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MOTIVATION
“That’s why the Pendulum disturbs me. It promises the infinity, 
but where to put the infinity is left to me. So it isn’t enough to 
worship the Pendulum; you still have to make a decision, you 
have to find the best point for it. And yet…”

(Umberto Eco - Foucault’s Pendulum)



MOTIVATION
“That’s why the Conformal Factor disturbs me. It promises the 
infinity, but where to put the infinity is left to us. So it isn’t 
enough to worship the Conformal Factor; we still have to make 
a decision, we have to find the best point for it. And yet…”

(Umberto Eco - Foucault’s Pendulum)

Physical manifold

Unphysical manifold
Boundary: (⌦ = 0)

(M, g)

Decision: coordinates for hyperboloidal slices in black-hole spacetimes
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g = ⌦�2ḡ
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(M̄, ḡ)
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@M̄



BLACK HOLE GAUGES
• Schwarzschild (Boyer-Lindquist) coordinates:
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(t, r, ✓,')

• Compactified hyperboloidal coordinates:
<latexit sha1_base64="CCvW6EHK5lzkqNoVYQybrM5mYys=">AAACCHicbVDJSgNBEO2JW4zbqEcPNgYhgoQZCeox6MVjBLNAZgg1nU7SpGehuyYQQo5e/BUvHhTx6id482/sLAdNfNDU470qqusFiRQaHefbyqysrq1vZDdzW9s7u3v2/kFNx6livMpiGatGAJpLEfEqCpS8kSgOYSB5PejfTvz6gCst4ugBhwn3Q+hGoiMYoJFa9nHBQ0jPqadFNwRTscdxUgegkp44a9l5p+hMQZeJOyd5MkelZX957ZilIY+QSdC66ToJ+iNQKJjk45yXap4A60OXNw2NIOTaH00PGdNTo7RpJ1bmRUin6u+JEYRaD8PAdIaAPb3oTcT/vGaKnWt/JKIkRR6x2aJOKinGdJIKbQvFGcqhIcCUMH+lrAcKGJrsciYEd/HkZVK7KLqXxdJ9KV++mceRJUfkhBSIS65ImdyRCqkSRh7JM3klb9aT9WK9Wx+z1ow1nzkkf2B9/gC7LpiK</latexit>

(⌧,�, ✓,')

• A. Zenginoglu: (2005 ~2015) 
+ P. Bizon, A. Rostworowski (2008-2010)
+ E. Harmos, S. Bernuzzi, A. Nagar (2011-2014)
+ Gaurav Kahnna, L. Burko, (2012 ~2015)  
+ B. Wardell, C. Galley, M. Casals, S. Dolan, A. Ottewil (2014)

• L. Andersson, T. Bäckdahl, P. Blue, S. Ma : (2019) 

• M. Ansorg,  RPM : (2013-2016) 

J. Ripley: (2022) 

Perturbation Theory

Constraint Equations + Non-Linear Evolutions

• I. Racz: (2003-2023) 



BLACK HOLE GAUGES
• Schwarzschild (Boyer-Lindquist) coordinates:

<latexit sha1_base64="FWSlPXztnUdIquG0h9HVu/Um5bU=">AAACAHicbVDLSgMxFM3UV62vURcu3ASLUKGUGSnqsujGZQX7gHYomTTTCc1khuROoZRu/BU3LhRx62e4829M21lo64HLPZxzL8k9fiK4Bsf5tnJr6xubW/ntws7u3v6BfXjU1HGqKGvQWMSq7RPNBJesARwEayeKkcgXrOUP72Z+a8SU5rF8hHHCvIgMJA84JWCknn1SgjJWZdyFkAExfURUEvKLnl10Ks4ceJW4GSmiDPWe/dXtxzSNmAQqiNYd10nAmxAFnAo2LXRTzRJCh2TAOoZKEjHtTeYHTPG5Ufo4iJUpCXiu/t6YkEjrceSbyYhAqJe9mfif10khuPEmXCYpMEkXDwWpwBDjWRq4zxWjIMaGEKq4+SumIVGEgsmsYEJwl09eJc3LintVqT5Ui7XbLI48OkVnqIRcdI1q6B7VUQNRNEXP6BW9WU/Wi/VufSxGc1a2c4z+wPr8AXDLlQ0=</latexit>

(t, r, ✓,')

• Compactified hyperboloidal coordinates:
<latexit sha1_base64="CCvW6EHK5lzkqNoVYQybrM5mYys=">AAACCHicbVDJSgNBEO2JW4zbqEcPNgYhgoQZCeox6MVjBLNAZgg1nU7SpGehuyYQQo5e/BUvHhTx6id482/sLAdNfNDU470qqusFiRQaHefbyqysrq1vZDdzW9s7u3v2/kFNx6livMpiGatGAJpLEfEqCpS8kSgOYSB5PejfTvz6gCst4ugBhwn3Q+hGoiMYoJFa9nHBQ0jPqadFNwRTscdxUgegkp44a9l5p+hMQZeJOyd5MkelZX957ZilIY+QSdC66ToJ+iNQKJjk45yXap4A60OXNw2NIOTaH00PGdNTo7RpJ1bmRUin6u+JEYRaD8PAdIaAPb3oTcT/vGaKnWt/JKIkRR6x2aJOKinGdJIKbQvFGcqhIcCUMH+lrAcKGJrsciYEd/HkZVK7KLqXxdJ9KV++mceRJUfkhBSIS65ImdyRCqkSRh7JM3klb9aT9WK9Wx+z1ow1nzkkf2B9/gC7LpiK</latexit>

(⌧,�, ✓,')

• A. Zenginoglu: (2005 ~2015) 
+ P. Bizon, A. Rostworowski (2008-2010)
+ E. Harmos, S. Bernuzzi, A. Nagar (2011-2014)
+ Gaurav Kahnna, L. Burko, (2012 ~2015)  
+ B. Wardell, C. Galley, M. Casals, S. Dolan, A. Ottewil (2014)

• L. Andersson, T. Bäckdahl, P. Blue, S. Ma : (2019) 

• M. Ansorg,  RPM : (2013-2016) 

J. Ripley: (2022) 

Perturbation Theory

Constraint Equations + Non-Linear Evolutions
• P. Hübner : (1990’s) 

• I. Racz: (2003-2023) 



BLACK HOLE GAUGES
• Schwarzschild (Boyer-Lindquist) coordinates:

<latexit sha1_base64="FWSlPXztnUdIquG0h9HVu/Um5bU=">AAACAHicbVDLSgMxFM3UV62vURcu3ASLUKGUGSnqsujGZQX7gHYomTTTCc1khuROoZRu/BU3LhRx62e4829M21lo64HLPZxzL8k9fiK4Bsf5tnJr6xubW/ntws7u3v6BfXjU1HGqKGvQWMSq7RPNBJesARwEayeKkcgXrOUP72Z+a8SU5rF8hHHCvIgMJA84JWCknn1SgjJWZdyFkAExfURUEvKLnl10Ks4ceJW4GSmiDPWe/dXtxzSNmAQqiNYd10nAmxAFnAo2LXRTzRJCh2TAOoZKEjHtTeYHTPG5Ufo4iJUpCXiu/t6YkEjrceSbyYhAqJe9mfif10khuPEmXCYpMEkXDwWpwBDjWRq4zxWjIMaGEKq4+SumIVGEgsmsYEJwl09eJc3LintVqT5Ui7XbLI48OkVnqIRcdI1q6B7VUQNRNEXP6BW9WU/Wi/VufSxGc1a2c4z+wPr8AXDLlQ0=</latexit>

(t, r, ✓,')

• Compactified hyperboloidal coordinates:
<latexit sha1_base64="CCvW6EHK5lzkqNoVYQybrM5mYys=">AAACCHicbVDJSgNBEO2JW4zbqEcPNgYhgoQZCeox6MVjBLNAZgg1nU7SpGehuyYQQo5e/BUvHhTx6id482/sLAdNfNDU470qqusFiRQaHefbyqysrq1vZDdzW9s7u3v2/kFNx6livMpiGatGAJpLEfEqCpS8kSgOYSB5PejfTvz6gCst4ugBhwn3Q+hGoiMYoJFa9nHBQ0jPqadFNwRTscdxUgegkp44a9l5p+hMQZeJOyd5MkelZX957ZilIY+QSdC66ToJ+iNQKJjk45yXap4A60OXNw2NIOTaH00PGdNTo7RpJ1bmRUin6u+JEYRaD8PAdIaAPb3oTcT/vGaKnWt/JKIkRR6x2aJOKinGdJIKbQvFGcqhIcCUMH+lrAcKGJrsciYEd/HkZVK7KLqXxdJ9KV++mceRJUfkhBSIS65ImdyRCqkSRh7JM3klb9aT9WK9Wx+z1ow1nzkkf2B9/gC7LpiK</latexit>

(⌧,�, ✓,')

• A. Zenginoglu: (2005 ~2015) 
+ P. Bizon, A. Rostworowski (2008-2010)
+ E. Harmos, S. Bernuzzi, A. Nagar (2011-2014)
+ Gaurav Kahnna, L. Burko, (2012 ~2015)  
+ B. Wardell, C. Galley, M. Casals, S. Dolan, A. Ottewil (2014)

• L. Andersson, T. Bäckdahl, P. Blue, S. Ma : (2019) 

• M. Ansorg,  RPM : (2013-2016) 

J. Ripley: (2022) 

Perturbation Theory

Constraint Equations + Non-Linear Evolutions
• P. Hübner : (1990’s) • O. Rinne: (2009-2012) 

• L. Buchman, et. al: (2009) 

• I. Racz: (2003-2023) 

• M. Ansorg, RPM: (2013-2016) 



BLACK HOLE GAUGES
• Schwarzschild (Boyer-Lindquist) coordinates:

<latexit sha1_base64="FWSlPXztnUdIquG0h9HVu/Um5bU=">AAACAHicbVDLSgMxFM3UV62vURcu3ASLUKGUGSnqsujGZQX7gHYomTTTCc1khuROoZRu/BU3LhRx62e4829M21lo64HLPZxzL8k9fiK4Bsf5tnJr6xubW/ntws7u3v6BfXjU1HGqKGvQWMSq7RPNBJesARwEayeKkcgXrOUP72Z+a8SU5rF8hHHCvIgMJA84JWCknn1SgjJWZdyFkAExfURUEvKLnl10Ks4ceJW4GSmiDPWe/dXtxzSNmAQqiNYd10nAmxAFnAo2LXRTzRJCh2TAOoZKEjHtTeYHTPG5Ufo4iJUpCXiu/t6YkEjrceSbyYhAqJe9mfif10khuPEmXCYpMEkXDwWpwBDjWRq4zxWjIMaGEKq4+SumIVGEgsmsYEJwl09eJc3LintVqT5Ui7XbLI48OkVnqIRcdI1q6B7VUQNRNEXP6BW9WU/Wi/VufSxGc1a2c4z+wPr8AXDLlQ0=</latexit>

(t, r, ✓,')

• Compactified hyperboloidal coordinates:
<latexit sha1_base64="CCvW6EHK5lzkqNoVYQybrM5mYys=">AAACCHicbVDJSgNBEO2JW4zbqEcPNgYhgoQZCeox6MVjBLNAZgg1nU7SpGehuyYQQo5e/BUvHhTx6id482/sLAdNfNDU470qqusFiRQaHefbyqysrq1vZDdzW9s7u3v2/kFNx6livMpiGatGAJpLEfEqCpS8kSgOYSB5PejfTvz6gCst4ugBhwn3Q+hGoiMYoJFa9nHBQ0jPqadFNwRTscdxUgegkp44a9l5p+hMQZeJOyd5MkelZX957ZilIY+QSdC66ToJ+iNQKJjk45yXap4A60OXNw2NIOTaH00PGdNTo7RpJ1bmRUin6u+JEYRaD8PAdIaAPb3oTcT/vGaKnWt/JKIkRR6x2aJOKinGdJIKbQvFGcqhIcCUMH+lrAcKGJrsciYEd/HkZVK7KLqXxdJ9KV++mceRJUfkhBSIS65ImdyRCqkSRh7JM3klb9aT9WK9Wx+z1ow1nzkkf2B9/gC7LpiK</latexit>

(⌧,�, ✓,')

• A. Zenginoglu: (2005 ~2015) 
+ P. Bizon, A. Rostworowski (2008-2010)
+ E. Harmos, S. Bernuzzi, A. Nagar (2011-2014)
+ Gaurav Kahnna, L. Burko, (2012 ~2015)  
+ B. Wardell, C. Galley, M. Casals, S. Dolan, A. Ottewil (2014)

• L. Andersson, T. Bäckdahl, P. Blue, S. Ma : (2019) 

• M. Ansorg,  RPM : (2013-2016) 

J. Ripley: (2022) 

Perturbation Theory

Constraint Equations + Non-Linear Evolutions
• E. Gasperin, D. Hildtich,  

A. Vaño-Viñuales : 2014-2023 
• P. Hübner : (1990’s) • O. Rinne: (2009-2012) 

• L. Buchman, et. al: (2009) • J. Frauendiener, F. Beyer, C. Stevens: 
2000-2023 

• I. Racz: (2003-2023) 

• M. Ansorg, RPM: (2013-2016) 



BLACK HOLE GAUGES
• Schwarzschild (Boyer-Lindquist) coordinates:

<latexit sha1_base64="FWSlPXztnUdIquG0h9HVu/Um5bU=">AAACAHicbVDLSgMxFM3UV62vURcu3ASLUKGUGSnqsujGZQX7gHYomTTTCc1khuROoZRu/BU3LhRx62e4829M21lo64HLPZxzL8k9fiK4Bsf5tnJr6xubW/ntws7u3v6BfXjU1HGqKGvQWMSq7RPNBJesARwEayeKkcgXrOUP72Z+a8SU5rF8hHHCvIgMJA84JWCknn1SgjJWZdyFkAExfURUEvKLnl10Ks4ceJW4GSmiDPWe/dXtxzSNmAQqiNYd10nAmxAFnAo2LXRTzRJCh2TAOoZKEjHtTeYHTPG5Ufo4iJUpCXiu/t6YkEjrceSbyYhAqJe9mfif10khuPEmXCYpMEkXDwWpwBDjWRq4zxWjIMaGEKq4+SumIVGEgsmsYEJwl09eJc3LintVqT5Ui7XbLI48OkVnqIRcdI1q6B7VUQNRNEXP6BW9WU/Wi/VufSxGc1a2c4z+wPr8AXDLlQ0=</latexit>

(t, r, ✓,')

• Compactified hyperboloidal coordinates:
<latexit sha1_base64="CCvW6EHK5lzkqNoVYQybrM5mYys=">AAACCHicbVDJSgNBEO2JW4zbqEcPNgYhgoQZCeox6MVjBLNAZgg1nU7SpGehuyYQQo5e/BUvHhTx6id482/sLAdNfNDU470qqusFiRQaHefbyqysrq1vZDdzW9s7u3v2/kFNx6livMpiGatGAJpLEfEqCpS8kSgOYSB5PejfTvz6gCst4ugBhwn3Q+hGoiMYoJFa9nHBQ0jPqadFNwRTscdxUgegkp44a9l5p+hMQZeJOyd5MkelZX957ZilIY+QSdC66ToJ+iNQKJjk45yXap4A60OXNw2NIOTaH00PGdNTo7RpJ1bmRUin6u+JEYRaD8PAdIaAPb3oTcT/vGaKnWt/JKIkRR6x2aJOKinGdJIKbQvFGcqhIcCUMH+lrAcKGJrsciYEd/HkZVK7KLqXxdJ9KV++mceRJUfkhBSIS65ImdyRCqkSRh7JM3klb9aT9WK9Wx+z1ow1nzkkf2B9/gC7LpiK</latexit>

(⌧,�, ✓,')

• A. Zenginoglu: (2005 ~2015) 
+ P. Bizon, A. Rostworowski (2008-2010)
+ E. Harmos, S. Bernuzzi, A. Nagar (2011-2014)
+ Gaurav Kahnna, L. Burko, (2012 ~2015)  
+ B. Wardell, C. Galley, M. Casals, S. Dolan, A. Ottewil (2014)

• L. Andersson, T. Bäckdahl, P. Blue, S. Ma : (2019) 

• M. Ansorg,  RPM : (2013-2016) 

J. Ripley: (2022) 

Perturbation Theory

Constraint Equations + Non-Linear Evolutions
• E. Gasperin, D. Hildtich,  

A. Vaño-Viñuales : 2014-2023 
• P. Hübner : (1990’s) • O. Rinne: (2009-2012) 

• L. Buchman, et. al: (2009) • J. Frauendiener, F. Beyer, C. Stevens: 
2000-2023 

• I. Racz: (2003-2023) 

• M. Ansorg, RPM: (2013-2016) 



BLACK HOLE GAUGES
• Static, spherically symmetric - Schwarzschild coordinates:

<latexit sha1_base64="FWSlPXztnUdIquG0h9HVu/Um5bU=">AAACAHicbVDLSgMxFM3UV62vURcu3ASLUKGUGSnqsujGZQX7gHYomTTTCc1khuROoZRu/BU3LhRx62e4829M21lo64HLPZxzL8k9fiK4Bsf5tnJr6xubW/ntws7u3v6BfXjU1HGqKGvQWMSq7RPNBJesARwEayeKkcgXrOUP72Z+a8SU5rF8hHHCvIgMJA84JWCknn1SgjJWZdyFkAExfURUEvKLnl10Ks4ceJW4GSmiDPWe/dXtxzSNmAQqiNYd10nAmxAFnAo2LXRTzRJCh2TAOoZKEjHtTeYHTPG5Ufo4iJUpCXiu/t6YkEjrceSbyYhAqJe9mfif10khuPEmXCYpMEkXDwWpwBDjWRq4zxWjIMaGEKq4+SumIVGEgsmsYEJwl09eJc3LintVqT5Ui7XbLI48OkVnqIRcdI1q6B7VUQNRNEXP6BW9WU/Wi/VufSxGc1a2c4z+wPr8AXDLlQ0=</latexit>

(t, r, ✓,')
<latexit sha1_base64="pKno4tY8UVQkZwdSUovd3FwZ2uE="></latexit>

ds2 = �a(r)dt2 +
dr2

b(r)
+ r2d!2



BLACK HOLE GAUGES
• Static, spherically symmetric - Schwarzschild coordinates:

<latexit sha1_base64="FWSlPXztnUdIquG0h9HVu/Um5bU=">AAACAHicbVDLSgMxFM3UV62vURcu3ASLUKGUGSnqsujGZQX7gHYomTTTCc1khuROoZRu/BU3LhRx62e4829M21lo64HLPZxzL8k9fiK4Bsf5tnJr6xubW/ntws7u3v6BfXjU1HGqKGvQWMSq7RPNBJesARwEayeKkcgXrOUP72Z+a8SU5rF8hHHCvIgMJA84JWCknn1SgjJWZdyFkAExfURUEvKLnl10Ks4ceJW4GSmiDPWe/dXtxzSNmAQqiNYd10nAmxAFnAo2LXRTzRJCh2TAOoZKEjHtTeYHTPG5Ufo4iJUpCXiu/t6YkEjrceSbyYhAqJe9mfif10khuPEmXCYpMEkXDwWpwBDjWRq4zxWjIMaGEKq4+SumIVGEgsmsYEJwl09eJc3LintVqT5Ui7XbLI48OkVnqIRcdI1q6B7VUQNRNEXP6BW9WU/Wi/VufSxGc1a2c4z+wPr8AXDLlQ0=</latexit>

(t, r, ✓,')

• Compactified hyperboloidal coordinates:
<latexit sha1_base64="CCvW6EHK5lzkqNoVYQybrM5mYys=">AAACCHicbVDJSgNBEO2JW4zbqEcPNgYhgoQZCeox6MVjBLNAZgg1nU7SpGehuyYQQo5e/BUvHhTx6id482/sLAdNfNDU470qqusFiRQaHefbyqysrq1vZDdzW9s7u3v2/kFNx6livMpiGatGAJpLEfEqCpS8kSgOYSB5PejfTvz6gCst4ugBhwn3Q+hGoiMYoJFa9nHBQ0jPqadFNwRTscdxUgegkp44a9l5p+hMQZeJOyd5MkelZX957ZilIY+QSdC66ToJ+iNQKJjk45yXap4A60OXNw2NIOTaH00PGdNTo7RpJ1bmRUin6u+JEYRaD8PAdIaAPb3oTcT/vGaKnWt/JKIkRR6x2aJOKinGdJIKbQvFGcqhIcCUMH+lrAcKGJrsciYEd/HkZVK7KLqXxdJ9KV++mceRJUfkhBSIS65ImdyRCqkSRh7JM3klb9aT9WK9Wx+z1ow1nzkkf2B9/gC7LpiK</latexit>

(⌧,�, ✓,')

<latexit sha1_base64="pKno4tY8UVQkZwdSUovd3FwZ2uE="></latexit>

ds2 = �a(r)dt2 +
dr2

b(r)
+ r2d!2

(A. Zenginoglu 2008)



BLACK HOLE GAUGES
• Static, spherically symmetric - Schwarzschild coordinates:

<latexit sha1_base64="FWSlPXztnUdIquG0h9HVu/Um5bU=">AAACAHicbVDLSgMxFM3UV62vURcu3ASLUKGUGSnqsujGZQX7gHYomTTTCc1khuROoZRu/BU3LhRx62e4829M21lo64HLPZxzL8k9fiK4Bsf5tnJr6xubW/ntws7u3v6BfXjU1HGqKGvQWMSq7RPNBJesARwEayeKkcgXrOUP72Z+a8SU5rF8hHHCvIgMJA84JWCknn1SgjJWZdyFkAExfURUEvKLnl10Ks4ceJW4GSmiDPWe/dXtxzSNmAQqiNYd10nAmxAFnAo2LXRTzRJCh2TAOoZKEjHtTeYHTPG5Ufo4iJUpCXiu/t6YkEjrceSbyYhAqJe9mfif10khuPEmXCYpMEkXDwWpwBDjWRq4zxWjIMaGEKq4+SumIVGEgsmsYEJwl09eJc3LintVqT5Ui7XbLI48OkVnqIRcdI1q6B7VUQNRNEXP6BW9WU/Wi/VufSxGc1a2c4z+wPr8AXDLlQ0=</latexit>

(t, r, ✓,')

• Compactified hyperboloidal coordinates:
<latexit sha1_base64="CCvW6EHK5lzkqNoVYQybrM5mYys=">AAACCHicbVDJSgNBEO2JW4zbqEcPNgYhgoQZCeox6MVjBLNAZgg1nU7SpGehuyYQQo5e/BUvHhTx6id482/sLAdNfNDU470qqusFiRQaHefbyqysrq1vZDdzW9s7u3v2/kFNx6livMpiGatGAJpLEfEqCpS8kSgOYSB5PejfTvz6gCst4ugBhwn3Q+hGoiMYoJFa9nHBQ0jPqadFNwRTscdxUgegkp44a9l5p+hMQZeJOyd5MkelZX957ZilIY+QSdC66ToJ+iNQKJjk45yXap4A60OXNw2NIOTaH00PGdNTo7RpJ1bmRUin6u+JEYRaD8PAdIaAPb3oTcT/vGaKnWt/JKIkRR6x2aJOKinGdJIKbQvFGcqhIcCUMH+lrAcKGJrsciYEd/HkZVK7KLqXxdJ9KV++mceRJUfkhBSIS65ImdyRCqkSRh7JM3klb9aT9WK9Wx+z1ow1nzkkf2B9/gC7LpiK</latexit>

(⌧,�, ✓,')
<latexit sha1_base64="bmhRSS9xIZMYYSThazsLgwfMBr4=">AAACEXicbVDLSgMxFM3UV62vUZdugkWomzIjRd0IRTcuK9gHdIaSyWTa0EwyJBmhDPMLbvwVNy4UcevOnX9j2s5CWw8EDufcw809QcKo0o7zbZVWVtfWN8qbla3tnd09e/+go0QqMWljwYTsBUgRRjlpa6oZ6SWSoDhgpBuMb6Z+94FIRQW/15OE+DEachpRjLSRBnZNwivoMRMIEfTCSCKceXIkap6iwxid5tmc5AO76tSdGeAycQtSBQVaA/vLCwVOY8I1Zkipvusk2s+Q1BQzkle8VJEE4TEakr6hHMVE+dnsohyeGCWEkZDmcQ1n6u9EhmKlJnFgJmOkR2rRm4r/ef1UR5d+RnmSasLxfFGUMqgFnNYDQyoJ1mxiCMKSmr9CPEKmFW1KrJgS3MWTl0nnrO6e1xt3jWrzuqijDI7AMagBF1yAJrgFLdAGGDyCZ/AK3qwn68V6tz7moyWryByCP7A+fwD+k50s</latexit>

r = �
⇢(�)

�

<latexit sha1_base64="/NWOyRbSR6nATJQn7xMwVTHpgE0=">AAAB+HicbVA9SwNBEN2LXzF+5NTSZjEIVuFORC2DNhYWEcwHJEfY2+wlS/Z2j905JR75JTYWitj6U+z8N26SKzTxwcDjvRlm5oWJ4AY879sprKyurW8UN0tb2zu7ZXdvv2lUqilrUCWUbofEMMElawAHwdqJZiQOBWuFo+up33pg2nAl72GcsCAmA8kjTglYqeeWu7csAs0HQyBaq8eeW/Gq3gx4mfg5qaAc9Z771e0rmsZMAhXEmI7vJRBkRAOngk1K3dSwhNARGbCOpZLEzATZ7PAJPrZKH0dK25KAZ+rviYzExozj0HbGBIZm0ZuK/3mdFKLLIOMySYFJOl8UpQKDwtMUcJ9rRkGMLSFUc3srpkOiCQWbVcmG4C++vEyap1X/vHp2d1apXeVxFNEhOkInyEcXqIZuUB01EEUpekav6M15cl6cd+dj3lpw8pkD9AfO5w87JJN6</latexit>, <latexit sha1_base64="PNpYAISX61nE/EBQiKsE3S6JEoA=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1iEKlISKepGKLpxWcE+oAlhMpm0Q2eSMDMRSyhu/BU3LhRx61e482+ctllo64GBwzn3cOceP2FUKsv6NgoLi0vLK8XV0tr6xuaWub3TknEqMGnimMWi4yNJGI1IU1HFSCcRBHGfkbY/uB777XsiJI2jOzVMiMtRL6IhxUhpyTP3hHcML6HDdCRAzgl8qDiS9jg68syyVbUmgPPEzkkZ5Gh45pcTxDjlJFKYISm7tpUoN0NCUczIqOSkkiQID1CPdDWNECfSzSYnjOChVgIYxkK/SMGJ+juRIS7lkPt6kiPVl7PeWPzP66YqvHAzGiWpIhGeLgpTBlUMx33AgAqCFRtqgrCg+q8Q95FAWOnWSroEe/bkedI6rdpn1dptrVy/yusogn1wACrABuegDm5AAzQBBo/gGbyCN+PJeDHejY/paMHIM7vgD4zPH79BlcE=</latexit>

r⇤ = �x(�)

<latexit sha1_base64="pKno4tY8UVQkZwdSUovd3FwZ2uE="></latexit>

ds2 = �a(r)dt2 +
dr2

b(r)
+ r2d!2

(A. Zenginoglu 2008)
<latexit sha1_base64="s9H3LKroeguuaeQrJ09uX68DfD0="></latexit>

t = �

 
⌧ �H(�)

!



BLACK HOLE GAUGES
• Static, spherically symmetric - Schwarzschild coordinates:

<latexit sha1_base64="FWSlPXztnUdIquG0h9HVu/Um5bU=">AAACAHicbVDLSgMxFM3UV62vURcu3ASLUKGUGSnqsujGZQX7gHYomTTTCc1khuROoZRu/BU3LhRx62e4829M21lo64HLPZxzL8k9fiK4Bsf5tnJr6xubW/ntws7u3v6BfXjU1HGqKGvQWMSq7RPNBJesARwEayeKkcgXrOUP72Z+a8SU5rF8hHHCvIgMJA84JWCknn1SgjJWZdyFkAExfURUEvKLnl10Ks4ceJW4GSmiDPWe/dXtxzSNmAQqiNYd10nAmxAFnAo2LXRTzRJCh2TAOoZKEjHtTeYHTPG5Ufo4iJUpCXiu/t6YkEjrceSbyYhAqJe9mfif10khuPEmXCYpMEkXDwWpwBDjWRq4zxWjIMaGEKq4+SumIVGEgsmsYEJwl09eJc3LintVqT5Ui7XbLI48OkVnqIRcdI1q6B7VUQNRNEXP6BW9WU/Wi/VufSxGc1a2c4z+wPr8AXDLlQ0=</latexit>

(t, r, ✓,')

• Compactified hyperboloidal coordinates:
<latexit sha1_base64="CCvW6EHK5lzkqNoVYQybrM5mYys=">AAACCHicbVDJSgNBEO2JW4zbqEcPNgYhgoQZCeox6MVjBLNAZgg1nU7SpGehuyYQQo5e/BUvHhTx6id482/sLAdNfNDU470qqusFiRQaHefbyqysrq1vZDdzW9s7u3v2/kFNx6livMpiGatGAJpLEfEqCpS8kSgOYSB5PejfTvz6gCst4ugBhwn3Q+hGoiMYoJFa9nHBQ0jPqadFNwRTscdxUgegkp44a9l5p+hMQZeJOyd5MkelZX957ZilIY+QSdC66ToJ+iNQKJjk45yXap4A60OXNw2NIOTaH00PGdNTo7RpJ1bmRUin6u+JEYRaD8PAdIaAPb3oTcT/vGaKnWt/JKIkRR6x2aJOKinGdJIKbQvFGcqhIcCUMH+lrAcKGJrsciYEd/HkZVK7KLqXxdJ9KV++mceRJUfkhBSIS65ImdyRCqkSRh7JM3klb9aT9WK9Wx+z1ow1nzkkf2B9/gC7LpiK</latexit>

(⌧,�, ✓,')
<latexit sha1_base64="bmhRSS9xIZMYYSThazsLgwfMBr4=">AAACEXicbVDLSgMxFM3UV62vUZdugkWomzIjRd0IRTcuK9gHdIaSyWTa0EwyJBmhDPMLbvwVNy4UcevOnX9j2s5CWw8EDufcw809QcKo0o7zbZVWVtfWN8qbla3tnd09e/+go0QqMWljwYTsBUgRRjlpa6oZ6SWSoDhgpBuMb6Z+94FIRQW/15OE+DEachpRjLSRBnZNwivoMRMIEfTCSCKceXIkap6iwxid5tmc5AO76tSdGeAycQtSBQVaA/vLCwVOY8I1Zkipvusk2s+Q1BQzkle8VJEE4TEakr6hHMVE+dnsohyeGCWEkZDmcQ1n6u9EhmKlJnFgJmOkR2rRm4r/ef1UR5d+RnmSasLxfFGUMqgFnNYDQyoJ1mxiCMKSmr9CPEKmFW1KrJgS3MWTl0nnrO6e1xt3jWrzuqijDI7AMagBF1yAJrgFLdAGGDyCZ/AK3qwn68V6tz7moyWryByCP7A+fwD+k50s</latexit>

r = �
⇢(�)

�

<latexit sha1_base64="/NWOyRbSR6nATJQn7xMwVTHpgE0=">AAAB+HicbVA9SwNBEN2LXzF+5NTSZjEIVuFORC2DNhYWEcwHJEfY2+wlS/Z2j905JR75JTYWitj6U+z8N26SKzTxwcDjvRlm5oWJ4AY879sprKyurW8UN0tb2zu7ZXdvv2lUqilrUCWUbofEMMElawAHwdqJZiQOBWuFo+up33pg2nAl72GcsCAmA8kjTglYqeeWu7csAs0HQyBaq8eeW/Gq3gx4mfg5qaAc9Z771e0rmsZMAhXEmI7vJRBkRAOngk1K3dSwhNARGbCOpZLEzATZ7PAJPrZKH0dK25KAZ+rviYzExozj0HbGBIZm0ZuK/3mdFKLLIOMySYFJOl8UpQKDwtMUcJ9rRkGMLSFUc3srpkOiCQWbVcmG4C++vEyap1X/vHp2d1apXeVxFNEhOkInyEcXqIZuUB01EEUpekav6M15cl6cd+dj3lpw8pkD9AfO5w87JJN6</latexit>, <latexit sha1_base64="PNpYAISX61nE/EBQiKsE3S6JEoA=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1iEKlISKepGKLpxWcE+oAlhMpm0Q2eSMDMRSyhu/BU3LhRx61e482+ctllo64GBwzn3cOceP2FUKsv6NgoLi0vLK8XV0tr6xuaWub3TknEqMGnimMWi4yNJGI1IU1HFSCcRBHGfkbY/uB777XsiJI2jOzVMiMtRL6IhxUhpyTP3hHcML6HDdCRAzgl8qDiS9jg68syyVbUmgPPEzkkZ5Gh45pcTxDjlJFKYISm7tpUoN0NCUczIqOSkkiQID1CPdDWNECfSzSYnjOChVgIYxkK/SMGJ+juRIS7lkPt6kiPVl7PeWPzP66YqvHAzGiWpIhGeLgpTBlUMx33AgAqCFRtqgrCg+q8Q95FAWOnWSroEe/bkedI6rdpn1dptrVy/yusogn1wACrABuegDm5AAzQBBo/gGbyCN+PJeDHejY/paMHIM7vgD4zPH79BlcE=</latexit>

r⇤ = �x(�)

:Length scale
<latexit sha1_base64="l6v7b8WEz3KlQh/xTtq1s64OQWE=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiQi6rLoxmUF+4A2lJvJpB06mYSZiVBCP8KNC0Xc+j3u/BunbRbaemDgcM65zL0nSAXXxnW/ndLa+sbmVnm7srO7t39QPTxq6yRTlLVoIhLVDVAzwSVrGW4E66aKYRwI1gnGdzO/88SU5ol8NJOU+TEOJY84RWOlTl/YaIiDas2tu3OQVeIVpAYFmoPqVz9MaBYzaahArXuemxo/R2U4FWxa6WeapUjHOGQ9SyXGTPv5fN0pObNKSKJE2ScNmau/J3KMtZ7EgU3GaEZ62ZuJ/3m9zEQ3fs5lmhkm6eKjKBPEJGR2Owm5YtSIiSVIFbe7EjpChdTYhiq2BG/55FXSvqh7V/XLh8ta47aoowwncArn4ME1NOAemtACCmN4hld4c1LnxXl3PhbRklPMHMMfOJ8/P7OPhg==</latexit>

�

<latexit sha1_base64="pKno4tY8UVQkZwdSUovd3FwZ2uE="></latexit>

ds2 = �a(r)dt2 +
dr2

b(r)
+ r2d!2

(A. Zenginoglu 2008)
<latexit sha1_base64="s9H3LKroeguuaeQrJ09uX68DfD0="></latexit>

t = �

 
⌧ �H(�)

!



BLACK HOLE GAUGES
• Static, spherically symmetric - Schwarzschild coordinates:

<latexit sha1_base64="FWSlPXztnUdIquG0h9HVu/Um5bU=">AAACAHicbVDLSgMxFM3UV62vURcu3ASLUKGUGSnqsujGZQX7gHYomTTTCc1khuROoZRu/BU3LhRx62e4829M21lo64HLPZxzL8k9fiK4Bsf5tnJr6xubW/ntws7u3v6BfXjU1HGqKGvQWMSq7RPNBJesARwEayeKkcgXrOUP72Z+a8SU5rF8hHHCvIgMJA84JWCknn1SgjJWZdyFkAExfURUEvKLnl10Ks4ceJW4GSmiDPWe/dXtxzSNmAQqiNYd10nAmxAFnAo2LXRTzRJCh2TAOoZKEjHtTeYHTPG5Ufo4iJUpCXiu/t6YkEjrceSbyYhAqJe9mfif10khuPEmXCYpMEkXDwWpwBDjWRq4zxWjIMaGEKq4+SumIVGEgsmsYEJwl09eJc3LintVqT5Ui7XbLI48OkVnqIRcdI1q6B7VUQNRNEXP6BW9WU/Wi/VufSxGc1a2c4z+wPr8AXDLlQ0=</latexit>

(t, r, ✓,')

• Compactified hyperboloidal coordinates:
<latexit sha1_base64="CCvW6EHK5lzkqNoVYQybrM5mYys=">AAACCHicbVDJSgNBEO2JW4zbqEcPNgYhgoQZCeox6MVjBLNAZgg1nU7SpGehuyYQQo5e/BUvHhTx6id482/sLAdNfNDU470qqusFiRQaHefbyqysrq1vZDdzW9s7u3v2/kFNx6livMpiGatGAJpLEfEqCpS8kSgOYSB5PejfTvz6gCst4ugBhwn3Q+hGoiMYoJFa9nHBQ0jPqadFNwRTscdxUgegkp44a9l5p+hMQZeJOyd5MkelZX957ZilIY+QSdC66ToJ+iNQKJjk45yXap4A60OXNw2NIOTaH00PGdNTo7RpJ1bmRUin6u+JEYRaD8PAdIaAPb3oTcT/vGaKnWt/JKIkRR6x2aJOKinGdJIKbQvFGcqhIcCUMH+lrAcKGJrsciYEd/HkZVK7KLqXxdJ9KV++mceRJUfkhBSIS65ImdyRCqkSRh7JM3klb9aT9WK9Wx+z1ow1nzkkf2B9/gC7LpiK</latexit>

(⌧,�, ✓,')
<latexit sha1_base64="bmhRSS9xIZMYYSThazsLgwfMBr4=">AAACEXicbVDLSgMxFM3UV62vUZdugkWomzIjRd0IRTcuK9gHdIaSyWTa0EwyJBmhDPMLbvwVNy4UcevOnX9j2s5CWw8EDufcw809QcKo0o7zbZVWVtfWN8qbla3tnd09e/+go0QqMWljwYTsBUgRRjlpa6oZ6SWSoDhgpBuMb6Z+94FIRQW/15OE+DEachpRjLSRBnZNwivoMRMIEfTCSCKceXIkap6iwxid5tmc5AO76tSdGeAycQtSBQVaA/vLCwVOY8I1Zkipvusk2s+Q1BQzkle8VJEE4TEakr6hHMVE+dnsohyeGCWEkZDmcQ1n6u9EhmKlJnFgJmOkR2rRm4r/ef1UR5d+RnmSasLxfFGUMqgFnNYDQyoJ1mxiCMKSmr9CPEKmFW1KrJgS3MWTl0nnrO6e1xt3jWrzuqijDI7AMagBF1yAJrgFLdAGGDyCZ/AK3qwn68V6tz7moyWryByCP7A+fwD+k50s</latexit>

r = �
⇢(�)

�

<latexit sha1_base64="/NWOyRbSR6nATJQn7xMwVTHpgE0=">AAAB+HicbVA9SwNBEN2LXzF+5NTSZjEIVuFORC2DNhYWEcwHJEfY2+wlS/Z2j905JR75JTYWitj6U+z8N26SKzTxwcDjvRlm5oWJ4AY879sprKyurW8UN0tb2zu7ZXdvv2lUqilrUCWUbofEMMElawAHwdqJZiQOBWuFo+up33pg2nAl72GcsCAmA8kjTglYqeeWu7csAs0HQyBaq8eeW/Gq3gx4mfg5qaAc9Z771e0rmsZMAhXEmI7vJRBkRAOngk1K3dSwhNARGbCOpZLEzATZ7PAJPrZKH0dK25KAZ+rviYzExozj0HbGBIZm0ZuK/3mdFKLLIOMySYFJOl8UpQKDwtMUcJ9rRkGMLSFUc3srpkOiCQWbVcmG4C++vEyap1X/vHp2d1apXeVxFNEhOkInyEcXqIZuUB01EEUpekav6M15cl6cd+dj3lpw8pkD9AfO5w87JJN6</latexit>, <latexit sha1_base64="PNpYAISX61nE/EBQiKsE3S6JEoA=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1iEKlISKepGKLpxWcE+oAlhMpm0Q2eSMDMRSyhu/BU3LhRx61e482+ctllo64GBwzn3cOceP2FUKsv6NgoLi0vLK8XV0tr6xuaWub3TknEqMGnimMWi4yNJGI1IU1HFSCcRBHGfkbY/uB777XsiJI2jOzVMiMtRL6IhxUhpyTP3hHcML6HDdCRAzgl8qDiS9jg68syyVbUmgPPEzkkZ5Gh45pcTxDjlJFKYISm7tpUoN0NCUczIqOSkkiQID1CPdDWNECfSzSYnjOChVgIYxkK/SMGJ+juRIS7lkPt6kiPVl7PeWPzP66YqvHAzGiWpIhGeLgpTBlUMx33AgAqCFRtqgrCg+q8Q95FAWOnWSroEe/bkedI6rdpn1dptrVy/yusogn1wACrABuegDm5AAzQBBo/gGbyCN+PJeDHejY/paMHIM7vgD4zPH79BlcE=</latexit>

r⇤ = �x(�)

: Height function
<latexit sha1_base64="g7X+FcFKRrzdtCYcJ/1ncEA3kkY=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSxCBSmJFPVY9NJjBfsBTSib7bZdupuE3YlSYn+KFw+KePWXePPfuG1z0NYHA4/3ZpiZF8SCa3Ccbyu3tr6xuZXfLuzs7u0f2MXDlo4SRVmTRiJSnYBoJnjImsBBsE6sGJGBYO1gfDvz2w9MaR6F9zCJmS/JMOQDTgkYqWcX62VP86Ek59iDEQNy1rNLTsWZA68SNyMllKHRs7+8fkQTyUKggmjddZ0Y/JQo4FSwacFLNIsJHZMh6xoaEsm0n85Pn+JTo/TxIFKmQsBz9fdESqTWExmYTklgpJe9mfif101gcO2nPIwTYCFdLBokAkOEZzngPleMgpgYQqji5lZMR0QRCiatggnBXX55lbQuKu5lpXpXLdVusjjy6BidoDJy0RWqoTpqoCai6BE9o1f0Zj1ZL9a79bFozVnZzBH6A+vzB+WekyI=</latexit>

H(�, ✓)

:Length scale
<latexit sha1_base64="l6v7b8WEz3KlQh/xTtq1s64OQWE=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiQi6rLoxmUF+4A2lJvJpB06mYSZiVBCP8KNC0Xc+j3u/BunbRbaemDgcM65zL0nSAXXxnW/ndLa+sbmVnm7srO7t39QPTxq6yRTlLVoIhLVDVAzwSVrGW4E66aKYRwI1gnGdzO/88SU5ol8NJOU+TEOJY84RWOlTl/YaIiDas2tu3OQVeIVpAYFmoPqVz9MaBYzaahArXuemxo/R2U4FWxa6WeapUjHOGQ9SyXGTPv5fN0pObNKSKJE2ScNmau/J3KMtZ7EgU3GaEZ62ZuJ/3m9zEQ3fs5lmhkm6eKjKBPEJGR2Owm5YtSIiSVIFbe7EjpChdTYhiq2BG/55FXSvqh7V/XLh8ta47aoowwncArn4ME1NOAemtACCmN4hld4c1LnxXl3PhbRklPMHMMfOJ8/P7OPhg==</latexit>

�

<latexit sha1_base64="pKno4tY8UVQkZwdSUovd3FwZ2uE="></latexit>

ds2 = �a(r)dt2 +
dr2

b(r)
+ r2d!2

(A. Zenginoglu 2008)
<latexit sha1_base64="s9H3LKroeguuaeQrJ09uX68DfD0="></latexit>

t = �

 
⌧ �H(�)

!



BLACK HOLE GAUGES
• Static, spherically symmetric - Schwarzschild coordinates:

<latexit sha1_base64="FWSlPXztnUdIquG0h9HVu/Um5bU=">AAACAHicbVDLSgMxFM3UV62vURcu3ASLUKGUGSnqsujGZQX7gHYomTTTCc1khuROoZRu/BU3LhRx62e4829M21lo64HLPZxzL8k9fiK4Bsf5tnJr6xubW/ntws7u3v6BfXjU1HGqKGvQWMSq7RPNBJesARwEayeKkcgXrOUP72Z+a8SU5rF8hHHCvIgMJA84JWCknn1SgjJWZdyFkAExfURUEvKLnl10Ks4ceJW4GSmiDPWe/dXtxzSNmAQqiNYd10nAmxAFnAo2LXRTzRJCh2TAOoZKEjHtTeYHTPG5Ufo4iJUpCXiu/t6YkEjrceSbyYhAqJe9mfif10khuPEmXCYpMEkXDwWpwBDjWRq4zxWjIMaGEKq4+SumIVGEgsmsYEJwl09eJc3LintVqT5Ui7XbLI48OkVnqIRcdI1q6B7VUQNRNEXP6BW9WU/Wi/VufSxGc1a2c4z+wPr8AXDLlQ0=</latexit>

(t, r, ✓,')

• Compactified hyperboloidal coordinates:
<latexit sha1_base64="CCvW6EHK5lzkqNoVYQybrM5mYys=">AAACCHicbVDJSgNBEO2JW4zbqEcPNgYhgoQZCeox6MVjBLNAZgg1nU7SpGehuyYQQo5e/BUvHhTx6id482/sLAdNfNDU470qqusFiRQaHefbyqysrq1vZDdzW9s7u3v2/kFNx6livMpiGatGAJpLEfEqCpS8kSgOYSB5PejfTvz6gCst4ugBhwn3Q+hGoiMYoJFa9nHBQ0jPqadFNwRTscdxUgegkp44a9l5p+hMQZeJOyd5MkelZX957ZilIY+QSdC66ToJ+iNQKJjk45yXap4A60OXNw2NIOTaH00PGdNTo7RpJ1bmRUin6u+JEYRaD8PAdIaAPb3oTcT/vGaKnWt/JKIkRR6x2aJOKinGdJIKbQvFGcqhIcCUMH+lrAcKGJrsciYEd/HkZVK7KLqXxdJ9KV++mceRJUfkhBSIS65ImdyRCqkSRh7JM3klb9aT9WK9Wx+z1ow1nzkkf2B9/gC7LpiK</latexit>

(⌧,�, ✓,')
<latexit sha1_base64="bmhRSS9xIZMYYSThazsLgwfMBr4=">AAACEXicbVDLSgMxFM3UV62vUZdugkWomzIjRd0IRTcuK9gHdIaSyWTa0EwyJBmhDPMLbvwVNy4UcevOnX9j2s5CWw8EDufcw809QcKo0o7zbZVWVtfWN8qbla3tnd09e/+go0QqMWljwYTsBUgRRjlpa6oZ6SWSoDhgpBuMb6Z+94FIRQW/15OE+DEachpRjLSRBnZNwivoMRMIEfTCSCKceXIkap6iwxid5tmc5AO76tSdGeAycQtSBQVaA/vLCwVOY8I1Zkipvusk2s+Q1BQzkle8VJEE4TEakr6hHMVE+dnsohyeGCWEkZDmcQ1n6u9EhmKlJnFgJmOkR2rRm4r/ef1UR5d+RnmSasLxfFGUMqgFnNYDQyoJ1mxiCMKSmr9CPEKmFW1KrJgS3MWTl0nnrO6e1xt3jWrzuqijDI7AMagBF1yAJrgFLdAGGDyCZ/AK3qwn68V6tz7moyWryByCP7A+fwD+k50s</latexit>

r = �
⇢(�)

�

<latexit sha1_base64="/NWOyRbSR6nATJQn7xMwVTHpgE0=">AAAB+HicbVA9SwNBEN2LXzF+5NTSZjEIVuFORC2DNhYWEcwHJEfY2+wlS/Z2j905JR75JTYWitj6U+z8N26SKzTxwcDjvRlm5oWJ4AY879sprKyurW8UN0tb2zu7ZXdvv2lUqilrUCWUbofEMMElawAHwdqJZiQOBWuFo+up33pg2nAl72GcsCAmA8kjTglYqeeWu7csAs0HQyBaq8eeW/Gq3gx4mfg5qaAc9Z771e0rmsZMAhXEmI7vJRBkRAOngk1K3dSwhNARGbCOpZLEzATZ7PAJPrZKH0dK25KAZ+rviYzExozj0HbGBIZm0ZuK/3mdFKLLIOMySYFJOl8UpQKDwtMUcJ9rRkGMLSFUc3srpkOiCQWbVcmG4C++vEyap1X/vHp2d1apXeVxFNEhOkInyEcXqIZuUB01EEUpekav6M15cl6cd+dj3lpw8pkD9AfO5w87JJN6</latexit>, <latexit sha1_base64="PNpYAISX61nE/EBQiKsE3S6JEoA=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1iEKlISKepGKLpxWcE+oAlhMpm0Q2eSMDMRSyhu/BU3LhRx61e482+ctllo64GBwzn3cOceP2FUKsv6NgoLi0vLK8XV0tr6xuaWub3TknEqMGnimMWi4yNJGI1IU1HFSCcRBHGfkbY/uB777XsiJI2jOzVMiMtRL6IhxUhpyTP3hHcML6HDdCRAzgl8qDiS9jg68syyVbUmgPPEzkkZ5Gh45pcTxDjlJFKYISm7tpUoN0NCUczIqOSkkiQID1CPdDWNECfSzSYnjOChVgIYxkK/SMGJ+juRIS7lkPt6kiPVl7PeWPzP66YqvHAzGiWpIhGeLgpTBlUMx33AgAqCFRtqgrCg+q8Q95FAWOnWSroEe/bkedI6rdpn1dptrVy/yusogn1wACrABuegDm5AAzQBBo/gGbyCN+PJeDHejY/paMHIM7vgD4zPH79BlcE=</latexit>

r⇤ = �x(�)

: Height function
<latexit sha1_base64="g7X+FcFKRrzdtCYcJ/1ncEA3kkY=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSxCBSmJFPVY9NJjBfsBTSib7bZdupuE3YlSYn+KFw+KePWXePPfuG1z0NYHA4/3ZpiZF8SCa3Ccbyu3tr6xuZXfLuzs7u0f2MXDlo4SRVmTRiJSnYBoJnjImsBBsE6sGJGBYO1gfDvz2w9MaR6F9zCJmS/JMOQDTgkYqWcX62VP86Ek59iDEQNy1rNLTsWZA68SNyMllKHRs7+8fkQTyUKggmjddZ0Y/JQo4FSwacFLNIsJHZMh6xoaEsm0n85Pn+JTo/TxIFKmQsBz9fdESqTWExmYTklgpJe9mfif101gcO2nPIwTYCFdLBokAkOEZzngPleMgpgYQqji5lZMR0QRCiatggnBXX55lbQuKu5lpXpXLdVusjjy6BidoDJy0RWqoTpqoCai6BE9o1f0Zj1ZL9a79bFozVnZzBH6A+vzB+WekyI=</latexit>

H(�, ✓)

:Length scale
<latexit sha1_base64="l6v7b8WEz3KlQh/xTtq1s64OQWE=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiQi6rLoxmUF+4A2lJvJpB06mYSZiVBCP8KNC0Xc+j3u/BunbRbaemDgcM65zL0nSAXXxnW/ndLa+sbmVnm7srO7t39QPTxq6yRTlLVoIhLVDVAzwSVrGW4E66aKYRwI1gnGdzO/88SU5ol8NJOU+TEOJY84RWOlTl/YaIiDas2tu3OQVeIVpAYFmoPqVz9MaBYzaahArXuemxo/R2U4FWxa6WeapUjHOGQ9SyXGTPv5fN0pObNKSKJE2ScNmau/J3KMtZ7EgU3GaEZ62ZuJ/3m9zEQ3fs5lmhkm6eKjKBPEJGR2Owm5YtSIiSVIFbe7EjpChdTYhiq2BG/55FXSvqh7V/XLh8ta47aoowwncArn4ME1NOAemtACCmN4hld4c1LnxXl3PhbRklPMHMMfOJ8/P7OPhg==</latexit>

�

<latexit sha1_base64="N9rDfzFQH9vJX+CoOf0TsbMd7fw=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXsqulOqx6MVjBfsh7VKyabYNTbJLkhXL0l/hxYMiXv053vw3pu0etPXBwOO9GWbmBTFn2rjut5NbW9/Y3MpvF3Z29/YPiodHLR0litAmiXikOgHWlDNJm4YZTjuxolgEnLaD8c3Mbz9SpVkk780kpr7AQ8lCRrCx0sNTuafZUODzfrHkVtw50CrxMlKCDI1+8as3iEgiqDSEY627nhsbP8XKMMLptNBLNI0xGeMh7VoqsaDaT+cHT9GZVQYojJQtadBc/T2RYqH1RAS2U2Az0sveTPzP6yYmvPJTJuPEUEkWi8KEIxOh2fdowBQlhk8swUQxeysiI6wwMTajgg3BW355lbQuKl6tUr2rlurXWRx5OIFTKIMHl1CHW2hAEwgIeIZXeHOU8+K8Ox+L1pyTzRzDHzifP0YkkBM=</latexit>

x(�) : Dimensionless 
tortoise coordinate

<latexit sha1_base64="pKno4tY8UVQkZwdSUovd3FwZ2uE="></latexit>

ds2 = �a(r)dt2 +
dr2

b(r)
+ r2d!2

<latexit sha1_base64="J0rTVHex3jDuj+ZW/k52IU0y5GY="></latexit>

⇢(�) : Conformal areal radius

(A. Zenginoglu 2008)
<latexit sha1_base64="s9H3LKroeguuaeQrJ09uX68DfD0="></latexit>

t = �

 
⌧ �H(�)

!



BLACK HOLE GAUGES
• Static, spherically symmetric - Schwarzschild coordinates:

<latexit sha1_base64="FWSlPXztnUdIquG0h9HVu/Um5bU=">AAACAHicbVDLSgMxFM3UV62vURcu3ASLUKGUGSnqsujGZQX7gHYomTTTCc1khuROoZRu/BU3LhRx62e4829M21lo64HLPZxzL8k9fiK4Bsf5tnJr6xubW/ntws7u3v6BfXjU1HGqKGvQWMSq7RPNBJesARwEayeKkcgXrOUP72Z+a8SU5rF8hHHCvIgMJA84JWCknn1SgjJWZdyFkAExfURUEvKLnl10Ks4ceJW4GSmiDPWe/dXtxzSNmAQqiNYd10nAmxAFnAo2LXRTzRJCh2TAOoZKEjHtTeYHTPG5Ufo4iJUpCXiu/t6YkEjrceSbyYhAqJe9mfif10khuPEmXCYpMEkXDwWpwBDjWRq4zxWjIMaGEKq4+SumIVGEgsmsYEJwl09eJc3LintVqT5Ui7XbLI48OkVnqIRcdI1q6B7VUQNRNEXP6BW9WU/Wi/VufSxGc1a2c4z+wPr8AXDLlQ0=</latexit>

(t, r, ✓,')

• Compactified hyperboloidal coordinates:
<latexit sha1_base64="CCvW6EHK5lzkqNoVYQybrM5mYys=">AAACCHicbVDJSgNBEO2JW4zbqEcPNgYhgoQZCeox6MVjBLNAZgg1nU7SpGehuyYQQo5e/BUvHhTx6id482/sLAdNfNDU470qqusFiRQaHefbyqysrq1vZDdzW9s7u3v2/kFNx6livMpiGatGAJpLEfEqCpS8kSgOYSB5PejfTvz6gCst4ugBhwn3Q+hGoiMYoJFa9nHBQ0jPqadFNwRTscdxUgegkp44a9l5p+hMQZeJOyd5MkelZX957ZilIY+QSdC66ToJ+iNQKJjk45yXap4A60OXNw2NIOTaH00PGdNTo7RpJ1bmRUin6u+JEYRaD8PAdIaAPb3oTcT/vGaKnWt/JKIkRR6x2aJOKinGdJIKbQvFGcqhIcCUMH+lrAcKGJrsciYEd/HkZVK7KLqXxdJ9KV++mceRJUfkhBSIS65ImdyRCqkSRh7JM3klb9aT9WK9Wx+z1ow1nzkkf2B9/gC7LpiK</latexit>

(⌧,�, ✓,')
<latexit sha1_base64="bmhRSS9xIZMYYSThazsLgwfMBr4=">AAACEXicbVDLSgMxFM3UV62vUZdugkWomzIjRd0IRTcuK9gHdIaSyWTa0EwyJBmhDPMLbvwVNy4UcevOnX9j2s5CWw8EDufcw809QcKo0o7zbZVWVtfWN8qbla3tnd09e/+go0QqMWljwYTsBUgRRjlpa6oZ6SWSoDhgpBuMb6Z+94FIRQW/15OE+DEachpRjLSRBnZNwivoMRMIEfTCSCKceXIkap6iwxid5tmc5AO76tSdGeAycQtSBQVaA/vLCwVOY8I1Zkipvusk2s+Q1BQzkle8VJEE4TEakr6hHMVE+dnsohyeGCWEkZDmcQ1n6u9EhmKlJnFgJmOkR2rRm4r/ef1UR5d+RnmSasLxfFGUMqgFnNYDQyoJ1mxiCMKSmr9CPEKmFW1KrJgS3MWTl0nnrO6e1xt3jWrzuqijDI7AMagBF1yAJrgFLdAGGDyCZ/AK3qwn68V6tz7moyWryByCP7A+fwD+k50s</latexit>

r = �
⇢(�)

�

<latexit sha1_base64="/NWOyRbSR6nATJQn7xMwVTHpgE0=">AAAB+HicbVA9SwNBEN2LXzF+5NTSZjEIVuFORC2DNhYWEcwHJEfY2+wlS/Z2j905JR75JTYWitj6U+z8N26SKzTxwcDjvRlm5oWJ4AY879sprKyurW8UN0tb2zu7ZXdvv2lUqilrUCWUbofEMMElawAHwdqJZiQOBWuFo+up33pg2nAl72GcsCAmA8kjTglYqeeWu7csAs0HQyBaq8eeW/Gq3gx4mfg5qaAc9Z771e0rmsZMAhXEmI7vJRBkRAOngk1K3dSwhNARGbCOpZLEzATZ7PAJPrZKH0dK25KAZ+rviYzExozj0HbGBIZm0ZuK/3mdFKLLIOMySYFJOl8UpQKDwtMUcJ9rRkGMLSFUc3srpkOiCQWbVcmG4C++vEyap1X/vHp2d1apXeVxFNEhOkInyEcXqIZuUB01EEUpekav6M15cl6cd+dj3lpw8pkD9AfO5w87JJN6</latexit>, <latexit sha1_base64="PNpYAISX61nE/EBQiKsE3S6JEoA=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1iEKlISKepGKLpxWcE+oAlhMpm0Q2eSMDMRSyhu/BU3LhRx61e482+ctllo64GBwzn3cOceP2FUKsv6NgoLi0vLK8XV0tr6xuaWub3TknEqMGnimMWi4yNJGI1IU1HFSCcRBHGfkbY/uB777XsiJI2jOzVMiMtRL6IhxUhpyTP3hHcML6HDdCRAzgl8qDiS9jg68syyVbUmgPPEzkkZ5Gh45pcTxDjlJFKYISm7tpUoN0NCUczIqOSkkiQID1CPdDWNECfSzSYnjOChVgIYxkK/SMGJ+juRIS7lkPt6kiPVl7PeWPzP66YqvHAzGiWpIhGeLgpTBlUMx33AgAqCFRtqgrCg+q8Q95FAWOnWSroEe/bkedI6rdpn1dptrVy/yusogn1wACrABuegDm5AAzQBBo/gGbyCN+PJeDHejY/paMHIM7vgD4zPH79BlcE=</latexit>

r⇤ = �x(�)

: Height function
<latexit sha1_base64="g7X+FcFKRrzdtCYcJ/1ncEA3kkY=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSxCBSmJFPVY9NJjBfsBTSib7bZdupuE3YlSYn+KFw+KePWXePPfuG1z0NYHA4/3ZpiZF8SCa3Ccbyu3tr6xuZXfLuzs7u0f2MXDlo4SRVmTRiJSnYBoJnjImsBBsE6sGJGBYO1gfDvz2w9MaR6F9zCJmS/JMOQDTgkYqWcX62VP86Ek59iDEQNy1rNLTsWZA68SNyMllKHRs7+8fkQTyUKggmjddZ0Y/JQo4FSwacFLNIsJHZMh6xoaEsm0n85Pn+JTo/TxIFKmQsBz9fdESqTWExmYTklgpJe9mfif101gcO2nPIwTYCFdLBokAkOEZzngPleMgpgYQqji5lZMR0QRCiatggnBXX55lbQuKu5lpXpXLdVusjjy6BidoDJy0RWqoTpqoCai6BE9o1f0Zj1ZL9a79bFozVnZzBH6A+vzB+WekyI=</latexit>

H(�, ✓)

:Length scale
<latexit sha1_base64="l6v7b8WEz3KlQh/xTtq1s64OQWE=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiQi6rLoxmUF+4A2lJvJpB06mYSZiVBCP8KNC0Xc+j3u/BunbRbaemDgcM65zL0nSAXXxnW/ndLa+sbmVnm7srO7t39QPTxq6yRTlLVoIhLVDVAzwSVrGW4E66aKYRwI1gnGdzO/88SU5ol8NJOU+TEOJY84RWOlTl/YaIiDas2tu3OQVeIVpAYFmoPqVz9MaBYzaahArXuemxo/R2U4FWxa6WeapUjHOGQ9SyXGTPv5fN0pObNKSKJE2ScNmau/J3KMtZ7EgU3GaEZ62ZuJ/3m9zEQ3fs5lmhkm6eKjKBPEJGR2Owm5YtSIiSVIFbe7EjpChdTYhiq2BG/55FXSvqh7V/XLh8ta47aoowwncArn4ME1NOAemtACCmN4hld4c1LnxXl3PhbRklPMHMMfOJ8/P7OPhg==</latexit>

�

<latexit sha1_base64="N9rDfzFQH9vJX+CoOf0TsbMd7fw=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXsqulOqx6MVjBfsh7VKyabYNTbJLkhXL0l/hxYMiXv053vw3pu0etPXBwOO9GWbmBTFn2rjut5NbW9/Y3MpvF3Z29/YPiodHLR0litAmiXikOgHWlDNJm4YZTjuxolgEnLaD8c3Mbz9SpVkk780kpr7AQ8lCRrCx0sNTuafZUODzfrHkVtw50CrxMlKCDI1+8as3iEgiqDSEY627nhsbP8XKMMLptNBLNI0xGeMh7VoqsaDaT+cHT9GZVQYojJQtadBc/T2RYqH1RAS2U2Az0sveTPzP6yYmvPJTJuPEUEkWi8KEIxOh2fdowBQlhk8swUQxeysiI6wwMTajgg3BW355lbQuKl6tUr2rlurXWRx5OIFTKIMHl1CHW2hAEwgIeIZXeHOU8+K8Ox+L1pyTzRzDHzifP0YkkBM=</latexit>

x(�) : Dimensionless 
tortoise coordinate

<latexit sha1_base64="pKno4tY8UVQkZwdSUovd3FwZ2uE="></latexit>

ds2 = �a(r)dt2 +
dr2

b(r)
+ r2d!2

<latexit sha1_base64="J0rTVHex3jDuj+ZW/k52IU0y5GY="></latexit>

⇢(�) : Conformal areal radius

<latexit sha1_base64="OrpsoIwJAsaRj9xAlOtdccBP2ic=">AAAEjXicbZPfbtMwFMbdUWCEP9vYJSBZTBNDiCmpGOWCoYldwC6QBqPbpLqbXOcktRonke10TFGveUYeAp6BkzTZmm6Wop58v8/nO3LjYRpJY133T2vpTvvuvfvLD5yHjx4/WVlde3pskkwL6IkkSvTpkBuIZAw9K20Ep6kGroYRnAzH+wU/mYA2Mol/2ssUBoqHsQyk4Bal89XfPhtyTc1Zh+6yU7nFjAwVf00piyCw/bfple </latexit>

ds̄2 = ⌅(�)
⇥
�p(�)d⌧2 + 2�(�)d⌧d� + w(�)d�2

⇤
+ ⇢(�)2d!2

<latexit sha1_base64="WhwixUSNSdUW9u6DLzHRr/SKVRU="></latexit>

ds2 = ⌦�2ds̄2

<latexit sha1_base64="wHgV4qLJrC9dokbBDyowgDeQHzg="></latexit>

⌦ =
�

�

(A. Zenginoglu 2008)
<latexit sha1_base64="s9H3LKroeguuaeQrJ09uX68DfD0="></latexit>

t = �

 
⌧ �H(�)

!



BLACK HOLE GAUGES
• Static, spherically symmetric - Schwarzschild coordinates:

<latexit sha1_base64="FWSlPXztnUdIquG0h9HVu/Um5bU=">AAACAHicbVDLSgMxFM3UV62vURcu3ASLUKGUGSnqsujGZQX7gHYomTTTCc1khuROoZRu/BU3LhRx62e4829M21lo64HLPZxzL8k9fiK4Bsf5tnJr6xubW/ntws7u3v6BfXjU1HGqKGvQWMSq7RPNBJesARwEayeKkcgXrOUP72Z+a8SU5rF8hHHCvIgMJA84JWCknn1SgjJWZdyFkAExfURUEvKLnl10Ks4ceJW4GSmiDPWe/dXtxzSNmAQqiNYd10nAmxAFnAo2LXRTzRJCh2TAOoZKEjHtTeYHTPG5Ufo4iJUpCXiu/t6YkEjrceSbyYhAqJe9mfif10khuPEmXCYpMEkXDwWpwBDjWRq4zxWjIMaGEKq4+SumIVGEgsmsYEJwl09eJc3LintVqT5Ui7XbLI48OkVnqIRcdI1q6B7VUQNRNEXP6BW9WU/Wi/VufSxGc1a2c4z+wPr8AXDLlQ0=</latexit>

(t, r, ✓,')

• Compactified hyperboloidal coordinates:
<latexit sha1_base64="CCvW6EHK5lzkqNoVYQybrM5mYys=">AAACCHicbVDJSgNBEO2JW4zbqEcPNgYhgoQZCeox6MVjBLNAZgg1nU7SpGehuyYQQo5e/BUvHhTx6id482/sLAdNfNDU470qqusFiRQaHefbyqysrq1vZDdzW9s7u3v2/kFNx6livMpiGatGAJpLEfEqCpS8kSgOYSB5PejfTvz6gCst4ugBhwn3Q+hGoiMYoJFa9nHBQ0jPqadFNwRTscdxUgegkp44a9l5p+hMQZeJOyd5MkelZX957ZilIY+QSdC66ToJ+iNQKJjk45yXap4A60OXNw2NIOTaH00PGdNTo7RpJ1bmRUin6u+JEYRaD8PAdIaAPb3oTcT/vGaKnWt/JKIkRR6x2aJOKinGdJIKbQvFGcqhIcCUMH+lrAcKGJrsciYEd/HkZVK7KLqXxdJ9KV++mceRJUfkhBSIS65ImdyRCqkSRh7JM3klb9aT9WK9Wx+z1ow1nzkkf2B9/gC7LpiK</latexit>

(⌧,�, ✓,')
<latexit sha1_base64="bmhRSS9xIZMYYSThazsLgwfMBr4=">AAACEXicbVDLSgMxFM3UV62vUZdugkWomzIjRd0IRTcuK9gHdIaSyWTa0EwyJBmhDPMLbvwVNy4UcevOnX9j2s5CWw8EDufcw809QcKo0o7zbZVWVtfWN8qbla3tnd09e/+go0QqMWljwYTsBUgRRjlpa6oZ6SWSoDhgpBuMb6Z+94FIRQW/15OE+DEachpRjLSRBnZNwivoMRMIEfTCSCKceXIkap6iwxid5tmc5AO76tSdGeAycQtSBQVaA/vLCwVOY8I1Zkipvusk2s+Q1BQzkle8VJEE4TEakr6hHMVE+dnsohyeGCWEkZDmcQ1n6u9EhmKlJnFgJmOkR2rRm4r/ef1UR5d+RnmSasLxfFGUMqgFnNYDQyoJ1mxiCMKSmr9CPEKmFW1KrJgS3MWTl0nnrO6e1xt3jWrzuqijDI7AMagBF1yAJrgFLdAGGDyCZ/AK3qwn68V6tz7moyWryByCP7A+fwD+k50s</latexit>

r = �
⇢(�)

�

<latexit sha1_base64="/NWOyRbSR6nATJQn7xMwVTHpgE0=">AAAB+HicbVA9SwNBEN2LXzF+5NTSZjEIVuFORC2DNhYWEcwHJEfY2+wlS/Z2j905JR75JTYWitj6U+z8N26SKzTxwcDjvRlm5oWJ4AY879sprKyurW8UN0tb2zu7ZXdvv2lUqilrUCWUbofEMMElawAHwdqJZiQOBWuFo+up33pg2nAl72GcsCAmA8kjTglYqeeWu7csAs0HQyBaq8eeW/Gq3gx4mfg5qaAc9Z771e0rmsZMAhXEmI7vJRBkRAOngk1K3dSwhNARGbCOpZLEzATZ7PAJPrZKH0dK25KAZ+rviYzExozj0HbGBIZm0ZuK/3mdFKLLIOMySYFJOl8UpQKDwtMUcJ9rRkGMLSFUc3srpkOiCQWbVcmG4C++vEyap1X/vHp2d1apXeVxFNEhOkInyEcXqIZuUB01EEUpekav6M15cl6cd+dj3lpw8pkD9AfO5w87JJN6</latexit>, <latexit sha1_base64="PNpYAISX61nE/EBQiKsE3S6JEoA=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1iEKlISKepGKLpxWcE+oAlhMpm0Q2eSMDMRSyhu/BU3LhRx61e482+ctllo64GBwzn3cOceP2FUKsv6NgoLi0vLK8XV0tr6xuaWub3TknEqMGnimMWi4yNJGI1IU1HFSCcRBHGfkbY/uB777XsiJI2jOzVMiMtRL6IhxUhpyTP3hHcML6HDdCRAzgl8qDiS9jg68syyVbUmgPPEzkkZ5Gh45pcTxDjlJFKYISm7tpUoN0NCUczIqOSkkiQID1CPdDWNECfSzSYnjOChVgIYxkK/SMGJ+juRIS7lkPt6kiPVl7PeWPzP66YqvHAzGiWpIhGeLgpTBlUMx33AgAqCFRtqgrCg+q8Q95FAWOnWSroEe/bkedI6rdpn1dptrVy/yusogn1wACrABuegDm5AAzQBBo/gGbyCN+PJeDHejY/paMHIM7vgD4zPH79BlcE=</latexit>

r⇤ = �x(�)

: Height function
<latexit sha1_base64="g7X+FcFKRrzdtCYcJ/1ncEA3kkY=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSxCBSmJFPVY9NJjBfsBTSib7bZdupuE3YlSYn+KFw+KePWXePPfuG1z0NYHA4/3ZpiZF8SCa3Ccbyu3tr6xuZXfLuzs7u0f2MXDlo4SRVmTRiJSnYBoJnjImsBBsE6sGJGBYO1gfDvz2w9MaR6F9zCJmS/JMOQDTgkYqWcX62VP86Ek59iDEQNy1rNLTsWZA68SNyMllKHRs7+8fkQTyUKggmjddZ0Y/JQo4FSwacFLNIsJHZMh6xoaEsm0n85Pn+JTo/TxIFKmQsBz9fdESqTWExmYTklgpJe9mfif101gcO2nPIwTYCFdLBokAkOEZzngPleMgpgYQqji5lZMR0QRCiatggnBXX55lbQuKu5lpXpXLdVusjjy6BidoDJy0RWqoTpqoCai6BE9o1f0Zj1ZL9a79bFozVnZzBH6A+vzB+WekyI=</latexit>

H(�, ✓)

:Length scale
<latexit sha1_base64="l6v7b8WEz3KlQh/xTtq1s64OQWE=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiQi6rLoxmUF+4A2lJvJpB06mYSZiVBCP8KNC0Xc+j3u/BunbRbaemDgcM65zL0nSAXXxnW/ndLa+sbmVnm7srO7t39QPTxq6yRTlLVoIhLVDVAzwSVrGW4E66aKYRwI1gnGdzO/88SU5ol8NJOU+TEOJY84RWOlTl/YaIiDas2tu3OQVeIVpAYFmoPqVz9MaBYzaahArXuemxo/R2U4FWxa6WeapUjHOGQ9SyXGTPv5fN0pObNKSKJE2ScNmau/J3KMtZ7EgU3GaEZ62ZuJ/3m9zEQ3fs5lmhkm6eKjKBPEJGR2Owm5YtSIiSVIFbe7EjpChdTYhiq2BG/55FXSvqh7V/XLh8ta47aoowwncArn4ME1NOAemtACCmN4hld4c1LnxXl3PhbRklPMHMMfOJ8/P7OPhg==</latexit>

�

<latexit sha1_base64="N9rDfzFQH9vJX+CoOf0TsbMd7fw=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXsqulOqx6MVjBfsh7VKyabYNTbJLkhXL0l/hxYMiXv053vw3pu0etPXBwOO9GWbmBTFn2rjut5NbW9/Y3MpvF3Z29/YPiodHLR0litAmiXikOgHWlDNJm4YZTjuxolgEnLaD8c3Mbz9SpVkk780kpr7AQ8lCRrCx0sNTuafZUODzfrHkVtw50CrxMlKCDI1+8as3iEgiqDSEY627nhsbP8XKMMLptNBLNI0xGeMh7VoqsaDaT+cHT9GZVQYojJQtadBc/T2RYqH1RAS2U2Az0sveTPzP6yYmvPJTJuPEUEkWi8KEIxOh2fdowBQlhk8swUQxeysiI6wwMTajgg3BW355lbQuKl6tUr2rlurXWRx5OIFTKIMHl1CHW2hAEwgIeIZXeHOU8+K8Ox+L1pyTzRzDHzifP0YkkBM=</latexit>

x(�) : Dimensionless 
tortoise coordinate

<latexit sha1_base64="pKno4tY8UVQkZwdSUovd3FwZ2uE="></latexit>

ds2 = �a(r)dt2 +
dr2

b(r)
+ r2d!2

<latexit sha1_base64="J0rTVHex3jDuj+ZW/k52IU0y5GY="></latexit>

⇢(�) : Conformal areal radius

<latexit sha1_base64="OrpsoIwJAsaRj9xAlOtdccBP2ic=">AAAEjXicbZPfbtMwFMbdUWCEP9vYJSBZTBNDiCmpGOWCoYldwC6QBqPbpLqbXOcktRonke10TFGveUYeAp6BkzTZmm6Wop58v8/nO3LjYRpJY133T2vpTvvuvfvLD5yHjx4/WVlde3pskkwL6IkkSvTpkBuIZAw9K20Ep6kGroYRnAzH+wU/mYA2Mol/2ssUBoqHsQyk4Bal89XfPhtyTc1Zh+6yU7nFjAwVf00piyCw/bfple </latexit>

ds̄2 = ⌅(�)
⇥
�p(�)d⌧2 + 2�(�)d⌧d� + w(�)d�2

⇤
+ ⇢(�)2d!2

<latexit sha1_base64="WhwixUSNSdUW9u6DLzHRr/SKVRU="></latexit>

ds2 = ⌦�2ds̄2

<latexit sha1_base64="wHgV4qLJrC9dokbBDyowgDeQHzg="></latexit>

⌦ =
�

�

Decision #0
Use conformal factor as radial coordinate:     

<latexit sha1_base64="8MqfE7gEv8TbHdH4JK34SjmBKwM="></latexit>

� = �⌦

(A. Zenginoglu 2008)
<latexit sha1_base64="s9H3LKroeguuaeQrJ09uX68DfD0="></latexit>

t = �

 
⌧ �H(�)

!



HYPERBOLOIDAL METRIC
• Compactified hyperboloidal coordinates:

<latexit sha1_base64="CCvW6EHK5lzkqNoVYQybrM5mYys=">AAACCHicbVDJSgNBEO2JW4zbqEcPNgYhgoQZCeox6MVjBLNAZgg1nU7SpGehuyYQQo5e/BUvHhTx6id482/sLAdNfNDU470qqusFiRQaHefbyqysrq1vZDdzW9s7u3v2/kFNx6livMpiGatGAJpLEfEqCpS8kSgOYSB5PejfTvz6gCst4ugBhwn3Q+hGoiMYoJFa9nHBQ0jPqadFNwRTscdxUgegkp44a9l5p+hMQZeJOyd5MkelZX957ZilIY+QSdC66ToJ+iNQKJjk45yXap4A60OXNw2NIOTaH00PGdNTo7RpJ1bmRUin6u+JEYRaD8PAdIaAPb3oTcT/vGaKnWt/JKIkRR6x2aJOKinGdJIKbQvFGcqhIcCUMH+lrAcKGJrsciYEd/HkZVK7KLqXxdJ9KV++mceRJUfkhBSIS65ImdyRCqkSRh7JM3klb9aT9WK9Wx+z1ow1nzkkf2B9/gC7LpiK</latexit>

(⌧,�, ✓,')
<latexit sha1_base64="bmhRSS9xIZMYYSThazsLgwfMBr4=">AAACEXicbVDLSgMxFM3UV62vUZdugkWomzIjRd0IRTcuK9gHdIaSyWTa0EwyJBmhDPMLbvwVNy4UcevOnX9j2s5CWw8EDufcw809QcKo0o7zbZVWVtfWN8qbla3tnd09e/+go0QqMWljwYTsBUgRRjlpa6oZ6SWSoDhgpBuMb6Z+94FIRQW/15OE+DEachpRjLSRBnZNwivoMRMIEfTCSCKceXIkap6iwxid5tmc5AO76tSdGeAycQtSBQVaA/vLCwVOY8I1Zkipvusk2s+Q1BQzkle8VJEE4TEakr6hHMVE+dnsohyeGCWEkZDmcQ1n6u9EhmKlJnFgJmOkR2rRm4r/ef1UR5d+RnmSasLxfFGUMqgFnNYDQyoJ1mxiCMKSmr9CPEKmFW1KrJgS3MWTl0nnrO6e1xt3jWrzuqijDI7AMagBF1yAJrgFLdAGGDyCZ/AK3qwn68V6tz7moyWryByCP7A+fwD+k50s</latexit>

r = �
⇢(�)

�

<latexit sha1_base64="/NWOyRbSR6nATJQn7xMwVTHpgE0=">AAAB+HicbVA9SwNBEN2LXzF+5NTSZjEIVuFORC2DNhYWEcwHJEfY2+wlS/Z2j905JR75JTYWitj6U+z8N26SKzTxwcDjvRlm5oWJ4AY879sprKyurW8UN0tb2zu7ZXdvv2lUqilrUCWUbofEMMElawAHwdqJZiQOBWuFo+up33pg2nAl72GcsCAmA8kjTglYqeeWu7csAs0HQyBaq8eeW/Gq3gx4mfg5qaAc9Z771e0rmsZMAhXEmI7vJRBkRAOngk1K3dSwhNARGbCOpZLEzATZ7PAJPrZKH0dK25KAZ+rviYzExozj0HbGBIZm0ZuK/3mdFKLLIOMySYFJOl8UpQKDwtMUcJ9rRkGMLSFUc3srpkOiCQWbVcmG4C++vEyap1X/vHp2d1apXeVxFNEhOkInyEcXqIZuUB01EEUpekav6M15cl6cd+dj3lpw8pkD9AfO5w87JJN6</latexit>, <latexit sha1_base64="PNpYAISX61nE/EBQiKsE3S6JEoA=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1iEKlISKepGKLpxWcE+oAlhMpm0Q2eSMDMRSyhu/BU3LhRx61e482+ctllo64GBwzn3cOceP2FUKsv6NgoLi0vLK8XV0tr6xuaWub3TknEqMGnimMWi4yNJGI1IU1HFSCcRBHGfkbY/uB777XsiJI2jOzVMiMtRL6IhxUhpyTP3hHcML6HDdCRAzgl8qDiS9jg68syyVbUmgPPEzkkZ5Gh45pcTxDjlJFKYISm7tpUoN0NCUczIqOSkkiQID1CPdDWNECfSzSYnjOChVgIYxkK/SMGJ+juRIS7lkPt6kiPVl7PeWPzP66YqvHAzGiWpIhGeLgpTBlUMx33AgAqCFRtqgrCg+q8Q95FAWOnWSroEe/bkedI6rdpn1dptrVy/yusogn1wACrABuegDm5AAzQBBo/gGbyCN+PJeDHejY/paMHIM7vgD4zPH79BlcE=</latexit>

r⇤ = �x(�)

<latexit sha1_base64="OrpsoIwJAsaRj9xAlOtdccBP2ic=">AAAEjXicbZPfbtMwFMbdUWCEP9vYJSBZTBNDiCmpGOWCoYldwC6QBqPbpLqbXOcktRonke10TFGveUYeAp6BkzTZmm6Wop58v8/nO3LjYRpJY133T2vpTvvuvfvLD5yHjx4/WVlde3pskkwL6IkkSvTpkBuIZAw9K20Ep6kGroYRnAzH+wU/mYA2Mol/2ssUBoqHsQyk4Bal89XfPhtyTc1Zh+6yU7nFjAwVf00piyCw/bfple </latexit>

ds̄2 = ⌅(�)
⇥
�p(�)d⌧2 + 2�(�)d⌧d� + w(�)d�2

⇤
+ ⇢(�)2d!2

<latexit sha1_base64="s9H3LKroeguuaeQrJ09uX68DfD0="></latexit>

t = �

 
⌧ �H(�)

!



HYPERBOLOIDAL METRIC
• Compactified hyperboloidal coordinates:

<latexit sha1_base64="CCvW6EHK5lzkqNoVYQybrM5mYys=">AAACCHicbVDJSgNBEO2JW4zbqEcPNgYhgoQZCeox6MVjBLNAZgg1nU7SpGehuyYQQo5e/BUvHhTx6id482/sLAdNfNDU470qqusFiRQaHefbyqysrq1vZDdzW9s7u3v2/kFNx6livMpiGatGAJpLEfEqCpS8kSgOYSB5PejfTvz6gCst4ugBhwn3Q+hGoiMYoJFa9nHBQ0jPqadFNwRTscdxUgegkp44a9l5p+hMQZeJOyd5MkelZX957ZilIY+QSdC66ToJ+iNQKJjk45yXap4A60OXNw2NIOTaH00PGdNTo7RpJ1bmRUin6u+JEYRaD8PAdIaAPb3oTcT/vGaKnWt/JKIkRR6x2aJOKinGdJIKbQvFGcqhIcCUMH+lrAcKGJrsciYEd/HkZVK7KLqXxdJ9KV++mceRJUfkhBSIS65ImdyRCqkSRh7JM3klb9aT9WK9Wx+z1ow1nzkkf2B9/gC7LpiK</latexit>

(⌧,�, ✓,')
<latexit sha1_base64="bmhRSS9xIZMYYSThazsLgwfMBr4=">AAACEXicbVDLSgMxFM3UV62vUZdugkWomzIjRd0IRTcuK9gHdIaSyWTa0EwyJBmhDPMLbvwVNy4UcevOnX9j2s5CWw8EDufcw809QcKo0o7zbZVWVtfWN8qbla3tnd09e/+go0QqMWljwYTsBUgRRjlpa6oZ6SWSoDhgpBuMb6Z+94FIRQW/15OE+DEachpRjLSRBnZNwivoMRMIEfTCSCKceXIkap6iwxid5tmc5AO76tSdGeAycQtSBQVaA/vLCwVOY8I1Zkipvusk2s+Q1BQzkle8VJEE4TEakr6hHMVE+dnsohyeGCWEkZDmcQ1n6u9EhmKlJnFgJmOkR2rRm4r/ef1UR5d+RnmSasLxfFGUMqgFnNYDQyoJ1mxiCMKSmr9CPEKmFW1KrJgS3MWTl0nnrO6e1xt3jWrzuqijDI7AMagBF1yAJrgFLdAGGDyCZ/AK3qwn68V6tz7moyWryByCP7A+fwD+k50s</latexit>

r = �
⇢(�)

�

<latexit sha1_base64="/NWOyRbSR6nATJQn7xMwVTHpgE0=">AAAB+HicbVA9SwNBEN2LXzF+5NTSZjEIVuFORC2DNhYWEcwHJEfY2+wlS/Z2j905JR75JTYWitj6U+z8N26SKzTxwcDjvRlm5oWJ4AY879sprKyurW8UN0tb2zu7ZXdvv2lUqilrUCWUbofEMMElawAHwdqJZiQOBWuFo+up33pg2nAl72GcsCAmA8kjTglYqeeWu7csAs0HQyBaq8eeW/Gq3gx4mfg5qaAc9Z771e0rmsZMAhXEmI7vJRBkRAOngk1K3dSwhNARGbCOpZLEzATZ7PAJPrZKH0dK25KAZ+rviYzExozj0HbGBIZm0ZuK/3mdFKLLIOMySYFJOl8UpQKDwtMUcJ9rRkGMLSFUc3srpkOiCQWbVcmG4C++vEyap1X/vHp2d1apXeVxFNEhOkInyEcXqIZuUB01EEUpekav6M15cl6cd+dj3lpw8pkD9AfO5w87JJN6</latexit>, <latexit sha1_base64="PNpYAISX61nE/EBQiKsE3S6JEoA=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1iEKlISKepGKLpxWcE+oAlhMpm0Q2eSMDMRSyhu/BU3LhRx61e482+ctllo64GBwzn3cOceP2FUKsv6NgoLi0vLK8XV0tr6xuaWub3TknEqMGnimMWi4yNJGI1IU1HFSCcRBHGfkbY/uB777XsiJI2jOzVMiMtRL6IhxUhpyTP3hHcML6HDdCRAzgl8qDiS9jg68syyVbUmgPPEzkkZ5Gh45pcTxDjlJFKYISm7tpUoN0NCUczIqOSkkiQID1CPdDWNECfSzSYnjOChVgIYxkK/SMGJ+juRIS7lkPt6kiPVl7PeWPzP66YqvHAzGiWpIhGeLgpTBlUMx33AgAqCFRtqgrCg+q8Q95FAWOnWSroEe/bkedI6rdpn1dptrVy/yusogn1wACrABuegDm5AAzQBBo/gGbyCN+PJeDHejY/paMHIM7vgD4zPH79BlcE=</latexit>

r⇤ = �x(�)

<latexit sha1_base64="J0rTVHex3jDuj+ZW/k52IU0y5GY="></latexit>

⇢(�) : Conformal areal radius

<latexit sha1_base64="OrpsoIwJAsaRj9xAlOtdccBP2ic=">AAAEjXicbZPfbtMwFMbdUWCEP9vYJSBZTBNDiCmpGOWCoYldwC6QBqPbpLqbXOcktRonke10TFGveUYeAp6BkzTZmm6Wop58v8/nO3LjYRpJY133T2vpTvvuvfvLD5yHjx4/WVlde3pskkwL6IkkSvTpkBuIZAw9K20Ep6kGroYRnAzH+wU/mYA2Mol/2ssUBoqHsQyk4Bal89XfPhtyTc1Zh+6yU7nFjAwVf00piyCw/bfple </latexit>

ds̄2 = ⌅(�)
⇥
�p(�)d⌧2 + 2�(�)d⌧d� + w(�)d�2

⇤
+ ⇢(�)2d!2

Radial degrees of freedom
<latexit sha1_base64="7XWKNDMenMYdVIHoroN/Ob74yUU="></latexit>

�(�) := ⇢(�)� �⇢0(�)

<latexit sha1_base64="s9H3LKroeguuaeQrJ09uX68DfD0="></latexit>

t = �

 
⌧ �H(�)

!



HYPERBOLOIDAL METRIC
• Compactified hyperboloidal coordinates:

<latexit sha1_base64="CCvW6EHK5lzkqNoVYQybrM5mYys=">AAACCHicbVDJSgNBEO2JW4zbqEcPNgYhgoQZCeox6MVjBLNAZgg1nU7SpGehuyYQQo5e/BUvHhTx6id482/sLAdNfNDU470qqusFiRQaHefbyqysrq1vZDdzW9s7u3v2/kFNx6livMpiGatGAJpLEfEqCpS8kSgOYSB5PejfTvz6gCst4ugBhwn3Q+hGoiMYoJFa9nHBQ0jPqadFNwRTscdxUgegkp44a9l5p+hMQZeJOyd5MkelZX957ZilIY+QSdC66ToJ+iNQKJjk45yXap4A60OXNw2NIOTaH00PGdNTo7RpJ1bmRUin6u+JEYRaD8PAdIaAPb3oTcT/vGaKnWt/JKIkRR6x2aJOKinGdJIKbQvFGcqhIcCUMH+lrAcKGJrsciYEd/HkZVK7KLqXxdJ9KV++mceRJUfkhBSIS65ImdyRCqkSRh7JM3klb9aT9WK9Wx+z1ow1nzkkf2B9/gC7LpiK</latexit>

(⌧,�, ✓,')
<latexit sha1_base64="bmhRSS9xIZMYYSThazsLgwfMBr4=">AAACEXicbVDLSgMxFM3UV62vUZdugkWomzIjRd0IRTcuK9gHdIaSyWTa0EwyJBmhDPMLbvwVNy4UcevOnX9j2s5CWw8EDufcw809QcKo0o7zbZVWVtfWN8qbla3tnd09e/+go0QqMWljwYTsBUgRRjlpa6oZ6SWSoDhgpBuMb6Z+94FIRQW/15OE+DEachpRjLSRBnZNwivoMRMIEfTCSCKceXIkap6iwxid5tmc5AO76tSdGeAycQtSBQVaA/vLCwVOY8I1Zkipvusk2s+Q1BQzkle8VJEE4TEakr6hHMVE+dnsohyeGCWEkZDmcQ1n6u9EhmKlJnFgJmOkR2rRm4r/ef1UR5d+RnmSasLxfFGUMqgFnNYDQyoJ1mxiCMKSmr9CPEKmFW1KrJgS3MWTl0nnrO6e1xt3jWrzuqijDI7AMagBF1yAJrgFLdAGGDyCZ/AK3qwn68V6tz7moyWryByCP7A+fwD+k50s</latexit>

r = �
⇢(�)

�

<latexit sha1_base64="/NWOyRbSR6nATJQn7xMwVTHpgE0=">AAAB+HicbVA9SwNBEN2LXzF+5NTSZjEIVuFORC2DNhYWEcwHJEfY2+wlS/Z2j905JR75JTYWitj6U+z8N26SKzTxwcDjvRlm5oWJ4AY879sprKyurW8UN0tb2zu7ZXdvv2lUqilrUCWUbofEMMElawAHwdqJZiQOBWuFo+up33pg2nAl72GcsCAmA8kjTglYqeeWu7csAs0HQyBaq8eeW/Gq3gx4mfg5qaAc9Z771e0rmsZMAhXEmI7vJRBkRAOngk1K3dSwhNARGbCOpZLEzATZ7PAJPrZKH0dK25KAZ+rviYzExozj0HbGBIZm0ZuK/3mdFKLLIOMySYFJOl8UpQKDwtMUcJ9rRkGMLSFUc3srpkOiCQWbVcmG4C++vEyap1X/vHp2d1apXeVxFNEhOkInyEcXqIZuUB01EEUpekav6M15cl6cd+dj3lpw8pkD9AfO5w87JJN6</latexit>, <latexit sha1_base64="PNpYAISX61nE/EBQiKsE3S6JEoA=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1iEKlISKepGKLpxWcE+oAlhMpm0Q2eSMDMRSyhu/BU3LhRx61e482+ctllo64GBwzn3cOceP2FUKsv6NgoLi0vLK8XV0tr6xuaWub3TknEqMGnimMWi4yNJGI1IU1HFSCcRBHGfkbY/uB777XsiJI2jOzVMiMtRL6IhxUhpyTP3hHcML6HDdCRAzgl8qDiS9jg68syyVbUmgPPEzkkZ5Gh45pcTxDjlJFKYISm7tpUoN0NCUczIqOSkkiQID1CPdDWNECfSzSYnjOChVgIYxkK/SMGJ+juRIS7lkPt6kiPVl7PeWPzP66YqvHAzGiWpIhGeLgpTBlUMx33AgAqCFRtqgrCg+q8Q95FAWOnWSroEe/bkedI6rdpn1dptrVy/yusogn1wACrABuegDm5AAzQBBo/gGbyCN+PJeDHejY/paMHIM7vgD4zPH79BlcE=</latexit>

r⇤ = �x(�)

<latexit sha1_base64="J0rTVHex3jDuj+ZW/k52IU0y5GY="></latexit>

⇢(�) : Conformal areal radius

<latexit sha1_base64="OrpsoIwJAsaRj9xAlOtdccBP2ic=">AAAEjXicbZPfbtMwFMbdUWCEP9vYJSBZTBNDiCmpGOWCoYldwC6QBqPbpLqbXOcktRonke10TFGveUYeAp6BkzTZmm6Wop58v8/nO3LjYRpJY133T2vpTvvuvfvLD5yHjx4/WVlde3pskkwL6IkkSvTpkBuIZAw9K20Ep6kGroYRnAzH+wU/mYA2Mol/2ssUBoqHsQyk4Bal89XfPhtyTc1Zh+6yU7nFjAwVf00piyCw/bfple </latexit>

ds̄2 = ⌅(�)
⇥
�p(�)d⌧2 + 2�(�)d⌧d� + w(�)d�2

⇤
+ ⇢(�)2d!2

Radial degrees of freedom
<latexit sha1_base64="7XWKNDMenMYdVIHoroN/Ob74yUU="></latexit>

�(�) := ⇢(�)� �⇢0(�)

Spacetime properties
<latexit sha1_base64="YC4tXimCzs48B7qYobA0A/C1XfE="></latexit>

F(�) =
p
a(r)b(r)

<latexit sha1_base64="BymxTxNMUEKrq2N/156857Ef3Bk="></latexit>

⇣(�) =
p

a(r)/b(r)

<latexit sha1_base64="s9H3LKroeguuaeQrJ09uX68DfD0="></latexit>

t = �

 
⌧ �H(�)

!



HYPERBOLOIDAL METRIC
• Compactified hyperboloidal coordinates:

<latexit sha1_base64="CCvW6EHK5lzkqNoVYQybrM5mYys=">AAACCHicbVDJSgNBEO2JW4zbqEcPNgYhgoQZCeox6MVjBLNAZgg1nU7SpGehuyYQQo5e/BUvHhTx6id482/sLAdNfNDU470qqusFiRQaHefbyqysrq1vZDdzW9s7u3v2/kFNx6livMpiGatGAJpLEfEqCpS8kSgOYSB5PejfTvz6gCst4ugBhwn3Q+hGoiMYoJFa9nHBQ0jPqadFNwRTscdxUgegkp44a9l5p+hMQZeJOyd5MkelZX957ZilIY+QSdC66ToJ+iNQKJjk45yXap4A60OXNw2NIOTaH00PGdNTo7RpJ1bmRUin6u+JEYRaD8PAdIaAPb3oTcT/vGaKnWt/JKIkRR6x2aJOKinGdJIKbQvFGcqhIcCUMH+lrAcKGJrsciYEd/HkZVK7KLqXxdJ9KV++mceRJUfkhBSIS65ImdyRCqkSRh7JM3klb9aT9WK9Wx+z1ow1nzkkf2B9/gC7LpiK</latexit>

(⌧,�, ✓,')
<latexit sha1_base64="bmhRSS9xIZMYYSThazsLgwfMBr4=">AAACEXicbVDLSgMxFM3UV62vUZdugkWomzIjRd0IRTcuK9gHdIaSyWTa0EwyJBmhDPMLbvwVNy4UcevOnX9j2s5CWw8EDufcw809QcKo0o7zbZVWVtfWN8qbla3tnd09e/+go0QqMWljwYTsBUgRRjlpa6oZ6SWSoDhgpBuMb6Z+94FIRQW/15OE+DEachpRjLSRBnZNwivoMRMIEfTCSCKceXIkap6iwxid5tmc5AO76tSdGeAycQtSBQVaA/vLCwVOY8I1Zkipvusk2s+Q1BQzkle8VJEE4TEakr6hHMVE+dnsohyeGCWEkZDmcQ1n6u9EhmKlJnFgJmOkR2rRm4r/ef1UR5d+RnmSasLxfFGUMqgFnNYDQyoJ1mxiCMKSmr9CPEKmFW1KrJgS3MWTl0nnrO6e1xt3jWrzuqijDI7AMagBF1yAJrgFLdAGGDyCZ/AK3qwn68V6tz7moyWryByCP7A+fwD+k50s</latexit>

r = �
⇢(�)

�

<latexit sha1_base64="/NWOyRbSR6nATJQn7xMwVTHpgE0=">AAAB+HicbVA9SwNBEN2LXzF+5NTSZjEIVuFORC2DNhYWEcwHJEfY2+wlS/Z2j905JR75JTYWitj6U+z8N26SKzTxwcDjvRlm5oWJ4AY879sprKyurW8UN0tb2zu7ZXdvv2lUqilrUCWUbofEMMElawAHwdqJZiQOBWuFo+up33pg2nAl72GcsCAmA8kjTglYqeeWu7csAs0HQyBaq8eeW/Gq3gx4mfg5qaAc9Z771e0rmsZMAhXEmI7vJRBkRAOngk1K3dSwhNARGbCOpZLEzATZ7PAJPrZKH0dK25KAZ+rviYzExozj0HbGBIZm0ZuK/3mdFKLLIOMySYFJOl8UpQKDwtMUcJ9rRkGMLSFUc3srpkOiCQWbVcmG4C++vEyap1X/vHp2d1apXeVxFNEhOkInyEcXqIZuUB01EEUpekav6M15cl6cd+dj3lpw8pkD9AfO5w87JJN6</latexit>, <latexit sha1_base64="PNpYAISX61nE/EBQiKsE3S6JEoA=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1iEKlISKepGKLpxWcE+oAlhMpm0Q2eSMDMRSyhu/BU3LhRx61e482+ctllo64GBwzn3cOceP2FUKsv6NgoLi0vLK8XV0tr6xuaWub3TknEqMGnimMWi4yNJGI1IU1HFSCcRBHGfkbY/uB777XsiJI2jOzVMiMtRL6IhxUhpyTP3hHcML6HDdCRAzgl8qDiS9jg68syyVbUmgPPEzkkZ5Gh45pcTxDjlJFKYISm7tpUoN0NCUczIqOSkkiQID1CPdDWNECfSzSYnjOChVgIYxkK/SMGJ+juRIS7lkPt6kiPVl7PeWPzP66YqvHAzGiWpIhGeLgpTBlUMx33AgAqCFRtqgrCg+q8Q95FAWOnWSroEe/bkedI6rdpn1dptrVy/yusogn1wACrABuegDm5AAzQBBo/gGbyCN+PJeDHejY/paMHIM7vgD4zPH79BlcE=</latexit>

r⇤ = �x(�)

<latexit sha1_base64="J0rTVHex3jDuj+ZW/k52IU0y5GY="></latexit>

⇢(�) : Conformal areal radius

<latexit sha1_base64="OrpsoIwJAsaRj9xAlOtdccBP2ic=">AAAEjXicbZPfbtMwFMbdUWCEP9vYJSBZTBNDiCmpGOWCoYldwC6QBqPbpLqbXOcktRonke10TFGveUYeAp6BkzTZmm6Wop58v8/nO3LjYRpJY133T2vpTvvuvfvLD5yHjx4/WVlde3pskkwL6IkkSvTpkBuIZAw9K20Ep6kGroYRnAzH+wU/mYA2Mol/2ssUBoqHsQyk4Bal89XfPhtyTc1Zh+6yU7nFjAwVf00piyCw/bfple </latexit>

ds̄2 = ⌅(�)
⇥
�p(�)d⌧2 + 2�(�)d⌧d� + w(�)d�2

⇤
+ ⇢(�)2d!2

Radial degrees of freedom
<latexit sha1_base64="7XWKNDMenMYdVIHoroN/Ob74yUU="></latexit>

�(�) := ⇢(�)� �⇢0(�)

Spacetime properties
<latexit sha1_base64="YC4tXimCzs48B7qYobA0A/C1XfE="></latexit>

F(�) =
p
a(r)b(r)

<latexit sha1_base64="BymxTxNMUEKrq2N/156857Ef3Bk="></latexit>

⇣(�) =
p

a(r)/b(r)

Horizons: <latexit sha1_base64="GXzLFGL2yc6BR3Bcnrqe7j21Ipo="></latexit>

F(�h) = 0

<latexit sha1_base64="s9H3LKroeguuaeQrJ09uX68DfD0="></latexit>

t = �

 
⌧ �H(�)

!



HYPERBOLOIDAL METRIC
• Compactified hyperboloidal coordinates:

<latexit sha1_base64="CCvW6EHK5lzkqNoVYQybrM5mYys=">AAACCHicbVDJSgNBEO2JW4zbqEcPNgYhgoQZCeox6MVjBLNAZgg1nU7SpGehuyYQQo5e/BUvHhTx6id482/sLAdNfNDU470qqusFiRQaHefbyqysrq1vZDdzW9s7u3v2/kFNx6livMpiGatGAJpLEfEqCpS8kSgOYSB5PejfTvz6gCst4ugBhwn3Q+hGoiMYoJFa9nHBQ0jPqadFNwRTscdxUgegkp44a9l5p+hMQZeJOyd5MkelZX957ZilIY+QSdC66ToJ+iNQKJjk45yXap4A60OXNw2NIOTaH00PGdNTo7RpJ1bmRUin6u+JEYRaD8PAdIaAPb3oTcT/vGaKnWt/JKIkRR6x2aJOKinGdJIKbQvFGcqhIcCUMH+lrAcKGJrsciYEd/HkZVK7KLqXxdJ9KV++mceRJUfkhBSIS65ImdyRCqkSRh7JM3klb9aT9WK9Wx+z1ow1nzkkf2B9/gC7LpiK</latexit>

(⌧,�, ✓,')
<latexit sha1_base64="bmhRSS9xIZMYYSThazsLgwfMBr4=">AAACEXicbVDLSgMxFM3UV62vUZdugkWomzIjRd0IRTcuK9gHdIaSyWTa0EwyJBmhDPMLbvwVNy4UcevOnX9j2s5CWw8EDufcw809QcKo0o7zbZVWVtfWN8qbla3tnd09e/+go0QqMWljwYTsBUgRRjlpa6oZ6SWSoDhgpBuMb6Z+94FIRQW/15OE+DEachpRjLSRBnZNwivoMRMIEfTCSCKceXIkap6iwxid5tmc5AO76tSdGeAycQtSBQVaA/vLCwVOY8I1Zkipvusk2s+Q1BQzkle8VJEE4TEakr6hHMVE+dnsohyeGCWEkZDmcQ1n6u9EhmKlJnFgJmOkR2rRm4r/ef1UR5d+RnmSasLxfFGUMqgFnNYDQyoJ1mxiCMKSmr9CPEKmFW1KrJgS3MWTl0nnrO6e1xt3jWrzuqijDI7AMagBF1yAJrgFLdAGGDyCZ/AK3qwn68V6tz7moyWryByCP7A+fwD+k50s</latexit>

r = �
⇢(�)

�

<latexit sha1_base64="/NWOyRbSR6nATJQn7xMwVTHpgE0=">AAAB+HicbVA9SwNBEN2LXzF+5NTSZjEIVuFORC2DNhYWEcwHJEfY2+wlS/Z2j905JR75JTYWitj6U+z8N26SKzTxwcDjvRlm5oWJ4AY879sprKyurW8UN0tb2zu7ZXdvv2lUqilrUCWUbofEMMElawAHwdqJZiQOBWuFo+up33pg2nAl72GcsCAmA8kjTglYqeeWu7csAs0HQyBaq8eeW/Gq3gx4mfg5qaAc9Z771e0rmsZMAhXEmI7vJRBkRAOngk1K3dSwhNARGbCOpZLEzATZ7PAJPrZKH0dK25KAZ+rviYzExozj0HbGBIZm0ZuK/3mdFKLLIOMySYFJOl8UpQKDwtMUcJ9rRkGMLSFUc3srpkOiCQWbVcmG4C++vEyap1X/vHp2d1apXeVxFNEhOkInyEcXqIZuUB01EEUpekav6M15cl6cd+dj3lpw8pkD9AfO5w87JJN6</latexit>, <latexit sha1_base64="PNpYAISX61nE/EBQiKsE3S6JEoA=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1iEKlISKepGKLpxWcE+oAlhMpm0Q2eSMDMRSyhu/BU3LhRx61e482+ctllo64GBwzn3cOceP2FUKsv6NgoLi0vLK8XV0tr6xuaWub3TknEqMGnimMWi4yNJGI1IU1HFSCcRBHGfkbY/uB777XsiJI2jOzVMiMtRL6IhxUhpyTP3hHcML6HDdCRAzgl8qDiS9jg68syyVbUmgPPEzkkZ5Gh45pcTxDjlJFKYISm7tpUoN0NCUczIqOSkkiQID1CPdDWNECfSzSYnjOChVgIYxkK/SMGJ+juRIS7lkPt6kiPVl7PeWPzP66YqvHAzGiWpIhGeLgpTBlUMx33AgAqCFRtqgrCg+q8Q95FAWOnWSroEe/bkedI6rdpn1dptrVy/yusogn1wACrABuegDm5AAzQBBo/gGbyCN+PJeDHejY/paMHIM7vgD4zPH79BlcE=</latexit>

r⇤ = �x(�)

<latexit sha1_base64="J0rTVHex3jDuj+ZW/k52IU0y5GY="></latexit>

⇢(�) : Conformal areal radius

<latexit sha1_base64="OrpsoIwJAsaRj9xAlOtdccBP2ic=">AAAEjXicbZPfbtMwFMbdUWCEP9vYJSBZTBNDiCmpGOWCoYldwC6QBqPbpLqbXOcktRonke10TFGveUYeAp6BkzTZmm6Wop58v8/nO3LjYRpJY133T2vpTvvuvfvLD5yHjx4/WVlde3pskkwL6IkkSvTpkBuIZAw9K20Ep6kGroYRnAzH+wU/mYA2Mol/2ssUBoqHsQyk4Bal89XfPhtyTc1Zh+6yU7nFjAwVf00piyCw/bfple </latexit>

ds̄2 = ⌅(�)
⇥
�p(�)d⌧2 + 2�(�)d⌧d� + w(�)d�2

⇤
+ ⇢(�)2d!2

Radial degrees of freedom
<latexit sha1_base64="7XWKNDMenMYdVIHoroN/Ob74yUU="></latexit>

�(�) := ⇢(�)� �⇢0(�)

Spacetime properties
<latexit sha1_base64="YC4tXimCzs48B7qYobA0A/C1XfE="></latexit>

F(�) =
p
a(r)b(r)

<latexit sha1_base64="BymxTxNMUEKrq2N/156857Ef3Bk="></latexit>

⇣(�) =
p

a(r)/b(r)

Horizons: <latexit sha1_base64="GXzLFGL2yc6BR3Bcnrqe7j21Ipo="></latexit>

F(�h) = 0

Fancy
Metric:

<latexit sha1_base64="wbwC0dLPRlEgEXy78sdd9RkwsIo="></latexit>

⇣(�) 6= 1

<latexit sha1_base64="s9H3LKroeguuaeQrJ09uX68DfD0="></latexit>

t = �

 
⌧ �H(�)

!



HYPERBOLOIDAL METRIC
• Compactified hyperboloidal coordinates:

<latexit sha1_base64="CCvW6EHK5lzkqNoVYQybrM5mYys=">AAACCHicbVDJSgNBEO2JW4zbqEcPNgYhgoQZCeox6MVjBLNAZgg1nU7SpGehuyYQQo5e/BUvHhTx6id482/sLAdNfNDU470qqusFiRQaHefbyqysrq1vZDdzW9s7u3v2/kFNx6livMpiGatGAJpLEfEqCpS8kSgOYSB5PejfTvz6gCst4ugBhwn3Q+hGoiMYoJFa9nHBQ0jPqadFNwRTscdxUgegkp44a9l5p+hMQZeJOyd5MkelZX957ZilIY+QSdC66ToJ+iNQKJjk45yXap4A60OXNw2NIOTaH00PGdNTo7RpJ1bmRUin6u+JEYRaD8PAdIaAPb3oTcT/vGaKnWt/JKIkRR6x2aJOKinGdJIKbQvFGcqhIcCUMH+lrAcKGJrsciYEd/HkZVK7KLqXxdJ9KV++mceRJUfkhBSIS65ImdyRCqkSRh7JM3klb9aT9WK9Wx+z1ow1nzkkf2B9/gC7LpiK</latexit>

(⌧,�, ✓,')
<latexit sha1_base64="bmhRSS9xIZMYYSThazsLgwfMBr4=">AAACEXicbVDLSgMxFM3UV62vUZdugkWomzIjRd0IRTcuK9gHdIaSyWTa0EwyJBmhDPMLbvwVNy4UcevOnX9j2s5CWw8EDufcw809QcKo0o7zbZVWVtfWN8qbla3tnd09e/+go0QqMWljwYTsBUgRRjlpa6oZ6SWSoDhgpBuMb6Z+94FIRQW/15OE+DEachpRjLSRBnZNwivoMRMIEfTCSCKceXIkap6iwxid5tmc5AO76tSdGeAycQtSBQVaA/vLCwVOY8I1Zkipvusk2s+Q1BQzkle8VJEE4TEakr6hHMVE+dnsohyeGCWEkZDmcQ1n6u9EhmKlJnFgJmOkR2rRm4r/ef1UR5d+RnmSasLxfFGUMqgFnNYDQyoJ1mxiCMKSmr9CPEKmFW1KrJgS3MWTl0nnrO6e1xt3jWrzuqijDI7AMagBF1yAJrgFLdAGGDyCZ/AK3qwn68V6tz7moyWryByCP7A+fwD+k50s</latexit>

r = �
⇢(�)

�

<latexit sha1_base64="/NWOyRbSR6nATJQn7xMwVTHpgE0=">AAAB+HicbVA9SwNBEN2LXzF+5NTSZjEIVuFORC2DNhYWEcwHJEfY2+wlS/Z2j905JR75JTYWitj6U+z8N26SKzTxwcDjvRlm5oWJ4AY879sprKyurW8UN0tb2zu7ZXdvv2lUqilrUCWUbofEMMElawAHwdqJZiQOBWuFo+up33pg2nAl72GcsCAmA8kjTglYqeeWu7csAs0HQyBaq8eeW/Gq3gx4mfg5qaAc9Z771e0rmsZMAhXEmI7vJRBkRAOngk1K3dSwhNARGbCOpZLEzATZ7PAJPrZKH0dK25KAZ+rviYzExozj0HbGBIZm0ZuK/3mdFKLLIOMySYFJOl8UpQKDwtMUcJ9rRkGMLSFUc3srpkOiCQWbVcmG4C++vEyap1X/vHp2d1apXeVxFNEhOkInyEcXqIZuUB01EEUpekav6M15cl6cd+dj3lpw8pkD9AfO5w87JJN6</latexit>, <latexit sha1_base64="PNpYAISX61nE/EBQiKsE3S6JEoA=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1iEKlISKepGKLpxWcE+oAlhMpm0Q2eSMDMRSyhu/BU3LhRx61e482+ctllo64GBwzn3cOceP2FUKsv6NgoLi0vLK8XV0tr6xuaWub3TknEqMGnimMWi4yNJGI1IU1HFSCcRBHGfkbY/uB777XsiJI2jOzVMiMtRL6IhxUhpyTP3hHcML6HDdCRAzgl8qDiS9jg68syyVbUmgPPEzkkZ5Gh45pcTxDjlJFKYISm7tpUoN0NCUczIqOSkkiQID1CPdDWNECfSzSYnjOChVgIYxkK/SMGJ+juRIS7lkPt6kiPVl7PeWPzP66YqvHAzGiWpIhGeLgpTBlUMx33AgAqCFRtqgrCg+q8Q95FAWOnWSroEe/bkedI6rdpn1dptrVy/yusogn1wACrABuegDm5AAzQBBo/gGbyCN+PJeDHejY/paMHIM7vgD4zPH79BlcE=</latexit>

r⇤ = �x(�)

<latexit sha1_base64="J0rTVHex3jDuj+ZW/k52IU0y5GY="></latexit>

⇢(�) : Conformal areal radius

<latexit sha1_base64="OrpsoIwJAsaRj9xAlOtdccBP2ic=">AAAEjXicbZPfbtMwFMbdUWCEP9vYJSBZTBNDiCmpGOWCoYldwC6QBqPbpLqbXOcktRonke10TFGveUYeAp6BkzTZmm6Wop58v8/nO3LjYRpJY133T2vpTvvuvfvLD5yHjx4/WVlde3pskkwL6IkkSvTpkBuIZAw9K20Ep6kGroYRnAzH+wU/mYA2Mol/2ssUBoqHsQyk4Bal89XfPhtyTc1Zh+6yU7nFjAwVf00piyCw/bfple </latexit>

ds̄2 = ⌅(�)
⇥
�p(�)d⌧2 + 2�(�)d⌧d� + w(�)d�2

⇤
+ ⇢(�)2d!2

Radial degrees of freedom
<latexit sha1_base64="7XWKNDMenMYdVIHoroN/Ob74yUU="></latexit>

�(�) := ⇢(�)� �⇢0(�)

Spacetime properties
<latexit sha1_base64="YC4tXimCzs48B7qYobA0A/C1XfE="></latexit>

F(�) =
p
a(r)b(r)

<latexit sha1_base64="AfQx4C6lgTvndQ1TZc8RwHBqAcU="></latexit>

p(�) := ��
d�

dr⇤
= � 1

x0(�)
<latexit sha1_base64="BymxTxNMUEKrq2N/156857Ef3Bk="></latexit>

⇣(�) =
p

a(r)/b(r)

<latexit sha1_base64="s9H3LKroeguuaeQrJ09uX68DfD0="></latexit>

t = �

 
⌧ �H(�)

!



HYPERBOLOIDAL METRIC
• Compactified hyperboloidal coordinates:

<latexit sha1_base64="CCvW6EHK5lzkqNoVYQybrM5mYys=">AAACCHicbVDJSgNBEO2JW4zbqEcPNgYhgoQZCeox6MVjBLNAZgg1nU7SpGehuyYQQo5e/BUvHhTx6id482/sLAdNfNDU470qqusFiRQaHefbyqysrq1vZDdzW9s7u3v2/kFNx6livMpiGatGAJpLEfEqCpS8kSgOYSB5PejfTvz6gCst4ugBhwn3Q+hGoiMYoJFa9nHBQ0jPqadFNwRTscdxUgegkp44a9l5p+hMQZeJOyd5MkelZX957ZilIY+QSdC66ToJ+iNQKJjk45yXap4A60OXNw2NIOTaH00PGdNTo7RpJ1bmRUin6u+JEYRaD8PAdIaAPb3oTcT/vGaKnWt/JKIkRR6x2aJOKinGdJIKbQvFGcqhIcCUMH+lrAcKGJrsciYEd/HkZVK7KLqXxdJ9KV++mceRJUfkhBSIS65ImdyRCqkSRh7JM3klb9aT9WK9Wx+z1ow1nzkkf2B9/gC7LpiK</latexit>

(⌧,�, ✓,')
<latexit sha1_base64="bmhRSS9xIZMYYSThazsLgwfMBr4=">AAACEXicbVDLSgMxFM3UV62vUZdugkWomzIjRd0IRTcuK9gHdIaSyWTa0EwyJBmhDPMLbvwVNy4UcevOnX9j2s5CWw8EDufcw809QcKo0o7zbZVWVtfWN8qbla3tnd09e/+go0QqMWljwYTsBUgRRjlpa6oZ6SWSoDhgpBuMb6Z+94FIRQW/15OE+DEachpRjLSRBnZNwivoMRMIEfTCSCKceXIkap6iwxid5tmc5AO76tSdGeAycQtSBQVaA/vLCwVOY8I1Zkipvusk2s+Q1BQzkle8VJEE4TEakr6hHMVE+dnsohyeGCWEkZDmcQ1n6u9EhmKlJnFgJmOkR2rRm4r/ef1UR5d+RnmSasLxfFGUMqgFnNYDQyoJ1mxiCMKSmr9CPEKmFW1KrJgS3MWTl0nnrO6e1xt3jWrzuqijDI7AMagBF1yAJrgFLdAGGDyCZ/AK3qwn68V6tz7moyWryByCP7A+fwD+k50s</latexit>

r = �
⇢(�)

�

<latexit sha1_base64="/NWOyRbSR6nATJQn7xMwVTHpgE0=">AAAB+HicbVA9SwNBEN2LXzF+5NTSZjEIVuFORC2DNhYWEcwHJEfY2+wlS/Z2j905JR75JTYWitj6U+z8N26SKzTxwcDjvRlm5oWJ4AY879sprKyurW8UN0tb2zu7ZXdvv2lUqilrUCWUbofEMMElawAHwdqJZiQOBWuFo+up33pg2nAl72GcsCAmA8kjTglYqeeWu7csAs0HQyBaq8eeW/Gq3gx4mfg5qaAc9Z771e0rmsZMAhXEmI7vJRBkRAOngk1K3dSwhNARGbCOpZLEzATZ7PAJPrZKH0dK25KAZ+rviYzExozj0HbGBIZm0ZuK/3mdFKLLIOMySYFJOl8UpQKDwtMUcJ9rRkGMLSFUc3srpkOiCQWbVcmG4C++vEyap1X/vHp2d1apXeVxFNEhOkInyEcXqIZuUB01EEUpekav6M15cl6cd+dj3lpw8pkD9AfO5w87JJN6</latexit>, <latexit sha1_base64="PNpYAISX61nE/EBQiKsE3S6JEoA=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1iEKlISKepGKLpxWcE+oAlhMpm0Q2eSMDMRSyhu/BU3LhRx61e482+ctllo64GBwzn3cOceP2FUKsv6NgoLi0vLK8XV0tr6xuaWub3TknEqMGnimMWi4yNJGI1IU1HFSCcRBHGfkbY/uB777XsiJI2jOzVMiMtRL6IhxUhpyTP3hHcML6HDdCRAzgl8qDiS9jg68syyVbUmgPPEzkkZ5Gh45pcTxDjlJFKYISm7tpUoN0NCUczIqOSkkiQID1CPdDWNECfSzSYnjOChVgIYxkK/SMGJ+juRIS7lkPt6kiPVl7PeWPzP66YqvHAzGiWpIhGeLgpTBlUMx33AgAqCFRtqgrCg+q8Q95FAWOnWSroEe/bkedI6rdpn1dptrVy/yusogn1wACrABuegDm5AAzQBBo/gGbyCN+PJeDHejY/paMHIM7vgD4zPH79BlcE=</latexit>

r⇤ = �x(�)

<latexit sha1_base64="J0rTVHex3jDuj+ZW/k52IU0y5GY="></latexit>

⇢(�) : Conformal areal radius

<latexit sha1_base64="OrpsoIwJAsaRj9xAlOtdccBP2ic=">AAAEjXicbZPfbtMwFMbdUWCEP9vYJSBZTBNDiCmpGOWCoYldwC6QBqPbpLqbXOcktRonke10TFGveUYeAp6BkzTZmm6Wop58v8/nO3LjYRpJY133T2vpTvvuvfvLD5yHjx4/WVlde3pskkwL6IkkSvTpkBuIZAw9K20Ep6kGroYRnAzH+wU/mYA2Mol/2ssUBoqHsQyk4Bal89XfPhtyTc1Zh+6yU7nFjAwVf00piyCw/bfple </latexit>

ds̄2 = ⌅(�)
⇥
�p(�)d⌧2 + 2�(�)d⌧d� + w(�)d�2

⇤
+ ⇢(�)2d!2

Radial degrees of freedom
<latexit sha1_base64="7XWKNDMenMYdVIHoroN/Ob74yUU="></latexit>

�(�) := ⇢(�)� �⇢0(�)

Spacetime properties
<latexit sha1_base64="YC4tXimCzs48B7qYobA0A/C1XfE="></latexit>

F(�) =
p
a(r)b(r)

<latexit sha1_base64="AfQx4C6lgTvndQ1TZc8RwHBqAcU="></latexit>

p(�) := ��
d�

dr⇤
= � 1

x0(�)
<latexit sha1_base64="ThPZKPfxuvbArwWYzVeNYTjeVGE="></latexit>

p(�) =
�2F(�)

�(�)

<latexit sha1_base64="BymxTxNMUEKrq2N/156857Ef3Bk="></latexit>

⇣(�) =
p

a(r)/b(r)

<latexit sha1_base64="s9H3LKroeguuaeQrJ09uX68DfD0="></latexit>

t = �

 
⌧ �H(�)

!



HYPERBOLOIDAL METRIC
• Compactified hyperboloidal coordinates:

<latexit sha1_base64="CCvW6EHK5lzkqNoVYQybrM5mYys=">AAACCHicbVDJSgNBEO2JW4zbqEcPNgYhgoQZCeox6MVjBLNAZgg1nU7SpGehuyYQQo5e/BUvHhTx6id482/sLAdNfNDU470qqusFiRQaHefbyqysrq1vZDdzW9s7u3v2/kFNx6livMpiGatGAJpLEfEqCpS8kSgOYSB5PejfTvz6gCst4ugBhwn3Q+hGoiMYoJFa9nHBQ0jPqadFNwRTscdxUgegkp44a9l5p+hMQZeJOyd5MkelZX957ZilIY+QSdC66ToJ+iNQKJjk45yXap4A60OXNw2NIOTaH00PGdNTo7RpJ1bmRUin6u+JEYRaD8PAdIaAPb3oTcT/vGaKnWt/JKIkRR6x2aJOKinGdJIKbQvFGcqhIcCUMH+lrAcKGJrsciYEd/HkZVK7KLqXxdJ9KV++mceRJUfkhBSIS65ImdyRCqkSRh7JM3klb9aT9WK9Wx+z1ow1nzkkf2B9/gC7LpiK</latexit>

(⌧,�, ✓,')
<latexit sha1_base64="bmhRSS9xIZMYYSThazsLgwfMBr4=">AAACEXicbVDLSgMxFM3UV62vUZdugkWomzIjRd0IRTcuK9gHdIaSyWTa0EwyJBmhDPMLbvwVNy4UcevOnX9j2s5CWw8EDufcw809QcKo0o7zbZVWVtfWN8qbla3tnd09e/+go0QqMWljwYTsBUgRRjlpa6oZ6SWSoDhgpBuMb6Z+94FIRQW/15OE+DEachpRjLSRBnZNwivoMRMIEfTCSCKceXIkap6iwxid5tmc5AO76tSdGeAycQtSBQVaA/vLCwVOY8I1Zkipvusk2s+Q1BQzkle8VJEE4TEakr6hHMVE+dnsohyeGCWEkZDmcQ1n6u9EhmKlJnFgJmOkR2rRm4r/ef1UR5d+RnmSasLxfFGUMqgFnNYDQyoJ1mxiCMKSmr9CPEKmFW1KrJgS3MWTl0nnrO6e1xt3jWrzuqijDI7AMagBF1yAJrgFLdAGGDyCZ/AK3qwn68V6tz7moyWryByCP7A+fwD+k50s</latexit>

r = �
⇢(�)

�

<latexit sha1_base64="/NWOyRbSR6nATJQn7xMwVTHpgE0=">AAAB+HicbVA9SwNBEN2LXzF+5NTSZjEIVuFORC2DNhYWEcwHJEfY2+wlS/Z2j905JR75JTYWitj6U+z8N26SKzTxwcDjvRlm5oWJ4AY879sprKyurW8UN0tb2zu7ZXdvv2lUqilrUCWUbofEMMElawAHwdqJZiQOBWuFo+up33pg2nAl72GcsCAmA8kjTglYqeeWu7csAs0HQyBaq8eeW/Gq3gx4mfg5qaAc9Z771e0rmsZMAhXEmI7vJRBkRAOngk1K3dSwhNARGbCOpZLEzATZ7PAJPrZKH0dK25KAZ+rviYzExozj0HbGBIZm0ZuK/3mdFKLLIOMySYFJOl8UpQKDwtMUcJ9rRkGMLSFUc3srpkOiCQWbVcmG4C++vEyap1X/vHp2d1apXeVxFNEhOkInyEcXqIZuUB01EEUpekav6M15cl6cd+dj3lpw8pkD9AfO5w87JJN6</latexit>, <latexit sha1_base64="PNpYAISX61nE/EBQiKsE3S6JEoA=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1iEKlISKepGKLpxWcE+oAlhMpm0Q2eSMDMRSyhu/BU3LhRx61e482+ctllo64GBwzn3cOceP2FUKsv6NgoLi0vLK8XV0tr6xuaWub3TknEqMGnimMWi4yNJGI1IU1HFSCcRBHGfkbY/uB777XsiJI2jOzVMiMtRL6IhxUhpyTP3hHcML6HDdCRAzgl8qDiS9jg68syyVbUmgPPEzkkZ5Gh45pcTxDjlJFKYISm7tpUoN0NCUczIqOSkkiQID1CPdDWNECfSzSYnjOChVgIYxkK/SMGJ+juRIS7lkPt6kiPVl7PeWPzP66YqvHAzGiWpIhGeLgpTBlUMx33AgAqCFRtqgrCg+q8Q95FAWOnWSroEe/bkedI6rdpn1dptrVy/yusogn1wACrABuegDm5AAzQBBo/gGbyCN+PJeDHejY/paMHIM7vgD4zPH79BlcE=</latexit>

r⇤ = �x(�)

<latexit sha1_base64="J0rTVHex3jDuj+ZW/k52IU0y5GY="></latexit>

⇢(�) : Conformal areal radius

<latexit sha1_base64="OrpsoIwJAsaRj9xAlOtdccBP2ic=">AAAEjXicbZPfbtMwFMbdUWCEP9vYJSBZTBNDiCmpGOWCoYldwC6QBqPbpLqbXOcktRonke10TFGveUYeAp6BkzTZmm6Wop58v8/nO3LjYRpJY133T2vpTvvuvfvLD5yHjx4/WVlde3pskkwL6IkkSvTpkBuIZAw9K20Ep6kGroYRnAzH+wU/mYA2Mol/2ssUBoqHsQyk4Bal89XfPhtyTc1Zh+6yU7nFjAwVf00piyCw/bfple </latexit>

ds̄2 = ⌅(�)
⇥
�p(�)d⌧2 + 2�(�)d⌧d� + w(�)d�2

⇤
+ ⇢(�)2d!2

Radial degrees of freedom
<latexit sha1_base64="7XWKNDMenMYdVIHoroN/Ob74yUU="></latexit>

�(�) := ⇢(�)� �⇢0(�)

Spacetime properties
<latexit sha1_base64="YC4tXimCzs48B7qYobA0A/C1XfE="></latexit>

F(�) =
p
a(r)b(r)

<latexit sha1_base64="AfQx4C6lgTvndQ1TZc8RwHBqAcU="></latexit>

p(�) := ��
d�

dr⇤
= � 1

x0(�)
<latexit sha1_base64="ThPZKPfxuvbArwWYzVeNYTjeVGE="></latexit>

p(�) =
�2F(�)

�(�)

<latexit sha1_base64="UMfj5qwjX5rcaYDyZShu6VLMCHk="></latexit>

⌅(�) =
p
�⌘̄, ⌘̄ = det ⌘̄ab.

<latexit sha1_base64="BymxTxNMUEKrq2N/156857Ef3Bk="></latexit>

⇣(�) =
p

a(r)/b(r)

<latexit sha1_base64="s9H3LKroeguuaeQrJ09uX68DfD0="></latexit>

t = �

 
⌧ �H(�)

!



HYPERBOLOIDAL METRIC
• Compactified hyperboloidal coordinates:

<latexit sha1_base64="CCvW6EHK5lzkqNoVYQybrM5mYys=">AAACCHicbVDJSgNBEO2JW4zbqEcPNgYhgoQZCeox6MVjBLNAZgg1nU7SpGehuyYQQo5e/BUvHhTx6id482/sLAdNfNDU470qqusFiRQaHefbyqysrq1vZDdzW9s7u3v2/kFNx6livMpiGatGAJpLEfEqCpS8kSgOYSB5PejfTvz6gCst4ugBhwn3Q+hGoiMYoJFa9nHBQ0jPqadFNwRTscdxUgegkp44a9l5p+hMQZeJOyd5MkelZX957ZilIY+QSdC66ToJ+iNQKJjk45yXap4A60OXNw2NIOTaH00PGdNTo7RpJ1bmRUin6u+JEYRaD8PAdIaAPb3oTcT/vGaKnWt/JKIkRR6x2aJOKinGdJIKbQvFGcqhIcCUMH+lrAcKGJrsciYEd/HkZVK7KLqXxdJ9KV++mceRJUfkhBSIS65ImdyRCqkSRh7JM3klb9aT9WK9Wx+z1ow1nzkkf2B9/gC7LpiK</latexit>

(⌧,�, ✓,')
<latexit sha1_base64="bmhRSS9xIZMYYSThazsLgwfMBr4=">AAACEXicbVDLSgMxFM3UV62vUZdugkWomzIjRd0IRTcuK9gHdIaSyWTa0EwyJBmhDPMLbvwVNy4UcevOnX9j2s5CWw8EDufcw809QcKo0o7zbZVWVtfWN8qbla3tnd09e/+go0QqMWljwYTsBUgRRjlpa6oZ6SWSoDhgpBuMb6Z+94FIRQW/15OE+DEachpRjLSRBnZNwivoMRMIEfTCSCKceXIkap6iwxid5tmc5AO76tSdGeAycQtSBQVaA/vLCwVOY8I1Zkipvusk2s+Q1BQzkle8VJEE4TEakr6hHMVE+dnsohyeGCWEkZDmcQ1n6u9EhmKlJnFgJmOkR2rRm4r/ef1UR5d+RnmSasLxfFGUMqgFnNYDQyoJ1mxiCMKSmr9CPEKmFW1KrJgS3MWTl0nnrO6e1xt3jWrzuqijDI7AMagBF1yAJrgFLdAGGDyCZ/AK3qwn68V6tz7moyWryByCP7A+fwD+k50s</latexit>

r = �
⇢(�)

�

<latexit sha1_base64="/NWOyRbSR6nATJQn7xMwVTHpgE0=">AAAB+HicbVA9SwNBEN2LXzF+5NTSZjEIVuFORC2DNhYWEcwHJEfY2+wlS/Z2j905JR75JTYWitj6U+z8N26SKzTxwcDjvRlm5oWJ4AY879sprKyurW8UN0tb2zu7ZXdvv2lUqilrUCWUbofEMMElawAHwdqJZiQOBWuFo+up33pg2nAl72GcsCAmA8kjTglYqeeWu7csAs0HQyBaq8eeW/Gq3gx4mfg5qaAc9Z771e0rmsZMAhXEmI7vJRBkRAOngk1K3dSwhNARGbCOpZLEzATZ7PAJPrZKH0dK25KAZ+rviYzExozj0HbGBIZm0ZuK/3mdFKLLIOMySYFJOl8UpQKDwtMUcJ9rRkGMLSFUc3srpkOiCQWbVcmG4C++vEyap1X/vHp2d1apXeVxFNEhOkInyEcXqIZuUB01EEUpekav6M15cl6cd+dj3lpw8pkD9AfO5w87JJN6</latexit>, <latexit sha1_base64="PNpYAISX61nE/EBQiKsE3S6JEoA=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1iEKlISKepGKLpxWcE+oAlhMpm0Q2eSMDMRSyhu/BU3LhRx61e482+ctllo64GBwzn3cOceP2FUKsv6NgoLi0vLK8XV0tr6xuaWub3TknEqMGnimMWi4yNJGI1IU1HFSCcRBHGfkbY/uB777XsiJI2jOzVMiMtRL6IhxUhpyTP3hHcML6HDdCRAzgl8qDiS9jg68syyVbUmgPPEzkkZ5Gh45pcTxDjlJFKYISm7tpUoN0NCUczIqOSkkiQID1CPdDWNECfSzSYnjOChVgIYxkK/SMGJ+juRIS7lkPt6kiPVl7PeWPzP66YqvHAzGiWpIhGeLgpTBlUMx33AgAqCFRtqgrCg+q8Q95FAWOnWSroEe/bkedI6rdpn1dptrVy/yusogn1wACrABuegDm5AAzQBBo/gGbyCN+PJeDHejY/paMHIM7vgD4zPH79BlcE=</latexit>

r⇤ = �x(�)

<latexit sha1_base64="J0rTVHex3jDuj+ZW/k52IU0y5GY="></latexit>

⇢(�) : Conformal areal radius

<latexit sha1_base64="OrpsoIwJAsaRj9xAlOtdccBP2ic=">AAAEjXicbZPfbtMwFMbdUWCEP9vYJSBZTBNDiCmpGOWCoYldwC6QBqPbpLqbXOcktRonke10TFGveUYeAp6BkzTZmm6Wop58v8/nO3LjYRpJY133T2vpTvvuvfvLD5yHjx4/WVlde3pskkwL6IkkSvTpkBuIZAw9K20Ep6kGroYRnAzH+wU/mYA2Mol/2ssUBoqHsQyk4Bal89XfPhtyTc1Zh+6yU7nFjAwVf00piyCw/bfple </latexit>

ds̄2 = ⌅(�)
⇥
�p(�)d⌧2 + 2�(�)d⌧d� + w(�)d�2

⇤
+ ⇢(�)2d!2

Radial degrees of freedom
<latexit sha1_base64="7XWKNDMenMYdVIHoroN/Ob74yUU="></latexit>

�(�) := ⇢(�)� �⇢0(�)

Spacetime properties
<latexit sha1_base64="YC4tXimCzs48B7qYobA0A/C1XfE="></latexit>

F(�) =
p
a(r)b(r)

<latexit sha1_base64="AfQx4C6lgTvndQ1TZc8RwHBqAcU="></latexit>

p(�) := ��
d�

dr⇤
= � 1

x0(�)
<latexit sha1_base64="ThPZKPfxuvbArwWYzVeNYTjeVGE="></latexit>

p(�) =
�2F(�)

�(�)

<latexit sha1_base64="UMfj5qwjX5rcaYDyZShu6VLMCHk="></latexit>

⌅(�) =
p
�⌘̄, ⌘̄ = det ⌘̄ab.

<latexit sha1_base64="BymxTxNMUEKrq2N/156857Ef3Bk="></latexit>

⇣(�) =
p

a(r)/b(r)

<latexit sha1_base64="aQGAYZY7TwEkmAEJ05hQk4eX93Q="></latexit>

⌘̄ab

<latexit sha1_base64="s9H3LKroeguuaeQrJ09uX68DfD0="></latexit>

t = �

 
⌧ �H(�)

!



HYPERBOLOIDAL METRIC
• Compactified hyperboloidal coordinates:

<latexit sha1_base64="CCvW6EHK5lzkqNoVYQybrM5mYys=">AAACCHicbVDJSgNBEO2JW4zbqEcPNgYhgoQZCeox6MVjBLNAZgg1nU7SpGehuyYQQo5e/BUvHhTx6id482/sLAdNfNDU470qqusFiRQaHefbyqysrq1vZDdzW9s7u3v2/kFNx6livMpiGatGAJpLEfEqCpS8kSgOYSB5PejfTvz6gCst4ugBhwn3Q+hGoiMYoJFa9nHBQ0jPqadFNwRTscdxUgegkp44a9l5p+hMQZeJOyd5MkelZX957ZilIY+QSdC66ToJ+iNQKJjk45yXap4A60OXNw2NIOTaH00PGdNTo7RpJ1bmRUin6u+JEYRaD8PAdIaAPb3oTcT/vGaKnWt/JKIkRR6x2aJOKinGdJIKbQvFGcqhIcCUMH+lrAcKGJrsciYEd/HkZVK7KLqXxdJ9KV++mceRJUfkhBSIS65ImdyRCqkSRh7JM3klb9aT9WK9Wx+z1ow1nzkkf2B9/gC7LpiK</latexit>

(⌧,�, ✓,')
<latexit sha1_base64="bmhRSS9xIZMYYSThazsLgwfMBr4=">AAACEXicbVDLSgMxFM3UV62vUZdugkWomzIjRd0IRTcuK9gHdIaSyWTa0EwyJBmhDPMLbvwVNy4UcevOnX9j2s5CWw8EDufcw809QcKo0o7zbZVWVtfWN8qbla3tnd09e/+go0QqMWljwYTsBUgRRjlpa6oZ6SWSoDhgpBuMb6Z+94FIRQW/15OE+DEachpRjLSRBnZNwivoMRMIEfTCSCKceXIkap6iwxid5tmc5AO76tSdGeAycQtSBQVaA/vLCwVOY8I1Zkipvusk2s+Q1BQzkle8VJEE4TEakr6hHMVE+dnsohyeGCWEkZDmcQ1n6u9EhmKlJnFgJmOkR2rRm4r/ef1UR5d+RnmSasLxfFGUMqgFnNYDQyoJ1mxiCMKSmr9CPEKmFW1KrJgS3MWTl0nnrO6e1xt3jWrzuqijDI7AMagBF1yAJrgFLdAGGDyCZ/AK3qwn68V6tz7moyWryByCP7A+fwD+k50s</latexit>

r = �
⇢(�)

�

<latexit sha1_base64="/NWOyRbSR6nATJQn7xMwVTHpgE0=">AAAB+HicbVA9SwNBEN2LXzF+5NTSZjEIVuFORC2DNhYWEcwHJEfY2+wlS/Z2j905JR75JTYWitj6U+z8N26SKzTxwcDjvRlm5oWJ4AY879sprKyurW8UN0tb2zu7ZXdvv2lUqilrUCWUbofEMMElawAHwdqJZiQOBWuFo+up33pg2nAl72GcsCAmA8kjTglYqeeWu7csAs0HQyBaq8eeW/Gq3gx4mfg5qaAc9Z771e0rmsZMAhXEmI7vJRBkRAOngk1K3dSwhNARGbCOpZLEzATZ7PAJPrZKH0dK25KAZ+rviYzExozj0HbGBIZm0ZuK/3mdFKLLIOMySYFJOl8UpQKDwtMUcJ9rRkGMLSFUc3srpkOiCQWbVcmG4C++vEyap1X/vHp2d1apXeVxFNEhOkInyEcXqIZuUB01EEUpekav6M15cl6cd+dj3lpw8pkD9AfO5w87JJN6</latexit>, <latexit sha1_base64="PNpYAISX61nE/EBQiKsE3S6JEoA=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1iEKlISKepGKLpxWcE+oAlhMpm0Q2eSMDMRSyhu/BU3LhRx61e482+ctllo64GBwzn3cOceP2FUKsv6NgoLi0vLK8XV0tr6xuaWub3TknEqMGnimMWi4yNJGI1IU1HFSCcRBHGfkbY/uB777XsiJI2jOzVMiMtRL6IhxUhpyTP3hHcML6HDdCRAzgl8qDiS9jg68syyVbUmgPPEzkkZ5Gh45pcTxDjlJFKYISm7tpUoN0NCUczIqOSkkiQID1CPdDWNECfSzSYnjOChVgIYxkK/SMGJ+juRIS7lkPt6kiPVl7PeWPzP66YqvHAzGiWpIhGeLgpTBlUMx33AgAqCFRtqgrCg+q8Q95FAWOnWSroEe/bkedI6rdpn1dptrVy/yusogn1wACrABuegDm5AAzQBBo/gGbyCN+PJeDHejY/paMHIM7vgD4zPH79BlcE=</latexit>

r⇤ = �x(�)

<latexit sha1_base64="J0rTVHex3jDuj+ZW/k52IU0y5GY="></latexit>

⇢(�) : Conformal areal radius

<latexit sha1_base64="OrpsoIwJAsaRj9xAlOtdccBP2ic=">AAAEjXicbZPfbtMwFMbdUWCEP9vYJSBZTBNDiCmpGOWCoYldwC6QBqPbpLqbXOcktRonke10TFGveUYeAp6BkzTZmm6Wop58v8/nO3LjYRpJY133T2vpTvvuvfvLD5yHjx4/WVlde3pskkwL6IkkSvTpkBuIZAw9K20Ep6kGroYRnAzH+wU/mYA2Mol/2ssUBoqHsQyk4Bal89XfPhtyTc1Zh+6yU7nFjAwVf00piyCw/bfple </latexit>

ds̄2 = ⌅(�)
⇥
�p(�)d⌧2 + 2�(�)d⌧d� + w(�)d�2

⇤
+ ⇢(�)2d!2

Radial degrees of freedom
<latexit sha1_base64="7XWKNDMenMYdVIHoroN/Ob74yUU="></latexit>

�(�) := ⇢(�)� �⇢0(�)

Spacetime properties
<latexit sha1_base64="YC4tXimCzs48B7qYobA0A/C1XfE="></latexit>

F(�) =
p
a(r)b(r)

<latexit sha1_base64="AfQx4C6lgTvndQ1TZc8RwHBqAcU="></latexit>

p(�) := ��
d�

dr⇤
= � 1

x0(�)
<latexit sha1_base64="ThPZKPfxuvbArwWYzVeNYTjeVGE="></latexit>

p(�) =
�2F(�)

�(�)

<latexit sha1_base64="UMfj5qwjX5rcaYDyZShu6VLMCHk="></latexit>

⌅(�) =
p
�⌘̄, ⌘̄ = det ⌘̄ab.

<latexit sha1_base64="FvMRL8jtvGx5aN/oVc9HKxa96u4="></latexit>

⌅(�) = ⇣(�)�(�)
<latexit sha1_base64="BymxTxNMUEKrq2N/156857Ef3Bk="></latexit>

⇣(�) =
p

a(r)/b(r)

<latexit sha1_base64="s9H3LKroeguuaeQrJ09uX68DfD0="></latexit>

t = �

 
⌧ �H(�)

!



HYPERBOLOIDAL METRIC
• Compactified hyperboloidal coordinates:

<latexit sha1_base64="CCvW6EHK5lzkqNoVYQybrM5mYys=">AAACCHicbVDJSgNBEO2JW4zbqEcPNgYhgoQZCeox6MVjBLNAZgg1nU7SpGehuyYQQo5e/BUvHhTx6id482/sLAdNfNDU470qqusFiRQaHefbyqysrq1vZDdzW9s7u3v2/kFNx6livMpiGatGAJpLEfEqCpS8kSgOYSB5PejfTvz6gCst4ugBhwn3Q+hGoiMYoJFa9nHBQ0jPqadFNwRTscdxUgegkp44a9l5p+hMQZeJOyd5MkelZX957ZilIY+QSdC66ToJ+iNQKJjk45yXap4A60OXNw2NIOTaH00PGdNTo7RpJ1bmRUin6u+JEYRaD8PAdIaAPb3oTcT/vGaKnWt/JKIkRR6x2aJOKinGdJIKbQvFGcqhIcCUMH+lrAcKGJrsciYEd/HkZVK7KLqXxdJ9KV++mceRJUfkhBSIS65ImdyRCqkSRh7JM3klb9aT9WK9Wx+z1ow1nzkkf2B9/gC7LpiK</latexit>

(⌧,�, ✓,')
<latexit sha1_base64="bmhRSS9xIZMYYSThazsLgwfMBr4=">AAACEXicbVDLSgMxFM3UV62vUZdugkWomzIjRd0IRTcuK9gHdIaSyWTa0EwyJBmhDPMLbvwVNy4UcevOnX9j2s5CWw8EDufcw809QcKo0o7zbZVWVtfWN8qbla3tnd09e/+go0QqMWljwYTsBUgRRjlpa6oZ6SWSoDhgpBuMb6Z+94FIRQW/15OE+DEachpRjLSRBnZNwivoMRMIEfTCSCKceXIkap6iwxid5tmc5AO76tSdGeAycQtSBQVaA/vLCwVOY8I1Zkipvusk2s+Q1BQzkle8VJEE4TEakr6hHMVE+dnsohyeGCWEkZDmcQ1n6u9EhmKlJnFgJmOkR2rRm4r/ef1UR5d+RnmSasLxfFGUMqgFnNYDQyoJ1mxiCMKSmr9CPEKmFW1KrJgS3MWTl0nnrO6e1xt3jWrzuqijDI7AMagBF1yAJrgFLdAGGDyCZ/AK3qwn68V6tz7moyWryByCP7A+fwD+k50s</latexit>

r = �
⇢(�)

�

<latexit sha1_base64="/NWOyRbSR6nATJQn7xMwVTHpgE0=">AAAB+HicbVA9SwNBEN2LXzF+5NTSZjEIVuFORC2DNhYWEcwHJEfY2+wlS/Z2j905JR75JTYWitj6U+z8N26SKzTxwcDjvRlm5oWJ4AY879sprKyurW8UN0tb2zu7ZXdvv2lUqilrUCWUbofEMMElawAHwdqJZiQOBWuFo+up33pg2nAl72GcsCAmA8kjTglYqeeWu7csAs0HQyBaq8eeW/Gq3gx4mfg5qaAc9Z771e0rmsZMAhXEmI7vJRBkRAOngk1K3dSwhNARGbCOpZLEzATZ7PAJPrZKH0dK25KAZ+rviYzExozj0HbGBIZm0ZuK/3mdFKLLIOMySYFJOl8UpQKDwtMUcJ9rRkGMLSFUc3srpkOiCQWbVcmG4C++vEyap1X/vHp2d1apXeVxFNEhOkInyEcXqIZuUB01EEUpekav6M15cl6cd+dj3lpw8pkD9AfO5w87JJN6</latexit>, <latexit sha1_base64="PNpYAISX61nE/EBQiKsE3S6JEoA=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1iEKlISKepGKLpxWcE+oAlhMpm0Q2eSMDMRSyhu/BU3LhRx61e482+ctllo64GBwzn3cOceP2FUKsv6NgoLi0vLK8XV0tr6xuaWub3TknEqMGnimMWi4yNJGI1IU1HFSCcRBHGfkbY/uB777XsiJI2jOzVMiMtRL6IhxUhpyTP3hHcML6HDdCRAzgl8qDiS9jg68syyVbUmgPPEzkkZ5Gh45pcTxDjlJFKYISm7tpUoN0NCUczIqOSkkiQID1CPdDWNECfSzSYnjOChVgIYxkK/SMGJ+juRIS7lkPt6kiPVl7PeWPzP66YqvHAzGiWpIhGeLgpTBlUMx33AgAqCFRtqgrCg+q8Q95FAWOnWSroEe/bkedI6rdpn1dptrVy/yusogn1wACrABuegDm5AAzQBBo/gGbyCN+PJeDHejY/paMHIM7vgD4zPH79BlcE=</latexit>

r⇤ = �x(�)

<latexit sha1_base64="J0rTVHex3jDuj+ZW/k52IU0y5GY="></latexit>

⇢(�) : Conformal areal radius

<latexit sha1_base64="OrpsoIwJAsaRj9xAlOtdccBP2ic=">AAAEjXicbZPfbtMwFMbdUWCEP9vYJSBZTBNDiCmpGOWCoYldwC6QBqPbpLqbXOcktRonke10TFGveUYeAp6BkzTZmm6Wop58v8/nO3LjYRpJY133T2vpTvvuvfvLD5yHjx4/WVlde3pskkwL6IkkSvTpkBuIZAw9K20Ep6kGroYRnAzH+wU/mYA2Mol/2ssUBoqHsQyk4Bal89XfPhtyTc1Zh+6yU7nFjAwVf00piyCw/bfple </latexit>

ds̄2 = ⌅(�)
⇥
�p(�)d⌧2 + 2�(�)d⌧d� + w(�)d�2

⇤
+ ⇢(�)2d!2

Radial degrees of freedom
<latexit sha1_base64="7XWKNDMenMYdVIHoroN/Ob74yUU="></latexit>

�(�) := ⇢(�)� �⇢0(�)

Spacetime properties
<latexit sha1_base64="YC4tXimCzs48B7qYobA0A/C1XfE="></latexit>

F(�) =
p
a(r)b(r)

<latexit sha1_base64="AfQx4C6lgTvndQ1TZc8RwHBqAcU="></latexit>

p(�) := ��
d�

dr⇤
= � 1

x0(�)
<latexit sha1_base64="ThPZKPfxuvbArwWYzVeNYTjeVGE="></latexit>

p(�) =
�2F(�)

�(�)

<latexit sha1_base64="UMfj5qwjX5rcaYDyZShu6VLMCHk="></latexit>

⌅(�) =
p
�⌘̄, ⌘̄ = det ⌘̄ab.

<latexit sha1_base64="FvMRL8jtvGx5aN/oVc9HKxa96u4="></latexit>

⌅(�) = ⇣(�)�(�)

Time degrees of freedom

<latexit sha1_base64="BymxTxNMUEKrq2N/156857Ef3Bk="></latexit>

⇣(�) =
p

a(r)/b(r)

<latexit sha1_base64="kFd6ZAQwJnEdnY32T0V/ljTKvdE="></latexit>

�(�) := ��
dH

dr⇤
= H

0(�)p(�)

<latexit sha1_base64="s9H3LKroeguuaeQrJ09uX68DfD0="></latexit>

t = �

 
⌧ �H(�)

!



HYPERBOLOIDAL METRIC
• Compactified hyperboloidal coordinates:

<latexit sha1_base64="CCvW6EHK5lzkqNoVYQybrM5mYys=">AAACCHicbVDJSgNBEO2JW4zbqEcPNgYhgoQZCeox6MVjBLNAZgg1nU7SpGehuyYQQo5e/BUvHhTx6id482/sLAdNfNDU470qqusFiRQaHefbyqysrq1vZDdzW9s7u3v2/kFNx6livMpiGatGAJpLEfEqCpS8kSgOYSB5PejfTvz6gCst4ugBhwn3Q+hGoiMYoJFa9nHBQ0jPqadFNwRTscdxUgegkp44a9l5p+hMQZeJOyd5MkelZX957ZilIY+QSdC66ToJ+iNQKJjk45yXap4A60OXNw2NIOTaH00PGdNTo7RpJ1bmRUin6u+JEYRaD8PAdIaAPb3oTcT/vGaKnWt/JKIkRR6x2aJOKinGdJIKbQvFGcqhIcCUMH+lrAcKGJrsciYEd/HkZVK7KLqXxdJ9KV++mceRJUfkhBSIS65ImdyRCqkSRh7JM3klb9aT9WK9Wx+z1ow1nzkkf2B9/gC7LpiK</latexit>

(⌧,�, ✓,')
<latexit sha1_base64="bmhRSS9xIZMYYSThazsLgwfMBr4=">AAACEXicbVDLSgMxFM3UV62vUZdugkWomzIjRd0IRTcuK9gHdIaSyWTa0EwyJBmhDPMLbvwVNy4UcevOnX9j2s5CWw8EDufcw809QcKo0o7zbZVWVtfWN8qbla3tnd09e/+go0QqMWljwYTsBUgRRjlpa6oZ6SWSoDhgpBuMb6Z+94FIRQW/15OE+DEachpRjLSRBnZNwivoMRMIEfTCSCKceXIkap6iwxid5tmc5AO76tSdGeAycQtSBQVaA/vLCwVOY8I1Zkipvusk2s+Q1BQzkle8VJEE4TEakr6hHMVE+dnsohyeGCWEkZDmcQ1n6u9EhmKlJnFgJmOkR2rRm4r/ef1UR5d+RnmSasLxfFGUMqgFnNYDQyoJ1mxiCMKSmr9CPEKmFW1KrJgS3MWTl0nnrO6e1xt3jWrzuqijDI7AMagBF1yAJrgFLdAGGDyCZ/AK3qwn68V6tz7moyWryByCP7A+fwD+k50s</latexit>

r = �
⇢(�)

�

<latexit sha1_base64="/NWOyRbSR6nATJQn7xMwVTHpgE0=">AAAB+HicbVA9SwNBEN2LXzF+5NTSZjEIVuFORC2DNhYWEcwHJEfY2+wlS/Z2j905JR75JTYWitj6U+z8N26SKzTxwcDjvRlm5oWJ4AY879sprKyurW8UN0tb2zu7ZXdvv2lUqilrUCWUbofEMMElawAHwdqJZiQOBWuFo+up33pg2nAl72GcsCAmA8kjTglYqeeWu7csAs0HQyBaq8eeW/Gq3gx4mfg5qaAc9Z771e0rmsZMAhXEmI7vJRBkRAOngk1K3dSwhNARGbCOpZLEzATZ7PAJPrZKH0dK25KAZ+rviYzExozj0HbGBIZm0ZuK/3mdFKLLIOMySYFJOl8UpQKDwtMUcJ9rRkGMLSFUc3srpkOiCQWbVcmG4C++vEyap1X/vHp2d1apXeVxFNEhOkInyEcXqIZuUB01EEUpekav6M15cl6cd+dj3lpw8pkD9AfO5w87JJN6</latexit>, <latexit sha1_base64="PNpYAISX61nE/EBQiKsE3S6JEoA=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1iEKlISKepGKLpxWcE+oAlhMpm0Q2eSMDMRSyhu/BU3LhRx61e482+ctllo64GBwzn3cOceP2FUKsv6NgoLi0vLK8XV0tr6xuaWub3TknEqMGnimMWi4yNJGI1IU1HFSCcRBHGfkbY/uB777XsiJI2jOzVMiMtRL6IhxUhpyTP3hHcML6HDdCRAzgl8qDiS9jg68syyVbUmgPPEzkkZ5Gh45pcTxDjlJFKYISm7tpUoN0NCUczIqOSkkiQID1CPdDWNECfSzSYnjOChVgIYxkK/SMGJ+juRIS7lkPt6kiPVl7PeWPzP66YqvHAzGiWpIhGeLgpTBlUMx33AgAqCFRtqgrCg+q8Q95FAWOnWSroEe/bkedI6rdpn1dptrVy/yusogn1wACrABuegDm5AAzQBBo/gGbyCN+PJeDHejY/paMHIM7vgD4zPH79BlcE=</latexit>

r⇤ = �x(�)

<latexit sha1_base64="J0rTVHex3jDuj+ZW/k52IU0y5GY="></latexit>

⇢(�) : Conformal areal radius

<latexit sha1_base64="OrpsoIwJAsaRj9xAlOtdccBP2ic=">AAAEjXicbZPfbtMwFMbdUWCEP9vYJSBZTBNDiCmpGOWCoYldwC6QBqPbpLqbXOcktRonke10TFGveUYeAp6BkzTZmm6Wop58v8/nO3LjYRpJY133T2vpTvvuvfvLD5yHjx4/WVlde3pskkwL6IkkSvTpkBuIZAw9K20Ep6kGroYRnAzH+wU/mYA2Mol/2ssUBoqHsQyk4Bal89XfPhtyTc1Zh+6yU7nFjAwVf00piyCw/bfple </latexit>

ds̄2 = ⌅(�)
⇥
�p(�)d⌧2 + 2�(�)d⌧d� + w(�)d�2

⇤
+ ⇢(�)2d!2

Radial degrees of freedom
<latexit sha1_base64="7XWKNDMenMYdVIHoroN/Ob74yUU="></latexit>

�(�) := ⇢(�)� �⇢0(�)

Spacetime properties
<latexit sha1_base64="YC4tXimCzs48B7qYobA0A/C1XfE="></latexit>

F(�) =
p
a(r)b(r)

<latexit sha1_base64="AfQx4C6lgTvndQ1TZc8RwHBqAcU="></latexit>

p(�) := ��
d�

dr⇤
= � 1

x0(�)
<latexit sha1_base64="ThPZKPfxuvbArwWYzVeNYTjeVGE="></latexit>

p(�) =
�2F(�)

�(�)

<latexit sha1_base64="UMfj5qwjX5rcaYDyZShu6VLMCHk="></latexit>

⌅(�) =
p
�⌘̄, ⌘̄ = det ⌘̄ab.

<latexit sha1_base64="FvMRL8jtvGx5aN/oVc9HKxa96u4="></latexit>

⌅(�) = ⇣(�)�(�)

Time degrees of freedom

<latexit sha1_base64="BymxTxNMUEKrq2N/156857Ef3Bk="></latexit>

⇣(�) =
p

a(r)/b(r)

<latexit sha1_base64="kFd6ZAQwJnEdnY32T0V/ljTKvdE="></latexit>

�(�) := ��
dH

dr⇤
= H

0(�)p(�)

<latexit sha1_base64="do8COGCUTvfrFX7gQY3LbAzNl+4="></latexit>

w(�) :=
1� �(�)2

p(�)

<latexit sha1_base64="s9H3LKroeguuaeQrJ09uX68DfD0="></latexit>

t = �

 
⌧ �H(�)

!



HYPERBOLOIDAL GEOMETRY
• Compactified hyperboloidal coordinates:

<latexit sha1_base64="CCvW6EHK5lzkqNoVYQybrM5mYys=">AAACCHicbVDJSgNBEO2JW4zbqEcPNgYhgoQZCeox6MVjBLNAZgg1nU7SpGehuyYQQo5e/BUvHhTx6id482/sLAdNfNDU470qqusFiRQaHefbyqysrq1vZDdzW9s7u3v2/kFNx6livMpiGatGAJpLEfEqCpS8kSgOYSB5PejfTvz6gCst4ugBhwn3Q+hGoiMYoJFa9nHBQ0jPqadFNwRTscdxUgegkp44a9l5p+hMQZeJOyd5MkelZX957ZilIY+QSdC66ToJ+iNQKJjk45yXap4A60OXNw2NIOTaH00PGdNTo7RpJ1bmRUin6u+JEYRaD8PAdIaAPb3oTcT/vGaKnWt/JKIkRR6x2aJOKinGdJIKbQvFGcqhIcCUMH+lrAcKGJrsciYEd/HkZVK7KLqXxdJ9KV++mceRJUfkhBSIS65ImdyRCqkSRh7JM3klb9aT9WK9Wx+z1ow1nzkkf2B9/gC7LpiK</latexit>

(⌧,�, ✓,')
<latexit sha1_base64="OrpsoIwJAsaRj9xAlOtdccBP2ic="></latexit>

ds̄2 = ⌅(�)
⇥
�p(�)d⌧2 + 2�(�)d⌧d� + w(�)d�2

⇤
+ ⇢(�)2d!2

Causal structure



HYPERBOLOIDAL GEOMETRY
• Compactified hyperboloidal coordinates:

<latexit sha1_base64="CCvW6EHK5lzkqNoVYQybrM5mYys=">AAACCHicbVDJSgNBEO2JW4zbqEcPNgYhgoQZCeox6MVjBLNAZgg1nU7SpGehuyYQQo5e/BUvHhTx6id482/sLAdNfNDU470qqusFiRQaHefbyqysrq1vZDdzW9s7u3v2/kFNx6livMpiGatGAJpLEfEqCpS8kSgOYSB5PejfTvz6gCst4ugBhwn3Q+hGoiMYoJFa9nHBQ0jPqadFNwRTscdxUgegkp44a9l5p+hMQZeJOyd5MkelZX957ZilIY+QSdC66ToJ+iNQKJjk45yXap4A60OXNw2NIOTaH00PGdNTo7RpJ1bmRUin6u+JEYRaD8PAdIaAPb3oTcT/vGaKnWt/JKIkRR6x2aJOKinGdJIKbQvFGcqhIcCUMH+lrAcKGJrsciYEd/HkZVK7KLqXxdJ9KV++mceRJUfkhBSIS65ImdyRCqkSRh7JM3klb9aT9WK9Wx+z1ow1nzkkf2B9/gC7LpiK</latexit>

(⌧,�, ✓,')
<latexit sha1_base64="OrpsoIwJAsaRj9xAlOtdccBP2ic="></latexit>

ds̄2 = ⌅(�)
⇥
�p(�)d⌧2 + 2�(�)d⌧d� + w(�)d�2

⇤
+ ⇢(�)2d!2

Causal structure
<latexit sha1_base64="TF1ONB+hYgOwzNnOzV2SVVxVjK8="></latexit>

l̄a = ⌫

✓
�a⌧ � 1 + �

w
�a�

◆

(Outgoing null vector)



HYPERBOLOIDAL GEOMETRY
• Compactified hyperboloidal coordinates:

<latexit sha1_base64="CCvW6EHK5lzkqNoVYQybrM5mYys=">AAACCHicbVDJSgNBEO2JW4zbqEcPNgYhgoQZCeox6MVjBLNAZgg1nU7SpGehuyYQQo5e/BUvHhTx6id482/sLAdNfNDU470qqusFiRQaHefbyqysrq1vZDdzW9s7u3v2/kFNx6livMpiGatGAJpLEfEqCpS8kSgOYSB5PejfTvz6gCst4ugBhwn3Q+hGoiMYoJFa9nHBQ0jPqadFNwRTscdxUgegkp44a9l5p+hMQZeJOyd5MkelZX957ZilIY+QSdC66ToJ+iNQKJjk45yXap4A60OXNw2NIOTaH00PGdNTo7RpJ1bmRUin6u+JEYRaD8PAdIaAPb3oTcT/vGaKnWt/JKIkRR6x2aJOKinGdJIKbQvFGcqhIcCUMH+lrAcKGJrsciYEd/HkZVK7KLqXxdJ9KV++mceRJUfkhBSIS65ImdyRCqkSRh7JM3klb9aT9WK9Wx+z1ow1nzkkf2B9/gC7LpiK</latexit>

(⌧,�, ✓,')
<latexit sha1_base64="OrpsoIwJAsaRj9xAlOtdccBP2ic="></latexit>

ds̄2 = ⌅(�)
⇥
�p(�)d⌧2 + 2�(�)d⌧d� + w(�)d�2

⇤
+ ⇢(�)2d!2

Causal structure

(Ingoing null vector)

<latexit sha1_base64="L24xVrppt6yIYUL8lralers17m0="></latexit>

k̄a =
w

2⌅⌫

✓
�a⌧ +

1� �

w
�a�

◆<latexit sha1_base64="TF1ONB+hYgOwzNnOzV2SVVxVjK8="></latexit>

l̄a = ⌫

✓
�a⌧ � 1 + �

w
�a�

◆

(Outgoing null vector)



HYPERBOLOIDAL GEOMETRY
• Compactified hyperboloidal coordinates:

<latexit sha1_base64="CCvW6EHK5lzkqNoVYQybrM5mYys=">AAACCHicbVDJSgNBEO2JW4zbqEcPNgYhgoQZCeox6MVjBLNAZgg1nU7SpGehuyYQQo5e/BUvHhTx6id482/sLAdNfNDU470qqusFiRQaHefbyqysrq1vZDdzW9s7u3v2/kFNx6livMpiGatGAJpLEfEqCpS8kSgOYSB5PejfTvz6gCst4ugBhwn3Q+hGoiMYoJFa9nHBQ0jPqadFNwRTscdxUgegkp44a9l5p+hMQZeJOyd5MkelZX957ZilIY+QSdC66ToJ+iNQKJjk45yXap4A60OXNw2NIOTaH00PGdNTo7RpJ1bmRUin6u+JEYRaD8PAdIaAPb3oTcT/vGaKnWt/JKIkRR6x2aJOKinGdJIKbQvFGcqhIcCUMH+lrAcKGJrsciYEd/HkZVK7KLqXxdJ9KV++mceRJUfkhBSIS65ImdyRCqkSRh7JM3klb9aT9WK9Wx+z1ow1nzkkf2B9/gC7LpiK</latexit>

(⌧,�, ✓,')
<latexit sha1_base64="OrpsoIwJAsaRj9xAlOtdccBP2ic="></latexit>

ds̄2 = ⌅(�)
⇥
�p(�)d⌧2 + 2�(�)d⌧d� + w(�)d�2

⇤
+ ⇢(�)2d!2

Causal structure

(Ingoing null vector)

<latexit sha1_base64="L24xVrppt6yIYUL8lralers17m0="></latexit>

k̄a =
w

2⌅⌫

✓
�a⌧ +

1� �

w
�a�

◆
<latexit sha1_base64="cUAamgbUOrVfQ5Jq006rpm6QiBs="></latexit>

n̄a =
w

⌅
�a⌧ � �

⌅
�a�

(Normal vector to 
time surfaces)

<latexit sha1_base64="F6I6WRqbVwi8GvcEpy5OqwMp8qQ="></latexit>

||n̄a||2 = �w

⌅

<latexit sha1_base64="TF1ONB+hYgOwzNnOzV2SVVxVjK8="></latexit>

l̄a = ⌫

✓
�a⌧ � 1 + �

w
�a�

◆

(Outgoing null vector)



HYPERBOLOIDAL GEOMETRY
• Compactified hyperboloidal coordinates:

<latexit sha1_base64="CCvW6EHK5lzkqNoVYQybrM5mYys=">AAACCHicbVDJSgNBEO2JW4zbqEcPNgYhgoQZCeox6MVjBLNAZgg1nU7SpGehuyYQQo5e/BUvHhTx6id482/sLAdNfNDU470qqusFiRQaHefbyqysrq1vZDdzW9s7u3v2/kFNx6livMpiGatGAJpLEfEqCpS8kSgOYSB5PejfTvz6gCst4ugBhwn3Q+hGoiMYoJFa9nHBQ0jPqadFNwRTscdxUgegkp44a9l5p+hMQZeJOyd5MkelZX957ZilIY+QSdC66ToJ+iNQKJjk45yXap4A60OXNw2NIOTaH00PGdNTo7RpJ1bmRUin6u+JEYRaD8PAdIaAPb3oTcT/vGaKnWt/JKIkRR6x2aJOKinGdJIKbQvFGcqhIcCUMH+lrAcKGJrsciYEd/HkZVK7KLqXxdJ9KV++mceRJUfkhBSIS65ImdyRCqkSRh7JM3klb9aT9WK9Wx+z1ow1nzkkf2B9/gC7LpiK</latexit>

(⌧,�, ✓,')
<latexit sha1_base64="OrpsoIwJAsaRj9xAlOtdccBP2ic="></latexit>

ds̄2 = ⌅(�)
⇥
�p(�)d⌧2 + 2�(�)d⌧d� + w(�)d�2

⇤
+ ⇢(�)2d!2

Causal structure

(Ingoing null vector)

<latexit sha1_base64="L24xVrppt6yIYUL8lralers17m0="></latexit>

k̄a =
w

2⌅⌫

✓
�a⌧ +

1� �

w
�a�

◆
<latexit sha1_base64="cUAamgbUOrVfQ5Jq006rpm6QiBs="></latexit>

n̄a =
w

⌅
�a⌧ � �

⌅
�a�

(Normal vector to 
time surfaces)

<latexit sha1_base64="F6I6WRqbVwi8GvcEpy5OqwMp8qQ="></latexit>

||n̄a||2 = �w

⌅

Hyperboloidal Surface

<latexit sha1_base64="TF1ONB+hYgOwzNnOzV2SVVxVjK8="></latexit>

l̄a = ⌫

✓
�a⌧ � 1 + �

w
�a�

◆

(Outgoing null vector)



HYPERBOLOIDAL GEOMETRY
• Compactified hyperboloidal coordinates:

<latexit sha1_base64="CCvW6EHK5lzkqNoVYQybrM5mYys=">AAACCHicbVDJSgNBEO2JW4zbqEcPNgYhgoQZCeox6MVjBLNAZgg1nU7SpGehuyYQQo5e/BUvHhTx6id482/sLAdNfNDU470qqusFiRQaHefbyqysrq1vZDdzW9s7u3v2/kFNx6livMpiGatGAJpLEfEqCpS8kSgOYSB5PejfTvz6gCst4ugBhwn3Q+hGoiMYoJFa9nHBQ0jPqadFNwRTscdxUgegkp44a9l5p+hMQZeJOyd5MkelZX957ZilIY+QSdC66ToJ+iNQKJjk45yXap4A60OXNw2NIOTaH00PGdNTo7RpJ1bmRUin6u+JEYRaD8PAdIaAPb3oTcT/vGaKnWt/JKIkRR6x2aJOKinGdJIKbQvFGcqhIcCUMH+lrAcKGJrsciYEd/HkZVK7KLqXxdJ9KV++mceRJUfkhBSIS65ImdyRCqkSRh7JM3klb9aT9WK9Wx+z1ow1nzkkf2B9/gC7LpiK</latexit>

(⌧,�, ✓,')
<latexit sha1_base64="OrpsoIwJAsaRj9xAlOtdccBP2ic="></latexit>

ds̄2 = ⌅(�)
⇥
�p(�)d⌧2 + 2�(�)d⌧d� + w(�)d�2

⇤
+ ⇢(�)2d!2

Causal structure

(Ingoing null vector)

<latexit sha1_base64="L24xVrppt6yIYUL8lralers17m0="></latexit>

k̄a =
w

2⌅⌫

✓
�a⌧ +

1� �

w
�a�

◆
<latexit sha1_base64="cUAamgbUOrVfQ5Jq006rpm6QiBs="></latexit>

n̄a =
w

⌅
�a⌧ � �

⌅
�a�

(Normal vector to 
time surfaces)

<latexit sha1_base64="F6I6WRqbVwi8GvcEpy5OqwMp8qQ="></latexit>

||n̄a||2 = �w

⌅

Hyperboloidal Surface
• Vector       is generator of null surfaces. <latexit sha1_base64="MCtXW7XaolShIQC5ht/3pMQlRLs="></latexit>

@⌧

<latexit sha1_base64="TF1ONB+hYgOwzNnOzV2SVVxVjK8="></latexit>

l̄a = ⌫

✓
�a⌧ � 1 + �

w
�a�

◆

(Outgoing null vector)



HYPERBOLOIDAL GEOMETRY
• Compactified hyperboloidal coordinates:

<latexit sha1_base64="CCvW6EHK5lzkqNoVYQybrM5mYys=">AAACCHicbVDJSgNBEO2JW4zbqEcPNgYhgoQZCeox6MVjBLNAZgg1nU7SpGehuyYQQo5e/BUvHhTx6id482/sLAdNfNDU470qqusFiRQaHefbyqysrq1vZDdzW9s7u3v2/kFNx6livMpiGatGAJpLEfEqCpS8kSgOYSB5PejfTvz6gCst4ugBhwn3Q+hGoiMYoJFa9nHBQ0jPqadFNwRTscdxUgegkp44a9l5p+hMQZeJOyd5MkelZX957ZilIY+QSdC66ToJ+iNQKJjk45yXap4A60OXNw2NIOTaH00PGdNTo7RpJ1bmRUin6u+JEYRaD8PAdIaAPb3oTcT/vGaKnWt/JKIkRR6x2aJOKinGdJIKbQvFGcqhIcCUMH+lrAcKGJrsciYEd/HkZVK7KLqXxdJ9KV++mceRJUfkhBSIS65ImdyRCqkSRh7JM3klb9aT9WK9Wx+z1ow1nzkkf2B9/gC7LpiK</latexit>

(⌧,�, ✓,')
<latexit sha1_base64="OrpsoIwJAsaRj9xAlOtdccBP2ic="></latexit>

ds̄2 = ⌅(�)
⇥
�p(�)d⌧2 + 2�(�)d⌧d� + w(�)d�2

⇤
+ ⇢(�)2d!2

Causal structure

(Ingoing null vector)

<latexit sha1_base64="L24xVrppt6yIYUL8lralers17m0="></latexit>

k̄a =
w

2⌅⌫

✓
�a⌧ +

1� �

w
�a�

◆
<latexit sha1_base64="cUAamgbUOrVfQ5Jq006rpm6QiBs="></latexit>

n̄a =
w

⌅
�a⌧ � �

⌅
�a�

(Normal vector to 
time surfaces)

<latexit sha1_base64="F6I6WRqbVwi8GvcEpy5OqwMp8qQ="></latexit>

||n̄a||2 = �w

⌅

Hyperboloidal Surface
• Vector       is generator of null surfaces. <latexit sha1_base64="MCtXW7XaolShIQC5ht/3pMQlRLs="></latexit>

@⌧
<latexit sha1_base64="eO6lR9/VjF6GktEJulQBkhdBilU="></latexit>

l̄a / �a⌧
<latexit sha1_base64="sKpdEG3NjZWDzbmbfN4APwaxrJQ="></latexit>

k̄a / �a⌧or

<latexit sha1_base64="TF1ONB+hYgOwzNnOzV2SVVxVjK8="></latexit>

l̄a = ⌫

✓
�a⌧ � 1 + �

w
�a�

◆

(Outgoing null vector)



HYPERBOLOIDAL GEOMETRY
• Compactified hyperboloidal coordinates:

<latexit sha1_base64="CCvW6EHK5lzkqNoVYQybrM5mYys=">AAACCHicbVDJSgNBEO2JW4zbqEcPNgYhgoQZCeox6MVjBLNAZgg1nU7SpGehuyYQQo5e/BUvHhTx6id482/sLAdNfNDU470qqusFiRQaHefbyqysrq1vZDdzW9s7u3v2/kFNx6livMpiGatGAJpLEfEqCpS8kSgOYSB5PejfTvz6gCst4ugBhwn3Q+hGoiMYoJFa9nHBQ0jPqadFNwRTscdxUgegkp44a9l5p+hMQZeJOyd5MkelZX957ZilIY+QSdC66ToJ+iNQKJjk45yXap4A60OXNw2NIOTaH00PGdNTo7RpJ1bmRUin6u+JEYRaD8PAdIaAPb3oTcT/vGaKnWt/JKIkRR6x2aJOKinGdJIKbQvFGcqhIcCUMH+lrAcKGJrsciYEd/HkZVK7KLqXxdJ9KV++mceRJUfkhBSIS65ImdyRCqkSRh7JM3klb9aT9WK9Wx+z1ow1nzkkf2B9/gC7LpiK</latexit>

(⌧,�, ✓,')
<latexit sha1_base64="OrpsoIwJAsaRj9xAlOtdccBP2ic="></latexit>

ds̄2 = ⌅(�)
⇥
�p(�)d⌧2 + 2�(�)d⌧d� + w(�)d�2

⇤
+ ⇢(�)2d!2

Causal structure

(Ingoing null vector)

<latexit sha1_base64="L24xVrppt6yIYUL8lralers17m0="></latexit>

k̄a =
w

2⌅⌫

✓
�a⌧ +

1� �

w
�a�

◆
<latexit sha1_base64="cUAamgbUOrVfQ5Jq006rpm6QiBs="></latexit>

n̄a =
w

⌅
�a⌧ � �

⌅
�a�

(Normal vector to 
time surfaces)

<latexit sha1_base64="F6I6WRqbVwi8GvcEpy5OqwMp8qQ="></latexit>

||n̄a||2 = �w

⌅

Hyperboloidal Surface
• Vector       is generator of null surfaces. <latexit sha1_base64="MCtXW7XaolShIQC5ht/3pMQlRLs="></latexit>

@⌧
<latexit sha1_base64="9aRUGcIQ0RnCV/K6F1+61wMp6IM="></latexit>

�|null surface = ±1
<latexit sha1_base64="eO6lR9/VjF6GktEJulQBkhdBilU="></latexit>

l̄a / �a⌧
<latexit sha1_base64="sKpdEG3NjZWDzbmbfN4APwaxrJQ="></latexit>

k̄a / �a⌧or

<latexit sha1_base64="TF1ONB+hYgOwzNnOzV2SVVxVjK8="></latexit>

l̄a = ⌫

✓
�a⌧ � 1 + �

w
�a�

◆

(Outgoing null vector)



HYPERBOLOIDAL GEOMETRY
• Compactified hyperboloidal coordinates:

<latexit sha1_base64="CCvW6EHK5lzkqNoVYQybrM5mYys=">AAACCHicbVDJSgNBEO2JW4zbqEcPNgYhgoQZCeox6MVjBLNAZgg1nU7SpGehuyYQQo5e/BUvHhTx6id482/sLAdNfNDU470qqusFiRQaHefbyqysrq1vZDdzW9s7u3v2/kFNx6livMpiGatGAJpLEfEqCpS8kSgOYSB5PejfTvz6gCst4ugBhwn3Q+hGoiMYoJFa9nHBQ0jPqadFNwRTscdxUgegkp44a9l5p+hMQZeJOyd5MkelZX957ZilIY+QSdC66ToJ+iNQKJjk45yXap4A60OXNw2NIOTaH00PGdNTo7RpJ1bmRUin6u+JEYRaD8PAdIaAPb3oTcT/vGaKnWt/JKIkRR6x2aJOKinGdJIKbQvFGcqhIcCUMH+lrAcKGJrsciYEd/HkZVK7KLqXxdJ9KV++mceRJUfkhBSIS65ImdyRCqkSRh7JM3klb9aT9WK9Wx+z1ow1nzkkf2B9/gC7LpiK</latexit>

(⌧,�, ✓,')
<latexit sha1_base64="OrpsoIwJAsaRj9xAlOtdccBP2ic="></latexit>

ds̄2 = ⌅(�)
⇥
�p(�)d⌧2 + 2�(�)d⌧d� + w(�)d�2

⇤
+ ⇢(�)2d!2

Causal structure

(Ingoing null vector)

<latexit sha1_base64="L24xVrppt6yIYUL8lralers17m0="></latexit>

k̄a =
w

2⌅⌫

✓
�a⌧ +

1� �

w
�a�

◆
<latexit sha1_base64="cUAamgbUOrVfQ5Jq006rpm6QiBs="></latexit>

n̄a =
w

⌅
�a⌧ � �

⌅
�a�

(Normal vector to 
time surfaces)

<latexit sha1_base64="F6I6WRqbVwi8GvcEpy5OqwMp8qQ="></latexit>

||n̄a||2 = �w

⌅

Hyperboloidal Surface

•Surfaces         constant are spacelike.<latexit sha1_base64="dwDvVViij1nF5/f2sjp5yxFk1AY="></latexit>⌧ =

• Vector       is generator of null surfaces. <latexit sha1_base64="MCtXW7XaolShIQC5ht/3pMQlRLs="></latexit>

@⌧
<latexit sha1_base64="9aRUGcIQ0RnCV/K6F1+61wMp6IM="></latexit>

�|null surface = ±1
<latexit sha1_base64="eO6lR9/VjF6GktEJulQBkhdBilU="></latexit>

l̄a / �a⌧
<latexit sha1_base64="sKpdEG3NjZWDzbmbfN4APwaxrJQ="></latexit>

k̄a / �a⌧or

<latexit sha1_base64="TF1ONB+hYgOwzNnOzV2SVVxVjK8="></latexit>

l̄a = ⌫

✓
�a⌧ � 1 + �

w
�a�

◆

(Outgoing null vector)



HYPERBOLOIDAL GEOMETRY
• Compactified hyperboloidal coordinates:

<latexit sha1_base64="CCvW6EHK5lzkqNoVYQybrM5mYys=">AAACCHicbVDJSgNBEO2JW4zbqEcPNgYhgoQZCeox6MVjBLNAZgg1nU7SpGehuyYQQo5e/BUvHhTx6id482/sLAdNfNDU470qqusFiRQaHefbyqysrq1vZDdzW9s7u3v2/kFNx6livMpiGatGAJpLEfEqCpS8kSgOYSB5PejfTvz6gCst4ugBhwn3Q+hGoiMYoJFa9nHBQ0jPqadFNwRTscdxUgegkp44a9l5p+hMQZeJOyd5MkelZX957ZilIY+QSdC66ToJ+iNQKJjk45yXap4A60OXNw2NIOTaH00PGdNTo7RpJ1bmRUin6u+JEYRaD8PAdIaAPb3oTcT/vGaKnWt/JKIkRR6x2aJOKinGdJIKbQvFGcqhIcCUMH+lrAcKGJrsciYEd/HkZVK7KLqXxdJ9KV++mceRJUfkhBSIS65ImdyRCqkSRh7JM3klb9aT9WK9Wx+z1ow1nzkkf2B9/gC7LpiK</latexit>

(⌧,�, ✓,')
<latexit sha1_base64="OrpsoIwJAsaRj9xAlOtdccBP2ic="></latexit>

ds̄2 = ⌅(�)
⇥
�p(�)d⌧2 + 2�(�)d⌧d� + w(�)d�2

⇤
+ ⇢(�)2d!2

Causal structure

(Ingoing null vector)

<latexit sha1_base64="L24xVrppt6yIYUL8lralers17m0="></latexit>

k̄a =
w

2⌅⌫

✓
�a⌧ +

1� �

w
�a�

◆
<latexit sha1_base64="cUAamgbUOrVfQ5Jq006rpm6QiBs="></latexit>

n̄a =
w

⌅
�a⌧ � �

⌅
�a�

(Normal vector to 
time surfaces)

<latexit sha1_base64="F6I6WRqbVwi8GvcEpy5OqwMp8qQ="></latexit>

||n̄a||2 = �w

⌅

Hyperboloidal Surface

•Surfaces         constant are spacelike.<latexit sha1_base64="dwDvVViij1nF5/f2sjp5yxFk1AY="></latexit>⌧ =
<latexit sha1_base64="4bomUN5HdJq8CWW/+NN1QV5W9j4="></latexit>

||n̄a||2 < 0 $ w(�) > 0

• Vector       is generator of null surfaces. <latexit sha1_base64="MCtXW7XaolShIQC5ht/3pMQlRLs="></latexit>

@⌧
<latexit sha1_base64="9aRUGcIQ0RnCV/K6F1+61wMp6IM="></latexit>

�|null surface = ±1
<latexit sha1_base64="eO6lR9/VjF6GktEJulQBkhdBilU="></latexit>

l̄a / �a⌧
<latexit sha1_base64="sKpdEG3NjZWDzbmbfN4APwaxrJQ="></latexit>

k̄a / �a⌧or

<latexit sha1_base64="TF1ONB+hYgOwzNnOzV2SVVxVjK8="></latexit>

l̄a = ⌫

✓
�a⌧ � 1 + �

w
�a�

◆

(Outgoing null vector)



HYPERBOLOIDAL GEOMETRY
• Compactified hyperboloidal coordinates:

<latexit sha1_base64="CCvW6EHK5lzkqNoVYQybrM5mYys=">AAACCHicbVDJSgNBEO2JW4zbqEcPNgYhgoQZCeox6MVjBLNAZgg1nU7SpGehuyYQQo5e/BUvHhTx6id482/sLAdNfNDU470qqusFiRQaHefbyqysrq1vZDdzW9s7u3v2/kFNx6livMpiGatGAJpLEfEqCpS8kSgOYSB5PejfTvz6gCst4ugBhwn3Q+hGoiMYoJFa9nHBQ0jPqadFNwRTscdxUgegkp44a9l5p+hMQZeJOyd5MkelZX957ZilIY+QSdC66ToJ+iNQKJjk45yXap4A60OXNw2NIOTaH00PGdNTo7RpJ1bmRUin6u+JEYRaD8PAdIaAPb3oTcT/vGaKnWt/JKIkRR6x2aJOKinGdJIKbQvFGcqhIcCUMH+lrAcKGJrsciYEd/HkZVK7KLqXxdJ9KV++mceRJUfkhBSIS65ImdyRCqkSRh7JM3klb9aT9WK9Wx+z1ow1nzkkf2B9/gC7LpiK</latexit>

(⌧,�, ✓,')
<latexit sha1_base64="OrpsoIwJAsaRj9xAlOtdccBP2ic="></latexit>

ds̄2 = ⌅(�)
⇥
�p(�)d⌧2 + 2�(�)d⌧d� + w(�)d�2

⇤
+ ⇢(�)2d!2

Causal structure

(Ingoing null vector)

<latexit sha1_base64="L24xVrppt6yIYUL8lralers17m0="></latexit>

k̄a =
w

2⌅⌫

✓
�a⌧ +

1� �

w
�a�

◆
<latexit sha1_base64="cUAamgbUOrVfQ5Jq006rpm6QiBs="></latexit>

n̄a =
w

⌅
�a⌧ � �

⌅
�a�

(Normal vector to 
time surfaces)

<latexit sha1_base64="F6I6WRqbVwi8GvcEpy5OqwMp8qQ="></latexit>

||n̄a||2 = �w

⌅

Hyperboloidal Surface

•Surfaces         constant are spacelike.<latexit sha1_base64="dwDvVViij1nF5/f2sjp5yxFk1AY="></latexit>⌧ =
<latexit sha1_base64="4bomUN5HdJq8CWW/+NN1QV5W9j4="></latexit>

||n̄a||2 < 0 $ w(�) > 0

• Vector       is generator of null surfaces. <latexit sha1_base64="MCtXW7XaolShIQC5ht/3pMQlRLs="></latexit>

@⌧
<latexit sha1_base64="9aRUGcIQ0RnCV/K6F1+61wMp6IM="></latexit>

�|null surface = ±1
<latexit sha1_base64="eO6lR9/VjF6GktEJulQBkhdBilU="></latexit>

l̄a / �a⌧
<latexit sha1_base64="sKpdEG3NjZWDzbmbfN4APwaxrJQ="></latexit>

k̄a / �a⌧or

<latexit sha1_base64="do8COGCUTvfrFX7gQY3LbAzNl+4="></latexit>

w(�) :=
1� �(�)2

p(�)

<latexit sha1_base64="TF1ONB+hYgOwzNnOzV2SVVxVjK8="></latexit>

l̄a = ⌫

✓
�a⌧ � 1 + �

w
�a�

◆

(Outgoing null vector)



HYPERBOLOIDAL GEOMETRY
• Compactified hyperboloidal coordinates:

<latexit sha1_base64="CCvW6EHK5lzkqNoVYQybrM5mYys=">AAACCHicbVDJSgNBEO2JW4zbqEcPNgYhgoQZCeox6MVjBLNAZgg1nU7SpGehuyYQQo5e/BUvHhTx6id482/sLAdNfNDU470qqusFiRQaHefbyqysrq1vZDdzW9s7u3v2/kFNx6livMpiGatGAJpLEfEqCpS8kSgOYSB5PejfTvz6gCst4ugBhwn3Q+hGoiMYoJFa9nHBQ0jPqadFNwRTscdxUgegkp44a9l5p+hMQZeJOyd5MkelZX957ZilIY+QSdC66ToJ+iNQKJjk45yXap4A60OXNw2NIOTaH00PGdNTo7RpJ1bmRUin6u+JEYRaD8PAdIaAPb3oTcT/vGaKnWt/JKIkRR6x2aJOKinGdJIKbQvFGcqhIcCUMH+lrAcKGJrsciYEd/HkZVK7KLqXxdJ9KV++mceRJUfkhBSIS65ImdyRCqkSRh7JM3klb9aT9WK9Wx+z1ow1nzkkf2B9/gC7LpiK</latexit>

(⌧,�, ✓,')
<latexit sha1_base64="OrpsoIwJAsaRj9xAlOtdccBP2ic="></latexit>

ds̄2 = ⌅(�)
⇥
�p(�)d⌧2 + 2�(�)d⌧d� + w(�)d�2

⇤
+ ⇢(�)2d!2

Causal structure

(Ingoing null vector)

<latexit sha1_base64="L24xVrppt6yIYUL8lralers17m0="></latexit>

k̄a =
w

2⌅⌫

✓
�a⌧ +

1� �

w
�a�

◆
<latexit sha1_base64="cUAamgbUOrVfQ5Jq006rpm6QiBs="></latexit>

n̄a =
w

⌅
�a⌧ � �

⌅
�a�

(Normal vector to 
time surfaces)

<latexit sha1_base64="F6I6WRqbVwi8GvcEpy5OqwMp8qQ="></latexit>

||n̄a||2 = �w

⌅

Hyperboloidal Surface

•Surfaces         constant are spacelike.<latexit sha1_base64="dwDvVViij1nF5/f2sjp5yxFk1AY="></latexit>⌧ =
<latexit sha1_base64="4bomUN5HdJq8CWW/+NN1QV5W9j4="></latexit>

||n̄a||2 < 0 $ w(�) > 0

• Vector       is generator of null surfaces. <latexit sha1_base64="MCtXW7XaolShIQC5ht/3pMQlRLs="></latexit>

@⌧
<latexit sha1_base64="9aRUGcIQ0RnCV/K6F1+61wMp6IM="></latexit>

�|null surface = ±1
<latexit sha1_base64="eO6lR9/VjF6GktEJulQBkhdBilU="></latexit>

l̄a / �a⌧
<latexit sha1_base64="sKpdEG3NjZWDzbmbfN4APwaxrJQ="></latexit>

k̄a / �a⌧or

<latexit sha1_base64="do8COGCUTvfrFX7gQY3LbAzNl+4="></latexit>

w(�) :=
1� �(�)2

p(�)
<latexit sha1_base64="C14BqF3siN9l63bysSdqYFNvbuQ="></latexit>

0

<latexit sha1_base64="TF1ONB+hYgOwzNnOzV2SVVxVjK8="></latexit>

l̄a = ⌫

✓
�a⌧ � 1 + �

w
�a�

◆

(Outgoing null vector)



HYPERBOLOIDAL GEOMETRY
• Compactified hyperboloidal coordinates:

<latexit sha1_base64="CCvW6EHK5lzkqNoVYQybrM5mYys=">AAACCHicbVDJSgNBEO2JW4zbqEcPNgYhgoQZCeox6MVjBLNAZgg1nU7SpGehuyYQQo5e/BUvHhTx6id482/sLAdNfNDU470qqusFiRQaHefbyqysrq1vZDdzW9s7u3v2/kFNx6livMpiGatGAJpLEfEqCpS8kSgOYSB5PejfTvz6gCst4ugBhwn3Q+hGoiMYoJFa9nHBQ0jPqadFNwRTscdxUgegkp44a9l5p+hMQZeJOyd5MkelZX957ZilIY+QSdC66ToJ+iNQKJjk45yXap4A60OXNw2NIOTaH00PGdNTo7RpJ1bmRUin6u+JEYRaD8PAdIaAPb3oTcT/vGaKnWt/JKIkRR6x2aJOKinGdJIKbQvFGcqhIcCUMH+lrAcKGJrsciYEd/HkZVK7KLqXxdJ9KV++mceRJUfkhBSIS65ImdyRCqkSRh7JM3klb9aT9WK9Wx+z1ow1nzkkf2B9/gC7LpiK</latexit>

(⌧,�, ✓,')
<latexit sha1_base64="OrpsoIwJAsaRj9xAlOtdccBP2ic="></latexit>

ds̄2 = ⌅(�)
⇥
�p(�)d⌧2 + 2�(�)d⌧d� + w(�)d�2

⇤
+ ⇢(�)2d!2

Causal structure

(Ingoing null vector)

<latexit sha1_base64="L24xVrppt6yIYUL8lralers17m0="></latexit>

k̄a =
w

2⌅⌫

✓
�a⌧ +

1� �

w
�a�

◆
<latexit sha1_base64="cUAamgbUOrVfQ5Jq006rpm6QiBs="></latexit>

n̄a =
w

⌅
�a⌧ � �

⌅
�a�

(Normal vector to 
time surfaces)

<latexit sha1_base64="F6I6WRqbVwi8GvcEpy5OqwMp8qQ="></latexit>

||n̄a||2 = �w

⌅

Hyperboloidal Surface

<latexit sha1_base64="TF1ONB+hYgOwzNnOzV2SVVxVjK8="></latexit>

l̄a = ⌫

✓
�a⌧ � 1 + �

w
�a�

◆

(Outgoing null vector)

<latexit sha1_base64="vXWTH6l1EzvCG1pNFG0e1pvCcUo="></latexit>

l̄a
<latexit sha1_base64="gbwfZXBZWVYlK0l2ksIfASCZP78="></latexit>

n̄a
<latexit sha1_base64="iLs3catgbWVIvracm9XamaHRohc="></latexit>

k̄a



SCHWARZSCHILD
<latexit sha1_base64="kJcsTopQ41ku6Eie2RuDNUp7Vfs="></latexit>

ds2 = �f(r)dt2 +
dr2

f(r)
+ r2d!2, f(r) = 1� rh

r



SCHWARZSCHILD
<latexit sha1_base64="kJcsTopQ41ku6Eie2RuDNUp7Vfs="></latexit>

ds2 = �f(r)dt2 +
dr2

f(r)
+ r2d!2, f(r) = 1� rh

r
M. Ansorg

( 1970; 2016)



SCHWARZSCHILD
<latexit sha1_base64="kJcsTopQ41ku6Eie2RuDNUp7Vfs="></latexit>

ds2 = �f(r)dt2 +
dr2

f(r)
+ r2d!2, f(r) = 1� rh

r
M. Ansorg

( 1970; 2016)
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<latexit sha1_base64="FWSlPXztnUdIquG0h9HVu/Um5bU=">AAACAHicbVDLSgMxFM3UV62vURcu3ASLUKGUGSnqsujGZQX7gHYomTTTCc1khuROoZRu/BU3LhRx62e4829M21lo64HLPZxzL8k9fiK4Bsf5tnJr6xubW/ntws7u3v6BfXjU1HGqKGvQWMSq7RPNBJesARwEayeKkcgXrOUP72Z+a8SU5rF8hHHCvIgMJA84JWCknn1SgjJWZdyFkAExfURUEvKLnl10Ks4ceJW4GSmiDPWe/dXtxzSNmAQqiNYd10nAmxAFnAo2LXRTzRJCh2TAOoZKEjHtTeYHTPG5Ufo4iJUpCXiu/t6YkEjrceSbyYhAqJe9mfif10khuPEmXCYpMEkXDwWpwBDjWRq4zxWjIMaGEKq4+SumIVGEgsmsYEJwl09eJc3LintVqT5Ui7XbLI48OkVnqIRcdI1q6B7VUQNRNEXP6BW9WU/Wi/VufSxGc1a2c4z+wPr8AXDLlQ0=</latexit>
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 (t, r) = e�i!t�(r)Fourier Transf.
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 (t, r) = e�i!t�(r)Fourier Transf.

Ansatz ODE 
theory

<latexit sha1_base64="TtqdJmziuYE+tEKhSx8PArYaOO4="></latexit>

� = rh , 2M = 1
<latexit sha1_base64="CCvW6EHK5lzkqNoVYQybrM5mYys=">AAACCHicbVDJSgNBEO2JW4zbqEcPNgYhgoQZCeox6MVjBLNAZgg1nU7SpGehuyYQQo5e/BUvHhTx6id482/sLAdNfNDU470qqusFiRQaHefbyqysrq1vZDdzW9s7u3v2/kFNx6livMpiGatGAJpLEfEqCpS8kSgOYSB5PejfTvz6gCst4ugBhwn3Q+hGoiMYoJFa9nHBQ0jPqadFNwRTscdxUgegkp44a9l5p+hMQZeJOyd5MkelZX957ZilIY+QSdC66ToJ+iNQKJjk45yXap4A60OXNw2NIOTaH00PGdNTo7RpJ1bmRUin6u+JEYRaD8PAdIaAPb3oTcT/vGaKnWt/JKIkRR6x2aJOKinGdJIKbQvFGcqhIcCUMH+lrAcKGJrsciYEd/HkZVK7KLqXxdJ9KV++mceRJUfkhBSIS65ImdyRCqkSRh7JM3klb9aT9WK9Wx+z1ow1nzkkf2B9/gC7LpiK</latexit>

(⌧,�, ✓,')
<latexit sha1_base64="ZjgZOQNxdus3iHkKg/Wrs4UCR0w="></latexit>

 ̄(⌧,�) =  (t(⌧,�), r(�))
<latexit sha1_base64="ASL7SuILqsCN4wEZuCSBb5iMLEs="></latexit>

�w  ̄,⌧⌧ +L2 ̄ +L1 ̄,⌧ = 0

Fourier Transf.<latexit sha1_base64="WZeyw+UUoCtj3SetgPei7ZUcIeY="></latexit>

 ̄(⌧,�) = es⌧ �̄(�)|{z}
regular

<latexit sha1_base64="bhVv9xUEW6DFLGj/s8APwKFYyDo="></latexit>�
L2 + sL1 � s2w

�
�̄ = 0

Taylor Expansion 
(Horizon)

<latexit sha1_base64="o2psQ+ECX1JU19qVjGLiAPP/u5U="></latexit>

�̄L(r) =
1X

n=0

an

✓
1� 1

r

◆n

<latexit sha1_base64="z5kUjEOqRjErttwx0HZ0fX5gvX8="></latexit>

�(r) = r2i! (r � 1)�i! e2i!(r�1)

| {z }
BC

�̄L(r)| {z }
regular



QUASINORMAL MODES
<latexit sha1_base64="FWSlPXztnUdIquG0h9HVu/Um5bU=">AAACAHicbVDLSgMxFM3UV62vURcu3ASLUKGUGSnqsujGZQX7gHYomTTTCc1khuROoZRu/BU3LhRx62e4829M21lo64HLPZxzL8k9fiK4Bsf5tnJr6xubW/ntws7u3v6BfXjU1HGqKGvQWMSq7RPNBJesARwEayeKkcgXrOUP72Z+a8SU5rF8hHHCvIgMJA84JWCknn1SgjJWZdyFkAExfURUEvKLnl10Ks4ceJW4GSmiDPWe/dXtxzSNmAQqiNYd10nAmxAFnAo2LXRTzRJCh2TAOoZKEjHtTeYHTPG5Ufo4iJUpCXiu/t6YkEjrceSbyYhAqJe9mfif10khuPEmXCYpMEkXDwWpwBDjWRq4zxWjIMaGEKq4+SumIVGEgsmsYEJwl09eJc3LintVqT5Ui7XbLI48OkVnqIRcdI1q6B7VUQNRNEXP6BW9WU/Wi/VufSxGc1a2c4z+wPr8AXDLlQ0=</latexit>

(t, r, ✓,')
<latexit sha1_base64="CL4emJU8eJY1wQifaIpgMTtHBAM="></latexit>

� ,tt +  ,r⇤r⇤ � V (r) = 0

<latexit sha1_base64="Go6wmPwul0AMDWHYL15Ya0pOKk0="></latexit>

�,r⇤r⇤ �
�
V (r)� !2

�
� = 0

(Leaver 1985)

<latexit sha1_base64="K7UX/S3vg7rRx+WxGdfyplISnxs="></latexit>

 (t, r) = e�i!t�(r)Fourier Transf.

Ansatz ODE 
theory

<latexit sha1_base64="TtqdJmziuYE+tEKhSx8PArYaOO4="></latexit>

� = rh , 2M = 1
<latexit sha1_base64="CCvW6EHK5lzkqNoVYQybrM5mYys=">AAACCHicbVDJSgNBEO2JW4zbqEcPNgYhgoQZCeox6MVjBLNAZgg1nU7SpGehuyYQQo5e/BUvHhTx6id482/sLAdNfNDU470qqusFiRQaHefbyqysrq1vZDdzW9s7u3v2/kFNx6livMpiGatGAJpLEfEqCpS8kSgOYSB5PejfTvz6gCst4ugBhwn3Q+hGoiMYoJFa9nHBQ0jPqadFNwRTscdxUgegkp44a9l5p+hMQZeJOyd5MkelZX957ZilIY+QSdC66ToJ+iNQKJjk45yXap4A60OXNw2NIOTaH00PGdNTo7RpJ1bmRUin6u+JEYRaD8PAdIaAPb3oTcT/vGaKnWt/JKIkRR6x2aJOKinGdJIKbQvFGcqhIcCUMH+lrAcKGJrsciYEd/HkZVK7KLqXxdJ9KV++mceRJUfkhBSIS65ImdyRCqkSRh7JM3klb9aT9WK9Wx+z1ow1nzkkf2B9/gC7LpiK</latexit>

(⌧,�, ✓,')
<latexit sha1_base64="ZjgZOQNxdus3iHkKg/Wrs4UCR0w="></latexit>

 ̄(⌧,�) =  (t(⌧,�), r(�))
<latexit sha1_base64="ASL7SuILqsCN4wEZuCSBb5iMLEs="></latexit>

�w  ̄,⌧⌧ +L2 ̄ +L1 ̄,⌧ = 0

Fourier Transf.<latexit sha1_base64="WZeyw+UUoCtj3SetgPei7ZUcIeY="></latexit>

 ̄(⌧,�) = es⌧ �̄(�)|{z}
regular

<latexit sha1_base64="bhVv9xUEW6DFLGj/s8APwKFYyDo="></latexit>�
L2 + sL1 � s2w

�
�̄ = 0

Taylor Expansion 
(Horizon)

Taylor Expansion 
(Horizon)

<latexit sha1_base64="o2psQ+ECX1JU19qVjGLiAPP/u5U="></latexit>

�̄L(r) =
1X

n=0

an

✓
1� 1

r

◆n

<latexit sha1_base64="z5kUjEOqRjErttwx0HZ0fX5gvX8="></latexit>

�(r) = r2i! (r � 1)�i! e2i!(r�1)

| {z }
BC

�̄L(r)| {z }
regular



QUASINORMAL MODES
<latexit sha1_base64="FWSlPXztnUdIquG0h9HVu/Um5bU=">AAACAHicbVDLSgMxFM3UV62vURcu3ASLUKGUGSnqsujGZQX7gHYomTTTCc1khuROoZRu/BU3LhRx62e4829M21lo64HLPZxzL8k9fiK4Bsf5tnJr6xubW/ntws7u3v6BfXjU1HGqKGvQWMSq7RPNBJesARwEayeKkcgXrOUP72Z+a8SU5rF8hHHCvIgMJA84JWCknn1SgjJWZdyFkAExfURUEvKLnl10Ks4ceJW4GSmiDPWe/dXtxzSNmAQqiNYd10nAmxAFnAo2LXRTzRJCh2TAOoZKEjHtTeYHTPG5Ufo4iJUpCXiu/t6YkEjrceSbyYhAqJe9mfif10khuPEmXCYpMEkXDwWpwBDjWRq4zxWjIMaGEKq4+SumIVGEgsmsYEJwl09eJc3LintVqT5Ui7XbLI48OkVnqIRcdI1q6B7VUQNRNEXP6BW9WU/Wi/VufSxGc1a2c4z+wPr8AXDLlQ0=</latexit>

(t, r, ✓,')
<latexit sha1_base64="CL4emJU8eJY1wQifaIpgMTtHBAM="></latexit>

� ,tt +  ,r⇤r⇤ � V (r) = 0

<latexit sha1_base64="Go6wmPwul0AMDWHYL15Ya0pOKk0="></latexit>

�,r⇤r⇤ �
�
V (r)� !2

�
� = 0

(Leaver 1985)

<latexit sha1_base64="K7UX/S3vg7rRx+WxGdfyplISnxs="></latexit>

 (t, r) = e�i!t�(r)Fourier Transf.

Ansatz ODE 
theory

<latexit sha1_base64="TtqdJmziuYE+tEKhSx8PArYaOO4="></latexit>

� = rh , 2M = 1
<latexit sha1_base64="CCvW6EHK5lzkqNoVYQybrM5mYys=">AAACCHicbVDJSgNBEO2JW4zbqEcPNgYhgoQZCeox6MVjBLNAZgg1nU7SpGehuyYQQo5e/BUvHhTx6id482/sLAdNfNDU470qqusFiRQaHefbyqysrq1vZDdzW9s7u3v2/kFNx6livMpiGatGAJpLEfEqCpS8kSgOYSB5PejfTvz6gCst4ugBhwn3Q+hGoiMYoJFa9nHBQ0jPqadFNwRTscdxUgegkp44a9l5p+hMQZeJOyd5MkelZX957ZilIY+QSdC66ToJ+iNQKJjk45yXap4A60OXNw2NIOTaH00PGdNTo7RpJ1bmRUin6u+JEYRaD8PAdIaAPb3oTcT/vGaKnWt/JKIkRR6x2aJOKinGdJIKbQvFGcqhIcCUMH+lrAcKGJrsciYEd/HkZVK7KLqXxdJ9KV++mceRJUfkhBSIS65ImdyRCqkSRh7JM3klb9aT9WK9Wx+z1ow1nzkkf2B9/gC7LpiK</latexit>

(⌧,�, ✓,')
<latexit sha1_base64="ZjgZOQNxdus3iHkKg/Wrs4UCR0w="></latexit>

 ̄(⌧,�) =  (t(⌧,�), r(�))
<latexit sha1_base64="ASL7SuILqsCN4wEZuCSBb5iMLEs="></latexit>

�w  ̄,⌧⌧ +L2 ̄ +L1 ̄,⌧ = 0

Fourier Transf.<latexit sha1_base64="WZeyw+UUoCtj3SetgPei7ZUcIeY="></latexit>

 ̄(⌧,�) = es⌧ �̄(�)|{z}
regular

<latexit sha1_base64="bhVv9xUEW6DFLGj/s8APwKFYyDo="></latexit>�
L2 + sL1 � s2w

�
�̄ = 0

Taylor Expansion 
(Horizon)

<latexit sha1_base64="viWdyOuGO7qv4ZKs6H9b4SKVhLE="></latexit>

�̄(�) =
1X

n=0

ān(1� �)n

Taylor Expansion 
(Horizon)

<latexit sha1_base64="o2psQ+ECX1JU19qVjGLiAPP/u5U="></latexit>

�̄L(r) =
1X

n=0

an

✓
1� 1

r

◆n

<latexit sha1_base64="z5kUjEOqRjErttwx0HZ0fX5gvX8="></latexit>

�(r) = r2i! (r � 1)�i! e2i!(r�1)

| {z }
BC

�̄L(r)| {z }
regular



QUASINORMAL MODES
<latexit sha1_base64="FWSlPXztnUdIquG0h9HVu/Um5bU=">AAACAHicbVDLSgMxFM3UV62vURcu3ASLUKGUGSnqsujGZQX7gHYomTTTCc1khuROoZRu/BU3LhRx62e4829M21lo64HLPZxzL8k9fiK4Bsf5tnJr6xubW/ntws7u3v6BfXjU1HGqKGvQWMSq7RPNBJesARwEayeKkcgXrOUP72Z+a8SU5rF8hHHCvIgMJA84JWCknn1SgjJWZdyFkAExfURUEvKLnl10Ks4ceJW4GSmiDPWe/dXtxzSNmAQqiNYd10nAmxAFnAo2LXRTzRJCh2TAOoZKEjHtTeYHTPG5Ufo4iJUpCXiu/t6YkEjrceSbyYhAqJe9mfif10khuPEmXCYpMEkXDwWpwBDjWRq4zxWjIMaGEKq4+SumIVGEgsmsYEJwl09eJc3LintVqT5Ui7XbLI48OkVnqIRcdI1q6B7VUQNRNEXP6BW9WU/Wi/VufSxGc1a2c4z+wPr8AXDLlQ0=</latexit>

(t, r, ✓,')

(Leaver 1985) <latexit sha1_base64="TtqdJmziuYE+tEKhSx8PArYaOO4="></latexit>

� = rh , 2M = 1
<latexit sha1_base64="CCvW6EHK5lzkqNoVYQybrM5mYys=">AAACCHicbVDJSgNBEO2JW4zbqEcPNgYhgoQZCeox6MVjBLNAZgg1nU7SpGehuyYQQo5e/BUvHhTx6id482/sLAdNfNDU470qqusFiRQaHefbyqysrq1vZDdzW9s7u3v2/kFNx6livMpiGatGAJpLEfEqCpS8kSgOYSB5PejfTvz6gCst4ugBhwn3Q+hGoiMYoJFa9nHBQ0jPqadFNwRTscdxUgegkp44a9l5p+hMQZeJOyd5MkelZX957ZilIY+QSdC66ToJ+iNQKJjk45yXap4A60OXNw2NIOTaH00PGdNTo7RpJ1bmRUin6u+JEYRaD8PAdIaAPb3oTcT/vGaKnWt/JKIkRR6x2aJOKinGdJIKbQvFGcqhIcCUMH+lrAcKGJrsciYEd/HkZVK7KLqXxdJ9KV++mceRJUfkhBSIS65ImdyRCqkSRh7JM3klb9aT9WK9Wx+z1ow1nzkkf2B9/gC7LpiK</latexit>

(⌧,�, ✓,')
<latexit sha1_base64="ZjgZOQNxdus3iHkKg/Wrs4UCR0w="></latexit>

 ̄(⌧,�) =  (t(⌧,�), r(�))



QUASINORMAL MODES
<latexit sha1_base64="FWSlPXztnUdIquG0h9HVu/Um5bU=">AAACAHicbVDLSgMxFM3UV62vURcu3ASLUKGUGSnqsujGZQX7gHYomTTTCc1khuROoZRu/BU3LhRx62e4829M21lo64HLPZxzL8k9fiK4Bsf5tnJr6xubW/ntws7u3v6BfXjU1HGqKGvQWMSq7RPNBJesARwEayeKkcgXrOUP72Z+a8SU5rF8hHHCvIgMJA84JWCknn1SgjJWZdyFkAExfURUEvKLnl10Ks4ceJW4GSmiDPWe/dXtxzSNmAQqiNYd10nAmxAFnAo2LXRTzRJCh2TAOoZKEjHtTeYHTPG5Ufo4iJUpCXiu/t6YkEjrceSbyYhAqJe9mfif10khuPEmXCYpMEkXDwWpwBDjWRq4zxWjIMaGEKq4+SumIVGEgsmsYEJwl09eJc3LintVqT5Ui7XbLI48OkVnqIRcdI1q6B7VUQNRNEXP6BW9WU/Wi/VufSxGc1a2c4z+wPr8AXDLlQ0=</latexit>

(t, r, ✓,')

(Leaver 1985) <latexit sha1_base64="TtqdJmziuYE+tEKhSx8PArYaOO4="></latexit>

� = rh , 2M = 1
<latexit sha1_base64="CCvW6EHK5lzkqNoVYQybrM5mYys=">AAACCHicbVDJSgNBEO2JW4zbqEcPNgYhgoQZCeox6MVjBLNAZgg1nU7SpGehuyYQQo5e/BUvHhTx6id482/sLAdNfNDU470qqusFiRQaHefbyqysrq1vZDdzW9s7u3v2/kFNx6livMpiGatGAJpLEfEqCpS8kSgOYSB5PejfTvz6gCst4ugBhwn3Q+hGoiMYoJFa9nHBQ0jPqadFNwRTscdxUgegkp44a9l5p+hMQZeJOyd5MkelZX957ZilIY+QSdC66ToJ+iNQKJjk45yXap4A60OXNw2NIOTaH00PGdNTo7RpJ1bmRUin6u+JEYRaD8PAdIaAPb3oTcT/vGaKnWt/JKIkRR6x2aJOKinGdJIKbQvFGcqhIcCUMH+lrAcKGJrsciYEd/HkZVK7KLqXxdJ9KV++mceRJUfkhBSIS65ImdyRCqkSRh7JM3klb9aT9WK9Wx+z1ow1nzkkf2B9/gC7LpiK</latexit>

(⌧,�, ✓,')
<latexit sha1_base64="ZjgZOQNxdus3iHkKg/Wrs4UCR0w="></latexit>

 ̄(⌧,�) =  (t(⌧,�), r(�))

<latexit sha1_base64="z7MZS9BOw0fK11OGYjjbJjIWkB4="></latexit>

es⌧ �̄(�) = e�i!t(⌧,�)�(r(�))



QUASINORMAL MODES
<latexit sha1_base64="FWSlPXztnUdIquG0h9HVu/Um5bU=">AAACAHicbVDLSgMxFM3UV62vURcu3ASLUKGUGSnqsujGZQX7gHYomTTTCc1khuROoZRu/BU3LhRx62e4829M21lo64HLPZxzL8k9fiK4Bsf5tnJr6xubW/ntws7u3v6BfXjU1HGqKGvQWMSq7RPNBJesARwEayeKkcgXrOUP72Z+a8SU5rF8hHHCvIgMJA84JWCknn1SgjJWZdyFkAExfURUEvKLnl10Ks4ceJW4GSmiDPWe/dXtxzSNmAQqiNYd10nAmxAFnAo2LXRTzRJCh2TAOoZKEjHtTeYHTPG5Ufo4iJUpCXiu/t6YkEjrceSbyYhAqJe9mfif10khuPEmXCYpMEkXDwWpwBDjWRq4zxWjIMaGEKq4+SumIVGEgsmsYEJwl09eJc3LintVqT5Ui7XbLI48OkVnqIRcdI1q6B7VUQNRNEXP6BW9WU/Wi/VufSxGc1a2c4z+wPr8AXDLlQ0=</latexit>

(t, r, ✓,')

(Leaver 1985) <latexit sha1_base64="TtqdJmziuYE+tEKhSx8PArYaOO4="></latexit>

� = rh , 2M = 1
<latexit sha1_base64="CCvW6EHK5lzkqNoVYQybrM5mYys=">AAACCHicbVDJSgNBEO2JW4zbqEcPNgYhgoQZCeox6MVjBLNAZgg1nU7SpGehuyYQQo5e/BUvHhTx6id482/sLAdNfNDU470qqusFiRQaHefbyqysrq1vZDdzW9s7u3v2/kFNx6livMpiGatGAJpLEfEqCpS8kSgOYSB5PejfTvz6gCst4ugBhwn3Q+hGoiMYoJFa9nHBQ0jPqadFNwRTscdxUgegkp44a9l5p+hMQZeJOyd5MkelZX957ZilIY+QSdC66ToJ+iNQKJjk45yXap4A60OXNw2NIOTaH00PGdNTo7RpJ1bmRUin6u+JEYRaD8PAdIaAPb3oTcT/vGaKnWt/JKIkRR6x2aJOKinGdJIKbQvFGcqhIcCUMH+lrAcKGJrsciYEd/HkZVK7KLqXxdJ9KV++mceRJUfkhBSIS65ImdyRCqkSRh7JM3klb9aT9WK9Wx+z1ow1nzkkf2B9/gC7LpiK</latexit>

(⌧,�, ✓,')
<latexit sha1_base64="ZjgZOQNxdus3iHkKg/Wrs4UCR0w="></latexit>

 ̄(⌧,�) =  (t(⌧,�), r(�))

<latexit sha1_base64="z7MZS9BOw0fK11OGYjjbJjIWkB4="></latexit>

es⌧ �̄(�) = e�i!t(⌧,�)�(r(�))

<latexit sha1_base64="woJDKGK7+Trc4hK4rkGYVtXDV7A="></latexit>

es⌧ �̄(�) = e�i!�⌧ei!�H(�)�(r(�))



QUASINORMAL MODES
<latexit sha1_base64="FWSlPXztnUdIquG0h9HVu/Um5bU=">AAACAHicbVDLSgMxFM3UV62vURcu3ASLUKGUGSnqsujGZQX7gHYomTTTCc1khuROoZRu/BU3LhRx62e4829M21lo64HLPZxzL8k9fiK4Bsf5tnJr6xubW/ntws7u3v6BfXjU1HGqKGvQWMSq7RPNBJesARwEayeKkcgXrOUP72Z+a8SU5rF8hHHCvIgMJA84JWCknn1SgjJWZdyFkAExfURUEvKLnl10Ks4ceJW4GSmiDPWe/dXtxzSNmAQqiNYd10nAmxAFnAo2LXRTzRJCh2TAOoZKEjHtTeYHTPG5Ufo4iJUpCXiu/t6YkEjrceSbyYhAqJe9mfif10khuPEmXCYpMEkXDwWpwBDjWRq4zxWjIMaGEKq4+SumIVGEgsmsYEJwl09eJc3LintVqT5Ui7XbLI48OkVnqIRcdI1q6B7VUQNRNEXP6BW9WU/Wi/VufSxGc1a2c4z+wPr8AXDLlQ0=</latexit>

(t, r, ✓,')

(Leaver 1985) <latexit sha1_base64="TtqdJmziuYE+tEKhSx8PArYaOO4="></latexit>

� = rh , 2M = 1
<latexit sha1_base64="CCvW6EHK5lzkqNoVYQybrM5mYys=">AAACCHicbVDJSgNBEO2JW4zbqEcPNgYhgoQZCeox6MVjBLNAZgg1nU7SpGehuyYQQo5e/BUvHhTx6id482/sLAdNfNDU470qqusFiRQaHefbyqysrq1vZDdzW9s7u3v2/kFNx6livMpiGatGAJpLEfEqCpS8kSgOYSB5PejfTvz6gCst4ugBhwn3Q+hGoiMYoJFa9nHBQ0jPqadFNwRTscdxUgegkp44a9l5p+hMQZeJOyd5MkelZX957ZilIY+QSdC66ToJ+iNQKJjk45yXap4A60OXNw2NIOTaH00PGdNTo7RpJ1bmRUin6u+JEYRaD8PAdIaAPb3oTcT/vGaKnWt/JKIkRR6x2aJOKinGdJIKbQvFGcqhIcCUMH+lrAcKGJrsciYEd/HkZVK7KLqXxdJ9KV++mceRJUfkhBSIS65ImdyRCqkSRh7JM3klb9aT9WK9Wx+z1ow1nzkkf2B9/gC7LpiK</latexit>

(⌧,�, ✓,')
<latexit sha1_base64="ZjgZOQNxdus3iHkKg/Wrs4UCR0w="></latexit>

 ̄(⌧,�) =  (t(⌧,�), r(�))

<latexit sha1_base64="z7MZS9BOw0fK11OGYjjbJjIWkB4="></latexit>

es⌧ �̄(�) = e�i!t(⌧,�)�(r(�))

<latexit sha1_base64="woJDKGK7+Trc4hK4rkGYVtXDV7A="></latexit>

es⌧ �̄(�) = e�i!�⌧ei!�H(�)�(r(�))

<latexit sha1_base64="3ER2HkvbvydRAnZ2Y7rqyDvUWZQ="></latexit>

s = �i!�



QUASINORMAL MODES
<latexit sha1_base64="FWSlPXztnUdIquG0h9HVu/Um5bU=">AAACAHicbVDLSgMxFM3UV62vURcu3ASLUKGUGSnqsujGZQX7gHYomTTTCc1khuROoZRu/BU3LhRx62e4829M21lo64HLPZxzL8k9fiK4Bsf5tnJr6xubW/ntws7u3v6BfXjU1HGqKGvQWMSq7RPNBJesARwEayeKkcgXrOUP72Z+a8SU5rF8hHHCvIgMJA84JWCknn1SgjJWZdyFkAExfURUEvKLnl10Ks4ceJW4GSmiDPWe/dXtxzSNmAQqiNYd10nAmxAFnAo2LXRTzRJCh2TAOoZKEjHtTeYHTPG5Ufo4iJUpCXiu/t6YkEjrceSbyYhAqJe9mfif10khuPEmXCYpMEkXDwWpwBDjWRq4zxWjIMaGEKq4+SumIVGEgsmsYEJwl09eJc3LintVqT5Ui7XbLI48OkVnqIRcdI1q6B7VUQNRNEXP6BW9WU/Wi/VufSxGc1a2c4z+wPr8AXDLlQ0=</latexit>

(t, r, ✓,')

(Leaver 1985) <latexit sha1_base64="TtqdJmziuYE+tEKhSx8PArYaOO4="></latexit>

� = rh , 2M = 1
<latexit sha1_base64="CCvW6EHK5lzkqNoVYQybrM5mYys=">AAACCHicbVDJSgNBEO2JW4zbqEcPNgYhgoQZCeox6MVjBLNAZgg1nU7SpGehuyYQQo5e/BUvHhTx6id482/sLAdNfNDU470qqusFiRQaHefbyqysrq1vZDdzW9s7u3v2/kFNx6livMpiGatGAJpLEfEqCpS8kSgOYSB5PejfTvz6gCst4ugBhwn3Q+hGoiMYoJFa9nHBQ0jPqadFNwRTscdxUgegkp44a9l5p+hMQZeJOyd5MkelZX957ZilIY+QSdC66ToJ+iNQKJjk45yXap4A60OXNw2NIOTaH00PGdNTo7RpJ1bmRUin6u+JEYRaD8PAdIaAPb3oTcT/vGaKnWt/JKIkRR6x2aJOKinGdJIKbQvFGcqhIcCUMH+lrAcKGJrsciYEd/HkZVK7KLqXxdJ9KV++mceRJUfkhBSIS65ImdyRCqkSRh7JM3klb9aT9WK9Wx+z1ow1nzkkf2B9/gC7LpiK</latexit>

(⌧,�, ✓,')
<latexit sha1_base64="ZjgZOQNxdus3iHkKg/Wrs4UCR0w="></latexit>

 ̄(⌧,�) =  (t(⌧,�), r(�))

<latexit sha1_base64="z7MZS9BOw0fK11OGYjjbJjIWkB4="></latexit>

es⌧ �̄(�) = e�i!t(⌧,�)�(r(�))

<latexit sha1_base64="woJDKGK7+Trc4hK4rkGYVtXDV7A="></latexit>

es⌧ �̄(�) = e�i!�⌧ei!�H(�)�(r(�))

<latexit sha1_base64="3ER2HkvbvydRAnZ2Y7rqyDvUWZQ="></latexit>

s = �i!�

<latexit sha1_base64="rQT0hPJGjKhHzy0SOHyqNXgQur8="></latexit>

�(r) = esH(�)
| {z }

BC

�̄(�)|{z}
regular



QUASINORMAL MODES
<latexit sha1_base64="FWSlPXztnUdIquG0h9HVu/Um5bU=">AAACAHicbVDLSgMxFM3UV62vURcu3ASLUKGUGSnqsujGZQX7gHYomTTTCc1khuROoZRu/BU3LhRx62e4829M21lo64HLPZxzL8k9fiK4Bsf5tnJr6xubW/ntws7u3v6BfXjU1HGqKGvQWMSq7RPNBJesARwEayeKkcgXrOUP72Z+a8SU5rF8hHHCvIgMJA84JWCknn1SgjJWZdyFkAExfURUEvKLnl10Ks4ceJW4GSmiDPWe/dXtxzSNmAQqiNYd10nAmxAFnAo2LXRTzRJCh2TAOoZKEjHtTeYHTPG5Ufo4iJUpCXiu/t6YkEjrceSbyYhAqJe9mfif10khuPEmXCYpMEkXDwWpwBDjWRq4zxWjIMaGEKq4+SumIVGEgsmsYEJwl09eJc3LintVqT5Ui7XbLI48OkVnqIRcdI1q6B7VUQNRNEXP6BW9WU/Wi/VufSxGc1a2c4z+wPr8AXDLlQ0=</latexit>

(t, r, ✓,')

(Leaver 1985) <latexit sha1_base64="TtqdJmziuYE+tEKhSx8PArYaOO4="></latexit>

� = rh , 2M = 1
<latexit sha1_base64="CCvW6EHK5lzkqNoVYQybrM5mYys=">AAACCHicbVDJSgNBEO2JW4zbqEcPNgYhgoQZCeox6MVjBLNAZgg1nU7SpGehuyYQQo5e/BUvHhTx6id482/sLAdNfNDU470qqusFiRQaHefbyqysrq1vZDdzW9s7u3v2/kFNx6livMpiGatGAJpLEfEqCpS8kSgOYSB5PejfTvz6gCst4ugBhwn3Q+hGoiMYoJFa9nHBQ0jPqadFNwRTscdxUgegkp44a9l5p+hMQZeJOyd5MkelZX957ZilIY+QSdC66ToJ+iNQKJjk45yXap4A60OXNw2NIOTaH00PGdNTo7RpJ1bmRUin6u+JEYRaD8PAdIaAPb3oTcT/vGaKnWt/JKIkRR6x2aJOKinGdJIKbQvFGcqhIcCUMH+lrAcKGJrsciYEd/HkZVK7KLqXxdJ9KV++mceRJUfkhBSIS65ImdyRCqkSRh7JM3klb9aT9WK9Wx+z1ow1nzkkf2B9/gC7LpiK</latexit>

(⌧,�, ✓,')
<latexit sha1_base64="ZjgZOQNxdus3iHkKg/Wrs4UCR0w="></latexit>

 ̄(⌧,�) =  (t(⌧,�), r(�))

<latexit sha1_base64="z7MZS9BOw0fK11OGYjjbJjIWkB4="></latexit>

es⌧ �̄(�) = e�i!t(⌧,�)�(r(�))

<latexit sha1_base64="woJDKGK7+Trc4hK4rkGYVtXDV7A="></latexit>

es⌧ �̄(�) = e�i!�⌧ei!�H(�)�(r(�))

<latexit sha1_base64="3ER2HkvbvydRAnZ2Y7rqyDvUWZQ="></latexit>

s = �i!�

<latexit sha1_base64="rQT0hPJGjKhHzy0SOHyqNXgQur8="></latexit>

�(r) = esH(�)
| {z }

BC

�̄(�)|{z}
regular

 Height Function in 
Ansorg’s Recipe

 Radial 
transformation in 
Ansorg’s Recipe



QUASINORMAL MODES
<latexit sha1_base64="FWSlPXztnUdIquG0h9HVu/Um5bU=">AAACAHicbVDLSgMxFM3UV62vURcu3ASLUKGUGSnqsujGZQX7gHYomTTTCc1khuROoZRu/BU3LhRx62e4829M21lo64HLPZxzL8k9fiK4Bsf5tnJr6xubW/ntws7u3v6BfXjU1HGqKGvQWMSq7RPNBJesARwEayeKkcgXrOUP72Z+a8SU5rF8hHHCvIgMJA84JWCknn1SgjJWZdyFkAExfURUEvKLnl10Ks4ceJW4GSmiDPWe/dXtxzSNmAQqiNYd10nAmxAFnAo2LXRTzRJCh2TAOoZKEjHtTeYHTPG5Ufo4iJUpCXiu/t6YkEjrceSbyYhAqJe9mfif10khuPEmXCYpMEkXDwWpwBDjWRq4zxWjIMaGEKq4+SumIVGEgsmsYEJwl09eJc3LintVqT5Ui7XbLI48OkVnqIRcdI1q6B7VUQNRNEXP6BW9WU/Wi/VufSxGc1a2c4z+wPr8AXDLlQ0=</latexit>

(t, r, ✓,')

(Leaver 1985) <latexit sha1_base64="TtqdJmziuYE+tEKhSx8PArYaOO4="></latexit>

� = rh , 2M = 1
<latexit sha1_base64="CCvW6EHK5lzkqNoVYQybrM5mYys=">AAACCHicbVDJSgNBEO2JW4zbqEcPNgYhgoQZCeox6MVjBLNAZgg1nU7SpGehuyYQQo5e/BUvHhTx6id482/sLAdNfNDU470qqusFiRQaHefbyqysrq1vZDdzW9s7u3v2/kFNx6livMpiGatGAJpLEfEqCpS8kSgOYSB5PejfTvz6gCst4ugBhwn3Q+hGoiMYoJFa9nHBQ0jPqadFNwRTscdxUgegkp44a9l5p+hMQZeJOyd5MkelZX957ZilIY+QSdC66ToJ+iNQKJjk45yXap4A60OXNw2NIOTaH00PGdNTo7RpJ1bmRUin6u+JEYRaD8PAdIaAPb3oTcT/vGaKnWt/JKIkRR6x2aJOKinGdJIKbQvFGcqhIcCUMH+lrAcKGJrsciYEd/HkZVK7KLqXxdJ9KV++mceRJUfkhBSIS65ImdyRCqkSRh7JM3klb9aT9WK9Wx+z1ow1nzkkf2B9/gC7LpiK</latexit>

(⌧,�, ✓,')
<latexit sha1_base64="ZjgZOQNxdus3iHkKg/Wrs4UCR0w="></latexit>

 ̄(⌧,�) =  (t(⌧,�), r(�))

<latexit sha1_base64="z7MZS9BOw0fK11OGYjjbJjIWkB4="></latexit>

es⌧ �̄(�) = e�i!t(⌧,�)�(r(�))

<latexit sha1_base64="woJDKGK7+Trc4hK4rkGYVtXDV7A="></latexit>

es⌧ �̄(�) = e�i!�⌧ei!�H(�)�(r(�))

<latexit sha1_base64="3ER2HkvbvydRAnZ2Y7rqyDvUWZQ="></latexit>

s = �i!�

<latexit sha1_base64="rQT0hPJGjKhHzy0SOHyqNXgQur8="></latexit>

�(r) = esH(�)
| {z }

BC

�̄(�)|{z}
regular

<latexit sha1_base64="z5kUjEOqRjErttwx0HZ0fX5gvX8="></latexit>

�(r) = r2i! (r � 1)�i! e2i!(r�1)

| {z }
BC

�̄L(r)| {z }
regular

 Height Function in 
Ansorg’s Recipe

 Radial 
transformation in 
Ansorg’s Recipe



QUASINORMAL MODES
<latexit sha1_base64="FWSlPXztnUdIquG0h9HVu/Um5bU=">AAACAHicbVDLSgMxFM3UV62vURcu3ASLUKGUGSnqsujGZQX7gHYomTTTCc1khuROoZRu/BU3LhRx62e4829M21lo64HLPZxzL8k9fiK4Bsf5tnJr6xubW/ntws7u3v6BfXjU1HGqKGvQWMSq7RPNBJesARwEayeKkcgXrOUP72Z+a8SU5rF8hHHCvIgMJA84JWCknn1SgjJWZdyFkAExfURUEvKLnl10Ks4ceJW4GSmiDPWe/dXtxzSNmAQqiNYd10nAmxAFnAo2LXRTzRJCh2TAOoZKEjHtTeYHTPG5Ufo4iJUpCXiu/t6YkEjrceSbyYhAqJe9mfif10khuPEmXCYpMEkXDwWpwBDjWRq4zxWjIMaGEKq4+SumIVGEgsmsYEJwl09eJc3LintVqT5Ui7XbLI48OkVnqIRcdI1q6B7VUQNRNEXP6BW9WU/Wi/VufSxGc1a2c4z+wPr8AXDLlQ0=</latexit>

(t, r, ✓,')

(Leaver 1985) <latexit sha1_base64="TtqdJmziuYE+tEKhSx8PArYaOO4="></latexit>

� = rh , 2M = 1
<latexit sha1_base64="CCvW6EHK5lzkqNoVYQybrM5mYys=">AAACCHicbVDJSgNBEO2JW4zbqEcPNgYhgoQZCeox6MVjBLNAZgg1nU7SpGehuyYQQo5e/BUvHhTx6id482/sLAdNfNDU470qqusFiRQaHefbyqysrq1vZDdzW9s7u3v2/kFNx6livMpiGatGAJpLEfEqCpS8kSgOYSB5PejfTvz6gCst4ugBhwn3Q+hGoiMYoJFa9nHBQ0jPqadFNwRTscdxUgegkp44a9l5p+hMQZeJOyd5MkelZX957ZilIY+QSdC66ToJ+iNQKJjk45yXap4A60OXNw2NIOTaH00PGdNTo7RpJ1bmRUin6u+JEYRaD8PAdIaAPb3oTcT/vGaKnWt/JKIkRR6x2aJOKinGdJIKbQvFGcqhIcCUMH+lrAcKGJrsciYEd/HkZVK7KLqXxdJ9KV++mceRJUfkhBSIS65ImdyRCqkSRh7JM3klb9aT9WK9Wx+z1ow1nzkkf2B9/gC7LpiK</latexit>

(⌧,�, ✓,')
<latexit sha1_base64="ZjgZOQNxdus3iHkKg/Wrs4UCR0w="></latexit>

 ̄(⌧,�) =  (t(⌧,�), r(�))

<latexit sha1_base64="z7MZS9BOw0fK11OGYjjbJjIWkB4="></latexit>

es⌧ �̄(�) = e�i!t(⌧,�)�(r(�))

<latexit sha1_base64="woJDKGK7+Trc4hK4rkGYVtXDV7A="></latexit>

es⌧ �̄(�) = e�i!�⌧ei!�H(�)�(r(�))

<latexit sha1_base64="3ER2HkvbvydRAnZ2Y7rqyDvUWZQ="></latexit>

s = �i!�

<latexit sha1_base64="rQT0hPJGjKhHzy0SOHyqNXgQur8="></latexit>

�(r) = esH(�)
| {z }

BC

�̄(�)|{z}
regular

<latexit sha1_base64="z5kUjEOqRjErttwx0HZ0fX5gvX8="></latexit>

�(r) = r2i! (r � 1)�i! e2i!(r�1)

| {z }
BC

�̄L(r)| {z }
regular

Take Away Message
Leaver’s regular field is the frequency-domain 

representation of the hyperboloidal perturbation 
field           in the minimal gauge

<latexit sha1_base64="mI/sLOewH1+zixoRwPfpOnKzSBI="></latexit>

 ̄(⌧,�)

(M. Ansorg, RPM 2016)

 Height Function in 
Ansorg’s Recipe

 Radial 
transformation in 
Ansorg’s Recipe



QUASINORMAL MODES
<latexit sha1_base64="FWSlPXztnUdIquG0h9HVu/Um5bU=">AAACAHicbVDLSgMxFM3UV62vURcu3ASLUKGUGSnqsujGZQX7gHYomTTTCc1khuROoZRu/BU3LhRx62e4829M21lo64HLPZxzL8k9fiK4Bsf5tnJr6xubW/ntws7u3v6BfXjU1HGqKGvQWMSq7RPNBJesARwEayeKkcgXrOUP72Z+a8SU5rF8hHHCvIgMJA84JWCknn1SgjJWZdyFkAExfURUEvKLnl10Ks4ceJW4GSmiDPWe/dXtxzSNmAQqiNYd10nAmxAFnAo2LXRTzRJCh2TAOoZKEjHtTeYHTPG5Ufo4iJUpCXiu/t6YkEjrceSbyYhAqJe9mfif10khuPEmXCYpMEkXDwWpwBDjWRq4zxWjIMaGEKq4+SumIVGEgsmsYEJwl09eJc3LintVqT5Ui7XbLI48OkVnqIRcdI1q6B7VUQNRNEXP6BW9WU/Wi/VufSxGc1a2c4z+wPr8AXDLlQ0=</latexit>

(t, r, ✓,')

(Leaver 1985) <latexit sha1_base64="TtqdJmziuYE+tEKhSx8PArYaOO4="></latexit>

� = rh , 2M = 1
<latexit sha1_base64="CCvW6EHK5lzkqNoVYQybrM5mYys=">AAACCHicbVDJSgNBEO2JW4zbqEcPNgYhgoQZCeox6MVjBLNAZgg1nU7SpGehuyYQQo5e/BUvHhTx6id482/sLAdNfNDU470qqusFiRQaHefbyqysrq1vZDdzW9s7u3v2/kFNx6livMpiGatGAJpLEfEqCpS8kSgOYSB5PejfTvz6gCst4ugBhwn3Q+hGoiMYoJFa9nHBQ0jPqadFNwRTscdxUgegkp44a9l5p+hMQZeJOyd5MkelZX957ZilIY+QSdC66ToJ+iNQKJjk45yXap4A60OXNw2NIOTaH00PGdNTo7RpJ1bmRUin6u+JEYRaD8PAdIaAPb3oTcT/vGaKnWt/JKIkRR6x2aJOKinGdJIKbQvFGcqhIcCUMH+lrAcKGJrsciYEd/HkZVK7KLqXxdJ9KV++mceRJUfkhBSIS65ImdyRCqkSRh7JM3klb9aT9WK9Wx+z1ow1nzkkf2B9/gC7LpiK</latexit>

(⌧,�, ✓,')
<latexit sha1_base64="ZjgZOQNxdus3iHkKg/Wrs4UCR0w="></latexit>

 ̄(⌧,�) =  (t(⌧,�), r(�))

<latexit sha1_base64="z7MZS9BOw0fK11OGYjjbJjIWkB4="></latexit>

es⌧ �̄(�) = e�i!t(⌧,�)�(r(�))

<latexit sha1_base64="woJDKGK7+Trc4hK4rkGYVtXDV7A="></latexit>

es⌧ �̄(�) = e�i!�⌧ei!�H(�)�(r(�))

<latexit sha1_base64="3ER2HkvbvydRAnZ2Y7rqyDvUWZQ="></latexit>

s = �i!�

<latexit sha1_base64="rQT0hPJGjKhHzy0SOHyqNXgQur8="></latexit>

�(r) = esH(�)
| {z }

BC

�̄(�)|{z}
regular

<latexit sha1_base64="z5kUjEOqRjErttwx0HZ0fX5gvX8="></latexit>

�(r) = r2i! (r � 1)�i! e2i!(r�1)

| {z }
BC

�̄L(r)| {z }
regular

Take Away Message
Leaver’s regular field is the frequency-domain 

representation of the hyperboloidal perturbation 
field           in the minimal gauge

<latexit sha1_base64="mI/sLOewH1+zixoRwPfpOnKzSBI="></latexit>

 ̄(⌧,�)

(M. Ansorg, RPM 2016)

 Height Function in 
Ansorg’s Recipe

 Radial 
transformation in 
Ansorg’s Recipe

Decision #1
Follow Ansorg’s Recipe

1. Ingoing null coordinates
2. Integrate asymptotic behaviour of outgoing light rays
3. Choose integration constant as time coordinate
4. Simple compactification



REISSNER-NORDSTRÖM
<latexit sha1_base64="cfoQPTQgTSi+SGc7S5fIuKv/Mik="></latexit>

ds2 = �f(r)dt2 +
dr2

f(r)
+ r2d!2, f(r) = 1� 2M

r
+

Q2

r2



REISSNER-NORDSTRÖM
<latexit sha1_base64="cfoQPTQgTSi+SGc7S5fIuKv/Mik="></latexit>

ds2 = �f(r)dt2 +
dr2

f(r)
+ r2d!2, f(r) = 1� 2M

r
+

Q2

r2

“you still have to make a decision, you have to find the best point for it.



REISSNER-NORDSTRÖM

1. Ingoing null coordinates: <latexit sha1_base64="G+pFcHrsGgzqunbqJW/vMWMjGB4="></latexit>

v = t� r⇤
<latexit sha1_base64="oxagypbSKzbGIgDJCxzhon4bKXA="></latexit>

ds2 = dv

✓
� f(r)dv2 + 2dr

◆
+ r2d!2

<latexit sha1_base64="cfoQPTQgTSi+SGc7S5fIuKv/Mik="></latexit>

ds2 = �f(r)dt2 +
dr2

f(r)
+ r2d!2, f(r) = 1� 2M

r
+

Q2

r2

“you still have to make a decision, you have to find the best point for it.



REISSNER-NORDSTRÖM

1. Ingoing null coordinates: <latexit sha1_base64="G+pFcHrsGgzqunbqJW/vMWMjGB4="></latexit>

v = t� r⇤
<latexit sha1_base64="oxagypbSKzbGIgDJCxzhon4bKXA="></latexit>

ds2 = dv

✓
� f(r)dv2 + 2dr

◆
+ r2d!2

2. Consider asymptotic behaviour of outgoing light rays

<latexit sha1_base64="cfoQPTQgTSi+SGc7S5fIuKv/Mik="></latexit>

ds2 = �f(r)dt2 +
dr2

f(r)
+ r2d!2, f(r) = 1� 2M

r
+

Q2

r2

<latexit sha1_base64="wiAn1KKKzCfEY4WyaT/3TnBnTv0="></latexit>

dv

dr
=

2

f(r)
⇡ 2

✓
1 +

2M

r

◆

<latexit sha1_base64="1QmmP/Is4ICQZtPP59plt4S20RI="></latexit>

v = 2r + 4M ln

✓
r

rh

◆
+ C

“you still have to make a decision, you have to find the best point for it.



REISSNER-NORDSTRÖM

1. Ingoing null coordinates: <latexit sha1_base64="G+pFcHrsGgzqunbqJW/vMWMjGB4="></latexit>

v = t� r⇤
<latexit sha1_base64="oxagypbSKzbGIgDJCxzhon4bKXA="></latexit>

ds2 = dv

✓
� f(r)dv2 + 2dr

◆
+ r2d!2

2. Consider asymptotic behaviour of outgoing light rays

3. Choose integration constant as time coordinate <latexit sha1_base64="NxGszfTc+Ke+srFzVIgvkdYf2eI="></latexit>

C = �⌧

<latexit sha1_base64="cfoQPTQgTSi+SGc7S5fIuKv/Mik="></latexit>

ds2 = �f(r)dt2 +
dr2

f(r)
+ r2d!2, f(r) = 1� 2M

r
+

Q2

r2

<latexit sha1_base64="wiAn1KKKzCfEY4WyaT/3TnBnTv0="></latexit>

dv

dr
=

2

f(r)
⇡ 2

✓
1 +

2M

r

◆

<latexit sha1_base64="1QmmP/Is4ICQZtPP59plt4S20RI="></latexit>

v = 2r + 4M ln

✓
r

rh

◆
+ C

“you still have to make a decision, you have to find the best point for it.



REISSNER-NORDSTRÖM

1. Ingoing null coordinates: <latexit sha1_base64="G+pFcHrsGgzqunbqJW/vMWMjGB4="></latexit>

v = t� r⇤
<latexit sha1_base64="oxagypbSKzbGIgDJCxzhon4bKXA="></latexit>

ds2 = dv

✓
� f(r)dv2 + 2dr

◆
+ r2d!2
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l̃a

<latexit sha1_base64="MCtXW7XaolShIQC5ht/3pMQlRLs="></latexit>

@⌧
<latexit sha1_base64="pFzTOUG1WqXxyiFOMrRiG67Q778="></latexit>

k̄aalign       with       and ensure      is regular    
<latexit sha1_base64="HxrJykgm6CWVOnpvJUEyCma2lq4="></latexit>

l̄a
<latexit sha1_base64="cMP/TyJcUH4TXv4hEpB45ZlYcRc="></latexit>

h(�) = h0(�)| {z }
minimal requirements

+ A(�)| {z }
regular

<latexit sha1_base64="aENqzcI5tUHMZwB90HSqc7n8Qk8="></latexit>

dr / �d�

�2
) �(�) = constant

<latexit sha1_base64="j/u+Pn5A6zd/emHXMF0obOU5F/M="></latexit>✓
�(�) := ⇢(�)� �⇢0(�)

◆

<latexit sha1_base64="WrPY3rYA/rgidWOp0dyOJUk5G7c="></latexit>

⇢(�) = ⇢0 + ⇢1�

<latexit sha1_base64="C14BqF3siN9l63bysSdqYFNvbuQ="></latexit>

0



Minimal Gauge: reduce the gauge freedom to the most simple case

⇢(�) = ⇢0 + �⇢1
<latexit sha1_base64="tPR9oqJ1noq33R9/ZXFLiKPlWFw=">AAACD3icbVDLSsNAFJ3UV62vqEs3g0WpCCURQTdC0Y3LCvYBTQiT6aQdOo8wMxFK6R+48VfcuFDErVt3/o1Jk4W2Hhg495x7uXNPGDOqjeN8W6Wl5ZXVtfJ6ZWNza3vH3t1ra5koTFpYMqm6IdKEUUFahhpGurEiiIeMdMLRTeZ3HojSVIp7M46Jz9FA0IhiZFIpsI89NZQ1T9MBRyfwCmZl4MBTmEt57VYCu+rUnRngInELUgUFmoH95fUlTjgRBjOkdc91YuNPkDIUMzKteIkmMcIjNCC9lArEifYns3um8ChV+jCSKn3CwJn6e2KCuNZjHqadHJmhnvcy8T+vl5jo0p9QESeGCJwvihIGjYRZOLBPFcGGjVOCsKLpXyEeIoWwSSPMQnDnT14k7bO669Tdu/Nq47qIowwOwCGoARdcgAa4BU3QAhg8gmfwCt6sJ+vFerc+8taSVczsgz+wPn8Ak1macg==</latexit><latexit sha1_base64="tPR9oqJ1noq33R9/ZXFLiKPlWFw=">AAACD3icbVDLSsNAFJ3UV62vqEs3g0WpCCURQTdC0Y3LCvYBTQiT6aQdOo8wMxFK6R+48VfcuFDErVt3/o1Jk4W2Hhg495x7uXNPGDOqjeN8W6Wl5ZXVtfJ6ZWNza3vH3t1ra5koTFpYMqm6IdKEUUFahhpGurEiiIeMdMLRTeZ3HojSVIp7M46Jz9FA0IhiZFIpsI89NZQ1T9MBRyfwCmZl4MBTmEt57VYCu+rUnRngInELUgUFmoH95fUlTjgRBjOkdc91YuNPkDIUMzKteIkmMcIjNCC9lArEifYns3um8ChV+jCSKn3CwJn6e2KCuNZjHqadHJmhnvcy8T+vl5jo0p9QESeGCJwvihIGjYRZOLBPFcGGjVOCsKLpXyEeIoWwSSPMQnDnT14k7bO669Tdu/Nq47qIowwOwCGoARdcgAa4BU3QAhg8gmfwCt6sJ+vFerc+8taSVczsgz+wPn8Ak1macg==</latexit><latexit sha1_base64="tPR9oqJ1noq33R9/ZXFLiKPlWFw=">AAACD3icbVDLSsNAFJ3UV62vqEs3g0WpCCURQTdC0Y3LCvYBTQiT6aQdOo8wMxFK6R+48VfcuFDErVt3/o1Jk4W2Hhg495x7uXNPGDOqjeN8W6Wl5ZXVtfJ6ZWNza3vH3t1ra5koTFpYMqm6IdKEUUFahhpGurEiiIeMdMLRTeZ3HojSVIp7M46Jz9FA0IhiZFIpsI89NZQ1T9MBRyfwCmZl4MBTmEt57VYCu+rUnRngInELUgUFmoH95fUlTjgRBjOkdc91YuNPkDIUMzKteIkmMcIjNCC9lArEifYns3um8ChV+jCSKn3CwJn6e2KCuNZjHqadHJmhnvcy8T+vl5jo0p9QESeGCJwvihIGjYRZOLBPFcGGjVOCsKLpXyEeIoWwSSPMQnDnT14k7bO669Tdu/Nq47qIowwOwCGoARdcgAa4BU3QAhg8gmfwCt6sJ+vFerc+8taSVczsgz+wPn8Ak1macg==</latexit><latexit sha1_base64="tPR9oqJ1noq33R9/ZXFLiKPlWFw=">AAACD3icbVDLSsNAFJ3UV62vqEs3g0WpCCURQTdC0Y3LCvYBTQiT6aQdOo8wMxFK6R+48VfcuFDErVt3/o1Jk4W2Hhg495x7uXNPGDOqjeN8W6Wl5ZXVtfJ6ZWNza3vH3t1ra5koTFpYMqm6IdKEUUFahhpGurEiiIeMdMLRTeZ3HojSVIp7M46Jz9FA0IhiZFIpsI89NZQ1T9MBRyfwCmZl4MBTmEt57VYCu+rUnRngInELUgUFmoH95fUlTjgRBjOkdc91YuNPkDIUMzKteIkmMcIjNCC9lArEifYns3um8ChV+jCSKn3CwJn6e2KCuNZjHqadHJmhnvcy8T+vl5jo0p9QESeGCJwvihIGjYRZOLBPFcGGjVOCsKLpXyEeIoWwSSPMQnDnT14k7bO669Tdu/Nq47qIowwOwCGoARdcgAa4BU3QAhg8gmfwCt6sJ+vFerc+8taSVczsgz+wPn8Ak1macg==</latexit>

•  Radial: �(�) = ⇢(�)� �⇢0(�) = ⇢0 = constant
<latexit sha1_base64="JDvDaNr6r5eAe4w3G22O4lD6V/o="></latexit>

REISSNER-NORDSTRÖM
(And Kerr - RPM 2019)

• Time:
<latexit sha1_base64="G+pFcHrsGgzqunbqJW/vMWMjGB4="></latexit>

v = t� r⇤
<latexit sha1_base64="Kqx84OQf4wnZT3nz+9G0gVrHA5s="></latexit>

v = �

✓
⌧ � h(�)

◆
<latexit sha1_base64="cMP/TyJcUH4TXv4hEpB45ZlYcRc="></latexit>

h(�) = h0(�)| {z }
minimal requirements

+ A(�)| {z }
regular <latexit sha1_base64="C14BqF3siN9l63bysSdqYFNvbuQ="></latexit>

0



Minimal Gauge: reduce the gauge freedom to the most simple case

⇢(�) = ⇢0 + �⇢1
<latexit sha1_base64="tPR9oqJ1noq33R9/ZXFLiKPlWFw=">AAACD3icbVDLSsNAFJ3UV62vqEs3g0WpCCURQTdC0Y3LCvYBTQiT6aQdOo8wMxFK6R+48VfcuFDErVt3/o1Jk4W2Hhg495x7uXNPGDOqjeN8W6Wl5ZXVtfJ6ZWNza3vH3t1ra5koTFpYMqm6IdKEUUFahhpGurEiiIeMdMLRTeZ3HojSVIp7M46Jz9FA0IhiZFIpsI89NZQ1T9MBRyfwCmZl4MBTmEt57VYCu+rUnRngInELUgUFmoH95fUlTjgRBjOkdc91YuNPkDIUMzKteIkmMcIjNCC9lArEifYns3um8ChV+jCSKn3CwJn6e2KCuNZjHqadHJmhnvcy8T+vl5jo0p9QESeGCJwvihIGjYRZOLBPFcGGjVOCsKLpXyEeIoWwSSPMQnDnT14k7bO669Tdu/Nq47qIowwOwCGoARdcgAa4BU3QAhg8gmfwCt6sJ+vFerc+8taSVczsgz+wPn8Ak1macg==</latexit><latexit sha1_base64="tPR9oqJ1noq33R9/ZXFLiKPlWFw=">AAACD3icbVDLSsNAFJ3UV62vqEs3g0WpCCURQTdC0Y3LCvYBTQiT6aQdOo8wMxFK6R+48VfcuFDErVt3/o1Jk4W2Hhg495x7uXNPGDOqjeN8W6Wl5ZXVtfJ6ZWNza3vH3t1ra5koTFpYMqm6IdKEUUFahhpGurEiiIeMdMLRTeZ3HojSVIp7M46Jz9FA0IhiZFIpsI89NZQ1T9MBRyfwCmZl4MBTmEt57VYCu+rUnRngInELUgUFmoH95fUlTjgRBjOkdc91YuNPkDIUMzKteIkmMcIjNCC9lArEifYns3um8ChV+jCSKn3CwJn6e2KCuNZjHqadHJmhnvcy8T+vl5jo0p9QESeGCJwvihIGjYRZOLBPFcGGjVOCsKLpXyEeIoWwSSPMQnDnT14k7bO669Tdu/Nq47qIowwOwCGoARdcgAa4BU3QAhg8gmfwCt6sJ+vFerc+8taSVczsgz+wPn8Ak1macg==</latexit><latexit sha1_base64="tPR9oqJ1noq33R9/ZXFLiKPlWFw=">AAACD3icbVDLSsNAFJ3UV62vqEs3g0WpCCURQTdC0Y3LCvYBTQiT6aQdOo8wMxFK6R+48VfcuFDErVt3/o1Jk4W2Hhg495x7uXNPGDOqjeN8W6Wl5ZXVtfJ6ZWNza3vH3t1ra5koTFpYMqm6IdKEUUFahhpGurEiiIeMdMLRTeZ3HojSVIp7M46Jz9FA0IhiZFIpsI89NZQ1T9MBRyfwCmZl4MBTmEt57VYCu+rUnRngInELUgUFmoH95fUlTjgRBjOkdc91YuNPkDIUMzKteIkmMcIjNCC9lArEifYns3um8ChV+jCSKn3CwJn6e2KCuNZjHqadHJmhnvcy8T+vl5jo0p9QESeGCJwvihIGjYRZOLBPFcGGjVOCsKLpXyEeIoWwSSPMQnDnT14k7bO669Tdu/Nq47qIowwOwCGoARdcgAa4BU3QAhg8gmfwCt6sJ+vFerc+8taSVczsgz+wPn8Ak1macg==</latexit><latexit sha1_base64="tPR9oqJ1noq33R9/ZXFLiKPlWFw=">AAACD3icbVDLSsNAFJ3UV62vqEs3g0WpCCURQTdC0Y3LCvYBTQiT6aQdOo8wMxFK6R+48VfcuFDErVt3/o1Jk4W2Hhg495x7uXNPGDOqjeN8W6Wl5ZXVtfJ6ZWNza3vH3t1ra5koTFpYMqm6IdKEUUFahhpGurEiiIeMdMLRTeZ3HojSVIp7M46Jz9FA0IhiZFIpsI89NZQ1T9MBRyfwCmZl4MBTmEt57VYCu+rUnRngInELUgUFmoH95fUlTjgRBjOkdc91YuNPkDIUMzKteIkmMcIjNCC9lArEifYns3um8ChV+jCSKn3CwJn6e2KCuNZjHqadHJmhnvcy8T+vl5jo0p9QESeGCJwvihIGjYRZOLBPFcGGjVOCsKLpXyEeIoWwSSPMQnDnT14k7bO669Tdu/Nq47qIowwOwCGoARdcgAa4BU3QAhg8gmfwCt6sJ+vFerc+8taSVczsgz+wPn8Ak1macg==</latexit>

•  Radial:

(A) radial fix
⇢1 = 0

<latexit sha1_base64="eR5DwujRFA7cbqrFEZkjmZ/2WbY=">AAAB8XicdVDLSgMxFM34rPVVdekmWARXQ6ZTWjdC0Y3LCvaB7VAyaaYNzSRDkhHK0L9w40IRt/6NO//GTFtBRQ9cOJxzL/feEyacaYPQh7Oyura+sVnYKm7v7O7tlw4O21qmitAWkVyqbog15UzQlmGG026iKI5DTjvh5Cr3O/dUaSbFrZkmNIjxSLCIEWysdNdXYznw4AVEg1IZubWq7/k1iFzke8j3c+JV6tU69Fw0Rxks0RyU3vtDSdKYCkM41rrnocQEGVaGEU5nxX6qaYLJBI9oz1KBY6qDbH7xDJ5aZQgjqWwJA+fq94kMx1pP49B2xtiM9W8vF//yeqmJzoOMiSQ1VJDFoijl0EiYvw+HTFFi+NQSTBSzt0IyxgoTY0Mq2hC+PoX/k3bF9Xy3clMtNy6XcRTAMTgBZ8ADddAA16AJWoAAAR7AE3h2tPPovDivi9YVZzlzBH7AefsEOsiP+g==</latexit>

�(�) = ⇢(�)� �⇢0(�) = ⇢0 = constant
<latexit sha1_base64="JDvDaNr6r5eAe4w3G22O4lD6V/o="></latexit>

REISSNER-NORDSTRÖM
(And Kerr - RPM 2019)

• Time:
<latexit sha1_base64="G+pFcHrsGgzqunbqJW/vMWMjGB4="></latexit>

v = t� r⇤
<latexit sha1_base64="Kqx84OQf4wnZT3nz+9G0gVrHA5s="></latexit>

v = �

✓
⌧ � h(�)

◆
<latexit sha1_base64="cMP/TyJcUH4TXv4hEpB45ZlYcRc="></latexit>

h(�) = h0(�)| {z }
minimal requirements

+ A(�)| {z }
regular <latexit sha1_base64="C14BqF3siN9l63bysSdqYFNvbuQ="></latexit>

0



Minimal Gauge: reduce the gauge freedom to the most simple case

⇢(�) = ⇢0 + �⇢1
<latexit sha1_base64="tPR9oqJ1noq33R9/ZXFLiKPlWFw=">AAACD3icbVDLSsNAFJ3UV62vqEs3g0WpCCURQTdC0Y3LCvYBTQiT6aQdOo8wMxFK6R+48VfcuFDErVt3/o1Jk4W2Hhg495x7uXNPGDOqjeN8W6Wl5ZXVtfJ6ZWNza3vH3t1ra5koTFpYMqm6IdKEUUFahhpGurEiiIeMdMLRTeZ3HojSVIp7M46Jz9FA0IhiZFIpsI89NZQ1T9MBRyfwCmZl4MBTmEt57VYCu+rUnRngInELUgUFmoH95fUlTjgRBjOkdc91YuNPkDIUMzKteIkmMcIjNCC9lArEifYns3um8ChV+jCSKn3CwJn6e2KCuNZjHqadHJmhnvcy8T+vl5jo0p9QESeGCJwvihIGjYRZOLBPFcGGjVOCsKLpXyEeIoWwSSPMQnDnT14k7bO669Tdu/Nq47qIowwOwCGoARdcgAa4BU3QAhg8gmfwCt6sJ+vFerc+8taSVczsgz+wPn8Ak1macg==</latexit><latexit sha1_base64="tPR9oqJ1noq33R9/ZXFLiKPlWFw=">AAACD3icbVDLSsNAFJ3UV62vqEs3g0WpCCURQTdC0Y3LCvYBTQiT6aQdOo8wMxFK6R+48VfcuFDErVt3/o1Jk4W2Hhg495x7uXNPGDOqjeN8W6Wl5ZXVtfJ6ZWNza3vH3t1ra5koTFpYMqm6IdKEUUFahhpGurEiiIeMdMLRTeZ3HojSVIp7M46Jz9FA0IhiZFIpsI89NZQ1T9MBRyfwCmZl4MBTmEt57VYCu+rUnRngInELUgUFmoH95fUlTjgRBjOkdc91YuNPkDIUMzKteIkmMcIjNCC9lArEifYns3um8ChV+jCSKn3CwJn6e2KCuNZjHqadHJmhnvcy8T+vl5jo0p9QESeGCJwvihIGjYRZOLBPFcGGjVOCsKLpXyEeIoWwSSPMQnDnT14k7bO669Tdu/Nq47qIowwOwCGoARdcgAa4BU3QAhg8gmfwCt6sJ+vFerc+8taSVczsgz+wPn8Ak1macg==</latexit><latexit sha1_base64="tPR9oqJ1noq33R9/ZXFLiKPlWFw=">AAACD3icbVDLSsNAFJ3UV62vqEs3g0WpCCURQTdC0Y3LCvYBTQiT6aQdOo8wMxFK6R+48VfcuFDErVt3/o1Jk4W2Hhg495x7uXNPGDOqjeN8W6Wl5ZXVtfJ6ZWNza3vH3t1ra5koTFpYMqm6IdKEUUFahhpGurEiiIeMdMLRTeZ3HojSVIp7M46Jz9FA0IhiZFIpsI89NZQ1T9MBRyfwCmZl4MBTmEt57VYCu+rUnRngInELUgUFmoH95fUlTjgRBjOkdc91YuNPkDIUMzKteIkmMcIjNCC9lArEifYns3um8ChV+jCSKn3CwJn6e2KCuNZjHqadHJmhnvcy8T+vl5jo0p9QESeGCJwvihIGjYRZOLBPFcGGjVOCsKLpXyEeIoWwSSPMQnDnT14k7bO669Tdu/Nq47qIowwOwCGoARdcgAa4BU3QAhg8gmfwCt6sJ+vFerc+8taSVczsgz+wPn8Ak1macg==</latexit><latexit sha1_base64="tPR9oqJ1noq33R9/ZXFLiKPlWFw=">AAACD3icbVDLSsNAFJ3UV62vqEs3g0WpCCURQTdC0Y3LCvYBTQiT6aQdOo8wMxFK6R+48VfcuFDErVt3/o1Jk4W2Hhg495x7uXNPGDOqjeN8W6Wl5ZXVtfJ6ZWNza3vH3t1ra5koTFpYMqm6IdKEUUFahhpGurEiiIeMdMLRTeZ3HojSVIp7M46Jz9FA0IhiZFIpsI89NZQ1T9MBRyfwCmZl4MBTmEt57VYCu+rUnRngInELUgUFmoH95fUlTjgRBjOkdc91YuNPkDIUMzKteIkmMcIjNCC9lArEifYns3um8ChV+jCSKn3CwJn6e2KCuNZjHqadHJmhnvcy8T+vl5jo0p9QESeGCJwvihIGjYRZOLBPFcGGjVOCsKLpXyEeIoWwSSPMQnDnT14k7bO669Tdu/Nq47qIowwOwCGoARdcgAa4BU3QAhg8gmfwCt6sJ+vFerc+8taSVczsgz+wPn8Ak1macg==</latexit>

•  Radial:

(A) radial fix
⇢1 = 0

<latexit sha1_base64="eR5DwujRFA7cbqrFEZkjmZ/2WbY=">AAAB8XicdVDLSgMxFM34rPVVdekmWARXQ6ZTWjdC0Y3LCvaB7VAyaaYNzSRDkhHK0L9w40IRt/6NO//GTFtBRQ9cOJxzL/feEyacaYPQh7Oyura+sVnYKm7v7O7tlw4O21qmitAWkVyqbog15UzQlmGG026iKI5DTjvh5Cr3O/dUaSbFrZkmNIjxSLCIEWysdNdXYznw4AVEg1IZubWq7/k1iFzke8j3c+JV6tU69Fw0Rxks0RyU3vtDSdKYCkM41rrnocQEGVaGEU5nxX6qaYLJBI9oz1KBY6qDbH7xDJ5aZQgjqWwJA+fq94kMx1pP49B2xtiM9W8vF//yeqmJzoOMiSQ1VJDFoijl0EiYvw+HTFFi+NQSTBSzt0IyxgoTY0Mq2hC+PoX/k3bF9Xy3clMtNy6XcRTAMTgBZ8ADddAA16AJWoAAAR7AE3h2tPPovDivi9YVZzlzBH7AefsEOsiP+g==</latexit>

�(�) = ⇢(�)� �⇢0(�) = ⇢0 = constant
<latexit sha1_base64="JDvDaNr6r5eAe4w3G22O4lD6V/o="></latexit>

REISSNER-NORDSTRÖM
(And Kerr - RPM 2019)

• Time:
<latexit sha1_base64="G+pFcHrsGgzqunbqJW/vMWMjGB4="></latexit>

v = t� r⇤
<latexit sha1_base64="Kqx84OQf4wnZT3nz+9G0gVrHA5s="></latexit>

v = �

✓
⌧ � h(�)

◆
<latexit sha1_base64="cMP/TyJcUH4TXv4hEpB45ZlYcRc="></latexit>

h(�) = h0(�)| {z }
minimal requirements

+ A(�)| {z }
regular <latexit sha1_base64="C14BqF3siN9l63bysSdqYFNvbuQ="></latexit>

0

<latexit sha1_base64="19pkAX18HDsmFUqMrC5Ux2H0EJU="></latexit>

r(�) =
rh
�



Schwarzschild  = 0
<latexit sha1_base64="8+F/LBVvWJLorGfAZfFZBvhF+C4=">AAAB8XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0EYI2lhGMDGYHGFus5cs2dtbdveEEPIvbCwUsfXf2Plv3CRXaOKDgcd7M8zMi5Tgxvr+t1dYWV1b3yhulra2d3b3yvsHTZNmmrIGTUWqWxEaJrhkDcutYC2lGSaRYA/R8GbqPzwxbXgq7+1IsTDBvuQxp2id9NgZolJIrojfLVf8qj8DWSZBTiqQo94tf3V6Kc0SJi0VaEw78JUNx6gtp4JNSp3MMIV0iH3WdlRiwkw4nl08ISdO6ZE41a6kJTP198QYE2NGSeQ6E7QDs+hNxf+8dmbjy3DMpcosk3S+KM4EsSmZvk96XDNqxcgRpJq7WwkdoEZqXUglF0Kw+PIyaZ5VA78a3J1Xatd5HEU4gmM4hQAuoAa3UIcGUJDwDK/w5hnvxXv3PuatBS+fOYQ/8D5/ADrgj/Q=</latexit><latexit sha1_base64="8+F/LBVvWJLorGfAZfFZBvhF+C4=">AAAB8XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0EYI2lhGMDGYHGFus5cs2dtbdveEEPIvbCwUsfXf2Plv3CRXaOKDgcd7M8zMi5Tgxvr+t1dYWV1b3yhulra2d3b3yvsHTZNmmrIGTUWqWxEaJrhkDcutYC2lGSaRYA/R8GbqPzwxbXgq7+1IsTDBvuQxp2id9NgZolJIrojfLVf8qj8DWSZBTiqQo94tf3V6Kc0SJi0VaEw78JUNx6gtp4JNSp3MMIV0iH3WdlRiwkw4nl08ISdO6ZE41a6kJTP198QYE2NGSeQ6E7QDs+hNxf+8dmbjy3DMpcosk3S+KM4EsSmZvk96XDNqxcgRpJq7WwkdoEZqXUglF0Kw+PIyaZ5VA78a3J1Xatd5HEU4gmM4hQAuoAa3UIcGUJDwDK/w5hnvxXv3PuatBS+fOYQ/8D5/ADrgj/Q=</latexit><latexit sha1_base64="8+F/LBVvWJLorGfAZfFZBvhF+C4=">AAAB8XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0EYI2lhGMDGYHGFus5cs2dtbdveEEPIvbCwUsfXf2Plv3CRXaOKDgcd7M8zMi5Tgxvr+t1dYWV1b3yhulra2d3b3yvsHTZNmmrIGTUWqWxEaJrhkDcutYC2lGSaRYA/R8GbqPzwxbXgq7+1IsTDBvuQxp2id9NgZolJIrojfLVf8qj8DWSZBTiqQo94tf3V6Kc0SJi0VaEw78JUNx6gtp4JNSp3MMIV0iH3WdlRiwkw4nl08ISdO6ZE41a6kJTP198QYE2NGSeQ6E7QDs+hNxf+8dmbjy3DMpcosk3S+KM4EsSmZvk96XDNqxcgRpJq7WwkdoEZqXUglF0Kw+PIyaZ5VA78a3J1Xatd5HEU4gmM4hQAuoAa3UIcGUJDwDK/w5hnvxXv3PuatBS+fOYQ/8D5/ADrgj/Q=</latexit><latexit sha1_base64="8+F/LBVvWJLorGfAZfFZBvhF+C4=">AAAB8XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0EYI2lhGMDGYHGFus5cs2dtbdveEEPIvbCwUsfXf2Plv3CRXaOKDgcd7M8zMi5Tgxvr+t1dYWV1b3yhulra2d3b3yvsHTZNmmrIGTUWqWxEaJrhkDcutYC2lGSaRYA/R8GbqPzwxbXgq7+1IsTDBvuQxp2id9NgZolJIrojfLVf8qj8DWSZBTiqQo94tf3V6Kc0SJi0VaEw78JUNx6gtp4JNSp3MMIV0iH3WdlRiwkw4nl08ISdO6ZE41a6kJTP198QYE2NGSeQ6E7QDs+hNxf+8dmbjy3DMpcosk3S+KM4EsSmZvk96XDNqxcgRpJq7WwkdoEZqXUglF0Kw+PIyaZ5VA78a3J1Xatd5HEU4gmM4hQAuoAa3UIcGUJDwDK/w5hnvxXv3PuatBS+fOYQ/8D5/ADrgj/Q=</latexit>

r
<latexit sha1_base64="P507oPuRhKq0fchXf5sh3zZa6nQ=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cq9gPaUDbbSbt0swm7G6GE/gMvHhTx6j/y5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWBym/udJ1Sax/LRTBP0IzqSPOSMGis9qMqgWnPr7hxklXgFqUGB5qD61R/GLI1QGiao1j3PTYyfUWU4Ezir9FONCWUTOsKepZJGqP1sfumMnFllSMJY2ZKGzNXfExmNtJ5Gge2MqBnrZS8X//N6qQmv/YzLJDUo2WJRmApiYpK/TYZcITNiagllittbCRtTRZmx4eQheMsvr5L2Rd1z6979Za1xU8RRhhM4hXPw4AoacAdNaAGDEJ7hFd6cifPivDsfi9aSU8wcwx84nz8Rro0K</latexit><latexit sha1_base64="P507oPuRhKq0fchXf5sh3zZa6nQ=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cq9gPaUDbbSbt0swm7G6GE/gMvHhTx6j/y5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWBym/udJ1Sax/LRTBP0IzqSPOSMGis9qMqgWnPr7hxklXgFqUGB5qD61R/GLI1QGiao1j3PTYyfUWU4Ezir9FONCWUTOsKepZJGqP1sfumMnFllSMJY2ZKGzNXfExmNtJ5Gge2MqBnrZS8X//N6qQmv/YzLJDUo2WJRmApiYpK/TYZcITNiagllittbCRtTRZmx4eQheMsvr5L2Rd1z6979Za1xU8RRhhM4hXPw4AoacAdNaAGDEJ7hFd6cifPivDsfi9aSU8wcwx84nz8Rro0K</latexit><latexit sha1_base64="P507oPuRhKq0fchXf5sh3zZa6nQ=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cq9gPaUDbbSbt0swm7G6GE/gMvHhTx6j/y5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWBym/udJ1Sax/LRTBP0IzqSPOSMGis9qMqgWnPr7hxklXgFqUGB5qD61R/GLI1QGiao1j3PTYyfUWU4Ezir9FONCWUTOsKepZJGqP1sfumMnFllSMJY2ZKGzNXfExmNtJ5Gge2MqBnrZS8X//N6qQmv/YzLJDUo2WJRmApiYpK/TYZcITNiagllittbCRtTRZmx4eQheMsvr5L2Rd1z6979Za1xU8RRhhM4hXPw4AoacAdNaAGDEJ7hFd6cifPivDsfi9aSU8wcwx84nz8Rro0K</latexit><latexit sha1_base64="P507oPuRhKq0fchXf5sh3zZa6nQ=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cq9gPaUDbbSbt0swm7G6GE/gMvHhTx6j/y5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWBym/udJ1Sax/LRTBP0IzqSPOSMGis9qMqgWnPr7hxklXgFqUGB5qD61R/GLI1QGiao1j3PTYyfUWU4Ezir9FONCWUTOsKepZJGqP1sfumMnFllSMJY2ZKGzNXfExmNtJ5Gge2MqBnrZS8X//N6qQmv/YzLJDUo2WJRmApiYpK/TYZcITNiagllittbCRtTRZmx4eQheMsvr5L2Rd1z6979Za1xU8RRhhM4hXPw4AoacAdNaAGDEJ7hFd6cifPivDsfi9aSU8wcwx84nz8Rro0K</latexit>

�
<latexit sha1_base64="WVBNru380J4XCjCR9Lt9t8h8e1I=">AAAB7XicbVDLSgNBEOyNrxhfqx69DAbBU9gVQY9BLx4jmAckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHfFKWfGBsG3V1pb39jcKm9Xdnb39g/8w6OWUZkmtEkUV7oTY0M5k7RpmeW0k2qKRcxpOx7fzvz2E9WGKflgJymNBB5KljCCrZNaPcOGAvf9alAL5kCrJCxIFQo0+v5Xb6BIJqi0hGNjumGQ2ijH2jLC6bTSywxNMRnjIe06KrGgJsrn107RmVMGKFHalbRorv6eyLEwZiJi1ymwHZllbyb+53Uzm1xHOZNpZqkki0VJxpFVaPY6GjBNieUTRzDRzN2KyAhrTKwLqOJCCJdfXiWti1oY1ML7y2r9poijDCdwCucQwhXU4Q4a0AQCj/AMr/DmKe/Fe/c+Fq0lr5g5hj/wPn8AnF+PIw==</latexit><latexit sha1_base64="WVBNru380J4XCjCR9Lt9t8h8e1I=">AAAB7XicbVDLSgNBEOyNrxhfqx69DAbBU9gVQY9BLx4jmAckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHfFKWfGBsG3V1pb39jcKm9Xdnb39g/8w6OWUZkmtEkUV7oTY0M5k7RpmeW0k2qKRcxpOx7fzvz2E9WGKflgJymNBB5KljCCrZNaPcOGAvf9alAL5kCrJCxIFQo0+v5Xb6BIJqi0hGNjumGQ2ijH2jLC6bTSywxNMRnjIe06KrGgJsrn107RmVMGKFHalbRorv6eyLEwZiJi1ymwHZllbyb+53Uzm1xHOZNpZqkki0VJxpFVaPY6GjBNieUTRzDRzN2KyAhrTKwLqOJCCJdfXiWti1oY1ML7y2r9poijDCdwCucQwhXU4Q4a0AQCj/AMr/DmKe/Fe/c+Fq0lr5g5hj/wPn8AnF+PIw==</latexit><latexit sha1_base64="WVBNru380J4XCjCR9Lt9t8h8e1I=">AAAB7XicbVDLSgNBEOyNrxhfqx69DAbBU9gVQY9BLx4jmAckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHfFKWfGBsG3V1pb39jcKm9Xdnb39g/8w6OWUZkmtEkUV7oTY0M5k7RpmeW0k2qKRcxpOx7fzvz2E9WGKflgJymNBB5KljCCrZNaPcOGAvf9alAL5kCrJCxIFQo0+v5Xb6BIJqi0hGNjumGQ2ijH2jLC6bTSywxNMRnjIe06KrGgJsrn107RmVMGKFHalbRorv6eyLEwZiJi1ymwHZllbyb+53Uzm1xHOZNpZqkki0VJxpFVaPY6GjBNieUTRzDRzN2KyAhrTKwLqOJCCJdfXiWti1oY1ML7y2r9poijDCdwCucQwhXU4Q4a0AQCj/AMr/DmKe/Fe/c+Fq0lr5g5hj/wPn8AnF+PIw==</latexit><latexit sha1_base64="WVBNru380J4XCjCR9Lt9t8h8e1I=">AAAB7XicbVDLSgNBEOyNrxhfqx69DAbBU9gVQY9BLx4jmAckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHfFKWfGBsG3V1pb39jcKm9Xdnb39g/8w6OWUZkmtEkUV7oTY0M5k7RpmeW0k2qKRcxpOx7fzvz2E9WGKflgJymNBB5KljCCrZNaPcOGAvf9alAL5kCrJCxIFQo0+v5Xb6BIJqi0hGNjumGQ2ijH2jLC6bTSywxNMRnjIe06KrGgJsrn107RmVMGKFHalbRorv6eyLEwZiJi1ymwHZllbyb+53Uzm1xHOZNpZqkki0VJxpFVaPY6GjBNieUTRzDRzN2KyAhrTKwLqOJCCJdfXiWti1oY1ML7y2r9poijDCdwCucQwhXU4Q4a0AQCj/AMr/DmKe/Fe/c+Fq0lr5g5hj/wPn8AnF+PIw==</latexit>

1
<latexit sha1_base64="SewSXpMSbbFZwBdSTgiis61GRk4=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbTbt2swm7EyGE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST25nfeeLaiFg9YJZwP6IjJULBKFqp3RcqxGxQrbl1dw6ySryC1KBAc1D96g9jlkZcIZPUmJ7nJujnVKNgkk8r/dTwhLIJHfGepYpG3Pj5/NopObPKkISxtqWQzNXfEzmNjMmiwHZGFMdm2ZuJ/3m9FMNrPxcqSZErtlgUppJgTGavk6HQnKHMLKFMC3srYWOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNiZ0X5935WLSWnGLmGP7A+fwBwi+PPA==</latexit><latexit sha1_base64="SewSXpMSbbFZwBdSTgiis61GRk4=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbTbt2swm7EyGE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST25nfeeLaiFg9YJZwP6IjJULBKFqp3RcqxGxQrbl1dw6ySryC1KBAc1D96g9jlkZcIZPUmJ7nJujnVKNgkk8r/dTwhLIJHfGepYpG3Pj5/NopObPKkISxtqWQzNXfEzmNjMmiwHZGFMdm2ZuJ/3m9FMNrPxcqSZErtlgUppJgTGavk6HQnKHMLKFMC3srYWOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNiZ0X5935WLSWnGLmGP7A+fwBwi+PPA==</latexit><latexit sha1_base64="SewSXpMSbbFZwBdSTgiis61GRk4=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbTbt2swm7EyGE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST25nfeeLaiFg9YJZwP6IjJULBKFqp3RcqxGxQrbl1dw6ySryC1KBAc1D96g9jlkZcIZPUmJ7nJujnVKNgkk8r/dTwhLIJHfGepYpG3Pj5/NopObPKkISxtqWQzNXfEzmNjMmiwHZGFMdm2ZuJ/3m9FMNrPxcqSZErtlgUppJgTGavk6HQnKHMLKFMC3srYWOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNiZ0X5935WLSWnGLmGP7A+fwBwi+PPA==</latexit><latexit sha1_base64="SewSXpMSbbFZwBdSTgiis61GRk4=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbTbt2swm7EyGE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST25nfeeLaiFg9YJZwP6IjJULBKFqp3RcqxGxQrbl1dw6ySryC1KBAc1D96g9jlkZcIZPUmJ7nJujnVKNgkk8r/dTwhLIJHfGepYpG3Pj5/NopObPKkISxtqWQzNXfEzmNjMmiwHZGFMdm2ZuJ/3m9FMNrPxcqSZErtlgUppJgTGavk6HQnKHMLKFMC3srYWOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNiZ0X5935WLSWnGLmGP7A+fwBwi+PPA==</latexit>

0
<latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit><latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit><latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit><latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit>

r+
<latexit sha1_base64="WmXRWbEuPZ2XgorOrdAPSFCxOUI=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjxWMG2hDWWz3bRLN5uwOxFK6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzwlQKg6777ZTW1jc2t8rblZ3dvf2D6uFRyySZZtxniUx0J6SGS6G4jwIl76Sa0ziUvB2O72Z++4lrIxL1iJOUBzEdKhEJRtFKvu7nF9N+tebW3TnIKvEKUoMCzX71qzdIWBZzhUxSY7qem2KQU42CST6t9DLDU8rGdMi7lioacxPk82On5MwqAxIl2pZCMld/T+Q0NmYSh7Yzpjgyy95M/M/rZhjdBLlQaYZcscWiKJMEEzL7nAyE5gzlxBLKtLC3EjaimjK0+VRsCN7yy6ukdVn33Lr3cFVr3BZxlOEETuEcPLiGBtxDE3xgIOAZXuHNUc6L8+58LFpLTjFzDH/gfP4AvfiOoA==</latexit><latexit sha1_base64="WmXRWbEuPZ2XgorOrdAPSFCxOUI=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjxWMG2hDWWz3bRLN5uwOxFK6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzwlQKg6777ZTW1jc2t8rblZ3dvf2D6uFRyySZZtxniUx0J6SGS6G4jwIl76Sa0ziUvB2O72Z++4lrIxL1iJOUBzEdKhEJRtFKvu7nF9N+tebW3TnIKvEKUoMCzX71qzdIWBZzhUxSY7qem2KQU42CST6t9DLDU8rGdMi7lioacxPk82On5MwqAxIl2pZCMld/T+Q0NmYSh7Yzpjgyy95M/M/rZhjdBLlQaYZcscWiKJMEEzL7nAyE5gzlxBLKtLC3EjaimjK0+VRsCN7yy6ukdVn33Lr3cFVr3BZxlOEETuEcPLiGBtxDE3xgIOAZXuHNUc6L8+58LFpLTjFzDH/gfP4AvfiOoA==</latexit><latexit sha1_base64="WmXRWbEuPZ2XgorOrdAPSFCxOUI=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjxWMG2hDWWz3bRLN5uwOxFK6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzwlQKg6777ZTW1jc2t8rblZ3dvf2D6uFRyySZZtxniUx0J6SGS6G4jwIl76Sa0ziUvB2O72Z++4lrIxL1iJOUBzEdKhEJRtFKvu7nF9N+tebW3TnIKvEKUoMCzX71qzdIWBZzhUxSY7qem2KQU42CST6t9DLDU8rGdMi7lioacxPk82On5MwqAxIl2pZCMld/T+Q0NmYSh7Yzpjgyy95M/M/rZhjdBLlQaYZcscWiKJMEEzL7nAyE5gzlxBLKtLC3EjaimjK0+VRsCN7yy6ukdVn33Lr3cFVr3BZxlOEETuEcPLiGBtxDE3xgIOAZXuHNUc6L8+58LFpLTjFzDH/gfP4AvfiOoA==</latexit><latexit sha1_base64="WmXRWbEuPZ2XgorOrdAPSFCxOUI=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjxWMG2hDWWz3bRLN5uwOxFK6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzwlQKg6777ZTW1jc2t8rblZ3dvf2D6uFRyySZZtxniUx0J6SGS6G4jwIl76Sa0ziUvB2O72Z++4lrIxL1iJOUBzEdKhEJRtFKvu7nF9N+tebW3TnIKvEKUoMCzX71qzdIWBZzhUxSY7qem2KQU42CST6t9DLDU8rGdMi7lioacxPk82On5MwqAxIl2pZCMld/T+Q0NmYSh7Yzpjgyy95M/M/rZhjdBLlQaYZcscWiKJMEEzL7nAyE5gzlxBLKtLC3EjaimjK0+VRsCN7yy6ukdVn33Lr3cFVr3BZxlOEETuEcPLiGBtxDE3xgIOAZXuHNUc6L8+58LFpLTjFzDH/gfP4AvfiOoA==</latexit>
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<latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit><latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit><latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit><latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit>

1
<latexit sha1_base64="SewSXpMSbbFZwBdSTgiis61GRk4=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbTbt2swm7EyGE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST25nfeeLaiFg9YJZwP6IjJULBKFqp3RcqxGxQrbl1dw6ySryC1KBAc1D96g9jlkZcIZPUmJ7nJujnVKNgkk8r/dTwhLIJHfGepYpG3Pj5/NopObPKkISxtqWQzNXfEzmNjMmiwHZGFMdm2ZuJ/3m9FMNrPxcqSZErtlgUppJgTGavk6HQnKHMLKFMC3srYWOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNiZ0X5935WLSWnGLmGP7A+fwBwi+PPA==</latexit><latexit sha1_base64="SewSXpMSbbFZwBdSTgiis61GRk4=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbTbt2swm7EyGE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST25nfeeLaiFg9YJZwP6IjJULBKFqp3RcqxGxQrbl1dw6ySryC1KBAc1D96g9jlkZcIZPUmJ7nJujnVKNgkk8r/dTwhLIJHfGepYpG3Pj5/NopObPKkISxtqWQzNXfEzmNjMmiwHZGFMdm2ZuJ/3m9FMNrPxcqSZErtlgUppJgTGavk6HQnKHMLKFMC3srYWOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNiZ0X5935WLSWnGLmGP7A+fwBwi+PPA==</latexit><latexit sha1_base64="SewSXpMSbbFZwBdSTgiis61GRk4=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbTbt2swm7EyGE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST25nfeeLaiFg9YJZwP6IjJULBKFqp3RcqxGxQrbl1dw6ySryC1KBAc1D96g9jlkZcIZPUmJ7nJujnVKNgkk8r/dTwhLIJHfGepYpG3Pj5/NopObPKkISxtqWQzNXfEzmNjMmiwHZGFMdm2ZuJ/3m9FMNrPxcqSZErtlgUppJgTGavk6HQnKHMLKFMC3srYWOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNiZ0X5935WLSWnGLmGP7A+fwBwi+PPA==</latexit><latexit sha1_base64="SewSXpMSbbFZwBdSTgiis61GRk4=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbTbt2swm7EyGE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST25nfeeLaiFg9YJZwP6IjJULBKFqp3RcqxGxQrbl1dw6ySryC1KBAc1D96g9jlkZcIZPUmJ7nJujnVKNgkk8r/dTwhLIJHfGepYpG3Pj5/NopObPKkISxtqWQzNXfEzmNjMmiwHZGFMdm2ZuJ/3m9FMNrPxcqSZErtlgUppJgTGavk6HQnKHMLKFMC3srYWOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNiZ0X5935WLSWnGLmGP7A+fwBwi+PPA==</latexit>

REISSNER-NORDSTRÖM

(charge/spin parameter)

Minimal Gauge: reduce the gauge freedom to the most simple case

⇢(�) = ⇢0 + �⇢1
<latexit sha1_base64="tPR9oqJ1noq33R9/ZXFLiKPlWFw=">AAACD3icbVDLSsNAFJ3UV62vqEs3g0WpCCURQTdC0Y3LCvYBTQiT6aQdOo8wMxFK6R+48VfcuFDErVt3/o1Jk4W2Hhg495x7uXNPGDOqjeN8W6Wl5ZXVtfJ6ZWNza3vH3t1ra5koTFpYMqm6IdKEUUFahhpGurEiiIeMdMLRTeZ3HojSVIp7M46Jz9FA0IhiZFIpsI89NZQ1T9MBRyfwCmZl4MBTmEt57VYCu+rUnRngInELUgUFmoH95fUlTjgRBjOkdc91YuNPkDIUMzKteIkmMcIjNCC9lArEifYns3um8ChV+jCSKn3CwJn6e2KCuNZjHqadHJmhnvcy8T+vl5jo0p9QESeGCJwvihIGjYRZOLBPFcGGjVOCsKLpXyEeIoWwSSPMQnDnT14k7bO669Tdu/Nq47qIowwOwCGoARdcgAa4BU3QAhg8gmfwCt6sJ+vFerc+8taSVczsgz+wPn8Ak1macg==</latexit><latexit sha1_base64="tPR9oqJ1noq33R9/ZXFLiKPlWFw=">AAACD3icbVDLSsNAFJ3UV62vqEs3g0WpCCURQTdC0Y3LCvYBTQiT6aQdOo8wMxFK6R+48VfcuFDErVt3/o1Jk4W2Hhg495x7uXNPGDOqjeN8W6Wl5ZXVtfJ6ZWNza3vH3t1ra5koTFpYMqm6IdKEUUFahhpGurEiiIeMdMLRTeZ3HojSVIp7M46Jz9FA0IhiZFIpsI89NZQ1T9MBRyfwCmZl4MBTmEt57VYCu+rUnRngInELUgUFmoH95fUlTjgRBjOkdc91YuNPkDIUMzKteIkmMcIjNCC9lArEifYns3um8ChV+jCSKn3CwJn6e2KCuNZjHqadHJmhnvcy8T+vl5jo0p9QESeGCJwvihIGjYRZOLBPFcGGjVOCsKLpXyEeIoWwSSPMQnDnT14k7bO669Tdu/Nq47qIowwOwCGoARdcgAa4BU3QAhg8gmfwCt6sJ+vFerc+8taSVczsgz+wPn8Ak1macg==</latexit><latexit sha1_base64="tPR9oqJ1noq33R9/ZXFLiKPlWFw=">AAACD3icbVDLSsNAFJ3UV62vqEs3g0WpCCURQTdC0Y3LCvYBTQiT6aQdOo8wMxFK6R+48VfcuFDErVt3/o1Jk4W2Hhg495x7uXNPGDOqjeN8W6Wl5ZXVtfJ6ZWNza3vH3t1ra5koTFpYMqm6IdKEUUFahhpGurEiiIeMdMLRTeZ3HojSVIp7M46Jz9FA0IhiZFIpsI89NZQ1T9MBRyfwCmZl4MBTmEt57VYCu+rUnRngInELUgUFmoH95fUlTjgRBjOkdc91YuNPkDIUMzKteIkmMcIjNCC9lArEifYns3um8ChV+jCSKn3CwJn6e2KCuNZjHqadHJmhnvcy8T+vl5jo0p9QESeGCJwvihIGjYRZOLBPFcGGjVOCsKLpXyEeIoWwSSPMQnDnT14k7bO669Tdu/Nq47qIowwOwCGoARdcgAa4BU3QAhg8gmfwCt6sJ+vFerc+8taSVczsgz+wPn8Ak1macg==</latexit><latexit sha1_base64="tPR9oqJ1noq33R9/ZXFLiKPlWFw=">AAACD3icbVDLSsNAFJ3UV62vqEs3g0WpCCURQTdC0Y3LCvYBTQiT6aQdOo8wMxFK6R+48VfcuFDErVt3/o1Jk4W2Hhg495x7uXNPGDOqjeN8W6Wl5ZXVtfJ6ZWNza3vH3t1ra5koTFpYMqm6IdKEUUFahhpGurEiiIeMdMLRTeZ3HojSVIp7M46Jz9FA0IhiZFIpsI89NZQ1T9MBRyfwCmZl4MBTmEt57VYCu+rUnRngInELUgUFmoH95fUlTjgRBjOkdc91YuNPkDIUMzKteIkmMcIjNCC9lArEifYns3um8ChV+jCSKn3CwJn6e2KCuNZjHqadHJmhnvcy8T+vl5jo0p9QESeGCJwvihIGjYRZOLBPFcGGjVOCsKLpXyEeIoWwSSPMQnDnT14k7bO669Tdu/Nq47qIowwOwCGoARdcgAa4BU3QAhg8gmfwCt6sJ+vFerc+8taSVczsgz+wPn8Ak1macg==</latexit>

•  Radial:

(A) radial fix
⇢1 = 0

<latexit sha1_base64="eR5DwujRFA7cbqrFEZkjmZ/2WbY=">AAAB8XicdVDLSgMxFM34rPVVdekmWARXQ6ZTWjdC0Y3LCvaB7VAyaaYNzSRDkhHK0L9w40IRt/6NO//GTFtBRQ9cOJxzL/feEyacaYPQh7Oyura+sVnYKm7v7O7tlw4O21qmitAWkVyqbog15UzQlmGG026iKI5DTjvh5Cr3O/dUaSbFrZkmNIjxSLCIEWysdNdXYznw4AVEg1IZubWq7/k1iFzke8j3c+JV6tU69Fw0Rxks0RyU3vtDSdKYCkM41rrnocQEGVaGEU5nxX6qaYLJBI9oz1KBY6qDbH7xDJ5aZQgjqWwJA+fq94kMx1pP49B2xtiM9W8vF//yeqmJzoOMiSQ1VJDFoijl0EiYvw+HTFFi+NQSTBSzt0IyxgoTY0Mq2hC+PoX/k3bF9Xy3clMtNy6XcRTAMTgBZ8ADddAA16AJWoAAAR7AE3h2tPPovDivi9YVZzlzBH7AefsEOsiP+g==</latexit>

�(�) = ⇢(�)� �⇢0(�) = ⇢0 = constant
<latexit sha1_base64="JDvDaNr6r5eAe4w3G22O4lD6V/o="></latexit>

• Time:
<latexit sha1_base64="G+pFcHrsGgzqunbqJW/vMWMjGB4="></latexit>

v = t� r⇤
<latexit sha1_base64="Kqx84OQf4wnZT3nz+9G0gVrHA5s="></latexit>

v = �

✓
⌧ � h(�)

◆
<latexit sha1_base64="cMP/TyJcUH4TXv4hEpB45ZlYcRc="></latexit>

h(�) = h0(�)| {z }
minimal requirements

+ A(�)| {z }
regular <latexit sha1_base64="C14BqF3siN9l63bysSdqYFNvbuQ="></latexit>

0

<latexit sha1_base64="19pkAX18HDsmFUqMrC5Ux2H0EJU="></latexit>

r(�) =
rh
�

 =
r�
r+

<latexit sha1_base64="Sw9v/1GF45Ayaq2n/Fa/USSc3Q8=">AAACAHicbVDLSgMxFM3UV62vURcu3ASLIIhlpgq6EYpuXFawD+gMQybNtKGZTEgyQhlm46+4caGIWz/DnX9j2s5CWw/cy+Gce0nuCQWjSjvOt1VaWl5ZXSuvVzY2t7Z37N29tkpSiUkLJyyR3RApwignLU01I10hCYpDRjrh6Hbidx6JVDThD3osiB+jAacRxUgbKbAPvBESAl17/UginMngLDftNA/sqlNzpoCLxC1IFRRoBvaX109wGhOuMUNK9VxHaD9DUlPMSF7xUkUEwiM0ID1DOYqJ8rPpATk8NkofRok0xTWcqr83MhQrNY5DMxkjPVTz3kT8z+ulOrryM8pFqgnHs4eilEGdwEkasE8lwZqNDUFYUvNXiIfIJKFNZhUTgjt/8iJp12vuea1+f1Ft3BRxlMEhOAInwAWXoAHuQBO0AAY5eAav4M16sl6sd+tjNlqyip198AfW5w/ArpaB</latexit>



r
<latexit sha1_base64="P507oPuRhKq0fchXf5sh3zZa6nQ=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cq9gPaUDbbSbt0swm7G6GE/gMvHhTx6j/y5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWBym/udJ1Sax/LRTBP0IzqSPOSMGis9qMqgWnPr7hxklXgFqUGB5qD61R/GLI1QGiao1j3PTYyfUWU4Ezir9FONCWUTOsKepZJGqP1sfumMnFllSMJY2ZKGzNXfExmNtJ5Gge2MqBnrZS8X//N6qQmv/YzLJDUo2WJRmApiYpK/TYZcITNiagllittbCRtTRZmx4eQheMsvr5L2Rd1z6979Za1xU8RRhhM4hXPw4AoacAdNaAGDEJ7hFd6cifPivDsfi9aSU8wcwx84nz8Rro0K</latexit><latexit sha1_base64="P507oPuRhKq0fchXf5sh3zZa6nQ=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cq9gPaUDbbSbt0swm7G6GE/gMvHhTx6j/y5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWBym/udJ1Sax/LRTBP0IzqSPOSMGis9qMqgWnPr7hxklXgFqUGB5qD61R/GLI1QGiao1j3PTYyfUWU4Ezir9FONCWUTOsKepZJGqP1sfumMnFllSMJY2ZKGzNXfExmNtJ5Gge2MqBnrZS8X//N6qQmv/YzLJDUo2WJRmApiYpK/TYZcITNiagllittbCRtTRZmx4eQheMsvr5L2Rd1z6979Za1xU8RRhhM4hXPw4AoacAdNaAGDEJ7hFd6cifPivDsfi9aSU8wcwx84nz8Rro0K</latexit><latexit sha1_base64="P507oPuRhKq0fchXf5sh3zZa6nQ=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cq9gPaUDbbSbt0swm7G6GE/gMvHhTx6j/y5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWBym/udJ1Sax/LRTBP0IzqSPOSMGis9qMqgWnPr7hxklXgFqUGB5qD61R/GLI1QGiao1j3PTYyfUWU4Ezir9FONCWUTOsKepZJGqP1sfumMnFllSMJY2ZKGzNXfExmNtJ5Gge2MqBnrZS8X//N6qQmv/YzLJDUo2WJRmApiYpK/TYZcITNiagllittbCRtTRZmx4eQheMsvr5L2Rd1z6979Za1xU8RRhhM4hXPw4AoacAdNaAGDEJ7hFd6cifPivDsfi9aSU8wcwx84nz8Rro0K</latexit><latexit sha1_base64="P507oPuRhKq0fchXf5sh3zZa6nQ=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cq9gPaUDbbSbt0swm7G6GE/gMvHhTx6j/y5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWBym/udJ1Sax/LRTBP0IzqSPOSMGis9qMqgWnPr7hxklXgFqUGB5qD61R/GLI1QGiao1j3PTYyfUWU4Ezir9FONCWUTOsKepZJGqP1sfumMnFllSMJY2ZKGzNXfExmNtJ5Gge2MqBnrZS8X//N6qQmv/YzLJDUo2WJRmApiYpK/TYZcITNiagllittbCRtTRZmx4eQheMsvr5L2Rd1z6979Za1xU8RRhhM4hXPw4AoacAdNaAGDEJ7hFd6cifPivDsfi9aSU8wcwx84nz8Rro0K</latexit>

1
<latexit sha1_base64="SewSXpMSbbFZwBdSTgiis61GRk4=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbTbt2swm7EyGE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST25nfeeLaiFg9YJZwP6IjJULBKFqp3RcqxGxQrbl1dw6ySryC1KBAc1D96g9jlkZcIZPUmJ7nJujnVKNgkk8r/dTwhLIJHfGepYpG3Pj5/NopObPKkISxtqWQzNXfEzmNjMmiwHZGFMdm2ZuJ/3m9FMNrPxcqSZErtlgUppJgTGavk6HQnKHMLKFMC3srYWOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNiZ0X5935WLSWnGLmGP7A+fwBwi+PPA==</latexit><latexit sha1_base64="SewSXpMSbbFZwBdSTgiis61GRk4=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbTbt2swm7EyGE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST25nfeeLaiFg9YJZwP6IjJULBKFqp3RcqxGxQrbl1dw6ySryC1KBAc1D96g9jlkZcIZPUmJ7nJujnVKNgkk8r/dTwhLIJHfGepYpG3Pj5/NopObPKkISxtqWQzNXfEzmNjMmiwHZGFMdm2ZuJ/3m9FMNrPxcqSZErtlgUppJgTGavk6HQnKHMLKFMC3srYWOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNiZ0X5935WLSWnGLmGP7A+fwBwi+PPA==</latexit><latexit sha1_base64="SewSXpMSbbFZwBdSTgiis61GRk4=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbTbt2swm7EyGE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST25nfeeLaiFg9YJZwP6IjJULBKFqp3RcqxGxQrbl1dw6ySryC1KBAc1D96g9jlkZcIZPUmJ7nJujnVKNgkk8r/dTwhLIJHfGepYpG3Pj5/NopObPKkISxtqWQzNXfEzmNjMmiwHZGFMdm2ZuJ/3m9FMNrPxcqSZErtlgUppJgTGavk6HQnKHMLKFMC3srYWOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNiZ0X5935WLSWnGLmGP7A+fwBwi+PPA==</latexit><latexit sha1_base64="SewSXpMSbbFZwBdSTgiis61GRk4=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbTbt2swm7EyGE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST25nfeeLaiFg9YJZwP6IjJULBKFqp3RcqxGxQrbl1dw6ySryC1KBAc1D96g9jlkZcIZPUmJ7nJujnVKNgkk8r/dTwhLIJHfGepYpG3Pj5/NopObPKkISxtqWQzNXfEzmNjMmiwHZGFMdm2ZuJ/3m9FMNrPxcqSZErtlgUppJgTGavk6HQnKHMLKFMC3srYWOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNiZ0X5935WLSWnGLmGP7A+fwBwi+PPA==</latexit>M

<latexit sha1_base64="IKKzrcpZL8s6bn/NVn50XvL+K2c=">AAAB6HicdVDLSgMxFM3UV62vqks3wSK4GpJOaV0W3bgRWrAPaIeSSTNtbCYzJBmhlH6BGxeKuPWT3Pk3ZtoKKnrgwuGce7n3niARXBuEPpzc2vrG5lZ+u7Czu7d/UDw8aus4VZS1aCxi1Q2IZoJL1jLcCNZNFCNRIFgnmFxlfueeKc1jeWumCfMjMpI85JQYKzVvBsUScqsVD3tViFzkYeR5GcHlWqUGsYsWKIEVGoPie38Y0zRi0lBBtO5hlBh/RpThVLB5oZ9qlhA6ISPWs1SSiGl/tjh0Ds+sMoRhrGxJAxfq94kZibSeRoHtjIgZ699eJv7l9VITXvgzLpPUMEmXi8JUQBPD7Gs45IpRI6aWEKq4vRXSMVGEGptNwYbw9Sn8n7TLLkYublZK9ctVHHlwAk7BOcCgBurgGjRAC1DAwAN4As/OnfPovDivy9acs5o5Bj/gvH0C8ymNBw==</latexit><latexit sha1_base64="IKKzrcpZL8s6bn/NVn50XvL+K2c=">AAAB6HicdVDLSgMxFM3UV62vqks3wSK4GpJOaV0W3bgRWrAPaIeSSTNtbCYzJBmhlH6BGxeKuPWT3Pk3ZtoKKnrgwuGce7n3niARXBuEPpzc2vrG5lZ+u7Czu7d/UDw8aus4VZS1aCxi1Q2IZoJL1jLcCNZNFCNRIFgnmFxlfueeKc1jeWumCfMjMpI85JQYKzVvBsUScqsVD3tViFzkYeR5GcHlWqUGsYsWKIEVGoPie38Y0zRi0lBBtO5hlBh/RpThVLB5oZ9qlhA6ISPWs1SSiGl/tjh0Ds+sMoRhrGxJAxfq94kZibSeRoHtjIgZ699eJv7l9VITXvgzLpPUMEmXi8JUQBPD7Gs45IpRI6aWEKq4vRXSMVGEGptNwYbw9Sn8n7TLLkYublZK9ctVHHlwAk7BOcCgBurgGjRAC1DAwAN4As/OnfPovDivy9acs5o5Bj/gvH0C8ymNBw==</latexit><latexit sha1_base64="IKKzrcpZL8s6bn/NVn50XvL+K2c=">AAAB6HicdVDLSgMxFM3UV62vqks3wSK4GpJOaV0W3bgRWrAPaIeSSTNtbCYzJBmhlH6BGxeKuPWT3Pk3ZtoKKnrgwuGce7n3niARXBuEPpzc2vrG5lZ+u7Czu7d/UDw8aus4VZS1aCxi1Q2IZoJL1jLcCNZNFCNRIFgnmFxlfueeKc1jeWumCfMjMpI85JQYKzVvBsUScqsVD3tViFzkYeR5GcHlWqUGsYsWKIEVGoPie38Y0zRi0lBBtO5hlBh/RpThVLB5oZ9qlhA6ISPWs1SSiGl/tjh0Ds+sMoRhrGxJAxfq94kZibSeRoHtjIgZ699eJv7l9VITXvgzLpPUMEmXi8JUQBPD7Gs45IpRI6aWEKq4vRXSMVGEGptNwYbw9Sn8n7TLLkYublZK9ctVHHlwAk7BOcCgBurgGjRAC1DAwAN4As/OnfPovDivy9acs5o5Bj/gvH0C8ymNBw==</latexit><latexit sha1_base64="IKKzrcpZL8s6bn/NVn50XvL+K2c=">AAAB6HicdVDLSgMxFM3UV62vqks3wSK4GpJOaV0W3bgRWrAPaIeSSTNtbCYzJBmhlH6BGxeKuPWT3Pk3ZtoKKnrgwuGce7n3niARXBuEPpzc2vrG5lZ+u7Czu7d/UDw8aus4VZS1aCxi1Q2IZoJL1jLcCNZNFCNRIFgnmFxlfueeKc1jeWumCfMjMpI85JQYKzVvBsUScqsVD3tViFzkYeR5GcHlWqUGsYsWKIEVGoPie38Y0zRi0lBBtO5hlBh/RpThVLB5oZ9qlhA6ISPWs1SSiGl/tjh0Ds+sMoRhrGxJAxfq94kZibSeRoHtjIgZ699eJv7l9VITXvgzLpPUMEmXi8JUQBPD7Gs45IpRI6aWEKq4vRXSMVGEGptNwYbw9Sn8n7TLLkYublZK9ctVHHlwAk7BOcCgBurgGjRAC1DAwAN4As/OnfPovDivy9acs5o5Bj/gvH0C8ymNBw==</latexit>

2M
<latexit sha1_base64="vi0SQzstdc1elLoGdSHsoWywZZs=">AAAB6XicdVDLSgMxFM34rPVVdekmWARXQ9IprcuiGzdCFfuAdiiZNNOGZjJDkhHK0D9w40IRt/6RO//GTFtBRQ9cOJxzL/feEySCa4PQh7Oyura+sVnYKm7v7O7tlw4O2zpOFWUtGotYdQOimeCStQw3gnUTxUgUCNYJJpe537lnSvNY3plpwvyIjCQPOSXGSreV60GpjNxa1cNeDSIXeRh5Xk5wpV6tQ+yiOcpgieag9N4fxjSNmDRUEK17GCXGz4gynAo2K/ZTzRJCJ2TEepZKEjHtZ/NLZ/DUKkMYxsqWNHCufp/ISKT1NApsZ0TMWP/2cvEvr5ea8NzPuExSwyRdLApTAU0M87fhkCtGjZhaQqji9lZIx0QRamw4RRvC16fwf9KuuBi5+KZablws4yiAY3ACzgAGddAAV6AJWoCCEDyAJ/DsTJxH58V5XbSuOMuZI/ADztsnZBaNQw==</latexit><latexit sha1_base64="vi0SQzstdc1elLoGdSHsoWywZZs=">AAAB6XicdVDLSgMxFM34rPVVdekmWARXQ9IprcuiGzdCFfuAdiiZNNOGZjJDkhHK0D9w40IRt/6RO//GTFtBRQ9cOJxzL/feEySCa4PQh7Oyura+sVnYKm7v7O7tlw4O2zpOFWUtGotYdQOimeCStQw3gnUTxUgUCNYJJpe537lnSvNY3plpwvyIjCQPOSXGSreV60GpjNxa1cNeDSIXeRh5Xk5wpV6tQ+yiOcpgieag9N4fxjSNmDRUEK17GCXGz4gynAo2K/ZTzRJCJ2TEepZKEjHtZ/NLZ/DUKkMYxsqWNHCufp/ISKT1NApsZ0TMWP/2cvEvr5ea8NzPuExSwyRdLApTAU0M87fhkCtGjZhaQqji9lZIx0QRamw4RRvC16fwf9KuuBi5+KZablws4yiAY3ACzgAGddAAV6AJWoCCEDyAJ/DsTJxH58V5XbSuOMuZI/ADztsnZBaNQw==</latexit><latexit sha1_base64="vi0SQzstdc1elLoGdSHsoWywZZs=">AAAB6XicdVDLSgMxFM34rPVVdekmWARXQ9IprcuiGzdCFfuAdiiZNNOGZjJDkhHK0D9w40IRt/6RO//GTFtBRQ9cOJxzL/feEySCa4PQh7Oyura+sVnYKm7v7O7tlw4O2zpOFWUtGotYdQOimeCStQw3gnUTxUgUCNYJJpe537lnSvNY3plpwvyIjCQPOSXGSreV60GpjNxa1cNeDSIXeRh5Xk5wpV6tQ+yiOcpgieag9N4fxjSNmDRUEK17GCXGz4gynAo2K/ZTzRJCJ2TEepZKEjHtZ/NLZ/DUKkMYxsqWNHCufp/ISKT1NApsZ0TMWP/2cvEvr5ea8NzPuExSwyRdLApTAU0M87fhkCtGjZhaQqji9lZIx0QRamw4RRvC16fwf9KuuBi5+KZablws4yiAY3ACzgAGddAAV6AJWoCCEDyAJ/DsTJxH58V5XbSuOMuZI/ADztsnZBaNQw==</latexit><latexit sha1_base64="vi0SQzstdc1elLoGdSHsoWywZZs=">AAAB6XicdVDLSgMxFM34rPVVdekmWARXQ9IprcuiGzdCFfuAdiiZNNOGZjJDkhHK0D9w40IRt/6RO//GTFtBRQ9cOJxzL/feEySCa4PQh7Oyura+sVnYKm7v7O7tlw4O2zpOFWUtGotYdQOimeCStQw3gnUTxUgUCNYJJpe537lnSvNY3plpwvyIjCQPOSXGSreV60GpjNxa1cNeDSIXeRh5Xk5wpV6tQ+yiOcpgieag9N4fxjSNmDRUEK17GCXGz4gynAo2K/ZTzRJCJ2TEepZKEjHtZ/NLZ/DUKkMYxsqWNHCufp/ISKT1NApsZ0TMWP/2cvEvr5ea8NzPuExSwyRdLApTAU0M87fhkCtGjZhaQqji9lZIx0QRamw4RRvC16fwf9KuuBi5+KZablws4yiAY3ACzgAGddAAV6AJWoCCEDyAJ/DsTJxH58V5XbSuOMuZI/ADztsnZBaNQw==</latexit>

�1
<latexit sha1_base64="svCyPdSKIVZt5//oBOWqydc8dCw=">AAAB8nicbVBNSwMxEM36WetX1aOXYBG8WHZF0GPRi8cK9gO2a5lNs21oNglJVihLf4YXD4p49dd489+YtnvQ1gcDj/dmmJkXK86M9f1vb2V1bX1js7RV3t7Z3duvHBy2jMw0oU0iudSdGAzlTNCmZZbTjtIU0pjTdjy6nfrtJ6oNk+LBjhWNUhgIljAC1klhdwRKwWN+Hkx6lapf82fAyyQoSBUVaPQqX92+JFlKhSUcjAkDX9koB20Z4XRS7maGKiAjGNDQUQEpNVE+O3mCT53Sx4nUroTFM/X3RA6pMeM0dp0p2KFZ9Kbif16Y2eQ6yplQmaWCzBclGcdW4un/uM80JZaPHQGimbsVkyFoINalVHYhBIsvL5PWRS3wa8H9ZbV+U8RRQsfoBJ2hAF2hOrpDDdREBEn0jF7Rm2e9F+/d+5i3rnjFzBH6A+/zB/NkkQU=</latexit><latexit sha1_base64="svCyPdSKIVZt5//oBOWqydc8dCw=">AAAB8nicbVBNSwMxEM36WetX1aOXYBG8WHZF0GPRi8cK9gO2a5lNs21oNglJVihLf4YXD4p49dd489+YtnvQ1gcDj/dmmJkXK86M9f1vb2V1bX1js7RV3t7Z3duvHBy2jMw0oU0iudSdGAzlTNCmZZbTjtIU0pjTdjy6nfrtJ6oNk+LBjhWNUhgIljAC1klhdwRKwWN+Hkx6lapf82fAyyQoSBUVaPQqX92+JFlKhSUcjAkDX9koB20Z4XRS7maGKiAjGNDQUQEpNVE+O3mCT53Sx4nUroTFM/X3RA6pMeM0dp0p2KFZ9Kbif16Y2eQ6yplQmaWCzBclGcdW4un/uM80JZaPHQGimbsVkyFoINalVHYhBIsvL5PWRS3wa8H9ZbV+U8RRQsfoBJ2hAF2hOrpDDdREBEn0jF7Rm2e9F+/d+5i3rnjFzBH6A+/zB/NkkQU=</latexit><latexit sha1_base64="svCyPdSKIVZt5//oBOWqydc8dCw=">AAAB8nicbVBNSwMxEM36WetX1aOXYBG8WHZF0GPRi8cK9gO2a5lNs21oNglJVihLf4YXD4p49dd489+YtnvQ1gcDj/dmmJkXK86M9f1vb2V1bX1js7RV3t7Z3duvHBy2jMw0oU0iudSdGAzlTNCmZZbTjtIU0pjTdjy6nfrtJ6oNk+LBjhWNUhgIljAC1klhdwRKwWN+Hkx6lapf82fAyyQoSBUVaPQqX92+JFlKhSUcjAkDX9koB20Z4XRS7maGKiAjGNDQUQEpNVE+O3mCT53Sx4nUroTFM/X3RA6pMeM0dp0p2KFZ9Kbif16Y2eQ6yplQmaWCzBclGcdW4un/uM80JZaPHQGimbsVkyFoINalVHYhBIsvL5PWRS3wa8H9ZbV+U8RRQsfoBJ2hAF2hOrpDDdREBEn0jF7Rm2e9F+/d+5i3rnjFzBH6A+/zB/NkkQU=</latexit><latexit sha1_base64="svCyPdSKIVZt5//oBOWqydc8dCw=">AAAB8nicbVBNSwMxEM36WetX1aOXYBG8WHZF0GPRi8cK9gO2a5lNs21oNglJVihLf4YXD4p49dd489+YtnvQ1gcDj/dmmJkXK86M9f1vb2V1bX1js7RV3t7Z3duvHBy2jMw0oU0iudSdGAzlTNCmZZbTjtIU0pjTdjy6nfrtJ6oNk+LBjhWNUhgIljAC1klhdwRKwWN+Hkx6lapf82fAyyQoSBUVaPQqX92+JFlKhSUcjAkDX9koB20Z4XRS7maGKiAjGNDQUQEpNVE+O3mCT53Sx4nUroTFM/X3RA6pMeM0dp0p2KFZ9Kbif16Y2eQ6yplQmaWCzBclGcdW4un/uM80JZaPHQGimbsVkyFoINalVHYhBIsvL5PWRS3wa8H9ZbV+U8RRQsfoBJ2hAF2hOrpDDdREBEn0jF7Rm2e9F+/d+5i3rnjFzBH6A+/zB/NkkQU=</latexit>

�
<latexit sha1_base64="WVBNru380J4XCjCR9Lt9t8h8e1I=">AAAB7XicbVDLSgNBEOyNrxhfqx69DAbBU9gVQY9BLx4jmAckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHfFKWfGBsG3V1pb39jcKm9Xdnb39g/8w6OWUZkmtEkUV7oTY0M5k7RpmeW0k2qKRcxpOx7fzvz2E9WGKflgJymNBB5KljCCrZNaPcOGAvf9alAL5kCrJCxIFQo0+v5Xb6BIJqi0hGNjumGQ2ijH2jLC6bTSywxNMRnjIe06KrGgJsrn107RmVMGKFHalbRorv6eyLEwZiJi1ymwHZllbyb+53Uzm1xHOZNpZqkki0VJxpFVaPY6GjBNieUTRzDRzN2KyAhrTKwLqOJCCJdfXiWti1oY1ML7y2r9poijDCdwCucQwhXU4Q4a0AQCj/AMr/DmKe/Fe/c+Fq0lr5g5hj/wPn8AnF+PIw==</latexit><latexit sha1_base64="WVBNru380J4XCjCR9Lt9t8h8e1I=">AAAB7XicbVDLSgNBEOyNrxhfqx69DAbBU9gVQY9BLx4jmAckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHfFKWfGBsG3V1pb39jcKm9Xdnb39g/8w6OWUZkmtEkUV7oTY0M5k7RpmeW0k2qKRcxpOx7fzvz2E9WGKflgJymNBB5KljCCrZNaPcOGAvf9alAL5kCrJCxIFQo0+v5Xb6BIJqi0hGNjumGQ2ijH2jLC6bTSywxNMRnjIe06KrGgJsrn107RmVMGKFHalbRorv6eyLEwZiJi1ymwHZllbyb+53Uzm1xHOZNpZqkki0VJxpFVaPY6GjBNieUTRzDRzN2KyAhrTKwLqOJCCJdfXiWti1oY1ML7y2r9poijDCdwCucQwhXU4Q4a0AQCj/AMr/DmKe/Fe/c+Fq0lr5g5hj/wPn8AnF+PIw==</latexit><latexit sha1_base64="WVBNru380J4XCjCR9Lt9t8h8e1I=">AAAB7XicbVDLSgNBEOyNrxhfqx69DAbBU9gVQY9BLx4jmAckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHfFKWfGBsG3V1pb39jcKm9Xdnb39g/8w6OWUZkmtEkUV7oTY0M5k7RpmeW0k2qKRcxpOx7fzvz2E9WGKflgJymNBB5KljCCrZNaPcOGAvf9alAL5kCrJCxIFQo0+v5Xb6BIJqi0hGNjumGQ2ijH2jLC6bTSywxNMRnjIe06KrGgJsrn107RmVMGKFHalbRorv6eyLEwZiJi1ymwHZllbyb+53Uzm1xHOZNpZqkki0VJxpFVaPY6GjBNieUTRzDRzN2KyAhrTKwLqOJCCJdfXiWti1oY1ML7y2r9poijDCdwCucQwhXU4Q4a0AQCj/AMr/DmKe/Fe/c+Fq0lr5g5hj/wPn8AnF+PIw==</latexit><latexit sha1_base64="WVBNru380J4XCjCR9Lt9t8h8e1I=">AAAB7XicbVDLSgNBEOyNrxhfqx69DAbBU9gVQY9BLx4jmAckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHfFKWfGBsG3V1pb39jcKm9Xdnb39g/8w6OWUZkmtEkUV7oTY0M5k7RpmeW0k2qKRcxpOx7fzvz2E9WGKflgJymNBB5KljCCrZNaPcOGAvf9alAL5kCrJCxIFQo0+v5Xb6BIJqi0hGNjumGQ2ijH2jLC6bTSywxNMRnjIe06KrGgJsrn107RmVMGKFHalbRorv6eyLEwZiJi1ymwHZllbyb+53Uzm1xHOZNpZqkki0VJxpFVaPY6GjBNieUTRzDRzN2KyAhrTKwLqOJCCJdfXiWti1oY1ML7y2r9poijDCdwCucQwhXU4Q4a0AQCj/AMr/DmKe/Fe/c+Fq0lr5g5hj/wPn8AnF+PIw==</latexit>

0
<latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit><latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit><latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit><latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit>

1
<latexit sha1_base64="l9eImvYcFOKpzEDji/n9jPDeWb8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q3KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8Aep2MtQ==</latexit><latexit sha1_base64="l9eImvYcFOKpzEDji/n9jPDeWb8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q3KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8Aep2MtQ==</latexit><latexit sha1_base64="l9eImvYcFOKpzEDji/n9jPDeWb8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q3KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8Aep2MtQ==</latexit><latexit sha1_base64="l9eImvYcFOKpzEDji/n9jPDeWb8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q3KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8Aep2MtQ==</latexit>

r+
<latexit sha1_base64="WmXRWbEuPZ2XgorOrdAPSFCxOUI=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjxWMG2hDWWz3bRLN5uwOxFK6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzwlQKg6777ZTW1jc2t8rblZ3dvf2D6uFRyySZZtxniUx0J6SGS6G4jwIl76Sa0ziUvB2O72Z++4lrIxL1iJOUBzEdKhEJRtFKvu7nF9N+tebW3TnIKvEKUoMCzX71qzdIWBZzhUxSY7qem2KQU42CST6t9DLDU8rGdMi7lioacxPk82On5MwqAxIl2pZCMld/T+Q0NmYSh7Yzpjgyy95M/M/rZhjdBLlQaYZcscWiKJMEEzL7nAyE5gzlxBLKtLC3EjaimjK0+VRsCN7yy6ukdVn33Lr3cFVr3BZxlOEETuEcPLiGBtxDE3xgIOAZXuHNUc6L8+58LFpLTjFzDH/gfP4AvfiOoA==</latexit><latexit sha1_base64="WmXRWbEuPZ2XgorOrdAPSFCxOUI=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjxWMG2hDWWz3bRLN5uwOxFK6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzwlQKg6777ZTW1jc2t8rblZ3dvf2D6uFRyySZZtxniUx0J6SGS6G4jwIl76Sa0ziUvB2O72Z++4lrIxL1iJOUBzEdKhEJRtFKvu7nF9N+tebW3TnIKvEKUoMCzX71qzdIWBZzhUxSY7qem2KQU42CST6t9DLDU8rGdMi7lioacxPk82On5MwqAxIl2pZCMld/T+Q0NmYSh7Yzpjgyy95M/M/rZhjdBLlQaYZcscWiKJMEEzL7nAyE5gzlxBLKtLC3EjaimjK0+VRsCN7yy6ukdVn33Lr3cFVr3BZxlOEETuEcPLiGBtxDE3xgIOAZXuHNUc6L8+58LFpLTjFzDH/gfP4AvfiOoA==</latexit><latexit sha1_base64="WmXRWbEuPZ2XgorOrdAPSFCxOUI=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjxWMG2hDWWz3bRLN5uwOxFK6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzwlQKg6777ZTW1jc2t8rblZ3dvf2D6uFRyySZZtxniUx0J6SGS6G4jwIl76Sa0ziUvB2O72Z++4lrIxL1iJOUBzEdKhEJRtFKvu7nF9N+tebW3TnIKvEKUoMCzX71qzdIWBZzhUxSY7qem2KQU42CST6t9DLDU8rGdMi7lioacxPk82On5MwqAxIl2pZCMld/T+Q0NmYSh7Yzpjgyy95M/M/rZhjdBLlQaYZcscWiKJMEEzL7nAyE5gzlxBLKtLC3EjaimjK0+VRsCN7yy6ukdVn33Lr3cFVr3BZxlOEETuEcPLiGBtxDE3xgIOAZXuHNUc6L8+58LFpLTjFzDH/gfP4AvfiOoA==</latexit><latexit sha1_base64="WmXRWbEuPZ2XgorOrdAPSFCxOUI=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjxWMG2hDWWz3bRLN5uwOxFK6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzwlQKg6777ZTW1jc2t8rblZ3dvf2D6uFRyySZZtxniUx0J6SGS6G4jwIl76Sa0ziUvB2O72Z++4lrIxL1iJOUBzEdKhEJRtFKvu7nF9N+tebW3TnIKvEKUoMCzX71qzdIWBZzhUxSY7qem2KQU42CST6t9DLDU8rGdMi7lioacxPk82On5MwqAxIl2pZCMld/T+Q0NmYSh7Yzpjgyy95M/M/rZhjdBLlQaYZcscWiKJMEEzL7nAyE5gzlxBLKtLC3EjaimjK0+VRsCN7yy6ukdVn33Lr3cFVr3BZxlOEETuEcPLiGBtxDE3xgIOAZXuHNUc6L8+58LFpLTjFzDH/gfP4AvfiOoA==</latexit>

r�<latexit sha1_base64="qF1AHm/kcaegV0RtxiQ2NFZiTzw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBiyWRgh6LXjxWtB/QhrLZbtqlm03YnQgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789hPXRsTqEScJ9yM6VCIUjKKVHnT/ol+uuFV3DrJKvJxUIEejX/7qDWKWRlwhk9SYrucm6GdUo2CST0u91PCEsjEd8q6likbc+Nn81Ck5s8qAhLG2pZDM1d8TGY2MmUSB7YwojsyyNxP/87ophtd+JlSSIldssShMJcGYzP4mA6E5QzmxhDIt7K2EjaimDG06JRuCt/zyKmldVj236t3XKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gD8bY2W</latexit><latexit sha1_base64="qF1AHm/kcaegV0RtxiQ2NFZiTzw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBiyWRgh6LXjxWtB/QhrLZbtqlm03YnQgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789hPXRsTqEScJ9yM6VCIUjKKVHnT/ol+uuFV3DrJKvJxUIEejX/7qDWKWRlwhk9SYrucm6GdUo2CST0u91PCEsjEd8q6likbc+Nn81Ck5s8qAhLG2pZDM1d8TGY2MmUSB7YwojsyyNxP/87ophtd+JlSSIldssShMJcGYzP4mA6E5QzmxhDIt7K2EjaimDG06JRuCt/zyKmldVj236t3XKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gD8bY2W</latexit><latexit sha1_base64="qF1AHm/kcaegV0RtxiQ2NFZiTzw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBiyWRgh6LXjxWtB/QhrLZbtqlm03YnQgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789hPXRsTqEScJ9yM6VCIUjKKVHnT/ol+uuFV3DrJKvJxUIEejX/7qDWKWRlwhk9SYrucm6GdUo2CST0u91PCEsjEd8q6likbc+Nn81Ck5s8qAhLG2pZDM1d8TGY2MmUSB7YwojsyyNxP/87ophtd+JlSSIldssShMJcGYzP4mA6E5QzmxhDIt7K2EjaimDG06JRuCt/zyKmldVj236t3XKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gD8bY2W</latexit><latexit sha1_base64="qF1AHm/kcaegV0RtxiQ2NFZiTzw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBiyWRgh6LXjxWtB/QhrLZbtqlm03YnQgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789hPXRsTqEScJ9yM6VCIUjKKVHnT/ol+uuFV3DrJKvJxUIEejX/7qDWKWRlwhk9SYrucm6GdUo2CST0u91PCEsjEd8q6likbc+Nn81Ck5s8qAhLG2pZDM1d8TGY2MmUSB7YwojsyyNxP/87ophtd+JlSSIldssShMJcGYzP4mA6E5QzmxhDIt7K2EjaimDG06JRuCt/zyKmldVj236t3XKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gD8bY2W</latexit>

0 <  < 1
<latexit sha1_base64="mu2IWclWnL29aNqwp5YWRZ/BAK8=">AAAB8XicbVA9SwNBEJ2LXzF+RS1tDoNgFe6ioEWKoI1lBPOByRHmNnvJkr29ZXdPCCH/wsZCEVv/jZ3/xk1yhSY+GHi8N8PMvFBypo3nfTu5tfWNza38dmFnd2//oHh41NRJqghtkIQnqh2ippwJ2jDMcNqWimIcctoKR7czv/VElWaJeDBjSYMYB4JFjKCx0qNX7Y5QSqz6vWLJK3tzuKvEz0gJMtR7xa9uPyFpTIUhHLXu+J40wQSVYYTTaaGbaiqRjHBAO5YKjKkOJvOLp+6ZVfpulChbwrhz9ffEBGOtx3FoO2M0Q73szcT/vE5qoutgwoRMDRVksShKuWsSd/a+22eKEsPHliBRzN7qkiEqJMaGVLAh+Msvr5JmpexflCv3l6XaTRZHHk7gFM7BhyuowR3UoQEEBDzDK7w52nlx3p2PRWvOyWaO4Q+czx983pAk</latexit>

“Charged”

REISSNER-NORDSTRÖM
(And Kerr - RPM 2019)

Minimal Gauge: reduce the gauge freedom to the most simple case

⇢(�) = ⇢0 + �⇢1
<latexit sha1_base64="tPR9oqJ1noq33R9/ZXFLiKPlWFw=">AAACD3icbVDLSsNAFJ3UV62vqEs3g0WpCCURQTdC0Y3LCvYBTQiT6aQdOo8wMxFK6R+48VfcuFDErVt3/o1Jk4W2Hhg495x7uXNPGDOqjeN8W6Wl5ZXVtfJ6ZWNza3vH3t1ra5koTFpYMqm6IdKEUUFahhpGurEiiIeMdMLRTeZ3HojSVIp7M46Jz9FA0IhiZFIpsI89NZQ1T9MBRyfwCmZl4MBTmEt57VYCu+rUnRngInELUgUFmoH95fUlTjgRBjOkdc91YuNPkDIUMzKteIkmMcIjNCC9lArEifYns3um8ChV+jCSKn3CwJn6e2KCuNZjHqadHJmhnvcy8T+vl5jo0p9QESeGCJwvihIGjYRZOLBPFcGGjVOCsKLpXyEeIoWwSSPMQnDnT14k7bO669Tdu/Nq47qIowwOwCGoARdcgAa4BU3QAhg8gmfwCt6sJ+vFerc+8taSVczsgz+wPn8Ak1macg==</latexit><latexit sha1_base64="tPR9oqJ1noq33R9/ZXFLiKPlWFw=">AAACD3icbVDLSsNAFJ3UV62vqEs3g0WpCCURQTdC0Y3LCvYBTQiT6aQdOo8wMxFK6R+48VfcuFDErVt3/o1Jk4W2Hhg495x7uXNPGDOqjeN8W6Wl5ZXVtfJ6ZWNza3vH3t1ra5koTFpYMqm6IdKEUUFahhpGurEiiIeMdMLRTeZ3HojSVIp7M46Jz9FA0IhiZFIpsI89NZQ1T9MBRyfwCmZl4MBTmEt57VYCu+rUnRngInELUgUFmoH95fUlTjgRBjOkdc91YuNPkDIUMzKteIkmMcIjNCC9lArEifYns3um8ChV+jCSKn3CwJn6e2KCuNZjHqadHJmhnvcy8T+vl5jo0p9QESeGCJwvihIGjYRZOLBPFcGGjVOCsKLpXyEeIoWwSSPMQnDnT14k7bO669Tdu/Nq47qIowwOwCGoARdcgAa4BU3QAhg8gmfwCt6sJ+vFerc+8taSVczsgz+wPn8Ak1macg==</latexit><latexit sha1_base64="tPR9oqJ1noq33R9/ZXFLiKPlWFw=">AAACD3icbVDLSsNAFJ3UV62vqEs3g0WpCCURQTdC0Y3LCvYBTQiT6aQdOo8wMxFK6R+48VfcuFDErVt3/o1Jk4W2Hhg495x7uXNPGDOqjeN8W6Wl5ZXVtfJ6ZWNza3vH3t1ra5koTFpYMqm6IdKEUUFahhpGurEiiIeMdMLRTeZ3HojSVIp7M46Jz9FA0IhiZFIpsI89NZQ1T9MBRyfwCmZl4MBTmEt57VYCu+rUnRngInELUgUFmoH95fUlTjgRBjOkdc91YuNPkDIUMzKteIkmMcIjNCC9lArEifYns3um8ChV+jCSKn3CwJn6e2KCuNZjHqadHJmhnvcy8T+vl5jo0p9QESeGCJwvihIGjYRZOLBPFcGGjVOCsKLpXyEeIoWwSSPMQnDnT14k7bO669Tdu/Nq47qIowwOwCGoARdcgAa4BU3QAhg8gmfwCt6sJ+vFerc+8taSVczsgz+wPn8Ak1macg==</latexit><latexit sha1_base64="tPR9oqJ1noq33R9/ZXFLiKPlWFw=">AAACD3icbVDLSsNAFJ3UV62vqEs3g0WpCCURQTdC0Y3LCvYBTQiT6aQdOo8wMxFK6R+48VfcuFDErVt3/o1Jk4W2Hhg495x7uXNPGDOqjeN8W6Wl5ZXVtfJ6ZWNza3vH3t1ra5koTFpYMqm6IdKEUUFahhpGurEiiIeMdMLRTeZ3HojSVIp7M46Jz9FA0IhiZFIpsI89NZQ1T9MBRyfwCmZl4MBTmEt57VYCu+rUnRngInELUgUFmoH95fUlTjgRBjOkdc91YuNPkDIUMzKteIkmMcIjNCC9lArEifYns3um8ChV+jCSKn3CwJn6e2KCuNZjHqadHJmhnvcy8T+vl5jo0p9QESeGCJwvihIGjYRZOLBPFcGGjVOCsKLpXyEeIoWwSSPMQnDnT14k7bO669Tdu/Nq47qIowwOwCGoARdcgAa4BU3QAhg8gmfwCt6sJ+vFerc+8taSVczsgz+wPn8Ak1macg==</latexit>

•  Radial:

(A) radial fix
⇢1 = 0

<latexit sha1_base64="eR5DwujRFA7cbqrFEZkjmZ/2WbY=">AAAB8XicdVDLSgMxFM34rPVVdekmWARXQ6ZTWjdC0Y3LCvaB7VAyaaYNzSRDkhHK0L9w40IRt/6NO//GTFtBRQ9cOJxzL/feEyacaYPQh7Oyura+sVnYKm7v7O7tlw4O21qmitAWkVyqbog15UzQlmGG026iKI5DTjvh5Cr3O/dUaSbFrZkmNIjxSLCIEWysdNdXYznw4AVEg1IZubWq7/k1iFzke8j3c+JV6tU69Fw0Rxks0RyU3vtDSdKYCkM41rrnocQEGVaGEU5nxX6qaYLJBI9oz1KBY6qDbH7xDJ5aZQgjqWwJA+fq94kMx1pP49B2xtiM9W8vF//yeqmJzoOMiSQ1VJDFoijl0EiYvw+HTFFi+NQSTBSzt0IyxgoTY0Mq2hC+PoX/k3bF9Xy3clMtNy6XcRTAMTgBZ8ADddAA16AJWoAAAR7AE3h2tPPovDivi9YVZzlzBH7AefsEOsiP+g==</latexit>

�(�) = ⇢(�)� �⇢0(�) = ⇢0 = constant
<latexit sha1_base64="JDvDaNr6r5eAe4w3G22O4lD6V/o="></latexit>

• Time:
<latexit sha1_base64="G+pFcHrsGgzqunbqJW/vMWMjGB4="></latexit>

v = t� r⇤
<latexit sha1_base64="Kqx84OQf4wnZT3nz+9G0gVrHA5s="></latexit>

v = �

✓
⌧ � h(�)

◆
<latexit sha1_base64="cMP/TyJcUH4TXv4hEpB45ZlYcRc="></latexit>

h(�) = h0(�)| {z }
minimal requirements

+ A(�)| {z }
regular <latexit sha1_base64="C14BqF3siN9l63bysSdqYFNvbuQ="></latexit>

0

<latexit sha1_base64="19pkAX18HDsmFUqMrC5Ux2H0EJU="></latexit>

r(�) =
rh
� (charge/spin parameter)

 =
r�
r+

<latexit sha1_base64="Sw9v/1GF45Ayaq2n/Fa/USSc3Q8=">AAACAHicbVDLSgMxFM3UV62vURcu3ASLIIhlpgq6EYpuXFawD+gMQybNtKGZTEgyQhlm46+4caGIWz/DnX9j2s5CWw/cy+Gce0nuCQWjSjvOt1VaWl5ZXSuvVzY2t7Z37N29tkpSiUkLJyyR3RApwignLU01I10hCYpDRjrh6Hbidx6JVDThD3osiB+jAacRxUgbKbAPvBESAl17/UginMngLDftNA/sqlNzpoCLxC1IFRRoBvaX109wGhOuMUNK9VxHaD9DUlPMSF7xUkUEwiM0ID1DOYqJ8rPpATk8NkofRok0xTWcqr83MhQrNY5DMxkjPVTz3kT8z+ulOrryM8pFqgnHs4eilEGdwEkasE8lwZqNDUFYUvNXiIfIJKFNZhUTgjt/8iJp12vuea1+f1Ft3BRxlMEhOAInwAWXoAHuQBO0AAY5eAav4M16sl6sd+tjNlqyip198AfW5w/ArpaB</latexit>



r
<latexit sha1_base64="P507oPuRhKq0fchXf5sh3zZa6nQ=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cq9gPaUDbbSbt0swm7G6GE/gMvHhTx6j/y5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWBym/udJ1Sax/LRTBP0IzqSPOSMGis9qMqgWnPr7hxklXgFqUGB5qD61R/GLI1QGiao1j3PTYyfUWU4Ezir9FONCWUTOsKepZJGqP1sfumMnFllSMJY2ZKGzNXfExmNtJ5Gge2MqBnrZS8X//N6qQmv/YzLJDUo2WJRmApiYpK/TYZcITNiagllittbCRtTRZmx4eQheMsvr5L2Rd1z6979Za1xU8RRhhM4hXPw4AoacAdNaAGDEJ7hFd6cifPivDsfi9aSU8wcwx84nz8Rro0K</latexit><latexit sha1_base64="P507oPuRhKq0fchXf5sh3zZa6nQ=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cq9gPaUDbbSbt0swm7G6GE/gMvHhTx6j/y5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWBym/udJ1Sax/LRTBP0IzqSPOSMGis9qMqgWnPr7hxklXgFqUGB5qD61R/GLI1QGiao1j3PTYyfUWU4Ezir9FONCWUTOsKepZJGqP1sfumMnFllSMJY2ZKGzNXfExmNtJ5Gge2MqBnrZS8X//N6qQmv/YzLJDUo2WJRmApiYpK/TYZcITNiagllittbCRtTRZmx4eQheMsvr5L2Rd1z6979Za1xU8RRhhM4hXPw4AoacAdNaAGDEJ7hFd6cifPivDsfi9aSU8wcwx84nz8Rro0K</latexit><latexit sha1_base64="P507oPuRhKq0fchXf5sh3zZa6nQ=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cq9gPaUDbbSbt0swm7G6GE/gMvHhTx6j/y5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWBym/udJ1Sax/LRTBP0IzqSPOSMGis9qMqgWnPr7hxklXgFqUGB5qD61R/GLI1QGiao1j3PTYyfUWU4Ezir9FONCWUTOsKepZJGqP1sfumMnFllSMJY2ZKGzNXfExmNtJ5Gge2MqBnrZS8X//N6qQmv/YzLJDUo2WJRmApiYpK/TYZcITNiagllittbCRtTRZmx4eQheMsvr5L2Rd1z6979Za1xU8RRhhM4hXPw4AoacAdNaAGDEJ7hFd6cifPivDsfi9aSU8wcwx84nz8Rro0K</latexit><latexit sha1_base64="P507oPuRhKq0fchXf5sh3zZa6nQ=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cq9gPaUDbbSbt0swm7G6GE/gMvHhTx6j/y5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWBym/udJ1Sax/LRTBP0IzqSPOSMGis9qMqgWnPr7hxklXgFqUGB5qD61R/GLI1QGiao1j3PTYyfUWU4Ezir9FONCWUTOsKepZJGqP1sfumMnFllSMJY2ZKGzNXfExmNtJ5Gge2MqBnrZS8X//N6qQmv/YzLJDUo2WJRmApiYpK/TYZcITNiagllittbCRtTRZmx4eQheMsvr5L2Rd1z6979Za1xU8RRhhM4hXPw4AoacAdNaAGDEJ7hFd6cifPivDsfi9aSU8wcwx84nz8Rro0K</latexit>

1
<latexit sha1_base64="SewSXpMSbbFZwBdSTgiis61GRk4=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbTbt2swm7EyGE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST25nfeeLaiFg9YJZwP6IjJULBKFqp3RcqxGxQrbl1dw6ySryC1KBAc1D96g9jlkZcIZPUmJ7nJujnVKNgkk8r/dTwhLIJHfGepYpG3Pj5/NopObPKkISxtqWQzNXfEzmNjMmiwHZGFMdm2ZuJ/3m9FMNrPxcqSZErtlgUppJgTGavk6HQnKHMLKFMC3srYWOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNiZ0X5935WLSWnGLmGP7A+fwBwi+PPA==</latexit><latexit sha1_base64="SewSXpMSbbFZwBdSTgiis61GRk4=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbTbt2swm7EyGE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST25nfeeLaiFg9YJZwP6IjJULBKFqp3RcqxGxQrbl1dw6ySryC1KBAc1D96g9jlkZcIZPUmJ7nJujnVKNgkk8r/dTwhLIJHfGepYpG3Pj5/NopObPKkISxtqWQzNXfEzmNjMmiwHZGFMdm2ZuJ/3m9FMNrPxcqSZErtlgUppJgTGavk6HQnKHMLKFMC3srYWOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNiZ0X5935WLSWnGLmGP7A+fwBwi+PPA==</latexit><latexit sha1_base64="SewSXpMSbbFZwBdSTgiis61GRk4=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbTbt2swm7EyGE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST25nfeeLaiFg9YJZwP6IjJULBKFqp3RcqxGxQrbl1dw6ySryC1KBAc1D96g9jlkZcIZPUmJ7nJujnVKNgkk8r/dTwhLIJHfGepYpG3Pj5/NopObPKkISxtqWQzNXfEzmNjMmiwHZGFMdm2ZuJ/3m9FMNrPxcqSZErtlgUppJgTGavk6HQnKHMLKFMC3srYWOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNiZ0X5935WLSWnGLmGP7A+fwBwi+PPA==</latexit><latexit sha1_base64="SewSXpMSbbFZwBdSTgiis61GRk4=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbTbt2swm7EyGE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST25nfeeLaiFg9YJZwP6IjJULBKFqp3RcqxGxQrbl1dw6ySryC1KBAc1D96g9jlkZcIZPUmJ7nJujnVKNgkk8r/dTwhLIJHfGepYpG3Pj5/NopObPKkISxtqWQzNXfEzmNjMmiwHZGFMdm2ZuJ/3m9FMNrPxcqSZErtlgUppJgTGavk6HQnKHMLKFMC3srYWOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNiZ0X5935WLSWnGLmGP7A+fwBwi+PPA==</latexit>M

<latexit sha1_base64="IKKzrcpZL8s6bn/NVn50XvL+K2c=">AAAB6HicdVDLSgMxFM3UV62vqks3wSK4GpJOaV0W3bgRWrAPaIeSSTNtbCYzJBmhlH6BGxeKuPWT3Pk3ZtoKKnrgwuGce7n3niARXBuEPpzc2vrG5lZ+u7Czu7d/UDw8aus4VZS1aCxi1Q2IZoJL1jLcCNZNFCNRIFgnmFxlfueeKc1jeWumCfMjMpI85JQYKzVvBsUScqsVD3tViFzkYeR5GcHlWqUGsYsWKIEVGoPie38Y0zRi0lBBtO5hlBh/RpThVLB5oZ9qlhA6ISPWs1SSiGl/tjh0Ds+sMoRhrGxJAxfq94kZibSeRoHtjIgZ699eJv7l9VITXvgzLpPUMEmXi8JUQBPD7Gs45IpRI6aWEKq4vRXSMVGEGptNwYbw9Sn8n7TLLkYublZK9ctVHHlwAk7BOcCgBurgGjRAC1DAwAN4As/OnfPovDivy9acs5o5Bj/gvH0C8ymNBw==</latexit><latexit sha1_base64="IKKzrcpZL8s6bn/NVn50XvL+K2c=">AAAB6HicdVDLSgMxFM3UV62vqks3wSK4GpJOaV0W3bgRWrAPaIeSSTNtbCYzJBmhlH6BGxeKuPWT3Pk3ZtoKKnrgwuGce7n3niARXBuEPpzc2vrG5lZ+u7Czu7d/UDw8aus4VZS1aCxi1Q2IZoJL1jLcCNZNFCNRIFgnmFxlfueeKc1jeWumCfMjMpI85JQYKzVvBsUScqsVD3tViFzkYeR5GcHlWqUGsYsWKIEVGoPie38Y0zRi0lBBtO5hlBh/RpThVLB5oZ9qlhA6ISPWs1SSiGl/tjh0Ds+sMoRhrGxJAxfq94kZibSeRoHtjIgZ699eJv7l9VITXvgzLpPUMEmXi8JUQBPD7Gs45IpRI6aWEKq4vRXSMVGEGptNwYbw9Sn8n7TLLkYublZK9ctVHHlwAk7BOcCgBurgGjRAC1DAwAN4As/OnfPovDivy9acs5o5Bj/gvH0C8ymNBw==</latexit><latexit sha1_base64="IKKzrcpZL8s6bn/NVn50XvL+K2c=">AAAB6HicdVDLSgMxFM3UV62vqks3wSK4GpJOaV0W3bgRWrAPaIeSSTNtbCYzJBmhlH6BGxeKuPWT3Pk3ZtoKKnrgwuGce7n3niARXBuEPpzc2vrG5lZ+u7Czu7d/UDw8aus4VZS1aCxi1Q2IZoJL1jLcCNZNFCNRIFgnmFxlfueeKc1jeWumCfMjMpI85JQYKzVvBsUScqsVD3tViFzkYeR5GcHlWqUGsYsWKIEVGoPie38Y0zRi0lBBtO5hlBh/RpThVLB5oZ9qlhA6ISPWs1SSiGl/tjh0Ds+sMoRhrGxJAxfq94kZibSeRoHtjIgZ699eJv7l9VITXvgzLpPUMEmXi8JUQBPD7Gs45IpRI6aWEKq4vRXSMVGEGptNwYbw9Sn8n7TLLkYublZK9ctVHHlwAk7BOcCgBurgGjRAC1DAwAN4As/OnfPovDivy9acs5o5Bj/gvH0C8ymNBw==</latexit><latexit sha1_base64="IKKzrcpZL8s6bn/NVn50XvL+K2c=">AAAB6HicdVDLSgMxFM3UV62vqks3wSK4GpJOaV0W3bgRWrAPaIeSSTNtbCYzJBmhlH6BGxeKuPWT3Pk3ZtoKKnrgwuGce7n3niARXBuEPpzc2vrG5lZ+u7Czu7d/UDw8aus4VZS1aCxi1Q2IZoJL1jLcCNZNFCNRIFgnmFxlfueeKc1jeWumCfMjMpI85JQYKzVvBsUScqsVD3tViFzkYeR5GcHlWqUGsYsWKIEVGoPie38Y0zRi0lBBtO5hlBh/RpThVLB5oZ9qlhA6ISPWs1SSiGl/tjh0Ds+sMoRhrGxJAxfq94kZibSeRoHtjIgZ699eJv7l9VITXvgzLpPUMEmXi8JUQBPD7Gs45IpRI6aWEKq4vRXSMVGEGptNwYbw9Sn8n7TLLkYublZK9ctVHHlwAk7BOcCgBurgGjRAC1DAwAN4As/OnfPovDivy9acs5o5Bj/gvH0C8ymNBw==</latexit>

2M
<latexit sha1_base64="vi0SQzstdc1elLoGdSHsoWywZZs=">AAAB6XicdVDLSgMxFM34rPVVdekmWARXQ9IprcuiGzdCFfuAdiiZNNOGZjJDkhHK0D9w40IRt/6RO//GTFtBRQ9cOJxzL/feEySCa4PQh7Oyura+sVnYKm7v7O7tlw4O2zpOFWUtGotYdQOimeCStQw3gnUTxUgUCNYJJpe537lnSvNY3plpwvyIjCQPOSXGSreV60GpjNxa1cNeDSIXeRh5Xk5wpV6tQ+yiOcpgieag9N4fxjSNmDRUEK17GCXGz4gynAo2K/ZTzRJCJ2TEepZKEjHtZ/NLZ/DUKkMYxsqWNHCufp/ISKT1NApsZ0TMWP/2cvEvr5ea8NzPuExSwyRdLApTAU0M87fhkCtGjZhaQqji9lZIx0QRamw4RRvC16fwf9KuuBi5+KZablws4yiAY3ACzgAGddAAV6AJWoCCEDyAJ/DsTJxH58V5XbSuOMuZI/ADztsnZBaNQw==</latexit><latexit sha1_base64="vi0SQzstdc1elLoGdSHsoWywZZs=">AAAB6XicdVDLSgMxFM34rPVVdekmWARXQ9IprcuiGzdCFfuAdiiZNNOGZjJDkhHK0D9w40IRt/6RO//GTFtBRQ9cOJxzL/feEySCa4PQh7Oyura+sVnYKm7v7O7tlw4O2zpOFWUtGotYdQOimeCStQw3gnUTxUgUCNYJJpe537lnSvNY3plpwvyIjCQPOSXGSreV60GpjNxa1cNeDSIXeRh5Xk5wpV6tQ+yiOcpgieag9N4fxjSNmDRUEK17GCXGz4gynAo2K/ZTzRJCJ2TEepZKEjHtZ/NLZ/DUKkMYxsqWNHCufp/ISKT1NApsZ0TMWP/2cvEvr5ea8NzPuExSwyRdLApTAU0M87fhkCtGjZhaQqji9lZIx0QRamw4RRvC16fwf9KuuBi5+KZablws4yiAY3ACzgAGddAAV6AJWoCCEDyAJ/DsTJxH58V5XbSuOMuZI/ADztsnZBaNQw==</latexit><latexit sha1_base64="vi0SQzstdc1elLoGdSHsoWywZZs=">AAAB6XicdVDLSgMxFM34rPVVdekmWARXQ9IprcuiGzdCFfuAdiiZNNOGZjJDkhHK0D9w40IRt/6RO//GTFtBRQ9cOJxzL/feEySCa4PQh7Oyura+sVnYKm7v7O7tlw4O2zpOFWUtGotYdQOimeCStQw3gnUTxUgUCNYJJpe537lnSvNY3plpwvyIjCQPOSXGSreV60GpjNxa1cNeDSIXeRh5Xk5wpV6tQ+yiOcpgieag9N4fxjSNmDRUEK17GCXGz4gynAo2K/ZTzRJCJ2TEepZKEjHtZ/NLZ/DUKkMYxsqWNHCufp/ISKT1NApsZ0TMWP/2cvEvr5ea8NzPuExSwyRdLApTAU0M87fhkCtGjZhaQqji9lZIx0QRamw4RRvC16fwf9KuuBi5+KZablws4yiAY3ACzgAGddAAV6AJWoCCEDyAJ/DsTJxH58V5XbSuOMuZI/ADztsnZBaNQw==</latexit><latexit sha1_base64="vi0SQzstdc1elLoGdSHsoWywZZs=">AAAB6XicdVDLSgMxFM34rPVVdekmWARXQ9IprcuiGzdCFfuAdiiZNNOGZjJDkhHK0D9w40IRt/6RO//GTFtBRQ9cOJxzL/feEySCa4PQh7Oyura+sVnYKm7v7O7tlw4O2zpOFWUtGotYdQOimeCStQw3gnUTxUgUCNYJJpe537lnSvNY3plpwvyIjCQPOSXGSreV60GpjNxa1cNeDSIXeRh5Xk5wpV6tQ+yiOcpgieag9N4fxjSNmDRUEK17GCXGz4gynAo2K/ZTzRJCJ2TEepZKEjHtZ/NLZ/DUKkMYxsqWNHCufp/ISKT1NApsZ0TMWP/2cvEvr5ea8NzPuExSwyRdLApTAU0M87fhkCtGjZhaQqji9lZIx0QRamw4RRvC16fwf9KuuBi5+KZablws4yiAY3ACzgAGddAAV6AJWoCCEDyAJ/DsTJxH58V5XbSuOMuZI/ADztsnZBaNQw==</latexit>

r+
<latexit sha1_base64="WmXRWbEuPZ2XgorOrdAPSFCxOUI=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjxWMG2hDWWz3bRLN5uwOxFK6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzwlQKg6777ZTW1jc2t8rblZ3dvf2D6uFRyySZZtxniUx0J6SGS6G4jwIl76Sa0ziUvB2O72Z++4lrIxL1iJOUBzEdKhEJRtFKvu7nF9N+tebW3TnIKvEKUoMCzX71qzdIWBZzhUxSY7qem2KQU42CST6t9DLDU8rGdMi7lioacxPk82On5MwqAxIl2pZCMld/T+Q0NmYSh7Yzpjgyy95M/M/rZhjdBLlQaYZcscWiKJMEEzL7nAyE5gzlxBLKtLC3EjaimjK0+VRsCN7yy6ukdVn33Lr3cFVr3BZxlOEETuEcPLiGBtxDE3xgIOAZXuHNUc6L8+58LFpLTjFzDH/gfP4AvfiOoA==</latexit><latexit sha1_base64="WmXRWbEuPZ2XgorOrdAPSFCxOUI=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjxWMG2hDWWz3bRLN5uwOxFK6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzwlQKg6777ZTW1jc2t8rblZ3dvf2D6uFRyySZZtxniUx0J6SGS6G4jwIl76Sa0ziUvB2O72Z++4lrIxL1iJOUBzEdKhEJRtFKvu7nF9N+tebW3TnIKvEKUoMCzX71qzdIWBZzhUxSY7qem2KQU42CST6t9DLDU8rGdMi7lioacxPk82On5MwqAxIl2pZCMld/T+Q0NmYSh7Yzpjgyy95M/M/rZhjdBLlQaYZcscWiKJMEEzL7nAyE5gzlxBLKtLC3EjaimjK0+VRsCN7yy6ukdVn33Lr3cFVr3BZxlOEETuEcPLiGBtxDE3xgIOAZXuHNUc6L8+58LFpLTjFzDH/gfP4AvfiOoA==</latexit><latexit sha1_base64="WmXRWbEuPZ2XgorOrdAPSFCxOUI=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjxWMG2hDWWz3bRLN5uwOxFK6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzwlQKg6777ZTW1jc2t8rblZ3dvf2D6uFRyySZZtxniUx0J6SGS6G4jwIl76Sa0ziUvB2O72Z++4lrIxL1iJOUBzEdKhEJRtFKvu7nF9N+tebW3TnIKvEKUoMCzX71qzdIWBZzhUxSY7qem2KQU42CST6t9DLDU8rGdMi7lioacxPk82On5MwqAxIl2pZCMld/T+Q0NmYSh7Yzpjgyy95M/M/rZhjdBLlQaYZcscWiKJMEEzL7nAyE5gzlxBLKtLC3EjaimjK0+VRsCN7yy6ukdVn33Lr3cFVr3BZxlOEETuEcPLiGBtxDE3xgIOAZXuHNUc6L8+58LFpLTjFzDH/gfP4AvfiOoA==</latexit><latexit sha1_base64="WmXRWbEuPZ2XgorOrdAPSFCxOUI=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjxWMG2hDWWz3bRLN5uwOxFK6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzwlQKg6777ZTW1jc2t8rblZ3dvf2D6uFRyySZZtxniUx0J6SGS6G4jwIl76Sa0ziUvB2O72Z++4lrIxL1iJOUBzEdKhEJRtFKvu7nF9N+tebW3TnIKvEKUoMCzX71qzdIWBZzhUxSY7qem2KQU42CST6t9DLDU8rGdMi7lioacxPk82On5MwqAxIl2pZCMld/T+Q0NmYSh7Yzpjgyy95M/M/rZhjdBLlQaYZcscWiKJMEEzL7nAyE5gzlxBLKtLC3EjaimjK0+VRsCN7yy6ukdVn33Lr3cFVr3BZxlOEETuEcPLiGBtxDE3xgIOAZXuHNUc6L8+58LFpLTjFzDH/gfP4AvfiOoA==</latexit>

�1
<latexit sha1_base64="svCyPdSKIVZt5//oBOWqydc8dCw=">AAAB8nicbVBNSwMxEM36WetX1aOXYBG8WHZF0GPRi8cK9gO2a5lNs21oNglJVihLf4YXD4p49dd489+YtnvQ1gcDj/dmmJkXK86M9f1vb2V1bX1js7RV3t7Z3duvHBy2jMw0oU0iudSdGAzlTNCmZZbTjtIU0pjTdjy6nfrtJ6oNk+LBjhWNUhgIljAC1klhdwRKwWN+Hkx6lapf82fAyyQoSBUVaPQqX92+JFlKhSUcjAkDX9koB20Z4XRS7maGKiAjGNDQUQEpNVE+O3mCT53Sx4nUroTFM/X3RA6pMeM0dp0p2KFZ9Kbif16Y2eQ6yplQmaWCzBclGcdW4un/uM80JZaPHQGimbsVkyFoINalVHYhBIsvL5PWRS3wa8H9ZbV+U8RRQsfoBJ2hAF2hOrpDDdREBEn0jF7Rm2e9F+/d+5i3rnjFzBH6A+/zB/NkkQU=</latexit><latexit sha1_base64="svCyPdSKIVZt5//oBOWqydc8dCw=">AAAB8nicbVBNSwMxEM36WetX1aOXYBG8WHZF0GPRi8cK9gO2a5lNs21oNglJVihLf4YXD4p49dd489+YtnvQ1gcDj/dmmJkXK86M9f1vb2V1bX1js7RV3t7Z3duvHBy2jMw0oU0iudSdGAzlTNCmZZbTjtIU0pjTdjy6nfrtJ6oNk+LBjhWNUhgIljAC1klhdwRKwWN+Hkx6lapf82fAyyQoSBUVaPQqX92+JFlKhSUcjAkDX9koB20Z4XRS7maGKiAjGNDQUQEpNVE+O3mCT53Sx4nUroTFM/X3RA6pMeM0dp0p2KFZ9Kbif16Y2eQ6yplQmaWCzBclGcdW4un/uM80JZaPHQGimbsVkyFoINalVHYhBIsvL5PWRS3wa8H9ZbV+U8RRQsfoBJ2hAF2hOrpDDdREBEn0jF7Rm2e9F+/d+5i3rnjFzBH6A+/zB/NkkQU=</latexit><latexit sha1_base64="svCyPdSKIVZt5//oBOWqydc8dCw=">AAAB8nicbVBNSwMxEM36WetX1aOXYBG8WHZF0GPRi8cK9gO2a5lNs21oNglJVihLf4YXD4p49dd489+YtnvQ1gcDj/dmmJkXK86M9f1vb2V1bX1js7RV3t7Z3duvHBy2jMw0oU0iudSdGAzlTNCmZZbTjtIU0pjTdjy6nfrtJ6oNk+LBjhWNUhgIljAC1klhdwRKwWN+Hkx6lapf82fAyyQoSBUVaPQqX92+JFlKhSUcjAkDX9koB20Z4XRS7maGKiAjGNDQUQEpNVE+O3mCT53Sx4nUroTFM/X3RA6pMeM0dp0p2KFZ9Kbif16Y2eQ6yplQmaWCzBclGcdW4un/uM80JZaPHQGimbsVkyFoINalVHYhBIsvL5PWRS3wa8H9ZbV+U8RRQsfoBJ2hAF2hOrpDDdREBEn0jF7Rm2e9F+/d+5i3rnjFzBH6A+/zB/NkkQU=</latexit><latexit sha1_base64="svCyPdSKIVZt5//oBOWqydc8dCw=">AAAB8nicbVBNSwMxEM36WetX1aOXYBG8WHZF0GPRi8cK9gO2a5lNs21oNglJVihLf4YXD4p49dd489+YtnvQ1gcDj/dmmJkXK86M9f1vb2V1bX1js7RV3t7Z3duvHBy2jMw0oU0iudSdGAzlTNCmZZbTjtIU0pjTdjy6nfrtJ6oNk+LBjhWNUhgIljAC1klhdwRKwWN+Hkx6lapf82fAyyQoSBUVaPQqX92+JFlKhSUcjAkDX9koB20Z4XRS7maGKiAjGNDQUQEpNVE+O3mCT53Sx4nUroTFM/X3RA6pMeM0dp0p2KFZ9Kbif16Y2eQ6yplQmaWCzBclGcdW4un/uM80JZaPHQGimbsVkyFoINalVHYhBIsvL5PWRS3wa8H9ZbV+U8RRQsfoBJ2hAF2hOrpDDdREBEn0jF7Rm2e9F+/d+5i3rnjFzBH6A+/zB/NkkQU=</latexit>

�
<latexit sha1_base64="WVBNru380J4XCjCR9Lt9t8h8e1I=">AAAB7XicbVDLSgNBEOyNrxhfqx69DAbBU9gVQY9BLx4jmAckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHfFKWfGBsG3V1pb39jcKm9Xdnb39g/8w6OWUZkmtEkUV7oTY0M5k7RpmeW0k2qKRcxpOx7fzvz2E9WGKflgJymNBB5KljCCrZNaPcOGAvf9alAL5kCrJCxIFQo0+v5Xb6BIJqi0hGNjumGQ2ijH2jLC6bTSywxNMRnjIe06KrGgJsrn107RmVMGKFHalbRorv6eyLEwZiJi1ymwHZllbyb+53Uzm1xHOZNpZqkki0VJxpFVaPY6GjBNieUTRzDRzN2KyAhrTKwLqOJCCJdfXiWti1oY1ML7y2r9poijDCdwCucQwhXU4Q4a0AQCj/AMr/DmKe/Fe/c+Fq0lr5g5hj/wPn8AnF+PIw==</latexit><latexit sha1_base64="WVBNru380J4XCjCR9Lt9t8h8e1I=">AAAB7XicbVDLSgNBEOyNrxhfqx69DAbBU9gVQY9BLx4jmAckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHfFKWfGBsG3V1pb39jcKm9Xdnb39g/8w6OWUZkmtEkUV7oTY0M5k7RpmeW0k2qKRcxpOx7fzvz2E9WGKflgJymNBB5KljCCrZNaPcOGAvf9alAL5kCrJCxIFQo0+v5Xb6BIJqi0hGNjumGQ2ijH2jLC6bTSywxNMRnjIe06KrGgJsrn107RmVMGKFHalbRorv6eyLEwZiJi1ymwHZllbyb+53Uzm1xHOZNpZqkki0VJxpFVaPY6GjBNieUTRzDRzN2KyAhrTKwLqOJCCJdfXiWti1oY1ML7y2r9poijDCdwCucQwhXU4Q4a0AQCj/AMr/DmKe/Fe/c+Fq0lr5g5hj/wPn8AnF+PIw==</latexit><latexit sha1_base64="WVBNru380J4XCjCR9Lt9t8h8e1I=">AAAB7XicbVDLSgNBEOyNrxhfqx69DAbBU9gVQY9BLx4jmAckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHfFKWfGBsG3V1pb39jcKm9Xdnb39g/8w6OWUZkmtEkUV7oTY0M5k7RpmeW0k2qKRcxpOx7fzvz2E9WGKflgJymNBB5KljCCrZNaPcOGAvf9alAL5kCrJCxIFQo0+v5Xb6BIJqi0hGNjumGQ2ijH2jLC6bTSywxNMRnjIe06KrGgJsrn107RmVMGKFHalbRorv6eyLEwZiJi1ymwHZllbyb+53Uzm1xHOZNpZqkki0VJxpFVaPY6GjBNieUTRzDRzN2KyAhrTKwLqOJCCJdfXiWti1oY1ML7y2r9poijDCdwCucQwhXU4Q4a0AQCj/AMr/DmKe/Fe/c+Fq0lr5g5hj/wPn8AnF+PIw==</latexit><latexit sha1_base64="WVBNru380J4XCjCR9Lt9t8h8e1I=">AAAB7XicbVDLSgNBEOyNrxhfqx69DAbBU9gVQY9BLx4jmAckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHfFKWfGBsG3V1pb39jcKm9Xdnb39g/8w6OWUZkmtEkUV7oTY0M5k7RpmeW0k2qKRcxpOx7fzvz2E9WGKflgJymNBB5KljCCrZNaPcOGAvf9alAL5kCrJCxIFQo0+v5Xb6BIJqi0hGNjumGQ2ijH2jLC6bTSywxNMRnjIe06KrGgJsrn107RmVMGKFHalbRorv6eyLEwZiJi1ymwHZllbyb+53Uzm1xHOZNpZqkki0VJxpFVaPY6GjBNieUTRzDRzN2KyAhrTKwLqOJCCJdfXiWti1oY1ML7y2r9poijDCdwCucQwhXU4Q4a0AQCj/AMr/DmKe/Fe/c+Fq0lr5g5hj/wPn8AnF+PIw==</latexit>

0
<latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit><latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit><latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit><latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit>

1
<latexit sha1_base64="l9eImvYcFOKpzEDji/n9jPDeWb8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q3KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8Aep2MtQ==</latexit><latexit sha1_base64="l9eImvYcFOKpzEDji/n9jPDeWb8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q3KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8Aep2MtQ==</latexit><latexit sha1_base64="l9eImvYcFOKpzEDji/n9jPDeWb8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q3KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8Aep2MtQ==</latexit><latexit sha1_base64="l9eImvYcFOKpzEDji/n9jPDeWb8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q3KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8Aep2MtQ==</latexit>

“Extremal”  = 1
<latexit sha1_base64="x5rIBQGCuRRV5VI+xr7oqjAAUdk=">AAAB8XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0EYI2lhGMDGYHGFus5cs2dtbdveEEPIvbCwUsfXf2Plv3CRXaOKDgcd7M8zMi5Tgxvr+t1dYWV1b3yhulra2d3b3yvsHTZNmmrIGTUWqWxEaJrhkDcutYC2lGSaRYA/R8GbqPzwxbXgq7+1IsTDBvuQxp2id9NgZolJIrkjQLVf8qj8DWSZBTiqQo94tf3V6Kc0SJi0VaEw78JUNx6gtp4JNSp3MMIV0iH3WdlRiwkw4nl08ISdO6ZE41a6kJTP198QYE2NGSeQ6E7QDs+hNxf+8dmbjy3DMpcosk3S+KM4EsSmZvk96XDNqxcgRpJq7WwkdoEZqXUglF0Kw+PIyaZ5VA78a3J1Xatd5HEU4gmM4hQAuoAa3UIcGUJDwDK/w5hnvxXv3PuatBS+fOYQ/8D5/ADxkj/U=</latexit><latexit sha1_base64="x5rIBQGCuRRV5VI+xr7oqjAAUdk=">AAAB8XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0EYI2lhGMDGYHGFus5cs2dtbdveEEPIvbCwUsfXf2Plv3CRXaOKDgcd7M8zMi5Tgxvr+t1dYWV1b3yhulra2d3b3yvsHTZNmmrIGTUWqWxEaJrhkDcutYC2lGSaRYA/R8GbqPzwxbXgq7+1IsTDBvuQxp2id9NgZolJIrkjQLVf8qj8DWSZBTiqQo94tf3V6Kc0SJi0VaEw78JUNx6gtp4JNSp3MMIV0iH3WdlRiwkw4nl08ISdO6ZE41a6kJTP198QYE2NGSeQ6E7QDs+hNxf+8dmbjy3DMpcosk3S+KM4EsSmZvk96XDNqxcgRpJq7WwkdoEZqXUglF0Kw+PIyaZ5VA78a3J1Xatd5HEU4gmM4hQAuoAa3UIcGUJDwDK/w5hnvxXv3PuatBS+fOYQ/8D5/ADxkj/U=</latexit><latexit sha1_base64="x5rIBQGCuRRV5VI+xr7oqjAAUdk=">AAAB8XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0EYI2lhGMDGYHGFus5cs2dtbdveEEPIvbCwUsfXf2Plv3CRXaOKDgcd7M8zMi5Tgxvr+t1dYWV1b3yhulra2d3b3yvsHTZNmmrIGTUWqWxEaJrhkDcutYC2lGSaRYA/R8GbqPzwxbXgq7+1IsTDBvuQxp2id9NgZolJIrkjQLVf8qj8DWSZBTiqQo94tf3V6Kc0SJi0VaEw78JUNx6gtp4JNSp3MMIV0iH3WdlRiwkw4nl08ISdO6ZE41a6kJTP198QYE2NGSeQ6E7QDs+hNxf+8dmbjy3DMpcosk3S+KM4EsSmZvk96XDNqxcgRpJq7WwkdoEZqXUglF0Kw+PIyaZ5VA78a3J1Xatd5HEU4gmM4hQAuoAa3UIcGUJDwDK/w5hnvxXv3PuatBS+fOYQ/8D5/ADxkj/U=</latexit><latexit sha1_base64="x5rIBQGCuRRV5VI+xr7oqjAAUdk=">AAAB8XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0EYI2lhGMDGYHGFus5cs2dtbdveEEPIvbCwUsfXf2Plv3CRXaOKDgcd7M8zMi5Tgxvr+t1dYWV1b3yhulra2d3b3yvsHTZNmmrIGTUWqWxEaJrhkDcutYC2lGSaRYA/R8GbqPzwxbXgq7+1IsTDBvuQxp2id9NgZolJIrkjQLVf8qj8DWSZBTiqQo94tf3V6Kc0SJi0VaEw78JUNx6gtp4JNSp3MMIV0iH3WdlRiwkw4nl08ISdO6ZE41a6kJTP198QYE2NGSeQ6E7QDs+hNxf+8dmbjy3DMpcosk3S+KM4EsSmZvk96XDNqxcgRpJq7WwkdoEZqXUglF0Kw+PIyaZ5VA78a3J1Xatd5HEU4gmM4hQAuoAa3UIcGUJDwDK/w5hnvxXv3PuatBS+fOYQ/8D5/ADxkj/U=</latexit>

r�<latexit sha1_base64="qF1AHm/kcaegV0RtxiQ2NFZiTzw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBiyWRgh6LXjxWtB/QhrLZbtqlm03YnQgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789hPXRsTqEScJ9yM6VCIUjKKVHnT/ol+uuFV3DrJKvJxUIEejX/7qDWKWRlwhk9SYrucm6GdUo2CST0u91PCEsjEd8q6likbc+Nn81Ck5s8qAhLG2pZDM1d8TGY2MmUSB7YwojsyyNxP/87ophtd+JlSSIldssShMJcGYzP4mA6E5QzmxhDIt7K2EjaimDG06JRuCt/zyKmldVj236t3XKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gD8bY2W</latexit><latexit sha1_base64="qF1AHm/kcaegV0RtxiQ2NFZiTzw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBiyWRgh6LXjxWtB/QhrLZbtqlm03YnQgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789hPXRsTqEScJ9yM6VCIUjKKVHnT/ol+uuFV3DrJKvJxUIEejX/7qDWKWRlwhk9SYrucm6GdUo2CST0u91PCEsjEd8q6likbc+Nn81Ck5s8qAhLG2pZDM1d8TGY2MmUSB7YwojsyyNxP/87ophtd+JlSSIldssShMJcGYzP4mA6E5QzmxhDIt7K2EjaimDG06JRuCt/zyKmldVj236t3XKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gD8bY2W</latexit><latexit sha1_base64="qF1AHm/kcaegV0RtxiQ2NFZiTzw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBiyWRgh6LXjxWtB/QhrLZbtqlm03YnQgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789hPXRsTqEScJ9yM6VCIUjKKVHnT/ol+uuFV3DrJKvJxUIEejX/7qDWKWRlwhk9SYrucm6GdUo2CST0u91PCEsjEd8q6likbc+Nn81Ck5s8qAhLG2pZDM1d8TGY2MmUSB7YwojsyyNxP/87ophtd+JlSSIldssShMJcGYzP4mA6E5QzmxhDIt7K2EjaimDG06JRuCt/zyKmldVj236t3XKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gD8bY2W</latexit><latexit sha1_base64="qF1AHm/kcaegV0RtxiQ2NFZiTzw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBiyWRgh6LXjxWtB/QhrLZbtqlm03YnQgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789hPXRsTqEScJ9yM6VCIUjKKVHnT/ol+uuFV3DrJKvJxUIEejX/7qDWKWRlwhk9SYrucm6GdUo2CST0u91PCEsjEd8q6likbc+Nn81Ck5s8qAhLG2pZDM1d8TGY2MmUSB7YwojsyyNxP/87ophtd+JlSSIldssShMJcGYzP4mA6E5QzmxhDIt7K2EjaimDG06JRuCt/zyKmldVj236t3XKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gD8bY2W</latexit>

REISSNER-NORDSTRÖM
(And Kerr - RPM 2019)

Minimal Gauge: reduce the gauge freedom to the most simple case

⇢(�) = ⇢0 + �⇢1
<latexit sha1_base64="tPR9oqJ1noq33R9/ZXFLiKPlWFw=">AAACD3icbVDLSsNAFJ3UV62vqEs3g0WpCCURQTdC0Y3LCvYBTQiT6aQdOo8wMxFK6R+48VfcuFDErVt3/o1Jk4W2Hhg495x7uXNPGDOqjeN8W6Wl5ZXVtfJ6ZWNza3vH3t1ra5koTFpYMqm6IdKEUUFahhpGurEiiIeMdMLRTeZ3HojSVIp7M46Jz9FA0IhiZFIpsI89NZQ1T9MBRyfwCmZl4MBTmEt57VYCu+rUnRngInELUgUFmoH95fUlTjgRBjOkdc91YuNPkDIUMzKteIkmMcIjNCC9lArEifYns3um8ChV+jCSKn3CwJn6e2KCuNZjHqadHJmhnvcy8T+vl5jo0p9QESeGCJwvihIGjYRZOLBPFcGGjVOCsKLpXyEeIoWwSSPMQnDnT14k7bO669Tdu/Nq47qIowwOwCGoARdcgAa4BU3QAhg8gmfwCt6sJ+vFerc+8taSVczsgz+wPn8Ak1macg==</latexit><latexit sha1_base64="tPR9oqJ1noq33R9/ZXFLiKPlWFw=">AAACD3icbVDLSsNAFJ3UV62vqEs3g0WpCCURQTdC0Y3LCvYBTQiT6aQdOo8wMxFK6R+48VfcuFDErVt3/o1Jk4W2Hhg495x7uXNPGDOqjeN8W6Wl5ZXVtfJ6ZWNza3vH3t1ra5koTFpYMqm6IdKEUUFahhpGurEiiIeMdMLRTeZ3HojSVIp7M46Jz9FA0IhiZFIpsI89NZQ1T9MBRyfwCmZl4MBTmEt57VYCu+rUnRngInELUgUFmoH95fUlTjgRBjOkdc91YuNPkDIUMzKteIkmMcIjNCC9lArEifYns3um8ChV+jCSKn3CwJn6e2KCuNZjHqadHJmhnvcy8T+vl5jo0p9QESeGCJwvihIGjYRZOLBPFcGGjVOCsKLpXyEeIoWwSSPMQnDnT14k7bO669Tdu/Nq47qIowwOwCGoARdcgAa4BU3QAhg8gmfwCt6sJ+vFerc+8taSVczsgz+wPn8Ak1macg==</latexit><latexit sha1_base64="tPR9oqJ1noq33R9/ZXFLiKPlWFw=">AAACD3icbVDLSsNAFJ3UV62vqEs3g0WpCCURQTdC0Y3LCvYBTQiT6aQdOo8wMxFK6R+48VfcuFDErVt3/o1Jk4W2Hhg495x7uXNPGDOqjeN8W6Wl5ZXVtfJ6ZWNza3vH3t1ra5koTFpYMqm6IdKEUUFahhpGurEiiIeMdMLRTeZ3HojSVIp7M46Jz9FA0IhiZFIpsI89NZQ1T9MBRyfwCmZl4MBTmEt57VYCu+rUnRngInELUgUFmoH95fUlTjgRBjOkdc91YuNPkDIUMzKteIkmMcIjNCC9lArEifYns3um8ChV+jCSKn3CwJn6e2KCuNZjHqadHJmhnvcy8T+vl5jo0p9QESeGCJwvihIGjYRZOLBPFcGGjVOCsKLpXyEeIoWwSSPMQnDnT14k7bO669Tdu/Nq47qIowwOwCGoARdcgAa4BU3QAhg8gmfwCt6sJ+vFerc+8taSVczsgz+wPn8Ak1macg==</latexit><latexit sha1_base64="tPR9oqJ1noq33R9/ZXFLiKPlWFw=">AAACD3icbVDLSsNAFJ3UV62vqEs3g0WpCCURQTdC0Y3LCvYBTQiT6aQdOo8wMxFK6R+48VfcuFDErVt3/o1Jk4W2Hhg495x7uXNPGDOqjeN8W6Wl5ZXVtfJ6ZWNza3vH3t1ra5koTFpYMqm6IdKEUUFahhpGurEiiIeMdMLRTeZ3HojSVIp7M46Jz9FA0IhiZFIpsI89NZQ1T9MBRyfwCmZl4MBTmEt57VYCu+rUnRngInELUgUFmoH95fUlTjgRBjOkdc91YuNPkDIUMzKteIkmMcIjNCC9lArEifYns3um8ChV+jCSKn3CwJn6e2KCuNZjHqadHJmhnvcy8T+vl5jo0p9QESeGCJwvihIGjYRZOLBPFcGGjVOCsKLpXyEeIoWwSSPMQnDnT14k7bO669Tdu/Nq47qIowwOwCGoARdcgAa4BU3QAhg8gmfwCt6sJ+vFerc+8taSVczsgz+wPn8Ak1macg==</latexit>

•  Radial:

(A) radial fix
⇢1 = 0

<latexit sha1_base64="eR5DwujRFA7cbqrFEZkjmZ/2WbY=">AAAB8XicdVDLSgMxFM34rPVVdekmWARXQ6ZTWjdC0Y3LCvaB7VAyaaYNzSRDkhHK0L9w40IRt/6NO//GTFtBRQ9cOJxzL/feEyacaYPQh7Oyura+sVnYKm7v7O7tlw4O21qmitAWkVyqbog15UzQlmGG026iKI5DTjvh5Cr3O/dUaSbFrZkmNIjxSLCIEWysdNdXYznw4AVEg1IZubWq7/k1iFzke8j3c+JV6tU69Fw0Rxks0RyU3vtDSdKYCkM41rrnocQEGVaGEU5nxX6qaYLJBI9oz1KBY6qDbH7xDJ5aZQgjqWwJA+fq94kMx1pP49B2xtiM9W8vF//yeqmJzoOMiSQ1VJDFoijl0EiYvw+HTFFi+NQSTBSzt0IyxgoTY0Mq2hC+PoX/k3bF9Xy3clMtNy6XcRTAMTgBZ8ADddAA16AJWoAAAR7AE3h2tPPovDivi9YVZzlzBH7AefsEOsiP+g==</latexit>

�(�) = ⇢(�)� �⇢0(�) = ⇢0 = constant
<latexit sha1_base64="JDvDaNr6r5eAe4w3G22O4lD6V/o="></latexit>

• Time:
<latexit sha1_base64="G+pFcHrsGgzqunbqJW/vMWMjGB4="></latexit>

v = t� r⇤
<latexit sha1_base64="Kqx84OQf4wnZT3nz+9G0gVrHA5s="></latexit>

v = �

✓
⌧ � h(�)

◆
<latexit sha1_base64="cMP/TyJcUH4TXv4hEpB45ZlYcRc="></latexit>

h(�) = h0(�)| {z }
minimal requirements

+ A(�)| {z }
regular <latexit sha1_base64="C14BqF3siN9l63bysSdqYFNvbuQ="></latexit>

0

<latexit sha1_base64="19pkAX18HDsmFUqMrC5Ux2H0EJU="></latexit>

r(�) =
rh
� (charge/spin parameter)

 =
r�
r+

<latexit sha1_base64="Sw9v/1GF45Ayaq2n/Fa/USSc3Q8=">AAACAHicbVDLSgMxFM3UV62vURcu3ASLIIhlpgq6EYpuXFawD+gMQybNtKGZTEgyQhlm46+4caGIWz/DnX9j2s5CWw/cy+Gce0nuCQWjSjvOt1VaWl5ZXSuvVzY2t7Z37N29tkpSiUkLJyyR3RApwignLU01I10hCYpDRjrh6Hbidx6JVDThD3osiB+jAacRxUgbKbAPvBESAl17/UginMngLDftNA/sqlNzpoCLxC1IFRRoBvaX109wGhOuMUNK9VxHaD9DUlPMSF7xUkUEwiM0ID1DOYqJ8rPpATk8NkofRok0xTWcqr83MhQrNY5DMxkjPVTz3kT8z+ulOrryM8pFqgnHs4eilEGdwEkasE8lwZqNDUFYUvNXiIfIJKFNZhUTgjt/8iJp12vuea1+f1Ft3BRxlMEhOAInwAWXoAHuQBO0AAY5eAav4M16sl6sd+tjNlqyip198AfW5w/ArpaB</latexit>



(B) Cauchy 
horizon fix
⇢1 = 

<latexit sha1_base64="VVSUQoUWKzMWMI+Wq0eKrzPqc9w=">AAAB+HicdVDLSsNAFJ3UV62PRl26GSyCq5A0pXUjFN24rGAf0IQwmU7aoZNkmJkINfRL3LhQxK2f4s6/cdJWUNEDFw7n3Mu994ScUals+8Mora1vbG6Vtys7u3v7VfPgsCfTTGDSxSlLxSBEkjCakK6iipEBFwTFISP9cHpV+P07IiRNk1s148SP0TihEcVIaSkwq56YpIEDL6A3RZyjwKzZVrPhOm4T2pbtOrbrFsSptxot6Fj2AjWwQicw371RirOYJAozJOXQsbnycyQUxYzMK14mCUd4isZkqGmCYiL9fHH4HJ5qZQSjVOhKFFyo3ydyFEs5i0PdGSM1kb+9QvzLG2YqOvdzmvBMkQQvF0UZgyqFRQpwRAXBis00QVhQfSvEEyQQVjqrig7h61P4P+nVLce16jeNWvtyFUcZHIMTcAYc0AJtcA06oAswyMADeALPxr3xaLwYr8vWkrGaOQI/YLx9At1kkpY=</latexit>

REISSNER-NORDSTRÖM
(And Kerr - RPM 2019)

Minimal Gauge: reduce the gauge freedom to the most simple case

⇢(�) = ⇢0 + �⇢1
<latexit sha1_base64="tPR9oqJ1noq33R9/ZXFLiKPlWFw=">AAACD3icbVDLSsNAFJ3UV62vqEs3g0WpCCURQTdC0Y3LCvYBTQiT6aQdOo8wMxFK6R+48VfcuFDErVt3/o1Jk4W2Hhg495x7uXNPGDOqjeN8W6Wl5ZXVtfJ6ZWNza3vH3t1ra5koTFpYMqm6IdKEUUFahhpGurEiiIeMdMLRTeZ3HojSVIp7M46Jz9FA0IhiZFIpsI89NZQ1T9MBRyfwCmZl4MBTmEt57VYCu+rUnRngInELUgUFmoH95fUlTjgRBjOkdc91YuNPkDIUMzKteIkmMcIjNCC9lArEifYns3um8ChV+jCSKn3CwJn6e2KCuNZjHqadHJmhnvcy8T+vl5jo0p9QESeGCJwvihIGjYRZOLBPFcGGjVOCsKLpXyEeIoWwSSPMQnDnT14k7bO669Tdu/Nq47qIowwOwCGoARdcgAa4BU3QAhg8gmfwCt6sJ+vFerc+8taSVczsgz+wPn8Ak1macg==</latexit><latexit sha1_base64="tPR9oqJ1noq33R9/ZXFLiKPlWFw=">AAACD3icbVDLSsNAFJ3UV62vqEs3g0WpCCURQTdC0Y3LCvYBTQiT6aQdOo8wMxFK6R+48VfcuFDErVt3/o1Jk4W2Hhg495x7uXNPGDOqjeN8W6Wl5ZXVtfJ6ZWNza3vH3t1ra5koTFpYMqm6IdKEUUFahhpGurEiiIeMdMLRTeZ3HojSVIp7M46Jz9FA0IhiZFIpsI89NZQ1T9MBRyfwCmZl4MBTmEt57VYCu+rUnRngInELUgUFmoH95fUlTjgRBjOkdc91YuNPkDIUMzKteIkmMcIjNCC9lArEifYns3um8ChV+jCSKn3CwJn6e2KCuNZjHqadHJmhnvcy8T+vl5jo0p9QESeGCJwvihIGjYRZOLBPFcGGjVOCsKLpXyEeIoWwSSPMQnDnT14k7bO669Tdu/Nq47qIowwOwCGoARdcgAa4BU3QAhg8gmfwCt6sJ+vFerc+8taSVczsgz+wPn8Ak1macg==</latexit><latexit sha1_base64="tPR9oqJ1noq33R9/ZXFLiKPlWFw=">AAACD3icbVDLSsNAFJ3UV62vqEs3g0WpCCURQTdC0Y3LCvYBTQiT6aQdOo8wMxFK6R+48VfcuFDErVt3/o1Jk4W2Hhg495x7uXNPGDOqjeN8W6Wl5ZXVtfJ6ZWNza3vH3t1ra5koTFpYMqm6IdKEUUFahhpGurEiiIeMdMLRTeZ3HojSVIp7M46Jz9FA0IhiZFIpsI89NZQ1T9MBRyfwCmZl4MBTmEt57VYCu+rUnRngInELUgUFmoH95fUlTjgRBjOkdc91YuNPkDIUMzKteIkmMcIjNCC9lArEifYns3um8ChV+jCSKn3CwJn6e2KCuNZjHqadHJmhnvcy8T+vl5jo0p9QESeGCJwvihIGjYRZOLBPFcGGjVOCsKLpXyEeIoWwSSPMQnDnT14k7bO669Tdu/Nq47qIowwOwCGoARdcgAa4BU3QAhg8gmfwCt6sJ+vFerc+8taSVczsgz+wPn8Ak1macg==</latexit><latexit sha1_base64="tPR9oqJ1noq33R9/ZXFLiKPlWFw=">AAACD3icbVDLSsNAFJ3UV62vqEs3g0WpCCURQTdC0Y3LCvYBTQiT6aQdOo8wMxFK6R+48VfcuFDErVt3/o1Jk4W2Hhg495x7uXNPGDOqjeN8W6Wl5ZXVtfJ6ZWNza3vH3t1ra5koTFpYMqm6IdKEUUFahhpGurEiiIeMdMLRTeZ3HojSVIp7M46Jz9FA0IhiZFIpsI89NZQ1T9MBRyfwCmZl4MBTmEt57VYCu+rUnRngInELUgUFmoH95fUlTjgRBjOkdc91YuNPkDIUMzKteIkmMcIjNCC9lArEifYns3um8ChV+jCSKn3CwJn6e2KCuNZjHqadHJmhnvcy8T+vl5jo0p9QESeGCJwvihIGjYRZOLBPFcGGjVOCsKLpXyEeIoWwSSPMQnDnT14k7bO669Tdu/Nq47qIowwOwCGoARdcgAa4BU3QAhg8gmfwCt6sJ+vFerc+8taSVczsgz+wPn8Ak1macg==</latexit>

•  Radial:

(A) radial fix
⇢1 = 0

<latexit sha1_base64="eR5DwujRFA7cbqrFEZkjmZ/2WbY=">AAAB8XicdVDLSgMxFM34rPVVdekmWARXQ6ZTWjdC0Y3LCvaB7VAyaaYNzSRDkhHK0L9w40IRt/6NO//GTFtBRQ9cOJxzL/feEyacaYPQh7Oyura+sVnYKm7v7O7tlw4O21qmitAWkVyqbog15UzQlmGG026iKI5DTjvh5Cr3O/dUaSbFrZkmNIjxSLCIEWysdNdXYznw4AVEg1IZubWq7/k1iFzke8j3c+JV6tU69Fw0Rxks0RyU3vtDSdKYCkM41rrnocQEGVaGEU5nxX6qaYLJBI9oz1KBY6qDbH7xDJ5aZQgjqWwJA+fq94kMx1pP49B2xtiM9W8vF//yeqmJzoOMiSQ1VJDFoijl0EiYvw+HTFFi+NQSTBSzt0IyxgoTY0Mq2hC+PoX/k3bF9Xy3clMtNy6XcRTAMTgBZ8ADddAA16AJWoAAAR7AE3h2tPPovDivi9YVZzlzBH7AefsEOsiP+g==</latexit>

�(�) = ⇢(�)� �⇢0(�) = ⇢0 = constant
<latexit sha1_base64="JDvDaNr6r5eAe4w3G22O4lD6V/o="></latexit>

• Time:
<latexit sha1_base64="G+pFcHrsGgzqunbqJW/vMWMjGB4="></latexit>

v = t� r⇤
<latexit sha1_base64="Kqx84OQf4wnZT3nz+9G0gVrHA5s="></latexit>

v = �

✓
⌧ � h(�)

◆
<latexit sha1_base64="cMP/TyJcUH4TXv4hEpB45ZlYcRc="></latexit>

h(�) = h0(�)| {z }
minimal requirements

+ A(�)| {z }
regular <latexit sha1_base64="C14BqF3siN9l63bysSdqYFNvbuQ="></latexit>

0

<latexit sha1_base64="19pkAX18HDsmFUqMrC5Ux2H0EJU="></latexit>

r(�) =
rh
� (charge/spin parameter)

 =
r�
r+

<latexit sha1_base64="Sw9v/1GF45Ayaq2n/Fa/USSc3Q8=">AAACAHicbVDLSgMxFM3UV62vURcu3ASLIIhlpgq6EYpuXFawD+gMQybNtKGZTEgyQhlm46+4caGIWz/DnX9j2s5CWw/cy+Gce0nuCQWjSjvOt1VaWl5ZXSuvVzY2t7Z37N29tkpSiUkLJyyR3RApwignLU01I10hCYpDRjrh6Hbidx6JVDThD3osiB+jAacRxUgbKbAPvBESAl17/UginMngLDftNA/sqlNzpoCLxC1IFRRoBvaX109wGhOuMUNK9VxHaD9DUlPMSF7xUkUEwiM0ID1DOYqJ8rPpATk8NkofRok0xTWcqr83MhQrNY5DMxkjPVTz3kT8z+ulOrryM8pFqgnHs4eilEGdwEkasE8lwZqNDUFYUvNXiIfIJKFNZhUTgjt/8iJp12vuea1+f1Ft3BRxlMEhOAInwAWXoAHuQBO0AAY5eAav4M16sl6sd+tjNlqyip198AfW5w/ArpaB</latexit>

<latexit sha1_base64="pwmAwZHSyAzD17p6aJx6dLt8ZZo="></latexit>

r(�) =
rh
�

✓
1� (1� �)

◆



Schwarzschild  = 0
<latexit sha1_base64="8+F/LBVvWJLorGfAZfFZBvhF+C4=">AAAB8XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0EYI2lhGMDGYHGFus5cs2dtbdveEEPIvbCwUsfXf2Plv3CRXaOKDgcd7M8zMi5Tgxvr+t1dYWV1b3yhulra2d3b3yvsHTZNmmrIGTUWqWxEaJrhkDcutYC2lGSaRYA/R8GbqPzwxbXgq7+1IsTDBvuQxp2id9NgZolJIrojfLVf8qj8DWSZBTiqQo94tf3V6Kc0SJi0VaEw78JUNx6gtp4JNSp3MMIV0iH3WdlRiwkw4nl08ISdO6ZE41a6kJTP198QYE2NGSeQ6E7QDs+hNxf+8dmbjy3DMpcosk3S+KM4EsSmZvk96XDNqxcgRpJq7WwkdoEZqXUglF0Kw+PIyaZ5VA78a3J1Xatd5HEU4gmM4hQAuoAa3UIcGUJDwDK/w5hnvxXv3PuatBS+fOYQ/8D5/ADrgj/Q=</latexit><latexit sha1_base64="8+F/LBVvWJLorGfAZfFZBvhF+C4=">AAAB8XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0EYI2lhGMDGYHGFus5cs2dtbdveEEPIvbCwUsfXf2Plv3CRXaOKDgcd7M8zMi5Tgxvr+t1dYWV1b3yhulra2d3b3yvsHTZNmmrIGTUWqWxEaJrhkDcutYC2lGSaRYA/R8GbqPzwxbXgq7+1IsTDBvuQxp2id9NgZolJIrojfLVf8qj8DWSZBTiqQo94tf3V6Kc0SJi0VaEw78JUNx6gtp4JNSp3MMIV0iH3WdlRiwkw4nl08ISdO6ZE41a6kJTP198QYE2NGSeQ6E7QDs+hNxf+8dmbjy3DMpcosk3S+KM4EsSmZvk96XDNqxcgRpJq7WwkdoEZqXUglF0Kw+PIyaZ5VA78a3J1Xatd5HEU4gmM4hQAuoAa3UIcGUJDwDK/w5hnvxXv3PuatBS+fOYQ/8D5/ADrgj/Q=</latexit><latexit sha1_base64="8+F/LBVvWJLorGfAZfFZBvhF+C4=">AAAB8XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0EYI2lhGMDGYHGFus5cs2dtbdveEEPIvbCwUsfXf2Plv3CRXaOKDgcd7M8zMi5Tgxvr+t1dYWV1b3yhulra2d3b3yvsHTZNmmrIGTUWqWxEaJrhkDcutYC2lGSaRYA/R8GbqPzwxbXgq7+1IsTDBvuQxp2id9NgZolJIrojfLVf8qj8DWSZBTiqQo94tf3V6Kc0SJi0VaEw78JUNx6gtp4JNSp3MMIV0iH3WdlRiwkw4nl08ISdO6ZE41a6kJTP198QYE2NGSeQ6E7QDs+hNxf+8dmbjy3DMpcosk3S+KM4EsSmZvk96XDNqxcgRpJq7WwkdoEZqXUglF0Kw+PIyaZ5VA78a3J1Xatd5HEU4gmM4hQAuoAa3UIcGUJDwDK/w5hnvxXv3PuatBS+fOYQ/8D5/ADrgj/Q=</latexit><latexit sha1_base64="8+F/LBVvWJLorGfAZfFZBvhF+C4=">AAAB8XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0EYI2lhGMDGYHGFus5cs2dtbdveEEPIvbCwUsfXf2Plv3CRXaOKDgcd7M8zMi5Tgxvr+t1dYWV1b3yhulra2d3b3yvsHTZNmmrIGTUWqWxEaJrhkDcutYC2lGSaRYA/R8GbqPzwxbXgq7+1IsTDBvuQxp2id9NgZolJIrojfLVf8qj8DWSZBTiqQo94tf3V6Kc0SJi0VaEw78JUNx6gtp4JNSp3MMIV0iH3WdlRiwkw4nl08ISdO6ZE41a6kJTP198QYE2NGSeQ6E7QDs+hNxf+8dmbjy3DMpcosk3S+KM4EsSmZvk96XDNqxcgRpJq7WwkdoEZqXUglF0Kw+PIyaZ5VA78a3J1Xatd5HEU4gmM4hQAuoAa3UIcGUJDwDK/w5hnvxXv3PuatBS+fOYQ/8D5/ADrgj/Q=</latexit>

r
<latexit sha1_base64="P507oPuRhKq0fchXf5sh3zZa6nQ=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cq9gPaUDbbSbt0swm7G6GE/gMvHhTx6j/y5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWBym/udJ1Sax/LRTBP0IzqSPOSMGis9qMqgWnPr7hxklXgFqUGB5qD61R/GLI1QGiao1j3PTYyfUWU4Ezir9FONCWUTOsKepZJGqP1sfumMnFllSMJY2ZKGzNXfExmNtJ5Gge2MqBnrZS8X//N6qQmv/YzLJDUo2WJRmApiYpK/TYZcITNiagllittbCRtTRZmx4eQheMsvr5L2Rd1z6979Za1xU8RRhhM4hXPw4AoacAdNaAGDEJ7hFd6cifPivDsfi9aSU8wcwx84nz8Rro0K</latexit><latexit sha1_base64="P507oPuRhKq0fchXf5sh3zZa6nQ=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cq9gPaUDbbSbt0swm7G6GE/gMvHhTx6j/y5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWBym/udJ1Sax/LRTBP0IzqSPOSMGis9qMqgWnPr7hxklXgFqUGB5qD61R/GLI1QGiao1j3PTYyfUWU4Ezir9FONCWUTOsKepZJGqP1sfumMnFllSMJY2ZKGzNXfExmNtJ5Gge2MqBnrZS8X//N6qQmv/YzLJDUo2WJRmApiYpK/TYZcITNiagllittbCRtTRZmx4eQheMsvr5L2Rd1z6979Za1xU8RRhhM4hXPw4AoacAdNaAGDEJ7hFd6cifPivDsfi9aSU8wcwx84nz8Rro0K</latexit><latexit sha1_base64="P507oPuRhKq0fchXf5sh3zZa6nQ=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cq9gPaUDbbSbt0swm7G6GE/gMvHhTx6j/y5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWBym/udJ1Sax/LRTBP0IzqSPOSMGis9qMqgWnPr7hxklXgFqUGB5qD61R/GLI1QGiao1j3PTYyfUWU4Ezir9FONCWUTOsKepZJGqP1sfumMnFllSMJY2ZKGzNXfExmNtJ5Gge2MqBnrZS8X//N6qQmv/YzLJDUo2WJRmApiYpK/TYZcITNiagllittbCRtTRZmx4eQheMsvr5L2Rd1z6979Za1xU8RRhhM4hXPw4AoacAdNaAGDEJ7hFd6cifPivDsfi9aSU8wcwx84nz8Rro0K</latexit><latexit sha1_base64="P507oPuRhKq0fchXf5sh3zZa6nQ=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cq9gPaUDbbSbt0swm7G6GE/gMvHhTx6j/y5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWBym/udJ1Sax/LRTBP0IzqSPOSMGis9qMqgWnPr7hxklXgFqUGB5qD61R/GLI1QGiao1j3PTYyfUWU4Ezir9FONCWUTOsKepZJGqP1sfumMnFllSMJY2ZKGzNXfExmNtJ5Gge2MqBnrZS8X//N6qQmv/YzLJDUo2WJRmApiYpK/TYZcITNiagllittbCRtTRZmx4eQheMsvr5L2Rd1z6979Za1xU8RRhhM4hXPw4AoacAdNaAGDEJ7hFd6cifPivDsfi9aSU8wcwx84nz8Rro0K</latexit>

�
<latexit sha1_base64="WVBNru380J4XCjCR9Lt9t8h8e1I=">AAAB7XicbVDLSgNBEOyNrxhfqx69DAbBU9gVQY9BLx4jmAckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHfFKWfGBsG3V1pb39jcKm9Xdnb39g/8w6OWUZkmtEkUV7oTY0M5k7RpmeW0k2qKRcxpOx7fzvz2E9WGKflgJymNBB5KljCCrZNaPcOGAvf9alAL5kCrJCxIFQo0+v5Xb6BIJqi0hGNjumGQ2ijH2jLC6bTSywxNMRnjIe06KrGgJsrn107RmVMGKFHalbRorv6eyLEwZiJi1ymwHZllbyb+53Uzm1xHOZNpZqkki0VJxpFVaPY6GjBNieUTRzDRzN2KyAhrTKwLqOJCCJdfXiWti1oY1ML7y2r9poijDCdwCucQwhXU4Q4a0AQCj/AMr/DmKe/Fe/c+Fq0lr5g5hj/wPn8AnF+PIw==</latexit><latexit sha1_base64="WVBNru380J4XCjCR9Lt9t8h8e1I=">AAAB7XicbVDLSgNBEOyNrxhfqx69DAbBU9gVQY9BLx4jmAckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHfFKWfGBsG3V1pb39jcKm9Xdnb39g/8w6OWUZkmtEkUV7oTY0M5k7RpmeW0k2qKRcxpOx7fzvz2E9WGKflgJymNBB5KljCCrZNaPcOGAvf9alAL5kCrJCxIFQo0+v5Xb6BIJqi0hGNjumGQ2ijH2jLC6bTSywxNMRnjIe06KrGgJsrn107RmVMGKFHalbRorv6eyLEwZiJi1ymwHZllbyb+53Uzm1xHOZNpZqkki0VJxpFVaPY6GjBNieUTRzDRzN2KyAhrTKwLqOJCCJdfXiWti1oY1ML7y2r9poijDCdwCucQwhXU4Q4a0AQCj/AMr/DmKe/Fe/c+Fq0lr5g5hj/wPn8AnF+PIw==</latexit><latexit sha1_base64="WVBNru380J4XCjCR9Lt9t8h8e1I=">AAAB7XicbVDLSgNBEOyNrxhfqx69DAbBU9gVQY9BLx4jmAckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHfFKWfGBsG3V1pb39jcKm9Xdnb39g/8w6OWUZkmtEkUV7oTY0M5k7RpmeW0k2qKRcxpOx7fzvz2E9WGKflgJymNBB5KljCCrZNaPcOGAvf9alAL5kCrJCxIFQo0+v5Xb6BIJqi0hGNjumGQ2ijH2jLC6bTSywxNMRnjIe06KrGgJsrn107RmVMGKFHalbRorv6eyLEwZiJi1ymwHZllbyb+53Uzm1xHOZNpZqkki0VJxpFVaPY6GjBNieUTRzDRzN2KyAhrTKwLqOJCCJdfXiWti1oY1ML7y2r9poijDCdwCucQwhXU4Q4a0AQCj/AMr/DmKe/Fe/c+Fq0lr5g5hj/wPn8AnF+PIw==</latexit><latexit sha1_base64="WVBNru380J4XCjCR9Lt9t8h8e1I=">AAAB7XicbVDLSgNBEOyNrxhfqx69DAbBU9gVQY9BLx4jmAckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHfFKWfGBsG3V1pb39jcKm9Xdnb39g/8w6OWUZkmtEkUV7oTY0M5k7RpmeW0k2qKRcxpOx7fzvz2E9WGKflgJymNBB5KljCCrZNaPcOGAvf9alAL5kCrJCxIFQo0+v5Xb6BIJqi0hGNjumGQ2ijH2jLC6bTSywxNMRnjIe06KrGgJsrn107RmVMGKFHalbRorv6eyLEwZiJi1ymwHZllbyb+53Uzm1xHOZNpZqkki0VJxpFVaPY6GjBNieUTRzDRzN2KyAhrTKwLqOJCCJdfXiWti1oY1ML7y2r9poijDCdwCucQwhXU4Q4a0AQCj/AMr/DmKe/Fe/c+Fq0lr5g5hj/wPn8AnF+PIw==</latexit>

1
<latexit sha1_base64="SewSXpMSbbFZwBdSTgiis61GRk4=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbTbt2swm7EyGE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST25nfeeLaiFg9YJZwP6IjJULBKFqp3RcqxGxQrbl1dw6ySryC1KBAc1D96g9jlkZcIZPUmJ7nJujnVKNgkk8r/dTwhLIJHfGepYpG3Pj5/NopObPKkISxtqWQzNXfEzmNjMmiwHZGFMdm2ZuJ/3m9FMNrPxcqSZErtlgUppJgTGavk6HQnKHMLKFMC3srYWOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNiZ0X5935WLSWnGLmGP7A+fwBwi+PPA==</latexit><latexit sha1_base64="SewSXpMSbbFZwBdSTgiis61GRk4=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbTbt2swm7EyGE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST25nfeeLaiFg9YJZwP6IjJULBKFqp3RcqxGxQrbl1dw6ySryC1KBAc1D96g9jlkZcIZPUmJ7nJujnVKNgkk8r/dTwhLIJHfGepYpG3Pj5/NopObPKkISxtqWQzNXfEzmNjMmiwHZGFMdm2ZuJ/3m9FMNrPxcqSZErtlgUppJgTGavk6HQnKHMLKFMC3srYWOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNiZ0X5935WLSWnGLmGP7A+fwBwi+PPA==</latexit><latexit sha1_base64="SewSXpMSbbFZwBdSTgiis61GRk4=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbTbt2swm7EyGE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST25nfeeLaiFg9YJZwP6IjJULBKFqp3RcqxGxQrbl1dw6ySryC1KBAc1D96g9jlkZcIZPUmJ7nJujnVKNgkk8r/dTwhLIJHfGepYpG3Pj5/NopObPKkISxtqWQzNXfEzmNjMmiwHZGFMdm2ZuJ/3m9FMNrPxcqSZErtlgUppJgTGavk6HQnKHMLKFMC3srYWOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNiZ0X5935WLSWnGLmGP7A+fwBwi+PPA==</latexit><latexit sha1_base64="SewSXpMSbbFZwBdSTgiis61GRk4=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbTbt2swm7EyGE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST25nfeeLaiFg9YJZwP6IjJULBKFqp3RcqxGxQrbl1dw6ySryC1KBAc1D96g9jlkZcIZPUmJ7nJujnVKNgkk8r/dTwhLIJHfGepYpG3Pj5/NopObPKkISxtqWQzNXfEzmNjMmiwHZGFMdm2ZuJ/3m9FMNrPxcqSZErtlgUppJgTGavk6HQnKHMLKFMC3srYWOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNiZ0X5935WLSWnGLmGP7A+fwBwi+PPA==</latexit>

0
<latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit><latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit><latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit><latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit>

r+
<latexit sha1_base64="WmXRWbEuPZ2XgorOrdAPSFCxOUI=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjxWMG2hDWWz3bRLN5uwOxFK6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzwlQKg6777ZTW1jc2t8rblZ3dvf2D6uFRyySZZtxniUx0J6SGS6G4jwIl76Sa0ziUvB2O72Z++4lrIxL1iJOUBzEdKhEJRtFKvu7nF9N+tebW3TnIKvEKUoMCzX71qzdIWBZzhUxSY7qem2KQU42CST6t9DLDU8rGdMi7lioacxPk82On5MwqAxIl2pZCMld/T+Q0NmYSh7Yzpjgyy95M/M/rZhjdBLlQaYZcscWiKJMEEzL7nAyE5gzlxBLKtLC3EjaimjK0+VRsCN7yy6ukdVn33Lr3cFVr3BZxlOEETuEcPLiGBtxDE3xgIOAZXuHNUc6L8+58LFpLTjFzDH/gfP4AvfiOoA==</latexit><latexit sha1_base64="WmXRWbEuPZ2XgorOrdAPSFCxOUI=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjxWMG2hDWWz3bRLN5uwOxFK6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzwlQKg6777ZTW1jc2t8rblZ3dvf2D6uFRyySZZtxniUx0J6SGS6G4jwIl76Sa0ziUvB2O72Z++4lrIxL1iJOUBzEdKhEJRtFKvu7nF9N+tebW3TnIKvEKUoMCzX71qzdIWBZzhUxSY7qem2KQU42CST6t9DLDU8rGdMi7lioacxPk82On5MwqAxIl2pZCMld/T+Q0NmYSh7Yzpjgyy95M/M/rZhjdBLlQaYZcscWiKJMEEzL7nAyE5gzlxBLKtLC3EjaimjK0+VRsCN7yy6ukdVn33Lr3cFVr3BZxlOEETuEcPLiGBtxDE3xgIOAZXuHNUc6L8+58LFpLTjFzDH/gfP4AvfiOoA==</latexit><latexit sha1_base64="WmXRWbEuPZ2XgorOrdAPSFCxOUI=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjxWMG2hDWWz3bRLN5uwOxFK6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzwlQKg6777ZTW1jc2t8rblZ3dvf2D6uFRyySZZtxniUx0J6SGS6G4jwIl76Sa0ziUvB2O72Z++4lrIxL1iJOUBzEdKhEJRtFKvu7nF9N+tebW3TnIKvEKUoMCzX71qzdIWBZzhUxSY7qem2KQU42CST6t9DLDU8rGdMi7lioacxPk82On5MwqAxIl2pZCMld/T+Q0NmYSh7Yzpjgyy95M/M/rZhjdBLlQaYZcscWiKJMEEzL7nAyE5gzlxBLKtLC3EjaimjK0+VRsCN7yy6ukdVn33Lr3cFVr3BZxlOEETuEcPLiGBtxDE3xgIOAZXuHNUc6L8+58LFpLTjFzDH/gfP4AvfiOoA==</latexit><latexit sha1_base64="WmXRWbEuPZ2XgorOrdAPSFCxOUI=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjxWMG2hDWWz3bRLN5uwOxFK6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzwlQKg6777ZTW1jc2t8rblZ3dvf2D6uFRyySZZtxniUx0J6SGS6G4jwIl76Sa0ziUvB2O72Z++4lrIxL1iJOUBzEdKhEJRtFKvu7nF9N+tebW3TnIKvEKUoMCzX71qzdIWBZzhUxSY7qem2KQU42CST6t9DLDU8rGdMi7lioacxPk82On5MwqAxIl2pZCMld/T+Q0NmYSh7Yzpjgyy95M/M/rZhjdBLlQaYZcscWiKJMEEzL7nAyE5gzlxBLKtLC3EjaimjK0+VRsCN7yy6ukdVn33Lr3cFVr3BZxlOEETuEcPLiGBtxDE3xgIOAZXuHNUc6L8+58LFpLTjFzDH/gfP4AvfiOoA==</latexit>

1
<latexit sha1_base64="l9eImvYcFOKpzEDji/n9jPDeWb8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q3KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8Aep2MtQ==</latexit><latexit sha1_base64="l9eImvYcFOKpzEDji/n9jPDeWb8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q3KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8Aep2MtQ==</latexit><latexit sha1_base64="l9eImvYcFOKpzEDji/n9jPDeWb8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q3KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8Aep2MtQ==</latexit><latexit sha1_base64="l9eImvYcFOKpzEDji/n9jPDeWb8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q3KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8Aep2MtQ==</latexit>

M
<latexit sha1_base64="IKKzrcpZL8s6bn/NVn50XvL+K2c=">AAAB6HicdVDLSgMxFM3UV62vqks3wSK4GpJOaV0W3bgRWrAPaIeSSTNtbCYzJBmhlH6BGxeKuPWT3Pk3ZtoKKnrgwuGce7n3niARXBuEPpzc2vrG5lZ+u7Czu7d/UDw8aus4VZS1aCxi1Q2IZoJL1jLcCNZNFCNRIFgnmFxlfueeKc1jeWumCfMjMpI85JQYKzVvBsUScqsVD3tViFzkYeR5GcHlWqUGsYsWKIEVGoPie38Y0zRi0lBBtO5hlBh/RpThVLB5oZ9qlhA6ISPWs1SSiGl/tjh0Ds+sMoRhrGxJAxfq94kZibSeRoHtjIgZ699eJv7l9VITXvgzLpPUMEmXi8JUQBPD7Gs45IpRI6aWEKq4vRXSMVGEGptNwYbw9Sn8n7TLLkYublZK9ctVHHlwAk7BOcCgBurgGjRAC1DAwAN4As/OnfPovDivy9acs5o5Bj/gvH0C8ymNBw==</latexit><latexit sha1_base64="IKKzrcpZL8s6bn/NVn50XvL+K2c=">AAAB6HicdVDLSgMxFM3UV62vqks3wSK4GpJOaV0W3bgRWrAPaIeSSTNtbCYzJBmhlH6BGxeKuPWT3Pk3ZtoKKnrgwuGce7n3niARXBuEPpzc2vrG5lZ+u7Czu7d/UDw8aus4VZS1aCxi1Q2IZoJL1jLcCNZNFCNRIFgnmFxlfueeKc1jeWumCfMjMpI85JQYKzVvBsUScqsVD3tViFzkYeR5GcHlWqUGsYsWKIEVGoPie38Y0zRi0lBBtO5hlBh/RpThVLB5oZ9qlhA6ISPWs1SSiGl/tjh0Ds+sMoRhrGxJAxfq94kZibSeRoHtjIgZ699eJv7l9VITXvgzLpPUMEmXi8JUQBPD7Gs45IpRI6aWEKq4vRXSMVGEGptNwYbw9Sn8n7TLLkYublZK9ctVHHlwAk7BOcCgBurgGjRAC1DAwAN4As/OnfPovDivy9acs5o5Bj/gvH0C8ymNBw==</latexit><latexit sha1_base64="IKKzrcpZL8s6bn/NVn50XvL+K2c=">AAAB6HicdVDLSgMxFM3UV62vqks3wSK4GpJOaV0W3bgRWrAPaIeSSTNtbCYzJBmhlH6BGxeKuPWT3Pk3ZtoKKnrgwuGce7n3niARXBuEPpzc2vrG5lZ+u7Czu7d/UDw8aus4VZS1aCxi1Q2IZoJL1jLcCNZNFCNRIFgnmFxlfueeKc1jeWumCfMjMpI85JQYKzVvBsUScqsVD3tViFzkYeR5GcHlWqUGsYsWKIEVGoPie38Y0zRi0lBBtO5hlBh/RpThVLB5oZ9qlhA6ISPWs1SSiGl/tjh0Ds+sMoRhrGxJAxfq94kZibSeRoHtjIgZ699eJv7l9VITXvgzLpPUMEmXi8JUQBPD7Gs45IpRI6aWEKq4vRXSMVGEGptNwYbw9Sn8n7TLLkYublZK9ctVHHlwAk7BOcCgBurgGjRAC1DAwAN4As/OnfPovDivy9acs5o5Bj/gvH0C8ymNBw==</latexit><latexit sha1_base64="IKKzrcpZL8s6bn/NVn50XvL+K2c=">AAAB6HicdVDLSgMxFM3UV62vqks3wSK4GpJOaV0W3bgRWrAPaIeSSTNtbCYzJBmhlH6BGxeKuPWT3Pk3ZtoKKnrgwuGce7n3niARXBuEPpzc2vrG5lZ+u7Czu7d/UDw8aus4VZS1aCxi1Q2IZoJL1jLcCNZNFCNRIFgnmFxlfueeKc1jeWumCfMjMpI85JQYKzVvBsUScqsVD3tViFzkYeR5GcHlWqUGsYsWKIEVGoPie38Y0zRi0lBBtO5hlBh/RpThVLB5oZ9qlhA6ISPWs1SSiGl/tjh0Ds+sMoRhrGxJAxfq94kZibSeRoHtjIgZ699eJv7l9VITXvgzLpPUMEmXi8JUQBPD7Gs45IpRI6aWEKq4vRXSMVGEGptNwYbw9Sn8n7TLLkYublZK9ctVHHlwAk7BOcCgBurgGjRAC1DAwAN4As/OnfPovDivy9acs5o5Bj/gvH0C8ymNBw==</latexit>

2M
<latexit sha1_base64="vi0SQzstdc1elLoGdSHsoWywZZs=">AAAB6XicdVDLSgMxFM34rPVVdekmWARXQ9IprcuiGzdCFfuAdiiZNNOGZjJDkhHK0D9w40IRt/6RO//GTFtBRQ9cOJxzL/feEySCa4PQh7Oyura+sVnYKm7v7O7tlw4O2zpOFWUtGotYdQOimeCStQw3gnUTxUgUCNYJJpe537lnSvNY3plpwvyIjCQPOSXGSreV60GpjNxa1cNeDSIXeRh5Xk5wpV6tQ+yiOcpgieag9N4fxjSNmDRUEK17GCXGz4gynAo2K/ZTzRJCJ2TEepZKEjHtZ/NLZ/DUKkMYxsqWNHCufp/ISKT1NApsZ0TMWP/2cvEvr5ea8NzPuExSwyRdLApTAU0M87fhkCtGjZhaQqji9lZIx0QRamw4RRvC16fwf9KuuBi5+KZablws4yiAY3ACzgAGddAAV6AJWoCCEDyAJ/DsTJxH58V5XbSuOMuZI/ADztsnZBaNQw==</latexit><latexit sha1_base64="vi0SQzstdc1elLoGdSHsoWywZZs=">AAAB6XicdVDLSgMxFM34rPVVdekmWARXQ9IprcuiGzdCFfuAdiiZNNOGZjJDkhHK0D9w40IRt/6RO//GTFtBRQ9cOJxzL/feEySCa4PQh7Oyura+sVnYKm7v7O7tlw4O2zpOFWUtGotYdQOimeCStQw3gnUTxUgUCNYJJpe537lnSvNY3plpwvyIjCQPOSXGSreV60GpjNxa1cNeDSIXeRh5Xk5wpV6tQ+yiOcpgieag9N4fxjSNmDRUEK17GCXGz4gynAo2K/ZTzRJCJ2TEepZKEjHtZ/NLZ/DUKkMYxsqWNHCufp/ISKT1NApsZ0TMWP/2cvEvr5ea8NzPuExSwyRdLApTAU0M87fhkCtGjZhaQqji9lZIx0QRamw4RRvC16fwf9KuuBi5+KZablws4yiAY3ACzgAGddAAV6AJWoCCEDyAJ/DsTJxH58V5XbSuOMuZI/ADztsnZBaNQw==</latexit><latexit sha1_base64="vi0SQzstdc1elLoGdSHsoWywZZs=">AAAB6XicdVDLSgMxFM34rPVVdekmWARXQ9IprcuiGzdCFfuAdiiZNNOGZjJDkhHK0D9w40IRt/6RO//GTFtBRQ9cOJxzL/feEySCa4PQh7Oyura+sVnYKm7v7O7tlw4O2zpOFWUtGotYdQOimeCStQw3gnUTxUgUCNYJJpe537lnSvNY3plpwvyIjCQPOSXGSreV60GpjNxa1cNeDSIXeRh5Xk5wpV6tQ+yiOcpgieag9N4fxjSNmDRUEK17GCXGz4gynAo2K/ZTzRJCJ2TEepZKEjHtZ/NLZ/DUKkMYxsqWNHCufp/ISKT1NApsZ0TMWP/2cvEvr5ea8NzPuExSwyRdLApTAU0M87fhkCtGjZhaQqji9lZIx0QRamw4RRvC16fwf9KuuBi5+KZablws4yiAY3ACzgAGddAAV6AJWoCCEDyAJ/DsTJxH58V5XbSuOMuZI/ADztsnZBaNQw==</latexit><latexit sha1_base64="vi0SQzstdc1elLoGdSHsoWywZZs=">AAAB6XicdVDLSgMxFM34rPVVdekmWARXQ9IprcuiGzdCFfuAdiiZNNOGZjJDkhHK0D9w40IRt/6RO//GTFtBRQ9cOJxzL/feEySCa4PQh7Oyura+sVnYKm7v7O7tlw4O2zpOFWUtGotYdQOimeCStQw3gnUTxUgUCNYJJpe537lnSvNY3plpwvyIjCQPOSXGSreV60GpjNxa1cNeDSIXeRh5Xk5wpV6tQ+yiOcpgieag9N4fxjSNmDRUEK17GCXGz4gynAo2K/ZTzRJCJ2TEepZKEjHtZ/NLZ/DUKkMYxsqWNHCufp/ISKT1NApsZ0TMWP/2cvEvr5ea8NzPuExSwyRdLApTAU0M87fhkCtGjZhaQqji9lZIx0QRamw4RRvC16fwf9KuuBi5+KZablws4yiAY3ACzgAGddAAV6AJWoCCEDyAJ/DsTJxH58V5XbSuOMuZI/ADztsnZBaNQw==</latexit>

r�<latexit sha1_base64="qF1AHm/kcaegV0RtxiQ2NFZiTzw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBiyWRgh6LXjxWtB/QhrLZbtqlm03YnQgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789hPXRsTqEScJ9yM6VCIUjKKVHnT/ol+uuFV3DrJKvJxUIEejX/7qDWKWRlwhk9SYrucm6GdUo2CST0u91PCEsjEd8q6likbc+Nn81Ck5s8qAhLG2pZDM1d8TGY2MmUSB7YwojsyyNxP/87ophtd+JlSSIldssShMJcGYzP4mA6E5QzmxhDIt7K2EjaimDG06JRuCt/zyKmldVj236t3XKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gD8bY2W</latexit><latexit sha1_base64="qF1AHm/kcaegV0RtxiQ2NFZiTzw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBiyWRgh6LXjxWtB/QhrLZbtqlm03YnQgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789hPXRsTqEScJ9yM6VCIUjKKVHnT/ol+uuFV3DrJKvJxUIEejX/7qDWKWRlwhk9SYrucm6GdUo2CST0u91PCEsjEd8q6likbc+Nn81Ck5s8qAhLG2pZDM1d8TGY2MmUSB7YwojsyyNxP/87ophtd+JlSSIldssShMJcGYzP4mA6E5QzmxhDIt7K2EjaimDG06JRuCt/zyKmldVj236t3XKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gD8bY2W</latexit><latexit sha1_base64="qF1AHm/kcaegV0RtxiQ2NFZiTzw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBiyWRgh6LXjxWtB/QhrLZbtqlm03YnQgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789hPXRsTqEScJ9yM6VCIUjKKVHnT/ol+uuFV3DrJKvJxUIEejX/7qDWKWRlwhk9SYrucm6GdUo2CST0u91PCEsjEd8q6likbc+Nn81Ck5s8qAhLG2pZDM1d8TGY2MmUSB7YwojsyyNxP/87ophtd+JlSSIldssShMJcGYzP4mA6E5QzmxhDIt7K2EjaimDG06JRuCt/zyKmldVj236t3XKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gD8bY2W</latexit><latexit sha1_base64="qF1AHm/kcaegV0RtxiQ2NFZiTzw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBiyWRgh6LXjxWtB/QhrLZbtqlm03YnQgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789hPXRsTqEScJ9yM6VCIUjKKVHnT/ol+uuFV3DrJKvJxUIEejX/7qDWKWRlwhk9SYrucm6GdUo2CST0u91PCEsjEd8q6likbc+Nn81Ck5s8qAhLG2pZDM1d8TGY2MmUSB7YwojsyyNxP/87ophtd+JlSSIldssShMJcGYzP4mA6E5QzmxhDIt7K2EjaimDG06JRuCt/zyKmldVj236t3XKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gD8bY2W</latexit>

0
<latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit><latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit><latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit><latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit>

1
<latexit sha1_base64="SewSXpMSbbFZwBdSTgiis61GRk4=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbTbt2swm7EyGE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST25nfeeLaiFg9YJZwP6IjJULBKFqp3RcqxGxQrbl1dw6ySryC1KBAc1D96g9jlkZcIZPUmJ7nJujnVKNgkk8r/dTwhLIJHfGepYpG3Pj5/NopObPKkISxtqWQzNXfEzmNjMmiwHZGFMdm2ZuJ/3m9FMNrPxcqSZErtlgUppJgTGavk6HQnKHMLKFMC3srYWOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNiZ0X5935WLSWnGLmGP7A+fwBwi+PPA==</latexit><latexit sha1_base64="SewSXpMSbbFZwBdSTgiis61GRk4=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbTbt2swm7EyGE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST25nfeeLaiFg9YJZwP6IjJULBKFqp3RcqxGxQrbl1dw6ySryC1KBAc1D96g9jlkZcIZPUmJ7nJujnVKNgkk8r/dTwhLIJHfGepYpG3Pj5/NopObPKkISxtqWQzNXfEzmNjMmiwHZGFMdm2ZuJ/3m9FMNrPxcqSZErtlgUppJgTGavk6HQnKHMLKFMC3srYWOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNiZ0X5935WLSWnGLmGP7A+fwBwi+PPA==</latexit><latexit sha1_base64="SewSXpMSbbFZwBdSTgiis61GRk4=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbTbt2swm7EyGE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST25nfeeLaiFg9YJZwP6IjJULBKFqp3RcqxGxQrbl1dw6ySryC1KBAc1D96g9jlkZcIZPUmJ7nJujnVKNgkk8r/dTwhLIJHfGepYpG3Pj5/NopObPKkISxtqWQzNXfEzmNjMmiwHZGFMdm2ZuJ/3m9FMNrPxcqSZErtlgUppJgTGavk6HQnKHMLKFMC3srYWOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNiZ0X5935WLSWnGLmGP7A+fwBwi+PPA==</latexit><latexit sha1_base64="SewSXpMSbbFZwBdSTgiis61GRk4=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbTbt2swm7EyGE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST25nfeeLaiFg9YJZwP6IjJULBKFqp3RcqxGxQrbl1dw6ySryC1KBAc1D96g9jlkZcIZPUmJ7nJujnVKNgkk8r/dTwhLIJHfGepYpG3Pj5/NopObPKkISxtqWQzNXfEzmNjMmiwHZGFMdm2ZuJ/3m9FMNrPxcqSZErtlgUppJgTGavk6HQnKHMLKFMC3srYWOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNiZ0X5935WLSWnGLmGP7A+fwBwi+PPA==</latexit>

REISSNER-NORDSTRÖM
(And Kerr - RPM 2019)

(B) Cauchy 
horizon fix
⇢1 = 

<latexit sha1_base64="VVSUQoUWKzMWMI+Wq0eKrzPqc9w=">AAAB+HicdVDLSsNAFJ3UV62PRl26GSyCq5A0pXUjFN24rGAf0IQwmU7aoZNkmJkINfRL3LhQxK2f4s6/cdJWUNEDFw7n3Mu994ScUals+8Mora1vbG6Vtys7u3v7VfPgsCfTTGDSxSlLxSBEkjCakK6iipEBFwTFISP9cHpV+P07IiRNk1s148SP0TihEcVIaSkwq56YpIEDL6A3RZyjwKzZVrPhOm4T2pbtOrbrFsSptxot6Fj2AjWwQicw371RirOYJAozJOXQsbnycyQUxYzMK14mCUd4isZkqGmCYiL9fHH4HJ5qZQSjVOhKFFyo3ydyFEs5i0PdGSM1kb+9QvzLG2YqOvdzmvBMkQQvF0UZgyqFRQpwRAXBis00QVhQfSvEEyQQVjqrig7h61P4P+nVLce16jeNWvtyFUcZHIMTcAYc0AJtcA06oAswyMADeALPxr3xaLwYr8vWkrGaOQI/YLx9At1kkpY=</latexit>

Minimal Gauge: reduce the gauge freedom to the most simple case

⇢(�) = ⇢0 + �⇢1
<latexit sha1_base64="tPR9oqJ1noq33R9/ZXFLiKPlWFw=">AAACD3icbVDLSsNAFJ3UV62vqEs3g0WpCCURQTdC0Y3LCvYBTQiT6aQdOo8wMxFK6R+48VfcuFDErVt3/o1Jk4W2Hhg495x7uXNPGDOqjeN8W6Wl5ZXVtfJ6ZWNza3vH3t1ra5koTFpYMqm6IdKEUUFahhpGurEiiIeMdMLRTeZ3HojSVIp7M46Jz9FA0IhiZFIpsI89NZQ1T9MBRyfwCmZl4MBTmEt57VYCu+rUnRngInELUgUFmoH95fUlTjgRBjOkdc91YuNPkDIUMzKteIkmMcIjNCC9lArEifYns3um8ChV+jCSKn3CwJn6e2KCuNZjHqadHJmhnvcy8T+vl5jo0p9QESeGCJwvihIGjYRZOLBPFcGGjVOCsKLpXyEeIoWwSSPMQnDnT14k7bO669Tdu/Nq47qIowwOwCGoARdcgAa4BU3QAhg8gmfwCt6sJ+vFerc+8taSVczsgz+wPn8Ak1macg==</latexit><latexit sha1_base64="tPR9oqJ1noq33R9/ZXFLiKPlWFw=">AAACD3icbVDLSsNAFJ3UV62vqEs3g0WpCCURQTdC0Y3LCvYBTQiT6aQdOo8wMxFK6R+48VfcuFDErVt3/o1Jk4W2Hhg495x7uXNPGDOqjeN8W6Wl5ZXVtfJ6ZWNza3vH3t1ra5koTFpYMqm6IdKEUUFahhpGurEiiIeMdMLRTeZ3HojSVIp7M46Jz9FA0IhiZFIpsI89NZQ1T9MBRyfwCmZl4MBTmEt57VYCu+rUnRngInELUgUFmoH95fUlTjgRBjOkdc91YuNPkDIUMzKteIkmMcIjNCC9lArEifYns3um8ChV+jCSKn3CwJn6e2KCuNZjHqadHJmhnvcy8T+vl5jo0p9QESeGCJwvihIGjYRZOLBPFcGGjVOCsKLpXyEeIoWwSSPMQnDnT14k7bO669Tdu/Nq47qIowwOwCGoARdcgAa4BU3QAhg8gmfwCt6sJ+vFerc+8taSVczsgz+wPn8Ak1macg==</latexit><latexit sha1_base64="tPR9oqJ1noq33R9/ZXFLiKPlWFw=">AAACD3icbVDLSsNAFJ3UV62vqEs3g0WpCCURQTdC0Y3LCvYBTQiT6aQdOo8wMxFK6R+48VfcuFDErVt3/o1Jk4W2Hhg495x7uXNPGDOqjeN8W6Wl5ZXVtfJ6ZWNza3vH3t1ra5koTFpYMqm6IdKEUUFahhpGurEiiIeMdMLRTeZ3HojSVIp7M46Jz9FA0IhiZFIpsI89NZQ1T9MBRyfwCmZl4MBTmEt57VYCu+rUnRngInELUgUFmoH95fUlTjgRBjOkdc91YuNPkDIUMzKteIkmMcIjNCC9lArEifYns3um8ChV+jCSKn3CwJn6e2KCuNZjHqadHJmhnvcy8T+vl5jo0p9QESeGCJwvihIGjYRZOLBPFcGGjVOCsKLpXyEeIoWwSSPMQnDnT14k7bO669Tdu/Nq47qIowwOwCGoARdcgAa4BU3QAhg8gmfwCt6sJ+vFerc+8taSVczsgz+wPn8Ak1macg==</latexit><latexit sha1_base64="tPR9oqJ1noq33R9/ZXFLiKPlWFw=">AAACD3icbVDLSsNAFJ3UV62vqEs3g0WpCCURQTdC0Y3LCvYBTQiT6aQdOo8wMxFK6R+48VfcuFDErVt3/o1Jk4W2Hhg495x7uXNPGDOqjeN8W6Wl5ZXVtfJ6ZWNza3vH3t1ra5koTFpYMqm6IdKEUUFahhpGurEiiIeMdMLRTeZ3HojSVIp7M46Jz9FA0IhiZFIpsI89NZQ1T9MBRyfwCmZl4MBTmEt57VYCu+rUnRngInELUgUFmoH95fUlTjgRBjOkdc91YuNPkDIUMzKteIkmMcIjNCC9lArEifYns3um8ChV+jCSKn3CwJn6e2KCuNZjHqadHJmhnvcy8T+vl5jo0p9QESeGCJwvihIGjYRZOLBPFcGGjVOCsKLpXyEeIoWwSSPMQnDnT14k7bO669Tdu/Nq47qIowwOwCGoARdcgAa4BU3QAhg8gmfwCt6sJ+vFerc+8taSVczsgz+wPn8Ak1macg==</latexit>

•  Radial:

(A) radial fix
⇢1 = 0

<latexit sha1_base64="eR5DwujRFA7cbqrFEZkjmZ/2WbY=">AAAB8XicdVDLSgMxFM34rPVVdekmWARXQ6ZTWjdC0Y3LCvaB7VAyaaYNzSRDkhHK0L9w40IRt/6NO//GTFtBRQ9cOJxzL/feEyacaYPQh7Oyura+sVnYKm7v7O7tlw4O21qmitAWkVyqbog15UzQlmGG026iKI5DTjvh5Cr3O/dUaSbFrZkmNIjxSLCIEWysdNdXYznw4AVEg1IZubWq7/k1iFzke8j3c+JV6tU69Fw0Rxks0RyU3vtDSdKYCkM41rrnocQEGVaGEU5nxX6qaYLJBI9oz1KBY6qDbH7xDJ5aZQgjqWwJA+fq94kMx1pP49B2xtiM9W8vF//yeqmJzoOMiSQ1VJDFoijl0EiYvw+HTFFi+NQSTBSzt0IyxgoTY0Mq2hC+PoX/k3bF9Xy3clMtNy6XcRTAMTgBZ8ADddAA16AJWoAAAR7AE3h2tPPovDivi9YVZzlzBH7AefsEOsiP+g==</latexit>

�(�) = ⇢(�)� �⇢0(�) = ⇢0 = constant
<latexit sha1_base64="JDvDaNr6r5eAe4w3G22O4lD6V/o="></latexit>

• Time:
<latexit sha1_base64="G+pFcHrsGgzqunbqJW/vMWMjGB4="></latexit>

v = t� r⇤
<latexit sha1_base64="Kqx84OQf4wnZT3nz+9G0gVrHA5s="></latexit>

v = �

✓
⌧ � h(�)

◆
<latexit sha1_base64="cMP/TyJcUH4TXv4hEpB45ZlYcRc="></latexit>

h(�) = h0(�)| {z }
minimal requirements

+ A(�)| {z }
regular <latexit sha1_base64="C14BqF3siN9l63bysSdqYFNvbuQ="></latexit>

0

<latexit sha1_base64="19pkAX18HDsmFUqMrC5Ux2H0EJU="></latexit>

r(�) =
rh
� (charge/spin parameter)

 =
r�
r+

<latexit sha1_base64="Sw9v/1GF45Ayaq2n/Fa/USSc3Q8=">AAACAHicbVDLSgMxFM3UV62vURcu3ASLIIhlpgq6EYpuXFawD+gMQybNtKGZTEgyQhlm46+4caGIWz/DnX9j2s5CWw/cy+Gce0nuCQWjSjvOt1VaWl5ZXSuvVzY2t7Z37N29tkpSiUkLJyyR3RApwignLU01I10hCYpDRjrh6Hbidx6JVDThD3osiB+jAacRxUgbKbAPvBESAl17/UginMngLDftNA/sqlNzpoCLxC1IFRRoBvaX109wGhOuMUNK9VxHaD9DUlPMSF7xUkUEwiM0ID1DOYqJ8rPpATk8NkofRok0xTWcqr83MhQrNY5DMxkjPVTz3kT8z+ulOrryM8pFqgnHs4eilEGdwEkasE8lwZqNDUFYUvNXiIfIJKFNZhUTgjt/8iJp12vuea1+f1Ft3BRxlMEhOAInwAWXoAHuQBO0AAY5eAav4M16sl6sd+tjNlqyip198AfW5w/ArpaB</latexit>

<latexit sha1_base64="pwmAwZHSyAzD17p6aJx6dLt8ZZo="></latexit>

r(�) =
rh
�

✓
1� (1� �)

◆



�
<latexit sha1_base64="WVBNru380J4XCjCR9Lt9t8h8e1I=">AAAB7XicbVDLSgNBEOyNrxhfqx69DAbBU9gVQY9BLx4jmAckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHfFKWfGBsG3V1pb39jcKm9Xdnb39g/8w6OWUZkmtEkUV7oTY0M5k7RpmeW0k2qKRcxpOx7fzvz2E9WGKflgJymNBB5KljCCrZNaPcOGAvf9alAL5kCrJCxIFQo0+v5Xb6BIJqi0hGNjumGQ2ijH2jLC6bTSywxNMRnjIe06KrGgJsrn107RmVMGKFHalbRorv6eyLEwZiJi1ymwHZllbyb+53Uzm1xHOZNpZqkki0VJxpFVaPY6GjBNieUTRzDRzN2KyAhrTKwLqOJCCJdfXiWti1oY1ML7y2r9poijDCdwCucQwhXU4Q4a0AQCj/AMr/DmKe/Fe/c+Fq0lr5g5hj/wPn8AnF+PIw==</latexit><latexit sha1_base64="WVBNru380J4XCjCR9Lt9t8h8e1I=">AAAB7XicbVDLSgNBEOyNrxhfqx69DAbBU9gVQY9BLx4jmAckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHfFKWfGBsG3V1pb39jcKm9Xdnb39g/8w6OWUZkmtEkUV7oTY0M5k7RpmeW0k2qKRcxpOx7fzvz2E9WGKflgJymNBB5KljCCrZNaPcOGAvf9alAL5kCrJCxIFQo0+v5Xb6BIJqi0hGNjumGQ2ijH2jLC6bTSywxNMRnjIe06KrGgJsrn107RmVMGKFHalbRorv6eyLEwZiJi1ymwHZllbyb+53Uzm1xHOZNpZqkki0VJxpFVaPY6GjBNieUTRzDRzN2KyAhrTKwLqOJCCJdfXiWti1oY1ML7y2r9poijDCdwCucQwhXU4Q4a0AQCj/AMr/DmKe/Fe/c+Fq0lr5g5hj/wPn8AnF+PIw==</latexit><latexit sha1_base64="WVBNru380J4XCjCR9Lt9t8h8e1I=">AAAB7XicbVDLSgNBEOyNrxhfqx69DAbBU9gVQY9BLx4jmAckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHfFKWfGBsG3V1pb39jcKm9Xdnb39g/8w6OWUZkmtEkUV7oTY0M5k7RpmeW0k2qKRcxpOx7fzvz2E9WGKflgJymNBB5KljCCrZNaPcOGAvf9alAL5kCrJCxIFQo0+v5Xb6BIJqi0hGNjumGQ2ijH2jLC6bTSywxNMRnjIe06KrGgJsrn107RmVMGKFHalbRorv6eyLEwZiJi1ymwHZllbyb+53Uzm1xHOZNpZqkki0VJxpFVaPY6GjBNieUTRzDRzN2KyAhrTKwLqOJCCJdfXiWti1oY1ML7y2r9poijDCdwCucQwhXU4Q4a0AQCj/AMr/DmKe/Fe/c+Fq0lr5g5hj/wPn8AnF+PIw==</latexit><latexit sha1_base64="WVBNru380J4XCjCR9Lt9t8h8e1I=">AAAB7XicbVDLSgNBEOyNrxhfqx69DAbBU9gVQY9BLx4jmAckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHfFKWfGBsG3V1pb39jcKm9Xdnb39g/8w6OWUZkmtEkUV7oTY0M5k7RpmeW0k2qKRcxpOx7fzvz2E9WGKflgJymNBB5KljCCrZNaPcOGAvf9alAL5kCrJCxIFQo0+v5Xb6BIJqi0hGNjumGQ2ijH2jLC6bTSywxNMRnjIe06KrGgJsrn107RmVMGKFHalbRorv6eyLEwZiJi1ymwHZllbyb+53Uzm1xHOZNpZqkki0VJxpFVaPY6GjBNieUTRzDRzN2KyAhrTKwLqOJCCJdfXiWti1oY1ML7y2r9poijDCdwCucQwhXU4Q4a0AQCj/AMr/DmKe/Fe/c+Fq0lr5g5hj/wPn8AnF+PIw==</latexit>

0
<latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit><latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit><latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit><latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit>

1
<latexit sha1_base64="l9eImvYcFOKpzEDji/n9jPDeWb8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q3KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8Aep2MtQ==</latexit><latexit sha1_base64="l9eImvYcFOKpzEDji/n9jPDeWb8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q3KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8Aep2MtQ==</latexit><latexit sha1_base64="l9eImvYcFOKpzEDji/n9jPDeWb8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q3KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8Aep2MtQ==</latexit><latexit sha1_base64="l9eImvYcFOKpzEDji/n9jPDeWb8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q3KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8Aep2MtQ==</latexit>

r
<latexit sha1_base64="P507oPuRhKq0fchXf5sh3zZa6nQ=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cq9gPaUDbbSbt0swm7G6GE/gMvHhTx6j/y5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWBym/udJ1Sax/LRTBP0IzqSPOSMGis9qMqgWnPr7hxklXgFqUGB5qD61R/GLI1QGiao1j3PTYyfUWU4Ezir9FONCWUTOsKepZJGqP1sfumMnFllSMJY2ZKGzNXfExmNtJ5Gge2MqBnrZS8X//N6qQmv/YzLJDUo2WJRmApiYpK/TYZcITNiagllittbCRtTRZmx4eQheMsvr5L2Rd1z6979Za1xU8RRhhM4hXPw4AoacAdNaAGDEJ7hFd6cifPivDsfi9aSU8wcwx84nz8Rro0K</latexit><latexit sha1_base64="P507oPuRhKq0fchXf5sh3zZa6nQ=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cq9gPaUDbbSbt0swm7G6GE/gMvHhTx6j/y5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWBym/udJ1Sax/LRTBP0IzqSPOSMGis9qMqgWnPr7hxklXgFqUGB5qD61R/GLI1QGiao1j3PTYyfUWU4Ezir9FONCWUTOsKepZJGqP1sfumMnFllSMJY2ZKGzNXfExmNtJ5Gge2MqBnrZS8X//N6qQmv/YzLJDUo2WJRmApiYpK/TYZcITNiagllittbCRtTRZmx4eQheMsvr5L2Rd1z6979Za1xU8RRhhM4hXPw4AoacAdNaAGDEJ7hFd6cifPivDsfi9aSU8wcwx84nz8Rro0K</latexit><latexit sha1_base64="P507oPuRhKq0fchXf5sh3zZa6nQ=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cq9gPaUDbbSbt0swm7G6GE/gMvHhTx6j/y5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWBym/udJ1Sax/LRTBP0IzqSPOSMGis9qMqgWnPr7hxklXgFqUGB5qD61R/GLI1QGiao1j3PTYyfUWU4Ezir9FONCWUTOsKepZJGqP1sfumMnFllSMJY2ZKGzNXfExmNtJ5Gge2MqBnrZS8X//N6qQmv/YzLJDUo2WJRmApiYpK/TYZcITNiagllittbCRtTRZmx4eQheMsvr5L2Rd1z6979Za1xU8RRhhM4hXPw4AoacAdNaAGDEJ7hFd6cifPivDsfi9aSU8wcwx84nz8Rro0K</latexit><latexit sha1_base64="P507oPuRhKq0fchXf5sh3zZa6nQ=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cq9gPaUDbbSbt0swm7G6GE/gMvHhTx6j/y5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWBym/udJ1Sax/LRTBP0IzqSPOSMGis9qMqgWnPr7hxklXgFqUGB5qD61R/GLI1QGiao1j3PTYyfUWU4Ezir9FONCWUTOsKepZJGqP1sfumMnFllSMJY2ZKGzNXfExmNtJ5Gge2MqBnrZS8X//N6qQmv/YzLJDUo2WJRmApiYpK/TYZcITNiagllittbCRtTRZmx4eQheMsvr5L2Rd1z6979Za1xU8RRhhM4hXPw4AoacAdNaAGDEJ7hFd6cifPivDsfi9aSU8wcwx84nz8Rro0K</latexit>

1
<latexit sha1_base64="SewSXpMSbbFZwBdSTgiis61GRk4=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbTbt2swm7EyGE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST25nfeeLaiFg9YJZwP6IjJULBKFqp3RcqxGxQrbl1dw6ySryC1KBAc1D96g9jlkZcIZPUmJ7nJujnVKNgkk8r/dTwhLIJHfGepYpG3Pj5/NopObPKkISxtqWQzNXfEzmNjMmiwHZGFMdm2ZuJ/3m9FMNrPxcqSZErtlgUppJgTGavk6HQnKHMLKFMC3srYWOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNiZ0X5935WLSWnGLmGP7A+fwBwi+PPA==</latexit><latexit sha1_base64="SewSXpMSbbFZwBdSTgiis61GRk4=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbTbt2swm7EyGE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST25nfeeLaiFg9YJZwP6IjJULBKFqp3RcqxGxQrbl1dw6ySryC1KBAc1D96g9jlkZcIZPUmJ7nJujnVKNgkk8r/dTwhLIJHfGepYpG3Pj5/NopObPKkISxtqWQzNXfEzmNjMmiwHZGFMdm2ZuJ/3m9FMNrPxcqSZErtlgUppJgTGavk6HQnKHMLKFMC3srYWOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNiZ0X5935WLSWnGLmGP7A+fwBwi+PPA==</latexit><latexit sha1_base64="SewSXpMSbbFZwBdSTgiis61GRk4=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbTbt2swm7EyGE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST25nfeeLaiFg9YJZwP6IjJULBKFqp3RcqxGxQrbl1dw6ySryC1KBAc1D96g9jlkZcIZPUmJ7nJujnVKNgkk8r/dTwhLIJHfGepYpG3Pj5/NopObPKkISxtqWQzNXfEzmNjMmiwHZGFMdm2ZuJ/3m9FMNrPxcqSZErtlgUppJgTGavk6HQnKHMLKFMC3srYWOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNiZ0X5935WLSWnGLmGP7A+fwBwi+PPA==</latexit><latexit sha1_base64="SewSXpMSbbFZwBdSTgiis61GRk4=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbTbt2swm7EyGE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST25nfeeLaiFg9YJZwP6IjJULBKFqp3RcqxGxQrbl1dw6ySryC1KBAc1D96g9jlkZcIZPUmJ7nJujnVKNgkk8r/dTwhLIJHfGepYpG3Pj5/NopObPKkISxtqWQzNXfEzmNjMmiwHZGFMdm2ZuJ/3m9FMNrPxcqSZErtlgUppJgTGavk6HQnKHMLKFMC3srYWOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNiZ0X5935WLSWnGLmGP7A+fwBwi+PPA==</latexit>M

<latexit sha1_base64="IKKzrcpZL8s6bn/NVn50XvL+K2c=">AAAB6HicdVDLSgMxFM3UV62vqks3wSK4GpJOaV0W3bgRWrAPaIeSSTNtbCYzJBmhlH6BGxeKuPWT3Pk3ZtoKKnrgwuGce7n3niARXBuEPpzc2vrG5lZ+u7Czu7d/UDw8aus4VZS1aCxi1Q2IZoJL1jLcCNZNFCNRIFgnmFxlfueeKc1jeWumCfMjMpI85JQYKzVvBsUScqsVD3tViFzkYeR5GcHlWqUGsYsWKIEVGoPie38Y0zRi0lBBtO5hlBh/RpThVLB5oZ9qlhA6ISPWs1SSiGl/tjh0Ds+sMoRhrGxJAxfq94kZibSeRoHtjIgZ699eJv7l9VITXvgzLpPUMEmXi8JUQBPD7Gs45IpRI6aWEKq4vRXSMVGEGptNwYbw9Sn8n7TLLkYublZK9ctVHHlwAk7BOcCgBurgGjRAC1DAwAN4As/OnfPovDivy9acs5o5Bj/gvH0C8ymNBw==</latexit><latexit sha1_base64="IKKzrcpZL8s6bn/NVn50XvL+K2c=">AAAB6HicdVDLSgMxFM3UV62vqks3wSK4GpJOaV0W3bgRWrAPaIeSSTNtbCYzJBmhlH6BGxeKuPWT3Pk3ZtoKKnrgwuGce7n3niARXBuEPpzc2vrG5lZ+u7Czu7d/UDw8aus4VZS1aCxi1Q2IZoJL1jLcCNZNFCNRIFgnmFxlfueeKc1jeWumCfMjMpI85JQYKzVvBsUScqsVD3tViFzkYeR5GcHlWqUGsYsWKIEVGoPie38Y0zRi0lBBtO5hlBh/RpThVLB5oZ9qlhA6ISPWs1SSiGl/tjh0Ds+sMoRhrGxJAxfq94kZibSeRoHtjIgZ699eJv7l9VITXvgzLpPUMEmXi8JUQBPD7Gs45IpRI6aWEKq4vRXSMVGEGptNwYbw9Sn8n7TLLkYublZK9ctVHHlwAk7BOcCgBurgGjRAC1DAwAN4As/OnfPovDivy9acs5o5Bj/gvH0C8ymNBw==</latexit><latexit sha1_base64="IKKzrcpZL8s6bn/NVn50XvL+K2c=">AAAB6HicdVDLSgMxFM3UV62vqks3wSK4GpJOaV0W3bgRWrAPaIeSSTNtbCYzJBmhlH6BGxeKuPWT3Pk3ZtoKKnrgwuGce7n3niARXBuEPpzc2vrG5lZ+u7Czu7d/UDw8aus4VZS1aCxi1Q2IZoJL1jLcCNZNFCNRIFgnmFxlfueeKc1jeWumCfMjMpI85JQYKzVvBsUScqsVD3tViFzkYeR5GcHlWqUGsYsWKIEVGoPie38Y0zRi0lBBtO5hlBh/RpThVLB5oZ9qlhA6ISPWs1SSiGl/tjh0Ds+sMoRhrGxJAxfq94kZibSeRoHtjIgZ699eJv7l9VITXvgzLpPUMEmXi8JUQBPD7Gs45IpRI6aWEKq4vRXSMVGEGptNwYbw9Sn8n7TLLkYublZK9ctVHHlwAk7BOcCgBurgGjRAC1DAwAN4As/OnfPovDivy9acs5o5Bj/gvH0C8ymNBw==</latexit><latexit sha1_base64="IKKzrcpZL8s6bn/NVn50XvL+K2c=">AAAB6HicdVDLSgMxFM3UV62vqks3wSK4GpJOaV0W3bgRWrAPaIeSSTNtbCYzJBmhlH6BGxeKuPWT3Pk3ZtoKKnrgwuGce7n3niARXBuEPpzc2vrG5lZ+u7Czu7d/UDw8aus4VZS1aCxi1Q2IZoJL1jLcCNZNFCNRIFgnmFxlfueeKc1jeWumCfMjMpI85JQYKzVvBsUScqsVD3tViFzkYeR5GcHlWqUGsYsWKIEVGoPie38Y0zRi0lBBtO5hlBh/RpThVLB5oZ9qlhA6ISPWs1SSiGl/tjh0Ds+sMoRhrGxJAxfq94kZibSeRoHtjIgZ699eJv7l9VITXvgzLpPUMEmXi8JUQBPD7Gs45IpRI6aWEKq4vRXSMVGEGptNwYbw9Sn8n7TLLkYublZK9ctVHHlwAk7BOcCgBurgGjRAC1DAwAN4As/OnfPovDivy9acs5o5Bj/gvH0C8ymNBw==</latexit>

2M
<latexit sha1_base64="vi0SQzstdc1elLoGdSHsoWywZZs=">AAAB6XicdVDLSgMxFM34rPVVdekmWARXQ9IprcuiGzdCFfuAdiiZNNOGZjJDkhHK0D9w40IRt/6RO//GTFtBRQ9cOJxzL/feEySCa4PQh7Oyura+sVnYKm7v7O7tlw4O2zpOFWUtGotYdQOimeCStQw3gnUTxUgUCNYJJpe537lnSvNY3plpwvyIjCQPOSXGSreV60GpjNxa1cNeDSIXeRh5Xk5wpV6tQ+yiOcpgieag9N4fxjSNmDRUEK17GCXGz4gynAo2K/ZTzRJCJ2TEepZKEjHtZ/NLZ/DUKkMYxsqWNHCufp/ISKT1NApsZ0TMWP/2cvEvr5ea8NzPuExSwyRdLApTAU0M87fhkCtGjZhaQqji9lZIx0QRamw4RRvC16fwf9KuuBi5+KZablws4yiAY3ACzgAGddAAV6AJWoCCEDyAJ/DsTJxH58V5XbSuOMuZI/ADztsnZBaNQw==</latexit><latexit sha1_base64="vi0SQzstdc1elLoGdSHsoWywZZs=">AAAB6XicdVDLSgMxFM34rPVVdekmWARXQ9IprcuiGzdCFfuAdiiZNNOGZjJDkhHK0D9w40IRt/6RO//GTFtBRQ9cOJxzL/feEySCa4PQh7Oyura+sVnYKm7v7O7tlw4O2zpOFWUtGotYdQOimeCStQw3gnUTxUgUCNYJJpe537lnSvNY3plpwvyIjCQPOSXGSreV60GpjNxa1cNeDSIXeRh5Xk5wpV6tQ+yiOcpgieag9N4fxjSNmDRUEK17GCXGz4gynAo2K/ZTzRJCJ2TEepZKEjHtZ/NLZ/DUKkMYxsqWNHCufp/ISKT1NApsZ0TMWP/2cvEvr5ea8NzPuExSwyRdLApTAU0M87fhkCtGjZhaQqji9lZIx0QRamw4RRvC16fwf9KuuBi5+KZablws4yiAY3ACzgAGddAAV6AJWoCCEDyAJ/DsTJxH58V5XbSuOMuZI/ADztsnZBaNQw==</latexit><latexit sha1_base64="vi0SQzstdc1elLoGdSHsoWywZZs=">AAAB6XicdVDLSgMxFM34rPVVdekmWARXQ9IprcuiGzdCFfuAdiiZNNOGZjJDkhHK0D9w40IRt/6RO//GTFtBRQ9cOJxzL/feEySCa4PQh7Oyura+sVnYKm7v7O7tlw4O2zpOFWUtGotYdQOimeCStQw3gnUTxUgUCNYJJpe537lnSvNY3plpwvyIjCQPOSXGSreV60GpjNxa1cNeDSIXeRh5Xk5wpV6tQ+yiOcpgieag9N4fxjSNmDRUEK17GCXGz4gynAo2K/ZTzRJCJ2TEepZKEjHtZ/NLZ/DUKkMYxsqWNHCufp/ISKT1NApsZ0TMWP/2cvEvr5ea8NzPuExSwyRdLApTAU0M87fhkCtGjZhaQqji9lZIx0QRamw4RRvC16fwf9KuuBi5+KZablws4yiAY3ACzgAGddAAV6AJWoCCEDyAJ/DsTJxH58V5XbSuOMuZI/ADztsnZBaNQw==</latexit><latexit sha1_base64="vi0SQzstdc1elLoGdSHsoWywZZs=">AAAB6XicdVDLSgMxFM34rPVVdekmWARXQ9IprcuiGzdCFfuAdiiZNNOGZjJDkhHK0D9w40IRt/6RO//GTFtBRQ9cOJxzL/feEySCa4PQh7Oyura+sVnYKm7v7O7tlw4O2zpOFWUtGotYdQOimeCStQw3gnUTxUgUCNYJJpe537lnSvNY3plpwvyIjCQPOSXGSreV60GpjNxa1cNeDSIXeRh5Xk5wpV6tQ+yiOcpgieag9N4fxjSNmDRUEK17GCXGz4gynAo2K/ZTzRJCJ2TEepZKEjHtZ/NLZ/DUKkMYxsqWNHCufp/ISKT1NApsZ0TMWP/2cvEvr5ea8NzPuExSwyRdLApTAU0M87fhkCtGjZhaQqji9lZIx0QRamw4RRvC16fwf9KuuBi5+KZablws4yiAY3ACzgAGddAAV6AJWoCCEDyAJ/DsTJxH58V5XbSuOMuZI/ADztsnZBaNQw==</latexit>

r+
<latexit sha1_base64="WmXRWbEuPZ2XgorOrdAPSFCxOUI=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjxWMG2hDWWz3bRLN5uwOxFK6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzwlQKg6777ZTW1jc2t8rblZ3dvf2D6uFRyySZZtxniUx0J6SGS6G4jwIl76Sa0ziUvB2O72Z++4lrIxL1iJOUBzEdKhEJRtFKvu7nF9N+tebW3TnIKvEKUoMCzX71qzdIWBZzhUxSY7qem2KQU42CST6t9DLDU8rGdMi7lioacxPk82On5MwqAxIl2pZCMld/T+Q0NmYSh7Yzpjgyy95M/M/rZhjdBLlQaYZcscWiKJMEEzL7nAyE5gzlxBLKtLC3EjaimjK0+VRsCN7yy6ukdVn33Lr3cFVr3BZxlOEETuEcPLiGBtxDE3xgIOAZXuHNUc6L8+58LFpLTjFzDH/gfP4AvfiOoA==</latexit><latexit sha1_base64="WmXRWbEuPZ2XgorOrdAPSFCxOUI=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjxWMG2hDWWz3bRLN5uwOxFK6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzwlQKg6777ZTW1jc2t8rblZ3dvf2D6uFRyySZZtxniUx0J6SGS6G4jwIl76Sa0ziUvB2O72Z++4lrIxL1iJOUBzEdKhEJRtFKvu7nF9N+tebW3TnIKvEKUoMCzX71qzdIWBZzhUxSY7qem2KQU42CST6t9DLDU8rGdMi7lioacxPk82On5MwqAxIl2pZCMld/T+Q0NmYSh7Yzpjgyy95M/M/rZhjdBLlQaYZcscWiKJMEEzL7nAyE5gzlxBLKtLC3EjaimjK0+VRsCN7yy6ukdVn33Lr3cFVr3BZxlOEETuEcPLiGBtxDE3xgIOAZXuHNUc6L8+58LFpLTjFzDH/gfP4AvfiOoA==</latexit><latexit sha1_base64="WmXRWbEuPZ2XgorOrdAPSFCxOUI=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjxWMG2hDWWz3bRLN5uwOxFK6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzwlQKg6777ZTW1jc2t8rblZ3dvf2D6uFRyySZZtxniUx0J6SGS6G4jwIl76Sa0ziUvB2O72Z++4lrIxL1iJOUBzEdKhEJRtFKvu7nF9N+tebW3TnIKvEKUoMCzX71qzdIWBZzhUxSY7qem2KQU42CST6t9DLDU8rGdMi7lioacxPk82On5MwqAxIl2pZCMld/T+Q0NmYSh7Yzpjgyy95M/M/rZhjdBLlQaYZcscWiKJMEEzL7nAyE5gzlxBLKtLC3EjaimjK0+VRsCN7yy6ukdVn33Lr3cFVr3BZxlOEETuEcPLiGBtxDE3xgIOAZXuHNUc6L8+58LFpLTjFzDH/gfP4AvfiOoA==</latexit><latexit sha1_base64="WmXRWbEuPZ2XgorOrdAPSFCxOUI=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjxWMG2hDWWz3bRLN5uwOxFK6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzwlQKg6777ZTW1jc2t8rblZ3dvf2D6uFRyySZZtxniUx0J6SGS6G4jwIl76Sa0ziUvB2O72Z++4lrIxL1iJOUBzEdKhEJRtFKvu7nF9N+tebW3TnIKvEKUoMCzX71qzdIWBZzhUxSY7qem2KQU42CST6t9DLDU8rGdMi7lioacxPk82On5MwqAxIl2pZCMld/T+Q0NmYSh7Yzpjgyy95M/M/rZhjdBLlQaYZcscWiKJMEEzL7nAyE5gzlxBLKtLC3EjaimjK0+VRsCN7yy6ukdVn33Lr3cFVr3BZxlOEETuEcPLiGBtxDE3xgIOAZXuHNUc6L8+58LFpLTjFzDH/gfP4AvfiOoA==</latexit>

r�<latexit sha1_base64="qF1AHm/kcaegV0RtxiQ2NFZiTzw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBiyWRgh6LXjxWtB/QhrLZbtqlm03YnQgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789hPXRsTqEScJ9yM6VCIUjKKVHnT/ol+uuFV3DrJKvJxUIEejX/7qDWKWRlwhk9SYrucm6GdUo2CST0u91PCEsjEd8q6likbc+Nn81Ck5s8qAhLG2pZDM1d8TGY2MmUSB7YwojsyyNxP/87ophtd+JlSSIldssShMJcGYzP4mA6E5QzmxhDIt7K2EjaimDG06JRuCt/zyKmldVj236t3XKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gD8bY2W</latexit><latexit sha1_base64="qF1AHm/kcaegV0RtxiQ2NFZiTzw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBiyWRgh6LXjxWtB/QhrLZbtqlm03YnQgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789hPXRsTqEScJ9yM6VCIUjKKVHnT/ol+uuFV3DrJKvJxUIEejX/7qDWKWRlwhk9SYrucm6GdUo2CST0u91PCEsjEd8q6likbc+Nn81Ck5s8qAhLG2pZDM1d8TGY2MmUSB7YwojsyyNxP/87ophtd+JlSSIldssShMJcGYzP4mA6E5QzmxhDIt7K2EjaimDG06JRuCt/zyKmldVj236t3XKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gD8bY2W</latexit><latexit sha1_base64="qF1AHm/kcaegV0RtxiQ2NFZiTzw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBiyWRgh6LXjxWtB/QhrLZbtqlm03YnQgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789hPXRsTqEScJ9yM6VCIUjKKVHnT/ol+uuFV3DrJKvJxUIEejX/7qDWKWRlwhk9SYrucm6GdUo2CST0u91PCEsjEd8q6likbc+Nn81Ck5s8qAhLG2pZDM1d8TGY2MmUSB7YwojsyyNxP/87ophtd+JlSSIldssShMJcGYzP4mA6E5QzmxhDIt7K2EjaimDG06JRuCt/zyKmldVj236t3XKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gD8bY2W</latexit><latexit sha1_base64="qF1AHm/kcaegV0RtxiQ2NFZiTzw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBiyWRgh6LXjxWtB/QhrLZbtqlm03YnQgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789hPXRsTqEScJ9yM6VCIUjKKVHnT/ol+uuFV3DrJKvJxUIEejX/7qDWKWRlwhk9SYrucm6GdUo2CST0u91PCEsjEd8q6likbc+Nn81Ck5s8qAhLG2pZDM1d8TGY2MmUSB7YwojsyyNxP/87ophtd+JlSSIldssShMJcGYzP4mA6E5QzmxhDIt7K2EjaimDG06JRuCt/zyKmldVj236t3XKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gD8bY2W</latexit>

0 <  < 1
<latexit sha1_base64="mu2IWclWnL29aNqwp5YWRZ/BAK8=">AAAB8XicbVA9SwNBEJ2LXzF+RS1tDoNgFe6ioEWKoI1lBPOByRHmNnvJkr29ZXdPCCH/wsZCEVv/jZ3/xk1yhSY+GHi8N8PMvFBypo3nfTu5tfWNza38dmFnd2//oHh41NRJqghtkIQnqh2ippwJ2jDMcNqWimIcctoKR7czv/VElWaJeDBjSYMYB4JFjKCx0qNX7Y5QSqz6vWLJK3tzuKvEz0gJMtR7xa9uPyFpTIUhHLXu+J40wQSVYYTTaaGbaiqRjHBAO5YKjKkOJvOLp+6ZVfpulChbwrhz9ffEBGOtx3FoO2M0Q73szcT/vE5qoutgwoRMDRVksShKuWsSd/a+22eKEsPHliBRzN7qkiEqJMaGVLAh+Msvr5JmpexflCv3l6XaTRZHHk7gFM7BhyuowR3UoQEEBDzDK7w52nlx3p2PRWvOyWaO4Q+czx983pAk</latexit>

“Charged”
1

<latexit sha1_base64="SewSXpMSbbFZwBdSTgiis61GRk4=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbTbt2swm7EyGE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST25nfeeLaiFg9YJZwP6IjJULBKFqp3RcqxGxQrbl1dw6ySryC1KBAc1D96g9jlkZcIZPUmJ7nJujnVKNgkk8r/dTwhLIJHfGepYpG3Pj5/NopObPKkISxtqWQzNXfEzmNjMmiwHZGFMdm2ZuJ/3m9FMNrPxcqSZErtlgUppJgTGavk6HQnKHMLKFMC3srYWOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNiZ0X5935WLSWnGLmGP7A+fwBwi+PPA==</latexit><latexit sha1_base64="SewSXpMSbbFZwBdSTgiis61GRk4=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbTbt2swm7EyGE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST25nfeeLaiFg9YJZwP6IjJULBKFqp3RcqxGxQrbl1dw6ySryC1KBAc1D96g9jlkZcIZPUmJ7nJujnVKNgkk8r/dTwhLIJHfGepYpG3Pj5/NopObPKkISxtqWQzNXfEzmNjMmiwHZGFMdm2ZuJ/3m9FMNrPxcqSZErtlgUppJgTGavk6HQnKHMLKFMC3srYWOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNiZ0X5935WLSWnGLmGP7A+fwBwi+PPA==</latexit><latexit sha1_base64="SewSXpMSbbFZwBdSTgiis61GRk4=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbTbt2swm7EyGE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST25nfeeLaiFg9YJZwP6IjJULBKFqp3RcqxGxQrbl1dw6ySryC1KBAc1D96g9jlkZcIZPUmJ7nJujnVKNgkk8r/dTwhLIJHfGepYpG3Pj5/NopObPKkISxtqWQzNXfEzmNjMmiwHZGFMdm2ZuJ/3m9FMNrPxcqSZErtlgUppJgTGavk6HQnKHMLKFMC3srYWOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNiZ0X5935WLSWnGLmGP7A+fwBwi+PPA==</latexit><latexit sha1_base64="SewSXpMSbbFZwBdSTgiis61GRk4=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbTbt2swm7EyGE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST25nfeeLaiFg9YJZwP6IjJULBKFqp3RcqxGxQrbl1dw6ySryC1KBAc1D96g9jlkZcIZPUmJ7nJujnVKNgkk8r/dTwhLIJHfGepYpG3Pj5/NopObPKkISxtqWQzNXfEzmNjMmiwHZGFMdm2ZuJ/3m9FMNrPxcqSZErtlgUppJgTGavk6HQnKHMLKFMC3srYWOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNiZ0X5935WLSWnGLmGP7A+fwBwi+PPA==</latexit>

REISSNER-NORDSTRÖM
(And Kerr - RPM 2019)

(B) Cauchy 
horizon fix
⇢1 = 

<latexit sha1_base64="VVSUQoUWKzMWMI+Wq0eKrzPqc9w=">AAAB+HicdVDLSsNAFJ3UV62PRl26GSyCq5A0pXUjFN24rGAf0IQwmU7aoZNkmJkINfRL3LhQxK2f4s6/cdJWUNEDFw7n3Mu994ScUals+8Mora1vbG6Vtys7u3v7VfPgsCfTTGDSxSlLxSBEkjCakK6iipEBFwTFISP9cHpV+P07IiRNk1s148SP0TihEcVIaSkwq56YpIEDL6A3RZyjwKzZVrPhOm4T2pbtOrbrFsSptxot6Fj2AjWwQicw371RirOYJAozJOXQsbnycyQUxYzMK14mCUd4isZkqGmCYiL9fHH4HJ5qZQSjVOhKFFyo3ydyFEs5i0PdGSM1kb+9QvzLG2YqOvdzmvBMkQQvF0UZgyqFRQpwRAXBis00QVhQfSvEEyQQVjqrig7h61P4P+nVLce16jeNWvtyFUcZHIMTcAYc0AJtcA06oAswyMADeALPxr3xaLwYr8vWkrGaOQI/YLx9At1kkpY=</latexit>

Minimal Gauge: reduce the gauge freedom to the most simple case

⇢(�) = ⇢0 + �⇢1
<latexit sha1_base64="tPR9oqJ1noq33R9/ZXFLiKPlWFw=">AAACD3icbVDLSsNAFJ3UV62vqEs3g0WpCCURQTdC0Y3LCvYBTQiT6aQdOo8wMxFK6R+48VfcuFDErVt3/o1Jk4W2Hhg495x7uXNPGDOqjeN8W6Wl5ZXVtfJ6ZWNza3vH3t1ra5koTFpYMqm6IdKEUUFahhpGurEiiIeMdMLRTeZ3HojSVIp7M46Jz9FA0IhiZFIpsI89NZQ1T9MBRyfwCmZl4MBTmEt57VYCu+rUnRngInELUgUFmoH95fUlTjgRBjOkdc91YuNPkDIUMzKteIkmMcIjNCC9lArEifYns3um8ChV+jCSKn3CwJn6e2KCuNZjHqadHJmhnvcy8T+vl5jo0p9QESeGCJwvihIGjYRZOLBPFcGGjVOCsKLpXyEeIoWwSSPMQnDnT14k7bO669Tdu/Nq47qIowwOwCGoARdcgAa4BU3QAhg8gmfwCt6sJ+vFerc+8taSVczsgz+wPn8Ak1macg==</latexit><latexit sha1_base64="tPR9oqJ1noq33R9/ZXFLiKPlWFw=">AAACD3icbVDLSsNAFJ3UV62vqEs3g0WpCCURQTdC0Y3LCvYBTQiT6aQdOo8wMxFK6R+48VfcuFDErVt3/o1Jk4W2Hhg495x7uXNPGDOqjeN8W6Wl5ZXVtfJ6ZWNza3vH3t1ra5koTFpYMqm6IdKEUUFahhpGurEiiIeMdMLRTeZ3HojSVIp7M46Jz9FA0IhiZFIpsI89NZQ1T9MBRyfwCmZl4MBTmEt57VYCu+rUnRngInELUgUFmoH95fUlTjgRBjOkdc91YuNPkDIUMzKteIkmMcIjNCC9lArEifYns3um8ChV+jCSKn3CwJn6e2KCuNZjHqadHJmhnvcy8T+vl5jo0p9QESeGCJwvihIGjYRZOLBPFcGGjVOCsKLpXyEeIoWwSSPMQnDnT14k7bO669Tdu/Nq47qIowwOwCGoARdcgAa4BU3QAhg8gmfwCt6sJ+vFerc+8taSVczsgz+wPn8Ak1macg==</latexit><latexit sha1_base64="tPR9oqJ1noq33R9/ZXFLiKPlWFw=">AAACD3icbVDLSsNAFJ3UV62vqEs3g0WpCCURQTdC0Y3LCvYBTQiT6aQdOo8wMxFK6R+48VfcuFDErVt3/o1Jk4W2Hhg495x7uXNPGDOqjeN8W6Wl5ZXVtfJ6ZWNza3vH3t1ra5koTFpYMqm6IdKEUUFahhpGurEiiIeMdMLRTeZ3HojSVIp7M46Jz9FA0IhiZFIpsI89NZQ1T9MBRyfwCmZl4MBTmEt57VYCu+rUnRngInELUgUFmoH95fUlTjgRBjOkdc91YuNPkDIUMzKteIkmMcIjNCC9lArEifYns3um8ChV+jCSKn3CwJn6e2KCuNZjHqadHJmhnvcy8T+vl5jo0p9QESeGCJwvihIGjYRZOLBPFcGGjVOCsKLpXyEeIoWwSSPMQnDnT14k7bO669Tdu/Nq47qIowwOwCGoARdcgAa4BU3QAhg8gmfwCt6sJ+vFerc+8taSVczsgz+wPn8Ak1macg==</latexit><latexit sha1_base64="tPR9oqJ1noq33R9/ZXFLiKPlWFw=">AAACD3icbVDLSsNAFJ3UV62vqEs3g0WpCCURQTdC0Y3LCvYBTQiT6aQdOo8wMxFK6R+48VfcuFDErVt3/o1Jk4W2Hhg495x7uXNPGDOqjeN8W6Wl5ZXVtfJ6ZWNza3vH3t1ra5koTFpYMqm6IdKEUUFahhpGurEiiIeMdMLRTeZ3HojSVIp7M46Jz9FA0IhiZFIpsI89NZQ1T9MBRyfwCmZl4MBTmEt57VYCu+rUnRngInELUgUFmoH95fUlTjgRBjOkdc91YuNPkDIUMzKteIkmMcIjNCC9lArEifYns3um8ChV+jCSKn3CwJn6e2KCuNZjHqadHJmhnvcy8T+vl5jo0p9QESeGCJwvihIGjYRZOLBPFcGGjVOCsKLpXyEeIoWwSSPMQnDnT14k7bO669Tdu/Nq47qIowwOwCGoARdcgAa4BU3QAhg8gmfwCt6sJ+vFerc+8taSVczsgz+wPn8Ak1macg==</latexit>

•  Radial:

(A) radial fix
⇢1 = 0

<latexit sha1_base64="eR5DwujRFA7cbqrFEZkjmZ/2WbY=">AAAB8XicdVDLSgMxFM34rPVVdekmWARXQ6ZTWjdC0Y3LCvaB7VAyaaYNzSRDkhHK0L9w40IRt/6NO//GTFtBRQ9cOJxzL/feEyacaYPQh7Oyura+sVnYKm7v7O7tlw4O21qmitAWkVyqbog15UzQlmGG026iKI5DTjvh5Cr3O/dUaSbFrZkmNIjxSLCIEWysdNdXYznw4AVEg1IZubWq7/k1iFzke8j3c+JV6tU69Fw0Rxks0RyU3vtDSdKYCkM41rrnocQEGVaGEU5nxX6qaYLJBI9oz1KBY6qDbH7xDJ5aZQgjqWwJA+fq94kMx1pP49B2xtiM9W8vF//yeqmJzoOMiSQ1VJDFoijl0EiYvw+HTFFi+NQSTBSzt0IyxgoTY0Mq2hC+PoX/k3bF9Xy3clMtNy6XcRTAMTgBZ8ADddAA16AJWoAAAR7AE3h2tPPovDivi9YVZzlzBH7AefsEOsiP+g==</latexit>

�(�) = ⇢(�)� �⇢0(�) = ⇢0 = constant
<latexit sha1_base64="JDvDaNr6r5eAe4w3G22O4lD6V/o="></latexit>

• Time:
<latexit sha1_base64="G+pFcHrsGgzqunbqJW/vMWMjGB4="></latexit>

v = t� r⇤
<latexit sha1_base64="Kqx84OQf4wnZT3nz+9G0gVrHA5s="></latexit>

v = �

✓
⌧ � h(�)

◆
<latexit sha1_base64="cMP/TyJcUH4TXv4hEpB45ZlYcRc="></latexit>

h(�) = h0(�)| {z }
minimal requirements

+ A(�)| {z }
regular <latexit sha1_base64="C14BqF3siN9l63bysSdqYFNvbuQ="></latexit>

0

<latexit sha1_base64="19pkAX18HDsmFUqMrC5Ux2H0EJU="></latexit>

r(�) =
rh
� (charge/spin parameter)

 =
r�
r+

<latexit sha1_base64="Sw9v/1GF45Ayaq2n/Fa/USSc3Q8=">AAACAHicbVDLSgMxFM3UV62vURcu3ASLIIhlpgq6EYpuXFawD+gMQybNtKGZTEgyQhlm46+4caGIWz/DnX9j2s5CWw/cy+Gce0nuCQWjSjvOt1VaWl5ZXSuvVzY2t7Z37N29tkpSiUkLJyyR3RApwignLU01I10hCYpDRjrh6Hbidx6JVDThD3osiB+jAacRxUgbKbAPvBESAl17/UginMngLDftNA/sqlNzpoCLxC1IFRRoBvaX109wGhOuMUNK9VxHaD9DUlPMSF7xUkUEwiM0ID1DOYqJ8rPpATk8NkofRok0xTWcqr83MhQrNY5DMxkjPVTz3kT8z+ulOrryM8pFqgnHs4eilEGdwEkasE8lwZqNDUFYUvNXiIfIJKFNZhUTgjt/8iJp12vuea1+f1Ft3BRxlMEhOAInwAWXoAHuQBO0AAY5eAav4M16sl6sd+tjNlqyip198AfW5w/ArpaB</latexit>

<latexit sha1_base64="pwmAwZHSyAzD17p6aJx6dLt8ZZo="></latexit>

r(�) =
rh
�

✓
1� (1� �)

◆



�
<latexit sha1_base64="WVBNru380J4XCjCR9Lt9t8h8e1I=">AAAB7XicbVDLSgNBEOyNrxhfqx69DAbBU9gVQY9BLx4jmAckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHfFKWfGBsG3V1pb39jcKm9Xdnb39g/8w6OWUZkmtEkUV7oTY0M5k7RpmeW0k2qKRcxpOx7fzvz2E9WGKflgJymNBB5KljCCrZNaPcOGAvf9alAL5kCrJCxIFQo0+v5Xb6BIJqi0hGNjumGQ2ijH2jLC6bTSywxNMRnjIe06KrGgJsrn107RmVMGKFHalbRorv6eyLEwZiJi1ymwHZllbyb+53Uzm1xHOZNpZqkki0VJxpFVaPY6GjBNieUTRzDRzN2KyAhrTKwLqOJCCJdfXiWti1oY1ML7y2r9poijDCdwCucQwhXU4Q4a0AQCj/AMr/DmKe/Fe/c+Fq0lr5g5hj/wPn8AnF+PIw==</latexit><latexit sha1_base64="WVBNru380J4XCjCR9Lt9t8h8e1I=">AAAB7XicbVDLSgNBEOyNrxhfqx69DAbBU9gVQY9BLx4jmAckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHfFKWfGBsG3V1pb39jcKm9Xdnb39g/8w6OWUZkmtEkUV7oTY0M5k7RpmeW0k2qKRcxpOx7fzvz2E9WGKflgJymNBB5KljCCrZNaPcOGAvf9alAL5kCrJCxIFQo0+v5Xb6BIJqi0hGNjumGQ2ijH2jLC6bTSywxNMRnjIe06KrGgJsrn107RmVMGKFHalbRorv6eyLEwZiJi1ymwHZllbyb+53Uzm1xHOZNpZqkki0VJxpFVaPY6GjBNieUTRzDRzN2KyAhrTKwLqOJCCJdfXiWti1oY1ML7y2r9poijDCdwCucQwhXU4Q4a0AQCj/AMr/DmKe/Fe/c+Fq0lr5g5hj/wPn8AnF+PIw==</latexit><latexit sha1_base64="WVBNru380J4XCjCR9Lt9t8h8e1I=">AAAB7XicbVDLSgNBEOyNrxhfqx69DAbBU9gVQY9BLx4jmAckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHfFKWfGBsG3V1pb39jcKm9Xdnb39g/8w6OWUZkmtEkUV7oTY0M5k7RpmeW0k2qKRcxpOx7fzvz2E9WGKflgJymNBB5KljCCrZNaPcOGAvf9alAL5kCrJCxIFQo0+v5Xb6BIJqi0hGNjumGQ2ijH2jLC6bTSywxNMRnjIe06KrGgJsrn107RmVMGKFHalbRorv6eyLEwZiJi1ymwHZllbyb+53Uzm1xHOZNpZqkki0VJxpFVaPY6GjBNieUTRzDRzN2KyAhrTKwLqOJCCJdfXiWti1oY1ML7y2r9poijDCdwCucQwhXU4Q4a0AQCj/AMr/DmKe/Fe/c+Fq0lr5g5hj/wPn8AnF+PIw==</latexit><latexit sha1_base64="WVBNru380J4XCjCR9Lt9t8h8e1I=">AAAB7XicbVDLSgNBEOyNrxhfqx69DAbBU9gVQY9BLx4jmAckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHfFKWfGBsG3V1pb39jcKm9Xdnb39g/8w6OWUZkmtEkUV7oTY0M5k7RpmeW0k2qKRcxpOx7fzvz2E9WGKflgJymNBB5KljCCrZNaPcOGAvf9alAL5kCrJCxIFQo0+v5Xb6BIJqi0hGNjumGQ2ijH2jLC6bTSywxNMRnjIe06KrGgJsrn107RmVMGKFHalbRorv6eyLEwZiJi1ymwHZllbyb+53Uzm1xHOZNpZqkki0VJxpFVaPY6GjBNieUTRzDRzN2KyAhrTKwLqOJCCJdfXiWti1oY1ML7y2r9poijDCdwCucQwhXU4Q4a0AQCj/AMr/DmKe/Fe/c+Fq0lr5g5hj/wPn8AnF+PIw==</latexit>

0
<latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit><latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit><latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit><latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit>

1
<latexit sha1_base64="l9eImvYcFOKpzEDji/n9jPDeWb8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q3KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8Aep2MtQ==</latexit><latexit sha1_base64="l9eImvYcFOKpzEDji/n9jPDeWb8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q3KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8Aep2MtQ==</latexit><latexit sha1_base64="l9eImvYcFOKpzEDji/n9jPDeWb8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q3KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8Aep2MtQ==</latexit><latexit sha1_base64="l9eImvYcFOKpzEDji/n9jPDeWb8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q3KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8Aep2MtQ==</latexit>

r
<latexit sha1_base64="P507oPuRhKq0fchXf5sh3zZa6nQ=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cq9gPaUDbbSbt0swm7G6GE/gMvHhTx6j/y5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWBym/udJ1Sax/LRTBP0IzqSPOSMGis9qMqgWnPr7hxklXgFqUGB5qD61R/GLI1QGiao1j3PTYyfUWU4Ezir9FONCWUTOsKepZJGqP1sfumMnFllSMJY2ZKGzNXfExmNtJ5Gge2MqBnrZS8X//N6qQmv/YzLJDUo2WJRmApiYpK/TYZcITNiagllittbCRtTRZmx4eQheMsvr5L2Rd1z6979Za1xU8RRhhM4hXPw4AoacAdNaAGDEJ7hFd6cifPivDsfi9aSU8wcwx84nz8Rro0K</latexit><latexit sha1_base64="P507oPuRhKq0fchXf5sh3zZa6nQ=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cq9gPaUDbbSbt0swm7G6GE/gMvHhTx6j/y5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWBym/udJ1Sax/LRTBP0IzqSPOSMGis9qMqgWnPr7hxklXgFqUGB5qD61R/GLI1QGiao1j3PTYyfUWU4Ezir9FONCWUTOsKepZJGqP1sfumMnFllSMJY2ZKGzNXfExmNtJ5Gge2MqBnrZS8X//N6qQmv/YzLJDUo2WJRmApiYpK/TYZcITNiagllittbCRtTRZmx4eQheMsvr5L2Rd1z6979Za1xU8RRhhM4hXPw4AoacAdNaAGDEJ7hFd6cifPivDsfi9aSU8wcwx84nz8Rro0K</latexit><latexit sha1_base64="P507oPuRhKq0fchXf5sh3zZa6nQ=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cq9gPaUDbbSbt0swm7G6GE/gMvHhTx6j/y5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWBym/udJ1Sax/LRTBP0IzqSPOSMGis9qMqgWnPr7hxklXgFqUGB5qD61R/GLI1QGiao1j3PTYyfUWU4Ezir9FONCWUTOsKepZJGqP1sfumMnFllSMJY2ZKGzNXfExmNtJ5Gge2MqBnrZS8X//N6qQmv/YzLJDUo2WJRmApiYpK/TYZcITNiagllittbCRtTRZmx4eQheMsvr5L2Rd1z6979Za1xU8RRhhM4hXPw4AoacAdNaAGDEJ7hFd6cifPivDsfi9aSU8wcwx84nz8Rro0K</latexit><latexit sha1_base64="P507oPuRhKq0fchXf5sh3zZa6nQ=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cq9gPaUDbbSbt0swm7G6GE/gMvHhTx6j/y5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWBym/udJ1Sax/LRTBP0IzqSPOSMGis9qMqgWnPr7hxklXgFqUGB5qD61R/GLI1QGiao1j3PTYyfUWU4Ezir9FONCWUTOsKepZJGqP1sfumMnFllSMJY2ZKGzNXfExmNtJ5Gge2MqBnrZS8X//N6qQmv/YzLJDUo2WJRmApiYpK/TYZcITNiagllittbCRtTRZmx4eQheMsvr5L2Rd1z6979Za1xU8RRhhM4hXPw4AoacAdNaAGDEJ7hFd6cifPivDsfi9aSU8wcwx84nz8Rro0K</latexit>

1
<latexit sha1_base64="SewSXpMSbbFZwBdSTgiis61GRk4=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbTbt2swm7EyGE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST25nfeeLaiFg9YJZwP6IjJULBKFqp3RcqxGxQrbl1dw6ySryC1KBAc1D96g9jlkZcIZPUmJ7nJujnVKNgkk8r/dTwhLIJHfGepYpG3Pj5/NopObPKkISxtqWQzNXfEzmNjMmiwHZGFMdm2ZuJ/3m9FMNrPxcqSZErtlgUppJgTGavk6HQnKHMLKFMC3srYWOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNiZ0X5935WLSWnGLmGP7A+fwBwi+PPA==</latexit><latexit sha1_base64="SewSXpMSbbFZwBdSTgiis61GRk4=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbTbt2swm7EyGE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST25nfeeLaiFg9YJZwP6IjJULBKFqp3RcqxGxQrbl1dw6ySryC1KBAc1D96g9jlkZcIZPUmJ7nJujnVKNgkk8r/dTwhLIJHfGepYpG3Pj5/NopObPKkISxtqWQzNXfEzmNjMmiwHZGFMdm2ZuJ/3m9FMNrPxcqSZErtlgUppJgTGavk6HQnKHMLKFMC3srYWOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNiZ0X5935WLSWnGLmGP7A+fwBwi+PPA==</latexit><latexit sha1_base64="SewSXpMSbbFZwBdSTgiis61GRk4=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbTbt2swm7EyGE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST25nfeeLaiFg9YJZwP6IjJULBKFqp3RcqxGxQrbl1dw6ySryC1KBAc1D96g9jlkZcIZPUmJ7nJujnVKNgkk8r/dTwhLIJHfGepYpG3Pj5/NopObPKkISxtqWQzNXfEzmNjMmiwHZGFMdm2ZuJ/3m9FMNrPxcqSZErtlgUppJgTGavk6HQnKHMLKFMC3srYWOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNiZ0X5935WLSWnGLmGP7A+fwBwi+PPA==</latexit><latexit sha1_base64="SewSXpMSbbFZwBdSTgiis61GRk4=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbTbt2swm7EyGE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST25nfeeLaiFg9YJZwP6IjJULBKFqp3RcqxGxQrbl1dw6ySryC1KBAc1D96g9jlkZcIZPUmJ7nJujnVKNgkk8r/dTwhLIJHfGepYpG3Pj5/NopObPKkISxtqWQzNXfEzmNjMmiwHZGFMdm2ZuJ/3m9FMNrPxcqSZErtlgUppJgTGavk6HQnKHMLKFMC3srYWOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNiZ0X5935WLSWnGLmGP7A+fwBwi+PPA==</latexit>M

<latexit sha1_base64="IKKzrcpZL8s6bn/NVn50XvL+K2c=">AAAB6HicdVDLSgMxFM3UV62vqks3wSK4GpJOaV0W3bgRWrAPaIeSSTNtbCYzJBmhlH6BGxeKuPWT3Pk3ZtoKKnrgwuGce7n3niARXBuEPpzc2vrG5lZ+u7Czu7d/UDw8aus4VZS1aCxi1Q2IZoJL1jLcCNZNFCNRIFgnmFxlfueeKc1jeWumCfMjMpI85JQYKzVvBsUScqsVD3tViFzkYeR5GcHlWqUGsYsWKIEVGoPie38Y0zRi0lBBtO5hlBh/RpThVLB5oZ9qlhA6ISPWs1SSiGl/tjh0Ds+sMoRhrGxJAxfq94kZibSeRoHtjIgZ699eJv7l9VITXvgzLpPUMEmXi8JUQBPD7Gs45IpRI6aWEKq4vRXSMVGEGptNwYbw9Sn8n7TLLkYublZK9ctVHHlwAk7BOcCgBurgGjRAC1DAwAN4As/OnfPovDivy9acs5o5Bj/gvH0C8ymNBw==</latexit><latexit sha1_base64="IKKzrcpZL8s6bn/NVn50XvL+K2c=">AAAB6HicdVDLSgMxFM3UV62vqks3wSK4GpJOaV0W3bgRWrAPaIeSSTNtbCYzJBmhlH6BGxeKuPWT3Pk3ZtoKKnrgwuGce7n3niARXBuEPpzc2vrG5lZ+u7Czu7d/UDw8aus4VZS1aCxi1Q2IZoJL1jLcCNZNFCNRIFgnmFxlfueeKc1jeWumCfMjMpI85JQYKzVvBsUScqsVD3tViFzkYeR5GcHlWqUGsYsWKIEVGoPie38Y0zRi0lBBtO5hlBh/RpThVLB5oZ9qlhA6ISPWs1SSiGl/tjh0Ds+sMoRhrGxJAxfq94kZibSeRoHtjIgZ699eJv7l9VITXvgzLpPUMEmXi8JUQBPD7Gs45IpRI6aWEKq4vRXSMVGEGptNwYbw9Sn8n7TLLkYublZK9ctVHHlwAk7BOcCgBurgGjRAC1DAwAN4As/OnfPovDivy9acs5o5Bj/gvH0C8ymNBw==</latexit><latexit sha1_base64="IKKzrcpZL8s6bn/NVn50XvL+K2c=">AAAB6HicdVDLSgMxFM3UV62vqks3wSK4GpJOaV0W3bgRWrAPaIeSSTNtbCYzJBmhlH6BGxeKuPWT3Pk3ZtoKKnrgwuGce7n3niARXBuEPpzc2vrG5lZ+u7Czu7d/UDw8aus4VZS1aCxi1Q2IZoJL1jLcCNZNFCNRIFgnmFxlfueeKc1jeWumCfMjMpI85JQYKzVvBsUScqsVD3tViFzkYeR5GcHlWqUGsYsWKIEVGoPie38Y0zRi0lBBtO5hlBh/RpThVLB5oZ9qlhA6ISPWs1SSiGl/tjh0Ds+sMoRhrGxJAxfq94kZibSeRoHtjIgZ699eJv7l9VITXvgzLpPUMEmXi8JUQBPD7Gs45IpRI6aWEKq4vRXSMVGEGptNwYbw9Sn8n7TLLkYublZK9ctVHHlwAk7BOcCgBurgGjRAC1DAwAN4As/OnfPovDivy9acs5o5Bj/gvH0C8ymNBw==</latexit><latexit sha1_base64="IKKzrcpZL8s6bn/NVn50XvL+K2c=">AAAB6HicdVDLSgMxFM3UV62vqks3wSK4GpJOaV0W3bgRWrAPaIeSSTNtbCYzJBmhlH6BGxeKuPWT3Pk3ZtoKKnrgwuGce7n3niARXBuEPpzc2vrG5lZ+u7Czu7d/UDw8aus4VZS1aCxi1Q2IZoJL1jLcCNZNFCNRIFgnmFxlfueeKc1jeWumCfMjMpI85JQYKzVvBsUScqsVD3tViFzkYeR5GcHlWqUGsYsWKIEVGoPie38Y0zRi0lBBtO5hlBh/RpThVLB5oZ9qlhA6ISPWs1SSiGl/tjh0Ds+sMoRhrGxJAxfq94kZibSeRoHtjIgZ699eJv7l9VITXvgzLpPUMEmXi8JUQBPD7Gs45IpRI6aWEKq4vRXSMVGEGptNwYbw9Sn8n7TLLkYublZK9ctVHHlwAk7BOcCgBurgGjRAC1DAwAN4As/OnfPovDivy9acs5o5Bj/gvH0C8ymNBw==</latexit>

2M
<latexit sha1_base64="vi0SQzstdc1elLoGdSHsoWywZZs=">AAAB6XicdVDLSgMxFM34rPVVdekmWARXQ9IprcuiGzdCFfuAdiiZNNOGZjJDkhHK0D9w40IRt/6RO//GTFtBRQ9cOJxzL/feEySCa4PQh7Oyura+sVnYKm7v7O7tlw4O2zpOFWUtGotYdQOimeCStQw3gnUTxUgUCNYJJpe537lnSvNY3plpwvyIjCQPOSXGSreV60GpjNxa1cNeDSIXeRh5Xk5wpV6tQ+yiOcpgieag9N4fxjSNmDRUEK17GCXGz4gynAo2K/ZTzRJCJ2TEepZKEjHtZ/NLZ/DUKkMYxsqWNHCufp/ISKT1NApsZ0TMWP/2cvEvr5ea8NzPuExSwyRdLApTAU0M87fhkCtGjZhaQqji9lZIx0QRamw4RRvC16fwf9KuuBi5+KZablws4yiAY3ACzgAGddAAV6AJWoCCEDyAJ/DsTJxH58V5XbSuOMuZI/ADztsnZBaNQw==</latexit><latexit sha1_base64="vi0SQzstdc1elLoGdSHsoWywZZs=">AAAB6XicdVDLSgMxFM34rPVVdekmWARXQ9IprcuiGzdCFfuAdiiZNNOGZjJDkhHK0D9w40IRt/6RO//GTFtBRQ9cOJxzL/feEySCa4PQh7Oyura+sVnYKm7v7O7tlw4O2zpOFWUtGotYdQOimeCStQw3gnUTxUgUCNYJJpe537lnSvNY3plpwvyIjCQPOSXGSreV60GpjNxa1cNeDSIXeRh5Xk5wpV6tQ+yiOcpgieag9N4fxjSNmDRUEK17GCXGz4gynAo2K/ZTzRJCJ2TEepZKEjHtZ/NLZ/DUKkMYxsqWNHCufp/ISKT1NApsZ0TMWP/2cvEvr5ea8NzPuExSwyRdLApTAU0M87fhkCtGjZhaQqji9lZIx0QRamw4RRvC16fwf9KuuBi5+KZablws4yiAY3ACzgAGddAAV6AJWoCCEDyAJ/DsTJxH58V5XbSuOMuZI/ADztsnZBaNQw==</latexit><latexit sha1_base64="vi0SQzstdc1elLoGdSHsoWywZZs=">AAAB6XicdVDLSgMxFM34rPVVdekmWARXQ9IprcuiGzdCFfuAdiiZNNOGZjJDkhHK0D9w40IRt/6RO//GTFtBRQ9cOJxzL/feEySCa4PQh7Oyura+sVnYKm7v7O7tlw4O2zpOFWUtGotYdQOimeCStQw3gnUTxUgUCNYJJpe537lnSvNY3plpwvyIjCQPOSXGSreV60GpjNxa1cNeDSIXeRh5Xk5wpV6tQ+yiOcpgieag9N4fxjSNmDRUEK17GCXGz4gynAo2K/ZTzRJCJ2TEepZKEjHtZ/NLZ/DUKkMYxsqWNHCufp/ISKT1NApsZ0TMWP/2cvEvr5ea8NzPuExSwyRdLApTAU0M87fhkCtGjZhaQqji9lZIx0QRamw4RRvC16fwf9KuuBi5+KZablws4yiAY3ACzgAGddAAV6AJWoCCEDyAJ/DsTJxH58V5XbSuOMuZI/ADztsnZBaNQw==</latexit><latexit sha1_base64="vi0SQzstdc1elLoGdSHsoWywZZs=">AAAB6XicdVDLSgMxFM34rPVVdekmWARXQ9IprcuiGzdCFfuAdiiZNNOGZjJDkhHK0D9w40IRt/6RO//GTFtBRQ9cOJxzL/feEySCa4PQh7Oyura+sVnYKm7v7O7tlw4O2zpOFWUtGotYdQOimeCStQw3gnUTxUgUCNYJJpe537lnSvNY3plpwvyIjCQPOSXGSreV60GpjNxa1cNeDSIXeRh5Xk5wpV6tQ+yiOcpgieag9N4fxjSNmDRUEK17GCXGz4gynAo2K/ZTzRJCJ2TEepZKEjHtZ/NLZ/DUKkMYxsqWNHCufp/ISKT1NApsZ0TMWP/2cvEvr5ea8NzPuExSwyRdLApTAU0M87fhkCtGjZhaQqji9lZIx0QRamw4RRvC16fwf9KuuBi5+KZablws4yiAY3ACzgAGddAAV6AJWoCCEDyAJ/DsTJxH58V5XbSuOMuZI/ADztsnZBaNQw==</latexit>

r+
<latexit sha1_base64="WmXRWbEuPZ2XgorOrdAPSFCxOUI=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjxWMG2hDWWz3bRLN5uwOxFK6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzwlQKg6777ZTW1jc2t8rblZ3dvf2D6uFRyySZZtxniUx0J6SGS6G4jwIl76Sa0ziUvB2O72Z++4lrIxL1iJOUBzEdKhEJRtFKvu7nF9N+tebW3TnIKvEKUoMCzX71qzdIWBZzhUxSY7qem2KQU42CST6t9DLDU8rGdMi7lioacxPk82On5MwqAxIl2pZCMld/T+Q0NmYSh7Yzpjgyy95M/M/rZhjdBLlQaYZcscWiKJMEEzL7nAyE5gzlxBLKtLC3EjaimjK0+VRsCN7yy6ukdVn33Lr3cFVr3BZxlOEETuEcPLiGBtxDE3xgIOAZXuHNUc6L8+58LFpLTjFzDH/gfP4AvfiOoA==</latexit><latexit sha1_base64="WmXRWbEuPZ2XgorOrdAPSFCxOUI=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjxWMG2hDWWz3bRLN5uwOxFK6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzwlQKg6777ZTW1jc2t8rblZ3dvf2D6uFRyySZZtxniUx0J6SGS6G4jwIl76Sa0ziUvB2O72Z++4lrIxL1iJOUBzEdKhEJRtFKvu7nF9N+tebW3TnIKvEKUoMCzX71qzdIWBZzhUxSY7qem2KQU42CST6t9DLDU8rGdMi7lioacxPk82On5MwqAxIl2pZCMld/T+Q0NmYSh7Yzpjgyy95M/M/rZhjdBLlQaYZcscWiKJMEEzL7nAyE5gzlxBLKtLC3EjaimjK0+VRsCN7yy6ukdVn33Lr3cFVr3BZxlOEETuEcPLiGBtxDE3xgIOAZXuHNUc6L8+58LFpLTjFzDH/gfP4AvfiOoA==</latexit><latexit sha1_base64="WmXRWbEuPZ2XgorOrdAPSFCxOUI=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjxWMG2hDWWz3bRLN5uwOxFK6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzwlQKg6777ZTW1jc2t8rblZ3dvf2D6uFRyySZZtxniUx0J6SGS6G4jwIl76Sa0ziUvB2O72Z++4lrIxL1iJOUBzEdKhEJRtFKvu7nF9N+tebW3TnIKvEKUoMCzX71qzdIWBZzhUxSY7qem2KQU42CST6t9DLDU8rGdMi7lioacxPk82On5MwqAxIl2pZCMld/T+Q0NmYSh7Yzpjgyy95M/M/rZhjdBLlQaYZcscWiKJMEEzL7nAyE5gzlxBLKtLC3EjaimjK0+VRsCN7yy6ukdVn33Lr3cFVr3BZxlOEETuEcPLiGBtxDE3xgIOAZXuHNUc6L8+58LFpLTjFzDH/gfP4AvfiOoA==</latexit><latexit sha1_base64="WmXRWbEuPZ2XgorOrdAPSFCxOUI=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjxWMG2hDWWz3bRLN5uwOxFK6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzwlQKg6777ZTW1jc2t8rblZ3dvf2D6uFRyySZZtxniUx0J6SGS6G4jwIl76Sa0ziUvB2O72Z++4lrIxL1iJOUBzEdKhEJRtFKvu7nF9N+tebW3TnIKvEKUoMCzX71qzdIWBZzhUxSY7qem2KQU42CST6t9DLDU8rGdMi7lioacxPk82On5MwqAxIl2pZCMld/T+Q0NmYSh7Yzpjgyy95M/M/rZhjdBLlQaYZcscWiKJMEEzL7nAyE5gzlxBLKtLC3EjaimjK0+VRsCN7yy6ukdVn33Lr3cFVr3BZxlOEETuEcPLiGBtxDE3xgIOAZXuHNUc6L8+58LFpLTjFzDH/gfP4AvfiOoA==</latexit>

r�<latexit sha1_base64="qF1AHm/kcaegV0RtxiQ2NFZiTzw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBiyWRgh6LXjxWtB/QhrLZbtqlm03YnQgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789hPXRsTqEScJ9yM6VCIUjKKVHnT/ol+uuFV3DrJKvJxUIEejX/7qDWKWRlwhk9SYrucm6GdUo2CST0u91PCEsjEd8q6likbc+Nn81Ck5s8qAhLG2pZDM1d8TGY2MmUSB7YwojsyyNxP/87ophtd+JlSSIldssShMJcGYzP4mA6E5QzmxhDIt7K2EjaimDG06JRuCt/zyKmldVj236t3XKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gD8bY2W</latexit><latexit sha1_base64="qF1AHm/kcaegV0RtxiQ2NFZiTzw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBiyWRgh6LXjxWtB/QhrLZbtqlm03YnQgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789hPXRsTqEScJ9yM6VCIUjKKVHnT/ol+uuFV3DrJKvJxUIEejX/7qDWKWRlwhk9SYrucm6GdUo2CST0u91PCEsjEd8q6likbc+Nn81Ck5s8qAhLG2pZDM1d8TGY2MmUSB7YwojsyyNxP/87ophtd+JlSSIldssShMJcGYzP4mA6E5QzmxhDIt7K2EjaimDG06JRuCt/zyKmldVj236t3XKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gD8bY2W</latexit><latexit sha1_base64="qF1AHm/kcaegV0RtxiQ2NFZiTzw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBiyWRgh6LXjxWtB/QhrLZbtqlm03YnQgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789hPXRsTqEScJ9yM6VCIUjKKVHnT/ol+uuFV3DrJKvJxUIEejX/7qDWKWRlwhk9SYrucm6GdUo2CST0u91PCEsjEd8q6likbc+Nn81Ck5s8qAhLG2pZDM1d8TGY2MmUSB7YwojsyyNxP/87ophtd+JlSSIldssShMJcGYzP4mA6E5QzmxhDIt7K2EjaimDG06JRuCt/zyKmldVj236t3XKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gD8bY2W</latexit><latexit sha1_base64="qF1AHm/kcaegV0RtxiQ2NFZiTzw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBiyWRgh6LXjxWtB/QhrLZbtqlm03YnQgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789hPXRsTqEScJ9yM6VCIUjKKVHnT/ol+uuFV3DrJKvJxUIEejX/7qDWKWRlwhk9SYrucm6GdUo2CST0u91PCEsjEd8q6likbc+Nn81Ck5s8qAhLG2pZDM1d8TGY2MmUSB7YwojsyyNxP/87ophtd+JlSSIldssShMJcGYzP4mA6E5QzmxhDIt7K2EjaimDG06JRuCt/zyKmldVj236t3XKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gD8bY2W</latexit>

“Extremal”  = 1
<latexit sha1_base64="x5rIBQGCuRRV5VI+xr7oqjAAUdk=">AAAB8XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0EYI2lhGMDGYHGFus5cs2dtbdveEEPIvbCwUsfXf2Plv3CRXaOKDgcd7M8zMi5Tgxvr+t1dYWV1b3yhulra2d3b3yvsHTZNmmrIGTUWqWxEaJrhkDcutYC2lGSaRYA/R8GbqPzwxbXgq7+1IsTDBvuQxp2id9NgZolJIrkjQLVf8qj8DWSZBTiqQo94tf3V6Kc0SJi0VaEw78JUNx6gtp4JNSp3MMIV0iH3WdlRiwkw4nl08ISdO6ZE41a6kJTP198QYE2NGSeQ6E7QDs+hNxf+8dmbjy3DMpcosk3S+KM4EsSmZvk96XDNqxcgRpJq7WwkdoEZqXUglF0Kw+PIyaZ5VA78a3J1Xatd5HEU4gmM4hQAuoAa3UIcGUJDwDK/w5hnvxXv3PuatBS+fOYQ/8D5/ADxkj/U=</latexit><latexit sha1_base64="x5rIBQGCuRRV5VI+xr7oqjAAUdk=">AAAB8XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0EYI2lhGMDGYHGFus5cs2dtbdveEEPIvbCwUsfXf2Plv3CRXaOKDgcd7M8zMi5Tgxvr+t1dYWV1b3yhulra2d3b3yvsHTZNmmrIGTUWqWxEaJrhkDcutYC2lGSaRYA/R8GbqPzwxbXgq7+1IsTDBvuQxp2id9NgZolJIrkjQLVf8qj8DWSZBTiqQo94tf3V6Kc0SJi0VaEw78JUNx6gtp4JNSp3MMIV0iH3WdlRiwkw4nl08ISdO6ZE41a6kJTP198QYE2NGSeQ6E7QDs+hNxf+8dmbjy3DMpcosk3S+KM4EsSmZvk96XDNqxcgRpJq7WwkdoEZqXUglF0Kw+PIyaZ5VA78a3J1Xatd5HEU4gmM4hQAuoAa3UIcGUJDwDK/w5hnvxXv3PuatBS+fOYQ/8D5/ADxkj/U=</latexit><latexit sha1_base64="x5rIBQGCuRRV5VI+xr7oqjAAUdk=">AAAB8XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0EYI2lhGMDGYHGFus5cs2dtbdveEEPIvbCwUsfXf2Plv3CRXaOKDgcd7M8zMi5Tgxvr+t1dYWV1b3yhulra2d3b3yvsHTZNmmrIGTUWqWxEaJrhkDcutYC2lGSaRYA/R8GbqPzwxbXgq7+1IsTDBvuQxp2id9NgZolJIrkjQLVf8qj8DWSZBTiqQo94tf3V6Kc0SJi0VaEw78JUNx6gtp4JNSp3MMIV0iH3WdlRiwkw4nl08ISdO6ZE41a6kJTP198QYE2NGSeQ6E7QDs+hNxf+8dmbjy3DMpcosk3S+KM4EsSmZvk96XDNqxcgRpJq7WwkdoEZqXUglF0Kw+PIyaZ5VA78a3J1Xatd5HEU4gmM4hQAuoAa3UIcGUJDwDK/w5hnvxXv3PuatBS+fOYQ/8D5/ADxkj/U=</latexit><latexit sha1_base64="x5rIBQGCuRRV5VI+xr7oqjAAUdk=">AAAB8XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0EYI2lhGMDGYHGFus5cs2dtbdveEEPIvbCwUsfXf2Plv3CRXaOKDgcd7M8zMi5Tgxvr+t1dYWV1b3yhulra2d3b3yvsHTZNmmrIGTUWqWxEaJrhkDcutYC2lGSaRYA/R8GbqPzwxbXgq7+1IsTDBvuQxp2id9NgZolJIrkjQLVf8qj8DWSZBTiqQo94tf3V6Kc0SJi0VaEw78JUNx6gtp4JNSp3MMIV0iH3WdlRiwkw4nl08ISdO6ZE41a6kJTP198QYE2NGSeQ6E7QDs+hNxf+8dmbjy3DMpcosk3S+KM4EsSmZvk96XDNqxcgRpJq7WwkdoEZqXUglF0Kw+PIyaZ5VA78a3J1Xatd5HEU4gmM4hQAuoAa3UIcGUJDwDK/w5hnvxXv3PuatBS+fOYQ/8D5/ADxkj/U=</latexit>

ill-defined 
1

<latexit sha1_base64="SewSXpMSbbFZwBdSTgiis61GRk4=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbTbt2swm7EyGE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST25nfeeLaiFg9YJZwP6IjJULBKFqp3RcqxGxQrbl1dw6ySryC1KBAc1D96g9jlkZcIZPUmJ7nJujnVKNgkk8r/dTwhLIJHfGepYpG3Pj5/NopObPKkISxtqWQzNXfEzmNjMmiwHZGFMdm2ZuJ/3m9FMNrPxcqSZErtlgUppJgTGavk6HQnKHMLKFMC3srYWOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNiZ0X5935WLSWnGLmGP7A+fwBwi+PPA==</latexit><latexit sha1_base64="SewSXpMSbbFZwBdSTgiis61GRk4=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbTbt2swm7EyGE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST25nfeeLaiFg9YJZwP6IjJULBKFqp3RcqxGxQrbl1dw6ySryC1KBAc1D96g9jlkZcIZPUmJ7nJujnVKNgkk8r/dTwhLIJHfGepYpG3Pj5/NopObPKkISxtqWQzNXfEzmNjMmiwHZGFMdm2ZuJ/3m9FMNrPxcqSZErtlgUppJgTGavk6HQnKHMLKFMC3srYWOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNiZ0X5935WLSWnGLmGP7A+fwBwi+PPA==</latexit><latexit sha1_base64="SewSXpMSbbFZwBdSTgiis61GRk4=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbTbt2swm7EyGE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST25nfeeLaiFg9YJZwP6IjJULBKFqp3RcqxGxQrbl1dw6ySryC1KBAc1D96g9jlkZcIZPUmJ7nJujnVKNgkk8r/dTwhLIJHfGepYpG3Pj5/NopObPKkISxtqWQzNXfEzmNjMmiwHZGFMdm2ZuJ/3m9FMNrPxcqSZErtlgUppJgTGavk6HQnKHMLKFMC3srYWOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNiZ0X5935WLSWnGLmGP7A+fwBwi+PPA==</latexit><latexit sha1_base64="SewSXpMSbbFZwBdSTgiis61GRk4=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbTbt2swm7EyGE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST25nfeeLaiFg9YJZwP6IjJULBKFqp3RcqxGxQrbl1dw6ySryC1KBAc1D96g9jlkZcIZPUmJ7nJujnVKNgkk8r/dTwhLIJHfGepYpG3Pj5/NopObPKkISxtqWQzNXfEzmNjMmiwHZGFMdm2ZuJ/3m9FMNrPxcqSZErtlgUppJgTGavk6HQnKHMLKFMC3srYWOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNiZ0X5935WLSWnGLmGP7A+fwBwi+PPA==</latexit>

REISSNER-NORDSTRÖM
(And Kerr - RPM 2019)

(B) Cauchy 
horizon fix
⇢1 = 

<latexit sha1_base64="VVSUQoUWKzMWMI+Wq0eKrzPqc9w=">AAAB+HicdVDLSsNAFJ3UV62PRl26GSyCq5A0pXUjFN24rGAf0IQwmU7aoZNkmJkINfRL3LhQxK2f4s6/cdJWUNEDFw7n3Mu994ScUals+8Mora1vbG6Vtys7u3v7VfPgsCfTTGDSxSlLxSBEkjCakK6iipEBFwTFISP9cHpV+P07IiRNk1s148SP0TihEcVIaSkwq56YpIEDL6A3RZyjwKzZVrPhOm4T2pbtOrbrFsSptxot6Fj2AjWwQicw371RirOYJAozJOXQsbnycyQUxYzMK14mCUd4isZkqGmCYiL9fHH4HJ5qZQSjVOhKFFyo3ydyFEs5i0PdGSM1kb+9QvzLG2YqOvdzmvBMkQQvF0UZgyqFRQpwRAXBis00QVhQfSvEEyQQVjqrig7h61P4P+nVLce16jeNWvtyFUcZHIMTcAYc0AJtcA06oAswyMADeALPxr3xaLwYr8vWkrGaOQI/YLx9At1kkpY=</latexit>

Minimal Gauge: reduce the gauge freedom to the most simple case

⇢(�) = ⇢0 + �⇢1
<latexit sha1_base64="tPR9oqJ1noq33R9/ZXFLiKPlWFw=">AAACD3icbVDLSsNAFJ3UV62vqEs3g0WpCCURQTdC0Y3LCvYBTQiT6aQdOo8wMxFK6R+48VfcuFDErVt3/o1Jk4W2Hhg495x7uXNPGDOqjeN8W6Wl5ZXVtfJ6ZWNza3vH3t1ra5koTFpYMqm6IdKEUUFahhpGurEiiIeMdMLRTeZ3HojSVIp7M46Jz9FA0IhiZFIpsI89NZQ1T9MBRyfwCmZl4MBTmEt57VYCu+rUnRngInELUgUFmoH95fUlTjgRBjOkdc91YuNPkDIUMzKteIkmMcIjNCC9lArEifYns3um8ChV+jCSKn3CwJn6e2KCuNZjHqadHJmhnvcy8T+vl5jo0p9QESeGCJwvihIGjYRZOLBPFcGGjVOCsKLpXyEeIoWwSSPMQnDnT14k7bO669Tdu/Nq47qIowwOwCGoARdcgAa4BU3QAhg8gmfwCt6sJ+vFerc+8taSVczsgz+wPn8Ak1macg==</latexit><latexit sha1_base64="tPR9oqJ1noq33R9/ZXFLiKPlWFw=">AAACD3icbVDLSsNAFJ3UV62vqEs3g0WpCCURQTdC0Y3LCvYBTQiT6aQdOo8wMxFK6R+48VfcuFDErVt3/o1Jk4W2Hhg495x7uXNPGDOqjeN8W6Wl5ZXVtfJ6ZWNza3vH3t1ra5koTFpYMqm6IdKEUUFahhpGurEiiIeMdMLRTeZ3HojSVIp7M46Jz9FA0IhiZFIpsI89NZQ1T9MBRyfwCmZl4MBTmEt57VYCu+rUnRngInELUgUFmoH95fUlTjgRBjOkdc91YuNPkDIUMzKteIkmMcIjNCC9lArEifYns3um8ChV+jCSKn3CwJn6e2KCuNZjHqadHJmhnvcy8T+vl5jo0p9QESeGCJwvihIGjYRZOLBPFcGGjVOCsKLpXyEeIoWwSSPMQnDnT14k7bO669Tdu/Nq47qIowwOwCGoARdcgAa4BU3QAhg8gmfwCt6sJ+vFerc+8taSVczsgz+wPn8Ak1macg==</latexit><latexit sha1_base64="tPR9oqJ1noq33R9/ZXFLiKPlWFw=">AAACD3icbVDLSsNAFJ3UV62vqEs3g0WpCCURQTdC0Y3LCvYBTQiT6aQdOo8wMxFK6R+48VfcuFDErVt3/o1Jk4W2Hhg495x7uXNPGDOqjeN8W6Wl5ZXVtfJ6ZWNza3vH3t1ra5koTFpYMqm6IdKEUUFahhpGurEiiIeMdMLRTeZ3HojSVIp7M46Jz9FA0IhiZFIpsI89NZQ1T9MBRyfwCmZl4MBTmEt57VYCu+rUnRngInELUgUFmoH95fUlTjgRBjOkdc91YuNPkDIUMzKteIkmMcIjNCC9lArEifYns3um8ChV+jCSKn3CwJn6e2KCuNZjHqadHJmhnvcy8T+vl5jo0p9QESeGCJwvihIGjYRZOLBPFcGGjVOCsKLpXyEeIoWwSSPMQnDnT14k7bO669Tdu/Nq47qIowwOwCGoARdcgAa4BU3QAhg8gmfwCt6sJ+vFerc+8taSVczsgz+wPn8Ak1macg==</latexit><latexit sha1_base64="tPR9oqJ1noq33R9/ZXFLiKPlWFw=">AAACD3icbVDLSsNAFJ3UV62vqEs3g0WpCCURQTdC0Y3LCvYBTQiT6aQdOo8wMxFK6R+48VfcuFDErVt3/o1Jk4W2Hhg495x7uXNPGDOqjeN8W6Wl5ZXVtfJ6ZWNza3vH3t1ra5koTFpYMqm6IdKEUUFahhpGurEiiIeMdMLRTeZ3HojSVIp7M46Jz9FA0IhiZFIpsI89NZQ1T9MBRyfwCmZl4MBTmEt57VYCu+rUnRngInELUgUFmoH95fUlTjgRBjOkdc91YuNPkDIUMzKteIkmMcIjNCC9lArEifYns3um8ChV+jCSKn3CwJn6e2KCuNZjHqadHJmhnvcy8T+vl5jo0p9QESeGCJwvihIGjYRZOLBPFcGGjVOCsKLpXyEeIoWwSSPMQnDnT14k7bO669Tdu/Nq47qIowwOwCGoARdcgAa4BU3QAhg8gmfwCt6sJ+vFerc+8taSVczsgz+wPn8Ak1macg==</latexit>

•  Radial:

(A) radial fix
⇢1 = 0

<latexit sha1_base64="eR5DwujRFA7cbqrFEZkjmZ/2WbY=">AAAB8XicdVDLSgMxFM34rPVVdekmWARXQ6ZTWjdC0Y3LCvaB7VAyaaYNzSRDkhHK0L9w40IRt/6NO//GTFtBRQ9cOJxzL/feEyacaYPQh7Oyura+sVnYKm7v7O7tlw4O21qmitAWkVyqbog15UzQlmGG026iKI5DTjvh5Cr3O/dUaSbFrZkmNIjxSLCIEWysdNdXYznw4AVEg1IZubWq7/k1iFzke8j3c+JV6tU69Fw0Rxks0RyU3vtDSdKYCkM41rrnocQEGVaGEU5nxX6qaYLJBI9oz1KBY6qDbH7xDJ5aZQgjqWwJA+fq94kMx1pP49B2xtiM9W8vF//yeqmJzoOMiSQ1VJDFoijl0EiYvw+HTFFi+NQSTBSzt0IyxgoTY0Mq2hC+PoX/k3bF9Xy3clMtNy6XcRTAMTgBZ8ADddAA16AJWoAAAR7AE3h2tPPovDivi9YVZzlzBH7AefsEOsiP+g==</latexit>

�(�) = ⇢(�)� �⇢0(�) = ⇢0 = constant
<latexit sha1_base64="JDvDaNr6r5eAe4w3G22O4lD6V/o="></latexit>

• Time:
<latexit sha1_base64="G+pFcHrsGgzqunbqJW/vMWMjGB4="></latexit>

v = t� r⇤
<latexit sha1_base64="Kqx84OQf4wnZT3nz+9G0gVrHA5s="></latexit>

v = �

✓
⌧ � h(�)

◆
<latexit sha1_base64="cMP/TyJcUH4TXv4hEpB45ZlYcRc="></latexit>

h(�) = h0(�)| {z }
minimal requirements

+ A(�)| {z }
regular <latexit sha1_base64="C14BqF3siN9l63bysSdqYFNvbuQ="></latexit>

0

<latexit sha1_base64="19pkAX18HDsmFUqMrC5Ux2H0EJU="></latexit>

r(�) =
rh
� (charge/spin parameter)

 =
r�
r+

<latexit sha1_base64="Sw9v/1GF45Ayaq2n/Fa/USSc3Q8=">AAACAHicbVDLSgMxFM3UV62vURcu3ASLIIhlpgq6EYpuXFawD+gMQybNtKGZTEgyQhlm46+4caGIWz/DnX9j2s5CWw/cy+Gce0nuCQWjSjvOt1VaWl5ZXSuvVzY2t7Z37N29tkpSiUkLJyyR3RApwignLU01I10hCYpDRjrh6Hbidx6JVDThD3osiB+jAacRxUgbKbAPvBESAl17/UginMngLDftNA/sqlNzpoCLxC1IFRRoBvaX109wGhOuMUNK9VxHaD9DUlPMSF7xUkUEwiM0ID1DOYqJ8rPpATk8NkofRok0xTWcqr83MhQrNY5DMxkjPVTz3kT8z+ulOrryM8pFqgnHs4eilEGdwEkasE8lwZqNDUFYUvNXiIfIJKFNZhUTgjt/8iJp12vuea1+f1Ft3BRxlMEhOAInwAWXoAHuQBO0AAY5eAav4M16sl6sd+tjNlqyip198AfW5w/ArpaB</latexit>

<latexit sha1_base64="pwmAwZHSyAzD17p6aJx6dLt8ZZo="></latexit>

r(�) =
rh
�

✓
1� (1� �)

◆



REISSNER-NORDSTRÖM
(B) Cauchy horizon fixing: the extremal limit

ds̃2 = (· · · )(1� )2d⌧2 + (· · · )(1� )d⌧d� + (· · · )(1� )d�2 + ⇢2d!2
<latexit sha1_base64="A8zigh85BL+pTPllHtQsKfzxOpQ="></latexit><latexit sha1_base64="A8zigh85BL+pTPllHtQsKfzxOpQ="></latexit><latexit sha1_base64="A8zigh85BL+pTPllHtQsKfzxOpQ="></latexit><latexit sha1_base64="A8zigh85BL+pTPllHtQsKfzxOpQ="></latexit>

<latexit sha1_base64="CWf+GqVTwL8uAGmfmpEbm315JrI="></latexit>

r =
rh
�

✓
1� (1� �)

◆
=1�! rh



REISSNER-NORDSTRÖM
(B) Cauchy horizon fixing: the extremal limit

ds̃2 = (· · · )(1� )2d⌧2 + (· · · )(1� )d⌧d� + (· · · )(1� )d�2 + ⇢2d!2
<latexit sha1_base64="A8zigh85BL+pTPllHtQsKfzxOpQ="></latexit><latexit sha1_base64="A8zigh85BL+pTPllHtQsKfzxOpQ="></latexit><latexit sha1_base64="A8zigh85BL+pTPllHtQsKfzxOpQ="></latexit><latexit sha1_base64="A8zigh85BL+pTPllHtQsKfzxOpQ="></latexit>

T = (1� )⌧
=1���! 0

<latexit sha1_base64="Wdj36Rb9h75GGVx6ejncZajpyrA=">AAACFHicbVDJSgNBEO2JW4xb1KOXxiBExDAjgl4CQS8eI2SDTAg1nU7SpGehu0YNQz7Ci7/ixYMiXj1482/sLAdNfFDweK+KqnpeJIVG2/62UkvLK6tr6fXMxubW9k52d6+mw1gxXmWhDFXDA82lCHgVBUreiBQH35O87g2ux379jistwqCCw4i3fOgFoisYoJHa2ZMKLdK8c+oOIIrg2EWIqfugRK+PoFR4n0yNojOidjubswv2BHSRODOSIzOU29kvtxOy2OcBMglaNx07wlYCCgWTfJRxY80jYAPo8aahAfhct5LJUyN6ZJQO7YbKVIB0ov6eSMDXeuh7ptMH7Ot5byz+5zVj7F62EhFEMfKATRd1Y0kxpOOEaEcozlAODQGmhLmVsj4oYGhyzJgQnPmXF0ntrODYBef2PFe6msWRJgfkkOSJQy5IidyQMqkSRh7JM3klb9aT9WK9Wx/T1pQ1m9knf2B9/gCGep1E</latexit><latexit sha1_base64="Wdj36Rb9h75GGVx6ejncZajpyrA=">AAACFHicbVDJSgNBEO2JW4xb1KOXxiBExDAjgl4CQS8eI2SDTAg1nU7SpGehu0YNQz7Ci7/ixYMiXj1482/sLAdNfFDweK+KqnpeJIVG2/62UkvLK6tr6fXMxubW9k52d6+mw1gxXmWhDFXDA82lCHgVBUreiBQH35O87g2ux379jistwqCCw4i3fOgFoisYoJHa2ZMKLdK8c+oOIIrg2EWIqfugRK+PoFR4n0yNojOidjubswv2BHSRODOSIzOU29kvtxOy2OcBMglaNx07wlYCCgWTfJRxY80jYAPo8aahAfhct5LJUyN6ZJQO7YbKVIB0ov6eSMDXeuh7ptMH7Ot5byz+5zVj7F62EhFEMfKATRd1Y0kxpOOEaEcozlAODQGmhLmVsj4oYGhyzJgQnPmXF0ntrODYBef2PFe6msWRJgfkkOSJQy5IidyQMqkSRh7JM3klb9aT9WK9Wx/T1pQ1m9knf2B9/gCGep1E</latexit><latexit sha1_base64="Wdj36Rb9h75GGVx6ejncZajpyrA=">AAACFHicbVDJSgNBEO2JW4xb1KOXxiBExDAjgl4CQS8eI2SDTAg1nU7SpGehu0YNQz7Ci7/ixYMiXj1482/sLAdNfFDweK+KqnpeJIVG2/62UkvLK6tr6fXMxubW9k52d6+mw1gxXmWhDFXDA82lCHgVBUreiBQH35O87g2ux379jistwqCCw4i3fOgFoisYoJHa2ZMKLdK8c+oOIIrg2EWIqfugRK+PoFR4n0yNojOidjubswv2BHSRODOSIzOU29kvtxOy2OcBMglaNx07wlYCCgWTfJRxY80jYAPo8aahAfhct5LJUyN6ZJQO7YbKVIB0ov6eSMDXeuh7ptMH7Ot5byz+5zVj7F62EhFEMfKATRd1Y0kxpOOEaEcozlAODQGmhLmVsj4oYGhyzJgQnPmXF0ntrODYBef2PFe6msWRJgfkkOSJQy5IidyQMqkSRh7JM3klb9aT9WK9Wx/T1pQ1m9knf2B9/gCGep1E</latexit><latexit sha1_base64="Wdj36Rb9h75GGVx6ejncZajpyrA=">AAACFHicbVDJSgNBEO2JW4xb1KOXxiBExDAjgl4CQS8eI2SDTAg1nU7SpGehu0YNQz7Ci7/ixYMiXj1482/sLAdNfFDweK+KqnpeJIVG2/62UkvLK6tr6fXMxubW9k52d6+mw1gxXmWhDFXDA82lCHgVBUreiBQH35O87g2ux379jistwqCCw4i3fOgFoisYoJHa2ZMKLdK8c+oOIIrg2EWIqfugRK+PoFR4n0yNojOidjubswv2BHSRODOSIzOU29kvtxOy2OcBMglaNx07wlYCCgWTfJRxY80jYAPo8aahAfhct5LJUyN6ZJQO7YbKVIB0ov6eSMDXeuh7ptMH7Ot5byz+5zVj7F62EhFEMfKATRd1Y0kxpOOEaEcozlAODQGmhLmVsj4oYGhyzJgQnPmXF0ntrODYBef2PFe6msWRJgfkkOSJQy5IidyQMqkSRh7JM3klb9aT9WK9Wx/T1pQ1m9knf2B9/gCGep1E</latexit>

<latexit sha1_base64="CWf+GqVTwL8uAGmfmpEbm315JrI="></latexit>

r =
rh
�

✓
1� (1� �)

◆
=1�! rh



REISSNER-NORDSTRÖM
(B) Cauchy horizon fixing: the extremal limit

T = (1� )⌧
=1���! 0

<latexit sha1_base64="Wdj36Rb9h75GGVx6ejncZajpyrA=">AAACFHicbVDJSgNBEO2JW4xb1KOXxiBExDAjgl4CQS8eI2SDTAg1nU7SpGehu0YNQz7Ci7/ixYMiXj1482/sLAdNfFDweK+KqnpeJIVG2/62UkvLK6tr6fXMxubW9k52d6+mw1gxXmWhDFXDA82lCHgVBUreiBQH35O87g2ux379jistwqCCw4i3fOgFoisYoJHa2ZMKLdK8c+oOIIrg2EWIqfugRK+PoFR4n0yNojOidjubswv2BHSRODOSIzOU29kvtxOy2OcBMglaNx07wlYCCgWTfJRxY80jYAPo8aahAfhct5LJUyN6ZJQO7YbKVIB0ov6eSMDXeuh7ptMH7Ot5byz+5zVj7F62EhFEMfKATRd1Y0kxpOOEaEcozlAODQGmhLmVsj4oYGhyzJgQnPmXF0ntrODYBef2PFe6msWRJgfkkOSJQy5IidyQMqkSRh7JM3klb9aT9WK9Wx/T1pQ1m9knf2B9/gCGep1E</latexit><latexit sha1_base64="Wdj36Rb9h75GGVx6ejncZajpyrA=">AAACFHicbVDJSgNBEO2JW4xb1KOXxiBExDAjgl4CQS8eI2SDTAg1nU7SpGehu0YNQz7Ci7/ixYMiXj1482/sLAdNfFDweK+KqnpeJIVG2/62UkvLK6tr6fXMxubW9k52d6+mw1gxXmWhDFXDA82lCHgVBUreiBQH35O87g2ux379jistwqCCw4i3fOgFoisYoJHa2ZMKLdK8c+oOIIrg2EWIqfugRK+PoFR4n0yNojOidjubswv2BHSRODOSIzOU29kvtxOy2OcBMglaNx07wlYCCgWTfJRxY80jYAPo8aahAfhct5LJUyN6ZJQO7YbKVIB0ov6eSMDXeuh7ptMH7Ot5byz+5zVj7F62EhFEMfKATRd1Y0kxpOOEaEcozlAODQGmhLmVsj4oYGhyzJgQnPmXF0ntrODYBef2PFe6msWRJgfkkOSJQy5IidyQMqkSRh7JM3klb9aT9WK9Wx/T1pQ1m9knf2B9/gCGep1E</latexit><latexit sha1_base64="Wdj36Rb9h75GGVx6ejncZajpyrA=">AAACFHicbVDJSgNBEO2JW4xb1KOXxiBExDAjgl4CQS8eI2SDTAg1nU7SpGehu0YNQz7Ci7/ixYMiXj1482/sLAdNfFDweK+KqnpeJIVG2/62UkvLK6tr6fXMxubW9k52d6+mw1gxXmWhDFXDA82lCHgVBUreiBQH35O87g2ux379jistwqCCw4i3fOgFoisYoJHa2ZMKLdK8c+oOIIrg2EWIqfugRK+PoFR4n0yNojOidjubswv2BHSRODOSIzOU29kvtxOy2OcBMglaNx07wlYCCgWTfJRxY80jYAPo8aahAfhct5LJUyN6ZJQO7YbKVIB0ov6eSMDXeuh7ptMH7Ot5byz+5zVj7F62EhFEMfKATRd1Y0kxpOOEaEcozlAODQGmhLmVsj4oYGhyzJgQnPmXF0ntrODYBef2PFe6msWRJgfkkOSJQy5IidyQMqkSRh7JM3klb9aT9WK9Wx/T1pQ1m9knf2B9/gCGep1E</latexit><latexit sha1_base64="Wdj36Rb9h75GGVx6ejncZajpyrA=">AAACFHicbVDJSgNBEO2JW4xb1KOXxiBExDAjgl4CQS8eI2SDTAg1nU7SpGehu0YNQz7Ci7/ixYMiXj1482/sLAdNfFDweK+KqnpeJIVG2/62UkvLK6tr6fXMxubW9k52d6+mw1gxXmWhDFXDA82lCHgVBUreiBQH35O87g2ux379jistwqCCw4i3fOgFoisYoJHa2ZMKLdK8c+oOIIrg2EWIqfugRK+PoFR4n0yNojOidjubswv2BHSRODOSIzOU29kvtxOy2OcBMglaNx07wlYCCgWTfJRxY80jYAPo8aahAfhct5LJUyN6ZJQO7YbKVIB0ov6eSMDXeuh7ptMH7Ot5byz+5zVj7F62EhFEMfKATRd1Y0kxpOOEaEcozlAODQGmhLmVsj4oYGhyzJgQnPmXF0ntrODYBef2PFe6msWRJgfkkOSJQy5IidyQMqkSRh7JM3klb9aT9WK9Wx/T1pQ1m9knf2B9/gCGep1E</latexit>

ds̃2 = (· · · )dT 2 + (· · · )dTd� + (· · · )(1� )d�2 + ⇢2d!2
<latexit sha1_base64="0dwwpm6syQnyCitZLzWX8XRb/4k="></latexit><latexit sha1_base64="0dwwpm6syQnyCitZLzWX8XRb/4k="></latexit><latexit sha1_base64="0dwwpm6syQnyCitZLzWX8XRb/4k="></latexit><latexit sha1_base64="0dwwpm6syQnyCitZLzWX8XRb/4k="></latexit>

 = 1
<latexit sha1_base64="hzRmsHoi4qo0m5NodhcVrD/iK1g=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0EYI2lhGMDGSHGFus5cs2b1bdveEEPIrbCwUsfXn2Plv3CRXaOKDgcd7M8zMi5Tgxvr+t1dYWV1b3yhulra2d3b3yvsHTZNmmrIGTUWqWxEaJnjCGpZbwVpKM5SRYA/R8GbqPzwxbXia3NuRYqHEfsJjTtE66bEzRKWQXAXdcsWv+jOQZRLkpAI56t3yV6eX0kyyxFKBxrQDX9lwjNpyKtik1MkMU0iH2GdtRxOUzITj2cETcuKUHolT7SqxZKb+nhijNGYkI9cp0Q7MojcV//PamY0vwzFPVGZZQueL4kwQm5Lp96THNaNWjBxBqrm7ldABaqTWZVRyIQSLLy+T5lk18KvB3Xmldp3HUYQjOIZTCOACanALdWgABQnP8ApvnvZevHfvY95a8PKZQ/gD7/MH4/uPyw==</latexit><latexit sha1_base64="hzRmsHoi4qo0m5NodhcVrD/iK1g=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0EYI2lhGMDGSHGFus5cs2b1bdveEEPIrbCwUsfXn2Plv3CRXaOKDgcd7M8zMi5Tgxvr+t1dYWV1b3yhulra2d3b3yvsHTZNmmrIGTUWqWxEaJnjCGpZbwVpKM5SRYA/R8GbqPzwxbXia3NuRYqHEfsJjTtE66bEzRKWQXAXdcsWv+jOQZRLkpAI56t3yV6eX0kyyxFKBxrQDX9lwjNpyKtik1MkMU0iH2GdtRxOUzITj2cETcuKUHolT7SqxZKb+nhijNGYkI9cp0Q7MojcV//PamY0vwzFPVGZZQueL4kwQm5Lp96THNaNWjBxBqrm7ldABaqTWZVRyIQSLLy+T5lk18KvB3Xmldp3HUYQjOIZTCOACanALdWgABQnP8ApvnvZevHfvY95a8PKZQ/gD7/MH4/uPyw==</latexit><latexit sha1_base64="hzRmsHoi4qo0m5NodhcVrD/iK1g=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0EYI2lhGMDGSHGFus5cs2b1bdveEEPIrbCwUsfXn2Plv3CRXaOKDgcd7M8zMi5Tgxvr+t1dYWV1b3yhulra2d3b3yvsHTZNmmrIGTUWqWxEaJnjCGpZbwVpKM5SRYA/R8GbqPzwxbXia3NuRYqHEfsJjTtE66bEzRKWQXAXdcsWv+jOQZRLkpAI56t3yV6eX0kyyxFKBxrQDX9lwjNpyKtik1MkMU0iH2GdtRxOUzITj2cETcuKUHolT7SqxZKb+nhijNGYkI9cp0Q7MojcV//PamY0vwzFPVGZZQueL4kwQm5Lp96THNaNWjBxBqrm7ldABaqTWZVRyIQSLLy+T5lk18KvB3Xmldp3HUYQjOIZTCOACanALdWgABQnP8ApvnvZevHfvY95a8PKZQ/gD7/MH4/uPyw==</latexit><latexit sha1_base64="hzRmsHoi4qo0m5NodhcVrD/iK1g=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0EYI2lhGMDGSHGFus5cs2b1bdveEEPIrbCwUsfXn2Plv3CRXaOKDgcd7M8zMi5Tgxvr+t1dYWV1b3yhulra2d3b3yvsHTZNmmrIGTUWqWxEaJnjCGpZbwVpKM5SRYA/R8GbqPzwxbXia3NuRYqHEfsJjTtE66bEzRKWQXAXdcsWv+jOQZRLkpAI56t3yV6eX0kyyxFKBxrQDX9lwjNpyKtik1MkMU0iH2GdtRxOUzITj2cETcuKUHolT7SqxZKb+nhijNGYkI9cp0Q7MojcV//PamY0vwzFPVGZZQueL4kwQm5Lp96THNaNWjBxBqrm7ldABaqTWZVRyIQSLLy+T5lk18KvB3Xmldp3HUYQjOIZTCOACanALdWgABQnP8ApvnvZevHfvY95a8PKZQ/gD7/MH4/uPyw==</latexit>

ds̃2ext = �(1� �)dT 2 + dTd� + �2d!2
<latexit sha1_base64="bbUZO4/4KtUbauep/V1S5+ZsZVs="></latexit><latexit sha1_base64="bbUZO4/4KtUbauep/V1S5+ZsZVs="></latexit><latexit sha1_base64="bbUZO4/4KtUbauep/V1S5+ZsZVs="></latexit><latexit sha1_base64="bbUZO4/4KtUbauep/V1S5+ZsZVs="></latexit>

The Robinson-Bertotti metric (near-horizon geometry): AdS2 ⇥ S2
<latexit sha1_base64="GfmC0+kpNVbsswYpaNi2DJQ6xjE=">AAAB+nicbVBNS8NAEJ34WetXqkcvi0XwVJIi6LHqxWOl9gPaGDabbbt0swm7G6XE/hQvHhTx6i/x5r9x2+agrQ8GHu/NMDMvSDhT2nG+rZXVtfWNzcJWcXtnd2/fLh20VJxKQpsk5rHsBFhRzgRtaqY57SSS4ijgtB2Mrqd++4FKxWJxp8cJ9SI8EKzPCNZG8u1Sdhk2Jn61p1lEFWrcV3277FScGdAycXNShhx13/7qhTFJIyo04Viprusk2suw1IxwOin2UkUTTEZ4QLuGCmwWedns9Ak6MUqI+rE0JTSaqb8nMhwpNY4C0xlhPVSL3lT8z+umun/hZUwkqaaCzBf1U450jKY5oJBJSjQfG4KJZOZWRIZYYqJNWkUTgrv48jJpVSuuU3Fvz8q1qzyOAhzBMZyCC+dQgxuoQxMIPMIzvMKb9WS9WO/Wx7x1xcpnDuEPrM8fRb2TVw==</latexit><latexit sha1_base64="GfmC0+kpNVbsswYpaNi2DJQ6xjE=">AAAB+nicbVBNS8NAEJ34WetXqkcvi0XwVJIi6LHqxWOl9gPaGDabbbt0swm7G6XE/hQvHhTx6i/x5r9x2+agrQ8GHu/NMDMvSDhT2nG+rZXVtfWNzcJWcXtnd2/fLh20VJxKQpsk5rHsBFhRzgRtaqY57SSS4ijgtB2Mrqd++4FKxWJxp8cJ9SI8EKzPCNZG8u1Sdhk2Jn61p1lEFWrcV3277FScGdAycXNShhx13/7qhTFJIyo04Viprusk2suw1IxwOin2UkUTTEZ4QLuGCmwWedns9Ak6MUqI+rE0JTSaqb8nMhwpNY4C0xlhPVSL3lT8z+umun/hZUwkqaaCzBf1U450jKY5oJBJSjQfG4KJZOZWRIZYYqJNWkUTgrv48jJpVSuuU3Fvz8q1qzyOAhzBMZyCC+dQgxuoQxMIPMIzvMKb9WS9WO/Wx7x1xcpnDuEPrM8fRb2TVw==</latexit><latexit sha1_base64="GfmC0+kpNVbsswYpaNi2DJQ6xjE=">AAAB+nicbVBNS8NAEJ34WetXqkcvi0XwVJIi6LHqxWOl9gPaGDabbbt0swm7G6XE/hQvHhTx6i/x5r9x2+agrQ8GHu/NMDMvSDhT2nG+rZXVtfWNzcJWcXtnd2/fLh20VJxKQpsk5rHsBFhRzgRtaqY57SSS4ijgtB2Mrqd++4FKxWJxp8cJ9SI8EKzPCNZG8u1Sdhk2Jn61p1lEFWrcV3277FScGdAycXNShhx13/7qhTFJIyo04Viprusk2suw1IxwOin2UkUTTEZ4QLuGCmwWedns9Ak6MUqI+rE0JTSaqb8nMhwpNY4C0xlhPVSL3lT8z+umun/hZUwkqaaCzBf1U450jKY5oJBJSjQfG4KJZOZWRIZYYqJNWkUTgrv48jJpVSuuU3Fvz8q1qzyOAhzBMZyCC+dQgxuoQxMIPMIzvMKb9WS9WO/Wx7x1xcpnDuEPrM8fRb2TVw==</latexit><latexit sha1_base64="GfmC0+kpNVbsswYpaNi2DJQ6xjE=">AAAB+nicbVBNS8NAEJ34WetXqkcvi0XwVJIi6LHqxWOl9gPaGDabbbt0swm7G6XE/hQvHhTx6i/x5r9x2+agrQ8GHu/NMDMvSDhT2nG+rZXVtfWNzcJWcXtnd2/fLh20VJxKQpsk5rHsBFhRzgRtaqY57SSS4ijgtB2Mrqd++4FKxWJxp8cJ9SI8EKzPCNZG8u1Sdhk2Jn61p1lEFWrcV3277FScGdAycXNShhx13/7qhTFJIyo04Viprusk2suw1IxwOin2UkUTTEZ4QLuGCmwWedns9Ak6MUqI+rE0JTSaqb8nMhwpNY4C0xlhPVSL3lT8z+umun/hZUwkqaaCzBf1U450jKY5oJBJSjQfG4KJZOZWRIZYYqJNWkUTgrv48jJpVSuuU3Fvz8q1qzyOAhzBMZyCC+dQgxuoQxMIPMIzvMKb9WS9WO/Wx7x1xcpnDuEPrM8fRb2TVw==</latexit>
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Leaver’s regular field is the frequency-domain
representation of hyperboloidal field in minimal gauge
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•Physical Interpretation: Gravity coupled to anisotropic fluid. 
Geometry of supermassive black hole with a dark matter halo

(V. Cardoso, K. Destounis, RPM, 
F Duque, A Maselli, 2022)
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•Physical Interpretation: Gravity coupled to anisotropic fluid. 
Geometry of supermassive black hole with a dark matter halo

(V. Cardoso, K. Destounis, RPM, 
F Duque, A Maselli, 2019)
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3. Horizon behaviour of ingoing light rays                  
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•                            because 
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• Are hyperboloidal hypersurfaces spacelike?
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eq.4.4

(ArXiv 2307.15735)
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x(�) =
NhX

i=0

xhi(�)| {z }
eq.4.7

+x0(�)| {z }
eq.4.6

+xreg(�)| {z }
eq.4.4

(ArXiv 2307.15735)

• Compactified hyperboloidal coordinates:
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r⇤ = �x(�)
<latexit sha1_base64="j/u+Pn5A6zd/emHXMF0obOU5F/M="></latexit>✓
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• Simple compactification: <latexit sha1_base64="WrPY3rYA/rgidWOp0dyOJUk5G7c="></latexit>

⇢(�) = ⇢0 + ⇢1�
<latexit sha1_base64="WWgk8pRx/Lj4DJM9BMuBYt1GB+k="></latexit>
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<latexit sha1_base64="lVsnQvu/lyyqgrFSOe0PsSHoVWA="></latexit>

x(�) = xsing(�) + xreg(�)
<latexit sha1_base64="MoRmOQDBTPW6WKxfMyzUdNMvBkw="></latexit>

x(�) =
NhX
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xhi(�)| {z }
eq.4.7

+x0(�)| {z }
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+xreg(�)| {z }
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• Compactified hyperboloidal coordinates:
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<latexit sha1_base64="bmhRSS9xIZMYYSThazsLgwfMBr4=">AAACEXicbVDLSgMxFM3UV62vUZdugkWomzIjRd0IRTcuK9gHdIaSyWTa0EwyJBmhDPMLbvwVNy4UcevOnX9j2s5CWw8EDufcw809QcKo0o7zbZVWVtfWN8qbla3tnd09e/+go0QqMWljwYTsBUgRRjlpa6oZ6SWSoDhgpBuMb6Z+94FIRQW/15OE+DEachpRjLSRBnZNwivoMRMIEfTCSCKceXIkap6iwxid5tmc5AO76tSdGeAycQtSBQVaA/vLCwVOY8I1Zkipvusk2s+Q1BQzkle8VJEE4TEakr6hHMVE+dnsohyeGCWEkZDmcQ1n6u9EhmKlJnFgJmOkR2rRm4r/ef1UR5d+RnmSasLxfFGUMqgFnNYDQyoJ1mxiCMKSmr9CPEKmFW1KrJgS3MWTl0nnrO6e1xt3jWrzuqijDI7AMagBF1yAJrgFLdAGGDyCZ/AK3qwn68V6tz7moyWryByCP7A+fwD+k50s</latexit>

r = �
⇢(�)

�

<latexit sha1_base64="/NWOyRbSR6nATJQn7xMwVTHpgE0=">AAAB+HicbVA9SwNBEN2LXzF+5NTSZjEIVuFORC2DNhYWEcwHJEfY2+wlS/Z2j905JR75JTYWitj6U+z8N26SKzTxwcDjvRlm5oWJ4AY879sprKyurW8UN0tb2zu7ZXdvv2lUqilrUCWUbofEMMElawAHwdqJZiQOBWuFo+up33pg2nAl72GcsCAmA8kjTglYqeeWu7csAs0HQyBaq8eeW/Gq3gx4mfg5qaAc9Z771e0rmsZMAhXEmI7vJRBkRAOngk1K3dSwhNARGbCOpZLEzATZ7PAJPrZKH0dK25KAZ+rviYzExozj0HbGBIZm0ZuK/3mdFKLLIOMySYFJOl8UpQKDwtMUcJ9rRkGMLSFUc3srpkOiCQWbVcmG4C++vEyap1X/vHp2d1apXeVxFNEhOkInyEcXqIZuUB01EEUpekav6M15cl6cd+dj3lpw8pkD9AfO5w87JJN6</latexit>, <latexit sha1_base64="PNpYAISX61nE/EBQiKsE3S6JEoA=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1iEKlISKepGKLpxWcE+oAlhMpm0Q2eSMDMRSyhu/BU3LhRx61e482+ctllo64GBwzn3cOceP2FUKsv6NgoLi0vLK8XV0tr6xuaWub3TknEqMGnimMWi4yNJGI1IU1HFSCcRBHGfkbY/uB777XsiJI2jOzVMiMtRL6IhxUhpyTP3hHcML6HDdCRAzgl8qDiS9jg68syyVbUmgPPEzkkZ5Gh45pcTxDjlJFKYISm7tpUoN0NCUczIqOSkkiQID1CPdDWNECfSzSYnjOChVgIYxkK/SMGJ+juRIS7lkPt6kiPVl7PeWPzP66YqvHAzGiWpIhGeLgpTBlUMx33AgAqCFRtqgrCg+q8Q95FAWOnWSroEe/bkedI6rdpn1dptrVy/yusogn1wACrABuegDm5AAzQBBo/gGbyCN+PJeDHejY/paMHIM7vgD4zPH79BlcE=</latexit>
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• Simple compactification: <latexit sha1_base64="WrPY3rYA/rgidWOp0dyOJUk5G7c="></latexit>

⇢(�) = ⇢0 + ⇢1�
<latexit sha1_base64="WWgk8pRx/Lj4DJM9BMuBYt1GB+k="></latexit>

�(�) = constant
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x(�) = xsing(�) + xreg(�)
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x(�) =
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• Compactified hyperboloidal coordinates:
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<latexit sha1_base64="/NWOyRbSR6nATJQn7xMwVTHpgE0=">AAAB+HicbVA9SwNBEN2LXzF+5NTSZjEIVuFORC2DNhYWEcwHJEfY2+wlS/Z2j905JR75JTYWitj6U+z8N26SKzTxwcDjvRlm5oWJ4AY879sprKyurW8UN0tb2zu7ZXdvv2lUqilrUCWUbofEMMElawAHwdqJZiQOBWuFo+up33pg2nAl72GcsCAmA8kjTglYqeeWu7csAs0HQyBaq8eeW/Gq3gx4mfg5qaAc9Z771e0rmsZMAhXEmI7vJRBkRAOngk1K3dSwhNARGbCOpZLEzATZ7PAJPrZKH0dK25KAZ+rviYzExozj0HbGBIZm0ZuK/3mdFKLLIOMySYFJOl8UpQKDwtMUcJ9rRkGMLSFUc3srpkOiCQWbVcmG4C++vEyap1X/vHp2d1apXeVxFNEhOkInyEcXqIZuUB01EEUpekav6M15cl6cd+dj3lpw8pkD9AfO5w87JJN6</latexit>, <latexit sha1_base64="PNpYAISX61nE/EBQiKsE3S6JEoA=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1iEKlISKepGKLpxWcE+oAlhMpm0Q2eSMDMRSyhu/BU3LhRx61e482+ctllo64GBwzn3cOceP2FUKsv6NgoLi0vLK8XV0tr6xuaWub3TknEqMGnimMWi4yNJGI1IU1HFSCcRBHGfkbY/uB777XsiJI2jOzVMiMtRL6IhxUhpyTP3hHcML6HDdCRAzgl8qDiS9jg68syyVbUmgPPEzkkZ5Gh45pcTxDjlJFKYISm7tpUoN0NCUczIqOSkkiQID1CPdDWNECfSzSYnjOChVgIYxkK/SMGJ+juRIS7lkPt6kiPVl7PeWPzP66YqvHAzGiWpIhGeLgpTBlUMx33AgAqCFRtqgrCg+q8Q95FAWOnWSroEe/bkedI6rdpn1dptrVy/yusogn1wACrABuegDm5AAzQBBo/gGbyCN+PJeDHejY/paMHIM7vgD4zPH79BlcE=</latexit>
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• In-Out Strategy: 
<latexit sha1_base64="ZC5ZK1tm/oG4f2mfCosANZiM4+Y="></latexit>

Hin�out(�) =
NhX

i=0

xhi(�)� x0(�) + xreg(�)
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• Simple compactification: <latexit sha1_base64="WrPY3rYA/rgidWOp0dyOJUk5G7c="></latexit>

⇢(�) = ⇢0 + ⇢1�
<latexit sha1_base64="WWgk8pRx/Lj4DJM9BMuBYt1GB+k="></latexit>
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<latexit sha1_base64="lVsnQvu/lyyqgrFSOe0PsSHoVWA="></latexit>

x(�) = xsing(�) + xreg(�)
<latexit sha1_base64="MoRmOQDBTPW6WKxfMyzUdNMvBkw="></latexit>

x(�) =
NhX
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xhi(�)| {z }
eq.4.7

+x0(�)| {z }
eq.4.6

+xreg(�)| {z }
eq.4.4
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• Compactified hyperboloidal coordinates:
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r = �
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• In-Out Strategy: 
<latexit sha1_base64="ZC5ZK1tm/oG4f2mfCosANZiM4+Y="></latexit>

Hin�out(�) =
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• Out-In Strategy: 
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<latexit sha1_base64="WWgk8pRx/Lj4DJM9BMuBYt1GB+k="></latexit>

�(�) = constant

Tortoise Coordinate:
<latexit sha1_base64="lVsnQvu/lyyqgrFSOe0PsSHoVWA="></latexit>

x(�) = xsing(�) + xreg(�)
<latexit sha1_base64="MoRmOQDBTPW6WKxfMyzUdNMvBkw="></latexit>

x(�) =
NhX

i=0

xhi(�)| {z }
eq.4.7

+x0(�)| {z }
eq.4.6

+xreg(�)| {z }
eq.4.4
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• Compactified hyperboloidal coordinates:
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(⌧,�, ✓,')
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r = �
⇢(�)

�

<latexit sha1_base64="/NWOyRbSR6nATJQn7xMwVTHpgE0=">AAAB+HicbVA9SwNBEN2LXzF+5NTSZjEIVuFORC2DNhYWEcwHJEfY2+wlS/Z2j905JR75JTYWitj6U+z8N26SKzTxwcDjvRlm5oWJ4AY879sprKyurW8UN0tb2zu7ZXdvv2lUqilrUCWUbofEMMElawAHwdqJZiQOBWuFo+up33pg2nAl72GcsCAmA8kjTglYqeeWu7csAs0HQyBaq8eeW/Gq3gx4mfg5qaAc9Z771e0rmsZMAhXEmI7vJRBkRAOngk1K3dSwhNARGbCOpZLEzATZ7PAJPrZKH0dK25KAZ+rviYzExozj0HbGBIZm0ZuK/3mdFKLLIOMySYFJOl8UpQKDwtMUcJ9rRkGMLSFUc3srpkOiCQWbVcmG4C++vEyap1X/vHp2d1apXeVxFNEhOkInyEcXqIZuUB01EEUpekav6M15cl6cd+dj3lpw8pkD9AfO5w87JJN6</latexit>, <latexit sha1_base64="PNpYAISX61nE/EBQiKsE3S6JEoA=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1iEKlISKepGKLpxWcE+oAlhMpm0Q2eSMDMRSyhu/BU3LhRx61e482+ctllo64GBwzn3cOceP2FUKsv6NgoLi0vLK8XV0tr6xuaWub3TknEqMGnimMWi4yNJGI1IU1HFSCcRBHGfkbY/uB777XsiJI2jOzVMiMtRL6IhxUhpyTP3hHcML6HDdCRAzgl8qDiS9jg68syyVbUmgPPEzkkZ5Gh45pcTxDjlJFKYISm7tpUoN0NCUczIqOSkkiQID1CPdDWNECfSzSYnjOChVgIYxkK/SMGJ+juRIS7lkPt6kiPVl7PeWPzP66YqvHAzGiWpIhGeLgpTBlUMx33AgAqCFRtqgrCg+q8Q95FAWOnWSroEe/bkedI6rdpn1dptrVy/yusogn1wACrABuegDm5AAzQBBo/gGbyCN+PJeDHejY/paMHIM7vgD4zPH79BlcE=</latexit>

r⇤ = �x(�)
<latexit sha1_base64="j/u+Pn5A6zd/emHXMF0obOU5F/M="></latexit>✓
�(�) := ⇢(�)� �⇢0(�)

◆

<latexit sha1_base64="s9H3LKroeguuaeQrJ09uX68DfD0="></latexit>

t = �

 
⌧ �H(�)

!

• In-Out Strategy: 
<latexit sha1_base64="ZC5ZK1tm/oG4f2mfCosANZiM4+Y="></latexit>

Hin�out(�) =
NhX

i=0

xhi(�)� x0(�) + xreg(�)

• Out-In Strategy: 
<latexit sha1_base64="WtbF3+kKcflhBjMJWqTz6oIUT18="></latexit>

Hout�in(�) =
NhX

i=0

xhi(�)� x0(�)� xreg(�)

If
<latexit sha1_base64="hBHwCczp+Zc3QsJgRI6Jv6KETr0="></latexit>

xreg(�) = constant then both strategies are equivalent
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r = �
⇢(�)

�
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• Simple compactification: 
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◆

<latexit sha1_base64="WrPY3rYA/rgidWOp0dyOJUk5G7c="></latexit>

⇢(�) = ⇢0 + ⇢1�
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If then out-in strategy is best
<latexit sha1_base64="fGgXM77h7vd6yyo1aEp4MTvjQ14="></latexit>

xreg(�) 6= constant

Tortoise Coordinate:
<latexit sha1_base64="lVsnQvu/lyyqgrFSOe0PsSHoVWA="></latexit>

x(�) = xsing(�) + xreg(�)
<latexit sha1_base64="MoRmOQDBTPW6WKxfMyzUdNMvBkw="></latexit>

x(�) =
NhX

i=0

xhi(�)| {z }
eq.4.7

+x0(�)| {z }
eq.4.6

+xreg(�)| {z }
eq.4.4

(ArXiv 2307.15735)
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CONCLUSION
• Historical review on the conceptual framework behind the so-
called hyperboloidal minimal gauge for black-hole spacetimes

• The hyperboloidal framework in the minimal gauge provides a 
geometrical (spacetime) interpretation for methods employed in 
the QNM literature

• Minimal gauge height function follows from just flipping signs in 
the tortoise coordinate

• There always exists a well-defined hyperboloidal foliation with 
the out-in strategy (empirical observation; no formal proof)

• Minimal gauge conceptual construction is based on coordinate 
change: there is no covariant classification to define it.



PROJECTS

• Black-hole pertubation theory in the (regular) conformal set up:
 Derive Regge-Wheller-Zerrili and/or Bardeen-Press-Teukolsky 
equations directly from the conformal equations? 
(So far,  using coordinate coordinate trasformation, conformal re-scalings…)

Second order: Self-force and ring-down
 (e.g. regularity of source terms)

Perturbation theory and Gravitational Wave astronomy

Environmental effects: coupling between waves with different 
characteristic speeds (regularity in time and frequency domain)

<latexit sha1_base64="oTGZXfzmsxHgO0BAW2rL7VShpeY="></latexit>

� ,tt +  ,r⇤r⇤ � V (r) + C (r)⇢ = 0
<latexit sha1_base64="Oz28nnLgZHk9VmnhFOw8TI0LvVQ="></latexit>

�v�2⇢,tt + ⇢,r⇤r⇤ � V⇢(r)⇢+ C⇢(r)� = 0



PROJECTS

• Black-hole pertubation theory in the (regular) conformal set up:
 Derive Regge-Wheller-Zerrili and/or Bardeen-Press-Teukolsky 
equations directly from the conformal equations? 
(So far,  using coordinate coordinate trasformation, conformal re-scalings…)

Second order: Self-force and ring-down
 (e.g. regularity of source terms)

Perturbation theory and Gravitational Wave astronomy

Environmental effects: coupling between waves with different 
characteristic speeds (regularity in time and frequency domain)

•Linear Regime
<latexit sha1_base64="58uC7Wsw2ggWEhXSfKx35k7+zZc="></latexit>

⇤o�
(1) = S(1)

<latexit sha1_base64="oTGZXfzmsxHgO0BAW2rL7VShpeY="></latexit>

� ,tt +  ,r⇤r⇤ � V (r) + C (r)⇢ = 0
<latexit sha1_base64="Oz28nnLgZHk9VmnhFOw8TI0LvVQ="></latexit>

�v�2⇢,tt + ⇢,r⇤r⇤ � V⇢(r)⇢+ C⇢(r)� = 0



PROJECTS

• Black-hole pertubation theory in the (regular) conformal set up:
 Derive Regge-Wheller-Zerrili and/or Bardeen-Press-Teukolsky 
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 (e.g. regularity of source terms)
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Environmental effects: coupling between waves with different 
characteristic speeds (regularity in time and frequency domain)

•Linear Regime
<latexit sha1_base64="58uC7Wsw2ggWEhXSfKx35k7+zZc="></latexit>

⇤o�
(1) = S(1)

•High order terms
<latexit sha1_base64="RlmuArtAjjFYKx+xahjNZT8PUoU="></latexit>

⇤o�
(2) = S(2)(�(1), @�(1))

<latexit sha1_base64="oTGZXfzmsxHgO0BAW2rL7VShpeY="></latexit>

� ,tt +  ,r⇤r⇤ � V (r) + C (r)⇢ = 0
<latexit sha1_base64="Oz28nnLgZHk9VmnhFOw8TI0LvVQ="></latexit>
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