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Higher spins

Gauge theories are a success s&orfj:
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Why higher spins?

HS symmetries as generalised i‘:fafeomorpk&sms

HS gauge
Gt

/
Eransformation ik
Curvature? Horizons? Causal structure?

Need new COMCQF‘ESE

Exampte i 3d;

HS gauge

> wormhole
transformation

Blaclk hole

[Ammon,Gutperle Kraus,Perlmutter]



Why higher spins?

2. Quantum Graviby: Exchange of higher spins
could cure UV divergence.

String theory:

UV problems of perturbative quantum gravity
solved bj exchange of &wf&miﬁetv many
massive higher-spin excitations.

Are there other w&vs?j’



Why higher spins?
3. String theory: String theory could arise as

a bT’OLfQV\ Fal«as of HS theories - is HS
symmetry the symmetry behind string theory?

Standard Higqs effect: Gauge bosons qet
massive bv “eating” the Groldstone bosons. |
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Why higher spins?

4. AAS/CFT: HS theories as class of models in
which holographic dualities can be studied
(ho SUSY requirec,&)

AdS boundar

HS 9auge theory conformal field theory

HS gauge symmetry  global HS symmetry

1f HS theory related to string theory:
extreme stringy Limit of AAS/CFT.



Bu,m[pj road ko success

Many no-go resulks for d>3:

niliinal ‘uaikel:

flat svace 4
* @QMF’LL;«Q Many HS

90's [Vasiliev et al.]: Consistent higher-spin
gauge theories coupled to matter
- nfinitely many HS
- nowh-zero cosmological constant
AAS/CFT ? Solutions ? Uniqueness 7
Higqs ¢ Quamntisakion ?




Why 2+1 dimensions?
Gravity i 2+1 dimensions as toy model:
@ No Prapaga&%g deqrees of freedom

%
R,LWAJ = Cuvro e (g,u[)\Ra]u i gl/[)\RO'],LL)
. R
(d R 1)(d 3 2) urdolv

[RBanados,
Teibelboim, Zanelli]

Black hole entropy can be skudied.
ALS/CFET concepts can be bested.

Asvmg%o&t svjmme&rmsz Virasoro ¢ Virasoro
3 > AdS radius

central charge ¢ = e B

o Black holes exist for A <0



Higher spins

Higher spin extensions of gravity simpler
i 2+1 thawn in higher dimensions:
no propaga&t«g deqrees of ffreec:lc:-m

o asvmpﬁoﬁa svmme%riesz [Henneaux,Rey]

: | [Campoleoni,S.F.,
Virasoro —> Wi, Weo Pfenninger, Theisen]

o generalisations c::wf black holes

[GutperleKraus] [Ammon,Gulperle Kraus,Perlmutter]

o AAS/CFET proposal: du&tiﬁj bebween

HS gro\viﬁv and minimal models [Gaberdiel,
Gopakumar ]



Cutline

1. Higher-spin gravity in 3 dimensions

2‘. AsvaEo&Lc Svm mekbries

' 3. Holography




1) Gravity and higher-spins in 3d
Gravity:
Sl wis 8;(_lG/T]f(e/\R | 3226/\6/\6)

wibth R=dw 4+ w A w

Vielbeine e, with e, el Kop =0l d
spm connections wzb Aol WZ = wzc <.

For kigker*spms: Two appro&akes

o Second order/Mebric-like g, — Vu,.. ..

o First order/Froame-like L



Mekric—-like
Free massless SF'£M 5 par&iai.e [Fronsdal]

e ‘f“’uﬁ svmmeﬁrm tensor ¢, .
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(double btraceless)
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5Pt s = O N
Pui...u (H1Sp2...ps) (Saurse EMV&!’E&MtQ)
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Mhﬁr@; f,uln-,UJS—SA o O

. [Bengtsson,Bengtsson,Brink]
Interactions: add term boj i

term while retaining gauqge [ Manvelyan, Micrbchyamn,Rithl ]
N ~  [Sagnotti, Taronna

vavariancee, [Joung Lopez Taronna] ...



"t Tan Q“LEMQ [Vasiliev]
Creneralised vielbeinn e %1 auch Ehak
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Ackion

‘DMQLE.»SQ: wgl...as_l o CdZ,C(CLQ...(]JS_l fa,l)bc
1 I
Sle i 87TG/Tr(e/\ (dw + w Aw) A 3626/\6/\6) ?
e =u e, @7 Uy ot
% "= il W, e e

Lie algebra structure e.g. for spin 3:
Ja, o] = fab® Je
[Ja; Jhek = %, 2P0
Jab, Jed] = = RhaBe . Tilinic 100 0F
Metric-like quantities: [CampoleonisF, Pfenninger Theisen]

A D
Juv = €, €, KAB , Puvp = €, €, €,04BC




Interacting higher spin theories
Greneralisations to

sl{n): fields of spin 2 to spin

hs,: flelds of all spins s greater equal 2

[Blencowe]
[Berqshoeff,Blencowe,Stelle]
[Vasiliev]
Chern-Simons formulation:
1 A | ¢
S = SoslA] - Scsld] , 4 }:“’:ze* k=
k
wikh Scs[A] 4 /Tr(A/\dA+3A/\A/\A)
T

Coupling to massive scalar known in
Prokushkin-Vasiliev theory (o action).



2) Asymptotic symmetries

To describe AdS: consider C$§ theory on a
cylinder and specify boundary conditions

k
éVS‘bound. 7 At

/ dztdz™ Tr (A+5A_ 4 A_5A+>

Bouv\clarj condiktion: A_\boun =i

Gauge symmetries become global symmetries:
0A = 0N + [A,A] is generated by

g1

2T

D? /”‘
conskrainkt

Global charges satisfy affine Lie algebra g, .



AAS as:jmpﬁc:)&ms
Coordinates: ¢, p,0
sl(2)-part: Lo,L1,L_1 with [Ly,, L] = (m — 1) Ly yn

Gauge choice: Ap = b_l(P) 0pb(p) with b(p) = s

Conskraint/e.om./ baumc{&rt’ condition:
Ap = b (p) a(t,0) b(p)
Ar =b""(p) a(t,0) b(p)

AAS: apqs = L1 + %L_l

As:jm[ze&w&i{:auj ALdS: A — Aags ‘boun 4 finite



AdAS as:jmpﬁc:)&ms
ASij&o&&aibj ALS: A — Aags lboun 4 finite

Lie algebra generators W, in repr. of sl(2):

[Lna Wﬁ,m] T (én 5 m) Wé,m—l—n
Then: b (o) Wy, b(p) = p" Wi,

= a=Li+w" Lo+whT L_; + Z Z W, .,
¢ m>0
Equivalent to Drinfeld-Sokolov condition

(similar to the Hamilkonian reduction of WZW
mod@.i.s) [Balog L. Fehér,0'RaifeartaighForgacs, Wipﬂf



AdS QSjmpﬁmEms

Asvmpﬁaﬁtauv AdS: A — Aags ‘boun 4 finite

equivalent to Drinfeld-Sokolov condition:

The asymplotic symmetries are given by the

o} o : % : " [Campoleond,
Drinfeld-Sokolov reduction of g, . T
Theisen]
SL(Z) s \;E;T&SOTO e =0k [Browi Henneaux_
S L(M) —> W, [Campoleoni,S.F. ,Pfenninger, Theisen]

hs()\) " WOO ()\) [Hemmeaux,f?;ej] [Gaberdiel Hartman]

[Campoleoni,S.F., Plenninger]



3) Higher-spin AAS/CFT
In AAS/CFT, the boundary operators
aarrespamd to sources for the bulk fields,

ADS ceET
/D¢ G_Sgravity & more & <€_fddx ¢E)Oz>

a3 ~ &

boundary of AdS,, 4

"

CFT4

O, orpera&orr ﬁorresFomdLMQ to W



H&gkm*sym AAS/CFT

The string theoretic AAS/CFT
correspondence has a higher-spin cousin:

Higher-spin gauge CFTs with classically
theories aaupted to <> conserved higher-
nakker spi;m currenks JH1---Hs

bdy value of HS field CFT operator
d \\j L/ 0p = 0§
COMFLEMQ G T PRT s T >

/dd$ a,u1€,U«2...,us‘]'u1m'us NG _/ddxguz...usauljul...us



H&gkm*sym AAS/CFT

Prominent case: higher-spin AdS, /CFT, :

Vasiliev theory [Kiebanov,Polyakov]
’]\ [Sezqin,Sundell]

\/ [Giombi,Yin] ...
Free/critical bosons/fermions

If HS gauge symmetry is unbroken in the
qu&mﬁum Eheorv, the bouv\clarv theories
are essentially trivial for d>2.

In d=2, non-trivial quantum theories are
kiowhn with extended symmetries:
W-algebras.



Minimal model hotographj

The classical W-algebras have a quantum
version Wi (A) — W () .

We can then Llook for families of CFTs with
W-symmetries as candidates for the
boumdarv theory,

Prototype: W, ~minimal models

To compare to the classical ki;gh@.rws!am
theories we Look for families which admit a
classical (¢ — o0 ) Limik,



Minimal model hcwmgrapkv

The minimal models IV, . come with central
charqges:

g n(n+ 1)
cn,k—(n—l)(l (n+k)(n+k+1)> <n—1

2 (k+1)(k+(3n+1)/2)
_Zk(l (k+n)(k+n+1) ) -

Two ways Fo achieve ¢ — oo ¢

't Hooft Limik: n,k — 0o, \ = —

fixed
n+ k
{Gaberdi&t,@agakumar]

semi~classical Limik: £ — —n —1
{Cas&ra,&c:-Fai«mmar,@u&peri&,t&o\evmo\ewers]




Minimal model hotagro\[pkv

‘t Hooft Limik:
= uhiﬁ&rv

o Some CFT states match excitations of
a scalar field coupled to HS flelds

o many Light states - interpretation?

o checks: partition function, 3-point
functions, ..
[Gaberdiel,Gopakumar,Saha]
[Gaberdiel,GopakumarHartman,Ra ju ]
[Chang,Yin] ..



Minimal wodel kotagra[pkj
semwii—~classical Limik:

o non-unitary
o Light states makbch excitations of a scalar

o other states ~ non-perturbative solutions:
conical defects: all HS charges makch

[Castro,&Go F&Humar,@:u&Fert&,f&&evmaew‘ers]
[Campc}Leov\i,‘?rath&zka,Q&ejmael‘mrs] [Campateomiﬁﬁ]

o further checks: partition function,
correlation functions, ...
[Perlmutter,Prochazia,Raeymaeiers]
[Hijano,Kraus,Perlmutter]



ﬁevetopmenﬁs
o HS black holes / QMETOF?:)

[Grubperle Kraus] [Ammon,Gulperle Kraus,Perlmutter] [Pérez,Tempo, Troncoso]
:CasErc::,l-iQjana,Lepage~3u&£er,Matone:j] [Bahados,Canto, Theisen]
[Ammon,Castro,Igbal] [de Boer,Jottar] [Hem\eaux,‘?érez,‘rempafr roncoso] ...

o SUSY generalisations

[CreutzigHikida,Rgnne] [Candu,Gaberdiel] [Henneaux Lucena Gamez,,‘?arw,faaj]
[Beccaria,Candu,Gaberdiel,Groher] [Candu,Peng,Vollenweider] ...

o Relation to string Eheorv:
relate HS-CFT dual to Skring-CFT dual

[Gaberdi&i,(}opawumar] [Gaberdiel, Peng, Zadeh]
[CreutzigHikida] [Hikida,Rgnne] ...
o lmprove understanding of HS theories:

Mebric-like formulation/inkeractions

[Campoleoni,s.F. ,Pfenninger, Theisen] [Fujisawa ,Nak‘ajama]
- [S.F. Kessel] [Kessel Lucena Gomez,Skvortsov,Taronna] ...



Sum mMary
HS ALS,/CFT, ciuaii&v:

o 2+1 dim, Labora&orj for HS and AAS/CFT

o W-symwmetry of boundary CFT:
Drinfeld-Sokolov reduction

o Minimal models candidates for CFT duals
HS gauqe theories:

o fascinating extensions of graviky
o relation to string &hearv?

o rich possibiti&es for (Lon-SUsSY) AAS/CFT



