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Higher Spins : Field Theoty

Lagranglans: many additional fields




Higher Spins : Field Theoty

llong search for free action principles:

s Metric=like formulation:

s Singh, IHagen (1974): action for free MASSIVE higher spins
S Fronsdal (1978): MASSLESS higher spins with constiained daude symmetry.
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SLBUCHBING e Pashiney, Isulgiaiet FINT998 %) remove constraints by BRST)

s Francia, AS Mourad (2002-): minimal (hon)local form, NO trace constraints

< M/Xé’d 5}/I77I77€flj/ ! .., Labastida, [Bekaert Boulinger; Pe Medeiros, Hulll...
Campoleoni, Francia, Mourad, AS, 2008 and 20039

<>Frame—|i|<e FOYfT)UlaJ(iOD: (Vasiliev et 3, 19807s-, Skvortsoy, 2008, Boulanger, lazeolla, Sundell, 2008)




Plan

s Eree HigherSpins: [Boseforbrevityl:

s constrained (Fronsdal) and unconstrained LOCAL formulations

s minimal NON-LOCAL (geometric) formulation
s triplets and String Field Theory
s unconstrained mixed symmetry from Bianchi identities

S External Currentsi anar applications:
svDV/Z (dis)continuities

Slnteracting symmetnc) HighersSpinss

s the “classic” problems

S currents and interactions

o the Vasiliev equations

s [ink with unconstrained formulation




Free Symmetric Higher Spins

Fronsdal (1978): natural extension of s=1,2 cases (BUT : with CONSTRAINTS)

F,=04,-0,0-A=0

Fouy = Ol — (040~ hyy + (1t 1)) + 8,0,h" = 0

Can simplify notation (and algebra) hiding space-time indices:
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1t Fronsdal constraint

A =0



Free Symmetric Higher Spins

2nd Fronsdal constraint

Natural to try and foreqothese “trace” constraints:
< BRST (DOD mmlmal) (Buchbinder, Pashnev, Tsuliia, ..., 1998-)

s Minimal compensator form s 45 Mourd, 2002
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Y trained [L3drandi
Cehminger) ML ained llagrandian

[2-derivative : @anei 2007)]
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Free Higher-Spin Geometry

ini B +1)(2n+1) O
What are we daining ¢ (n azkzr(ln+ )

7k = 2k + 1) alk—1]

Aftersome iterations:
Ohuy = Oulhy + O\, — 0T% = 0,0,A" — RS,

prp

so: HIEergrehy of con nectlor)s anad curvatures  @ewitand reedman, 190)




String Theory & Free Higher 5p/n5

(Kato and Ogawa, 1982; Witten; Neveu, West et al, 1985,...)

BRST equations for “contracted” Virasoro:
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First open bosonic Reqge trajectory = TRIPLETS
Propadate: s,s-2,5-4, ...

(A. Bengtsson, 1986; Hennesux, Teitelboim, 1957)
(Pashney, Tsulaia, 1998 Francia, AS 2002; Bonelli 2005: AS, Tsulaiz, 2005)

[ gine FO Hnd laflon s (Sorokin, Vasiliev, 2008)

On=shelltruncation = ¥ s WSS PN >
(Francia, AS, 2002)

O{{-She” truncation:: ( Buchbinder, Krykhitin, Reshetnyak 2007 )




Mixed Symmetty.

= [ndependent fields for D> 5
= [ndex “families”
= Non~Abelian: gl(N) algebra mixing them Sp=0N — dp=0"A;

H1..-Ms M1 Mlsqy5---5P1s5---9Ps
14 T 4 1 N

m [ [3bastida constraints {987k

= NOT all (double) traces vanish = Higher tracesiin Lagrangians !

= Constrained bosonic Llagrangians and fermionic field equations
= Key tool:self=adjointness of kinetic operator

RGCC ntly: (Campoleony, Francia, Mourad, AS, 2008, and. 20039)

= Unconstrained bosonic .agrangians

= Weyl-like symmetries in sporadic cases determined by glCN) algebra

= (Un)constrained fermionic Lagrangians [NOT here for brevity]

= Key tool: Bignchi identities 9



Mixed Symmetty.

(Campoleony, Francia, Mourad, AS, 2008, and 2009)

Sp—0A — dp — A,

F = Oy — o0° ()H?ﬂL 5 0° o7 'Tz'j e

Multi-symmetric tensors :
§F = laiajf)"*’:qijz\k;,
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s neatly encode the (hot independent) Labastida constraints
° [compensators oy (@), [adrande multipliers B, |

(2,1> GZA — %83 TZJ.A = —iajﬁkalcz]k
pro[ec‘cion T T ST T P T S A T T

o new features from traces of Bianchi’s (not simply constraints)
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Mixed Symmetty.

(Campoleony, Francia, Mourad, AS, 2008, and 2009)

Iworfamily llagrandians:
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s New terms determined by the (2,1) trace of the Bianchi identity

s\Morefamiliess highertraces

: 4 2) Yior 11 01 AP, i — O [p+1],
o (2,...,.2,1) trace of Bianchi’s: (p+ 1) 1201} 6 A s, iy A 11,
s Also: 2-derivative form = =5 Yery Toga -~ Tiyg, 8'0™0"™ C jimn -

. ZpJpA[p]

1171, 'ijp >

(2,....21)
. ,r,ipjpa .A[p+1] ) id . > . q
(i Gk) g i projection e .
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Mixed Symmetty.

(Campoleony, Francia, Mourad, AS, 2008, and 2009)

Reduction: eq, pasingfiom Ru-1/2d,, R=0 o R,~0

s Sl + displace indices > gl(2) algebra




Mixed Symmetty.

(Campoleony, Francia, Mourad, AS, 2008, and toappear)

/ /!

s Spectrum) of :

s Zero modes according tolfirst column of table:

SN hat happenss Weyl=like'symmetries

ceq gty CEEKIRY.

> Nifamiliess eyl lll<e symme’cﬂes Weyl-like symmetries
(irred. fields)

’Lljl np]p Y{2P}Z H Tzr]r — Qinjn+ Sk(anJn)k:}

n=1r#n

'1'1.71 ,r,ipjp Y{4,2p—2} Z (Y{2p—1} H Erjr)Qinjn

n=1 r#EN




External currents

J (Francia, Mourad, AS 2007, 2008)

J

s Residues of current exchanges reflect the degrees of freedom

¢ s=1,

N
S

<>A”S:

Unique non-local Lagrangian :
(e.q. for s=3)
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D
X (van Pam, Veltman; Zakbaroy, 1970)
. s E

- V/DVZ discontinuity : compating of Dand (D+1) massless exchanges

- First present for s=2

- All's; can describe irreducibly a massive field 3 g Scherk-Schwarz from (D+1) dimensions :
[feig. fors=25 by 22 (hn costmy)), A sinlmy)), orcostmylr |

(A)dSextension Cstill free level):  [radial reduction]  cemsdsl 1979 biwss siegel 2002)

s¥/s . Discontinuity = smooth interpolation in Cmil). 2 (V5 rapen Mouad, A5 2008)
(5=2 : Higuchy, 1987; Porrati, 2001; Kogan, Mouslopoulos, Papazoglou,2001; Puff, Liu, Sati, 2004 )
s[Liouville’s Theorem !]

Poles at (even) “partly massless” states VDVZ discontinuity!
1 15

(Deser, Nepomechie, Waldron, 1985~ )




HS [nteractions

Problems:

= Usual coupling with gravity > “naked” Weyl tensors CAragone, Deser1979)
=Neinberd’s 1964 ardument , Coleman — Mandula

= \/elo~Zwanzider inconsistencies

= einberg = Witten (oo Porraty 2008)

-----------

DU

Berends, Burgers, van Parm, 1952)
(Bengtsson=, Brink, 1985)

= (lLight-cone or covariant) 3-vertices e~ i1
l') s }’) ’ J (Buchbinder, Fotopoulos, Irges, Petkou, Tsulala, 2006)
[ lg el del"lvathCS] (Boulanger, Leclerc, Sundell, 2008)

(Zinoviev, 2008)

( Ma%e/i/anr,f%rfcb)jnj Rubl, 22000099))
= Scattering via current exchandes R,

d (Porrati, Rabman, 2009)
= Contact terms can resolve Velo-Zwanziger

(Vasiliev, 1990, 2005)

Vasiliev eds: = Deformed low-derivative with A=0 (sezg1n, Sundell, 2001)
= [nfinitely many: fields 16




Scattering vig Current Excrnanges

(Bekaert, Mourad, Joung, 2009)

Key ingredients:

= (0,0,s) couplings Vi3 conserved currents: M

= current exchange formula:

= dimensionful coupling constant A

= dimensionless coupling function q(z):

[String Theory: exponential'g ]

= In principle: good high-energy behavior possible with exotic g
17




Cubic HS Interactions

o Closer look at old difficulties (for definiteness s=s-2 case)

* Aradone-Deser: NO “standard“gravity coupling

for massless HS around flat space;

e Fradkin-Vasiliev : higher-derivative terms around (A)dS;
* Boulgnger et al: ALMOST UNIQUE highest non-Abelian CUBIC
coupling (seed) for massless HS around flat space;

e.q.3-3-2

L3 ~ waﬁ'yé |:2 gLaBaégawu + 5a'yua58u$/ﬂ —3 5/@65(9#5[37#’

+2 ¢%,,000" ¢ 40,6770, — 67,0,

—9 a(y,au)oryau 5[5’5]/ _9 goryuaé'auaﬂuy + 5/048,3855/7 . gauyaﬁatsafy/u/]

(Boulanger, Leclerc, Sundell, 2008).

« DEFORMING highest vertex to (A)dS one can recover consistent

"standard”couplings WITH tails, sinqular limitas A > O

18



Closed~form HS Interactions

\/gsilievAsysetting:

1.
24

%,

Extend frame formulation of gravity -

Symmetric tensors of arbitrary spin

AlliGeven)ispin=s fields:

o0 - dim. HS-3lqaebra via oscillators
(coordinates and momenta):

Mua:p = TAPB — XBPA
MA,.. As;By..Bs = TAy - TADBy - PB, = -

19




(Twisteq) Adfoint

3. [Weyl ordered (symmetric) polynomials in (x,p)ior *- products |

4 One-form A insdjoint of Hsslebra - KICHEFSIVEN

Gl w’s: HS vielbeins and connections) - |
- One ﬁe[d FO!’ any. (even) s F1_Cl14_|_14/\7k"4

5. Zero~iorm @ in ‘twisted adjoint’:
= o fields forany (even) s
= ANV (@ derivatives):

> |Scalar: ¢
" Spin-2 eduation In the form: “Riemann = Weyl v

" {race recovers © Ricci=0O”

40)




Tne Vasiliev: equations

P

F

dZ' N dZ; D xk

1
2
D = 0

= Backdrounalindepenaent (non=1ladrandiany

= [Extra Z varigbles] ; ®#ic. “twisted adjoint” @ = adjoint

= [Chan~Paton extension to all Ceven and odd) ranks]

= Consistent : Bignchi for F implies secondieq .

AW = Fi()
= Cartan Integrable System (but with O~form) 31(;;[(/”/) A FIW) =0
J
= Unfolding (One-derivative equations)

= This form (not spinor 4D form)! needs further specifications 21



LIinearization

Free flat limit  Gwithitracesin A= Strong Pro.)

- (s—1l,k+1)

y  (s—1,k) e S |

mg=2),

435=7.
= 3 first equation, analogous of the vielbein postulate giving w(e)
= 3 second equation, defining a second-order kinetic operator

22




Recovering the compensator

(AS, Sezgin, Sundell, 2004)

23




Outlook

Today ;

s Systematics of free higher=spin dynamics

o (Essentially) the extension to (A)dS backgrounds
s Link with free String Theory via (generalized) triplets

S Wo paradigmatic examplesiofianteracting higherspins 4

s String Theory (mixed symmetry, massive, mostly flat)
s \/silievisystem) (symmetric tensors, massless, curved)

KevioDectivesy:

\7
0’0

\7
0’0

\/
0’0

Systematics of HS Interactions
Geometrical framework for HS interactions
Lessons from (and for) String Theory

24







Internal expansion

Internallequations: power series i @ by successive iterations

26



e ,
Du® + - {Pa, ®} = 0
{/

7]“1/90 1/:0_>D90=0

- Um[oldmg :

Uniform description of HS interactions

21



Cartan Integrable Systermns

Ca rtan l n{eg I3 bl e System ; Gullivan, 1977 DAuri, Fre}, 1982)
= .. Chern-Simons theory. || IESEESETEE.. B | . af(w)
'mamfes‘cly consistent eds = W'+ 1) _ O with f{(W) owi
= gaugde covariance Wi — gni a2 W)
= manifest.difficovariance 82"""?.3
= non-Lagrangian Ri = (_yi pJ gt 2L WV)

OWk oW

= NEWINGREDIENT: O=(6rm @

28
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