Towards a mekbric-like
higher-spin gauge theory in
2+1 dimensions

based o arxiv:120%.1%851
(w. A, C&mpai.@.ahi, S. Pfenninger, S. Theisen)

Stefan Fredenhagen
Max-Planck-Institut fir Grravitationsphysik

Wednesday, September 26, 2012


https://indico.desy.de/contributionDisplay.py?sessionId=6&contribId=71&confId=5654
https://indico.desy.de/contributionDisplay.py?sessionId=6&contribId=71&confId=5654
https://indico.desy.de/contributionDisplay.py?sessionId=6&contribId=71&confId=5654
https://indico.desy.de/contributionDisplay.py?sessionId=6&contribId=71&confId=5654
https://indico.desy.de/contributionDisplay.py?sessionId=6&contribId=71&confId=5654
https://indico.desy.de/contributionDisplay.py?sessionId=6&contribId=71&confId=5654

Why 2+1 dimensions?
Gravity th 2+1 dimensions as toy model:
 No propagating degrees of freedom

%
R,LWAJ = Cpuvro 2 (g,u[)\Ra]u R gu[ARJ],u)
- R
(d P 1)(d i 2) urdolv

| : [Bairados,
o RBlack holes extst “fO‘r‘ A<O Teitelboim, Zanelli]

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

Asvmg?%o&t svmmeﬁrmsz Virasoro ¢ Virasoro
3/ - > AdS radius

central charge ¢ = e [Brown Henneaux]
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Higher SPEMS

Higher spin extensions of gravity simpler
i 2+1 than in higher dimensions:
ho propagating deqrees of freedom

o asijEoEQa sym mekbries: [Henneaux,Rey]

: ‘ [Campoleoni,s.F,
Virasoro — WN 9 WOO ‘P{emmv\gerj‘f heisen ]

o generalisations oﬂf black holes

[&u&p&ri&ﬁraus] [Ammon,Gutperle Kraus,Perlmutter ]

o AAS/CFT proposat: du&ti&v bebween

HS gravity and minimal models [Gaberdiel,
Gopakumar ]
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Frame-like vs, Metric-like
Most of this work is based on a frame-Llile
formulakion:

Generalisation of SO(2,2) Chern-Simomns
description of 2+1 gravity with A <0

A mebric-like formulation would be wnice:

o better understand geometry of BHs

o use standard field theoretic tools

o s&u,dj relation between «framemtiw*e and
metbric-like formulation




Contenk

I e T o T o

i The relation between frame- and
imetbric-like formulation of a :
Ispin 3 field coupled to 2+1-gravity :

o Review cwf pure 91’&\/&&3 A 2+1 dim,
o Higher spin gauge theories in 2+1 dim.
o From frame-Llike bto mebric-Llike

o Appii{’:&&mms and devetapmem&s
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2+1 gr&viﬁfj

Einsbetn-Hilbert Suigie 1
ackion 167G

/d% VIR

with ¢

and spm connections wzb wfj == wzc ‘

Inkroduce vielbeine e

a
v g, &
—

1
STls
repraciw‘::@.s the Einstein-Hilbert action
ﬂfor de +twAhet+teANw=0 {(eom. ﬂfor W )..

Se, WP /tr<eAR> L
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Diffeomorphisms
Grauge hvariance:

de =lle. oe = d§ + |w, §]
0w IO dw Sl iy

iLocal ;
ltranslation

iLocal Lorentz |
irotation l

Zv“ we have

oe, = €y 8,v* + v* o€, &

T UA(a[uei] + e wﬁb ei]) S

For " =e

Diffeo

O bv O

a XS O0NE
_|_f bc U W) €'u < Lorentz

Note: Never used that Lie algebra was so(2,1).
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Higher Spims

Two approaahes:

o Second order/Metbric-lilce

G > tensor fleld ¢, ..

o First order/Frame-Lilke

05 IR 6 A e |

- p

" ——> generalised Vielbein ¢
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Mekbric-like
Free massless spm 5 par&wt@. [Fronsdal]

S afu,uv symmetric tensor ¢, .

AV 0

@ Oyi it D i (double Eraceless)

A 5
O L s 8(u1|8 Plua...pws)x

+a(ﬂlaﬂ2gplﬁ3-~lﬁs))‘)\ =0

(e.om.)

o 6S0N1MS o a(ﬂlfﬁLQ:u'S) . 8
(9auqe invariance)

A
where &,,..u. 50" = 0
> | EBQMQ&SSOM,BQMSEssom,Brmw]
Interactions: add term by [uctsaes]

term while retaining gauge [Manvelyan Mirtchyan,Rihl]
T / [Sagnotti, Taronna ]

tvarLance, [Joung JLopez Taronna ]



F: Yoy Q“LE«M@. [Vasiliev]
CGreneralised vielbein €% %1 such Ehak

L
ol —CL1 e e g by
gal’ljl"'/’bs I (,Ufl 4 6#;_1 e,us) l{/aflbl St /{/as—lbs—l
\ background vielbein SR
e —
Gauqge Eransformations /7

Q] ST i i a @’ b,a g
56# Vora ,ugl 1‘|‘€,ubA 1. 1

. Q1540 500 H1-fs—1 501 ) iy Sl
with § el G R

. connection 7
D OT i @ iy A e e — bCeag...as 1
&uﬂ = A A
bC A1 ... Qg A0 S /\ bc d1...ds—1 | A A deaal As—1
uw ol 1 - Cp,d 4y

0 e
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Ackion

Dualise: wie1 — wz,c(@...as_l far),
s 1Q/H@Aww+wAw) >
€ i
e =We e MRG0T
W =AW Jo ol Sy e S, )dr”

Lie algebra structure e.q. for spiia 3
[Ja,at]b: g fabCJc

[Jaw]bc: g fda(ch)d
| Jap, Jod]d == fd)vf T Kb(c fd)af)Jf
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From frame- to mekbric-like

Can we translate these cownsistent interacting
theories to the mebric-like formulation?

Firsk s%ep: Idem&bfv the fields R e R

Pfenninger, Theisen]
—a =b ab —c =d
Guv = eZeymab 00 Quppt = G € ) KacKbd Tt - - -
l l
AR vt ARG
g,ul/ RS elu 61/ /{AB SO,qu BT 6,LL 61/ ep dABC

dagec ~ tr(t(atste))

Next: solve for the spin connection and
express everything in metric-like fields
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Solving for the spin connection

For gravity, the E;mverﬁbdwj of the vielbein
was crucial to solve for w

a :
//L ‘

Here, one can solve for it perturbatively:

4 ( e ) a,b,c  sl{R) directions
e

A
b A, B,C wnon-sl(2) directions
Then expav\c& A e

&

G

A
l-'l' «

ALl higher spin fields contain ab least one e;‘

——> Perturbative expansion tn ¢




Solving for the spin connection

8[Me§] Yodret w65

Siile

| P

efi Wip.- w[p e,; = 0

% 8[H€S]+fDECw it

15y

Resulk:

(C2) 4 w;j‘ e GZ (Fab 58 + fab fec® + fact ff;bD)VC’a

(C2)2 =" quadratic Casimir

Gé Vo im o on
VORT=0 fmn ggp 9o ©€p ea(a[ueg] i fDEC w[ﬁ 65])
Q6. 20

go,uvr = €€y Kab sL(2) part of metric
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Gauge parameters

Bi{feamorpkmmsz
¢4 = SR &= g s
Projector on ~= f’u 3, g/“/ 6;4 SB R AB
diffeomorphisms:
Pt =Nt g e sge & REApE._ DA

spin 3 transformations:

£Pr il e e
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Spin 3 gauge transformation
With this ansatz:

590,u1/p i v(,u 51/,0) b 0(902)

D 1
5g,uu g 6€p (VpSO,Lwcf % v(,ugpu)pa 1 §gp,u Jov Wi @A)\

A A
o 9o (u (v " Pr)e T v|c7|(701/))\ F Vo) Faox )
— Juv (v " Ppo T vagpcf}\A)) i3 0(903)

Looks ugly, but only half of the Fossibi.e
terms appe&r!




Ackion

There is a unique action wp to quar&i’.,f: terms
that is invariant under these kransformations:

e 1
L= \/§(R‘|‘ 590# P (Fruvp — 59 (v Fo'’)
9 1
s ZRPJ (Spp,uu SOJ'LW o 590'0)\)\90011[{)
5]

y ZRSO,pr Spwjp) o 0(904)

wikh .Fluyp — U@ uvp e v(uvl/@p))\A

1 A A
— 5 (VVubupr + Vi Vi)
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AW{E&&ELOM: Black hole em&rom

o A >0: BTZ black holes in 2+1 gravity

o HS 91‘&\/&3: black holes wikth nown-
trivial higher spin charge — [Sutperlekraus]
3 ; s [Ammon,&u&perte_,
o Characterised by a specuf;c kL Perliuutier]
holonomy of the frame-like fields
o Relations between temperature,
mass, chemical pot. and charge
> Ev\&ropj
o In a gauge with a smooth horizon
we can debermine Wald’s entropy

from mebric-like desaripﬂom

—> Disagreement




Higher Spin Geometlry?

What is the principle behind the ackion? We
would expect 1

i3 3 5
S_167TG/dCE\/§R

with some generalised R .

Recent progress by [FujisawaNaiayamal ;
Introduce more vielbeine ¢f,,, ~ d"sce, ¢

to get an nvertible vielbein makrix ( i é& V))

Tangent bundle is extended to higher
dimensional vector bundle.




S Mary

o 2+1 dim, qood testing qround for
higher spin gauge theories

o Hope for a complete interacting
melric-like theory?

o We determined the quadratic part in
for metric-like action corresponding
to frame-Like si(3) theory

o Next order mwore tampié&a&ed - heed
qeomelric insights?

o Application to blaclke hole entropy



