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Some Motivations for-J1S

iy (L) aro otz i (classical) Fizld S Z0);

" Only s=0,1/2,1,3/2,2
s OIS T EDT):

= (‘Non) Planar-duality o) tree amplicudes

= Modular invariance and sojit C. V.
" Oper-closed duality
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‘Forinstance....

= Nors)planardudlisyrests on ijintely many) poles
w1 Actual v (o1 s) dependernice implies @ growiig, sequerice. of- Spiis|.
5 Sl By for upodiileg il
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TWhat do. we Rnow?

T[at-spacefor TMEEI0T) (with aumber of recent suprises whith I willitry to iliustrate)

Expension to.(A)dS backgrounds

(7601 IsbencY) ofamore. generalh backgrounds for il wid walHs fields

o, well-defined frameworks with ey inaiyimteracting S fields :

1 STRING TS EORY: broken HS|symimetiies, saie Scale i nasses and miberactions

2. VASILIEY' EQ’U}I‘TI OINS? unbroken HS Symmetries, same scale i s=2.C.C. and iiteractions
[ BACHKGROCND LN D PENIDIEN A 07 e a 1 i)
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What 1s-Spin here.?

D=4
n Upto dualities, alll cases extiausted by ully Symmetric (Spiior)tensors:

D >4

w7017y Yo babIEaisG - Spi Soneow. nuioer: oft columins, Less
developed), maiy) general [essoris can be. diawi 101 previous; specidl set
offields; Keylcontribusions i the) S01s by .M. . LLabdstida,

See; - X. BeRaert and N. Boulanger, hip-t/0606198
- A. Campoleony, D) Francid, J. Mowrad and AS, toiappear
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Summary, I

| iRl conditionss 5=2 i dzicil
B Boselields; Simgl=Hagen and Fronsdal formulations
| Reingddl gf wrcs consirainis i pop=locd ks

8 Nom-loeallbosoniciiormulation and Higher-Spin Geomerr))

INO) FERMI FIBLDS FOR BREVITY]
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Frerz~Pault conditions: Bose

(Fierz, Pauli, 1939)

A1 S-S BOS0T) Of 1TSS 11D

" (Correct degrees ofifreedont (M>0)):

D ~ e_th
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Massive case: low spins

_ Spln 1: (Singh, Hagen, 1974)

N Guves Procd equation;

B o7 s=2) b1y (D) traceless);

EU-RTN, Valencia, Oct. 2007




Massive case: Spin. 2

= Tuke V=2, (eliminate [ ])
B Jicwelcould alSoimpose:  w - G
0-0-d=0
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Massive case: Spin. 2

(2-D)-DMZ|3-9-0 + (D-1) P2 =0
0-0-®4+2(cop—c10)p=0
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Massless case: spin 2

S N0z smprising[y: qauge Symmetrylas M=>0 oGl

2
m(@u%@)

5 Gifie. equations; beconie;

o T SR AT o S
D—-1
D —2

= Cauge inyariant under:

D -2
S = D 5. A
? D
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Massless case: spin 2

5[0 berins ofod tracef ul Spiin 2

= Fronsdal " eq:

m “Ironsdalt  action:

-1 54 A 1, N2 ,
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Fronsdal equation, Spirs

(Fronsdal, 1978)

G e iy ariance) 0y IasSIess: SYmmetiic bensors:

5¢ﬂ1--~ﬂs - 8/11/\/12---,% Tt aﬂsA,U

r = D(DM---#S - (6#18°¢ﬂ2---ﬂs t ) + (6#18!‘2(0 'ﬂ3---#s + )

M1 e g

1M

(Originallyfrom massive.Singli-FHagen equarions)

(Singh and Hagen, 1974)

OnisuaiConstranits; A'=0, ¢"=0
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Kaluza-Kleim masses

5 Can extend thie K=K coristrucion to)Spii=s case
(Stueckelberg qauge syninetries)

S S s—1 s—2 s—3

s—1 s—1 s—2
/\%4-1)—)/\% )v/\E) )

51 \(523)F parameber missiig due to. trace. condision)

n(5-4)=fueld missiryg due bo) dowble trace cond ition)|

= Gauge. Xy e Seueckelberg Synimnetries one is left wibl:

s s s—3
Gy — o o
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(Biamncht identity

YW fey Efi2 dipiisidl conSEfiies 7
I Gauge variabion of F:

5F, , =3(3,0,0,A", , +.

H - My ool

Gaugerinvariaice of- e Lagrangian ;
o s i thie spin-2)cdse, F niot inteqrable

O Bilagicl ld2els);

——(a 0,0,0", . +. )
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Constrained gauge invariance

1 '
_E(UﬂlﬂzF ot o

1
—5(6/”2}7 'y3...,us + )—

/

Bianchi i(vilentity:go"

Are the constraints really) necessary? QG ORL)
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‘The spin-3 case

OF

Hvp

Reduces: to local Fronsdal form upomn partial gauge fixing
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Spin 32 other non-local eqs

Otlier: equivalent forims:

1 ! ! !
pr—3—D(88F +0,0,F',+0,0,F',)=0

F —i(aaF +0,0-F, +aaF) 0

30

Lessorn: jull gauge tnvariance with non-local terimms
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Spin 3: non-local action

One can simply arrive.db a non=local action ( from d proper: ‘Einstein terisor)

1

L= —5(8ﬂ¢aﬂy )2 +

3 3
5(a°¢ﬂ7)z T\ +5(8ﬂ¢'a)z

+3¢' 0-0-¢p,+30-0-0- (pla @'—0-0-0- gomlzé 0-0-¢

Sl oAt wider

OP,p, =0, Ny +0,N , +0 A,
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Implicit Notation

5 For-all spins, one caneliminate) all iridices (Francia, A5, 2002)
= Need only) some uwnjanmiliar conbinatoric 1ules

BP ) = 0oP 2o + 20P7 Lo 4+ 0P '
9P 54 — (p+q) 5 pta

p
-(0P ¢) = O oP Ly 4+ 9P 9.

L = onk-1  ppk=l — ok

(nkT(S)) = k[D+2(s+k—-1)]1 0" 1T + 0" T,
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Fronsdal equations:; Spin.s

F=0Op—00-p+0% =0
0 = ON

= (T ronsdal constriction:

. Constraints:

N Lagrangians;
S
L= (Ou)+
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Kinetic operators for. integer. spin

FY=0p—-00-¢+0°¢p'=0
lndexcfee rotabion:
(e g. 07

aqz(pwr)!apﬂ,j

lg!
Now defirie: !

1 82

ForD — )
(n+1)2n+1) D

2n+1
SF" = (2n+1) 6
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Kinetic operators for. integer. spin

P(x,6) =~ e”” S P,

N
Og

Defining:

[]1+

k

{ 1 azaala

——————— 0,0, ————0, 0 FP(D)=0
(k+1D)2k+1) [ k+11[

o 15\ thie generic Rieticl operabor. for: igher: Spis
o Witen combined with traces,can belreduced to
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Kinetic operators for. integer. spin

19 a);

o Are.gaugesinvariait jor 1o > |(5-1)/2]
o Sarisy) the Biaich identities
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Connections

Christoffel conmnection:

Generalizes b0l AULLE Symmesric Lerisors

(De Wit and Freedman, 1980)
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Connections

I gereral:

m Deriyatives, witit. tWo, Sets of Sym. indices
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Connections

o In)‘Enstein gravicy: metric (vielbein) postulate

V.g.,=0,8,-T1,8,-1,8.,=0

S i 2
IHearzinyg o = Ty + h,uv

8phuv — FV;,O,U T Fu;pv

o For-spin 3\(linearized);

8087¢Wp = va;aw +I’ +I

PLLCTV LV
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Glimpses of 1S Geometr)

1. Odd spins (S=2n+1);

2. ‘Evern spiis (S=210);

R* =0
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Summary, Il

Reolasion with Siring Fizor)
Remoyallof- trace. Consuranits, vid Localberins

(COnpeISaL0T- cquaEois for S iglerSpis & (A)iS

eXTLeHSIonS

SEcre il el i

Wie Vasilicolcorsichom) (@nd the conpernsator)

INO FERMI FIELDS FOR. BREVITY]
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(Bosonic String: BRSI

= Gifie Starbing poink isithe Virasoro algebra:

D
(L, L)) = (K—=1) Ly, + e m (m? — 1)

= Trothe low=terision limit, ore s left wibh:

5 VIrasoro CONEIacts (110) 6 chiarge); [gk, El] = ko k+1. 0 126
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Low-tension [imit

m Stmilar stmplifications. for BRSI cliarge:

(X) 1

Q = Z [C’_kLk — E(k_l) C_k.C’_l Bk—H :} —CO

— O

Q=-colo—boM+Q
|P) = |p1) + co|w2)
IN) = A1) + co|N2)
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Symmetric triplets

1

1

(5= 2)!

_|_

1
N) = (8 EDY Nppo...ps—1

[p2) = Gl Cuy.opus_q (@)Y L.

(A. Bengtsson, 1986)
(Henmeaus, Testelboim, 1987)
(Pashmney) Tsulaia, 1998)
(Francia, AS, 2002)

(Bonelly, 2003)

1) = ;(pﬂl---ﬂs(x)alill S 0/181 10)

Dm,,,us_z(:c)alill . alisl_z c_1b_110)

ot 1 |0)

(z) oMy . ..ozlisl_lb_l |0)
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Symmetric triplets

9% (¢ —2D)
1o.0.0 - oo D,
2 >

—% ((9“90)2 + s0-9oC 4+ s(s—1)0-CD

s(s—1)
2

S ) + @9 + s(s-1)0-0- 9D
s(s—1)(s —2)
2

(8,D)? — 202 ,

s(s —1) (8uD)? +

5 Gauge theories o)

= Pfiysical stabe conditions:
" Propagate Spins S,5-2, ..., U.or 1

(8- D)2
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Compensator ‘Equations

9 (p —2D) ;

1 1
~9.8- 9 — ~98-D
2 2 |

= Describe a spin-s.gauge. field with:
" NO trace constraints on the gauge parameter or gauge field

" Furst can be reduced to minimal non-local form )
= simple (A)dS extension F = (2 ko + 1)

" NOT Lagrangian equations ‘

EU-RTN, Valencia, Oct. 2007
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Minimal local Cagrangians

(Francia, AS, 2005; Francia, Mourad and AS, 2007)

S Wonimal: local LLagrangians With Uncorssrael gauge. Synimnesr)):

A = F — 39°3a
1 . o
a-A — 5 A = — E'S (ﬁﬂ”—‘iﬁ Cy — {':_iil'f'.]c"r..

Can be nicely expended to)(A)IS! backgrowrids
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BRST and. Compensator Equations

5[t 15\als0) possible to obraiid ) LLagrarigian. jOTi of tie Compensator:
equations, wsing BRS I technigues (@asfiney, Tsulis, 1995)

Sl o kods mimdde of flelds =

mniceresting BRSIL subtleties

5 Can be reduced vo) mininal’ conmpensator equations
(AS and Tsulaia, 2003)

" 0.g. S=3 Fields; QMW
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Of =Shell truncatiorn of tripless

i : Buchibinder, KiyKitin, Resf 2007
Offsnll rzdiietion of triglzis ; (e il B S0

o Start from a Lipler (5,52 ..)

3 ctelel 5o (gfetiif2 dpigepiaie ) L2 iiikeialiars ;

—% (8Mcp)2 + s9-pC + s(s—1)0-CD
s(s—1)

(8,D)2 — %02
)\(90/ — 2D — aa) + ,LL(D/ — 8-04)

A and [ Set tolzero) by the field equations
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FExternal. currents

o Foralls ;

8- A'— (20 4+ nd)B =
”_45.&- — (]ﬁ; = 0
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FExternal currents : local case

1
= K “dowblyeraceless: using double trace consorait A — 51 A= J - -;12 B =K

= Bidecermines multiplier |3 for dowble trace constrait

IF e dTy F‘
":PF _ 4.-_;-} cy — o = U

N N
Traceless Proj @ > pn(D,s)n™ vin] J 4+ 3 opytgtl
0 n=2
pn(D, 8) on + [D+ 2(s—n— 3)] {2‘771—{—1 + D+ 2(s—n— 4)] U,H_Q} =

Pn+1(D,3) - - m on = (—n—+1) pp(D —2,5s)

A=K+ p(D-2,8)nK' = Y pulD—2,8) " J

T

Jtel el

gl

Py
Tl (8 = 2n)1 20

The exchiange involves, correctly, a tiaceless conserved cuiient
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FExternal currents.: non-local case

Gloe) dgoiis if2 pog=local g2 f5iom Of £ E206)7

Appareiily): difjerent clioices jor vhe.field equation, EQUIY ALENI witiowt Cutierts

?'-;u.r,r_: — E 5 |.,._"-_":;:d-'--'="r}: + EEy

é '}.' e,y fij,c w:

] AL — r
HLp 02

(n41) _— J-_-fﬂjl
(n+41)(2 FE+1] o°
2n+1
s = {'"41.4-1}“”1 CAl

l L ‘lihljl‘

25) an-1 ¥

=—r1+

Biaiiclin identivy): clianges after every) iteration
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External currents.: non-local case

. . : . Iricorrect currens excliange.!
Soli07; modiyfy) thiesnon-local Lagrangiar equation

Ag = F — 3%y Cy = ¢" — 48-ay — do); = 0
1
Ejlfdni - 2 45'_.1'-1.*{:'{ =0 {Mﬂd ﬂl"”]; f}'"'q.ul' = EEJJ'D.-.II'
o [l

1 - n D
Gt = Au — 3 ﬂ-’qr{d T "n'EI:'.-.-l' + ---‘I‘-'.I'”-Fj ,}_:'I:JI (s=2n+4 or s =2n+5)

n+1 52k ) k—1 .
— (n+1) [K] k+1 n+ 2 n+ 7
A E Z_F ; = (-1 2k — 1 I |
" " oF = DT 1 j=—pm—3J+t1

{ L 022 sy 2ndkdl 020D oy ey

Dni = 5 > ap
K=o

Lo ontkFl 02 iy ko)
2(n—k)(n—k+1) Ok

2k — 3 Ok-2 2k—1)(n—k+1) 0Ok-1

O ISEATGE
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VD-V-Z Discontinuity, for-J.S

(wan Dam, Veltman, Zakliarov, 1970)

a)

T ml (s —2n)t 27
_ P :,D. 5 'I
~ D4+2(s-n

For all's and' D) m=0.:

= VDY.Z discoriiiiby)ollows: i generalicomparing D) and (D) massless exclianges
= FArst presenp 01 5=2
= For:allls; can describe irreducibly)a massive)field a o Seherr=Schwarz, from (D1 dimensions::

(A)dS extension, first discussed, for s=2, bylSHiguchy and Porrat

Aiscontinuity —> Smootl tnterpolation i (il )?
(Francia, Mourad, AS, to appear)
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JHS' Interactions: problems

OO 21105 LULE Ll 20C il Ll 26 SO

8 [rconisistent equarions (derivatives umplylfurther conditions)
= Coupling with gravity leaves: niaked’ Weyl tenisors;  (Aragone Deser1979)

= Coleman - Marndula

YYes) iz

Berends, Burgers, van Dam, 1982
ds, Burg
(Bengtsson?, Brink, 1983)
s - - f Fradkin and Vasiliev, 1980’
= nfanitely) many) interacting fields e 2
. K . . . . °))
Non-vanisting cosimological constant: I\ ki 1990 0

= asiliey equarions; paradigmatic example (Sezgin, Sundell; 2001)
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JHS! Interactions: Vasiliev:s settiry

Wersiliz0" 5 525800

N ForiSpin-s:

2. 00 - din. HS-algebra via oscillators (Coordinabes aiu nomeiiid);
MaA:B = xAPB — TBPA
May. AgBy...Bs = TAy - TADPBy -+ -PB, T -
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JHS! Interactions: (twisted) adjoint

i [Weylordered! (Syminetic) polyronials, i (X.p) o *= producss.|

4. Al oriesforiiA i adjonit of HS algebrd: A(z"|z4,pA)

F=dA4+ AANxA

(@l @S HS vielbeins, and! coniections)

S, A zero=formn D thes twisted adjoint:

5 Write spii=2.equation) i1 bhe.fori: Riemann = Weyl
= trace qives theljamiliar. Ricci=0"

R ey G deTiabives)s

> | Scalar: @
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HS Imteractions: oscillators

= GO jorms offVasiley's oscillators.:

L A=l Sliors

9 D=dbiif 02RO

[Yia, Y] = 2ie;j nap
R N d2(D+1)S d2(D+1)T R R piag
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JHS! Interactions: Vasiliev equations

S Backdronpd dndz 020z (o= Ldgiiigian) |

=15 one.fieldlor-every) (even) rankys ((adjouis: o Hs algebnd)
(Generalized\vielbeirs and connections)

u Gl aronexpernision to, all (evern and odd) ranks)

S Vi eo flalds for 2026) il 5 Evisizd adioini gf FE5 dly2orc)
(Generalized Weyland e covariant deryatives)
= e conerts twisted adjornt @) to adjornt

5 Consistent (almost byl inspection) . Bianchy for F implies second eq !
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JHS! Interactions: internal expansion

Inernal equarions; power series i @) by successive iterations
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JHS! Interactions: unfolding

I —
= Linearized D) —equation . 1M ey Y {Pa,®} =0

" Unjolding: B

Oniform description of HS tiiterdctions
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‘HS' Interactions: Cartan LS.

Clegicih Liizerdols S)sidu

= e.g, Chern=Sinmors theory)
R estly) corisisterit eqs
N Jaug eI COVATIaTce
= Inaiifest difjacovariarce
m on-LLagrangiain

(Sullivan, 1977; D Auria, Fre’, 1982)

- | | - a9 (W

R' = dW'" + ff{(W) = 0 with f'(W) £ -21 ?: ) -
aw

o f.aﬁ( HJ

SW' = dA' — N

SR = (=) N R

= NG AN G REDIEN 2 0= 077D
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JLS Interactions: projections

SO ISS I 1A eI
Y7 o) build: HS algebra extending SO(2,D)
= must select Sp(2,R))singlets
=IC, 2 Sp(2 R generators (bilinearsin Y, Z)

S CIEIN I BTG CTE S 20 g gtesiph dhyciical 2epiet g

I~

{' Weak, projection : remove traces symmetricallylfrom A and d (Vastliev) 2003)

N Strong): leave traces in A (AS,Sezgin,Sundell, 2004) K i1
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‘HS Imteractions: [inearization

fFiag flae Hii () Seongl grof2eiiomn);

. (s—1,k+1) |
o+ Wil als—1).|u]b(k) — = Op e 1 Plula(s—1),|v]b(s—1)

=\ first equakion), analogousiof-thie vielbei) postulaiergiving o|e)
=1 second|equarion), dejininig) d Second=01der Rinetic Operabor

EU-RTN, Valencia, Oct. 2007




JHS' Interactions: the compensator

(AS, Sezgin, Sundell, 2004)

(Dubois-Violette, Henneaux, 1999)

F = 30°a
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Conclusions

Yhiey Glicfize Soiilss
8 FeldItieor))

u Skring Iiieory) (an trstance With. Sportaneous breaking. )

Siecre:
; : : 1= Non-local\(geometry)
8 Unconstrained HS fields;|Bose for brevity) {

2. Local\(compensator)
o ) .
8 Vasiliey: constriction and the compensator

8| (flat-space) current exchanges (VDY Z & non-local actions)
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HS Imteractions

Arberndll equasions ;. power series i @D

?ﬁj — 0;A; + [A;, Aj| = —iey; P x k r(Y') =Y" (V') =~

— ~ — —~ ~ 1a — a <) — i
i¢‘|‘AZ’*CD—<D*7T(A'>:O (2" = 2 7(Z)) = -2

" 1 — R
. S— . . _. Z ¢
Al_azC—I—ZZ/O tdt [ i« k+ AN

D = —Zi/ldt {ﬁi*$+$*”(’4iﬂ2—>tz

Lowest order: in D= Riemann = Weyl +...

. b 0%
DMAI/_DVA,UJ —_- — QZGM GVW

1
D, + y{Pa,CD} =0
1
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