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Introduction

• Modern	cosmology	is	living	a	golden	age	

• Universe	evolu3on	well	encompassed	by	ΛCDM	model

General	Rela3vity	&	Λ	&	DM	&	SM	par3cles

• In	agreement	with	

observa3ons	on	a	

very	broad	range	of	

scales	

• BBN,	CMB,	LSS,	

Solar	System,	…



Introduction

General	Rela3vity	&	Λ	&	DM	&	SM	par3cles

• However,	this	success	is	also	a	curse:	ΛCDM	is	an	

effec3ve	descrip3on	that	is	not	showing	much	of	

its	fundamental	nature.

• So	far	DM	has	been	elusive	despite	all	the	

experimental	and	theore3cal	efforts.	Neither	

direct	nor	indirect	detec3on	so	far.	

• The	Cosmological	Constant	is	s3ll	a	theore3cal	

puzzle



"The	data	are	strongly	inconsistent	with	a	Λ=	0	flat	

cosmology,	the	simplest	infla3onary	universe	model.	

An	open,	Λ=	0	cosmology	also	does	not	fit	the	data	

well:	the	data	indicate	that	the	cosmological	

constant	is	non-zero	and	posi3ve”

20 years of acceleration

“For	a	flat	universe	prior	the	spectroscopically	

confirmed	SNe	Ia	require		ΩΛ>0	at	7σ	and	9σ	[…].	A	

universe	closed	by	ordinary	maKer	is	

formally	ruled	out”



m
effective

B
≡ MB + 5 logDL(z;ΩM ,ΩΛ)
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[Riess	et	al.	(High-z	Sn),	1998]

December	1998 May	1998

[PerlmuKer	et	al.	(SCP),	1998]
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20 years of acceleration



Supernovae	Legacy	Survey,	2011

20 years of acceleration



More evidences of DE

Probes	of	accelera3on:

•21cm	lines		

•Gravita3onal	waves

New	probes	of	accelera3on:

•CMB	

•Supernovae			

•baryon	acous3c	oscilla3ons	

• 	weak	lensing	

•Clusters

[Planck,	2018]

[WiggleZ Dark Energy Survey,2011]

[LIGO, 2016]



More evidences of DE

New	probes	of	accelera3on:

•21cm	lines		

•Gravita3onal	waves

Probes	of	accelera3on:

•CMB	

•Supernovae			

•baryon	acous3c	oscilla3ons	

• 	weak	lensing	

•Clusters



GW170817 & GRB170817A



GW170817 & GRB170817A



GW170817 & GRB170817A

Δt=1.7	s



GW170817 & GRB170817A

‣Located	40	Mpc	(z=0.008)	from	us	

‣Low	energy,		 λ ∼ 10000 km
<latexit sha1_base64="GqvPmFvG8SDj6/y+accnIzBC01I=">AAACB3icbVBNSwMxFHxbv2r9WvUoSLAIHqTsiqDHohePFWwtdJeSzaZtaJJdkqxQlt68+Fe8eFDEq3/Bm//GtN2Dtg4Ehpl5vLyJUs608bxvp7S0vLK6Vl6vbGxube+4u3stnWSK0CZJeKLaEdaUM0mbhhlO26miWESc3kfD64l//0CVZom8M6OUhgL3Jesxgo2Vuu5hwG04xijQTCDfs0B5oAQKTtFQjLtu1at5U6BF4hekCgUaXfcriBOSCSoN4Vjrju+lJsyxMoxwOq4EmaYpJkPcpx1LJRZUh/n0jjE6tkqMeomyTxo0VX9P5FhoPRKRTQpsBnrem4j/eZ3M9C7DnMk0M1SS2aJexpFJ0KQUFDNFieEjSzBRzP4VkQFWmBhbXcWW4M+fvEhaZzXfq/m359X6VVFHGQ7gCE7Ahwuoww00oAkEHuEZXuHNeXJenHfnYxYtOcXMPvyB8/kD2SeXXQ==</latexit><latexit sha1_base64="GqvPmFvG8SDj6/y+accnIzBC01I=">AAACB3icbVBNSwMxFHxbv2r9WvUoSLAIHqTsiqDHohePFWwtdJeSzaZtaJJdkqxQlt68+Fe8eFDEq3/Bm//GtN2Dtg4Ehpl5vLyJUs608bxvp7S0vLK6Vl6vbGxube+4u3stnWSK0CZJeKLaEdaUM0mbhhlO26miWESc3kfD64l//0CVZom8M6OUhgL3Jesxgo2Vuu5hwG04xijQTCDfs0B5oAQKTtFQjLtu1at5U6BF4hekCgUaXfcriBOSCSoN4Vjrju+lJsyxMoxwOq4EmaYpJkPcpx1LJRZUh/n0jjE6tkqMeomyTxo0VX9P5FhoPRKRTQpsBnrem4j/eZ3M9C7DnMk0M1SS2aJexpFJ0KQUFDNFieEjSzBRzP4VkQFWmBhbXcWW4M+fvEhaZzXfq/m359X6VVFHGQ7gCE7Ahwuoww00oAkEHuEZXuHNeXJenHfnYxYtOcXMPvyB8/kD2SeXXQ==</latexit><latexit sha1_base64="GqvPmFvG8SDj6/y+accnIzBC01I=">AAACB3icbVBNSwMxFHxbv2r9WvUoSLAIHqTsiqDHohePFWwtdJeSzaZtaJJdkqxQlt68+Fe8eFDEq3/Bm//GtN2Dtg4Ehpl5vLyJUs608bxvp7S0vLK6Vl6vbGxube+4u3stnWSK0CZJeKLaEdaUM0mbhhlO26miWESc3kfD64l//0CVZom8M6OUhgL3Jesxgo2Vuu5hwG04xijQTCDfs0B5oAQKTtFQjLtu1at5U6BF4hekCgUaXfcriBOSCSoN4Vjrju+lJsyxMoxwOq4EmaYpJkPcpx1LJRZUh/n0jjE6tkqMeomyTxo0VX9P5FhoPRKRTQpsBnrem4j/eZ3M9C7DnMk0M1SS2aJexpFJ0KQUFDNFieEjSzBRzP4VkQFWmBhbXcWW4M+fvEhaZzXfq/m359X6VVFHGQ7gCE7Ahwuoww00oAkEHuEZXuHNeXJenHfnYxYtOcXMPvyB8/kD2SeXXQ==</latexit><latexit sha1_base64="GqvPmFvG8SDj6/y+accnIzBC01I=">AAACB3icbVBNSwMxFHxbv2r9WvUoSLAIHqTsiqDHohePFWwtdJeSzaZtaJJdkqxQlt68+Fe8eFDEq3/Bm//GtN2Dtg4Ehpl5vLyJUs608bxvp7S0vLK6Vl6vbGxube+4u3stnWSK0CZJeKLaEdaUM0mbhhlO26miWESc3kfD64l//0CVZom8M6OUhgL3Jesxgo2Vuu5hwG04xijQTCDfs0B5oAQKTtFQjLtu1at5U6BF4hekCgUaXfcriBOSCSoN4Vjrju+lJsyxMoxwOq4EmaYpJkPcpx1LJRZUh/n0jjE6tkqMeomyTxo0VX9P5FhoPRKRTQpsBnrem4j/eZ3M9C7DnMk0M1SS2aJexpFJ0KQUFDNFieEjSzBRzP4VkQFWmBhbXcWW4M+fvEhaZzXfq/m359X6VVFHGQ7gCE7Ahwuoww00oAkEHuEZXuHNeXJenHfnYxYtOcXMPvyB8/kD2SeXXQ==</latexit>

‣Speed	of	GW	measured:

−3× 10
−15

≤
cT

cγ

− 1 ≤ 7× 10
−16
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[NGC 4993 HST]



GW170817 & GRB170817A

‣Located	40	Mpc	(z=0.008)	from	us	

‣Low	energy,		 λ ∼ 10000 km
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‣Speed	of	GW	measured:
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<latexit sha1_base64="iXLAZxU53KKJYtrb2G5Jgttfqfg=">AAACK3icbVC7TsMwFHV4lvIqMLJYVEgsrWJeZazKwlikvqQmVI7rtFbtJLIdpCrK/7DwKwww8BAr/4HTdqAtV7J1dM65uvceL+JMadv+tFZW19Y3NnNb+e2d3b39wsFhS4WxJLRJQh7KjocV5SygTc00p51IUiw8Ttve6DbT249UKhYGDT2OqCvwIGA+I1gbqleolS6go5mgCiL7ISmhqxQ6nELHl5gkpNdIzecMsBA4LaFMqcz7r9NeoWiX7UnBZYBmoAhmVe8VXp1+SGJBA004VqqL7Ei7CZaaEU7TvBMrGmEywgPaNTDAZpqbTG5N4alh+tAPpXmBhhP2b0eChVJj4RmnwHqoFrWM/E/rxtq/cRMWRLGmAZkO8mMOdQiz4GCfSUo0HxuAiWRmV0iG2KSkTbx5EwJaPHkZtM7LyC6j+8titTaLIweOwQk4AwhUQBXcgTpoAgKewAt4Bx/Ws/VmfVnfU+uKNes5AnNl/fwCBzKlHg==</latexit><latexit sha1_base64="iXLAZxU53KKJYtrb2G5Jgttfqfg=">AAACK3icbVC7TsMwFHV4lvIqMLJYVEgsrWJeZazKwlikvqQmVI7rtFbtJLIdpCrK/7DwKwww8BAr/4HTdqAtV7J1dM65uvceL+JMadv+tFZW19Y3NnNb+e2d3b39wsFhS4WxJLRJQh7KjocV5SygTc00p51IUiw8Ttve6DbT249UKhYGDT2OqCvwIGA+I1gbqleolS6go5mgCiL7ISmhqxQ6nELHl5gkpNdIzecMsBA4LaFMqcz7r9NeoWiX7UnBZYBmoAhmVe8VXp1+SGJBA004VqqL7Ei7CZaaEU7TvBMrGmEywgPaNTDAZpqbTG5N4alh+tAPpXmBhhP2b0eChVJj4RmnwHqoFrWM/E/rxtq/cRMWRLGmAZkO8mMOdQiz4GCfSUo0HxuAiWRmV0iG2KSkTbx5EwJaPHkZtM7LyC6j+8titTaLIweOwQk4AwhUQBXcgTpoAgKewAt4Bx/Ws/VmfVnfU+uKNes5AnNl/fwCBzKlHg==</latexit><latexit sha1_base64="iXLAZxU53KKJYtrb2G5Jgttfqfg=">AAACK3icbVC7TsMwFHV4lvIqMLJYVEgsrWJeZazKwlikvqQmVI7rtFbtJLIdpCrK/7DwKwww8BAr/4HTdqAtV7J1dM65uvceL+JMadv+tFZW19Y3NnNb+e2d3b39wsFhS4WxJLRJQh7KjocV5SygTc00p51IUiw8Ttve6DbT249UKhYGDT2OqCvwIGA+I1gbqleolS6go5mgCiL7ISmhqxQ6nELHl5gkpNdIzecMsBA4LaFMqcz7r9NeoWiX7UnBZYBmoAhmVe8VXp1+SGJBA004VqqL7Ei7CZaaEU7TvBMrGmEywgPaNTDAZpqbTG5N4alh+tAPpXmBhhP2b0eChVJj4RmnwHqoFrWM/E/rxtq/cRMWRLGmAZkO8mMOdQiz4GCfSUo0HxuAiWRmV0iG2KSkTbx5EwJaPHkZtM7LyC6j+8titTaLIweOwQk4AwhUQBXcgTpoAgKewAt4Bx/Ws/VmfVnfU+uKNes5AnNl/fwCBzKlHg==</latexit><latexit sha1_base64="iXLAZxU53KKJYtrb2G5Jgttfqfg=">AAACK3icbVC7TsMwFHV4lvIqMLJYVEgsrWJeZazKwlikvqQmVI7rtFbtJLIdpCrK/7DwKwww8BAr/4HTdqAtV7J1dM65uvceL+JMadv+tFZW19Y3NnNb+e2d3b39wsFhS4WxJLRJQh7KjocV5SygTc00p51IUiw8Ttve6DbT249UKhYGDT2OqCvwIGA+I1gbqleolS6go5mgCiL7ISmhqxQ6nELHl5gkpNdIzecMsBA4LaFMqcz7r9NeoWiX7UnBZYBmoAhmVe8VXp1+SGJBA004VqqL7Ei7CZaaEU7TvBMrGmEywgPaNTDAZpqbTG5N4alh+tAPpXmBhhP2b0eChVJj4RmnwHqoFrWM/E/rxtq/cRMWRLGmAZkO8mMOdQiz4GCfSUo0HxuAiWRmV0iG2KSkTbx5EwJaPHkZtM7LyC6j+8titTaLIweOwQk4AwhUQBXcgTpoAgKewAt4Bx/Ws/VmfVnfU+uKNes5AnNl/fwCBzKlHg==</latexit>

[NGC 4993 HST]



Previous constraints

•Cherenkov	radia3on

0.55c < cgw < 1.42c
<latexit sha1_base64="h62xOJTeHtfLwQPESSHZO+RpJjw=">AAACBXicbVC7TsMwFL0pr1JeAUYYLCokpiipWsHAUMHCWCT6kNqocly3teo4ke2AqqgLC7/CwgBCrPwDG3+D22aAliNd6fice+V7TxBzprTrflu5ldW19Y38ZmFre2d3z94/aKgokYTWScQj2QqwopwJWtdMc9qKJcVhwGkzGF1P/eY9lYpF4k6PY+qHeCBYnxGsjdS1j12nUkEEXSLSTTsyRIOHiXl4TrlkFLvoOu4MaJl4GSlChlrX/ur0IpKEVGjCsVJtz421n2KpGeF0UugkisaYjPCAtg0VOKTKT2dXTNCpUXqoH0lTQqOZ+nsixaFS4zAwnSHWQ7XoTcX/vHai+xd+ykScaCrI/KN+wpGO0DQS1GOSEs3HhmAimdkVkSGWmGgTXMGE4C2evEwaJcdzHe+2XKxeZXHk4QhO4Aw8OIcq3EAN6kDgEZ7hFd6sJ+vFerc+5q05K5s5hD+wPn8AUI2VQQ==</latexit><latexit sha1_base64="h62xOJTeHtfLwQPESSHZO+RpJjw=">AAACBXicbVC7TsMwFL0pr1JeAUYYLCokpiipWsHAUMHCWCT6kNqocly3teo4ke2AqqgLC7/CwgBCrPwDG3+D22aAliNd6fice+V7TxBzprTrflu5ldW19Y38ZmFre2d3z94/aKgokYTWScQj2QqwopwJWtdMc9qKJcVhwGkzGF1P/eY9lYpF4k6PY+qHeCBYnxGsjdS1j12nUkEEXSLSTTsyRIOHiXl4TrlkFLvoOu4MaJl4GSlChlrX/ur0IpKEVGjCsVJtz421n2KpGeF0UugkisaYjPCAtg0VOKTKT2dXTNCpUXqoH0lTQqOZ+nsixaFS4zAwnSHWQ7XoTcX/vHai+xd+ykScaCrI/KN+wpGO0DQS1GOSEs3HhmAimdkVkSGWmGgTXMGE4C2evEwaJcdzHe+2XKxeZXHk4QhO4Aw8OIcq3EAN6kDgEZ7hFd6sJ+vFerc+5q05K5s5hD+wPn8AUI2VQQ==</latexit><latexit sha1_base64="h62xOJTeHtfLwQPESSHZO+RpJjw=">AAACBXicbVC7TsMwFL0pr1JeAUYYLCokpiipWsHAUMHCWCT6kNqocly3teo4ke2AqqgLC7/CwgBCrPwDG3+D22aAliNd6fice+V7TxBzprTrflu5ldW19Y38ZmFre2d3z94/aKgokYTWScQj2QqwopwJWtdMc9qKJcVhwGkzGF1P/eY9lYpF4k6PY+qHeCBYnxGsjdS1j12nUkEEXSLSTTsyRIOHiXl4TrlkFLvoOu4MaJl4GSlChlrX/ur0IpKEVGjCsVJtz421n2KpGeF0UugkisaYjPCAtg0VOKTKT2dXTNCpUXqoH0lTQqOZ+nsixaFS4zAwnSHWQ7XoTcX/vHai+xd+ykScaCrI/KN+wpGO0DQS1GOSEs3HhmAimdkVkSGWmGgTXMGE4C2evEwaJcdzHe+2XKxeZXHk4QhO4Aw8OIcq3EAN6kDgEZ7hFd6sJ+vFerc+5q05K5s5hD+wPn8AUI2VQQ==</latexit><latexit sha1_base64="h62xOJTeHtfLwQPESSHZO+RpJjw=">AAACBXicbVC7TsMwFL0pr1JeAUYYLCokpiipWsHAUMHCWCT6kNqocly3teo4ke2AqqgLC7/CwgBCrPwDG3+D22aAliNd6fice+V7TxBzprTrflu5ldW19Y38ZmFre2d3z94/aKgokYTWScQj2QqwopwJWtdMc9qKJcVhwGkzGF1P/eY9lYpF4k6PY+qHeCBYnxGsjdS1j12nUkEEXSLSTTsyRIOHiXl4TrlkFLvoOu4MaJl4GSlChlrX/ur0IpKEVGjCsVJtz421n2KpGeF0UugkisaYjPCAtg0VOKTKT2dXTNCpUXqoH0lTQqOZ+nsixaFS4zAwnSHWQ7XoTcX/vHai+xd+ykScaCrI/KN+wpGO0DQS1GOSEs3HhmAimdkVkSGWmGgTXMGE4C2evEwaJcdzHe+2XKxeZXHk4QhO4Aw8OIcq3EAN6kDgEZ7hFd6sJ+vFerc+5q05K5s5hD+wPn8AUI2VQQ==</latexit>

c− cgw < 2× 10
−15

c
<latexit sha1_base64="Pscw8E/mz0HahwrLVSP7Y/TfpRA=">AAACDXicbVC7TsMwFHV4lvIKMLJYFCSWVkkFgoGhgoWxSPQhNaFyXKe1ajuR7YCqKD/Awq+wMIAQKzsbf4PbZoCWI13p6Jx7de89Qcyo0o7zbS0sLi2vrBbWiusbm1vb9s5uU0WJxKSBIxbJdoAUYVSQhqaakXYsCeIBI61geDX2W/dEKhqJWz2Kic9RX9CQYqSN1LUPIYZliLupJznsP2TwAlY9TTlR0HXu0rJ7mhnXLjkVZwI4T9yclECOetf+8noRTjgRGjOkVMd1Yu2nSGqKGcmKXqJIjPAQ9UnHUIHMPj+dfJPBI6P0YBhJU0LDifp7IkVcqREPTCdHeqBmvbH4n9dJdHjup1TEiSYCTxeFCYM6guNoYI9KgjUbGYKwpOZWiAdIIqxNgEUTgjv78jxpViuuU3FvTkq1yzyOAtgHB+AYuOAM1MA1qIMGwOARPINX8GY9WS/Wu/UxbV2w8pk98AfW5w8gpZkP</latexit><latexit sha1_base64="Pscw8E/mz0HahwrLVSP7Y/TfpRA=">AAACDXicbVC7TsMwFHV4lvIKMLJYFCSWVkkFgoGhgoWxSPQhNaFyXKe1ajuR7YCqKD/Awq+wMIAQKzsbf4PbZoCWI13p6Jx7de89Qcyo0o7zbS0sLi2vrBbWiusbm1vb9s5uU0WJxKSBIxbJdoAUYVSQhqaakXYsCeIBI61geDX2W/dEKhqJWz2Kic9RX9CQYqSN1LUPIYZliLupJznsP2TwAlY9TTlR0HXu0rJ7mhnXLjkVZwI4T9yclECOetf+8noRTjgRGjOkVMd1Yu2nSGqKGcmKXqJIjPAQ9UnHUIHMPj+dfJPBI6P0YBhJU0LDifp7IkVcqREPTCdHeqBmvbH4n9dJdHjup1TEiSYCTxeFCYM6guNoYI9KgjUbGYKwpOZWiAdIIqxNgEUTgjv78jxpViuuU3FvTkq1yzyOAtgHB+AYuOAM1MA1qIMGwOARPINX8GY9WS/Wu/UxbV2w8pk98AfW5w8gpZkP</latexit><latexit sha1_base64="Pscw8E/mz0HahwrLVSP7Y/TfpRA=">AAACDXicbVC7TsMwFHV4lvIKMLJYFCSWVkkFgoGhgoWxSPQhNaFyXKe1ajuR7YCqKD/Awq+wMIAQKzsbf4PbZoCWI13p6Jx7de89Qcyo0o7zbS0sLi2vrBbWiusbm1vb9s5uU0WJxKSBIxbJdoAUYVSQhqaakXYsCeIBI61geDX2W/dEKhqJWz2Kic9RX9CQYqSN1LUPIYZliLupJznsP2TwAlY9TTlR0HXu0rJ7mhnXLjkVZwI4T9yclECOetf+8noRTjgRGjOkVMd1Yu2nSGqKGcmKXqJIjPAQ9UnHUIHMPj+dfJPBI6P0YBhJU0LDifp7IkVcqREPTCdHeqBmvbH4n9dJdHjup1TEiSYCTxeFCYM6guNoYI9KgjUbGYKwpOZWiAdIIqxNgEUTgjv78jxpViuuU3FvTkq1yzyOAtgHB+AYuOAM1MA1qIMGwOARPINX8GY9WS/Wu/UxbV2w8pk98AfW5w8gpZkP</latexit><latexit sha1_base64="Pscw8E/mz0HahwrLVSP7Y/TfpRA=">AAACDXicbVC7TsMwFHV4lvIKMLJYFCSWVkkFgoGhgoWxSPQhNaFyXKe1ajuR7YCqKD/Awq+wMIAQKzsbf4PbZoCWI13p6Jx7de89Qcyo0o7zbS0sLi2vrBbWiusbm1vb9s5uU0WJxKSBIxbJdoAUYVSQhqaakXYsCeIBI61geDX2W/dEKhqJWz2Kic9RX9CQYqSN1LUPIYZliLupJznsP2TwAlY9TTlR0HXu0rJ7mhnXLjkVZwI4T9yclECOetf+8noRTjgRGjOkVMd1Yu2nSGqKGcmKXqJIjPAQ9UnHUIHMPj+dfJPBI6P0YBhJU0LDifp7IkVcqREPTCdHeqBmvbH4n9dJdHjup1TEiSYCTxeFCYM6guNoYI9KgjUbGYKwpOZWiAdIIqxNgEUTgjv78jxpViuuU3FvTkq1yzyOAtgHB+AYuOAM1MA1qIMGwOARPINX8GY9WS/Wu/UxbV2w8pk98AfW5w8gpZkP</latexit>

[Moore	&	Nelson	et	al.,	2001]

Caveat:	these	constraints	are	either	in	the	high	frequency	

regime	or	in	regions	where	screening	is	occurring	or	indirect.

[Cornish	et	al.,	2017]

•Time	delay	between	LIGO	detectors

•Binary	pulsars 0.995 . c/cgw . 1
<latexit sha1_base64="XaAdx0iWurUDQrLJlZan/A9m01c=">AAACC3icbVDLSsNAFJ3UV62vqEs3Q4vgKiaiaHdFNy4r2Ae0IUymk3bozCTMTJQSunfjr7hxoYhbf8Cdf+O0DaitBy4czrmXe+8JE0aVdt0vq7C0vLK6VlwvbWxube/Yu3tNFacSkwaOWSzbIVKEUUEammpG2okkiIeMtMLh1cRv3RGpaCxu9SghPkd9QSOKkTZSYJddp1o9g11GlFKUQ3yMg6x/P/5RvMCuuI47BVwkXk4qIEc9sD+7vRinnAiNGVKq47mJ9jMkNcWMjEvdVJEE4SHqk46hAnGi/Gz6yxgeGqUHo1iaEhpO1d8TGeJKjXhoOjnSAzXvTcT/vE6qows/oyJJNRF4tihKGdQxnAQDe1QSrNnIEIQlNbdCPEASYW3iK5kQvPmXF0nzxPFcx7s5rdQu8ziK4ACUwRHwwDmogWtQBw2AwQN4Ai/g1Xq0nq03633WWrDymX3wB9bHN7f2mZc=</latexit><latexit sha1_base64="XaAdx0iWurUDQrLJlZan/A9m01c=">AAACC3icbVDLSsNAFJ3UV62vqEs3Q4vgKiaiaHdFNy4r2Ae0IUymk3bozCTMTJQSunfjr7hxoYhbf8Cdf+O0DaitBy4czrmXe+8JE0aVdt0vq7C0vLK6VlwvbWxube/Yu3tNFacSkwaOWSzbIVKEUUEammpG2okkiIeMtMLh1cRv3RGpaCxu9SghPkd9QSOKkTZSYJddp1o9g11GlFKUQ3yMg6x/P/5RvMCuuI47BVwkXk4qIEc9sD+7vRinnAiNGVKq47mJ9jMkNcWMjEvdVJEE4SHqk46hAnGi/Gz6yxgeGqUHo1iaEhpO1d8TGeJKjXhoOjnSAzXvTcT/vE6qows/oyJJNRF4tihKGdQxnAQDe1QSrNnIEIQlNbdCPEASYW3iK5kQvPmXF0nzxPFcx7s5rdQu8ziK4ACUwRHwwDmogWtQBw2AwQN4Ai/g1Xq0nq03633WWrDymX3wB9bHN7f2mZc=</latexit><latexit sha1_base64="XaAdx0iWurUDQrLJlZan/A9m01c=">AAACC3icbVDLSsNAFJ3UV62vqEs3Q4vgKiaiaHdFNy4r2Ae0IUymk3bozCTMTJQSunfjr7hxoYhbf8Cdf+O0DaitBy4czrmXe+8JE0aVdt0vq7C0vLK6VlwvbWxube/Yu3tNFacSkwaOWSzbIVKEUUEammpG2okkiIeMtMLh1cRv3RGpaCxu9SghPkd9QSOKkTZSYJddp1o9g11GlFKUQ3yMg6x/P/5RvMCuuI47BVwkXk4qIEc9sD+7vRinnAiNGVKq47mJ9jMkNcWMjEvdVJEE4SHqk46hAnGi/Gz6yxgeGqUHo1iaEhpO1d8TGeJKjXhoOjnSAzXvTcT/vE6qows/oyJJNRF4tihKGdQxnAQDe1QSrNnIEIQlNbdCPEASYW3iK5kQvPmXF0nzxPFcx7s5rdQu8ziK4ACUwRHwwDmogWtQBw2AwQN4Ai/g1Xq0nq03633WWrDymX3wB9bHN7f2mZc=</latexit><latexit sha1_base64="XaAdx0iWurUDQrLJlZan/A9m01c=">AAACC3icbVDLSsNAFJ3UV62vqEs3Q4vgKiaiaHdFNy4r2Ae0IUymk3bozCTMTJQSunfjr7hxoYhbf8Cdf+O0DaitBy4czrmXe+8JE0aVdt0vq7C0vLK6VlwvbWxube/Yu3tNFacSkwaOWSzbIVKEUUEammpG2okkiIeMtMLh1cRv3RGpaCxu9SghPkd9QSOKkTZSYJddp1o9g11GlFKUQ3yMg6x/P/5RvMCuuI47BVwkXk4qIEc9sD+7vRinnAiNGVKq47mJ9jMkNcWMjEvdVJEE4SHqk46hAnGi/Gz6yxgeGqUHo1iaEhpO1d8TGeJKjXhoOjnSAzXvTcT/vE6qows/oyJJNRF4tihKGdQxnAQDe1QSrNnIEIQlNbdCPEASYW3iK5kQvPmXF0nzxPFcx7s5rdQu8ziK4ACUwRHwwDmogWtQBw2AwQN4Ai/g1Xq0nq03633WWrDymX3wB9bHN7f2mZc=</latexit>

[Jiménez	et	al.,	2015]



Λ
<latexit sha1_base64="jOVsfjlNRz1PXQR54nAuy24JWew=">AAAB7nicdVDLSgMxFM34rPVVdekmWARXQ2Yc2rorunHhooJ9QDuUTCbThmYyQ5IRytCPcONCEbd+jzv/xkxbQUUPBA7nnEvuPUHKmdIIfVgrq2vrG5ulrfL2zu7efuXgsKOSTBLaJglPZC/AinImaFszzWkvlRTHAafdYHJV+N17KhVLxJ2eptSP8UiwiBGsjdQd3JhoiIeVKrIvGjXXq0FkI1R3XKcgbt0796BjlAJVsERrWHkfhAnJYio04VipvoNS7edYakY4nZUHmaIpJhM8on1DBY6p8vP5ujN4apQQRok0T2g4V79P5DhWahoHJhljPVa/vUL8y+tnOmr4ORNppqkgi4+ijEOdwOJ2GDJJieZTQzCRzOwKyRhLTLRpqGxK+LoU/k86ru0g27n1qs3LZR0lcAxOwBlwQB00wTVogTYgYAIewBN4tlLr0XqxXhfRFWs5cwR+wHr7BGu0j58=</latexit><latexit sha1_base64="jOVsfjlNRz1PXQR54nAuy24JWew=">AAAB7nicdVDLSgMxFM34rPVVdekmWARXQ2Yc2rorunHhooJ9QDuUTCbThmYyQ5IRytCPcONCEbd+jzv/xkxbQUUPBA7nnEvuPUHKmdIIfVgrq2vrG5ulrfL2zu7efuXgsKOSTBLaJglPZC/AinImaFszzWkvlRTHAafdYHJV+N17KhVLxJ2eptSP8UiwiBGsjdQd3JhoiIeVKrIvGjXXq0FkI1R3XKcgbt0796BjlAJVsERrWHkfhAnJYio04VipvoNS7edYakY4nZUHmaIpJhM8on1DBY6p8vP5ujN4apQQRok0T2g4V79P5DhWahoHJhljPVa/vUL8y+tnOmr4ORNppqkgi4+ijEOdwOJ2GDJJieZTQzCRzOwKyRhLTLRpqGxK+LoU/k86ru0g27n1qs3LZR0lcAxOwBlwQB00wTVogTYgYAIewBN4tlLr0XqxXhfRFWs5cwR+wHr7BGu0j58=</latexit><latexit sha1_base64="jOVsfjlNRz1PXQR54nAuy24JWew=">AAAB7nicdVDLSgMxFM34rPVVdekmWARXQ2Yc2rorunHhooJ9QDuUTCbThmYyQ5IRytCPcONCEbd+jzv/xkxbQUUPBA7nnEvuPUHKmdIIfVgrq2vrG5ulrfL2zu7efuXgsKOSTBLaJglPZC/AinImaFszzWkvlRTHAafdYHJV+N17KhVLxJ2eptSP8UiwiBGsjdQd3JhoiIeVKrIvGjXXq0FkI1R3XKcgbt0796BjlAJVsERrWHkfhAnJYio04VipvoNS7edYakY4nZUHmaIpJhM8on1DBY6p8vP5ujN4apQQRok0T2g4V79P5DhWahoHJhljPVa/vUL8y+tnOmr4ORNppqkgi4+ijEOdwOJ2GDJJieZTQzCRzOwKyRhLTLRpqGxK+LoU/k86ru0g27n1qs3LZR0lcAxOwBlwQB00wTVogTYgYAIewBN4tlLr0XqxXhfRFWs5cwR+wHr7BGu0j58=</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="w5p19bFX61K5ggjGWWIQjXWssVw=">AAAB43icbVA9SwNBEJ2LXzFGjbY2i0GwCnc2Wgo2FhYRzAckR5jb2yRL9vaO3TkhHPkRNhaK+J/s/DduPgpNfDDweG+GmXlRpqQl3//2SlvbO7t75f3KQfXw6Lh2Um3bNDdctHiqUtON0AoltWiRJCW6mRGYREp0osnd3O88C2Nlqp9omokwwZGWQ8mRnNTpP7jWGAe1ut/wF2CbJFiROqzQHNS++nHK80Ro4gqt7QV+RmGBhiRXYlbp51ZkyCc4Ej1HNSbChsXi3Bm7cErMhqlxpYkt1N8TBSbWTpPIdSZIY7vuzcX/vF5Ow5uwkDrLSWi+XDTMFaOUzX9nsTSCk5o6gtxIdyvjYzTIySVUcSEE6y9vkvZVI/AbwaMPZTiDc7iEAK7hFu6hCS3gMIEXeIN3L/NevY9lXCVvldsp/IH3+QPd2Y4E</latexit><latexit sha1_base64="EFcT8tcxWV/kqOBqWRB799qQ5MQ=">AAAB43icdVBNS8NAEJ3Ur1qrVq9eFovgKWxiaetN8OLBQwX7AW0om82mXbr5YHcjlNAf4cWDIv4nb/4bN20FFX0w8Hhvhpl5fiq40hh/WKWNza3tnfJuZa+6f3BYO6r2VJJJyro0EYkc+EQxwWPW1VwLNkglI5EvWN+fXRd+/4FJxZP4Xs9T5kVkEvOQU6KN1B/dmtaAjGt1bF+2m26jibCNcctxnYK4rcZFAzlGKVCHNTrj2vsoSGgWsVhTQZQaOjjVXk6k5lSwRWWUKZYSOiMTNjQ0JhFTXr48d4HOjBKgMJGmYo2W6veJnERKzSPfdEZET9VvrxD/8oaZDttezuM00yymq0VhJpBOUPE7CrhkVIu5IYRKbm5FdEokodokVDEhfH2K/ic913aw7dxhKMMJnMI5ONCCK7iBDnSBwgwe4RlerNR6sl5XcZWsdW7H8APW2yc7IY5G</latexit><latexit sha1_base64="K9hBQjVglL8/7M6+x6dR9Z/CY0g=">AAAB7nicdVDLSgMxFL3js9ZX1aWbYBFcDZla2rorunHhooJ9QDuUTCbThmYeJBmhDP0INy4Ucev3uPNvzLQVVPRA4HDOueTe4yWCK43xh7Wyura+sVnYKm7v7O7tlw4OOypOJWVtGotY9jyimOARa2uuBeslkpHQE6zrTa5yv3vPpOJxdKenCXNDMop4wCnRRuoObkzUJ8NSGdsXjVqlWkPYxrjuVJycVOrV8ypyjJKjDEu0hqX3gR/TNGSRpoIo1Xdwot2MSM2pYLPiIFUsIXRCRqxvaERCptxsvu4MnRrFR0EszYs0mqvfJzISKjUNPZMMiR6r314u/uX1Ux003IxHSapZRBcfBalAOkb57cjnklEtpoYQKrnZFdExkYRq01DRlPB1KfqfdCq2g23nFpebl8s6CnAMJ3AGDtShCdfQgjZQmMADPMGzlViP1ov1uoiuWMuZI/gB6+0TanSPmw==</latexit><latexit sha1_base64="jOVsfjlNRz1PXQR54nAuy24JWew=">AAAB7nicdVDLSgMxFM34rPVVdekmWARXQ2Yc2rorunHhooJ9QDuUTCbThmYyQ5IRytCPcONCEbd+jzv/xkxbQUUPBA7nnEvuPUHKmdIIfVgrq2vrG5ulrfL2zu7efuXgsKOSTBLaJglPZC/AinImaFszzWkvlRTHAafdYHJV+N17KhVLxJ2eptSP8UiwiBGsjdQd3JhoiIeVKrIvGjXXq0FkI1R3XKcgbt0796BjlAJVsERrWHkfhAnJYio04VipvoNS7edYakY4nZUHmaIpJhM8on1DBY6p8vP5ujN4apQQRok0T2g4V79P5DhWahoHJhljPVa/vUL8y+tnOmr4ORNppqkgi4+ijEOdwOJ2GDJJieZTQzCRzOwKyRhLTLRpqGxK+LoU/k86ru0g27n1qs3LZR0lcAxOwBlwQB00wTVogTYgYAIewBN4tlLr0XqxXhfRFWs5cwR+wHr7BGu0j58=</latexit><latexit sha1_base64="jOVsfjlNRz1PXQR54nAuy24JWew=">AAAB7nicdVDLSgMxFM34rPVVdekmWARXQ2Yc2rorunHhooJ9QDuUTCbThmYyQ5IRytCPcONCEbd+jzv/xkxbQUUPBA7nnEvuPUHKmdIIfVgrq2vrG5ulrfL2zu7efuXgsKOSTBLaJglPZC/AinImaFszzWkvlRTHAafdYHJV+N17KhVLxJ2eptSP8UiwiBGsjdQd3JhoiIeVKrIvGjXXq0FkI1R3XKcgbt0796BjlAJVsERrWHkfhAnJYio04VipvoNS7edYakY4nZUHmaIpJhM8on1DBY6p8vP5ujN4apQQRok0T2g4V79P5DhWahoHJhljPVa/vUL8y+tnOmr4ORNppqkgi4+ijEOdwOJ2GDJJieZTQzCRzOwKyRhLTLRpqGxK+LoU/k86ru0g27n1qs3LZR0lcAxOwBlwQB00wTVogTYgYAIewBN4tlLr0XqxXhfRFWs5cwR+wHr7BGu0j58=</latexit><latexit sha1_base64="jOVsfjlNRz1PXQR54nAuy24JWew=">AAAB7nicdVDLSgMxFM34rPVVdekmWARXQ2Yc2rorunHhooJ9QDuUTCbThmYyQ5IRytCPcONCEbd+jzv/xkxbQUUPBA7nnEvuPUHKmdIIfVgrq2vrG5ulrfL2zu7efuXgsKOSTBLaJglPZC/AinImaFszzWkvlRTHAafdYHJV+N17KhVLxJ2eptSP8UiwiBGsjdQd3JhoiIeVKrIvGjXXq0FkI1R3XKcgbt0796BjlAJVsERrWHkfhAnJYio04VipvoNS7edYakY4nZUHmaIpJhM8on1DBY6p8vP5ujN4apQQRok0T2g4V79P5DhWahoHJhljPVa/vUL8y+tnOmr4ORNppqkgi4+ijEOdwOJ2GDJJieZTQzCRzOwKyRhLTLRpqGxK+LoU/k86ru0g27n1qs3LZR0lcAxOwBlwQB00wTVogTYgYAIewBN4tlLr0XqxXhfRFWs5cwR+wHr7BGu0j58=</latexit><latexit sha1_base64="jOVsfjlNRz1PXQR54nAuy24JWew=">AAAB7nicdVDLSgMxFM34rPVVdekmWARXQ2Yc2rorunHhooJ9QDuUTCbThmYyQ5IRytCPcONCEbd+jzv/xkxbQUUPBA7nnEvuPUHKmdIIfVgrq2vrG5ulrfL2zu7efuXgsKOSTBLaJglPZC/AinImaFszzWkvlRTHAafdYHJV+N17KhVLxJ2eptSP8UiwiBGsjdQd3JhoiIeVKrIvGjXXq0FkI1R3XKcgbt0796BjlAJVsERrWHkfhAnJYio04VipvoNS7edYakY4nZUHmaIpJhM8on1DBY6p8vP5ujN4apQQRok0T2g4V79P5DhWahoHJhljPVa/vUL8y+tnOmr4ORNppqkgi4+ijEOdwOJ2GDJJieZTQzCRzOwKyRhLTLRpqGxK+LoU/k86ru0g27n1qs3LZR0lcAxOwBlwQB00wTVogTYgYAIewBN4tlLr0XqxXhfRFWs5cwR+wHr7BGu0j58=</latexit><latexit sha1_base64="jOVsfjlNRz1PXQR54nAuy24JWew=">AAAB7nicdVDLSgMxFM34rPVVdekmWARXQ2Yc2rorunHhooJ9QDuUTCbThmYyQ5IRytCPcONCEbd+jzv/xkxbQUUPBA7nnEvuPUHKmdIIfVgrq2vrG5ulrfL2zu7efuXgsKOSTBLaJglPZC/AinImaFszzWkvlRTHAafdYHJV+N17KhVLxJ2eptSP8UiwiBGsjdQd3JhoiIeVKrIvGjXXq0FkI1R3XKcgbt0796BjlAJVsERrWHkfhAnJYio04VipvoNS7edYakY4nZUHmaIpJhM8on1DBY6p8vP5ujN4apQQRok0T2g4V79P5DhWahoHJhljPVa/vUL8y+tnOmr4ORNppqkgi4+ijEOdwOJ2GDJJieZTQzCRzOwKyRhLTLRpqGxK+LoU/k86ru0g27n1qs3LZR0lcAxOwBlwQB00wTVogTYgYAIewBN4tlLr0XqxXhfRFWs5cwR+wHr7BGu0j58=</latexit><latexit sha1_base64="jOVsfjlNRz1PXQR54nAuy24JWew=">AAAB7nicdVDLSgMxFM34rPVVdekmWARXQ2Yc2rorunHhooJ9QDuUTCbThmYyQ5IRytCPcONCEbd+jzv/xkxbQUUPBA7nnEvuPUHKmdIIfVgrq2vrG5ulrfL2zu7efuXgsKOSTBLaJglPZC/AinImaFszzWkvlRTHAafdYHJV+N17KhVLxJ2eptSP8UiwiBGsjdQd3JhoiIeVKrIvGjXXq0FkI1R3XKcgbt0796BjlAJVsERrWHkfhAnJYio04VipvoNS7edYakY4nZUHmaIpJhM8on1DBY6p8vP5ujN4apQQRok0T2g4V79P5DhWahoHJhljPVa/vUL8y+tnOmr4ORNppqkgi4+ijEOdwOJ2GDJJieZTQzCRzOwKyRhLTLRpqGxK+LoU/k86ru0g27n1qs3LZR0lcAxOwBlwQB00wTVogTYgYAIewBN4tlLr0XqxXhfRFWs5cwR+wHr7BGu0j58=</latexit>

Cosmological constant

Λ	is	know	to	suffer	from	several	issues.	It	is	a	measure	of	our	

ignorance	on	gravity!

•Value	is	at	odds	with	quantum	(vacuum	fluctua3ons)	

and	classic	(phase	transi3ons)	expecta3ons	

•Coincidence	problem	

We	have	a	successful	candidate

Gµν = 8πGT (m)
µν

− Λgµν
<latexit sha1_base64="nXnu6n6YVAdttg2M4oaFDfzK/gI=">AAACI3icbVDLSgMxFM3UV62vqks3wSLUhWVGBIsgFF3UhYsKfUFnHDJp2oYmmSHJCGXov7jxV9y4UIobF/6L6YOirQcuHM65N7n3BBGjStv2l5VaWV1b30hvZra2d3b3svsHdRXGEpMaDlkomwFShFFBappqRpqRJIgHjDSC/u3YbzwRqWgoqnoQEY+jrqAdipE2kp+9KvuJy2NXxEN4DYvQjSgsw+pcfEzy/HQIz6B7bx5tI9idW342ZxfsCeAycWYkB2ao+NmR2w5xzInQmCGlWo4daS9BUlPMyDDjxopECPdRl7QMFYgT5SWTG4fwxCht2AmlKaHhRP09kSCu1IAHppMj3VOL3lj8z2vFulP0EiqiWBOBpx91YgZ1CMeBwTaVBGs2MARhSc2uEPeQRFibWDMmBGfx5GVSPy84dsF5uMiVbmZxpMEROAZ54IBLUAJ3oAJqAINn8ArewYf1Yr1ZI+tz2pqyZjOH4A+s7x/r96M8</latexit><latexit sha1_base64="nXnu6n6YVAdttg2M4oaFDfzK/gI=">AAACI3icbVDLSgMxFM3UV62vqks3wSLUhWVGBIsgFF3UhYsKfUFnHDJp2oYmmSHJCGXov7jxV9y4UIobF/6L6YOirQcuHM65N7n3BBGjStv2l5VaWV1b30hvZra2d3b3svsHdRXGEpMaDlkomwFShFFBappqRpqRJIgHjDSC/u3YbzwRqWgoqnoQEY+jrqAdipE2kp+9KvuJy2NXxEN4DYvQjSgsw+pcfEzy/HQIz6B7bx5tI9idW342ZxfsCeAycWYkB2ao+NmR2w5xzInQmCGlWo4daS9BUlPMyDDjxopECPdRl7QMFYgT5SWTG4fwxCht2AmlKaHhRP09kSCu1IAHppMj3VOL3lj8z2vFulP0EiqiWBOBpx91YgZ1CMeBwTaVBGs2MARhSc2uEPeQRFibWDMmBGfx5GVSPy84dsF5uMiVbmZxpMEROAZ54IBLUAJ3oAJqAINn8ArewYf1Yr1ZI+tz2pqyZjOH4A+s7x/r96M8</latexit><latexit sha1_base64="nXnu6n6YVAdttg2M4oaFDfzK/gI=">AAACI3icbVDLSgMxFM3UV62vqks3wSLUhWVGBIsgFF3UhYsKfUFnHDJp2oYmmSHJCGXov7jxV9y4UIobF/6L6YOirQcuHM65N7n3BBGjStv2l5VaWV1b30hvZra2d3b3svsHdRXGEpMaDlkomwFShFFBappqRpqRJIgHjDSC/u3YbzwRqWgoqnoQEY+jrqAdipE2kp+9KvuJy2NXxEN4DYvQjSgsw+pcfEzy/HQIz6B7bx5tI9idW342ZxfsCeAycWYkB2ao+NmR2w5xzInQmCGlWo4daS9BUlPMyDDjxopECPdRl7QMFYgT5SWTG4fwxCht2AmlKaHhRP09kSCu1IAHppMj3VOL3lj8z2vFulP0EiqiWBOBpx91YgZ1CMeBwTaVBGs2MARhSc2uEPeQRFibWDMmBGfx5GVSPy84dsF5uMiVbmZxpMEROAZ54IBLUAJ3oAJqAINn8ArewYf1Yr1ZI+tz2pqyZjOH4A+s7x/r96M8</latexit><latexit sha1_base64="nXnu6n6YVAdttg2M4oaFDfzK/gI=">AAACI3icbVDLSgMxFM3UV62vqks3wSLUhWVGBIsgFF3UhYsKfUFnHDJp2oYmmSHJCGXov7jxV9y4UIobF/6L6YOirQcuHM65N7n3BBGjStv2l5VaWV1b30hvZra2d3b3svsHdRXGEpMaDlkomwFShFFBappqRpqRJIgHjDSC/u3YbzwRqWgoqnoQEY+jrqAdipE2kp+9KvuJy2NXxEN4DYvQjSgsw+pcfEzy/HQIz6B7bx5tI9idW342ZxfsCeAycWYkB2ao+NmR2w5xzInQmCGlWo4daS9BUlPMyDDjxopECPdRl7QMFYgT5SWTG4fwxCht2AmlKaHhRP09kSCu1IAHppMj3VOL3lj8z2vFulP0EiqiWBOBpx91YgZ1CMeBwTaVBGs2MARhSc2uEPeQRFibWDMmBGfx5GVSPy84dsF5uMiVbmZxpMEROAZ54IBLUAJ3oAJqAINn8ArewYf1Yr1ZI+tz2pqyZjOH4A+s7x/r96M8</latexit>

For	which																		.		So,	why	bother?cT = c
<latexit sha1_base64="u9KEDg0u/IwlQNosOCdvkzEbtKM=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqBeh6MVjhX5BG8pmummXbjZhdyOU0B/hxYMiXv093vw3btsctPXBwOO9GWbmBYng2rjut1PY2Nza3inulvb2Dw6PyscnbR2nClkLYxGrbkA1E1yyluFGsG6iGI0CwTrB5H7ud56Y0jyWTTNNmB/RkeQhR2qs1MFBk9wSHJQrbtVdgKwTLycVyNEYlL/6wxjTiEmDgmrd89zE+BlVhqNgs1I/1SyhOKEj1rNU0ohpP1ucOyMXVhmSMFa2pCEL9fdERiOtp1FgOyNqxnrVm4v/eb3UhDd+xmWSGiZxuShMBTExmf9OhlwxNGJqCUXF7a0Ex1RRNDahkg3BW315nbSvqp5b9R6vK/W7PI4inME5XIIHNajDAzSgBQgTeIZXeHMS58V5dz6WrQUnnzmFP3A+fwANWo62</latexit><latexit sha1_base64="u9KEDg0u/IwlQNosOCdvkzEbtKM=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqBeh6MVjhX5BG8pmummXbjZhdyOU0B/hxYMiXv093vw3btsctPXBwOO9GWbmBYng2rjut1PY2Nza3inulvb2Dw6PyscnbR2nClkLYxGrbkA1E1yyluFGsG6iGI0CwTrB5H7ud56Y0jyWTTNNmB/RkeQhR2qs1MFBk9wSHJQrbtVdgKwTLycVyNEYlL/6wxjTiEmDgmrd89zE+BlVhqNgs1I/1SyhOKEj1rNU0ohpP1ucOyMXVhmSMFa2pCEL9fdERiOtp1FgOyNqxnrVm4v/eb3UhDd+xmWSGiZxuShMBTExmf9OhlwxNGJqCUXF7a0Ex1RRNDahkg3BW315nbSvqp5b9R6vK/W7PI4inME5XIIHNajDAzSgBQgTeIZXeHMS58V5dz6WrQUnnzmFP3A+fwANWo62</latexit><latexit sha1_base64="u9KEDg0u/IwlQNosOCdvkzEbtKM=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqBeh6MVjhX5BG8pmummXbjZhdyOU0B/hxYMiXv093vw3btsctPXBwOO9GWbmBYng2rjut1PY2Nza3inulvb2Dw6PyscnbR2nClkLYxGrbkA1E1yyluFGsG6iGI0CwTrB5H7ud56Y0jyWTTNNmB/RkeQhR2qs1MFBk9wSHJQrbtVdgKwTLycVyNEYlL/6wxjTiEmDgmrd89zE+BlVhqNgs1I/1SyhOKEj1rNU0ohpP1ucOyMXVhmSMFa2pCEL9fdERiOtp1FgOyNqxnrVm4v/eb3UhDd+xmWSGiZxuShMBTExmf9OhlwxNGJqCUXF7a0Ex1RRNDahkg3BW315nbSvqp5b9R6vK/W7PI4inME5XIIHNajDAzSgBQgTeIZXeHMS58V5dz6WrQUnnzmFP3A+fwANWo62</latexit><latexit sha1_base64="u9KEDg0u/IwlQNosOCdvkzEbtKM=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqBeh6MVjhX5BG8pmummXbjZhdyOU0B/hxYMiXv093vw3btsctPXBwOO9GWbmBYng2rjut1PY2Nza3inulvb2Dw6PyscnbR2nClkLYxGrbkA1E1yyluFGsG6iGI0CwTrB5H7ud56Y0jyWTTNNmB/RkeQhR2qs1MFBk9wSHJQrbtVdgKwTLycVyNEYlL/6wxjTiEmDgmrd89zE+BlVhqNgs1I/1SyhOKEj1rNU0ohpP1ucOyMXVhmSMFa2pCEL9fdERiOtp1FgOyNqxnrVm4v/eb3UhDd+xmWSGiZxuShMBTExmf9OhlwxNGJqCUXF7a0Ex1RRNDahkg3BW315nbSvqp5b9R6vK/W7PI4inME5XIIHNajDAzSgBQgTeIZXeHMS58V5dz6WrQUnnzmFP3A+fwANWo62</latexit>

[Mar3n,	2012]

Ω
0

Λ ∼ Ω
0

m
<latexit sha1_base64="dABs/hSpdXlLurXRk2qXWGtEktU=">AAACDHicbVDLSgMxFM34rPVVdekmWARXZUYEXRbduBCsYB/QGcudTNqGJpkhyQhl6Ae48VfcuFDErR/gzr8xbUfQ1gOBwznncnNPmHCmjet+OQuLS8srq4W14vrG5tZ2aWe3oeNUEVonMY9VKwRNOZO0bpjhtJUoCiLktBkOLsZ+854qzWJ5a4YJDQT0JOsyAsZKnVLZvxa0B53Mv7JDEYzuXF8zgX9kYQWbcivuBHieeDkpoxy1TunTj2KSCioN4aB123MTE2SgDCOcjop+qmkCZAA92rZUgqA6yCbHjPChVSLcjZV90uCJ+nsiA6H1UIQ2KcD09aw3Fv/z2qnpngUZk0lqqCTTRd2UYxPjcTM4YooSw4eWAFHM/hWTPiggxvZXtCV4syfPk8ZxxXMr3s1JuXqe11FA++gAHSEPnaIqukQ1VEcEPaAn9IJenUfn2Xlz3qfRBSef2UN/4Hx8A2Aamyw=</latexit><latexit sha1_base64="dABs/hSpdXlLurXRk2qXWGtEktU=">AAACDHicbVDLSgMxFM34rPVVdekmWARXZUYEXRbduBCsYB/QGcudTNqGJpkhyQhl6Ae48VfcuFDErR/gzr8xbUfQ1gOBwznncnNPmHCmjet+OQuLS8srq4W14vrG5tZ2aWe3oeNUEVonMY9VKwRNOZO0bpjhtJUoCiLktBkOLsZ+854qzWJ5a4YJDQT0JOsyAsZKnVLZvxa0B53Mv7JDEYzuXF8zgX9kYQWbcivuBHieeDkpoxy1TunTj2KSCioN4aB123MTE2SgDCOcjop+qmkCZAA92rZUgqA6yCbHjPChVSLcjZV90uCJ+nsiA6H1UIQ2KcD09aw3Fv/z2qnpngUZk0lqqCTTRd2UYxPjcTM4YooSw4eWAFHM/hWTPiggxvZXtCV4syfPk8ZxxXMr3s1JuXqe11FA++gAHSEPnaIqukQ1VEcEPaAn9IJenUfn2Xlz3qfRBSef2UN/4Hx8A2Aamyw=</latexit><latexit sha1_base64="dABs/hSpdXlLurXRk2qXWGtEktU=">AAACDHicbVDLSgMxFM34rPVVdekmWARXZUYEXRbduBCsYB/QGcudTNqGJpkhyQhl6Ae48VfcuFDErR/gzr8xbUfQ1gOBwznncnNPmHCmjet+OQuLS8srq4W14vrG5tZ2aWe3oeNUEVonMY9VKwRNOZO0bpjhtJUoCiLktBkOLsZ+854qzWJ5a4YJDQT0JOsyAsZKnVLZvxa0B53Mv7JDEYzuXF8zgX9kYQWbcivuBHieeDkpoxy1TunTj2KSCioN4aB123MTE2SgDCOcjop+qmkCZAA92rZUgqA6yCbHjPChVSLcjZV90uCJ+nsiA6H1UIQ2KcD09aw3Fv/z2qnpngUZk0lqqCTTRd2UYxPjcTM4YooSw4eWAFHM/hWTPiggxvZXtCV4syfPk8ZxxXMr3s1JuXqe11FA++gAHSEPnaIqukQ1VEcEPaAn9IJenUfn2Xlz3qfRBSef2UN/4Hx8A2Aamyw=</latexit><latexit sha1_base64="dABs/hSpdXlLurXRk2qXWGtEktU=">AAACDHicbVDLSgMxFM34rPVVdekmWARXZUYEXRbduBCsYB/QGcudTNqGJpkhyQhl6Ae48VfcuFDErR/gzr8xbUfQ1gOBwznncnNPmHCmjet+OQuLS8srq4W14vrG5tZ2aWe3oeNUEVonMY9VKwRNOZO0bpjhtJUoCiLktBkOLsZ+854qzWJ5a4YJDQT0JOsyAsZKnVLZvxa0B53Mv7JDEYzuXF8zgX9kYQWbcivuBHieeDkpoxy1TunTj2KSCioN4aB123MTE2SgDCOcjop+qmkCZAA92rZUgqA6yCbHjPChVSLcjZV90uCJ+nsiA6H1UIQ2KcD09aw3Fv/z2qnpngUZk0lqqCTTRd2UYxPjcTM4YooSw4eWAFHM/hWTPiggxvZXtCV4syfPk8ZxxXMr3s1JuXqe11FA++gAHSEPnaIqukQ1VEcEPaAn9IJenUfn2Xlz3qfRBSef2UN/4Hx8A2Aamyw=</latexit>

Λ ∼ 10
−29g/cm3

Λ ∼ 10
−43GeV 4

<latexit sha1_base64="devUlgp7alHRL2WUEFp2swIR02I=">AAACJHicbVDLSgMxFM34rONr1KWbYFHcWGfagoqbogtduKhgH9BpSyZN29AkMyQZoQz9GDf+ihsXPnDhxm8xfSy07YHA4ZxzubkniBhV2nW/rYXFpeWV1dSavb6xubXt7OyWVRhLTEo4ZKGsBkgRRgUpaaoZqUaSIB4wUgl610O/8kikoqF40P2I1DnqCNqmGGkjNZ3LI//OpFsI+opy6LmN5CR7MeicYt7I+b49x87nBvCGlBv5ppN2M+4IcJZ4E5IGExSbzoffCnHMidCYIaVqnhvpeoKkppiRge3HikQI91CH1AwViBNVT0ZHDuChUVqwHUrzhIYj9e9EgrhSfR6YJEe6q6a9oTjPq8W6fV5PqIhiTQQeL2rHDOoQDhuDLSoJ1qxvCMKSmr9C3EUSYW16tU0J3vTJs6SczXhuxrvPpwtXkzpSYB8cgGPggTNQALegCEoAgyfwAt7Au/VsvVqf1tc4umBNZvbAP1g/vwC2oVA=</latexit><latexit sha1_base64="devUlgp7alHRL2WUEFp2swIR02I=">AAACJHicbVDLSgMxFM34rONr1KWbYFHcWGfagoqbogtduKhgH9BpSyZN29AkMyQZoQz9GDf+ihsXPnDhxm8xfSy07YHA4ZxzubkniBhV2nW/rYXFpeWV1dSavb6xubXt7OyWVRhLTEo4ZKGsBkgRRgUpaaoZqUaSIB4wUgl610O/8kikoqF40P2I1DnqCNqmGGkjNZ3LI//OpFsI+opy6LmN5CR7MeicYt7I+b49x87nBvCGlBv5ppN2M+4IcJZ4E5IGExSbzoffCnHMidCYIaVqnhvpeoKkppiRge3HikQI91CH1AwViBNVT0ZHDuChUVqwHUrzhIYj9e9EgrhSfR6YJEe6q6a9oTjPq8W6fV5PqIhiTQQeL2rHDOoQDhuDLSoJ1qxvCMKSmr9C3EUSYW16tU0J3vTJs6SczXhuxrvPpwtXkzpSYB8cgGPggTNQALegCEoAgyfwAt7Au/VsvVqf1tc4umBNZvbAP1g/vwC2oVA=</latexit><latexit sha1_base64="devUlgp7alHRL2WUEFp2swIR02I=">AAACJHicbVDLSgMxFM34rONr1KWbYFHcWGfagoqbogtduKhgH9BpSyZN29AkMyQZoQz9GDf+ihsXPnDhxm8xfSy07YHA4ZxzubkniBhV2nW/rYXFpeWV1dSavb6xubXt7OyWVRhLTEo4ZKGsBkgRRgUpaaoZqUaSIB4wUgl610O/8kikoqF40P2I1DnqCNqmGGkjNZ3LI//OpFsI+opy6LmN5CR7MeicYt7I+b49x87nBvCGlBv5ppN2M+4IcJZ4E5IGExSbzoffCnHMidCYIaVqnhvpeoKkppiRge3HikQI91CH1AwViBNVT0ZHDuChUVqwHUrzhIYj9e9EgrhSfR6YJEe6q6a9oTjPq8W6fV5PqIhiTQQeL2rHDOoQDhuDLSoJ1qxvCMKSmr9C3EUSYW16tU0J3vTJs6SczXhuxrvPpwtXkzpSYB8cgGPggTNQALegCEoAgyfwAt7Au/VsvVqf1tc4umBNZvbAP1g/vwC2oVA=</latexit><latexit sha1_base64="devUlgp7alHRL2WUEFp2swIR02I=">AAACJHicbVDLSgMxFM34rONr1KWbYFHcWGfagoqbogtduKhgH9BpSyZN29AkMyQZoQz9GDf+ihsXPnDhxm8xfSy07YHA4ZxzubkniBhV2nW/rYXFpeWV1dSavb6xubXt7OyWVRhLTEo4ZKGsBkgRRgUpaaoZqUaSIB4wUgl610O/8kikoqF40P2I1DnqCNqmGGkjNZ3LI//OpFsI+opy6LmN5CR7MeicYt7I+b49x87nBvCGlBv5ppN2M+4IcJZ4E5IGExSbzoffCnHMidCYIaVqnhvpeoKkppiRge3HikQI91CH1AwViBNVT0ZHDuChUVqwHUrzhIYj9e9EgrhSfR6YJEe6q6a9oTjPq8W6fV5PqIhiTQQeL2rHDOoQDhuDLSoJ1qxvCMKSmr9C3EUSYW16tU0J3vTJs6SczXhuxrvPpwtXkzpSYB8cgGPggTNQALegCEoAgyfwAt7Au/VsvVqf1tc4umBNZvbAP1g/vwC2oVA=</latexit>



Λ
<latexit sha1_base64="jOVsfjlNRz1PXQR54nAuy24JWew=">AAAB7nicdVDLSgMxFM34rPVVdekmWARXQ2Yc2rorunHhooJ9QDuUTCbThmYyQ5IRytCPcONCEbd+jzv/xkxbQUUPBA7nnEvuPUHKmdIIfVgrq2vrG5ulrfL2zu7efuXgsKOSTBLaJglPZC/AinImaFszzWkvlRTHAafdYHJV+N17KhVLxJ2eptSP8UiwiBGsjdQd3JhoiIeVKrIvGjXXq0FkI1R3XKcgbt0796BjlAJVsERrWHkfhAnJYio04VipvoNS7edYakY4nZUHmaIpJhM8on1DBY6p8vP5ujN4apQQRok0T2g4V79P5DhWahoHJhljPVa/vUL8y+tnOmr4ORNppqkgi4+ijEOdwOJ2GDJJieZTQzCRzOwKyRhLTLRpqGxK+LoU/k86ru0g27n1qs3LZR0lcAxOwBlwQB00wTVogTYgYAIewBN4tlLr0XqxXhfRFWs5cwR+wHr7BGu0j58=</latexit><latexit sha1_base64="jOVsfjlNRz1PXQR54nAuy24JWew=">AAAB7nicdVDLSgMxFM34rPVVdekmWARXQ2Yc2rorunHhooJ9QDuUTCbThmYyQ5IRytCPcONCEbd+jzv/xkxbQUUPBA7nnEvuPUHKmdIIfVgrq2vrG5ulrfL2zu7efuXgsKOSTBLaJglPZC/AinImaFszzWkvlRTHAafdYHJV+N17KhVLxJ2eptSP8UiwiBGsjdQd3JhoiIeVKrIvGjXXq0FkI1R3XKcgbt0796BjlAJVsERrWHkfhAnJYio04VipvoNS7edYakY4nZUHmaIpJhM8on1DBY6p8vP5ujN4apQQRok0T2g4V79P5DhWahoHJhljPVa/vUL8y+tnOmr4ORNppqkgi4+ijEOdwOJ2GDJJieZTQzCRzOwKyRhLTLRpqGxK+LoU/k86ru0g27n1qs3LZR0lcAxOwBlwQB00wTVogTYgYAIewBN4tlLr0XqxXhfRFWs5cwR+wHr7BGu0j58=</latexit><latexit sha1_base64="jOVsfjlNRz1PXQR54nAuy24JWew=">AAAB7nicdVDLSgMxFM34rPVVdekmWARXQ2Yc2rorunHhooJ9QDuUTCbThmYyQ5IRytCPcONCEbd+jzv/xkxbQUUPBA7nnEvuPUHKmdIIfVgrq2vrG5ulrfL2zu7efuXgsKOSTBLaJglPZC/AinImaFszzWkvlRTHAafdYHJV+N17KhVLxJ2eptSP8UiwiBGsjdQd3JhoiIeVKrIvGjXXq0FkI1R3XKcgbt0796BjlAJVsERrWHkfhAnJYio04VipvoNS7edYakY4nZUHmaIpJhM8on1DBY6p8vP5ujN4apQQRok0T2g4V79P5DhWahoHJhljPVa/vUL8y+tnOmr4ORNppqkgi4+ijEOdwOJ2GDJJieZTQzCRzOwKyRhLTLRpqGxK+LoU/k86ru0g27n1qs3LZR0lcAxOwBlwQB00wTVogTYgYAIewBN4tlLr0XqxXhfRFWs5cwR+wHr7BGu0j58=</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="w5p19bFX61K5ggjGWWIQjXWssVw=">AAAB43icbVA9SwNBEJ2LXzFGjbY2i0GwCnc2Wgo2FhYRzAckR5jb2yRL9vaO3TkhHPkRNhaK+J/s/DduPgpNfDDweG+GmXlRpqQl3//2SlvbO7t75f3KQfXw6Lh2Um3bNDdctHiqUtON0AoltWiRJCW6mRGYREp0osnd3O88C2Nlqp9omokwwZGWQ8mRnNTpP7jWGAe1ut/wF2CbJFiROqzQHNS++nHK80Ro4gqt7QV+RmGBhiRXYlbp51ZkyCc4Ej1HNSbChsXi3Bm7cErMhqlxpYkt1N8TBSbWTpPIdSZIY7vuzcX/vF5Ow5uwkDrLSWi+XDTMFaOUzX9nsTSCk5o6gtxIdyvjYzTIySVUcSEE6y9vkvZVI/AbwaMPZTiDc7iEAK7hFu6hCS3gMIEXeIN3L/NevY9lXCVvldsp/IH3+QPd2Y4E</latexit><latexit sha1_base64="EFcT8tcxWV/kqOBqWRB799qQ5MQ=">AAAB43icdVBNS8NAEJ3Ur1qrVq9eFovgKWxiaetN8OLBQwX7AW0om82mXbr5YHcjlNAf4cWDIv4nb/4bN20FFX0w8Hhvhpl5fiq40hh/WKWNza3tnfJuZa+6f3BYO6r2VJJJyro0EYkc+EQxwWPW1VwLNkglI5EvWN+fXRd+/4FJxZP4Xs9T5kVkEvOQU6KN1B/dmtaAjGt1bF+2m26jibCNcctxnYK4rcZFAzlGKVCHNTrj2vsoSGgWsVhTQZQaOjjVXk6k5lSwRWWUKZYSOiMTNjQ0JhFTXr48d4HOjBKgMJGmYo2W6veJnERKzSPfdEZET9VvrxD/8oaZDttezuM00yymq0VhJpBOUPE7CrhkVIu5IYRKbm5FdEokodokVDEhfH2K/ic913aw7dxhKMMJnMI5ONCCK7iBDnSBwgwe4RlerNR6sl5XcZWsdW7H8APW2yc7IY5G</latexit><latexit sha1_base64="K9hBQjVglL8/7M6+x6dR9Z/CY0g=">AAAB7nicdVDLSgMxFL3js9ZX1aWbYBFcDZla2rorunHhooJ9QDuUTCbThmYeJBmhDP0INy4Ucev3uPNvzLQVVPRA4HDOueTe4yWCK43xh7Wyura+sVnYKm7v7O7tlw4OOypOJWVtGotY9jyimOARa2uuBeslkpHQE6zrTa5yv3vPpOJxdKenCXNDMop4wCnRRuoObkzUJ8NSGdsXjVqlWkPYxrjuVJycVOrV8ypyjJKjDEu0hqX3gR/TNGSRpoIo1Xdwot2MSM2pYLPiIFUsIXRCRqxvaERCptxsvu4MnRrFR0EszYs0mqvfJzISKjUNPZMMiR6r314u/uX1Ux003IxHSapZRBcfBalAOkb57cjnklEtpoYQKrnZFdExkYRq01DRlPB1KfqfdCq2g23nFpebl8s6CnAMJ3AGDtShCdfQgjZQmMADPMGzlViP1ov1uoiuWMuZI/gB6+0TanSPmw==</latexit><latexit sha1_base64="jOVsfjlNRz1PXQR54nAuy24JWew=">AAAB7nicdVDLSgMxFM34rPVVdekmWARXQ2Yc2rorunHhooJ9QDuUTCbThmYyQ5IRytCPcONCEbd+jzv/xkxbQUUPBA7nnEvuPUHKmdIIfVgrq2vrG5ulrfL2zu7efuXgsKOSTBLaJglPZC/AinImaFszzWkvlRTHAafdYHJV+N17KhVLxJ2eptSP8UiwiBGsjdQd3JhoiIeVKrIvGjXXq0FkI1R3XKcgbt0796BjlAJVsERrWHkfhAnJYio04VipvoNS7edYakY4nZUHmaIpJhM8on1DBY6p8vP5ujN4apQQRok0T2g4V79P5DhWahoHJhljPVa/vUL8y+tnOmr4ORNppqkgi4+ijEOdwOJ2GDJJieZTQzCRzOwKyRhLTLRpqGxK+LoU/k86ru0g27n1qs3LZR0lcAxOwBlwQB00wTVogTYgYAIewBN4tlLr0XqxXhfRFWs5cwR+wHr7BGu0j58=</latexit><latexit sha1_base64="jOVsfjlNRz1PXQR54nAuy24JWew=">AAAB7nicdVDLSgMxFM34rPVVdekmWARXQ2Yc2rorunHhooJ9QDuUTCbThmYyQ5IRytCPcONCEbd+jzv/xkxbQUUPBA7nnEvuPUHKmdIIfVgrq2vrG5ulrfL2zu7efuXgsKOSTBLaJglPZC/AinImaFszzWkvlRTHAafdYHJV+N17KhVLxJ2eptSP8UiwiBGsjdQd3JhoiIeVKrIvGjXXq0FkI1R3XKcgbt0796BjlAJVsERrWHkfhAnJYio04VipvoNS7edYakY4nZUHmaIpJhM8on1DBY6p8vP5ujN4apQQRok0T2g4V79P5DhWahoHJhljPVa/vUL8y+tnOmr4ORNppqkgi4+ijEOdwOJ2GDJJieZTQzCRzOwKyRhLTLRpqGxK+LoU/k86ru0g27n1qs3LZR0lcAxOwBlwQB00wTVogTYgYAIewBN4tlLr0XqxXhfRFWs5cwR+wHr7BGu0j58=</latexit><latexit sha1_base64="jOVsfjlNRz1PXQR54nAuy24JWew=">AAAB7nicdVDLSgMxFM34rPVVdekmWARXQ2Yc2rorunHhooJ9QDuUTCbThmYyQ5IRytCPcONCEbd+jzv/xkxbQUUPBA7nnEvuPUHKmdIIfVgrq2vrG5ulrfL2zu7efuXgsKOSTBLaJglPZC/AinImaFszzWkvlRTHAafdYHJV+N17KhVLxJ2eptSP8UiwiBGsjdQd3JhoiIeVKrIvGjXXq0FkI1R3XKcgbt0796BjlAJVsERrWHkfhAnJYio04VipvoNS7edYakY4nZUHmaIpJhM8on1DBY6p8vP5ujN4apQQRok0T2g4V79P5DhWahoHJhljPVa/vUL8y+tnOmr4ORNppqkgi4+ijEOdwOJ2GDJJieZTQzCRzOwKyRhLTLRpqGxK+LoU/k86ru0g27n1qs3LZR0lcAxOwBlwQB00wTVogTYgYAIewBN4tlLr0XqxXhfRFWs5cwR+wHr7BGu0j58=</latexit><latexit sha1_base64="jOVsfjlNRz1PXQR54nAuy24JWew=">AAAB7nicdVDLSgMxFM34rPVVdekmWARXQ2Yc2rorunHhooJ9QDuUTCbThmYyQ5IRytCPcONCEbd+jzv/xkxbQUUPBA7nnEvuPUHKmdIIfVgrq2vrG5ulrfL2zu7efuXgsKOSTBLaJglPZC/AinImaFszzWkvlRTHAafdYHJV+N17KhVLxJ2eptSP8UiwiBGsjdQd3JhoiIeVKrIvGjXXq0FkI1R3XKcgbt0796BjlAJVsERrWHkfhAnJYio04VipvoNS7edYakY4nZUHmaIpJhM8on1DBY6p8vP5ujN4apQQRok0T2g4V79P5DhWahoHJhljPVa/vUL8y+tnOmr4ORNppqkgi4+ijEOdwOJ2GDJJieZTQzCRzOwKyRhLTLRpqGxK+LoU/k86ru0g27n1qs3LZR0lcAxOwBlwQB00wTVogTYgYAIewBN4tlLr0XqxXhfRFWs5cwR+wHr7BGu0j58=</latexit><latexit sha1_base64="jOVsfjlNRz1PXQR54nAuy24JWew=">AAAB7nicdVDLSgMxFM34rPVVdekmWARXQ2Yc2rorunHhooJ9QDuUTCbThmYyQ5IRytCPcONCEbd+jzv/xkxbQUUPBA7nnEvuPUHKmdIIfVgrq2vrG5ulrfL2zu7efuXgsKOSTBLaJglPZC/AinImaFszzWkvlRTHAafdYHJV+N17KhVLxJ2eptSP8UiwiBGsjdQd3JhoiIeVKrIvGjXXq0FkI1R3XKcgbt0796BjlAJVsERrWHkfhAnJYio04VipvoNS7edYakY4nZUHmaIpJhM8on1DBY6p8vP5ujN4apQQRok0T2g4V79P5DhWahoHJhljPVa/vUL8y+tnOmr4ORNppqkgi4+ijEOdwOJ2GDJJieZTQzCRzOwKyRhLTLRpqGxK+LoU/k86ru0g27n1qs3LZR0lcAxOwBlwQB00wTVogTYgYAIewBN4tlLr0XqxXhfRFWs5cwR+wHr7BGu0j58=</latexit><latexit sha1_base64="jOVsfjlNRz1PXQR54nAuy24JWew=">AAAB7nicdVDLSgMxFM34rPVVdekmWARXQ2Yc2rorunHhooJ9QDuUTCbThmYyQ5IRytCPcONCEbd+jzv/xkxbQUUPBA7nnEvuPUHKmdIIfVgrq2vrG5ulrfL2zu7efuXgsKOSTBLaJglPZC/AinImaFszzWkvlRTHAafdYHJV+N17KhVLxJ2eptSP8UiwiBGsjdQd3JhoiIeVKrIvGjXXq0FkI1R3XKcgbt0796BjlAJVsERrWHkfhAnJYio04VipvoNS7edYakY4nZUHmaIpJhM8on1DBY6p8vP5ujN4apQQRok0T2g4V79P5DhWahoHJhljPVa/vUL8y+tnOmr4ORNppqkgi4+ijEOdwOJ2GDJJieZTQzCRzOwKyRhLTLRpqGxK+LoU/k86ru0g27n1qs3LZR0lcAxOwBlwQB00wTVogTYgYAIewBN4tlLr0XqxXhfRFWs5cwR+wHr7BGu0j58=</latexit>

We	do	not	solve	Λ	problems	but	we	

adventure	beyond	GR	boundaries

But	can	be	something	that	is	not	lambda?

Beyond Λ 

However,	Lovelock	theorem:	

• One	metric	

• Diffeomorphism	invariance	

• 4	dimensions	

• local	theory	

• Second	order	equa3on

GR

[Lovelock,	1971]



From GR to scalar-tensor theories

•Extra	“maKer”	fields	

•Non	local	theories	

•Higher	deriva3ves	

•Breaking	symmetries	

•…	

f(R,Rµν , Rµναβ)
<latexit sha1_base64="c7+2/9LnyyCebckFMlTcXIBc9CA=">AAACD3icbZDLSsNAFIYnXmu9VV26GSxKhVISEXRZdOOyFnuBJoST6aQdOpmEmYlQQt/Aja/ixoUibt26822cXhBt/WHg4z/ncOb8QcKZ0rb9ZS0tr6yurec28ptb2zu7hb39popTSWiDxDyW7QAU5UzQhmaa03YiKUQBp61gcD2ut+6pVCwWd3qYUC+CnmAhI6CN5RdOwlK9jOt+5kapK9JR+Qdd4Ekf3IBqGJ36haJdsSfCi+DMoIhmqvmFT7cbkzSiQhMOSnUcO9FeBlIzwuko76aKJkAG0KMdgwIiqrxscs8IHxuni8NYmic0nri/JzKIlBpGgemMQPfVfG1s/lfrpDq89DImklRTQaaLwpRjHeNxOLjLJCWaDw0Akcz8FZM+SCDaRJg3ITjzJy9C86zi2BXn9rxYvZrFkUOH6AiVkIMuUBXdoBpqIIIe0BN6Qa/Wo/VsvVnv09YlazZzgP7I+vgGdKacTg==</latexit><latexit sha1_base64="c7+2/9LnyyCebckFMlTcXIBc9CA=">AAACD3icbZDLSsNAFIYnXmu9VV26GSxKhVISEXRZdOOyFnuBJoST6aQdOpmEmYlQQt/Aja/ixoUibt26822cXhBt/WHg4z/ncOb8QcKZ0rb9ZS0tr6yurec28ptb2zu7hb39popTSWiDxDyW7QAU5UzQhmaa03YiKUQBp61gcD2ut+6pVCwWd3qYUC+CnmAhI6CN5RdOwlK9jOt+5kapK9JR+Qdd4Ekf3IBqGJ36haJdsSfCi+DMoIhmqvmFT7cbkzSiQhMOSnUcO9FeBlIzwuko76aKJkAG0KMdgwIiqrxscs8IHxuni8NYmic0nri/JzKIlBpGgemMQPfVfG1s/lfrpDq89DImklRTQaaLwpRjHeNxOLjLJCWaDw0Akcz8FZM+SCDaRJg3ITjzJy9C86zi2BXn9rxYvZrFkUOH6AiVkIMuUBXdoBpqIIIe0BN6Qa/Wo/VsvVnv09YlazZzgP7I+vgGdKacTg==</latexit><latexit sha1_base64="c7+2/9LnyyCebckFMlTcXIBc9CA=">AAACD3icbZDLSsNAFIYnXmu9VV26GSxKhVISEXRZdOOyFnuBJoST6aQdOpmEmYlQQt/Aja/ixoUibt26822cXhBt/WHg4z/ncOb8QcKZ0rb9ZS0tr6yurec28ptb2zu7hb39popTSWiDxDyW7QAU5UzQhmaa03YiKUQBp61gcD2ut+6pVCwWd3qYUC+CnmAhI6CN5RdOwlK9jOt+5kapK9JR+Qdd4Ekf3IBqGJ36haJdsSfCi+DMoIhmqvmFT7cbkzSiQhMOSnUcO9FeBlIzwuko76aKJkAG0KMdgwIiqrxscs8IHxuni8NYmic0nri/JzKIlBpGgemMQPfVfG1s/lfrpDq89DImklRTQaaLwpRjHeNxOLjLJCWaDw0Akcz8FZM+SCDaRJg3ITjzJy9C86zi2BXn9rxYvZrFkUOH6AiVkIMuUBXdoBpqIIIe0BN6Qa/Wo/VsvVnv09YlazZzgP7I+vgGdKacTg==</latexit><latexit sha1_base64="c7+2/9LnyyCebckFMlTcXIBc9CA=">AAACD3icbZDLSsNAFIYnXmu9VV26GSxKhVISEXRZdOOyFnuBJoST6aQdOpmEmYlQQt/Aja/ixoUibt26822cXhBt/WHg4z/ncOb8QcKZ0rb9ZS0tr6yurec28ptb2zu7hb39popTSWiDxDyW7QAU5UzQhmaa03YiKUQBp61gcD2ut+6pVCwWd3qYUC+CnmAhI6CN5RdOwlK9jOt+5kapK9JR+Qdd4Ekf3IBqGJ36haJdsSfCi+DMoIhmqvmFT7cbkzSiQhMOSnUcO9FeBlIzwuko76aKJkAG0KMdgwIiqrxscs8IHxuni8NYmic0nri/JzKIlBpGgemMQPfVfG1s/lfrpDq89DImklRTQaaLwpRjHeNxOLjLJCWaDw0Akcz8FZM+SCDaRJg3ITjzJy9C86zi2BXn9rxYvZrFkUOH6AiVkIMuUBXdoBpqIIIe0BN6Qa/Wo/VsvVnv09YlazZzgP7I+vgGdKacTg==</latexit>

Scalar,	Vector,	Tensor	fields	

(Includes	also.										)	f(R)
<latexit sha1_base64="ne8z+Fuk8QI0ha1HN+wS1k2B/fQ=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBahXkoigh6LXjxWsR/QhrLZbtqlu5uwuxFK6F/w4kERr/4hb/4bN2kO2vpg4PHeDDPzgpgzbVz32ymtrW9sbpW3Kzu7e/sH1cOjjo4SRWibRDxSvQBrypmkbcMMp71YUSwCTrvB9Dbzu09UaRbJRzOLqS/wWLKQEWwyKaw/nA+rNbfh5kCrxCtIDQq0htWvwSgiiaDSEI617ntubPwUK8MIp/PKINE0xmSKx7RvqcSCaj/Nb52jM6uMUBgpW9KgXP09kWKh9UwEtlNgM9HLXib+5/UTE177KZNxYqgki0VhwpGJUPY4GjFFieEzSzBRzN6KyAQrTIyNp2JD8JZfXiWdi4bnNrz7y1rzpoijDCdwCnXw4AqacActaAOBCTzDK7w5wnlx3p2PRWvJKWaO4Q+czx8yoY2r</latexit><latexit sha1_base64="ne8z+Fuk8QI0ha1HN+wS1k2B/fQ=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBahXkoigh6LXjxWsR/QhrLZbtqlu5uwuxFK6F/w4kERr/4hb/4bN2kO2vpg4PHeDDPzgpgzbVz32ymtrW9sbpW3Kzu7e/sH1cOjjo4SRWibRDxSvQBrypmkbcMMp71YUSwCTrvB9Dbzu09UaRbJRzOLqS/wWLKQEWwyKaw/nA+rNbfh5kCrxCtIDQq0htWvwSgiiaDSEI617ntubPwUK8MIp/PKINE0xmSKx7RvqcSCaj/Nb52jM6uMUBgpW9KgXP09kWKh9UwEtlNgM9HLXib+5/UTE177KZNxYqgki0VhwpGJUPY4GjFFieEzSzBRzN6KyAQrTIyNp2JD8JZfXiWdi4bnNrz7y1rzpoijDCdwCnXw4AqacActaAOBCTzDK7w5wnlx3p2PRWvJKWaO4Q+czx8yoY2r</latexit><latexit sha1_base64="ne8z+Fuk8QI0ha1HN+wS1k2B/fQ=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBahXkoigh6LXjxWsR/QhrLZbtqlu5uwuxFK6F/w4kERr/4hb/4bN2kO2vpg4PHeDDPzgpgzbVz32ymtrW9sbpW3Kzu7e/sH1cOjjo4SRWibRDxSvQBrypmkbcMMp71YUSwCTrvB9Dbzu09UaRbJRzOLqS/wWLKQEWwyKaw/nA+rNbfh5kCrxCtIDQq0htWvwSgiiaDSEI617ntubPwUK8MIp/PKINE0xmSKx7RvqcSCaj/Nb52jM6uMUBgpW9KgXP09kWKh9UwEtlNgM9HLXib+5/UTE177KZNxYqgki0VhwpGJUPY4GjFFieEzSzBRzN6KyAQrTIyNp2JD8JZfXiWdi4bnNrz7y1rzpoijDCdwCnXw4AqacActaAOBCTzDK7w5wnlx3p2PRWvJKWaO4Q+czx8yoY2r</latexit><latexit sha1_base64="ne8z+Fuk8QI0ha1HN+wS1k2B/fQ=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBahXkoigh6LXjxWsR/QhrLZbtqlu5uwuxFK6F/w4kERr/4hb/4bN2kO2vpg4PHeDDPzgpgzbVz32ymtrW9sbpW3Kzu7e/sH1cOjjo4SRWibRDxSvQBrypmkbcMMp71YUSwCTrvB9Dbzu09UaRbJRzOLqS/wWLKQEWwyKaw/nA+rNbfh5kCrxCtIDQq0htWvwSgiiaDSEI617ntubPwUK8MIp/PKINE0xmSKx7RvqcSCaj/Nb52jM6uMUBgpW9KgXP09kWKh9UwEtlNgM9HLXib+5/UTE177KZNxYqgki0VhwpGJUPY4GjFFieEzSzBRzN6KyAQrTIyNp2JD8JZfXiWdi4bnNrz7y1rzpoijDCdwCnXw4AqacActaAOBCTzDK7w5wnlx3p2PRWvJKWaO4Q+czx8yoY2r</latexit>

R

✓

1

⇤2

◆

R , ...
<latexit sha1_base64="6O3uP445qaqWVoq8Y3tLlDUAEHg=">AAACEXicbVDJSgNBEO1xjXGLevTSGIQIYZgJgh5DvHiMwSyQGUNPpydp0rPQXSOGYX7Bi7/ixYMiXr1582/sLAdNfFDweK+KqnpeLLgCy/o2VlbX1jc2c1v57Z3dvf3CwWFLRYmkrEkjEcmORxQTPGRN4CBYJ5aMBJ5gbW90NfHb90wqHoW3MI6ZG5BByH1OCWipVyg1sCOYDyXHl4SmdpY6tejhrpI5kg+GcIYbTrmMTdPsFYqWaU2Bl4k9J0U0R71X+HL6EU0CFgIVRKmubcXgpkQCp4JleSdRLCZ0RAasq2lIAqbcdPpRhk+10sd+JHWFgKfq74mUBEqNA093BgSGatGbiP953QT8SzflYZwAC+lskZ8IDBGexIP7XDIKYqwJoZLrWzEdEh0N6BDzOgR78eVl0qqYtmXaN+fFam0eRw4doxNUQja6QFV0jeqoiSh6RM/oFb0ZT8aL8W58zFpXjPnMEfoD4/MHgBabfQ==</latexit><latexit sha1_base64="6O3uP445qaqWVoq8Y3tLlDUAEHg=">AAACEXicbVDJSgNBEO1xjXGLevTSGIQIYZgJgh5DvHiMwSyQGUNPpydp0rPQXSOGYX7Bi7/ixYMiXr1582/sLAdNfFDweK+KqnpeLLgCy/o2VlbX1jc2c1v57Z3dvf3CwWFLRYmkrEkjEcmORxQTPGRN4CBYJ5aMBJ5gbW90NfHb90wqHoW3MI6ZG5BByH1OCWipVyg1sCOYDyXHl4SmdpY6tejhrpI5kg+GcIYbTrmMTdPsFYqWaU2Bl4k9J0U0R71X+HL6EU0CFgIVRKmubcXgpkQCp4JleSdRLCZ0RAasq2lIAqbcdPpRhk+10sd+JHWFgKfq74mUBEqNA093BgSGatGbiP953QT8SzflYZwAC+lskZ8IDBGexIP7XDIKYqwJoZLrWzEdEh0N6BDzOgR78eVl0qqYtmXaN+fFam0eRw4doxNUQja6QFV0jeqoiSh6RM/oFb0ZT8aL8W58zFpXjPnMEfoD4/MHgBabfQ==</latexit><latexit sha1_base64="6O3uP445qaqWVoq8Y3tLlDUAEHg=">AAACEXicbVDJSgNBEO1xjXGLevTSGIQIYZgJgh5DvHiMwSyQGUNPpydp0rPQXSOGYX7Bi7/ixYMiXr1582/sLAdNfFDweK+KqnpeLLgCy/o2VlbX1jc2c1v57Z3dvf3CwWFLRYmkrEkjEcmORxQTPGRN4CBYJ5aMBJ5gbW90NfHb90wqHoW3MI6ZG5BByH1OCWipVyg1sCOYDyXHl4SmdpY6tejhrpI5kg+GcIYbTrmMTdPsFYqWaU2Bl4k9J0U0R71X+HL6EU0CFgIVRKmubcXgpkQCp4JleSdRLCZ0RAasq2lIAqbcdPpRhk+10sd+JHWFgKfq74mUBEqNA093BgSGatGbiP953QT8SzflYZwAC+lskZ8IDBGexIP7XDIKYqwJoZLrWzEdEh0N6BDzOgR78eVl0qqYtmXaN+fFam0eRw4doxNUQja6QFV0jeqoiSh6RM/oFb0ZT8aL8W58zFpXjPnMEfoD4/MHgBabfQ==</latexit><latexit sha1_base64="6O3uP445qaqWVoq8Y3tLlDUAEHg=">AAACEXicbVDJSgNBEO1xjXGLevTSGIQIYZgJgh5DvHiMwSyQGUNPpydp0rPQXSOGYX7Bi7/ixYMiXr1582/sLAdNfFDweK+KqnpeLLgCy/o2VlbX1jc2c1v57Z3dvf3CwWFLRYmkrEkjEcmORxQTPGRN4CBYJ5aMBJ5gbW90NfHb90wqHoW3MI6ZG5BByH1OCWipVyg1sCOYDyXHl4SmdpY6tejhrpI5kg+GcIYbTrmMTdPsFYqWaU2Bl4k9J0U0R71X+HL6EU0CFgIVRKmubcXgpkQCp4JleSdRLCZ0RAasq2lIAqbcdPpRhk+10sd+JHWFgKfq74mUBEqNA093BgSGatGbiP953QT8SzflYZwAC+lskZ8IDBGexIP7XDIKYqwJoZLrWzEdEh0N6BDzOgR78eVl0qqYtmXaN+fFam0eRw4doxNUQja6QFV0jeqoiSh6RM/oFb0ZT8aL8W58zFpXjPnMEfoD4/MHgBabfQ==</latexit>

Einstein-Aether,	

Horava-Lifschitz

In	most	cases,	it	reduces	to	specifying	the	nature	of	the	new	d.o.f.	

and	their	couplings	to	maKer	or	gravity.



From GR to scalar-tensor theories

•Extra	“maKer”	fields	

•Non	local	theories	

•Higher	deriva3ves	

•Breaking	symmetries	

•…	

f(R,Rµν , Rµναβ)
<latexit sha1_base64="c7+2/9LnyyCebckFMlTcXIBc9CA=">AAACD3icbZDLSsNAFIYnXmu9VV26GSxKhVISEXRZdOOyFnuBJoST6aQdOpmEmYlQQt/Aja/ixoUibt26822cXhBt/WHg4z/ncOb8QcKZ0rb9ZS0tr6yurec28ptb2zu7hb39popTSWiDxDyW7QAU5UzQhmaa03YiKUQBp61gcD2ut+6pVCwWd3qYUC+CnmAhI6CN5RdOwlK9jOt+5kapK9JR+Qdd4Ekf3IBqGJ36haJdsSfCi+DMoIhmqvmFT7cbkzSiQhMOSnUcO9FeBlIzwuko76aKJkAG0KMdgwIiqrxscs8IHxuni8NYmic0nri/JzKIlBpGgemMQPfVfG1s/lfrpDq89DImklRTQaaLwpRjHeNxOLjLJCWaDw0Akcz8FZM+SCDaRJg3ITjzJy9C86zi2BXn9rxYvZrFkUOH6AiVkIMuUBXdoBpqIIIe0BN6Qa/Wo/VsvVnv09YlazZzgP7I+vgGdKacTg==</latexit><latexit sha1_base64="c7+2/9LnyyCebckFMlTcXIBc9CA=">AAACD3icbZDLSsNAFIYnXmu9VV26GSxKhVISEXRZdOOyFnuBJoST6aQdOpmEmYlQQt/Aja/ixoUibt26822cXhBt/WHg4z/ncOb8QcKZ0rb9ZS0tr6yurec28ptb2zu7hb39popTSWiDxDyW7QAU5UzQhmaa03YiKUQBp61gcD2ut+6pVCwWd3qYUC+CnmAhI6CN5RdOwlK9jOt+5kapK9JR+Qdd4Ekf3IBqGJ36haJdsSfCi+DMoIhmqvmFT7cbkzSiQhMOSnUcO9FeBlIzwuko76aKJkAG0KMdgwIiqrxscs8IHxuni8NYmic0nri/JzKIlBpGgemMQPfVfG1s/lfrpDq89DImklRTQaaLwpRjHeNxOLjLJCWaDw0Akcz8FZM+SCDaRJg3ITjzJy9C86zi2BXn9rxYvZrFkUOH6AiVkIMuUBXdoBpqIIIe0BN6Qa/Wo/VsvVnv09YlazZzgP7I+vgGdKacTg==</latexit><latexit sha1_base64="c7+2/9LnyyCebckFMlTcXIBc9CA=">AAACD3icbZDLSsNAFIYnXmu9VV26GSxKhVISEXRZdOOyFnuBJoST6aQdOpmEmYlQQt/Aja/ixoUibt26822cXhBt/WHg4z/ncOb8QcKZ0rb9ZS0tr6yurec28ptb2zu7hb39popTSWiDxDyW7QAU5UzQhmaa03YiKUQBp61gcD2ut+6pVCwWd3qYUC+CnmAhI6CN5RdOwlK9jOt+5kapK9JR+Qdd4Ekf3IBqGJ36haJdsSfCi+DMoIhmqvmFT7cbkzSiQhMOSnUcO9FeBlIzwuko76aKJkAG0KMdgwIiqrxscs8IHxuni8NYmic0nri/JzKIlBpGgemMQPfVfG1s/lfrpDq89DImklRTQaaLwpRjHeNxOLjLJCWaDw0Akcz8FZM+SCDaRJg3ITjzJy9C86zi2BXn9rxYvZrFkUOH6AiVkIMuUBXdoBpqIIIe0BN6Qa/Wo/VsvVnv09YlazZzgP7I+vgGdKacTg==</latexit><latexit sha1_base64="c7+2/9LnyyCebckFMlTcXIBc9CA=">AAACD3icbZDLSsNAFIYnXmu9VV26GSxKhVISEXRZdOOyFnuBJoST6aQdOpmEmYlQQt/Aja/ixoUibt26822cXhBt/WHg4z/ncOb8QcKZ0rb9ZS0tr6yurec28ptb2zu7hb39popTSWiDxDyW7QAU5UzQhmaa03YiKUQBp61gcD2ut+6pVCwWd3qYUC+CnmAhI6CN5RdOwlK9jOt+5kapK9JR+Qdd4Ekf3IBqGJ36haJdsSfCi+DMoIhmqvmFT7cbkzSiQhMOSnUcO9FeBlIzwuko76aKJkAG0KMdgwIiqrxscs8IHxuni8NYmic0nri/JzKIlBpGgemMQPfVfG1s/lfrpDq89DImklRTQaaLwpRjHeNxOLjLJCWaDw0Akcz8FZM+SCDaRJg3ITjzJy9C86zi2BXn9rxYvZrFkUOH6AiVkIMuUBXdoBpqIIIe0BN6Qa/Wo/VsvVnv09YlazZzgP7I+vgGdKacTg==</latexit>

Scalar,	Vector,	Tensor	fields	

(Includes	also.										)	f(R)
<latexit sha1_base64="ne8z+Fuk8QI0ha1HN+wS1k2B/fQ=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBahXkoigh6LXjxWsR/QhrLZbtqlu5uwuxFK6F/w4kERr/4hb/4bN2kO2vpg4PHeDDPzgpgzbVz32ymtrW9sbpW3Kzu7e/sH1cOjjo4SRWibRDxSvQBrypmkbcMMp71YUSwCTrvB9Dbzu09UaRbJRzOLqS/wWLKQEWwyKaw/nA+rNbfh5kCrxCtIDQq0htWvwSgiiaDSEI617ntubPwUK8MIp/PKINE0xmSKx7RvqcSCaj/Nb52jM6uMUBgpW9KgXP09kWKh9UwEtlNgM9HLXib+5/UTE177KZNxYqgki0VhwpGJUPY4GjFFieEzSzBRzN6KyAQrTIyNp2JD8JZfXiWdi4bnNrz7y1rzpoijDCdwCnXw4AqacActaAOBCTzDK7w5wnlx3p2PRWvJKWaO4Q+czx8yoY2r</latexit><latexit sha1_base64="ne8z+Fuk8QI0ha1HN+wS1k2B/fQ=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBahXkoigh6LXjxWsR/QhrLZbtqlu5uwuxFK6F/w4kERr/4hb/4bN2kO2vpg4PHeDDPzgpgzbVz32ymtrW9sbpW3Kzu7e/sH1cOjjo4SRWibRDxSvQBrypmkbcMMp71YUSwCTrvB9Dbzu09UaRbJRzOLqS/wWLKQEWwyKaw/nA+rNbfh5kCrxCtIDQq0htWvwSgiiaDSEI617ntubPwUK8MIp/PKINE0xmSKx7RvqcSCaj/Nb52jM6uMUBgpW9KgXP09kWKh9UwEtlNgM9HLXib+5/UTE177KZNxYqgki0VhwpGJUPY4GjFFieEzSzBRzN6KyAQrTIyNp2JD8JZfXiWdi4bnNrz7y1rzpoijDCdwCnXw4AqacActaAOBCTzDK7w5wnlx3p2PRWvJKWaO4Q+czx8yoY2r</latexit><latexit sha1_base64="ne8z+Fuk8QI0ha1HN+wS1k2B/fQ=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBahXkoigh6LXjxWsR/QhrLZbtqlu5uwuxFK6F/w4kERr/4hb/4bN2kO2vpg4PHeDDPzgpgzbVz32ymtrW9sbpW3Kzu7e/sH1cOjjo4SRWibRDxSvQBrypmkbcMMp71YUSwCTrvB9Dbzu09UaRbJRzOLqS/wWLKQEWwyKaw/nA+rNbfh5kCrxCtIDQq0htWvwSgiiaDSEI617ntubPwUK8MIp/PKINE0xmSKx7RvqcSCaj/Nb52jM6uMUBgpW9KgXP09kWKh9UwEtlNgM9HLXib+5/UTE177KZNxYqgki0VhwpGJUPY4GjFFieEzSzBRzN6KyAQrTIyNp2JD8JZfXiWdi4bnNrz7y1rzpoijDCdwCnXw4AqacActaAOBCTzDK7w5wnlx3p2PRWvJKWaO4Q+czx8yoY2r</latexit><latexit sha1_base64="ne8z+Fuk8QI0ha1HN+wS1k2B/fQ=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBahXkoigh6LXjxWsR/QhrLZbtqlu5uwuxFK6F/w4kERr/4hb/4bN2kO2vpg4PHeDDPzgpgzbVz32ymtrW9sbpW3Kzu7e/sH1cOjjo4SRWibRDxSvQBrypmkbcMMp71YUSwCTrvB9Dbzu09UaRbJRzOLqS/wWLKQEWwyKaw/nA+rNbfh5kCrxCtIDQq0htWvwSgiiaDSEI617ntubPwUK8MIp/PKINE0xmSKx7RvqcSCaj/Nb52jM6uMUBgpW9KgXP09kWKh9UwEtlNgM9HLXib+5/UTE177KZNxYqgki0VhwpGJUPY4GjFFieEzSzBRzN6KyAQrTIyNp2JD8JZfXiWdi4bnNrz7y1rzpoijDCdwCnXw4AqacActaAOBCTzDK7w5wnlx3p2PRWvJKWaO4Q+czx8yoY2r</latexit>

R

✓

1

⇤2

◆

R , ...
<latexit sha1_base64="6O3uP445qaqWVoq8Y3tLlDUAEHg=">AAACEXicbVDJSgNBEO1xjXGLevTSGIQIYZgJgh5DvHiMwSyQGUNPpydp0rPQXSOGYX7Bi7/ixYMiXr1582/sLAdNfFDweK+KqnpeLLgCy/o2VlbX1jc2c1v57Z3dvf3CwWFLRYmkrEkjEcmORxQTPGRN4CBYJ5aMBJ5gbW90NfHb90wqHoW3MI6ZG5BByH1OCWipVyg1sCOYDyXHl4SmdpY6tejhrpI5kg+GcIYbTrmMTdPsFYqWaU2Bl4k9J0U0R71X+HL6EU0CFgIVRKmubcXgpkQCp4JleSdRLCZ0RAasq2lIAqbcdPpRhk+10sd+JHWFgKfq74mUBEqNA093BgSGatGbiP953QT8SzflYZwAC+lskZ8IDBGexIP7XDIKYqwJoZLrWzEdEh0N6BDzOgR78eVl0qqYtmXaN+fFam0eRw4doxNUQja6QFV0jeqoiSh6RM/oFb0ZT8aL8W58zFpXjPnMEfoD4/MHgBabfQ==</latexit><latexit sha1_base64="6O3uP445qaqWVoq8Y3tLlDUAEHg=">AAACEXicbVDJSgNBEO1xjXGLevTSGIQIYZgJgh5DvHiMwSyQGUNPpydp0rPQXSOGYX7Bi7/ixYMiXr1582/sLAdNfFDweK+KqnpeLLgCy/o2VlbX1jc2c1v57Z3dvf3CwWFLRYmkrEkjEcmORxQTPGRN4CBYJ5aMBJ5gbW90NfHb90wqHoW3MI6ZG5BByH1OCWipVyg1sCOYDyXHl4SmdpY6tejhrpI5kg+GcIYbTrmMTdPsFYqWaU2Bl4k9J0U0R71X+HL6EU0CFgIVRKmubcXgpkQCp4JleSdRLCZ0RAasq2lIAqbcdPpRhk+10sd+JHWFgKfq74mUBEqNA093BgSGatGbiP953QT8SzflYZwAC+lskZ8IDBGexIP7XDIKYqwJoZLrWzEdEh0N6BDzOgR78eVl0qqYtmXaN+fFam0eRw4doxNUQja6QFV0jeqoiSh6RM/oFb0ZT8aL8W58zFpXjPnMEfoD4/MHgBabfQ==</latexit><latexit sha1_base64="6O3uP445qaqWVoq8Y3tLlDUAEHg=">AAACEXicbVDJSgNBEO1xjXGLevTSGIQIYZgJgh5DvHiMwSyQGUNPpydp0rPQXSOGYX7Bi7/ixYMiXr1582/sLAdNfFDweK+KqnpeLLgCy/o2VlbX1jc2c1v57Z3dvf3CwWFLRYmkrEkjEcmORxQTPGRN4CBYJ5aMBJ5gbW90NfHb90wqHoW3MI6ZG5BByH1OCWipVyg1sCOYDyXHl4SmdpY6tejhrpI5kg+GcIYbTrmMTdPsFYqWaU2Bl4k9J0U0R71X+HL6EU0CFgIVRKmubcXgpkQCp4JleSdRLCZ0RAasq2lIAqbcdPpRhk+10sd+JHWFgKfq74mUBEqNA093BgSGatGbiP953QT8SzflYZwAC+lskZ8IDBGexIP7XDIKYqwJoZLrWzEdEh0N6BDzOgR78eVl0qqYtmXaN+fFam0eRw4doxNUQja6QFV0jeqoiSh6RM/oFb0ZT8aL8W58zFpXjPnMEfoD4/MHgBabfQ==</latexit><latexit sha1_base64="6O3uP445qaqWVoq8Y3tLlDUAEHg=">AAACEXicbVDJSgNBEO1xjXGLevTSGIQIYZgJgh5DvHiMwSyQGUNPpydp0rPQXSOGYX7Bi7/ixYMiXr1582/sLAdNfFDweK+KqnpeLLgCy/o2VlbX1jc2c1v57Z3dvf3CwWFLRYmkrEkjEcmORxQTPGRN4CBYJ5aMBJ5gbW90NfHb90wqHoW3MI6ZG5BByH1OCWipVyg1sCOYDyXHl4SmdpY6tejhrpI5kg+GcIYbTrmMTdPsFYqWaU2Bl4k9J0U0R71X+HL6EU0CFgIVRKmubcXgpkQCp4JleSdRLCZ0RAasq2lIAqbcdPpRhk+10sd+JHWFgKfq74mUBEqNA093BgSGatGbiP953QT8SzflYZwAC+lskZ8IDBGexIP7XDIKYqwJoZLrWzEdEh0N6BDzOgR78eVl0qqYtmXaN+fFam0eRw4doxNUQja6QFV0jeqoiSh6RM/oFb0ZT8aL8W58zFpXjPnMEfoD4/MHgBabfQ==</latexit>

Einstein-Aether,	

Horava-Lifschitz

In	most	cases,	it	reduces	to	specifying	the	nature	of	the	new	d.o.f.	

and	their	couplings	to	maKer	or	gravity.



From solar system to cosmology

Sa3sfy	solar	system	tests

Reproduce	the	cosmological	ΛCDM	background

w ∼ −1
<latexit sha1_base64="V3OZ4DqPIO8FVp2Dhgzy+F1lDj4=">AAAB7nicdVDLSgMxFM34rPVVdekmWAQ3DpNa27orunFZwT6gHUomzbShSWZIMkoZ+hFuXCji1u9x59+YaSuo6IELh3Pu5d57gpgzbTzvw1laXlldW89t5De3tnd2C3v7LR0litAmiXikOgHWlDNJm4YZTjuxolgEnLaD8VXmt++o0iySt2YSU1/goWQhI9hYqX3f00ycon6h6LmlcqlWQdBzzy9QrXKWkXKlVK1C5HozFMECjX7hvTeISCKoNIRjrbvIi42fYmUY4XSa7yWaxpiM8ZB2LZVYUO2ns3On8NgqAxhGypY0cKZ+n0ix0HoiAtspsBnp314m/uV1ExPW/JTJODFUkvmiMOHQRDD7HQ6YosTwiSWYKGZvhWSEFSbGJpS3IXx9Cv8nrZKLPBfdlIv1y0UcOXAIjsAJQKAK6uAaNEATEDAGD+AJPDux8+i8OK/z1iVnMXMAfsB5+wRT0I+Q</latexit><latexit sha1_base64="V3OZ4DqPIO8FVp2Dhgzy+F1lDj4=">AAAB7nicdVDLSgMxFM34rPVVdekmWAQ3DpNa27orunFZwT6gHUomzbShSWZIMkoZ+hFuXCji1u9x59+YaSuo6IELh3Pu5d57gpgzbTzvw1laXlldW89t5De3tnd2C3v7LR0litAmiXikOgHWlDNJm4YZTjuxolgEnLaD8VXmt++o0iySt2YSU1/goWQhI9hYqX3f00ycon6h6LmlcqlWQdBzzy9QrXKWkXKlVK1C5HozFMECjX7hvTeISCKoNIRjrbvIi42fYmUY4XSa7yWaxpiM8ZB2LZVYUO2ns3On8NgqAxhGypY0cKZ+n0ix0HoiAtspsBnp314m/uV1ExPW/JTJODFUkvmiMOHQRDD7HQ6YosTwiSWYKGZvhWSEFSbGJpS3IXx9Cv8nrZKLPBfdlIv1y0UcOXAIjsAJQKAK6uAaNEATEDAGD+AJPDux8+i8OK/z1iVnMXMAfsB5+wRT0I+Q</latexit><latexit sha1_base64="V3OZ4DqPIO8FVp2Dhgzy+F1lDj4=">AAAB7nicdVDLSgMxFM34rPVVdekmWAQ3DpNa27orunFZwT6gHUomzbShSWZIMkoZ+hFuXCji1u9x59+YaSuo6IELh3Pu5d57gpgzbTzvw1laXlldW89t5De3tnd2C3v7LR0litAmiXikOgHWlDNJm4YZTjuxolgEnLaD8VXmt++o0iySt2YSU1/goWQhI9hYqX3f00ycon6h6LmlcqlWQdBzzy9QrXKWkXKlVK1C5HozFMECjX7hvTeISCKoNIRjrbvIi42fYmUY4XSa7yWaxpiM8ZB2LZVYUO2ns3On8NgqAxhGypY0cKZ+n0ix0HoiAtspsBnp314m/uV1ExPW/JTJODFUkvmiMOHQRDD7HQ6YosTwiSWYKGZvhWSEFSbGJpS3IXx9Cv8nrZKLPBfdlIv1y0UcOXAIjsAJQKAK6uAaNEATEDAGD+AJPDux8+i8OK/z1iVnMXMAfsB5+wRT0I+Q</latexit><latexit sha1_base64="V3OZ4DqPIO8FVp2Dhgzy+F1lDj4=">AAAB7nicdVDLSgMxFM34rPVVdekmWAQ3DpNa27orunFZwT6gHUomzbShSWZIMkoZ+hFuXCji1u9x59+YaSuo6IELh3Pu5d57gpgzbTzvw1laXlldW89t5De3tnd2C3v7LR0litAmiXikOgHWlDNJm4YZTjuxolgEnLaD8VXmt++o0iySt2YSU1/goWQhI9hYqX3f00ycon6h6LmlcqlWQdBzzy9QrXKWkXKlVK1C5HozFMECjX7hvTeISCKoNIRjrbvIi42fYmUY4XSa7yWaxpiM8ZB2LZVYUO2ns3On8NgqAxhGypY0cKZ+n0ix0HoiAtspsBnp314m/uV1ExPW/JTJODFUkvmiMOHQRDD7HQ6YosTwiSWYKGZvhWSEFSbGJpS3IXx9Cv8nrZKLPBfdlIv1y0UcOXAIjsAJQKAK6uAaNEATEDAGD+AJPDux8+i8OK/z1iVnMXMAfsB5+wRT0I+Q</latexit>

Screening	mechanisms

Equa3on	of	state

Modified	growth	of	structures Fivh	forces

~F5
<latexit sha1_base64="DPDIBymowY2T+fWb21P4vjkhscw=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WNREI8V7Ie0oWy2k3bpbhJ2N4US+iu8eFDEqz/Hm//GbZuDVh8MPN6bYWZekAiujet+OYWV1bX1jeJmaWt7Z3evvH/Q1HGqGDZYLGLVDqhGwSNsGG4EthOFVAYCW8HoZua3xqg0j6MHM0nQl3QQ8ZAzaqz02B0jI7e9C9IrV9yqOwf5S7ycVCBHvVf+7PZjlkqMDBNU647nJsbPqDKcCZyWuqnGhLIRHWDH0ohK1H42P3hKTqzSJ2GsbEWGzNWfExmVWk9kYDslNUO97M3E/7xOasIrP+NRkhqM2GJRmApiYjL7nvS5QmbExBLKFLe3EjakijJjMyrZELzll/+S5lnVc6ve/Xmldp3HUYQjOIZT8OASanAHdWgAAwlP8AKvjnKenTfnfdFacPKZQ/gF5+MbfXiPiA==</latexit><latexit sha1_base64="DPDIBymowY2T+fWb21P4vjkhscw=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WNREI8V7Ie0oWy2k3bpbhJ2N4US+iu8eFDEqz/Hm//GbZuDVh8MPN6bYWZekAiujet+OYWV1bX1jeJmaWt7Z3evvH/Q1HGqGDZYLGLVDqhGwSNsGG4EthOFVAYCW8HoZua3xqg0j6MHM0nQl3QQ8ZAzaqz02B0jI7e9C9IrV9yqOwf5S7ycVCBHvVf+7PZjlkqMDBNU647nJsbPqDKcCZyWuqnGhLIRHWDH0ohK1H42P3hKTqzSJ2GsbEWGzNWfExmVWk9kYDslNUO97M3E/7xOasIrP+NRkhqM2GJRmApiYjL7nvS5QmbExBLKFLe3EjakijJjMyrZELzll/+S5lnVc6ve/Xmldp3HUYQjOIZT8OASanAHdWgAAwlP8AKvjnKenTfnfdFacPKZQ/gF5+MbfXiPiA==</latexit><latexit sha1_base64="DPDIBymowY2T+fWb21P4vjkhscw=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WNREI8V7Ie0oWy2k3bpbhJ2N4US+iu8eFDEqz/Hm//GbZuDVh8MPN6bYWZekAiujet+OYWV1bX1jeJmaWt7Z3evvH/Q1HGqGDZYLGLVDqhGwSNsGG4EthOFVAYCW8HoZua3xqg0j6MHM0nQl3QQ8ZAzaqz02B0jI7e9C9IrV9yqOwf5S7ycVCBHvVf+7PZjlkqMDBNU647nJsbPqDKcCZyWuqnGhLIRHWDH0ohK1H42P3hKTqzSJ2GsbEWGzNWfExmVWk9kYDslNUO97M3E/7xOasIrP+NRkhqM2GJRmApiYjL7nvS5QmbExBLKFLe3EjakijJjMyrZELzll/+S5lnVc6ve/Xmldp3HUYQjOIZT8OASanAHdWgAAwlP8AKvjnKenTfnfdFacPKZQ/gF5+MbfXiPiA==</latexit><latexit sha1_base64="DPDIBymowY2T+fWb21P4vjkhscw=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WNREI8V7Ie0oWy2k3bpbhJ2N4US+iu8eFDEqz/Hm//GbZuDVh8MPN6bYWZekAiujet+OYWV1bX1jeJmaWt7Z3evvH/Q1HGqGDZYLGLVDqhGwSNsGG4EthOFVAYCW8HoZua3xqg0j6MHM0nQl3QQ8ZAzaqz02B0jI7e9C9IrV9yqOwf5S7ycVCBHvVf+7PZjlkqMDBNU647nJsbPqDKcCZyWuqnGhLIRHWDH0ohK1H42P3hKTqzSJ2GsbEWGzNWfExmVWk9kYDslNUO97M3E/7xOasIrP+NRkhqM2GJRmApiYjL7nvS5QmbExBLKFLe3EjakijJjMyrZELzll/+S5lnVc6ve/Xmldp3HUYQjOIZT8OASanAHdWgAAwlP8AKvjnKenTfnfdFacPKZQ/gF5+MbfXiPiA==</latexit>

~FN
<latexit sha1_base64="Lw/GjAAAcc8kfDejSv76vY4rE6A=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KokIeiwK4kkq2A9oQ9lsJ+3SzSbubgol9E948aCIV/+ON/+N2zYHbX0w8Hhvhpl5QSK4Nq777aysrq1vbBa2its7u3v7pYPDho5TxbDOYhGrVkA1Ci6xbrgR2EoU0igQ2AyGN1O/OUKleSwfzThBP6J9yUPOqLFSqzNCRm67991S2a24M5Bl4uWkDDlq3dJXpxezNEJpmKBatz03MX5GleFM4KTYSTUmlA1pH9uWShqh9rPZvRNyapUeCWNlSxoyU39PZDTSehwFtjOiZqAXvan4n9dOTXjlZ1wmqUHJ5ovCVBATk+nzpMcVMiPGllCmuL2VsAFVlBkbUdGG4C2+vEwa5xXPrXgPF+XqdR5HAY7hBM7Ag0uowh3UoA4MBDzDK7w5T86L8+58zFtXnHzmCP7A+fwBS1aPdw==</latexit><latexit sha1_base64="Lw/GjAAAcc8kfDejSv76vY4rE6A=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KokIeiwK4kkq2A9oQ9lsJ+3SzSbubgol9E948aCIV/+ON/+N2zYHbX0w8Hhvhpl5QSK4Nq777aysrq1vbBa2its7u3v7pYPDho5TxbDOYhGrVkA1Ci6xbrgR2EoU0igQ2AyGN1O/OUKleSwfzThBP6J9yUPOqLFSqzNCRm67991S2a24M5Bl4uWkDDlq3dJXpxezNEJpmKBatz03MX5GleFM4KTYSTUmlA1pH9uWShqh9rPZvRNyapUeCWNlSxoyU39PZDTSehwFtjOiZqAXvan4n9dOTXjlZ1wmqUHJ5ovCVBATk+nzpMcVMiPGllCmuL2VsAFVlBkbUdGG4C2+vEwa5xXPrXgPF+XqdR5HAY7hBM7Ag0uowh3UoA4MBDzDK7w5T86L8+58zFtXnHzmCP7A+fwBS1aPdw==</latexit><latexit sha1_base64="Lw/GjAAAcc8kfDejSv76vY4rE6A=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KokIeiwK4kkq2A9oQ9lsJ+3SzSbubgol9E948aCIV/+ON/+N2zYHbX0w8Hhvhpl5QSK4Nq777aysrq1vbBa2its7u3v7pYPDho5TxbDOYhGrVkA1Ci6xbrgR2EoU0igQ2AyGN1O/OUKleSwfzThBP6J9yUPOqLFSqzNCRm67991S2a24M5Bl4uWkDDlq3dJXpxezNEJpmKBatz03MX5GleFM4KTYSTUmlA1pH9uWShqh9rPZvRNyapUeCWNlSxoyU39PZDTSehwFtjOiZqAXvan4n9dOTXjlZ1wmqUHJ5ovCVBATk+nzpMcVMiPGllCmuL2VsAFVlBkbUdGG4C2+vEwa5xXPrXgPF+XqdR5HAY7hBM7Ag0uowh3UoA4MBDzDK7w5T86L8+58zFtXnHzmCP7A+fwBS1aPdw==</latexit><latexit sha1_base64="Lw/GjAAAcc8kfDejSv76vY4rE6A=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KokIeiwK4kkq2A9oQ9lsJ+3SzSbubgol9E948aCIV/+ON/+N2zYHbX0w8Hhvhpl5QSK4Nq777aysrq1vbBa2its7u3v7pYPDho5TxbDOYhGrVkA1Ci6xbrgR2EoU0igQ2AyGN1O/OUKleSwfzThBP6J9yUPOqLFSqzNCRm67991S2a24M5Bl4uWkDDlq3dJXpxezNEJpmKBatz03MX5GleFM4KTYSTUmlA1pH9uWShqh9rPZvRNyapUeCWNlSxoyU39PZDTSehwFtjOiZqAXvan4n9dOTXjlZ1wmqUHJ5ovCVBATk+nzpMcVMiPGllCmuL2VsAFVlBkbUdGG4C2+vEwa5xXPrXgPF+XqdR5HAY7hBM7Ag0uowh3UoA4MBDzDK7w5T86L8+58zFtXnHzmCP7A+fwBS1aPdw==</latexit>

~FN
<latexit sha1_base64="Lw/GjAAAcc8kfDejSv76vY4rE6A=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KokIeiwK4kkq2A9oQ9lsJ+3SzSbubgol9E948aCIV/+ON/+N2zYHbX0w8Hhvhpl5QSK4Nq777aysrq1vbBa2its7u3v7pYPDho5TxbDOYhGrVkA1Ci6xbrgR2EoU0igQ2AyGN1O/OUKleSwfzThBP6J9yUPOqLFSqzNCRm67991S2a24M5Bl4uWkDDlq3dJXpxezNEJpmKBatz03MX5GleFM4KTYSTUmlA1pH9uWShqh9rPZvRNyapUeCWNlSxoyU39PZDTSehwFtjOiZqAXvan4n9dOTXjlZ1wmqUHJ5ovCVBATk+nzpMcVMiPGllCmuL2VsAFVlBkbUdGG4C2+vEwa5xXPrXgPF+XqdR5HAY7hBM7Ag0uowh3UoA4MBDzDK7w5T86L8+58zFtXnHzmCP7A+fwBS1aPdw==</latexit><latexit sha1_base64="Lw/GjAAAcc8kfDejSv76vY4rE6A=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KokIeiwK4kkq2A9oQ9lsJ+3SzSbubgol9E948aCIV/+ON/+N2zYHbX0w8Hhvhpl5QSK4Nq777aysrq1vbBa2its7u3v7pYPDho5TxbDOYhGrVkA1Ci6xbrgR2EoU0igQ2AyGN1O/OUKleSwfzThBP6J9yUPOqLFSqzNCRm67991S2a24M5Bl4uWkDDlq3dJXpxezNEJpmKBatz03MX5GleFM4KTYSTUmlA1pH9uWShqh9rPZvRNyapUeCWNlSxoyU39PZDTSehwFtjOiZqAXvan4n9dOTXjlZ1wmqUHJ5ovCVBATk+nzpMcVMiPGllCmuL2VsAFVlBkbUdGG4C2+vEwa5xXPrXgPF+XqdR5HAY7hBM7Ag0uowh3UoA4MBDzDK7w5T86L8+58zFtXnHzmCP7A+fwBS1aPdw==</latexit><latexit sha1_base64="Lw/GjAAAcc8kfDejSv76vY4rE6A=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KokIeiwK4kkq2A9oQ9lsJ+3SzSbubgol9E948aCIV/+ON/+N2zYHbX0w8Hhvhpl5QSK4Nq777aysrq1vbBa2its7u3v7pYPDho5TxbDOYhGrVkA1Ci6xbrgR2EoU0igQ2AyGN1O/OUKleSwfzThBP6J9yUPOqLFSqzNCRm67991S2a24M5Bl4uWkDDlq3dJXpxezNEJpmKBatz03MX5GleFM4KTYSTUmlA1pH9uWShqh9rPZvRNyapUeCWNlSxoyU39PZDTSehwFtjOiZqAXvan4n9dOTXjlZ1wmqUHJ5ovCVBATk+nzpMcVMiPGllCmuL2VsAFVlBkbUdGG4C2+vEwa5xXPrXgPF+XqdR5HAY7hBM7Ag0uowh3UoA4MBDzDK7w5T86L8+58zFtXnHzmCP7A+fwBS1aPdw==</latexit><latexit sha1_base64="Lw/GjAAAcc8kfDejSv76vY4rE6A=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KokIeiwK4kkq2A9oQ9lsJ+3SzSbubgol9E948aCIV/+ON/+N2zYHbX0w8Hhvhpl5QSK4Nq777aysrq1vbBa2its7u3v7pYPDho5TxbDOYhGrVkA1Ci6xbrgR2EoU0igQ2AyGN1O/OUKleSwfzThBP6J9yUPOqLFSqzNCRm67991S2a24M5Bl4uWkDDlq3dJXpxezNEJpmKBatz03MX5GleFM4KTYSTUmlA1pH9uWShqh9rPZvRNyapUeCWNlSxoyU39PZDTSehwFtjOiZqAXvan4n9dOTXjlZ1wmqUHJ5ovCVBATk+nzpMcVMiPGllCmuL2VsAFVlBkbUdGG4C2+vEwa5xXPrXgPF+XqdR5HAY7hBM7Ag0uowh3UoA4MBDzDK7w5T86L8+58zFtXnHzmCP7A+fwBS1aPdw==</latexit>

~F5 / Q~r�
<latexit sha1_base64="qEF08ynGI5p9hevAdqP4TW63MHo="></latexit><latexit sha1_base64="qEF08ynGI5p9hevAdqP4TW63MHo="></latexit><latexit sha1_base64="qEF08ynGI5p9hevAdqP4TW63MHo="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="/JImFUBxFWG1aSMJ0MtlYHx/fP4=">AAACAXicbZDNSgMxFIXv+Ftr1erWTbAIrsqMILoUBHHZgv2BzlAyaaYNzSQhyRTK0Adw46u4caGIL+HOtzGddqGtFwKH79yQnBMrzoz1/W9vY3Nre2e3tFferxwcHlWPK20jM01oi0gudTfGhnImaMsyy2lXaYrTmNNOPL6b+50J1YZJ8WinikYpHgqWMIKtQ/1qLZxQgu77VyhUWiorURMVKBQ45tjREXNbft0vBq2LYClqsJxGv/oVDiTJUios4diYXuArG+VYW0Y4nZXDzFCFyRgPac9JgVNqorwIM0PnjgxQIrU7wqKC/r6R49SYaRq7zRTbkVn15vA/r5fZ5CbKmVCZpYIsHkoyjlzmeTNowDQllk+dwEQz91dERlhjYl1/ZVdCsBp5XbQv64FfD5o+lOAUzuACAriGW3iABrSAwBO8wBu8e8/eq/exqGvDW/Z2An/G+/wBEv2YqA==</latexit><latexit sha1_base64="2cv7foq2fpuG5D3cqLvknIi+DNQ=">AAACAXicdZDLSgMxGIX/qbdaq1a3boJFcDXM1N7cCYK4bMFeoDOUTJq2oZnMkGQKZegDuPFV3LhQxJdw59uYXgQV/SFw+M4fknOCmDOlHefDymxsbm3vZHdze/n9g8PCUb6tokQS2iIRj2Q3wIpyJmhLM81pN5YUhwGnnWByvfA7UyoVi8SdnsXUD/FIsCEjWBvULxS9KSXopl9BXiyjWEeoiZbIEzjg2NAxM1uOXSqX6lUXOXbl0q1XLxaiXC3Vasi1neUUYT2NfuHdG0QkCanQhGOleq4Taz/FUjPC6TznJYrGmEzwiPaMFDikyk+XYebozJABGkbSHKHRkn6/keJQqVkYmM0Q67H67S3gX14v0cO6nzIRJ5oKsnpomHBkMi+aQQMmKdF8ZgQmkpm/IjLGEhNt+suZEr6Sov9Fu2S7ju02HcjCCZzCObhQgyu4hQa0gMA9PMIzvFgP1pP1uqorY617O4YfY719Aot1mP4=</latexit><latexit sha1_base64="NmqksSqUX3OaODfMRxFfnvrnnXc="></latexit><latexit sha1_base64="qEF08ynGI5p9hevAdqP4TW63MHo="></latexit><latexit sha1_base64="qEF08ynGI5p9hevAdqP4TW63MHo="></latexit><latexit sha1_base64="qEF08ynGI5p9hevAdqP4TW63MHo="></latexit><latexit sha1_base64="qEF08ynGI5p9hevAdqP4TW63MHo="></latexit><latexit sha1_base64="qEF08ynGI5p9hevAdqP4TW63MHo="></latexit><latexit sha1_base64="qEF08ynGI5p9hevAdqP4TW63MHo="></latexit>

Q ∼ 0
<latexit sha1_base64="DTVNYX3v2FY2f41wzjv6hddvTQU=">AAAB73icdVDLSgMxFM34rPVVdekmWARXQ2asbd0V3bhswT6gHUomzbShSWZMMkIp/Qk3LhRx6++482/MtBVU9MCFwzn3cu89YcKZNgh9OCura+sbm7mt/PbO7t5+4eCwpeNUEdokMY9VJ8SaciZp0zDDaSdRFIuQ03Y4vs789j1VmsXy1kwSGgg8lCxiBBsrdRqwp5mAqF8oItcv+dWyB5F7celVy+cZKZX9SgV6LpqjCJao9wvvvUFMUkGlIRxr3fVQYoIpVoYRTmf5XqppgskYD2nXUokF1cF0fu8MnlplAKNY2ZIGztXvE1MstJ6I0HYKbEb6t5eJf3nd1ETVYMpkkhoqyWJRlHJoYpg9DwdMUWL4xBJMFLO3QjLCChNjI8rbEL4+hf+Tlu96yPUapWLtahlHDhyDE3AGPFABNXAD6qAJCODgATyBZ+fOeXRenNdF64qznDkCP+C8fQJakI+G</latexit><latexit sha1_base64="DTVNYX3v2FY2f41wzjv6hddvTQU=">AAAB73icdVDLSgMxFM34rPVVdekmWARXQ2asbd0V3bhswT6gHUomzbShSWZMMkIp/Qk3LhRx6++482/MtBVU9MCFwzn3cu89YcKZNgh9OCura+sbm7mt/PbO7t5+4eCwpeNUEdokMY9VJ8SaciZp0zDDaSdRFIuQ03Y4vs789j1VmsXy1kwSGgg8lCxiBBsrdRqwp5mAqF8oItcv+dWyB5F7celVy+cZKZX9SgV6LpqjCJao9wvvvUFMUkGlIRxr3fVQYoIpVoYRTmf5XqppgskYD2nXUokF1cF0fu8MnlplAKNY2ZIGztXvE1MstJ6I0HYKbEb6t5eJf3nd1ETVYMpkkhoqyWJRlHJoYpg9DwdMUWL4xBJMFLO3QjLCChNjI8rbEL4+hf+Tlu96yPUapWLtahlHDhyDE3AGPFABNXAD6qAJCODgATyBZ+fOeXRenNdF64qznDkCP+C8fQJakI+G</latexit><latexit sha1_base64="DTVNYX3v2FY2f41wzjv6hddvTQU=">AAAB73icdVDLSgMxFM34rPVVdekmWARXQ2asbd0V3bhswT6gHUomzbShSWZMMkIp/Qk3LhRx6++482/MtBVU9MCFwzn3cu89YcKZNgh9OCura+sbm7mt/PbO7t5+4eCwpeNUEdokMY9VJ8SaciZp0zDDaSdRFIuQ03Y4vs789j1VmsXy1kwSGgg8lCxiBBsrdRqwp5mAqF8oItcv+dWyB5F7celVy+cZKZX9SgV6LpqjCJao9wvvvUFMUkGlIRxr3fVQYoIpVoYRTmf5XqppgskYD2nXUokF1cF0fu8MnlplAKNY2ZIGztXvE1MstJ6I0HYKbEb6t5eJf3nd1ETVYMpkkhoqyWJRlHJoYpg9DwdMUWL4xBJMFLO3QjLCChNjI8rbEL4+hf+Tlu96yPUapWLtahlHDhyDE3AGPFABNXAD6qAJCODgATyBZ+fOeXRenNdF64qznDkCP+C8fQJakI+G</latexit><latexit sha1_base64="DTVNYX3v2FY2f41wzjv6hddvTQU=">AAAB73icdVDLSgMxFM34rPVVdekmWARXQ2asbd0V3bhswT6gHUomzbShSWZMMkIp/Qk3LhRx6++482/MtBVU9MCFwzn3cu89YcKZNgh9OCura+sbm7mt/PbO7t5+4eCwpeNUEdokMY9VJ8SaciZp0zDDaSdRFIuQ03Y4vs789j1VmsXy1kwSGgg8lCxiBBsrdRqwp5mAqF8oItcv+dWyB5F7celVy+cZKZX9SgV6LpqjCJao9wvvvUFMUkGlIRxr3fVQYoIpVoYRTmf5XqppgskYD2nXUokF1cF0fu8MnlplAKNY2ZIGztXvE1MstJ6I0HYKbEb6t5eJf3nd1ETVYMpkkhoqyWJRlHJoYpg9DwdMUWL4xBJMFLO3QjLCChNjI8rbEL4+hf+Tlu96yPUapWLtahlHDhyDE3AGPFABNXAD6qAJCODgATyBZ+fOeXRenNdF64qznDkCP+C8fQJakI+G</latexit>



From GR to scalar-tensor theories

Not	all	possible	interac3ons	are	viable:

Lagrangians	with	more	than	one	3me	deriva3ve	induce	

linear	instabili3es	in	the	Hamiltonian

But	there	is	a	loophole	in	the	argument:

Horndeski	theorem!

[Horndeski	(1974)]

[Ostrograski	(1850)]
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The	most	general	ac3on	for	a	metric	and	a	scalar	field	that	gives	

second	order	field	equa3ons	in	four	dimensions	is:	
[Horndeski	(1974),	Deffayet	(2011)]
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The	most	general	ac3on	for	a	metric	and	a	scalar	field	that	gives	

second	order	field	equa3ons	in	four	dimensions	is:	
[Horndeski	(1974),	Deffayet	(2011)]
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second	order	field	equa3ons	in	four	dimensions	is:	
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The	most	general	ac3on	for	a	metric	and	a	scalar	field	that	gives	

second	order	field	equa3ons	in	four	dimensions	is:	
[Horndeski	(1974),	Deffayet	(2011)]



The Horndeski theorem
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The	most	general	ac3on	for	a	metric	and	a	scalar	field	that	gives	

second	order	field	equa3ons	in	four	dimensions	is:	
[Horndeski	(1974),	Deffayet	(2011)]

L4 = G4(φ, X)R�G4,X(φ, X)[(⇤φ)2 � (rµrνφ)
2]
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The Horndeski theorem

SH =
4X

i=2

Z
d4x

√

−gLi(gµν ,φ)
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L2 = G2(φ, X)
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L3 = G3(φ, X)⇤φ
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L4 = G4(φ )R
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The	most	general	ac3on	for	a	metric	and	a	scalar	field	that	gives	

second	order	field	equa3ons	in	four	dimensions	is:	
[Horndeski	(1974),	Deffayet	(2011)]

L4 = G4(φ, X)R�G4,X(φ, X)[(⇤φ)2 � (rµrνφ)
2]
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L5 = G5(φ, X)Gµνr
µ
r

νφ+

G5,X

6

⇥

(⇤φ)3 � 3⇤φ(rµrνφ)
2 + 2(rµrνφ)

3
⇤
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Using	this	criteria	more	general	theories	have	been	

found	that	do	not	propagate	any	unwanted	extra	d.o.f.:	

DHOST	theories

Horndeski, beyond Horndeski and beyond 

beyond Horndeski: DHOST theories

Degenerate	theories:

[Crisostomi,	Koyama,		Langlois,		Noui,	Gao	and	more	(2013-2018)]

The	degeneracy	of	the	Lagrangian	is	the	most	

fundamental	star3ng	point	in	order	to	build	theories	that	

do	not	propagate	extra	d.o.f.	but	contains	accelera3ons

Beyond	Horndeski

Other,	analogous	approach	is	EFT	for	DE

[Senatore,	Luty,	Creminelli,		Vernizzi,	Piazza,	Gubitosi,	Raveri	and	more	(2013-2018)]



Why these complicated models?

Horndeski	ac3on	from	limit	of	more	fundamental	theories

• Decoupling	limit	of	massive	gravity	

• Extra	dimensions,	DGP

Gravitons	interact	with	scalars	via	

gµν ⊃ ∂µ∂νφ
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[Dvali,	Gabadadze,	Porra3	(2000)]

[De	Rham,	Gabadadze,	Tolley	(2010)

∂µ∂νφ
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<latexit sha1_base64="cecQQQWx60rWAgyhSVtyxQinUqA=">AAACEXicbVDLSsNAFJ3UV62vqEs3g0Wom5KIoBuh6EKXFewDmhAm00k7dDIJ8xBK6C+48VfcuFDErTt3/o2TNoi2HrhwOOde7r0nTBmVynG+rNLS8srqWnm9srG5tb1j7+61ZaIFJi2csER0QyQJo5y0FFWMdFNBUBwy0glHV7nfuSdC0oTfqXFK/BgNOI0oRspIgV3zYqSGGDF4HWRerD2uJ/ACRjUvHdJjOPgRA7vq1J0p4CJxC1IFBZqB/en1E6xjwhVmSMqe66TKz5BQFDMyqXhakhThERqQnqEcxUT62fSjCTwySh9GiTDFFZyqvycyFEs5jkPTmd8v571c/M/raRWd+xnlqVaE49miSDOoEpjHA/tUEKzY2BCEBTW3QjxEAmFlQqyYENz5lxdJ+6TuOnX39rTauCziKIMDcAhqwAVnoAFuQBO0AAYP4Am8gFfr0Xq23qz3WWvJKmb2wR9YH9+SU5zY</latexit><latexit sha1_base64="cecQQQWx60rWAgyhSVtyxQinUqA=">AAACEXicbVDLSsNAFJ3UV62vqEs3g0Wom5KIoBuh6EKXFewDmhAm00k7dDIJ8xBK6C+48VfcuFDErTt3/o2TNoi2HrhwOOde7r0nTBmVynG+rNLS8srqWnm9srG5tb1j7+61ZaIFJi2csER0QyQJo5y0FFWMdFNBUBwy0glHV7nfuSdC0oTfqXFK/BgNOI0oRspIgV3zYqSGGDF4HWRerD2uJ/ACRjUvHdJjOPgRA7vq1J0p4CJxC1IFBZqB/en1E6xjwhVmSMqe66TKz5BQFDMyqXhakhThERqQnqEcxUT62fSjCTwySh9GiTDFFZyqvycyFEs5jkPTmd8v571c/M/raRWd+xnlqVaE49miSDOoEpjHA/tUEKzY2BCEBTW3QjxEAmFlQqyYENz5lxdJ+6TuOnX39rTauCziKIMDcAhqwAVnoAFuQBO0AAYP4Am8gFfr0Xq23qz3WWvJKmb2wR9YH9+SU5zY</latexit><latexit sha1_base64="cecQQQWx60rWAgyhSVtyxQinUqA=">AAACEXicbVDLSsNAFJ3UV62vqEs3g0Wom5KIoBuh6EKXFewDmhAm00k7dDIJ8xBK6C+48VfcuFDErTt3/o2TNoi2HrhwOOde7r0nTBmVynG+rNLS8srqWnm9srG5tb1j7+61ZaIFJi2csER0QyQJo5y0FFWMdFNBUBwy0glHV7nfuSdC0oTfqXFK/BgNOI0oRspIgV3zYqSGGDF4HWRerD2uJ/ACRjUvHdJjOPgRA7vq1J0p4CJxC1IFBZqB/en1E6xjwhVmSMqe66TKz5BQFDMyqXhakhThERqQnqEcxUT62fSjCTwySh9GiTDFFZyqvycyFEs5jkPTmd8v571c/M/raRWd+xnlqVaE49miSDOoEpjHA/tUEKzY2BCEBTW3QjxEAmFlQqyYENz5lxdJ+6TuOnX39rTauCziKIMDcAhqwAVnoAFuQBO0AAYP4Am8gFfr0Xq23qz3WWvJKmb2wR9YH9+SU5zY</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="JvgfnNDLZ1Wouutn1cdPo9Qvbz4=">AAACBnicbZDLSgMxGIX/qbdaq45u3QSLUDdlxo1uBMGFLivYC3SGkkkzbWgmM+QilKGv4MZXceNCER/BnW9jpi2irQcCH+ck5P9PlHGmtOd9OaW19Y3NrfJ2Zae6u7fvHlTbKjWS0BZJeSq7EVaUM0FbmmlOu5mkOIk47UTj6yLvPFCpWCru9SSjYYKHgsWMYG2tvlsPEqxHBHN008+DxATCTNEliutBNmKnaPhj9t2a1/BmQqvgL6AGCzX77mcwSIlJqNCEY6V6vpfpMMdSM8LptBIYRTNMxnhIexYFTqgK89lGU3RinQGKU2mP0Gjm/n6R40SpSRLZm8X8ajkrzP+yntHxRZgzkRlNBZl/FBuOdIqKetCASUo0n1jARDI7KyIjLDHRtsSKLcFfXnkV2mcN32v4dx6U4QiOoQ4+nMMV3EITWkDgEZ7hFd6cJ+fFeZ/XVXIWvR3CHzkf39aIm1w=</latexit><latexit sha1_base64="JvgfnNDLZ1Wouutn1cdPo9Qvbz4=">AAACBnicbZDLSgMxGIX/qbdaq45u3QSLUDdlxo1uBMGFLivYC3SGkkkzbWgmM+QilKGv4MZXceNCER/BnW9jpi2irQcCH+ck5P9PlHGmtOd9OaW19Y3NrfJ2Zae6u7fvHlTbKjWS0BZJeSq7EVaUM0FbmmlOu5mkOIk47UTj6yLvPFCpWCru9SSjYYKHgsWMYG2tvlsPEqxHBHN008+DxATCTNEliutBNmKnaPhj9t2a1/BmQqvgL6AGCzX77mcwSIlJqNCEY6V6vpfpMMdSM8LptBIYRTNMxnhIexYFTqgK89lGU3RinQGKU2mP0Gjm/n6R40SpSRLZm8X8ajkrzP+yntHxRZgzkRlNBZl/FBuOdIqKetCASUo0n1jARDI7KyIjLDHRtsSKLcFfXnkV2mcN32v4dx6U4QiOoQ4+nMMV3EITWkDgEZ7hFd6cJ+fFeZ/XVXIWvR3CHzkf39aIm1w=</latexit><latexit sha1_base64="I8qeHvjqQ/av/LlcNEge0aQKrac=">AAACEXicbVDLSsNAFJ34rPUVdelmsAh1UxI3uhGKLnRZwT6gCWUynbRDZyZhHkIJ/QU3/oobF4q4defOv3HSBtHWAxcO59zLvfdEKaNKe96Xs7S8srq2Xtoob25t7+y6e/stlRiJSRMnLJGdCCnCqCBNTTUjnVQSxCNG2tHoKvfb90Qqmog7PU5JyNFA0JhipK3Uc6sBR3qIEYPXvSzgJhBmAi9gXA3SIT2Bgx+x51a8mjcFXCR+QSqgQKPnfgb9BBtOhMYMKdX1vVSHGZKaYkYm5cAokiI8QgPStVQgTlSYTT+awGOr9GGcSFtCw6n6eyJDXKkxj2xnfr+a93LxP69rdHweZlSkRhOBZ4tiw6BOYB4P7FNJsGZjSxCW1N4K8RBJhLUNsWxD8OdfXiSt05rv1fxbr1K/LOIogUNwBKrAB2egDm5AAzQBBg/gCbyAV+fReXbenPdZ65JTzByAP3A+vgGRE5zU</latexit><latexit sha1_base64="cecQQQWx60rWAgyhSVtyxQinUqA=">AAACEXicbVDLSsNAFJ3UV62vqEs3g0Wom5KIoBuh6EKXFewDmhAm00k7dDIJ8xBK6C+48VfcuFDErTt3/o2TNoi2HrhwOOde7r0nTBmVynG+rNLS8srqWnm9srG5tb1j7+61ZaIFJi2csER0QyQJo5y0FFWMdFNBUBwy0glHV7nfuSdC0oTfqXFK/BgNOI0oRspIgV3zYqSGGDF4HWRerD2uJ/ACRjUvHdJjOPgRA7vq1J0p4CJxC1IFBZqB/en1E6xjwhVmSMqe66TKz5BQFDMyqXhakhThERqQnqEcxUT62fSjCTwySh9GiTDFFZyqvycyFEs5jkPTmd8v571c/M/raRWd+xnlqVaE49miSDOoEpjHA/tUEKzY2BCEBTW3QjxEAmFlQqyYENz5lxdJ+6TuOnX39rTauCziKIMDcAhqwAVnoAFuQBO0AAYP4Am8gFfr0Xq23qz3WWvJKmb2wR9YH9+SU5zY</latexit><latexit sha1_base64="cecQQQWx60rWAgyhSVtyxQinUqA=">AAACEXicbVDLSsNAFJ3UV62vqEs3g0Wom5KIoBuh6EKXFewDmhAm00k7dDIJ8xBK6C+48VfcuFDErTt3/o2TNoi2HrhwOOde7r0nTBmVynG+rNLS8srqWnm9srG5tb1j7+61ZaIFJi2csER0QyQJo5y0FFWMdFNBUBwy0glHV7nfuSdC0oTfqXFK/BgNOI0oRspIgV3zYqSGGDF4HWRerD2uJ/ACRjUvHdJjOPgRA7vq1J0p4CJxC1IFBZqB/en1E6xjwhVmSMqe66TKz5BQFDMyqXhakhThERqQnqEcxUT62fSjCTwySh9GiTDFFZyqvycyFEs5jkPTmd8v571c/M/raRWd+xnlqVaE49miSDOoEpjHA/tUEKzY2BCEBTW3QjxEAmFlQqyYENz5lxdJ+6TuOnX39rTauCziKIMDcAhqwAVnoAFuQBO0AAYP4Am8gFfr0Xq23qz3WWvJKmb2wR9YH9+SU5zY</latexit><latexit sha1_base64="cecQQQWx60rWAgyhSVtyxQinUqA=">AAACEXicbVDLSsNAFJ3UV62vqEs3g0Wom5KIoBuh6EKXFewDmhAm00k7dDIJ8xBK6C+48VfcuFDErTt3/o2TNoi2HrhwOOde7r0nTBmVynG+rNLS8srqWnm9srG5tb1j7+61ZaIFJi2csER0QyQJo5y0FFWMdFNBUBwy0glHV7nfuSdC0oTfqXFK/BgNOI0oRspIgV3zYqSGGDF4HWRerD2uJ/ACRjUvHdJjOPgRA7vq1J0p4CJxC1IFBZqB/en1E6xjwhVmSMqe66TKz5BQFDMyqXhakhThERqQnqEcxUT62fSjCTwySh9GiTDFFZyqvycyFEs5jkPTmd8v571c/M/raRWd+xnlqVaE49miSDOoEpjHA/tUEKzY2BCEBTW3QjxEAmFlQqyYENz5lxdJ+6TuOnX39rTauCziKIMDcAhqwAVnoAFuQBO0AAYP4Am8gFfr0Xq23qz3WWvJKmb2wR9YH9+SU5zY</latexit><latexit sha1_base64="cecQQQWx60rWAgyhSVtyxQinUqA=">AAACEXicbVDLSsNAFJ3UV62vqEs3g0Wom5KIoBuh6EKXFewDmhAm00k7dDIJ8xBK6C+48VfcuFDErTt3/o2TNoi2HrhwOOde7r0nTBmVynG+rNLS8srqWnm9srG5tb1j7+61ZaIFJi2csER0QyQJo5y0FFWMdFNBUBwy0glHV7nfuSdC0oTfqXFK/BgNOI0oRspIgV3zYqSGGDF4HWRerD2uJ/ACRjUvHdJjOPgRA7vq1J0p4CJxC1IFBZqB/en1E6xjwhVmSMqe66TKz5BQFDMyqXhakhThERqQnqEcxUT62fSjCTwySh9GiTDFFZyqvycyFEs5jkPTmd8v571c/M/raRWd+xnlqVaE49miSDOoEpjHA/tUEKzY2BCEBTW3QjxEAmFlQqyYENz5lxdJ+6TuOnX39rTauCziKIMDcAhqwAVnoAFuQBO0AAYP4Am8gFfr0Xq23qz3WWvJKmb2wR9YH9+SU5zY</latexit><latexit sha1_base64="cecQQQWx60rWAgyhSVtyxQinUqA=">AAACEXicbVDLSsNAFJ3UV62vqEs3g0Wom5KIoBuh6EKXFewDmhAm00k7dDIJ8xBK6C+48VfcuFDErTt3/o2TNoi2HrhwOOde7r0nTBmVynG+rNLS8srqWnm9srG5tb1j7+61ZaIFJi2csER0QyQJo5y0FFWMdFNBUBwy0glHV7nfuSdC0oTfqXFK/BgNOI0oRspIgV3zYqSGGDF4HWRerD2uJ/ACRjUvHdJjOPgRA7vq1J0p4CJxC1IFBZqB/en1E6xjwhVmSMqe66TKz5BQFDMyqXhakhThERqQnqEcxUT62fSjCTwySh9GiTDFFZyqvycyFEs5jkPTmd8v571c/M/raRWd+xnlqVaE49miSDOoEpjHA/tUEKzY2BCEBTW3QjxEAmFlQqyYENz5lxdJ+6TuOnX39rTauCziKIMDcAhqwAVnoAFuQBO0AAYP4Am8gFfr0Xq23qz3WWvJKmb2wR9YH9+SU5zY</latexit><latexit sha1_base64="cecQQQWx60rWAgyhSVtyxQinUqA=">AAACEXicbVDLSsNAFJ3UV62vqEs3g0Wom5KIoBuh6EKXFewDmhAm00k7dDIJ8xBK6C+48VfcuFDErTt3/o2TNoi2HrhwOOde7r0nTBmVynG+rNLS8srqWnm9srG5tb1j7+61ZaIFJi2csER0QyQJo5y0FFWMdFNBUBwy0glHV7nfuSdC0oTfqXFK/BgNOI0oRspIgV3zYqSGGDF4HWRerD2uJ/ACRjUvHdJjOPgRA7vq1J0p4CJxC1IFBZqB/en1E6xjwhVmSMqe66TKz5BQFDMyqXhakhThERqQnqEcxUT62fSjCTwySh9GiTDFFZyqvycyFEs5jkPTmd8v571c/M/raRWd+xnlqVaE49miSDOoEpjHA/tUEKzY2BCEBTW3QjxEAmFlQqyYENz5lxdJ+6TuOnX39rTauCziKIMDcAhqwAVnoAFuQBO0AAYP4Am8gFfr0Xq23qz3WWvJKmb2wR9YH9+SU5zY</latexit>



GW anomalous speed

Horndeski	predicts	anomalous	propaga,on	of	GW

Deriva3ve	couplings	and	GW	speed

L = G(X)R+G
0(X)

⇥

(⇤φ)2 � (rµrνφ)
2
⇤

<latexit sha1_base64="XetDVJD0BpCVGuOY91OPKIADXRw="></latexit><latexit sha1_base64="XetDVJD0BpCVGuOY91OPKIADXRw="></latexit><latexit sha1_base64="XetDVJD0BpCVGuOY91OPKIADXRw="></latexit><latexit sha1_base64="XetDVJD0BpCVGuOY91OPKIADXRw="></latexit>

Perturb	the	variables																																																																		and	expand	to	

second	order

gµν → gµν + hµν , φ → φ+ ϕ
<latexit sha1_base64="xP9bodWIHMBgnutcnQoAmnupJaw="></latexit><latexit sha1_base64="xP9bodWIHMBgnutcnQoAmnupJaw="></latexit><latexit sha1_base64="xP9bodWIHMBgnutcnQoAmnupJaw="></latexit><latexit sha1_base64="xP9bodWIHMBgnutcnQoAmnupJaw="></latexit>

L
(2)

∝ h
TT
αβ (Gµν∂

µ
∂
ν)hαβ

TT
<latexit sha1_base64="ntrVBLEnFTOFMry+9cOWBxaPGFY="></latexit><latexit sha1_base64="ntrVBLEnFTOFMry+9cOWBxaPGFY="></latexit><latexit sha1_base64="ntrVBLEnFTOFMry+9cOWBxaPGFY="></latexit><latexit sha1_base64="ntrVBLEnFTOFMry+9cOWBxaPGFY="></latexit>

Effec3ve	metric	for	GW

[DB,	Ezquiaga,	Hinterbichler,	Zumalacarregui(2016)]

Gµν = G(X)gµν +G0(X)∂µφ∂νφ
<latexit sha1_base64="hLxCZn6Ag5LYNDLX+c//03vffTc="></latexit><latexit sha1_base64="hLxCZn6Ag5LYNDLX+c//03vffTc="></latexit><latexit sha1_base64="hLxCZn6Ag5LYNDLX+c//03vffTc="></latexit><latexit sha1_base64="hLxCZn6Ag5LYNDLX+c//03vffTc="></latexit>

HL



Expand	effec3ve	metric	using	a	3me-like	scalar	field	deriva3ve

GW anomalous speed

Deriva3ve	couplings	and	GW	speed
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ḣ
TT
ij

⌘2

�G

⇣

~rh
TT
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<latexit sha1_base64="p/DHqtfUr5GyMN1nOgc0n4HvAYA="></latexit><latexit sha1_base64="p/DHqtfUr5GyMN1nOgc0n4HvAYA="></latexit><latexit sha1_base64="p/DHqtfUr5GyMN1nOgc0n4HvAYA="></latexit><latexit sha1_base64="p/DHqtfUr5GyMN1nOgc0n4HvAYA="></latexit>

From	which	one	can	read	the	speed	of	GW

c
2

T =
1

1−
G0

G
φ̇2

<latexit sha1_base64="5MP6CqZtbI6V90CfQwL5IJYmJBg=">AAACE3icbVDLSsNAFJ3UV62vqEs3g0UUwZIUQTdC0UVdVugLmjRMppN26GQSZiZCCfkHN/6KGxeKuHXjzr9x2mah1QMDh3Pu4c49fsyoVJb1ZRSWlldW14rrpY3Nre0dc3evLaNEYNLCEYtE10eSMMpJS1HFSDcWBIU+Ix1/fDP1O/dESBrxpprExA3RkNOAYqS05Jmn2Gv2q/AKOoFAOLWz1D6b0/pxltYzZxApJx7RfjXzzLJVsWaAf4mdkzLI0fDMT53GSUi4wgxJ2bOtWLkpEopiRrKSk0gSIzxGQ9LTlKOQSDed3ZTBI60MYBAJ/biCM/VnIkWhlJPQ15MhUiO56E3F/7xeooJLN6U8ThTheL4oSBhUEZwWBAdUEKzYRBOEBdV/hXiEdCNK11jSJdiLJ/8l7WrFtir23Xm5dp3XUQQH4BCcABtcgBq4BQ3QAhg8gCfwAl6NR+PZeDPe56MFI8/sg18wPr4BhzudVg==</latexit><latexit sha1_base64="5MP6CqZtbI6V90CfQwL5IJYmJBg=">AAACE3icbVDLSsNAFJ3UV62vqEs3g0UUwZIUQTdC0UVdVugLmjRMppN26GQSZiZCCfkHN/6KGxeKuHXjzr9x2mah1QMDh3Pu4c49fsyoVJb1ZRSWlldW14rrpY3Nre0dc3evLaNEYNLCEYtE10eSMMpJS1HFSDcWBIU+Ix1/fDP1O/dESBrxpprExA3RkNOAYqS05Jmn2Gv2q/AKOoFAOLWz1D6b0/pxltYzZxApJx7RfjXzzLJVsWaAf4mdkzLI0fDMT53GSUi4wgxJ2bOtWLkpEopiRrKSk0gSIzxGQ9LTlKOQSDed3ZTBI60MYBAJ/biCM/VnIkWhlJPQ15MhUiO56E3F/7xeooJLN6U8ThTheL4oSBhUEZwWBAdUEKzYRBOEBdV/hXiEdCNK11jSJdiLJ/8l7WrFtir23Xm5dp3XUQQH4BCcABtcgBq4BQ3QAhg8gCfwAl6NR+PZeDPe56MFI8/sg18wPr4BhzudVg==</latexit><latexit sha1_base64="5MP6CqZtbI6V90CfQwL5IJYmJBg=">AAACE3icbVDLSsNAFJ3UV62vqEs3g0UUwZIUQTdC0UVdVugLmjRMppN26GQSZiZCCfkHN/6KGxeKuHXjzr9x2mah1QMDh3Pu4c49fsyoVJb1ZRSWlldW14rrpY3Nre0dc3evLaNEYNLCEYtE10eSMMpJS1HFSDcWBIU+Ix1/fDP1O/dESBrxpprExA3RkNOAYqS05Jmn2Gv2q/AKOoFAOLWz1D6b0/pxltYzZxApJx7RfjXzzLJVsWaAf4mdkzLI0fDMT53GSUi4wgxJ2bOtWLkpEopiRrKSk0gSIzxGQ9LTlKOQSDed3ZTBI60MYBAJ/biCM/VnIkWhlJPQ15MhUiO56E3F/7xeooJLN6U8ThTheL4oSBhUEZwWBAdUEKzYRBOEBdV/hXiEdCNK11jSJdiLJ/8l7WrFtir23Xm5dp3XUQQH4BCcABtcgBq4BQ3QAhg8gCfwAl6NR+PZeDPe56MFI8/sg18wPr4BhzudVg==</latexit><latexit sha1_base64="5MP6CqZtbI6V90CfQwL5IJYmJBg=">AAACE3icbVDLSsNAFJ3UV62vqEs3g0UUwZIUQTdC0UVdVugLmjRMppN26GQSZiZCCfkHN/6KGxeKuHXjzr9x2mah1QMDh3Pu4c49fsyoVJb1ZRSWlldW14rrpY3Nre0dc3evLaNEYNLCEYtE10eSMMpJS1HFSDcWBIU+Ix1/fDP1O/dESBrxpprExA3RkNOAYqS05Jmn2Gv2q/AKOoFAOLWz1D6b0/pxltYzZxApJx7RfjXzzLJVsWaAf4mdkzLI0fDMT53GSUi4wgxJ2bOtWLkpEopiRrKSk0gSIzxGQ9LTlKOQSDed3ZTBI60MYBAJ/biCM/VnIkWhlJPQ15MhUiO56E3F/7xeooJLN6U8ThTheL4oSBhUEZwWBAdUEKzYRBOEBdV/hXiEdCNK11jSJdiLJ/8l7WrFtir23Xm5dp3XUQQH4BCcABtcgBq4BQ3QAhg8gCfwAl6NR+PZeDPe56MFI8/sg18wPr4BhzudVg==</latexit>

[DB,	Ezquiaga,	Hinterbichler,	Zumalacarregui(2016)]



Phase lag test

[DB,	Ezquiaga,	Hinterbichler,	Zumalacarregui(2016)]
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Test	with	eclipsing	binaries:	LISA	 ∼ 10
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<latexit sha1_base64="0fyH/4Q+/BOswKi8vEeuhm14o04=">AAACCXicbZC7TsMwFIYdrqXcAowsFhUSS6sYVYKxgqVjkehFakLluE5r1U4i20EqUVYWXoWFAYRYeQM23ganzQAtv2Tp03/O0fH5/ZgzpR3n21pZXVvf2Cxtlbd3dvf27YPDjooSSWibRDySPR8ryllI25ppTnuxpFj4nHb9yXVe795TqVgU3uppTD2BRyELGMHaWAMbuooJiJy7tFrPYHVOKIOpKwVsPmTlgV1xas5McBlQARVQqDWwv9xhRBJBQ004VqqPnFh7KZaaEU6zspsoGmMywSPaNxhiQZWXzi7J4KlxhjCIpHmhhjP390SKhVJT4ZtOgfVYLdZy879aP9HBpZeyME40Dcl8UZBwqCOYxwKHTFKi+dQAJpKZv0IyxhITbcLLQ0CLJy9D57yGnBq6qVcaV0UcJXAMTsAZQOACNEATtEAbEPAInsEreLOerBfr3fqYt65YxcwR+CPr8wdOU5eJ</latexit><latexit sha1_base64="0fyH/4Q+/BOswKi8vEeuhm14o04=">AAACCXicbZC7TsMwFIYdrqXcAowsFhUSS6sYVYKxgqVjkehFakLluE5r1U4i20EqUVYWXoWFAYRYeQM23ganzQAtv2Tp03/O0fH5/ZgzpR3n21pZXVvf2Cxtlbd3dvf27YPDjooSSWibRDySPR8ryllI25ppTnuxpFj4nHb9yXVe795TqVgU3uppTD2BRyELGMHaWAMbuooJiJy7tFrPYHVOKIOpKwVsPmTlgV1xas5McBlQARVQqDWwv9xhRBJBQ004VqqPnFh7KZaaEU6zspsoGmMywSPaNxhiQZWXzi7J4KlxhjCIpHmhhjP390SKhVJT4ZtOgfVYLdZy879aP9HBpZeyME40Dcl8UZBwqCOYxwKHTFKi+dQAJpKZv0IyxhITbcLLQ0CLJy9D57yGnBq6qVcaV0UcJXAMTsAZQOACNEATtEAbEPAInsEreLOerBfr3fqYt65YxcwR+CPr8wdOU5eJ</latexit><latexit sha1_base64="0fyH/4Q+/BOswKi8vEeuhm14o04=">AAACCXicbZC7TsMwFIYdrqXcAowsFhUSS6sYVYKxgqVjkehFakLluE5r1U4i20EqUVYWXoWFAYRYeQM23ganzQAtv2Tp03/O0fH5/ZgzpR3n21pZXVvf2Cxtlbd3dvf27YPDjooSSWibRDySPR8ryllI25ppTnuxpFj4nHb9yXVe795TqVgU3uppTD2BRyELGMHaWAMbuooJiJy7tFrPYHVOKIOpKwVsPmTlgV1xas5McBlQARVQqDWwv9xhRBJBQ004VqqPnFh7KZaaEU6zspsoGmMywSPaNxhiQZWXzi7J4KlxhjCIpHmhhjP390SKhVJT4ZtOgfVYLdZy879aP9HBpZeyME40Dcl8UZBwqCOYxwKHTFKi+dQAJpKZv0IyxhITbcLLQ0CLJy9D57yGnBq6qVcaV0UcJXAMTsAZQOACNEATtEAbEPAInsEreLOerBfr3fqYt65YxcwR+CPr8wdOU5eJ</latexit><latexit sha1_base64="0fyH/4Q+/BOswKi8vEeuhm14o04=">AAACCXicbZC7TsMwFIYdrqXcAowsFhUSS6sYVYKxgqVjkehFakLluE5r1U4i20EqUVYWXoWFAYRYeQM23ganzQAtv2Tp03/O0fH5/ZgzpR3n21pZXVvf2Cxtlbd3dvf27YPDjooSSWibRDySPR8ryllI25ppTnuxpFj4nHb9yXVe795TqVgU3uppTD2BRyELGMHaWAMbuooJiJy7tFrPYHVOKIOpKwVsPmTlgV1xas5McBlQARVQqDWwv9xhRBJBQ004VqqPnFh7KZaaEU6zspsoGmMywSPaNxhiQZWXzi7J4KlxhjCIpHmhhjP390SKhVJT4ZtOgfVYLdZy879aP9HBpZeyME40Dcl8UZBwqCOYxwKHTFKi+dQAJpKZv0IyxhITbcLLQ0CLJy9D57yGnBq6qVcaV0UcJXAMTsAZQOACNEATtEAbEPAInsEreLOerBfr3fqYt65YxcwR+CPr8wdOU5eJ</latexit>

∆Φ(t) = 2ω
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◆

<latexit sha1_base64="TFbWFP6i7xImp198vaggqVVRRG8="></latexit><latexit sha1_base64="TFbWFP6i7xImp198vaggqVVRRG8="></latexit><latexit sha1_base64="TFbWFP6i7xImp198vaggqVVRRG8="></latexit><latexit sha1_base64="TFbWFP6i7xImp198vaggqVVRRG8="></latexit>

•Nearby	sources	

•EM	cunterpart	

•Periodic	sources	of	GW	&	EM	

•Test	the	phase	lag:



Horndeski	ac3on	and	GW

cT =
w4

w1

=
2G4 − 2φ̈XG5,X − 2XG5,φ

2(G4 − 2XG4,X − 2X(φ̇HG5,X −G5,φ)
<latexit sha1_base64="1ofv/kKk4MpufsEKlZFNdYZsNi8="></latexit><latexit sha1_base64="1ofv/kKk4MpufsEKlZFNdYZsNi8="></latexit><latexit sha1_base64="1ofv/kKk4MpufsEKlZFNdYZsNi8="></latexit><latexit sha1_base64="1ofv/kKk4MpufsEKlZFNdYZsNi8="></latexit>

How	do	we	reconcile	with	LIGO/Fermi	observa3ons?

•Forget	about	Horndeski:		

•Tune						and								func3ons:	is	background	dependentG4
<latexit sha1_base64="jDogUVtIGf2MNdKQNfzLoLCvw9o=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeiBz1WtB/QhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfjm5nffkKleSwfzSRBP6JDyUPOqLHSw22/1i9X3Ko7B1klXk4qkKPRL3/1BjFLI5SGCap113MT42dUGc4ETku9VGNC2ZgOsWuppBFqP5ufOiVnVhmQMFa2pCFz9fdERiOtJ1FgOyNqRnrZm4n/ed3UhFd+xmWSGpRssShMBTExmf1NBlwhM2JiCWWK21sJG1FFmbHplGwI3vLLq6R1UfXcqndfq9Sv8ziKcAKncA4eXEId7qABTWAwhGd4hTdHOC/Ou/OxaC04+cwx/IHz+QPFh41y</latexit><latexit sha1_base64="jDogUVtIGf2MNdKQNfzLoLCvw9o=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeiBz1WtB/QhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfjm5nffkKleSwfzSRBP6JDyUPOqLHSw22/1i9X3Ko7B1klXk4qkKPRL3/1BjFLI5SGCap113MT42dUGc4ETku9VGNC2ZgOsWuppBFqP5ufOiVnVhmQMFa2pCFz9fdERiOtJ1FgOyNqRnrZm4n/ed3UhFd+xmWSGpRssShMBTExmf1NBlwhM2JiCWWK21sJG1FFmbHplGwI3vLLq6R1UfXcqndfq9Sv8ziKcAKncA4eXEId7qABTWAwhGd4hTdHOC/Ou/OxaC04+cwx/IHz+QPFh41y</latexit><latexit sha1_base64="jDogUVtIGf2MNdKQNfzLoLCvw9o=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeiBz1WtB/QhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfjm5nffkKleSwfzSRBP6JDyUPOqLHSw22/1i9X3Ko7B1klXk4qkKPRL3/1BjFLI5SGCap113MT42dUGc4ETku9VGNC2ZgOsWuppBFqP5ufOiVnVhmQMFa2pCFz9fdERiOtJ1FgOyNqRnrZm4n/ed3UhFd+xmWSGpRssShMBTExmf1NBlwhM2JiCWWK21sJG1FFmbHplGwI3vLLq6R1UfXcqndfq9Sv8ziKcAKncA4eXEId7qABTWAwhGd4hTdHOC/Ou/OxaC04+cwx/IHz+QPFh41y</latexit><latexit sha1_base64="jDogUVtIGf2MNdKQNfzLoLCvw9o=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeiBz1WtB/QhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfjm5nffkKleSwfzSRBP6JDyUPOqLHSw22/1i9X3Ko7B1klXk4qkKPRL3/1BjFLI5SGCap113MT42dUGc4ETku9VGNC2ZgOsWuppBFqP5ufOiVnVhmQMFa2pCFz9fdERiOtJ1FgOyNqRnrZm4n/ed3UhFd+xmWSGpRssShMBTExmf1NBlwhM2JiCWWK21sJG1FFmbHplGwI3vLLq6R1UfXcqndfq9Sv8ziKcAKncA4eXEId7qABTWAwhGd4hTdHOC/Ou/OxaC04+cwx/IHz+QPFh41y</latexit>

G5
<latexit sha1_base64="7/AA09TYlwH6GKan2tgy+3h73o0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRgx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRvPaHSPJaPZpygH9GB5CFn1Fjp4bZ30StX3Ko7A1kmXk4qkKPeK391+zFLI5SGCap1x3MT42dUGc4ETkrdVGNC2YgOsGOppBFqP5udOiEnVumTMFa2pCEz9fdERiOtx1FgOyNqhnrRm4r/eZ3UhFd+xmWSGpRsvihMBTExmf5N+lwhM2JsCWWK21sJG1JFmbHplGwI3uLLy6R5VvXcqnd/Xqld53EU4QiO4RQ8uIQa3EEdGsBgAM/wCm+OcF6cd+dj3lpw8plD+APn8wfHC41z</latexit><latexit sha1_base64="7/AA09TYlwH6GKan2tgy+3h73o0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRgx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRvPaHSPJaPZpygH9GB5CFn1Fjp4bZ30StX3Ko7A1kmXk4qkKPeK391+zFLI5SGCap1x3MT42dUGc4ETkrdVGNC2YgOsGOppBFqP5udOiEnVumTMFa2pCEz9fdERiOtx1FgOyNqhnrRm4r/eZ3UhFd+xmWSGpRsvihMBTExmf5N+lwhM2JsCWWK21sJG1JFmbHplGwI3uLLy6R5VvXcqnd/Xqld53EU4QiO4RQ8uIQa3EEdGsBgAM/wCm+OcF6cd+dj3lpw8plD+APn8wfHC41z</latexit><latexit sha1_base64="7/AA09TYlwH6GKan2tgy+3h73o0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRgx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRvPaHSPJaPZpygH9GB5CFn1Fjp4bZ30StX3Ko7A1kmXk4qkKPeK391+zFLI5SGCap1x3MT42dUGc4ETkrdVGNC2YgOsGOppBFqP5udOiEnVumTMFa2pCEz9fdERiOtx1FgOyNqhnrRm4r/eZ3UhFd+xmWSGpRsvihMBTExmf5N+lwhM2JsCWWK21sJG1JFmbHplGwI3uLLy6R5VvXcqnd/Xqld53EU4QiO4RQ8uIQa3EEdGsBgAM/wCm+OcF6cd+dj3lpw8plD+APn8wfHC41z</latexit><latexit sha1_base64="7/AA09TYlwH6GKan2tgy+3h73o0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRgx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRvPaHSPJaPZpygH9GB5CFn1Fjp4bZ30StX3Ko7A1kmXk4qkKPeK391+zFLI5SGCap1x3MT42dUGc4ETkrdVGNC2YgOsGOppBFqP5udOiEnVumTMFa2pCEz9fdERiOtx1FgOyNqhnrRm4r/eZ3UhFd+xmWSGpRsvihMBTExmf5N+lwhM2JsCWWK21sJG1JFmbHplGwI3uLLy6R5VvXcqnd/Xqld53EU4QiO4RQ8uIQa3EEdGsBgAM/wCm+OcF6cd+dj3lpw8plD+APn8wfHC41z</latexit>

G4(φ, X) = f(φ) , G5(φ, X) = 0
<latexit sha1_base64="aK9HGuur6BJfkAk4Ex29JsMUQFE=">AAACFHicbZDLSsNAFIYnXmu9RV26GSxCi6UkUtFNoeiiLivYCzQhTCaTdujk4sxEKKEP4cZXceNCEbcu3Pk2TtMK2npg4OP/z+HM+d2YUSEN40tbWl5ZXVvPbeQ3t7Z3dvW9/baIEo5JC0cs4l0XCcJoSFqSSka6MScocBnpuMOrid+5J1zQKLyVo5jYAeqH1KcYSSU5+knDqRateEDL3RKs+RmWrHIZWncJ8mDDOftxa4ajF4yKkRVcBHMGBTCrpqN/Wl6Ek4CEEjMkRM80YmmniEuKGRnnrUSQGOEh6pOewhAFRNhpdtQYHivFg37E1QslzNTfEykKhBgFruoMkByIeW8i/uf1Eulf2CkN40SSEE8X+QmDMoKThKBHOcGSjRQgzKn6K8QDxBGWKse8CsGcP3kR2qcV06iYN9VC/XIWRw4cgiNQBCY4B3VwDZqgBTB4AE/gBbxqj9qz9qa9T1uXtNnMAfhT2sc3C9ubCw==</latexit><latexit sha1_base64="aK9HGuur6BJfkAk4Ex29JsMUQFE=">AAACFHicbZDLSsNAFIYnXmu9RV26GSxCi6UkUtFNoeiiLivYCzQhTCaTdujk4sxEKKEP4cZXceNCEbcu3Pk2TtMK2npg4OP/z+HM+d2YUSEN40tbWl5ZXVvPbeQ3t7Z3dvW9/baIEo5JC0cs4l0XCcJoSFqSSka6MScocBnpuMOrid+5J1zQKLyVo5jYAeqH1KcYSSU5+knDqRateEDL3RKs+RmWrHIZWncJ8mDDOftxa4ajF4yKkRVcBHMGBTCrpqN/Wl6Ek4CEEjMkRM80YmmniEuKGRnnrUSQGOEh6pOewhAFRNhpdtQYHivFg37E1QslzNTfEykKhBgFruoMkByIeW8i/uf1Eulf2CkN40SSEE8X+QmDMoKThKBHOcGSjRQgzKn6K8QDxBGWKse8CsGcP3kR2qcV06iYN9VC/XIWRw4cgiNQBCY4B3VwDZqgBTB4AE/gBbxqj9qz9qa9T1uXtNnMAfhT2sc3C9ubCw==</latexit><latexit sha1_base64="aK9HGuur6BJfkAk4Ex29JsMUQFE=">AAACFHicbZDLSsNAFIYnXmu9RV26GSxCi6UkUtFNoeiiLivYCzQhTCaTdujk4sxEKKEP4cZXceNCEbcu3Pk2TtMK2npg4OP/z+HM+d2YUSEN40tbWl5ZXVvPbeQ3t7Z3dvW9/baIEo5JC0cs4l0XCcJoSFqSSka6MScocBnpuMOrid+5J1zQKLyVo5jYAeqH1KcYSSU5+knDqRateEDL3RKs+RmWrHIZWncJ8mDDOftxa4ajF4yKkRVcBHMGBTCrpqN/Wl6Ek4CEEjMkRM80YmmniEuKGRnnrUSQGOEh6pOewhAFRNhpdtQYHivFg37E1QslzNTfEykKhBgFruoMkByIeW8i/uf1Eulf2CkN40SSEE8X+QmDMoKThKBHOcGSjRQgzKn6K8QDxBGWKse8CsGcP3kR2qcV06iYN9VC/XIWRw4cgiNQBCY4B3VwDZqgBTB4AE/gBbxqj9qz9qa9T1uXtNnMAfhT2sc3C9ubCw==</latexit><latexit sha1_base64="aK9HGuur6BJfkAk4Ex29JsMUQFE=">AAACFHicbZDLSsNAFIYnXmu9RV26GSxCi6UkUtFNoeiiLivYCzQhTCaTdujk4sxEKKEP4cZXceNCEbcu3Pk2TtMK2npg4OP/z+HM+d2YUSEN40tbWl5ZXVvPbeQ3t7Z3dvW9/baIEo5JC0cs4l0XCcJoSFqSSka6MScocBnpuMOrid+5J1zQKLyVo5jYAeqH1KcYSSU5+knDqRateEDL3RKs+RmWrHIZWncJ8mDDOftxa4ajF4yKkRVcBHMGBTCrpqN/Wl6Ek4CEEjMkRM80YmmniEuKGRnnrUSQGOEh6pOewhAFRNhpdtQYHivFg37E1QslzNTfEykKhBgFruoMkByIeW8i/uf1Eulf2CkN40SSEE8X+QmDMoKThKBHOcGSjRQgzKn6K8QDxBGWKse8CsGcP3kR2qcV06iYN9VC/XIWRw4cgiNQBCY4B3VwDZqgBTB4AE/gBbxqj9qz9qa9T1uXtNnMAfhT2sc3C9ubCw==</latexit>

(On	FLRW	background)

[Ezquiaga	&	Zumalacarregui,	2017]	

[Creminelli	&	Vernizzi,	2017]	

[Sakstein	&	Jain,	2017]	

[Baker	at	al.,	2017]

[De	Felice	&	Tsujikawa,	2011]

GW anomalous speed



Caveat

•Use	scalar	field	equa3on	&	assume	spa3al	flatness

E = Aφ̈+B = 0
<latexit sha1_base64="ZVktUaevdg4dn3C3Hwi+K5mX82A=">AAACCXicbVDLSsNAFJ34rPUVdenmYhEEoSQi6KZQK4LLCvYBTSiTyaQdOnkwMxFK6NaNv+LGhSJu/QN3/o2TNgttPXDhcM693HuPl3AmlWV9G0vLK6tr66WN8ubW9s6uubfflnEqCG2RmMei62FJOYtoSzHFaTcRFIcepx1vdJ37nQcqJIujezVOqBviQcQCRrDSUt8EJ8RqSDCHG6jBFTi+HytwkiGDU2hAzeqbFatqTQGLxC5IBRVo9s0vx49JGtJIEY6l7NlWotwMC8UIp5Oyk0qaYDLCA9rTNMIhlW42/WQCx1rxIYiFrkjBVP09keFQynHo6c78bjnv5eJ/Xi9VwaWbsShJFY3IbFGQclAx5LGAzwQlio81wUQwfSuQIRaYKB1eWYdgz7+8SNpnVduq2nfnlXqjiKOEDtEROkE2ukB1dIuaqIUIekTP6BW9GU/Gi/FufMxal4xi5gD9gfH5Ax7ll2I=</latexit><latexit sha1_base64="ZVktUaevdg4dn3C3Hwi+K5mX82A=">AAACCXicbVDLSsNAFJ34rPUVdenmYhEEoSQi6KZQK4LLCvYBTSiTyaQdOnkwMxFK6NaNv+LGhSJu/QN3/o2TNgttPXDhcM693HuPl3AmlWV9G0vLK6tr66WN8ubW9s6uubfflnEqCG2RmMei62FJOYtoSzHFaTcRFIcepx1vdJ37nQcqJIujezVOqBviQcQCRrDSUt8EJ8RqSDCHG6jBFTi+HytwkiGDU2hAzeqbFatqTQGLxC5IBRVo9s0vx49JGtJIEY6l7NlWotwMC8UIp5Oyk0qaYDLCA9rTNMIhlW42/WQCx1rxIYiFrkjBVP09keFQynHo6c78bjnv5eJ/Xi9VwaWbsShJFY3IbFGQclAx5LGAzwQlio81wUQwfSuQIRaYKB1eWYdgz7+8SNpnVduq2nfnlXqjiKOEDtEROkE2ukB1dIuaqIUIekTP6BW9GU/Gi/FufMxal4xi5gD9gfH5Ax7ll2I=</latexit><latexit sha1_base64="ZVktUaevdg4dn3C3Hwi+K5mX82A=">AAACCXicbVDLSsNAFJ34rPUVdenmYhEEoSQi6KZQK4LLCvYBTSiTyaQdOnkwMxFK6NaNv+LGhSJu/QN3/o2TNgttPXDhcM693HuPl3AmlWV9G0vLK6tr66WN8ubW9s6uubfflnEqCG2RmMei62FJOYtoSzHFaTcRFIcepx1vdJ37nQcqJIujezVOqBviQcQCRrDSUt8EJ8RqSDCHG6jBFTi+HytwkiGDU2hAzeqbFatqTQGLxC5IBRVo9s0vx49JGtJIEY6l7NlWotwMC8UIp5Oyk0qaYDLCA9rTNMIhlW42/WQCx1rxIYiFrkjBVP09keFQynHo6c78bjnv5eJ/Xi9VwaWbsShJFY3IbFGQclAx5LGAzwQlio81wUQwfSuQIRaYKB1eWYdgz7+8SNpnVduq2nfnlXqjiKOEDtEROkE2ukB1dIuaqIUIekTP6BW9GU/Gi/FufMxal4xi5gD9gfH5Ax7ll2I=</latexit><latexit sha1_base64="ZVktUaevdg4dn3C3Hwi+K5mX82A=">AAACCXicbVDLSsNAFJ34rPUVdenmYhEEoSQi6KZQK4LLCvYBTSiTyaQdOnkwMxFK6NaNv+LGhSJu/QN3/o2TNgttPXDhcM693HuPl3AmlWV9G0vLK6tr66WN8ubW9s6uubfflnEqCG2RmMei62FJOYtoSzHFaTcRFIcepx1vdJ37nQcqJIujezVOqBviQcQCRrDSUt8EJ8RqSDCHG6jBFTi+HytwkiGDU2hAzeqbFatqTQGLxC5IBRVo9s0vx49JGtJIEY6l7NlWotwMC8UIp5Oyk0qaYDLCA9rTNMIhlW42/WQCx1rxIYiFrkjBVP09keFQynHo6c78bjnv5eJ/Xi9VwaWbsShJFY3IbFGQclAx5LGAzwQlio81wUQwfSuQIRaYKB1eWYdgz7+8SNpnVduq2nfnlXqjiKOEDtEROkE2ukB1dIuaqIUIekTP6BW9GU/Gi/FufMxal4xi5gD9gfH5Ax7ll2I=</latexit>

•Get	algebraic	rela3ons	and	gives		a	non	trivial	HL	with	ct=1

•Effect	of	LSS	 cT = c̄T + δcT
<latexit sha1_base64="JOpCQlOPNsZZBIRdAwZaNFe8V64=">AAACA3icbZDLSsNAFIYnXmu9Rd3pZrAIglASEXQjFN24rNAbNCFMJift0MmFmYlQQsGNr+LGhSJufQl3vo2TNgtt/WHgm/+cw8z5/ZQzqSzr21haXlldW69sVDe3tnd2zb39jkwyQaFNE56Ink8kcBZDWzHFoZcKIJHPoeuPbot69wGEZEncUuMU3IgMYhYySpS2PPOQeq1r7PhEYE34DDsBcEWKi2fWrLo1FV4Eu4QaKtX0zC8nSGgWQawoJ1L2bStVbk6EYpTDpOpkElJCR2QAfY0xiUC6+XSHCT7RToDDROgTKzx1f0/kJJJyHPm6MyJqKOdrhflfrZ+p8MrNWZxmCmI6eyjMOFYJLgLBARNAFR9rIFQw/VdMh0QQqnRsVR2CPb/yInTO67ZVt+8vao2bMo4KOkLH6BTZ6BI10B1qojai6BE9o1f0ZjwZL8a78TFrXTLKmQP0R8bnDy8plfA=</latexit><latexit sha1_base64="JOpCQlOPNsZZBIRdAwZaNFe8V64=">AAACA3icbZDLSsNAFIYnXmu9Rd3pZrAIglASEXQjFN24rNAbNCFMJift0MmFmYlQQsGNr+LGhSJufQl3vo2TNgtt/WHgm/+cw8z5/ZQzqSzr21haXlldW69sVDe3tnd2zb39jkwyQaFNE56Ink8kcBZDWzHFoZcKIJHPoeuPbot69wGEZEncUuMU3IgMYhYySpS2PPOQeq1r7PhEYE34DDsBcEWKi2fWrLo1FV4Eu4QaKtX0zC8nSGgWQawoJ1L2bStVbk6EYpTDpOpkElJCR2QAfY0xiUC6+XSHCT7RToDDROgTKzx1f0/kJJJyHPm6MyJqKOdrhflfrZ+p8MrNWZxmCmI6eyjMOFYJLgLBARNAFR9rIFQw/VdMh0QQqnRsVR2CPb/yInTO67ZVt+8vao2bMo4KOkLH6BTZ6BI10B1qojai6BE9o1f0ZjwZL8a78TFrXTLKmQP0R8bnDy8plfA=</latexit><latexit sha1_base64="JOpCQlOPNsZZBIRdAwZaNFe8V64=">AAACA3icbZDLSsNAFIYnXmu9Rd3pZrAIglASEXQjFN24rNAbNCFMJift0MmFmYlQQsGNr+LGhSJufQl3vo2TNgtt/WHgm/+cw8z5/ZQzqSzr21haXlldW69sVDe3tnd2zb39jkwyQaFNE56Ink8kcBZDWzHFoZcKIJHPoeuPbot69wGEZEncUuMU3IgMYhYySpS2PPOQeq1r7PhEYE34DDsBcEWKi2fWrLo1FV4Eu4QaKtX0zC8nSGgWQawoJ1L2bStVbk6EYpTDpOpkElJCR2QAfY0xiUC6+XSHCT7RToDDROgTKzx1f0/kJJJyHPm6MyJqKOdrhflfrZ+p8MrNWZxmCmI6eyjMOFYJLgLBARNAFR9rIFQw/VdMh0QQqnRsVR2CPb/yInTO67ZVt+8vao2bMo4KOkLH6BTZ6BI10B1qojai6BE9o1f0ZjwZL8a78TFrXTLKmQP0R8bnDy8plfA=</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="nyFCWY4qAfQqzPDAQh3M2FXMdC0=">AAAB+HicbZBLSwMxFIXv+Ky16uhSN8EiCEKZcaMbQXDjskJf0BmGTCZtQzMPkjtCGQpu/CtuXCjiL3HnvzHTdqGtBwJfzklI7gkzKTQ6zre1tr6xubVd2anu1vb2D+zDWkenuWK8zVKZql5INZci4W0UKHkvU5zGoeTdcHxX5t1HrrRIkxZOMu7HdJiIgWAUjRXYxyxo3RAvpIoYIhfEi7hEWm4Cu+40nJnIKrgLqMNCzcD+8qKU5TFPkEmqdd91MvQLqlAwyadVL9c8o2xMh7xvMKEx134xm2FKzowTkUGqzEqQzNzfNwoaaz2JQ3MypjjSy1lp/pf1cxxc+4VIshx5wuYPDXJJMCVlISQSijOUEwOUKWH+StiIKsrQ1FY1JbjLI69C57LhOg33wYEKnMApnIMLV3AL99CENjB4ghd4g3fr2Xq1PuZ1rVmL3o7gj6zPH7zSlII=</latexit><latexit sha1_base64="nyFCWY4qAfQqzPDAQh3M2FXMdC0=">AAAB+HicbZBLSwMxFIXv+Ky16uhSN8EiCEKZcaMbQXDjskJf0BmGTCZtQzMPkjtCGQpu/CtuXCjiL3HnvzHTdqGtBwJfzklI7gkzKTQ6zre1tr6xubVd2anu1vb2D+zDWkenuWK8zVKZql5INZci4W0UKHkvU5zGoeTdcHxX5t1HrrRIkxZOMu7HdJiIgWAUjRXYxyxo3RAvpIoYIhfEi7hEWm4Cu+40nJnIKrgLqMNCzcD+8qKU5TFPkEmqdd91MvQLqlAwyadVL9c8o2xMh7xvMKEx134xm2FKzowTkUGqzEqQzNzfNwoaaz2JQ3MypjjSy1lp/pf1cxxc+4VIshx5wuYPDXJJMCVlISQSijOUEwOUKWH+StiIKsrQ1FY1JbjLI69C57LhOg33wYEKnMApnIMLV3AL99CENjB4ghd4g3fr2Xq1PuZ1rVmL3o7gj6zPH7zSlII=</latexit><latexit sha1_base64="WlSD6G8DHwYCS0LoEkCQ4YTVEpk=">AAACA3icbZDLSsNAFIYn9VbrLepON4NFEISSuNGNUHTjskJv0IQwmUzaoZMLMydCCQU3voobF4q49SXc+TZO2iy09YeBb/5zDjPn91PBFVjWt1FZWV1b36hu1ra2d3b3zP2DrkoySVmHJiKRfZ8oJnjMOsBBsH4qGYl8wXr++Lao9x6YVDyJ2zBJmRuRYcxDTgloyzOPqNe+xo5PJNaEz7ETMAGkuHhm3WpYM+FlsEuoo1Itz/xygoRmEYuBCqLUwLZScHMigVPBpjUnUywldEyGbKAxJhFTbj7bYYpPtRPgMJH6xIBn7u+JnERKTSJfd0YERmqxVpj/1QYZhFduzuM0AxbT+UNhJjAkuAgEB1wyCmKigVDJ9V8xHRFJKOjYajoEe3HlZeheNGyrYd9b9eZNGUcVHaMTdIZsdIma6A61UAdR9Iie0St6M56MF+Pd+Ji3Voxy5hD9kfH5Ay3plew=</latexit><latexit sha1_base64="JOpCQlOPNsZZBIRdAwZaNFe8V64=">AAACA3icbZDLSsNAFIYnXmu9Rd3pZrAIglASEXQjFN24rNAbNCFMJift0MmFmYlQQsGNr+LGhSJufQl3vo2TNgtt/WHgm/+cw8z5/ZQzqSzr21haXlldW69sVDe3tnd2zb39jkwyQaFNE56Ink8kcBZDWzHFoZcKIJHPoeuPbot69wGEZEncUuMU3IgMYhYySpS2PPOQeq1r7PhEYE34DDsBcEWKi2fWrLo1FV4Eu4QaKtX0zC8nSGgWQawoJ1L2bStVbk6EYpTDpOpkElJCR2QAfY0xiUC6+XSHCT7RToDDROgTKzx1f0/kJJJyHPm6MyJqKOdrhflfrZ+p8MrNWZxmCmI6eyjMOFYJLgLBARNAFR9rIFQw/VdMh0QQqnRsVR2CPb/yInTO67ZVt+8vao2bMo4KOkLH6BTZ6BI10B1qojai6BE9o1f0ZjwZL8a78TFrXTLKmQP0R8bnDy8plfA=</latexit><latexit sha1_base64="JOpCQlOPNsZZBIRdAwZaNFe8V64=">AAACA3icbZDLSsNAFIYnXmu9Rd3pZrAIglASEXQjFN24rNAbNCFMJift0MmFmYlQQsGNr+LGhSJufQl3vo2TNgtt/WHgm/+cw8z5/ZQzqSzr21haXlldW69sVDe3tnd2zb39jkwyQaFNE56Ink8kcBZDWzHFoZcKIJHPoeuPbot69wGEZEncUuMU3IgMYhYySpS2PPOQeq1r7PhEYE34DDsBcEWKi2fWrLo1FV4Eu4QaKtX0zC8nSGgWQawoJ1L2bStVbk6EYpTDpOpkElJCR2QAfY0xiUC6+XSHCT7RToDDROgTKzx1f0/kJJJyHPm6MyJqKOdrhflfrZ+p8MrNWZxmCmI6eyjMOFYJLgLBARNAFR9rIFQw/VdMh0QQqnRsVR2CPb/yInTO67ZVt+8vao2bMo4KOkLH6BTZ6BI10B1qojai6BE9o1f0ZjwZL8a78TFrXTLKmQP0R8bnDy8plfA=</latexit><latexit sha1_base64="JOpCQlOPNsZZBIRdAwZaNFe8V64=">AAACA3icbZDLSsNAFIYnXmu9Rd3pZrAIglASEXQjFN24rNAbNCFMJift0MmFmYlQQsGNr+LGhSJufQl3vo2TNgtt/WHgm/+cw8z5/ZQzqSzr21haXlldW69sVDe3tnd2zb39jkwyQaFNE56Ink8kcBZDWzHFoZcKIJHPoeuPbot69wGEZEncUuMU3IgMYhYySpS2PPOQeq1r7PhEYE34DDsBcEWKi2fWrLo1FV4Eu4QaKtX0zC8nSGgWQawoJ1L2bStVbk6EYpTDpOpkElJCR2QAfY0xiUC6+XSHCT7RToDDROgTKzx1f0/kJJJyHPm6MyJqKOdrhflfrZ+p8MrNWZxmCmI6eyjMOFYJLgLBARNAFR9rIFQw/VdMh0QQqnRsVR2CPb/yInTO67ZVt+8vao2bMo4KOkLH6BTZ6BI10B1qojai6BE9o1f0ZjwZL8a78TFrXTLKmQP0R8bnDy8plfA=</latexit><latexit sha1_base64="JOpCQlOPNsZZBIRdAwZaNFe8V64=">AAACA3icbZDLSsNAFIYnXmu9Rd3pZrAIglASEXQjFN24rNAbNCFMJift0MmFmYlQQsGNr+LGhSJufQl3vo2TNgtt/WHgm/+cw8z5/ZQzqSzr21haXlldW69sVDe3tnd2zb39jkwyQaFNE56Ink8kcBZDWzHFoZcKIJHPoeuPbot69wGEZEncUuMU3IgMYhYySpS2PPOQeq1r7PhEYE34DDsBcEWKi2fWrLo1FV4Eu4QaKtX0zC8nSGgWQawoJ1L2bStVbk6EYpTDpOpkElJCR2QAfY0xiUC6+XSHCT7RToDDROgTKzx1f0/kJJJyHPm6MyJqKOdrhflfrZ+p8MrNWZxmCmI6eyjMOFYJLgLBARNAFR9rIFQw/VdMh0QQqnRsVR2CPb/yInTO67ZVt+8vao2bMo4KOkLH6BTZ6BI10B1qojai6BE9o1f0ZjwZL8a78TFrXTLKmQP0R8bnDy8plfA=</latexit><latexit sha1_base64="JOpCQlOPNsZZBIRdAwZaNFe8V64=">AAACA3icbZDLSsNAFIYnXmu9Rd3pZrAIglASEXQjFN24rNAbNCFMJift0MmFmYlQQsGNr+LGhSJufQl3vo2TNgtt/WHgm/+cw8z5/ZQzqSzr21haXlldW69sVDe3tnd2zb39jkwyQaFNE56Ink8kcBZDWzHFoZcKIJHPoeuPbot69wGEZEncUuMU3IgMYhYySpS2PPOQeq1r7PhEYE34DDsBcEWKi2fWrLo1FV4Eu4QaKtX0zC8nSGgWQawoJ1L2bStVbk6EYpTDpOpkElJCR2QAfY0xiUC6+XSHCT7RToDDROgTKzx1f0/kJJJyHPm6MyJqKOdrhflfrZ+p8MrNWZxmCmI6eyjMOFYJLgLBARNAFR9rIFQw/VdMh0QQqnRsVR2CPb/yInTO67ZVt+8vao2bMo4KOkLH6BTZ6BI10B1qojai6BE9o1f0ZjwZL8a78TFrXTLKmQP0R8bnDy8plfA=</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="nyFCWY4qAfQqzPDAQh3M2FXMdC0=">AAAB+HicbZBLSwMxFIXv+Ky16uhSN8EiCEKZcaMbQXDjskJf0BmGTCZtQzMPkjtCGQpu/CtuXCjiL3HnvzHTdqGtBwJfzklI7gkzKTQ6zre1tr6xubVd2anu1vb2D+zDWkenuWK8zVKZql5INZci4W0UKHkvU5zGoeTdcHxX5t1HrrRIkxZOMu7HdJiIgWAUjRXYxyxo3RAvpIoYIhfEi7hEWm4Cu+40nJnIKrgLqMNCzcD+8qKU5TFPkEmqdd91MvQLqlAwyadVL9c8o2xMh7xvMKEx134xm2FKzowTkUGqzEqQzNzfNwoaaz2JQ3MypjjSy1lp/pf1cxxc+4VIshx5wuYPDXJJMCVlISQSijOUEwOUKWH+StiIKsrQ1FY1JbjLI69C57LhOg33wYEKnMApnIMLV3AL99CENjB4ghd4g3fr2Xq1PuZ1rVmL3o7gj6zPH7zSlII=</latexit><latexit sha1_base64="nyFCWY4qAfQqzPDAQh3M2FXMdC0=">AAAB+HicbZBLSwMxFIXv+Ky16uhSN8EiCEKZcaMbQXDjskJf0BmGTCZtQzMPkjtCGQpu/CtuXCjiL3HnvzHTdqGtBwJfzklI7gkzKTQ6zre1tr6xubVd2anu1vb2D+zDWkenuWK8zVKZql5INZci4W0UKHkvU5zGoeTdcHxX5t1HrrRIkxZOMu7HdJiIgWAUjRXYxyxo3RAvpIoYIhfEi7hEWm4Cu+40nJnIKrgLqMNCzcD+8qKU5TFPkEmqdd91MvQLqlAwyadVL9c8o2xMh7xvMKEx134xm2FKzowTkUGqzEqQzNzfNwoaaz2JQ3MypjjSy1lp/pf1cxxc+4VIshx5wuYPDXJJMCVlISQSijOUEwOUKWH+StiIKsrQ1FY1JbjLI69C57LhOg33wYEKnMApnIMLV3AL99CENjB4ghd4g3fr2Xq1PuZ1rVmL3o7gj6zPH7zSlII=</latexit><latexit sha1_base64="WlSD6G8DHwYCS0LoEkCQ4YTVEpk=">AAACA3icbZDLSsNAFIYn9VbrLepON4NFEISSuNGNUHTjskJv0IQwmUzaoZMLMydCCQU3voobF4q49SXc+TZO2iy09YeBb/5zDjPn91PBFVjWt1FZWV1b36hu1ra2d3b3zP2DrkoySVmHJiKRfZ8oJnjMOsBBsH4qGYl8wXr++Lao9x6YVDyJ2zBJmRuRYcxDTgloyzOPqNe+xo5PJNaEz7ETMAGkuHhm3WpYM+FlsEuoo1Itz/xygoRmEYuBCqLUwLZScHMigVPBpjUnUywldEyGbKAxJhFTbj7bYYpPtRPgMJH6xIBn7u+JnERKTSJfd0YERmqxVpj/1QYZhFduzuM0AxbT+UNhJjAkuAgEB1wyCmKigVDJ9V8xHRFJKOjYajoEe3HlZeheNGyrYd9b9eZNGUcVHaMTdIZsdIma6A61UAdR9Iie0St6M56MF+Pd+Ji3Voxy5hD9kfH5Ay3plew=</latexit><latexit sha1_base64="JOpCQlOPNsZZBIRdAwZaNFe8V64=">AAACA3icbZDLSsNAFIYnXmu9Rd3pZrAIglASEXQjFN24rNAbNCFMJift0MmFmYlQQsGNr+LGhSJufQl3vo2TNgtt/WHgm/+cw8z5/ZQzqSzr21haXlldW69sVDe3tnd2zb39jkwyQaFNE56Ink8kcBZDWzHFoZcKIJHPoeuPbot69wGEZEncUuMU3IgMYhYySpS2PPOQeq1r7PhEYE34DDsBcEWKi2fWrLo1FV4Eu4QaKtX0zC8nSGgWQawoJ1L2bStVbk6EYpTDpOpkElJCR2QAfY0xiUC6+XSHCT7RToDDROgTKzx1f0/kJJJyHPm6MyJqKOdrhflfrZ+p8MrNWZxmCmI6eyjMOFYJLgLBARNAFR9rIFQw/VdMh0QQqnRsVR2CPb/yInTO67ZVt+8vao2bMo4KOkLH6BTZ6BI10B1qojai6BE9o1f0ZjwZL8a78TFrXTLKmQP0R8bnDy8plfA=</latexit><latexit sha1_base64="JOpCQlOPNsZZBIRdAwZaNFe8V64=">AAACA3icbZDLSsNAFIYnXmu9Rd3pZrAIglASEXQjFN24rNAbNCFMJift0MmFmYlQQsGNr+LGhSJufQl3vo2TNgtt/WHgm/+cw8z5/ZQzqSzr21haXlldW69sVDe3tnd2zb39jkwyQaFNE56Ink8kcBZDWzHFoZcKIJHPoeuPbot69wGEZEncUuMU3IgMYhYySpS2PPOQeq1r7PhEYE34DDsBcEWKi2fWrLo1FV4Eu4QaKtX0zC8nSGgWQawoJ1L2bStVbk6EYpTDpOpkElJCR2QAfY0xiUC6+XSHCT7RToDDROgTKzx1f0/kJJJyHPm6MyJqKOdrhflfrZ+p8MrNWZxmCmI6eyjMOFYJLgLBARNAFR9rIFQw/VdMh0QQqnRsVR2CPb/yInTO67ZVt+8vao2bMo4KOkLH6BTZ6BI10B1qojai6BE9o1f0ZjwZL8a78TFrXTLKmQP0R8bnDy8plfA=</latexit><latexit sha1_base64="JOpCQlOPNsZZBIRdAwZaNFe8V64=">AAACA3icbZDLSsNAFIYnXmu9Rd3pZrAIglASEXQjFN24rNAbNCFMJift0MmFmYlQQsGNr+LGhSJufQl3vo2TNgtt/WHgm/+cw8z5/ZQzqSzr21haXlldW69sVDe3tnd2zb39jkwyQaFNE56Ink8kcBZDWzHFoZcKIJHPoeuPbot69wGEZEncUuMU3IgMYhYySpS2PPOQeq1r7PhEYE34DDsBcEWKi2fWrLo1FV4Eu4QaKtX0zC8nSGgWQawoJ1L2bStVbk6EYpTDpOpkElJCR2QAfY0xiUC6+XSHCT7RToDDROgTKzx1f0/kJJJyHPm6MyJqKOdrhflfrZ+p8MrNWZxmCmI6eyjMOFYJLgLBARNAFR9rIFQw/VdMh0QQqnRsVR2CPb/yInTO67ZVt+8vao2bMo4KOkLH6BTZ6BI10B1qojai6BE9o1f0ZjwZL8a78TFrXTLKmQP0R8bnDy8plfA=</latexit><latexit sha1_base64="JOpCQlOPNsZZBIRdAwZaNFe8V64=">AAACA3icbZDLSsNAFIYnXmu9Rd3pZrAIglASEXQjFN24rNAbNCFMJift0MmFmYlQQsGNr+LGhSJufQl3vo2TNgtt/WHgm/+cw8z5/ZQzqSzr21haXlldW69sVDe3tnd2zb39jkwyQaFNE56Ink8kcBZDWzHFoZcKIJHPoeuPbot69wGEZEncUuMU3IgMYhYySpS2PPOQeq1r7PhEYE34DDsBcEWKi2fWrLo1FV4Eu4QaKtX0zC8nSGgWQawoJ1L2bStVbk6EYpTDpOpkElJCR2QAfY0xiUC6+XSHCT7RToDDROgTKzx1f0/kJJJyHPm6MyJqKOdrhflfrZ+p8MrNWZxmCmI6eyjMOFYJLgLBARNAFR9rIFQw/VdMh0QQqnRsVR2CPb/yInTO67ZVt+8vao2bMo4KOkLH6BTZ6BI10B1qojai6BE9o1f0ZjwZL8a78TFrXTLKmQP0R8bnDy8plfA=</latexit><latexit sha1_base64="JOpCQlOPNsZZBIRdAwZaNFe8V64=">AAACA3icbZDLSsNAFIYnXmu9Rd3pZrAIglASEXQjFN24rNAbNCFMJift0MmFmYlQQsGNr+LGhSJufQl3vo2TNgtt/WHgm/+cw8z5/ZQzqSzr21haXlldW69sVDe3tnd2zb39jkwyQaFNE56Ink8kcBZDWzHFoZcKIJHPoeuPbot69wGEZEncUuMU3IgMYhYySpS2PPOQeq1r7PhEYE34DDsBcEWKi2fWrLo1FV4Eu4QaKtX0zC8nSGgWQawoJ1L2bStVbk6EYpTDpOpkElJCR2QAfY0xiUC6+XSHCT7RToDDROgTKzx1f0/kJJJyHPm6MyJqKOdrhflfrZ+p8MrNWZxmCmI6eyjMOFYJLgLBARNAFR9rIFQw/VdMh0QQqnRsVR2CPb/yInTO67ZVt+8vao2bMo4KOkLH6BTZ6BI10B1qojai6BE9o1f0ZjwZL8a78TFrXTLKmQP0R8bnDy8plfA=</latexit><latexit sha1_base64="JOpCQlOPNsZZBIRdAwZaNFe8V64=">AAACA3icbZDLSsNAFIYnXmu9Rd3pZrAIglASEXQjFN24rNAbNCFMJift0MmFmYlQQsGNr+LGhSJufQl3vo2TNgtt/WHgm/+cw8z5/ZQzqSzr21haXlldW69sVDe3tnd2zb39jkwyQaFNE56Ink8kcBZDWzHFoZcKIJHPoeuPbot69wGEZEncUuMU3IgMYhYySpS2PPOQeq1r7PhEYE34DDsBcEWKi2fWrLo1FV4Eu4QaKtX0zC8nSGgWQawoJ1L2bStVbk6EYpTDpOpkElJCR2QAfY0xiUC6+XSHCT7RToDDROgTKzx1f0/kJJJyHPm6MyJqKOdrhflfrZ+p8MrNWZxmCmI6eyjMOFYJLgLBARNAFR9rIFQw/VdMh0QQqnRsVR2CPb/yInTO67ZVt+8vao2bMo4KOkLH6BTZ6BI10B1qojai6BE9o1f0ZjwZL8a78TFrXTLKmQP0R8bnDy8plfA=</latexit>

c̄T = 1
<latexit sha1_base64="7OX64UzP4gfeYSMaz3ub46uKVIU=">AAAB8nicdVDLSsNAFJ3UV62vqks3g0VwFSY1tHUhFN24rNAXpKFMppN26GQSZiZCCf0MNy4UcevXuPNvnLQVVPTAhcM593LvPUHCmdIIfViFtfWNza3idmlnd2//oHx41FVxKgntkJjHsh9gRTkTtKOZ5rSfSIqjgNNeML3J/d49lYrFoq1nCfUjPBYsZARrI3mDAEtIhm145QzLFWRfNmpVtwaRjVDdqTo5qdbdCxc6RslRASu0huX3wSgmaUSFJhwr5Tko0X6GpWaE03lpkCqaYDLFY+oZKnBElZ8tTp7DM6OMYBhLU0LDhfp9IsORUrMoMJ0R1hP128vFvzwv1WHDz5hIUk0FWS4KUw51DPP/4YhJSjSfGYKJZOZWSCZYYqJNSiUTwten8H/SrdoOsp07t9K8XsVRBCfgFJwDB9RBE9yCFugAAmLwAJ7As6WtR+vFel22FqzVzDH4AevtEyG7kH8=</latexit><latexit sha1_base64="7OX64UzP4gfeYSMaz3ub46uKVIU=">AAAB8nicdVDLSsNAFJ3UV62vqks3g0VwFSY1tHUhFN24rNAXpKFMppN26GQSZiZCCf0MNy4UcevXuPNvnLQVVPTAhcM593LvPUHCmdIIfViFtfWNza3idmlnd2//oHx41FVxKgntkJjHsh9gRTkTtKOZ5rSfSIqjgNNeML3J/d49lYrFoq1nCfUjPBYsZARrI3mDAEtIhm145QzLFWRfNmpVtwaRjVDdqTo5qdbdCxc6RslRASu0huX3wSgmaUSFJhwr5Tko0X6GpWaE03lpkCqaYDLFY+oZKnBElZ8tTp7DM6OMYBhLU0LDhfp9IsORUrMoMJ0R1hP128vFvzwv1WHDz5hIUk0FWS4KUw51DPP/4YhJSjSfGYKJZOZWSCZYYqJNSiUTwten8H/SrdoOsp07t9K8XsVRBCfgFJwDB9RBE9yCFugAAmLwAJ7As6WtR+vFel22FqzVzDH4AevtEyG7kH8=</latexit><latexit sha1_base64="7OX64UzP4gfeYSMaz3ub46uKVIU=">AAAB8nicdVDLSsNAFJ3UV62vqks3g0VwFSY1tHUhFN24rNAXpKFMppN26GQSZiZCCf0MNy4UcevXuPNvnLQVVPTAhcM593LvPUHCmdIIfViFtfWNza3idmlnd2//oHx41FVxKgntkJjHsh9gRTkTtKOZ5rSfSIqjgNNeML3J/d49lYrFoq1nCfUjPBYsZARrI3mDAEtIhm145QzLFWRfNmpVtwaRjVDdqTo5qdbdCxc6RslRASu0huX3wSgmaUSFJhwr5Tko0X6GpWaE03lpkCqaYDLFY+oZKnBElZ8tTp7DM6OMYBhLU0LDhfp9IsORUrMoMJ0R1hP128vFvzwv1WHDz5hIUk0FWS4KUw51DPP/4YhJSjSfGYKJZOZWSCZYYqJNSiUTwten8H/SrdoOsp07t9K8XsVRBCfgFJwDB9RBE9yCFugAAmLwAJ7As6WtR+vFel22FqzVzDH4AevtEyG7kH8=</latexit><latexit sha1_base64="7OX64UzP4gfeYSMaz3ub46uKVIU=">AAAB8nicdVDLSsNAFJ3UV62vqks3g0VwFSY1tHUhFN24rNAXpKFMppN26GQSZiZCCf0MNy4UcevXuPNvnLQVVPTAhcM593LvPUHCmdIIfViFtfWNza3idmlnd2//oHx41FVxKgntkJjHsh9gRTkTtKOZ5rSfSIqjgNNeML3J/d49lYrFoq1nCfUjPBYsZARrI3mDAEtIhm145QzLFWRfNmpVtwaRjVDdqTo5qdbdCxc6RslRASu0huX3wSgmaUSFJhwr5Tko0X6GpWaE03lpkCqaYDLFY+oZKnBElZ8tTp7DM6OMYBhLU0LDhfp9IsORUrMoMJ0R1hP128vFvzwv1WHDz5hIUk0FWS4KUw51DPP/4YhJSjSfGYKJZOZWSCZYYqJNSiUTwten8H/SrdoOsp07t9K8XsVRBCfgFJwDB9RBE9yCFugAAmLwAJ7As6WtR+vFel22FqzVzDH4AevtEyG7kH8=</latexit>

[Copeland	et	al.,	2018]



Caveat

•Use	scalar	field	equa3on	&	assume	spa3al	flatness

E = Aφ̈+B = 0
<latexit sha1_base64="ZVktUaevdg4dn3C3Hwi+K5mX82A=">AAACCXicbVDLSsNAFJ34rPUVdenmYhEEoSQi6KZQK4LLCvYBTSiTyaQdOnkwMxFK6NaNv+LGhSJu/QN3/o2TNgttPXDhcM693HuPl3AmlWV9G0vLK6tr66WN8ubW9s6uubfflnEqCG2RmMei62FJOYtoSzHFaTcRFIcepx1vdJ37nQcqJIujezVOqBviQcQCRrDSUt8EJ8RqSDCHG6jBFTi+HytwkiGDU2hAzeqbFatqTQGLxC5IBRVo9s0vx49JGtJIEY6l7NlWotwMC8UIp5Oyk0qaYDLCA9rTNMIhlW42/WQCx1rxIYiFrkjBVP09keFQynHo6c78bjnv5eJ/Xi9VwaWbsShJFY3IbFGQclAx5LGAzwQlio81wUQwfSuQIRaYKB1eWYdgz7+8SNpnVduq2nfnlXqjiKOEDtEROkE2ukB1dIuaqIUIekTP6BW9GU/Gi/FufMxal4xi5gD9gfH5Ax7ll2I=</latexit><latexit sha1_base64="ZVktUaevdg4dn3C3Hwi+K5mX82A=">AAACCXicbVDLSsNAFJ34rPUVdenmYhEEoSQi6KZQK4LLCvYBTSiTyaQdOnkwMxFK6NaNv+LGhSJu/QN3/o2TNgttPXDhcM693HuPl3AmlWV9G0vLK6tr66WN8ubW9s6uubfflnEqCG2RmMei62FJOYtoSzHFaTcRFIcepx1vdJ37nQcqJIujezVOqBviQcQCRrDSUt8EJ8RqSDCHG6jBFTi+HytwkiGDU2hAzeqbFatqTQGLxC5IBRVo9s0vx49JGtJIEY6l7NlWotwMC8UIp5Oyk0qaYDLCA9rTNMIhlW42/WQCx1rxIYiFrkjBVP09keFQynHo6c78bjnv5eJ/Xi9VwaWbsShJFY3IbFGQclAx5LGAzwQlio81wUQwfSuQIRaYKB1eWYdgz7+8SNpnVduq2nfnlXqjiKOEDtEROkE2ukB1dIuaqIUIekTP6BW9GU/Gi/FufMxal4xi5gD9gfH5Ax7ll2I=</latexit><latexit sha1_base64="ZVktUaevdg4dn3C3Hwi+K5mX82A=">AAACCXicbVDLSsNAFJ34rPUVdenmYhEEoSQi6KZQK4LLCvYBTSiTyaQdOnkwMxFK6NaNv+LGhSJu/QN3/o2TNgttPXDhcM693HuPl3AmlWV9G0vLK6tr66WN8ubW9s6uubfflnEqCG2RmMei62FJOYtoSzHFaTcRFIcepx1vdJ37nQcqJIujezVOqBviQcQCRrDSUt8EJ8RqSDCHG6jBFTi+HytwkiGDU2hAzeqbFatqTQGLxC5IBRVo9s0vx49JGtJIEY6l7NlWotwMC8UIp5Oyk0qaYDLCA9rTNMIhlW42/WQCx1rxIYiFrkjBVP09keFQynHo6c78bjnv5eJ/Xi9VwaWbsShJFY3IbFGQclAx5LGAzwQlio81wUQwfSuQIRaYKB1eWYdgz7+8SNpnVduq2nfnlXqjiKOEDtEROkE2ukB1dIuaqIUIekTP6BW9GU/Gi/FufMxal4xi5gD9gfH5Ax7ll2I=</latexit><latexit sha1_base64="ZVktUaevdg4dn3C3Hwi+K5mX82A=">AAACCXicbVDLSsNAFJ34rPUVdenmYhEEoSQi6KZQK4LLCvYBTSiTyaQdOnkwMxFK6NaNv+LGhSJu/QN3/o2TNgttPXDhcM693HuPl3AmlWV9G0vLK6tr66WN8ubW9s6uubfflnEqCG2RmMei62FJOYtoSzHFaTcRFIcepx1vdJ37nQcqJIujezVOqBviQcQCRrDSUt8EJ8RqSDCHG6jBFTi+HytwkiGDU2hAzeqbFatqTQGLxC5IBRVo9s0vx49JGtJIEY6l7NlWotwMC8UIp5Oyk0qaYDLCA9rTNMIhlW42/WQCx1rxIYiFrkjBVP09keFQynHo6c78bjnv5eJ/Xi9VwaWbsShJFY3IbFGQclAx5LGAzwQlio81wUQwfSuQIRaYKB1eWYdgz7+8SNpnVduq2nfnlXqjiKOEDtEROkE2ukB1dIuaqIUIekTP6BW9GU/Gi/FufMxal4xi5gD9gfH5Ax7ll2I=</latexit>

•Get	algebraic	rela3ons	and	gives		a	non	trivial	HL	with	ct=1

•Effect	of	LSS	 cT = c̄T + δcT
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[Copeland	et	al.,	2018]



Caveat

•Use	scalar	field	equa3on	&	assume	spa3al	flatness

E = Aφ̈+B = 0
<latexit sha1_base64="ZVktUaevdg4dn3C3Hwi+K5mX82A=">AAACCXicbVDLSsNAFJ34rPUVdenmYhEEoSQi6KZQK4LLCvYBTSiTyaQdOnkwMxFK6NaNv+LGhSJu/QN3/o2TNgttPXDhcM693HuPl3AmlWV9G0vLK6tr66WN8ubW9s6uubfflnEqCG2RmMei62FJOYtoSzHFaTcRFIcepx1vdJ37nQcqJIujezVOqBviQcQCRrDSUt8EJ8RqSDCHG6jBFTi+HytwkiGDU2hAzeqbFatqTQGLxC5IBRVo9s0vx49JGtJIEY6l7NlWotwMC8UIp5Oyk0qaYDLCA9rTNMIhlW42/WQCx1rxIYiFrkjBVP09keFQynHo6c78bjnv5eJ/Xi9VwaWbsShJFY3IbFGQclAx5LGAzwQlio81wUQwfSuQIRaYKB1eWYdgz7+8SNpnVduq2nfnlXqjiKOEDtEROkE2ukB1dIuaqIUIekTP6BW9GU/Gi/FufMxal4xi5gD9gfH5Ax7ll2I=</latexit><latexit sha1_base64="ZVktUaevdg4dn3C3Hwi+K5mX82A=">AAACCXicbVDLSsNAFJ34rPUVdenmYhEEoSQi6KZQK4LLCvYBTSiTyaQdOnkwMxFK6NaNv+LGhSJu/QN3/o2TNgttPXDhcM693HuPl3AmlWV9G0vLK6tr66WN8ubW9s6uubfflnEqCG2RmMei62FJOYtoSzHFaTcRFIcepx1vdJ37nQcqJIujezVOqBviQcQCRrDSUt8EJ8RqSDCHG6jBFTi+HytwkiGDU2hAzeqbFatqTQGLxC5IBRVo9s0vx49JGtJIEY6l7NlWotwMC8UIp5Oyk0qaYDLCA9rTNMIhlW42/WQCx1rxIYiFrkjBVP09keFQynHo6c78bjnv5eJ/Xi9VwaWbsShJFY3IbFGQclAx5LGAzwQlio81wUQwfSuQIRaYKB1eWYdgz7+8SNpnVduq2nfnlXqjiKOEDtEROkE2ukB1dIuaqIUIekTP6BW9GU/Gi/FufMxal4xi5gD9gfH5Ax7ll2I=</latexit><latexit sha1_base64="ZVktUaevdg4dn3C3Hwi+K5mX82A=">AAACCXicbVDLSsNAFJ34rPUVdenmYhEEoSQi6KZQK4LLCvYBTSiTyaQdOnkwMxFK6NaNv+LGhSJu/QN3/o2TNgttPXDhcM693HuPl3AmlWV9G0vLK6tr66WN8ubW9s6uubfflnEqCG2RmMei62FJOYtoSzHFaTcRFIcepx1vdJ37nQcqJIujezVOqBviQcQCRrDSUt8EJ8RqSDCHG6jBFTi+HytwkiGDU2hAzeqbFatqTQGLxC5IBRVo9s0vx49JGtJIEY6l7NlWotwMC8UIp5Oyk0qaYDLCA9rTNMIhlW42/WQCx1rxIYiFrkjBVP09keFQynHo6c78bjnv5eJ/Xi9VwaWbsShJFY3IbFGQclAx5LGAzwQlio81wUQwfSuQIRaYKB1eWYdgz7+8SNpnVduq2nfnlXqjiKOEDtEROkE2ukB1dIuaqIUIekTP6BW9GU/Gi/FufMxal4xi5gD9gfH5Ax7ll2I=</latexit><latexit sha1_base64="ZVktUaevdg4dn3C3Hwi+K5mX82A=">AAACCXicbVDLSsNAFJ34rPUVdenmYhEEoSQi6KZQK4LLCvYBTSiTyaQdOnkwMxFK6NaNv+LGhSJu/QN3/o2TNgttPXDhcM693HuPl3AmlWV9G0vLK6tr66WN8ubW9s6uubfflnEqCG2RmMei62FJOYtoSzHFaTcRFIcepx1vdJ37nQcqJIujezVOqBviQcQCRrDSUt8EJ8RqSDCHG6jBFTi+HytwkiGDU2hAzeqbFatqTQGLxC5IBRVo9s0vx49JGtJIEY6l7NlWotwMC8UIp5Oyk0qaYDLCA9rTNMIhlW42/WQCx1rxIYiFrkjBVP09keFQynHo6c78bjnv5eJ/Xi9VwaWbsShJFY3IbFGQclAx5LGAzwQlio81wUQwfSuQIRaYKB1eWYdgz7+8SNpnVduq2nfnlXqjiKOEDtEROkE2ukB1dIuaqIUIekTP6BW9GU/Gi/FufMxal4xi5gD9gfH5Ax7ll2I=</latexit>

•Get	algebraic	rela3ons	and	gives		a	non	trivial	HL	with	ct=1

•Effect	of	LSS	 cT = c̄T + δcT
<latexit sha1_base64="JOpCQlOPNsZZBIRdAwZaNFe8V64=">AAACA3icbZDLSsNAFIYnXmu9Rd3pZrAIglASEXQjFN24rNAbNCFMJift0MmFmYlQQsGNr+LGhSJufQl3vo2TNgtt/WHgm/+cw8z5/ZQzqSzr21haXlldW69sVDe3tnd2zb39jkwyQaFNE56Ink8kcBZDWzHFoZcKIJHPoeuPbot69wGEZEncUuMU3IgMYhYySpS2PPOQeq1r7PhEYE34DDsBcEWKi2fWrLo1FV4Eu4QaKtX0zC8nSGgWQawoJ1L2bStVbk6EYpTDpOpkElJCR2QAfY0xiUC6+XSHCT7RToDDROgTKzx1f0/kJJJyHPm6MyJqKOdrhflfrZ+p8MrNWZxmCmI6eyjMOFYJLgLBARNAFR9rIFQw/VdMh0QQqnRsVR2CPb/yInTO67ZVt+8vao2bMo4KOkLH6BTZ6BI10B1qojai6BE9o1f0ZjwZL8a78TFrXTLKmQP0R8bnDy8plfA=</latexit><latexit sha1_base64="JOpCQlOPNsZZBIRdAwZaNFe8V64=">AAACA3icbZDLSsNAFIYnXmu9Rd3pZrAIglASEXQjFN24rNAbNCFMJift0MmFmYlQQsGNr+LGhSJufQl3vo2TNgtt/WHgm/+cw8z5/ZQzqSzr21haXlldW69sVDe3tnd2zb39jkwyQaFNE56Ink8kcBZDWzHFoZcKIJHPoeuPbot69wGEZEncUuMU3IgMYhYySpS2PPOQeq1r7PhEYE34DDsBcEWKi2fWrLo1FV4Eu4QaKtX0zC8nSGgWQawoJ1L2bStVbk6EYpTDpOpkElJCR2QAfY0xiUC6+XSHCT7RToDDROgTKzx1f0/kJJJyHPm6MyJqKOdrhflfrZ+p8MrNWZxmCmI6eyjMOFYJLgLBARNAFR9rIFQw/VdMh0QQqnRsVR2CPb/yInTO67ZVt+8vao2bMo4KOkLH6BTZ6BI10B1qojai6BE9o1f0ZjwZL8a78TFrXTLKmQP0R8bnDy8plfA=</latexit><latexit sha1_base64="JOpCQlOPNsZZBIRdAwZaNFe8V64=">AAACA3icbZDLSsNAFIYnXmu9Rd3pZrAIglASEXQjFN24rNAbNCFMJift0MmFmYlQQsGNr+LGhSJufQl3vo2TNgtt/WHgm/+cw8z5/ZQzqSzr21haXlldW69sVDe3tnd2zb39jkwyQaFNE56Ink8kcBZDWzHFoZcKIJHPoeuPbot69wGEZEncUuMU3IgMYhYySpS2PPOQeq1r7PhEYE34DDsBcEWKi2fWrLo1FV4Eu4QaKtX0zC8nSGgWQawoJ1L2bStVbk6EYpTDpOpkElJCR2QAfY0xiUC6+XSHCT7RToDDROgTKzx1f0/kJJJyHPm6MyJqKOdrhflfrZ+p8MrNWZxmCmI6eyjMOFYJLgLBARNAFR9rIFQw/VdMh0QQqnRsVR2CPb/yInTO67ZVt+8vao2bMo4KOkLH6BTZ6BI10B1qojai6BE9o1f0ZjwZL8a78TFrXTLKmQP0R8bnDy8plfA=</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="nyFCWY4qAfQqzPDAQh3M2FXMdC0=">AAAB+HicbZBLSwMxFIXv+Ky16uhSN8EiCEKZcaMbQXDjskJf0BmGTCZtQzMPkjtCGQpu/CtuXCjiL3HnvzHTdqGtBwJfzklI7gkzKTQ6zre1tr6xubVd2anu1vb2D+zDWkenuWK8zVKZql5INZci4W0UKHkvU5zGoeTdcHxX5t1HrrRIkxZOMu7HdJiIgWAUjRXYxyxo3RAvpIoYIhfEi7hEWm4Cu+40nJnIKrgLqMNCzcD+8qKU5TFPkEmqdd91MvQLqlAwyadVL9c8o2xMh7xvMKEx134xm2FKzowTkUGqzEqQzNzfNwoaaz2JQ3MypjjSy1lp/pf1cxxc+4VIshx5wuYPDXJJMCVlISQSijOUEwOUKWH+StiIKsrQ1FY1JbjLI69C57LhOg33wYEKnMApnIMLV3AL99CENjB4ghd4g3fr2Xq1PuZ1rVmL3o7gj6zPH7zSlII=</latexit><latexit sha1_base64="nyFCWY4qAfQqzPDAQh3M2FXMdC0=">AAAB+HicbZBLSwMxFIXv+Ky16uhSN8EiCEKZcaMbQXDjskJf0BmGTCZtQzMPkjtCGQpu/CtuXCjiL3HnvzHTdqGtBwJfzklI7gkzKTQ6zre1tr6xubVd2anu1vb2D+zDWkenuWK8zVKZql5INZci4W0UKHkvU5zGoeTdcHxX5t1HrrRIkxZOMu7HdJiIgWAUjRXYxyxo3RAvpIoYIhfEi7hEWm4Cu+40nJnIKrgLqMNCzcD+8qKU5TFPkEmqdd91MvQLqlAwyadVL9c8o2xMh7xvMKEx134xm2FKzowTkUGqzEqQzNzfNwoaaz2JQ3MypjjSy1lp/pf1cxxc+4VIshx5wuYPDXJJMCVlISQSijOUEwOUKWH+StiIKsrQ1FY1JbjLI69C57LhOg33wYEKnMApnIMLV3AL99CENjB4ghd4g3fr2Xq1PuZ1rVmL3o7gj6zPH7zSlII=</latexit><latexit sha1_base64="WlSD6G8DHwYCS0LoEkCQ4YTVEpk=">AAACA3icbZDLSsNAFIYn9VbrLepON4NFEISSuNGNUHTjskJv0IQwmUzaoZMLMydCCQU3voobF4q49SXc+TZO2iy09YeBb/5zDjPn91PBFVjWt1FZWV1b36hu1ra2d3b3zP2DrkoySVmHJiKRfZ8oJnjMOsBBsH4qGYl8wXr++Lao9x6YVDyJ2zBJmRuRYcxDTgloyzOPqNe+xo5PJNaEz7ETMAGkuHhm3WpYM+FlsEuoo1Itz/xygoRmEYuBCqLUwLZScHMigVPBpjUnUywldEyGbKAxJhFTbj7bYYpPtRPgMJH6xIBn7u+JnERKTSJfd0YERmqxVpj/1QYZhFduzuM0AxbT+UNhJjAkuAgEB1wyCmKigVDJ9V8xHRFJKOjYajoEe3HlZeheNGyrYd9b9eZNGUcVHaMTdIZsdIma6A61UAdR9Iie0St6M56MF+Pd+Ji3Voxy5hD9kfH5Ay3plew=</latexit><latexit sha1_base64="JOpCQlOPNsZZBIRdAwZaNFe8V64=">AAACA3icbZDLSsNAFIYnXmu9Rd3pZrAIglASEXQjFN24rNAbNCFMJift0MmFmYlQQsGNr+LGhSJufQl3vo2TNgtt/WHgm/+cw8z5/ZQzqSzr21haXlldW69sVDe3tnd2zb39jkwyQaFNE56Ink8kcBZDWzHFoZcKIJHPoeuPbot69wGEZEncUuMU3IgMYhYySpS2PPOQeq1r7PhEYE34DDsBcEWKi2fWrLo1FV4Eu4QaKtX0zC8nSGgWQawoJ1L2bStVbk6EYpTDpOpkElJCR2QAfY0xiUC6+XSHCT7RToDDROgTKzx1f0/kJJJyHPm6MyJqKOdrhflfrZ+p8MrNWZxmCmI6eyjMOFYJLgLBARNAFR9rIFQw/VdMh0QQqnRsVR2CPb/yInTO67ZVt+8vao2bMo4KOkLH6BTZ6BI10B1qojai6BE9o1f0ZjwZL8a78TFrXTLKmQP0R8bnDy8plfA=</latexit><latexit sha1_base64="JOpCQlOPNsZZBIRdAwZaNFe8V64=">AAACA3icbZDLSsNAFIYnXmu9Rd3pZrAIglASEXQjFN24rNAbNCFMJift0MmFmYlQQsGNr+LGhSJufQl3vo2TNgtt/WHgm/+cw8z5/ZQzqSzr21haXlldW69sVDe3tnd2zb39jkwyQaFNE56Ink8kcBZDWzHFoZcKIJHPoeuPbot69wGEZEncUuMU3IgMYhYySpS2PPOQeq1r7PhEYE34DDsBcEWKi2fWrLo1FV4Eu4QaKtX0zC8nSGgWQawoJ1L2bStVbk6EYpTDpOpkElJCR2QAfY0xiUC6+XSHCT7RToDDROgTKzx1f0/kJJJyHPm6MyJqKOdrhflfrZ+p8MrNWZxmCmI6eyjMOFYJLgLBARNAFR9rIFQw/VdMh0QQqnRsVR2CPb/yInTO67ZVt+8vao2bMo4KOkLH6BTZ6BI10B1qojai6BE9o1f0ZjwZL8a78TFrXTLKmQP0R8bnDy8plfA=</latexit><latexit sha1_base64="JOpCQlOPNsZZBIRdAwZaNFe8V64=">AAACA3icbZDLSsNAFIYnXmu9Rd3pZrAIglASEXQjFN24rNAbNCFMJift0MmFmYlQQsGNr+LGhSJufQl3vo2TNgtt/WHgm/+cw8z5/ZQzqSzr21haXlldW69sVDe3tnd2zb39jkwyQaFNE56Ink8kcBZDWzHFoZcKIJHPoeuPbot69wGEZEncUuMU3IgMYhYySpS2PPOQeq1r7PhEYE34DDsBcEWKi2fWrLo1FV4Eu4QaKtX0zC8nSGgWQawoJ1L2bStVbk6EYpTDpOpkElJCR2QAfY0xiUC6+XSHCT7RToDDROgTKzx1f0/kJJJyHPm6MyJqKOdrhflfrZ+p8MrNWZxmCmI6eyjMOFYJLgLBARNAFR9rIFQw/VdMh0QQqnRsVR2CPb/yInTO67ZVt+8vao2bMo4KOkLH6BTZ6BI10B1qojai6BE9o1f0ZjwZL8a78TFrXTLKmQP0R8bnDy8plfA=</latexit><latexit sha1_base64="JOpCQlOPNsZZBIRdAwZaNFe8V64=">AAACA3icbZDLSsNAFIYnXmu9Rd3pZrAIglASEXQjFN24rNAbNCFMJift0MmFmYlQQsGNr+LGhSJufQl3vo2TNgtt/WHgm/+cw8z5/ZQzqSzr21haXlldW69sVDe3tnd2zb39jkwyQaFNE56Ink8kcBZDWzHFoZcKIJHPoeuPbot69wGEZEncUuMU3IgMYhYySpS2PPOQeq1r7PhEYE34DDsBcEWKi2fWrLo1FV4Eu4QaKtX0zC8nSGgWQawoJ1L2bStVbk6EYpTDpOpkElJCR2QAfY0xiUC6+XSHCT7RToDDROgTKzx1f0/kJJJyHPm6MyJqKOdrhflfrZ+p8MrNWZxmCmI6eyjMOFYJLgLBARNAFR9rIFQw/VdMh0QQqnRsVR2CPb/yInTO67ZVt+8vao2bMo4KOkLH6BTZ6BI10B1qojai6BE9o1f0ZjwZL8a78TFrXTLKmQP0R8bnDy8plfA=</latexit><latexit sha1_base64="JOpCQlOPNsZZBIRdAwZaNFe8V64=">AAACA3icbZDLSsNAFIYnXmu9Rd3pZrAIglASEXQjFN24rNAbNCFMJift0MmFmYlQQsGNr+LGhSJufQl3vo2TNgtt/WHgm/+cw8z5/ZQzqSzr21haXlldW69sVDe3tnd2zb39jkwyQaFNE56Ink8kcBZDWzHFoZcKIJHPoeuPbot69wGEZEncUuMU3IgMYhYySpS2PPOQeq1r7PhEYE34DDsBcEWKi2fWrLo1FV4Eu4QaKtX0zC8nSGgWQawoJ1L2bStVbk6EYpTDpOpkElJCR2QAfY0xiUC6+XSHCT7RToDDROgTKzx1f0/kJJJyHPm6MyJqKOdrhflfrZ+p8MrNWZxmCmI6eyjMOFYJLgLBARNAFR9rIFQw/VdMh0QQqnRsVR2CPb/yInTO67ZVt+8vao2bMo4KOkLH6BTZ6BI10B1qojai6BE9o1f0ZjwZL8a78TFrXTLKmQP0R8bnDy8plfA=</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="nyFCWY4qAfQqzPDAQh3M2FXMdC0=">AAAB+HicbZBLSwMxFIXv+Ky16uhSN8EiCEKZcaMbQXDjskJf0BmGTCZtQzMPkjtCGQpu/CtuXCjiL3HnvzHTdqGtBwJfzklI7gkzKTQ6zre1tr6xubVd2anu1vb2D+zDWkenuWK8zVKZql5INZci4W0UKHkvU5zGoeTdcHxX5t1HrrRIkxZOMu7HdJiIgWAUjRXYxyxo3RAvpIoYIhfEi7hEWm4Cu+40nJnIKrgLqMNCzcD+8qKU5TFPkEmqdd91MvQLqlAwyadVL9c8o2xMh7xvMKEx134xm2FKzowTkUGqzEqQzNzfNwoaaz2JQ3MypjjSy1lp/pf1cxxc+4VIshx5wuYPDXJJMCVlISQSijOUEwOUKWH+StiIKsrQ1FY1JbjLI69C57LhOg33wYEKnMApnIMLV3AL99CENjB4ghd4g3fr2Xq1PuZ1rVmL3o7gj6zPH7zSlII=</latexit><latexit sha1_base64="nyFCWY4qAfQqzPDAQh3M2FXMdC0=">AAAB+HicbZBLSwMxFIXv+Ky16uhSN8EiCEKZcaMbQXDjskJf0BmGTCZtQzMPkjtCGQpu/CtuXCjiL3HnvzHTdqGtBwJfzklI7gkzKTQ6zre1tr6xubVd2anu1vb2D+zDWkenuWK8zVKZql5INZci4W0UKHkvU5zGoeTdcHxX5t1HrrRIkxZOMu7HdJiIgWAUjRXYxyxo3RAvpIoYIhfEi7hEWm4Cu+40nJnIKrgLqMNCzcD+8qKU5TFPkEmqdd91MvQLqlAwyadVL9c8o2xMh7xvMKEx134xm2FKzowTkUGqzEqQzNzfNwoaaz2JQ3MypjjSy1lp/pf1cxxc+4VIshx5wuYPDXJJMCVlISQSijOUEwOUKWH+StiIKsrQ1FY1JbjLI69C57LhOg33wYEKnMApnIMLV3AL99CENjB4ghd4g3fr2Xq1PuZ1rVmL3o7gj6zPH7zSlII=</latexit><latexit sha1_base64="WlSD6G8DHwYCS0LoEkCQ4YTVEpk=">AAACA3icbZDLSsNAFIYn9VbrLepON4NFEISSuNGNUHTjskJv0IQwmUzaoZMLMydCCQU3voobF4q49SXc+TZO2iy09YeBb/5zDjPn91PBFVjWt1FZWV1b36hu1ra2d3b3zP2DrkoySVmHJiKRfZ8oJnjMOsBBsH4qGYl8wXr++Lao9x6YVDyJ2zBJmRuRYcxDTgloyzOPqNe+xo5PJNaEz7ETMAGkuHhm3WpYM+FlsEuoo1Itz/xygoRmEYuBCqLUwLZScHMigVPBpjUnUywldEyGbKAxJhFTbj7bYYpPtRPgMJH6xIBn7u+JnERKTSJfd0YERmqxVpj/1QYZhFduzuM0AxbT+UNhJjAkuAgEB1wyCmKigVDJ9V8xHRFJKOjYajoEe3HlZeheNGyrYd9b9eZNGUcVHaMTdIZsdIma6A61UAdR9Iie0St6M56MF+Pd+Ji3Voxy5hD9kfH5Ay3plew=</latexit><latexit sha1_base64="JOpCQlOPNsZZBIRdAwZaNFe8V64=">AAACA3icbZDLSsNAFIYnXmu9Rd3pZrAIglASEXQjFN24rNAbNCFMJift0MmFmYlQQsGNr+LGhSJufQl3vo2TNgtt/WHgm/+cw8z5/ZQzqSzr21haXlldW69sVDe3tnd2zb39jkwyQaFNE56Ink8kcBZDWzHFoZcKIJHPoeuPbot69wGEZEncUuMU3IgMYhYySpS2PPOQeq1r7PhEYE34DDsBcEWKi2fWrLo1FV4Eu4QaKtX0zC8nSGgWQawoJ1L2bStVbk6EYpTDpOpkElJCR2QAfY0xiUC6+XSHCT7RToDDROgTKzx1f0/kJJJyHPm6MyJqKOdrhflfrZ+p8MrNWZxmCmI6eyjMOFYJLgLBARNAFR9rIFQw/VdMh0QQqnRsVR2CPb/yInTO67ZVt+8vao2bMo4KOkLH6BTZ6BI10B1qojai6BE9o1f0ZjwZL8a78TFrXTLKmQP0R8bnDy8plfA=</latexit><latexit sha1_base64="JOpCQlOPNsZZBIRdAwZaNFe8V64=">AAACA3icbZDLSsNAFIYnXmu9Rd3pZrAIglASEXQjFN24rNAbNCFMJift0MmFmYlQQsGNr+LGhSJufQl3vo2TNgtt/WHgm/+cw8z5/ZQzqSzr21haXlldW69sVDe3tnd2zb39jkwyQaFNE56Ink8kcBZDWzHFoZcKIJHPoeuPbot69wGEZEncUuMU3IgMYhYySpS2PPOQeq1r7PhEYE34DDsBcEWKi2fWrLo1FV4Eu4QaKtX0zC8nSGgWQawoJ1L2bStVbk6EYpTDpOpkElJCR2QAfY0xiUC6+XSHCT7RToDDROgTKzx1f0/kJJJyHPm6MyJqKOdrhflfrZ+p8MrNWZxmCmI6eyjMOFYJLgLBARNAFR9rIFQw/VdMh0QQqnRsVR2CPb/yInTO67ZVt+8vao2bMo4KOkLH6BTZ6BI10B1qojai6BE9o1f0ZjwZL8a78TFrXTLKmQP0R8bnDy8plfA=</latexit><latexit sha1_base64="JOpCQlOPNsZZBIRdAwZaNFe8V64=">AAACA3icbZDLSsNAFIYnXmu9Rd3pZrAIglASEXQjFN24rNAbNCFMJift0MmFmYlQQsGNr+LGhSJufQl3vo2TNgtt/WHgm/+cw8z5/ZQzqSzr21haXlldW69sVDe3tnd2zb39jkwyQaFNE56Ink8kcBZDWzHFoZcKIJHPoeuPbot69wGEZEncUuMU3IgMYhYySpS2PPOQeq1r7PhEYE34DDsBcEWKi2fWrLo1FV4Eu4QaKtX0zC8nSGgWQawoJ1L2bStVbk6EYpTDpOpkElJCR2QAfY0xiUC6+XSHCT7RToDDROgTKzx1f0/kJJJyHPm6MyJqKOdrhflfrZ+p8MrNWZxmCmI6eyjMOFYJLgLBARNAFR9rIFQw/VdMh0QQqnRsVR2CPb/yInTO67ZVt+8vao2bMo4KOkLH6BTZ6BI10B1qojai6BE9o1f0ZjwZL8a78TFrXTLKmQP0R8bnDy8plfA=</latexit><latexit sha1_base64="JOpCQlOPNsZZBIRdAwZaNFe8V64=">AAACA3icbZDLSsNAFIYnXmu9Rd3pZrAIglASEXQjFN24rNAbNCFMJift0MmFmYlQQsGNr+LGhSJufQl3vo2TNgtt/WHgm/+cw8z5/ZQzqSzr21haXlldW69sVDe3tnd2zb39jkwyQaFNE56Ink8kcBZDWzHFoZcKIJHPoeuPbot69wGEZEncUuMU3IgMYhYySpS2PPOQeq1r7PhEYE34DDsBcEWKi2fWrLo1FV4Eu4QaKtX0zC8nSGgWQawoJ1L2bStVbk6EYpTDpOpkElJCR2QAfY0xiUC6+XSHCT7RToDDROgTKzx1f0/kJJJyHPm6MyJqKOdrhflfrZ+p8MrNWZxmCmI6eyjMOFYJLgLBARNAFR9rIFQw/VdMh0QQqnRsVR2CPb/yInTO67ZVt+8vao2bMo4KOkLH6BTZ6BI10B1qojai6BE9o1f0ZjwZL8a78TFrXTLKmQP0R8bnDy8plfA=</latexit><latexit sha1_base64="JOpCQlOPNsZZBIRdAwZaNFe8V64=">AAACA3icbZDLSsNAFIYnXmu9Rd3pZrAIglASEXQjFN24rNAbNCFMJift0MmFmYlQQsGNr+LGhSJufQl3vo2TNgtt/WHgm/+cw8z5/ZQzqSzr21haXlldW69sVDe3tnd2zb39jkwyQaFNE56Ink8kcBZDWzHFoZcKIJHPoeuPbot69wGEZEncUuMU3IgMYhYySpS2PPOQeq1r7PhEYE34DDsBcEWKi2fWrLo1FV4Eu4QaKtX0zC8nSGgWQawoJ1L2bStVbk6EYpTDpOpkElJCR2QAfY0xiUC6+XSHCT7RToDDROgTKzx1f0/kJJJyHPm6MyJqKOdrhflfrZ+p8MrNWZxmCmI6eyjMOFYJLgLBARNAFR9rIFQw/VdMh0QQqnRsVR2CPb/yInTO67ZVt+8vao2bMo4KOkLH6BTZ6BI10B1qojai6BE9o1f0ZjwZL8a78TFrXTLKmQP0R8bnDy8plfA=</latexit><latexit sha1_base64="JOpCQlOPNsZZBIRdAwZaNFe8V64=">AAACA3icbZDLSsNAFIYnXmu9Rd3pZrAIglASEXQjFN24rNAbNCFMJift0MmFmYlQQsGNr+LGhSJufQl3vo2TNgtt/WHgm/+cw8z5/ZQzqSzr21haXlldW69sVDe3tnd2zb39jkwyQaFNE56Ink8kcBZDWzHFoZcKIJHPoeuPbot69wGEZEncUuMU3IgMYhYySpS2PPOQeq1r7PhEYE34DDsBcEWKi2fWrLo1FV4Eu4QaKtX0zC8nSGgWQawoJ1L2bStVbk6EYpTDpOpkElJCR2QAfY0xiUC6+XSHCT7RToDDROgTKzx1f0/kJJJyHPm6MyJqKOdrhflfrZ+p8MrNWZxmCmI6eyjMOFYJLgLBARNAFR9rIFQw/VdMh0QQqnRsVR2CPb/yInTO67ZVt+8vao2bMo4KOkLH6BTZ6BI10B1qojai6BE9o1f0ZjwZL8a78TFrXTLKmQP0R8bnDy8plfA=</latexit>

⇒ δcT ∼ 10
−3

<latexit sha1_base64="YRbcnfSB8INsPG8sQfz+xxzw6QI=">AAACDHicbVC7TsMwFHV4lvIqMLJYVEgsVAkgwVjBwlhQX1ITKsdxWquOE9k3oCrqB7DwKywMIMTKB7DxN7htBmg5kqWjc87V9T1+IrgG2/62FhaXlldWC2vF9Y3Nre3Szm5Tx6mirEFjEau2TzQTXLIGcBCsnShGIl+wlj+4Gvute6Y0j2UdhgnzItKTPOSUgJG6pbJ7y3t9IErFD9gNmACCabeOXc0j7Nh32fHpyKTsij0BnidOTsooR61b+nKDmKYRk0AF0brj2Al4GVHAqWCjoptqlhA6ID3WMVSSiGkvmxwzwodGCXAYK/Mk4In6eyIjkdbDyDfJiEBfz3pj8T+vk0J44WVcJikwSaeLwlRgiPG4GRxwxSiIoSGEKm7+immfKELB9Fc0JTizJ8+T5knFsSvOzVm5epnXUUD76AAdIQedoyq6RjXUQBQ9omf0it6sJ+vFerc+ptEFK5/ZQ39gff4A/yOaRg==</latexit><latexit sha1_base64="YRbcnfSB8INsPG8sQfz+xxzw6QI=">AAACDHicbVC7TsMwFHV4lvIqMLJYVEgsVAkgwVjBwlhQX1ITKsdxWquOE9k3oCrqB7DwKywMIMTKB7DxN7htBmg5kqWjc87V9T1+IrgG2/62FhaXlldWC2vF9Y3Nre3Szm5Tx6mirEFjEau2TzQTXLIGcBCsnShGIl+wlj+4Gvute6Y0j2UdhgnzItKTPOSUgJG6pbJ7y3t9IErFD9gNmACCabeOXc0j7Nh32fHpyKTsij0BnidOTsooR61b+nKDmKYRk0AF0brj2Al4GVHAqWCjoptqlhA6ID3WMVSSiGkvmxwzwodGCXAYK/Mk4In6eyIjkdbDyDfJiEBfz3pj8T+vk0J44WVcJikwSaeLwlRgiPG4GRxwxSiIoSGEKm7+immfKELB9Fc0JTizJ8+T5knFsSvOzVm5epnXUUD76AAdIQedoyq6RjXUQBQ9omf0it6sJ+vFerc+ptEFK5/ZQ39gff4A/yOaRg==</latexit><latexit sha1_base64="YRbcnfSB8INsPG8sQfz+xxzw6QI=">AAACDHicbVC7TsMwFHV4lvIqMLJYVEgsVAkgwVjBwlhQX1ITKsdxWquOE9k3oCrqB7DwKywMIMTKB7DxN7htBmg5kqWjc87V9T1+IrgG2/62FhaXlldWC2vF9Y3Nre3Szm5Tx6mirEFjEau2TzQTXLIGcBCsnShGIl+wlj+4Gvute6Y0j2UdhgnzItKTPOSUgJG6pbJ7y3t9IErFD9gNmACCabeOXc0j7Nh32fHpyKTsij0BnidOTsooR61b+nKDmKYRk0AF0brj2Al4GVHAqWCjoptqlhA6ID3WMVSSiGkvmxwzwodGCXAYK/Mk4In6eyIjkdbDyDfJiEBfz3pj8T+vk0J44WVcJikwSaeLwlRgiPG4GRxwxSiIoSGEKm7+immfKELB9Fc0JTizJ8+T5knFsSvOzVm5epnXUUD76AAdIQedoyq6RjXUQBQ9omf0it6sJ+vFerc+ptEFK5/ZQ39gff4A/yOaRg==</latexit><latexit sha1_base64="YRbcnfSB8INsPG8sQfz+xxzw6QI=">AAACDHicbVC7TsMwFHV4lvIqMLJYVEgsVAkgwVjBwlhQX1ITKsdxWquOE9k3oCrqB7DwKywMIMTKB7DxN7htBmg5kqWjc87V9T1+IrgG2/62FhaXlldWC2vF9Y3Nre3Szm5Tx6mirEFjEau2TzQTXLIGcBCsnShGIl+wlj+4Gvute6Y0j2UdhgnzItKTPOSUgJG6pbJ7y3t9IErFD9gNmACCabeOXc0j7Nh32fHpyKTsij0BnidOTsooR61b+nKDmKYRk0AF0brj2Al4GVHAqWCjoptqlhA6ID3WMVSSiGkvmxwzwodGCXAYK/Mk4In6eyIjkdbDyDfJiEBfz3pj8T+vk0J44WVcJikwSaeLwlRgiPG4GRxwxSiIoSGEKm7+immfKELB9Fc0JTizJ8+T5knFsSvOzVm5epnXUUD76AAdIQedoyq6RjXUQBQ9omf0it6sJ+vFerc+ptEFK5/ZQ39gff4A/yOaRg==</latexit>

cT = 1 + δcT
<latexit sha1_base64="d6joET8NbSSWQi43uKK5SpSaXyk=">AAAB/XicdZDLSsNAFIYn9VbrLV52bgaLIAghiaGtC6HoxmWF3qANYTKZtEMnF2YmQi3FV3HjQhG3voc738ZJW0FFfxj4+c45nDO/nzIqpGl+aIWl5ZXVteJ6aWNza3tH391riyTjmLRwwhLe9ZEgjMakJalkpJtygiKfkY4/usrrnVvCBU3iphynxI3QIKYhxUgq5OkH2GvCC2jBU9gPCJMIKuDpZdM4r1VspwJNwzSrlm3lxq46Zw60FMlVBgs1PP29HyQ4i0gsMUNC9Cwzle4EcUkxI9NSPxMkRXiEBqSnbIwiItzJ7PopPFYkgGHC1YslnNHvExMUCTGOfNUZITkUv2s5/KvWy2RYcyc0TjNJYjxfFGYMygTmUcCAcoIlGyuDMKfqVoiHiCMsVWAlFcLXT+H/pm0blmlYN065frmIowgOwRE4ARaogjq4Bg3QAhjcgQfwBJ61e+1Re9Fe560FbTGzD35Ie/sEwlKTgA==</latexit><latexit sha1_base64="d6joET8NbSSWQi43uKK5SpSaXyk=">AAAB/XicdZDLSsNAFIYn9VbrLV52bgaLIAghiaGtC6HoxmWF3qANYTKZtEMnF2YmQi3FV3HjQhG3voc738ZJW0FFfxj4+c45nDO/nzIqpGl+aIWl5ZXVteJ6aWNza3tH391riyTjmLRwwhLe9ZEgjMakJalkpJtygiKfkY4/usrrnVvCBU3iphynxI3QIKYhxUgq5OkH2GvCC2jBU9gPCJMIKuDpZdM4r1VspwJNwzSrlm3lxq46Zw60FMlVBgs1PP29HyQ4i0gsMUNC9Cwzle4EcUkxI9NSPxMkRXiEBqSnbIwiItzJ7PopPFYkgGHC1YslnNHvExMUCTGOfNUZITkUv2s5/KvWy2RYcyc0TjNJYjxfFGYMygTmUcCAcoIlGyuDMKfqVoiHiCMsVWAlFcLXT+H/pm0blmlYN065frmIowgOwRE4ARaogjq4Bg3QAhjcgQfwBJ61e+1Re9Fe560FbTGzD35Ie/sEwlKTgA==</latexit><latexit sha1_base64="d6joET8NbSSWQi43uKK5SpSaXyk=">AAAB/XicdZDLSsNAFIYn9VbrLV52bgaLIAghiaGtC6HoxmWF3qANYTKZtEMnF2YmQi3FV3HjQhG3voc738ZJW0FFfxj4+c45nDO/nzIqpGl+aIWl5ZXVteJ6aWNza3tH391riyTjmLRwwhLe9ZEgjMakJalkpJtygiKfkY4/usrrnVvCBU3iphynxI3QIKYhxUgq5OkH2GvCC2jBU9gPCJMIKuDpZdM4r1VspwJNwzSrlm3lxq46Zw60FMlVBgs1PP29HyQ4i0gsMUNC9Cwzle4EcUkxI9NSPxMkRXiEBqSnbIwiItzJ7PopPFYkgGHC1YslnNHvExMUCTGOfNUZITkUv2s5/KvWy2RYcyc0TjNJYjxfFGYMygTmUcCAcoIlGyuDMKfqVoiHiCMsVWAlFcLXT+H/pm0blmlYN065frmIowgOwRE4ARaogjq4Bg3QAhjcgQfwBJ61e+1Re9Fe560FbTGzD35Ie/sEwlKTgA==</latexit><latexit sha1_base64="d6joET8NbSSWQi43uKK5SpSaXyk=">AAAB/XicdZDLSsNAFIYn9VbrLV52bgaLIAghiaGtC6HoxmWF3qANYTKZtEMnF2YmQi3FV3HjQhG3voc738ZJW0FFfxj4+c45nDO/nzIqpGl+aIWl5ZXVteJ6aWNza3tH391riyTjmLRwwhLe9ZEgjMakJalkpJtygiKfkY4/usrrnVvCBU3iphynxI3QIKYhxUgq5OkH2GvCC2jBU9gPCJMIKuDpZdM4r1VspwJNwzSrlm3lxq46Zw60FMlVBgs1PP29HyQ4i0gsMUNC9Cwzle4EcUkxI9NSPxMkRXiEBqSnbIwiItzJ7PopPFYkgGHC1YslnNHvExMUCTGOfNUZITkUv2s5/KvWy2RYcyc0TjNJYjxfFGYMygTmUcCAcoIlGyuDMKfqVoiHiCMsVWAlFcLXT+H/pm0blmlYN065frmIowgOwRE4ARaogjq4Bg3QAhjcgQfwBJ61e+1Re9Fe560FbTGzD35Ie/sEwlKTgA==</latexit>

[Copeland	et	al.,	2018]



Caveat

•Use	scalar	field	equa3on	&	assume	spa3al	flatness

E = Aφ̈+B = 0
<latexit sha1_base64="ZVktUaevdg4dn3C3Hwi+K5mX82A=">AAACCXicbVDLSsNAFJ34rPUVdenmYhEEoSQi6KZQK4LLCvYBTSiTyaQdOnkwMxFK6NaNv+LGhSJu/QN3/o2TNgttPXDhcM693HuPl3AmlWV9G0vLK6tr66WN8ubW9s6uubfflnEqCG2RmMei62FJOYtoSzHFaTcRFIcepx1vdJ37nQcqJIujezVOqBviQcQCRrDSUt8EJ8RqSDCHG6jBFTi+HytwkiGDU2hAzeqbFatqTQGLxC5IBRVo9s0vx49JGtJIEY6l7NlWotwMC8UIp5Oyk0qaYDLCA9rTNMIhlW42/WQCx1rxIYiFrkjBVP09keFQynHo6c78bjnv5eJ/Xi9VwaWbsShJFY3IbFGQclAx5LGAzwQlio81wUQwfSuQIRaYKB1eWYdgz7+8SNpnVduq2nfnlXqjiKOEDtEROkE2ukB1dIuaqIUIekTP6BW9GU/Gi/FufMxal4xi5gD9gfH5Ax7ll2I=</latexit><latexit sha1_base64="ZVktUaevdg4dn3C3Hwi+K5mX82A=">AAACCXicbVDLSsNAFJ34rPUVdenmYhEEoSQi6KZQK4LLCvYBTSiTyaQdOnkwMxFK6NaNv+LGhSJu/QN3/o2TNgttPXDhcM693HuPl3AmlWV9G0vLK6tr66WN8ubW9s6uubfflnEqCG2RmMei62FJOYtoSzHFaTcRFIcepx1vdJ37nQcqJIujezVOqBviQcQCRrDSUt8EJ8RqSDCHG6jBFTi+HytwkiGDU2hAzeqbFatqTQGLxC5IBRVo9s0vx49JGtJIEY6l7NlWotwMC8UIp5Oyk0qaYDLCA9rTNMIhlW42/WQCx1rxIYiFrkjBVP09keFQynHo6c78bjnv5eJ/Xi9VwaWbsShJFY3IbFGQclAx5LGAzwQlio81wUQwfSuQIRaYKB1eWYdgz7+8SNpnVduq2nfnlXqjiKOEDtEROkE2ukB1dIuaqIUIekTP6BW9GU/Gi/FufMxal4xi5gD9gfH5Ax7ll2I=</latexit><latexit sha1_base64="ZVktUaevdg4dn3C3Hwi+K5mX82A=">AAACCXicbVDLSsNAFJ34rPUVdenmYhEEoSQi6KZQK4LLCvYBTSiTyaQdOnkwMxFK6NaNv+LGhSJu/QN3/o2TNgttPXDhcM693HuPl3AmlWV9G0vLK6tr66WN8ubW9s6uubfflnEqCG2RmMei62FJOYtoSzHFaTcRFIcepx1vdJ37nQcqJIujezVOqBviQcQCRrDSUt8EJ8RqSDCHG6jBFTi+HytwkiGDU2hAzeqbFatqTQGLxC5IBRVo9s0vx49JGtJIEY6l7NlWotwMC8UIp5Oyk0qaYDLCA9rTNMIhlW42/WQCx1rxIYiFrkjBVP09keFQynHo6c78bjnv5eJ/Xi9VwaWbsShJFY3IbFGQclAx5LGAzwQlio81wUQwfSuQIRaYKB1eWYdgz7+8SNpnVduq2nfnlXqjiKOEDtEROkE2ukB1dIuaqIUIekTP6BW9GU/Gi/FufMxal4xi5gD9gfH5Ax7ll2I=</latexit><latexit sha1_base64="ZVktUaevdg4dn3C3Hwi+K5mX82A=">AAACCXicbVDLSsNAFJ34rPUVdenmYhEEoSQi6KZQK4LLCvYBTSiTyaQdOnkwMxFK6NaNv+LGhSJu/QN3/o2TNgttPXDhcM693HuPl3AmlWV9G0vLK6tr66WN8ubW9s6uubfflnEqCG2RmMei62FJOYtoSzHFaTcRFIcepx1vdJ37nQcqJIujezVOqBviQcQCRrDSUt8EJ8RqSDCHG6jBFTi+HytwkiGDU2hAzeqbFatqTQGLxC5IBRVo9s0vx49JGtJIEY6l7NlWotwMC8UIp5Oyk0qaYDLCA9rTNMIhlW42/WQCx1rxIYiFrkjBVP09keFQynHo6c78bjnv5eJ/Xi9VwaWbsShJFY3IbFGQclAx5LGAzwQlio81wUQwfSuQIRaYKB1eWYdgz7+8SNpnVduq2nfnlXqjiKOEDtEROkE2ukB1dIuaqIUIekTP6BW9GU/Gi/FufMxal4xi5gD9gfH5Ax7ll2I=</latexit>

•Get	algebraic	rela3ons	and	gives		a	non	trivial	HL	with	ct=1

•Effect	of	LSS	 cT = c̄T + δcT
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•So..	not	quite	working…	

⇒ δcT ∼ 10
−3

<latexit sha1_base64="YRbcnfSB8INsPG8sQfz+xxzw6QI=">AAACDHicbVC7TsMwFHV4lvIqMLJYVEgsVAkgwVjBwlhQX1ITKsdxWquOE9k3oCrqB7DwKywMIMTKB7DxN7htBmg5kqWjc87V9T1+IrgG2/62FhaXlldWC2vF9Y3Nre3Szm5Tx6mirEFjEau2TzQTXLIGcBCsnShGIl+wlj+4Gvute6Y0j2UdhgnzItKTPOSUgJG6pbJ7y3t9IErFD9gNmACCabeOXc0j7Nh32fHpyKTsij0BnidOTsooR61b+nKDmKYRk0AF0brj2Al4GVHAqWCjoptqlhA6ID3WMVSSiGkvmxwzwodGCXAYK/Mk4In6eyIjkdbDyDfJiEBfz3pj8T+vk0J44WVcJikwSaeLwlRgiPG4GRxwxSiIoSGEKm7+immfKELB9Fc0JTizJ8+T5knFsSvOzVm5epnXUUD76AAdIQedoyq6RjXUQBQ9omf0it6sJ+vFerc+ptEFK5/ZQ39gff4A/yOaRg==</latexit><latexit sha1_base64="YRbcnfSB8INsPG8sQfz+xxzw6QI=">AAACDHicbVC7TsMwFHV4lvIqMLJYVEgsVAkgwVjBwlhQX1ITKsdxWquOE9k3oCrqB7DwKywMIMTKB7DxN7htBmg5kqWjc87V9T1+IrgG2/62FhaXlldWC2vF9Y3Nre3Szm5Tx6mirEFjEau2TzQTXLIGcBCsnShGIl+wlj+4Gvute6Y0j2UdhgnzItKTPOSUgJG6pbJ7y3t9IErFD9gNmACCabeOXc0j7Nh32fHpyKTsij0BnidOTsooR61b+nKDmKYRk0AF0brj2Al4GVHAqWCjoptqlhA6ID3WMVSSiGkvmxwzwodGCXAYK/Mk4In6eyIjkdbDyDfJiEBfz3pj8T+vk0J44WVcJikwSaeLwlRgiPG4GRxwxSiIoSGEKm7+immfKELB9Fc0JTizJ8+T5knFsSvOzVm5epnXUUD76AAdIQedoyq6RjXUQBQ9omf0it6sJ+vFerc+ptEFK5/ZQ39gff4A/yOaRg==</latexit><latexit sha1_base64="YRbcnfSB8INsPG8sQfz+xxzw6QI=">AAACDHicbVC7TsMwFHV4lvIqMLJYVEgsVAkgwVjBwlhQX1ITKsdxWquOE9k3oCrqB7DwKywMIMTKB7DxN7htBmg5kqWjc87V9T1+IrgG2/62FhaXlldWC2vF9Y3Nre3Szm5Tx6mirEFjEau2TzQTXLIGcBCsnShGIl+wlj+4Gvute6Y0j2UdhgnzItKTPOSUgJG6pbJ7y3t9IErFD9gNmACCabeOXc0j7Nh32fHpyKTsij0BnidOTsooR61b+nKDmKYRk0AF0brj2Al4GVHAqWCjoptqlhA6ID3WMVSSiGkvmxwzwodGCXAYK/Mk4In6eyIjkdbDyDfJiEBfz3pj8T+vk0J44WVcJikwSaeLwlRgiPG4GRxwxSiIoSGEKm7+immfKELB9Fc0JTizJ8+T5knFsSvOzVm5epnXUUD76AAdIQedoyq6RjXUQBQ9omf0it6sJ+vFerc+ptEFK5/ZQ39gff4A/yOaRg==</latexit><latexit sha1_base64="YRbcnfSB8INsPG8sQfz+xxzw6QI=">AAACDHicbVC7TsMwFHV4lvIqMLJYVEgsVAkgwVjBwlhQX1ITKsdxWquOE9k3oCrqB7DwKywMIMTKB7DxN7htBmg5kqWjc87V9T1+IrgG2/62FhaXlldWC2vF9Y3Nre3Szm5Tx6mirEFjEau2TzQTXLIGcBCsnShGIl+wlj+4Gvute6Y0j2UdhgnzItKTPOSUgJG6pbJ7y3t9IErFD9gNmACCabeOXc0j7Nh32fHpyKTsij0BnidOTsooR61b+nKDmKYRk0AF0brj2Al4GVHAqWCjoptqlhA6ID3WMVSSiGkvmxwzwodGCXAYK/Mk4In6eyIjkdbDyDfJiEBfz3pj8T+vk0J44WVcJikwSaeLwlRgiPG4GRxwxSiIoSGEKm7+immfKELB9Fc0JTizJ8+T5knFsSvOzVm5epnXUUD76AAdIQedoyq6RjXUQBQ9omf0it6sJ+vFerc+ptEFK5/ZQ39gff4A/yOaRg==</latexit>

cT = 1 + δcT
<latexit sha1_base64="d6joET8NbSSWQi43uKK5SpSaXyk=">AAAB/XicdZDLSsNAFIYn9VbrLV52bgaLIAghiaGtC6HoxmWF3qANYTKZtEMnF2YmQi3FV3HjQhG3voc738ZJW0FFfxj4+c45nDO/nzIqpGl+aIWl5ZXVteJ6aWNza3tH391riyTjmLRwwhLe9ZEgjMakJalkpJtygiKfkY4/usrrnVvCBU3iphynxI3QIKYhxUgq5OkH2GvCC2jBU9gPCJMIKuDpZdM4r1VspwJNwzSrlm3lxq46Zw60FMlVBgs1PP29HyQ4i0gsMUNC9Cwzle4EcUkxI9NSPxMkRXiEBqSnbIwiItzJ7PopPFYkgGHC1YslnNHvExMUCTGOfNUZITkUv2s5/KvWy2RYcyc0TjNJYjxfFGYMygTmUcCAcoIlGyuDMKfqVoiHiCMsVWAlFcLXT+H/pm0blmlYN065frmIowgOwRE4ARaogjq4Bg3QAhjcgQfwBJ61e+1Re9Fe560FbTGzD35Ie/sEwlKTgA==</latexit><latexit sha1_base64="d6joET8NbSSWQi43uKK5SpSaXyk=">AAAB/XicdZDLSsNAFIYn9VbrLV52bgaLIAghiaGtC6HoxmWF3qANYTKZtEMnF2YmQi3FV3HjQhG3voc738ZJW0FFfxj4+c45nDO/nzIqpGl+aIWl5ZXVteJ6aWNza3tH391riyTjmLRwwhLe9ZEgjMakJalkpJtygiKfkY4/usrrnVvCBU3iphynxI3QIKYhxUgq5OkH2GvCC2jBU9gPCJMIKuDpZdM4r1VspwJNwzSrlm3lxq46Zw60FMlVBgs1PP29HyQ4i0gsMUNC9Cwzle4EcUkxI9NSPxMkRXiEBqSnbIwiItzJ7PopPFYkgGHC1YslnNHvExMUCTGOfNUZITkUv2s5/KvWy2RYcyc0TjNJYjxfFGYMygTmUcCAcoIlGyuDMKfqVoiHiCMsVWAlFcLXT+H/pm0blmlYN065frmIowgOwRE4ARaogjq4Bg3QAhjcgQfwBJ61e+1Re9Fe560FbTGzD35Ie/sEwlKTgA==</latexit><latexit sha1_base64="d6joET8NbSSWQi43uKK5SpSaXyk=">AAAB/XicdZDLSsNAFIYn9VbrLV52bgaLIAghiaGtC6HoxmWF3qANYTKZtEMnF2YmQi3FV3HjQhG3voc738ZJW0FFfxj4+c45nDO/nzIqpGl+aIWl5ZXVteJ6aWNza3tH391riyTjmLRwwhLe9ZEgjMakJalkpJtygiKfkY4/usrrnVvCBU3iphynxI3QIKYhxUgq5OkH2GvCC2jBU9gPCJMIKuDpZdM4r1VspwJNwzSrlm3lxq46Zw60FMlVBgs1PP29HyQ4i0gsMUNC9Cwzle4EcUkxI9NSPxMkRXiEBqSnbIwiItzJ7PopPFYkgGHC1YslnNHvExMUCTGOfNUZITkUv2s5/KvWy2RYcyc0TjNJYjxfFGYMygTmUcCAcoIlGyuDMKfqVoiHiCMsVWAlFcLXT+H/pm0blmlYN065frmIowgOwRE4ARaogjq4Bg3QAhjcgQfwBJ61e+1Re9Fe560FbTGzD35Ie/sEwlKTgA==</latexit><latexit sha1_base64="d6joET8NbSSWQi43uKK5SpSaXyk=">AAAB/XicdZDLSsNAFIYn9VbrLV52bgaLIAghiaGtC6HoxmWF3qANYTKZtEMnF2YmQi3FV3HjQhG3voc738ZJW0FFfxj4+c45nDO/nzIqpGl+aIWl5ZXVteJ6aWNza3tH391riyTjmLRwwhLe9ZEgjMakJalkpJtygiKfkY4/usrrnVvCBU3iphynxI3QIKYhxUgq5OkH2GvCC2jBU9gPCJMIKuDpZdM4r1VspwJNwzSrlm3lxq46Zw60FMlVBgs1PP29HyQ4i0gsMUNC9Cwzle4EcUkxI9NSPxMkRXiEBqSnbIwiItzJ7PopPFYkgGHC1YslnNHvExMUCTGOfNUZITkUv2s5/KvWy2RYcyc0TjNJYjxfFGYMygTmUcCAcoIlGyuDMKfqVoiHiCMsVWAlFcLXT+H/pm0blmlYN065frmIowgOwRE4ARaogjq4Bg3QAhjcgQfwBJ61e+1Re9Fe560FbTGzD35Ie/sEwlKTgA==</latexit>

[Copeland	et	al.,	2018]



Horndeski	ac3on	and	GW

cT =
w4

w1

=
2G4 − 2φ̈XG5,X − 2XG5,φ

2(G4 − 2XG4,X − 2X(φ̇HG5,X −G5,φ)
<latexit sha1_base64="1ofv/kKk4MpufsEKlZFNdYZsNi8="></latexit><latexit sha1_base64="1ofv/kKk4MpufsEKlZFNdYZsNi8="></latexit><latexit sha1_base64="1ofv/kKk4MpufsEKlZFNdYZsNi8="></latexit><latexit sha1_base64="1ofv/kKk4MpufsEKlZFNdYZsNi8="></latexit>

How	do	we	reconcile	with	LIGO/Fermi	observa3ons?

•Forget	about	Horndeski:		

•Tune						and								func3ons:	is	background	dependent	

•Go	to	DHOST:	admit														exactly,	but	suffer	at	small	scales	

•Dynamical	mechanism	for	which														is	an	a<ractor

cT = 1
<latexit sha1_base64="9cOe4Sra7KdqNEj76X6R6CUIzMA=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxQtMW2lA220m7dLMJuxuhhP4GLx4U8eoP8ua/cdvmoNUHA4/3ZpiZF6aCa+O6X05pbX1jc6u8XdnZ3ds/qB4etXWSKYY+S0SiuiHVKLhE33AjsJsqpHEosBNO7uZ+5xGV5olsmWmKQUxHkkecUWMlnw1aN96gWnPr7gLkL/EKUoMCzUH1sz9MWBajNExQrXuem5ogp8pwJnBW6WcaU8omdIQ9SyWNUQf54tgZObPKkESJsiUNWag/J3Iaaz2NQ9sZUzPWq95c/M/rZSa6DnIu08ygZMtFUSaIScj8czLkCpkRU0soU9zeStiYKsqMzadiQ/BWX/5L2hd1z617D5e1xm0RRxlO4BTOwYMraMA9NMEHBhye4AVeHek8O2/O+7K15BQzx/ALzsc3E8COMA==</latexit><latexit sha1_base64="9cOe4Sra7KdqNEj76X6R6CUIzMA=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxQtMW2lA220m7dLMJuxuhhP4GLx4U8eoP8ua/cdvmoNUHA4/3ZpiZF6aCa+O6X05pbX1jc6u8XdnZ3ds/qB4etXWSKYY+S0SiuiHVKLhE33AjsJsqpHEosBNO7uZ+5xGV5olsmWmKQUxHkkecUWMlnw1aN96gWnPr7gLkL/EKUoMCzUH1sz9MWBajNExQrXuem5ogp8pwJnBW6WcaU8omdIQ9SyWNUQf54tgZObPKkESJsiUNWag/J3Iaaz2NQ9sZUzPWq95c/M/rZSa6DnIu08ygZMtFUSaIScj8czLkCpkRU0soU9zeStiYKsqMzadiQ/BWX/5L2hd1z617D5e1xm0RRxlO4BTOwYMraMA9NMEHBhye4AVeHek8O2/O+7K15BQzx/ALzsc3E8COMA==</latexit><latexit sha1_base64="9cOe4Sra7KdqNEj76X6R6CUIzMA=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxQtMW2lA220m7dLMJuxuhhP4GLx4U8eoP8ua/cdvmoNUHA4/3ZpiZF6aCa+O6X05pbX1jc6u8XdnZ3ds/qB4etXWSKYY+S0SiuiHVKLhE33AjsJsqpHEosBNO7uZ+5xGV5olsmWmKQUxHkkecUWMlnw1aN96gWnPr7gLkL/EKUoMCzUH1sz9MWBajNExQrXuem5ogp8pwJnBW6WcaU8omdIQ9SyWNUQf54tgZObPKkESJsiUNWag/J3Iaaz2NQ9sZUzPWq95c/M/rZSa6DnIu08ygZMtFUSaIScj8czLkCpkRU0soU9zeStiYKsqMzadiQ/BWX/5L2hd1z617D5e1xm0RRxlO4BTOwYMraMA9NMEHBhye4AVeHek8O2/O+7K15BQzx/ALzsc3E8COMA==</latexit><latexit sha1_base64="9cOe4Sra7KdqNEj76X6R6CUIzMA=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxQtMW2lA220m7dLMJuxuhhP4GLx4U8eoP8ua/cdvmoNUHA4/3ZpiZF6aCa+O6X05pbX1jc6u8XdnZ3ds/qB4etXWSKYY+S0SiuiHVKLhE33AjsJsqpHEosBNO7uZ+5xGV5olsmWmKQUxHkkecUWMlnw1aN96gWnPr7gLkL/EKUoMCzUH1sz9MWBajNExQrXuem5ogp8pwJnBW6WcaU8omdIQ9SyWNUQf54tgZObPKkESJsiUNWag/J3Iaaz2NQ9sZUzPWq95c/M/rZSa6DnIu08ygZMtFUSaIScj8czLkCpkRU0soU9zeStiYKsqMzadiQ/BWX/5L2hd1z617D5e1xm0RRxlO4BTOwYMraMA9NMEHBhye4AVeHek8O2/O+7K15BQzx/ALzsc3E8COMA==</latexit>

G4
<latexit sha1_base64="jDogUVtIGf2MNdKQNfzLoLCvw9o=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeiBz1WtB/QhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfjm5nffkKleSwfzSRBP6JDyUPOqLHSw22/1i9X3Ko7B1klXk4qkKPRL3/1BjFLI5SGCap113MT42dUGc4ETku9VGNC2ZgOsWuppBFqP5ufOiVnVhmQMFa2pCFz9fdERiOtJ1FgOyNqRnrZm4n/ed3UhFd+xmWSGpRssShMBTExmf1NBlwhM2JiCWWK21sJG1FFmbHplGwI3vLLq6R1UfXcqndfq9Sv8ziKcAKncA4eXEId7qABTWAwhGd4hTdHOC/Ou/OxaC04+cwx/IHz+QPFh41y</latexit><latexit sha1_base64="jDogUVtIGf2MNdKQNfzLoLCvw9o=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeiBz1WtB/QhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfjm5nffkKleSwfzSRBP6JDyUPOqLHSw22/1i9X3Ko7B1klXk4qkKPRL3/1BjFLI5SGCap113MT42dUGc4ETku9VGNC2ZgOsWuppBFqP5ufOiVnVhmQMFa2pCFz9fdERiOtJ1FgOyNqRnrZm4n/ed3UhFd+xmWSGpRssShMBTExmf1NBlwhM2JiCWWK21sJG1FFmbHplGwI3vLLq6R1UfXcqndfq9Sv8ziKcAKncA4eXEId7qABTWAwhGd4hTdHOC/Ou/OxaC04+cwx/IHz+QPFh41y</latexit><latexit sha1_base64="jDogUVtIGf2MNdKQNfzLoLCvw9o=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeiBz1WtB/QhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfjm5nffkKleSwfzSRBP6JDyUPOqLHSw22/1i9X3Ko7B1klXk4qkKPRL3/1BjFLI5SGCap113MT42dUGc4ETku9VGNC2ZgOsWuppBFqP5ufOiVnVhmQMFa2pCFz9fdERiOtJ1FgOyNqRnrZm4n/ed3UhFd+xmWSGpRssShMBTExmf1NBlwhM2JiCWWK21sJG1FFmbHplGwI3vLLq6R1UfXcqndfq9Sv8ziKcAKncA4eXEId7qABTWAwhGd4hTdHOC/Ou/OxaC04+cwx/IHz+QPFh41y</latexit><latexit sha1_base64="jDogUVtIGf2MNdKQNfzLoLCvw9o=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeiBz1WtB/QhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfjm5nffkKleSwfzSRBP6JDyUPOqLHSw22/1i9X3Ko7B1klXk4qkKPRL3/1BjFLI5SGCap113MT42dUGc4ETku9VGNC2ZgOsWuppBFqP5ufOiVnVhmQMFa2pCFz9fdERiOtJ1FgOyNqRnrZm4n/ed3UhFd+xmWSGpRssShMBTExmf1NBlwhM2JiCWWK21sJG1FFmbHplGwI3vLLq6R1UfXcqndfq9Sv8ziKcAKncA4eXEId7qABTWAwhGd4hTdHOC/Ou/OxaC04+cwx/IHz+QPFh41y</latexit>

G5
<latexit sha1_base64="7/AA09TYlwH6GKan2tgy+3h73o0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRgx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRvPaHSPJaPZpygH9GB5CFn1Fjp4bZ30StX3Ko7A1kmXk4qkKPeK391+zFLI5SGCap1x3MT42dUGc4ETkrdVGNC2YgOsGOppBFqP5udOiEnVumTMFa2pCEz9fdERiOtx1FgOyNqhnrRm4r/eZ3UhFd+xmWSGpRsvihMBTExmf5N+lwhM2JsCWWK21sJG1JFmbHplGwI3uLLy6R5VvXcqnd/Xqld53EU4QiO4RQ8uIQa3EEdGsBgAM/wCm+OcF6cd+dj3lpw8plD+APn8wfHC41z</latexit><latexit sha1_base64="7/AA09TYlwH6GKan2tgy+3h73o0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRgx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRvPaHSPJaPZpygH9GB5CFn1Fjp4bZ30StX3Ko7A1kmXk4qkKPeK391+zFLI5SGCap1x3MT42dUGc4ETkrdVGNC2YgOsGOppBFqP5udOiEnVumTMFa2pCEz9fdERiOtx1FgOyNqhnrRm4r/eZ3UhFd+xmWSGpRsvihMBTExmf5N+lwhM2JsCWWK21sJG1JFmbHplGwI3uLLy6R5VvXcqnd/Xqld53EU4QiO4RQ8uIQa3EEdGsBgAM/wCm+OcF6cd+dj3lpw8plD+APn8wfHC41z</latexit><latexit sha1_base64="7/AA09TYlwH6GKan2tgy+3h73o0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRgx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRvPaHSPJaPZpygH9GB5CFn1Fjp4bZ30StX3Ko7A1kmXk4qkKPeK391+zFLI5SGCap1x3MT42dUGc4ETkrdVGNC2YgOsGOppBFqP5udOiEnVumTMFa2pCEz9fdERiOtx1FgOyNqhnrRm4r/eZ3UhFd+xmWSGpRsvihMBTExmf5N+lwhM2JsCWWK21sJG1JFmbHplGwI3uLLy6R5VvXcqnd/Xqld53EU4QiO4RQ8uIQa3EEdGsBgAM/wCm+OcF6cd+dj3lpw8plD+APn8wfHC41z</latexit><latexit sha1_base64="7/AA09TYlwH6GKan2tgy+3h73o0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRgx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRvPaHSPJaPZpygH9GB5CFn1Fjp4bZ30StX3Ko7A1kmXk4qkKPeK391+zFLI5SGCap1x3MT42dUGc4ETkrdVGNC2YgOsGOppBFqP5udOiEnVumTMFa2pCEz9fdERiOtx1FgOyNqhnrRm4r/eZ3UhFd+xmWSGpRsvihMBTExmf5N+lwhM2JsCWWK21sJG1JFmbHplGwI3uLLy6R5VvXcqnd/Xqld53EU4QiO4RQ8uIQa3EEdGsBgAM/wCm+OcF6cd+dj3lpw8plD+APn8wfHC41z</latexit>

cT = 1
<latexit sha1_base64="9cOe4Sra7KdqNEj76X6R6CUIzMA=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxQtMW2lA220m7dLMJuxuhhP4GLx4U8eoP8ua/cdvmoNUHA4/3ZpiZF6aCa+O6X05pbX1jc6u8XdnZ3ds/qB4etXWSKYY+S0SiuiHVKLhE33AjsJsqpHEosBNO7uZ+5xGV5olsmWmKQUxHkkecUWMlnw1aN96gWnPr7gLkL/EKUoMCzUH1sz9MWBajNExQrXuem5ogp8pwJnBW6WcaU8omdIQ9SyWNUQf54tgZObPKkESJsiUNWag/J3Iaaz2NQ9sZUzPWq95c/M/rZSa6DnIu08ygZMtFUSaIScj8czLkCpkRU0soU9zeStiYKsqMzadiQ/BWX/5L2hd1z617D5e1xm0RRxlO4BTOwYMraMA9NMEHBhye4AVeHek8O2/O+7K15BQzx/ALzsc3E8COMA==</latexit><latexit sha1_base64="9cOe4Sra7KdqNEj76X6R6CUIzMA=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxQtMW2lA220m7dLMJuxuhhP4GLx4U8eoP8ua/cdvmoNUHA4/3ZpiZF6aCa+O6X05pbX1jc6u8XdnZ3ds/qB4etXWSKYY+S0SiuiHVKLhE33AjsJsqpHEosBNO7uZ+5xGV5olsmWmKQUxHkkecUWMlnw1aN96gWnPr7gLkL/EKUoMCzUH1sz9MWBajNExQrXuem5ogp8pwJnBW6WcaU8omdIQ9SyWNUQf54tgZObPKkESJsiUNWag/J3Iaaz2NQ9sZUzPWq95c/M/rZSa6DnIu08ygZMtFUSaIScj8czLkCpkRU0soU9zeStiYKsqMzadiQ/BWX/5L2hd1z617D5e1xm0RRxlO4BTOwYMraMA9NMEHBhye4AVeHek8O2/O+7K15BQzx/ALzsc3E8COMA==</latexit><latexit sha1_base64="9cOe4Sra7KdqNEj76X6R6CUIzMA=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxQtMW2lA220m7dLMJuxuhhP4GLx4U8eoP8ua/cdvmoNUHA4/3ZpiZF6aCa+O6X05pbX1jc6u8XdnZ3ds/qB4etXWSKYY+S0SiuiHVKLhE33AjsJsqpHEosBNO7uZ+5xGV5olsmWmKQUxHkkecUWMlnw1aN96gWnPr7gLkL/EKUoMCzUH1sz9MWBajNExQrXuem5ogp8pwJnBW6WcaU8omdIQ9SyWNUQf54tgZObPKkESJsiUNWag/J3Iaaz2NQ9sZUzPWq95c/M/rZSa6DnIu08ygZMtFUSaIScj8czLkCpkRU0soU9zeStiYKsqMzadiQ/BWX/5L2hd1z617D5e1xm0RRxlO4BTOwYMraMA9NMEHBhye4AVeHek8O2/O+7K15BQzx/ALzsc3E8COMA==</latexit><latexit sha1_base64="9cOe4Sra7KdqNEj76X6R6CUIzMA=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxQtMW2lA220m7dLMJuxuhhP4GLx4U8eoP8ua/cdvmoNUHA4/3ZpiZF6aCa+O6X05pbX1jc6u8XdnZ3ds/qB4etXWSKYY+S0SiuiHVKLhE33AjsJsqpHEosBNO7uZ+5xGV5olsmWmKQUxHkkecUWMlnw1aN96gWnPr7gLkL/EKUoMCzUH1sz9MWBajNExQrXuem5ogp8pwJnBW6WcaU8omdIQ9SyWNUQf54tgZObPKkESJsiUNWag/J3Iaaz2NQ9sZUzPWq95c/M/rZSa6DnIu08ygZMtFUSaIScj8czLkCpkRU0soU9zeStiYKsqMzadiQ/BWX/5L2hd1z617D5e1xm0RRxlO4BTOwYMraMA9NMEHBhye4AVeHek8O2/O+7K15BQzx/ALzsc3E8COMA==</latexit>

G4(φ, X) = f(φ) , G5(φ, X) = 0
<latexit sha1_base64="aK9HGuur6BJfkAk4Ex29JsMUQFE=">AAACFHicbZDLSsNAFIYnXmu9RV26GSxCi6UkUtFNoeiiLivYCzQhTCaTdujk4sxEKKEP4cZXceNCEbcu3Pk2TtMK2npg4OP/z+HM+d2YUSEN40tbWl5ZXVvPbeQ3t7Z3dvW9/baIEo5JC0cs4l0XCcJoSFqSSka6MScocBnpuMOrid+5J1zQKLyVo5jYAeqH1KcYSSU5+knDqRateEDL3RKs+RmWrHIZWncJ8mDDOftxa4ajF4yKkRVcBHMGBTCrpqN/Wl6Ek4CEEjMkRM80YmmniEuKGRnnrUSQGOEh6pOewhAFRNhpdtQYHivFg37E1QslzNTfEykKhBgFruoMkByIeW8i/uf1Eulf2CkN40SSEE8X+QmDMoKThKBHOcGSjRQgzKn6K8QDxBGWKse8CsGcP3kR2qcV06iYN9VC/XIWRw4cgiNQBCY4B3VwDZqgBTB4AE/gBbxqj9qz9qa9T1uXtNnMAfhT2sc3C9ubCw==</latexit><latexit sha1_base64="aK9HGuur6BJfkAk4Ex29JsMUQFE=">AAACFHicbZDLSsNAFIYnXmu9RV26GSxCi6UkUtFNoeiiLivYCzQhTCaTdujk4sxEKKEP4cZXceNCEbcu3Pk2TtMK2npg4OP/z+HM+d2YUSEN40tbWl5ZXVvPbeQ3t7Z3dvW9/baIEo5JC0cs4l0XCcJoSFqSSka6MScocBnpuMOrid+5J1zQKLyVo5jYAeqH1KcYSSU5+knDqRateEDL3RKs+RmWrHIZWncJ8mDDOftxa4ajF4yKkRVcBHMGBTCrpqN/Wl6Ek4CEEjMkRM80YmmniEuKGRnnrUSQGOEh6pOewhAFRNhpdtQYHivFg37E1QslzNTfEykKhBgFruoMkByIeW8i/uf1Eulf2CkN40SSEE8X+QmDMoKThKBHOcGSjRQgzKn6K8QDxBGWKse8CsGcP3kR2qcV06iYN9VC/XIWRw4cgiNQBCY4B3VwDZqgBTB4AE/gBbxqj9qz9qa9T1uXtNnMAfhT2sc3C9ubCw==</latexit><latexit sha1_base64="aK9HGuur6BJfkAk4Ex29JsMUQFE=">AAACFHicbZDLSsNAFIYnXmu9RV26GSxCi6UkUtFNoeiiLivYCzQhTCaTdujk4sxEKKEP4cZXceNCEbcu3Pk2TtMK2npg4OP/z+HM+d2YUSEN40tbWl5ZXVvPbeQ3t7Z3dvW9/baIEo5JC0cs4l0XCcJoSFqSSka6MScocBnpuMOrid+5J1zQKLyVo5jYAeqH1KcYSSU5+knDqRateEDL3RKs+RmWrHIZWncJ8mDDOftxa4ajF4yKkRVcBHMGBTCrpqN/Wl6Ek4CEEjMkRM80YmmniEuKGRnnrUSQGOEh6pOewhAFRNhpdtQYHivFg37E1QslzNTfEykKhBgFruoMkByIeW8i/uf1Eulf2CkN40SSEE8X+QmDMoKThKBHOcGSjRQgzKn6K8QDxBGWKse8CsGcP3kR2qcV06iYN9VC/XIWRw4cgiNQBCY4B3VwDZqgBTB4AE/gBbxqj9qz9qa9T1uXtNnMAfhT2sc3C9ubCw==</latexit><latexit sha1_base64="aK9HGuur6BJfkAk4Ex29JsMUQFE=">AAACFHicbZDLSsNAFIYnXmu9RV26GSxCi6UkUtFNoeiiLivYCzQhTCaTdujk4sxEKKEP4cZXceNCEbcu3Pk2TtMK2npg4OP/z+HM+d2YUSEN40tbWl5ZXVvPbeQ3t7Z3dvW9/baIEo5JC0cs4l0XCcJoSFqSSka6MScocBnpuMOrid+5J1zQKLyVo5jYAeqH1KcYSSU5+knDqRateEDL3RKs+RmWrHIZWncJ8mDDOftxa4ajF4yKkRVcBHMGBTCrpqN/Wl6Ek4CEEjMkRM80YmmniEuKGRnnrUSQGOEh6pOewhAFRNhpdtQYHivFg37E1QslzNTfEykKhBgFruoMkByIeW8i/uf1Eulf2CkN40SSEE8X+QmDMoKThKBHOcGSjRQgzKn6K8QDxBGWKse8CsGcP3kR2qcV06iYN9VC/XIWRw4cgiNQBCY4B3VwDZqgBTB4AE/gBbxqj9qz9qa9T1uXtNnMAfhT2sc3C9ubCw==</latexit>

(On	FLRW	background)

[Langlois	et	al.,	2017]

GW anomalous speed



Doppelgänger Dark Energy

Compa3bility	with	GW

DE

DM

Scaling	solu3on

•Assume	that	DM	and	DE	look	alike

•DM-DE	interac3on	is	needed

ρDE = cρDM
<latexit sha1_base64="5UvBVnsqPOAO/6R0XhKAlkvTYIM=">AAACAHicbVDLSsNAFL3xWesr6sKFm8EiuCqJCLoRig9wI1SwD2hDmEwn7dBJJsxMhBKy8VfcuFDErZ/hzr9x2mahrQcunDnnXubeEyScKe0439bC4tLyympprby+sbm1be/sNpVIJaENIriQ7QAryllMG5ppTtuJpDgKOG0Fw6ux33qkUjERP+hRQr0I92MWMoK1kXx7vysHws+ub3J0gQgqXne5b1ecqjMBmiduQSpQoO7bX92eIGlEY004VqrjOon2Miw1I5zm5W6qaILJEPdpx9AYR1R52eSAHB0ZpYdCIU3FGk3U3xMZjpQaRYHpjLAeqFlvLP7ndVIdnnsZi5NU05hMPwpTjrRA4zRQj0lKNB8ZgolkZldEBlhiok1mZROCO3vyPGmeVF2n6t6fVmqXRRwlOIBDOAYXzqAGt1CHBhDI4Rle4c16sl6sd+tj2rpgFTN78AfW5w9rcpWj</latexit><latexit sha1_base64="5UvBVnsqPOAO/6R0XhKAlkvTYIM=">AAACAHicbVDLSsNAFL3xWesr6sKFm8EiuCqJCLoRig9wI1SwD2hDmEwn7dBJJsxMhBKy8VfcuFDErZ/hzr9x2mahrQcunDnnXubeEyScKe0439bC4tLyympprby+sbm1be/sNpVIJaENIriQ7QAryllMG5ppTtuJpDgKOG0Fw6ux33qkUjERP+hRQr0I92MWMoK1kXx7vysHws+ub3J0gQgqXne5b1ecqjMBmiduQSpQoO7bX92eIGlEY004VqrjOon2Miw1I5zm5W6qaILJEPdpx9AYR1R52eSAHB0ZpYdCIU3FGk3U3xMZjpQaRYHpjLAeqFlvLP7ndVIdnnsZi5NU05hMPwpTjrRA4zRQj0lKNB8ZgolkZldEBlhiok1mZROCO3vyPGmeVF2n6t6fVmqXRRwlOIBDOAYXzqAGt1CHBhDI4Rle4c16sl6sd+tj2rpgFTN78AfW5w9rcpWj</latexit><latexit sha1_base64="5UvBVnsqPOAO/6R0XhKAlkvTYIM=">AAACAHicbVDLSsNAFL3xWesr6sKFm8EiuCqJCLoRig9wI1SwD2hDmEwn7dBJJsxMhBKy8VfcuFDErZ/hzr9x2mahrQcunDnnXubeEyScKe0439bC4tLyympprby+sbm1be/sNpVIJaENIriQ7QAryllMG5ppTtuJpDgKOG0Fw6ux33qkUjERP+hRQr0I92MWMoK1kXx7vysHws+ub3J0gQgqXne5b1ecqjMBmiduQSpQoO7bX92eIGlEY004VqrjOon2Miw1I5zm5W6qaILJEPdpx9AYR1R52eSAHB0ZpYdCIU3FGk3U3xMZjpQaRYHpjLAeqFlvLP7ndVIdnnsZi5NU05hMPwpTjrRA4zRQj0lKNB8ZgolkZldEBlhiok1mZROCO3vyPGmeVF2n6t6fVmqXRRwlOIBDOAYXzqAGt1CHBhDI4Rle4c16sl6sd+tj2rpgFTN78AfW5w9rcpWj</latexit><latexit sha1_base64="5UvBVnsqPOAO/6R0XhKAlkvTYIM=">AAACAHicbVDLSsNAFL3xWesr6sKFm8EiuCqJCLoRig9wI1SwD2hDmEwn7dBJJsxMhBKy8VfcuFDErZ/hzr9x2mahrQcunDnnXubeEyScKe0439bC4tLyympprby+sbm1be/sNpVIJaENIriQ7QAryllMG5ppTtuJpDgKOG0Fw6ux33qkUjERP+hRQr0I92MWMoK1kXx7vysHws+ub3J0gQgqXne5b1ecqjMBmiduQSpQoO7bX92eIGlEY004VqrjOon2Miw1I5zm5W6qaILJEPdpx9AYR1R52eSAHB0ZpYdCIU3FGk3U3xMZjpQaRYHpjLAeqFlvLP7ndVIdnnsZi5NU05hMPwpTjrRA4zRQj0lKNB8ZgolkZldEBlhiok1mZROCO3vyPGmeVF2n6t6fVmqXRRwlOIBDOAYXzqAGt1CHBhDI4Rle4c16sl6sd+tj2rpgFTN78AfW5w9rcpWj</latexit>

•Look	for	a	dynamical	tuning:	relax	to																	today		

but	not	in	the	past	in	a	non	trivial	Horndeski	scenario

cT = 1
<latexit sha1_base64="9cOe4Sra7KdqNEj76X6R6CUIzMA=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxQtMW2lA220m7dLMJuxuhhP4GLx4U8eoP8ua/cdvmoNUHA4/3ZpiZF6aCa+O6X05pbX1jc6u8XdnZ3ds/qB4etXWSKYY+S0SiuiHVKLhE33AjsJsqpHEosBNO7uZ+5xGV5olsmWmKQUxHkkecUWMlnw1aN96gWnPr7gLkL/EKUoMCzUH1sz9MWBajNExQrXuem5ogp8pwJnBW6WcaU8omdIQ9SyWNUQf54tgZObPKkESJsiUNWag/J3Iaaz2NQ9sZUzPWq95c/M/rZSa6DnIu08ygZMtFUSaIScj8czLkCpkRU0soU9zeStiYKsqMzadiQ/BWX/5L2hd1z617D5e1xm0RRxlO4BTOwYMraMA9NMEHBhye4AVeHek8O2/O+7K15BQzx/ALzsc3E8COMA==</latexit><latexit sha1_base64="9cOe4Sra7KdqNEj76X6R6CUIzMA=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxQtMW2lA220m7dLMJuxuhhP4GLx4U8eoP8ua/cdvmoNUHA4/3ZpiZF6aCa+O6X05pbX1jc6u8XdnZ3ds/qB4etXWSKYY+S0SiuiHVKLhE33AjsJsqpHEosBNO7uZ+5xGV5olsmWmKQUxHkkecUWMlnw1aN96gWnPr7gLkL/EKUoMCzUH1sz9MWBajNExQrXuem5ogp8pwJnBW6WcaU8omdIQ9SyWNUQf54tgZObPKkESJsiUNWag/J3Iaaz2NQ9sZUzPWq95c/M/rZSa6DnIu08ygZMtFUSaIScj8czLkCpkRU0soU9zeStiYKsqMzadiQ/BWX/5L2hd1z617D5e1xm0RRxlO4BTOwYMraMA9NMEHBhye4AVeHek8O2/O+7K15BQzx/ALzsc3E8COMA==</latexit><latexit sha1_base64="9cOe4Sra7KdqNEj76X6R6CUIzMA=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxQtMW2lA220m7dLMJuxuhhP4GLx4U8eoP8ua/cdvmoNUHA4/3ZpiZF6aCa+O6X05pbX1jc6u8XdnZ3ds/qB4etXWSKYY+S0SiuiHVKLhE33AjsJsqpHEosBNO7uZ+5xGV5olsmWmKQUxHkkecUWMlnw1aN96gWnPr7gLkL/EKUoMCzUH1sz9MWBajNExQrXuem5ogp8pwJnBW6WcaU8omdIQ9SyWNUQf54tgZObPKkESJsiUNWag/J3Iaaz2NQ9sZUzPWq95c/M/rZSa6DnIu08ygZMtFUSaIScj8czLkCpkRU0soU9zeStiYKsqMzadiQ/BWX/5L2hd1z617D5e1xm0RRxlO4BTOwYMraMA9NMEHBhye4AVeHek8O2/O+7K15BQzx/ALzsc3E8COMA==</latexit><latexit sha1_base64="9cOe4Sra7KdqNEj76X6R6CUIzMA=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxQtMW2lA220m7dLMJuxuhhP4GLx4U8eoP8ua/cdvmoNUHA4/3ZpiZF6aCa+O6X05pbX1jc6u8XdnZ3ds/qB4etXWSKYY+S0SiuiHVKLhE33AjsJsqpHEosBNO7uZ+5xGV5olsmWmKQUxHkkecUWMlnw1aN96gWnPr7gLkL/EKUoMCzUH1sz9MWBajNExQrXuem5ogp8pwJnBW6WcaU8omdIQ9SyWNUQf54tgZObPKkESJsiUNWag/J3Iaaz2NQ9sZUzPWq95c/M/rZSa6DnIu08ygZMtFUSaIScj8czLkCpkRU0soU9zeStiYKsqMzadiQ/BWX/5L2hd1z617D5e1xm0RRxlO4BTOwYMraMA9NMEHBhye4AVeHek8O2/O+7K15BQzx/ALzsc3E8COMA==</latexit>

[Amendola,	DB,Domenech,	Gomes	(2018)]



DDE recipe

•Impose	scaling	

•	Look	for	solu3ons	

•Check	that	these	are	aKractor	

•Stability	&	consistency	checks	

•Impose	the	GW	constraint

ρDE = cρDM
<latexit sha1_base64="5UvBVnsqPOAO/6R0XhKAlkvTYIM=">AAACAHicbVDLSsNAFL3xWesr6sKFm8EiuCqJCLoRig9wI1SwD2hDmEwn7dBJJsxMhBKy8VfcuFDErZ/hzr9x2mahrQcunDnnXubeEyScKe0439bC4tLyympprby+sbm1be/sNpVIJaENIriQ7QAryllMG5ppTtuJpDgKOG0Fw6ux33qkUjERP+hRQr0I92MWMoK1kXx7vysHws+ub3J0gQgqXne5b1ecqjMBmiduQSpQoO7bX92eIGlEY004VqrjOon2Miw1I5zm5W6qaILJEPdpx9AYR1R52eSAHB0ZpYdCIU3FGk3U3xMZjpQaRYHpjLAeqFlvLP7ndVIdnnsZi5NU05hMPwpTjrRA4zRQj0lKNB8ZgolkZldEBlhiok1mZROCO3vyPGmeVF2n6t6fVmqXRRwlOIBDOAYXzqAGt1CHBhDI4Rle4c16sl6sd+tj2rpgFTN78AfW5w9rcpWj</latexit><latexit sha1_base64="5UvBVnsqPOAO/6R0XhKAlkvTYIM=">AAACAHicbVDLSsNAFL3xWesr6sKFm8EiuCqJCLoRig9wI1SwD2hDmEwn7dBJJsxMhBKy8VfcuFDErZ/hzr9x2mahrQcunDnnXubeEyScKe0439bC4tLyympprby+sbm1be/sNpVIJaENIriQ7QAryllMG5ppTtuJpDgKOG0Fw6ux33qkUjERP+hRQr0I92MWMoK1kXx7vysHws+ub3J0gQgqXne5b1ecqjMBmiduQSpQoO7bX92eIGlEY004VqrjOon2Miw1I5zm5W6qaILJEPdpx9AYR1R52eSAHB0ZpYdCIU3FGk3U3xMZjpQaRYHpjLAeqFlvLP7ndVIdnnsZi5NU05hMPwpTjrRA4zRQj0lKNB8ZgolkZldEBlhiok1mZROCO3vyPGmeVF2n6t6fVmqXRRwlOIBDOAYXzqAGt1CHBhDI4Rle4c16sl6sd+tj2rpgFTN78AfW5w9rcpWj</latexit><latexit sha1_base64="5UvBVnsqPOAO/6R0XhKAlkvTYIM=">AAACAHicbVDLSsNAFL3xWesr6sKFm8EiuCqJCLoRig9wI1SwD2hDmEwn7dBJJsxMhBKy8VfcuFDErZ/hzr9x2mahrQcunDnnXubeEyScKe0439bC4tLyympprby+sbm1be/sNpVIJaENIriQ7QAryllMG5ppTtuJpDgKOG0Fw6ux33qkUjERP+hRQr0I92MWMoK1kXx7vysHws+ub3J0gQgqXne5b1ecqjMBmiduQSpQoO7bX92eIGlEY004VqrjOon2Miw1I5zm5W6qaILJEPdpx9AYR1R52eSAHB0ZpYdCIU3FGk3U3xMZjpQaRYHpjLAeqFlvLP7ndVIdnnsZi5NU05hMPwpTjrRA4zRQj0lKNB8ZgolkZldEBlhiok1mZROCO3vyPGmeVF2n6t6fVmqXRRwlOIBDOAYXzqAGt1CHBhDI4Rle4c16sl6sd+tj2rpgFTN78AfW5w9rcpWj</latexit><latexit sha1_base64="5UvBVnsqPOAO/6R0XhKAlkvTYIM=">AAACAHicbVDLSsNAFL3xWesr6sKFm8EiuCqJCLoRig9wI1SwD2hDmEwn7dBJJsxMhBKy8VfcuFDErZ/hzr9x2mahrQcunDnnXubeEyScKe0439bC4tLyympprby+sbm1be/sNpVIJaENIriQ7QAryllMG5ppTtuJpDgKOG0Fw6ux33qkUjERP+hRQr0I92MWMoK1kXx7vysHws+ub3J0gQgqXne5b1ecqjMBmiduQSpQoO7bX92eIGlEY004VqrjOon2Miw1I5zm5W6qaILJEPdpx9AYR1R52eSAHB0ZpYdCIU3FGk3U3xMZjpQaRYHpjLAeqFlvLP7ndVIdnnsZi5NU05hMPwpTjrRA4zRQj0lKNB8ZgolkZldEBlhiok1mZROCO3vyPGmeVF2n6t6fVmqXRRwlOIBDOAYXzqAGt1CHBhDI4Rle4c16sl6sd+tj2rpgFTN78AfW5w9rcpWj</latexit>

ρDE = ρDE(Gi)
<latexit sha1_base64="CLaEyp0GmrTxwWn/uUrZWwbgb64=">AAACAXicbZDLSsNAFIZPvNZ6i7oR3AwWoW5KIoJuhOIFXVawF2hDmEyn7dDJJMxMhBLqxldx40IRt76FO9/GaRtEW38Y+PjPOZw5fxBzprTjfFlz8wuLS8u5lfzq2vrGpr21XVNRIgmtkohHshFgRTkTtKqZ5rQRS4rDgNN60L8Y1ev3VCoWiTs9iKkX4q5gHUawNpZv77ZkL/LTy6vh2Q8Vr3126NsFp+SMhWbBzaAAmSq+/dlqRyQJqdCEY6WarhNrL8VSM8LpMN9KFI0x6eMubRoUOKTKS8cXDNGBcdqoE0nzhEZj9/dEikOlBmFgOkOse2q6NjL/qzUT3Tn1UibiRFNBJos6CUc6QqM4UJtJSjQfGMBEMvNXRHpYYqJNaHkTgjt98izUjkquU3Jvjwvl8yyOHOzBPhTBhRMoww1UoAoEHuAJXuDVerSerTfrfdI6Z2UzO/BH1sc3grKWQg==</latexit><latexit sha1_base64="CLaEyp0GmrTxwWn/uUrZWwbgb64=">AAACAXicbZDLSsNAFIZPvNZ6i7oR3AwWoW5KIoJuhOIFXVawF2hDmEyn7dDJJMxMhBLqxldx40IRt76FO9/GaRtEW38Y+PjPOZw5fxBzprTjfFlz8wuLS8u5lfzq2vrGpr21XVNRIgmtkohHshFgRTkTtKqZ5rQRS4rDgNN60L8Y1ev3VCoWiTs9iKkX4q5gHUawNpZv77ZkL/LTy6vh2Q8Vr3126NsFp+SMhWbBzaAAmSq+/dlqRyQJqdCEY6WarhNrL8VSM8LpMN9KFI0x6eMubRoUOKTKS8cXDNGBcdqoE0nzhEZj9/dEikOlBmFgOkOse2q6NjL/qzUT3Tn1UibiRFNBJos6CUc6QqM4UJtJSjQfGMBEMvNXRHpYYqJNaHkTgjt98izUjkquU3Jvjwvl8yyOHOzBPhTBhRMoww1UoAoEHuAJXuDVerSerTfrfdI6Z2UzO/BH1sc3grKWQg==</latexit><latexit sha1_base64="CLaEyp0GmrTxwWn/uUrZWwbgb64=">AAACAXicbZDLSsNAFIZPvNZ6i7oR3AwWoW5KIoJuhOIFXVawF2hDmEyn7dDJJMxMhBLqxldx40IRt76FO9/GaRtEW38Y+PjPOZw5fxBzprTjfFlz8wuLS8u5lfzq2vrGpr21XVNRIgmtkohHshFgRTkTtKqZ5rQRS4rDgNN60L8Y1ev3VCoWiTs9iKkX4q5gHUawNpZv77ZkL/LTy6vh2Q8Vr3126NsFp+SMhWbBzaAAmSq+/dlqRyQJqdCEY6WarhNrL8VSM8LpMN9KFI0x6eMubRoUOKTKS8cXDNGBcdqoE0nzhEZj9/dEikOlBmFgOkOse2q6NjL/qzUT3Tn1UibiRFNBJos6CUc6QqM4UJtJSjQfGMBEMvNXRHpYYqJNaHkTgjt98izUjkquU3Jvjwvl8yyOHOzBPhTBhRMoww1UoAoEHuAJXuDVerSerTfrfdI6Z2UzO/BH1sc3grKWQg==</latexit><latexit sha1_base64="CLaEyp0GmrTxwWn/uUrZWwbgb64=">AAACAXicbZDLSsNAFIZPvNZ6i7oR3AwWoW5KIoJuhOIFXVawF2hDmEyn7dDJJMxMhBLqxldx40IRt76FO9/GaRtEW38Y+PjPOZw5fxBzprTjfFlz8wuLS8u5lfzq2vrGpr21XVNRIgmtkohHshFgRTkTtKqZ5rQRS4rDgNN60L8Y1ev3VCoWiTs9iKkX4q5gHUawNpZv77ZkL/LTy6vh2Q8Vr3126NsFp+SMhWbBzaAAmSq+/dlqRyQJqdCEY6WarhNrL8VSM8LpMN9KFI0x6eMubRoUOKTKS8cXDNGBcdqoE0nzhEZj9/dEikOlBmFgOkOse2q6NjL/qzUT3Tn1UibiRFNBJos6CUc6QqM4UJtJSjQfGMBEMvNXRHpYYqJNaHkTgjt98izUjkquU3Jvjwvl8yyOHOzBPhTBhRMoww1UoAoEHuAJXuDVerSerTfrfdI6Z2UzO/BH1sc3grKWQg==</latexit>

c
2

s
> 0 , c

2

gw
> 0

<latexit sha1_base64="L/kj4YO7ylTKI0iY+dI1tEiP64I=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBFclDIpgq6k6MZlBfuAJobJZNIOnTycmSgldOXGX3HjQhG3foM7/8ZJm4W2HrhwOOde7r3HSziTCqFvY2FxaXlltbRWXt/Y3No2d3bbMk4FoS0S81h0PSwpZxFtKaY47SaC4tDjtOMNL3O/c0+FZHF0o0YJdULcj1jACFZacs0D4srbOjyHyK5W7bsU+5C4Wf9hnIvINSuohiaA88QqSAUUaLrml+3HJA1ppAjHUvYslCgnw0Ixwum4bKeSJpgMcZ/2NI1wSKWTTd4YwyOt+DCIha5IwYn6eyLDoZSj0NOdIVYDOevl4n9eL1XBmZOxKEkVjch0UZByqGKYZwJ9JihRfKQJJoLpWyEZYIGJ0smVdQjW7MvzpF2vWahmXZ9UGhdFHCWwDw7BMbDAKWiAK9AELUDAI3gGr+DNeDJejHfjY9q6YBQze+APjM8f3fqW0Q==</latexit><latexit sha1_base64="L/kj4YO7ylTKI0iY+dI1tEiP64I=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBFclDIpgq6k6MZlBfuAJobJZNIOnTycmSgldOXGX3HjQhG3foM7/8ZJm4W2HrhwOOde7r3HSziTCqFvY2FxaXlltbRWXt/Y3No2d3bbMk4FoS0S81h0PSwpZxFtKaY47SaC4tDjtOMNL3O/c0+FZHF0o0YJdULcj1jACFZacs0D4srbOjyHyK5W7bsU+5C4Wf9hnIvINSuohiaA88QqSAUUaLrml+3HJA1ppAjHUvYslCgnw0Ixwum4bKeSJpgMcZ/2NI1wSKWTTd4YwyOt+DCIha5IwYn6eyLDoZSj0NOdIVYDOevl4n9eL1XBmZOxKEkVjch0UZByqGKYZwJ9JihRfKQJJoLpWyEZYIGJ0smVdQjW7MvzpF2vWahmXZ9UGhdFHCWwDw7BMbDAKWiAK9AELUDAI3gGr+DNeDJejHfjY9q6YBQze+APjM8f3fqW0Q==</latexit><latexit sha1_base64="L/kj4YO7ylTKI0iY+dI1tEiP64I=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBFclDIpgq6k6MZlBfuAJobJZNIOnTycmSgldOXGX3HjQhG3foM7/8ZJm4W2HrhwOOde7r3HSziTCqFvY2FxaXlltbRWXt/Y3No2d3bbMk4FoS0S81h0PSwpZxFtKaY47SaC4tDjtOMNL3O/c0+FZHF0o0YJdULcj1jACFZacs0D4srbOjyHyK5W7bsU+5C4Wf9hnIvINSuohiaA88QqSAUUaLrml+3HJA1ppAjHUvYslCgnw0Ixwum4bKeSJpgMcZ/2NI1wSKWTTd4YwyOt+DCIha5IwYn6eyLDoZSj0NOdIVYDOevl4n9eL1XBmZOxKEkVjch0UZByqGKYZwJ9JihRfKQJJoLpWyEZYIGJ0smVdQjW7MvzpF2vWahmXZ9UGhdFHCWwDw7BMbDAKWiAK9AELUDAI3gGr+DNeDJejHfjY9q6YBQze+APjM8f3fqW0Q==</latexit><latexit sha1_base64="L/kj4YO7ylTKI0iY+dI1tEiP64I=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBFclDIpgq6k6MZlBfuAJobJZNIOnTycmSgldOXGX3HjQhG3foM7/8ZJm4W2HrhwOOde7r3HSziTCqFvY2FxaXlltbRWXt/Y3No2d3bbMk4FoS0S81h0PSwpZxFtKaY47SaC4tDjtOMNL3O/c0+FZHF0o0YJdULcj1jACFZacs0D4srbOjyHyK5W7bsU+5C4Wf9hnIvINSuohiaA88QqSAUUaLrml+3HJA1ppAjHUvYslCgnw0Ixwum4bKeSJpgMcZ/2NI1wSKWTTd4YwyOt+DCIha5IwYn6eyLDoZSj0NOdIVYDOevl4n9eL1XBmZOxKEkVjch0UZByqGKYZwJ9JihRfKQJJoLpWyEZYIGJ0smVdQjW7MvzpF2vWahmXZ9UGhdFHCWwDw7BMbDAKWiAK9AELUDAI3gGr+DNeDJejHfjY9q6YBQze+APjM8f3fqW0Q==</latexit>

cgw|DDE = 1
<latexit sha1_base64="TEneUdbSWv70SxmnaRKwlNs/V2U=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEVyURQTdC0QouK9gHtCFMptN26GQSZm6UEgL+ihsXirj1O9z5N07bLLT1wMDhnHO5d04QC67Bcb6twtLyyupacb20sbm1vWPv7jV1lCjKGjQSkWoHRDPBJWsAB8HasWIkDARrBaPrid96YErzSN7DOGZeSAaS9zklYCTfPqB+OnjMuiYDflqr3WT4Eru+XXYqzhR4kbg5KaMcdd/+6vYimoRMAhVE647rxOClRAGngmWlbqJZTOiIDFjHUElCpr10en6Gj43Sw/1ImScBT9XfEykJtR6HgUmGBIZ63puI/3mdBPoXXsplnACTdLaonwgMEZ50gXtcMQpibAihiptbMR0SRSiYxkqmBHf+y4ukeVpxnYp7d1auXuV1FNEhOkInyEXnqIpuUR01EEUpekav6M16sl6sd+tjFi1Y+cw++gPr8wdKtJUE</latexit><latexit sha1_base64="TEneUdbSWv70SxmnaRKwlNs/V2U=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEVyURQTdC0QouK9gHtCFMptN26GQSZm6UEgL+ihsXirj1O9z5N07bLLT1wMDhnHO5d04QC67Bcb6twtLyyupacb20sbm1vWPv7jV1lCjKGjQSkWoHRDPBJWsAB8HasWIkDARrBaPrid96YErzSN7DOGZeSAaS9zklYCTfPqB+OnjMuiYDflqr3WT4Eru+XXYqzhR4kbg5KaMcdd/+6vYimoRMAhVE647rxOClRAGngmWlbqJZTOiIDFjHUElCpr10en6Gj43Sw/1ImScBT9XfEykJtR6HgUmGBIZ63puI/3mdBPoXXsplnACTdLaonwgMEZ50gXtcMQpibAihiptbMR0SRSiYxkqmBHf+y4ukeVpxnYp7d1auXuV1FNEhOkInyEXnqIpuUR01EEUpekav6M16sl6sd+tjFi1Y+cw++gPr8wdKtJUE</latexit><latexit sha1_base64="TEneUdbSWv70SxmnaRKwlNs/V2U=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEVyURQTdC0QouK9gHtCFMptN26GQSZm6UEgL+ihsXirj1O9z5N07bLLT1wMDhnHO5d04QC67Bcb6twtLyyupacb20sbm1vWPv7jV1lCjKGjQSkWoHRDPBJWsAB8HasWIkDARrBaPrid96YErzSN7DOGZeSAaS9zklYCTfPqB+OnjMuiYDflqr3WT4Eru+XXYqzhR4kbg5KaMcdd/+6vYimoRMAhVE647rxOClRAGngmWlbqJZTOiIDFjHUElCpr10en6Gj43Sw/1ImScBT9XfEykJtR6HgUmGBIZ63puI/3mdBPoXXsplnACTdLaonwgMEZ50gXtcMQpibAihiptbMR0SRSiYxkqmBHf+y4ukeVpxnYp7d1auXuV1FNEhOkInyEXnqIpuUR01EEUpekav6M16sl6sd+tjFi1Y+cw++gPr8wdKtJUE</latexit><latexit sha1_base64="TEneUdbSWv70SxmnaRKwlNs/V2U=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEVyURQTdC0QouK9gHtCFMptN26GQSZm6UEgL+ihsXirj1O9z5N07bLLT1wMDhnHO5d04QC67Bcb6twtLyyupacb20sbm1vWPv7jV1lCjKGjQSkWoHRDPBJWsAB8HasWIkDARrBaPrid96YErzSN7DOGZeSAaS9zklYCTfPqB+OnjMuiYDflqr3WT4Eru+XXYqzhR4kbg5KaMcdd/+6vYimoRMAhVE647rxOClRAGngmWlbqJZTOiIDFjHUElCpr10en6Gj43Sw/1ImScBT9XfEykJtR6HgUmGBIZ63puI/3mdBPoXXsplnACTdLaonwgMEZ50gXtcMQpibAihiptbMR0SRSiYxkqmBHf+y4ukeVpxnYp7d1auXuV1FNEhOkInyEXnqIpuUR01EEUpekav6M16sl6sd+tjFi1Y+cw++gPr8wdKtJUE</latexit>



Look for DDE solutions

dρDM

dt
+ 3HρDM = Q(φ)

dφ

dt
ρDM

<latexit sha1_base64="CLzwbc3WoOxYL2Rtv4EQHriM56k=">AAACLXicbVDLSsNAFJ3UV62vqEs3g0WoCCVRQTdC0S66EVqwD2hKmUwm7dDJg5mJUEJ+yI2/IoKLirj1N5ymsWjrgYHDOedy5x47ZFRIw5houZXVtfWN/GZha3tnd0/fP2iJIOKYNHHAAt6xkSCM+qQpqWSkE3KCPJuRtj26m/rtR8IFDfwHOQ5Jz0MDn7oUI6mkvl61XI5w7Fh8GPTj6n2SxI5M4NkFrM2lm0bJCof09CeqeJqaB/p60SgbKeAyMTNSBBnqff3VcgIcecSXmCEhuqYRyl6MuKSYkaRgRYKECI/QgHQV9ZFHRC9Or03giVIc6AZcPV/CVP09ESNPiLFnq6SH5FAselPxP68bSfe6F1M/jCTx8WyRGzEoAzitDjqUEyzZWBGEOVV/hXiIVCdSFVxQJZiLJy+T1nnZNMpm47JYuc3qyIMjcAxKwARXoAJqoA6aAIMn8AIm4F171t60D+1zFs1p2cwh+APt6xsR2qlB</latexit><latexit sha1_base64="CLzwbc3WoOxYL2Rtv4EQHriM56k=">AAACLXicbVDLSsNAFJ3UV62vqEs3g0WoCCVRQTdC0S66EVqwD2hKmUwm7dDJg5mJUEJ+yI2/IoKLirj1N5ymsWjrgYHDOedy5x47ZFRIw5houZXVtfWN/GZha3tnd0/fP2iJIOKYNHHAAt6xkSCM+qQpqWSkE3KCPJuRtj26m/rtR8IFDfwHOQ5Jz0MDn7oUI6mkvl61XI5w7Fh8GPTj6n2SxI5M4NkFrM2lm0bJCof09CeqeJqaB/p60SgbKeAyMTNSBBnqff3VcgIcecSXmCEhuqYRyl6MuKSYkaRgRYKECI/QgHQV9ZFHRC9Or03giVIc6AZcPV/CVP09ESNPiLFnq6SH5FAselPxP68bSfe6F1M/jCTx8WyRGzEoAzitDjqUEyzZWBGEOVV/hXiIVCdSFVxQJZiLJy+T1nnZNMpm47JYuc3qyIMjcAxKwARXoAJqoA6aAIMn8AIm4F171t60D+1zFs1p2cwh+APt6xsR2qlB</latexit><latexit sha1_base64="CLzwbc3WoOxYL2Rtv4EQHriM56k=">AAACLXicbVDLSsNAFJ3UV62vqEs3g0WoCCVRQTdC0S66EVqwD2hKmUwm7dDJg5mJUEJ+yI2/IoKLirj1N5ymsWjrgYHDOedy5x47ZFRIw5houZXVtfWN/GZha3tnd0/fP2iJIOKYNHHAAt6xkSCM+qQpqWSkE3KCPJuRtj26m/rtR8IFDfwHOQ5Jz0MDn7oUI6mkvl61XI5w7Fh8GPTj6n2SxI5M4NkFrM2lm0bJCof09CeqeJqaB/p60SgbKeAyMTNSBBnqff3VcgIcecSXmCEhuqYRyl6MuKSYkaRgRYKECI/QgHQV9ZFHRC9Or03giVIc6AZcPV/CVP09ESNPiLFnq6SH5FAselPxP68bSfe6F1M/jCTx8WyRGzEoAzitDjqUEyzZWBGEOVV/hXiIVCdSFVxQJZiLJy+T1nnZNMpm47JYuc3qyIMjcAxKwARXoAJqoA6aAIMn8AIm4F171t60D+1zFs1p2cwh+APt6xsR2qlB</latexit><latexit sha1_base64="CLzwbc3WoOxYL2Rtv4EQHriM56k=">AAACLXicbVDLSsNAFJ3UV62vqEs3g0WoCCVRQTdC0S66EVqwD2hKmUwm7dDJg5mJUEJ+yI2/IoKLirj1N5ymsWjrgYHDOedy5x47ZFRIw5houZXVtfWN/GZha3tnd0/fP2iJIOKYNHHAAt6xkSCM+qQpqWSkE3KCPJuRtj26m/rtR8IFDfwHOQ5Jz0MDn7oUI6mkvl61XI5w7Fh8GPTj6n2SxI5M4NkFrM2lm0bJCof09CeqeJqaB/p60SgbKeAyMTNSBBnqff3VcgIcecSXmCEhuqYRyl6MuKSYkaRgRYKECI/QgHQV9ZFHRC9Or03giVIc6AZcPV/CVP09ESNPiLFnq6SH5FAselPxP68bSfe6F1M/jCTx8WyRGzEoAzitDjqUEyzZWBGEOVV/hXiIVCdSFVxQJZiLJy+T1nnZNMpm47JYuc3qyIMjcAxKwARXoAJqoA6aAIMn8AIm4F171t60D+1zFs1p2cwh+APt6xsR2qlB</latexit>

dρφ

dt
+ 3H(1 + wφ)ρφ = −Q(φ)

dφ

dt
ρDM

<latexit sha1_base64="9EU7ZQ7PgG/x5js+QDWT6+eKJH0="></latexit><latexit sha1_base64="9EU7ZQ7PgG/x5js+QDWT6+eKJH0="></latexit><latexit sha1_base64="9EU7ZQ7PgG/x5js+QDWT6+eKJH0="></latexit><latexit sha1_base64="9EU7ZQ7PgG/x5js+QDWT6+eKJH0="></latexit>

DM-DE	interac3on	as	an	effec=ve	metric

DM-DE	interac3on

S =

Z

d4x
√

−ḡ

(

X

i

L̄i(ḡ,φ) + L̄DM (gµνB(φ)) + L̄SM

)

<latexit sha1_base64="5Rn1P4FnzUprQpvoOMh4hBFcWkE="></latexit><latexit sha1_base64="5Rn1P4FnzUprQpvoOMh4hBFcWkE="></latexit><latexit sha1_base64="5Rn1P4FnzUprQpvoOMh4hBFcWkE="></latexit><latexit sha1_base64="5Rn1P4FnzUprQpvoOMh4hBFcWkE="></latexit>



Look for DDE solutions

dρDM

dt
+ 3HρDM = Q(φ)

dφ

dt
ρDM

<latexit sha1_base64="CLzwbc3WoOxYL2Rtv4EQHriM56k=">AAACLXicbVDLSsNAFJ3UV62vqEs3g0WoCCVRQTdC0S66EVqwD2hKmUwm7dDJg5mJUEJ+yI2/IoKLirj1N5ymsWjrgYHDOedy5x47ZFRIw5houZXVtfWN/GZha3tnd0/fP2iJIOKYNHHAAt6xkSCM+qQpqWSkE3KCPJuRtj26m/rtR8IFDfwHOQ5Jz0MDn7oUI6mkvl61XI5w7Fh8GPTj6n2SxI5M4NkFrM2lm0bJCof09CeqeJqaB/p60SgbKeAyMTNSBBnqff3VcgIcecSXmCEhuqYRyl6MuKSYkaRgRYKECI/QgHQV9ZFHRC9Or03giVIc6AZcPV/CVP09ESNPiLFnq6SH5FAselPxP68bSfe6F1M/jCTx8WyRGzEoAzitDjqUEyzZWBGEOVV/hXiIVCdSFVxQJZiLJy+T1nnZNMpm47JYuc3qyIMjcAxKwARXoAJqoA6aAIMn8AIm4F171t60D+1zFs1p2cwh+APt6xsR2qlB</latexit><latexit sha1_base64="CLzwbc3WoOxYL2Rtv4EQHriM56k=">AAACLXicbVDLSsNAFJ3UV62vqEs3g0WoCCVRQTdC0S66EVqwD2hKmUwm7dDJg5mJUEJ+yI2/IoKLirj1N5ymsWjrgYHDOedy5x47ZFRIw5houZXVtfWN/GZha3tnd0/fP2iJIOKYNHHAAt6xkSCM+qQpqWSkE3KCPJuRtj26m/rtR8IFDfwHOQ5Jz0MDn7oUI6mkvl61XI5w7Fh8GPTj6n2SxI5M4NkFrM2lm0bJCof09CeqeJqaB/p60SgbKeAyMTNSBBnqff3VcgIcecSXmCEhuqYRyl6MuKSYkaRgRYKECI/QgHQV9ZFHRC9Or03giVIc6AZcPV/CVP09ESNPiLFnq6SH5FAselPxP68bSfe6F1M/jCTx8WyRGzEoAzitDjqUEyzZWBGEOVV/hXiIVCdSFVxQJZiLJy+T1nnZNMpm47JYuc3qyIMjcAxKwARXoAJqoA6aAIMn8AIm4F171t60D+1zFs1p2cwh+APt6xsR2qlB</latexit><latexit sha1_base64="CLzwbc3WoOxYL2Rtv4EQHriM56k=">AAACLXicbVDLSsNAFJ3UV62vqEs3g0WoCCVRQTdC0S66EVqwD2hKmUwm7dDJg5mJUEJ+yI2/IoKLirj1N5ymsWjrgYHDOedy5x47ZFRIw5houZXVtfWN/GZha3tnd0/fP2iJIOKYNHHAAt6xkSCM+qQpqWSkE3KCPJuRtj26m/rtR8IFDfwHOQ5Jz0MDn7oUI6mkvl61XI5w7Fh8GPTj6n2SxI5M4NkFrM2lm0bJCof09CeqeJqaB/p60SgbKeAyMTNSBBnqff3VcgIcecSXmCEhuqYRyl6MuKSYkaRgRYKECI/QgHQV9ZFHRC9Or03giVIc6AZcPV/CVP09ESNPiLFnq6SH5FAselPxP68bSfe6F1M/jCTx8WyRGzEoAzitDjqUEyzZWBGEOVV/hXiIVCdSFVxQJZiLJy+T1nnZNMpm47JYuc3qyIMjcAxKwARXoAJqoA6aAIMn8AIm4F171t60D+1zFs1p2cwh+APt6xsR2qlB</latexit><latexit sha1_base64="CLzwbc3WoOxYL2Rtv4EQHriM56k=">AAACLXicbVDLSsNAFJ3UV62vqEs3g0WoCCVRQTdC0S66EVqwD2hKmUwm7dDJg5mJUEJ+yI2/IoKLirj1N5ymsWjrgYHDOedy5x47ZFRIw5houZXVtfWN/GZha3tnd0/fP2iJIOKYNHHAAt6xkSCM+qQpqWSkE3KCPJuRtj26m/rtR8IFDfwHOQ5Jz0MDn7oUI6mkvl61XI5w7Fh8GPTj6n2SxI5M4NkFrM2lm0bJCof09CeqeJqaB/p60SgbKeAyMTNSBBnqff3VcgIcecSXmCEhuqYRyl6MuKSYkaRgRYKECI/QgHQV9ZFHRC9Or03giVIc6AZcPV/CVP09ESNPiLFnq6SH5FAselPxP68bSfe6F1M/jCTx8WyRGzEoAzitDjqUEyzZWBGEOVV/hXiIVCdSFVxQJZiLJy+T1nnZNMpm47JYuc3qyIMjcAxKwARXoAJqoA6aAIMn8AIm4F171t60D+1zFs1p2cwh+APt6xsR2qlB</latexit>

dρφ

dt
+ 3H(1 + wφ)ρφ = −Q(φ)

dφ

dt
ρDM

<latexit sha1_base64="9EU7ZQ7PgG/x5js+QDWT6+eKJH0="></latexit><latexit sha1_base64="9EU7ZQ7PgG/x5js+QDWT6+eKJH0="></latexit><latexit sha1_base64="9EU7ZQ7PgG/x5js+QDWT6+eKJH0="></latexit><latexit sha1_base64="9EU7ZQ7PgG/x5js+QDWT6+eKJH0="></latexit>

DM-DE	interac3on	as	an	effec=ve	metric

Complicated.	Use	a	trick:Invert	metric	 gµν = B(φ)−2ḡµν
<latexit sha1_base64="Uc4slfu8T7mL+z4SNfTQwZZUf7I=">AAACEHicbVDLSsNAFJ3UV62vqEs3g0WsC0tSBN0IpW5cVrAPaGKYTCft0MkkzEyEEvIJbvwVNy4UcevSnX/jtA2orQcuHM65l3vv8WNGpbKsL6OwtLyyulZcL21sbm3vmLt7bRklApMWjlgkuj6ShFFOWooqRrqxICj0Gen4o6uJ37knQtKI36pxTNwQDTgNKEZKS555PPBSJ0wcnmSXjYoTD+nJXXpay6DjIwF/TM8sW1VrCrhI7JyUQY6mZ346/QgnIeEKMyRlz7Zi5aZIKIoZyUpOIkmM8AgNSE9TjkIi3XT6UAaPtNKHQSR0cQWn6u+JFIVSjkNfd4ZIDeW8NxH/83qJCi7clPI4UYTj2aIgYVBFcJIO7FNBsGJjTRAWVN8K8RAJhJXOsKRDsOdfXiTtWtW2qvbNWbneyOMoggNwCCrABuegDq5BE7QABg/gCbyAV+PReDbejPdZa8HIZ/bBHxgf3xMAnJo=</latexit><latexit sha1_base64="Uc4slfu8T7mL+z4SNfTQwZZUf7I=">AAACEHicbVDLSsNAFJ3UV62vqEs3g0WsC0tSBN0IpW5cVrAPaGKYTCft0MkkzEyEEvIJbvwVNy4UcevSnX/jtA2orQcuHM65l3vv8WNGpbKsL6OwtLyyulZcL21sbm3vmLt7bRklApMWjlgkuj6ShFFOWooqRrqxICj0Gen4o6uJ37knQtKI36pxTNwQDTgNKEZKS555PPBSJ0wcnmSXjYoTD+nJXXpay6DjIwF/TM8sW1VrCrhI7JyUQY6mZ346/QgnIeEKMyRlz7Zi5aZIKIoZyUpOIkmM8AgNSE9TjkIi3XT6UAaPtNKHQSR0cQWn6u+JFIVSjkNfd4ZIDeW8NxH/83qJCi7clPI4UYTj2aIgYVBFcJIO7FNBsGJjTRAWVN8K8RAJhJXOsKRDsOdfXiTtWtW2qvbNWbneyOMoggNwCCrABuegDq5BE7QABg/gCbyAV+PReDbejPdZa8HIZ/bBHxgf3xMAnJo=</latexit><latexit sha1_base64="Uc4slfu8T7mL+z4SNfTQwZZUf7I=">AAACEHicbVDLSsNAFJ3UV62vqEs3g0WsC0tSBN0IpW5cVrAPaGKYTCft0MkkzEyEEvIJbvwVNy4UcevSnX/jtA2orQcuHM65l3vv8WNGpbKsL6OwtLyyulZcL21sbm3vmLt7bRklApMWjlgkuj6ShFFOWooqRrqxICj0Gen4o6uJ37knQtKI36pxTNwQDTgNKEZKS555PPBSJ0wcnmSXjYoTD+nJXXpay6DjIwF/TM8sW1VrCrhI7JyUQY6mZ346/QgnIeEKMyRlz7Zi5aZIKIoZyUpOIkmM8AgNSE9TjkIi3XT6UAaPtNKHQSR0cQWn6u+JFIVSjkNfd4ZIDeW8NxH/83qJCi7clPI4UYTj2aIgYVBFcJIO7FNBsGJjTRAWVN8K8RAJhJXOsKRDsOdfXiTtWtW2qvbNWbneyOMoggNwCCrABuegDq5BE7QABg/gCbyAV+PReDbejPdZa8HIZ/bBHxgf3xMAnJo=</latexit><latexit sha1_base64="Uc4slfu8T7mL+z4SNfTQwZZUf7I=">AAACEHicbVDLSsNAFJ3UV62vqEs3g0WsC0tSBN0IpW5cVrAPaGKYTCft0MkkzEyEEvIJbvwVNy4UcevSnX/jtA2orQcuHM65l3vv8WNGpbKsL6OwtLyyulZcL21sbm3vmLt7bRklApMWjlgkuj6ShFFOWooqRrqxICj0Gen4o6uJ37knQtKI36pxTNwQDTgNKEZKS555PPBSJ0wcnmSXjYoTD+nJXXpay6DjIwF/TM8sW1VrCrhI7JyUQY6mZ346/QgnIeEKMyRlz7Zi5aZIKIoZyUpOIkmM8AgNSE9TjkIi3XT6UAaPtNKHQSR0cQWn6u+JFIVSjkNfd4ZIDeW8NxH/83qJCi7clPI4UYTj2aIgYVBFcJIO7FNBsGJjTRAWVN8K8RAJhJXOsKRDsOdfXiTtWtW2qvbNWbneyOMoggNwCCrABuegDq5BE7QABg/gCbyAV+PReDbejPdZa8HIZ/bBHxgf3xMAnJo=</latexit>

DM-DE	interac3on

S =

Z

d4x
√

−ḡ

(

X

i

L̄i(ḡ,φ) + L̄DM (gµνB(φ)) + L̄SM

)

<latexit sha1_base64="5Rn1P4FnzUprQpvoOMh4hBFcWkE="></latexit><latexit sha1_base64="5Rn1P4FnzUprQpvoOMh4hBFcWkE="></latexit><latexit sha1_base64="5Rn1P4FnzUprQpvoOMh4hBFcWkE="></latexit><latexit sha1_base64="5Rn1P4FnzUprQpvoOMh4hBFcWkE="></latexit>



Look for DDE solutions

dρDM

dt
+ 3HρDM = Q(φ)

dφ

dt
ρDM

<latexit sha1_base64="CLzwbc3WoOxYL2Rtv4EQHriM56k=">AAACLXicbVDLSsNAFJ3UV62vqEs3g0WoCCVRQTdC0S66EVqwD2hKmUwm7dDJg5mJUEJ+yI2/IoKLirj1N5ymsWjrgYHDOedy5x47ZFRIw5houZXVtfWN/GZha3tnd0/fP2iJIOKYNHHAAt6xkSCM+qQpqWSkE3KCPJuRtj26m/rtR8IFDfwHOQ5Jz0MDn7oUI6mkvl61XI5w7Fh8GPTj6n2SxI5M4NkFrM2lm0bJCof09CeqeJqaB/p60SgbKeAyMTNSBBnqff3VcgIcecSXmCEhuqYRyl6MuKSYkaRgRYKECI/QgHQV9ZFHRC9Or03giVIc6AZcPV/CVP09ESNPiLFnq6SH5FAselPxP68bSfe6F1M/jCTx8WyRGzEoAzitDjqUEyzZWBGEOVV/hXiIVCdSFVxQJZiLJy+T1nnZNMpm47JYuc3qyIMjcAxKwARXoAJqoA6aAIMn8AIm4F171t60D+1zFs1p2cwh+APt6xsR2qlB</latexit><latexit sha1_base64="CLzwbc3WoOxYL2Rtv4EQHriM56k=">AAACLXicbVDLSsNAFJ3UV62vqEs3g0WoCCVRQTdC0S66EVqwD2hKmUwm7dDJg5mJUEJ+yI2/IoKLirj1N5ymsWjrgYHDOedy5x47ZFRIw5houZXVtfWN/GZha3tnd0/fP2iJIOKYNHHAAt6xkSCM+qQpqWSkE3KCPJuRtj26m/rtR8IFDfwHOQ5Jz0MDn7oUI6mkvl61XI5w7Fh8GPTj6n2SxI5M4NkFrM2lm0bJCof09CeqeJqaB/p60SgbKeAyMTNSBBnqff3VcgIcecSXmCEhuqYRyl6MuKSYkaRgRYKECI/QgHQV9ZFHRC9Or03giVIc6AZcPV/CVP09ESNPiLFnq6SH5FAselPxP68bSfe6F1M/jCTx8WyRGzEoAzitDjqUEyzZWBGEOVV/hXiIVCdSFVxQJZiLJy+T1nnZNMpm47JYuc3qyIMjcAxKwARXoAJqoA6aAIMn8AIm4F171t60D+1zFs1p2cwh+APt6xsR2qlB</latexit><latexit sha1_base64="CLzwbc3WoOxYL2Rtv4EQHriM56k=">AAACLXicbVDLSsNAFJ3UV62vqEs3g0WoCCVRQTdC0S66EVqwD2hKmUwm7dDJg5mJUEJ+yI2/IoKLirj1N5ymsWjrgYHDOedy5x47ZFRIw5houZXVtfWN/GZha3tnd0/fP2iJIOKYNHHAAt6xkSCM+qQpqWSkE3KCPJuRtj26m/rtR8IFDfwHOQ5Jz0MDn7oUI6mkvl61XI5w7Fh8GPTj6n2SxI5M4NkFrM2lm0bJCof09CeqeJqaB/p60SgbKeAyMTNSBBnqff3VcgIcecSXmCEhuqYRyl6MuKSYkaRgRYKECI/QgHQV9ZFHRC9Or03giVIc6AZcPV/CVP09ESNPiLFnq6SH5FAselPxP68bSfe6F1M/jCTx8WyRGzEoAzitDjqUEyzZWBGEOVV/hXiIVCdSFVxQJZiLJy+T1nnZNMpm47JYuc3qyIMjcAxKwARXoAJqoA6aAIMn8AIm4F171t60D+1zFs1p2cwh+APt6xsR2qlB</latexit><latexit sha1_base64="CLzwbc3WoOxYL2Rtv4EQHriM56k=">AAACLXicbVDLSsNAFJ3UV62vqEs3g0WoCCVRQTdC0S66EVqwD2hKmUwm7dDJg5mJUEJ+yI2/IoKLirj1N5ymsWjrgYHDOedy5x47ZFRIw5houZXVtfWN/GZha3tnd0/fP2iJIOKYNHHAAt6xkSCM+qQpqWSkE3KCPJuRtj26m/rtR8IFDfwHOQ5Jz0MDn7oUI6mkvl61XI5w7Fh8GPTj6n2SxI5M4NkFrM2lm0bJCof09CeqeJqaB/p60SgbKeAyMTNSBBnqff3VcgIcecSXmCEhuqYRyl6MuKSYkaRgRYKECI/QgHQV9ZFHRC9Or03giVIc6AZcPV/CVP09ESNPiLFnq6SH5FAselPxP68bSfe6F1M/jCTx8WyRGzEoAzitDjqUEyzZWBGEOVV/hXiIVCdSFVxQJZiLJy+T1nnZNMpm47JYuc3qyIMjcAxKwARXoAJqoA6aAIMn8AIm4F171t60D+1zFs1p2cwh+APt6xsR2qlB</latexit>

dρφ

dt
+ 3H(1 + wφ)ρφ = −Q(φ)

dφ

dt
ρDM

<latexit sha1_base64="9EU7ZQ7PgG/x5js+QDWT6+eKJH0="></latexit><latexit sha1_base64="9EU7ZQ7PgG/x5js+QDWT6+eKJH0="></latexit><latexit sha1_base64="9EU7ZQ7PgG/x5js+QDWT6+eKJH0="></latexit><latexit sha1_base64="9EU7ZQ7PgG/x5js+QDWT6+eKJH0="></latexit>

DM-DE	interac3on	as	an	effec=ve	metric

Complicated.	Use	a	trick:Invert	metric	 gµν = B(φ)−2ḡµν
<latexit sha1_base64="Uc4slfu8T7mL+z4SNfTQwZZUf7I=">AAACEHicbVDLSsNAFJ3UV62vqEs3g0WsC0tSBN0IpW5cVrAPaGKYTCft0MkkzEyEEvIJbvwVNy4UcevSnX/jtA2orQcuHM65l3vv8WNGpbKsL6OwtLyyulZcL21sbm3vmLt7bRklApMWjlgkuj6ShFFOWooqRrqxICj0Gen4o6uJ37knQtKI36pxTNwQDTgNKEZKS555PPBSJ0wcnmSXjYoTD+nJXXpay6DjIwF/TM8sW1VrCrhI7JyUQY6mZ346/QgnIeEKMyRlz7Zi5aZIKIoZyUpOIkmM8AgNSE9TjkIi3XT6UAaPtNKHQSR0cQWn6u+JFIVSjkNfd4ZIDeW8NxH/83qJCi7clPI4UYTj2aIgYVBFcJIO7FNBsGJjTRAWVN8K8RAJhJXOsKRDsOdfXiTtWtW2qvbNWbneyOMoggNwCCrABuegDq5BE7QABg/gCbyAV+PReDbejPdZa8HIZ/bBHxgf3xMAnJo=</latexit><latexit sha1_base64="Uc4slfu8T7mL+z4SNfTQwZZUf7I=">AAACEHicbVDLSsNAFJ3UV62vqEs3g0WsC0tSBN0IpW5cVrAPaGKYTCft0MkkzEyEEvIJbvwVNy4UcevSnX/jtA2orQcuHM65l3vv8WNGpbKsL6OwtLyyulZcL21sbm3vmLt7bRklApMWjlgkuj6ShFFOWooqRrqxICj0Gen4o6uJ37knQtKI36pxTNwQDTgNKEZKS555PPBSJ0wcnmSXjYoTD+nJXXpay6DjIwF/TM8sW1VrCrhI7JyUQY6mZ346/QgnIeEKMyRlz7Zi5aZIKIoZyUpOIkmM8AgNSE9TjkIi3XT6UAaPtNKHQSR0cQWn6u+JFIVSjkNfd4ZIDeW8NxH/83qJCi7clPI4UYTj2aIgYVBFcJIO7FNBsGJjTRAWVN8K8RAJhJXOsKRDsOdfXiTtWtW2qvbNWbneyOMoggNwCCrABuegDq5BE7QABg/gCbyAV+PReDbejPdZa8HIZ/bBHxgf3xMAnJo=</latexit><latexit sha1_base64="Uc4slfu8T7mL+z4SNfTQwZZUf7I=">AAACEHicbVDLSsNAFJ3UV62vqEs3g0WsC0tSBN0IpW5cVrAPaGKYTCft0MkkzEyEEvIJbvwVNy4UcevSnX/jtA2orQcuHM65l3vv8WNGpbKsL6OwtLyyulZcL21sbm3vmLt7bRklApMWjlgkuj6ShFFOWooqRrqxICj0Gen4o6uJ37knQtKI36pxTNwQDTgNKEZKS555PPBSJ0wcnmSXjYoTD+nJXXpay6DjIwF/TM8sW1VrCrhI7JyUQY6mZ346/QgnIeEKMyRlz7Zi5aZIKIoZyUpOIkmM8AgNSE9TjkIi3XT6UAaPtNKHQSR0cQWn6u+JFIVSjkNfd4ZIDeW8NxH/83qJCi7clPI4UYTj2aIgYVBFcJIO7FNBsGJjTRAWVN8K8RAJhJXOsKRDsOdfXiTtWtW2qvbNWbneyOMoggNwCCrABuegDq5BE7QABg/gCbyAV+PReDbejPdZa8HIZ/bBHxgf3xMAnJo=</latexit><latexit sha1_base64="Uc4slfu8T7mL+z4SNfTQwZZUf7I=">AAACEHicbVDLSsNAFJ3UV62vqEs3g0WsC0tSBN0IpW5cVrAPaGKYTCft0MkkzEyEEvIJbvwVNy4UcevSnX/jtA2orQcuHM65l3vv8WNGpbKsL6OwtLyyulZcL21sbm3vmLt7bRklApMWjlgkuj6ShFFOWooqRrqxICj0Gen4o6uJ37knQtKI36pxTNwQDTgNKEZKS555PPBSJ0wcnmSXjYoTD+nJXXpay6DjIwF/TM8sW1VrCrhI7JyUQY6mZ346/QgnIeEKMyRlz7Zi5aZIKIoZyUpOIkmM8AgNSE9TjkIi3XT6UAaPtNKHQSR0cQWn6u+JFIVSjkNfd4ZIDeW8NxH/83qJCi7clPI4UYTj2aIgYVBFcJIO7FNBsGJjTRAWVN8K8RAJhJXOsKRDsOdfXiTtWtW2qvbNWbneyOMoggNwCCrABuegDq5BE7QABg/gCbyAV+PReDbejPdZa8HIZ/bBHxgf3xMAnJo=</latexit>

DM-DE	interac3on



Look for DDE solutions

dρDM

dt
+ 3HρDM = Q(φ)

dφ

dt
ρDM

<latexit sha1_base64="CLzwbc3WoOxYL2Rtv4EQHriM56k=">AAACLXicbVDLSsNAFJ3UV62vqEs3g0WoCCVRQTdC0S66EVqwD2hKmUwm7dDJg5mJUEJ+yI2/IoKLirj1N5ymsWjrgYHDOedy5x47ZFRIw5houZXVtfWN/GZha3tnd0/fP2iJIOKYNHHAAt6xkSCM+qQpqWSkE3KCPJuRtj26m/rtR8IFDfwHOQ5Jz0MDn7oUI6mkvl61XI5w7Fh8GPTj6n2SxI5M4NkFrM2lm0bJCof09CeqeJqaB/p60SgbKeAyMTNSBBnqff3VcgIcecSXmCEhuqYRyl6MuKSYkaRgRYKECI/QgHQV9ZFHRC9Or03giVIc6AZcPV/CVP09ESNPiLFnq6SH5FAselPxP68bSfe6F1M/jCTx8WyRGzEoAzitDjqUEyzZWBGEOVV/hXiIVCdSFVxQJZiLJy+T1nnZNMpm47JYuc3qyIMjcAxKwARXoAJqoA6aAIMn8AIm4F171t60D+1zFs1p2cwh+APt6xsR2qlB</latexit><latexit sha1_base64="CLzwbc3WoOxYL2Rtv4EQHriM56k=">AAACLXicbVDLSsNAFJ3UV62vqEs3g0WoCCVRQTdC0S66EVqwD2hKmUwm7dDJg5mJUEJ+yI2/IoKLirj1N5ymsWjrgYHDOedy5x47ZFRIw5houZXVtfWN/GZha3tnd0/fP2iJIOKYNHHAAt6xkSCM+qQpqWSkE3KCPJuRtj26m/rtR8IFDfwHOQ5Jz0MDn7oUI6mkvl61XI5w7Fh8GPTj6n2SxI5M4NkFrM2lm0bJCof09CeqeJqaB/p60SgbKeAyMTNSBBnqff3VcgIcecSXmCEhuqYRyl6MuKSYkaRgRYKECI/QgHQV9ZFHRC9Or03giVIc6AZcPV/CVP09ESNPiLFnq6SH5FAselPxP68bSfe6F1M/jCTx8WyRGzEoAzitDjqUEyzZWBGEOVV/hXiIVCdSFVxQJZiLJy+T1nnZNMpm47JYuc3qyIMjcAxKwARXoAJqoA6aAIMn8AIm4F171t60D+1zFs1p2cwh+APt6xsR2qlB</latexit><latexit sha1_base64="CLzwbc3WoOxYL2Rtv4EQHriM56k=">AAACLXicbVDLSsNAFJ3UV62vqEs3g0WoCCVRQTdC0S66EVqwD2hKmUwm7dDJg5mJUEJ+yI2/IoKLirj1N5ymsWjrgYHDOedy5x47ZFRIw5houZXVtfWN/GZha3tnd0/fP2iJIOKYNHHAAt6xkSCM+qQpqWSkE3KCPJuRtj26m/rtR8IFDfwHOQ5Jz0MDn7oUI6mkvl61XI5w7Fh8GPTj6n2SxI5M4NkFrM2lm0bJCof09CeqeJqaB/p60SgbKeAyMTNSBBnqff3VcgIcecSXmCEhuqYRyl6MuKSYkaRgRYKECI/QgHQV9ZFHRC9Or03giVIc6AZcPV/CVP09ESNPiLFnq6SH5FAselPxP68bSfe6F1M/jCTx8WyRGzEoAzitDjqUEyzZWBGEOVV/hXiIVCdSFVxQJZiLJy+T1nnZNMpm47JYuc3qyIMjcAxKwARXoAJqoA6aAIMn8AIm4F171t60D+1zFs1p2cwh+APt6xsR2qlB</latexit><latexit sha1_base64="CLzwbc3WoOxYL2Rtv4EQHriM56k=">AAACLXicbVDLSsNAFJ3UV62vqEs3g0WoCCVRQTdC0S66EVqwD2hKmUwm7dDJg5mJUEJ+yI2/IoKLirj1N5ymsWjrgYHDOedy5x47ZFRIw5houZXVtfWN/GZha3tnd0/fP2iJIOKYNHHAAt6xkSCM+qQpqWSkE3KCPJuRtj26m/rtR8IFDfwHOQ5Jz0MDn7oUI6mkvl61XI5w7Fh8GPTj6n2SxI5M4NkFrM2lm0bJCof09CeqeJqaB/p60SgbKeAyMTNSBBnqff3VcgIcecSXmCEhuqYRyl6MuKSYkaRgRYKECI/QgHQV9ZFHRC9Or03giVIc6AZcPV/CVP09ESNPiLFnq6SH5FAselPxP68bSfe6F1M/jCTx8WyRGzEoAzitDjqUEyzZWBGEOVV/hXiIVCdSFVxQJZiLJy+T1nnZNMpm47JYuc3qyIMjcAxKwARXoAJqoA6aAIMn8AIm4F171t60D+1zFs1p2cwh+APt6xsR2qlB</latexit>

dρφ

dt
+ 3H(1 + wφ)ρφ = −Q(φ)

dφ

dt
ρDM

<latexit sha1_base64="9EU7ZQ7PgG/x5js+QDWT6+eKJH0="></latexit><latexit sha1_base64="9EU7ZQ7PgG/x5js+QDWT6+eKJH0="></latexit><latexit sha1_base64="9EU7ZQ7PgG/x5js+QDWT6+eKJH0="></latexit><latexit sha1_base64="9EU7ZQ7PgG/x5js+QDWT6+eKJH0="></latexit>

DM-DE	interac3on	as	an	effec=ve	metric

Complicated.	Use	a	trick:Invert	metric	 gµν = B(φ)−2ḡµν
<latexit sha1_base64="Uc4slfu8T7mL+z4SNfTQwZZUf7I=">AAACEHicbVDLSsNAFJ3UV62vqEs3g0WsC0tSBN0IpW5cVrAPaGKYTCft0MkkzEyEEvIJbvwVNy4UcevSnX/jtA2orQcuHM65l3vv8WNGpbKsL6OwtLyyulZcL21sbm3vmLt7bRklApMWjlgkuj6ShFFOWooqRrqxICj0Gen4o6uJ37knQtKI36pxTNwQDTgNKEZKS555PPBSJ0wcnmSXjYoTD+nJXXpay6DjIwF/TM8sW1VrCrhI7JyUQY6mZ346/QgnIeEKMyRlz7Zi5aZIKIoZyUpOIkmM8AgNSE9TjkIi3XT6UAaPtNKHQSR0cQWn6u+JFIVSjkNfd4ZIDeW8NxH/83qJCi7clPI4UYTj2aIgYVBFcJIO7FNBsGJjTRAWVN8K8RAJhJXOsKRDsOdfXiTtWtW2qvbNWbneyOMoggNwCCrABuegDq5BE7QABg/gCbyAV+PReDbejPdZa8HIZ/bBHxgf3xMAnJo=</latexit><latexit sha1_base64="Uc4slfu8T7mL+z4SNfTQwZZUf7I=">AAACEHicbVDLSsNAFJ3UV62vqEs3g0WsC0tSBN0IpW5cVrAPaGKYTCft0MkkzEyEEvIJbvwVNy4UcevSnX/jtA2orQcuHM65l3vv8WNGpbKsL6OwtLyyulZcL21sbm3vmLt7bRklApMWjlgkuj6ShFFOWooqRrqxICj0Gen4o6uJ37knQtKI36pxTNwQDTgNKEZKS555PPBSJ0wcnmSXjYoTD+nJXXpay6DjIwF/TM8sW1VrCrhI7JyUQY6mZ346/QgnIeEKMyRlz7Zi5aZIKIoZyUpOIkmM8AgNSE9TjkIi3XT6UAaPtNKHQSR0cQWn6u+JFIVSjkNfd4ZIDeW8NxH/83qJCi7clPI4UYTj2aIgYVBFcJIO7FNBsGJjTRAWVN8K8RAJhJXOsKRDsOdfXiTtWtW2qvbNWbneyOMoggNwCCrABuegDq5BE7QABg/gCbyAV+PReDbejPdZa8HIZ/bBHxgf3xMAnJo=</latexit><latexit sha1_base64="Uc4slfu8T7mL+z4SNfTQwZZUf7I=">AAACEHicbVDLSsNAFJ3UV62vqEs3g0WsC0tSBN0IpW5cVrAPaGKYTCft0MkkzEyEEvIJbvwVNy4UcevSnX/jtA2orQcuHM65l3vv8WNGpbKsL6OwtLyyulZcL21sbm3vmLt7bRklApMWjlgkuj6ShFFOWooqRrqxICj0Gen4o6uJ37knQtKI36pxTNwQDTgNKEZKS555PPBSJ0wcnmSXjYoTD+nJXXpay6DjIwF/TM8sW1VrCrhI7JyUQY6mZ346/QgnIeEKMyRlz7Zi5aZIKIoZyUpOIkmM8AgNSE9TjkIi3XT6UAaPtNKHQSR0cQWn6u+JFIVSjkNfd4ZIDeW8NxH/83qJCi7clPI4UYTj2aIgYVBFcJIO7FNBsGJjTRAWVN8K8RAJhJXOsKRDsOdfXiTtWtW2qvbNWbneyOMoggNwCCrABuegDq5BE7QABg/gCbyAV+PReDbejPdZa8HIZ/bBHxgf3xMAnJo=</latexit><latexit sha1_base64="Uc4slfu8T7mL+z4SNfTQwZZUf7I=">AAACEHicbVDLSsNAFJ3UV62vqEs3g0WsC0tSBN0IpW5cVrAPaGKYTCft0MkkzEyEEvIJbvwVNy4UcevSnX/jtA2orQcuHM65l3vv8WNGpbKsL6OwtLyyulZcL21sbm3vmLt7bRklApMWjlgkuj6ShFFOWooqRrqxICj0Gen4o6uJ37knQtKI36pxTNwQDTgNKEZKS555PPBSJ0wcnmSXjYoTD+nJXXpay6DjIwF/TM8sW1VrCrhI7JyUQY6mZ346/QgnIeEKMyRlz7Zi5aZIKIoZyUpOIkmM8AgNSE9TjkIi3XT6UAaPtNKHQSR0cQWn6u+JFIVSjkNfd4ZIDeW8NxH/83qJCi7clPI4UYTj2aIgYVBFcJIO7FNBsGJjTRAWVN8K8RAJhJXOsKRDsOdfXiTtWtW2qvbNWbneyOMoggNwCCrABuegDq5BE7QABg/gCbyAV+PReDbejPdZa8HIZ/bBHxgf3xMAnJo=</latexit>

DM-DE	interac3on

S =

Z

d4x
√

−g

(

X

i

Li(g,φ) + LDM + LSM (gµνB(φ))

)

<latexit sha1_base64="p41/vklZfzJieTQ+A8SkPAuk1FA="></latexit><latexit sha1_base64="p41/vklZfzJieTQ+A8SkPAuk1FA="></latexit><latexit sha1_base64="p41/vklZfzJieTQ+A8SkPAuk1FA="></latexit><latexit sha1_base64="p41/vklZfzJieTQ+A8SkPAuk1FA="></latexit>



Look for DDE solutions

dρDM

dt
+ 3HρDM = Q(φ)

dφ

dt
ρDM

<latexit sha1_base64="CLzwbc3WoOxYL2Rtv4EQHriM56k=">AAACLXicbVDLSsNAFJ3UV62vqEs3g0WoCCVRQTdC0S66EVqwD2hKmUwm7dDJg5mJUEJ+yI2/IoKLirj1N5ymsWjrgYHDOedy5x47ZFRIw5houZXVtfWN/GZha3tnd0/fP2iJIOKYNHHAAt6xkSCM+qQpqWSkE3KCPJuRtj26m/rtR8IFDfwHOQ5Jz0MDn7oUI6mkvl61XI5w7Fh8GPTj6n2SxI5M4NkFrM2lm0bJCof09CeqeJqaB/p60SgbKeAyMTNSBBnqff3VcgIcecSXmCEhuqYRyl6MuKSYkaRgRYKECI/QgHQV9ZFHRC9Or03giVIc6AZcPV/CVP09ESNPiLFnq6SH5FAselPxP68bSfe6F1M/jCTx8WyRGzEoAzitDjqUEyzZWBGEOVV/hXiIVCdSFVxQJZiLJy+T1nnZNMpm47JYuc3qyIMjcAxKwARXoAJqoA6aAIMn8AIm4F171t60D+1zFs1p2cwh+APt6xsR2qlB</latexit><latexit sha1_base64="CLzwbc3WoOxYL2Rtv4EQHriM56k=">AAACLXicbVDLSsNAFJ3UV62vqEs3g0WoCCVRQTdC0S66EVqwD2hKmUwm7dDJg5mJUEJ+yI2/IoKLirj1N5ymsWjrgYHDOedy5x47ZFRIw5houZXVtfWN/GZha3tnd0/fP2iJIOKYNHHAAt6xkSCM+qQpqWSkE3KCPJuRtj26m/rtR8IFDfwHOQ5Jz0MDn7oUI6mkvl61XI5w7Fh8GPTj6n2SxI5M4NkFrM2lm0bJCof09CeqeJqaB/p60SgbKeAyMTNSBBnqff3VcgIcecSXmCEhuqYRyl6MuKSYkaRgRYKECI/QgHQV9ZFHRC9Or03giVIc6AZcPV/CVP09ESNPiLFnq6SH5FAselPxP68bSfe6F1M/jCTx8WyRGzEoAzitDjqUEyzZWBGEOVV/hXiIVCdSFVxQJZiLJy+T1nnZNMpm47JYuc3qyIMjcAxKwARXoAJqoA6aAIMn8AIm4F171t60D+1zFs1p2cwh+APt6xsR2qlB</latexit><latexit sha1_base64="CLzwbc3WoOxYL2Rtv4EQHriM56k=">AAACLXicbVDLSsNAFJ3UV62vqEs3g0WoCCVRQTdC0S66EVqwD2hKmUwm7dDJg5mJUEJ+yI2/IoKLirj1N5ymsWjrgYHDOedy5x47ZFRIw5houZXVtfWN/GZha3tnd0/fP2iJIOKYNHHAAt6xkSCM+qQpqWSkE3KCPJuRtj26m/rtR8IFDfwHOQ5Jz0MDn7oUI6mkvl61XI5w7Fh8GPTj6n2SxI5M4NkFrM2lm0bJCof09CeqeJqaB/p60SgbKeAyMTNSBBnqff3VcgIcecSXmCEhuqYRyl6MuKSYkaRgRYKECI/QgHQV9ZFHRC9Or03giVIc6AZcPV/CVP09ESNPiLFnq6SH5FAselPxP68bSfe6F1M/jCTx8WyRGzEoAzitDjqUEyzZWBGEOVV/hXiIVCdSFVxQJZiLJy+T1nnZNMpm47JYuc3qyIMjcAxKwARXoAJqoA6aAIMn8AIm4F171t60D+1zFs1p2cwh+APt6xsR2qlB</latexit><latexit sha1_base64="CLzwbc3WoOxYL2Rtv4EQHriM56k=">AAACLXicbVDLSsNAFJ3UV62vqEs3g0WoCCVRQTdC0S66EVqwD2hKmUwm7dDJg5mJUEJ+yI2/IoKLirj1N5ymsWjrgYHDOedy5x47ZFRIw5houZXVtfWN/GZha3tnd0/fP2iJIOKYNHHAAt6xkSCM+qQpqWSkE3KCPJuRtj26m/rtR8IFDfwHOQ5Jz0MDn7oUI6mkvl61XI5w7Fh8GPTj6n2SxI5M4NkFrM2lm0bJCof09CeqeJqaB/p60SgbKeAyMTNSBBnqff3VcgIcecSXmCEhuqYRyl6MuKSYkaRgRYKECI/QgHQV9ZFHRC9Or03giVIc6AZcPV/CVP09ESNPiLFnq6SH5FAselPxP68bSfe6F1M/jCTx8WyRGzEoAzitDjqUEyzZWBGEOVV/hXiIVCdSFVxQJZiLJy+T1nnZNMpm47JYuc3qyIMjcAxKwARXoAJqoA6aAIMn8AIm4F171t60D+1zFs1p2cwh+APt6xsR2qlB</latexit>

dρφ

dt
+ 3H(1 + wφ)ρφ = −Q(φ)

dφ

dt
ρDM

<latexit sha1_base64="9EU7ZQ7PgG/x5js+QDWT6+eKJH0="></latexit><latexit sha1_base64="9EU7ZQ7PgG/x5js+QDWT6+eKJH0="></latexit><latexit sha1_base64="9EU7ZQ7PgG/x5js+QDWT6+eKJH0="></latexit><latexit sha1_base64="9EU7ZQ7PgG/x5js+QDWT6+eKJH0="></latexit>

DM-DE	interac3on	as	an	effec=ve	metric

Complicated.	Use	a	trick:Invert	metric	 gµν = B(φ)−2ḡµν
<latexit sha1_base64="Uc4slfu8T7mL+z4SNfTQwZZUf7I=">AAACEHicbVDLSsNAFJ3UV62vqEs3g0WsC0tSBN0IpW5cVrAPaGKYTCft0MkkzEyEEvIJbvwVNy4UcevSnX/jtA2orQcuHM65l3vv8WNGpbKsL6OwtLyyulZcL21sbm3vmLt7bRklApMWjlgkuj6ShFFOWooqRrqxICj0Gen4o6uJ37knQtKI36pxTNwQDTgNKEZKS555PPBSJ0wcnmSXjYoTD+nJXXpay6DjIwF/TM8sW1VrCrhI7JyUQY6mZ346/QgnIeEKMyRlz7Zi5aZIKIoZyUpOIkmM8AgNSE9TjkIi3XT6UAaPtNKHQSR0cQWn6u+JFIVSjkNfd4ZIDeW8NxH/83qJCi7clPI4UYTj2aIgYVBFcJIO7FNBsGJjTRAWVN8K8RAJhJXOsKRDsOdfXiTtWtW2qvbNWbneyOMoggNwCCrABuegDq5BE7QABg/gCbyAV+PReDbejPdZa8HIZ/bBHxgf3xMAnJo=</latexit><latexit sha1_base64="Uc4slfu8T7mL+z4SNfTQwZZUf7I=">AAACEHicbVDLSsNAFJ3UV62vqEs3g0WsC0tSBN0IpW5cVrAPaGKYTCft0MkkzEyEEvIJbvwVNy4UcevSnX/jtA2orQcuHM65l3vv8WNGpbKsL6OwtLyyulZcL21sbm3vmLt7bRklApMWjlgkuj6ShFFOWooqRrqxICj0Gen4o6uJ37knQtKI36pxTNwQDTgNKEZKS555PPBSJ0wcnmSXjYoTD+nJXXpay6DjIwF/TM8sW1VrCrhI7JyUQY6mZ346/QgnIeEKMyRlz7Zi5aZIKIoZyUpOIkmM8AgNSE9TjkIi3XT6UAaPtNKHQSR0cQWn6u+JFIVSjkNfd4ZIDeW8NxH/83qJCi7clPI4UYTj2aIgYVBFcJIO7FNBsGJjTRAWVN8K8RAJhJXOsKRDsOdfXiTtWtW2qvbNWbneyOMoggNwCCrABuegDq5BE7QABg/gCbyAV+PReDbejPdZa8HIZ/bBHxgf3xMAnJo=</latexit><latexit sha1_base64="Uc4slfu8T7mL+z4SNfTQwZZUf7I=">AAACEHicbVDLSsNAFJ3UV62vqEs3g0WsC0tSBN0IpW5cVrAPaGKYTCft0MkkzEyEEvIJbvwVNy4UcevSnX/jtA2orQcuHM65l3vv8WNGpbKsL6OwtLyyulZcL21sbm3vmLt7bRklApMWjlgkuj6ShFFOWooqRrqxICj0Gen4o6uJ37knQtKI36pxTNwQDTgNKEZKS555PPBSJ0wcnmSXjYoTD+nJXXpay6DjIwF/TM8sW1VrCrhI7JyUQY6mZ346/QgnIeEKMyRlz7Zi5aZIKIoZyUpOIkmM8AgNSE9TjkIi3XT6UAaPtNKHQSR0cQWn6u+JFIVSjkNfd4ZIDeW8NxH/83qJCi7clPI4UYTj2aIgYVBFcJIO7FNBsGJjTRAWVN8K8RAJhJXOsKRDsOdfXiTtWtW2qvbNWbneyOMoggNwCCrABuegDq5BE7QABg/gCbyAV+PReDbejPdZa8HIZ/bBHxgf3xMAnJo=</latexit><latexit sha1_base64="Uc4slfu8T7mL+z4SNfTQwZZUf7I=">AAACEHicbVDLSsNAFJ3UV62vqEs3g0WsC0tSBN0IpW5cVrAPaGKYTCft0MkkzEyEEvIJbvwVNy4UcevSnX/jtA2orQcuHM65l3vv8WNGpbKsL6OwtLyyulZcL21sbm3vmLt7bRklApMWjlgkuj6ShFFOWooqRrqxICj0Gen4o6uJ37knQtKI36pxTNwQDTgNKEZKS555PPBSJ0wcnmSXjYoTD+nJXXpay6DjIwF/TM8sW1VrCrhI7JyUQY6mZ346/QgnIeEKMyRlz7Zi5aZIKIoZyUpOIkmM8AgNSE9TjkIi3XT6UAaPtNKHQSR0cQWn6u+JFIVSjkNfd4ZIDeW8NxH/83qJCi7clPI4UYTj2aIgYVBFcJIO7FNBsGJjTRAWVN8K8RAJhJXOsKRDsOdfXiTtWtW2qvbNWbneyOMoggNwCCrABuegDq5BE7QABg/gCbyAV+PReDbejPdZa8HIZ/bBHxgf3xMAnJo=</latexit>

DM-DE	interac3on

Baryons	are	now	coupled	but	since	they	are	subdominant	we	

neglect	them…	(for	the	moment!)

S =

Z

d4x
√

−g

(

X

i

Li(g,φ) + LDM + LSM (gµνB(φ))

)

<latexit sha1_base64="p41/vklZfzJieTQ+A8SkPAuk1FA="></latexit><latexit sha1_base64="p41/vklZfzJieTQ+A8SkPAuk1FA="></latexit><latexit sha1_base64="p41/vklZfzJieTQ+A8SkPAuk1FA="></latexit><latexit sha1_base64="p41/vklZfzJieTQ+A8SkPAuk1FA="></latexit>



Doppelgänger Dark Energy

•Uncoupled	DM	behaves	as	a	pressure	less	fluid	

•DDE	condi=on	

•	Friedmann	equa3ons													Impose	scaling	

•Need	to	solve

ρDM ∝ a
−3

<latexit sha1_base64="2zy9R/V1d0W+HTk9aeeXNUHpgYg=">AAACAXicbVDLSgMxFM34rPU16kZwEyyCG8uMCros6sKNUME+oDMOmTTThmYmIckIZRg3/oobF4q49S/c+Tem7Sy09UDgcM693JwTCkaVdpxva25+YXFpubRSXl1b39i0t7abiqcSkwbmjMt2iBRhNCENTTUjbSEJikNGWuHgcuS3HohUlCd3eiiIH6NeQiOKkTZSYO96ss+D7Oomh56QXGgO0X12dJIHdsWpOmPAWeIWpAIK1AP7y+tynMYk0ZghpTquI7SfIakpZiQve6kiAuEB6pGOoQmKifKzcYIcHhilCyMuzUs0HKu/NzIUKzWMQzMZI91X095I/M/rpDo69zOaiFSTBE8ORSmDJueoDtilkmDNhoYgLKn5K8R9JBHWprSyKcGdjjxLmsdV16m6t6eV2kVRRwnsgX1wCFxwBmrgGtRBA2DwCJ7BK3iznqwX6936mIzOWcXODvgD6/MH32SWfw==</latexit><latexit sha1_base64="2zy9R/V1d0W+HTk9aeeXNUHpgYg=">AAACAXicbVDLSgMxFM34rPU16kZwEyyCG8uMCros6sKNUME+oDMOmTTThmYmIckIZRg3/oobF4q49S/c+Tem7Sy09UDgcM693JwTCkaVdpxva25+YXFpubRSXl1b39i0t7abiqcSkwbmjMt2iBRhNCENTTUjbSEJikNGWuHgcuS3HohUlCd3eiiIH6NeQiOKkTZSYO96ss+D7Oomh56QXGgO0X12dJIHdsWpOmPAWeIWpAIK1AP7y+tynMYk0ZghpTquI7SfIakpZiQve6kiAuEB6pGOoQmKifKzcYIcHhilCyMuzUs0HKu/NzIUKzWMQzMZI91X095I/M/rpDo69zOaiFSTBE8ORSmDJueoDtilkmDNhoYgLKn5K8R9JBHWprSyKcGdjjxLmsdV16m6t6eV2kVRRwnsgX1wCFxwBmrgGtRBA2DwCJ7BK3iznqwX6936mIzOWcXODvgD6/MH32SWfw==</latexit><latexit sha1_base64="2zy9R/V1d0W+HTk9aeeXNUHpgYg=">AAACAXicbVDLSgMxFM34rPU16kZwEyyCG8uMCros6sKNUME+oDMOmTTThmYmIckIZRg3/oobF4q49S/c+Tem7Sy09UDgcM693JwTCkaVdpxva25+YXFpubRSXl1b39i0t7abiqcSkwbmjMt2iBRhNCENTTUjbSEJikNGWuHgcuS3HohUlCd3eiiIH6NeQiOKkTZSYO96ss+D7Oomh56QXGgO0X12dJIHdsWpOmPAWeIWpAIK1AP7y+tynMYk0ZghpTquI7SfIakpZiQve6kiAuEB6pGOoQmKifKzcYIcHhilCyMuzUs0HKu/NzIUKzWMQzMZI91X095I/M/rpDo69zOaiFSTBE8ORSmDJueoDtilkmDNhoYgLKn5K8R9JBHWprSyKcGdjjxLmsdV16m6t6eV2kVRRwnsgX1wCFxwBmrgGtRBA2DwCJ7BK3iznqwX6936mIzOWcXODvgD6/MH32SWfw==</latexit><latexit sha1_base64="2zy9R/V1d0W+HTk9aeeXNUHpgYg=">AAACAXicbVDLSgMxFM34rPU16kZwEyyCG8uMCros6sKNUME+oDMOmTTThmYmIckIZRg3/oobF4q49S/c+Tem7Sy09UDgcM693JwTCkaVdpxva25+YXFpubRSXl1b39i0t7abiqcSkwbmjMt2iBRhNCENTTUjbSEJikNGWuHgcuS3HohUlCd3eiiIH6NeQiOKkTZSYO96ss+D7Oomh56QXGgO0X12dJIHdsWpOmPAWeIWpAIK1AP7y+tynMYk0ZghpTquI7SfIakpZiQve6kiAuEB6pGOoQmKifKzcYIcHhilCyMuzUs0HKu/NzIUKzWMQzMZI91X095I/M/rpDo69zOaiFSTBE8ORSmDJueoDtilkmDNhoYgLKn5K8R9JBHWprSyKcGdjjxLmsdV16m6t6eV2kVRRwnsgX1wCFxwBmrgGtRBA2DwCJ7BK3iznqwX6936mIzOWcXODvgD6/MH32SWfw==</latexit>

ρφ ∝ ρDM ∝ a
−3

<latexit sha1_base64="0w3DVYKpnx9r/E59/0R94P/n2p8=">AAACEnicbVDLSgMxFM3UV62vqks3wSLowjKjgi6LunAjVLAP6NQhk6ZtaCYJSUYow3yDG3/FjQtF3Lpy59+YtiNo64HA4Zx7uTknlIxq47pfTm5ufmFxKb9cWFldW98obm7VtYgVJjUsmFDNEGnCKCc1Qw0jTakIikJGGuHgYuQ37onSVPBbM5SkHaEep12KkbFSUDzwVV8EvuxTXyohjYBjIbm8TuGPgu6Sw+M0KJbcsjsGnCVeRkogQzUofvodgeOIcIMZ0rrludK0E6QMxYykBT/WRCI8QD3SspSjiOh2Mo6Uwj2rdGBXKPu4gWP190aCIq2HUWgnI2T6etobif95rdh0z9oJ5TI2hOPJoW7MoM056gd2qCLYsKElCCtq/wpxHymEjW2xYEvwpiPPkvpR2XPL3s1JqXKe1ZEHO2AX7AMPnIIKuAJVUAMYPIAn8AJenUfn2Xlz3iejOSfb2QZ/4Hx8A29dneo=</latexit><latexit sha1_base64="0w3DVYKpnx9r/E59/0R94P/n2p8=">AAACEnicbVDLSgMxFM3UV62vqks3wSLowjKjgi6LunAjVLAP6NQhk6ZtaCYJSUYow3yDG3/FjQtF3Lpy59+YtiNo64HA4Zx7uTknlIxq47pfTm5ufmFxKb9cWFldW98obm7VtYgVJjUsmFDNEGnCKCc1Qw0jTakIikJGGuHgYuQ37onSVPBbM5SkHaEep12KkbFSUDzwVV8EvuxTXyohjYBjIbm8TuGPgu6Sw+M0KJbcsjsGnCVeRkogQzUofvodgeOIcIMZ0rrludK0E6QMxYykBT/WRCI8QD3SspSjiOh2Mo6Uwj2rdGBXKPu4gWP190aCIq2HUWgnI2T6etobif95rdh0z9oJ5TI2hOPJoW7MoM056gd2qCLYsKElCCtq/wpxHymEjW2xYEvwpiPPkvpR2XPL3s1JqXKe1ZEHO2AX7AMPnIIKuAJVUAMYPIAn8AJenUfn2Xlz3iejOSfb2QZ/4Hx8A29dneo=</latexit><latexit sha1_base64="0w3DVYKpnx9r/E59/0R94P/n2p8=">AAACEnicbVDLSgMxFM3UV62vqks3wSLowjKjgi6LunAjVLAP6NQhk6ZtaCYJSUYow3yDG3/FjQtF3Lpy59+YtiNo64HA4Zx7uTknlIxq47pfTm5ufmFxKb9cWFldW98obm7VtYgVJjUsmFDNEGnCKCc1Qw0jTakIikJGGuHgYuQ37onSVPBbM5SkHaEep12KkbFSUDzwVV8EvuxTXyohjYBjIbm8TuGPgu6Sw+M0KJbcsjsGnCVeRkogQzUofvodgeOIcIMZ0rrludK0E6QMxYykBT/WRCI8QD3SspSjiOh2Mo6Uwj2rdGBXKPu4gWP190aCIq2HUWgnI2T6etobif95rdh0z9oJ5TI2hOPJoW7MoM056gd2qCLYsKElCCtq/wpxHymEjW2xYEvwpiPPkvpR2XPL3s1JqXKe1ZEHO2AX7AMPnIIKuAJVUAMYPIAn8AJenUfn2Xlz3iejOSfb2QZ/4Hx8A29dneo=</latexit><latexit sha1_base64="0w3DVYKpnx9r/E59/0R94P/n2p8=">AAACEnicbVDLSgMxFM3UV62vqks3wSLowjKjgi6LunAjVLAP6NQhk6ZtaCYJSUYow3yDG3/FjQtF3Lpy59+YtiNo64HA4Zx7uTknlIxq47pfTm5ufmFxKb9cWFldW98obm7VtYgVJjUsmFDNEGnCKCc1Qw0jTakIikJGGuHgYuQ37onSVPBbM5SkHaEep12KkbFSUDzwVV8EvuxTXyohjYBjIbm8TuGPgu6Sw+M0KJbcsjsGnCVeRkogQzUofvodgeOIcIMZ0rrludK0E6QMxYykBT/WRCI8QD3SspSjiOh2Mo6Uwj2rdGBXKPu4gWP190aCIq2HUWgnI2T6etobif95rdh0z9oJ5TI2hOPJoW7MoM056gd2qCLYsKElCCtq/wpxHymEjW2xYEvwpiPPkvpR2XPL3s1JqXKe1ZEHO2AX7AMPnIIKuAJVUAMYPIAn8AJenUfn2Xlz3iejOSfb2QZ/4Hx8A29dneo=</latexit>

6H
2
G4 = ρφ + ρDM

d ln ρφ

dN
=

d ln ρDM

dN
= −3

d lnG4

dN
=

d lnG4

dφ

d lnφ

dN
+

d lnG4

dX

d lnX

dN
= 3weff

<latexit sha1_base64="R0V46rfkpLElCPsY9h4W3SUhIYw="></latexit><latexit sha1_base64="R0V46rfkpLElCPsY9h4W3SUhIYw="></latexit><latexit sha1_base64="R0V46rfkpLElCPsY9h4W3SUhIYw="></latexit><latexit sha1_base64="R0V46rfkpLElCPsY9h4W3SUhIYw="></latexit>



Doppelgänger Dark Energy

•Solving	and	knowing	the	func3onal	dependence

•Y	is	constant	on	(DDE)	scaling	solu3on	

•The	most	general	solu3ons	of	DDE	in	the	Horndeski	Lagrangian	

that	greatly	extends	previous	results

ρφ(Gi)
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Doppelänger Dark Energy

•Compute	the	speed	of	tensor

•Instead	of	arbitrarily	tuning	the	coefficients	to	sa3sfy	the	constraint	we	

exploit	the	aKractor	nature	of	the	DDE	solu3on	i.e.	we	require:	

•On	the	scaling	solu3on	the	Horndeski	func=ons	are	in	a	minimum	

•Out	of	the	scaling	(i.e.	in	the	past)	GW	speed	can	be	different	than	1

a5 = 0 or p5 = 0
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&



Effect of baryons

•In	general	baryons	will	tend	to	bring	out	of	scaling	solu3on

•Horndeski	func3on	must	have	a	minimum,	e.g.

•From	this	we	get	how	many	deriva3ves	must	vanish

•In	order	not	to	be	affected	by	baryons	n>16!



Conclusions

GW	170817	and	GRB	strongly	constrained	Horndeski	ac3on.

•Reduced	theory	space	

•Affects	also	large	scales:	 cgw = 1 ⇒ η ≡ −
Φ

Ψ
= 1
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G4(φ, X) = f(φ) , G5(φ, X) = 0 , G2(φ, X) , G3(φ, X)
<latexit sha1_base64="izUiAgrNyPK+0dzcq8D0Qla1RyY="></latexit><latexit sha1_base64="izUiAgrNyPK+0dzcq8D0Qla1RyY="></latexit><latexit sha1_base64="izUiAgrNyPK+0dzcq8D0Qla1RyY="></latexit><latexit sha1_base64="izUiAgrNyPK+0dzcq8D0Qla1RyY="></latexit>

[Amendola	et	al.,2017]

[Ezquiaga	&	Zumalacarregui,2017]



Conclusions

•A<ractor	solu=ons	with																																		but	free	in	the	past	can	be	found	

albeit	with	tuning	

•The	parameter	space	is	s3ll	very	rich:	Yukawa	couplings,	screening,		

•Caveat?	GW	produced	very	close	to	the	cut-off	scale	of	the	EFT		(wait	for	

LISA?)	

•Constraint	only	apply	to	visible	sector.	DM-DE	(deriva=ve)	couplings	

• Is	there	a	symmetry	protec3ng	the	speed	of	GW?

cgw(z = 0.008) = 1
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[De	Rham	&	Melville,	2018]

However:
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Conclusions


