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~ Introduction

·
Fierz

-

Pauli
programme -

all possible off-shell descriptions

of spin-s massless field ?

↳ Interactions
may

not choose the most economical description

⑧

Higher-spin Gravity

Hidden symmetries of Gravity

Non-linear realisation of enx1, Higher ,
or "exotic" descriptions



·
Electric magnetic duality - perhaps as fundamental as Lorentz symmetry .

In non-Abelian theory ,

relates strong and week compling regimes . I Long story : Heawyside ,

Dirac
.... _)

· For spin-2 (linearized) studied by P
.
West

-
Hull (2001) ·

Previous attempts

in the massive case by Eurtright & Freund in 80's
.

Further studied in 20
,

on-shell
, by X

.
Behaat & W. B .

·
First

,
review for spin (better , heficity) one .



·
On shell duality in electromagnetism in vacuum

Maxwell's equations &" Fur = 0 1-Moto when sources ( (Field equations)

(Bianchu identities / F0 Frey = 0
e := DieA- & Fu= 2 & Ars :

S

Rewritten as * d * Fizz = 0 & dFIz3 = 0

where
· Fizz =

dx xdx Fau Faraday 2 - for exx ax = -
dx da

=
dada-dada

· d : &P(M)
-

&P*

(M) exterior derivative
.

d = 0

= T* MeT* M

· * dx :
e+

(M) - &P(M) co-differential

- ...Up Ice beC ..... o n-pHodge deal : * (dae, ... daMP) =

ps !
J
,

...

n=
I S

-
**p

= ( )P(
-) +

Id/m-

where eMMpe.....mp= Maes ... Nunpemp
Empe.. emp Jin Minkarkei space M(

Duality First * Fres I. e . (5) -- (?)
ichi identity >

Field equations



·
On-shell duality for masstess

spir field

Use condensed motation (X .
Behaart & N .

B
., 2002)

EI : TrK = 0 kan =0 where K =
d dhe

-

BI : Tuz * k = 0 < > Kurie]r = 0
-

# : d
=

o &M Kaver = Or

I : dk = 0 =) duKuesla = 0
.

· k
=
k22

, 23
= !dad"n dno du Kauso

·
dral disc st

. d, = yau &

d
= = d xM &

·
di : = disc

re
⑳ -

d ze

~
O· Trij=Nu di, 1;,

2



As operators : I kans)=I d"m d"n d"no du Kavias 10

d
,10) = o destruction

.

0 IId""s , dec I = ~ Id"s , dix-= 8 : yar .

ed-dualitytions k1 > xk 4 k -
k

E = = (k) - - 1. %)() =
FE

-
5 = i rotation .

↳ (i) =- I under duality .

2Example=5 :

:TK => Ka= d"d
* ha. .3

Eki = x k

(EI) : Trk = 0 c=> Trx E = 0 (BI) > *-1

duality

3

(1) : atk = 0 dk
=0(5)c= k - d . - ! = E



2 (Higher) dualisations of linearised gravity and Maxwells -Fr
-

SHEL

An off-shell dualization was initiated in 2001 by p
.West completed in 2003 by N. B .

S
.
Mockaert

and M
.

Henneaux
.

In [N . B
..

P
.

Cook
.

D .Ponomarev-zoz]-> Other off-shell dualizations schemes proposed

First
,

review the dualization of [West ,
N .B . -

Crockaert
- Henneaux]

Parent action S[yab ! Wabin]= Joe ( "ww"
+ Sawbe yabal ! (

I
Field Wabic auxiliaryz =

bwD exp
S[w- Y

enforces Wabic= &a bjc = = Wabic- Yabolic

semi-classical S(Cab] = Fierz
-
Pauli

S[yab ! ] = Jdx(d Yab . i day
* abic

... )
with local Lorentz Seab= tab

yable E
1 sabed...da Con-ie-

(n- 3)!

Gauge in SYab= Sabes => 81Casn-331b = casn-3bad Ad



Samanis we Can ... amsob = Ga ... ansbob st
. G ... ans -

bs = 0

i . e . 0 of Glcus appears in Minkowski spacetime -1Cane
,

as -
that propagates the o . o . f . of Fier Park's graviton hab with upd Kab

,
ad(h) = 0

:

I
-

·
We discussed

:

Hull's roo twisted an-shell duality

relating
Ka

,
... an - (C) = Ocan Ob Caz ... a mess.

to

↓ cd(h) =
= - a hd3bsLab

,

vie

M(n-c
.
(C) = x

, kx2 -
2)(h)



201) It deal of vector field in dimensions 4 & 3egher

Here : Ab viewed as a Aco
, is bi-form

->A co, s

higher dual? (m-on
.1 can

==
sh- -

·
Starts from Maxwell and IBP

.
S[AmS=- E Jan (dmAbeeA- daA Ab

·
Parent action Siyabin

. Pa]=(drze (Paib drycalb- Paib Palb Pala Paib)

·SY,
P3

= 0 > palb dycalb - yab baycold
SPaib g

shetitute to get

Siyab]
= JaxI Onycab Yab- dayab's I



·
From Siyab]

= JaxI Onycab Yab- dayab's I

invariant under gyabl
.

= 8 &
bA + &brabell , -

one decomposes
yabi

. = abl + 8" Z
*

W
Xab' =

irreducibly under clcn) .

A Hodge-dealise in D : xabs
. Table ~ E that

gauge transforms as

---
S

. t *
with

E
Sta = dat + &b Aab for the vector

.

16



Perform same change of field variables and dualige Zan to
ge
t

4S[Tabic
~
a = (da [arTab) + FasFabSES +

*

kT]

where Kasba := 6 & &b Trans creature
:

KV== Trk

The
gauge

invariances are the one expected for a curtright field and a nector
.

The field equations give -
daFab(E) + E krb = o (1)

Nab
,

+ 8! Krbs_ Fab
_ S Ebsd

= o (2)

Take the trace of (2)
·
combine with is to get the equations of motion and

Lubling
!

quality relation)- TM,
& Trkas,s = da Fearos = No o

of d.
o

. J .



B Hodge-dualise in 3 D

SIyabl
,

with yabl
,
-sabahed+2Szb3

, hab=hbar giving an action Shab
.
Eas

Schab
.
Za)= fox[-dahbwehbc+ Jahb,bfacabedgafab Frd(z) + 1 Fab(zsFab(z)]

invariant under Shab= 2 dabs ·
Sta-dat + Sabe OE

mixing

· Dualise the rector Za in 3D to a seafar
. After a field redefinition ,

one finde

Schab
.] = Jon - Jahn wahba+ Jahwah-sahhab + dahab sub

+ Idapop + cap (Ophab-och) 1 .

As
consequence of field equations :

1. G = 0 = R(k) & Rab(h) = Dad P

Fieldequations for propagation & duality relation = no darbling



2
. 2) Higher dualisations of Maxwell's im 3D

·
Maxwell in 3D ~massless sahar in 3D .

1 propagating d
. 0 . J .

·
Start from the dual action obtained by the second higher dualisation of scalar theory .

i. e . The first higher dualisation of Maxwell's wester reviewed above

Schab
.
Za)= fox[-dahbwehbc+ Jahb,bfacabedgafab Frd(z) + 1 Fab(zsFab(z)]

We perform the higher dualization & of hab vie parent action S[Gasbor Dabi- Aab

eliminate the auxiliary field Galbe to abtain S[Babi"*
.

Ma] .
As before .

Basij
:=-

zab Dan ,
j

Perform a field redefinition BedrAa-> bab Lab UarHa} where fab of soc3)
·

⑪ &

1 5 I 3

st
. Wa enters the action only vie Fab(U) = 2 da Ubs ·

Dualise Va in 3D to a scalar a that one adds

to lab-> hab traceful .



The final action is invariant under

Sabe = 30a3bc

S shab= a datb,
+ 2 Epqia

&P 3*
b) Ran :

8(@YcabAn) = 30aBby - = Need < pooPet .

SAa= I da3 + Eaba-
Gabe

Field equations : seemingly too
many propagating d

. 0.J . since one finds that

· Eab(p) = 0 where Eab := yayis Kabicid
;
and Kabicdieg := 8 ot curvature of paba

·

- abs
R ab

=
0 Where Rab,* = Kab,* (h) -2 (debudmolsmacd &gabim) .:= appr - odbu

2 Riemann-like curvature for hab.

· da Fab = o where Fab :
= Fab(A)+OcaPbsa + zabc(0oh-och) fieldstrength far Aa



However
, combining the field equation ,

one find the duality relations

Kabicdof(P)=- Sefq Rabiad

Rab'
= zadm Ou Fab

= Kabicdief(P) =- Zcdpefq
& Fab

All the duality relations and Ear come out of the action .



c . 3) Higher dualization of the graviton im 3D

Granity in 3D is topological .
Dual formulation thereof by higher dualisation - higher spin

· SGalbc
.

Dab,]= I de - Garba Galbo+ Garc Galby-Ga, Gic+Graib Gab+ Gre deBads"]

Galba= Gaich
.

Dab ,=-Dbal=-Dbas

Gauge -

invariant under

5691bc = 2 d btc) -
SDabi= dabpPrad +z yaddabs + 4 Sadibst

·
S = 0 = Galb = Dahbc with hab= hba symmetric
SD

↳ Sdakbar Pas,
"I = de [-zahb,

wah Dah dah-daha Oph+ bahab achb!I
Fierz-Pauli

· sb -> Galb =
0 Doalbe + &D

= : Galb(8D)

col↳ S[Geibc(8D) .
Dab, J =: S[Dabs] Dual action



Dab ,
Py= : Eabm Dripp ,

palcol -acd
+ a gable Zo,= Y -

Za
*

= O

Gl(3) decomposition

·
Further decompose under S03) :

Balboa C - - S0(3)

· A linear combination of the two vectors can b dualized to en scalar
,

in 3D
.

· Combining the scalar with
-> traceful hab - = 69(3)

·
Traceless rank-s with

remaing
rector

-> traceful Mabe ~ =G2(3)

· Final spectrum : (Yabshab3



· Gorge transformations :

I
SYabc = 30a5bx) - zaYb) &p4q

Shab = 2 &,a tbs + 2 Epqca &P 596) -

·
Action :

S(Yabo
.
hab] = I(dx [-dalbed waybed sab Gabe + bayabe odfbad- battwayb_ Save bes

- bakodehbe+ Dah wah-habacht- dah Scha

+ I Capy &bby* &P44-2 appobhac P44p, ]

· Gauge transformations entangled
·

"relative kinetic term"Wrong



2. 4) Relation with the triplet spin - a

The action SthabrZa] derived above is a member of the -parameter family

S[hab
.
Aa =

dx [-dahb, wehb
+ (0+ 2) Schad.h2-(C+1) -ah (20.ha-dah)

- Fab(A) Fab(A) - aba 0.2 Fb (Al]

invariant under

Shab= 2 &catbs ·
SAa=dat + Eabadbe" -

The case obtained by off-shell dealisation corresponds to c = - 1 -

·
As above

,
one dualises the vector Ha->Y scalar in 3D :

S Chab
.

4) = Jon [-dahb,
data John her - (6+1) joh (2 d. far-dak)

- 4 (bat eax-4ordbhab)]



S Chab
.

4) = Jon [-dahb,
data John her - (6+1) joh (2 d. far-dak)

- 4 (bat eax-4ordbhab)] ( * )

Invariant under shab=2 &catbs 84 ==0a Ea

This is equivalent .

When a = 1
.

En the Iniplet system
nS[hab

. CarD] = (dn[- = dakbwahb + zadoka + 2 d. 2 D + daDdaD -ca(a)

Invariant under Stab= 2 Gates ·
SCa= At a

>
SD = 0. E

The field Ca is auxiliary ,

its e . 0. m . give Ca =
d. ha-daD .

substituting inside the triplet action Sthab
,

Ca
. DI reproduces the action (es

for x = 30 2 = - 1 and D = - Y



2 . 5) Spin 3/ Spin 2 system
The action shown above

S(Yabo
.
hab] = I(dx [-dalbed waybed sab Gabe + bayabe odfbad- battwayb_ Save bes

- bakodehbe+ Dah wah-habacht- dah Scha

+ I Capy &bby* &P44-2 appobhac P44p, ]

immeriant under 5 Yabc = 305bx) - calyx p4p ·
Shab = 2 &,atbs + 2 Epqua &P 596)

is a member of the family

S(Yabo
.
hab] = (d [anbalbed waybed an sat aYaba+ a bayabe odtbodt as Saltwat + an water by

+ ↳ dakodahbe+ b
,

dah dah+ be dehabechb+b
,

Dah de ha

+ Eapy &bky* &P44+Cappobhac-P44p: ]

invariant under

SYabc = 30
a 5bx - 3x2

,aYx)p4p -
Shab = 2 &

,atb) - 2zpq(a 0 596)



· We find that z = 0 iff x = 0 .

In that case. C
,

=0 = C

The action is the sum an difference of Fransdal and Fiery-

Pauli actions

we reject that case
,

hence a to and z to

·
For the traceless part Yaba to

appear in the action
.

as eas and ca cannot all vanish

and as a result we find the bot o



⑲⑧ Finaly the parameters are fixed uniquely in terms of z and 6 =

sign (b0

in the case as =-1 that one reaches by rescaling abo.

28 ZQue parameter and one sign : x
=

-

g(3022-2)
0 = 1

.

For 0
=

+1
.

E = I rejected since it emounts ker
removing

the piece gatbs in hab

Rem :

· There is an isolated print where a = 0

By rescaling Yaba ee that ar=-c. all the other officients one fixed uniquely .

· One shows that these systems are not equivalent to
any

known indecomposable (triplet - Like)

systems .

· The original system obtained by higher dualization of the Fierz-Pauli action is recovered for

6 = + 10 z =
- 1 = x = z .



3 First-order reformulation of the spinz - Spin 3 systems & Deformations

3 . 1) In flat space

A theorem 1 M . Grigorier .
K

. Mrtchyan ,
E

.

Strantsav 2005] states that all

tapological systems in 3i are equivalent to Cherr-Simons-like models
.

We find that
,

with the Lorentz-valued one-forms (ea
,

wa
,

zaa
,-a)

the action

S = 1 [waldea-apq, wq) + 2 = works + aa)dEer + able,)]

x =

-

20z

invariant under 9(3022- 2)

sea = de
_ gabchpc+ 2z kewab

P
swa

= dYM

sEaa = d 3am + hysaba Ec-Eve(haxer-Iyaah5b) · Sear
-

deae



·
This action exactly reproduces the und order action [tab

.
Yabc

presented above
upon is eliminating the auxiliary fields (waraer) .

(ii) fining the Laventz
gauges

where esanas & Ea
,be

O

· Recall

Seab = datb -Xab+ 2 = Yab

S Ea
,
b

= da3ba-C
,
-

+ x(7b Ka- 34a Yes

where
-

Xab == apppP4 .
Ya : abe XP

. Cbare - bc
O

· The residual
gange transformations are cabc = da36/5 = dabs

In this
gauge ,

the fields Yaba:= 3 Ecanbas and hab=2ecarbs transform as

54ab = 30
a 5bx - 3x2

,a4yx)p4q -
Shab = 2 d

,atb) - 2z2pq(a0P59b)



· One can express
the action as

-

Reces + eaR
*

(a) +
2 (wabRa(E) + Eab Ra(-2)]ILW Z

(*)S

= 3 K

x =

-

20Z

9(3022- 2)

where Racel :=
de-9 Wp+1zhseeb. Rec) : = dwa

~

Raa(E) := -Ear Up P q *
-3x /he wa - yeah" wa) Ra(-) =

dre
.

3 . 2) There is no non-Abelian extension (alas)

Search far Stea ,
wa

,
Eab

,
&by = f Tr(AdA +3AS

My

· A
= waJa + (h

*
+ e9)Pa+ E MabJab +

Eab Pab

· Tr(JaPb) = Yab ·
Tr (Jab Ped) =) <acbd+ adbc - YabYcd)

Initial data for a possible mon .
Abelian algebra : [Pa

.Tb]=-ZaboP"-3m Pab
.

[ParPb] = 0 = [ParPbeS -

[Pa
.

J6,] = 2 z (MasbP - 57bPa) + Each Pasm

General Ansatz for the other commutators No solution for Jacoli identities (20 identities to be checked)



3 . 3) Extension to (A)dS
,

72ya = - 04a4yy- & = + fa AdSs =
v = -1 for dSs

we can keep the action in the same form (x) as above

S = I [WaRaces + caRcws + (abRebcE) + Eab Rab()) ( * )

for the deformed canatures



tions on

The corresponding gange transformations being



A particularly simple solution is

given by

A = (50) - B = (ii) = c
-

D = 18 !I E

(It's not the only one (
Field redefinitions and flat limit

The redefined fields !** =~(5 - He = (
with redefined gange parameters ( ) = + ) - (e) =~I

where M N -> GL(2
, R)

A

will be related by the same transformation laws
with A = M- AM

.
B =

M- BN
.

C = N cM
.

D
=

N-DN

↳ Two solutions of related by Gr (2
, ) x GCC2

, ) are regarded as equivalent .

Also
, if (A

,
B

,
C

, D) is a solution
.

Then wo is (-A ,
-B

.
-C

- -D) .



Classification of the solutions

· Using GL(2
,R) x GLC2

, 1) .
the matrices (A

,
B

.
C

.
D) can be bought to one of

(2) - (i) or (*) all in Mat(20) ·

· A detailed analys showe that there are two general classes of solutions :

1 .
The matrices are real diagonal . This requires ~ = 1

. Ads background

2. The 4 matrices are all antisymmetric (n = 0) -

↳ This requires r =
- 1

- dS background

In the flat case where formally r = o
-

we recover are previous
results

.



1
.

When the 4 matrices are diagonal .
the fields (ea

, Eaal and (wa
, a)

form two decoupled systems -
each noted (fa - Faa) .

with
gauge

transformations ·fa =
Dee + 1 arcebhe+ 1 bheab .

E SFaa=D=aa + 1 c (has - = yack(c + 1 d sabahpt,

Ja .
b

.
c

. d) = RY constrained by a
- 55bc =

0
- =d + b = zr

-

- 2dc + ca
= 0 - zbd + ab = 0

.

of

There exist solutions only in AdS- (r=1) -

↳ There is a solution where the
spin-2 and spin-3 sectors of the system (fr , Faa)

do not mix
:

a =1b = 0 = c d
=

= no free limit of single S2(3
, M) CS

↳ A more interesting solution mines the two sectors (spina and spin 3) : b=0
-

c +0 .

a ==b = 1- c = 2-d =
1



When the a systems (f, F,) i = va are considered simultaneously .i

Jea ,
Eaa) & (wa, eea)

,
we can combine the 2 solutions above .

Using the freedom (ab
.

c
,
d) + ( - a

-
-

b
.

- c
-

- d) there remain

· a solutions where the 2 mystere mix spinz& spins :

A == (9j -
B = (9) - = =(i) -b =(i) - y

= tr = + 1
.

and

·
↳ solutions when only one system , May Jea, Eaa) ,

mine spins & spir 3 .

CAc = ( i) - B = (88) -c = (8) .
Pa = ii) - 7 :

= tr
-

r = + 1
-

I we exclude the cases where B = 0 = 1)



2. Antonymmetric case the other solutions for the system of constrate

fou the matrices (A
,

B
.

C
. D) are

As = (! ) - B = (i !) -x = z(28) -Ps = (i !) v =
- 1nds

,

Ce :
1 . &2 .. fully classify the solutions of the system of constrate on (A

,
B

.
C

. D)

Rem : Using (M .
~) = GL2

, R) ·
the solution (An

.
B
.. G

.
D

u ) with y = - 1 im Ads
o

and the solution (As . Bo .
Co - Ds) in dis cam be braught in ar unified farm

- 1 where & = 11 .Ao= (5) - Bo= (3) = c
..

D
. i :)

[ This form does not cover the case y =
+ 1 of (An , BroGob) .

on (Az
- Ba . 2 - De) ]



Actions in (A)dSs

Stea
,

zaa
,

wa
,
me]= c) [Stee wal Gr(*) + (EarWaa) H(t ,! I

where G & H non-degenerate and symmetre

· Grange-invariance of Simplies A TG
-

GA = 0
.

GR - CTH = 0
.

DTH -
HD = 0

.

where E = MTG M and H = NTHN equivalent to (G
,
H) .

A In the solutions for (A
,
B

,

C
,
D) where they are all diagonal . G &H can alea be taken diagonal

A
.1) When the system /fa

, Fans does not min spin 2 & spins ,
we get

S[fa
,
Fae] = = /)faReSH) I FaaRea(Fl) with ReCf)= <fer+ 1sabchofc .

Raa(F) = DFaa1 2 1 sabshpF:*



A
. 2) When the system Ifa

, Fans does min spin 2 & Spins ,
we get

with

S[fa
,
Fae] = = (n) faR*

St - = FaaRaa(Fl)

ReCf)
= xfa + 2 + sebcupc+ 14pFab .

Raa(F) = D Fac + & + (h958 - 54a4y)f + 1zabch
,

F,*.

· Putting the two systems If- Fi* ) together ,
we find

G = (3) - H = - 3) =) for (An
,

Be
,
G

- DeS

where I = I 1 and bath
signe of 7

and Ga = (i) - Hz =) * ja) for (He
, B2 , C - De) :

= 1 -

Rem : Exotic kinetic terme ede and wow
.



In the case where (As , , CrDy) are antisymmetric , only in ass

one uses the EL(2
, 1) * GL(2

,1) gauge

I -Ao= (5 ! ) · B= 15 ! = C
-

D
. (vi)

and final G = ?? ) =- Ho .
This Ginge eRcws

·
WRIel

-
ERIM) and

RRCE) ·



Flat limite of the fied equations

We showed that some solutions of the quadratic matrix-valuedequations

Al
- =BC =

- 12
-

D + z(B = 40 12-CH - 2DC = 0
-

AB
- 2BD = 0

for the 16 parameters i are in the 6212
, R) x02(2

, 1) Orbit

of the following simple solution for bath o = 1 1

Ao= (I ! ) - B = (5) = C - D
.

= (00) -

In order to recover the flat limit ,

must

1) act with some eppropriate (M
. N)

% =

e) send + -> 0
·



Matrices (M . N)o
.

=
are

Because the numerical materies (A
,

B
,

c
, D) are real and & = 12

extensions from flut to (A)dS
, depend on values of z and 0

.



Flat limits of the actions

· Stee
,

wa
,

zan
,
Manz= It

,Ads
,

I [ (tea was G(Ree?) + HEaa
-
Rea) H)thee)]

The terms eRCw1
·

wRCC)
·

ER(el) and RCE) come with to

The tame WRCwI and & iscel come with + and direnge when 1 -o

=> should set G = 0 = H22 ·

The terms eRce) and ERCE) - >0 when 1 - 0

-

I Reces + caR
*

(a) +I (wabRebcE) + Eab Rab()]To recover L Z
(*)S = wa

x

x =

-

20Z

9(3022- 2)
in the that limit

,
one should have G=Gz= 1. His= Ha =E

on top of the constraints on j0, H) from gauge
invariance .



· Remarkably , this selects anty the following values for vz :

x = = ( - 3 -

- 5 - 55 - ] -

Of these wales , only iz =
I

,
is persible for both signe of 5 .

The others wahres of uz admit =1 only -
i. e . Ads,

·
The higher dual of Fiaz-Pauli has int =- -

hence cannot be deformed to (A)dSy ·

·
The make it = I can be reached from the care (Apr Bo

.
Co
.
Do
·
G
.. Ho) by

acting with r = (0i)-w =
-z)i)



The other 3 values for nz are in the orbit of the hybrid system

1

Ac = ( i) - B
= (88) -c = (88) -

D =Cdeal) - Di
= =10 = + 1

-

2

62 = (2) Ha =)
=

E2) with =- 1 and Tz = + 1 -

Conclusion The one-parameter family of actions in flat space only admits

deformations to (A)dS
, you critical values of the product rez

.

x =

-

20z
-

9(3022- 2)



4 Relation with
quires

Use spiner
motation instead of vector sacr, 2) . The one-forms can be grouped in

& cy, c) =
! Ya

: : You I as

(e ,
was

.
EC14)

, 194)) in our case .

Field equations xI = I P

where

Q = x(N)h"y ,y + B(N)h40- da + /(N)h yac

For a topological system . O = D- Q is milpotent . This imposes
constraints an

Gr : Vr-z UN o N : VN+2 -> Un Or : Un-Vw

Moreover
, redefinitions Er - An Er by automorphisms .



Quiver
--

N
N+2

N+2

M N+2

span (ea , wa, ↳ Span /Ear , (a)

N

T-n Ads
,
one can use G22x Oh,

to reach
N+r = Br = Or = Date = 183) ·

It aresponds to (A.. B.. Co : Do) ·

In flat space . N
= 0N = &N+2 = (8 %) and ow+2 = 9)8 % ) -

- parameter .

·
constraints from wilpatern of 0 .



Conclusions

· Strange higher-spin systems in fhat space are associated with wild
quivers

· Classification of finite-dimensional representations of Princare algebra unknown Ito us (

·
Interactions were studied in the simplest spinz-spin 3 system


