


































































TESTING THE SPEED OF GRAVITY

WITH

BLACK HOLE RINGDOWN
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TESTING GRAVITY

SO WHY SHOULD WE TEST GR

DARK ENERGY

SINGULARITIES

NOT QUANTIZABLE

WHY NOT





































































TESTING GRAVITY

LOVELOCK'S THEOREM
4 D
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TESTING GRAVITY

LOVELOCK'S THEOREM
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TESTING GRAVITY

S fixing 2 3 4 5

HORNDESKI GRAVITY

2 Gold X

3 Gold X 0

La Gald XIR Gax d X 007 0m12
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TESTING GRAVITY

S fix 2 3 4 5

HORNDESKI GRAVITY

2 Gold X

3 Gold X 0

La Gald XIR Gax d X 07 0m12

25 Gold X Gmu 95 10,4 013 310mF 0 210m13
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TESTING GRAVITY

THEORY S fdxfgR S fdxfgH
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OBSERVABLE 2 0 α 0
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GRAVITATIONAL WAVES

ASTROPHYSICAL SOURCES MERGERS BLACK HOLES NEUTRON STARS

INSPIRAL MERGER RINGDOWN

add for

taffa





































































GRAVITATIONAL WAVES

ASTROPHYSICAL SOURCES MERGERS BLACK HOLES NEUTRON STARS
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GRAVITATIONAL WAVES

RINGDOWN BLACK HOLE PERTURBATION THEORY

ammo
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GRAVITATIONAL WAVES

RINGDOWN BLACK HOLE PERTURBATION THEORY
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GRAVITATIONAL WAVES

RINGDOWN BLACK HOLE PERTURBATION THEORY
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GRAVITATIONAL WAVES

RINGDOWN BLACK HOLE PERTURBATION THEORY

Mama s

4 1 wa yh o

9mn In how
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QUASINORMAL MODESBACKGROUND PERTURBATIONS
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GRAVITATIONAL WAVES

BEHOLESPECTROCOPY
w Mia 1st QNM sets Mia





































































GRAVITATIONAL WAVES

BEHOLESPECTROCOPY
w Mia 1st QNM sets Mia

All other QNMs are

fixed in GR





































































GRAVITATIONAL WAVES

BEHOLESPECTROCOPY
w Mia 1st QNM sets Mia

a

III
MEASURING QNMS PROVIDES CLEAN TESTS OF

BACKGROUND GEOMETRY AND UNDERLYING THEORY

111611 iii α





































































SPEED OF GRAVITY

GR HORNDESKI

S fdixv.gr gm S fdxvgH 9m0

1 2 w Uh 0 ftp.tfwacitxt V xtsvfh

o.ch way Xt
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GRAVITATIONAL WAVE SPEED EXCESS





































































SPEED OF GRAVITY

WHAT DO WE KNOW ABOUT XT

LIGO α 10 GW 70817

DARK ENERGY EFTS CUTOFF AT GHz 1806.09417 MELVILLE DE RHAM
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SPEED OF GRAVITY

WHAT DO WE KNOW ABOUT XT

LIGO α 10 GW 70817

DARK ENERGY EFTS CUTOFF AT 1GHz
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Can C Caw c

LIGO ET 10

ofe.fi
oFItofs1Ha

z
qq.fi zfg2fue

LUK





































































SPEED OF GRAVITY

2301 10272 SS JOHANNESNOLLER

BACKGROUND

Jm fdt f dr r dri f 1 2

e 80 r so 0 21





































































SPEED OF GRAVITY

2301 10272 SS JOHANNESNOLLER

BACKGROUND

Jm fdt f dr r dri f 1 2

e 80 r so 0 21

THEORY
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SPEED OF GRAVITY

2301 10272 SS JOHANNESNOLLER

BACKGROUND

Jm fdt f dr r dri f 1 2

e 80 r so 0 21

THEORY
HORNDESKI WITH 640 0

MODIFIED REGGE WHEELER EQUATION

z W Ita V SV h 0
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SPEED OF GRAVITY

2301 10272 SS JOHANNESNOLLER

BACKGROUND

Jm fdt f dr r dri f 1 2

e 80 r so 0 21

THEORY
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ONGOING WORK TIME DEPENDENT SOLUTIONS

In fdt f dr r dr f 1 2 far

qt Yr

SOLUTIONS FOR SHIFT REFLECTION SYMMETRIC HORNDESKI Gz X Ga X
1312.3204 BABICHEV CHARMOUSIS 1403.4364 KOBAYASHI TANAHASHI





































































ONGOING WORK TIME DEPENDENT SOLUTIONS

Jm fdt f dr r dr f 1 2 far

qt Yr

SOLUTIONS FOR SHIFT REFLECTION SYMMETRIC HORNDESKI Gz X Ga X
1312.3204 BABICHEV CHARMOUSIS 1403.4364 KOBAYASHI TANAHASHI

HOWEVER THEY ARE PRONE TO INSTABILITY ISSUES
1510.07400 OGAWA KOBAYASHI SUYAMA 180311444 BABICHEV CHARMOUSIS ESPOSITO FARESE LEHÉBEL

1610.00432 TAKAHASHI SUYAMA 1904.03554 TAKAHASHITMOTOHASHIT MINAMITSUI 1907.00699 DERHAM ZHANG





































































ONGOING WORK TIME DEPENDENT SOLUTIONS

Jm fdt f dr r dr f 1 2 far

qt Yr

SOLUTIONS FOR SHIFT REFLECTION SYMMETRIC HORNDESKI Gz X Ga X
1312.3204 BABICHEV CHARMOUSIS 1403.4364 KOBAYASHI TANAHASHI

HOWEVER THEY ARE PRONE TO INSTABILITY ISSUES
1510.07400 OGAWA KOBAYASHI SUYAMA 180311444 BABICHEV CHARMOUSIS ESPOSITO FARESE LEHÉBEL

1610.00432 TAKAHASHI SUYAMA 1904.03554 TAKAHASHITMOTOHASHIT MINAMITSUI 1907.00699 DERHAM ZHANG

ALL CASES STUDIED ASSUMED X 120 2 0 constant

SOLUTION WITH X constant FOR Gz 21 22 x ̅ Ga 1 6 5
L 2310.11919 BAKOPOULOS CHARMOUSISTKANTITLECOEUR NAKAS

CAN constant HELP





































































ONGOING WORK TIME DEPENDENT SOLUTIONS

BACKGROUND THEORY

Sds I qt Yr L 21 22 I AMIR 02 4































































ONGOING WORK TIME DEPENDENT SOLUTIONS

BACKGROUND THEORY

Sds I qt Yr L 21 225 11 AMIR 02 9







































ONGOING WORK TIME DEPENDENT SOLUTIONS

BACKGROUND THEORY

Sds I qt Yr L 2n 22kt I AMIR 0th

PRELIMINARY RESULTS 0

ODD PARITY MODES CAN BE STABLE

to V 2M





































































SUMMARY

QNMS CAN BE USED TO TEST NEW GRAVITATIONAL PHYSICS

SPEED OF GWS SPEEDOF LIGHT IN SOME HORNDESKI THEORIES

QNMS ARE XT DEPENDENT IF SCALAR HAIR

LISA CAN CONSTRAIN 12T 10 WITH RINGDOWN OF ONE SMBH MERGER

ONGOING WORK

PROVING STABILITY OF ODD PARITY MODES FOR TIME DEPENDENT SOLUTIONS

IN ROOT X THEORY

QUASINORMAL MODES

THANKS

sergisirera





































































BACKUP SLIDES





































































BLACK HOLE PERTURBATIONS IN REGGE WHEELER GAUGE

hm hit uneven
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QUADRATIC ACTION IN GR

S figd huh 0,40h Unhro0h 20mn Ooh 2040ohm
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QUADRATIC ACTION HORNDESKI ODD SECTOR IN COMPONENTS
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EXISTING UPCOMING CONSTRAINTS

1 1 10 f 10
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