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100 years old

Super Gravity
Higher-derivative Gravity
Massive Gravity

Higher Spin Gravity

Colored Gravity



Einstein Gravity «— a single massless spin 2

Colored Gravity: \s

QI Isn’t it wrong? No, it works in certain cases

Multiple massless spin 2
with color decoration

Q2 Isn't it straightforward and boring?

There are surprising features



No-Go for colored gravity

e Multiple massless spin 2k,

m= CUDIC interactions gryic (hL, 0 LR 4+ )
symmetric
m global symmetries (M, MAT = 49" gy, M,
associative

w only trivial solution

e Color-charged massless spin 2 in fm

m- Minimal interaction to gauge field

e - ]




Yes-Go for colored gravity

Global Symmetries

Aadeolialive Aadecialive
isometry @ & ge color sym.
M X TI

1 1
Mx T, My ®@Ty| = §[MX7MY]®—|—§{MX7MY}®[TLTJ]

not defined for Lie algebra

* g. associative color algebra: u(V)

e g, associative algebra containing isometry

m contains more spectrum (e.g. HS)



3D Chern-Simons
Col@red Gravity

K

e CS action: S[A4] = g

/Tr(A/\dA+ ANARA)

subtract Abelian CS

e Gauge Algebra: g =((oL, & gb,)o u(N)(© id e I)
two additional gauge fields

[ Moy, Meq] = 2 (Naa Mije + Nep Maja) s [ Map, Pe] = 20ep Py, [Pa, Po] =0 Mg

1 ~ 1 ~ o = +1 for AdSs
| 2o o = —1 for dSs

Te(Jo Jy) = 2vV0ona,  Te(JuJy) = =20 nw,  Te(TrTy) =61



3D Chern-Simons
Col@red Gravity

K

e CS action: S[A4] = g

/Tr(A/\dA+ ANARA)

@ not tangible
@ IS It over? ﬂ

® so what?

Lets rewrite this in METRIE form!

solve torsion condition only for the genuine graviton (singlet spin two)



3D Col@red Gravity

* solve torsion condition ¢

1 9 ) i i
§=S8cs+ 1 [ TzVldl [R—V(som)+ ]Q/; e’ Tr (sou”\Dusop souADusop/\)]
° SU CS Seg = /Tr A/\dA+3A/\A/\A> Tr(A/\dA+3A/\A/\A)]

must be quantized!

14

e Newton’s constant: «= NG

semi-classical gravity: compatible with small CS level for large N!



3D Col@red Gravity

* solve torsion condition ¢

1 \ .
S=b5cs+ 1.5 [ 2Vl [R—V(%SO%L

2,/
N ¢

"’ Tr (sou/\Dusop %ADV%/\)]

e Colored spinning matter:  Duewy = Vuewy + [Au, ¢u,)
covariant couplings!

. 1 - ~ v S v
Vied) = —gp™ [2"”4(90[ ! + Bt ) + 8T (et et @, = Bt b B |
16 0 60 N K
T NZ 2 Tr(s"[u Pp)” = Pl Pyl )TT(Q"[VN PN — P’ @ )+N2 72 [Tr (P )" — Pl Py )}

Matter self-interaction: +/N times STRONGER than gravity!



Closer look on Potential

1 v ol ~ UV 1% ~ ~ U ~
v [201 +4 (" )" + ot 00)") +8Vo (e @ " — Bt 6" b)) ]

16 0 ) o L 6o e
T N2p2 1r (9"[u P — Pl ‘PP]p) Ir (QO[VM ox* = ot QOA]/\) TN [Tr (e eu” = P ¢1") ]

Vie, @) =

Xpy = Vo (90,LW — SEMV)

e reduction to parity-invariant sector ~
Tuy — Puv =+ P uv
20

V(X) — _Néz Ir (I + X[,u'u XI/]V + X[,u'u XI/V Xp]p)

e reduction to diffeo-invariant sector  Xur = Guv X

2
V(X) = -~ 5 Tr (I+3X7 4+ XP)

Non-trivial Potential with Many Extremal



Rainbow Vacua

20

V(X) = Tr (I +3X°%+ X°)

N 2

color singlet vacuum

su(3) case
colored vacua " N
s 9 10 0 ~200
. X—a[OlO +b 010]
00 —2 0 01

i, S
0 1 , ¢



Rainbow Vacua




Rainbow Vacua

20
N /2

V(X) = Tr (I +3X°%+ X°)

e extremum condition: 2x +X*= TTr(2X + X?)1

e solutions up to SU(N) rotation:

N I 7O
Tr(Z) I 0 _Ikxk_
Parameter k=0,1,...,[35]

symmetry Breaking  SU(N — k) x SU(k) x U(1)

9 N \?
e extremum values: V(Xk)z—g (N ) = 2 A,

Vacuum dependent Cosmological Constant!



Rainbow Vacua

2
V(X) = -~ Tr (I +3X7 4+ XP)

Let’'s move to

color-singlet
vacuum




Symmetry Breaking

e Diagonal parts:
L Yo
» adjointin SU(N — k) x SU(k) x U(1) o
» still describe massless spin-two N
a P-

e Broken-sym. part: ¢

» bi-fundamental N~k k

» combines with (or eaten by) spin-one field

Higgs-like

1
SBS[¢7¢Q]:/¢/\<CZ¢_Z€&/\¢G> —¢a/\(D¢a—%€a/\¢) Mechanism!

» describe partially-massless spin-two

e All Weakly Interacting for Large k~N/2



Speculation 1

Cosmological Scenario

2N

—V(X) . | |
2 Highly Accelerating Universe
7l Weakly Coupled Spinning Matter

Low Acceleration
Strong Coupling
— Heavy Bound States

100 -




Speculation 2

Quantum Colored Gravity

e Rainbow vacua contribution in the path integral:

Random Matrix Model

ZNM = /dX exp i cV(X)]

o TS ————
N N
. b N . !
N | :
| ¥ o)
. i . -
‘\ . Sa - - X

V(X) =575 Tr (I+3X°+X°)




HS extension

e Calor-decoration & Rainbow vacua extend to

v 3D formulation of HS Gravity

v Vasiliev Equations [to appear]

e Resulting spectrum after symmetry breaking

> all the spins glue together to form an exotic one
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