE+3Qr3S16o=">AAACBHicbVBNS8NAFNzUr1q/oh71sFgETyUpFfVW0IPHCsYWmlA22227dJMNuy9KCb148a948aDi1R/hzX/jts1BWwcWhpk3vH0TJoJrcJxvq7C0vLK6VlwvbWxube/Yu3t3WqaKMo9KIVUrJJoJHjMPOAjWShQjUShYMxxeTvzmPVOay/gWRgkLItKPeY9TAkbq2If+FRNAfMX7AyBKyQecnfrSRHB13LHLTsWZAi8SNydllKPRsb/8rqRpxGKggmjddp0Egowo4FSwcclPNUsIHZI+axsak4jpIJteMcbHRuninlTmxYCn6u9ERiKtR1FoJiMCAz3vTcT/vHYKvfMg43GSAovpbFEvFRgknlSCu1wxCmJkCKGKm79iOiCKUDDFlUwJ7vzJi8SrVi4q7k2tXK/lbRTRATpCJ8hFZ6iOrlEDeYiiR/SMXtGb9WS9WO/Wx2y0YOWZffQH1ucPofSYKw==</latexit><latexit sha1_base64="CY5u2bSnRTovA6GDgE+3Qr3S16o=">AAACBHicbVBNS8NAFNzUr1q/oh71sFgETyUpFfVW0IPHCsYWmlA22227dJMNuy9KCb148a948aDi1R/hzX/jts1BWwcWhpk3vH0TJoJrcJxvq7C0vLK6VlwvbWxube/Yu3t3WqaKMo9KIVUrJJoJHjMPOAjWShQjUShYMxxeTvzmPVOay/gWRgkLItKPeY9TAkbq2If+FRNAfMX7AyBKyQecnfrSRHB13LHLTsWZAi8SNydllKPRsb/8rqRpxGKggmjddp0Egowo4FSwcclPNUsIHZI+axsak4jpIJteMcbHRuninlTmxYCn6u9ERiKtR1FoJiMCAz3vTcT/vHYKvfMg43GSAovpbFEvFRgknlSCu1wxCmJkCKGKm79iOiCKUDDFlUwJ7vzJi8SrVi4q7k2tXK/lbRTRATpCJ8hFZ6iOrlEDeYiiR/SMXtGb9WS9WO/Wx2y0YOWZffQH1ucPofSYKw==</latexit>
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2

<latexit sha1_base64="qmXYtkyYCcpmT80sWrfavtAKs2s=">AAACCHicbVDLSsNAFJ3UV62vqEs3g0VwVZJaUXcFNy4rGFtIQphMJ+3QyYOZG6GEbt34K25cqLj1E9z5N07bLLT1wMDhnHO5c0+YCa7Asr6Nysrq2vpGdbO2tb2zu2fuH9yrNJeUOTQVqeyFRDHBE+YAB8F6mWQkDgXrhqPrqd99YFLxNLmDccb8mAwSHnFKQEuBiT3BInDPvFSncNOTfDAEPyjOS2ESmHWrYc2Al4ldkjoq0QnML6+f0jxmCVBBlHJtKwO/IBI4FWxS83LFMkJHZMBcTRMSM+UXs0sm+EQrfRylUr8E8Ez9PVGQWKlxHOpkTGCoFr2p+J/n5hBd+gVPshxYQueLolxgSPG0FtznklEQY00IlVz/FdMhkYSCLq+mS7AXT14mTrNx1bBvW/V2q2yjio7QMTpFNrpAbXSDOshBFD2iZ/SK3own48V4Nz7m0YpRzhyiPzA+fwAfY5l9</latexit><latexit sha1_base64="qmXYtkyYCcpmT80sWrfavtAKs2s=">AAACCHicbVDLSsNAFJ3UV62vqEs3g0VwVZJaUXcFNy4rGFtIQphMJ+3QyYOZG6GEbt34K25cqLj1E9z5N07bLLT1wMDhnHO5c0+YCa7Asr6Nysrq2vpGdbO2tb2zu2fuH9yrNJeUOTQVqeyFRDHBE+YAB8F6mWQkDgXrhqPrqd99YFLxNLmDccb8mAwSHnFKQEuBiT3BInDPvFSncNOTfDAEPyjOS2ESmHWrYc2Al4ldkjoq0QnML6+f0jxmCVBBlHJtKwO/IBI4FWxS83LFMkJHZMBcTRMSM+UXs0sm+EQrfRylUr8E8Ez9PVGQWKlxHOpkTGCoFr2p+J/n5hBd+gVPshxYQueLolxgSPG0FtznklEQY00IlVz/FdMhkYSCLq+mS7AXT14mTrNx1bBvW/V2q2yjio7QMTpFNrpAbXSDOshBFD2iZ/SK3own48V4Nz7m0YpRzhyiPzA+fwAfY5l9</latexit><latexit sha1_base64="qmXYtkyYCcpmT80sWrfavtAKs2s=">AAACCHicbVDLSsNAFJ3UV62vqEs3g0VwVZJaUXcFNy4rGFtIQphMJ+3QyYOZG6GEbt34K25cqLj1E9z5N07bLLT1wMDhnHO5c0+YCa7Asr6Nysrq2vpGdbO2tb2zu2fuH9yrNJeUOTQVqeyFRDHBE+YAB8F6mWQkDgXrhqPrqd99YFLxNLmDccb8mAwSHnFKQEuBiT3BInDPvFSncNOTfDAEPyjOS2ESmHWrYc2Al4ldkjoq0QnML6+f0jxmCVBBlHJtKwO/IBI4FWxS83LFMkJHZMBcTRMSM+UXs0sm+EQrfRylUr8E8Ez9PVGQWKlxHOpkTGCoFr2p+J/n5hBd+gVPshxYQueLolxgSPG0FtznklEQY00IlVz/FdMhkYSCLq+mS7AXT14mTrNx1bBvW/V2q2yjio7QMTpFNrpAbXSDOshBFD2iZ/SK3own48V4Nz7m0YpRzhyiPzA+fwAfY5l9</latexit><latexit sha1_base64="qmXYtkyYCcpmT80sWrfavtAKs2s=">AAACCHicbVDLSsNAFJ3UV62vqEs3g0VwVZJaUXcFNy4rGFtIQphMJ+3QyYOZG6GEbt34K25cqLj1E9z5N07bLLT1wMDhnHO5c0+YCa7Asr6Nysrq2vpGdbO2tb2zu2fuH9yrNJeUOTQVqeyFRDHBE+YAB8F6mWQkDgXrhqPrqd99YFLxNLmDccb8mAwSHnFKQEuBiT3BInDPvFSncNOTfDAEPyjOS2ESmHWrYc2Al4ldkjoq0QnML6+f0jxmCVBBlHJtKwO/IBI4FWxS83LFMkJHZMBcTRMSM+UXs0sm+EQrfRylUr8E8Ez9PVGQWKlxHOpkTGCoFr2p+J/n5hBd+gVPshxYQueLolxgSPG0FtznklEQY00IlVz/FdMhkYSCLq+mS7AXT14mTrNx1bBvW/V2q2yjio7QMTpFNrpAbXSDOshBFD2iZ/SK3own48V4Nz7m0YpRzhyiPzA+fwAfY5l9</latexit>

[2]3
<latexit sha1_base64="iKE0IlpKjPwbTlyd91aBg71bbuk=">AAAB+nicbVBNS8NAEN34WetXrEcvwSJ4KkktqLeCF48VjC0kIWy2m3bpZhN2J2IJ+StePKh49Zd489+4bXPQ1gcDj/dmmJkXZZwpsO1vY219Y3Nru7ZT393bPzg0jxoPKs0loS5JeSoHEVaUM0FdYMDpIJMUJxGn/WhyM/P7j1Qqlop7mGY0SPBIsJgRDFoKzYbPaQxe25dsNIYgLC7K0GzaLXsOa5U4FWmiCr3Q/PKHKckTKoBwrJTn2BkEBZbACKdl3c8VzTCZ4BH1NBU4oSoo5reX1plWhlacSl0CrLn6e6LAiVLTJNKdCYaxWvZm4n+el0N8FRRMZDlQQRaL4pxbkFqzIKwhk5QAn2qCiWT6VouMscQEdFx1HYKz/PIqcdut65Zz12l2O1UaNXSCTtE5ctAl6qJb1EMuIugJPaNX9GaUxovxbnwsWteMauYY/YHx+QNHA5Qa</latexit><latexit sha1_base64="iKE0IlpKjPwbTlyd91aBg71bbuk=">AAAB+nicbVBNS8NAEN34WetXrEcvwSJ4KkktqLeCF48VjC0kIWy2m3bpZhN2J2IJ+StePKh49Zd489+4bXPQ1gcDj/dmmJkXZZwpsO1vY219Y3Nru7ZT393bPzg0jxoPKs0loS5JeSoHEVaUM0FdYMDpIJMUJxGn/WhyM/P7j1Qqlop7mGY0SPBIsJgRDFoKzYbPaQxe25dsNIYgLC7K0GzaLXsOa5U4FWmiCr3Q/PKHKckTKoBwrJTn2BkEBZbACKdl3c8VzTCZ4BH1NBU4oSoo5reX1plWhlacSl0CrLn6e6LAiVLTJNKdCYaxWvZm4n+el0N8FRRMZDlQQRaL4pxbkFqzIKwhk5QAn2qCiWT6VouMscQEdFx1HYKz/PIqcdut65Zz12l2O1UaNXSCTtE5ctAl6qJb1EMuIugJPaNX9GaUxovxbnwsWteMauYY/YHx+QNHA5Qa</latexit><latexit sha1_base64="iKE0IlpKjPwbTlyd91aBg71bbuk=">AAAB+nicbVBNS8NAEN34WetXrEcvwSJ4KkktqLeCF48VjC0kIWy2m3bpZhN2J2IJ+StePKh49Zd489+4bXPQ1gcDj/dmmJkXZZwpsO1vY219Y3Nru7ZT393bPzg0jxoPKs0loS5JeSoHEVaUM0FdYMDpIJMUJxGn/WhyM/P7j1Qqlop7mGY0SPBIsJgRDFoKzYbPaQxe25dsNIYgLC7K0GzaLXsOa5U4FWmiCr3Q/PKHKckTKoBwrJTn2BkEBZbACKdl3c8VzTCZ4BH1NBU4oSoo5reX1plWhlacSl0CrLn6e6LAiVLTJNKdCYaxWvZm4n+el0N8FRRMZDlQQRaL4pxbkFqzIKwhk5QAn2qCiWT6VouMscQEdFx1HYKz/PIqcdut65Zz12l2O1UaNXSCTtE5ctAl6qJb1EMuIugJPaNX9GaUxovxbnwsWteMauYY/YHx+QNHA5Qa</latexit><latexit sha1_base64="iKE0IlpKjPwbTlyd91aBg71bbuk=">AAAB+nicbVBNS8NAEN34WetXrEcvwSJ4KkktqLeCF48VjC0kIWy2m3bpZhN2J2IJ+StePKh49Zd489+4bXPQ1gcDj/dmmJkXZZwpsO1vY219Y3Nru7ZT393bPzg0jxoPKs0loS5JeSoHEVaUM0FdYMDpIJMUJxGn/WhyM/P7j1Qqlop7mGY0SPBIsJgRDFoKzYbPaQxe25dsNIYgLC7K0GzaLXsOa5U4FWmiCr3Q/PKHKckTKoBwrJTn2BkEBZbACKdl3c8VzTCZ4BH1NBU4oSoo5reX1plWhlacSl0CrLn6e6LAiVLTJNKdCYaxWvZm4n+el0N8FRRMZDlQQRaL4pxbkFqzIKwhk5QAn2qCiWT6VouMscQEdFx1HYKz/PIqcdut65Zz12l2O1UaNXSCTtE5ctAl6qJb1EMuIugJPaNX9GaUxovxbnwsWteMauYY/YHx+QNHA5Qa</latexit>
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<latexit sha1_base64="P46L0Eg4Nmc15ZgP5XRih3jN3tY=">AAACCHicdVDLSsNAFJ34rPVVdelmsAiuQpIW2+4KblxWMLbQhDKZTtqhkwczN0IJ3brxV9y4UHHrJ7jzb5y2EVT0wMDhnHO5c0+QCq7Asj6MldW19Y3N0lZ5e2d3b79ycHijkkxS5tJEJLIXEMUEj5kLHATrpZKRKBCsG0wu5n73lknFk/gapinzIzKKecgpAS0NKtgTLIR+zUt0Cjue5KMx+IO8UQizQaVqmdYC2DLPW7Wm09TEqdvNVgPbhVVFBTqDyrs3TGgWsRioIEr1bSsFPycSOBVsVvYyxVJCJ2TE+prGJGLKzxeXzPCpVoY4TKR+MeCF+n0iJ5FS0yjQyYjAWP325uJfXj+DsOnnPE4zYDFdLgozgSHB81rwkEtGQUw1IVRy/VdMx0QSCrq8si7h61L8P3Eds2XaV/Vqu160UULH6ASdIRs1UBtdog5yEUV36AE9oWfj3ng0XozXZXTFKGaO0A8Yb5+CApnC</latexit><latexit sha1_base64="P46L0Eg4Nmc15ZgP5XRih3jN3tY=">AAACCHicdVDLSsNAFJ34rPVVdelmsAiuQpIW2+4KblxWMLbQhDKZTtqhkwczN0IJ3brxV9y4UHHrJ7jzb5y2EVT0wMDhnHO5c0+QCq7Asj6MldW19Y3N0lZ5e2d3b79ycHijkkxS5tJEJLIXEMUEj5kLHATrpZKRKBCsG0wu5n73lknFk/gapinzIzKKecgpAS0NKtgTLIR+zUt0Cjue5KMx+IO8UQizQaVqmdYC2DLPW7Wm09TEqdvNVgPbhVVFBTqDyrs3TGgWsRioIEr1bSsFPycSOBVsVvYyxVJCJ2TE+prGJGLKzxeXzPCpVoY4TKR+MeCF+n0iJ5FS0yjQyYjAWP325uJfXj+DsOnnPE4zYDFdLgozgSHB81rwkEtGQUw1IVRy/VdMx0QSCrq8si7h61L8P3Eds2XaV/Vqu160UULH6ASdIRs1UBtdog5yEUV36AE9oWfj3ng0XozXZXTFKGaO0A8Yb5+CApnC</latexit><latexit sha1_base64="P46L0Eg4Nmc15ZgP5XRih3jN3tY=">AAACCHicdVDLSsNAFJ34rPVVdelmsAiuQpIW2+4KblxWMLbQhDKZTtqhkwczN0IJ3brxV9y4UHHrJ7jzb5y2EVT0wMDhnHO5c0+QCq7Asj6MldW19Y3N0lZ5e2d3b79ycHijkkxS5tJEJLIXEMUEj5kLHATrpZKRKBCsG0wu5n73lknFk/gapinzIzKKecgpAS0NKtgTLIR+zUt0Cjue5KMx+IO8UQizQaVqmdYC2DLPW7Wm09TEqdvNVgPbhVVFBTqDyrs3TGgWsRioIEr1bSsFPycSOBVsVvYyxVJCJ2TE+prGJGLKzxeXzPCpVoY4TKR+MeCF+n0iJ5FS0yjQyYjAWP325uJfXj+DsOnnPE4zYDFdLgozgSHB81rwkEtGQUw1IVRy/VdMx0QSCrq8si7h61L8P3Eds2XaV/Vqu160UULH6ASdIRs1UBtdog5yEUV36AE9oWfj3ng0XozXZXTFKGaO0A8Yb5+CApnC</latexit><latexit sha1_base64="P46L0Eg4Nmc15ZgP5XRih3jN3tY=">AAACCHicdVDLSsNAFJ34rPVVdelmsAiuQpIW2+4KblxWMLbQhDKZTtqhkwczN0IJ3brxV9y4UHHrJ7jzb5y2EVT0wMDhnHO5c0+QCq7Asj6MldW19Y3N0lZ5e2d3b79ycHijkkxS5tJEJLIXEMUEj5kLHATrpZKRKBCsG0wu5n73lknFk/gapinzIzKKecgpAS0NKtgTLIR+zUt0Cjue5KMx+IO8UQizQaVqmdYC2DLPW7Wm09TEqdvNVgPbhVVFBTqDyrs3TGgWsRioIEr1bSsFPycSOBVsVvYyxVJCJ2TE+prGJGLKzxeXzPCpVoY4TKR+MeCF+n0iJ5FS0yjQyYjAWP325uJfXj+DsOnnPE4zYDFdLgozgSHB81rwkEtGQUw1IVRy/VdMx0QSCrq8si7h61L8P3Eds2XaV/Vqu160UULH6ASdIRs1UBtdog5yEUV36AE9oWfj3ng0XozXZXTFKGaO0A8Yb5+CApnC</latexit>

[1]3
<latexit sha1_base64="Kq0fZ91kc5TC8sL3pueB8Rx4vPQ=">AAAB+nicdVBNS8NAEN34WetXrUcvi0XwFJK22PRW8OKxgrGFNoTNdtMu3XywOxFL6F/x4kHFq7/Em//GbRtBRR8MPN6bYWZekAquwLI+jLX1jc2t7dJOeXdv/+CwclS9VUkmKXNpIhLZD4higsfMBQ6C9VPJSBQI1gumlwu/d8ek4kl8A7OUeREZxzzklICW/Ep1KFgIA3so+XgCnp835n6lZpnWEtgyL9oNp+5oUm/aTruF7cKqoQJdv/I+HCU0i1gMVBClBraVgpcTCZwKNi8PM8VSQqdkzAaaxiRiysuXt8/xmVZGOEykrhjwUv0+kZNIqVkU6M6IwET99hbiX94gg9Dxch6nGbCYrhaFmcCQ4EUQeMQloyBmmhAqub4V0wmRhIKOq6xD+PoU/0/cutk27etmrdMs0iihE3SKzpGNWqiDrlAXuYiie/SAntCzMTcejRfjddW6ZhQzx+gHjLdPpP6UXA==</latexit><latexit sha1_base64="Kq0fZ91kc5TC8sL3pueB8Rx4vPQ=">AAAB+nicdVBNS8NAEN34WetXrUcvi0XwFJK22PRW8OKxgrGFNoTNdtMu3XywOxFL6F/x4kHFq7/Em//GbRtBRR8MPN6bYWZekAquwLI+jLX1jc2t7dJOeXdv/+CwclS9VUkmKXNpIhLZD4higsfMBQ6C9VPJSBQI1gumlwu/d8ek4kl8A7OUeREZxzzklICW/Ep1KFgIA3so+XgCnp835n6lZpnWEtgyL9oNp+5oUm/aTruF7cKqoQJdv/I+HCU0i1gMVBClBraVgpcTCZwKNi8PM8VSQqdkzAaaxiRiysuXt8/xmVZGOEykrhjwUv0+kZNIqVkU6M6IwET99hbiX94gg9Dxch6nGbCYrhaFmcCQ4EUQeMQloyBmmhAqub4V0wmRhIKOq6xD+PoU/0/cutk27etmrdMs0iihE3SKzpGNWqiDrlAXuYiie/SAntCzMTcejRfjddW6ZhQzx+gHjLdPpP6UXA==</latexit><latexit sha1_base64="Kq0fZ91kc5TC8sL3pueB8Rx4vPQ=">AAAB+nicdVBNS8NAEN34WetXrUcvi0XwFJK22PRW8OKxgrGFNoTNdtMu3XywOxFL6F/x4kHFq7/Em//GbRtBRR8MPN6bYWZekAquwLI+jLX1jc2t7dJOeXdv/+CwclS9VUkmKXNpIhLZD4higsfMBQ6C9VPJSBQI1gumlwu/d8ek4kl8A7OUeREZxzzklICW/Ep1KFgIA3so+XgCnp835n6lZpnWEtgyL9oNp+5oUm/aTruF7cKqoQJdv/I+HCU0i1gMVBClBraVgpcTCZwKNi8PM8VSQqdkzAaaxiRiysuXt8/xmVZGOEykrhjwUv0+kZNIqVkU6M6IwET99hbiX94gg9Dxch6nGbCYrhaFmcCQ4EUQeMQloyBmmhAqub4V0wmRhIKOq6xD+PoU/0/cutk27etmrdMs0iihE3SKzpGNWqiDrlAXuYiie/SAntCzMTcejRfjddW6ZhQzx+gHjLdPpP6UXA==</latexit><latexit sha1_base64="Kq0fZ91kc5TC8sL3pueB8Rx4vPQ=">AAAB+nicdVBNS8NAEN34WetXrUcvi0XwFJK22PRW8OKxgrGFNoTNdtMu3XywOxFL6F/x4kHFq7/Em//GbRtBRR8MPN6bYWZekAquwLI+jLX1jc2t7dJOeXdv/+CwclS9VUkmKXNpIhLZD4higsfMBQ6C9VPJSBQI1gumlwu/d8ek4kl8A7OUeREZxzzklICW/Ep1KFgIA3so+XgCnp835n6lZpnWEtgyL9oNp+5oUm/aTruF7cKqoQJdv/I+HCU0i1gMVBClBraVgpcTCZwKNi8PM8VSQqdkzAaaxiRiysuXt8/xmVZGOEykrhjwUv0+kZNIqVkU6M6IwET99hbiX94gg9Dxch6nGbCYrhaFmcCQ4EUQeMQloyBmmhAqub4V0wmRhIKOq6xD+PoU/0/cutk27etmrdMs0iihE3SKzpGNWqiDrlAXuYiie/SAntCzMTcejRfjddW6ZhQzx+gHjLdPpP6UXA==</latexit>

massless spin 2

massless 3/2

massive 3/2spin 3/2  
Stückelberg

[1]3
<latexit sha1_base64="LNXiuCkKAMkG+LWPYUH4MgpZ63o=">AAAB+nicbVBNS8NAEN3Ur1q/Yj16CRbBU0m0oN4KXjxWMLaQhLDZbtqlm03YnYgl5K948aDi1V/izX/jts1BWx8MPN6bYWZelHGmwLa/jdra+sbmVn27sbO7t39gHjYfVJpLQl2S8lQOIqwoZ4K6wIDTQSYpTiJO+9HkZub3H6lULBX3MM1okOCRYDEjGLQUmk2f0xg8x5dsNIYgLC7K0GzZbXsOa5U4FWmhCr3Q/PKHKckTKoBwrJTn2BkEBZbACKdlw88VzTCZ4BH1NBU4oSoo5reX1qlWhlacSl0CrLn6e6LAiVLTJNKdCYaxWvZm4n+el0N8FRRMZDlQQRaL4pxbkFqzIKwhk5QAn2qCiWT6VouMscQEdFwNHYKz/PIqcc/b123nrtPqdqo06ugYnaAz5KBL1EW3qIdcRNATekav6M0ojRfj3fhYtNaMauYI/YHx+QNFdZQZ</latexit><latexit sha1_base64="LNXiuCkKAMkG+LWPYUH4MgpZ63o=">AAAB+nicbVBNS8NAEN3Ur1q/Yj16CRbBU0m0oN4KXjxWMLaQhLDZbtqlm03YnYgl5K948aDi1V/izX/jts1BWx8MPN6bYWZelHGmwLa/jdra+sbmVn27sbO7t39gHjYfVJpLQl2S8lQOIqwoZ4K6wIDTQSYpTiJO+9HkZub3H6lULBX3MM1okOCRYDEjGLQUmk2f0xg8x5dsNIYgLC7K0GzZbXsOa5U4FWmhCr3Q/PKHKckTKoBwrJTn2BkEBZbACKdlw88VzTCZ4BH1NBU4oSoo5reX1qlWhlacSl0CrLn6e6LAiVLTJNKdCYaxWvZm4n+el0N8FRRMZDlQQRaL4pxbkFqzIKwhk5QAn2qCiWT6VouMscQEdFwNHYKz/PIqcc/b123nrtPqdqo06ugYnaAz5KBL1EW3qIdcRNATekav6M0ojRfj3fhYtNaMauYI/YHx+QNFdZQZ</latexit><latexit sha1_base64="LNXiuCkKAMkG+LWPYUH4MgpZ63o=">AAAB+nicbVBNS8NAEN3Ur1q/Yj16CRbBU0m0oN4KXjxWMLaQhLDZbtqlm03YnYgl5K948aDi1V/izX/jts1BWx8MPN6bYWZelHGmwLa/jdra+sbmVn27sbO7t39gHjYfVJpLQl2S8lQOIqwoZ4K6wIDTQSYpTiJO+9HkZub3H6lULBX3MM1okOCRYDEjGLQUmk2f0xg8x5dsNIYgLC7K0GzZbXsOa5U4FWmhCr3Q/PKHKckTKoBwrJTn2BkEBZbACKdlw88VzTCZ4BH1NBU4oSoo5reX1qlWhlacSl0CrLn6e6LAiVLTJNKdCYaxWvZm4n+el0N8FRRMZDlQQRaL4pxbkFqzIKwhk5QAn2qCiWT6VouMscQEdFwNHYKz/PIqcc/b123nrtPqdqo06ugYnaAz5KBL1EW3qIdcRNATekav6M0ojRfj3fhYtNaMauYI/YHx+QNFdZQZ</latexit><latexit sha1_base64="LNXiuCkKAMkG+LWPYUH4MgpZ63o=">AAAB+nicbVBNS8NAEN3Ur1q/Yj16CRbBU0m0oN4KXjxWMLaQhLDZbtqlm03YnYgl5K948aDi1V/izX/jts1BWx8MPN6bYWZelHGmwLa/jdra+sbmVn27sbO7t39gHjYfVJpLQl2S8lQOIqwoZ4K6wIDTQSYpTiJO+9HkZub3H6lULBX3MM1okOCRYDEjGLQUmk2f0xg8x5dsNIYgLC7K0GzZbXsOa5U4FWmhCr3Q/PKHKckTKoBwrJTn2BkEBZbACKdlw88VzTCZ4BH1NBU4oSoo5reX1qlWhlacSl0CrLn6e6LAiVLTJNKdCYaxWvZm4n+el0N8FRRMZDlQQRaL4pxbkFqzIKwhk5QAn2qCiWT6VouMscQEdFwNHYKz/PIqcc/b123nrtPqdqo06ugYnaAz5KBL1EW3qIdcRNATekav6M0ojRfj3fhYtNaMauYI/YHx+QNFdZQZ</latexit>

[1]4
<latexit sha1_base64="Rt62QMNr67TiDDXDQ9nR/cJQCAY=">AAAB+nicbVBNS8NAEN34WetXrEcvi0XwVBIpqLeCF48VjC0kIWy2m3bpZhN2J2IJ/StePKh49Zd489+4bXPQ1gcDj/dmmJkX54JrcJxva219Y3Nru7ZT393bPzi0jxoPOisUZR7NRKb6MdFMcMk84CBYP1eMpLFgvXh8M/N7j0xpnsl7mOQsTMlQ8oRTAkaK7EYgWAK+Gyg+HEEYle1pZDedljMHXiVuRZqoQjeyv4JBRouUSaCCaO27Tg5hSRRwKti0HhSa5YSOyZD5hkqSMh2W89un+MwoA5xkypQEPFd/T5Qk1XqSxqYzJTDSy95M/M/zC0iuwpLLvAAm6WJRUggMGZ4FgQdcMQpiYgihiptbMR0RRSiYuOomBHf55VXiXbSuW+5du9lpV2nU0Ak6RefIRZeog25RF3mIoif0jF7RmzW1Xqx362PRumZVM8foD6zPH0b5lBo=</latexit><latexit sha1_base64="Rt62QMNr67TiDDXDQ9nR/cJQCAY=">AAAB+nicbVBNS8NAEN34WetXrEcvi0XwVBIpqLeCF48VjC0kIWy2m3bpZhN2J2IJ/StePKh49Zd489+4bXPQ1gcDj/dmmJkX54JrcJxva219Y3Nru7ZT393bPzi0jxoPOisUZR7NRKb6MdFMcMk84CBYP1eMpLFgvXh8M/N7j0xpnsl7mOQsTMlQ8oRTAkaK7EYgWAK+Gyg+HEEYle1pZDedljMHXiVuRZqoQjeyv4JBRouUSaCCaO27Tg5hSRRwKti0HhSa5YSOyZD5hkqSMh2W89un+MwoA5xkypQEPFd/T5Qk1XqSxqYzJTDSy95M/M/zC0iuwpLLvAAm6WJRUggMGZ4FgQdcMQpiYgihiptbMR0RRSiYuOomBHf55VXiXbSuW+5du9lpV2nU0Ak6RefIRZeog25RF3mIoif0jF7RmzW1Xqx362PRumZVM8foD6zPH0b5lBo=</latexit><latexit sha1_base64="Rt62QMNr67TiDDXDQ9nR/cJQCAY=">AAAB+nicbVBNS8NAEN34WetXrEcvi0XwVBIpqLeCF48VjC0kIWy2m3bpZhN2J2IJ/StePKh49Zd489+4bXPQ1gcDj/dmmJkX54JrcJxva219Y3Nru7ZT393bPzi0jxoPOisUZR7NRKb6MdFMcMk84CBYP1eMpLFgvXh8M/N7j0xpnsl7mOQsTMlQ8oRTAkaK7EYgWAK+Gyg+HEEYle1pZDedljMHXiVuRZqoQjeyv4JBRouUSaCCaO27Tg5hSRRwKti0HhSa5YSOyZD5hkqSMh2W89un+MwoA5xkypQEPFd/T5Qk1XqSxqYzJTDSy95M/M/zC0iuwpLLvAAm6WJRUggMGZ4FgQdcMQpiYgihiptbMR0RRSiYuOomBHf55VXiXbSuW+5du9lpV2nU0Ak6RefIRZeog25RF3mIoif0jF7RmzW1Xqx362PRumZVM8foD6zPH0b5lBo=</latexit><latexit sha1_base64="Rt62QMNr67TiDDXDQ9nR/cJQCAY=">AAAB+nicbVBNS8NAEN34WetXrEcvi0XwVBIpqLeCF48VjC0kIWy2m3bpZhN2J2IJ/StePKh49Zd489+4bXPQ1gcDj/dmmJkX54JrcJxva219Y3Nru7ZT393bPzi0jxoPOisUZR7NRKb6MdFMcMk84CBYP1eMpLFgvXh8M/N7j0xpnsl7mOQsTMlQ8oRTAkaK7EYgWAK+Gyg+HEEYle1pZDedljMHXiVuRZqoQjeyv4JBRouUSaCCaO27Tg5hSRRwKti0HhSa5YSOyZD5hkqSMh2W89un+MwoA5xkypQEPFd/T5Qk1XqSxqYzJTDSy95M/M/zC0iuwpLLvAAm6WJRUggMGZ4FgQdcMQpiYgihiptbMR0RRSiYuOomBHf55VXiXbSuW+5du9lpV2nU0Ak6RefIRZeog25RF3mIoif0jF7RmzW1Xqx362PRumZVM8foD6zPH0b5lBo=</latexit>


3

2

�

7
2

<latexit sha1_base64="QoP7oCkqSt5tKK2OP343YoxSbhs=">AAACCHicbVDLSsNAFJ3UV62vqEs3g0VwVZJaqO4KblxWMLaQhDCZTtqhkwczN0IJ3brxV9y4UHHrJ7jzb5y2WWjrgYHDOedy554wE1yBZX0blbX1jc2t6nZtZ3dv/8A8PLpXaS4pc2gqUtkPiWKCJ8wBDoL1M8lIHArWC8fXM7/3wKTiaXIHk4z5MRkmPOKUgJYCE3uCReBeeKlO4aYn+XAEflC0S2EamHWrYc2BV4ldkjoq0Q3ML2+Q0jxmCVBBlHJtKwO/IBI4FWxa83LFMkLHZMhcTRMSM+UX80um+EwrAxylUr8E8Fz9PVGQWKlJHOpkTGCklr2Z+J/n5hBd+gVPshxYQheLolxgSPGsFjzgklEQE00IlVz/FdMRkYSCLq+mS7CXT14lTrNx1bBvW/VOq2yjik7QKTpHNmqjDrpBXeQgih7RM3pFb8aT8WK8Gx+LaMUoZ47RHxifPyJ5mX8=</latexit><latexit sha1_base64="QoP7oCkqSt5tKK2OP343YoxSbhs=">AAACCHicbVDLSsNAFJ3UV62vqEs3g0VwVZJaqO4KblxWMLaQhDCZTtqhkwczN0IJ3brxV9y4UHHrJ7jzb5y2WWjrgYHDOedy554wE1yBZX0blbX1jc2t6nZtZ3dv/8A8PLpXaS4pc2gqUtkPiWKCJ8wBDoL1M8lIHArWC8fXM7/3wKTiaXIHk4z5MRkmPOKUgJYCE3uCReBeeKlO4aYn+XAEflC0S2EamHWrYc2BV4ldkjoq0Q3ML2+Q0jxmCVBBlHJtKwO/IBI4FWxa83LFMkLHZMhcTRMSM+UX80um+EwrAxylUr8E8Fz9PVGQWKlJHOpkTGCklr2Z+J/n5hBd+gVPshxYQheLolxgSPGsFjzgklEQE00IlVz/FdMRkYSCLq+mS7CXT14lTrNx1bBvW/VOq2yjik7QKTpHNmqjDrpBXeQgih7RM3pFb8aT8WK8Gx+LaMUoZ47RHxifPyJ5mX8=</latexit><latexit sha1_base64="QoP7oCkqSt5tKK2OP343YoxSbhs=">AAACCHicbVDLSsNAFJ3UV62vqEs3g0VwVZJaqO4KblxWMLaQhDCZTtqhkwczN0IJ3brxV9y4UHHrJ7jzb5y2WWjrgYHDOedy554wE1yBZX0blbX1jc2t6nZtZ3dv/8A8PLpXaS4pc2gqUtkPiWKCJ8wBDoL1M8lIHArWC8fXM7/3wKTiaXIHk4z5MRkmPOKUgJYCE3uCReBeeKlO4aYn+XAEflC0S2EamHWrYc2BV4ldkjoq0Q3ML2+Q0jxmCVBBlHJtKwO/IBI4FWxa83LFMkLHZMhcTRMSM+UX80um+EwrAxylUr8E8Fz9PVGQWKlJHOpkTGCklr2Z+J/n5hBd+gVPshxYQheLolxgSPGsFjzgklEQE00IlVz/FdMRkYSCLq+mS7CXT14lTrNx1bBvW/VOq2yjik7QKTpHNmqjDrpBXeQgih7RM3pFb8aT8WK8Gx+LaMUoZ47RHxifPyJ5mX8=</latexit><latexit sha1_base64="QoP7oCkqSt5tKK2OP343YoxSbhs=">AAACCHicbVDLSsNAFJ3UV62vqEs3g0VwVZJaqO4KblxWMLaQhDCZTtqhkwczN0IJ3brxV9y4UHHrJ7jzb5y2WWjrgYHDOedy554wE1yBZX0blbX1jc2t6nZtZ3dv/8A8PLpXaS4pc2gqUtkPiWKCJ8wBDoL1M8lIHArWC8fXM7/3wKTiaXIHk4z5MRkmPOKUgJYCE3uCReBeeKlO4aYn+XAEflC0S2EamHWrYc2BV4ldkjoq0Q3ML2+Q0jxmCVBBlHJtKwO/IBI4FWxa83LFMkLHZMhcTRMSM+UX80um+EwrAxylUr8E8Fz9PVGQWKlJHOpkTGCklr2Z+J/n5hBd+gVPshxYQheLolxgSPGsFjzgklEQE00IlVz/FdMRkYSCLq+mS7CXT14lTrNx1bBvW/VOq2yjik7QKTpHNmqjDrpBXeQgih7RM3pFb8aT8WK8Gx+LaMUoZ47RHxifPyJ5mX8=</latexit>
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<latexit sha1_base64="hJcL8UHaVoUABEfZLRQDI1beq4o=">AAACCHicbVBNS8NAFNz4WetX1KOXxSJ4KkkpVG8FLx4rWFtIQthsN+3STTbsvggl9OrFv+LFg4pXf4I3/43bNgdtHVgYZubx9k2UCa7Bcb6ttfWNza3tyk51d2//4NA+Or7XMleUdakUUvUjopngKesCB8H6mWIkiQTrRePrmd97YEpzmd7BJGNBQoYpjzklYKTQxr5gMXiuL00KN3zFhyMIwqJVCtPQrjl1Zw68StyS1FCJTmh/+QNJ84SlQAXR2nOdDIKCKOBUsGnVzzXLCB2TIfMMTUnCdFDML5nic6MMcCyVeSngufp7oiCJ1pMkMsmEwEgvezPxP8/LIb4MCp5mObCULhbFucAg8awWPOCKURATQwhV3PwV0xFRhIIpr2pKcJdPXiXdRv2q7t42a+1m2UYFnaIzdIFc1EJtdIM6qIsoekTP6BW9WU/Wi/VufSyia1Y5c4L+wPr8AR9BmX0=</latexit><latexit sha1_base64="hJcL8UHaVoUABEfZLRQDI1beq4o=">AAACCHicbVBNS8NAFNz4WetX1KOXxSJ4KkkpVG8FLx4rWFtIQthsN+3STTbsvggl9OrFv+LFg4pXf4I3/43bNgdtHVgYZubx9k2UCa7Bcb6ttfWNza3tyk51d2//4NA+Or7XMleUdakUUvUjopngKesCB8H6mWIkiQTrRePrmd97YEpzmd7BJGNBQoYpjzklYKTQxr5gMXiuL00KN3zFhyMIwqJVCtPQrjl1Zw68StyS1FCJTmh/+QNJ84SlQAXR2nOdDIKCKOBUsGnVzzXLCB2TIfMMTUnCdFDML5nic6MMcCyVeSngufp7oiCJ1pMkMsmEwEgvezPxP8/LIb4MCp5mObCULhbFucAg8awWPOCKURATQwhV3PwV0xFRhIIpr2pKcJdPXiXdRv2q7t42a+1m2UYFnaIzdIFc1EJtdIM6qIsoekTP6BW9WU/Wi/VufSyia1Y5c4L+wPr8AR9BmX0=</latexit><latexit sha1_base64="hJcL8UHaVoUABEfZLRQDI1beq4o=">AAACCHicbVBNS8NAFNz4WetX1KOXxSJ4KkkpVG8FLx4rWFtIQthsN+3STTbsvggl9OrFv+LFg4pXf4I3/43bNgdtHVgYZubx9k2UCa7Bcb6ttfWNza3tyk51d2//4NA+Or7XMleUdakUUvUjopngKesCB8H6mWIkiQTrRePrmd97YEpzmd7BJGNBQoYpjzklYKTQxr5gMXiuL00KN3zFhyMIwqJVCtPQrjl1Zw68StyS1FCJTmh/+QNJ84SlQAXR2nOdDIKCKOBUsGnVzzXLCB2TIfMMTUnCdFDML5nic6MMcCyVeSngufp7oiCJ1pMkMsmEwEgvezPxP8/LIb4MCp5mObCULhbFucAg8awWPOCKURATQwhV3PwV0xFRhIIpr2pKcJdPXiXdRv2q7t42a+1m2UYFnaIzdIFc1EJtdIM6qIsoekTP6BW9WU/Wi/VufSyia1Y5c4L+wPr8AR9BmX0=</latexit><latexit sha1_base64="hJcL8UHaVoUABEfZLRQDI1beq4o=">AAACCHicbVBNS8NAFNz4WetX1KOXxSJ4KkkpVG8FLx4rWFtIQthsN+3STTbsvggl9OrFv+LFg4pXf4I3/43bNgdtHVgYZubx9k2UCa7Bcb6ttfWNza3tyk51d2//4NA+Or7XMleUdakUUvUjopngKesCB8H6mWIkiQTrRePrmd97YEpzmd7BJGNBQoYpjzklYKTQxr5gMXiuL00KN3zFhyMIwqJVCtPQrjl1Zw68StyS1FCJTmh/+QNJ84SlQAXR2nOdDIKCKOBUsGnVzzXLCB2TIfMMTUnCdFDML5nic6MMcCyVeSngufp7oiCJ1pMkMsmEwEgvezPxP8/LIb4MCp5mObCULhbFucAg8awWPOCKURATQwhV3PwV0xFRhIIpr2pKcJdPXiXdRv2q7t42a+1m2UYFnaIzdIFc1EJtdIM6qIsoekTP6BW9WU/Wi/VufSyia1Y5c4L+wPr8AR9BmX0=</latexit>

massive spin 1

graviton Stückelberg 
m2L2 = 6

<latexit sha1_base64="swGlTRx+2soeL9CgvIUhCP1FpPI=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5C8KMQAjYWFhE8E0guYW+zSZbs7p27e0I48idsLFRs/T12/hs3yRWa+GDg8d4MM/PCmDNtXPfbya2srq1v5DcLW9s7u3vF/YMHHSWKUJ9EPFLNEGvKmaS+YYbTZqwoFiGnjXB0PfUbT1RpFsl7M45pIPBAsj4j2FipKTqV207l6qxbLLlldwa0TLyMlCBDvVv8avcikggqDeFY65bnxiZIsTKMcDoptBNNY0xGeEBblkosqA7S2b0TdGKVHupHypY0aKb+nkix0HosQtspsBnqRW8q/ue1EtO/CFIm48RQSeaL+glHJkLT51GPKUoMH1uCiWL2VkSGWGFibEQFG4K3+PIy8Svly7J3Vy3VqlkaeTiCYzgFD86hBjdQBx8IcHiGV3hzHp0X5935mLfmnGzmEP7A+fwBH5SO3A==</latexit><latexit sha1_base64="swGlTRx+2soeL9CgvIUhCP1FpPI=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5C8KMQAjYWFhE8E0guYW+zSZbs7p27e0I48idsLFRs/T12/hs3yRWa+GDg8d4MM/PCmDNtXPfbya2srq1v5DcLW9s7u3vF/YMHHSWKUJ9EPFLNEGvKmaS+YYbTZqwoFiGnjXB0PfUbT1RpFsl7M45pIPBAsj4j2FipKTqV207l6qxbLLlldwa0TLyMlCBDvVv8avcikggqDeFY65bnxiZIsTKMcDoptBNNY0xGeEBblkosqA7S2b0TdGKVHupHypY0aKb+nkix0HosQtspsBnqRW8q/ue1EtO/CFIm48RQSeaL+glHJkLT51GPKUoMH1uCiWL2VkSGWGFibEQFG4K3+PIy8Svly7J3Vy3VqlkaeTiCYzgFD86hBjdQBx8IcHiGV3hzHp0X5935mLfmnGzmEP7A+fwBH5SO3A==</latexit><latexit sha1_base64="swGlTRx+2soeL9CgvIUhCP1FpPI=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5C8KMQAjYWFhE8E0guYW+zSZbs7p27e0I48idsLFRs/T12/hs3yRWa+GDg8d4MM/PCmDNtXPfbya2srq1v5DcLW9s7u3vF/YMHHSWKUJ9EPFLNEGvKmaS+YYbTZqwoFiGnjXB0PfUbT1RpFsl7M45pIPBAsj4j2FipKTqV207l6qxbLLlldwa0TLyMlCBDvVv8avcikggqDeFY65bnxiZIsTKMcDoptBNNY0xGeEBblkosqA7S2b0TdGKVHupHypY0aKb+nkix0HosQtspsBnqRW8q/ue1EtO/CFIm48RQSeaL+glHJkLT51GPKUoMH1uCiWL2VkSGWGFibEQFG4K3+PIy8Svly7J3Vy3VqlkaeTiCYzgFD86hBjdQBx8IcHiGV3hzHp0X5935mLfmnGzmEP7A+fwBH5SO3A==</latexit><latexit sha1_base64="swGlTRx+2soeL9CgvIUhCP1FpPI=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5C8KMQAjYWFhE8E0guYW+zSZbs7p27e0I48idsLFRs/T12/hs3yRWa+GDg8d4MM/PCmDNtXPfbya2srq1v5DcLW9s7u3vF/YMHHSWKUJ9EPFLNEGvKmaS+YYbTZqwoFiGnjXB0PfUbT1RpFsl7M45pIPBAsj4j2FipKTqV207l6qxbLLlldwa0TLyMlCBDvVv8avcikggqDeFY65bnxiZIsTKMcDoptBNNY0xGeEBblkosqA7S2b0TdGKVHupHypY0aKb+nkix0HosQtspsBnqRW8q/ue1EtO/CFIm48RQSeaL+glHJkLT51GPKUoMH1uCiWL2VkSGWGFibEQFG4K3+PIy8Svly7J3Vy3VqlkaeTiCYzgFD86hBjdQBx8IcHiGV3hzHp0X5935mLfmnGzmEP7A+fwBH5SO3A==</latexit>

m2L2 = 2
<latexit sha1_base64="cW7d1kwMc4rF0mjYw3asxfr5Mlc=">AAAB7nicbVA9SwNBEJ3zM8avqKXNYhCswt0RUAshYGNhEcEzgeQS9jZ7yZLdvXN3Twghf8LGQsXW32Pnv3GTXKGJDwYe780wMy9KOdPGdb+dldW19Y3NwlZxe2d3b790cPigk0wRGpCEJ6oZYU05kzQwzHDaTBXFIuK0EQ2vp37jiSrNEnlvRikNBe5LFjOCjZWaouPfdvwrv1squxV3BrRMvJyUIUe9W/pq9xKSCSoN4VjrluemJhxjZRjhdFJsZ5qmmAxxn7YslVhQHY5n907QqVV6KE6ULWnQTP09McZC65GIbKfAZqAXvan4n9fKTHwRjplMM0MlmS+KM45MgqbPox5TlBg+sgQTxeytiAywwsTYiIo2BG/x5WUS+JXLindXLdeqeRoFOIYTOAMPzqEGN1CHAAhweIZXeHMenRfn3fmYt644+cwR/IHz+QMZiI7Y</latexit><latexit sha1_base64="cW7d1kwMc4rF0mjYw3asxfr5Mlc=">AAAB7nicbVA9SwNBEJ3zM8avqKXNYhCswt0RUAshYGNhEcEzgeQS9jZ7yZLdvXN3Twghf8LGQsXW32Pnv3GTXKGJDwYe780wMy9KOdPGdb+dldW19Y3NwlZxe2d3b790cPigk0wRGpCEJ6oZYU05kzQwzHDaTBXFIuK0EQ2vp37jiSrNEnlvRikNBe5LFjOCjZWaouPfdvwrv1squxV3BrRMvJyUIUe9W/pq9xKSCSoN4VjrluemJhxjZRjhdFJsZ5qmmAxxn7YslVhQHY5n907QqVV6KE6ULWnQTP09McZC65GIbKfAZqAXvan4n9fKTHwRjplMM0MlmS+KM45MgqbPox5TlBg+sgQTxeytiAywwsTYiIo2BG/x5WUS+JXLindXLdeqeRoFOIYTOAMPzqEGN1CHAAhweIZXeHMenRfn3fmYt644+cwR/IHz+QMZiI7Y</latexit><latexit sha1_base64="cW7d1kwMc4rF0mjYw3asxfr5Mlc=">AAAB7nicbVA9SwNBEJ3zM8avqKXNYhCswt0RUAshYGNhEcEzgeQS9jZ7yZLdvXN3Twghf8LGQsXW32Pnv3GTXKGJDwYe780wMy9KOdPGdb+dldW19Y3NwlZxe2d3b790cPigk0wRGpCEJ6oZYU05kzQwzHDaTBXFIuK0EQ2vp37jiSrNEnlvRikNBe5LFjOCjZWaouPfdvwrv1squxV3BrRMvJyUIUe9W/pq9xKSCSoN4VjrluemJhxjZRjhdFJsZ5qmmAxxn7YslVhQHY5n907QqVV6KE6ULWnQTP09McZC65GIbKfAZqAXvan4n9fKTHwRjplMM0MlmS+KM45MgqbPox5TlBg+sgQTxeytiAywwsTYiIo2BG/x5WUS+JXLindXLdeqeRoFOIYTOAMPzqEGN1CHAAhweIZXeHMenRfn3fmYt644+cwR/IHz+QMZiI7Y</latexit><latexit sha1_base64="cW7d1kwMc4rF0mjYw3asxfr5Mlc=">AAAB7nicbVA9SwNBEJ3zM8avqKXNYhCswt0RUAshYGNhEcEzgeQS9jZ7yZLdvXN3Twghf8LGQsXW32Pnv3GTXKGJDwYe780wMy9KOdPGdb+dldW19Y3NwlZxe2d3b790cPigk0wRGpCEJ6oZYU05kzQwzHDaTBXFIuK0EQ2vp37jiSrNEnlvRikNBe5LFjOCjZWaouPfdvwrv1squxV3BrRMvJyUIUe9W/pq9xKSCSoN4VjrluemJhxjZRjhdFJsZ5qmmAxxn7YslVhQHY5n907QqVV6KE6ULWnQTP09McZC65GIbKfAZqAXvan4n9fKTHwRjplMM0MlmS+KM45MgqbPox5TlBg+sgQTxeytiAywwsTYiIo2BG/x5WUS+JXLindXLdeqeRoFOIYTOAMPzqEGN1CHAAhweIZXeHMenRfn3fmYt644+cwR/IHz+QMZiI7Y</latexit>

m2L2 = 3
<latexit sha1_base64="P0Ncabq6KLXeIhpPXYZ1l2cGZZA=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5iQC2EgI2FRQRjAskl7G32kiW7e+funhCO/AkbCxVbf4+d/8ZNcoUmPhh4vDfDzLwg5kwb1/12ciura+sb+c3C1vbO7l5x/+BBR4kitEEiHqlWgDXlTNKGYYbTVqwoFgGnzWB0PfWbT1RpFsl7M46pL/BAspARbKzUEt3KbbdyddYrltyyOwNaJl5GSpCh3it+dfoRSQSVhnCsddtzY+OnWBlGOJ0UOommMSYjPKBtSyUWVPvp7N4JOrFKH4WRsiUNmqm/J1IstB6LwHYKbIZ60ZuK/3ntxIQXfspknBgqyXxRmHBkIjR9HvWZosTwsSWYKGZvRWSIFSbGRlSwIXiLLy+TRqV8WfbuqqVaNUsjD0dwDKfgwTnU4Abq0AACHJ7hFd6cR+fFeXc+5q05J5s5hD9wPn8AGwuO2Q==</latexit><latexit sha1_base64="P0Ncabq6KLXeIhpPXYZ1l2cGZZA=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5iQC2EgI2FRQRjAskl7G32kiW7e+funhCO/AkbCxVbf4+d/8ZNcoUmPhh4vDfDzLwg5kwb1/12ciura+sb+c3C1vbO7l5x/+BBR4kitEEiHqlWgDXlTNKGYYbTVqwoFgGnzWB0PfWbT1RpFsl7M46pL/BAspARbKzUEt3KbbdyddYrltyyOwNaJl5GSpCh3it+dfoRSQSVhnCsddtzY+OnWBlGOJ0UOommMSYjPKBtSyUWVPvp7N4JOrFKH4WRsiUNmqm/J1IstB6LwHYKbIZ60ZuK/3ntxIQXfspknBgqyXxRmHBkIjR9HvWZosTwsSWYKGZvRWSIFSbGRlSwIXiLLy+TRqV8WfbuqqVaNUsjD0dwDKfgwTnU4Abq0AACHJ7hFd6cR+fFeXc+5q05J5s5hD9wPn8AGwuO2Q==</latexit><latexit sha1_base64="P0Ncabq6KLXeIhpPXYZ1l2cGZZA=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5iQC2EgI2FRQRjAskl7G32kiW7e+funhCO/AkbCxVbf4+d/8ZNcoUmPhh4vDfDzLwg5kwb1/12ciura+sb+c3C1vbO7l5x/+BBR4kitEEiHqlWgDXlTNKGYYbTVqwoFgGnzWB0PfWbT1RpFsl7M46pL/BAspARbKzUEt3KbbdyddYrltyyOwNaJl5GSpCh3it+dfoRSQSVhnCsddtzY+OnWBlGOJ0UOommMSYjPKBtSyUWVPvp7N4JOrFKH4WRsiUNmqm/J1IstB6LwHYKbIZ60ZuK/3ntxIQXfspknBgqyXxRmHBkIjR9HvWZosTwsSWYKGZvRWSIFSbGRlSwIXiLLy+TRqV8WfbuqqVaNUsjD0dwDKfgwTnU4Abq0AACHJ7hFd6cR+fFeXc+5q05J5s5hD9wPn8AGwuO2Q==</latexit><latexit sha1_base64="P0Ncabq6KLXeIhpPXYZ1l2cGZZA=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5iQC2EgI2FRQRjAskl7G32kiW7e+funhCO/AkbCxVbf4+d/8ZNcoUmPhh4vDfDzLwg5kwb1/12ciura+sb+c3C1vbO7l5x/+BBR4kitEEiHqlWgDXlTNKGYYbTVqwoFgGnzWB0PfWbT1RpFsl7M46pL/BAspARbKzUEt3KbbdyddYrltyyOwNaJl5GSpCh3it+dfoRSQSVhnCsddtzY+OnWBlGOJ0UOommMSYjPKBtSyUWVPvp7N4JOrFKH4WRsiUNmqm/J1IstB6LwHYKbIZ60ZuK/3ntxIQXfspknBgqyXxRmHBkIjR9HvWZosTwsSWYKGZvRWSIFSbGRlSwIXiLLy+TRqV8WfbuqqVaNUsjD0dwDKfgwTnU4Abq0AACHJ7hFd6cR+fFeXc+5q05J5s5hD9wPn8AGwuO2Q==</latexit>
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(4.6)

As the massless point ∆ = 5/2 is approached, the massive
{

3
2

}
∆

representation shortens

into the
{

3
2

}
5
2

representation, and the null states split off into the massive {1}3 represen-

tation. Within this massive {1}3 representation, the [1]4 is the longitudinal mode of the
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massive spin-2 which becomes massless, the
[

1
2

]
7
2

is the longitudinal mode of the massive

spin-3/2 which becomes massless, and the [1]3 and
[

3
2

]
7
2

are the two conformal primaries

of the
{

3
2

}
∆

which go null. In section 5.2, we will see that in the AdS4 action there will be

fields which capture these null states, in addition to the Stückelberg fields for the emerging

gauge parameters, and all these fields together will split off into their own massive multiplet.

The general partially massless branching rule is

{s}∆ →
∆→t+2

{s}t+2 ⊕
{
t+

1

2

}
s+ 3

2

. (4.7)

Here s, t are the spin and depth of the PM point in figure 3 corresponding to the su-

perconformal primary (with t = −1
2 corresponding to the cases where the superconformal

primary is one of the ∆ = 3/2 fermions). In the PM multiplets without massless fields, the

gauge parameter multiplet contains precisely the gauge parameters for the partially mass-

less fields. The gauge parameter is always the reflection of the field about the line ∆ = s+2

in the s,∆ plane depicted in figure 3, and so the gauge parameter multiplet is the reflec-

tion of the PM multiplet. In the massless multiplets, the Stückelberg multiplet contains,

in addition to the gauge parameters for the two massless fields, Stückelberg fields for the

two conformal primaries in the massless multiplet (3.33) which are going null. Note that

in all cases, the gauge parameter multiplets are always unitary un-shortened multiplets.

5 AdS4 action and SUSY transformations

In this section we construct the explicit action and SUSY transformation rules for the

partially massless multiplet shown in (4.1). This is the simplest multiplet that includes

a partially massless spin-2, as all others containing a partially massless spin-2 will also

contain higher-spin particles. For the sake of generality, and to study how the degrees

of freedom behave as one approaches the partially massless limit, it is useful to begin by

constructing the full AdS4 massive gravity multiplet with spins (2, 3/2, 3/2, 1) and a generic

graviton mass, described by the generic multiplet (3.19) with s = 3/2.3

The free action is simply given by the sum of the free actions of a massive graviton

hµν , two massive Majorana gravitini Ψµ and Φµ, and a massive pseudo-vector4 Bµ,

S =

∫
d4x
√
−g
[
− 1

2
∇ρhµν∇ρhµν +∇ρhµν∇µhρν −∇µh∇νhµν +

1

2
∇µh∇µh

− 3

L2

(
hµνhµν −

1

2
h2

)
− m2

2

2

(
hµνhµν − h2

)
− 1

2
Ψ̄µγ

µνρ∇νΨρ +
µ

2
Ψ̄µγ

µνΨν −
1

2
Φ̄µγ

µνρ∇νΦρ +
µ′

2
Φ̄µγ

µνΦν

− 1

4
GµνGµν −

m2
1

2
BµBµ

]
.

(5.1)

3The flat-space version of this super-multiplet was studied in [70].
4That Bµ must be a pseudo-vector for the fields to make a super-multiplet can be seen by analyzing

the massless limit, in which the vector’s longitudinal mode becomes the pseudo-scalar of a Wess-Zumino

multiplet. We will make this explicit below.
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Here gµν is the metric of the AdS4 background space of radius L, and covariant derivatives

and gamma matrices are defined with respect to this background (see appendix B for our

conventions on spinors and covariant derivatives in AdS4). We use the notations h ≡ gµνhµν
and Gµν ≡ ∇µBν −∇νBµ. There are four mass scales appearing in this action: m1, m2, µ

and µ′. The scales m1 and m2 correspond to the vector and graviton masses. The physical

gravitino masses are related to the scales µ and µ′ via

m2
3/2 = µ2 − 1

L2
, m′ 23/2 = µ′ 2 − 1

L2
. (5.2)

We determine the SUSY transformation rules by writing down a fully generic ansatz

for the symmetry transformation depending on a single infinitesimal Majorana fermion

parameter ε and demanding invariance of the action. The SUSY parameter ε must be an

AdS Killing spinor satisfying

∇µε =
1

2L
γµε . (5.3)

This procedure fixes the vector and gravitino masses in terms of m2 and the AdS radius as

m2
1 = m2

2 +
2

L2
, µ =

1

2L
−
√
m2

2 +
9

4L2
, µ′ =

1

2L
+

√
m2

2 +
9

4L2
. (5.4)

Note that µ′ = −µ in the flat space limit, yielding a Dirac-type mass term for the gravitini

as required by the R-symmetry of Poincaré SUSY [71]. Notice also that, given that the

theory is symmetric upon interchanging the two gravitini and their masses, we are free to

exchange the above solutions for µ and µ′; we settle this ambiguity by choosing the field

Ψµ to be the super-partner of the graviton in the limit m2 → 0 when Ψµ is also massless

according to (5.2).

On the other hand, the SUSY transformation is not uniquely determined solely from

the invariance of the free action. This is not surprising as free theories are not subject to the

Haag– Lopuzsański-Sohnius theorem [72], and hence they may exhibit fermionic symmetries

that are not supersymmetries. To find the true SUSY transformation law we must further

impose the supersymmetry algebra, that is, we demand that two symmetry transformations

should close to an AdS isometry,5

[δε1 , δε2 ] = Lξ . (5.5)

Here Lξ denotes the Lie derivative with respect to the AdS Killing vector ξµ, itself a function

of the Majorana parameters ε1,2 of the symmetry transformations. This requirement fixes

5As usual in on-shell formulations of SUSY, when applied to the spinors the algebra closes only upon

use of the equations of motion.
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all the remaining coefficients in our general ansatz for the symmetry. The final result is

δεhµν =
[
Ψ̄(µγν) + a1Φ̄(µγν)

]
ε+ 2L∇(µ

[
a2Ψ̄ν)ε+ a3Φ̄ν)ε

]
,

δεΨµ =
[
γρσ∇ρhσµ + b1Gρσγ

ρσγµiγ5 + b2γ
νiγ5(∇µBν +∇νBµ)

]
ε

+ L∇µ
[
b3Gνργ

νρiγ5ε
]

+
1

L

[
b4hµνγ

ν + b5Bµiγ5 + b6B
νγµνiγ5

]
ε ,

δεΦµ =
[
a1γ

ρσ∇ρhσµ + c1Gρσγ
ρσγµiγ5 + c2γ

νiγ5(∇µBν +∇νBµ)
]
ε

+ L∇µ
[
c3Gνργ

νρiγ5ε
]

+
1

L

[
c4hµνγ

ν + c5Bµiγ5 + c6B
νγµνiγ5

]
ε ,

δεBµ =
[
d1Ψ̄µiγ5 + d2Φ̄µiγ5

]
ε .

(5.6)

The coefficients a, b, c and d that appear in these expressions are given explicitly by

a1 =

√
9+4x2−3

2x
, a2 =

√
9+4x2−3

4x2
, a3 =− 1

2x
,

b1 =−
√

9+4x2−4

4
√

6x
, b2 =−

√
9+4x2−1

2
√

6x
, b3 =− 1

2
√

6x
,

b4 =

√
9+4x2−1

2
, b5 =

3
√

9+4x2−(7+2x2)√
6x

, b6 =−
√

9+4x2−(3+x2)√
6x

,

c1 =

√
9+4x2−(3−4x2)

8
√

6x2
, c2 =−

√
9+4x2−(3+2x2)

2
√

6x2
, c3 =−

√
9+4x2−3

4
√

6x2
,

c4 =

√
9+4x2−(3+2x2)

2x
, c5 =

(1−x2)
√

9+4x2−3(1+x2)√
6x2

, c6 =

√
9+4x2+1

2
√

6
,

d1 =−
√

3

2

√
9+4x2−3

2x
, d2 =

√
3

2
,

where x ≡ m2L .

With the normalization chosen in (5.6) for the symmetry parameter ε, the SUSY

algebra is realized as in (5.5) with

ξµ(ε1, ε2) =

√
9 + 4L2m2

2

(
3−

√
9 + 4L2m2

2

)
L2m2

2

(ε̄1γ
µε2) . (5.7)

That ξµ is an AdS Killing vector follows from the fact that ε1,2 are Killing spinors satisfy-

ing (5.3).

5.1 Flat limit

Before considering the partially massless case it is instructive to first look at the special

limits L → ∞ and m2 → 0 which, in addition to being physically interesting, are simpler

to understand. The flat limit is straightforward as nothing special occurs to the degrees

of freedom and no divergences happen at the level of the SUSY transformation. When
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L→∞ eq. (5.6) becomes

δεhµν =
[
Ψ̄(µγν) + Φ̄(µγν)

]
ε+

1

m2
∂(µ

[
Ψ̄ν) − Φ̄ν)

]
ε ,

δεΨµ =

[
γρσ∂ρhσµ −

1

2
√

6
Gρσγ

ρσγµiγ5 −
1√
6
γνiγ5(∂µBν + ∂νBµ)

]
ε

− 1

2
√

6m2

∂µGνργ
νρiγ5ε+m2

[
hµνγ

ν − 2√
6
Bµiγ5 +

1√
6
Bνγµνiγ5

]
ε ,

δεΦµ =

[
γρσ∂ρhσµ +

1

2
√

6
Gρσγ

ρσγµiγ5 +
1√
6
γνiγ5(∂µBν + ∂νBµ)

]
ε

− 1

2
√

6m2

∂µGνργ
νρiγ5ε−m2

[
hµνγ

ν +
2√
6
Bµiγ5 −

1√
6
Bνγµνiγ5

]
ε ,

δεBµ = −
√

3

2

[
Ψ̄µiγ5 − Φ̄µiγ5

]
ε .

(5.8)

This is the unitary gauge version of the supersymmetry of the flat-space massive gravity

multiplet constructed in [71] using the Stückelberg formulation. From (5.2) and (5.4) we

see that the masses all become equal in this limit, as expected, while the Killing spinor con-

dition (5.3) now simply implies that the SUSY parameter ε is a constant Majorana spinor.

5.2 Massless limit

More care is needed to treat the massless graviton limit since the symmetry rule (5.6)

is singular at m2 = 0. This is a manifestation of the fact that the number of degrees

of freedom is discontinuous in this limit as both hµν and Ψµ become massless. We can

handle this by means of a Stückelberg replacement, introducing a vector Aµ that restores

the linearized diff invariance of a massless spin-2 on AdS4, and a Majorana spinor λ that

restores the gauge symmetry of a massless spin-3/2 on AdS4,

hµν −→ hµν +
1√

2m2

(∇µAν +∇νAµ) ,

Ψµ −→ Ψµ +
1

m2

(
∇µλ−

1

2L
γµλ

)
.

(5.9)

The prefactors are chosen so that the fields Aµ and λ become canonically normalized upon

taking the limit m2 → 0. The final action reads

S(m2=0) =

∫
d4x
√
−g
[
− 1

2
∇ρhµν∇ρhµν+∇ρhµν∇µhρν−∇µh∇νhµν+

1

2
∇µh∇µh

− 3

L2

(
hµνhµν−

h2

2

)
− 1

2
Ψ̄µγ

µνρ∇νΨρ−
1

2L
Ψ̄µγ

µνΨν−
1

2
Φ̄µγ

µνρ∇νΦρ+
1

L
Φ̄µγ

µνΦν

− 1

4
FµνFµν−

3

L2
AµAµ−

1

4
GµνGµν−

1

L2
BµBµ−

1

2
λ̄γµ∇µλ+

1

L
λ̄λ

]
,

(5.10)

where Fµν ≡ ∇µAν −∇νAµ. This action has the expected gauge symmetries,

δξhµν = ∇µξν +∇νξµ , δηΨµ = ∇µη −
1

2L
γµη , (5.11)
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of massless spin-2 and massless spin-3/2 fields in AdS4, which now form an independent

massless short super-multiplet (2, 3/2), as depicted in figure (3.33) with s = 3/2.

The rest of the fields have masses given by

m2
Φ =

3

L2
, m2

A =
6

L2
, m2

B =
2

L2
, m2

λ =
4

L2
, (5.12)

and make their own massive AdS gravitino multiplet {1}3, with the massive spins

(3/2, 1, 1, 1/2). One can check this by comparing with the mass spectrum of a generic

gravitino multiplet, which we describe in appendix C.2. We can confirm this by perform-

ing the Stückelberg replacement (5.9) in the full SUSY transformation (5.6), and then take

the limit m2 → 0. One then finds that the two sets of fields, (hµν ,Ψµ) and (Φµ, Aµ, Bµ, λ),

indeed transform independently of each other under supersymmetry:

δεhµν = Ψ̄(µγν)ε ,

δεΨµ = γρσ∇ρhσµε+
1

L
hµνγ

νε ,
(5.13)

δε′Φµ =
[
− 1

12
Fρσγ

ρσγµ−
2

3
γν(∇µAν+∇νAµ)

]
ε′+

L

6
∇µ
[
Fνργ

νρε′
]
− 2

3L
Aνγµνε

′ ,

+
[

7

12
√

3
Gρσγ

ρσγµiγ5+
2

3
√

3
γνiγ5(∇µBν+∇νBµ)

]
ε′

− L

6
√

3
∇µ
[
Gνργ

νρiγ5ε
′
]
+

1

L

[
− 16

3
√

3
Bµiγ5+

2√
3
Bνγµνiγ5

]
ε′ ,

δε′Aµ =−Φ̄µε
′+λ̄γµε

′+
L

3
∇µ
[
λ̄ε′
]
,

δε′Bµ =
√

3Φ̄µiγ5ε
′− 1√

3
λ̄γµiγ5ε

′− L√
3
∇µ
[
λ̄iγ5ε

′] ,
δε′λ=

1

2

[
Fµνγ

µν+
4

L
Aµγµ

]
ε′− 1

2
√

3

[
Gµνγ

µνiγ5+
4

L
Bµγµiγ5

]
ε′ .

(5.14)

We have written the Majorana parameter as ε′ in the transformation of the gravitino

multiplet to emphasize that it is now independent from that of the massless graviton

multiplet. Comparing eqs. (5.14) and (C.6) one can verify that they indeed match for the

value m2
3/2 = 3/L2 of the gravitino mass quoted above, thus confirming that it is an AdS

SUSY multiplet.

In terms of the SUSY representations, what is described here is the branching rule{
3
2

}
∆
→

∆→ 5
2

{
3
2

}
5
2
⊕ {1}3, as described in section 4.1.

5.3 Partially massless limit

We now examine the massive gravity multiplet when the spin-2 is partially massless, by

taking the mass m2
2 = −2/L2. From (5.4) we get the other masses,

m2
3/2 = − 1

L2
, m′23/2 = 0 , m2

1 = 0 , (5.15)

and hence the vector and one of the gravitini are massless at the PM point. This implies

that if we take the PM mass value as a limit starting with the generic theory then the

number degrees of freedom will be discontinuous, just like in the massless case considered
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above. However, what is different here is that the number of bosonic and fermionic degrees

of freedom would still match if one were to ignore the Stückelberg fields. This means that

it is consistent, from the point of view of the supersymmetry, to directly set the PM value

m2
2 = −2/L2 and ignore the lost degrees of freedom (which are therefore expected to form

their own independent SUSY multiplet, as we will check below).

This is also confirmed by noting that the coefficients of the full SUSY transformation

law, eq. (5.6), are all finite at the PM point. However, because of the appearance of

m2 = i
√

2/L, some coefficients turn out to be imaginary. This manifests the fact that

some of the fields in the multiplet carry negative norm, whereas in writing the original

action as in (5.1) we implicitly assumed that all norms were positive. The relative signs of

the norms can be inferred by looking back at eqs. (3.27), (3.28), (3.30) and (3.31), where

we take s = 3/2 and ∆ = 3/2 for the PM multiplet. The field that corresponds to the

conformal primary is Ψµ, which we take to have positive norm at the level of the action,

whose overall sign is irrelevant. It follows that Bµ and Φµ must have negative norm,

while hµν must have positive norm. We therefore perform the replacement Bµ → iBµ and

Φµ → iΦµ both in the action and in the SUSY transformation. For the final PM spin-2

multiplet action we get

SPM =

∫
d4x
√
−g
[
− 1

2
∇ρhµν∇ρhµν +∇ρhµν∇µhρν −∇µh∇νhµν +

1

2
∇µh∇µh

− 2

L2

(
hµνhµν −

1

4
h2

)
+

1

4
GµνGµν −

1

2
Ψ̄µγ

µνρ∇νΨρ +
1

2
Φ̄µγ

µνρ∇νΦρ −
1

2L
Φ̄µγ

µνΦν

]
.

(5.16)

The theory is invariant under the gauge symmetries

δξhµν = ∇µ∇νξ −
1

L2
gµνξ ,

δηΦµ = ∇µη +
1

2L
γµη ,

δαBµ = ∇µα ,

(5.17)

and under the supersymmetry

δεhµν =

[
Ψ̄(µγν) +

1√
2

Φ̄(µγν)

]
ε+ L∇(µ

[
1

2
Ψ̄ν)ε+

1√
2

Φ̄ν)ε

]
,

δεΨµ =

[
γρσ∇ρhσµ −

√
3

8
Gρσγ

ρσγµiγ5

]
ε+ L∇µ

[
1

4
√

3
Gνργ

νρiγ5ε

]
,

δεΦµ =

[
− 1√

2
γρσ∇ρhσµ +

5

8
√

6
Gρσγ

ρσγµiγ5 +
1

2
√

6
γνiγ5(∇µBν +∇νBµ)

]
ε

+ L∇µ
[
− 1

4
√

6
Gνργ

νρiγ5ε

]
+

1

L

[
1√
2
hµνγ

ν −
√

3√
2
Bµiγ5 +

1√
6
Bνγµνiγ5

]
ε ,

δεBµ =

[√
3

2
Ψ̄µiγ5 +

√
3√
2

Φ̄µiγ5

]
ε .

(5.18)
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This SUSY transformation is now consistent with the reality properties of the fields (which

can be seen explicitly for instance by using a “really real” representation where the gamma

matrices and Majorana fields are all purely real, so that γ5 is purely imaginary [73]).

We have thus succeeded in performing an explicit construction of the simplest super-

multiplet containing a partially massless spin-2. The result is fully consistent with the group

theory analysis of the previous section. From the action (5.16) we see that the relative signs

of the norms agree with those of the conformal primary state and its descendants, while

the final result for the SUSY transformation (5.18) confirms that no shortening occurs at

the PM point. Finally, it is straightforward to also check that the mass spectrum agrees

with the AdS/CFT relation (2.1) with the scaling dimensions as given in (4.1).

We remarked above that taking the PM limit starting from the generic massive multi-

plet does not require the introduction of Stückelberg fields as long as one is only interested

in the PM multiplet and its symmetries. It is however instructive to anyway perform a

Stückelberg replacement as a further consistency check, which will also serve us to justify

the claim that the gauge parameters of the theory themselves form an AdS SUSY multiplet.

Following the pattern in eq. (5.17) we do the replacements

hµν −→ hµν +
1√
3

L2√
2 + L2m2

2

(
∇µ∇νϕ−

1

L2
gµνϕ

)
,

Φµ −→ Φµ +
1√
3

L√
2 + L2m2

2

(
∇µλ+

1

2L
γµλ

)
,

Bµ −→ Bµ +
L√

2 + L2m2
2

∇µπ .

(5.19)

Again the prefactors are such that the Stückelbergs ϕ, λ and π come out canonically

normalized after one takes the limit m2
2 → −2/L2 from above. All three fields ϕ, π and

λ have negative norm in this limit, as one can straightforwardly check by performing the

replacement in the action. (Alternatively, one may approach the PM point from below and

then all the Stückelbergs will have positive norm.) From the result one can read off the

masses as

m2
λ =

4

L2
, m2

ϕ =
4

L2
, m2

π = 0 . (5.20)

Replacing the Stückelberg fields in the SUSY transformation one finds, in the limit m2
2 →

−2/L2, that they can indeed be isolated and satisfy an independent transformation rule,

δεϕ = λ̄ε , δεπ = λ̄iγ5ε ,

δελ = γµ(∇µϕ+ iγ5∇µπ)ε− 1

L
ϕε− 3

L
πiγ5ε .

(5.21)

In appendix C we give the generic AdS Wess-Zumino multiplet. Comparison of (5.20)

and (5.21) with (C.2) and (C.3) then verifies that the Stückelbergs ϕ, λ and π form a

super-multiplet.

In terms of the SUSY representations, what is described here is the branching rule{
3
2

}
∆
→

∆→ 3
2

{
3
2

}
3
2
⊕ {0}3, as described in section 4.1. In the action, the Stückelberg fields
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carry these null states, and hence they split off into their own massive multiplet. Note that,

unlike in the massless limit, none of the conformal primaries themselves are becoming null,

only descendants are. This is why there was no obstruction to directly taking the limit in

the action.

6 Conclusions

We have studied non-unitary representations of the N = 1 3d superconformal algebra.

These correspond to non-unitary N = 1 supersymmetric multiplets on AdS4. Among these,

we have identified the representations containing partially massless fields. In addition, we

have found supersymmetric BPS-like shortening conditions that occur among the non-

unitary representations. These shortening conditions have no analogue among the unitary

representations, and include supersymmetric examples of exotic “extended modules.”

We have identified the simplest multiplet which contains the partially massless spin

2. This multiplet contains a massless vector, a massless spin 3/2 and a massive spin

3/2 in addition to the partially massless spin 2. We have written the free AdS4 action

and supersymmetry transformations for this multiplet, and studied how it arises from the

partially massless limit of the full massive supermultiplet. We worked with a component

formulation; it would also be interesting to see how these multiplet emerge from an AdS

superspace approach [74, 75]. It should also emerge from conformal supergravity [76, 77]

linearized around an AdS background.

There is still a possibility that an interacting theory of this partially massless SUSY

multiplet exists. This would be a partially massless supergravity, and it would have a

consistent truncation to a bosonic part consisting of an interacting partially massless spin-

2 and a photon. This possibility is not yet ruled out by any of the no-go theorems against

interacting partially massless spin-2 fields which are known so far, so it would be interesting

to further study such a possibility.

We restricted our study of partially massless fields to those with standard quan-

tization conditions, which meant that the new exotic non-unitary shortening condi-

tions (3.34), (3.35) and the extended multiplet at ∆ = 1 did not play a role. It would

be interesting to understand how these other multiplets play out in AdS4. Finally, it would

be interesting to extend this study to N = 2 and higher and classify the resulting partially

massless multiplets of extended SUSY, as well as to go to higher dimensions where there

are more possibilities including mixed symmetry partially massless representations.
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A d = 3 spinor conventions

Here we detail our conventions for d = 3 euclidean spinors used in the superconformal

algebra and its representations. The space indices are i, j, . . . which range over 1, 2, 3. The

metric is

δij = diag(1, 1, 1), (A.1)

and is used to raise and lower space indices. The fundamental spinor representation in d = 3

euclidean space is two dimensional and is irreducible and complex (there is no Majorana

or Weyl condition). We use a, b, c, . . . ranging over 1, 2 for spinor indices.

The gamma matrices are the standard Pauli matrices σi,

σ1 =

(
1

1

)
, σ2 =

(
−i

i

)
, σ3 =

(
1

−1

)
. (A.2)

As determined by their transformation laws, they come with the index structure(
σi
)a
b
. (A.3)

They span the space su(2) of traceless hermitian matrices. They satisfy the standard

gamma matrix anti-commutation rule,

{σi, σj} = 2δij . (A.4)

The Lorentz generators are given by

Mij =
1

2
σij , σij ≡ σ[iσj] , (A.5)

which satisfy

[Mij , σk] = −δikσj + δjkσi. (A.6)

We have the following relation,

σiσj = δij + iεijkσ
k, (A.7)

where εijk is the d = 3 anti-symmetric symbol (with the convention ε123 = 1). This implies

σij = iεijkσ
k , (A.8)

so the Lorentz generators are the same as the gamma matrices (this is the Lie algebra

isomorphism su(2) ' so(3)).

Useful traces of the gammas are

Tr
[
σiσj

]
= 2δij , (A.9)

Tr
[
σiσjσk

]
= 2iεijk , (A.10)

and they satisfy a completeness relation(
σi
)a
b
(σi)

c
d = 2δadδ

c
b − δabδcd , (A.11)(

σij
)a
b
(σij)

c
d = −4δadδ

c
b + 2δabδ

c
d. (A.12)
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Indices on spinors are raised and lowered with the invariant tensor ε,

εab = εab =

(
1

−1

)
, εacεbc = δab. (A.13)

For a spinor ψ we raise and lower spinor indices using the convention

ψa = εabψ
b , ψa = ψbε

ba. (A.14)

Note that we defined the ε’s so that we have the property εab = εcdε
caεdb i.e. εab is in

fact the same as εab with raised indices. We only have to be careful that δ has indices in

the right position; the Kronecker delta is δab = εab, and the raised and lowered version is

δ a
b = −δab. With these rules the raising and lowering of indices on ε’s and δ’s is consistent.

For any tensor T we have

T a ···
a ··· = −T a ···

a ··· . (A.15)

There are identities that follow from the fact that we are on a two dimensional space:

any pair of anti-symmetric indices can be replaced by an ε,

T [ab] ···
... =

1

2
εabT c ···

c ..., (A.16)

and the anti-symmetrization of any three indices vanishes,

T [abc] ···
... = 0 . (A.17)

Raising an index on the gamma matrices (A.3), the result is symmetric:6(
σi
)ab

=
(
σi
)a
c
εcb,

(
σi
)ab

=
(
σi
)ba

. (A.19)

We have the complex conjugation properties

(σi)
a
b
∗= (σi)

b
a , (σi)

ab ∗=−(σi)ab , (σi)ab
∗=−(σi)

ab , (σi)
b
a

∗
= (σi)

a
b , (A.20)

(σij)
a
b
∗=−(σij)

b
a , (σij)

ab ∗= (σij)ab , (σij)ab
∗= (σij)

ab , (σij)
b
a

∗
=−(σij)

a
b .

(A.21)

A.1 Representations

The irreducible representations of SU(2) can be packaged as symmetric spinors,

T a1a2···a2s , (A.22)

where s = 0, 1/2, 1, 3/2, . . . is a half integer which corresponds to the spin. These are the

only irreducible representations; any lowered indices are equivalent to upper ones by raising

with εab, and any non-symmetric components can be reduced to fully symmetric ones by

6Explicitly:

σ1ε =

(
−1 0

0 1

)
, σ2ε =

(
i 0

0 i

)
, σ3ε =

(
0 1

1 0

)
. (A.18)
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using (A.16) to remove non-symmetric parts. Note that there is no tracelessness condition

imposed on these tensors, since there is no invariant trace operation.

The irreducible representations of SO(3), on the other hand, are symmetric traceless

tensors

T i1···is , (A.23)

with s = 0, 1, 2, . . . an integer. All other symmetry types can be reduced to this by using

the epsilon symbol εijk, and traces removed using δij .

The SO(3) tensor representations of rank s are equivalent to the integer spin SU(2)

spinor representations of rank 2s. We can use the gamma matrices (A.19) to pass be-

tween them,

T a1b1···asbs = σa1b1i1
· · ·σa1bsis

T i1···is , (A.24)

T i1···is =
1

2s
σi1a1b1 · · ·σ

is
a1bs

T a1b1···asbs . (A.25)

The odd rank spinor representations have no tensor counterpart.

B D = 4 AdS spinor conventions

We follow the conventions of [73] for spinors in D = 4 AdS space. The covariant gamma

matrices are given by γµ ≡ eµ̂µγµ̂, where the γµ̂ are the standard constant gamma matrices

and eµ̂µ is the background AdS vierbein. The anti-commutator is then

{γµ, γν} = 2gµν , (B.1)

with gµν the background AdS metric. We also define

γµ1···µn ≡ γ[µ1 · · · γµn] , (B.2)

and the matrix γ5 ≡ iγ0̂γ1̂γ2̂γ3̂, which satisfies

{γµ, γ5} = 0 , (γ5)2 = 1 . (B.3)

We use 4-component notation for spinors and omit the spinor indices throughout. The

Majorana conjugate of a spinor χ is given by χ̄ = χTC, where the charge conjugation matrix

C satisfies CT = C† = C−1 = −C . The charge conjugate is defined as χC = B−1χ∗, where

the matrix B can be defined by the relation (γµ)∗ = BγµB−1 . A Majorana spinor then

satisfies the constraint χC = χ . In four dimensions there exists a so-called “really real”

representation in which B = 1, so that the gamma matrices are all real and the Majorana

constraint simply states that the spinor is real.

When acting on spinors, the commutator of two AdS covariant derivatives yields

an extra piece coming from the spin connection acting on the suppressed spinor index,

for example

[∇µ,∇ν ]χ = − 1

2L2
γµνχ ,

[∇µ,∇ν ] Ψρ = − 2

L2
gρ[µΨν] −

1

2L2
γµνΨρ .

(B.4)
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The same is true for the Lie derivative, for instance

Lξχ = ξµ∇µχ+
1

4
(∇µξν)γµνχ ,

LξΨµ = ξρ∇ρΨµ +∇µξρΨρ +
1

4
(∇ρξσ)γρσΨµ .

(B.5)

C Other explicit AdS super-multiplets

C.1 AdS Wess–Zumino multiplet

The free AdS Wess-Zumino multiplet {0}∆, containing massive spins (1/2, 0, 0) [64, 78] has

the action

S=

∫
d4x
√
−g
[
−1

2
(∇ϕ)2− 1

2
(∇π)2− 1

2
λ̄γµ∇µλ−

m2
0

2
ϕ2−m

′2
0

2
π2+

m1/2

2
λ̄λ

]
, (C.1)

with π a pseudo-scalar. The scalar masses are given in terms of the spinor mass as

m2
0 = m2

1/2 −
m1/2

L
− 2

L2
, m′20 = m2

1/2 +
m1/2

L
− 2

L2
, (C.2)

and the SUSY transformation rule reads

δεϕ = λ̄ε , δεπ = λ̄iγ5ε ,

δελ = γµ(∇µϕ+ iγ5∇µπ)ε+

(
m1/2 +

1

L

)
ϕε+

(
m1/2 −

1

L

)
πiγ5ε .

(C.3)

C.2 AdS gravitino multiplet

The free AdS gravitino multiplet {1}∆, containing massive spins (3/2, 1, 1, 1/2), was inves-

tigated in [79] using a full Stückelberg formulation. Here we provide the result in unitary

gauge. The action is

S =

∫
d4x
√
−g
[
− 1

2
Φ̄µγ

µνρ∇νΦρ −
1

4
FµνFµν −

1

4
GµνGµν −

1

2
λ̄γµ∇µλ

+
µ

2
Φ̄µγ

µνΦν −
m2

1

2
AµAµ −

m′21
2
BµBµ +

m1/2

2
λ̄λ

]
,

(C.4)

where Bµ is a pseudo-vector and the physical gravitino mass is given by m2
3/2 = µ2−1/L2 .

The spinor and vector masses are determined in terms of the scale µ as

m1/2 = µ , m2
1 = µ2 +

µ

L
, m′21 = µ2 − µ

L
, (C.5)
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and the action is invariant under the supersymmetry

δεΦµ =

[
−2µ̃− 3

12
Fρσγ

ρσγµ −
µ̃

3
γν(∇µAν +∇νAµ)

]
ε

+
L

6
∇µ
[
Fνργ

νρε
]

+
1

L

[
2µ̃(µ̃− 2)

3
Aµ −

µ̃(µ̃− 1)

3
Aνγµν

]
ε ,

+

√
µ̃− 1

µ̃+ 1

{[
2µ̃+ 3

12
Gρσγ

ρσγµiγ5 +
µ̃

3
γνiγ5(∇µBν +∇νBµ)

]
ε

− L

6
∇µ
[
Gνργ

νρiγ5ε
]

+
1

L

[
− 2µ̃(µ̃+ 2)

3
Bµiγ5 +

µ̃(µ̃+ 1)

3
Bνγµνiγ5

]
ε

}
,

δεAµ = (1− µ̃)Φ̄µε+

√
µ̃2 − 1√

3
λ̄γµε+

L√
3

√
µ̃− 1

µ̃+ 1
∇µ
[
λ̄ε
]
,

δεBµ =
√
µ̃2 − 1 Φ̄µiγ5ε−

|µ̃− 1|√
3

λ̄γµiγ5ε−
L√
3

|µ̃− 1|
µ̃− 1

∇µ
[
λ̄iγ5ε

]
,

δελ =

√
µ̃2 − 1

2
√

3

[
Fµνγ

µν +
2µ̃

L
Aµγµ

]
ε− |µ̃− 1|

2
√

3

[
Gµνγ

µνiγ5 +
2µ̃

L
Bµγµiγ5

]
ε ,

(C.6)

with the shorthand notation µ̃ ≡ µL .
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