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0 Motivations
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Magnetic & electric tkarges
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• Dualities of various kinds ( S
,

T
,

U
,

. . . )

better understanding and discovery of fundamental

dynamical systems . Open door to nonpertwebatiue sectors

( e.g.  magnetic monopoles )

e.g. Clemmer
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,
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↳ F rigid Epa ,
rotates An electric & magnetic vectors

Eta , mixes Field equations with Bianchi identities



The 3 - form A
, }]= } ,
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( z ) knows about the dual Aca
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and strong .

weak

dualities  in strings IA Its nod models
.

Linearized gravity
mum

↳ Hope to include spin . 2 in the picture !

Various motivations
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some of them from the Eu & em Programs
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a What kind of duality here ? - off .

shell
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B Integrate FDA  in Z
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2 off - shell duality for mass less gauge fields in flat space

P
.

WEST  2h01 & 2002
,

N .  B.
,

S .  CNOCKAERT
,

M
.
 HENNEAUX 2003

In flat background A- =  o
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Duah :p : Cµ[ n . } ] ,
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•
Note : The other parent action is SWK .

[ Rab , . ,
Youse'd ]

SWK

.=
- fdnx ( 2 Ran , . 2.lt/abd ' '

+ Rab "

Rab , .
+2 Rab " Raab- 4 . Rab 'brae " )

• In flat background ,
the dual graviton  is

Tµ[n . 3 ]w
~ ~ Yan [ N - 3,1 ]

• In flat background ,
the dual spin . s field is [ N .B

.

,
scnocknert

,
M

.
HENNE  aux 2003

s where the equivalent of Weyl 's 1929

. , .

Ts
~ m . } linearized action is Vasiliou 's 1981

quadratic action .

• The frame . like
,

nil order action for
I

and the class of Labastida fields
was given in [ E

. Skvortsov
,

2008 ]



Spin . 2 extensions( A- = Q ) : [ N . B.
,

Paul P
. Cook

,
D . Ponomarev 2012 ]

• double .  dual graviton S[D[n. , ,n . } ] ] ~ fdnn 8D 2D

where D ~ [ W[ n . a ] }
m . 31m - 3

m . 2
,

m - 4
N . 11N - 5

• Aswell as the
"

infinite dual tower "

: ( e.g. n=n )

where entree fields necessarily enter the action
.

g . . .

. . .

These extra fields are contained in En

8,1

and are associated with nul and imaginary roots of En
.

• This construction for any
'

type of gauge field [ N - B.
.

D . Ponomarev 2012 ]

e.g. • A
[ , ]

and A
[ s ] : [ NB

. ,
P

.
Sundell

,
P

.
West 2015 ]

• A
, , ]

→ relation with DFT [Bergshoeff ,
Hahm

,
Penas

,

Riccioni
2016 ]



Summary of extensions in flat geometry for spin . 2
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3 Off .
shell duality in Adso :

starts from linearized MacDowell
-

Mansouri

[ 1512.09060 ] with Th -
Basile

as the parent action
and X

-

Bekaeut
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.

I := dt  To background ( Ads
, ) Lorentz .

connection

. IRAB:-.  doabtoacoab + ,p Eaeb = o  = de  .
+ oabeb = : TEA

A1Sd+,
: zero .

curvature of solos
,

d)

Gauge symmetries . 8€ ha = Iea
. ebeab
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•
Eliminate ha via SIM

= o as his auxiliary when k¥0
Sha

hµ•=  I,µ(
Rna

.

' Ena R ) = : . fp Pna
2 ( D . l )

where Rµu•b :=2%wuYb , Rµ
.

:= Rµuab Eob ,
R :=Rid Ema

5
Riemann

.
like

£
Ricci

.
likecurvature scalar

.

- like

and Pna the Schouten
.

like tensor
.

Note : Rµu ,  ap
:= Rmvhb Eaaefsb # Rasvw

Finds Sx[ wie ] = - kdjts" f.ge,dDx Ccdab ( w ) Cabcdcw )

Cµu•b := Rµo•b - 4 E[ a pb ] i.e. Cab = Rab
- 2 e[ a

^ pb ] Weyl .
like

[ µ 0 ]

tensor
.



• Equations of motion :

SS
,

A
Cotton

.

like tensor

Twab
= ° £abµ := Is Ffcabw = o ( * )

µ

One has £ ab ,  c
= 2I[bPa]c - 2 H W@|b]c

1) a # to spin .
as mass less field in Ads

,
: use unfolding techniques .

2) Zero
-

torsion condition for the geometric villain

• Fia ( w ;e ) := Ena - it,
Pµh ( w ) + O ( w2 )

and full connexion

. 17 = d + W
,

W =  a + w

Indeed : 0 = IF := 2 \7[µ£o]a = Iva + Is Eµ ,

a

+ Ocwz )

: in Ads



The child action inherits the gauge symmetries 8€ wµab = spec a eb ]

therefore ,  duahjing

Uµ[
d-

IN
÷ 12 €µ[ D . 3 ] xp Wu "

9

only the Ya↳[ D- 2,1 ] part of Uµ[ d. , ]N survives  in S
, [ U ] ,

so  in Ads
, ,

dual graviton seems to be Uµ[as ]w ~ ~ Ya
,

[ D -2,1 ]
D

one box too much in the first column compared to its flat cousin IT
.



Resolution

We know [ Brink
-

Metsaev -
Vasiliev

, NB
. . Iazeolla .

Sundell
, Alkalaev . Grigoriev ]

that the theory for the
gauge field U[ D. ,

,
, ,

with ( mammal ) symmetry

17

g =
in Ads

.

[ D - 2
,

1 ]

can be  extended
, adding Stiickelberg field T[d⇒ , ] ,

to

17 2
S = +

+
 t

*U %
gauge Param . % . } ,n ]

17

8 = + +  t

T
in Ads

,

[ D - 2
,

1 ]



In the flat t → O limit
,

the
gauge field U[ a ,

,
, ]

gives the sum of two theories :

S.to = SIrtjCU@uDtSIrto.t'
[ a;] ]

Due to size of Uae
,

, , ,
its field equations make it topological

( Labistida
. Skvortsav fields require C

,
+  c

, f D . I to be  dynamical )

and only the field T[ as
,

, ]
propagates → recognizeddual graviton .



.
The MacDowell .

Mansouri is 1 parent action for fully nonlinear gravity .

• The other is proposed :

S [ W
,

e ] = - tg , } Eabcd -h[ on , ] CbnC
cd

^ eh
^ . . .  a ek ( * )

M
,

where now
,

Cab ( e
,

w ) is the full nonlinear Weigh 2 - form

Cab
= Rab

- 2 e[ a pb ]

. for Pia complete Schouten

them .

.

This is not Conformal gravity ,
since  in C * )

, wµab independent .

In particular ,
even for D= 4

,
( * ) is not invariant under

S
.

wµob = 2 Ta eb ] '
2,0 ,

So End = Joe) eµ@

THANK YOU FOR YOUR ATTENTION !



DI U ~
,

T ~

3,2 . [ 3,2 ]
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long :
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Kx- K
.
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d

' "

TK 's

X→o

twisted - duality

Pseudo .duality
in Adss

[ 3,2 ] [ 2,2 ]

Kt
=  *± Ko( h ) where Koh ' "

( h ) is the gauge -
invariant

Limearised Riemann tensor

around Aol

:L
K =

ii
+  t


