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1. Inkroducktion

Quantum descrip&mm of gravity: unsolved
F’u.azleq

Einstein field equations:

G,=¢6zxG1T,

classical geo mé&rj qu&hﬁum naakber

No gu&c&amee bv exgerimem&ai resulks,

0&\{3 theorekical requ&rememﬁs: cons&s&ewcj,
correct classical Limit, compatibility with
other forces
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Gravi,%j nonrenormalisable

Naive approach to p&r&urba&v&. quantum
gravity:

Quantise gravity as other field theories
perturbatively with background field
method.,

Problem: coupling G w. negative mass dim,,
non-renormalisable.

2...1,@,0? diverg&mc@. [Goroff,Sagnotti 19%8; van de Ven 1992]
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String Ehec}rj

Greneral idea:
strings as fundamental constituents

o Ditferent s!‘:rw\j modes <> different particles

o Crraviton wode

o UV-divergence of quantum gravity cured




XMt,0) =x"+a p”f + z\ | — 2 a’"e‘m(f Oy a”e_l”(”"))
n;éO \ | -7

Lm{émi&etv many
harmownic oscillators
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Excited states: agy, ...«

correspond to kpgher*s[pm tensor fields
Qr-Hs 1P ik waass M2 = (Zm —1)



In a point-particle Limit, one considers
energies far below the string scale set by o
where the massive modes do not play a
role, The low energy effective theory for
superstring theory is supergravity,

[ Gross,

Mend
One can now ask what happens in the 1;;7;

Qppos&e Limil, Le. at ulkra-high energies, or,
similarly, a limit where the typical string
length becomes comparable to geometric
length scales: tensionless Limik

Mainy massless kigherwspm modes!



Fensionless Limik

™ Higher-spin

Skring theory
b ; X gauqge theories

s[pov\&aneous
symmetry breaking?

La Grande e |

[Bianchi,Morales,Samtleben 2003]



One approach: coming bo&%an«wup, try to

understand:
o what HS gauge theories are possible

a how can we cownsktruck Ehem

Rest of the balk:
2. Higher-spin gauge flelds

3. Noebher-Fronsdal program



2. Higher-spin gauge fields
Maxwell: spin-1 field A,

equations of motion A,—0,0°4,=0

gauqge Eransformation 0A, = 0,6

Linearised 31‘&\/&%3: spin-z fleld h/w

equations of motion
h,, — 0,0*hy, —0,0*h,, + 0,0,h*; =0

gauqge Eransformation oh,, =0d,85,+ 9.5,



Fronsdal fields

Free massless spin s Far&i&te [Fronsdal 197%]

e ‘f“% symmetric tensor ¢,

° P, . ﬂs—4/1/IVD = () (double braceless)

@ equations of motion
A s
¢ﬂ1---ﬂs Y a(ﬂlla ¢|M2---ﬂs)/1 ] a(ﬂ1aﬂ2¢ﬂ3---ﬂs)/1 i

o qauqe transformation 5¢M1---ﬂs = a(ﬂlfﬂz...ﬂs)

Mh@.f@. 5/41---/45_3/1/1 — O




Problews with interactions

@ no minimal coupling of higher-spin fields
[Aragone,Deser 1971]

to gr&v&j

o strong no-go theorems on flat space and
dimension >3 (scattering arquments):
HS gauqe fields cannok couple to any
field that is minimally coupled to gravity,

[Porrati 2oo¥% ]



Avolid no-qo resulks

A. Cownsider 3 spa&emﬁme dimensions

B. o bo asvmpﬁoﬁcaii.v dS or A4S



Avold no-qo resulks
A. In 3 dimensions:

- no propagating degrees of freedom
2
R,LWAJ = Cpuvro L (g,u[)\Ra]V P gu[ARJ],u)
2
(d—1)(d — 2
- pure HS gauge theory understood in terms

[Blencowe

of Chern-Simons theories 19%% ]

)Rg,u[)\ga]y

- rich ptaygrous«c& to investiqate effects of
non-linear HS qauqge transformations and
of the HS AAS/CFT &orres?omdémce

[Campei&omi,&ﬁi ,Pfenninger, Theisen 2010
[Gaberdiel,Gopakumar 2010][...]



2.

Avolid no-qo resulks

In (AXLS:

proposal for non-linear HS gauge theory
in a first oder formalism exists (Vasiliev
theories) which is based on a  [Vesiliev 1990]
generalisation of the vielbein formalism

S —=a —Ag—1 bl---bs—l
Qp,ul...,us 5T} 6(“1 elu,z_lelus) 77aflbl "'nas—lbs—l

no (standard) action knowi

difficult to understand issues of non-
locality



3. Noether—-Frownsdal program

Goal: Consbruct an action for interacting
Fronsdal fields

Mebhod: Add inkeractions order bv order i
powers of the fields while keeping gauge
vavartance

quaciraéit ackion cubie verbtices

L

S=5? 4 5@ 4 25@ 4

5¢p, = 8O + 5V, + 2@ + ...
/47)

tramsf. of free fields 0&,_,



S = $'9 eSS Ll
5. = 6V + e6Wep, + €6 D + ...

Grauge thvartance:
0 = DS =B

+¢(6085® 4 sHs?)

+¢2(60I8® + (VSO F 5982 1
Classify step by step:
5VWSEO) 1 sWSR) = ) = §USO) ~ 0 (on shell)




Classify step by step: cubic order
1. §0S® 4 5§D — 9 — OO »
PRE

Find all possibte cubic verbices. on shell

2. For the most general SO find 60,

Nexk: quar%&& order
1. oW 4 sWHgB) 4 s29(2) —
— 505 4 sMWgB) ~

a) Find F:-ar&aui.ar solution for S
bY Find general solution of §VS® ~ 0

2. Find the corresponding 5



Resulks

In 3 dimensions:

o

o

homoqgeneous prc}bi.em solved

complete classification of cubic vertices
[Micrbchyan; Kessel, Miertchyan]

higher vertices: uniquely fixed by cubic
ones [S.F Kriger,Miertchyan ]

for HS theories on AdS: structures makch
completely with structures of correlators
n corresponding two-dimensional
conformal field theory,  [sr krigermirichyan]



Resulks

In higher dimensions:
o cubic vertices understood [Metsaev 1993,..]

o homogeneous problem solved for almost
all ver%f,&es [S.F. ,Kréi,ger,er&ahvah (in pr&rara&om}]

o higher vertices not fixed by cubic ones
(also wnot expe&@.d)



DLscussion

The resulks for the Noether-Fronsdal
program ith 3 dimensions may allow

o to formulate an interacting theory of
Fronsdal fields

o to construct an action for a HS theory
coupled to matter (only possible in
Vasiliev formulation so far)

o and khus ko skart ko Sjsﬁemaﬁitattj
qu&mﬁse such theories



Summarv and Qubtloolk

@ there are many approatkes to quam&um
gra\v&:j

o HS generalisations of gravity are
motivated t:e an ulbra-stringy Limit of
string (field) theory

o two appraa&h@.sz vielbein-Llike (Vasiliev)
and wekbric-like (Fronsdal)

o some progress & many open questions:

Laﬁatiﬁj? action? quantisation? ALS/CFT?
HS geometry? Relation to string theory?



