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Abstract: In massive gravity the so-far-found black hole solutions on
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Motivation:

Construct a classical ghost-free massive extension of General
Relativity (fundamental question of Field Theory)

Cosmic self-acceleration due to graviton mass

Screening of the large scale sources such as vacuum energy, the
cosmological constant problem; evades Weinberg's no-go theorem
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History of the subject

A linear theory of massive spin-2 with 5 dof ( )

No continuous limit of FP to massless theory (

)

Continuity can be restored due to nonlinearities ( )
Nonlinearities introduce the sixth dof (ghost) ( )

Recent context:

Dvali, Gabadadze, Porrati '00

Deffayet, Dvali, Gabadadze, Vainshtein '01
Arkani-Hamed, Georgi, M. Schwartz '02
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Result:

L = Mlz)l\/—g (R + m? (Us + a3 Uz + (g U4))

U, = [K]? —[K?]

Us = [K]? = 3[K][K?] + 2[K3)]
U, = [K]* —6[K?|[K]? + 8[K3][K] + 3[K?]* — 6[K*]
KL (8. ¢) = 0l — /810000, 6bnab
»? — scalar fields., unitary gauge — ¢ = x?
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Result:

L = Miv/—g(R+m?(Us+ a3 Uz + g Uy))

pl
Z/IQ —  €ura i({m”'ikjﬁj,\ji;
Us = €euare” KL KS
Us = eupoe " KEKEKIKS

/\ﬂ(g.r'i) — rﬁ: - \/g/m“n‘-"a‘.):»”b’lab

¢»? — scalar fields, unitary gauge — ¢? = x?
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Derivation:
A Toy Model: Massive Abelian Vector Field

: 1
L=-2F, — -mA;
4 Jil 2 H

To identify degrees of freedom we use the Stiickelberg
decomposition:

1,
=a, — —0o,T

m
This makes the gauge invariance manifest: the simultaneous
transformation of the a,, and 7 leaves the Lagrangian invariant.
The simplest way to account for all dof is to take the decoupling
limit:

: 1
m—0, T _fixed = L£=— F*.(a) =
e 4 !
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Derivation:
A Toy Model: Massive Abelian Vector Field

1 1
L=-2F,, — -mA;
4 fil 2 M

To identify degrees of freedom we use the Stiickelberg
decomposition:

1
= a, — —0,m

m
This makes the gauge invariance manifest: the simultaneous
transformation of the a, and 7 leaves the Lagrangian invariant.
The simplest way to account for all dof is to take the decoupling
limit:

: 1
m—0, " _fixed = L= —4Fﬁ,,(a) -
o
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Derivation:
The Boulware-Deser ghost — simplified,

Considering decoupling limit
My — oo, m—0, A— fixed

The ghost manifests itself in helicity-0 mode;
e.g. the Lagrangian for the pion, leading to the ill-defined Cauchy
problem (e.g. GR+FP mass)

(Or)?

mUm +
A2

A2 = Mpm®*
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Derivation:
The Boulware-Deser ghost — simplified,

Considering decoupling limit
My — oo, m—0, A— fixed

The ghost manifests itself in helicity-0 mode;
e.g. the Lagrangian for the pion, leading to the ill-defined Cauchy
problem (e.g. GR+FP mass)

(Or)?

mUm +
A2

A2 = Mpym®*
Terms with well-defined Cauchy problem (e.g. DGP, nonlinear
completion of FP)

(Om)?0Om

3 _ 2
e A3 = M,im
3

aUm +
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