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^ Introduction

.
De Sitter  and anti

.
de Sitter  spacetimes allow for partially massless c Pm )

gauge fields ,
with no

.counterpart in Minkowski
spae

time
.

↳ Possess a mass m ( n >  eigenvalue of l Alds covariant d ' Alembert ien )

( I - me ) 4 = 0

intermediate between those of massive and massless fields
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( I - me ) 4 = 0

↳ Non
. zero mass m proportional to I

,
the ( square  root of ) the

cosmological .

constant A  = -
o
dlghe

where AdSd
,

→

0=+1 and Einstein
.

Hilbert SE
"

= I f.Fg
' I R

-
2At opa

K2d Sd
+ ,

n > o = - 1
his
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.
A field in (A) dSd+ .

: 4¥ characterised by a Young tableau

⇐S#-
re ?  ME - .  -  

rise. *

he

ha¥¥. . of aecdti )

his sit
. c

,
t ca s d

.

. PI : = F hs . p :  =P
,

= he
. r :=rank ( sold , ) = Lotz ] .

the height of
 ¥

"
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Ads
oh , soca

,
d )

015dmsalt
,

dtH
. D ( e

. ,

 '

) us

sole
) to sold ) . .

D ( Ac
,

) - > so (

1,1
) to sold )

. Cq = e.
Ceo

- d ) t Celso Cd , ] . . Cos = DecDo - d ) t Celso Cd ) ]

( D2 - d ' me
# ) 4¥  = O extra -

conditions+

tracelessness
. divergenceless

r

.

MEE
= e

o ( e
.

-
d ) - EE

,

Sk
.

mE¥
= - Dc(Dc -

d ) + £

Sh.
( Partially )

massless
for
.

Various eases of
" massless ness

"

:ee
= e 't := SI - p ,

t d
-

t Exceptional & Discrete VIR series

I E t s SI - Sitt

S



In field -

theoretical terms
,

" massless "
in CA lol Sd ,

means C th )

Ftix:'it
6



"

Fit !Fi'n'Fi
'

P

'For a partially massless field in C Alds C N.B.
,

c. Iazeolha
,

P
.

Sundell sooo ]

Unitary in Ad Sdn : 1st block activated
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2 UI Rs of son
,

dti ) : Dictionary for physicists

R
6

• Principal series : the = dz tie
,

& e arbitrary

[ scalar : 1724
. =L-E) Adac- d) Y

.
where - Aa ( Ac -

d ) = e '* day ⇒ To > o  in  dSd+ , I

•Complementaryseries : p a IIeLdl- p . p E { on .  
.needed] }si= o for pH E i E re

Red : Sir may
be  to for D= arts ,

but then  Sr EIN

Them : A  scalarfield can sit in these two UIRS

A  scalar in the  complementary series : p
-

-
o  and Do e To ,

d l
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Example :
scalar field -

ached
, = Rem '

"
"

•
' @

° oh,
d

dodsdtn
I d%

,
lmk)2=-

Added
)

eompl .

principalee =dk ee =D

AdSd+ ,

.
g•-  dy Rae O CMR ) '=eoleo-

d )
4

EezS - ptd . - I for s >  o

e
o > DI for  s=o

2
. m2= - I

,
( ok -4 )

Eos ,
DI for 5=112 Rae

2
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r

v

• Exceptional series: C partially ) massless fieldswith less
-

than
-

maximal height

Unitarily
.

. only the last block must be activated

contrary to the first one in Ads
.

them .

.

The  weights( Do
.

# I labelling the UIR - ⇒ curvature  and not potential

Do = SB - P t  
at

-
t p  =p ,

Y K X

SB - t

t

SB

SB -t  t I

no



•
Discrete series : Only for D= art I

,
i.e

.  dSd+
,

in  even D=  die

massless field 4 with mammal height , sato

Ae -

-

Sr
- rt  d

-
t

4 K X

PB =P = r

SB I S r
SB SB SB

=
e
*

SB - t +1

potential curvature  gauge para .

Massless ← I = I
;

PM : 1 a E s SB

them .

.

The  weights( do
.

# I labelling the UIR in the discrete  series
- ⇒ potential ,

as  is the ease in Ads
dm

.

11



. Special - case : 0154 ← soft , 4) → r -_ ⇐ 3=1

I Partially ) Massless fields with

Yu
s=s .

are in the erdisoeete seriesDe
-

- Sr-
rtd

-
t =Sta-

t ( I -km2) Y = 0

where 1st s s
ME

= -

Deca
-

d ) t s

e.g . 5=1 Dc  =3 -
t

→
t =L  us

massless only ,
ME = - 212-31+1=3

5=2 Do = 4
-

t
→ t=1 :

massless ( graviton ) me
'

= - 313-31+2=2

→
t

= 2 .

.
PM spin -

2 mt=
-

2 (2-3)+2=4

5=3  De  = 5
-

t

→
t  =L Fronsdal 's  m2  

= - 414 - 3) +3=-1

→
t

=  2  PM ME
= - 313 - 3) +3  =3

→
t  =3  PM ME = - 212 - 3) +3=5 12



3
.

A theory formultiple Pm spun -
a fields

8 Yuu= The RE -
ok

g-
µ

E  u ⇒ 8
~

=  To • o K -

Y C-

Observations : me I '
is small

,
so  is  I if gu = 4 PM I m

'
= 4)

no

.
Several

.
endeavours to find a .

consistent theory of non -

linear

PM
spun -

2 fields I Y
.

Zinoviev sooo
,

C .  de Rham
-

S
.

Renaux
.

Betel son
,

S . F . Hassan
,

A
.

Schmidt
- May .

M
. von Strauss  are

,

S .
 Des  er

,

E .
 Joung and A. Waldron  sore

,
Des  er -

Sandora
-

Waldron  a  3

E.  Joung ,
K

.

Mkrtchyan
and G. Paghasyan are ]

⇒ I 2
-

derivative C cubic ) vertex for  a  single PM field in 4 D [ Y
.

Zinoviev  2*6 ]

however itdoes not admit
any

-
consistent higher .

order completion .
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. A  systematic analysis

about
a possible non -

abelian deformation

of PM
spin - s theory was suggested by the  comment

in [ Des  er - Joung -
Waldron 2012 ] & [ s .

Des  er
-

M
.

Sandora
-

A
.

Waldron 1301 . 5621 I

• Fora  set of PM spin . 2 [ S . Garcia
-

Saenz
,

K
.

Hinter bichler
,

A
. Joyce ,

E
.
Matson & R

.
A. Rosen  ears ]

show that there  is No non
.

abelian  deformation few = Em Cei

with assumptionson  # derivatives c man
.

 s , and taking In linear  in Ch ] .
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Felt thenecessity to revisit this problem  with more powerful methods

↳ B RST
-

BV from [ G. Barnick & M
.

Henneause 1993 ] : cohomology iced reformulation

of I Berends
- Burgers -

v
-

an Dane 1985 ]

since the no -

go
result of [ s .  Garcia

-
Saenz

,
K

.
Hinter bichler

,
A

. Joyce ,
E

.
Mitsu & R

.
A.  Rosen  eons ]

does not rule out non -

abelian  gaugealgebrasstarting at higher orders  in 4
,

nor does it rule out

transformations
with more C than 2) derivatives

.

We find that the abelian Pm symetry admits  no non abelian deformation

without
any assumption  on  order of Eau in 143

nor in the  
number of derivatives

.
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. Revisiting these  analyses in the BV Brsteohomolagc.cat formulation

Start from Sochi ] = - I, ) dnx

Fg
' has I

KameKhare
-

& K an

Kbr
]

a a

Knute
:  = 2

Reiko
, e

-
curvature for PM

'

8
e So =  o under eh ; = Teeth E

-  

ri gave
a

is We prove that the  mostgeneral deformation of the
gauge algebra :Sea.

See
.

h% = 8%he ( off -

shell )

where X
= ( ma be Et Ei t  na be THE ? if Ea ) → no field dependence

2) Consistency requires
ma

be =  o  = na
be  ⇒

Abelian

3) We
prove

that there are No higher .

order corrections !
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4)
Deformation of gauge symmetry ( but abelian

g )
, if a o 's  .

.

Consistency gives
 only I out of a -

candidates )

eh ; =  a fab ,
Fbecuw,

Dee
'

, only inD= 4
.5)Corresponding -cubavertex with a o 's : S

, =) oh
, Fg

' Law Jaw

where Jan= f be
,

a
I F'Me , .

Ever
- I

, gin Eeo"Fen t  improvements ]

⇒ # independent deformation : IN'

CNH ) m⇒ fab
,

a  -  a b x c

Uniqueness
result ( since  eaistence not new )
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.
Conservation

.

. Obviously Hu JI  
- E g ,

Jia = 0

but also
,

since 0=4 : The JI = 0

⇒

fab
:= Fg

'  JI Do Eb Noether current off Is = o in 40

rigid symmetry 8ham -

- f
-

b.etbeer " '
"

weeing6)Higher-order consistency :

Provided fae .
b f

-

c.
d = o a ) & fab

,
e f -

e.
ol = o a )

S := Sot See fully .
consistent to all orders c ! ,

.

But use a , non .

trivial solution only if hab * a

i.  e .

'  '

wrong
" relative

signs .

no



⇒ First
.
consistent interacting theory for Pm spin -

a
.

• Analogous to ( but not all obtainable from ) .conformal gravity

and its multi
- conformal graviton extensions IN .B

.

,

M
.

Henneause soot ]

& [ N .  B.
 ,

M
. Henneause

,
P .

 van Nieuwenhuizen 262 ]•
Possibility that coupling te gravity or more general

Einstein background might sure unitarily issue .
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