- Some Lessons.
Jjrom Higher Spins

Augusto SAGNOTIL

Scuota Normale Superiore, Pisa

o D.Francia, AS, hep-th/0601199 (short review)
o D. Francia, J. Mourad, AS, hep-th/0701163, NPB to appear

Pisa/Florence, March 2007,




Why Higher Spins ?

«Ke)). (old) propblem in Field Theory

= Systematic treatment for important sub-class:

- Key role i String Theory:

= (‘Non)@lanar dualityof: tree amplitudes

« Modularinvariance and soft U.V.
s Open-closed duality '

= Microscopicientropy\.counts
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What we Rnow

o\ Flat-space formulationfor alarge (butnot extiaustive) classof HS fields

(withia - numbez.of surprises whichulaill tryto illustrate))
o Expension to.(A)US backgrounds

ol nconsi&tency of-more genera[ 6acl§grbundfs Jor individual s ﬁelli:v

(Aragone-Deser: problem)
o Twowell-defined frameworks with infinitely many interacting HS fields :

o SARING THEORY: broRen HSpsymmetries; same scale in masses. and interaction’s

o VASILIEY BEQUATIONS: unbrokenHS symmetries, same scale in s=2'C:6. and interactions
[ BACKGROUND INDEPENDENT, now Lagrangian|
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Plan

Free fields .

= “Constrained s “Unconstrained .~ Higher Spins
». Non-local (geometric) I, Local (compensator) forms

= \Relation with Strinyg ‘Theory

S Externalcurrents :

= A subtlety.with thenon-local “Einstein: tensor

.« An inkeresting by-product
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Free HS fields

" Simplest case where structure appears =2, S=2\(Linearized Einstein);

5h’uy — alugy _I- ayglu

" Generalize to.:

= Fronsdal: (1978)
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- The Fronsdal constraints

" Fors>2.gauge invariance of field.equation ONLY if :
" For5>3 gauge invdriance.of Lagrangian ONLYif :

= “Unconstrained” gaugesymmertry?s

= Non-local exgenision of field equations (arnd actions) (trantia 182002..)
N Spin=(s-3) O and Spin-(s-4) {5 Eranci, dsuiaia, 48} 2003, 2005)
m BRST-like with O( S) extra fie[d:S‘ (Pashney, Tsulaia; 1996, ..")

«m [BRST-likewith 5 extra fields| @uckbinder, Kiykhein, Resfietnyak 2007)
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Non-local equations

Spir s=3:

:F',Lu/p — O

2
(n+1) — () o L 0%y, _
d Y e+ o
2n+1

8 n
sFM = (2n+1) T Al

" proceed Up,to Jauge invariarice

= result cantake a suggestivelforim:

Pisa/Florencey March 2007




Local compensator equations

. Alternatively LOCAL equation with Spin-(5=3) compensatoy.:

" Spin s=3 :(-ant.-by Schwinger!.)

" Jngeneral:

* ® Second weflects Biancli identity :

" Results extend nicelyto (AMS backgrounds

WWhat dowegain withan unconstrained gaige: symmetry?
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- Glimpses of-JLS geometry

2 ﬂS ConneCtionS and‘cumatur&g: (de Wit and Freedman, 1980)

= gMV:nMV+hMV_>rNah7 RNth

[Mixed: synimetry: BeRaert, Boulanger, de Meé[eiros, Hull; 2003; A ],
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Minimal local Lagrangians

( Tralncia, AS, 2005; Franéia, Mourad and AS, 2007) l

= Wanimal” local Lagrangians with unconstrained gauge Symmetry:

F=0p— 80 ¢+ 0%

Can be nicely extended to (A)S backgrounds
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Fermions

Fermions ; POy = 0 — PO,y = O
v = Recalls spin-3/2 : by — Oy = 0
5¢/~L — aUJE

@¢u1...un - (8,u1 %%,UQ---/ML + . )

= Spin — (n+1/2) 3 5¢V1..-Mn ot 8,u1 €ls...Lin + ...

Y

= =

D0 — 0y = —20°
Local compensator eqs : S = Oe, 66 =4
. (Francia, AS, Tsulaia, 2003) W' =20-€+ 0+ P ¢
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String Theory, triplets and 1S

= Stranyg Field dheory: 5Q|’\|\JU>> : QO N

WO trdce 0(6)(RY traint S ! . (Kato and Ogawa, 1982; Witten; Neve, West et al, 1985)

= O’ =00 [umit (symmetric tensors)k IRIPLETS

W propagate.s,s-2,s-4, .. ..
(A.-Bengtsson, 1986, Henneauxsand Teitelboim, 1986; Pashney and Tsulaia, 1998; Francia, Tsulaia, A4S, 2003)

(On shell)grunication:

> | Blim. o> N Loc. Geom. Egs;
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Ojf-Shell truncation of triplets

' ' Buchbinder, KyyKlitin, Resh 2007
Oﬁsﬁe[[ i’ec{uctzon Qf trlp[et g (Buchbinder, KgyRittin, Reshetmyak, )

o start from airiplet (8,5-2,...)

S add two (qaugegnvariant) Lagrange
multipliers

o Lagrangian :

—% (8;,50)2 + s90-9pC + s(s—1)0-CD
s(s—1)

(%DF——%CQ
A(cp/ — 2D — 804) + ,u(D/ — 8-04)

W and L ;o set o zero by the.field equations
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External currents

| ————)

° Residues of current exchanges reflect the degrees of freedom

o For Sl
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External currents: local case

" — 49-a — 9a’ = O

= K “douwbly traceless” usingsdotible ¢race constraints
= Bi-determines multiplier [ fordouble trace constrdint

N N
Traceless Proj @ Y _ pn(D,s) nnV[n] J 4+ Y onnyt
0

n=2

pn(D, s) on + [D+2(s=n—=3)[{20n41 + [D+2(s—n—4]ont2} = O

D - - Y C Oon — i () n — S
pn+1(D, s) D+ 2(s—n_2) (—n+41) pn(D —2,s)

A=K + p1(D-2,8)nK" = 3 pu(D—2,5) " J

sl

[n] . jln]
n! (s —2n)! 27 / /

N
Z Pn(D - 27 S)
n=0

Thie exchange involves; correctly, a tracelesscoriserved curreis
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External currents : non-local case

FHowiabout the non=focal version of theitheory?

Apparently: different choices for:the field equation, EQUIVALENT withiout currents

' ' | 2n+1
F = 3083a @ F = (2n + 1) am_l a

ot 9% gy, 10
(n+1)2n+1) O n+1 0
aQn-}—l

sFM = (2n+1) 1 Al

2n+1
e L gz 1\ 9 (n+1)
0-F 2on oF B <1+2n> on-1 7

Fntl) — g) o 9. Fn)

Bianchi identitychanges after ederyliteration
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External’ currents : non-local case

pn(D — 2n, s) ™ J[”?‘

Anl = F - 3830%1; Cnl = (p” —_ 48-anl — 8a7’1l
1
9 Ay — 58“47& = 0 (Mod Cpp) ; 0 Ay = 2Dy

(s=2n+4+4 or s=2n-+5)

n+1 2k 1 -
k=0

n—lj:_ln—j—}-l

_1 %1 i d= L 2D sy ntakdl 920D )
2 =, "2k -3 oF2 22k~ 1) (n—k+1) 0Dk1

ntk+1 028 (nt1) lh+2]
2(n—k)(n—k-+1) Ok

Formstance. .
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WD-V-Z Discontinuity.forHS

(van Dam, Veltman; Zakharov, 1970)

s!
n! (s —2n)! 2n
. pn,(D,S)
D+2(s—n—2)

glnl . 5lnl

N
Z pn(D - 2, S)
=0

pn—i-l(Dv S) =

= VDVZ discortimuity follows in getieral comparing Drand (D+4)masslessexchiarges
= First present for S=2.wia D-dependence of P(D;s)
= Forall's; can describegrreducibly a massive field a” la Scherk=Schwarz from (D+1) dimensions :

G fO7 525 1o D, e0s(1y), A siz(iny)y Qicos(iny)

S L on(D—2,8) L i b
nzzzo pr(D) = 2,9) n! (s —2n)! 27 ‘

(A)dS extension, first discussed, for s=2, by Higuchi and Porrair,
Discontinuity = smooth interpolation in (ml)?
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Outlook

s Precisg Wik with Stigng. Lheory.

e Vasiltev equations : effective theory for first:open Regge trajectory 2
o Systematics of HS-currentsiand mteractions::

o Where does String Theory, ﬁ'e within JS gauge theory ?

o S geometry,(vs algebraic structureras in Y asiliev'equations, )

o Key'lesson.for Stritig Theory : batkgroumnd. indeperidence
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