co-dim Lie algebras & higher spins

. A “Cartan” approach to higher-spin gauge theories:

e 1987 proposal for a higher-spin algebra in AdSs Fradkin, Vasiliev
e 71990. procedure to implement its gauging — Vasiliev's equations Vasiliev
e 2003: higher-spin algebras and interacting e.o.m. in AdSp Eastwood; Vasiliev

- Other recent (and less recent) developments

3D HS algebras — Chern-Simons gauge theories (& matter couplings)
Blencowe (1989); Porkushkin, Vasiliev (1999) & many others...

 HS algebras for mixed symmetry and partially-massless fields
Boulanger, Skvortsov (2011); Joung, Mkrtchyan (2016)
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Higher spins & (A)dS

- Why (massless) HS fields like (A)dS?

e Long-range HS interactions:
e in flat-space — trivial S-matrix  weinberg (1964)

* in AdS — free CFT boundary correlators — “soluble” AdS/CFT
Sezgin, Sundell (2002); Klebanov, Polyakov (2002); Maldacena, Zhiboedov (2011) et al.

May Minkowski still play a role”

e |s String Theory a broken phase of a HS gauge theory?

 Models with trivial S-matrix, but non-trivial interactions (& symmetries)?
Skvortsov, Tran, Tsulaia (2018); A.C., Francia, Heissenberg (2017)

Outlook: “non-AdS” holography with higher spins

see e.g. Ponomarev (2021)
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Higher-spin algebras

- Key ingredient in building HS theories and studying HS holography

- What is a HS algebra? Lie algebra on traceless Killing tensors

* Poincaré & (A)dS algebras: isometries of the vacuum

HS “isometries” of the vacuum

e Fronsdal’'s gauge transt.:

* Vacuum-preserving symm.:

s—1
* Solution (in Minkowski): €y prs—1 — E M s (g T T
k=0

590#1“#3 — v(meuz-"us) —+ O(go)

?(m €pin-pis) = 0

|
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Higher-spin algebras

- Vector space of traceless Killing tensors:

AdSp
M,, ~ D My ~ H > H
\ | adlP SO

-~

(2,D-1)

spin 2

AdSp
w0 P - <=

y so(2,D-1)

spin 3
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Higher-spin algebras

- Vector space of traceless Killing tensors:

AdSp
M,, ~ [:] My ~ [E] > [E}
| | so(2,D-1)

7

A

-~

spin 2
AdSp
My, ~ I:El Myyja ~ B] Myyjap ~ @ > %
. - ~ - - _ so(2,D-1)
spin 3
Eastwood-Vasiliev algebras in any D. non-Abelian Lie algebras
on V including a so(2,D-1) subalgebra Fradkin, Vasiliev (1987):
Eastwood (2002);
V~ed P P D .- Segal (2002):
Vasiliev (2003) h

Andrea Campoleoni - UMONS



H|gher-Sp|n algebraS S0(2,D~1): isometries of AdSp &

conformal SYimmetries (in D7)

- Vector space of traceless Killing te

L —
S
AdSp
M,, ~ D My ~ H > H
§ » . so(2,D-1)
spin 2
AdSp
My~ [1] My ~ B] Mywjap ~ BE{ > Bﬂ
S ‘ ' ~ ' — so(2,D-1)
spin 3
Eastwood-Vasiliev algebras in any D. non-Abelian Lie algebras
on V including a so(2,D-1) subalgebra Fradkin, Vasiliev (1987):
Eastwood (2002);
V~ed P P D .- Segal (2002):
Vasiliev (2003) L
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Notable so(2,D-1) InOnu-Wigner contractions

AdS isometries Minkowski isometries

A= 0
so(2,D-1) > iso(1,D-1)
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Notable so(2,D-1) InOnu-Wigner contractions

AdS isometries Minkowski isometries
N —=0
so(2,D-1) > iso(1,D-1)
c—0
conformal algebra conformal Carroll
algebra
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Notable so(2,D-1) InOnu-Wigner contractions

AdS isometries Minkowski isometries

N\ —0

so(2,D-1) > iso(1,D-1)
c—0

conformal algebra conformal Carroll

algebra
C ™ o
gCap-1
conformal Galilei

algebra

What about higher-spin algebras?
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Goals & strategy/hypotheses

- Goal: classify Lie algebras defined on the vector space V
(traceless Killing tensors) that

1. contain a Poincaré subalgebra, iso(1,D-1)
2. contain a conformal Galilei subalgebra, gcap-1

..and discuss their properties

. Strategy: look for coset algebras, obtained by quotienting out an

ideal from the universal enveloping algebras of iso(1,D-1) or gcap-1
(bonus: "good" Lorentz transt. for free) Eastwood (2002)
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Goals & strategy/hypotheses

- Goal: classify Lie algebras defined on the vector space V
(traceless Killing tensors) that

1. contain a Poincaré subalgebra, iso(1,D-1)
2. contain a conformal Galilei subalgebra, gcap-1

..and discuss their properties

. Strategy: look for coset algebras, obtained by quotienting out an

ideal from the universal enveloping algebras of iso(1,D-1) or gcap-1
(bonus: "good" Lorentz transt. for free) Eastwood (2002)
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HS algebras in AdSp

Conformal HS algebras in D-1 dimensions



Coset construction of HS algebras

- so(2,D-1) algebra: [Jag, Jop] = fac JBp — fiBc Jap — flap JBc + NBD Jac

- Quadratic products of the generators

1
Jas © Joyp — traces ~ Cy = 3 Jag © JBY ~ e

2
D +1

ZaB = Jowm ©® JB)C —

nap Ca ~ Zaep = Jap © Jop) ~
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Coset construction of HS algebras

- s0(2,D-1) algebra: [Jas, Jop] = flac JBp — fiBc Jap — fiap JBC + NBD JAC

- Quadratic products of the generators

1
CQE_JABQJBA .

{ // NS

Jas © Joyp — traces

Tap =Joa© Jp)" —
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Coset construction of HS algebras

- s0(2,D-1) algebra: [Jas, Jop] = flac JBp — fiBc Jap — fiap JBC + NBD JAC

- Quadratic products of the generators

CQ = — JAB ® JBA ,7 ,\ ’

Jas © Joyp — traces 5
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Coset construction of HS algebras

- s0(2,D-1) algebra: [Jas, Jop] = flac JBp — fiBc Jap — fiap JBC + NBD JAC

- Quadratic products of the generators

C2 = 5 JAB © JBA ‘{7 ’

Jas © Joyp — traces

2

Tap = Jow © Jp)© - fiag Ca ~ | &

D +1

- Eastwood-Vasiliev algebras:

== == S - ————e

|
| g B

(s0(2,D —1)) O
(Zag ® LagcD) 4 4

bhsp = id | lazeolla, Sundel (2008)

_—--—— ——— =

Andrea Campoleoni - UMONS \__—— scalar singleton module



Special cases: D=3
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Special cases: D=3

(,

so(2,2) algebra: [Lm, Ln] = (m —n)Lmin, [Lm,Ln] = (m—n)Lmin, [Lm,Ln] =0

- Not factorising Zapcp gives a one-parameter family of HS algebras

U(sl(2,R))

(=)

hss [N = id ® W @ bs[A] @ hs[\]  with 1 & bs[A] =
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Special cases: D=3

. |deal to be factored out:

2
_ —1
Tap~0 = L, L ~0 02~A2 id W2~Z(Cz)2

- Are we evaluating U(so(2,2)) on which module?

. Simple answer for A € N:

00
N C_N2—1 10 N°-1(1 0
= 2 \on)> 7 4 \o-1

Andrea Campoleoni - UMONS
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Special cases: D=3

. |deal to be factored out:

2
_ —1
Tap~0 = L, L ~0 02~A2 id WQNZ(Cz)2

- Are we evaluating U(so(2,2)) on which module?

. Simple answer for A € N:

Ly, = (lg’ 8) , Ly = (8 ZO> with I, Nx N irrep of sl (2,R)

N2—-1{(10 N2—-1{(1 0
= = (0]1)’ - (0]1)

L(’.‘.asamir opem&or not

Andrea Campoleoni - UMONS proportional to the ic&eh&i&v




Special cases: D=5

- Again, no need to factor out Zagcp

| 1

- Ideal Tag = Joudp)© — 3 nap C2,
A |
Ij\lBCD =.J [ABJCD] — 1 6 EABCDEFJ =
mixing bterms with different # of Jas
- One parameter family of HS algebras Boulanger, Skvortsov (2011)
U(so(2,4
hs-|\] = (50 ’A)) = CQNS(A2—1)id
(Zap ® Iigpc)
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Special cases: D=5

- Again, no need to factor out Zagcp

| 1

. |deal IaB = JC(AJB)C 3 —
Tigep = JiasJopy E eaBcpErd "/ ]‘
S )

mixing bterms with different # of Jas

- One parameter family of HS algebras Boulanger, Skvortsov (2011)

~  U(s0(2,4)) a0 1),
f)ﬁ@— Tap & Dhne) = (5 3@ 1) vd
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Warming up in 3D




Carrollian and Galilean 3D HS algebras

- is0(1,2) and gcag are isomorphic Bagchi, Gopakumar, Mandal, Miwa (2009)
Bergshoeff, Blencowe, Stelle; Bordemann, Hoppe,
© bs[\] @ bs[\] algebra: Schaller; Fradkin, Linetsky; Pope, Romans, Shen (1990)

£<st 1) — (Lil)

m

— L),

\ ‘C'r(’li):Fl = £:F17£ 8)]

stm— 1[
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Carrollian and Galilean 3D HS algebras

- is0(1,2) and gcaz are isomorphic

-~ bs[\] @ bs[A] algebra:

s+t+u even

s+t—2

Bagchi, Gopakumar, Mandal, Miwa (2009)

Bergshoeff, Blencowe, Stelle; Bordemann, Hoppe,
Schaller; Fradkin, Linetsky; Pope, Romans, Shen (1990)

( S _ s—1
Eilzzs—l) — (cﬂ:l)

\ 'Cf?i):Fl = s:l:m 1 [£ZF1’£S)]

u=|s—t|+2
s+t+u even
s+t—2
[Lnf,)? Lo(zt)} — Z gs—l—t u(m7 n, A)Lv(’gzl—n )

u=|s—t|+2
s—l—t—l—u even
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Carrollian and Galilean 3D HS algebras

2 iSO(1 ,2) and gCapo are isomorphic Bagchi, Gopakumar, Mandal, Miwa (2009)

- Carrollian (aka flat!) & Galilean limits defined by € — 0

Blencowe (1989); Afshar, Bagchi,
Fareghbal, Grumiller, Rosseel (2013);
Gonzalez, Matulich, Pino, Troncoso (2013);
Ammon, Grumiller, Prohazka, Riegler, Wutte
(2017)

P PO = ths[A] algebra
s+t—2
LB PO = S g, (mm NP,
u=|s—t|+2
s+t+u even
s+t—2
[L??i)’ L?(%t)} — Z gsit—u(mv n, >‘)L7(’gzi—n )
u=|s—t|+2

s+t+u even
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Carrollian and Galilean 3D HS algebras

- is0(1,2) and gcaz are isomorphic

Bagchi, Gopakumar, Mandal, Miwa (2009)

- Carrollian (aka flat!) & Galilean limits defined by € — 0

ths[\] algebra

s+t—2
LB PO = S g, (mm NP,
u=|s—t|+2
s+t+u even
s+t—2
u=|s—t|+2

s+t+u even

Andrea Campoleoni - UMONS

Blencowe (1989); Afshar, Bagchi,
Fareghbal, Grumiller, Rosseel (2013);
Gonzalez, Matulich, Pino, Troncoso (2013);

Ammon, Grumiller, Prohazka, Riegler, Wutte
(2017)

/ "
PP =X
LP]=P
L] =L

N /7




Coset construction from U(iso(1,2))

S 1 S
- bs[A] generators: LY, = (L) & £ = e, L))

mFL = o4 — 1

- Wewishtoget [PP]=0,[LP]=Pand][L,L]=L
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Coset construction from U(iso(1,2))

S — S ].
- bs|\| generators: £igs_1) = (£.)! & 'Cfr(n)q:l = _ T

- We wishtoget[PP] =0, [L,P]=Pand[LL] =L

- Which option do you choose?

(other components fixed by [Ls, ])
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Coset construction from U(iso(1,2))

s 1
- bs[)] generators:  £Y)_ | = (L) & Lk = ih

- Wewishtoget [PP]=0,[LP]=Pand][L,L]=L

- Which option do you choose? commutators close, but we
can only get ths[ 0]

B
S _ s—1 (s) _
A P:E:()s—l) — (Pﬂ:) & L:I:(s—l) =

//' _— — =
(

|

% Lgs—l) = (Li)s_l & Pf()s—l) =

_- e = —————

(other components fixed by [L. . ])
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see also Ammon, Pannier,

Coset construction from U(iso(1,2)) fee o

- HS generators: Lgfzs_l) = (L+)* ' & Pf()s_l) = (Ly)* °P. etc

- Consistency conditions to recover the ihs[A] commutators:

Poincare ideal

o 1d @ W @ ibss|A| = U(iso(1,2))/ (Z)
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see also Ammon, Pannier,

Coset construction from U(iso(1,2)) fee o

- HS generators: Lgfz ) = = (L+)* ' & P(S() ) = = (Ly)* °P. etc

- Consistency conditions to recover the ihs[A] commutators:

Poincare ideal

- On which representation are we evaluating U(iso(1,2))?
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see also Ammon, Pannier,

Coset construction from U(iso(1,2)) fee o

- HS generators: Lgfz ) = = (L+)* ' & P(S()_l) = (Ly)* °P. etc

- Consistency conditions to recover the ihs[A] commutators:

Poincare ideal

- On which representation are we evaluating U(iso(1,2))?

L, = (lg’ l0> . P, = (8 lg) with I, N x N irrep of so(1,2) ~ sl(2,R)

20 N2_-1({10 0 [? N?2—-1(01
(0 z2> 4 (o ]1)’ (0 o> 4 00
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From U(so(2,D)) to U(iso(1,2))

i  P,P,— LynL,~0
© s0(2,2) ideal: Zap~0 = LyL,~0 = {
LBy — Pl ~ 0
A —1

Co=L"+P*~2L° ~ 1d

2

- Introducing the contraction parameter via P, — ¢ 'Py,

e *P P, —L, L ~0

e ' (LB, — PpLy) ~ 0 —
A2 — 1 e — 0
id ~ 0

Poinecare ideal
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From U(so(2,D)) to U(iso(1,2))

_ (PmPn_LanNO
- s0(2,2) ideal: Iap~0 = LL,~0 = |
\ L.P,— P,L,~0
N—1

Co=L"+P*~2L° ~ 1d

2

- Introducing the contraction parameter via P,, — ¢ 'P,

e *P P, —L, L ~0

e ' (LB, — PpLy) ~ 0 —
A2 — 1 e — 0
id ~ 0

Poinecare ideal
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Key lessons from 3D

- The limit of the AdS3 ideal is still an ideal

- Factoring it out from the Poincaré universal enveloping
algebra gives a higher-spin algebra with the same
spectrum as the AdSz one
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(in any dimensions)

Carrollian conformal HS algebras

\l]"l\~
\ A/ \;
/ YRl — e
z / N
”//////v,"\' / - ‘.‘ “ 7
\\\ :)j‘/ / - &
=L 5V |
\\. // I]u s
/ \ jkj\{ " WY
5 / AN \
\&Wﬂr\:\‘ o, 1 =" s
— Pl T
———\\" =
——— W\ L=




From U(so(2,D-1)) to U(iso(1,D-1))

- Now reverse the logic: look at how the contraction affects the
so(2,D-1) ideal to define the iso(1,D-1) coset
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From U(so(2,D-1)) to U(iso(1,D-1))

- Now reverse the logic: look at how the contraction affects the
so(2,D-1) ideal to define the iso(1,D-1) coset

\Jas, Jop|l = Nac JBp —Nap Jec — NBc Jap + MBp Jac

\Tab s Ted] = Nae Tod — Nad Tve — Mbe Tad + Mbd Tac »
[jab 9 7Dc = TNac 7Db — Tlbe Pa ’
[Pa 9 Pb] — 62 jaba

- Next step: branching so(2,D-1) = so(1,D-1) of the ideal

Andrea Campoleoni - UMONS



From U(so(2,D-1)) to U(iso(1,D-1))

- Branching so(2,D-1) = so(1,D-1) of the ideal

(D+1)(D —3)

1 id

025j2+€_2P2N_
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Coset construction from U(iso(1,D-1))

- 1so(1,D-1) ideal

PPy ~ 0
To = {P° Joa} ~0
Iabc = {&7[aba7jc } ~

abcd — {jaba } ~ 0
L D= - 3)

1 1d ~ 0

- Leftover quadratic combinations, i.e. spin-3 generators:

Sab — {jc(a, %)C} — {r.

N

ab|c = {ja (¢ jd b} —tr. =

I

ICab|cd = {P(a, g7b)c} — tr.
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Some commutators...

. All generators transform as Lorentz tensors

[jaba Scd: — nacgbd + nadSbc — nbcgad — ndeac )

[jaba Mcd|e: =2 na(ch)b\e + naeMcd|b — 2 nb(ch)a\e - nbeMcd\a )

[jaba ch\ef: =2 (na(c ICd)b|ef + Na(e Kf)b\cd — Mb(c lCd)a|ef — Tb(e Kf)a\cd)

. Commutators with translations:

[PCM SbC: = —2 Mbcla ;
[Paa Mbc|d: =0 )

[Pav ]Cbc|de: = — Tlab Mde\c — Nac Mde|b — Tad Mbc\e — Nae Mbc|d
2

D-2 (MaeMeyela + NepMeydia = MoeMela — NdeMbcla)
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Some commutators...

. All generators transform as Lorentz tensors

[jaba Scd: — nachd + nadSbc — nbcgad — ndeac )

[jaba Mcd|e: =2 na(ch)b\e + naeMcd|b — 2 nb(ch)a\e - nbeMcd\a )

[jaba ch\ef: =2 (na(c ICd)b|ef + Na(e Kf)b\cd — Mb(c lCd)a|ef — Tb(e Kf)a\cd)

. Commutators with translations:

/ [Pa’c — _2Mbc|a7

= — Tlab Mde\c — Nac Mde|b — Nad Mbc\e — Nae Mbc|d
2

D-2 (MaeMeyela + NepMeydia = MoeMela — NdeMbcla)

 The Linearised curvabtures do wnot reprodu,ce

those of Fradkin and Vasiliev
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Structure of the algebra

- Higher-spin generators

e teven: no Ps

s—1
s—t—1

Zot = with ¢t € {0,...,s — 1}

e fodd; one P

- Commutators with P ’ x 20 g 26 for taven

For D=4 see also
Fradkin, Vasiliev (1987)

for t odd

- ibspas Indnu-Wigner contraction of hsp

$1+S9—s3mod2=0

zlonh) Zlet)] oc 37 Zlat) it

s3,t3

t1+to—t3mod 2=0
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Classification of consistent ideals

- Can one build other conformal Carrollian HS algebras from
U(iso(1,D-1))?

(

Portion of the ideal we need to quotient out:

IABCD ~0 = | ¢ {ﬂabapc]} ~ 0 |

- T Tea ~ 0

. . — recall the 3D poll!
- Candidate spin-3 generators: /

{PM,PV} —tr. = {jp('u, jy)p} — tr. =
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Classification of consistent ideals

- Can one build other conformal Carrollian HS algebras from
U(iso(1,D-1))?

- Portion of the ideal we need to quotient out:

{P/m PI/} —tr. = {jp(,uv ju)p} —tr. =

- Can one use P,Py as spin-3 generator?

2
[Pa ’ jp(,ujy)p — Enuy j2] = {ja(wpy)} + ...
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Classification of consistent ideals

- Can one build other conformal Carrollian HS algebras from
U(iso(1,D-1))?

- Portion of the ideal we need to quotient out:
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Galilean conformal HS algebras

(in any dimensions)




From U(so(2,D-1)) to U(iso(1,D-1))

- Same approach as for Carroll, but with a new splitting of so(2,D-1)

Jas, Jop|l = Nac JBp — Nap Jec — NMBc Jap + D Jac

[J’ij7 [_/m] =0 [J’ija Tk,m] — 5iij,m — 5jsz',m [Lm7 Cr’t,’n] — (m — n)crz',m—l—n

[Ti,ma Tj,n] — 5ij (m — n)Lm+n =+ fanJ’ij
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From U(so(2,D-1)) to U(iso(1,D-1))

- Same approach as for Carroll, but with a new splitting of so(2,D-1)

Jas, Jop|l = Nac JBp — Nap Jec — NMBc Jap + D Jac

[Jija Em] =0 [Jija Tk,m] — 5iij,m — 5jsz',m [Lm7 Cr’t,n] — (m — n)crz',m—l—n

g T —

Contraction: T, — € T; ;n With € — 0

[
J

Bagchi, Gopakumar (2009)
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The so(2,D-1) ideal

(D+1)(D_3)7jd or
1

LZap ~ 0 Zapep ~ 0 Coy ~ —

V" T Tjn} = T dyy” = g0 (T7 = J%) ~ 0,

89 {T; s Tjn} — { Ly L} — %Wm (T% - L?) ~ 0,

6J° —2(D —2)L* — (D —-5)T%~0,
{szaTj,m} + ’Ylm(m — n) {l——/kaﬂ,m—l—n} ™~ 07
{Jiig» Timy ~ 0,

,ymn {Emaﬂ,n} ~ 0,

2 {T[z',maTj],n} + (m —n) {JZ’]‘, Em+n} ~ 0,
Jij iy ~ 0,

D+ 1)(D — 3)
2

CQEJ2+E2+T2~—( id
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The gcap-1 ideal and Galilean HS algebras

mn{ 7,Mm 9 n} _2 ij2N07
1] 2 2
0" {szaT]n} 'YmnT ~ 0,

4

{Ji?, Tjm} + " (m = n) {Lg, Timin} ~ 0,
{Tlij» Thgym § ~ 0,

,,ymn {ZmaTi,n} ~ 0,

{T[i,maTyj],n} ~ 07

Jiij ey ~ 0,

T? ~0.

- Galilean conformal HS algebra: |
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Carrollian and Galilean HS algebras in D=5

- In D=5 we start from a one-parameter family of algebras

« Carrollian contraction: only one extra non-isomorphic algebra
obtained in the limit A = O

» Galilean contraction: a 3D like structure emerges...

Ly, =A{J31 +tJ12, iJo3, J31 —iJ12}

/- e e — — S e ———

| [Lm; Ln] = (m —n) Limin, (L, En = (m —n) Lmn ,

(‘ _ B _ ‘

| [Lma Tn,k_ — (m - n) Tm+n,k y [L’”H Tk,’n- — (m - n) Tk?’”"’” ’ l
Tonkes Tnal = (m — n) v Lsn + (6 = 1) YmnLit1,  [Lms L] =0, |

L R RN

...but only one extra non-isomorphic algebra results from the
coset construction
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Other flat/Carrollian conformal

HS algebras

7
z i
,’////////«‘:,‘, }/ -
Q '.w(‘/ \/
\ // /
'\ 3
) AN
\\ 1l N
———— A
=— ¢




“Geometric” algebras for Killing tensors?

- Why cannot we use the following bracket? Schouten (1940)

—1)!
e [v,w K1 Hptg—1 — (p—l_ q 1) pva(ﬂl“'aaw“'ﬂp—l—q—l _ qwa(/il“‘aav"'ﬂp+q—1
plq!

e for p=1 and g=1 it coincides with the Lie bracket
» the bracket of two Killing tensors is a Killing tensor

the bracket of two traceless tensors isn't traceless
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“Geometric” algebras for Killing tensors?

- Why cannot we use the following bracket? Schouten (1940)

—1)!
e |v,w K1 Hptg—1 — (p—l_ q 1) pva(ﬂl“‘aaw”‘ﬂp—l—q—l _ qwa(ﬂl“‘aav‘“ﬂp+q—1
plq!

e for p=1 and g=1 it coincides with the Lie bracket
» the bracket of two Killing tensors is a Killing tensor

the bracket of two traceless tensors isn't traceless

. Exception in D=3: (P, )t = (

AC, Henneaux (2014)
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“Geometric” algebras for Killing tensors?

- Can we do something similar in any dimensions?

Basis of rank-2 Killing tensors

1
Sab'wj =2 (”Cdjac(ujdby) -

,Cab|cdwj = jac(“jdby) + jad(“jcby) T
Mab|c'uy = Pa('ujbcy) + ,Pb(uja,cy) Sz 00 3

1
Quy"” =2 (PM%"’ — 5 Mabti P P

)

Ia'wj =2 nbcpb(ujcay) )
1

(jQ)ul/ — 5 naandja(gjdby) :

(732)/,w = nabpa(/,l,zpby) _ np,y

Ena

o1°n% T T fd”))
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“Geometric” algebras for Killing tensors?

- Can we do something similar in any dimensions?

Basis of rank-2 Killing tensors

,Cab|cdwj = jac(“jdby) + jad(ujcby) T

Mab|cy/y = ’Pa('ujjbcy) + Pb(ujacy) + - )

1
Q! =2 (PaWPb'/) — =+ Mab P P

)

Sabwj =2 (”Cdjac(ujdby) -

Ia'wj =2 nbcpb(ujcay) )

1

(j2),u1/ — naandja(gjdby) :

o1°n% T T fd”))
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“Geometric” algebras for Killing tensors?

- Can we do something similar in any dimensions?

Basis of rank-2 Killing tensors

ICab|cle = jac(ujdby) + jad(“jcby) T

Mab|c'uy = ’Pa('ujbcy) + Pb(ujacy) + - )

1
Q! =2 (Paww — =+ Mab P P

)

Sabuy =2 (”Cdjac('ujdby) -

Ia'wj =2 nbcpb(ujcay) )

o T T fdy))

‘ 77/“/ ~ id == P2 ~ Vid, Z.abc ~ 07 Iabcd ~ 0

Andrea Camp0|eonl _ UMONS -w————-———%
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Schouten bracket algebra as HS algebra®?

- Double interpretation for the Schouten bracket algebra
* Rigid symmetries for unconstrained Fronsdal transformations

e IndnU-Wigner contraction of the rigid symmetries of partially-
massless fields

- Any examples in flat space?
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Schouten bracket algebra as HS algebra®?

- Double interpretation for the Schouten bracket algebra
* Rigid symmetries for unconstrained Fronsdal transformations

e IndnU-Wigner contraction of the rigid symmetries of partially-
massless fields

- Any examples In flat SpaCe? Francia; Joung, Mkrtchyan (2012)
. L. . Rz =0 for s even,
 Higher-derivative theories: )
0 - R[%]M(S) =0 for s odd,
° Partially-maSSIeSS—Iike eom. AC, Francia, Heissenberg (2020)

s(D +2s —4) s—1 B
Hous) — (t+ 1)(D+2s —t—4) <8u8'90u(8—1) - D+ 2(s—2) guua'a'g’u(s—%) =0
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Summary & overview

- One can build non-Abelian HS algebras including subalgebras
h=iso(1,D-1) or h=gcap-1 (with the same spectrum as in AdS)

- “Good” Lorentz commutators guaranteed in UEA constructions

- Atypical commutators with translations (counterpart of the
absence of “naive" minimal coupling?)
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Summary & overview

- One can build non-Abelian HS algebras including subalgebras
h=iso(1,D-1) or h=gcap-1 (with the same spectrum as in AdS)

- “Good” Lorentz commutators guaranteed in UEA constructions

. Atypical commutators with translations (counterpart of the
absence of “naive" minimal coupling?)

Asymptotic symmetries?
 Modules associated to our algebras?
what’s next?

e Linearised curvatures”

e Recovering the algebras in interacting theories?
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