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Gravity’s rainbow

Gravitational wave ‘h’
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Gravity’s rainbow

Modified Dispersion Relation: E2 — p2C2 + A(‘,pa X

a—2
Physical meaning of {A4,,a}: E2 — p202 [1 + (!,)n) ] 62
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Fermi theory

Electro-weak theory

Scattering amplitude:

Energy scaling:

The scale of new physics:

do Scattered flux
dS) Incident flux

E 4
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mw ~ 80 GeV
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The reach of a theory

n
Fermi theory Electro-weak theory
4
Fermi theory: A ~ i
TeV
2 2
General Relativity: A ~ i ~ L
Mp] 1015 TeV

E p
Dark Energy EFT: A~ (—)
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The speed of gravity

GW speed LISA LVK
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Cgw — C
dcaw=—"— = |ogw| 107"

LIGO & Virgo Collaborations '17, Fermi, IGAL 17

= Strong constraints on dark energy/modified gravity theories and their interactions.

Creminelli, Vernizzi 17, Baker, Bellini, Ferreira, Lagos, JN, Sawicki '17,

Ezquiaga, Zumalacarregutr '17, Sakstein, Jain 17, ++



The speed of gravity

GW speed LISA LVK
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Dark energy theory with ¢, (0) # ¢

U

Frequency-dependent ¢, transition close to LVK/LISA band(s)
de Rham, Melville '18

U

Can we test this with GW observations?

Baker, Calcagni, Chen, Fasiello, Lombriser, Martinovic, Pieroni, Sakellariadou, Tasinato

Bertacca, Saltas 22 Harry, JN 22, Baker, Barausse, Chen, de Rham, Pieroni, Tasinato 22



The speed of gravity: A template

GW speed
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LVK & LISA constraints

0 cow exclusion

Harry, JN 22




LVK & LISA constraints

107

10—4

10~*

10 12

0 cow exclusion

10~20

Harry, JN 22

Seaw(f) = dcimy (3 — L tanh [0 - log (f/f.)])
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ET & LISA constraints
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Multiband constraints
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Multiband constraints
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Multiband sources visible in LISA and LVK bands (GW150914).

Predict arrival time in LVK band with ~ 10s accuracy.

Sesana 16

Therefore |dcgy| ~ 107'6 detectable for source at ~ 400 Mpc.

Harry, JN '22, Baker, Barausse, Chen, de Rham, Pieroni, Tasinato 22



Multiband constraints
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LVK/LISA multiband observations can:

e Constrain |dcg,| < 10716,
e Measure 10710 < |§cgy | <1077,

e No multiband signal for |dcg,| = 1075,
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Positivity

Theoretical bounds that any
unitary, local and causal
gravitational theory has to satisfy

P1 p3

P2 Pa

Scattering amplitude: A



GWs faster than photons

T

y-axis ~ what is the speed
of gravitational waves?

l

Photons faster than GWs

A case study

~_—— General Relativity

x-axis ~ how much does the graviton interact with DE scalar?

L=GCGy+GiR+ Gyx {(O0)° — V.V, 0oVHV 6},

where (; = G;(X) and X = —%V“‘QSVMQB



A case study

GWs faster than photons

T

y-axis ~ what is the speed B
of gravitational waves?

l

Photons faster than GWs

Data constraints from
CMB and LSS

JN. Nicola 18

x-axis ~ how much does the graviton interact with DE scalar?
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A case study

GWs faster than photons

T

y-axis ~ what is the speed B
of gravitational waves?

l

Photons faster than GWs

Melville, JN °19

x-axis ~ how much does the graviton interact with DE scalar?




GWs faster than photons

T

y-axis ~ what is the speed
of gravitational waves?

l

Photons faster than GWs

A case study

o d k ¢ O ¢
T I ¢ ¢

Q Q R ‘ D Rt
. . A Melville, JN 19
/\/
| | |
Q N D Data constraints with

both positivity priors

x-axis ~ how much does the graviton interact with DE scalar?

Key observations:

e Positivity priors tighten constraints.
e Physical vs. unphysical parameter space.

e Alternative perspective: IR test of UV physics.
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