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Outline

* Gravity as a Field Theory
* The Fierz-Pauli theory
 What is wrong with Fierz-Pauli?

e How to fix It



The interpretations of Gravity

Geometry or Particle?

General Relativity Quantum Field Theory

R,u,l/pa h,uu

Equivalent



The Graviton

SxO > Interaction with photons

Sx1 D Repulsive classical force

Attractive classical force
J Spin 2 <
Interacts with EMT CZ—W'u o



Linearized Gravity



The Linearized Einstein-Hilbert Action
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The Linearized Einstein-Hilbert Action
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* Unique theory with this symmetry
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Massive Gravity



MG: Why?

Cons: .
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e Strong constraints on the mass

LIGO Scientific and Virgo Collaborations, Phys.Rev.D (2019)
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e Interesting modification
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MG: How?

Massless graviton Massive graviton

2 degrees of freedom 5 degrees of freedom
( > 2S +1

General Relativity Massive Gravity
0 < my,



Fierz-Pauli theory of MG



Fierz-Pauli Theory

e Define the Action
 Find the EOMSs

* Find the Propagator



The Fierz-Pauli Action

S=S5rc+ S5,
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Fierz-Pauli Tuning

mi +ms = 0 5 DOFs

D. Boulware and S. Deser, Phys. Rev. D 6 (1972)



The Equations of Motion
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The Equations of Motion
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The Fierz-Pauli Propagator
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What is wrong with FP?



The Fierz-Pauli Propagator




The Interactions St = A / Az by T

vDVZ discontinuity

Case 1: Case 2:
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The Interactions St = A / Az by T

vDVZ discontinuity

Case 1: mass-mass
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Case 2: mass-light




What is the origin of these flaws?
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Gauge Invariance Ohy () = 0,6 (z) + 0, ()

Mass term used as GF! S=5.c+ 5,



What is the origin of these flaws?

Mass as gauge-fixing

Propagator
FP
S — SLG _I_ Sm —> G/ﬂ/,aﬁ
mq — 0
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Divergence
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Discontinuity



Fierz Pauli theory of MG*
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The original theory
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trace condition 4,;, = 0

C has the role of a Lagrange multiplier!

The modern theory
No gauge fixing
S=S5rc+ 5,

Fierz-Pauli Tuning
m; +ms = 0



The Gauge Fixed Theory



Back to Massless

Gauge invariant action:

1 1
Sralh] = / dix bha?h — 'O = ShOhy, + h“'/a,,aphw}

Usual procedure in QFT: add gauge fixing
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Comparison with Maxwell
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Breaking of symmetry: mass

Massless (well defined) action:

Slh; k, k| = Sinp|h] + Sy¢|h; k, K]

Linearized massive gravity action:
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The Equations of Motion
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The massive photon propagator

With gauge fixing

S = SMaa:well[A'u] + ng[AM, ]G] + Sm[A“,m]
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The massive graviton propagator
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The massive graviton propagator
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The massive graviton propagator

Hint of gauge independence
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The massive graviton propagator

Hint of gauge independence
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- Correct pole

- Gauge independent



The massless Iimit
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Conclusions



Conclusions

Sva = Sinw| xh k, K] xz ms,ms)

2 —m2)hy, () =
0" h, () =0
h(x) =0

Still missing:
e A gauge independent mass-mass interaction

* BRS formulation of the theory

e Quantum extension



Thanks for your
attention









The basis tensors
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The massive propagator
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The massive graviton propagator
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The massive graviton propagator

Hint of gauge independence
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