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1. Describe the theory
2. Our goal: realistic background cosmology
3. Construct the tools

i. The action

i. Scaling solutions

i.  Stabillity
4. Numerics and results
5. Conclusion



Chameleon bigravity 4116

De Felice, Uzan, Mukohyama, 1702.04490

» A theory of 2 gravitons and 1 scalar field

» Chameleon 2 Environment-dependent
grgvi’ron MASS Khoury and Weltman, astro-ph/0309300

» This extends massive bigravity and addresses:
Hassan and Rosen, 1109.3515

a. Higuchi DO BIFEITE.—-

b. No fine-tfuning needed to pass solar system
fesis

c. ... and fo have an interesfing

phenomenology

De Felice, Gumrukcuoglu, Mukohyama,
Tanahashi, Tanaka, 1404.0008



Goal of the work 5/16

» Show that the theory can accommodate a “realistic”
background cosmology !
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Does everything work as planned?
» Higuchi bound

» Stability

» Modes



The action 6/16
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Scaling solutions 716

Exponential couplings  A(¢) = /M B,(¢) = —c;e /Mo

» Exact radiation dominated and A-dominated solutions

ds?] = —dt? + a*(t)6;;dede S dsfc = [—02(75)dt2 + CLQ(t)(SideIfidin]
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» Dust-dominated, under condition n=4(rad.)
3 3 n =3 (dust)
A — =0 (n=0) (A)
S

» When g « 1 yields an approximate scaling solution.



Scaling solutions

Scaling solutions under homogeneous perturbations
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Inhomogeneous 9 /16
perturbations

ADM splitting
ds? = —Ndt + vi;(Ndt + da®)(NIdt + da?),  ds? = —N2dt> + 3 (N*dt + da*) (N7 dt + da?)
Perturbations
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’r@r vector  scalar

Decomposition in SO(3) representations
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INnhomogeneous
perturbations

2x2 tensor modes

cr1=1l.crp=c¢

2 massive modes

c + Ké&?
K

& 2 massless modes

m2 = m?T

Non trivial no-ghost
condifion:
c>0

1x2 vector modes
c+1

2
cy = mel —
v 28]
2 massive modes
mé = ma

Non trivial no-ghost
condition:
J>0

Non trivial no-
gradient instability
condition:

>0
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2 scalar modes
* massive modes
* non trivial sound
speeds
+ matter
modes

Non trivial no-ghost
condition
(large expression)

Non trivial no-
gradient instability
condition

(large expression)



Equations for numerics 116

Set of equations to integrate
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Start near a radiation scaling solution
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Parameters for numerics 12/16

We chose some parameters so that J > 0 is always satisfied

0301—(:%:91, c1+ 2co +c3 =B

Finally we chose the example parameters
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1.0

-----

Evolution as planned |

o
o

» Radiation — dust — A domination
» Scaling solutions stable

» Small numerical errors

density parameters ();
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number of e-folds N,

What about the Higuchi bound
and the sound-speeds®e...

10 15 20
number of e-folds N,



Numerical results 14/16

Again just as planned |

2
my
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» m#% >» H? at all times

N
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» Positive sound-speeds, close to 1

» No-ghost condifions satisfied

Higuchi condition
—_
a1
=
(e

5 10 15 20
number of e-folds N,

_________________
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-----------------------

Promising!

Proof of existence for a stable
cosmology in chameleon bigravity |

10 15

number of e-folds N,
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Chameleon bigravity solves the fine-tuning problems of
bigravity and extends its reach

Scaling solutions were described

Stability conditions under homogeneous and
iInhomogeneous perturbations were found

The model propagates 2x2 tensor, 1x2 vector, 2 scalar +
matter modes

Numerical infegration and example background
cosmology achieved
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A promising model, with avenues for further study |

E.g. constraints from:

.. More precise background cosmology
i. Evolution of perturbbations

i. Solar-system tests

iv. Modification of wave-forms of GW due 1o
graviton oscillation
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Thank you for
your atfention |
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