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• In GR, gravitational waves (GW) are 
wave solutions to Einstein’s equations 
generated from time varying mass 
quadrupoles and propagating at the 
speed of light

LVC, arXiv:1602.03837
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• Shape of GW signal carries information 
about  

• binary dynamics and component 
nature

LVC, arXiv:1602.03837
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• Shape of GW signal carries information 
about  

• binary dynamics and component 
nature 

• non-linear dynamics of space-time 

• final object nature

LVC, arXiv:1602.03837
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Weisberg & Taylor, arXiv:0407149
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Yunes et al,arXiv:1603.08955

space-time is dynamic!
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Berti et al, arXiv:1501.07274

Lovelock theorem: In 4D, the only 
divergence free symmetric rank-2 tensor 

constructed only by the metric and its 
derivatives up to 2nd order and preserving 
diffeomorphism invariance is the Einstein 

tensor plus a constant.
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LVC, https://dcc.ligo.org/public/0166/P2000091/010/o3a_tgr.pdf
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LVC, https://dcc.ligo.org/public/0166/P2000091/010/o3a_tgr.pdf
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Courtesy of Max Isi
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Creminelli, Vernizzi, arXiv:1710.05877  
Sakstein, Jain, arXiv:1710.05893 
Baker et al, arXiv:1710.06394

Many models that could potentially explain  
the accelerated expansion yet evade solar system  

constraints via screening have been ruled out

*

* note that if gravity did not propagate at c,  
timing of binary pulsars would be impossible (Damour & Deruelle 86) 
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BBHs and GW behave just like GR predicts !

as far as we can tell

*

*
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m"'+(4.#+

8 9'&#%#(*-.&,%-(*.:l'-(*#%("6'n******************************************************************************
R6'*B'*6'%))3*.:+'674#5*:)%->*2.)'+@*

8 0'#'6%)*9')%(474(3*,6'$4-(4.#+*/.6*+,'-(6%)*'&4++4.#n*************************************************************************
S+*0'#'6%)*9')%(474(3*%*-.66'-(*$'+-64,(4.#*./*56%74(3*%(*2452*-"67%("6'+@*

8 Z)%->*[.)'*k#4W"'#'++*^2'.6'&+n*************************************************************************
=.*#.#P'A(6'&%)*:)%->*2.)'+*2%7'*%$$4(4.#%)*2%46+@*

8 L.++4:)'*W"%#("&*2.64V.#*'//'-(+*%#$*-)%++4-%)*Z[*(2'6&.$3#%&4-+J***************
S+*."6*-)%++4-%)*$'+-64,(4.#*./*:)%->*2.)'+*7%)4$@
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Z)%->*2.)'*,'6("6:%(4.#*(2'.63
8 U4#'%6*,'6("6:%(4.#+*./*(2'*
b-2B%6V+-24)$*:%->56."#$*

8 Q4#+('4#h+*'W"%(4.#+*/.6*(2'*,'6("6:%(4.#*

8 9'55'P12'')'6Po'64))4*'W"%(4.#*

8 L'6("6:%(4.#+*./*`'66*:)%->*2.)'+*

8 ^'">.)+>4*'W"%(4.#

Nollert 1999

✓
@2

@t2
� @2

@x2
+ Vlm(x)

◆
 lm(x, t) = 0
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Z)%->*2.)'*64#5$.B#

8 Z[*6'+,.#$+*(.*,'6("6:%(4.#+*:3*
\64#54#5]*;_4+27'+2%B%6%*FcKHC*L6'++*FcKFC*
9"//4#4gFcKfC*T2%#$6%+'>2%6*FcKO<**

8 m"%+4P#.6&%)*&.$'+*'A-4('$*:3*)452(P64#5*
-6.++4#5*;0.':')*FcKf<*
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,'6("6:%(4.#*(2'.63C*/4A'$*.#)3*:3*&%++*%#$*+,4#*;%#$*
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8 a%#4/'+(%(4.#*./*(2'*Z[*"#4W"'#'++*23,.(2'+4+C*Z'6(4*
'(*%)C*%6D47EHOFfFNH*

8 R&,)4("$'+*%#$*6')%(47'*,2%+'+*'4(2'6*,6'$4-('$*:3*
#"&'64-%)*6')%(474(3*.6*'+(4&%('$*/6.&*(2'*$%(%*

8 S#$','#$'#(*&'%+"6'&'#(*./*(2'*/4#%)*:)%->*2.)'*
,%6%&'('6+C*'#%:)4#5*%*('+(*./*09*,6'$4-(4.#+

h(t) =
X

nlm

Anlme�
t�t0
⌧nlm cos(!nlm(t� t0) + 'nlm)

Nollert, 2000
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LVC, 2020, arXiv:2010.14529 
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8 *

8 $'74%(4.#+*-.#+(6%4#'$*
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8 a.6'*+(64#5'#(*:."#$+*
%6'*,.++4:)'*B4(2*&.6'*
%++"&,(4.#+*;'J5J*
T%6")).C*fHfF<

(l, m, n) = (2,2,0)

(l, m, n) = (2,2,1)

LVC, 2020, arXiv:2010.14529 


