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• Tidal	response	and	Love	numbers.


Deformability	of	a	body	under	external	tidal	fields.	Gravitational	analog	of	polarizability.


- Consider	Newtonian	gravity	to	begin	with:
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r2� = 0 (exterior)

Love	number
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<latexit sha1_base64="hN+bYAUVBq5S3jh0I7bmjHwaY5Y=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIepKCF4+t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj26nfekKleSwfzDhBP6IDyUPOqLFS/b5XKrsVdwayTLyclCFHrVf66vZjlkYoDRNU647nJsbPqDKcCZwUu6nGhLIRHWDHUkkj1H42O3RCTq3SJ2GsbElDZurviYxGWo+jwHZG1Az1ojcV//M6qQmv/YzLJDUo2XxRmApiYjL9mvS5QmbE2BLKFLe3EjakijJjsynaELzFl5dJ87ziXVa8+kW5epPHUYBjOIEz8OAKqnAHNWgAA4RneIU359F5cd6dj3nripPPHMEfOJ8/rWWM2A==</latexit>

R
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�src



• A	naturalness	puzzle	in	classical	physics.	


Do	black	holes	acquire	induced	multiples	under	external	tidal	fields	?


- Yes	if	the	tidal	fields	are	time-dependent.	


- No	if	the	tidal	fields	are	static,	but	only	in	D=4 

- Valid	only	for	black	holes	(cfr.	neutron	stars). 

- This	is	puzzling!		Seems	to	violate	naturalness.
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Motivations

Known	for	linear	perturbations	+


some	nonlinear	ones	

Fang,	Lovelace	;	Damour,	Nagar	;	Bennington,	Poisson	;	Kol,	Smolkin	;	Le	Tiec,	Casals;		Chia	;	

Hui,	Joyce,	Penco,	Santoni,	Solomon;	Riva,	Vernizzi,	Savic	+	[…]	

The	problem	becomes	sharp	in	the	worldline	EFT	formulation. Goldberger,	Rothstein



• Why	does	this	happen?	


						Some	great	work	has	been	done	to	address	this	puzzle	in	BH	perturbation	theory:


- First	contributions:		NRG	decomposition,	isotropic	coordinates	and	 	


- Linear	perturbations	:					near	zone	symmetries	and	ladder	symmetries


- Nonlinear	axisymmetric	perturbations	(subclass	of	“electric”	tides)


• Still	many	questions.	 

-	Is	the	property	valid	to	full	nonlinear	order,	including	for	“magnetic”	tides? 

-	Why	is	there	no	running	from	the	EFT	point	of	view?	 

-	How	is	the	symmetry	realized	in	the	worldline	formalism?	 

ℤ2
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	Combaluzier-Szteinsznaider,	L.	Hui,	L.	Santoni,	A.	R.	Solomon,	S.	S.	C.	Wong			+		 Kehagias,		Riotto	


Dubovsky,	Ivanov,	Charalambous			+		Hui,	Joyce,	Penco,	Santoni,	Solomon

Kol	and	Smolkin					JHEP	02	(2012)	010				
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The	Worldline	EFT				(non-spinning	objects)

<latexit sha1_base64="hN+bYAUVBq5S3jh0I7bmjHwaY5Y=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIepKCF4+t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj26nfekKleSwfzDhBP6IDyUPOqLFS/b5XKrsVdwayTLyclCFHrVf66vZjlkYoDRNU647nJsbPqDKcCZwUu6nGhLIRHWDHUkkj1H42O3RCTq3SJ2GsbElDZurviYxGWo+jwHZG1Az1ojcV//M6qQmv/YzLJDUo2XxRmApiYjL9mvS5QmbE2BLKFLe3EjakijJjsynaELzFl5dJ87ziXVa8+kW5epPHUYBjOIEz8OAKqnAHNWgAA4RneIU359F5cd6dj3nripPPHMEfOJ8/rWWM2A==</latexit>

R
<latexit sha1_base64="FG9kwABaXzYYyOjlAlQsA9HVrTU=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68SK0YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWMbqd+6wmV5rF8MOME/YgOJA85o8ZK9fteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1nx6hfl6k0eRwGO4QTOwIMrqMId1KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AKcFjNc=</latexit>

M

<latexit sha1_base64="57gzYhIvsi0Z2YtwFr51VVGPDXg=">AAACKHicbVDLSgMxFM3Ud32NunQTLIKblhkRdSMW3bgRFK0VOnXIpGkbmsmMyY1YhvkcN/6KGxFF3PolprWCrwOBk3Pv4d57olRwDZ735hTGxicmp6ZnirNz8wuL7tLyhU6MoqxGE5Goy4hoJrhkNeAg2GWqGIkjwepR73 BQr98wpXkiz6GfsmZMOpK3OSVgpdDdPwuzNM3xHi4f44BLwK0AiMGBvlaQlTthFsQmkCYPWglkt/nV4PtFrRy6Ja/iDYH/En9ESmiEk9B9snZqYiaBCqJ1w/dSaGZEAaeC5cXAaJYS2iMd1rBUkpjpZjY8NMfrVmnhdqLss6sO1e+OjMRa9+PIdsYEuvp3bSD+V2sYaO82My5TA0zSz0FtIzAkeJAabnHFKIi+JYQqbnfFtEsUoWCzLdoQ/N8n/yUXmxV/u+KfbpWqB6M4ptEqWkMbyEc7qIqO0AmqIYru0AN6Ri/OvfPovDpvn60FZ+RZQT/gvH8AjI2nng==</latexit>
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p
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• Massive	point	particle


<latexit sha1_base64="QERuJGtoL5hItOUQQlNiiX1leDM=">AAACEHicbVDLSsNAFJ34rPUVdelmsIiuSiKiboSiG5cV7AOaWCaTSTt08mDmRlpCPsGNv+LGhSJuXbrzb5y2WWjrgQuHc+6dufd4ieAKLOvbWFhcWl5ZLa2V1zc2t7bNnd2milNJWYPGIpZtjygmeMQawEGwdiIZCT3BWt7geuy3HphUPI7uYJQwNyS9iAecEtBS1zxy/BiyYX6fOWGa40vs+IEkNPOHUyXPfAdImnfNilW1JsDzxC5IBRWod80v/TJNQxYBFUSpjm0l4GZEAqeC5WUnVSwhdEB6rKNpREKm3GxyUI4PteLjIJa6IsAT9fdERkKlRqGnO0MCfTXrjcX/vE4KwYWb8ShJgUV0+lGQCgwxHqeDfS4ZBTHShFDJ9a6Y9okOBHSGZR2CPXvyPGmeVO2zqn17WqldFXGU0D46QMfIRueohm5QHTUQRY/oGb2iN+PJeDHejY9p64JRzOyhPzA+fwB1uJ4h</latexit>

ẋµ =
dxµ

d⌧

<latexit sha1_base64="qoN/HomgSyXMF0R0PT0Dvn9maSc=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbTbt0swm7E6GE/gUvHhTx6h/y5r9x0+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu9zvPHFtRKwecZpwP6IjJULBKOZSH2k6qNbcujsHWSVeQWpQoDmofvWHMUsjrpBJakzPcxP0M6pRMMlnlX5qeELZhI54z1JFI278bH7rjJxZZUjCWNtSSObq74mMRsZMo8B2RhTHZtnLxf+8XorhjZ8JlaTIFVssClNJMCb542QoNGcop5ZQpoW9lbAx1ZShjadiQ/CWX14l7Yu6d1X3Hi5rjdsijjKcwCmcgwfX0IB7aEILGIzhGV7hzYmcF+fd+Vi0lpxi5hj+wPn8ASMljk4=</latexit>⌧

• Bulk	action:	gravity	in	4	dimension


<latexit sha1_base64="6QH6ahr5Xtt/Zavs4XuLlpwUTPo=">AAACH3icbVDLSsNAFJ3UV62vqEs3g0VwUUsipboRiiJ2WR99QFPLZDJph04ezkzEEvInbvwVNy4UEXf9G6dtFtp64MLhnHu59x47ZFRIwxhpmYXFpeWV7GpubX1jc0vf3mmIIOKY1HHAAt6ykSCM+qQuqWSkFXKCPJuRpj 24GPvNR8IFDfw7OQxJx0M9n7oUI6mkrl6+7caX1QSeQctxOcKxmcRm2QopvEqgRX0JnfvSk1WAlnjgMj7qKbUAb7p63igaE8B5YqYkD1LUuvq35QQ48ogvMUNCtE0jlJ0YcUkxI0nOigQJER6gHmkr6iOPiE48+S+BB0pxoBtwVeqiifp7IkaeEEPPVp0ekn0x643F/7x2JN3TTkz9MJLEx9NFbsSgDOA4LOhQTrBkQ0UQ5lTdCnEfqZikijSnQjBnX54njeOiWS6a16V85TyNIwv2wD44BCY4ARVQBTVQBxg8g1fwDj60F+1N+9S+pq0ZLZ3ZBX+gjX4Ahe+gyg==</latexit>
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Goldberger,	Rothstein		2006
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The	Worldline	EFT				(non-spinning	objects)

• Finite	size	terms:	intrinsic	multipoles


<latexit sha1_base64="FG9kwABaXzYYyOjlAlQsA9HVrTU=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68SK0YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWMbqd+6wmV5rF8MOME/YgOJA85o8ZK9fteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1nx6hfl6k0eRwGO4QTOwIMrqMId1KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AKcFjNc=</latexit>

M

<latexit sha1_base64="qoN/HomgSyXMF0R0PT0Dvn9maSc=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbTbt0swm7E6GE/gUvHhTx6h/y5r9x0+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu9zvPHFtRKwecZpwP6IjJULBKOZSH2k6qNbcujsHWSVeQWpQoDmofvWHMUsjrpBJakzPcxP0M6pRMMlnlX5qeELZhI54z1JFI278bH7rjJxZZUjCWNtSSObq74mMRsZMo8B2RhTHZtnLxf+8XorhjZ8JlaTIFVssClNJMCb542QoNGcop5ZQpoW9lbAx1ZShjadiQ/CWX14l7Yu6d1X3Hi5rjdsijjKcwCmcgwfX0IB7aEILGIzhGV7hzYmcF+fd+Vi0lpxi5hj+wPn8ASMljk4=</latexit>⌧

• Ricci-flat	background:	non-minimal	couplings	defined	in	terms	of	Weyl	tensor

<latexit sha1_base64="cA5H6f6BUmQUmACkPSED4wBpem8=">AAACJnicbVDLSgMxFM3UV62vqks3wSK4KjMi6qZSKILLCrYWOuOQSdM2NMkMSUYsw3yNG3/FjYuKiDs/xXQ6oLYeCJx7zr1J7gkiRpW27U+rsLS8srpWXC9tbG5t75R399oqjCUmLRyyUHYCpAijgrQ01Yx0IkkQDxi5C0aNqX/3QKSiobjV44h4HA0E7VOMtJH8cu3KT1weuyJOYQ02ZoUchkZwFR1wlEK3F+rkMb2fyj9FZvrlil21M8BF4uSkAnI0/fLEXIBjToTGDCnVdexIewmSmmJG0pIbKxIhPEID0jVUIE6Ul2RrpvDIKD3YD6U5QsNM/T2RIK7UmAemkyM9VPPeVPzP68a6f+ElVESxJgLPHurHDOoQTjODPSoJ1mxsCMKSmr9CPEQSYW2SLZkQnPmVF0n7pOqcVZ2b00r9Mo+jCA7AITgGDjgHdXANmqAFMHgCL2AC3qxn69V6tz5mrQUrn9kHf2B9fQNun6cC</latexit>

Eµ⌫ = Cµ⇢⌫�ẋ
⇢ẋ�

<latexit sha1_base64="DikYIITOqFFi/cFvo20dk4dXby4=">AAACLnicbVDLSgMxFM34rPVVdekmWARXZUZE3SjFIrisYB/QqSWTpm1okhmSO2IZ5ovc+Cu6EFTErZ9h+gC19UDg5Jx7b3JPEAluwHVfnbn5hcWl5cxKdnVtfWMzt7VdNWGsKavQUIS6HhDDBFesAhwEq0eaERkIVgv6paFfu2Pa8FDdwCBiTUm6inc4JWClVu7yopX4MvZVnOIz7AMXbZaU0rGoe6E1fMO7kqTYb4eQ3Ke3Q/nnMjJbubxbcEfAs8SbkDyaoNzKPdsBNJZMARXEmIbnRtBMiAZOBUuzfmxYRGifdFnDUkUkM81ktG6K963Sxp1Q26MAj9TfHQmRxgxkYCslgZ6Z9obif14jhs5pM+EqioEpOn6oEwsMIR5mh9tcMwpiYAmhmtu/YtojmlCwCWdtCN70yrOkeljwjgve9VG+eD6JI4N20R46QB46QUV0hcqogih6QE/oDb07j86L8+F8jkvnnEnPDvoD5+sbj1iqtQ==</latexit>

Bµ⌫ = C̃µ⇢⌫�ẋ
⇢ẋ�

rest	frame	

<latexit sha1_base64="6wQPlwqXQChNMsAKjIxgr7svCpY=">AAACBHicbVC7TsMwFHV4lvIKMHaxqJCYqgQhYEGqYGEsEn1IbRo5jtNadR6ybxBVlIGFX2FhACFWPoKNv8FtM0DLkSwdn3Pvte/xEsEVWNa3sbS8srq2Xtoob25t7+yae/stFaeSsiaNRSw7HlFM8Ig1gYNgnUQyEnqCtb3R9cRv3zOpeBzdwThhTkgGEQ84JaAl16z0/Biyh7zfC9NL3POZANLP9CV3LdesWjVrCrxI7IJUUYGGa37paTQNWQRUEKW6tpWAkxEJnAqWl3upYgmhIzJgXU0jEjLlZNMlcnykFR8HsdQnAjxVf3dkJFRqHHq6MiQwVPPeRPzP66YQXDgZj5IUWERnDwWpwBDjSSLY55JREGNNCJVc/xXTIZGEgs6trEOw51deJK2Tmn1Ws29Pq/WrIo4SqqBDdIxsdI7q6AY1UBNR9Iie0St6M56MF+Pd+JiVLhlFzwH6A+PzBwRemFQ=</latexit>

ẋµ = �µ0

<latexit sha1_base64="BXDrzX2Yo01UUuIS5snC1cmTGW8="></latexit>

Smult =

Z
d⌧

�
QijEij + . . .

�
these	are	absent	for	black	holes

<latexit sha1_base64="4t8rBr9+3KQwHir49bBibeIkzU0="></latexit>

(@E)` ⌘ @hi1 . . . @i`�2Ei`�1i`i

electric magnetic

<latexit sha1_base64="Z0mqsY9INxi1o/ouKkXWQHcVlwg="></latexit>

(@B)` ⌘ @hi1 . . . @i`�2Bi`�1i`i

		symmetric	and	traceless	combination⟨…⟩

angular	momentum	 	ℓ ≥ 2
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The	Worldline	EFT				(non-spinning	objects)
<latexit sha1_base64="qoN/HomgSyXMF0R0PT0Dvn9maSc=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbTbt0swm7E6GE/gUvHhTx6h/y5r9x0+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu9zvPHFtRKwecZpwP6IjJULBKOZSH2k6qNbcujsHWSVeQWpQoDmofvWHMUsjrpBJakzPcxP0M6pRMMlnlX5qeELZhI54z1JFI278bH7rjJxZZUjCWNtSSObq74mMRsZMo8B2RhTHZtnLxf+8XorhjZ8JlaTIFVssClNJMCb542QoNGcop5ZQpoW9lbAx1ZShjadiQ/CWX14l7Yu6d1X3Hi5rjdsijjKcwCmcgwfX0IB7aEILGIzhGV7hzYmcF+fd+Vi0lpxi5hj+wPn8ASMljk4=</latexit>⌧

• Finite	size	terms:	tidal	effects

linear	Love	numbers

Static	response	

<latexit sha1_base64="J+uFO7pmIX1g8ALaecWXuxWbAIw="></latexit>

S(1)
Love =

Z
d⌧

X

`

h
�(E)
` (@E)2` + �(B)

` (@B)2`

i

<latexit sha1_base64="0b0uMassJCgTYsT7En74/KGQz+M="></latexit>

S(n)
Love =

Z
d⌧

X

~̀

"
�(E)
~̀,n

⇣
(@E)`1 . . . (@E)`n+1

⌘
+

�(B)
~̀,n

⇣
(@B)`1 . . . (@B)`n+1

⌘
+mixed

# nonlinear	Love	numbers

Dynamic	response	
<latexit sha1_base64="5bKbzvd886N5Dqs2Wm6K9gTRbZY="></latexit>

Sdiss. =

Z
d⌧

X

`

h
�(E)
`,! (@Ė�)`(@E+)` + · · ·

i

<latexit sha1_base64="H0tGjT/cxxQFIOv7TqWBi/58bxY="></latexit>

Sdynamic =

Z
d⌧

X

`

h
�(E)
`,!2(@Ė)`(@Ė)` + · · ·

i

dissipation	numbers	

dynamic	Love	numbers	

<latexit sha1_base64="FG9kwABaXzYYyOjlAlQsA9HVrTU=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68SK0YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWMbqd+6wmV5rF8MOME/YgOJA85o8ZK9fteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1nx6hfl6k0eRwGO4QTOwIMrqMId1KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AKcFjNc=</latexit>

M
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Matching	and	running	effects	in	worldline	EFT

<latexit sha1_base64="FAJpQi/1l+dD//mfM0mr37iq8Jk=">AAAB7nicbVDLSgMxFL1TX7W+qi7dBIsgCGVGirqSghuXFewD2qFk0kwbmskMyR2hDP0INy4Ucev3uPNvTNtZaOuBwOGce8i9J0ikMOi6305hbX1jc6u4XdrZ3ds/KB8etUycasabLJax7gTUcCkUb6JAyTuJ5jQKJG8H47uZ337i2ohYPeIk4X5Eh0qEglG0UvuC9AYxmn654lbdOcgq8XJSgRyNfvnL5lgacYVMUmO6npugn1GNgkk+LfVSwxPKxnTIu5YqGnHjZ/N1p+TMKgMSxto+hWSu/k5kNDJmEgV2MqI4MsveTPzP66YY3viZUEmKXLHFR2EqCcZkdjsZCM0ZyokllGlhdyVsRDVlaBsq2RK85ZNXSeuy6l1VvYdapX6b11GEEziFc/DgGupwDw1oAoMxPMMrvDmJ8+K8Ox+L0YKTZ47hD5zPH69jjyM=</latexit>

+ . . .

• Nonlinearities	in	the	worldline	EFT

• Matching	UV	theory	and	EFT

Expect	mixing	and	running!

see	e.g.	Ivanov,	Zhou	for	probe	scalar

<latexit sha1_base64="svrtJ52D7nFSgbjJomlSbTvRbMU=">AAAB9XicbVDLSsNAFL2pr1pfVZdugkVwVRIRdSUFNy4r2Ac0sUwmN+3QySTMTJQS+h9uXCji1n9x5984bbPQ1gMDh3PO5d45QcqZ0o7zbZVWVtfWN8qbla3tnd296v5BWyWZpNiiCU9kNyAKORPY0kxz7KYSSRxw7ASjm6nfeUSpWCLu9ThFPyYDwSJGiTbSg8dNNCT93EPOJ/1qzak7M9jLxC1IDQo0+9UvL0xoFqPQlBOleq6Taj8nUjPKcVLxMoUpoSMywJ6hgsSo/Hx29cQ+MUpoR4k0T2h7pv6eyEms1DgOTDImeqgWvan4n9fLdHTl50ykmUZB54uijNs6sacV2CGTSDUfG0KoZOZWmw6JJFSboiqmBHfxy8ukfVZ3L+ru3XmtcV3UUYYjOIZTcOESGnALTWgBBQnP8Apv1pP1Yr1bH/NoySpmDuEPrM8fz/2StQ==</latexit>

�`

<latexit sha1_base64="KSPZ/7RivM1WIegSr7wAnxqCrMc=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIiqeCFy9CC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0PBh7vzTAzL0gE18Z1v52V1bX1jc3CVnF7Z3dvv3Rw2NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6Hbqt55QaR7LBzNO0I/oQPKQM2qsVL/vlcpuxZ2BLBMvJ2XIUeuVvrr9mKURSsME1brjuYnxM6oMZwInxW6qMaFsRAfYsVTSCLWfzQ6dkFOr9EkYK1vSkJn6eyKjkdbjKLCdETVDvehNxf+8TmrCaz/jMkkNSjZfFKaCmJhMvyZ9rpAZMbaEMsXtrYQNqaLM2GyKNgRv8eVl0jyveJcVr35Rrt7kcRTgGE7gDDy4gircQQ0awADhGV7hzXl0Xpx352PeuuLkM0fwB87nD6SdjM8=</latexit>

M

<latexit sha1_base64="KSPZ/7RivM1WIegSr7wAnxqCrMc=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIiqeCFy9CC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0PBh7vzTAzL0gE18Z1v52V1bX1jc3CVnF7Z3dvv3Rw2NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6Hbqt55QaR7LBzNO0I/oQPKQM2qsVL/vlcpuxZ2BLBMvJ2XIUeuVvrr9mKURSsME1brjuYnxM6oMZwInxW6qMaFsRAfYsVTSCLWfzQ6dkFOr9EkYK1vSkJn6eyKjkdbjKLCdETVDvehNxf+8TmrCaz/jMkkNSjZfFKaCmJhMvyZ9rpAZMbaEMsXtrYQNqaLM2GyKNgRv8eVl0jyveJcVr35Rrt7kcRTgGE7gDDy4gircQQ0awADhGV7hzXl0Xpx352PeuuLkM0fwB87nD6SdjM8=</latexit>

M

<latexit sha1_base64="KSPZ/7RivM1WIegSr7wAnxqCrMc=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIiqeCFy9CC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0PBh7vzTAzL0gE18Z1v52V1bX1jc3CVnF7Z3dvv3Rw2NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6Hbqt55QaR7LBzNO0I/oQPKQM2qsVL/vlcpuxZ2BLBMvJ2XIUeuVvrr9mKURSsME1brjuYnxM6oMZwInxW6qMaFsRAfYsVTSCLWfzQ6dkFOr9EkYK1vSkJn6eyKjkdbjKLCdETVDvehNxf+8TmrCaz/jMkkNSjZfFKaCmJhMvyZ9rpAZMbaEMsXtrYQNqaLM2GyKNgRv8eVl0jyveJcVr35Rrt7kcRTgGE7gDDy4gircQQ0awADhGV7hzXl0Xpx352PeuuLkM0fwB87nD6SdjM8=</latexit>

M

<latexit sha1_base64="KSPZ/7RivM1WIegSr7wAnxqCrMc=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIiqeCFy9CC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0PBh7vzTAzL0gE18Z1v52V1bX1jc3CVnF7Z3dvv3Rw2NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6Hbqt55QaR7LBzNO0I/oQPKQM2qsVL/vlcpuxZ2BLBMvJ2XIUeuVvrr9mKURSsME1brjuYnxM6oMZwInxW6qMaFsRAfYsVTSCLWfzQ6dkFOr9EkYK1vSkJn6eyKjkdbjKLCdETVDvehNxf+8TmrCaz/jMkkNSjZfFKaCmJhMvyZ9rpAZMbaEMsXtrYQNqaLM2GyKNgRv8eVl0jyveJcVr35Rrt7kcRTgGE7gDDy4gircQQ0awADhGV7hzXl0Xpx352PeuuLkM0fwB87nD6SdjM8=</latexit>

M

<latexit sha1_base64="KSPZ/7RivM1WIegSr7wAnxqCrMc=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIiqeCFy9CC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0PBh7vzTAzL0gE18Z1v52V1bX1jc3CVnF7Z3dvv3Rw2NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6Hbqt55QaR7LBzNO0I/oQPKQM2qsVL/vlcpuxZ2BLBMvJ2XIUeuVvrr9mKURSsME1brjuYnxM6oMZwInxW6qMaFsRAfYsVTSCLWfzQ6dkFOr9EkYK1vSkJn6eyKjkdbjKLCdETVDvehNxf+8TmrCaz/jMkkNSjZfFKaCmJhMvyZ9rpAZMbaEMsXtrYQNqaLM2GyKNgRv8eVl0jyveJcVr35Rrt7kcRTgGE7gDDy4gircQQ0awADhGV7hzXl0Xpx352PeuuLkM0fwB87nD6SdjM8=</latexit>

M

matching

Full	theory:	response	theory	for	BH	perturbations

<latexit sha1_base64="jTAjQu6uvOTGUM+BqxDWZp44kJo=">AAACB3icbVDLSsNAFJ34rPUVdSnIYBHqpiRFVAShoAuXFewDmhgm05t26OTBzEQooTs3/oobF4q49Rfc+TdO2i609cCFwzn3cu89fsKZVJb1bSwsLi2vrBbWiusbm1vb5s5uU8apoNCgMY9F2ycSOIugoZji0E4EkNDn0PIHV7nfegAhWRzdqWECbkh6EQsYJUpLnnnghET1KeHZ9ei+irGT9JnnAOdlcYwvLc8sWRVrDDxP7CkpoSnqnvnldGOahhApyomUHdtKlJsRoRjlMCo6qYSE0AHpQUfTiIQg3Wz8xwgfaaWLg1joihQeq78nMhJKOQx93ZlfLWe9XPzP66QqOHczFiWpgohOFgUpxyrGeSi4ywRQxYeaECqYvhXTPhGEKh1dUYdgz748T5rVin1asW9PSrWLaRwFtI8OURnZ6AzV0A2qowai6BE9o1f0ZjwZL8a78TFpXTCmM3voD4zPH942l/w=</latexit>

D2�`(r) = 0

Kol,	Smolkin	;	Hui,	Joyce,	Penco,	Santoni,	Solomon;	[…]
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Our	proposal

• There	is	an	accidental	symmetry	in	the	static	sector	of	GR	(at	classical	level)


• Some	of	its	aspects	are	unique	to	D=4	


• Broken	by	worldline	coupling	to	the	mass,	but	gives	useful	selection	rules	for	BHs	response 

-	Implies	radiative	stability	of	Love	numbers:	no	running	(spurion	analysis) 

-	Analytic	contributions	are	controlled:	vanishing	of	Love	numbers	for	BH	in	D=4


• Valid	for	both	E,	B	at	full	nonlinear	order


Time-independent	metrics:				Kaluza-Klein-like	reduction	


<latexit sha1_base64="pW/RDdE6XddxftquVY6NDuhN+K4="></latexit>

ds2 = �e2�(dt�Aidx
i)2 + e�2��ijdx

idxj

NB:	this	includes	stationary	metrics!	Important	to	probe	magnetic	tides.

3D

<latexit sha1_base64="R8nEcJB4C3MD3Z+2rxXlCWYDU8Q="></latexit>

SEH = �
1

16⇡G

Z
d4x

p
�
⇣
�R(3)[�] + 2(@i�)

2
�

1

4
e4�F 2

ij

⌘
+O(@2

t )
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An	accidental	symmetry	in	the	time-independent	sector	of	GR

In		 			we	can	dualize	the	“graviphoton”		 			to	a	pseudo	scalar	“axion”		 	:D = 4 Ai a(x)
<latexit sha1_base64="yfr4S1rzID5F3mYWbOV1uVdUAB0="></latexit>

1

2
"jki Fjk = e�4�@ia

<latexit sha1_base64="wzqT7vgEpYNK0DNiblVuzphfabo="></latexit>

! 2(@i�)
2 +

1

2
e�4�(@ia)

2

<latexit sha1_base64="zMshVfkuqtc/nC/XE/rg93+V6e8=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoMgCGE3SPQiBL14jGAekGzC7KSTDJl9MDOrxCX/4cWDIl79F2/+jZNkD5pY0FBUddPd5UWCK23b31ZmZXVtfSO7mdva3tndy+8f1FUYS4Y1FopQNj2qUPAAa5prgc1IIvU9gQ1vdDP1Gw8oFQ+Dez2O0PXpIOB9zqg2Uufpip5x7CSldjTkk26+YBftGcgycVJSgBTVbv6r3QtZ7GOgmaBKtRw70m5CpeZM4CTXjhVGlI3oAFuGBtRH5SazqyfkxCg90g+lqUCTmfp7IqG+UmPfM50+1UO16E3F/7xWrPuXbsKDKNYYsPmifiyIDsk0AtLjEpkWY0Mok9zcStiQSsq0CSpnQnAWX14m9VLRKRfLd+eFynUaRxaO4BhOwYELqMAtVKEGDCQ8wyu8WY/Wi/VufcxbM1Y6cwh/YH3+ABqwkkc=</latexit>

z = a+ ie2�
<latexit sha1_base64="IVGO4E0aWEp+cZWXIIeWlkZftnM=">AAAB+nicbVDLSgNBEJz1GeNro0cvg0GIl7ArEgVBgl70FsE8ILuE2clsMmT2wUyvGtd8ihcPinj1S7z5N06SPWhiQUNR1U13lxcLrsCyvo2FxaXlldXcWn59Y3Nr2yzsNFSUSMrqNBKRbHlEMcFDVgcOgrViyUjgCdb0Bpdjv3nHpOJReAvDmLkB6YXc55SAljpmoeQAe4D0Ohg5Z/jx3DrsmEWrbE2A54mdkSLKUOuYX043oknAQqCCKNW2rRjclEjgVLBR3kkUiwkdkB5raxqSgCk3nZw+wgda6WI/krpCwBP190RKAqWGgac7AwJ9NeuNxf+8dgL+qZvyME6AhXS6yE8EhgiPc8BdLhkFMdSEUMn1rZj2iSQUdFp5HYI9+/I8aRyV7Uq5cnNcrF5kceTQHtpHJWSjE1RFV6iG6oiie/SMXtGb8WS8GO/Gx7R1wchmdtEfGJ8/40OTHw==</latexit>

(Im z > 0)

Nonlinear	sigma	model!					(Ehlers	group)
<latexit sha1_base64="7Wr7VK1PagUxV1A8H3VnB2h4pl0=">AAACIXicbVDLSgMxFM3UV62vUZduBovQotSZIrXLohsXQuujD2hryaSZNjSTGZKMUIb5FTf+ihsXinQn/oyZaRFtPRA4Oefe5N5j+5QIaZqfWmppeWV1Lb2e2djc2t7Rd/cawgs4wnXkUY+3bCgwJQzXJZEUt3yOoWtT3LRHl7HffMRcEI/dy7GPuy4cMOIQBKWSenq540I55G54dx3liifJzbbD2yh/+uNUlZM/ruY6PuSSQNqTD8V8T8+aBTOBsUisGcmCGWo9fdLpeyhwMZOIQiHalunLbhg/iSiOMp1AYB+iERzgtqIMulh0w2TDyDhSSt9wPK4Ok0ai/u4IoSvE2LVVZTy1mPdi8T+vHUin3A0J8wOJGZp+5ATUkJ4Rx2X0CcdI0rEiEHGiZjXQEHKIpAo1o0Kw5ldeJI1iwSoVSjdn2crFLI40OACHIAcscA4q4ArUQB0g8ARewBt41561V+1Dm0xLU9qsZx/8gfb1DQhMos0=</latexit>

SL(2,R)/SO(2) +O(@
2
t )

<latexit sha1_base64="dcMfAqSu0iL0Yp0SQiqfevnKUd0="></latexit>

SEH = � 1

16⇡G

Z
d4x

p
�

✓
�R[�] + 2(@i�)

2 � 1

4
e4�F 2

ij

◆

Introduce	a	complex	scalar	field:

Recognized	as	solution	generating	symmetry	in	work	by	Buchdahl,	Ernst,	Ehlers,	Geroch

accidental

<latexit sha1_base64="m+6b9BfiMSgYCNe7mppSt4NhuTo="></latexit>

SEH = �
1

16⇡G

Z
d4x

p
�
⇣
�R(3)[�] +

1

2

@iz @iz̄

(Im z)2

⌘
+O(@2

t )
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SL(2,R)	symmetry

We	can	use	a	conformal	map	from	the	upper-half	plane	to	the	unit	disk


<latexit sha1_base64="U1sHKHshyIT579FFuyUCVxxmgCA=">AAAB/3icbVDLSsNAFL2pr1pfUcGNm8EiCIWSiFSXRTcuK9gHNKFMppN26OTBzERoYxb+ihsXirj1N9z5N07bLLT1wIXDOfdy7z1ezJlUlvVtFFZW19Y3ipulre2d3T1z/6Alo0QQ2iQRj0THw5JyFtKmYorTTiwoDjxO297oZuq3H6iQLArv1TimboAHIfMZwUpLPfNo4qgIOb7AJMWTipelZFLpZz2zbFWtGdAysXNShhyNnvnl9COSBDRUhGMpu7YVKzfFQjHCaVZyEkljTEZ4QLuahjig0k1n92foVCt95EdCV6jQTP09keJAynHg6c4Aq6Fc9Kbif143Uf6Vm7IwThQNyXyRn3CkX56GgfpMUKL4WBNMBNO3IjLEOgulIyvpEOzFl5dJ67xq16q1u4ty/TqPowjHcAJnYMMl1OEWGtAEAo/wDK/wZjwZL8a78TFvLRj5zCH8gfH5AxFTlic=</latexit>

z ! az + b

cz + d

<latexit sha1_base64="XXfSB0R1k+NSaJFuKQlnVXIfuBE=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4sSQi1YtQ9OKxgv2ANpTNZtIu3WzC7kYopT/CiwdFvPp7vPlv3LY5aOuDgcd7M8zMC1LBtXHdb2dldW19Y7OwVdze2d3bLx0cNnWSKYYNlohEtQOqUXCJDcONwHaqkMaBwFYwvJv6rSdUmify0YxS9GPalzzijBortWh4HrAbr1cquxV3BrJMvJyUIUe9V/rqhgnLYpSGCap1x3NT44+pMpwJnBS7mcaUsiHtY8dSSWPU/nh27oScWiUkUaJsSUNm6u+JMY21HsWB7YypGehFbyr+53UyE137Yy7TzKBk80VRJohJyPR3EnKFzIiRJZQpbm8lbEAVZcYmVLQheIsvL5PmRcWrVqoPl+XabR5HAY7hBM7AgyuowT3UoQEMhvAMr/DmpM6L8+58zFtXnHzmCP7A+fwBWMiO8A==</latexit>

ad� bc = 1

<latexit sha1_base64="gucc2zc+Flv68QLXPZ+mEzALa5Y=">AAACAHicbVC7SgNBFL0bXzG+Vi0sbAaDYKFhVySKNkEby4jmAdkQZiezyZDZBzOzQrJs46/YWChi62fY+TdOki008cDA4Zx7uXOOG3EmlWV9G7mFxaXllfxqYW19Y3PL3N6pyzAWhNZIyEPRdLGknAW0ppjitBkJin2X04Y7uBn7jUcqJAuDBzWMaNvHvYB5jGClpY65d3/pXKGRo0J04ngCk8ROk1F63DGLVsmaAM0TOyNFyFDtmF9ONySxTwNFOJayZVuRaidYKEY4TQtOLGmEyQD3aEvTAPtUtpNJgBQdaqWLvFDoFyg0UX9vJNiXcui7etLHqi9nvbH4n9eKlXfRTlgQxYoGZHrIiznSccdtoC4TlCg+1AQTwfRfEeljXYPSnRV0CfZs5HlSPy3Z5VL57qxYuc7qyMM+HMAR2HAOFbiFKtSAQArP8ApvxpPxYrwbH9PRnJHt7MIfGJ8/WxeVpQ==</latexit>

S : z ! �1

z
,

<latexit sha1_base64="l2beagMrzjERfkC41wOwpdoZUfw=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSIIQklEquil6MVjhX5BE8pmu2mXbjZxd1NoQ3+HFw+KePXHePPfuG1z0NYHA4/3ZpiZ58ecKW3b39bK6tr6xmZuK7+9s7u3Xzg4bKgokYTWScQj2fKxopwJWtdMc9qKJcWhz2nTH9xP/eaQSsUiUdOjmHoh7gkWMIK1kbzajXuLxq6O0Pjc7xSKdsmeAS0TJyNFyFDtFL7cbkSSkApNOFaq7dix9lIsNSOcTvJuomiMyQD3aNtQgUOqvHR29ASdGqWLgkiaEhrN1N8TKQ6VGoW+6Qyx7qtFbyr+57UTHVx7KRNxoqkg80VBwpF5cpoA6jJJieYjQzCRzNyKSB9LTLTJKW9CcBZfXiaNi5JTLpUfL4uVuyyOHBzDCZyBA1dQgQeoQh0IPMEzvMKbNbRerHfrY966YmUzR/AH1ucPT8GRLA==</latexit>

T : z ! z + b

<latexit sha1_base64="H8mhIb9o2Cqai2BYlYz9ta1UVDU=">AAAB/HicbVDLSsNAFL3xWesr2qWbwSIIYklEquim6MZlBfuAJpTJdNIOnTyYmQhpqL/ixoUibv0Qd/6N0zYLbT1w4XDOvdx7jxdzJpVlfRtLyyura+uFjeLm1vbOrrm335RRIghtkIhHou1hSTkLaUMxxWk7FhQHHqctb3g78VuPVEgWhQ8qjakb4H7IfEaw0lLXLJ3Ur5xrNHJUhE4dD4tsNO6aZatiTYEWiZ2TMuSod80vpxeRJKChIhxL2bGtWLkZFooRTsdFJ5E0xmSI+7SjaYgDKt1sevwYHWmlh/xI6AoVmqq/JzIcSJkGnu4MsBrIeW8i/ud1EuVfuhkL40TRkMwW+QlH+tNJEqjHBCWKp5pgIpi+FZEBFpgonVdRh2DPv7xImmcVu1qp3p+Xazd5HAU4gEM4BhsuoAZ3UIcGEEjhGV7hzXgyXox342PWumTkMyX4A+PzB0JTk+k=</latexit>

+P : z ! �z̄

<latexit sha1_base64="bI72OtXCJaDuMxBxh7CxoOSFy7c=">AAACEnicbVDLSgMxFM3UV62vUZdugkVQSstMkeqmUHTjsoJ9QGcomTTThmYyQ5JR2mG+wY2/4saFIm5dufNvTB8LbT0QOJxzDzf3eBGjUlnWt5FZWV1b38hu5ra2d3b3zP2DpgxjgUkDhywUbQ9JwignDUUVI+1IEBR4jLS84fXEb90TIWnI79QoIm6A+pz6FCOlpa559lB1fIFwMi7SNBkXaFp1ogEt0pmK0qScFpxeqGTXzFslawq4TOw5yYM56l3zS+dwHBCuMENSdmwrUm6ChKKYkTTnxJJECA9Rn3Q05Sgg0k2mJ6XwRCs96IdCP67gVP2dSFAg5Sjw9GSA1EAuehPxP68TK//STSiPYkU4ni3yYwZVCCf9wB4VBCs20gRhQfVfIR4g3YXSLeZ0CfbiycukWS7ZlVLl9jxfu5rXkQVH4BicAhtcgBq4AXXQABg8gmfwCt6MJ+PFeDc+ZqMZY545BH9gfP4Az9ieNg==</latexit>

w =
z � i

z + i
= �� i

a

2
+ . . .

<latexit sha1_base64="uhW+ji0qwW5lsJUyJnbWKH54LAk=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBiyWRUkUvRS8eK9oPaELZbDft0s0m7G4sJfRvePGgiFf/jDf/jds2B219MPB4b4aZeX7MmdK2/W3lVlbX1jfym4Wt7Z3dveL+QVNFiSS0QSIeybaPFeVM0IZmmtN2LCkOfU5b/vB26reeqFQsEo96HFMvxH3BAkawNpL7cOVeo5GrI3Q26hZLdtmeAS0TJyMlyFDvFr/cXkSSkApNOFaq49ix9lIsNSOcTgpuomiMyRD3acdQgUOqvHR28wSdGKWHgkiaEhrN1N8TKQ6VGoe+6QyxHqhFbyr+53USHVx6KRNxoqkg80VBwpH5cRoA6jFJieZjQzCRzNyKyABLTLSJqWBCcBZfXibN87JTLVfvK6XaTRZHHo7gGE7BgQuowR3UoQEEYniGV3izEuvFerc+5q05K5s5hD+wPn8Aim+Quw==</latexit>

S : w ! �w

This		 	was	mainly	known	as	a	generating	symmetry	(at	the	level	of	e.o.m.).


We	see	that	it	is	an	ordinary	accidental	symmetry	of	the	time-independent	sector

SL(2,ℝ)

Symmetry	action:

Generated	by:

In	addition	there	is	parity:

<latexit sha1_base64="jM6DhzfZpF5VL3kWiauUSVTAGoI="></latexit>

SEH = � 1

16⇡G

Z
dtd3x

p
�

✓
�R(3)[�] + 2

@iw @iw

(1� ww)2

◆
<latexit sha1_base64="7Wr7VK1PagUxV1A8H3VnB2h4pl0=">AAACIXicbVDLSgMxFM3UV62vUZduBovQotSZIrXLohsXQuujD2hryaSZNjSTGZKMUIb5FTf+ihsXinQn/oyZaRFtPRA4Oefe5N5j+5QIaZqfWmppeWV1Lb2e2djc2t7Rd/cawgs4wnXkUY+3bCgwJQzXJZEUt3yOoWtT3LRHl7HffMRcEI/dy7GPuy4cMOIQBKWSenq540I55G54dx3liifJzbbD2yh/+uNUlZM/ruY6PuSSQNqTD8V8T8+aBTOBsUisGcmCGWo9fdLpeyhwMZOIQiHalunLbhg/iSiOMp1AYB+iERzgtqIMulh0w2TDyDhSSt9wPK4Ok0ai/u4IoSvE2LVVZTy1mPdi8T+vHUin3A0J8wOJGZp+5ATUkJ4Rx2X0CcdI0rEiEHGiZjXQEHKIpAo1o0Kw5ldeJI1iwSoVSjdn2crFLI40OACHIAcscA4q4ArUQB0g8ARewBt41561V+1Dm0xLU9qsZx/8gfb1DQhMos0=</latexit>

SL(2,R)/SO(2) +O(@
2
t )
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Spurionic	symmetry	in	the	“UV	theory”

Schwarzschild	background	in	isotropic	coordinates

<latexit sha1_base64="UO3bEnjuq9368nYNQzdlAA2YArA=">AAAB/nicbVDLSsNAFL2pr1pfUXHlZrAIrkpSpLosutCNUME+oAllMp20QycPZyaFEgL+ihsXirj1O9z5N07bLLT1wIXDOfdy7z1ezJlUlvVtFFZW19Y3ipulre2d3T1z/6Alo0QQ2iQRj0THw5JyFtKmYorTTiwoDjxO297oeuq3x1RIFoUPahJTN8CDkPmMYKWlnnnUcehjwsbI8QUm6c1dllZF1jPLVsWaAS0TOydlyNHomV9OPyJJQENFOJaya1uxclMsFCOcZiUnkTTGZIQHtKtpiAMq3XR2foZOtdJHfiR0hQrN1N8TKQ6knASe7gywGspFbyr+53UT5V+6KQvjRNGQzBf5CUcqQtMsUJ8JShSfaIKJYPpWRIZY56B0YiUdgr348jJpVSt2rVK7Py/Xr/I4inAMJ3AGNlxAHW6hAU0gkMIzvMKb8WS8GO/Gx7y1YOQzh/AHxucPLlKVpg==</latexit>

X ⌘ GM

2r

<latexit sha1_base64="SrEbCtXWGb1ENfkRNHQ56CE00bs="></latexit>

wSchw = � 2X

1 +X2
, �ij = (1�X2)2�ij

Minkowski	vacuum:		
<latexit sha1_base64="7Wr7VK1PagUxV1A8H3VnB2h4pl0=">AAACIXicbVDLSgMxFM3UV62vUZduBovQotSZIrXLohsXQuujD2hryaSZNjSTGZKMUIb5FTf+ihsXinQn/oyZaRFtPRA4Oefe5N5j+5QIaZqfWmppeWV1Lb2e2djc2t7Rd/cawgs4wnXkUY+3bCgwJQzXJZEUt3yOoWtT3LRHl7HffMRcEI/dy7GPuy4cMOIQBKWSenq540I55G54dx3liifJzbbD2yh/+uNUlZM/ruY6PuSSQNqTD8V8T8+aBTOBsUisGcmCGWo9fdLpeyhwMZOIQiHalunLbhg/iSiOMp1AYB+iERzgtqIMulh0w2TDyDhSSt9wPK4Ok0ai/u4IoSvE2LVVZTy1mPdi8T+vHUin3A0J8wOJGZp+5ATUkJ4Rx2X0CcdI0rEiEHGiZjXQEHKIpAo1o0Kw5ldeJI1iwSoVSjdn2crFLI40OACHIAcscA4q4ArUQB0g8ARewBt41561V+1Dm0xLU9qsZx/8gfb1DQhMos0=</latexit>

SL(2,R)/SO(2) +O(@
2
t )

<latexit sha1_base64="WJ6jLkaMiuqz+NejIUl87ZdOUPY="></latexit>

ds2 = �
✓
1�X

1 +X

◆2

dt2 +
⇣
1 +X

⌘4
�ij dx

idxj

<latexit sha1_base64="Mu4eB0eCVGx8GeuvXWkOUUYlJlM=">AAAB/nicbVDLSgMxFL3js9bXqLhyEyyCqzIjom4KRTcuK9gHtEPJZNI2NJOZJhmlDgV/xY0LRdz6He78G9N2BG09cLmHc+4lN8ePOVPacb6shcWl5ZXV3Fp+fWNza9ve2a2pKJGEVknEI9nwsaKcCVrVTHPaiCXFoc9p3e9fjf36HZWKReJWD2PqhbgrWIcRrI3UtvcfSgy1BoMEBz/tvuS07YJTdCZA88TNSAEyVNr2ZyuISBJSoQnHSjVdJ9ZeiqVmhNNRvpUoGmPSx13aNFTgkCovnZw/QkdGCVAnkqaERhP190aKQ6WGoW8mQ6x7atYbi/95zUR3LryUiTjRVJDpQ52EIx2hcRYoYJISzYeGYCKZuRWRHpaYaJNY3oTgzn55ntROiu5Z0b05LZQvszhycACHcAwunEMZrqECVSCQwhO8wKv1aD1bb9b7dHTBynb24A+sj2/17pTX</latexit>

z = i w = 0 <latexit sha1_base64="eDwBR7bZW5x2P1iDrh1+rkyBU90=">AAAB/HicbVDLSgNBEJz1GeMrmqOXwSB4Crsi6jHoxWME84BsDLOT3mTI7Owy02sIS/wVLx4U8eqHePNvnDwOmljQUFR1090VJFIYdN1vZ2V1bX1jM7eV397Z3dsvHBzWTZxqDjUey1g3A2ZACgU1FCihmWhgUSChEQxuJn7jEbQRsbrHUQLtiPWUCAVnaKVOoTikPsYUHjLhYx+QjemwUyi5ZXcKuky8OSmROaqdwpffjXkagUIumTEtz02wnTGNgksY5/3UQML4gPWgZaliEZh2Nj1+TE+s0qVhrG0ppFP190TGImNGUWA7I4Z9s+hNxP+8VorhVTsTKkkRFJ8tClNJ7buTJGhXaOAoR5YwroW9lfI+04yjzStvQ/AWX14m9bOyd1H27s5Llet5HDlyRI7JKfHIJamQW1IlNcLJiDyTV/LmPDkvzrvzMWtdceYzRfIHzucPVB2Ukg==</latexit>

w ! ei✓w
<latexit sha1_base64="N/a/KFgYciDsq+yN0NKnbS5v+og=">AAAB8nicbVBNSwMxEJ2tX7V+VT16CRahXspuEfVY9OLNitYWtkvJptk2NJssSVYoS3+GFw+KePXXePPfmLZ70NYHA4/3ZpiZFyacaeO6305hZXVtfaO4Wdra3tndK+8fPGqZKkJbRHKpOiHWlDNBW4YZTjuJojgOOW2Ho+up336iSjMpHsw4oUGMB4JFjGBjJT/rqhjd306q9dNeueLW3BnQMvFyUoEczV75q9uXJI2pMIRjrX3PTUyQYWUY4XRS6qaaJpiM8ID6lgocUx1ks5Mn6MQqfRRJZUsYNFN/T2Q41noch7YzxmaoF72p+J/npya6DDImktRQQeaLopQjI9H0f9RnihLDx5Zgopi9FZEhVpgYm1LJhuAtvrxMHus177zm3Z1VGld5HEU4gmOoggcX0IAbaEILCEh4hld4c4zz4rw7H/PWgpPPHMIfOJ8/+faQZg==</latexit>

SO(2):	

The	symmetry	is	broken.	 
We	can	restore	 	by	assigning	spurionic	transformation	ruleS

The	solution	corresponds	to	that	computed	diagrammatically	in	the	worldline	EFT	(series	in	GM)	

<latexit sha1_base64="QKgLW2njpUgYVt6P1X3cOfD+QYs=">AAACBHicbVA7T8MwGHTKq5RXgLGLRYXEAFWCUEGwVLCwVCqCPqQmqhzHaa06D2yHqoo6sPBXWBhAiJUfwca/wU0zQMtJls533yf7zokYFdIwvrXcwuLS8kp+tbC2vrG5pW/vNEUYc0waOGQhbztIEEYD0pBUMtKOOEG+w0jLGVxN/NYD4YKGwZ0cRcT2US+gHsVIKqmrF2/PrQs4tGQIj4aH0LqPkQtr6bXW1UtG2UgB54mZkRLIUO/qX5Yb4tgngcQMCdExjUjaCeKSYkbGBSsWJEJ4gHqko2iAfCLsJA0xhvtKcaEXcnUCCVP190aCfCFGvqMmfST7YtabiP95nVh6Z3ZCgyiWJMDTh7yYQZVx0gh0KSdYspEiCHOq/gpxH3GEpeqtoEowZyPPk+Zx2ayUKzcnpeplVkceFMEeOAAmOAVVcA3qoAEweATP4BW8aU/ai/aufUxHc1q2swv+QPv8AX/+lhs=</latexit>

S : w ! �w, M ! �M
<latexit sha1_base64="QKgLW2njpUgYVt6P1X3cOfD+QYs=">AAACBHicbVA7T8MwGHTKq5RXgLGLRYXEAFWCUEGwVLCwVCqCPqQmqhzHaa06D2yHqoo6sPBXWBhAiJUfwca/wU0zQMtJls533yf7zokYFdIwvrXcwuLS8kp+tbC2vrG5pW/vNEUYc0waOGQhbztIEEYD0pBUMtKOOEG+w0jLGVxN/NYD4YKGwZ0cRcT2US+gHsVIKqmrF2/PrQs4tGQIj4aH0LqPkQtr6bXW1UtG2UgB54mZkRLIUO/qX5Yb4tgngcQMCdExjUjaCeKSYkbGBSsWJEJ4gHqko2iAfCLsJA0xhvtKcaEXcnUCCVP190aCfCFGvqMmfST7YtabiP95nVh6Z3ZCgyiWJMDTh7yYQZVx0gh0KSdYspEiCHOq/gpxH3GEpeqtoEowZyPPk+Zx2ayUKzcnpeplVkceFMEeOAAmOAVVcA3qoAEweATP4BW8aU/ai/aufUxHc1q2swv+QPv8AX/+lhs=</latexit>

S : w ! �w, M ! �M

Nonlinear	realized	symmetry
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Worldline	coupling	and	spurionic	symmetry

Worldline	minimal	coupling:

<latexit sha1_base64="5MH/Yzs66tzW2+kT0lHid7UE+Lc=">AAACJnicbVDLSgMxFM34rPVVdekmWARBLDMi6kYounEjVLRV6Iwlk97a0MxMSO4IZejXuPFX3LioiLjzU8y0Xfg6EDiccw+594RKCoOu++FMTc/Mzs0XFoqLS8srq6W19YZJUs2hzhOZ6NuQGZAihjoKlHCrNLAolHAT9s5y/+YBtBFJfI19BUHE7mPREZyhlVqlk6tWptTgZO/CFzHSto8spXCX+aorBr5JlQGkP8zcobvUbydoWqWyW3FHoH+JNyFlMkGtVRraHE8jiJFLZkzTcxUGGdMouIRB0U8NKMZ77B6alsYsAhNkozMHdNsqbdpJtH12nZH6PZGxyJh+FNrJiGHX/PZy8T+vmWLnOMhErFKEmI8/6qSSYkLzzmhbaOAo+5YwroXdlfIu04yjbbZoS/B+n/yXNPYr3mHl8PKgXD2d1FEgm2SL7BCPHJEqOSc1UiecPJJnMiSvzpPz4rw57+PRKWeS2SA/4Hx+AbJTpUs=</latexit>

Spp = �M

Z
d⌧e� � �M

Z
d⌧�+ . . .

only	term	relevant	for	classical	response	computation

<latexit sha1_base64="VAyoxpW3fLFdbmCeacg67vz9Up4=">AAACEnicbVC7SgNBFJ2NrxhfUUubwSAoatgViTZC0MZGiI88ILuE2ckkGTL7YOauEpb9Bht/xcZCEVsrO//GSbKFJh4YOJxzD3PvcUPBFZjmt5GZmZ2bX8gu5paWV1bX8usbNRVEkrIqDUQgGy5RTHCfVYGDYI1QMuK5gtXd/sXQr98zqXjg38EgZI5Huj7vcEpAS6383m0rDsPk7PDK5j7gtg0kwrZHoCe9+IYl9gF+2LfbAahWvmAWzRHwNLFSUkApKq38l87RyGM+UEGUalpmCE5MJHAqWJKzI8VCQvuky5qa+sRjyolHJyV4Rytt3Amkfnqvkfo7ERNPqYHn6snhsmrSG4r/ec0IOqdOzP0wAubT8UedSGAI8LAf3OaSURADTQiVXO+KaY9IQkG3mNMlWJMnT5PaUdEqFUvXx4XyeVpHFm2hbbSLLHSCyugSVVAVUfSIntErejOejBfj3fgYj2aMNLOJ/sD4/AGexp12</latexit>

Spp = �M

Z
d⌧Rew + . . .

<latexit sha1_base64="EzM9HrKilae1mbLJEOxwvhzXugQ=">AAAB7nicbVDLSgMxFL1TX7W+qi7dBIvgxjIjUl0W3bisYB/QDiWTZtrQTGZI7lhK6Ue4caGIW7/HnX9j2s5CWw8EDufcS+45QSKFQdf9dnJr6xubW/ntws7u3v5B8fCoYeJUM15nsYx1K6CGS6F4HQVK3ko0p1EgeTMY3s385hPXRsTqEccJ9yPaVyIUjKKVmqMOxuRi1C2W3LI7B1klXkZKkKHWLX51ejFLI66QSWpM23MT9CdUo2CSTwud1PCEsiHt87alikbc+JP5uVNyZpUeCWNtn0IyV39vTGhkzDgK7GREcWCWvZn4n9dOMbzxJ0IlKXLFFh+FqSQ24yw76QnNGcqxJZRpYW8lbEA1ZWgbKtgSvOXIq6RxWfYq5crDVal6m9WRhxM4hXPw4BqqcA81qAODITzDK7w5ifPivDsfi9Gck+0cwx84nz/apY9F</latexit>

w ! �w

<latexit sha1_base64="QKgLW2njpUgYVt6P1X3cOfD+QYs=">AAACBHicbVA7T8MwGHTKq5RXgLGLRYXEAFWCUEGwVLCwVCqCPqQmqhzHaa06D2yHqoo6sPBXWBhAiJUfwca/wU0zQMtJls533yf7zokYFdIwvrXcwuLS8kp+tbC2vrG5pW/vNEUYc0waOGQhbztIEEYD0pBUMtKOOEG+w0jLGVxN/NYD4YKGwZ0cRcT2US+gHsVIKqmrF2/PrQs4tGQIj4aH0LqPkQtr6bXW1UtG2UgB54mZkRLIUO/qX5Yb4tgngcQMCdExjUjaCeKSYkbGBSsWJEJ4gHqko2iAfCLsJA0xhvtKcaEXcnUCCVP190aCfCFGvqMmfST7YtabiP95nVh6Z3ZCgyiWJMDTh7yYQZVx0gh0KSdYspEiCHOq/gpxH3GEpeqtoEowZyPPk+Zx2ayUKzcnpeplVkceFMEeOAAmOAVVcA3qoAEweATP4BW8aU/ai/aufUxHc1q2swv+QPv8AX/+lhs=</latexit>

S : w ! �w, M ! �M

is	broken	but	we	can	assign	spurious	transformation	rule	to		M

We	can	rewrite	it	in	terms	of	our	field	variable			w

<latexit sha1_base64="83e6k2HWSnkw4IS3xKh1SQdUQ3g="></latexit>

Eij � iBij = @i@jw + (@2�)ij + . . .We	can	also	rewrite	the	Weyl	tensor		as
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Selection	rules	for	static	Love	numbers

<latexit sha1_base64="c+9Rd0TxWXc6Iy5SdP+WtnDHKks="></latexit>

wtail ⇠ wsrc

�
1 + · · ·+ k` X

2`+1 + . . .
�

<latexit sha1_base64="QKgLW2njpUgYVt6P1X3cOfD+QYs=">AAACBHicbVA7T8MwGHTKq5RXgLGLRYXEAFWCUEGwVLCwVCqCPqQmqhzHaa06D2yHqoo6sPBXWBhAiJUfwca/wU0zQMtJls533yf7zokYFdIwvrXcwuLS8kp+tbC2vrG5pW/vNEUYc0waOGQhbztIEEYD0pBUMtKOOEG+w0jLGVxN/NYD4YKGwZ0cRcT2US+gHsVIKqmrF2/PrQs4tGQIj4aH0LqPkQtr6bXW1UtG2UgB54mZkRLIUO/qX5Yb4tgngcQMCdExjUjaCeKSYkbGBSsWJEJ4gHqko2iAfCLsJA0xhvtKcaEXcnUCCVP190aCfCFGvqMmfST7YtabiP95nVh6Z3ZCgyiWJMDTh7yYQZVx0gh0KSdYspEiCHOq/gpxH3GEpeqtoEowZyPPk+Zx2ayUKzcnpeplVkceFMEeOAAmOAVVcA3qoAEweATP4BW8aU/ai/aufUxHc1q2swv+QPv8AX/+lhs=</latexit>

S : w ! �w, M ! �M

We	use	the	symmetry

<latexit sha1_base64="UO3bEnjuq9368nYNQzdlAA2YArA=">AAAB/nicbVDLSsNAFL2pr1pfUXHlZrAIrkpSpLosutCNUME+oAllMp20QycPZyaFEgL+ihsXirj1O9z5N07bLLT1wIXDOfdy7z1ezJlUlvVtFFZW19Y3ipulre2d3T1z/6Alo0QQ2iQRj0THw5JyFtKmYorTTiwoDjxO297oeuq3x1RIFoUPahJTN8CDkPmMYKWlnnnUcehjwsbI8QUm6c1dllZF1jPLVsWaAS0TOydlyNHomV9OPyJJQENFOJaya1uxclMsFCOcZiUnkTTGZIQHtKtpiAMq3XR2foZOtdJHfiR0hQrN1N8TKQ6knASe7gywGspFbyr+53UT5V+6KQvjRNGQzBf5CUcqQtMsUJ8JShSfaIKJYPpWRIZY56B0YiUdgr348jJpVSt2rVK7Py/Xr/I4inAMJ3AGNlxAHW6hAU0gkMIzvMKb8WS8GO/Gx7y1YOQzh/AHxucPLlKVpg==</latexit>

X ⌘ GM

2r

<latexit sha1_base64="z2L859MurAwu3QJtD62vylf5FQ4="></latexit>

wsrc

�
1 + · · ·+ k` X

2`+1 + . . .
�
! �wsrc

�
1 + · · ·� k` X

2`+1 + . . .
�

We	can	phrase	all	our	computations	in	terms	of	 .w

This	spurion	analysis	implies	that	LN	are	not	renormalized	 
to	all	orders	in	the	worldline	EFT.

linear	Love	numbers

In		D=4	the	LN	response	is	analytic	in	 	(perturbative	in	 )	,	 
therefore	static	Love	Numbers	also	have	to	be	zero.	

X GM

Naturalness

Vanishing

cfr.	Affleck,	Dine,	Seiberg
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Selection	rules	for	static	Love	numbers

We	can	easily	generalize	the	analysis	to	the	nonlinear	response.

<latexit sha1_base64="/dNdrIqB1LJFWr3mFuHvgT5Rjac=">AAACF3icbVDLSgMxFM3UV62vUZdugkWoKGVGRF0W3bisYB/QKSWT3rahmcyYZAplmL9w46+4caGIW935N2baLrT1QMi55z6Se/yIM6Ud59vKLS2vrK7l1wsbm1vbO/buXl2FsaRQoyEPZdMnCjgTUNNMc2hGEkjgc2j4w5ss3xiBVCwU93ocQTsgfcF6jBJtpI5dTrwR0MQDzlMPHmI2wqUs6Lin2OuGWpkrCxNx4qbHaccuOmVnArxI3BkpohmqHfvLTKFxAEJTTpRquU6k2wmRmlEOacGLFUSEDkkfWoYKEoBqJ5O9UnxklC7uhdIcofFE/d2RkECpceCbyoDogZrPZeJ/uVase1fthIko1iDo9KFezLEOcWYS7jIJVPOxIYRKZv6K6YBIQrWxsmBMcOdXXiT1s7J7UXbvzouV65kdeXSADlEJuegSVdAtqqIaougRPaNX9GY9WS/Wu/UxLc1Zs5599AfW5w/+ZJ8o</latexit>

~̀⌘ (`1, . . . , `n+1)
<latexit sha1_base64="qNCevgfIi+930POUuPQlYPj7rrE=">AAACGHicbVDLSgMxFM34rPU16tJNsAiCUGdE1E2h6MZlBfuAzjhk0kwbmmSGJCOUYT7Djb/ixoUibrvzb0ynXWjrgYSTc+7l5p4wYVRpx/m2lpZXVtfWSxvlza3tnV17b7+l4lRi0sQxi2UnRIowKkhTU81IJ5EE8ZCRdji8nfjtJyIVjcWDHiXE56gvaEQx0kYK7DPPuBqaG0OPMAan7xr0VMqDjNac/DETp25euAEN7IpTdQrAReLOSAXM0AjssdeLccqJ0Jghpbquk2g/Q1JTzEhe9lJFEoSHqE+6hgrEifKzYrEcHhulB6NYmiM0LNTfHRniSo14aCo50gM1703E/7xuqqNrP6MiSTUReDooShnUMZykBHtUEqzZyBCEJTV/hXiAJMLaZFk2IbjzKy+S1nnVvay69xeV+s0sjhI4BEfgBLjgCtTBHWiAJsDgGbyCd/BhvVhv1qf1NS1dsmY9B+APrPEPTUSfUA==</latexit>

|~̀| =
n+1X

i=0

`i

<latexit sha1_base64="0b0uMassJCgTYsT7En74/KGQz+M="></latexit>

S(n)
Love =

Z
d⌧

X

~̀

"
�(E)
~̀,n

⇣
(@E)`1 . . . (@E)`n+1

⌘
+

�(B)
~̀,n

⇣
(@B)`1 . . . (@B)`n+1

⌘
+mixed

#

Indices	are	contracted	with		γij

<latexit sha1_base64="qNCevgfIi+930POUuPQlYPj7rrE=">AAACGHicbVDLSgMxFM34rPU16tJNsAiCUGdE1E2h6MZlBfuAzjhk0kwbmmSGJCOUYT7Djb/ixoUibrvzb0ynXWjrgYSTc+7l5p4wYVRpx/m2lpZXVtfWSxvlza3tnV17b7+l4lRi0sQxi2UnRIowKkhTU81IJ5EE8ZCRdji8nfjtJyIVjcWDHiXE56gvaEQx0kYK7DPPuBqaG0OPMAan7xr0VMqDjNac/DETp25euAEN7IpTdQrAReLOSAXM0AjssdeLccqJ0Jghpbquk2g/Q1JTzEhe9lJFEoSHqE+6hgrEifKzYrEcHhulB6NYmiM0LNTfHRniSo14aCo50gM1703E/7xuqqNrP6MiSTUReDooShnUMZykBHtUEqzZyBCEJTV/hXiAJMLaZFk2IbjzKy+S1nnVvay69xeV+s0sjhI4BEfgBLjgCtTBHWiAJsDgGbyCd/BhvVhv1qf1NS1dsmY9B+APrPEPTUSfUA==</latexit>

|~̀| =
n+1X

i=0

`ieven

<latexit sha1_base64="rEkVm8ArWff9VoIC1EI52cvVdFQ="></latexit>

wtail ⇠
 

nY

↵=1

w↵

!⇣
· · ·+ kw~̀,n X

|~̀|+1 + . . .
⌘

<latexit sha1_base64="Q2vXevye3B6J71uxlvmFErBlGB4="></latexit>

�tail ⇠
 

nY

↵=1

w↵

! ⇣
· · ·+ k�~̀,n X

|~̀|+1 + . . .
⌘

<latexit sha1_base64="CKVYQbdUAbB4PMiyr+hRZnXhMTo=">AAACAXicbVDLSgNBEJz1GeMr6kXwMhgEDxJ2RTQXIeDFYwTzgOy6zE46yZCZ2WVmNhCWePFXvHhQxKt/4c2/cfI4aGJBQ1HVTXdXlHCmjet+O0vLK6tr67mN/ObW9s5uYW+/ruNUUajRmMeqGRENnEmoGWY4NBMFREQcGlH/Zuw3BqA0i+W9GSYQCNKVrMMoMVYKC4f9B79LhCBh5g+AYh84P5OjazcsFN2SOwFeJN6MFNEM1bDw5bdjmgqQhnKidctzExNkRBlGOYzyfqohIbRPutCyVBIBOsgmH4zwiVXauBMrW9Lgifp7IiNC66GIbKcgpqfnvbH4n9dKTaccZEwmqQFJp4s6KccmxuM4cJspoIYPLSFUMXsrpj2iCDU2tLwNwZt/eZHUz0veZcm7uyhWyrM4cugIHaNT5KErVEG3qIpqiKJH9Ixe0Zvz5Lw4787HtHXJmc0coD9wPn8AzzOWcA==</latexit>

k�~̀,n = 0

<latexit sha1_base64="Q72D7IFGEWjo3F/7pLYq5DAoy+4=">AAAB/HicbVBNS8NAEN34WetXtEcvi0XwICUR0V6EghePFewHNLFsttN26WYTdjeVEOpf8eJBEa/+EG/+G7dtDtr6YODx3gwz84KYM6Ud59taWV1b39gsbBW3d3b39u2Dw6aKEkmhQSMeyXZAFHAmoKGZ5tCOJZAw4NAKRjdTvzUGqVgk7nUagx+SgWB9Rok2UtcujR4eu5k3Boo94PxMTK6drl12Ks4MeJm4OSmjHPWu/eX1IpqEIDTlRKmO68Taz4jUjHKYFL1EQUzoiAygY6ggISg/mx0/wSdG6eF+JE0JjWfq74mMhEqlYWA6Q6KHatGbiv95nUT3q37GRJxoEHS+qJ9wrCM8TQL3mASqeWoIoZKZWzEdEkmoNnkVTQju4svLpHlecS8r7t1FuVbN4yigI3SMTpGLrlAN3aI6aiCKUvSMXtGb9WS9WO/Wx7x1xcpnSugPrM8fCVCUVg==</latexit>

kw~̀,n = 0

	oddn

	evenn

Static	LN	are	not	renormalized	to	all	orders	in	the	worldline	EFT	and	vanish	in	D=4.
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Accidental	symmetry	violations

• The	symmetry	is	broken	by	time-dependent	terms	(with	even	number	of	derivatives).	


Dynamic	Love	Numbers	are	not	zero,	but	leading	 

Dissipative	Tides	(linear	and	nonlinear)	are	not	renormalized.

• Neutron	stars	and	other	compact	objects	can	have	non-vanishing	LN.

In	the	worldline:	there	are	non-minimal	couplings	(and	new	dimensionful	scales	beyond	 )M

Universal	non-linearities	from	the	leading	point-particle	coupling	(“loops”),	 

do	not	induce	any	running.

• The	symmetry	is	broken	by	higher	curvature	terms,	e.g.		 ,		cosmological	constant	 , 

quantum	corrections,	couplings	to	generic	matter	fields	(e.g.	fermions)


R3 Λ

<latexit sha1_base64="3mcIf4m2zaj7KBmQ76mIzyCNuq8="></latexit>

Sdis. =

Z
d⌧

X

`

h
�(E)
`,! (@Ė�)`(@E+)` + · · ·

i
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Extensions

• In	the	higher	dimensional	case:	we	cannot	dualize	the	vector	to	a	scalar. 

There	is	still	a	 	symmetry	but	restricted	only	to	electric	and	tensor-type	operators.
ℤ2

Power	counting	is	different	because	

<latexit sha1_base64="UaNpBpwkC7i0o6J1HeN+iWyGinw="></latexit>

X =
1

4

✓
Rs

r

◆D�3

/ GM

<latexit sha1_base64="T+cQvuhrNPpTnRGbUL0BRf2obd0="></latexit>

gtail ⇠ gsrc
⇣
1 + · · ·+ k` X

2ˆ̀+1 + . . .
⌘ <latexit sha1_base64="79hrRkmD25UcMe8UdtmaZO/wYlk=">AAACB3icbVDLSsNAFJ34rPUVdSnIYBHcWBIV7UYo6MJlBfuAJpTJ5KYdOnkwMxFKyM6Nv+LGhSJu/QV3/o3TNgttPXDhzDn3MvceL+FMKsv6NhYWl5ZXVktr5fWNza1tc2e3JeNUUGjSmMei4xEJnEXQVExx6CQCSOhxaHvD67HffgAhWRzdq1ECbkj6EQsYJUpLPfPAGRCVOcB5jq+w4weC0Okzuzk5y3tmxapaE+B5Yhekggo0euaX48c0DSFSlBMpu7aVKDcjQjHKIS87qYSE0CHpQ1fTiIQg3WxyR46PtOLjIBa6IoUn6u+JjIRSjkJPd4ZEDeSsNxb/87qpCmpuxqIkVRDR6UdByrGK8TgU7DMBVPGRJoQKpnfFdEB0FEpHV9Yh2LMnz5PWadW+qNp355V6rYijhPbRITpGNrpEdXSLGqiJKHpEz+gVvRlPxovxbnxMWxeMYmYP/YHx+QN0QZkD</latexit>

ˆ̀=
`

D � 3

<latexit sha1_base64="PwwNciR7CwRuEpRV7e1mxYPYKSQ=">AAACAnicbVBNS8NAEJ3Ur1q/op7Ey2IRPJVERHssePEkFewHNKFstpt26WYTdjdCCcWLf8WLB0W8+iu8+W/ctDlo64OBx3szzMwLEs6Udpxvq7Syura+Ud6sbG3v7O7Z+wdtFaeS0BaJeSy7AVaUM0FbmmlOu4mkOAo47QTj69zvPFCpWCzu9SShfoSHgoWMYG2kvn3kjbDOPMr5FHlMIC/CehQE2e20b1edmjMDWiZuQapQoNm3v7xBTNKICk04VqrnOon2Myw1I5xOK16qaILJGA9pz1CBI6r8bPbCFJ0aZYDCWJoSGs3U3xMZjpSaRIHpzC9Ui14u/uf1Uh3W/YyJJNVUkPmiMOVIxyjPAw2YpETziSGYSGZuRWSEJSbapFYxIbiLLy+T9nnNvay5dxfVRr2IowzHcAJn4MIVNOAGmtACAo/wDK/wZj1ZL9a79TFvLVnFzCH8gfX5Az79l04=</latexit>

ˆ̀2 N

Vanishing

<latexit sha1_base64="dFXNokjBA3jSe5ksSC38FMQt0kI=">AAACEHicbVDLSsNAFJ3UV62vqEs3g0UUhJIU0S4LblxJBfuAJpTJdNIOnUzCzEQoQz7Bjb/ixoUibl2682+ctFlo64ELh3Pu5d57goRRqRzn2yqtrK6tb5Q3K1vbO7t79v5BR8apwKSNYxaLXoAkYZSTtqKKkV4iCIoCRrrB5Dr3uw9ESBrzezVNiB+hEachxUgZaWCfesNQIKzr3hgp7RHGsnM30/UMepRDL0JqHAT6NhvYVafmzACXiVuQKijQGthf3jDGaUS4wgxJ2XedRPkaCUUxI1nFSyVJEJ6gEekbylFEpK9nD2XwxChDGMbCFFdwpv6e0CiSchoFpjO/UC56ufif109V2PA15UmqCMfzRWHKoIphng4cUkGwYlNDEBbU3ArxGJmAlMmwYkJwF19eJp16zb2suXcX1WajiKMMjsAxOAMuuAJNcANaoA0weATP4BW8WU/Wi/VufcxbS1Yxcwj+wPr8AZPDnOY=</latexit>

2ˆ̀+ 1

2
2 N

Running

<latexit sha1_base64="w5g4AOzqWaQ5IEOypYldw/cXePk=">AAACBHicbVBNS8NAEN34WetX1GMvi0XwVJIi2mPBiyepYD+gCWWz3bRLN5uwOxFK6MGLf8WLB0W8+iO8+W/ctDlo64OBx3szzMwLEsE1OM63tba+sbm1Xdop7+7tHxzaR8cdHaeKsjaNRax6AdFMcMnawEGwXqIYiQLBusHkOve7D0xpHst7mCbMj8hI8pBTAkYa2JW6NybgMSGwJ2PgEnsRgXEQZLezgV11as4ceJW4BamiAq2B/eUNY5pGTAIVROu+6yTgZ0QBp4LNyl6qWULohIxY31BJIqb9bP7EDJ8ZZYjDWJmSgOfq74mMRFpPo8B05hfqZS8X//P6KYQNP+MySYFJulgUpgJDjPNE8JArRkFMDSFUcXMrpmOiCAWTW9mE4C6/vEo69Zp7WXPvLqrNRhFHCVXQKTpHLrpCTXSDWqiNKHpEz+gVvVlP1ov1bn0sWtesYuYE/YH1+QNo7Jft</latexit>

2ˆ̀ /2 N

Non-renormalization

• We	can	also	extend	the	analysis	to	the	case	of	a	shift-symmetric	scalar	field	 

coupled	to	gravity,	in	Schwarzschild	background. 

Relation	to	no-hair	theorem	+	vanishing	static	LN	for	nonlinear	even	tides.

<latexit sha1_base64="94Mgrbgb8lpLTwkYR198Aq9vI7s=">AAACCXicbVC7SgNBFL0bXzG+Vi1tBoNgoWFXRK0kYGMTiGAekF3C7OxsMmT2kZlZIYS0Nv6KjYUitv6BnX/jZLOFJh4YOJxzL3fO8RLOpLKsb6OwtLyyulZcL21sbm3vmLt7TRmngtAGiXks2h6WlLOINhRTnLYTQXHocdryBjdTv/VAhWRxdK9GCXVD3ItYwAhWWuqayEn6DDkqRqcZPUHOcJhiH9VmYq1rlq2KlQEtEjsnZchR75pfjh+TNKSRIhxL2bGtRLljLBQjnE5KTippgskA92hH0wiHVLrjLMkEHWnFR0Es9IsUytTfG2McSjkKPT0ZYtWX895U/M/rpCq4cscsSlJFIzI7FKQc6YzTWpDPBCWKjzTBRDD9V0T6WGCidHklXYI9H3mRNM8q9kXFvjsvV6/zOopwAIdwDDZcQhVuoQ4NIPAIz/AKb8aT8WK8Gx+z0YKR7+zDHxifPzt0mB0=</latexit>

� ! ��, M ! �M

Kol	and	Smolkin	
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Selection	rules	for	shift-symmetric	scalars

Consider	the	action	of	a	shift-symmetric	scalar	with	minimal	coupling

<latexit sha1_base64="/dNdrIqB1LJFWr3mFuHvgT5Rjac=">AAACF3icbVDLSgMxFM3UV62vUZdugkWoKGVGRF0W3bisYB/QKSWT3rahmcyYZAplmL9w46+4caGIW935N2baLrT1QMi55z6Se/yIM6Ud59vKLS2vrK7l1wsbm1vbO/buXl2FsaRQoyEPZdMnCjgTUNNMc2hGEkjgc2j4w5ss3xiBVCwU93ocQTsgfcF6jBJtpI5dTrwR0MQDzlMPHmI2wqUs6Lin2OuGWpkrCxNx4qbHaccuOmVnArxI3BkpohmqHfvLTKFxAEJTTpRquU6k2wmRmlEOacGLFUSEDkkfWoYKEoBqJ5O9UnxklC7uhdIcofFE/d2RkECpceCbyoDogZrPZeJ/uVase1fthIko1iDo9KFezLEOcWYS7jIJVPOxIYRKZv6K6YBIQrWxsmBMcOdXXiT1s7J7UXbvzouV65kdeXSADlEJuegSVdAtqqIaougRPaNX9GY9WS/Wu/UxLc1Zs5599AfW5w/+ZJ8o</latexit>

~̀⌘ (`1, . . . , `n+1)
<latexit sha1_base64="qNCevgfIi+930POUuPQlYPj7rrE=">AAACGHicbVDLSgMxFM34rPU16tJNsAiCUGdE1E2h6MZlBfuAzjhk0kwbmmSGJCOUYT7Djb/ixoUibrvzb0ynXWjrgYSTc+7l5p4wYVRpx/m2lpZXVtfWSxvlza3tnV17b7+l4lRi0sQxi2UnRIowKkhTU81IJ5EE8ZCRdji8nfjtJyIVjcWDHiXE56gvaEQx0kYK7DPPuBqaG0OPMAan7xr0VMqDjNac/DETp25euAEN7IpTdQrAReLOSAXM0AjssdeLccqJ0Jghpbquk2g/Q1JTzEhe9lJFEoSHqE+6hgrEifKzYrEcHhulB6NYmiM0LNTfHRniSo14aCo50gM1703E/7xuqqNrP6MiSTUReDooShnUMZykBHtUEqzZyBCEJTV/hXiAJMLaZFk2IbjzKy+S1nnVvay69xeV+s0sjhI4BEfgBLjgCtTBHWiAJsDgGbyCd/BhvVhv1qf1NS1dsmY9B+APrPEPTUSfUA==</latexit>

|~̀| =
n+1X

i=0

`i

<latexit sha1_base64="1gOp+l8GkzmBX7aRUZjTQ3wuovQ="></latexit>

S = �
Z

d4x
p
� e�2� P

⇣
e2��ij@i @j 

⌘

<latexit sha1_base64="9DdNGqSVdDYCnkKy9klM6wkG5yc="></latexit>

S(n)
 ,Love =

Z
d⌧

X

~̀

�( )~̀,n

⇣
(@ )`1 . . . (@ )`n+1

⌘

		is	an	exact	symmetry.		 

				is	a	symmetry	for	a	free	scalar,	or	for	the	leading	quadratic	terms.

ψ → − ψ

w → − w, M → − M

<latexit sha1_base64="ifY9hCMn2xrKqXGNhJ3d3piz07Q="></latexit>

 tail ⇠
 

nY

↵=1

 ↵

!⇣
cn + · · ·+ k( )~̀,n

X |~̀|+1 + . . .
⌘

The	response	vanishes	for	any	even	 ,	because	of			 		symmetry.n ψ → − ψ

The	LN	vanish	for	 	for	interacting	scalar,	because	of			 		symmetry.n = 1 w → − w

Includes	no-hair
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Conclusions

• We	presented	an	accidental	symmetry	of	the	static	sector	of	GR

• We	explained	how	the	symmetry	is	broken	in	a	black	hole	background	but	 

can	be	restored	assigning	spurionic	transformation	rules	to	M

• The	selection	rules	imply	non-renormalization	(naturalness)	and	vanishing

• The	results	are	fully	nonlinear	and	apply	to	both	electric	and	magnetic	tides

• This	symmetry	is	consistent	with	all	previous	results	in	D=4	and	higher	dim, 

and	with	all	non-vanishing	results

• The	construction	can	be	extended	to	EM	charged	black	holes	+	also	NUT	charge

• Extension	to	spinning	BHs	?


