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1

Motivations3D spacetime admit a rich variety of fundamental systems,

either topological ( Chern . Simons ) or locally propagating.

Ads
}KFI Gaberdiel

. Gopakumar HS
. KFT,

↳ bulk non. linear dynamics believed to be Prokushkin - Vasiliev

higher . spin gravity coupled to matter fields .

No fully non . linear higher . spin extension of TMG ,
the latter

has 1 bulk massive graviton & interesting black . hole solutions .



⇒ In this 3D lecture
,
we review the Hassification of bosonic ,

propagating tensor fields in Ads
, .

as well as a detailed

presentation of free conformal higher - spin geometry

↳ Fewest part with D. Ponomarev , E. Seggin & P.

Sundell

↳
Secondpart with The

.

Basile & R
.

Bonezzi
i

Note 2+1 - dimensional system -can also accommodate

fractional spin fields . Interacting systems unifying

3D higher - spin gravity with internal UCN) gauge fields

via fractional . spin " matter " fields have been constructed

↳ with P.
Sundell & M

. Valenzuela , not reviewed here

[1504 . 04286 I



2 Classification of propagating ,
3D higher . spin tensor fields

nudeuo Cartan formulation of dynamical system
in A towers of zero - formswith local d. o . f .

Lorentz tensors that earrg HIR of bkgd spacetime .

isometry algebra

→
makes identification of local d. a f. systematic

→
makes possible construction of fully non . linear HS

. symmetric
equations ( M .

A. Vasiliev ) .AimaL@HS generalization of various higher . derivative extensions of gravity

including eritical versions with log .
modes

.



.
In Ads, : propagating modes

-caraeteriged by labels of

s-oce.ee) =soG.2)a ,
totoGo2)

a, isometry algebra,
or eguival . by eigenvalues of Ms := - Papa mass- like operator

and by an IRREP of Lorentz so G. a ) .

.

Conventions {MAB} Hermitian generators of sole , 2)

A
,
B = O

'

, 0,1 , 2

{PaIMo'

a } • = on, z Ads
,
transactions [ Pa

,
Pb ]=it' Mab

{

Mab
} Lorentz . (

Mab
) = diag C -

.
t.tl

D=
d - iz

Wab
ECM ab )



EJia' :=z( Ma t I Pa) ,
E -- I

, generators of A-oh, 2)ce,

Ma Ma = f- Eabc Eade Mbc M
de

= - Z
,
. 2 Mbe ride = - z Mab Mab ⇒ ↳ Cher

. ] = - MaMa .

Ma : = I E
- b' M be ,

E
"'

= t1 . ↳ [soG.%, ) = Mab Joe' JE'

I = C
, (soca , - Cz ( soG.21) = Is MAB MAB - z Mab Mab ,

de

Ej := Maj Ii Maj ( j -- 1,2 ) . E : = I Moo = Po = t ( Jit' - Jo" )

S Me
,
= - (Jo't't Jo") , [ E

,
Lt. ] = It Ei ,

[ Lti
,
[
g. J = siMij - Sig. E



•
Local degrees of freedom -captured by

Bcs
,
= { & acs, , Olaes, , , . - - }

[ dacs, = da
.

. . . as totally symmetric & traceless sought. tensor ]
obeying

Tbdacn,
=Olbacn, t Innit(MII t ' -M) M be a $ acn - is } o n > 0

-* SCALAR

Db $ acne, = $ bacon, t ¥1 E
b a

" $ acn - i ) e

+ my!i+4, - tete) 7 be a darn - n } for n > s > o

-* massive spin- s field

For µ = o
, linearized Prakashkin - Vasiliev equation at .critical point

I = -@s ti ) where 0 deformation parameter no.hsu) where I =If



Indecomposable structure

Mn In
- -

• Db & acne, = $ baen, t -1+7 Eb a
' $ acn -ne tmy:nI%,

-HM) 7 bead acne , }
Me > s > O .

At
µ = I t s s ' for s

'

e { sit , Ste , - . . } othecoefficient Is, = O
,

there appears an ( as -
dim

.) ideal

Is
{ & acsi , , does' tis o - - - }Whatis left after quotient : Rs, = { Olaes, , daestis.

- - -

odacs '

.
i, }

) = Is
,s
,
€ Rs, Rs' ⇐ Is:S

For example µ = I s C Stl )

i.e
.

s
'
= Stt : I = [ $acs+i , , Olacste, a

- - - }
Tds = $s+

, this $ s to o
57$Stl = 0/5+2 t Ust' lost , t-¥°TOs o 57$ s+q = & Sts tllstz Olstz t I Ste $Ste e - - -

L
, can start here

, forget about ds .

{ dst , o $s+z , . . . } -
closed under too. derivative .



Mass operator : The primary tensor does, obeys

( D - µ÷ - MCSH) ) Has , = ° For s > 0 , a Laplace . Beltrami
on AdS3 .

(D - ME ) $ = 0 For s= °2-
> Massive Klein . Gordon .

2

52
- 1 µ2 Cz [ SOC2.2)]q= Io

Cz [soc2.2)]qs= + ° t2
2 g2

Equation n=s : Db $ a (s , = $b•( s , +¥1Eb a
' $ a ( s . e) c ( s > ° )

fybaebadf In ¢µu( s . e) = °
^

%s, + £Ever Tkctrocs . e) = ° c * '
on top of

§µ° $µv e (s .2) = 0
⇒ For s=2 : Linearized TMG

them .

.

Due to 7.01=0 , no need to symmetrize over U 's in (* ) .



• The system of equations written above ( s > o) can be generalized to

a 2 B
Db $ an , =

(Nt't - s' Nsa - t2 (n")2 $ba(n
,
't¥ Ebac $ acn.me(2nt1 ) ( 2Mt 3)

n2 1- X 2 1 -B
@ (n ) = 1 a > o + # (N - s ) 2M£ yn[{ NF - * Nt M b{a $ acne ) }

= o otherwise

where a
, p E [ 0.1 ] .

The above system m* a =o=p

• If µ = ± is s
' for some s

'

> s → indeaemposable structure

p = o : ideal closed under 17 is { $acn ,}n=s- ,
$+1
,
5' + 2

,
...

p = 1 : ideal closed under 17 is { $.cn , }n=
-

S, Stl , ... is
'
- 1

( ts , = o)



Spectrum and unitarily

• Lowest- energy UI R of sole . 2) = sour

)c+
,
t s-oh . 2)

a
Dce

. .
so ) where eo no E of lowest - energy state

So no Aoce) spin of the
lowest

- energy estate

• In ease of scalar field ,
D ( I ± V1tMT

,
o ) ME > - I

( E Hermit. )
mo. unitary for t sign

V ME > - I

{ for - sign for -Is ME so

Adsdte

- d' I I
4•

Quadric Casimir of socs.sn ) :

↳ C, [ sole ,
21 ] le. , So ) =f-ee (- e . t s ) t C, [ sold] ) le. , So >



•
From the equation does, t useEver Delores,, = 0 at u > o

we get Ceo , so ) = (

f-
ti

,
s) or Ceo , so ) = ( - Is ti , - s) for u so

• Unitarily requires us, sis - I ) or

us
- Scs -11 for u a o

↳ Unitarily bound saturated for singleton Dcs, s ) or Dcs. - s )#o > Isd for D Leo, So ) , e
. > s t d - 2 for soca , d) spin - s field

in Adsdt,

• For µ = o
,

unitarily
requires DCI.

±1
) i.e .

s = It .

↳ In terms of labels of s-ocr.sk, , j
'" eigenvalue of Jo"

.

D ( Itf , s ) ← ( I 't '
. jet) = ( Iff - s t I] , IL - i - s - FI )

D ( I - Is ,
-
s ) ← ( f 't '

, jet) = ( I [Its- I] , ztItstIs ] )
•

Lowest
- energy rep . no. (Lowest- weight rep . social

# )④ fHighest- weight rep . south, )



Critical points µ = ± s s
.

,
s
'

> ste . Unitarily : u > scs- i)

.

Finite
-

dim
. rep .

Rs
,s
, appear in 0 Ceo , so) , Ceo . so ) = (f-ti . s)

for u=Ss
'

From e.g .

M = S CStl )

S
'

= Stl : (Ift
'
, j?) = ( I [I -stfu] , I [ - I - s -I] ) t (I, - s - i)

←
LWR ↳ HWR

jet ) It' .Rs, s '=s+, e R
" '

x R
"

,
dim = 52 - s

'

i

• Stl)••SDI -II ↳ All components in { dacs, , - - -

, dais .. , , }

( • 2 Rt '••O• 1 lowest w.

R
"
- o.Ogo.a.is,

→

society,
gift'

= Ig ( Its - s
') positive

• -1

DIY
→ south, j

'? = z t its + s
'

) negative highest
.

;

:
i

•
D ( Sts , s ) = Df × DIS

. .



Singletons
•
For
µ > scs- i) saturated

,
Oleo -- Ftl , s) = O ( s , s ) VIR

↳ spin - s singletons .

µ = I Sls - 7)

Critical mass : e (- Pa Pa) = tf - tcstt) >_ t (es.m2- s - i)
→ (I - I' Scs - 3) ) Qtacs, - O

,
Da #abcs. ,, = O

MAA OI acs , = O S > 2
.

⇒
The modules

Dates.
S) early the d. o . f. of spin - s

generalization of TMG at generic µ > o .



Several towers of zero - forms

• The systems studied so far : not most general !

⇐I) 4ft!;!;) matrices mining
several towers of

{ Elian
,
}
n .. s

,
sti
.

. . -

• Cartan integrability : [un
,
In] Io t n

(teal
'
'

j = 0
,

S = O :

{llnlij = In?: (M:/i th - n 't Sii
.new

s so

:{lMn ) " i =nuts; ,

( Cthis . =minimis,he:{i - t ' n' SI: .
n > s so



Mass . squared

• C (- Papa ) loiacs, = ( Ktglti - t2(sit ) 8k) discs, ,
s > °

6 not necessarily

diagonal• ( D sij - (Milij ) lot =o ,
s=o

i

• Isµij¢%(s ,
+ Evette drives. e) = 0 =

# $vµ( s. , ) ,
s > ° .

New
. massive spin . s theory ( albeit linear )

M
2 1

g- $0(s , + Evette $ov( s . e) = °Take µ=(°mmo) .
'it E { t ' ' } {ngqi, , , +eueotedovcsn= °

a - ( ms÷ - HCSH ) ) §acs
,
= °

arms , expressed in terms of Elacs, :

↳ For s=2 → Linearized NMG $
'

a (s,
= 51 acs, s



. Equation factorize as

(S)

DC ¥ ) Dttsm )0I aa , = ° c* ) ,
( °mmo ) # (no.;)

where DC7) §
.

" '

oo,
= 0171one§"eoz

. . . os , D(g) oe := tse + Fg, eune if

.
DCg) OI

" '
is totally symmetric , traceless & divergence - free

if OI
" '

satisfies these eoustraints

⇒ Wave equation (* ) has solutions that are linear combinations of OI! '

st
. D ( ten ) OI

'

±

"

=o
,

DC- In ) OI
'

±

"
= o

where

to

"±÷011ns, ± Facs )



Generalized massive HS

µ = diag ( me , ... , mn ) where mitmj if itj .

↳ N equations D(tm÷) OI? = o
,
i = 1. ... on

Since all mi ' s are different , the solution to these equations is Tq
's '

s .t.

0Ctm÷l0Cim÷) . . . OC in ) OI
"
=°

N

The case N = 2
,
m±=m=-aswas presented above

• Finally , whenµ cannot be diagonal'zed , direct sum of rxr Jordan blacks

µ.,=[ok?,}) 01¥) dis, - - ÷ QI,
'

,
i=÷ ... .r ...

with { D ( x;) dis , = °
Eliminating deism in terms of last , OH = : El

,

:

D (

t
)
" OI
. ,

= 0 : HS generalization of 3D critical massive gravity .

M



. DCthe)
" OI
. ,
=o → on top of spin . s

UIR DC Is + i. s )

it possesses p . fold logarithmic solutionsfor p=1, ... ,r. 1



Gauge potentials : Introduce them for the µ . deformed systems

Differentehoices can be made.
,

for which some of the framed que above become identities or constraints .

↳ does not matter for free theory , while we .expatitdoesfor interactions!Tons,
~.

Traceless part of Frontal tensor for4µs, st . Y" = o
1

-

=> e. o . m . C* ) order 3 for4µs,45ms,
no dual DeWitt - Freedman curvature for hens,

- unconstrained
=> e . o.nu . C* ) order Ste

3

&
as, ~*

3D spin . s Cotton tensor for potential

4µs
,

⇒ e. am c*) order 2s for 4µ (s) .



1 Constrained Fronsdal potential

. { W
'"

} = { ea
's' '

,

waist ! } U Backgroundspin . 2 sector : { ha , swab }

{ \
valued in s . n and s . a = s . i of so(1. 2)

↳

. Single tower of ¥gero. forms ( N=1 ) :

b
. D E a ( s . , ) =

k Wacs
. 1 ) , b

.
IT Was.%b = k

' ( hb § a ( s ., ,e - ka # acs .e) be )

+ To ( kb Eacs.e) - ha eacs. e) b + ÷ [he ecbacs -3, Maa - he ecacs. 2) Mab ] )

• Db# a (s , = QT bacs, + T+T Eba
' § acs.e) e

7

:

Integrability : I = (s . e)
2

.•

me me ~



•
First equation : zero- torsion X injeat in second equation :

Fee, . . .µs = OI
µ, . . .µ ,

(1)

where

Fµ , . . .µs := (D - scs - 3) ) 4µs, - s Due. 170 Yu . . .ee, )o

+ SCI RµPµ . - 2 9(µµ , 41µs . . .µs )

t in and

%
,
. . .us

:= s eye, in . . .us ) using hhn Ads
, backgrnd .

where 4 satisfies Frousdal eonstraint 4
" to

.

Eq . (1 ) imposes F' = o

Eq (* ) imposes { Fee. . . .µs + sf E(µ°e ThoFein . . .µs , = °

.
For s=1 : TM photon . For s= 2 .

.
Linearized TMG



Rem 1) In D > 4 the Lopatin .

Vasiliev
set F = o

and zero . torsion
constraints

, leaving equation

Weyl = Rieman
"

OI " } = Ps y
"

OI
's}

-

7

so ( 1 , D - 1)

Here in 3D
, primary gene . form m*

traceless part of Fronsdal
2 d

'

s
.

2) Using gauge invariance of field equations ,

the De Dander gauge for Ys :

[D - scs -3) ] ( Yµ, . . .µ, + Fe Eve, ,
"

Th Yeieee . .ms) ) = °{ 4 'µs . ., = o P° Yunan = °

Expanding 4 in lowest - energy UIRS gives

(eo
,
s
. ) : ( s

,
s ) to ( s , - s) to ( 1 + is , s )



(eo
,
s
. ) : ( s

,
s ) to ( s , - s) to ( 1 + ks , s )
\
.
1

Boundary modes spin . s Singleton

team:*;;aa )
TM spin . s mode tarried by zero - form

L

*
QT
as ,

sector
. If µ = t s ( s . a )

, propagating made drops
out

but log .

mode appears due to degeneracy with singleton
in gauge sector .

C-critical gravity )

.
In limitµ → 0

,
massive spin. s mode - D (1. s ) non. unit .

for s > 1

spin . s analog of (1.2) state in conformal Cs gravity .

( PM graviton depth .

e)
[ Afshar , Cvetkovic , Ertl , Grumiller , Johansson son ]

eo = st d- 1 - t



2Unconstrainedpotentials

W
" }

= { Wmcs. e) , net , } s
t = 0,1, - - .

,
s - 1

valued in es- ' of glc3) .

Unfolded system :

- mm me

•
17 Was-1 ) .net) -

hp Wmcs., ) , net)p

- ft(knWmcs.n.nCt.1j-sg@kmWmcs.dn.net . ,) ) = 0
,
t < s-1

• Dwmc s . i ),n(s. e) - Es., (knwmcst),n(s→ )
- ( s-1) km Wmcs

. 2) n , n (s -2 ))
= hp k9 Epq

" Emmi' - . . Ems
.,ns.,
'
" §e

,
. . .es ,

t = s -1

•%# a (s , = $ bacs, + T+T Eba
' § acs.me

:

Cartan integrability : ee =P tcs - t)



• Gauge - Invariance under

8ewmcs.n.net)

=DEast
) .net) -

the

Emcs
.i ) , net)p

,
t < s -1

- lt (knEmcs.n.nCttj-sg@kmEmcs.dn.net- i ) ) = °
\

SEWMCS. 1 ) ,N(s-1 ) = D
Em(

s . , ),n(s. e) - Es., (kn
€m(

st),n(s→ ,
- ( s-1) km

Emc
s . 2) n , ncs-2 ))

All w 's expressed as derivatives of
r

Mz Mshµ
,
. . .µ ,

= s heµ, -
. - kms Wµ,)|m2 . . .ms

unconstrained

. Equation for t = s -1 : Rpaq,
i. . . 1139 , = tE)

s

Epnqim' - - . Epsgsms TQM
,

. . .ms

for spin . s Riemann Rms, .us, = The, . . .

Thshu, . . .us + . . . + 0 ' t
' )

S
- gauge

invariant



.
Take s duals of R :

Fhm
,
. . .ms

: = Em,P^9' . . . EmsB% Rp,q ,
i. . . ipsqs ( h )

=> Fhmcs
,
= Terms

,
last equation . ,

Dm Fhmncs
. ,, = °

and

identically
Implies Pimcse, = 0

{
Pines , + Ee Emer Pepi. µ ... .µ = °

• Degrees of freedom studied in Mink
} for s=2 & s =3 by

[ Bergshoeff . Hahm , Townsend & Kovacevic ,
Rosseel

, Yihao Yin ]

The unfolded analysis made on OI.es, makes it direct
,
t s

.



.

2

.
Extension to two towers{ * = "

}

#
acs,
- &

'

c s ,
: Rmcs

,
= #"mcs , ,

Ever I #rocs . e) + nf $20,s, = 0
Then

'

{ e.e.ae#ns..,
+ Ms

*
as,

= °

Yields a Ens, ( h ) - ( M÷ - is (Stn) Bus , = °{ Fins
. . ,

= °

⇒ New massive spin. s. expressed in terms of unconstrained

kms , potential .
How to make trace constraint oIaaba→, = o am identity ?

↳ Yet another n - form module .



z
?otentials for 3D conformal spin- s

[ Th .

Basile
,
R

.

Bonezzi
,
N .B

. ]

• The Cotton tensor Is identically traceless and div. free .

It is built from ons - i d 's of hens, gauge potential

⇒ needs more eonnection 1 - forms .

•
Solution is known:[Pope . Townsend , Fradkin. Limetskg '

sg ]

A,,µA 's
' ' ' ' B 's" valued In s -1 of solos . 3) .

•
See [ Shaynkman ,Tipunim, Vasilievsoooo

,
Vasiliou 2010 ]

for general ease so ( 2 , d ) .

Also Preitsekopf . Vasiliev 1999

• one earn even enlarge to st of gl ( 5)
So as to recognize a double series of connections { in

'm"'' n 't' }i=
,
,
,

back of glc 3 ) type studied above
.



A : = AM 's
' ' I
,
Ncs .,)

•
ZM
,

- . . Z
Ms
. ,

'

WN
,

- - . WNS
. ,

.
M = ( m , + , - ) with light. one directions Z

± := z3±z.,

d± := 12 ( 23+-20
' )

M = 0
, 1,2 so (1,2 ) .

7+
.

= 2 = 4+-51

• ( Zn 21 - s +1) A = 0 = (Wn 2Nw - s +1) A
, Zm 21 A = 0 .

•
so (2,3 ) generators Jmn := 2 ( Z[µ In ] + W[m

,

2%] )

. Pm :=Jm+ translation

• Do := d + km Pm =
d + km [ 2 zm 2£ + 2Wm2I - Z+ 22in - W+ 2am ]

• Weight D= z+2I + w+2I - z
. 21 - W. 2I .

• emcs. ' ) , = Am
's ' '

>
+ - ' ' + Fmcs's

;= Am
's' ' to - " ' - glued to §a a, .

7



Do AM 's. ' ) , Nl st )
= 0

,
D > - ( s -1){ dtm's' '

= Nhs ersn Tqm 's
' 'm

,
D= - ( st) .

In gl ( s ) covariant way : Do =D + z RMNJNM

where only Rm. = 2hm non . zero
( flat space here)

.Asusual in HS , introduce VM s .t.

VM ✓
µ
= o nul

, fix Vm = Sm
,+ ,

and

• Hon := Do VM = RMNVN = ( km , 0,0 )

⇒ Do AM 's
'' ton's ' ''

= Home, How TQM 's ' ' N 's '
,

TQ ~ s

and OIM's )oN's 1 ✓n to != OIMCS. ' 1 , PQNCS
-2 )

ypq
DCOI ) = - ( s . 1)

manifestly glcs) - ear .

↳ non . zero components OIM
's'm - ' '

' -

~

s
~ s soar) -> Iom's'

.



. Decompose

A
Mls ' ' )oN(s -1 )

=
XMCS-1 ) , N ( s -1 ) + z{MCs -1)

,
NCS-3)

y
NN }

↳ so (2,3 ) valued

and Tr := guffaw
,

. It obeys [ Tn ,D . ] =o .

=> DoXM's -' IN's ' ''
= Hon ,, How OIM 's ' ' N 's '

{ Do zmcn - ' ) , NCS. 3) = o

as expected : Z is decoupled → trivial agate .

• Useful to keep Z for technical reasons :

branching of glcs ) w.r.t.gl (3) subgroup .

•
Ounce set {

'Wim's' ' ' n 't' } is found , easy
to decouple ZM 's ' ' 'm 's→ !

i=1,2

so as to present the spectrum of Pope .Townsend in rector eomponents .



Unfolded system .
in 3D notation : 3D eonf . spin . s .

spectrum
D= s -1 e•'s ' ' ' = WA

's" traceless
.

!
in st

.

%
PC k ) mcs- k -11,9 ( k ) (epqr)k = : ~wµ(k , ;m 's

- £ ' "

I = S - k - y WMCS. 1 1 , nck )

5
-
1

k

:
gold) obeys Mmm w~n( k , ;m 's - £' ' to =w~µk., ,p ;Pmi

is

- ke
{ 1 , ... , s - e}

A = • : { Xm
's' ' ton's' '

,
Bm's'" on's' ' } - st & s -2 of glc3) .

D= - ( s . k . e ) : Yom's'' 'm'k ' obeying Torch
, ;mnPcs.

k
- 3)

ymn I •

: k e { s - 2. . . .

,
1 }

A = - (s -1) F m 's ' ' ' obeying FP9m 's -3 ' ypg
to

.

1602.01682

For a detailed analysis in s=3 ease
,
see also Linander& Nilsson



.
Fullsystemof 1st order diff . equations , integrate :

{ warm
's' "' "

k ' ' '
..= wm

's. 'tncknpp ,

^WMzF2)o " Ck ) ..= (zk . s ) wmcs. 2) Pomlk) p + k( s . z , WM
's -3 'nP >Muck'' )

p

••|Wm 's.' ) o
mck )

+ hp WMCS.1)oncklp + cq km ufaymcs-2)enck)

+ da [ k" dam's'"inch' '' - In hmnwmm's '" non
'£" ] =o

↳ ke { 0 , . . i. s-33
S - 1

C
k = -

(s. k . 2) ( s . k )
> dk = 2b£k

. 1 )

• dwmcs
- i) , no-2)

+ hpxmcs.'t.ms#P+kmBmcs-
2'em's' ') + s÷ [hnnxmcs.Hms-3) - Sg hmnxmcs.an ,ncs→)]

↳ k
= s -2 = 0

• dXmcs
-i )a ncs- i )

+ h{nfmcsnoncs-2)}
= O =

OLBMCS-21ants-4 - { hpFPMCS-2), Ms' 2)+ . , .

where fm
's. ' ) ' n'k '

..=
Ymca ), nck ) L> k=s - 1

.

•
d fmcs. i ), nl2s

-2 - k )
+ h{

n

fm
's '''> n (25-3' k ) }

= O k = s
,
sit

,
. . .

,
25.3

•
dfa's' ' '

= hp h9 epqr oI&
's''' r

°



•
Schouten tend

In ,.. , ,;m:=eyerpq%ee.ms' "mi 9 "'"

S - 2

Prove that Pµ(s , := Trims-2 ) we
is the Schouten tensor , spin . s :

~ ~

↳ S PM s ,
= 2µ2µ0µ( s -2 ) where Jµ(s -2 ,:=Eats - . . Ent da . . .2×Jp(s-2 )+ trace )
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Pocs ., ,e Cotton .

as in [Henneanx. Hcirtner. Leonard 1511.07389]



OFF
.

shell conformal geometry

↳ Automatic via Cartan formulation : W :-. R + A

R t.q.de + ran = o
.

spin . 2 backfnd + spins field

Unfolded system

⇐ > Fee, := dw +W^W = OI
[as
:=HEAH!OIM"'Rr,N""' s Zm . . . Zms

. , wn
,

- . . wns
. ,

Fu , = DR + R2 + Do A = Do A

• If Colton = o then W flat , hence g s.t. W = g-
' dg .

Decompose g = go§ where R =gotdg.§ = 1 + E

⇒
W = A + Do EI ⇐> A = Do E

'

where qmcsttn's' '1 zsj
'

wns'' = £,

In particular , Pecs , = SIL' deedee Ones-2, '

• Conversely : If A =D. £, ⇒ W flat => Cotton = 0
.

THANK YOU


