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Kerr Black Holes
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Astrophysical BHs are believed to be described by the Kerr metric:

Maximally-rotating (extremal) Kerr is for            a = M

Event horizon: r± = M ±
p
M2 � a2
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�and surface gravity

Horizon at                  has angular veloc.
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It has two (Killing) symmetries:
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It represents a rotating (astrophysical) BH
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<latexit sha1_base64="a9JmI6BmvB9YUzFbVuKn+xsjgkI=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBahopREBL0Uil48VrAf0Iaw2W7apZtN2J0USug/8eJBEa/+E2/+G7dtDtr6YODx3gwz84JEcA2O820V1tY3NreK26Wd3b39A/vwqKXjVFHWpLGIVScgmgkuWRM4CNZJFCNRIFg7GN3P/PaYKc1j+QSThHkRGUgeckrASL5tV6DW4zKEyaWqKf/i3LfLTtWZA68SNydllKPh21+9fkzTiEmggmjddZ0EvIwo4FSwaamXapYQOiID1jVUkohpL5tfPsVnRunjMFamJOC5+nsiI5HWkygwnRGBoV72ZuJ/XjeF8NbLuExSYJIuFoWpwBDjWQy4zxWjICaGEKq4uRXTIVGEggmrZEJwl19eJa2rqutU3cfrcv0uj6OITtApqiAX3aA6ekAN1EQUjdEzekVvVma9WO/Wx6K1YOUzx+gPrM8fIN6Sqg==</latexit><latexit sha1_base64="a9JmI6BmvB9YUzFbVuKn+xsjgkI=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBahopREBL0Uil48VrAf0Iaw2W7apZtN2J0USug/8eJBEa/+E2/+G7dtDtr6YODx3gwz84JEcA2O820V1tY3NreK26Wd3b39A/vwqKXjVFHWpLGIVScgmgkuWRM4CNZJFCNRIFg7GN3P/PaYKc1j+QSThHkRGUgeckrASL5tV6DW4zKEyaWqKf/i3LfLTtWZA68SNydllKPh21+9fkzTiEmggmjddZ0EvIwo4FSwaamXapYQOiID1jVUkohpL5tfPsVnRunjMFamJOC5+nsiI5HWkygwnRGBoV72ZuJ/XjeF8NbLuExSYJIuFoWpwBDjWQy4zxWjICaGEKq4uRXTIVGEggmrZEJwl19eJa2rqutU3cfrcv0uj6OITtApqiAX3aA6ekAN1EQUjdEzekVvVma9WO/Wx6K1YOUzx+gPrM8fIN6Sqg==</latexit><latexit sha1_base64="a9JmI6BmvB9YUzFbVuKn+xsjgkI=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBahopREBL0Uil48VrAf0Iaw2W7apZtN2J0USug/8eJBEa/+E2/+G7dtDtr6YODx3gwz84JEcA2O820V1tY3NreK26Wd3b39A/vwqKXjVFHWpLGIVScgmgkuWRM4CNZJFCNRIFg7GN3P/PaYKc1j+QSThHkRGUgeckrASL5tV6DW4zKEyaWqKf/i3LfLTtWZA68SNydllKPh21+9fkzTiEmggmjddZ0EvIwo4FSwaamXapYQOiID1jVUkohpL5tfPsVnRunjMFamJOC5+nsiI5HWkygwnRGBoV72ZuJ/XjeF8NbLuExSYJIuFoWpwBDjWQy4zxWjICaGEKq4uRXTIVGEggmrZEJwl19eJa2rqutU3cfrcv0uj6OITtApqiAX3aA6ekAN1EQUjdEzekVvVma9WO/Wx6K1YOUzx+gPrM8fIN6Sqg==</latexit><latexit sha1_base64="a9JmI6BmvB9YUzFbVuKn+xsjgkI=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBahopREBL0Uil48VrAf0Iaw2W7apZtN2J0USug/8eJBEa/+E2/+G7dtDtr6YODx3gwz84JEcA2O820V1tY3NreK26Wd3b39A/vwqKXjVFHWpLGIVScgmgkuWRM4CNZJFCNRIFg7GN3P/PaYKc1j+QSThHkRGUgeckrASL5tV6DW4zKEyaWqKf/i3LfLTtWZA68SNydllKPh21+9fkzTiEmggmjddZ0EvIwo4FSwaamXapYQOiID1jVUkohpL5tfPsVnRunjMFamJOC5+nsiI5HWkygwnRGBoV72ZuJ/XjeF8NbLuExSYJIuFoWpwBDjWQy4zxWjICaGEKq4uRXTIVGEggmrZEJwl19eJa2rqutU3cfrcv0uj6OITtApqiAX3aA6ekAN1EQUjdEzekVvVma9WO/Wx6K1YOUzx+gPrM8fIN6Sqg==</latexit>

<latexit sha1_base64="xavYVJhu0EJz8qUjLH+qTyKqymk=">AAAB/HicbZDLSsNAFIYnXmu9Rbt0M1iEClISKepGKLpxWcFeoA1lMp20QyeTMHMihFBfxY0LRdz6IO58G6dtFtr6w8DHf87hnPn9WHANjvNtrayurW9sFraK2zu7e/v2wWFLR4mirEkjEamOTzQTXLImcBCsEytGQl+wtj++ndbbj0xpHskHSGPmhWQoecApAWP17VIFrntcBpCeqRxO+3bZqToz4WVwcyijXI2+/dUbRDQJmQQqiNZd14nBy4gCTgWbFHuJZjGhYzJkXYOShEx72ez4CT4xzgAHkTJPAp65vycyEmqdhr7pDAmM9GJtav5X6yYQXHkZl3ECTNL5oiARGCI8TQIPuGIURGqAUMXNrZiOiCIUTF5FE4K7+OVlaJ1X3Ytq7b5Wrt/kcRTQETpGFeSiS1RHd6iBmoiiFD2jV/RmPVkv1rv1MW9dsfKZEvoj6/MH+2qUWw==</latexit>

(t = 1, r = 1)

<latexit sha1_base64="fuv8gV08iDykMmZyh+tvIPN3AB0=">AAAB/XicbZDLSsNAFIYn9VbrLV52boJFqKAlkaJuCkU3LivYC7ShTKaTduhkEmZOhBiKr+LGhSJufQ93vo3TNgtt/WHg4z/ncM78XsSZAtv+NnJLyyura/n1wsbm1vaOubvXVGEsCW2QkIey7WFFORO0AQw4bUeS4sDjtOWNbib11gOVioXiHpKIugEeCOYzgkFbPfOgBNWzLhM+JKeyOoOTnlm0y/ZU1iI4GRRRpnrP/Or2QxIHVADhWKmOY0fgplgCI5yOC91Y0QiTER7QjkaBA6rcdHr92DrWTt/yQ6mfAGvq/p5IcaBUEni6M8AwVPO1iflfrRODf+WmTEQxUEFmi/yYWxBakyisPpOUAE80YCKZvtUiQywxAR1YQYfgzH95EZrnZeeiXLmrFGvXWRx5dIiOUAk56BLV0C2qowYi6BE9o1f0ZjwZL8a78TFrzRnZzD76I+PzB2h9lJI=</latexit>

(t = �1, r = 1)

<latexit sha1_base64="rSavvA0QBiPG8aRWmnJwYXDvj4Q=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16CRahopZEinopFL14rGA/oA1hs93UpZtN2J0oJfanePGgiFd/iTf/jds2B219MPB4b4aZeX7MmQLb/jZyS8srq2v59cLG5tb2jlncbakokYQ2ScQj2fGxopwJ2gQGnHZiSXHoc9r2h9cTv/1ApWKRuINRTN0QDwQLGMGgJc8slqF22mMigNGJrEnv+MgzS3bFnsJaJE5GSihDwzO/ev2IJCEVQDhWquvYMbgplsAIp+NCL1E0xmSIB7SrqcAhVW46PX1sHWqlbwWR1CXAmqq/J1IcKjUKfd0ZYrhX895E/M/rJhBcuikTcQJUkNmiIOEWRNYkB6vPJCXAR5pgIpm+1SL3WGICOq2CDsGZf3mRtM4qznmlelst1a+yOPJoHx2gMnLQBaqjG9RATUTQI3pGr+jNeDJejHfjY9aaM7KZPfQHxucPkEOS6g==</latexit>

(t = �1, r = r+)

<latexit sha1_base64="YrDeoMQmkKvvbMDzIJ+lPJijw+E=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSRS1ItQ9OKxgmkLbSib7aRdutmE3Y1QSn+DFw+KePUHefPfuG1z0NYHA4/3ZpiZF6aCa+O6387K6tr6xmZhq7i9s7u3Xzo4bOgkUwx9lohEtUKqUXCJvuFGYCtVSONQYDMc3k395hMqzRP5aEYpBjHtSx5xRo2VfHWjuufdUtmtuDOQZeLlpAw56t3SV6eXsCxGaZigWrc9NzXBmCrDmcBJsZNpTCkb0j62LZU0Rh2MZ8dOyKlVeiRKlC1pyEz9PTGmsdajOLSdMTUDvehNxf+8dmai62DMZZoZlGy+KMoEMQmZfk56XCEzYmQJZYrbWwkbUEWZsfkUbQje4svLpHFR8S4r1YdquXabx1GAYziBM/DgCmpwD3XwgQGHZ3iFN0c6L8678zFvXXHymSP4A+fzB1UGjmI=</latexit>r = r�

Penrose diagram



Penrose diagram: collapse to Kerr

<latexit s ha1_base64="HkHF6EBe nOyorn+40ZwpazXlCgQ= ">AAAB9HicbVDLSsNAFL 2pr1pfVZduBosgCCWRoi 6LbrqsYB/QxjKZTtqhk0 mcmRRK6He4caGIWz/GnX/jJM1CWw8MHM65l3vmeBFnStv2t1VYW9/Y3Cpul3Z29/YPyodHbRXGktAWCXkoux5WlDNBW5ppTruRpDjwOO14k7vU70ypVCwUD3oWUTfAI8F8RrA2ktsPsB4TzJPG/PFiUK7YVTsDWiVOTiqQozkof/WHIYkDKjThWKmeY0faTbDUjHA6L/VjRSNMJnhEe4YKHFDlJlnoOTozyhD5oTRPaJSpvzcSHCg1CzwzmYZUy14q/uf1Yu3fuAkTUaypIItDfsyRDlHaABoySYnmM0MwkcxkRWSMJSba9FQyJTjLX14l7cuqc1Wt3dcq9du8jiKcwCmcgwPXUIcGNKEFBJ7gGV7hzZpaL9a79bEYLVj5zjH8gfX5A6DOkgQ=</latexit>

H
+

<latexit sha1_base64="9iPO8Xohg6uRLL5krim5nu2qXYA=">AAAB9HicbVDLSsNAFL2pr1pfVZduBosgCCWRoi6LbsRVBfuANpbJdNIOnUzizKRQQr7DjQtF3Pox7vwbJ20W2npg4HDOvdwzx4s4U9q2v63Cyura+kZxs7S1vbO7V94/aKkwloQ2SchD2fGwopwJ2tRMc9qJJMWBx2nbG99kfntCpWKheNDTiLoBHgrmM4K1kdxegPWIYJ7cpY9n/XLFrtozoGXi5KQCORr98ldvEJI4oEITjpXqOnak3QRLzQinaakXKxphMsZD2jVU4IAqN5mFTtGJUQbID6V5QqOZ+nsjwYFS08Azk1lItehl4n9eN9b+lZswEcWaCjI/5Mcc6RBlDaABk5RoPjUEE8lMVkRGWGKiTU8lU4Kz+OVl0jqvOhfV2n2tUr/O6yjCERzDKThwCXW4hQY0gcATPMMrvFkT68V6tz7mowUr3zmEP7A+fwCj3JIG</latexit>

J +

BH

<latexit sha1_base64="y8+6M0ATlW5H6x++6WQMGcxcnjM=">AAAB9HicbVDLSsNAFL2pr1pfVZduBovgxpJIUZdFN+Kqgn1AG8tkOmmHTiZxZlIoId/hxoUibv0Yd/6NkzYLbT0wcDjnXu6Z40WcKW3b31ZhZXVtfaO4Wdra3tndK+8ftFQYS0KbJOSh7HhYUc4EbWqmOe1EkuLA47TtjW8yvz2hUrFQPOhpRN0ADwXzGcHaSG4vwHpEME/u0sezfrliV+0Z0DJxclKBHI1++as3CEkcUKEJx0p1HTvSboKlZoTTtNSLFY0wGeMh7RoqcECVm8xCp+jEKAPkh9I8odFM/b2R4ECpaeCZySykWvQy8T+vG2v/yk2YiGJNBZkf8mOOdIiyBtCASUo0nxqCiWQmKyIjLDHRpqeSKcFZ/PIyaZ1XnYtq7b5WqV/ndRThCI7hFBy4hDrcQgOaQOAJnuEV3qyJ9WK9Wx/z0YKV7xzCH1ifP6bkkgg=</latexit>J�

surface of 
collapsing star

In gravitational collapse, the CH on the 
left might not be there but, in principle, 
part of the CH on the right is there, so 
that’s the physically meaningful one

<latexit sha1_base64="WMrwRmkUG5/BUZGvwsM9r1gc3MA=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi6rLYTZcV7AOaUCbTSTt0MgnzEErob7hxoYhbf8adf+OkzUJbDwwczrmXe+aEKWdKu+63U9rY3NreKe9W9vYPDo+qxyddlRhJaIckPJH9ECvKmaAdzTSn/VRSHIec9sJpM/d7T1QqlohHPUtpEOOxYBEjWFvJ92OsJwTzrNmaD6s1t+4ugNaJV5AaFGgPq1/+KCEmpkITjpUaeG6qgwxLzQin84pvFE0xmeIxHVgqcExVkC0yz9GFVUYoSqR9QqOF+nsjw7FSszi0k3lGterl4n/ewOjoLsiYSI2mgiwPRYYjnaC8ADRikhLNZ5ZgIpnNisgES0y0raliS/BWv7xOuld176Z+/XBda9wXdZThDM7hEjy4hQa0oA0dIJDCM7zCm2OcF+fd+ViOlpxi5xT+wPn8AQypkbQ=</latexit>

CH



observer going 
inside BH and 
past CH

BH

sing.

<latexit sha1_base64="HkHF6EBenOyorn+40ZwpazXlCgQ=">AAAB9HicbVDLSsNAFL2pr1pfVZduBosgCCWRoi6LbrqsYB/QxjKZTtqhk0mcmRRK6He4caGIWz/GnX/jJM1CWw8MHM65l3vmeBFnStv2t1VYW9/Y3Cpul3Z29/YPyodHbRXGktAWCXkoux5WlDNBW5ppTruRpDjwOO14k7vU70ypVCwUD3oWUTfAI8F8RrA2ktsPsB4TzJPG/PFiUK7YVTsDWiVOTiqQozkof/WHIYkDKjThWKmeY0faTbDUjHA6L/VjRSNMJnhEe4YKHFDlJlnoOTozyhD5oTRPaJSpvzcSHCg1CzwzmYZUy14q/uf1Yu3fuAkTUaypIItDfsyRDlHaABoySYnmM0MwkcxkRWSMJSba9FQyJTjLX14l7cuqc1Wt3dcq9du8jiKcwCmcgwPXUIcGNKEFBJ7gGV7hzZpaL9a79bEYLVj5zjH8gfX5A6DOkgQ=</latexit>

H
+

<latexit sha1_base64="WMrwRmkUG5/BUZGvwsM9r1gc3MA=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi6rLYTZcV7AOaUCbTSTt0MgnzEErob7hxoYhbf8adf+OkzUJbDwwczrmXe+aEKWdKu+63U9rY3NreKe9W9vYPDo+qxyddlRhJaIckPJH9ECvKmaAdzTSn/VRSHIec9sJpM/d7T1QqlohHPUtpEOOxYBEjWFvJ92OsJwTzrNmaD6s1t+4ugNaJV5AaFGgPq1/+KCEmpkITjpUaeG6qgwxLzQin84pvFE0xmeIxHVgqcExVkC0yz9GFVUYoSqR9QqOF+nsjw7FSszi0k3lGterl4n/ewOjoLsiYSI2mgiwPRYYjnaC8ADRikhLNZ5ZgIpnNisgES0y0raliS/BWv7xOuld176Z+/XBda9wXdZThDM7hEjy4hQa0oA0dIJDCM7zCm2OcF+fd+ViOlpxi5xT+wPn8AQypkbQ=</latexit>

CH

<latexit sha1_base64="9iPO8Xohg6uRLL5krim5nu2qXYA=">AAAB9HicbVDLSsNAFL2pr1pfVZduBosgCCWRoi6LbsRVBfuANpbJdNIOnUzizKRQQr7DjQtF3Pox7vwbJ20W2npg4HDOvdwzx4s4U9q2v63Cyura+kZxs7S1vbO7V94/aKkwloQ2SchD2fGwopwJ2tRMc9qJJMWBx2nbG99kfntCpWKheNDTiLoBHgrmM4K1kdxegPWIYJ7cpY9n/XLFrtozoGXi5KQCORr98ldvEJI4oEITjpXqOnak3QRLzQinaakXKxphMsZD2jVU4IAqN5mFTtGJUQbID6V5QqOZ+nsjwYFS08Azk1lItehl4n9eN9b+lZswEcWaCjI/5Mcc6RBlDaABk5RoPjUEE8lMVkRGWGKiTU8lU4Kz+OVl0jqvOhfV2n2tUr/O6yjCERzDKThwCXW4hQY0gcATPMMrvFkT68V6tz7mowUr3zmEP7A+fwCj3JIG</latexit>

J +

Loss of predicability inside the BH



sing.

<latexit sha1_base64="HkHF6EBenOyorn+40ZwpazXlCgQ=">AAAB9HicbVDLSsNAFL2pr1pfVZduBosgCCWRoi6LbrqsYB/QxjKZTtqhk0mcmRRK6He4caGIWz/GnX/jJM1CWw8MHM65l3vmeBFnStv2t1VYW9/Y3Cpul3Z29/YPyodHbRXGktAWCXkoux5WlDNBW5ppTruRpDjwOO14k7vU70ypVCwUD3oWUTfAI8F8RrA2ktsPsB4TzJPG/PFiUK7YVTsDWiVOTiqQozkof/WHIYkDKjThWKmeY0faTbDUjHA6L/VjRSNMJnhEe4YKHFDlJlnoOTozyhD5oTRPaJSpvzcSHCg1CzwzmYZUy14q/uf1Yu3fuAkTUaypIItDfsyRDlHaABoySYnmM0MwkcxkRWSMJSba9FQyJTjLX14l7cuqc1Wt3dcq9du8jiKcwCmcgwPXUIcGNKEFBJ7gGV7hzZpaL9a79bEYLVj5zjH8gfX5A6DOkgQ=</latexit>

H
+

<latexit sha1_base64="WMrwRmkUG5/BUZGvwsM9r1gc3MA=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi6rLYTZcV7AOaUCbTSTt0MgnzEErob7hxoYhbf8adf+OkzUJbDwwczrmXe+aEKWdKu+63U9rY3NreKe9W9vYPDo+qxyddlRhJaIckPJH9ECvKmaAdzTSn/VRSHIec9sJpM/d7T1QqlohHPUtpEOOxYBEjWFvJ92OsJwTzrNmaD6s1t+4ugNaJV5AaFGgPq1/+KCEmpkITjpUaeG6qgwxLzQin84pvFE0xmeIxHVgqcExVkC0yz9GFVUYoSqR9QqOF+nsjw7FSszi0k3lGterl4n/ewOjoLsiYSI2mgiwPRYYjnaC8ADRikhLNZ5ZgIpnNisgES0y0raliS/BWv7xOuld176Z+/XBda9wXdZThDM7hEjy4hQa0oA0dIJDCM7zCm2OcF+fd+ViOlpxi5xT+wPn8AQypkbQ=</latexit>

CH

this is a timelike singularity, 
and so it’s visible to an 
observer going into the BH

General Relativity seems to cease 
to be a predictable th. inside BHs: 
the Cauchy (“initial”) Value 
Problem is not well posed beyond 
the CH

<latexit sha1_base64="9iPO8Xohg6uRLL5krim5nu2qXYA=">AAAB9HicbVDLSsNAFL2pr1pfVZduBosgCCWRoi6LbsRVBfuANpbJdNIOnUzizKRQQr7DjQtF3Pox7vwbJ20W2npg4HDOvdwzx4s4U9q2v63Cyura+kZxs7S1vbO7V94/aKkwloQ2SchD2fGwopwJ2tRMc9qJJMWBx2nbG99kfntCpWKheNDTiLoBHgrmM4K1kdxegPWIYJ7cpY9n/XLFrtozoGXi5KQCORr98ldvEJI4oEITjpXqOnak3QRLzQinaakXKxphMsZD2jVU4IAqN5mFTtGJUQbID6V5QqOZ+nsjwYFS08Azk1lItehl4n9eN9b+lZswEcWaCjI/5Mcc6RBlDaABk5RoPjUEE8lMVkRGWGKiTU8lU4Kz+OVl0jqvOhfV2n2tUr/O6yjCERzDKThwCXW4hQY0gcATPMMrvFkT68V6tz7mowUr3zmEP7A+fwCj3JIG</latexit>

J +

Furthermore, there exist Closed 
Timelike Curves near the sing.



Strong Cosmic Censorship hypothesis

Strong Cosmic Censorship (SCC) Hypothesis (Penrose’72), essentially:  
the maximal Cauchy development via Einstein equations of generic initial 
data is inextendible (the degree of irregularity of field depends on version)



<latexit sha1_base64="HkHF6EBenOyorn+40ZwpazXlCgQ=">AAAB9HicbVDLSsNAFL2pr1pfVZduBosgCCWRoi6LbrqsYB/QxjKZTtqhk0mcmRRK6He4caGIWz/GnX/jJM1CWw8MHM65l3vmeBFnStv2t1VYW9/Y3Cpul3Z29/YPyodHbRXGktAWCXkoux5WlDNBW5ppTruRpDjwOO14k7vU70ypVCwUD3oWUTfAI8F8RrA2ktsPsB4TzJPG/PFiUK7YVTsDWiVOTiqQozkof/WHIYkDKjThWKmeY0faTbDUjHA6L/VjRSNMJnhEe4YKHFDlJlnoOTozyhD5oTRPaJSpvzcSHCg1CzwzmYZUy14q/uf1Yu3fuAkTUaypIItDfsyRDlHaABoySYnmM0MwkcxkRWSMJSba9FQyJTjLX14l7cuqc1Wt3dcq9du8jiKcwCmcgwPXUIcGNKEFBJ7gGV7hzZpaL9a79bEYLVj5zjH8gfX5A6DOkgQ=</latexit>

H
+

<latexit sha1_base64="9iPO8Xohg6uRLL5krim5nu2qXYA=">AAAB9HicbVDLSsNAFL2pr1pfVZduBosgCCWRoi6LbsRVBfuANpbJdNIOnUzizKRQQr7DjQtF3Pox7vwbJ20W2npg4HDOvdwzx4s4U9q2v63Cyura+kZxs7S1vbO7V94/aKkwloQ2SchD2fGwopwJ2tRMc9qJJMWBx2nbG99kfntCpWKheNDTiLoBHgrmM4K1kdxegPWIYJ7cpY9n/XLFrtozoGXi5KQCORr98ldvEJI4oEITjpXqOnak3QRLzQinaakXKxphMsZD2jVU4IAqN5mFTtGJUQbID6V5QqOZ+nsjwYFS08Azk1lItehl4n9eN9b+lZswEcWaCjI/5Mcc6RBlDaABk5RoPjUEE8lMVkRGWGKiTU8lU4Kz+OVl0jqvOhfV2n2tUr/O6yjCERzDKThwCXW4hQY0gcATPMMrvFkT68V6tz7mowUr3zmEP7A+fwCj3JIG</latexit>

J +BH

<latexit sha1_base64="6vxmjNGO81UXOOMulKAjbEidTm4=">AAAB9HicbVDLSsNAFL2pr1pfVZduBovgxpJIUZdFN11WsA9oY5lMJ+3QySTOTAol9DvcuFDErR/jzr9xkmahrQcGDufcyz1zvIgzpW372yqsrW9sbhW3Szu7e/sH5cOjtgpjSWiLhDyUXQ8rypmgLc00p91IUhx4nHa8yV3qd6ZUKhaKBz2LqBvgkWA+I1gbye0HWI8J5klj/ngxKFfsqp0BrRInJxXI0RyUv/rDkMQBFZpwrFTPsSPtJlhqRjidl/qxohEmEzyiPUMFDqhykyz0HJ0ZZYj8UJonNMrU3xsJDpSaBZ6ZTEOqZS8V//N6sfZv3ISJKNZUkMUhP+ZIhyhtAA2ZpETzmSGYSGayIjLGEhNteiqZEpzlL6+S9mXVuarW7muV+m1eRxFO4BTOwYFrqEMDmtACAk/wDK/wZk2tF+vd+liMFqx85xj+wPr8AaPWkgY=</latexit>

H
�

<latexit sha1_base64="y8+6M0ATlW5H6x++6WQMGcxcnjM=">AAAB9HicbVDLSsNAFL2pr1pfVZduBovgxpJIUZdFN+Kqgn1AG8tkOmmHTiZxZlIoId/hxoUibv0Yd/6NkzYLbT0wcDjnXu6Z40WcKW3b31ZhZXVtfaO4Wdra3tndK+8ftFQYS0KbJOSh7HhYUc4EbWqmOe1EkuLA47TtjW8yvz2hUrFQPOhpRN0ADwXzGcHaSG4vwHpEME/u0sezfrliV+0Z0DJxclKBHI1++as3CEkcUKEJx0p1HTvSboKlZoTTtNSLFY0wGeMh7RoqcECVm8xCp+jEKAPkh9I8odFM/b2R4ECpaeCZySykWvQy8T+vG2v/yk2YiGJNBZkf8mOOdIiyBtCASUo0nxqCiWQmKyIjLDHRpqeSKcFZ/PIyaZ1XnYtq7b5WqV/ndRThCI7hFBy4hDrcQgOaQOAJnuEV3qyJ9WK9Wx/z0YKV7xzCH1ifP6bkkgg=</latexit>J�

CH

Initial data surface

Max. Cauchy 
development 
of 

<latexit sha1_base64="nAzb1xkdMeWUwPcJrg9Rf22XGvM=">AAAB7XicbVDJSgNBEK1xjXGLevTSGARPYUbcjkEvHiOaBZIh9HR6kja9DN09QhjyD148KOLV//Hm39hJ5qCJDwoe71VRVS9KODPW97+9peWV1bX1wkZxc2t7Z7e0t98wKtWE1oniSrcibChnktYts5y2Ek2xiDhtRsObid98otowJR/sKKGhwH3JYkawdVKjc8/6AndLZb/iT4EWSZCTMuSodUtfnZ4iqaDSEo6NaQd+YsMMa8sIp+NiJzU0wWSI+7TtqMSCmjCbXjtGx07poVhpV9Kiqfp7IsPCmJGIXKfAdmDmvYn4n9dObXwVZkwmqaWSzBbFKUdWocnrqMc0JZaPHMFEM3crIgOsMbEuoKILIZh/eZE0TivBReX87qxcvc7jKMAhHMEJBHAJVbiFGtSBwCM8wyu8ecp78d69j1nrkpfPHMAfeJ8/bp+PDQ==</latexit>

⌃

<latexit sha1_base64="nAzb1xkdMeWUwPcJrg9Rf22XGvM=">AAAB7XicbVDJSgNBEK1xjXGLevTSGARPYUbcjkEvHiOaBZIh9HR6kja9DN09QhjyD148KOLV//Hm39hJ5qCJDwoe71VRVS9KODPW97+9peWV1bX1wkZxc2t7Z7e0t98wKtWE1oniSrcibChnktYts5y2Ek2xiDhtRsObid98otowJR/sKKGhwH3JYkawdVKjc8/6AndLZb/iT4EWSZCTMuSodUtfnZ4iqaDSEo6NaQd+YsMMa8sIp+NiJzU0wWSI+7TtqMSCmjCbXjtGx07poVhpV9Kiqfp7IsPCmJGIXKfAdmDmvYn4n9dObXwVZkwmqaWSzBbFKUdWocnrqMc0JZaPHMFEM3crIgOsMbEuoKILIZh/eZE0TivBReX87qxcvc7jKMAhHMEJBHAJVbiFGtSBwCM8wyu8ecp78d69j1nrkpfPHMAfeJ8/bp+PDQ==</latexit>

⌃

Region past CH is 
beyond the max. 
Cauchy 
development of 

sing.

<latexit sha1_base64="nAzb1xkdMeWUwPcJrg9Rf22XGvM=">AAAB7XicbVDJSgNBEK1xjXGLevTSGARPYUbcjkEvHiOaBZIh9HR6kja9DN09QhjyD148KOLV//Hm39hJ5qCJDwoe71VRVS9KODPW97+9peWV1bX1wkZxc2t7Z7e0t98wKtWE1oniSrcibChnktYts5y2Ek2xiDhtRsObid98otowJR/sKKGhwH3JYkawdVKjc8/6AndLZb/iT4EWSZCTMuSodUtfnZ4iqaDSEo6NaQd+YsMMa8sIp+NiJzU0wWSI+7TtqMSCmjCbXjtGx07poVhpV9Kiqfp7IsPCmJGIXKfAdmDmvYn4n9dObXwVZkwmqaWSzBbFKUdWocnrqMc0JZaPHMFEM3crIgOsMbEuoKILIZh/eZE0TivBReX87qxcvc7jKMAhHMEJBHAJVbiFGtSBwCM8wyu8ecp78d69j1nrkpfPHMAfeJ8/bp+PDQ==</latexit>

⌃

Applying SCC to Kerr means that initial data for the metric field should 
be inextendible past the CH



BHs in Nature are not exactly Kerr but they are ‘perturbed’ by classical or 
quantum fields (scalar, fermion, electromagnetic, gravitational…) due to:

BH Perturbations - saviours of SCC?

<latexit sha1_base64="HkHF6EBenOyorn+40ZwpazXlCgQ=">AAAB9HicbVDLSsNAFL2pr1pfVZduBosgCCWRoi6LbrqsYB/QxjKZTtqhk0mcmRRK6He4caGIWz/GnX/jJM1CWw8MHM65l3vmeBFnStv2t1VYW9/Y3Cpul3Z29/YPyodHbRXGktAWCXkoux5WlDNBW5ppTruRpDjwOO14k7vU70ypVCwUD3oWUTfAI8F8RrA2ktsPsB4TzJPG/PFiUK7YVTsDWiVOTiqQozkof/WHIYkDKjThWKmeY0faTbDUjHA6L/VjRSNMJnhEe4YKHFDlJlnoOTozyhD5oTRPaJSpvzcSHCg1CzwzmYZUy14q/uf1Yu3fuAkTUaypIItDfsyRDlHaABoySYnmM0MwkcxkRWSMJSba9FQyJTjLX14l7cuqc1Wt3dcq9du8jiKcwCmcgwPXUIcGNKEFBJ7gGV7hzZpaL9a79bEYLVj5zjH8gfX5A6DOkgQ=</latexit>

H
+

<latexit sha1_base64="9iPO8Xohg6uRLL5krim5nu2qXYA=">AAAB9HicbVDLSsNAFL2pr1pfVZduBosgCCWRoi6LbsRVBfuANpbJdNIOnUzizKRQQr7DjQtF3Pox7vwbJ20W2npg4HDOvdwzx4s4U9q2v63Cyura+kZxs7S1vbO7V94/aKkwloQ2SchD2fGwopwJ2tRMc9qJJMWBx2nbG99kfntCpWKheNDTiLoBHgrmM4K1kdxegPWIYJ7cpY9n/XLFrtozoGXi5KQCORr98ldvEJI4oEITjpXqOnak3QRLzQinaakXKxphMsZD2jVU4IAqN5mFTtGJUQbID6V5QqOZ+nsjwYFS08Azk1lItehl4n9eN9b+lZswEcWaCjI/5Mcc6RBlDaABk5RoPjUEE8lMVkRGWGKiTU8lU4Kz+OVl0jqvOhfV2n2tUr/O6yjCERzDKThwCXW4hQY0gcATPMMrvFkT68V6tz7mowUr3zmEP7A+fwCj3JIG</latexit>

J +

BH

matter

field

Possible neighbouring classical matter 
(eg, accretion disk, neutron star, etc) or 
another BH

Quantum vacuum 
(Hawking’75) - always present!



SCC could be upheld for BHs if their CH is “destroyed” by perturbations  
from classical and/or quantum fields

timelike 
sing.

observer can see singularity

field 
perturbations

observer cannot see singularity 
and crashes into it in the future

non-timelike 
sing.

<latexit sha1_base64="HkHF6EBenOyorn+40ZwpazXlCgQ=">AAAB9HicbVDLSsNAFL2pr1pfVZduBosgCCWRoi6LbrqsYB/QxjKZTtqhk0mcmRRK6He4caGIWz/GnX/jJM1CWw8MHM65l3vmeBFnStv2t1VYW9/Y3Cpul3Z29/YPyodHbRXGktAWCXkoux5WlDNBW5ppTruRpDjwOO14k7vU70ypVCwUD3oWUTfAI8F8RrA2ktsPsB4TzJPG/PFiUK7YVTsDWiVOTiqQozkof/WHIYkDKjThWKmeY0faTbDUjHA6L/VjRSNMJnhEe4YKHFDlJlnoOTozyhD5oTRPaJSpvzcSHCg1CzwzmYZUy14q/uf1Yu3fuAkTUaypIItDfsyRDlHaABoySYnmM0MwkcxkRWSMJSba9FQyJTjLX14l7cuqc1Wt3dcq9du8jiKcwCmcgwPXUIcGNKEFBJ7gGV7hzZpaL9a79bEYLVj5zjH8gfX5A6DOkgQ=</latexit>

H
+

<latexit sha1_base64="WMrwRmkUG5/BUZGvwsM9r1gc3MA=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi6rLYTZcV7AOaUCbTSTt0MgnzEErob7hxoYhbf8adf+OkzUJbDwwczrmXe+aEKWdKu+63U9rY3NreKe9W9vYPDo+qxyddlRhJaIckPJH9ECvKmaAdzTSn/VRSHIec9sJpM/d7T1QqlohHPUtpEOOxYBEjWFvJ92OsJwTzrNmaD6s1t+4ugNaJV5AaFGgPq1/+KCEmpkITjpUaeG6qgwxLzQin84pvFE0xmeIxHVgqcExVkC0yz9GFVUYoSqR9QqOF+nsjw7FSszi0k3lGterl4n/ewOjoLsiYSI2mgiwPRYYjnaC8ADRikhLNZ5ZgIpnNisgES0y0raliS/BWv7xOuld176Z+/XBda9wXdZThDM7hEjy4hQa0oA0dIJDCM7zCm2OcF+fd+ViOlpxi5xT+wPn8AQypkbQ=</latexit>

CH



But SCC is a hypothesis - it needs to be verified!

Is GR a predictable th. inside astrophysical BHs? if the CH becomes 
irregular, how irregular does it become? does it become a null sing. or a 
slike sing.? what would happen to an observer trying to cross that 
region? what are stronger, the classical effects or the quantum effects?…

Questions:

N.B.: a similar CH exists for electrically charged BHs, whether non-
rotating (Reissner-Nordstrom) or rotating (Kerr-Newman), whether 
with cosmological const.              ,              (asympt. de Sitter) or                  
(asympt. anti-de Sitter)

<latexit sha1_base64="vdqWijEJI11GFSiqBJ7T7KxEZbM=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsxIUTdC0Y0LFxXsQ9qhZDKZNjTJDElGKEO/wo0LRdz6Oe78G9N2Ftp6IHA451xy7wkSzrRx3W+nsLK6tr5R3Cxtbe/s7pX3D1o6ThWhTRLzWHUCrClnkjYNM5x2EkWxCDhtB6Obqd9+okqzWD6YcUJ9gQeSRYxgY6XH3p2NhvjK7ZcrbtWdAS0TLycVyNHol796YUxSQaUhHGvd9dzE+BlWhhFOJ6VeqmmCyQgPaNdSiQXVfjZbeIJOrBKiKFb2SYNm6u+JDAutxyKwSYHNUC96U/E/r5ua6NLPmExSQyWZfxSlHJkYTa9HIVOUGD62BBPF7K6IDLHCxNiOSrYEb/HkZdI6q3rn1dp9rVK/zusowhEcwyl4cAF1uIUGNIGAgGd4hTdHOS/Ou/MxjxacfOYQ/sD5/AEDL4/n</latexit>

⇤ = 0
<latexit sha1_base64="3jtUmnSMXJgmCKrpLBFP9vGAyYk=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsxIUVdSdOPCRQX7kHYomUymDU0yQ5IRytCvcONCEbd+jjv/xrSdhbYeCBzOOZfce4KEM21c99sprKyurW8UN0tb2zu7e+X9g5aOU0Vok8Q8Vp0Aa8qZpE3DDKedRFEsAk7bwehm6refqNIslg9mnFBf4IFkESPYWOmxd2ejIb5y++WKW3VnQMvEy0kFcjT65a9eGJNUUGkIx1p3PTcxfoaVYYTTSamXappgMsID2rVUYkG1n80WnqATq4QoipV90qCZ+nsiw0LrsQhsUmAz1IveVPzP66YmuvQzJpPUUEnmH0UpRyZG0+tRyBQlho8twUQxuysiQ6wwMbajki3BWzx5mbTOqt55tXZfq9Sv8zqKcATHcAoeXEAdbqEBTSAg4Ble4c1Rzovz7nzMowUnnzmEP3A+fwAEtI/o</latexit>

⇤ > 0
<latexit sha1_base64="WZ+bbW+ovdsumhehEECvge2JtDc=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsxIURcuim5cuKhgH9IOJZPJtKFJZkgyQhn6FW5cKOLWz3Hn35i2s9DWA4HDOeeSe0+QcKaN6347hZXVtfWN4mZpa3tnd6+8f9DScaoIbZKYx6oTYE05k7RpmOG0kyiKRcBpOxjdTP32E1WaxfLBjBPqCzyQLGIEGys99u5sNMRXbr9ccavuDGiZeDmpQI5Gv/zVC2OSCioN4Vjrrucmxs+wMoxwOin1Uk0TTEZ4QLuWSiyo9rPZwhN0YpUQRbGyTxo0U39PZFhoPRaBTQpshnrRm4r/ed3URJd+xmSSGirJ/KMo5cjEaHo9CpmixPCxJZgoZndFZIgVJsZ2VLIleIsnL5PWWdU7r9bua5X6dV5HEY7gGE7Bgwuowy00oAkEBDzDK7w5ynlx3p2PebTg5DOH8AfO5w8Bqo/m</latexit>

⇤ < 0



2. Classical perturbations of CH

5. Conclusion

3. Semiclassical gravity

1. Cauchy horizon

4. Semiclassical effects on CH of Kerr(-de Sitter)



Wave Equation

E.g., scalar field perturbations      of a BH satisfy a wave eq.

source of field

<latexit sha1_base64="b0YDeJNpJmYAUNvbPEQkbrfj+/g=">AAACKnicbVDLTgIxFO34RHyNunTTSExwQ2YMUTcmiBuXmPBKGCSdUqCh0xn7IJAJ3+PGX3HDQkPc+iF2gEQFT9Lm9Nxzc3uPHzEqleNMrbX1jc2t7dROendv/+DQPjquylALTCo4ZKGo+0gSRjmpKKoYqUeCoMBnpOb375N6bUCEpCEvq1FEmgHqctqhGCkjtew7rxgOoRf1aHZ44ZFnTQew24q9QHtcjz2OfIaekucPT/S5/7ZsrpadcXLODHCVuAuSAQuUWvbEa4dYB4QrzJCUDdeJVDNGQlHMyDjtaUkihPuoSxqGchQQ2Yxnq47huVHasBMKc7iCM/V3R4wCKUeBb5wBUj25XEvE/2oNrTo3zZjySCvC8XxQRzOoQpjkBttUEKzYyBCEBTV/hbiHBMLKpJs2IbjLK6+S6mXOvcrlH/OZQnERRwqcgjOQBS64BgXwAEqgAjB4AW/gHXxYr9bEmlqfc+uateg5AX9gfX0DQzanxw==</latexit>⇤�(x) ⌘ gµ⌫rµr⌫�(x) = T (x)

spacetime point

<latexit sha1_base64="hpnySaJh+/CAhHti5mNvHw101yA=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkVI9FLx4r2A9oQ9lsN83S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5QcKZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV8epIrRDYh6rfoA15UzSjmGG036iKBYBp71gepf7vSeqNIvlo5kl1Bd4IlnICDa5NEwiNqrW3Lq7AFonXkFqUKA9qn4NxzFJBZWGcKz1wHMT42dYGUY4nVeGqaYJJlM8oQNLJRZU+9ni1jm6sMoYhbGyJQ1aqL8nMiy0nonAdgpsIr3q5eJ/3iA14Y2fMZmkhkqyXBSmHJkY5Y+jMVOUGD6zBBPF7K2IRFhhYmw8FRuCt/ryOule1b1mvfHQqLVuizjKcAbncAkeXEML7qENHSAQwTO8wpsjnBfn3flYtpacYuYU/sD5/AEWdo5I</latexit>

�

Linear perturbations by other fields (fermions, emag, linear grav) of 
Kerr(-Newman)(-A)(dS) BHs obey a similar wave-like eq.

We consider linear field perturbations of a fixed BH background     (ie, 
we do not consider the backreaction of the field on the BH)

<latexit sha1_base64="uSW0H71JUat1zrUvRTNUif2jrkk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOl5rBfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ+6LqXVZrzVqlfpPHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8fz2OM9A==</latexit>g



<latexit sha1_base64="y8+6M0ATlW5H6x++6WQMGcxcnjM=">AAAB9HicbVDLSsNAFL2pr1pfVZduBovgxpJIUZdFN+Kqgn1AG8tkOmmHTiZxZlIoId/hxoUibv0Yd/6NkzYLbT0wcDjnXu6Z40WcKW3b31ZhZXVtfaO4Wdra3tndK+8ftFQYS0KbJOSh7HhYUc4EbWqmOe1EkuLA47TtjW8yvz2hUrFQPOhpRN0ADwXzGcHaSG4vwHpEME/u0sezfrliV+0Z0DJxclKBHI1++as3CEkcUKEJx0p1HTvSboKlZoTTtNSLFY0wGeMh7RoqcECVm8xCp+jEKAPkh9I8odFM/b2R4ECpaeCZySykWvQy8T+vG2v/yk2YiGJNBZkf8mOOdIiyBtCASUo0nxqCiWQmKyIjLDHRpqeSKcFZ/PIyaZ1XnYtq7b5WqV/ndRThCI7hFBy4hDrcQgOaQOAJnuEV3qyJ9WK9Wx/z0YKV7xzCH1ifP6bkkgg=</latexit>J�

<latexit sha1_base64="9iPO8Xohg6uRLL5krim5nu2qXYA=">AAAB9HicbVDLSsNAFL2pr1pfVZduBosgCCWRoi6LbsRVBfuANpbJdNIOnUzizKRQQr7DjQtF3Pox7vwbJ20W2npg4HDOvdwzx4s4U9q2v63Cyura+kZxs7S1vbO7V94/aKkwloQ2SchD2fGwopwJ2tRMc9qJJMWBx2nbG99kfntCpWKheNDTiLoBHgrmM4K1kdxegPWIYJ7cpY9n/XLFrtozoGXi5KQCORr98ldvEJI4oEITjpXqOnak3QRLzQinaakXKxphMsZD2jVU4IAqN5mFTtGJUQbID6V5QqOZ+nsjwYFS08Azk1lItehl4n9eN9b+lZswEcWaCjI/5Mcc6RBlDaABk5RoPjUEE8lMVkRGWGKiTU8lU4Kz+OVl0jqvOhfV2n2tUr/O6yjCERzDKThwCXW4hQY0gcATPMMrvFkT68V6tz7mowUr3zmEP7A+fwCj3JIG</latexit>

J +

CH

<latexit sha1_base64="HkHF6EBenOyorn+40ZwpazXlCgQ=">AAAB9HicbVDLSsNAFL2pr1pfVZduBosgCCWRoi6LbrqsYB/QxjKZTtqhk0mcmRRK6He4caGIWz/GnX/jJM1CWw8MHM65l3vmeBFnStv2t1VYW9/Y3Cpul3Z29/YPyodHbRXGktAWCXkoux5WlDNBW5ppTruRpDjwOO14k7vU70ypVCwUD3oWUTfAI8F8RrA2ktsPsB4TzJPG/PFiUK7YVTsDWiVOTiqQozkof/WHIYkDKjThWKmeY0faTbDUjHA6L/VjRSNMJnhEe4YKHFDlJlnoOTozyhD5oTRPaJSpvzcSHCg1CzwzmYZUy14q/uf1Yu3fuAkTUaypIItDfsyRDlHaABoySYnmM0MwkcxkRWSMJSba9FQyJTjLX14l7cuqc1Wt3dcq9du8jiKcwCmcgwPXUIcGNKEFBJ7gGV7hzZpaL9a79bEYLVj5zjH8gfX5A6DOkgQ=</latexit>

H
+

<latexit sha1_base64="6vxmjNGO81UXOOMulKAjbEidTm4=">AAAB9HicbVDLSsNAFL2pr1pfVZduBovgxpJIUZdFN11WsA9oY5lMJ+3QySTOTAol9DvcuFDErR/jzr9xkmahrQcGDufcyz1zvIgzpW372yqsrW9sbhW3Szu7e/sH5cOjtgpjSWiLhDyUXQ8rypmgLc00p91IUhx4nHa8yV3qd6ZUKhaKBz2LqBvgkWA+I1gbye0HWI8J5klj/ngxKFfsqp0BrRInJxXI0RyUv/rDkMQBFZpwrFTPsSPtJlhqRjidl/qxohEmEzyiPUMFDqhykyz0HJ0ZZYj8UJonNMrU3xsJDpSaBZ6ZTEOqZS8V//N6sfZv3ISJKNZUkMUhP+ZIhyhtAA2ZpETzmSGYSGayIjLGEhNteiqZEpzlL6+S9mXVuarW7muV+m1eRxFO4BTOwYFrqEMDmtACAk/wDK/wZk2tF+vd+liMFqx85xj+wPr8AaPWkgY=</latexit>

H
�

<latexit sha1_base64="y8+6M0ATlW5H6x++6WQMGcxcnjM=">AAAB9HicbVDLSsNAFL2pr1pfVZduBovgxpJIUZdFN+Kqgn1AG8tkOmmHTiZxZlIoId/hxoUibv0Yd/6NkzYLbT0wcDjnXu6Z40WcKW3b31ZhZXVtfaO4Wdra3tndK+8ftFQYS0KbJOSh7HhYUc4EbWqmOe1EkuLA47TtjW8yvz2hUrFQPOhpRN0ADwXzGcHaSG4vwHpEME/u0sezfrliV+0Z0DJxclKBHI1++as3CEkcUKEJx0p1HTvSboKlZoTTtNSLFY0wGeMh7RoqcECVm8xCp+jEKAPkh9I8odFM/b2R4ECpaeCZySykWvQy8T+vG2v/yk2YiGJNBZkf8mOOdIiyBtCASUo0nxqCiWQmKyIjLDHRpqeSKcFZ/PIyaZ1XnYtq7b5WqV/ndRThCI7hFBy4hDrcQgOaQOAJnuEV3qyJ9WK9Wx/z0YKV7xzCH1ifP6bkkgg=</latexit>J�

<latexit sha1_base64="9iPO8Xohg6uRLL5krim5nu2qXYA=">AAAB9HicbVDLSsNAFL2pr1pfVZduBosgCCWRoi6LbsRVBfuANpbJdNIOnUzizKRQQr7DjQtF3Pox7vwbJ20W2npg4HDOvdwzx4s4U9q2v63Cyura+kZxs7S1vbO7V94/aKkwloQ2SchD2fGwopwJ2tRMc9qJJMWBx2nbG99kfntCpWKheNDTiLoBHgrmM4K1kdxegPWIYJ7cpY9n/XLFrtozoGXi5KQCORr98ldvEJI4oEITjpXqOnak3QRLzQinaakXKxphMsZD2jVU4IAqN5mFTtGJUQbID6V5QqOZ+nsjwYFS08Azk1lItehl4n9eN9b+lZswEcWaCjI/5Mcc6RBlDaABk5RoPjUEE8lMVkRGWGKiTU8lU4Kz+OVl0jqvOhfV2n2tUr/O6yjCERzDKThwCXW4hQY0gcATPMMrvFkT68V6tz7mowUr3zmEP7A+fwCj3JIG</latexit>

J +

<latexit sha1_base64="5MdRFgEIQNud8F7hoCyDHq++5CU=">AAAB+XicbVBNS8NAEN34WetX1KOXxSKIQkmkqMeiF48V7Ae0IWy2m3bpZhN3J4ES+k+8eFDEq//Em//GbZuDtj4YeLw3w8y8IBFcg+N8Wyura+sbm6Wt8vbO7t6+fXDY0nGqKGvSWMSqExDNBJesCRwE6ySKkSgQrB2M7qZ+O2NK81g+wjhhXkQGkoecEjCSb9tZjz2lPMNwofz8fIJ9u+JUnRnwMnELUkEFGr791evHNI2YBCqI1l3XScDLiQJOBZuUe6lmCaEjMmBdQyWJmPby2eUTfGqUPg5jZUoCnqm/J3ISaT2OAtMZERjqRW8q/ud1UwhvvJzLJAUm6XxRmAoMMZ7GgPtcMQpibAihiptbMR0SRSiYsMomBHfx5WXSuqy6V9XaQ61Svy3iKKFjdILOkIuuUR3dowZqIooy9Ixe0ZuVWy/Wu/Uxb12xipkj9AfW5w/Q8pMi</latexit>

v ⌘ t+ r⇤ affine par. along

Eddington-Finkelstein coords.:
(range over      )

<latexit sha1_base64="unEuT7utuAP30hCdIaTdySdTKpg=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIqMuiG5dV7APboWTS2zY0kxmSjFCG/oUbF4q49W/c+Tdm2llo64HA4Zx7ybkniAXXxnW/ncLK6tr6RnGztLW9s7tX3j9o6ihRDBssEpFqB1Sj4BIbhhuB7VghDQOBrWB8k/mtJ1SaR/LBTGL0QzqUfMAZNVZ67IbUjIIgvZ/2yhW36s5AlomXkwrkqPfKX91+xJIQpWGCat3x3Nj4KVWGM4HTUjfRGFM2pkPsWCppiNpPZ4mn5MQqfTKIlH3SkJn6eyOlodaTMLCTWUK96GXif14nMYMrP+UyTgxKNv9okAhiIpKdT/pcITNiYgllitushI2ooszYkkq2BG/x5GXSPKt6F9Xzu/NK7TqvowhHcAyn4MEl1OAW6tAABhKe4RXeHO28OO/Ox3y04OQ7h/AHzucPwE2Q+w==</latexit>R
<latexit sha1_base64="beJb0LJq9/PbP4tNDrK6f+3to5U=">AAAB+HicbVDJSgNBEO1xjXHJqEcvjUEQwTAjbsegF48RzALJMPR0epImPYvd1YE45Eu8eFDEq5/izb+xk8xBEx8UPN6roqpekAquwHG+raXlldW19cJGcXNre6dk7+41VKIlZXWaiES2AqKY4DGrAwfBWqlkJAoEawaD24nfHDKpeBI/wChlXkR6MQ85JWAk3y7pDnvUfIjhVPrZydi3y07FmQIvEjcnZZSj5ttfnW5CdcRioIIo1XadFLyMSOBUsHGxoxVLCR2QHmsbGpOIKS+bHj7GR0bp4jCRpmLAU/X3REYipUZRYDojAn01703E/7y2hvDay3icamAxnS0KtcCQ4EkKuMsloyBGhhAqubkV0z6RhILJqmhCcOdfXiSNs4p7Wbm4Py9Xb/I4CugAHaJj5KIrVEV3qIbqiCKNntErerOerBfr3fqYtS5Z+cw++gPr8wd3d5L6</latexit>

u ⌘ t� r⇤

regular

Kruskal coords.:

regular on          (U=0) and affine 
par. along          and

<latexit sha1_base64="jjWk1oCnm1Ga4ACQEWtNhiPRdpY=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe4kqGXQJoVFRPMByRH2NnPJkr29Y3dPCCE/wcZCEVt/kZ3/xk1yhSY+GHi8N8PMvCARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0e3Mbz2h0jyWj2acoB/RgeQhZ9RY6aHWu+sVS27ZnYOsEi8jJchQ7xW/uv2YpRFKwwTVuuO5ifEnVBnOBE4L3VRjQtmIDrBjqaQRan8yP3VKzqzSJ2GsbElD5urviQmNtB5Hge2MqBnqZW8m/ud1UhNe+xMuk9SgZItFYSqIicnsb9LnCpkRY0soU9zeStiQKsqMTadgQ/CWX14lzYuyd1mu3FdK1ZssjjycwCmcgwdXUIUa1KEBDAbwDK/w5gjnxXl3PhatOSebOYY/cD5/AO5bjZQ=</latexit>

HL
<latexit sha1_base64="6vxmjNGO81UXOOMulKAjbEidTm4=">AAAB9HicbVDLSsNAFL2pr1pfVZduBovgxpJIUZdFN11WsA9oY5lMJ+3QySTOTAol9DvcuFDErR/jzr9xkmahrQcGDufcyz1zvIgzpW372yqsrW9sbhW3Szu7e/sH5cOjtgpjSWiLhDyUXQ8rypmgLc00p91IUhx4nHa8yV3qd6ZUKhaKBz2LqBvgkWA+I1gbye0HWI8J5klj/ngxKFfsqp0BrRInJxXI0RyUv/rDkMQBFZpwrFTPsSPtJlhqRjidl/qxohEmEzyiPUMFDqhykyz0HJ0ZZYj8UJonNMrU3xsJDpSaBZ6ZTEOqZS8V//N6sfZv3ISJKNZUkMUhP+ZIhyhtAA2ZpETzmSGYSGayIjLGEhNteiqZEpzlL6+S9mXVuarW7muV+m1eRxFO4BTOwYFrqEMDmtACAk/wDK/wZk2tF+vd+liMFqx85xj+wPr8AaPWkgY=</latexit>

H
�

<latexit sha1_base64="umCgpRiEb7y9EEeLdq7O1J3DQtg=">AAACL3icbVDLSsNAFJ34tr6iLt0Ei6ALSyJFXYqCuFSwVWhKmUxv2qGTZJy5KZaQP3Ljr7gRUcStf+H0IWrrgYHDOedy555ACq7RdV+sqemZ2bn5hcXC0vLK6pq9vlHVSaoYVFgiEnUbUA2Cx1BBjgJupQIaBQJugs5Z37/pgtI8ia+xJ6Ee0VbMQ84oGqlhn1d9ASHudn3FW23c8+Eu5V0/VJRlXp75HSolbWT7ee7DvRxm93/U77GGXXRL7gDOJPFGpEhGuGzYT34zYWkEMTJBta55rsR6RhVyJiAv+KkGSVmHtqBmaEwj0PVscG/u7Bil6YSJMi9GZ6D+nshopHUvCkwyotjW415f/M+rpRge1zMeyxQhZsNFYSocTJx+eU6TK2AoeoZQprj5q8Pa1HSFpuKCKcEbP3mSVA9K3mGpfFUunpyO6lggW2Sb7BKPHJETckEuSYUw8kCeyCt5sx6tZ+vd+hhGp6zRzCb5A+vzC6L2qqU=</latexit>

V (v) ⌘ 1

�
exp (��v)

on CH (V=0)
<latexit sha1_base64="6+tZH2DNxxljWREnuZBBH4A66MU="></latexit>

U (u) ⌘ � 1

+
exp (�+u)

“Time” coordinates

<latexit sha1_base64="y8+6M0ATlW5H6x++6WQMGcxcnjM=">AAAB9HicbVDLSsNAFL2pr1pfVZduBovgxpJIUZdFN+Kqgn1AG8tkOmmHTiZxZlIoId/hxoUibv0Yd/6NkzYLbT0wcDjnXu6Z40WcKW3b31ZhZXVtfaO4Wdra3tndK+8ftFQYS0KbJOSh7HhYUc4EbWqmOe1EkuLA47TtjW8yvz2hUrFQPOhpRN0ADwXzGcHaSG4vwHpEME/u0sezfrliV+0Z0DJxclKBHI1++as3CEkcUKEJx0p1HTvSboKlZoTTtNSLFY0wGeMh7RoqcECVm8xCp+jEKAPkh9I8odFM/b2R4ECpaeCZySykWvQy8T+vG2v/yk2YiGJNBZkf8mOOdIiyBtCASUo0nxqCiWQmKyIjLDHRpqeSKcFZ/PIyaZ1XnYtq7b5WqV/ndRThCI7hFBy4hDrcQgOaQOAJnuEV3qyJ9WK9Wx/z0YKV7xzCH1ifP6bkkgg=</latexit>J�

<latexit sha1_base64="uw7sg4WIoY+Z8pUTo7G3/9EXd9s=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIr2XRTRcuKtgHtEPJpJk2NJOMSaZQhn6HGxeKuPVj3Pk3ZtpZaPVA4HDOvdyTE8ScaeO6X05hZXVtfaO4Wdra3tndK+8ftLRMFKFNIrlUnQBrypmgTcMMp51YURwFnLaD8W3mtydUaSbFg5nG1I/wULCQEWys5PcibEYE87Q+69/1yxW36s6B/hIvJxXI0eiXP3sDSZKICkM41rrrubHxU6wMI5zOSr1E0xiTMR7SrqUCR1T76Tz0DJ1YZYBCqewTBs3VnxspjrSeRoGdzELqZS8T//O6iQmv/ZSJODFUkMWhMOHISJQ1gAZMUWL41BJMFLNZERlhhYmxPZVsCd7yl/+S1lnVu6xe3J9Xajd5HUU4gmM4BQ+uoAZ1aEATCDzCE7zAqzNxnp03530xWnDynUP4BefjG9Spkic=</latexit>

HL

<latexit sha1_base64="HkHF6EBenOyorn+40ZwpazXlCgQ=">AAAB9HicbVDLSsNAFL2pr1pfVZduBosgCCWRoi6LbrqsYB/QxjKZTtqhk0mcmRRK6He4caGIWz/GnX/jJM1CWw8MHM65l3vmeBFnStv2t1VYW9/Y3Cpul3Z29/YPyodHbRXGktAWCXkoux5WlDNBW5ppTruRpDjwOO14k7vU70ypVCwUD3oWUTfAI8F8RrA2ktsPsB4TzJPG/PFiUK7YVTsDWiVOTiqQozkof/WHIYkDKjThWKmeY0faTbDUjHA6L/VjRSNMJnhEe4YKHFDlJlnoOTozyhD5oTRPaJSpvzcSHCg1CzwzmYZUy14q/uf1Yu3fuAkTUaypIItDfsyRDlHaABoySYnmM0MwkcxkRWSMJSba9FQyJTjLX14l7cuqc1Wt3dcq9du8jiKcwCmcgwPXUIcGNKEFBJ7gGV7hzZpaL9a79bEYLVj5zjH8gfX5A6DOkgQ=</latexit>

H
+



Classical (ir)regularity of CH of asymptotically-flat BHs

CH & region of unpredictability of Kerr [Ori’92, Dafermos&Luk’17] and of 
Reissner-Nordstrom [Poisson & Israel’90] are “somewhat destroyed” by 
the perturbation:

CH

EH

IH

<latexit sha1_base64="HkHF6EBenOyorn+40ZwpazXlCgQ=">AAAB9HicbVDLSsNAFL2pr1pfVZduBosgCCWRoi6LbrqsYB/QxjKZTtqhk0mcmRRK6He4caGIWz/GnX/jJM1CWw8MHM65l3vmeBFnStv2t1VYW9/Y3Cpul3Z29/YPyodHbRXGktAWCXkoux5WlDNBW5ppTruRpDjwOO14k7vU70ypVCwUD3oWUTfAI8F8RrA2ktsPsB4TzJPG/PFiUK7YVTsDWiVOTiqQozkof/WHIYkDKjThWKmeY0faTbDUjHA6L/VjRSNMJnhEe4YKHFDlJlnoOTozyhD5oTRPaJSpvzcSHCg1CzwzmYZUy14q/uf1Yu3fuAkTUaypIItDfsyRDlHaABoySYnmM0MwkcxkRWSMJSba9FQyJTjLX14l7cuqc1Wt3dcq9du8jiKcwCmcgwPXUIcGNKEFBJ7gGV7hzZpaL9a79bEYLVj5zjH8gfX5A6DOkgQ=</latexit>

H
+

CH

C0
<latexit sha1_base64="o68WLD/4PEm/+NVbLAwOyNo1GW0=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHbRRI9ELh4xyiOBlcwOszBhdnYz02tCCJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIJHCoOt+O7m19Y3Nrfx2YWd3b/+geHjUNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMajO/9cS1EbF6wHHC/YgOlAgFo2il+9qj2yuW3LI7B1klXkZKkKHeK351+zFLI66QSWpMx3MT9CdUo2CSTwvd1PCEshEd8I6likbc+JP5qVNyZpU+CWNtSyGZq78nJjQyZhwFtjOiODTL3kz8z+ukGF77E6GSFLlii0VhKgnGZPY36QvNGcqxJZRpYW8lbEg1ZWjTKdgQvOWXV0mzUvYuypW7y1L1JosjDydwCufgwRVU4Rbq0AAGA3iGV3hzpPPivDsfi9ack80cwx84nz+5KI1t</latexit>

C1
<latexit sha1_base64="ZCZ8fJaK3VQsoBpSxeexi6tZ7x4=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHbRRI9ELh4xyiOBlcwOszBhdnYz02tCCJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIJHCoOt+O7m19Y3Nrfx2YWd3b/+geHjUNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMajO/9cS1EbF6wHHC/YgOlAgFo2il+9qj1yuW3LI7B1klXkZKkKHeK351+zFLI66QSWpMx3MT9CdUo2CSTwvd1PCEshEd8I6likbc+JP5qVNyZpU+CWNtSyGZq78nJjQyZhwFtjOiODTL3kz8z+ukGF77E6GSFLlii0VhKgnGZPY36QvNGcqxJZRpYW8lbEg1ZWjTKdgQvOWXV0mzUvYuypW7y1L1JosjDydwCufgwRVU4Rbq0AAGA3iGV3hzpPPivDsfi9ack80cwx84nz+6rI1u</latexit>

SCC holds in the sense that the field is not         but is      

a null curvature sing. 
forms

it’s a “weak” 
sing.

<latexit sha1_base64="j4kwUdlmWXOOc+BkYD32wH2oEGY=">AAAB8XicbVDLSsNAFJ3UV62vqks3g0VwVRLxtSy6cVnBPrAJZTKdtEMnM2HmphBC/8KNC0Xc+jfu/BunbRZaPXDhcM693HtPmAhuwHW/nNLK6tr6RnmzsrW9s7tX3T9oG5VqylpUCaW7ITFMcMlawEGwbqIZiUPBOuH4duZ3JkwbruQDZAkLYjKUPOKUgJUeJz4on8sIsn615tbdOfBf4hWkhgo0+9VPf6BoGjMJVBBjep6bQJATDZwKNq34qWEJoWMyZD1LJYmZCfL5xVN8YpUBjpS2JQHP1Z8TOYmNyeLQdsYERmbZm4n/eb0Uousg5zJJgUm6WBSlAoPCs/fxgGtGQWSWEKq5vRXTEdGEgg2pYkPwll/+S9pnde+yfnF/XmvcFHGU0RE6RqfIQ1eoge5QE7UQRRI9oRf06hjn2Xlz3hetJaeYOUS/4Hx8A/yAkSM=</latexit>

v ! 1

for
<latexit sha1_base64="QIhF1sjKF9TicNuWD6W27GHAp/o=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr5MEvXiMaB6QLGF2MpsMmZ1dZnqFsOQTvHhQxKtf5M2/cZLsQaMFDUVVN91dQSKFQdf9cgpLyyura8X10sbm1vZOeXevaeJUM95gsYx1O6CGS6F4AwVK3k40p1EgeSsY3Uz91iPXRsTqAccJ9yM6UCIUjKKV7tWV2ytX3Ko7A/lLvJxUIEe9V/7s9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5skqfhLG2pZDM1J8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyX9I8qXrn1bO700rtOo+jCAdwCMfgwQXU4Bbq0AAGA3iCF3h1pPPsvDnv89aCk8/swy84H9/L/I1+</latexit>

n > 0

depends on 
field type

<latexit sha1_base64="svtun192lkz7NuCZKX2ImGzQ9y8="></latexit>

⇠ @2g

@V 2
⇠ v�ne2�v

<latexit sha1_base64="NwGGLh7KJH6m1IUq5ExMsb+mMPo=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNryPRi0dI5JHAhswOvTAyO7uZmSUhhC/w4kFjvPpJ3vwbB9iDgpV0UqnqTndXkAiujet+O7m19Y3Nrfx2YWd3b/+geHjU0HGqGNZZLGLVCqhGwSXWDTcCW4lCGgUCm8HwfuY3R6g0j+WjGSfoR7QvecgZNVaqjbrFklt25yCrxMtICTJUu8WvTi9maYTSMEG1bntuYvwJVYYzgdNCJ9WYUDakfWxbKmmE2p/MD52SM6v0SBgrW9KQufp7YkIjrcdRYDsjagZ62ZuJ/3nt1IS3/oTLJDUo2WJRmApiYjL7mvS4QmbE2BLKFLe3EjagijJjsynYELzll1dJ46LsXZevapelyl0WRx5O4BTOwYMbqMADVKEODBCe4RXenCfnxXl3PhatOSebOYY/cD5/AOZxjQQ=</latexit>v



Classical (ir)regularity of CH of asymptotically-dS BHs

Kerr-dS: the CH becomes irregular (field is not ) -> region of 
unpredictability “disappears” -> preservation of SCC [Dias et al.’18]

<latexit sha1_base64="zX5bTxMtaZCjlhCeu9Gy7izhkNE=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaNryORi0eM8khgJbPDABNmZzczvSZkwyd48aAxXv0ib/6NA+xBwUo6qVR1p7sriKUw6LrfTm5ldW19I79Z2Nre2d0r7h80TJRoxusskpFuBdRwKRSvo0DJW7HmNAwkbwaj6tRvPnFtRKQecBxzP6QDJfqCUbTSffXR6xZLbtmdgSwTLyMlyFDrFr86vYglIVfIJDWm7bkx+inVKJjkk0InMTymbEQHvG2poiE3fjo7dUJOrNIj/UjbUkhm6u+JlIbGjMPAdoYUh2bRm4r/ee0E+9d+KlScIFdsvqifSIIRmf5NekJzhnJsCWVa2FsJG1JNGdp0CjYEb/HlZdI4K3uX5Yu781LlJosjD0dwDKfgwRVU4BZqUAcGA3iGV3hzpPPivDsf89ack80cwh84nz+8no10</latexit>

C1

Reissner-Nordstrom-dS: the CH remains regular (                        ) -> region 
of unpredictability remains -> violation of SCC [Cardoso et al.’18]

However…

Is there still violation if one includes BH rotation (ie, Kerr-Newman-dS)?

<latexit sha1_base64="/mdNgkkQiy+DsngpLTcnbNA5u38=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiTia1l048JFhTYttDFMppN26GQmzEyEEuKvuHGhiFs/xJ1/47TNQlsPXDiccy/33hMmjCrtON9WaWV1bX2jvFnZ2t7Z3bP3DzwlUolJGwsmZDdEijDKSVtTzUg3kQTFISOdcHwz9TuPRCoqeEtPEuLHaMhpRDHSRgrsaivIPC/vUw7vgowJnD+4gV1z6s4McJm4BamBAs3A/uoPBE5jwjVmSKme6yTaz5DUFDOSV/qpIgnCYzQkPUM5ionys9nxOTw2ygBGQpriGs7U3xMZipWaxKHpjJEeqUVvKv7n9VIdXfkZ5UmqCcfzRVHKoBZwmgQcUEmwZhNDEJbU3ArxCEmEtcmrYkJwF19eJt5p3b2on9+f1RrXRRxlcAiOwAlwwSVogFvQBG2AwQQ8g1fwZj1ZL9a79TFvLVnFTBX8gfX5A0mvlI0=</latexit>

TV V 2 L1
loc



a = 0
a = 0.04 rc

 = 0, q = 0.95 rc
 = 1/2, q = 1.60 rc
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BH charge approaching its max. value

violation of SCC

Also violation of SCC in Kerr-Newman-dS [Casals & Marinho’22]

<latexit sha1_base64="UIyWLvTcQwdqoWRJIFfC4DrvEUg=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKpi20oWy2m3bpZhN2J0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px3cxvP3FtRKIecZLyIKZDJSLBKFrJ74Ucab9ac+vuHGSVeAWpQYFmv/rVGyQsi7lCJqkxXc9NMcipRsEkn1Z6meEpZWM65F1LFY25CfL5sVNyZpUBiRJtSyGZq78nchobM4lD2xlTHJllbyb+53UzjG6CXKg0Q67YYlGUSYIJmX1OBkJzhnJiCWVa2FsJG1FNGdp8KjYEb/nlVdK6qHtX9cuHy1rjtoijDCdwCufgwTU04B6a4AMDAc/wCm+Ocl6cd+dj0Vpyiplj+APn8wfGxI6t</latexit>

�



 What happens when including quantum-backreaction effects:

Is SCC upheld in asymptotically-dS BHs?

Questions

What is the irregularity of the CH of Kerr(-dS) due to quantum effects?



3. Semiclassical gravity

5. Conclusion

2. Classical perturbations of CH

1. Cauchy horizon

4. Semiclassical effects on CH of Kerr(-de Sitter)



�
�
G�/c3

⇥1/2 � 10�33cm and
�
G�/c5

⇥1/2 � 10�44s

This theory is valid in the limit that the length and time scales of 
the physical processes      Planck length and time

Semiclassical Einstein Eqs.

In its absence, we use semiclassical theory of Quantum Gravity:

Matter fields are quantized but gravitational field is kept classical

It’s very hard to solve the above semiclassical eqs. self-consistently for 
the metric <latexit sha1_base64="uSW0H71JUat1zrUvRTNUif2jrkk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOl5rBfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ+6LqXVZrzVqlfpPHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8fz2OM9A==</latexit>g

There exists no theory of Quantum Gravity that is fully satisfactory yet

Renormalized expectation value of the stress-energy 
tensor (RSET) of the matter field in a state

<latexit sha1_base64="EHus2dMaGKeOi6WJMAIwm7ThHa0="></latexit>

Rµ⌫ (g)�
1

2
gµ⌫R (g) + ⇤ gµ⌫ = 8⇡G

D
T̂µ⌫ (g)

E 
ren



 In practise, one solves the semiclasssical eqs. perturbatively:

- first solve Einstein eqs. for a classical background (‘vacuum’) metric          
<latexit sha1_base64="8Opqjk0pF9A7xUVfLOmlAYE3JXg="></latexit>

Rµ⌫ (g)�
1

2
gµ⌫R (g) + ⇤ gµ⌫ = 0

quantum-corrected metric background metric

<latexit sha1_base64="68xKeKHPhpx29YuyS2rho92CTPg="></latexit>

Rµ⌫

⇣
g(c)

⌘
� 1

2
g(c)µ⌫R

⇣
g(c)

⌘
+ ⇤ g(c)µ⌫ = 8⇡G

D
T̂µ⌫ (g)

E 
ren

- finally, place this RSET on the rhs of Einstein eqs. and try to solve for 
the quantum-backreacted metric         :

- next place a quantum matter field in some state         on background            
and find its RSET

<latexit sha1_base64="oDntOVPyy1BF0LouvBO7gWi+fpo=">AAACAXicbVDLSgNBEJz1GeNr1YvgZTAInsKuBPUY9OIxgnlANoTZSW8yZHZ2mekVQowXf8WLB0W8+hfe/Bsnj4MmFjQUVd10d4WpFAY979tZWl5ZXVvPbeQ3t7Z3dt29/ZpJMs2hyhOZ6EbIDEihoIoCJTRSDSwOJdTD/vXYr9+DNiJRdzhIoRWzrhKR4Ayt1HYPAwkRPgQVI2igRbeHgWaqK6HtFryiNwFdJP6MFMgMlbb7FXQSnsWgkEtmTNP3UmwNmUbBJYzyQWYgZbzPutC0VLEYTGs4+WBET6zSoVGibSmkE/X3xJDFxgzi0HbGDHtm3huL/3nNDKPL1lCoNENQfLooyiTFhI7joB2hgaMcWMK4FvZWyntMM442tLwNwZ9/eZHUzor+ebF0WyqUr2Zx5MgROSanxCcXpExuSIVUCSeP5Jm8kjfnyXlx3p2PaeuSM5s5IH/gfP4AyJyXHg==</latexit>

| i
<latexit sha1_base64="CCc3q/Y44zayG6NQ0zjDvsTsdj8="></latexit>D
T̂µ⌫ (g)

E 
ren

latter is not obtained (eg, irregularity in RSET -> curvature sing.?)             

Already                             can give us some properties of         even if the
<latexit sha1_base64="CCc3q/Y44zayG6NQ0zjDvsTsdj8="></latexit>D
T̂µ⌫ (g)

E 
ren



CH

EH

IH

v
<latexit sha1_base64="HkHF6EBenOyorn+40ZwpazXlCgQ=">AAAB9HicbVDLSsNAFL2pr1pfVZduBosgCCWRoi6LbrqsYB/QxjKZTtqhk0mcmRRK6He4caGIWz/GnX/jJM1CWw8MHM65l3vmeBFnStv2t1VYW9/Y3Cpul3Z29/YPyodHbRXGktAWCXkoux5WlDNBW5ppTruRpDjwOO14k7vU70ypVCwUD3oWUTfAI8F8RrA2ktsPsB4TzJPG/PFiUK7YVTsDWiVOTiqQozkof/WHIYkDKjThWKmeY0faTbDUjHA6L/VjRSNMJnhEe4YKHFDlJlnoOTozyhD5oTRPaJSpvzcSHCg1CzwzmYZUy14q/uf1Yu3fuAkTUaypIItDfsyRDlHaABoySYnmM0MwkcxkRWSMJSba9FQyJTjLX14l7cuqc1Wt3dcq9du8jiKcwCmcgwPXUIcGNKEFBJ7gGV7hzZpaL9a79bEYLVj5zjH8gfX5A6DOkgQ=</latexit>

H
+

CH

- Reissner-Nordstrom [Zilberman, Levi & Ori’19]

- Reissner-Nordstrom-de Sitter [Hollands,Wald,Zahn’20] -> quantum 
physics also acts as a strong Cosmic Censor!

In 3+1-D spherical symmetry, RSET diverges at the CH

when background     is:

<latexit sha1_base64="t1wn5dFhO80efwKk898EC08nGJg=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyCm5aZ4mtZdOOygn1AOx0yadqGZjIhyRTqMPgrblwo4tb/cOffmLaz0NYDFw7n3Mu99wSCUaUd59vKrayurW/kNwtb2zu7e/b+QUNFscSkjiMWyVaAFGGUk7qmmpGWkASFASPNYHQ79ZtjIhWN+IOeCOKFaMBpn2KkjeTbR+NuUuIp6SaVzggJgfzSOPXtolN2ZoDLxM1IEWSo+fZXpxfhOCRcY4aUaruO0F6CpKaYkbTQiRURCI/QgLQN5Sgkyktm16fw1Cg92I+kKa7hTP09kaBQqUkYmM4Q6aFa9Kbif1471v1rL6FcxJpwPF/UjxnUEZxGAXtUEqzZxBCEJTW3QjxEEmFtAiuYENzFl5dJo1J2L8sX9+fF6k0WRx4cgxNwBlxwBargDtRAHWDwCJ7BK3iznqwX6936mLfmrGzmEPyB9fkDcmuVPA==</latexit>

v�ne2�v(stronger than the classical                      )

Literature results on quantum effects on CH: 4D (spherical)

<latexit sha1_base64="j4kwUdlmWXOOc+BkYD32wH2oEGY=">AAAB8XicbVDLSsNAFJ3UV62vqks3g0VwVRLxtSy6cVnBPrAJZTKdtEMnM2HmphBC/8KNC0Xc+jfu/BunbRZaPXDhcM693HtPmAhuwHW/nNLK6tr6RnmzsrW9s7tX3T9oG5VqylpUCaW7ITFMcMlawEGwbqIZiUPBOuH4duZ3JkwbruQDZAkLYjKUPOKUgJUeJz4on8sIsn615tbdOfBf4hWkhgo0+9VPf6BoGjMJVBBjep6bQJATDZwKNq34qWEJoWMyZD1LJYmZCfL5xVN8YpUBjpS2JQHP1Z8TOYmNyeLQdsYERmbZm4n/eb0Uousg5zJJgUm6WBSlAoPCs/fxgGtGQWSWEKq5vRXTEdGEgg2pYkPwll/+S9pnde+yfnF/XmvcFHGU0RE6RqfIQ1eoge5QE7UQRRI9oRf06hjn2Xlz3hetJaeYOUS/4Hx8A/yAkSM=</latexit>

v ! 1

<latexit sha1_base64="43w9QhXu6/roJtDZyv+dc1pLaaY="></latexit>D
T̂V V

E

ren
⇠ e2�v



When       is Kerr, there’re indications that RSET diverges on the 
left and/or the right CH [Hiscock’80 and Ottewill & Winstanley’00]

Literature results on quantum effects on CH: 4D (Kerr…)

? ?
<latexit sha1_base64="HkHF6EBenOyorn+40ZwpazXlCgQ=">AAAB9HicbVDLSsNAFL2pr1pfVZduBosgCCWRoi6LbrqsYB/QxjKZTtqhk0mcmRRK6He4caGIWz/GnX/jJM1CWw8MHM65l3vmeBFnStv2t1VYW9/Y3Cpul3Z29/YPyodHbRXGktAWCXkoux5WlDNBW5ppTruRpDjwOO14k7vU70ypVCwUD3oWUTfAI8F8RrA2ktsPsB4TzJPG/PFiUK7YVTsDWiVOTiqQozkof/WHIYkDKjThWKmeY0faTbDUjHA6L/VjRSNMJnhEe4YKHFDlJlnoOTozyhD5oTRPaJSpvzcSHCg1CzwzmYZUy14q/uf1Yu3fuAkTUaypIItDfsyRDlHaABoySYnmM0MwkcxkRWSMJSba9FQyJTjLX14l7cuqc1Wt3dcq9du8jiKcwCmcgwPXUIcGNKEFBJ7gGV7hzZpaL9a79bEYLVj5zjH8gfX5A6DOkgQ=</latexit>

H
+

<latexit sha1_base64="9iPO8Xohg6uRLL5krim5nu2qXYA=">AAAB9HicbVDLSsNAFL2pr1pfVZduBosgCCWRoi6LbsRVBfuANpbJdNIOnUzizKRQQr7DjQtF3Pox7vwbJ20W2npg4HDOvdwzx4s4U9q2v63Cyura+kZxs7S1vbO7V94/aKkwloQ2SchD2fGwopwJ2tRMc9qJJMWBx2nbG99kfntCpWKheNDTiLoBHgrmM4K1kdxegPWIYJ7cpY9n/XLFrtozoGXi5KQCORr98ldvEJI4oEITjpXqOnak3QRLzQinaakXKxphMsZD2jVU4IAqN5mFTtGJUQbID6V5QqOZ+nsjwYFS08Azk1lItehl4n9eN9b+lZswEcWaCjI/5Mcc6RBlDaABk5RoPjUEE8lMVkRGWGKiTU8lU4Kz+OVl0jqvOhfV2n2tUr/O6yjCERzDKThwCXW4hQY0gcATPMMrvFkT68V6tz7mowUr3zmEP7A+fwCj3JIG</latexit>

J +

CH

Remember that the right CH 
is the physical one:

<latexit sha1_base64="HkHF6EBenOyorn+40ZwpazXlCgQ=">AAAB9HicbVDLSsNAFL2pr1pfVZduBosgCCWRoi6LbrqsYB/QxjKZTtqhk0mcmRRK6He4caGIWz/GnX/jJM1CWw8MHM65l3vmeBFnStv2t1VYW9/Y3Cpul3Z29/YPyodHbRXGktAWCXkoux5WlDNBW5ppTruRpDjwOO14k7vU70ypVCwUD3oWUTfAI8F8RrA2ktsPsB4TzJPG/PFiUK7YVTsDWiVOTiqQozkof/WHIYkDKjThWKmeY0faTbDUjHA6L/VjRSNMJnhEe4YKHFDlJlnoOTozyhD5oTRPaJSpvzcSHCg1CzwzmYZUy14q/uf1Yu3fuAkTUaypIItDfsyRDlHaABoySYnmM0MwkcxkRWSMJSba9FQyJTjLX14l7cuqc1Wt3dcq9du8jiKcwCmcgwPXUIcGNKEFBJ7gGV7hzZpaL9a79bEYLVj5zjH8gfX5A6DOkgQ=</latexit>

H
+

<latexit sha1_base64="9iPO8Xohg6uRLL5krim5nu2qXYA=">AAAB9HicbVDLSsNAFL2pr1pfVZduBosgCCWRoi6LbsRVBfuANpbJdNIOnUzizKRQQr7DjQtF3Pox7vwbJ20W2npg4HDOvdwzx4s4U9q2v63Cyura+kZxs7S1vbO7V94/aKkwloQ2SchD2fGwopwJ2tRMc9qJJMWBx2nbG99kfntCpWKheNDTiLoBHgrmM4K1kdxegPWIYJ7cpY9n/XLFrtozoGXi5KQCORr98ldvEJI4oEITjpXqOnak3QRLzQinaakXKxphMsZD2jVU4IAqN5mFTtGJUQbID6V5QqOZ+nsjwYFS08Azk1lItehl4n9eN9b+lZswEcWaCjI/5Mcc6RBlDaABk5RoPjUEE8lMVkRGWGKiTU8lU4Kz+OVl0jqvOhfV2n2tUr/O6yjCERzDKThwCXW4hQY0gcATPMMrvFkT68V6tz7mowUr3zmEP7A+fwCj3JIG</latexit>

J +

BH

<latexit sha1_base64="y8+6M0ATlW5H6x++6WQMGcxcnjM=">AAAB9HicbVDLSsNAFL2pr1pfVZduBovgxpJIUZdFN+Kqgn1AG8tkOmmHTiZxZlIoId/hxoUibv0Yd/6NkzYLbT0wcDjnXu6Z40WcKW3b31ZhZXVtfaO4Wdra3tndK+8ftFQYS0KbJOSh7HhYUc4EbWqmOe1EkuLA47TtjW8yvz2hUrFQPOhpRN0ADwXzGcHaSG4vwHpEME/u0sezfrliV+0Z0DJxclKBHI1++as3CEkcUKEJx0p1HTvSboKlZoTTtNSLFY0wGeMh7RoqcECVm8xCp+jEKAPkh9I8odFM/b2R4ECpaeCZySykWvQy8T+vG2v/yk2YiGJNBZkf8mOOdIiyBtCASUo0nxqCiWQmKyIjLDHRpqeSKcFZ/PIyaZ1XnYtq7b5WqV/ndRThCI7hFBy4hDrcQgOaQOAJnuEV3qyJ9WK9Wx/z0YKV7xzCH1ifP6bkkgg=</latexit>J�

?
Does the RSET 
diverge on the 
physical CH?



4. Semiclassical effects on CH of Kerr(-de Sitter)

5. Conclusion

3. Semiclassical gravity

2. Classical perturbations of CH

1. Cauchy horizon



Scalar field in Kerr

Massless scalar field      perturbations of the background Kerr metric  

satisfy a wave eq.

<latexit sha1_base64="hpnySaJh+/CAhHti5mNvHw101yA=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkVI9FLx4r2A9oQ9lsN83S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5QcKZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV8epIrRDYh6rfoA15UzSjmGG036iKBYBp71gepf7vSeqNIvlo5kl1Bd4IlnICDa5NEwiNqrW3Lq7AFonXkFqUKA9qn4NxzFJBZWGcKz1wHMT42dYGUY4nVeGqaYJJlM8oQNLJRZU+9ni1jm6sMoYhbGyJQ1aqL8nMiy0nonAdgpsIr3q5eJ/3iA14Y2fMZmkhkqyXBSmHJkY5Y+jMVOUGD6zBBPF7K2IRFhhYmw8FRuCt/ryOule1b1mvfHQqLVuizjKcAbncAkeXEML7qENHSAQwTO8wpsjnBfn3flYtpacYuYU/sD5/AEWdo5I</latexit>

�

(N.B.: similar wave eq. for fields of other spins and/or other BHs)

We  need to quantize the field (              ) and so choose a quantum state 
for the field. The state is defined in terms of positive frequency modes 
wrt some “time” coordinate

<latexit sha1_base64="tEt+2O/TZRbsHoVtnMAgpE98kac=">AAAB+HicbZDLSsNAFIYnXmu9NOrSzWARXJVEvC2LblxWsBdoQplMJ83QySTMnAg19EncuFDErY/izrdx0mahrT8MfPznHM6ZP0gF1+A439bK6tr6xmZlq7q9s7tXs/cPOjrJFGVtmohE9QKimeCStYGDYL1UMRIHgnWD8W1R7z4ypXkiH2CSMj8mI8lDTgkYa2DXvDTiHiReRKDAgV13Gs5MeBncEuqoVGtgf3nDhGYxk0AF0brvOin4OVHAqWDTqpdplhI6JiPWNyhJzLSfzw6f4hPjDHGYKPMk4Jn7eyInsdaTODCdMYFIL9YK879aP4Pw2s+5TDNgks4XhZnAkOAiBTzkilEQEwOEKm5uxTQiilAwWVVNCO7il5ehc9ZwLxsX9+f15k0ZRwUdoWN0ilx0hZroDrVQG1GUoWf0it6sJ+vFerc+5q0rVjlziP7I+vwBDryTXQ==</latexit>

� ! �̂

<latexit sha1_base64="giwFvwULhUllpl4h6YZE4m+WogY=">AAACIXicbVBLSwMxGMzWV62vVY9egkWol7IrPnoRSr14rGAf0F2XbJq2odnskmSlZelf8eJf8eJBkd7EP2O2XVBbBwKTmflIvvEjRqWyrE8jt7K6tr6R3yxsbe/s7pn7B00ZxgKTBg5ZKNo+koRRThqKKkbakSAo8Blp+cOb1G89EiFpyO/VOCJugPqc9ihGSkueWXFq4Qg60YCWRqfXfS9xgtjh8cThyGfoIb3+8FTPkpZnFq2yNQNcJnZGiiBD3TOnTjfEcUC4wgxJ2bGtSLkJEopiRiYFJ5YkQniI+qSjKUcBkW4y23ACT7TShb1Q6MMVnKm/JxIUSDkOfJ0MkBrIRS8V//M6sepV3ITyKFaE4/lDvZhBFcK0LtilgmDFxpogLKj+K8QDJBBWutSCLsFeXHmZNM/K9mX54u68WK1ldeTBETgGJWCDK1AFt6AOGgCDJ/AC3sC78Wy8Gh/GdB7NGdnMIfgD4+sbEw2kGA==</latexit>⇤�(x) = gµ⌫rµr⌫�(x) = 0



The Unruh modes are positive frequency  wrt U on                       and 
wrt      on       , i.e., wrt the affine parameters in the corresponding 
hypersurfaces

Unruh modes

<latexit sha1_base64="FFPOsL05azcu2zQwrDLMEysaBcc=">AAAB/HicbVBNS8NAEN34WetXtEcvwSJ4sSRS1GPRi8cKpi00sWy2k3bpZhN2N0II8a948aCIV3+IN/+N2zYHbX0w8Hhvhpl5QcKoVLb9baysrq1vbFa2qts7u3v75sFhR8apIOCSmMWiF2AJjHJwFVUMeokAHAUMusHkZup3H0FIGvN7lSXgR3jEaUgJVloamDV4yM+oN8Yq9+IIRrhwi4FZtxv2DNYycUpSRyXaA/PLG8YkjYArwrCUfcdOlJ9joShhUFS9VEKCyQSPoK8pxxFIP58dX1gnWhlaYSx0cWXN1N8TOY6kzKJAd0ZYjeWiNxX/8/qpCq/8nPIkVcDJfFGYMkvF1jQJa0gFEMUyTTARVN9qkTEWmCidV1WH4Cy+vEw65w3notG8a9Zb12UcFXSEjtEpctAlaqFb1EYuIihDz+gVvRlPxovxbnzMW1eMcqaG/sD4/AEQfJUO</latexit>

e�i!̂U
<latexit sha1_base64="/CGVdBYJ14gAIgnPWiL36R7+rPs=">AAAB9XicbVBNSwMxEM3Wr1q/qh69BIvgxbIrRT0WvXisYD+g3ZZsOtuGZpMlyVbK0v/hxYMiXv0v3vw3pu0etPXBwOO9GWbmBTFn2rjut5NbW9/Y3MpvF3Z29/YPiodHDS0TRaFOJZeqFRANnAmoG2Y4tGIFJAo4NIPR3cxvjkFpJsWjmcTgR2QgWMgoMVbqQje9YB0ZwYDg8bRXLLlldw68SryMlFCGWq/41elLmkQgDOVE67bnxsZPiTKMcpgWOomGmNARGUDbUkEi0H46v3qKz6zSx6FUtoTBc/X3REoirSdRYDsjYoZ62ZuJ/3ntxIQ3fspEnBgQdLEoTDg2Es8iwH2mgBo+sYRQxeytmA6JItTYoAo2BG/55VXSuCx7V+XKQ6VUvc3iyKMTdIrOkYeuURXdoxqqI4oUekav6M15cl6cd+dj0Zpzsplj9AfO5w89Z5Jb</latexit>

e�i!v

Unruh Modes

<latexit sha1_base64="HkHF6EBenOyorn+40ZwpazXlCgQ=">AAAB9HicbVDLSsNAFL2pr1pfVZduBosgCCWRoi6LbrqsYB/QxjKZTtqhk0mcmRRK6He4caGIWz/GnX/jJM1CWw8MHM65l3vmeBFnStv2t1VYW9/Y3Cpul3Z29/YPyodHbRXGktAWCXkoux5WlDNBW5ppTruRpDjwOO14k7vU70ypVCwUD3oWUTfAI8F8RrA2ktsPsB4TzJPG/PFiUK7YVTsDWiVOTiqQozkof/WHIYkDKjThWKmeY0faTbDUjHA6L/VjRSNMJnhEe4YKHFDlJlnoOTozyhD5oTRPaJSpvzcSHCg1CzwzmYZUy14q/uf1Yu3fuAkTUaypIItDfsyRDlHaABoySYnmM0MwkcxkRWSMJSba9FQyJTjLX14l7cuqc1Wt3dcq9du8jiKcwCmcgwPXUIcGNKEFBJ7gGV7hzZpaL9a79bEYLVj5zjH8gfX5A6DOkgQ=</latexit>

H
+

CH

<latexit sha1_base64="6vxmjNGO81UXOOMulKAjbEidTm4=">AAAB9HicbVDLSsNAFL2pr1pfVZduBovgxpJIUZdFN11WsA9oY5lMJ+3QySTOTAol9DvcuFDErR/jzr9xkmahrQcGDufcyz1zvIgzpW372yqsrW9sbhW3Szu7e/sH5cOjtgpjSWiLhDyUXQ8rypmgLc00p91IUhx4nHa8yV3qd6ZUKhaKBz2LqBvgkWA+I1gbye0HWI8J5klj/ngxKFfsqp0BrRInJxXI0RyUv/rDkMQBFZpwrFTPsSPtJlhqRjidl/qxohEmEzyiPUMFDqhykyz0HJ0ZZYj8UJonNMrU3xsJDpSaBZ6ZTEOqZS8V//N6sfZv3ISJKNZUkMUhP+ZIhyhtAA2ZpETzmSGYSGayIjLGEhNteiqZEpzlL6+S9mXVuarW7muV+m1eRxFO4BTOwYFrqEMDmtACAk/wDK/wZk2tF+vd+liMFqx85xj+wPr8AaPWkgY=</latexit>

H
�

<latexit sha1_base64="y8+6M0ATlW5H6x++6WQMGcxcnjM=">AAAB9HicbVDLSsNAFL2pr1pfVZduBovgxpJIUZdFN+Kqgn1AG8tkOmmHTiZxZlIoId/hxoUibv0Yd/6NkzYLbT0wcDjnXu6Z40WcKW3b31ZhZXVtfaO4Wdra3tndK+8ftFQYS0KbJOSh7HhYUc4EbWqmOe1EkuLA47TtjW8yvz2hUrFQPOhpRN0ADwXzGcHaSG4vwHpEME/u0sezfrliV+0Z0DJxclKBHI1++as3CEkcUKEJx0p1HTvSboKlZoTTtNSLFY0wGeMh7RoqcECVm8xCp+jEKAPkh9I8odFM/b2R4ECpaeCZySykWvQy8T+vG2v/yk2YiGJNBZkf8mOOdIiyBtCASUo0nxqCiWQmKyIjLDHRpqeSKcFZ/PIyaZ1XnYtq7b5WqV/ndRThCI7hFBy4hDrcQgOaQOAJnuEV3qyJ9WK9Wx/z0YKV7xzCH1ifP6bkkgg=</latexit>J�

<latexit sha1_base64="9iPO8Xohg6uRLL5krim5nu2qXYA=">AAAB9HicbVDLSsNAFL2pr1pfVZduBosgCCWRoi6LbsRVBfuANpbJdNIOnUzizKRQQr7DjQtF3Pox7vwbJ20W2npg4HDOvdwzx4s4U9q2v63Cyura+kZxs7S1vbO7V94/aKkwloQ2SchD2fGwopwJ2tRMc9qJJMWBx2nbG99kfntCpWKheNDTiLoBHgrmM4K1kdxegPWIYJ7cpY9n/XLFrtozoGXi5KQCORr98ldvEJI4oEITjpXqOnak3QRLzQinaakXKxphMsZD2jVU4IAqN5mFTtGJUQbID6V5QqOZ+nsjwYFS08Azk1lItehl4n9eN9b+lZswEcWaCjI/5Mcc6RBlDaABk5RoPjUEE8lMVkRGWGKiTU8lU4Kz+OVl0jqvOhfV2n2tUr/O6yjCERzDKThwCXW4hQY0gcATPMMrvFkT68V6tz7mowUr3zmEP7A+fwCj3JIG</latexit>

J +

CH

<latexit sha1_base64="y8+6M0ATlW5H6x++6WQMGcxcnjM=">AAAB9HicbVDLSsNAFL2pr1pfVZduBovgxpJIUZdFN+Kqgn1AG8tkOmmHTiZxZlIoId/hxoUibv0Yd/6NkzYLbT0wcDjnXu6Z40WcKW3b31ZhZXVtfaO4Wdra3tndK+8ftFQYS0KbJOSh7HhYUc4EbWqmOe1EkuLA47TtjW8yvz2hUrFQPOhpRN0ADwXzGcHaSG4vwHpEME/u0sezfrliV+0Z0DJxclKBHI1++as3CEkcUKEJx0p1HTvSboKlZoTTtNSLFY0wGeMh7RoqcECVm8xCp+jEKAPkh9I8odFM/b2R4ECpaeCZySykWvQy8T+vG2v/yk2YiGJNBZkf8mOOdIiyBtCASUo0nxqCiWQmKyIjLDHRpqeSKcFZ/PIyaZ1XnYtq7b5WqV/ndRThCI7hFBy4hDrcQgOaQOAJnuEV3qyJ9WK9Wx/z0YKV7xzCH1ifP6bkkgg=</latexit>J�

<latexit sha1_base64="9iPO8Xohg6uRLL5krim5nu2qXYA=">AAAB9HicbVDLSsNAFL2pr1pfVZduBosgCCWRoi6LbsRVBfuANpbJdNIOnUzizKRQQr7DjQtF3Pox7vwbJ20W2npg4HDOvdwzx4s4U9q2v63Cyura+kZxs7S1vbO7V94/aKkwloQ2SchD2fGwopwJ2tRMc9qJJMWBx2nbG99kfntCpWKheNDTiLoBHgrmM4K1kdxegPWIYJ7cpY9n/XLFrtozoGXi5KQCORr98ldvEJI4oEITjpXqOnak3QRLzQinaakXKxphMsZD2jVU4IAqN5mFTtGJUQbID6V5QqOZ+nsjwYFS08Azk1lItehl4n9eN9b+lZswEcWaCjI/5Mcc6RBlDaABk5RoPjUEE8lMVkRGWGKiTU8lU4Kz+OVl0jqvOhfV2n2tUr/O6yjCERzDKThwCXW4hQY0gcATPMMrvFkT68V6tz7mowUr3zmEP7A+fwCj3JIG</latexit>

J +

<latexit sha1_base64="6vxmjNGO81UXOOMulKAjbEidTm4=">AAAB9HicbVDLSsNAFL2pr1pfVZduBovgxpJIUZdFN11WsA9oY5lMJ+3QySTOTAol9DvcuFDErR/jzr9xkmahrQcGDufcyz1zvIgzpW372yqsrW9sbhW3Szu7e/sH5cOjtgpjSWiLhDyUXQ8rypmgLc00p91IUhx4nHa8yV3qd6ZUKhaKBz2LqBvgkWA+I1gbye0HWI8J5klj/ngxKFfsqp0BrRInJxXI0RyUv/rDkMQBFZpwrFTPsSPtJlhqRjidl/qxohEmEzyiPUMFDqhykyz0HJ0ZZYj8UJonNMrU3xsJDpSaBZ6ZTEOqZS8V//N6sfZv3ISJKNZUkMUhP+ZIhyhtAA2ZpETzmSGYSGayIjLGEhNteiqZEpzlL6+S9mXVuarW7muV+m1eRxFO4BTOwYFrqEMDmtACAk/wDK/wZk2tF+vd+liMFqx85xj+wPr8AaPWkgY=</latexit>

H
�

<latexit sha1_base64="uw7sg4WIoY+Z8pUTo7G3/9EXd9s=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIr2XRTRcuKtgHtEPJpJk2NJOMSaZQhn6HGxeKuPVj3Pk3ZtpZaPVA4HDOvdyTE8ScaeO6X05hZXVtfaO4Wdra3tndK+8ftLRMFKFNIrlUnQBrypmgTcMMp51YURwFnLaD8W3mtydUaSbFg5nG1I/wULCQEWys5PcibEYE87Q+69/1yxW36s6B/hIvJxXI0eiXP3sDSZKICkM41rrrubHxU6wMI5zOSr1E0xiTMR7SrqUCR1T76Tz0DJ1YZYBCqewTBs3VnxspjrSeRoGdzELqZS8T//O6iQmv/ZSJODFUkMWhMOHISJQ1gAZMUWL41BJMFLNZERlhhYmxPZVsCd7yl/+S1lnVu6xe3J9Xajd5HUU4gmM4BQ+uoAZ1aEATCDzCE7zAqzNxnp03530xWnDynUP4BefjG9Spkic=</latexit>

HL

<latexit sha1_base64="q70tV9HDyUaYE8RXzJBN62aLOzo=">AAACCHicbVC7SgNBFL3rM8bXqqWFg0GwMeyKrzJok8IignlAdl1mJ7PJkNkHM7NCWFLa+Cs2ForY+gl2/o2TZIuYeODC4Zx7ufceP+FMKsv6MRYWl5ZXVgtrxfWNza1tc2e3IeNUEFonMY9Fy8eSchbRumKK01YiKA59Tpt+/2bkNx+pkCyO7tUgoW6IuxELGMFKS5554IRY9QjmWXXo3TokTdCU8nDimSWrbI2B5omdkxLkqHnmt9OJSRrSSBGOpWzbVqLcDAvFCKfDopNKmmDSx13a1jTCIZVuNn5kiI600kFBLHRFCo3V6YkMh1IOQl93jo6Us95I/M9rpyq4cjMWJamiEZksClKOVIxGqaAOE5QoPtAEE8H0rYj0sMBE6eyKOgR79uV50jgt2xfl87uzUuU6j6MA+3AIx2DDJVSgCjWoA4EneIE3eDeejVfjw/ictC4Y+cwe/IHx9QvDJ5nR</latexit>

HL [H
�

<latexit sha1_base64="y8+6M0ATlW5H6x++6WQMGcxcnjM=">AAAB9HicbVDLSsNAFL2pr1pfVZduBovgxpJIUZdFN+Kqgn1AG8tkOmmHTiZxZlIoId/hxoUibv0Yd/6NkzYLbT0wcDjnXu6Z40WcKW3b31ZhZXVtfaO4Wdra3tndK+8ftFQYS0KbJOSh7HhYUc4EbWqmOe1EkuLA47TtjW8yvz2hUrFQPOhpRN0ADwXzGcHaSG4vwHpEME/u0sezfrliV+0Z0DJxclKBHI1++as3CEkcUKEJx0p1HTvSboKlZoTTtNSLFY0wGeMh7RoqcECVm8xCp+jEKAPkh9I8odFM/b2R4ECpaeCZySykWvQy8T+vG2v/yk2YiGJNBZkf8mOOdIiyBtCASUo0nxqCiWQmKyIjLDHRpqeSKcFZ/PIyaZ1XnYtq7b5WqV/ndRThCI7hFBy4hDrcQgOaQOAJnuEV3qyJ9WK9Wx/z0YKV7xzCH1ifP6bkkgg=</latexit>J�

<latexit sha1_base64="xTnVU9LIIvMUIutHcVm1RgxoeJo=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVvV6p7FbcGcgy8XJShhy1Xumr249ZGqE0TFCtO56bGD+jynAmcFLsphoTykZ0gB1LJY1Q+9ns0Ak5tUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z+ukJrzxMy6T1KBk80VhKoiJyfRr0ucKmRFjSyhT3N5K2JAqyozNpmhD8BZfXibN84p3VbmsX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDfd2Mvw==</latexit>

1

<latexit sha1_base64="uw7sg4WIoY+Z8pUTo7G3/9EXd9s=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIr2XRTRcuKtgHtEPJpJk2NJOMSaZQhn6HGxeKuPVj3Pk3ZtpZaPVA4HDOvdyTE8ScaeO6X05hZXVtfaO4Wdra3tndK+8ftLRMFKFNIrlUnQBrypmgTcMMp51YURwFnLaD8W3mtydUaSbFg5nG1I/wULCQEWys5PcibEYE87Q+69/1yxW36s6B/hIvJxXI0eiXP3sDSZKICkM41rrrubHxU6wMI5zOSr1E0xiTMR7SrqUCR1T76Tz0DJ1YZYBCqewTBs3VnxspjrSeRoGdzELqZS8T//O6iQmv/ZSJODFUkMWhMOHISJQ1gAZMUWL41BJMFLNZERlhhYmxPZVsCd7yl/+S1lnVu6xe3J9Xajd5HUU4gmM4BQ+uoAZ1aEATCDzCE7zAqzNxnp03530xWnDynUP4BefjG9Spkic=</latexit>

HL

<latexit sha1_base64="NwGGLh7KJH6m1IUq5ExMsb+mMPo=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNryPRi0dI5JHAhswOvTAyO7uZmSUhhC/w4kFjvPpJ3vwbB9iDgpV0UqnqTndXkAiujet+O7m19Y3Nrfx2YWd3b/+geHjU0HGqGNZZLGLVCqhGwSXWDTcCW4lCGgUCm8HwfuY3R6g0j+WjGSfoR7QvecgZNVaqjbrFklt25yCrxMtICTJUu8WvTi9maYTSMEG1bntuYvwJVYYzgdNCJ9WYUDakfWxbKmmE2p/MD52SM6v0SBgrW9KQufp7YkIjrcdRYDsjagZ62ZuJ/3nt1IS3/oTLJDUo2WJRmApiYjL7mvS4QmbE2BLKFLe3EjagijJjsynYELzll1dJ46LsXZevapelyl0WRx5O4BTOwYMbqMADVKEODBCe4RXenCfnxXl3PhatOSebOYY/cD5/AOZxjQQ=</latexit>v

<latexit sha1_base64="HkHF6EBenOyorn+40ZwpazXlCgQ=">AAAB9HicbVDLSsNAFL2pr1pfVZduBosgCCWRoi6LbrqsYB/QxjKZTtqhk0mcmRRK6He4caGIWz/GnX/jJM1CWw8MHM65l3vmeBFnStv2t1VYW9/Y3Cpul3Z29/YPyodHbRXGktAWCXkoux5WlDNBW5ppTruRpDjwOO14k7vU70ypVCwUD3oWUTfAI8F8RrA2ktsPsB4TzJPG/PFiUK7YVTsDWiVOTiqQozkof/WHIYkDKjThWKmeY0faTbDUjHA6L/VjRSNMJnhEe4YKHFDlJlnoOTozyhD5oTRPaJSpvzcSHCg1CzwzmYZUy14q/uf1Yu3fuAkTUaypIItDfsyRDlHaABoySYnmM0MwkcxkRWSMJSba9FQyJTjLX14l7cuqc1Wt3dcq9du8jiKcwCmcgwPXUIcGNKEFBJ7gGV7hzZpaL9a79bEYLVj5zjH8gfX5A6DOkgQ=</latexit>

H
+

<latexit sha1_base64="G4N2nWy9GuI7NJMhMaHmYSKayYU=">AAAB8HicbVDLSgNBEJyNrxhfUY9eFoPgKeyKr2PQi8cI5iHJEmYnvcmQmdllplcIS77CiwdFvPo53vwbJ8keNLGgoajqprsrTAQ36HnfTmFldW19o7hZ2tre2d0r7x80TZxqBg0Wi1i3Q2pAcAUN5CignWigMhTQCke3U7/1BNrwWD3gOIFA0oHiEWcUrfTYBZng2AD2yhWv6s3gLhM/JxWSo94rf3X7MUslKGSCGtPxvQSDjGrkTMCk1E0NJJSN6AA6lioqwQTZ7OCJe2KVvhvF2pZCd6b+nsioNGYsQ9spKQ7NojcV//M6KUbXQcZVkiIoNl8UpcLF2J1+7/a5BoZibAllmttbXTakmjK0GZVsCP7iy8ukeVb1L6sX9+eV2k0eR5EckWNySnxyRWrkjtRJgzAiyTN5JW+Odl6cd+dj3lpw8plD8gfO5w88HZC1</latexit>

;

<latexit sha1_base64="G4N2nWy9GuI7NJMhMaHmYSKayYU=">AAAB8HicbVDLSgNBEJyNrxhfUY9eFoPgKeyKr2PQi8cI5iHJEmYnvcmQmdllplcIS77CiwdFvPo53vwbJ8keNLGgoajqprsrTAQ36HnfTmFldW19o7hZ2tre2d0r7x80TZxqBg0Wi1i3Q2pAcAUN5CignWigMhTQCke3U7/1BNrwWD3gOIFA0oHiEWcUrfTYBZng2AD2yhWv6s3gLhM/JxWSo94rf3X7MUslKGSCGtPxvQSDjGrkTMCk1E0NJJSN6AA6lioqwQTZ7OCJe2KVvhvF2pZCd6b+nsioNGYsQ9spKQ7NojcV//M6KUbXQcZVkiIoNl8UpcLF2J1+7/a5BoZibAllmttbXTakmjK0GZVsCP7iy8ukeVb1L6sX9+eV2k0eR5EckWNySnxyRWrkjtRJgzAiyTN5JW+Odl6cd+dj3lpw8plD8gfO5w88HZC1</latexit>

;

<latexit sha1_base64="G4N2nWy9GuI7NJMhMaHmYSKayYU=">AAAB8HicbVDLSgNBEJyNrxhfUY9eFoPgKeyKr2PQi8cI5iHJEmYnvcmQmdllplcIS77CiwdFvPo53vwbJ8keNLGgoajqprsrTAQ36HnfTmFldW19o7hZ2tre2d0r7x80TZxqBg0Wi1i3Q2pAcAUN5CignWigMhTQCke3U7/1BNrwWD3gOIFA0oHiEWcUrfTYBZng2AD2yhWv6s3gLhM/JxWSo94rf3X7MUslKGSCGtPxvQSDjGrkTMCk1E0NJJSN6AA6lioqwQTZ7OCJe2KVvhvF2pZCd6b+nsioNGYsQ9spKQ7NojcV//M6KUbXQcZVkiIoNl8UpcLF2J1+7/a5BoZibAllmttbXTakmjK0GZVsCP7iy8ukeVb1L6sX9+eV2k0eR5EckWNySnxyRWrkjtRJgzAiyTN5JW+Odl6cd+dj3lpw8plD8gfO5w88HZC1</latexit>

;



The Unruh state is constructed to model the state of the quantum matter 
fields around an astrophysical BH, and so evaporating via emission of 
thermal Hawking radiation at a temperature                              outside BH

<latexit sha1_base64="Sh60TIuz/xv1no8Wnm+hdw5qk+E=">AAAB/HicbVDLSsNAFJ3UV62vaJduBotQEWpSiroRim66rNAXNCFMppN26CQZZiZCCPVX3LhQxK0f4s6/cdpmodUDFw7n3Mu99/icUaks68sorK1vbG4Vt0s7u3v7B+bhUU/GicCki2MWi4GPJGE0Il1FFSMDLggKfUb6/vRu7vcfiJA0jjoq5cQN0TiiAcVIackzyx2vdeNMEefIO7+o1h1OzzyzYtWsBeBfYuekAnK0PfPTGcU4CUmkMENSDm2LKzdDQlHMyKzkJJJwhKdoTIaaRigk0s0Wx8/gqVZGMIiFrkjBhfpzIkOhlGno684QqYlc9ebif94wUcG1m9GIJ4pEeLkoSBhUMZwnAUdUEKxYqgnCgupbIZ4ggbDSeZV0CPbqy39Jr16zL2uN+0aleZvHUQTH4ARUgQ2uQBO0QBt0AQYpeAIv4NV4NJ6NN+N92Vow8pky+AXj4xuxwJOE</latexit>

TH = +/(2⇡)

Unruh state



Construction: expand the scalar field in terms of the Unruh modes:

The Unruh state [Unruh’76] is the quantum state          which is 
annihilated by the corresponding coefficients:

<latexit sha1_base64="6q9ccXqDb3a+FXnwHnux/at5gEw=">AAAB/XicbVBNS8NAEN34WetX/Lh5CRbBU0mkqMeiF48VTFtoQtlsJ+3SzSbsToRai3/FiwdFvPo/vPlv3H4ctPXBwOO9GWbmRZngGl3321paXlldWy9sFDe3tnd27b39uk5zxcBnqUhVM6IaBJfgI0cBzUwBTSIBjah/PfYb96A0T+UdDjIIE9qVPOaMopHa9mEgIMZHP1C828NAUdkV0LZLbtmdwFkk3oyUyAy1tv0VdFKWJyCRCap1y3MzDIdUIWcCRsUg15BR1qddaBkqaQI6HE6uHzknRuk4capMSXQm6u+JIU20HiSR6Uwo9vS8Nxb/81o5xpfhkMssR5BsuijOhYOpM47C6XAFDMXAEMoUN7c6rEcVZWgCK5oQvPmXF0n9rOydlyu3lVL1ahZHgRyRY3JKPHJBquSG1IhPGHkgz+SVvFlP1ov1bn1MW5es2cwB+QPr8wcTEJWj</latexit>

|Ui

So, anti-commutator:



Expectation value of stress-energy tensor

Formal expression for the bare (unrenormalized) exp. val. of the stress-
energy tensor for the quantum (minimally-coupled) scalar field     :

<latexit sha1_base64="RkSHp/DOoivk0kQfN+3z3tYQkgs=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSRS1GPRi8cK9gObUDbbTbN0swm7E6GE/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvSAXX6DjfVmltfWNzq7xd2dnd2z+oHh51dJIpyto0EYnqBUQzwSVrI0fBeqliJA4E6wbj25nffWJK80Q+4CRlfkxGkoecEjTSoxcRzL004tNBtebUnTnsVeIWpAYFWoPqlzdMaBYziVQQrfuuk6KfE4WcCjateJlmKaFjMmJ9QyWJmfbz+cVT+8woQztMlCmJ9lz9PZGTWOtJHJjOmGCkl72Z+J/XzzC89nMu0wyZpItFYSZsTOzZ+/aQK0ZRTAwhVHFzq00joghFE1LFhOAuv7xKOhd197LeuG/UmjdFHGU4gVM4BxeuoAl30II2UJDwDK/wZmnrxXq3PhatJauYOYY/sD5/AOfvkRU=</latexit>

�̂

<latexit sha1_base64="vatUQJDopDAiOlSeph/DbiAtoI8=">AAACwnicjVFNb9QwEHXCV1m+tnDkYrFC4sIqqfi6IKrCgWORdttK62U18U4SU8cJ9qRi5eZPcuu/wdnugW6pxEiWn96bN2PPZI1WjpLkIopv3b5z997O/cGDh48ePxnuPj1ydWslTmWta3uSgUOtDE5JkcaTxiJUmcbj7PRzrx+foXWqNhNaNTivoDAqVxIoUIvhhdCYk9BgCo1clEB8svACdFOCyJCgE1YVJQm7zggS4S/yFk 3XfbzqrUOf/hl+0v1vhdcityB92vm9rtgy3VT7uxdV2/m+R7hvrr0YjpJxsg5+HaQbMGKbOFwMf4tlLdsKDUkNzs3SpKG5B0tKauwGonXYgDyFAmcBGqjQzf16BR1/GZglz2sbjiG+Zv92eKicW1VZyKyASret9eS/tFlL+Ye5V6ZpCY28bJS3mlPN+33ypbIoSa8CAGlVeCuXJYSpUtj6IAwh3f7ydXC0N07fjd9+ezPaP9iMY4c9Zy/YK5ay92yffWWHbMpk9CnCyER1/CX+Ef+M3WVqHG08z9iViM//ACOY5Js=</latexit>D
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<latexit sha1_base64="XNB5hspZpeVVH9Y1JzWegqQyMas="></latexit>⌦
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◆



Quantum backreaction on CH

In the case of spherical symmetry (Zilberman, Levi & Ori’19):

<latexit sha1_base64="nbtcFmuY0MR7TK2r7JmaxDl/WhA=">AAACFHicbVDLSsNAFJ3UV62vqks3wSJUqiUpvjZC0Y07K9gH9MVkcpsOnUnCzKRQQj/Cjb/ixoUibl2482+cpl1o9cCFM+fcy9x7nJBRqSzry0gtLC4tr6RXM2vrG5tb2e2dmgwiQaBKAhaIhoMlMOpDVVHFoBEKwNxhUHcG1xO/PgQhaeDfq1EIbY49n/YowUpL3WzBlZ3S5TF04pakHsf56Gh4OHYjd1gQnVLyclu3HDzcKXWzOatoJTD/EntGcmiGSjf72XIDEnHwFWFYyqZthaodY6EoYTDOtCIJISYD7EFTUx9zkO04OWpsHmjFNXuB0OUrM1F/TsSYSzniju7kWPXlvDcR//OakepdtGPqh5ECn0w/6kXMVIE5Sch0qQCi2EgTTATVu5qkjwUmSueY0SHY8yf/JbVS0T4rnt6d5MpXszjSaA/tozyy0TkqoxtUQVVE0AN6Qi/o1Xg0no03433amjJmM7voF4yPb49VnUU=</latexit>

ds2 = �e�(u,v)dudv + r2(u, v)d⌦2

<latexit sha1_base64="8GfzQdYshWEqsKeR8KC3PYwkjiQ="></latexit>

Rµ⌫ (g)�
1

2
gµ⌫R (g) = 8⇡

D
T̂µ⌫ (g)

EU

ren

Metric ansatz:

Semiclassical EFE:

<latexit sha1_base64="trKz58qwk2QQ1J75r6QjGTOrYVA="></latexit>

r,yy � r,y�,y = �4⇡r
D
T̂yy (g)

EU

ren <latexit sha1_base64="sTJi+L/isRmmzIh5ij+119Nib0Q=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBg5RE/LoIRS8eK5i20Iay2W7apZtN2N0UQuhv8OJBEa/+IG/+GzdtDtr6YODx3gwz8/yYM6Vt+9sqrayurW+UNytb2zu7e9X9g5aKEkmoSyIeyY6PFeVMUFczzWknlhSHPqdtf3yf++0JlYpF4kmnMfVCPBQsYARrI7npbXI26Vdrdt2eAS0TpyA1KNDsV796g4gkIRWacKxU17Fj7WVYakY4nVZ6iaIxJmM8pF1DBQ6p8rLZsVN0YpQBCiJpSmg0U39PZDhUKg190xliPVKLXi7+53UTHdx4GRNxoqkg80VBwpGOUP45GjBJieapIZhIZm5FZIQlJtrkUzEhOIsvL5PWed25ql8+XtQad0UcZTiCYzgFB66hAQ/QBBcIMHiGV3izhPVivVsf89aSVcwcwh9Ynz+Fx46D</latexit>y = u, v

Weak backreaction domain (not too close to evaporation timescale nor to CH):
<latexit sha1_base64="UPX40nRHtMRDhS0IIuCi87M+weA=">AAACNHicbVBNSxxBFOxRY3STmNUcvTQuAQNhmZF8HcVchFwUXBV2NsOb3jezzfb0DN1vAsMwP8qLPySXEPCQIF79DfbO7sGvgqaLqnp0v4oLJS35/l9vaXnlxerLtfXOq9dvNt52N7dObV4agQORq9ycx2BRSY0DkqTwvDAIWazwLJ5+n/lnv9BYmesTqgocZZBqmUgB5KSo+8N85KGVaQZR5ZjChEIFOlXIwwkQP4nqqmpafT cNjUwn9IHP79C0uZ/1oIlqg7qJuj2/77fgT0mwID22wFHU/R2Oc1FmqEkosHYY+AWNajAkhcKmE5YWCxBTSHHoqIYM7ahul274e6eMeZIbdzTxVr0/UUNmbZXFLpkBTexjbyY+5w1LSr6NaqmLklCL+UNJqTjlfNYgH0uDglTlCAgj3V+5mIABQa7njisheLzyU3K61w++9D8ff+rtHyzqWGPbbIftsoB9ZfvskB2xARPsgv1h/9h/79K78q69m3l0yVvMvGMP4N3eAbGArC0=</latexit>

r,�y,
D
T̂yy (g)

EU

ren
approximated by their values in RN background



Regularity of CH and tidal deformation:

-> curvature singularity & tidal deformation of observer crossing the CH: 

abrupt contraction of observer

abrupt expansion of observer

If                             , then                                                        diverges as
<latexit sha1_base64="t/9BSDq629nP8sNP7+4MiqVAhbs="></latexit>D
T̂�
vv

E

ren
6= 0 <latexit sha1_base64="m7R17+rDPbPquzAjn8K6BjK+W10=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNS1GXRjcsK9gEzQ8mkmTY0kwzJncJQ+hluXCji1q9x59+YtrPQ1gOBwzn3kntOlApuwHW/ndLG5tb2Tnm3srd/cHhUPT7pGJVpytpUCaV7ETFMcMnawEGwXqoZSSLButH4fu53J0wbruQT5CkLEzKUPOaUgJX8SQAKB1zGkPerNbfuLoDXiVeQGirQ6le/goGiWcIkUEGM8T03hXBKNHAq2KwSZIalhI7JkPmWSpIwE04XJ8/whVUGOFbaPgl4of7emJLEmDyJ7GRCYGRWvbn4n+dnEN+GUy7TDJiky4/iTGCbc54fD7hmFERuCaGa21sxHRFNKNiWKrYEbzXyOulc1b3reuOxUWveFXWU0Rk6R5fIQzeoiR5QC7URRQo9o1f05oDz4rw7H8vRklPsnKI/cD5/AFQokUw=</latexit>

v ! 1

CH

EH

IH

v

CH

<latexit sha1_base64="HkHF6EBenOyorn+40ZwpazXlCgQ=">AAAB9HicbVDLSsNAFL2pr1pfVZduBosgCCWRoi6LbrqsYB/QxjKZTtqhk0mcmRRK6He4caGIWz/GnX/jJM1CWw8MHM65l3vmeBFnStv2t1VYW9/Y3Cpul3Z29/YPyodHbRXGktAWCXkoux5WlDNBW5ppTruRpDjwOO14k7vU70ypVCwUD3oWUTfAI8F8RrA2ktsPsB4TzJPG/PFiUK7YVTsDWiVOTiqQozkof/WHIYkDKjThWKmeY0faTbDUjHA6L/VjRSNMJnhEe4YKHFDlJlnoOTozyhD5oTRPaJSpvzcSHCg1CzwzmYZUy14q/uf1Yu3fuAkTUaypIItDfsyRDlHaABoySYnmM0MwkcxkRWSMJSba9FQyJTjLX14l7cuqc1Wt3dcq9du8jiKcwCmcgwPXUIcGNKEFBJ7gGV7hzZpaL9a79bEYLVj5zjH8gfX5A6DOkgQ=</latexit>

H
+

<latexit sha1_base64="Vl5AjWmc2jsaMMXCyxvqdEYDtBw="></latexit>D
T̂�
V V

EU

ren
/ e2�v

D
T̂�
vv

EU

ren

<latexit sha1_base64="TDRcs+GoJIw1mfmhJLDpzFhlxZk="></latexit>D
T̂�
vv

EU

ren
> 0

<latexit sha1_base64="G11X7BWnK1NZrgd6kPjbbe1dlvc="></latexit>D
T̂�
vv

EU

ren
< 0

<latexit sha1_base64="7zv1cDDN/mx9allogoFmZeBDzyA="></latexit>

@r

@v
/ �

D
T̂�
vv

EU

ren

on CH (             )    <latexit sha1_base64="m7R17+rDPbPquzAjn8K6BjK+W10=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNS1GXRjcsK9gEzQ8mkmTY0kwzJncJQ+hluXCji1q9x59+YtrPQ1gOBwzn3kntOlApuwHW/ndLG5tb2Tnm3srd/cHhUPT7pGJVpytpUCaV7ETFMcMnawEGwXqoZSSLButH4fu53J0wbruQT5CkLEzKUPOaUgJX8SQAKB1zGkPerNbfuLoDXiVeQGirQ6le/goGiWcIkUEGM8T03hXBKNHAq2KwSZIalhI7JkPmWSpIwE04XJ8/whVUGOFbaPgl4of7emJLEmDyJ7GRCYGRWvbn4n+dnEN+GUy7TDJiky4/iTGCbc54fD7hmFERuCaGa21sxHRFNKNiWKrYEbzXyOulc1b3reuOxUWveFXWU0Rk6R5fIQzeoiR5QC7URRQo9o1f05oDz4rw7H8vRklPsnKI/cD5/AFQokUw=</latexit>

v ! 1



contraction of CH

expansion of CH

Deformation of CH:

on CH

<latexit sha1_base64="WnhpyQIxcwekSjsf9cs3kUwDp3k="></latexit>D
T̂�
uu

EU

ren
< 0

CH

EH

IH

u

<latexit sha1_base64="HkHF6EBenOyorn+40ZwpazXlCgQ=">AAAB9HicbVDLSsNAFL2pr1pfVZduBosgCCWRoi6LbrqsYB/QxjKZTtqhk0mcmRRK6He4caGIWz/GnX/jJM1CWw8MHM65l3vmeBFnStv2t1VYW9/Y3Cpul3Z29/YPyodHbRXGktAWCXkoux5WlDNBW5ppTruRpDjwOO14k7vU70ypVCwUD3oWUTfAI8F8RrA2ktsPsB4TzJPG/PFiUK7YVTsDWiVOTiqQozkof/WHIYkDKjThWKmeY0faTbDUjHA6L/VjRSNMJnhEe4YKHFDlJlnoOTozyhD5oTRPaJSpvzcSHCg1CzwzmYZUy14q/uf1Yu3fuAkTUaypIItDfsyRDlHaABoySYnmM0MwkcxkRWSMJSba9FQyJTjLX14l7cuqc1Wt3dcq9du8jiKcwCmcgwPXUIcGNKEFBJ7gGV7hzZpaL9a79bEYLVj5zjH8gfX5A6DOkgQ=</latexit>

H
+

CH
<latexit sha1_base64="Gb5l9zmuATow7cF4TNTmPIYtnZ4="></latexit>

@r

@u
/ �

D
T̂�
uu

EU

ren

<latexit sha1_base64="3E6ZOgEB3QSOPFbUk7cuk/Ff07A="></latexit>D
T̂�
uu

EU

ren
> 0



Results for quantum effects inside a Kerr BH

Together with N. Zilberman, A. Ori & A. Ottewill [PRL’22 + PRD’223

+ In preparation] we calculated                    and the fluxes 

and                       on the CH  (             ) and everywhere inside 

the EH (                        )



Results off the CH

<latexit sha1_base64="KoBK52AiMmMrmGS+0bjZL6jHatU=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbB07IrRXsRil68CBXsB7RLyabZNjabLElWKEv/gxcPinj1/3jz35i2e9Dqg4HHezPMzAsTzrTxvC+nsLK6tr5R3Cxtbe/s7pX3D1paporQJpFcqk6INeVM0KZhhtNOoiiOQ07b4fh65rcfqdJMinszSWgQ46FgESPYWKmFLz23dtsvVzzXmwP9JX5OKpCj0S9/9gaSpDEVhnCsddf3EhNkWBlGOJ2WeqmmCSZjPKRdSwWOqQ6y+bVTdGKVAYqksiUMmqs/JzIcaz2JQ9sZYzPSy95M/M/rpiaqBRkTSWqoIItFUcqRkWj2OhowRYnhE0swUczeisgIK0yMDahkQ/CXX/5LWmeuf+5W76qV+lUeRxGO4BhOwYcLqMMNNKAJBB7gCV7g1ZHOs/PmvC9aC04+cwi/4Hx8Azd9jkA=</latexit>

a = 0.8M
<latexit sha1_base64="XSqTylrfk7iDUYlV9j/OOMNfWgo=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItQ9OKxgv2ANpTNdtMu3Wzi7kQooX/CiwdFvPp3vPlv3LY5aOuDgcd7M8zMCxIpDLrut1NYWV1b3yhulra2d3b3yvsHTROnmvEGi2Ws2wE1XArFGyhQ8naiOY0CyVvB6Hbqt564NiJWDzhOuB/RgRKhYBSt1O7ikCO9dnvlilt1ZyDLxMtJBXLUe+Wvbj9macQVMkmN6Xhugn5GNQom+aTUTQ1PKBvRAe9YqmjEjZ/N7p2QE6v0SRhrWwrJTP09kdHImHEU2M6I4tAselPxP6+TYnjlZ0IlKXLF5ovCVBKMyfR50heaM5RjSyjTwt5K2JBqytBGVLIheIsvL5PmWdW7qJ7fn1dqN3kcRTiCYzgFDy6hBndQhwYwkPAMr/DmPDovzrvzMW8tOPnMIfyB8/kDmyePsg==</latexit>

✓ = 0

Finite value at CH:



<latexit sha1_base64="KoBK52AiMmMrmGS+0bjZL6jHatU=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbB07IrRXsRil68CBXsB7RLyabZNjabLElWKEv/gxcPinj1/3jz35i2e9Dqg4HHezPMzAsTzrTxvC+nsLK6tr5R3Cxtbe/s7pX3D1paporQJpFcqk6INeVM0KZhhtNOoiiOQ07b4fh65rcfqdJMinszSWgQ46FgESPYWKmFLz23dtsvVzzXmwP9JX5OKpCj0S9/9gaSpDEVhnCsddf3EhNkWBlGOJ2WeqmmCSZjPKRdSwWOqQ6y+bVTdGKVAYqksiUMmqs/JzIcaz2JQ9sZYzPSy95M/M/rpiaqBRkTSWqoIItFUcqRkWj2OhowRYnhE0swUczeisgIK0yMDahkQ/CXX/5LWmeuf+5W76qV+lUeRxGO4BhOwYcLqMMNNKAJBB7gCV7g1ZHOs/PmvC9aC04+cwi/4Hx8Azd9jkA=</latexit>

a = 0.8M
<latexit sha1_base64="XSqTylrfk7iDUYlV9j/OOMNfWgo=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItQ9OKxgv2ANpTNdtMu3Wzi7kQooX/CiwdFvPp3vPlv3LY5aOuDgcd7M8zMCxIpDLrut1NYWV1b3yhulra2d3b3yvsHTROnmvEGi2Ws2wE1XArFGyhQ8naiOY0CyVvB6Hbqt564NiJWDzhOuB/RgRKhYBSt1O7ikCO9dnvlilt1ZyDLxMtJBXLUe+Wvbj9macQVMkmN6Xhugn5GNQom+aTUTQ1PKBvRAe9YqmjEjZ/N7p2QE6v0SRhrWwrJTP09kdHImHEU2M6I4tAselPxP6+TYnjlZ0IlKXLF5ovCVBKMyfR50heaM5RjSyjTwt5K2JBqytBGVLIheIsvL5PmWdW7qJ7fn1dqN3kcRTiCYzgFDy6hBndQhwYwkPAMr/DmPDovzrvzMW8tOPnMIfyB8/kDmyePsg==</latexit>

✓ = 0



Fluxes on the CH: fixed           , vary BH spin
<latexit sha1_base64="roKvL9jVsyym/Ej7ON6Es6RSdtc=">AAACAnicbVDLSsNAFJ3UV62vqCtxEyyCq5JIUTdC0Y3LCvYBTSiT6W07dDIJMzdiCcWNv+LGhSJu/Qp3/o3Tx0JbD1w4nHPv3LknTATX6LrfVm5peWV1Lb9e2Njc2t6xd/fqOk4VgxqLRayaIdUguIQachTQTBTQKBTQCAfXY79xD0rzWN7hMIEgoj3Ju5xRNFLbPvARHnDyTqagM8p87APSS3fUtotuyZ3AWSTejBTJDNW2/eV3YpZGIJEJqnXLcxMMMqqQMwGjgp9qSCgb0B60DJU0Ah1kk9Uj59goHacbK1MSnYn6eyKjkdbDKDSdEcW+nvfG4n9eK8XuRZBxmaQIkk0XdVPhYOyM83A6XAFDMTSEMsXNXx3Wp4oyNKkVTAje/MmLpH5a8s5K5dtysXI1iyNPDskROSEeOScVckOqpEYYeSTP5JW8WU/Wi/VufUxbc9ZsZp/8gfX5Azx0l/g=</latexit>

✓ = 0

both change sign

both vanish as
<latexit sha1_base64="eoY0B8rU6rcsdh+LqATg5EuFfGQ=">AAAB7XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIqMuiGzdCBfuAdiiZNNPG5jEkGaEM/Qc3LhRx6/+4829M21lo64HA4Zx7yT0nSjgz1ve/vcLK6tr6RnGztLW9s7tX3j9oGpVqQhtEcaXbETaUM0kblllO24mmWESctqLRzdRvPVFtmJIPdpzQUOCBZDEj2DqpibtWobteueJX/RnQMglyUoEc9V75q9tXJBVUWsKxMZ3AT2yYYW0Z4XRS6qaGJpiM8IB2HJVYUBNms2sn6MQpfRQr7Z60aKb+3siwMGYsIjcpsB2aRW8q/ud1UhtfhRmTSWqpJPOP4pQjF3EaHfWZpsTysSOYaOZuRWSINSbWFVRyJQSLkZdJ86waXFTP788rteu8jiIcwTGcQgCXUINbqEMDCDzCM7zCm6e8F+/d+5iPFrx85xD+wPv8AQ1ujsw=</latexit>

a ! M



We found the dominant divergence on CH of 
astrophysical BHs (which is due to quantum 
backreaction)

CH

EH

IH

v
<latexit sha1_base64="HkHF6EBenOyorn+40ZwpazXlCgQ=">AAAB9HicbVDLSsNAFL2pr1pfVZduBosgCCWRoi6LbrqsYB/QxjKZTtqhk0mcmRRK6He4caGIWz/GnX/jJM1CWw8MHM65l3vmeBFnStv2t1VYW9/Y3Cpul3Z29/YPyodHbRXGktAWCXkoux5WlDNBW5ppTruRpDjwOO14k7vU70ypVCwUD3oWUTfAI8F8RrA2ktsPsB4TzJPG/PFiUK7YVTsDWiVOTiqQozkof/WHIYkDKjThWKmeY0faTbDUjHA6L/VjRSNMJnhEe4YKHFDlJlnoOTozyhD5oTRPaJSpvzcSHCg1CzwzmYZUy14q/uf1Yu3fuAkTUaypIItDfsyRDlHaABoySYnmM0MwkcxkRWSMJSba9FQyJTjLX14l7cuqc1Wt3dcq9du8jiKcwCmcgwPXUIcGNKEFBJ7gGV7hzZpaL9a79bEYLVj5zjH8gfX5A6DOkgQ=</latexit>

H
+

CH

<latexit sha1_base64="j4kwUdlmWXOOc+BkYD32wH2oEGY=">AAAB8XicbVDLSsNAFJ3UV62vqks3g0VwVRLxtSy6cVnBPrAJZTKdtEMnM2HmphBC/8KNC0Xc+jfu/BunbRZaPXDhcM693HtPmAhuwHW/nNLK6tr6RnmzsrW9s7tX3T9oG5VqylpUCaW7ITFMcMlawEGwbqIZiUPBOuH4duZ3JkwbruQDZAkLYjKUPOKUgJUeJz4on8sIsn615tbdOfBf4hWkhgo0+9VPf6BoGjMJVBBjep6bQJATDZwKNq34qWEJoWMyZD1LJYmZCfL5xVN8YpUBjpS2JQHP1Z8TOYmNyeLQdsYERmbZm4n/eb0Uousg5zJJgUm6WBSlAoPCs/fxgGtGQWSWEKq5vRXTEdGEgg2pYkPwll/+S9pnde+yfnF/XmvcFHGU0RE6RqfIQ1eoge5QE7UQRRI9oRf06hjn2Xlz3hetJaeYOUS/4Hx8A/yAkSM=</latexit>

v ! 1

<latexit sha1_base64="t1wn5dFhO80efwKk898EC08nGJg=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyCm5aZ4mtZdOOygn1AOx0yadqGZjIhyRTqMPgrblwo4tb/cOffmLaz0NYDFw7n3Mu99wSCUaUd59vKrayurW/kNwtb2zu7e/b+QUNFscSkjiMWyVaAFGGUk7qmmpGWkASFASPNYHQ79ZtjIhWN+IOeCOKFaMBpn2KkjeTbR+NuUuIp6SaVzggJgfzSOPXtolN2ZoDLxM1IEWSo+fZXpxfhOCRcY4aUaruO0F6CpKaYkbTQiRURCI/QgLQN5Sgkyktm16fw1Cg92I+kKa7hTP09kaBQqUkYmM4Q6aFa9Kbif1471v1rL6FcxJpwPF/UjxnUEZxGAXtUEqzZxBCEJTW3QjxEEmFtAiuYENzFl5dJo1J2L8sX9+fF6k0WRx4cgxNwBlxwBargDtRAHWDwCJ7BK3iznqwX6936mLfmrGzmEPyB9fkDcmuVPA==</latexit>

v�ne2�v(stronger than the classical                      )

<latexit sha1_base64="dTQ9x199rceCmfKPdyT3jQDCkwM="></latexit>D
T̂�
V V

EU

ren
/ e2�v

D
T̂�
vv

EU

ren
⇠ e2�v

<latexit sha1_base64="IwBxbpO1MRHh8CqljiAtQJlT3ok="></latexit>D
T̂�
vv

EU

ren
6= 0



<latexit sha1_base64="42lT7CftIasCFcT52b4SEKv3eo4=">AAACAHicbVDLSsNAFJ34rPVVdeHCTbAIrkIiRbsRim7cCBXsA9pQJpObdujkwcyNWEI2/oobF4q49TPc+TdOHwttPXDhcM69c+ceLxFcoW1/G0vLK6tr64WN4ubW9s5uaW+/qeJUMmiwWMSy7VEFgkfQQI4C2okEGnoCWt7weuy3HkAqHkf3OErADWk/4gFnFLXUKx12ER5x8k4mwc8zemlb1du8Vyrblj2BuUicGSmTGeq90lfXj1kaQoRMUKU6jp2gm1GJnAnIi91UQULZkPaho2lEQ1BuNlmcmyda8c0glroiNCfq74mMhkqNQk93hhQHat4bi/95nRSDqpvxKEkRIjZdFKTCxNgcp2H6XAJDMdKEMsn1X002oJIy1JkVdQjO/MmLpHlmOedW5a5Srl3N4iiQI3JMTolDLkiN3JA6aRBGcvJMXsmb8WS8GO/Gx7R1yZjNHJA/MD5/AMj/loY=</latexit>

a = 0.8MFluxes on the CH: fixed                   , vary
<latexit sha1_base64="d1g5AOwk/W+/zaQzfFJ6Off6Z2E=">AAACAHicbVBNS8NAEN3Ur1q/qh48eAkWwVNJpKjHohePFewHtKVsNpN26WYTdidiCbn4V7x4UMSrP8Ob/8Ztm4O2Phh4vDezs/O8WHCNjvNtFVZW19Y3ipulre2d3b3y/kFLR4li0GSRiFTHoxoEl9BEjgI6sQIaegLa3vhm6rcfQGkeyXucxNAP6VDygDOKRhqUj3oIjzh7J1XgZ2kPR4A0G5QrTtWZwV4mbk4qJEdjUP7q+RFLQpDIBNW66zox9lOqkDMBWamXaIgpG9MhdA2VNATdT2eLM/vUKL4dRMqURHum/p5Iaaj1JPRMZ0hxpBe9qfif100wuOqnXMYJgmTzRUEibIzsaRq2zxUwFBNDKFPc/NVmI6ooQ5NZyYTgLp68TFrnVfeiWrurVerXeRxFckxOyBlxySWpk1vSIE3CSEaeySt5s56sF+vd+pi3Fqx85pD8gfX5Azlnl3c=</latexit>

✓

NB: Integral of                        over angle is positive
<latexit sha1_base64="x6DINUK1MpXaWY/FiJWy9KNFjXM=">AAACH3icbVBNS8NAEN34WetX1aOXxSJ4sSTi11H04rGCtYWmhs120i5uNmF3IpaQf+LFv+LFgyLizX/jtvagrQ8GHu/NMDMvTKUw6Lpfzszs3PzCYmmpvLyyurZe2di8MUmmOTR4IhPdCpkBKRQ0UKCEVqqBxaGEZnh3MfSb96CNSNQ1DlLoxKynRCQ4QysFlWNfQoS+ZKongfp9hvQ6yLOsuN33tej10dcjK8h9hAfMNaiiuG0Elapbc0eg08QbkyoZox5UPv1uwrMYFHLJjGl7boqdnGkUXEJR9jMDKeN3rAdtSxWLwXTy0X8F3bVKl0aJtqWQjtTfEzmLjRnEoe2MGfbNpDcU//PaGUannVyoNENQ/GdRlEmKCR2GRbtCA0c5sIRxLeytlPeZZhxtpGUbgjf58jS5Oah5x7Wjq8Pq2fk4jhLZJjtkj3jkhJyRS1InDcLJI3kmr+TNeXJenHfn46d1xhnPbJE/cL6+ASuJpFc=</latexit>D
T̂�
uu

EU

ren



Sign of                        averaged over angle is expected to determine 
whether the sing. on the CH is spacelike (if +ive) or null (if -ive)

For future investigation, so tentatively:

that might yield a spacelike sing. , as opposed to the classical case (null)

BH <latexit sha1_base64="HkHF6EBenOyorn+40ZwpazXlCgQ=">AAAB9HicbVDLSsNAFL2pr1pfVZduBosgCCWRoi6LbrqsYB/QxjKZTtqhk0mcmRRK6He4caGIWz/GnX/jJM1CWw8MHM65l3vmeBFnStv2t1VYW9/Y3Cpul3Z29/YPyodHbRXGktAWCXkoux5WlDNBW5ppTruRpDjwOO14k7vU70ypVCwUD3oWUTfAI8F8RrA2ktsPsB4TzJPG/PFiUK7YVTsDWiVOTiqQozkof/WHIYkDKjThWKmeY0faTbDUjHA6L/VjRSNMJnhEe4YKHFDlJlnoOTozyhD5oTRPaJSpvzcSHCg1CzwzmYZUy14q/uf1Yu3fuAkTUaypIItDfsyRDlHaABoySYnmM0MwkcxkRWSMJSba9FQyJTjLX14l7cuqc1Wt3dcq9du8jiKcwCmcgwPXUIcGNKEFBJ7gGV7hzZpaL9a79bEYLVj5zjH8gfX5A6DOkgQ=</latexit>

H
+

<latexit sha1_base64="HkHF6EBenOyorn+40ZwpazXlCgQ=">AAAB9HicbVDLSsNAFL2pr1pfVZduBosgCCWRoi6LbrqsYB/QxjKZTtqhk0mcmRRK6He4caGIWz/GnX/jJM1CWw8MHM65l3vmeBFnStv2t1VYW9/Y3Cpul3Z29/YPyodHbRXGktAWCXkoux5WlDNBW5ppTruRpDjwOO14k7vU70ypVCwUD3oWUTfAI8F8RrA2ktsPsB4TzJPG/PFiUK7YVTsDWiVOTiqQozkof/WHIYkDKjThWKmeY0faTbDUjHA6L/VjRSNMJnhEe4YKHFDlJlnoOTozyhD5oTRPaJSpvzcSHCg1CzwzmYZUy14q/uf1Yu3fuAkTUaypIItDfsyRDlHaABoySYnmM0MwkcxkRWSMJSba9FQyJTjLX14l7cuqc1Wt3dcq9du8jiKcwCmcgwPXUIcGNKEFBJ7gGV7hzZpaL9a79bEYLVj5zjH8gfX5A6DOkgQ=</latexit>
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Tentative backreaction

<latexit sha1_base64="x6DINUK1MpXaWY/FiJWy9KNFjXM=">AAACH3icbVBNS8NAEN34WetX1aOXxSJ4sSTi11H04rGCtYWmhs120i5uNmF3IpaQf+LFv+LFgyLizX/jtvagrQ8GHu/NMDMvTKUw6Lpfzszs3PzCYmmpvLyyurZe2di8MUmmOTR4IhPdCpkBKRQ0UKCEVqqBxaGEZnh3MfSb96CNSNQ1DlLoxKynRCQ4QysFlWNfQoS+ZKongfp9hvQ6yLOsuN33tej10dcjK8h9hAfMNaiiuG0Elapbc0eg08QbkyoZox5UPv1uwrMYFHLJjGl7boqdnGkUXEJR9jMDKeN3rAdtSxWLwXTy0X8F3bVKl0aJtqWQjtTfEzmLjRnEoe2MGfbNpDcU//PaGUannVyoNENQ/GdRlEmKCR2GRbtCA0c5sIRxLeytlPeZZhxtpGUbgjf58jS5Oah5x7Wjq8Pq2fk4jhLZJjtkj3jkhJyRS1InDcLJI3kmr+TNeXJenHfn46d1xhnPbJE/cL6+ASuJpFc=</latexit>D
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Results for quantum effects inside a Kerr-dS BH

Together with C. Klein, M. Soltani & S. Hollands [In preparation]

Angular momentum (Komar) of a sphere as it approaches the CH (            )  
of Kerr-dS diverges as

<latexit sha1_base64="MF2nVGvMwuqbL1bgjWbsXk5Kn3s=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjPia1l047KCfcDMUDJppg3NJENyp1CGfoYbF4q49Wvc+Tem7Sy09UDgcM695J4TpYIbcN1vp7S2vrG5Vd6u7Ozu7R9UD4/aRmWashZVQuluRAwTXLIWcBCsm2pGkkiwTjS6n/mdMdOGK/kEk5SFCRlIHnNKwEr+OACFAy5jmPSqNbfuzoFXiVeQGirQ7FW/gr6iWcIkUEGM8T03hTAnGjgVbFoJMsNSQkdkwHxLJUmYCfP5yVN8ZpU+jpW2TwKeq783cpIYM0kiO5kQGJplbyb+5/kZxLdhzmWaAZN08VGcCWxzzvLjPteMgphYQqjm9lZMh0QTCralii3BW468StoXde+6fvV4WWvcFXWU0Qk6RefIQzeogR5QE7UQRQo9o1f05oDz4rw7H4vRklPsHKM/cD5/AFR6kU0=</latexit>

v ! 1

<latexit sha1_base64="Uu5yI/f9HUZjNmBAmEJg5L/n3Qg="></latexit>
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Its sign might determine if the ``ang. mom. of CH” 
grows or diminishes

ang. mom. current at CH
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<latexit sha1_base64="+IZWINFqPcYi6Y6hm6opGXK6xMo=">AAACAHicbVC7SgNBFL3rM8bXqoWFzWAQrMJufDZC0MZCIYJ5QHYNs5PZZMjsg5lZISzb+Cs2ForY+hl2/o2TZAtNPDBwOOdc7tzjxZxJZVnfxtz8wuLScmGluLq2vrFpbm03ZJQIQusk4pFoeVhSzkJaV0xx2ooFxYHHadMbXI385iMVkkXhvRrG1A1wL2Q+I1hpqWPuOjc63MUXji8wSe0sPbJuHypZxyxZZWsMNEvsnJQgR61jfjndiCQBDRXhWMq2bcXKTbFQjHCaFZ1E0hiTAe7RtqYhDqh00/EBGTrQShf5kdAvVGis/p5IcSDlMPB0MsCqL6e9kfif106Uf+6mLIwTRUMyWeQnHKkIjdpAXSYoUXyoCSaC6b8i0se6CaU7K+oS7OmTZ0mjUrZPyyd3x6XqZV5HAfZgHw7BhjOowjXUoA4EMniGV3gznowX4934mETnjHxmB/7A+PwBpDWVzg==</latexit>
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<latexit sha1_base64="Y+fgVjGAeQ8bgPVQ0qN92la8F8I=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgadkV4+MgBL14ESKYByRLmJ3MJkNmZpeZWSEs+QgvHhTx6vd482+cJHvQaEFDUdVNd1eYcKaN5305haXlldW14nppY3Nre6e8u9fUcaoIbZCYx6odYk05k7RhmOG0nSiKRchpKxzdTP3WI1WaxfLBjBMaCDyQLGIEGyu18JXnXlbveuWK53ozoL/Ez0kFctR75c9uPyapoNIQjrXu+F5iggwrwwink1I31TTBZIQHtGOpxILqIJudO0FHVumjKFa2pEEz9edEhoXWYxHaToHNUC96U/E/r5Oa6CLImExSQyWZL4pSjkyMpr+jPlOUGD62BBPF7K2IDLHCxNiESjYEf/Hlv6R54vpnbvX+tFK7zuMowgEcwjH4cA41uIU6NIDACJ7gBV6dxHl23pz3eWvByWf24Recj2+wAI6B</latexit>

a = 0.95M

<latexit sha1_base64="O++wjgZp6U1XRoOPtkJ6/Qin8YE=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0jEtnoQil68CBXsB7ShbLabdulmE3c3Qgn9E148KOLVv+PNf+O2zUFbHww83pthZp4fc6a043xbuZXVtfWN/GZha3tnd6+4f9BUUSIJbZCIR7LtY0U5E7Shmea0HUuKQ5/Tlj+6mfqtJyoVi8SDHsfUC/FAsIARrI3UxleOfVkt3/WKJcd2ZkDLxM1ICTLUe8Wvbj8iSUiFJhwr1XGdWHsplpoRTieFbqJojMkID2jHUIFDqrx0du8EnRilj4JImhIazdTfEykOlRqHvukMsR6qRW8q/ud1Eh1ceCkTcaKpIPNFQcKRjtD0edRnkhLNx4ZgIpm5FZEhlphoE1HBhOAuvrxMmme2W7HL9+el2nUWRx6O4BhOwYUq1OAW6tAAAhye4RXerEfrxXq3PuatOSubOYQ/sD5/ACn+jsI=</latexit>

a = 0.975M

<latexit sha1_base64="hrirsOxHRMc2CTYxrXpX5LLIaLI=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr4sQ9OJFiGgekCxhdtJJhszOLjOzQljyCV48KOLVL/Lm3zhJ9qCJBQ1FVTfdXUEsuDau++3klpZXVtfy64WNza3tneLuXl1HiWJYY5GIVDOgGgWXWDPcCGzGCmkYCGwEw5uJ33hCpXkkH80oRj+kfcl7nFFjpQd6ddcpltyyOwVZJF5GSpCh2il+tbsRS0KUhgmqdctzY+OnVBnOBI4L7URjTNmQ9rFlqaQhaj+dnjomR1bpkl6kbElDpurviZSGWo/CwHaG1Az0vDcR//Naield+imXcWJQstmiXiKIicjkb9LlCpkRI0soU9zeStiAKsqMTadgQ/DmX14k9ZOyd14+uz8tVa6zOPJwAIdwDB5cQAVuoQo1YNCHZ3iFN0c4L8678zFrzTnZzD78gfP5A+KdjY0=</latexit>

a = M

<latexit sha1_base64="W+m/d4zUQnfWaRebxj6N3Lupr5I=">AAAB/nicbVDLSgMxFM34rPU1Kq7cBIvgxjIj1ropFN24rGAf0A7DnTTThmYeJBmxDAV/xY0LRdz6He78GzPtLLT1QMLJOfdyb44XcyaVZX0bS8srq2vrhY3i5tb2zq65t9+SUSIIbZKIR6LjgaSchbSpmOK0EwsKgcdp2xvdZH77gQrJovBejWPqBDAImc8IKC255iHUwE0DeJycWWXLqtRsfVdds5S9MuBFYuekhHI0XPOr149IEtBQEQ5Sdm0rVk4KQjHC6aTYSySNgYxgQLuahhBQ6aTT9Sf4RCt97EdCn1Dhqfq7I4VAynHg6coA1FDOe5n4n9dNlH/lpCyME0VDMhvkJxyrCGdZ4D4TlCg+1gSIYHpXTIYggCidWFGHYM9/eZG0zsv2Zblyd1GqX+dxFNAROkanyEZVVEe3qIGaiKAUPaNX9GY8GS/Gu/ExK10y8p4D9AfG5w/TX5N2</latexit>

a = amax � 0.005 = 1.007

The angle-average for all curves is positive (subject to double-checking 
sign!) -> increase in “ang. mom. of CH” -> what does it involve for 
backreaction?

Quantum angular momentum current of CH



5. Conclusion

4. Semiclassical effects on CH of Kerr

3. Semiclassical gravity

2. Classical perturbations of CH

1. Cauchy horizon



Quantum effects on the CH are typically stronger than classical effects:

In Kerr(-dS): RSET diverges (dominant over classical); angle-average of 
fluxes are +ve -> slike sing. (as opposed to null under classical perts.); 
angle-average of ang. mom. current increases (?) ang. mom. of CH…

In de Sitter BHs, CH seems to remain regular enough under classical 
perturbations but quantum effects act as a strong censor for Reissner-
Nordstrom-dS

To do: extend analysis beyond the weak backreaction domain

Thank you!

Irregularity of CH / predictability of GR/ SCC is hypothesis to be verified

Conclusions


