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Galileons 
  many faces of the same model (I)

Monge-Ampère equation

- to find a surface with a prescribed Gaussian curvature 	


- optimizing transportation costs

The most generic scalar-tensor theory in 4D, whose equations of 
motion contain no more than second derivatives 	



(no Ostrogradski ghost) 

Horndeski‘1974

Monge‘1784, Ampère‘1820

“Universal field equations” Fairlie et al‘1991



Galileons 
  many faces of the same model (II)

DGP: brane model of gravity	


!
Particular limit of the theory (decoupling limit) gives scalar field Lagrangian,

Monge-Ampère type 

direct coupling to 
matter

Luty et al’03

Dvali et al’00



Galileons 
  many faces of the same model (III)

Generalization of DGP scalar: Nicolis et al’09



Galileons 
  many faces of the same model (IV)

Deffayet et al’09 
+ many other works

Covariant Galileon: adding non-minimal scalar-matter coupling to flat Galileon.

Shift-symmetric version:

Decoupling limit of de Rham-Gabadadze-Tolley model of massive gravity
De Rham, 

Gabadadze’10



Black holes are bald 

- Gravitational collapse… 	



- black holes eat or expel surrounding matter  
- their stationary phase is characterized by a limited number of charges 
- and no details 
- black holes are bald.

No hair arguments/theorems dictate that adding degrees of 
freedom lead to trivial (GR) or singular solutions.  

For example in the standard scalar-tensor theories black hole 
solutions are GR black holes with constant scalar.	





Example of hairy black hole: 
  The BBMB solution

Conformally coupled scalar: Bocharova et al’70, Bekenstein’74
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Static spherically symmetric (non-trivial) solution:
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with secondary scalar hair:

Note: 	

 the geometry is that of extremal RN	



	

 	

 the scalar field is unbounded at r=m
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No hair for Galileons: 
  Hui & Nicolis’12

1. Take a shift-symmetric scalar coupled to gravity	


2. There is a Noether current 	


3. Equation of motion for the scalar 	



4. Static spherically symmetric metric 	



	

 and time-independent scalar	



5. Compute the scalar quantity 	



6. Require         to be finite, at the horizon 	



7. By EOM 

L(r�, rr�, ...)
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everywhere

For particular theories one can argue that Jr
= rr�(r) ! �(r) = const
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No hair for Galileons: 
  Hui & Nicolis’12

Indeed for canonical scalar field	


 

Jr
= rr�(r) ! �(r) = const

<latexit sha1_base64="6wk97BlP/f1GukTQXvVYZR1jZs0=">AAACGXicbZDLSgMxFIYz9VbrbdSlm2AR6qbMiKibSsGNuKrg2EJnLJk0bUMzmSE5I5ahz+HGV3HjQsWlrnwb08tCWw8EvvznHJL/DxPBNTjOt5VbWFxaXsmvFtbWNza37O2dWx2nijKPxiJWjZBoJrhkHnAQrJEoRqJQsHrYvxj16/dMaR7LGxgkLIhIV/IOpwSM1LLdqzuFK9iXJBTEoJ/0OC6pQ+xDPL6MuOIDe4CMxlLDsGUXnbIzLjwP7hSKaFq1lv3pt2OaRkwCFUTrpuskEGREAaeCDQt+qllCaJ90WdOgJBHTQTa2NsQHRmnjTqzMkYDH6u+NjERaD6LQTEYEenq2NxL/6zVT6JwFGZdJCkzSyUOdVGBje5QTbnPFKIiBAUIVN3/FtEcUoWDSLJgQ3FnL8+AdlU/KzvVxsXo+TSOP9tA+KiEXnaIqukQ15CGKHtEzekVv1pP1Yr1bH5PRnDXd2UV/yvr6AQn+nz4=</latexit><latexit sha1_base64="6wk97BlP/f1GukTQXvVYZR1jZs0=">AAACGXicbZDLSgMxFIYz9VbrbdSlm2AR6qbMiKibSsGNuKrg2EJnLJk0bUMzmSE5I5ahz+HGV3HjQsWlrnwb08tCWw8EvvznHJL/DxPBNTjOt5VbWFxaXsmvFtbWNza37O2dWx2nijKPxiJWjZBoJrhkHnAQrJEoRqJQsHrYvxj16/dMaR7LGxgkLIhIV/IOpwSM1LLdqzuFK9iXJBTEoJ/0OC6pQ+xDPL6MuOIDe4CMxlLDsGUXnbIzLjwP7hSKaFq1lv3pt2OaRkwCFUTrpuskEGREAaeCDQt+qllCaJ90WdOgJBHTQTa2NsQHRmnjTqzMkYDH6u+NjERaD6LQTEYEenq2NxL/6zVT6JwFGZdJCkzSyUOdVGBje5QTbnPFKIiBAUIVN3/FtEcUoWDSLJgQ3FnL8+AdlU/KzvVxsXo+TSOP9tA+KiEXnaIqukQ15CGKHtEzekVv1pP1Yr1bH5PRnDXd2UV/yvr6AQn+nz4=</latexit>

For other Galileons the proof is more tricky…	


 

Our idea is to use the loopholes:

Jr
= rr�(r) ! �(r) = const

<latexit sha1_base64="PemvG80Re80xdYywVxx256Gx6r0=">AAACI3icbZBPSwJBGMZn7Z/ZP6tjlyEJ7CJrRAViCF2ik0GbgrvJ7Djq4OzsMvNuJIsfpktfpUuHki4d+i6Nq4fSHhj48bzvyzvv40eCa7DtLyuztLyyupZdz21sbm3v5Hf37nUYK8ocGopQNX2imeCSOcBBsGakGAl8wRr+4GpSbzwypXko72AYMS8gPcm7nBIwVjtfuXlQuIpdSXxBDLpRn+OiOnYrbgW7EOIUUtu4uOoCe4KEhlLDqJ0v2CU7FV6E8gwKaKZ6Oz92OyGNAyaBCqJ1q2xH4CVEAaeCjXJurFlE6ID0WMugJAHTXpIeOcJHxungbqjMk4BT9/dEQgKth4FvOgMCfT1fm5j/1VoxdC+8hMsoBibpdFE3FtgcP0kMd7hiFMTQAKGKm79i2ieKUDC55kwI5fmTF8E5KZ2V7NvTQu1ylkYWHaBDVERldI5q6BrVkYMoekav6B19WC/WmzW2PqetGWs2s4/+yPr+AQ8soj4=</latexit><latexit sha1_base64="PemvG80Re80xdYywVxx256Gx6r0=">AAACI3icbZBPSwJBGMZn7Z/ZP6tjlyEJ7CJrRAViCF2ik0GbgrvJ7Djq4OzsMvNuJIsfpktfpUuHki4d+i6Nq4fSHhj48bzvyzvv40eCa7DtLyuztLyyupZdz21sbm3v5Hf37nUYK8ocGopQNX2imeCSOcBBsGakGAl8wRr+4GpSbzwypXko72AYMS8gPcm7nBIwVjtfuXlQuIpdSXxBDLpRn+OiOnYrbgW7EOIUUtu4uOoCe4KEhlLDqJ0v2CU7FV6E8gwKaKZ6Oz92OyGNAyaBCqJ1q2xH4CVEAaeCjXJurFlE6ID0WMugJAHTXpIeOcJHxungbqjMk4BT9/dEQgKth4FvOgMCfT1fm5j/1VoxdC+8hMsoBibpdFE3FtgcP0kMd7hiFMTQAKGKm79i2ieKUDC55kwI5fmTF8E5KZ2V7NvTQu1ylkYWHaBDVERldI5q6BrVkYMoekav6B19WC/WmzW2PqetGWs2s4/+yPr+AQ8soj4=</latexit>

�(r) ! � = �(t, r)
<latexit sha1_base64="x9ybApQabWtOgx13MieA7YWMCRM=">AAACDHicbVDLSsNAFJ34rPUVdelmsAotSElEVChKwY3LCsYWmlAm02k7dPJg5kYooT/gxl9x40LFrR/gzr9xmmahrQcGDufcy51z/FhwBZb1bSwsLi2vrBbWiusbm1vb5s7uvYoSSZlDIxHJlk8UEzxkDnAQrBVLRgJfsKY/vJ74zQcmFY/COxjFzAtIP+Q9TgloqWMeuvGAl2UFuzW3hl2IcqLVy8yCY1npmCWramXA88TOSQnlaHTML7cb0SRgIVBBlGrbVgxeSiRwKti46CaKxYQOSZ+1NQ1JwJSXZmnG+EgrXdyLpH4h4Ez9vZGSQKlR4OvJgMBAzXoT8T+vnUDvwkt5GCfAQjo91EsE1qEn1eAul4yCGGlCqOT6r5gOiCQUdIFFXYI9G3meOCfVs6p1e1qqX+VtFNA+OkBlZKNzVEc3qIEcRNEjekav6M14Ml6Md+NjOrpg5Dt76A+Mzx8Obpk0</latexit><latexit sha1_base64="x9ybApQabWtOgx13MieA7YWMCRM=">AAACDHicbVDLSsNAFJ34rPUVdelmsAotSElEVChKwY3LCsYWmlAm02k7dPJg5kYooT/gxl9x40LFrR/gzr9xmmahrQcGDufcy51z/FhwBZb1bSwsLi2vrBbWiusbm1vb5s7uvYoSSZlDIxHJlk8UEzxkDnAQrBVLRgJfsKY/vJ74zQcmFY/COxjFzAtIP+Q9TgloqWMeuvGAl2UFuzW3hl2IcqLVy8yCY1npmCWramXA88TOSQnlaHTML7cb0SRgIVBBlGrbVgxeSiRwKti46CaKxYQOSZ+1NQ1JwJSXZmnG+EgrXdyLpH4h4Ez9vZGSQKlR4OvJgMBAzXoT8T+vnUDvwkt5GCfAQjo91EsE1qEn1eAul4yCGGlCqOT6r5gOiCQUdIFFXYI9G3meOCfVs6p1e1qqX+VtFNA+OkBlZKNzVEc3qIEcRNEjekav6M14Ml6Md+NjOrpg5Dt76A+Mzx8Obpk0</latexit>

?1.

2.



Model 
  Action and EOMs

Action

• The action is invariant under 	



• Scalar field equation can be written as a current conservation 	



• Metric equations of motion:	



� ! �+ const

<latexit sha1_base64="eN0m9T2l/CuAkx9ft4ueWkGovNw=">AAACBHicbZDNSsNAFIUn9a/Wv6hLXQwWQRBKKqKupODGZQVjC00ok+mkHTqZhJkbsYRu3PgqblyouPUh3Pk2TtMstPXAwMe593LnniARXIPjfFulhcWl5ZXyamVtfWNzy97eudNxqihzaSxi1Q6IZoJL5gIHwdqJYiQKBGsFw6tJvXXPlOaxvIVRwvyI9CUPOSVgrK697yUDjj2IcQ7HBtkDZDSWGsZdu+rUnFx4HuoFVFGhZtf+8noxTSMmgQqidafuJOBnRAGngo0rXqpZQuiQ9FnHoCQR036WXzHGh8bp4TBW5knAuft7IiOR1qMoMJ0RgYGerU3M/2qdFMILP+MySYFJOl0UpgKboyeR4B5XjIIYGSBUcfNXTAdEEQomuIoJoT578jy4J7WzmnNzWm1cFmmU0R46QEeojs5RA12jJnIRRY/oGb2iN+vJerHerY9pa8kqZnbRH1mfPzd1l/M=</latexit><latexit sha1_base64="eN0m9T2l/CuAkx9ft4ueWkGovNw=">AAACBHicbZDNSsNAFIUn9a/Wv6hLXQwWQRBKKqKupODGZQVjC00ok+mkHTqZhJkbsYRu3PgqblyouPUh3Pk2TtMstPXAwMe593LnniARXIPjfFulhcWl5ZXyamVtfWNzy97eudNxqihzaSxi1Q6IZoJL5gIHwdqJYiQKBGsFw6tJvXXPlOaxvIVRwvyI9CUPOSVgrK697yUDjj2IcQ7HBtkDZDSWGsZdu+rUnFx4HuoFVFGhZtf+8noxTSMmgQqidafuJOBnRAGngo0rXqpZQuiQ9FnHoCQR036WXzHGh8bp4TBW5knAuft7IiOR1qMoMJ0RgYGerU3M/2qdFMILP+MySYFJOl0UpgKboyeR4B5XjIIYGSBUcfNXTAdEEQomuIoJoT578jy4J7WzmnNzWm1cFmmU0R46QEeojs5RA12jJnIRRY/oGb2iN+vJerHerY9pa8kqZnbRH1mfPzd1l/M=</latexit>

rµJ
µ = 0, Jµ = (⌘gµ⌫ � �Gµ⌫) @⌫�

<latexit sha1_base64="ff/tUHH9Zf7UJNtRGHGNTk2SmDk="></latexit><latexit sha1_base64="ff/tUHH9Zf7UJNtRGHGNTk2SmDk="></latexit>

⇣Gµ⌫ � ⌘

✓
@µ�@⌫�� 1

2
gµ⌫(@�)

2

◆
+ gµ⌫⇤

+
�

2

�
(@�)2Gµ⌫ + 2Pµ↵⌫�r↵�r��

+gµ↵�
↵⇢�
⌫�� r

�r⇢�r�r��
⌘
= 0

<latexit sha1_base64="UXSF5sL6r1rORWujqmelDfJ79F8="></latexit><latexit sha1_base64="UXSF5sL6r1rORWujqmelDfJ79F8="></latexit>

P↵�µ⌫ = �1

4
✏↵�⇢�R

⇢���✏µ⌫��
<latexit sha1_base64="vbHXTOLcP/MMAOoRnHF9vUnrPKY="></latexit><latexit sha1_base64="vbHXTOLcP/MMAOoRnHF9vUnrPKY="></latexit>
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<latexit sha1_base64="K86X0Djoa2z57hGFI9DvaWabutA="></latexit><latexit sha1_base64="K86X0Djoa2z57hGFI9DvaWabutA="></latexit>



Model 
  the Ansatze and assumptions

• Ansatze for metric: 	



• Ansatze for scalar:	



• Number of independent functions: 3  	



• Number of independent equations: 4 	



• Avoiding no-hair theorem:

Let us assume the following

ds2 = �h(r)dt2 +
dr2

f(r)
+ r2d⌦2

<latexit sha1_base64="lmZ76ZE4ahyWBW+y8W3tNz8/0fQ=">AAACHHicbZBNS8MwGMfT+TbnW9Wjl+AQJuJoy1AvysCLNydYN1i7kabpFpa+kKTCKP0iXvwqXjyoePEg+G3Mth50+ofAL//neUiev5cwKqRhfGmlhcWl5ZXyamVtfWNzS9/euRNxyjGxccxi3vGQIIxGxJZUMtJJOEGhx0jbG11O6u17wgWNo1s5TogbokFEA4qRVFZfb/iiZ8FzeDys8UNfKj6CTsARznzes/IsUHauPHWBvnMdkgHqWX29atSNqeBfMAuogkKtvv7h+DFOQxJJzJAQXdNIpJshLilmJK84qSAJwiM0IF2FEQqJcLPpdjk8UI4Pg5irE0k4dX9OZCgUYhx6qjNEcijmaxPzv1o3lcGZm9EoSSWJ8OyhIGVQxnASFfQpJ1iysQKEOVV/hXiIVDZSBVpRIZjzK/8F26qf1I2bRrV5UaRRBntgH9SACU5BE1yBFrABBg/gCbyAV+1Re9betPdZa0krZnbBL2mf37V2nss=</latexit><latexit sha1_base64="lmZ76ZE4ahyWBW+y8W3tNz8/0fQ=">AAACHHicbZBNS8MwGMfT+TbnW9Wjl+AQJuJoy1AvysCLNydYN1i7kabpFpa+kKTCKP0iXvwqXjyoePEg+G3Mth50+ofAL//neUiev5cwKqRhfGmlhcWl5ZXyamVtfWNzS9/euRNxyjGxccxi3vGQIIxGxJZUMtJJOEGhx0jbG11O6u17wgWNo1s5TogbokFEA4qRVFZfb/iiZ8FzeDys8UNfKj6CTsARznzes/IsUHauPHWBvnMdkgHqWX29atSNqeBfMAuogkKtvv7h+DFOQxJJzJAQXdNIpJshLilmJK84qSAJwiM0IF2FEQqJcLPpdjk8UI4Pg5irE0k4dX9OZCgUYhx6qjNEcijmaxPzv1o3lcGZm9EoSSWJ8OyhIGVQxnASFfQpJ1iysQKEOVV/hXiIVDZSBVpRIZjzK/8F26qf1I2bRrV5UaRRBntgH9SACU5BE1yBFrABBg/gCbyAV+1Re9betPdZa0krZnbBL2mf37V2nss=</latexit>

�(t, r) = q t+  (r)
<latexit sha1_base64="saOQpmTIG/OaCFx5Rjp+ORIoC8M=">AAACA3icbVA9SwNBEN2LXzF+nVqmWQxCgiHciaiNErCxjOCZQO4Ie5u9ZMneh7tzQggpbPwrNhYqtv4JO/+Nm+QKTXww8Hhvhpl5fiK4Asv6NnJLyyura/n1wsbm1vaOubt3p+JUUubQWMSy5RPFBI+YAxwEayWSkdAXrOkPriZ+84FJxePoFoYJ80LSi3jAKQEtdcyim/R5Gaqygi/wvVvFgI+wmyhelpWOWbJq1hR4kdgZKaEMjY755XZjmoYsAiqIUm3bSsAbEQmcCjYuuKliCaED0mNtTSMSMuWNpk+M8aFWujiIpa4I8FT9PTEioVLD0NedIYG+mvcm4n9eO4Xg3BvxKEmBRXS2KEgFhhhPEsFdLhkFMdSEUMn1rZj2iSQUdG4FHYI9//IicY5rpzXr5qRUv8zSyKMiOkBlZKMzVEfXqIEcRNEjekav6M14Ml6Md+Nj1pozspl99AfG5w8pNZVl</latexit><latexit sha1_base64="saOQpmTIG/OaCFx5Rjp+ORIoC8M=">AAACA3icbVA9SwNBEN2LXzF+nVqmWQxCgiHciaiNErCxjOCZQO4Ie5u9ZMneh7tzQggpbPwrNhYqtv4JO/+Nm+QKTXww8Hhvhpl5fiK4Asv6NnJLyyura/n1wsbm1vaOubt3p+JUUubQWMSy5RPFBI+YAxwEayWSkdAXrOkPriZ+84FJxePoFoYJ80LSi3jAKQEtdcyim/R5Gaqygi/wvVvFgI+wmyhelpWOWbJq1hR4kdgZKaEMjY755XZjmoYsAiqIUm3bSsAbEQmcCjYuuKliCaED0mNtTSMSMuWNpk+M8aFWujiIpa4I8FT9PTEioVLD0NedIYG+mvcm4n9eO4Xg3BvxKEmBRXS2KEgFhhhPEsFdLhkFMdSEUMn1rZj2iSQUdG4FHYI9//IicY5rpzXr5qRUv8zSyKMiOkBlZKMzVEfXqIEcRNEjekav6M14Ml6Md+Nj1pozspl99AfG5w8pNZVl</latexit>

[ (r), h(r), f(r)]
<latexit sha1_base64="8AQF0ESB5wfzhJl7U8KgptduCbU=">AAACAXicbVDLSsNAFL2pr1pfUVfiZrAIFaQkIioIUnDjsoKxhSSUyXTSDp08mJkIJRQ3/oobFypu/Qt3/o3TNgttPTDcwzn3cueeIOVMKsv6NkoLi0vLK+XVytr6xuaWub1zL5NMEOqQhCeiHWBJOYupo5jitJ0KiqOA01YwuB77rQcqJEviOzVMqR/hXsxCRrDSUsfcc71Uspo4OvYuUb+ooa5+x6xadWsCNE/sglShQLNjfnndhGQRjRXhWErXtlLl51goRjgdVbxM0hSTAe5RV9MYR1T6+eSEETrUSheFidAvVmii/p7IcSTlMAp0Z4RVX856Y/E/z81UeOHnLE4zRWMyXRRmHKkEjfNAXSYoUXyoCSaC6b8i0scCE6VTq+gQ7NmT54lzUj+rW7en1cZVkUYZ9uEAamDDOTTgBprgAIFHeIZXeDOejBfj3fiYtpaMYmYX/sD4/AHbPJSu</latexit><latexit sha1_base64="8AQF0ESB5wfzhJl7U8KgptduCbU=">AAACAXicbVDLSsNAFL2pr1pfUVfiZrAIFaQkIioIUnDjsoKxhSSUyXTSDp08mJkIJRQ3/oobFypu/Qt3/o3TNgttPTDcwzn3cueeIOVMKsv6NkoLi0vLK+XVytr6xuaWub1zL5NMEOqQhCeiHWBJOYupo5jitJ0KiqOA01YwuB77rQcqJEviOzVMqR/hXsxCRrDSUsfcc71Uspo4OvYuUb+ooa5+x6xadWsCNE/sglShQLNjfnndhGQRjRXhWErXtlLl51goRjgdVbxM0hSTAe5RV9MYR1T6+eSEETrUSheFidAvVmii/p7IcSTlMAp0Z4RVX856Y/E/z81UeOHnLE4zRWMyXRRmHKkEjfNAXSYoUXyoCSaC6b8i0scCE6VTq+gQ7NmT54lzUj+rW7en1cZVkUYZ9uEAamDDOTTgBprgAIFHeIZXeDOejBfj3fiYtpaMYmYX/sD4/AHbPJSu</latexit>

[Ett, Etr, Err, E�]
<latexit sha1_base64="VwHPX0WvkGAo/Jxc1FjCSj79TM4=">AAACD3icbZDLSsNAFIYnXmu9VV26GSyiCymJiAqCFERwWcHYQhLCZDpph04uzJwIJfQR3PgqblyouHXrzrdx2qagrT8MfPznHM6cP0gFV2Ca38bc/MLi0nJppby6tr6xWdnavldJJimzaSIS2QqIYoLHzAYOgrVSyUgUCNYMelfDevOBScWT+A76KfMi0ol5yCkBbfmVA+fazwEGR+4FHpKckJyQm3Y59vxK1ayZI+FZsAqookINv/LlthOaRSwGKohSjmWm4OVEAqeCDcpuplhKaI90mKMxJhFTXj46aID3tdPGYSL1iwGP3N8TOYmU6keB7owIdNV0bWj+V3MyCM+9nMdpBiym40VhJjAkeJgObnPJKIi+BkIl13/FtEskoaAzLOsQrOmTZ8E+rp3WzNuTav2ySKOEdtEeOkQWOkN1dIMayEYUPaJn9IrejCfjxXg3Psatc0Yxs4P+yPj8Aa3nm0U=</latexit><latexit sha1_base64="VwHPX0WvkGAo/Jxc1FjCSj79TM4=">AAACD3icbZDLSsNAFIYnXmu9VV26GSyiCymJiAqCFERwWcHYQhLCZDpph04uzJwIJfQR3PgqblyouHXrzrdx2qagrT8MfPznHM6cP0gFV2Ca38bc/MLi0nJppby6tr6xWdnavldJJimzaSIS2QqIYoLHzAYOgrVSyUgUCNYMelfDevOBScWT+A76KfMi0ol5yCkBbfmVA+fazwEGR+4FHpKckJyQm3Y59vxK1ayZI+FZsAqookINv/LlthOaRSwGKohSjmWm4OVEAqeCDcpuplhKaI90mKMxJhFTXj46aID3tdPGYSL1iwGP3N8TOYmU6keB7owIdNV0bWj+V3MyCM+9nMdpBiym40VhJjAkeJgObnPJKIi+BkIl13/FtEskoaAzLOsQrOmTZ8E+rp3WzNuTav2ySKOEdtEeOkQWOkN1dIMayEYUPaJn9IrejCfjxXg3Psatc0Yxs4P+yPj8Aa3nm0U=</latexit>

�Grr � ⌘grr = 0
<latexit sha1_base64="K/j5M8Z761nuJKpTEmb73DqX7Qo=">AAACAnicdZBLSwMxFIXv+Kz1NepON8EiuLFMRdSNUnChywqOLXRqyaSZNjSTGZKMUIaCG/+KGxcqbv0V7vw3ZqYV6utA4OOce0ly/JgzpR3nw5qanpmdmy8sFBeXlldW7bX1axUlklCXRDySDR8rypmgrmaa00YsKQ59Tut+/yzL67dUKhaJKz2IaSvEXcECRrA2Vtve9HyqMTq/SaUc7nkZd3M+cdp2qVJ2ciHnF3xFJRir1rbfvU5EkpAKTThWqllxYt1KsdSMcDoseomiMSZ93KVNgwKHVLXS/A9DtGOcDgoiaY7QKHcnN1IcKjUIfTMZYt1TP7PM/CtrJjo4bqVMxImmgowuChKOdISyQlCHSUo0HxjARDLzVkR6WGKiTW3FyRL+B3e/fFh2Lg9K1dNxGwXYgm3YhQocQRUuoAYuELiDB3iCZ+veerRerNfR6JQ13tmAb7LePgGYTJcG</latexit><latexit sha1_base64="K/j5M8Z761nuJKpTEmb73DqX7Qo=">AAACAnicdZBLSwMxFIXv+Kz1NepON8EiuLFMRdSNUnChywqOLXRqyaSZNjSTGZKMUIaCG/+KGxcqbv0V7vw3ZqYV6utA4OOce0ly/JgzpR3nw5qanpmdmy8sFBeXlldW7bX1axUlklCXRDySDR8rypmgrmaa00YsKQ59Tut+/yzL67dUKhaJKz2IaSvEXcECRrA2Vtve9HyqMTq/SaUc7nkZd3M+cdp2qVJ2ciHnF3xFJRir1rbfvU5EkpAKTThWqllxYt1KsdSMcDoseomiMSZ93KVNgwKHVLXS/A9DtGOcDgoiaY7QKHcnN1IcKjUIfTMZYt1TP7PM/CtrJjo4bqVMxImmgowuChKOdISyQlCHSUo0HxjARDLzVkR6WGKiTW3FyRL+B3e/fFh2Lg9K1dNxGwXYgm3YhQocQRUuoAYuELiDB3iCZ+veerRerNfR6JQ13tmAb7LePgGYTJcG</latexit>

- EOM for scalar is satisfied

Also (tr)-component of the metric equation is satisfied
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�gJ t
�
+ @r

�p
�gJr

�
= 0

<latexit sha1_base64="drtuRJCDokKTzfyJ4OpriDp4suk=">AAACM3icbVDLSgMxFM34rPU16tJNsAgVsUxF1I1ScCO6qWBtoTMOmTTThmYeJneEMvSj3PghbkRwoeLWfzBtB9HWA4HDOedyc48XC67Asl6MqemZ2bn53EJ+cWl5ZdVcW79RUSIpq9FIRLLhEcUED1kNOAjWiCUjgSdY3eueDfz6PZOKR+E19GLmBKQdcp9TAlpyzUs7JhI4ES5gWzAfira6k5DutfsXt2BL3u7Azu5PSE6GZBY6sVyzYJWsIfAkKWekgDJUXfPJbkU0CVgIVBClmmUrBicd7KKC9fN2olhMaJe0WVPTkARMOenw6D7e1koL+5HULwQ8VH9PpCRQqhd4OhkQ6KhxbyD+5zUT8I+dlIdxAiyko0V+IjBEeNAgbnHJKIieJoRKrv+KaYdIQkH3nNcllMdPniS1/dJhybo6KFROszZyaBNtoSIqoyNUQeeoimqIogf0jN7Qu/FovBofxucoOmVkMxvoD4yvb8yVq7E=</latexit><latexit sha1_base64="drtuRJCDokKTzfyJ4OpriDp4suk=">AAACM3icbVDLSgMxFM34rPU16tJNsAgVsUxF1I1ScCO6qWBtoTMOmTTThmYeJneEMvSj3PghbkRwoeLWfzBtB9HWA4HDOedyc48XC67Asl6MqemZ2bn53EJ+cWl5ZdVcW79RUSIpq9FIRLLhEcUED1kNOAjWiCUjgSdY3eueDfz6PZOKR+E19GLmBKQdcp9TAlpyzUs7JhI4ES5gWzAfira6k5DutfsXt2BL3u7Azu5PSE6GZBY6sVyzYJWsIfAkKWekgDJUXfPJbkU0CVgIVBClmmUrBicd7KKC9fN2olhMaJe0WVPTkARMOenw6D7e1koL+5HULwQ8VH9PpCRQqhd4OhkQ6KhxbyD+5zUT8I+dlIdxAiyko0V+IjBEeNAgbnHJKIieJoRKrv+KaYdIQkH3nNcllMdPniS1/dJhybo6KFROszZyaBNtoSIqoyNUQeeoimqIogf0jN7Qu/FovBofxucoOmVkMxvoD4yvb8yVq7E=</latexit>



Regularity? 

�Grr � ⌘grr = 0 ! f =
(� + ⌘r2)h

�(rh)0
<latexit sha1_base64="o2K4jiCKYyBRtkTvyv5CElJuBQ4="></latexit><latexit sha1_base64="o2K4jiCKYyBRtkTvyv5CElJuBQ4="></latexit>

For                the current is non-zero, so is         diverging at the horizon ?q 6= 0
<latexit sha1_base64="kJrb6NLxQ2Qf9GenG86RbiWxa7M=">AAAB7XicbVBNS8NAEJ34WetX1aOXxSJ4KomIepKCF48VjC20oWy2k3bpZpPuboQS+iO8eFDx6v/x5r9x2+agrQ8GHu/NMDMvTAXXxnW/nZXVtfWNzdJWeXtnd2+/cnD4qJNMMfRZIhLVCqlGwSX6hhuBrVQhjUOBzXB4O/WbT6g0T+SDGacYxLQvecQZNVZqjjoSR8TtVqpuzZ2BLBOvIFUo0OhWvjq9hGUxSsME1brtuakJcqoMZwIn5U6mMaVsSPvYtlTSGHWQz86dkFOr9EiUKFvSkJn6eyKnsdbjOLSdMTUDvehNxf+8dmai6yDnMs0MSjZfFGWCmIRMfyc9rpAZMbaEMsXtrYQNqKLM2ITKNgRv8eVl4p/XLmvu/UW1flOkUYJjOIEz8OAK6nAHDfCBwRCe4RXenNR5cd6dj3nrilPMHMEfOJ8/G1+O7Q==</latexit><latexit sha1_base64="kJrb6NLxQ2Qf9GenG86RbiWxa7M=">AAAB7XicbVBNS8NAEJ34WetX1aOXxSJ4KomIepKCF48VjC20oWy2k3bpZpPuboQS+iO8eFDx6v/x5r9x2+agrQ8GHu/NMDMvTAXXxnW/nZXVtfWNzdJWeXtnd2+/cnD4qJNMMfRZIhLVCqlGwSX6hhuBrVQhjUOBzXB4O/WbT6g0T+SDGacYxLQvecQZNVZqjjoSR8TtVqpuzZ2BLBOvIFUo0OhWvjq9hGUxSsME1brtuakJcqoMZwIn5U6mMaVsSPvYtlTSGHWQz86dkFOr9EiUKFvSkJn6eyKnsdbjOLSdMTUDvehNxf+8dmai6yDnMs0MSjZfFGWCmIRMfyc9rpAZMbaEMsXtrYQNqKLM2ITKNgRv8eVl4p/XLmvu/UW1flOkUYJjOIEz8OAK6nAHDfCBwRCe4RXenNR5cd6dj3nrilPMHMEfOJ8/G1+O7Q==</latexit>

J2
<latexit sha1_base64="K34oHbsRwmrL6wyhC8LlRp3IZBY=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9SQFL+KporGFNpbNdtMu3WzC7kQopT/BiwcVr/4jb/4bt20O2vpg4PHeDDPzwlQKg6777Swtr6yurRc2iptb2zu7pb39B5NkmnGfJTLRzZAaLoXiPgqUvJlqTuNQ8kY4uJr4jSeujUjUPQ5THsS0p0QkGEUr3d08VjulsltxpyCLxMtJGXLUO6WvdjdhWcwVMkmNaXluisGIahRM8nGxnRmeUjagPd6yVNGYm2A0PXVMjq3SJVGibSkkU/X3xIjGxgzj0HbGFPtm3puI/3mtDKOLYCRUmiFXbLYoyiTBhEz+Jl2hOUM5tIQyLeythPWppgxtOkUbgjf/8iLxq5Wzint7Wq5d5mkU4BCO4AQ8OIcaXEMdfGDQg2d4hTdHOi/Ou/Mxa11y8pkD+APn8wcxDI0+</latexit><latexit sha1_base64="K34oHbsRwmrL6wyhC8LlRp3IZBY=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9SQFL+KporGFNpbNdtMu3WzC7kQopT/BiwcVr/4jb/4bt20O2vpg4PHeDDPzwlQKg6777Swtr6yurRc2iptb2zu7pb39B5NkmnGfJTLRzZAaLoXiPgqUvJlqTuNQ8kY4uJr4jSeujUjUPQ5THsS0p0QkGEUr3d08VjulsltxpyCLxMtJGXLUO6WvdjdhWcwVMkmNaXluisGIahRM8nGxnRmeUjagPd6yVNGYm2A0PXVMjq3SJVGibSkkU/X3xIjGxgzj0HbGFPtm3puI/3mtDKOLYCRUmiFXbLYoyiTBhEz+Jl2hOUM5tIQyLeythPWppgxtOkUbgjf/8iLxq5Wzint7Wq5d5mkU4BCO4AQ8OIcaXEMdfGDQg2d4hTdHOi/Ou/Mxa11y8pkD+APn8wcxDI0+</latexit>

In fact no, because J t =

�
2⌘rh� 2�h0 � r(� + ⌘r2)h00� q

r(rh)02
<latexit sha1_base64="cRIYdXoxSLouyoAkkpqM09EqHbo="></latexit><latexit sha1_base64="cRIYdXoxSLouyoAkkpqM09EqHbo="></latexit>

J2 = gttJ
tJ t = 0

<latexit sha1_base64="mTbVnNFuXCb3EWsFV7SUnIqsA8Y=">AAAB/nicbVBNS8NAEN34WetXVPDiZbEInkpaRD1YKHiRnioYW2jTsNlu2qWbD3YnQok9+Fe8eFDx6u/w5r9x0+agrQ8GHu/NMDPPiwVXYFnfxtLyyuraemGjuLm1vbNr7u3fqyiRlNk0EpFse0QxwUNmAwfB2rFkJPAEa3mj68xvPTCpeBTewThmTkAGIfc5JaAl1zxs9Kq4hgduCjDBjR5kVbNcs2SVrSnwIqnkpIRyNF3zq9uPaBKwEKggSnUqVgxOSiRwKtik2E0UiwkdkQHraBqSgCknnd4/wSda6WM/krpCwFP190RKAqXGgac7AwJDNe9l4n9eJwH/0kl5GCfAQjpb5CcCQ4SzMHCfS0ZBjDUhVHJ9K6ZDIgkFHVlRh1CZf3mR2NXyedm6PSvVr/I0CugIHaNTVEEXqI5uUBPZiKJH9Ixe0ZvxZLwY78bHrHXJyGcO0B8Ynz/MLJQz</latexit><latexit sha1_base64="mTbVnNFuXCb3EWsFV7SUnIqsA8Y=">AAAB/nicbVBNS8NAEN34WetXVPDiZbEInkpaRD1YKHiRnioYW2jTsNlu2qWbD3YnQok9+Fe8eFDx6u/w5r9x0+agrQ8GHu/NMDPPiwVXYFnfxtLyyuraemGjuLm1vbNr7u3fqyiRlNk0EpFse0QxwUNmAwfB2rFkJPAEa3mj68xvPTCpeBTewThmTkAGIfc5JaAl1zxs9Kq4hgduCjDBjR5kVbNcs2SVrSnwIqnkpIRyNF3zq9uPaBKwEKggSnUqVgxOSiRwKtik2E0UiwkdkQHraBqSgCknnd4/wSda6WM/krpCwFP190RKAqXGgac7AwJDNe9l4n9eJwH/0kl5GCfAQjpb5CcCQ4SzMHCfS0ZBjDUhVHJ9K6ZDIgkFHVlRh1CZf3mR2NXyedm6PSvVr/I0CugIHaNTVEEXqI5uUBPZiKJH9Ixe0ZvxZLwY78bHrHXJyGcO0B8Ynz/MLJQz</latexit>

unless (rh)0 = 0
<latexit sha1_base64="0BwZIPzgwTdcHUAaYCKUHUlO+Qc=">AAAB7XicbVBNS8NAEJ34WetX1aOXxSLWS0lF1INCwYvHCsYW2lA220m7dLMJuxuhhP4ILx5UvPp/vPlv3LY5aOuDgcd7M8zMCxLBtXHdb2dpeWV1bb2wUdzc2t7ZLe3tP+o4VQw9FotYtQKqUXCJnuFGYCtRSKNAYDMY3k785hMqzWP5YEYJ+hHtSx5yRo2VmhU1OD25cbulslt1pyCLpJaTMuRodEtfnV7M0gilYYJq3a65ifEzqgxnAsfFTqoxoWxI+9i2VNIItZ9Nzx2TY6v0SBgrW9KQqfp7IqOR1qMosJ0RNQM9703E/7x2asIrP+MySQ1KNlsUpoKYmEx+Jz2ukBkxsoQyxe2thA2ooszYhIo2hNr8y4vEO6teVN3783L9Ok+jAIdwBBWowSXU4Q4a4AGDITzDK7w5ifPivDsfs9YlJ585gD9wPn8AI0WOSQ==</latexit><latexit sha1_base64="0BwZIPzgwTdcHUAaYCKUHUlO+Qc=">AAAB7XicbVBNS8NAEJ34WetX1aOXxSLWS0lF1INCwYvHCsYW2lA220m7dLMJuxuhhP4ILx5UvPp/vPlv3LY5aOuDgcd7M8zMCxLBtXHdb2dpeWV1bb2wUdzc2t7ZLe3tP+o4VQw9FotYtQKqUXCJnuFGYCtRSKNAYDMY3k785hMqzWP5YEYJ+hHtSx5yRo2VmhU1OD25cbulslt1pyCLpJaTMuRodEtfnV7M0gilYYJq3a65ifEzqgxnAsfFTqoxoWxI+9i2VNIItZ9Nzx2TY6v0SBgrW9KQqfp7IqOR1qMosJ0RNQM9703E/7x2asIrP+MySQ1KNlsUpoKYmEx+Jz2ukBkxsoQyxe2thA2ooszYhIo2hNr8y4vEO6teVN3783L9Ok+jAIdwBBWowSXU4Q4a4AGDITzDK7w5ifPivDsfs9YlJ585gD9wPn8AI0WOSQ==</latexit>

(extremal black hole)

Need to solve  two ODE’s, the (rr) and (tt) component of the metric equation.	


The hypothesis is consistent, moreover the current is ok at the horizon.



Model 
  Solving the remaining EOMs

• From (rr)-component we find

 0 = ±
p
r

h(� + ⌘r2)

✓
q2�(� + ⌘r2)h0 � �

2
(h2r2)0

◆1/2

<latexit sha1_base64="JIfIaFqnX1wkylRpJU64aNlNFlA="></latexit><latexit sha1_base64="JIfIaFqnX1wkylRpJU64aNlNFlA="></latexit>

� ⌘ ⇣⌘ + �⇤
<latexit sha1_base64="BSyr5UVcQOkEu5XeZeDSsMwXJ08=">AAACHXicbZDLSgMxFIYzXmu9VV26CRZBEMpUvC1cFNy4cFHB2kKnlEx62oZmMmNyplCHPokbX8WNCxUXbsS3MZ12oa0HAh//f05y8vuRFAZd99uZm19YXFrOrGRX19Y3NnNb23cmjDWHCg9lqGs+MyCFggoKlFCLNLDAl1D1e5cjv9oHbUSobnEQQSNgHSXagjO0UjN34qV3JB0NoIaJJ+1oi3lwH4s+9R4ALSOjh9TzR3yd2sNmLu8W3LToLBQnkCeTKjdzn14r5HEACrlkxtSLboSNhGkUXMIw68UGIsZ7rAN1i4oFYBpJutqQ7lulRduhtkchTdXfEwkLjBkEvu0MGHbNtDcS//PqMbbPG4lQUYyg+PihdiwphnSUFW0JDRzlwALjWthdKe8yzTjaRLM2hOL0l2ehclQ4Lbg3x/nSxSSNDNkle+SAFMkZKZErUiYVwskjeSav5M15cl6cd+dj3DrnTGZ2yJ9yvn4Azy2jDA==</latexit><latexit sha1_base64="BSyr5UVcQOkEu5XeZeDSsMwXJ08=">AAACHXicbZDLSgMxFIYzXmu9VV26CRZBEMpUvC1cFNy4cFHB2kKnlEx62oZmMmNyplCHPokbX8WNCxUXbsS3MZ12oa0HAh//f05y8vuRFAZd99uZm19YXFrOrGRX19Y3NnNb23cmjDWHCg9lqGs+MyCFggoKlFCLNLDAl1D1e5cjv9oHbUSobnEQQSNgHSXagjO0UjN34qV3JB0NoIaJJ+1oi3lwH4s+9R4ALSOjh9TzR3yd2sNmLu8W3LToLBQnkCeTKjdzn14r5HEACrlkxtSLboSNhGkUXMIw68UGIsZ7rAN1i4oFYBpJutqQ7lulRduhtkchTdXfEwkLjBkEvu0MGHbNtDcS//PqMbbPG4lQUYyg+PihdiwphnSUFW0JDRzlwALjWthdKe8yzTjaRLM2hOL0l2ehclQ4Lbg3x/nSxSSNDNkle+SAFMkZKZErUiYVwskjeSav5M15cl6cd+dj3DrnTGZ2yJ9yvn4Azy2jDA==</latexit>

• Note that for                       and no time-dependence, the scalar is trivial	



• And finally, (tt)-component gives h(r) via,

⌘ = ⇤ = 0
<latexit sha1_base64="vlRfhHCD6W+pPHjSe8ujaHMb2XM=">AAAB+HicbVBNS8NAFNzUr1q/oh69LBbBU0lE1IOFghcPHioYW2hC2Ww27dLNJuy+FEroP/HiQcWrP8Wb/8Ztm4NWBxaGmTe8txNmgmtwnC+rsrK6tr5R3axtbe/s7tn7B486zRVlHk1Fqroh0UxwyTzgIFg3U4wkoWCdcHQz8ztjpjRP5QNMMhYkZCB5zCkBI/Vt22dAmv6dSUQENx3ct+tOw5kD/yVuSeqoRLtvf/pRSvOESaCCaN1znQyCgijgVLBpzc81ywgdkQHrGSpJwnRQzC+f4hOjRDhOlXkS8Fz9mShIovUkCc1kQmCol72Z+J/XyyG+CgousxyYpItFcS4wpHhWA464YhTExBBCFTe3YjokilAwZdVMCe7yl/8S76xx0XDuz+ut67KNKjpCx+gUuegStdAtaiMPUTRGT+gFvVqF9Wy9We+L0YpVZg7RL1gf3yRqkjI=</latexit><latexit sha1_base64="vlRfhHCD6W+pPHjSe8ujaHMb2XM=">AAAB+HicbVBNS8NAFNzUr1q/oh69LBbBU0lE1IOFghcPHioYW2hC2Ww27dLNJuy+FEroP/HiQcWrP8Wb/8Ztm4NWBxaGmTe8txNmgmtwnC+rsrK6tr5R3axtbe/s7tn7B486zRVlHk1Fqroh0UxwyTzgIFg3U4wkoWCdcHQz8ztjpjRP5QNMMhYkZCB5zCkBI/Vt22dAmv6dSUQENx3ct+tOw5kD/yVuSeqoRLtvf/pRSvOESaCCaN1znQyCgijgVLBpzc81ywgdkQHrGSpJwnRQzC+f4hOjRDhOlXkS8Fz9mShIovUkCc1kQmCol72Z+J/XyyG+CgousxyYpItFcS4wpHhWA464YhTExBBCFTe3YjokilAwZdVMCe7yl/8S76xx0XDuz+ut67KNKjpCx+gUuegStdAtaiMPUTRGT+gFvVqF9Wy9We+L0YpVZg7RL1gf3yRqkjI=</latexit>

h(r) = �µ

r
+

1

r

Z
k(r)

� + ⌘r2
dr

<latexit sha1_base64="Ac76SrQ4p4NLYVCrbHU4wuScYTI="></latexit><latexit sha1_base64="Ac76SrQ4p4NLYVCrbHU4wuScYTI="></latexit>

and q2�(� + ⌘r2)2 �
�
2⇣� + (2⇣⌘ � �) r2

�
k + C0k

3/2 = 0
<latexit sha1_base64="E4YH7rgbHaZBEKhFZeT2C2HacsY="></latexit><latexit sha1_base64="E4YH7rgbHaZBEKhFZeT2C2HacsY="></latexit>

Any solution of the algebraic equation for                gives full 
solution to the system !

k = k(r)
<latexit sha1_base64="JP5Fk3KJVb2qv8YtuVaCwOh8W44=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRahXsquiHpQKHjxWMFtC+1Ssmm2jc0mS5IVytL/4MWDild/kDf/jWm7B219MPB4b4aZeWHCmTau++0UVlbX1jeKm6Wt7Z3dvfL+QVPLVBHqE8mlaodYU84E9Q0znLYTRXEcctoKR7dTv/VElWZSPJhxQoMYDwSLGMHGSs3RzaiqTnvliltzZ0DLxMtJBXI0euWvbl+SNKbCEI617nhuYoIMK8MIp5NSN9U0wWSEB7RjqcAx1UE2u3aCTqzSR5FUtoRBM/X3RIZjrcdxaDtjbIZ60ZuK/3md1ERXQcZEkhoqyHxRlHJkJJq+jvpMUWL42BJMFLO3IjLEChNjAyrZELzFl5eJf1a7qLn355X6dZ5GEY7gGKrgwSXU4Q4a4AOBR3iGV3hzpPPivDsf89aCk88cwh84nz8gW45W</latexit><latexit sha1_base64="JP5Fk3KJVb2qv8YtuVaCwOh8W44=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRahXsquiHpQKHjxWMFtC+1Ssmm2jc0mS5IVytL/4MWDild/kDf/jWm7B219MPB4b4aZeWHCmTau++0UVlbX1jeKm6Wt7Z3dvfL+QVPLVBHqE8mlaodYU84E9Q0znLYTRXEcctoKR7dTv/VElWZSPJhxQoMYDwSLGMHGSs3RzaiqTnvliltzZ0DLxMtJBXI0euWvbl+SNKbCEI617nhuYoIMK8MIp5NSN9U0wWSEB7RjqcAx1UE2u3aCTqzSR5FUtoRBM/X3RIZjrcdxaDtjbIZ60ZuK/3md1ERXQcZEkhoqyHxRlHJkJJq+jvpMUWL42BJMFLO3IjLEChNjAyrZELzFl5eJf1a7qLn355X6dZ5GEY7gGKrgwSXU4Q4a4AOBR3iGV3hzpPPivDsf89aCk88cwh84nz8gW45W</latexit><latexit sha1_base64="JP5Fk3KJVb2qv8YtuVaCwOh8W44=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRahXsquiHpQKHjxWMFtC+1Ssmm2jc0mS5IVytL/4MWDild/kDf/jWm7B219MPB4b4aZeWHCmTau++0UVlbX1jeKm6Wt7Z3dvfL+QVPLVBHqE8mlaodYU84E9Q0znLYTRXEcctoKR7dTv/VElWZSPJhxQoMYDwSLGMHGSs3RzaiqTnvliltzZ0DLxMtJBXI0euWvbl+SNKbCEI617nhuYoIMK8MIp5NSN9U0wWSEB7RjqcAx1UE2u3aCTqzSR5FUtoRBM/X3RIZjrcdxaDtjbIZ60ZuK/3md1ERXQcZEkhoqyHxRlHJkJJq+jvpMUWL42BJMFLO3IjLEChNjAyrZELzFl5eJf1a7qLn355X6dZ5GEY7gGKrgwSXU4Q4a4AOBR3iGV3hzpPPivDsf89aCk88cwh84nz8gW45W</latexit><latexit sha1_base64="KBet0gCnjjeHoNqWcqCFkvXlYrc=">AAAB43icbVBNS8NAEJ34WeNX9eplsQieSuJBPQpePFYwttCGstls2qWb3bA7EUroH/DgRfHqf/Lmv3H7AWrrg4HHezPMzEsKKSwGwZe3tr6xubVd2/F39/z9g8P60aPVpWE8Ylpq00mo5VIoHqFAyTuF4TRPJG8no9up337ixgqtHnBc8DinAyUywSg6qdWvN4JmMANZJeGCNGCBfv2zl2pW5lwhk9TabhgUGFfUoGCST/xeaXlB2YgOeNdRRXNu42p25oScOSUlmTauFJKZ+nuiorm14zxxnTnFoV32puJ/XrfE7DquhCpK5IrNF2WlJKjJ9GeSCsMZyrEjlBnhbiVsSA1l6JLxXQbh8serJLpoXjaD+58soAYncArnEMIV3MAdtCACBik8w6s39F68N+993rjmLSaO4Q+8j2+GborS</latexit><latexit sha1_base64="0Qn9tx4NZJgPpjy4W6wqvaqoKLE=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBahXkriQb0IghePFUxbaEPZbDftms1u2N0IIfQ/ePGg4tUf5M1/4/YD1NYHA4/3ZpiZF6acaeO6X05pZXVtfaO8Wdna3tndq+4ftLTMFKE+kVyqTog15UxQ3zDDaSdVFCchp+0wvpn47UeqNJPi3uQpDRI8FCxiBBsrteKruK5O+9Wa23CnQMvEm5MazNHsVz97A0myhApDONa667mpCQqsDCOcjiu9TNMUkxgPaddSgROqg2J67RidWGWAIqlsCYOm6u+JAida50loOxNsRnrRm4j/ed3MRJdBwUSaGSrIbFGUcWQkmryOBkxRYnhuCSaK2VsRGWGFibEBVWwI3uLLy8Q/a5w33LufMKAMR3AMdfDgAq7hFprgA4EHeIIXeHWk8+y8Oe+z1pIznzmEP3A+vgH5gI3W</latexit><latexit sha1_base64="0Qn9tx4NZJgPpjy4W6wqvaqoKLE=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBahXkriQb0IghePFUxbaEPZbDftms1u2N0IIfQ/ePGg4tUf5M1/4/YD1NYHA4/3ZpiZF6acaeO6X05pZXVtfaO8Wdna3tndq+4ftLTMFKE+kVyqTog15UxQ3zDDaSdVFCchp+0wvpn47UeqNJPi3uQpDRI8FCxiBBsrteKruK5O+9Wa23CnQMvEm5MazNHsVz97A0myhApDONa667mpCQqsDCOcjiu9TNMUkxgPaddSgROqg2J67RidWGWAIqlsCYOm6u+JAida50loOxNsRnrRm4j/ed3MRJdBwUSaGSrIbFGUcWQkmryOBkxRYnhuCSaK2VsRGWGFibEBVWwI3uLLy8Q/a5w33LufMKAMR3AMdfDgAq7hFprgA4EHeIIXeHWk8+y8Oe+z1pIznzmEP3A+vgH5gI3W</latexit><latexit sha1_base64="t7PMj7dar9WpPVBSpioqvyN0ISM=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSLUS0k8qAeFghePFUxbaEPZbDftms1u2N0IJfQ/ePGg4tUf5M1/47bNQVsfDDzem2FmXphypo3rfjsrq2vrG5ulrfL2zu7efuXgsKVlpgj1ieRSdUKsKWeC+oYZTjupojgJOW2H8e3Ubz9RpZkUD2ac0iDBQ8EiRrCxUiu+iWvqrF+punV3BrRMvIJUoUCzX/nqDSTJEioM4VjrruemJsixMoxwOin3Mk1TTGI8pF1LBU6oDvLZtRN0apUBiqSyJQyaqb8ncpxoPU5C25lgM9KL3lT8z+tmJroKcibSzFBB5ouijCMj0fR1NGCKEsPHlmCimL0VkRFWmBgbUNmG4C2+vEz88/pF3b13q43rIo0SHMMJ1MCDS2jAHTTBBwKP8Ayv8OZI58V5dz7mrStOMXMEf+B8/gAfG45S</latexit><latexit sha1_base64="JP5Fk3KJVb2qv8YtuVaCwOh8W44=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRahXsquiHpQKHjxWMFtC+1Ssmm2jc0mS5IVytL/4MWDild/kDf/jWm7B219MPB4b4aZeWHCmTau++0UVlbX1jeKm6Wt7Z3dvfL+QVPLVBHqE8mlaodYU84E9Q0znLYTRXEcctoKR7dTv/VElWZSPJhxQoMYDwSLGMHGSs3RzaiqTnvliltzZ0DLxMtJBXI0euWvbl+SNKbCEI617nhuYoIMK8MIp5NSN9U0wWSEB7RjqcAx1UE2u3aCTqzSR5FUtoRBM/X3RIZjrcdxaDtjbIZ60ZuK/3md1ERXQcZEkhoqyHxRlHJkJJq+jvpMUWL42BJMFLO3IjLEChNjAyrZELzFl5eJf1a7qLn355X6dZ5GEY7gGKrgwSXU4Q4a4AOBR3iGV3hzpPPivDsf89aCk88cwh84nz8gW45W</latexit><latexit sha1_base64="JP5Fk3KJVb2qv8YtuVaCwOh8W44=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRahXsquiHpQKHjxWMFtC+1Ssmm2jc0mS5IVytL/4MWDild/kDf/jWm7B219MPB4b4aZeWHCmTau++0UVlbX1jeKm6Wt7Z3dvfL+QVPLVBHqE8mlaodYU84E9Q0znLYTRXEcctoKR7dTv/VElWZSPJhxQoMYDwSLGMHGSs3RzaiqTnvliltzZ0DLxMtJBXI0euWvbl+SNKbCEI617nhuYoIMK8MIp5NSN9U0wWSEB7RjqcAx1UE2u3aCTqzSR5FUtoRBM/X3RIZjrcdxaDtjbIZ60ZuK/3md1ERXQcZEkhoqyHxRlHJkJJq+jvpMUWL42BJMFLO3IjLEChNjAyrZELzFl5eJf1a7qLn355X6dZ5GEY7gGKrgwSXU4Q4a4AOBR3iGV3hzpPPivDsf89aCk88cwh84nz8gW45W</latexit><latexit sha1_base64="JP5Fk3KJVb2qv8YtuVaCwOh8W44=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRahXsquiHpQKHjxWMFtC+1Ssmm2jc0mS5IVytL/4MWDild/kDf/jWm7B219MPB4b4aZeWHCmTau++0UVlbX1jeKm6Wt7Z3dvfL+QVPLVBHqE8mlaodYU84E9Q0znLYTRXEcctoKR7dTv/VElWZSPJhxQoMYDwSLGMHGSs3RzaiqTnvliltzZ0DLxMtJBXI0euWvbl+SNKbCEI617nhuYoIMK8MIp5NSN9U0wWSEB7RjqcAx1UE2u3aCTqzSR5FUtoRBM/X3RIZjrcdxaDtjbIZ60ZuK/3md1ERXQcZEkhoqyHxRlHJkJJq+jvpMUWL42BJMFLO3IjLEChNjAyrZELzFl5eJf1a7qLn355X6dZ5GEY7gGKrgwSXU4Q4a4AOBR3iGV3hzpPPivDsf89aCk88cwh84nz8gW45W</latexit><latexit sha1_base64="JP5Fk3KJVb2qv8YtuVaCwOh8W44=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRahXsquiHpQKHjxWMFtC+1Ssmm2jc0mS5IVytL/4MWDild/kDf/jWm7B219MPB4b4aZeWHCmTau++0UVlbX1jeKm6Wt7Z3dvfL+QVPLVBHqE8mlaodYU84E9Q0znLYTRXEcctoKR7dTv/VElWZSPJhxQoMYDwSLGMHGSs3RzaiqTnvliltzZ0DLxMtJBXI0euWvbl+SNKbCEI617nhuYoIMK8MIp5NSN9U0wWSEB7RjqcAx1UE2u3aCTqzSR5FUtoRBM/X3RIZjrcdxaDtjbIZ60ZuK/3md1ERXQcZEkhoqyHxRlHJkJJq+jvpMUWL42BJMFLO3IjLEChNjAyrZELzFl5eJf1a7qLn355X6dZ5GEY7gGKrgwSXU4Q4a4AOBR3iGV3hzpPPivDsf89aCk88cwh84nz8gW45W</latexit>
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Current is ok at the horizon, but the scalar field is diverging (also its derivative)

everywhere
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  stealth solution

• Consider	



• We obtain
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f(r) = h(r) = 1� µ
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Regularity of the scalar ?

Schwarzschild geometry with a non-trivial scalar
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looks diverging at the horizon	


but the time coordinate is not good there.
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Consider EF coordinates instead
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The scalar is regular
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  Schwarzschild-Einstein black hole
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Black hole with the Einstein static universe asymptotic
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  Schwarzschild-de Sitter black hole

Schwarzschild-de Sitter black hole
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 0 = ± q

h

p
1� h

<latexit sha1_base64="swfEhuIMSmgjFY0cy6VrbJriqkU=">AAACCHicbVC7TsMwFHXKq5RXgJHFokKwUCUIAQNIlVgYi0RopSaqHNdprdpOajtIVZSVhV9hYQDEyiew8Te4bQZoOdLVPTrnXtn3hAmjSjvOt1VaWFxaXimvVtbWNza37O2dexWnEhMPxyyWrRApwqggnqaakVYiCeIhI81wcD32mw9EKhqLOz1KSMBRT9CIYqSN1LGhnyh6CK9M534kEc6GedbPfTWUOnOP+3nHrjo1ZwI4T9yCVEGBRsf+8rsxTjkRGjOkVNt1Eh1kSGqKGckrfqpIgvAA9UjbUIE4UUE2uSSHB0bpwiiWpoSGE/X3Roa4UiMemkmOdF/NemPxP6+d6ugiyKhIUk0Enj4UpQzqGI5jgV0qCdZsZAjCkpq/QtxHJg9twquYENzZk+eJd1I7qzm3p9X6ZZFGGeyBfXAEXHAO6uAGNIAHMHgEz+AVvFlP1ov1bn1MR0tWsbML/sD6/AGqAZnf</latexit><latexit sha1_base64="swfEhuIMSmgjFY0cy6VrbJriqkU=">AAACCHicbVC7TsMwFHXKq5RXgJHFokKwUCUIAQNIlVgYi0RopSaqHNdprdpOajtIVZSVhV9hYQDEyiew8Te4bQZoOdLVPTrnXtn3hAmjSjvOt1VaWFxaXimvVtbWNza37O2dexWnEhMPxyyWrRApwqggnqaakVYiCeIhI81wcD32mw9EKhqLOz1KSMBRT9CIYqSN1LGhnyh6CK9M534kEc6GedbPfTWUOnOP+3nHrjo1ZwI4T9yCVEGBRsf+8rsxTjkRGjOkVNt1Eh1kSGqKGckrfqpIgvAA9UjbUIE4UUE2uSSHB0bpwiiWpoSGE/X3Roa4UiMemkmOdF/NemPxP6+d6ugiyKhIUk0Enj4UpQzqGI5jgV0qCdZsZAjCkpq/QtxHJg9twquYENzZk+eJd1I7qzm3p9X6ZZFGGeyBfXAEXHAO6uAGNIAHMHgEz+AVvFlP1ov1bn1MR0tWsbML/sD6/AGqAZnf</latexit>

⇤e↵ = �⇣⌘/�
<latexit sha1_base64="EA9eQr0VGWYYs+YMWqwx1cZ2Elw=">AAACDnicbVC7SgNBFJ2Nrxhfq5Y2g0GxMW5E1EIhYGNhEcGYQDaE2cndZMjsg5m7YlzyBzb+io2Fiq21nX/j5FFo4oW5HM45lzv3eLEUGh3n28rMzM7NL2QXc0vLK6tr9vrGrY4SxaHCIxmpmsc0SBFCBQVKqMUKWOBJqHrdi4FevQOlRRTeYC+GRsDaofAFZ2iopr3rXhlzizVdhHtMwff79Jzuuw+AjLqmHbie6U077xScYdFpUByDPBlXuWl/ua2IJwGEyCXTul50YmykTKHgEvo5N9EQM95lbagbGLIAdCMd3tOnO4ZpUT9S5oVIh+zviZQFWvcCzzgDhh09qQ3I/7R6gv5pIxVhnCCEfLTITyTFiA7CoS2hgKPsGcC4EuavlHeYYhxNhDkTQnHy5GlQOSwcF5zro3zpbJxGlmyRbbJHiuSElMglKZMK4eSRPJNX8mY9WS/Wu/Uxsmas8cwm+VPW5w9r6JvO</latexit><latexit sha1_base64="EA9eQr0VGWYYs+YMWqwx1cZ2Elw=">AAACDnicbVC7SgNBFJ2Nrxhfq5Y2g0GxMW5E1EIhYGNhEcGYQDaE2cndZMjsg5m7YlzyBzb+io2Fiq21nX/j5FFo4oW5HM45lzv3eLEUGh3n28rMzM7NL2QXc0vLK6tr9vrGrY4SxaHCIxmpmsc0SBFCBQVKqMUKWOBJqHrdi4FevQOlRRTeYC+GRsDaofAFZ2iopr3rXhlzizVdhHtMwff79Jzuuw+AjLqmHbie6U077xScYdFpUByDPBlXuWl/ua2IJwGEyCXTul50YmykTKHgEvo5N9EQM95lbagbGLIAdCMd3tOnO4ZpUT9S5oVIh+zviZQFWvcCzzgDhh09qQ3I/7R6gv5pIxVhnCCEfLTITyTFiA7CoS2hgKPsGcC4EuavlHeYYhxNhDkTQnHy5GlQOSwcF5zro3zpbJxGlmyRbbJHiuSElMglKZMK4eSRPJNX8mY9WS/Wu/Uxsmas8cwm+VPW5w9r6JvO</latexit>

The solution is valid only if ⇤ > ⇤eff
<latexit sha1_base64="ydvbT8CZHEZTHuol+uYUl17WIaE=">AAAB/XicbVBPS8MwHP3Vv3P+q4onL8EheBqtiHoQGXjx4GGCdYOtlDRNt7A0LUkqjDLwq3jxoOLV7+HNb2O29aCbD0Ie770f+eWFGWdKO863tbC4tLyyWlmrrm9sbm3bO7sPKs0loR5JeSrbIVaUM0E9zTSn7UxSnISctsLB9dhvPVKpWCru9TCjfoJ7gsWMYG2kwN7v3ppwhK/KOyhoHI8Cu+bUnQnQPHFLUoMSzcD+6kYpyRMqNOFYqY7rZNovsNSMcDqqdnNFM0wGuEc7hgqcUOUXk/VH6MgoEYpTaY7QaKL+nihwotQwCU0ywbqvZr2x+J/XyXV84RdMZLmmgkwfinOOdIrGXaCISUo0HxqCiWRmV0T6WGKiTWNVU4I7++V54p3Uz+rO3WmtcVm2UYEDOIRjcOEcGnADTfCAQAHP8Apv1pP1Yr1bH9PoglXO7MEfWJ8/XUSVRw==</latexit><latexit sha1_base64="ydvbT8CZHEZTHuol+uYUl17WIaE=">AAAB/XicbVBPS8MwHP3Vv3P+q4onL8EheBqtiHoQGXjx4GGCdYOtlDRNt7A0LUkqjDLwq3jxoOLV7+HNb2O29aCbD0Ie770f+eWFGWdKO863tbC4tLyyWlmrrm9sbm3bO7sPKs0loR5JeSrbIVaUM0E9zTSn7UxSnISctsLB9dhvPVKpWCru9TCjfoJ7gsWMYG2kwN7v3ppwhK/KOyhoHI8Cu+bUnQnQPHFLUoMSzcD+6kYpyRMqNOFYqY7rZNovsNSMcDqqdnNFM0wGuEc7hgqcUOUXk/VH6MgoEYpTaY7QaKL+nihwotQwCU0ywbqvZr2x+J/XyXV84RdMZLmmgkwfinOOdIrGXaCISUo0HxqCiWRmV0T6WGKiTWNVU4I7++V54p3Uz+rO3WmtcVm2UYEDOIRjcOEcGnADTfCAQAHP8Apv1pP1Yr1bH9PoglXO7MEfWJ8/XUSVRw==</latexit>

Solution self tunes vacuum cosmological constant but has "action 
induced" effective cosmological constant



CONCLUSION

✦ Time-dependent scalar field	



✦ Avoid the no-hair theorems by tuning to zero the r-component of 
the current. 	



✦ GR and non-GR black holes with a non-trivial and regular scalar.	



✦ The method can be applied to other Galileons [Kobayashi and 
Tanahashi’14]	



✦ Stability?


