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Abstract: <span>In the last few years there has been a burst of

progressin the field of massive gravity.& nbsp; The construction of consistent
theoriesin which the graviton has a small mass hasin turn led to the
development a new family of compelling, consistent low-energy modifications of
General Relativity.&nbsp; These theoriesimprove our understanding of the
interplay between gravity and particle physics and provide new approachesto
solving the cosmological constant problem.& nbsp; Inthistalk | will review
these recent devel opments.& nbsp; | will discuss the search among these new
theories for a symmetry that has the potential to address the cosmol ogical
constant problem.</span>
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What can fundamental physics tell us
about macroscopic phenomena?

® Quantum field theory for astrophysics
(G. Gabadadze)

® Effective field theory for hydrodynamics
(A Nicolis, R. Penco)

® Particle physics for gravity
(S.F. Hassan, K. Hinterbichler, C. de Rham,A.]. Tolley)
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A field-theorist’s approach to gravity:

® Particles are characterized by their mass and spin

® Forces are mediated by the exchange of bosons
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A field-theorist’s approach to gravity:

e spin-0 L= 5(0,0)*+ goT
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A field-theorist’s approach to gravity:

e spin-0 L= 5(0,0)*+ goT
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A field-theorist’s approach to gravity:

e spin-0 L= 5(0,0)*+ goT

potential between point particles: &

.(}2 [V[l A/[‘g
A T

V(r) =
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A field-theorist’s approach to gravity:

- add a mass
o spin-0 L = 3(9,0)° — 3m*¢* + goT

potential between point particles: &

mr

B _(12 AJ[ A/Iz .

4T 7

V(r)

Yukawa suppression
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A field-theorist’s approach to gravity:

o spin-0 L = 3(9,0)° — 3m*¢* + g¢T

potential between point particles: &

mr

B _(}2 AJ[ A/Lg .

4T 7

no bending of light = FAILS
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A field-theorist’s approach to gravity:

e Spin-o L= é((')“(p)z — ;7!),2(/52 -+ _(}(Jf)’]’

potential between point particles: &

mr

B _(jz A/f[ A/Iz .

4T 7

no bending of light = FAILS
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A field-theorist’s approach to gravity:

dxt

g dr

| r | :
e spin-| S = -2 /([1.’1: F? +g¢ / dr A, (x)
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A field-theorist’s approach to gravity:

dxt

dr

. {7 | .
e spin-| S = ~1 / d*z ﬂf,, +g / dr A, (x)

potential between point particles: A \ANANR

positive masses repel = [FA|LS

Page 12/61



A field-theorist’s approach to gravity:

e spin-0 <

e spin-1 <

(s spin-2)

e spin>3 > 7

Pirsa: 13020134 Page 13/61



Massless Spin-2: The Linear Theory

S, / d'z ( 5O\ OO WY + D,y \OY RN — B, R,k + SONRONh + h,,,,'z'*“')

want massless spin-2 and manifest Lorentz invariance

hf“..r/ e0P0P1 P2
1+14+3+5=10

gauge invariance: 6h,, = 0,§, + 0.§,
two propagating degrees of freedom
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Massless Spin-2: The Linear Theory

S, / d'z ( O\ OO WY + D, \O RN — B, RO, + SONRONh + hj,,,'z'ﬁ“')

want massless spin-2 and manifest Lorentz invariance

huy €00001®2
1+41+3+5=10

gauge invariance: 6h,, = 0,§, + 0.&,
two propagating degrees of freedom
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Massless Spin-2: The Linear Theory

/ d'z ( O\ OO+ D,y \OY RN — B, R,k + SONROM R + h,,,,':'*“*)

potential between point particles: RAAAAR

L MM

Vir)=——
() 8rM2z,
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Massless Spin-2: The Linear Theory

S, / dz ( 500y OMRMY + 0, hy\ 0" WY — O,k O, h + 505hO™h + 7 h,,,,'/'*“*)

potential between point particles: RAAAAR

My My

bending of light
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Massless Spin-2: The Linear Theory

/ d'z ( 5N O WY+ D, \OY RN — B, RO, R+ SONROMh + h,,,,'i'f“')

= 0,T" =0 inconsistent for dynamical sources
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Massless Spin-2: The Linear Theory

/ d'z ( 5O\ O+ D,y \OY RN — B, RO,k + SONROMh + h,,,,':'*“')

= 0,T" =0 inconsistent for dynamical sources

Tuw = Tpw + 62

Qv

Deser (1970)
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Massive Spin-2: The Linear Theory

Sy / d's (— 50\huwO W™ + O hyn 0V R*A — 8,h*Y O h + 5O\hOMh

tm3 huh* + m3h?) «<— add mass terms

Pirsa: 13020134 Page 20/61



Massive Spin-2: The Linear Theory

Sy / d'c (— 50\huwO W™ + Ohyn 0V R*A — 8,h*Y O h + 5O\hOMh

2 L 212
tmt by h* + m3h®) «— add mass terms
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