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Black Holes
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Large enough mass, small 
enough region 

Gravitational Collapse

Schwarzschild Metric: Unique Spherically Symmetric Vacuum  Solution

Event Horizon at rs - “nothing” can escape

Is this a spherical cow approximation?

After all, collapsing object had multipole moments



Black Hole Moments
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Alice

Bob

Alice: Outside 
Bob: Falls inside 

Bob: Electric dipole 

Alice: Electric Field 
Sensor

Bob communicates by 
flipping dipole 

What happens to the dipole field when Bob crosses the horizon?

Nothing on the surface to record dipole
If dipole field visible outside, can still communicate - violates causality



No Hair
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Alice

Bob

Prevent Communication 

Dipole field has to vanish!

What if Bob fell with a net 
charge?

Can monopole field vanish?

Causality + Gauss: Only monopole field is non-zero, rest zero

Violates Gauss!

Metric described solely by conserved quantities. 
Vast simplification - actual spherical cow!



The Event Horizon
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What is going on at rs?

Co-ordinate singularity at rs.
Can show that curvature invariants are finite

Change co-ordinates to remove singularity at rs

What can these new co-ordinates look like?

Birkhoff: Schwarzschild is the unique time independent solution!

New co-ordinates must depend on time. 
So what?



Hawking Radiation
Remove singularity at rs - new co-ordinates 

must depend on time

How do quantum fields behave in this time dependent geometry?

Vary Size

ds2 = �f (t, r) dt2 + g (t, r) dr2 + r2d⌦2
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High Frequency Mode: Adiabatic Evolution. Unaffected

Low Frequency Mode: Sudden Evolution. Excited!

Horizon radiates at ~ 1/rs - must lose energy and disappear!



Black Hole Information Problem

+

Form Black Hole with 
number of objects with all 

kinds of information 

Schwarzschild Solution - No 
hair in the exterior!

Interior cannot 
communicate with exterior

Radiation Occurs outside Horizon.  

Only knows about exterior geometry 

Same Final State no matter what initial 
state - violation of unitarity!



Black Hole Information Problem

T

R

r = rs, t = 1

r = rs, t = �1

r = 0

Hawking Radiation

Singularity is a point in the future  
Cannot communicate with exterior 

unless signals go “back in time”

How do we get information from the 
interior to the exterior?

To get information out, something 
has to get out of the singularity

No Information Without Propagation

This violates General Relativity

Key Question: How can we sensibly 
violate General Relativity?
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r = r0 > rs
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What kind of  Violation?
T

R

r = rs, t = 1

r = rs, t = �1

r = 0

O

Hawking Radiation

Key Question: How can we sensibly 
violate General Relativity?

Need propagation from singularity 
to the horizon 

Need large correction to the metric
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φ moves as per effective metric 
To change causal structure, need Rμν ~ Mpl2

Not true in Schwarzschild, except at 
singularity. We need it to the horizon!



Objections
To change causal structure, need Rμν ~ Mpl2 

all the way to the horizonT

R

r = rs, t = 1

r = rs, t = �1

r = 0

Co-ordinate singularity at horizon.  
Low curvature. Rμν << Mpl2 

General Relativity should hold!

Not true in Schwarzschild!

Schwarzschild should describe black hole

If R ~ Mpl2, local density ~ Mpl4 
=> black hole mass Mpl4 rs3 ~ 

M3/Mpl2 >> M

Impossible?



Horizons in Reissner Nordstrom/Kerr

ds2 = �f (r) dt2 +
dr2

f (r)
+ r2d⌦2
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f (r) =
(r � r1) (r � r2)

r2
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<latexit sha1_base64="oT3AW8GqG5uXHG2537RI1u4SfoA=">AAAB/HicdZDLSgMxFIYzXmu9jXbpJliEuimpKLpwUXTjsoK9QGcomTTThmYuJGeEYaiv4saFIm59EHe+jZl2Cir6Q+DnO+dwTn4vlkIDIZ/W0vLK6tp6aaO8ubW9s2vv7Xd0lCjG2yySkep5VHMpQt4GAZL3YsVp4Ene9SbXeb17z5UWUXgHaczdgI5C4QtGwaCBXfEdyX2oKUeJ0RiO8SUmA7tK6mckFyZ1sjAFaRSkigq1BvaHM4xYEvAQmKRa9xskBjejCgSTfFp2Es1jyiZ0xPvGhjTg2s1mx0/xkSFD7EfKvBDwjH6fyGigdRp4pjOgMNa/azn8q9ZPwL9wMxHGCfCQzRf5icQQ4TwJPBSKM5CpMZQpYW7FbEwVZWDyKpsQFj/F/5vOSb1h/O1ptXlVxFFCB+gQ1VADnaMmukEt1EYMpegRPaMX68F6sl6tt3nrklXMVNAPWe9fK6eTyQ==</latexit><latexit sha1_base64="oT3AW8GqG5uXHG2537RI1u4SfoA=">AAAB/HicdZDLSgMxFIYzXmu9jXbpJliEuimpKLpwUXTjsoK9QGcomTTThmYuJGeEYaiv4saFIm59EHe+jZl2Cir6Q+DnO+dwTn4vlkIDIZ/W0vLK6tp6aaO8ubW9s2vv7Xd0lCjG2yySkep5VHMpQt4GAZL3YsVp4Ene9SbXeb17z5UWUXgHaczdgI5C4QtGwaCBXfEdyX2oKUeJ0RiO8SUmA7tK6mckFyZ1sjAFaRSkigq1BvaHM4xYEvAQmKRa9xskBjejCgSTfFp2Es1jyiZ0xPvGhjTg2s1mx0/xkSFD7EfKvBDwjH6fyGigdRp4pjOgMNa/azn8q9ZPwL9wMxHGCfCQzRf5icQQ4TwJPBSKM5CpMZQpYW7FbEwVZWDyKpsQFj/F/5vOSb1h/O1ptXlVxFFCB+gQ1VADnaMmukEt1EYMpegRPaMX68F6sl6tt3nrklXMVNAPWe9fK6eTyQ==</latexit><latexit sha1_base64="oT3AW8GqG5uXHG2537RI1u4SfoA=">AAAB/HicdZDLSgMxFIYzXmu9jXbpJliEuimpKLpwUXTjsoK9QGcomTTThmYuJGeEYaiv4saFIm59EHe+jZl2Cir6Q+DnO+dwTn4vlkIDIZ/W0vLK6tp6aaO8ubW9s2vv7Xd0lCjG2yySkep5VHMpQt4GAZL3YsVp4Ene9SbXeb17z5UWUXgHaczdgI5C4QtGwaCBXfEdyX2oKUeJ0RiO8SUmA7tK6mckFyZ1sjAFaRSkigq1BvaHM4xYEvAQmKRa9xskBjejCgSTfFp2Es1jyiZ0xPvGhjTg2s1mx0/xkSFD7EfKvBDwjH6fyGigdRp4pjOgMNa/azn8q9ZPwL9wMxHGCfCQzRf5icQQ4TwJPBSKM5CpMZQpYW7FbEwVZWDyKpsQFj/F/5vOSb1h/O1ptXlVxFFCB+gQ1VADnaMmukEt1EYMpegRPaMX68F6sl6tt3nrklXMVNAPWe9fK6eTyQ==</latexit><latexit sha1_base64="oT3AW8GqG5uXHG2537RI1u4SfoA=">AAAB/HicdZDLSgMxFIYzXmu9jXbpJliEuimpKLpwUXTjsoK9QGcomTTThmYuJGeEYaiv4saFIm59EHe+jZl2Cir6Q+DnO+dwTn4vlkIDIZ/W0vLK6tp6aaO8ubW9s2vv7Xd0lCjG2yySkep5VHMpQt4GAZL3YsVp4Ene9SbXeb17z5UWUXgHaczdgI5C4QtGwaCBXfEdyX2oKUeJ0RiO8SUmA7tK6mckFyZ1sjAFaRSkigq1BvaHM4xYEvAQmKRa9xskBjejCgSTfFp2Es1jyiZ0xPvGhjTg2s1mx0/xkSFD7EfKvBDwjH6fyGigdRp4pjOgMNa/azn8q9ZPwL9wMxHGCfCQzRf5icQQ4TwJPBSKM5CpMZQpYW7FbEwVZWDyKpsQFj/F/5vOSb1h/O1ptXlVxFFCB+gQ1VADnaMmukEt1EYMpegRPaMX68F6sl6tt3nrklXMVNAPWe9fK6eTyQ==</latexit>

f (r) > 0
<latexit sha1_base64="5KH+clXotEAMEl5OdebDQNnwPy4=">AAAB/HicdZDLSgMxFIYzXmu9jXbpJliEuimpKLqSohuXFewFOkPJpJk2NHMhOSMMQ30VNy4UceuDuPNtzLRTUNEfAj/fOYdz8nuxFBoI+bSWlldW19ZLG+XNre2dXXtvv6OjRDHeZpGMVM+jmksR8jYIkLwXK04DT/KuN7nO6917rrSIwjtIY+4GdBQKXzAKBg3siu9I7kNNOUqMxnCMLzEZ2FVSPyO5MKmThSlIoyBVVKg1sD+cYcSSgIfAJNW63yAxuBlVIJjk07KTaB5TNqEj3jc2pAHXbjY7foqPDBliP1LmhYBn9PtERgOt08AznQGFsf5dy+FftX4C/oWbiTBOgIdsvshPJIYI50ngoVCcgUyNoUwJcytmY6ooA5NX2YSw+Cn+33RO6g3jb0+rzasijhI6QIeohhroHDXRDWqhNmIoRY/oGb1YD9aT9Wq9zVuXrGKmgn7Iev8CLrOTyw==</latexit><latexit sha1_base64="5KH+clXotEAMEl5OdebDQNnwPy4=">AAAB/HicdZDLSgMxFIYzXmu9jXbpJliEuimpKLqSohuXFewFOkPJpJk2NHMhOSMMQ30VNy4UceuDuPNtzLRTUNEfAj/fOYdz8nuxFBoI+bSWlldW19ZLG+XNre2dXXtvv6OjRDHeZpGMVM+jmksR8jYIkLwXK04DT/KuN7nO6917rrSIwjtIY+4GdBQKXzAKBg3siu9I7kNNOUqMxnCMLzEZ2FVSPyO5MKmThSlIoyBVVKg1sD+cYcSSgIfAJNW63yAxuBlVIJjk07KTaB5TNqEj3jc2pAHXbjY7foqPDBliP1LmhYBn9PtERgOt08AznQGFsf5dy+FftX4C/oWbiTBOgIdsvshPJIYI50ngoVCcgUyNoUwJcytmY6ooA5NX2YSw+Cn+33RO6g3jb0+rzasijhI6QIeohhroHDXRDWqhNmIoRY/oGb1YD9aT9Wq9zVuXrGKmgn7Iev8CLrOTyw==</latexit><latexit sha1_base64="5KH+clXotEAMEl5OdebDQNnwPy4=">AAAB/HicdZDLSgMxFIYzXmu9jXbpJliEuimpKLqSohuXFewFOkPJpJk2NHMhOSMMQ30VNy4UceuDuPNtzLRTUNEfAj/fOYdz8nuxFBoI+bSWlldW19ZLG+XNre2dXXtvv6OjRDHeZpGMVM+jmksR8jYIkLwXK04DT/KuN7nO6917rrSIwjtIY+4GdBQKXzAKBg3siu9I7kNNOUqMxnCMLzEZ2FVSPyO5MKmThSlIoyBVVKg1sD+cYcSSgIfAJNW63yAxuBlVIJjk07KTaB5TNqEj3jc2pAHXbjY7foqPDBliP1LmhYBn9PtERgOt08AznQGFsf5dy+FftX4C/oWbiTBOgIdsvshPJIYI50ngoVCcgUyNoUwJcytmY6ooA5NX2YSw+Cn+33RO6g3jb0+rzasijhI6QIeohhroHDXRDWqhNmIoRY/oGb1YD9aT9Wq9zVuXrGKmgn7Iev8CLrOTyw==</latexit><latexit sha1_base64="5KH+clXotEAMEl5OdebDQNnwPy4=">AAAB/HicdZDLSgMxFIYzXmu9jXbpJliEuimpKLqSohuXFewFOkPJpJk2NHMhOSMMQ30VNy4UceuDuPNtzLRTUNEfAj/fOYdz8nuxFBoI+bSWlldW19ZLG+XNre2dXXtvv6OjRDHeZpGMVM+jmksR8jYIkLwXK04DT/KuN7nO6917rrSIwjtIY+4GdBQKXzAKBg3siu9I7kNNOUqMxnCMLzEZ2FVSPyO5MKmThSlIoyBVVKg1sD+cYcSSgIfAJNW63yAxuBlVIJjk07KTaB5TNqEj3jc2pAHXbjY7foqPDBliP1LmhYBn9PtERgOt08AznQGFsf5dy+FftX4C/oWbiTBOgIdsvshPJIYI50ngoVCcgUyNoUwJcytmY6ooA5NX2YSw+Cn+33RO6g3jb0+rzasijhI6QIeohhroHDXRDWqhNmIoRY/oGb1YD9aT9Wq9zVuXrGKmgn7Iev8CLrOTyw==</latexit>

M, Q



Cauchy Horizons in Reissner Nordstrom/Kerr

ds2 = �f (r) dt2 +
dr2

f (r)
+ r2d⌦2

<latexit sha1_base64="nROCI9U4tQQsTnUZqWjFbkrUoRk="></latexit><latexit sha1_base64="nROCI9U4tQQsTnUZqWjFbkrUoRk="></latexit><latexit sha1_base64="nROCI9U4tQQsTnUZqWjFbkrUoRk="></latexit><latexit sha1_base64="nROCI9U4tQQsTnUZqWjFbkrUoRk="></latexit>

f (r) =
(r � r1) (r � r2)

r2
<latexit sha1_base64="jEe557fYIpiNfLlv3Fo8MD9HgyA=">AAACMHicdZDLSsNAFIYn9VbrrerSzWAR6sKSFEU3QtGFLivYCzSxTKaTdujkwsyJUEIeyY2PohsFRdz6FE7bFKrogYGf7z+HM+d3I8EVmOarkVtYXFpeya8W1tY3NreK2ztNFcaSsgYNRSjbLlFM8IA1gINg7Ugy4ruCtdzh5dhv3TOpeBjcwihijk/6Afc4JaBRt3jl2YJ5UJa25P0BHOJzbHuS0CTD+AjLrjUz52E1g2ki76ppt1gyKyfmuLBZMWciI1ZGSiirerf4ZPdCGvssACqIUh3LjMBJiAROBUsLdqxYROiQ9FlHy4D4TDnJ5OAUH2jSw14o9QsAT+j8REJ8pUa+qzt9AgP12xvDv7xODN6Zk/AgioEFdLrIiwWGEI/Twz0uGQUx0oJQyfVfMR0QnRfojAs6hNml+H/RrFYsrW+OS7WLLI482kP7qIwsdIpq6BrVUQNR9ICe0Rt6Nx6NF+PD+Jy25oxsZhf9KOPrG4+oqBM=</latexit><latexit sha1_base64="jEe557fYIpiNfLlv3Fo8MD9HgyA=">AAACMHicdZDLSsNAFIYn9VbrrerSzWAR6sKSFEU3QtGFLivYCzSxTKaTdujkwsyJUEIeyY2PohsFRdz6FE7bFKrogYGf7z+HM+d3I8EVmOarkVtYXFpeya8W1tY3NreK2ztNFcaSsgYNRSjbLlFM8IA1gINg7Ugy4ruCtdzh5dhv3TOpeBjcwihijk/6Afc4JaBRt3jl2YJ5UJa25P0BHOJzbHuS0CTD+AjLrjUz52E1g2ki76ppt1gyKyfmuLBZMWciI1ZGSiirerf4ZPdCGvssACqIUh3LjMBJiAROBUsLdqxYROiQ9FlHy4D4TDnJ5OAUH2jSw14o9QsAT+j8REJ8pUa+qzt9AgP12xvDv7xODN6Zk/AgioEFdLrIiwWGEI/Twz0uGQUx0oJQyfVfMR0QnRfojAs6hNml+H/RrFYsrW+OS7WLLI482kP7qIwsdIpq6BrVUQNR9ICe0Rt6Nx6NF+PD+Jy25oxsZhf9KOPrG4+oqBM=</latexit><latexit sha1_base64="jEe557fYIpiNfLlv3Fo8MD9HgyA=">AAACMHicdZDLSsNAFIYn9VbrrerSzWAR6sKSFEU3QtGFLivYCzSxTKaTdujkwsyJUEIeyY2PohsFRdz6FE7bFKrogYGf7z+HM+d3I8EVmOarkVtYXFpeya8W1tY3NreK2ztNFcaSsgYNRSjbLlFM8IA1gINg7Ugy4ruCtdzh5dhv3TOpeBjcwihijk/6Afc4JaBRt3jl2YJ5UJa25P0BHOJzbHuS0CTD+AjLrjUz52E1g2ki76ppt1gyKyfmuLBZMWciI1ZGSiirerf4ZPdCGvssACqIUh3LjMBJiAROBUsLdqxYROiQ9FlHy4D4TDnJ5OAUH2jSw14o9QsAT+j8REJ8pUa+qzt9AgP12xvDv7xODN6Zk/AgioEFdLrIiwWGEI/Twz0uGQUx0oJQyfVfMR0QnRfojAs6hNml+H/RrFYsrW+OS7WLLI482kP7qIwsdIpq6BrVUQNR9ICe0Rt6Nx6NF+PD+Jy25oxsZhf9KOPrG4+oqBM=</latexit><latexit sha1_base64="jEe557fYIpiNfLlv3Fo8MD9HgyA=">AAACMHicdZDLSsNAFIYn9VbrrerSzWAR6sKSFEU3QtGFLivYCzSxTKaTdujkwsyJUEIeyY2PohsFRdz6FE7bFKrogYGf7z+HM+d3I8EVmOarkVtYXFpeya8W1tY3NreK2ztNFcaSsgYNRSjbLlFM8IA1gINg7Ugy4ruCtdzh5dhv3TOpeBjcwihijk/6Afc4JaBRt3jl2YJ5UJa25P0BHOJzbHuS0CTD+AjLrjUz52E1g2ki76ppt1gyKyfmuLBZMWciI1ZGSiirerf4ZPdCGvssACqIUh3LjMBJiAROBUsLdqxYROiQ9FlHy4D4TDnJ5OAUH2jSw14o9QsAT+j8REJ8pUa+qzt9AgP12xvDv7xODN6Zk/AgioEFdLrIiwWGEI/Twz0uGQUx0oJQyfVfMR0QnRfojAs6hNml+H/RrFYsrW+OS7WLLI482kP7qIwsdIpq6BrVUQNR9ICe0Rt6Nx6NF+PD+Jy25oxsZhf9KOPrG4+oqBM=</latexit>

Can only be extended into a 
different universe

Subject to new boundary 
conditions, failure of 

predictivity

Large change to metric, no 
inner horizon

Fast, classical effect

Static Black Hole: Singularity 
at inner horizon?



Mass Inflation

r2
<latexit sha1_base64="977IrDWKHR7kHDQu3NFc1zm8L5c=">AAAB6nicdZBNS8NAEIYn9avWr6pHL4tF8FSSouix6MVjRfsBbSib7aZdutmE3YlQSn+CFw+KePUXefPfuGlTUNEXFl6emWFn3iCRwqDrfjqFldW19Y3iZmlre2d3r7x/0DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjK+zevuBayNidY+ThPsRHSoRCkbRojvdr/XLFbd67mYibtVdmpx4OalArka//NEbxCyNuEImqTFdz03Qn1KNgkk+K/VSwxPKxnTIu9YqGnHjT+erzsiJJQMSxto+hWROv09MaWTMJApsZ0RxZH7XMvhXrZtieOlPhUpS5IotPgpTSTAm2d1kIDRnKCfWUKaF3ZWwEdWUoU2nZENYXkr+N61a1bP+9qxSv8rjKMIRHMMpeHABdbiBBjSBwRAe4RleHOk8Oa/O26K14OQzh/BDzvsXEqSNpQ==</latexit><latexit sha1_base64="977IrDWKHR7kHDQu3NFc1zm8L5c=">AAAB6nicdZBNS8NAEIYn9avWr6pHL4tF8FSSouix6MVjRfsBbSib7aZdutmE3YlQSn+CFw+KePUXefPfuGlTUNEXFl6emWFn3iCRwqDrfjqFldW19Y3iZmlre2d3r7x/0DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjK+zevuBayNidY+ThPsRHSoRCkbRojvdr/XLFbd67mYibtVdmpx4OalArka//NEbxCyNuEImqTFdz03Qn1KNgkk+K/VSwxPKxnTIu9YqGnHjT+erzsiJJQMSxto+hWROv09MaWTMJApsZ0RxZH7XMvhXrZtieOlPhUpS5IotPgpTSTAm2d1kIDRnKCfWUKaF3ZWwEdWUoU2nZENYXkr+N61a1bP+9qxSv8rjKMIRHMMpeHABdbiBBjSBwRAe4RleHOk8Oa/O26K14OQzh/BDzvsXEqSNpQ==</latexit><latexit sha1_base64="977IrDWKHR7kHDQu3NFc1zm8L5c=">AAAB6nicdZBNS8NAEIYn9avWr6pHL4tF8FSSouix6MVjRfsBbSib7aZdutmE3YlQSn+CFw+KePUXefPfuGlTUNEXFl6emWFn3iCRwqDrfjqFldW19Y3iZmlre2d3r7x/0DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjK+zevuBayNidY+ThPsRHSoRCkbRojvdr/XLFbd67mYibtVdmpx4OalArka//NEbxCyNuEImqTFdz03Qn1KNgkk+K/VSwxPKxnTIu9YqGnHjT+erzsiJJQMSxto+hWROv09MaWTMJApsZ0RxZH7XMvhXrZtieOlPhUpS5IotPgpTSTAm2d1kIDRnKCfWUKaF3ZWwEdWUoU2nZENYXkr+N61a1bP+9qxSv8rjKMIRHMMpeHABdbiBBjSBwRAe4RleHOk8Oa/O26K14OQzh/BDzvsXEqSNpQ==</latexit><latexit sha1_base64="977IrDWKHR7kHDQu3NFc1zm8L5c=">AAAB6nicdZBNS8NAEIYn9avWr6pHL4tF8FSSouix6MVjRfsBbSib7aZdutmE3YlQSn+CFw+KePUXefPfuGlTUNEXFl6emWFn3iCRwqDrfjqFldW19Y3iZmlre2d3r7x/0DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjK+zevuBayNidY+ThPsRHSoRCkbRojvdr/XLFbd67mYibtVdmpx4OalArka//NEbxCyNuEImqTFdz03Qn1KNgkk+K/VSwxPKxnTIu9YqGnHjT+erzsiJJQMSxto+hWROv09MaWTMJApsZ0RxZH7XMvhXrZtieOlPhUpS5IotPgpTSTAm2d1kIDRnKCfWUKaF3ZWwEdWUoU2nZENYXkr+N61a1bP+9qxSv8rjKMIRHMMpeHABdbiBBjSBwRAe4RleHOk8Oa/O26K14OQzh/BDzvsXEqSNpQ==</latexit>

r1
<latexit sha1_base64="hc1y1N1KanLuPJ3wLEezHhZMo0g=">AAAB6nicdZBNS8NAEIYn9avWr6pHL4tF8FQSUfRY9OKxom2FNpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LQpqOgLCy/PzLAzb5BIYdB1P53S0vLK6lp5vbKxubW9U93da5s41Yy3WCxjfR9Qw6VQvIUCJb9PNKdRIHknGF/l9c4D10bE6g4nCfcjOlQiFIyiRbe67/WrNbd+5uYibt1dmIJ4BalBoWa/+tEbxCyNuEImqTFdz03Qz6hGwSSfVnqp4QllYzrkXWsVjbjxs9mqU3JkyYCEsbZPIZnR7xMZjYyZRIHtjCiOzO9aDv+qdVMML/xMqCRFrtj8ozCVBGOS300GQnOGcmINZVrYXQkbUU0Z2nQqNoTFpeR/0z6pe9bfnNYal0UcZTiAQzgGD86hAdfQhBYwGMIjPMOLI50n59V5m7eWnGJmH37Ief8CESCNpA==</latexit><latexit sha1_base64="hc1y1N1KanLuPJ3wLEezHhZMo0g=">AAAB6nicdZBNS8NAEIYn9avWr6pHL4tF8FQSUfRY9OKxom2FNpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LQpqOgLCy/PzLAzb5BIYdB1P53S0vLK6lp5vbKxubW9U93da5s41Yy3WCxjfR9Qw6VQvIUCJb9PNKdRIHknGF/l9c4D10bE6g4nCfcjOlQiFIyiRbe67/WrNbd+5uYibt1dmIJ4BalBoWa/+tEbxCyNuEImqTFdz03Qz6hGwSSfVnqp4QllYzrkXWsVjbjxs9mqU3JkyYCEsbZPIZnR7xMZjYyZRIHtjCiOzO9aDv+qdVMML/xMqCRFrtj8ozCVBGOS300GQnOGcmINZVrYXQkbUU0Z2nQqNoTFpeR/0z6pe9bfnNYal0UcZTiAQzgGD86hAdfQhBYwGMIjPMOLI50n59V5m7eWnGJmH37Ief8CESCNpA==</latexit><latexit sha1_base64="hc1y1N1KanLuPJ3wLEezHhZMo0g=">AAAB6nicdZBNS8NAEIYn9avWr6pHL4tF8FQSUfRY9OKxom2FNpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LQpqOgLCy/PzLAzb5BIYdB1P53S0vLK6lp5vbKxubW9U93da5s41Yy3WCxjfR9Qw6VQvIUCJb9PNKdRIHknGF/l9c4D10bE6g4nCfcjOlQiFIyiRbe67/WrNbd+5uYibt1dmIJ4BalBoWa/+tEbxCyNuEImqTFdz03Qz6hGwSSfVnqp4QllYzrkXWsVjbjxs9mqU3JkyYCEsbZPIZnR7xMZjYyZRIHtjCiOzO9aDv+qdVMML/xMqCRFrtj8ozCVBGOS300GQnOGcmINZVrYXQkbUU0Z2nQqNoTFpeR/0z6pe9bfnNYal0UcZTiAQzgGD86hAdfQhBYwGMIjPMOLI50n59V5m7eWnGJmH37Ief8CESCNpA==</latexit><latexit sha1_base64="hc1y1N1KanLuPJ3wLEezHhZMo0g=">AAAB6nicdZBNS8NAEIYn9avWr6pHL4tF8FQSUfRY9OKxom2FNpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LQpqOgLCy/PzLAzb5BIYdB1P53S0vLK6lp5vbKxubW9U93da5s41Yy3WCxjfR9Qw6VQvIUCJb9PNKdRIHknGF/l9c4D10bE6g4nCfcjOlQiFIyiRbe67/WrNbd+5uYibt1dmIJ4BalBoWa/+tEbxCyNuEImqTFdz03Qz6hGwSSfVnqp4QllYzrkXWsVjbjxs9mqU3JkyYCEsbZPIZnR7xMZjYyZRIHtjCiOzO9aDv+qdVMML/xMqCRFrtj8ozCVBGOS300GQnOGcmINZVrYXQkbUU0Z2nQqNoTFpeR/0z6pe9bfnNYal0UcZTiAQzgGD86hAdfQhBYwGMIjPMOLI50n59V5m7eWnGJmH37Ief8CESCNpA==</latexit>

Amplification, i.e. blue-shift, of perturbations: Er1 / E1

✓
r1

r � r1

◆

<latexit sha1_base64="7Bzgjjj3GN/3Uqpe2uQWavCwzh4="></latexit><latexit sha1_base64="7Bzgjjj3GN/3Uqpe2uQWavCwzh4="></latexit><latexit sha1_base64="7Bzgjjj3GN/3Uqpe2uQWavCwzh4="></latexit><latexit sha1_base64="7Bzgjjj3GN/3Uqpe2uQWavCwzh4="></latexit>

Significant local density, without changing external mass

External perturbations, really?

M, Q



External Perturbations

r2
<latexit sha1_base64="977IrDWKHR7kHDQu3NFc1zm8L5c=">AAAB6nicdZBNS8NAEIYn9avWr6pHL4tF8FSSouix6MVjRfsBbSib7aZdutmE3YlQSn+CFw+KePUXefPfuGlTUNEXFl6emWFn3iCRwqDrfjqFldW19Y3iZmlre2d3r7x/0DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjK+zevuBayNidY+ThPsRHSoRCkbRojvdr/XLFbd67mYibtVdmpx4OalArka//NEbxCyNuEImqTFdz03Qn1KNgkk+K/VSwxPKxnTIu9YqGnHjT+erzsiJJQMSxto+hWROv09MaWTMJApsZ0RxZH7XMvhXrZtieOlPhUpS5IotPgpTSTAm2d1kIDRnKCfWUKaF3ZWwEdWUoU2nZENYXkr+N61a1bP+9qxSv8rjKMIRHMMpeHABdbiBBjSBwRAe4RleHOk8Oa/O26K14OQzh/BDzvsXEqSNpQ==</latexit><latexit sha1_base64="977IrDWKHR7kHDQu3NFc1zm8L5c=">AAAB6nicdZBNS8NAEIYn9avWr6pHL4tF8FSSouix6MVjRfsBbSib7aZdutmE3YlQSn+CFw+KePUXefPfuGlTUNEXFl6emWFn3iCRwqDrfjqFldW19Y3iZmlre2d3r7x/0DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjK+zevuBayNidY+ThPsRHSoRCkbRojvdr/XLFbd67mYibtVdmpx4OalArka//NEbxCyNuEImqTFdz03Qn1KNgkk+K/VSwxPKxnTIu9YqGnHjT+erzsiJJQMSxto+hWROv09MaWTMJApsZ0RxZH7XMvhXrZtieOlPhUpS5IotPgpTSTAm2d1kIDRnKCfWUKaF3ZWwEdWUoU2nZENYXkr+N61a1bP+9qxSv8rjKMIRHMMpeHABdbiBBjSBwRAe4RleHOk8Oa/O26K14OQzh/BDzvsXEqSNpQ==</latexit><latexit sha1_base64="977IrDWKHR7kHDQu3NFc1zm8L5c=">AAAB6nicdZBNS8NAEIYn9avWr6pHL4tF8FSSouix6MVjRfsBbSib7aZdutmE3YlQSn+CFw+KePUXefPfuGlTUNEXFl6emWFn3iCRwqDrfjqFldW19Y3iZmlre2d3r7x/0DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjK+zevuBayNidY+ThPsRHSoRCkbRojvdr/XLFbd67mYibtVdmpx4OalArka//NEbxCyNuEImqTFdz03Qn1KNgkk+K/VSwxPKxnTIu9YqGnHjT+erzsiJJQMSxto+hWROv09MaWTMJApsZ0RxZH7XMvhXrZtieOlPhUpS5IotPgpTSTAm2d1kIDRnKCfWUKaF3ZWwEdWUoU2nZENYXkr+N61a1bP+9qxSv8rjKMIRHMMpeHABdbiBBjSBwRAe4RleHOk8Oa/O26K14OQzh/BDzvsXEqSNpQ==</latexit><latexit sha1_base64="977IrDWKHR7kHDQu3NFc1zm8L5c=">AAAB6nicdZBNS8NAEIYn9avWr6pHL4tF8FSSouix6MVjRfsBbSib7aZdutmE3YlQSn+CFw+KePUXefPfuGlTUNEXFl6emWFn3iCRwqDrfjqFldW19Y3iZmlre2d3r7x/0DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjK+zevuBayNidY+ThPsRHSoRCkbRojvdr/XLFbd67mYibtVdmpx4OalArka//NEbxCyNuEImqTFdz03Qn1KNgkk+K/VSwxPKxnTIu9YqGnHjT+erzsiJJQMSxto+hWROv09MaWTMJApsZ0RxZH7XMvhXrZtieOlPhUpS5IotPgpTSTAm2d1kIDRnKCfWUKaF3ZWwEdWUoU2nZENYXkr+N61a1bP+9qxSv8rjKMIRHMMpeHABdbiBBjSBwRAe4RleHOk8Oa/O26K14OQzh/BDzvsXEqSNpQ==</latexit>

r1
<latexit sha1_base64="hc1y1N1KanLuPJ3wLEezHhZMo0g=">AAAB6nicdZBNS8NAEIYn9avWr6pHL4tF8FQSUfRY9OKxom2FNpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LQpqOgLCy/PzLAzb5BIYdB1P53S0vLK6lp5vbKxubW9U93da5s41Yy3WCxjfR9Qw6VQvIUCJb9PNKdRIHknGF/l9c4D10bE6g4nCfcjOlQiFIyiRbe67/WrNbd+5uYibt1dmIJ4BalBoWa/+tEbxCyNuEImqTFdz03Qz6hGwSSfVnqp4QllYzrkXWsVjbjxs9mqU3JkyYCEsbZPIZnR7xMZjYyZRIHtjCiOzO9aDv+qdVMML/xMqCRFrtj8ozCVBGOS300GQnOGcmINZVrYXQkbUU0Z2nQqNoTFpeR/0z6pe9bfnNYal0UcZTiAQzgGD86hAdfQhBYwGMIjPMOLI50n59V5m7eWnGJmH37Ief8CESCNpA==</latexit><latexit sha1_base64="hc1y1N1KanLuPJ3wLEezHhZMo0g=">AAAB6nicdZBNS8NAEIYn9avWr6pHL4tF8FQSUfRY9OKxom2FNpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LQpqOgLCy/PzLAzb5BIYdB1P53S0vLK6lp5vbKxubW9U93da5s41Yy3WCxjfR9Qw6VQvIUCJb9PNKdRIHknGF/l9c4D10bE6g4nCfcjOlQiFIyiRbe67/WrNbd+5uYibt1dmIJ4BalBoWa/+tEbxCyNuEImqTFdz03Qz6hGwSSfVnqp4QllYzrkXWsVjbjxs9mqU3JkyYCEsbZPIZnR7xMZjYyZRIHtjCiOzO9aDv+qdVMML/xMqCRFrtj8ozCVBGOS300GQnOGcmINZVrYXQkbUU0Z2nQqNoTFpeR/0z6pe9bfnNYal0UcZTiAQzgGD86hAdfQhBYwGMIjPMOLI50n59V5m7eWnGJmH37Ief8CESCNpA==</latexit><latexit sha1_base64="hc1y1N1KanLuPJ3wLEezHhZMo0g=">AAAB6nicdZBNS8NAEIYn9avWr6pHL4tF8FQSUfRY9OKxom2FNpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LQpqOgLCy/PzLAzb5BIYdB1P53S0vLK6lp5vbKxubW9U93da5s41Yy3WCxjfR9Qw6VQvIUCJb9PNKdRIHknGF/l9c4D10bE6g4nCfcjOlQiFIyiRbe67/WrNbd+5uYibt1dmIJ4BalBoWa/+tEbxCyNuEImqTFdz03Qz6hGwSSfVnqp4QllYzrkXWsVjbjxs9mqU3JkyYCEsbZPIZnR7xMZjYyZRIHtjCiOzO9aDv+qdVMML/xMqCRFrtj8ozCVBGOS300GQnOGcmINZVrYXQkbUU0Z2nQqNoTFpeR/0z6pe9bfnNYal0UcZTiAQzgGD86hAdfQhBYwGMIjPMOLI50n59V5m7eWnGJmH37Ief8CESCNpA==</latexit><latexit sha1_base64="hc1y1N1KanLuPJ3wLEezHhZMo0g=">AAAB6nicdZBNS8NAEIYn9avWr6pHL4tF8FQSUfRY9OKxom2FNpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LQpqOgLCy/PzLAzb5BIYdB1P53S0vLK6lp5vbKxubW9U93da5s41Yy3WCxjfR9Qw6VQvIUCJb9PNKdRIHknGF/l9c4D10bE6g4nCfcjOlQiFIyiRbe67/WrNbd+5uYibt1dmIJ4BalBoWa/+tEbxCyNuEImqTFdz03Qz6hGwSSfVnqp4QllYzrkXWsVjbjxs9mqU3JkyYCEsbZPIZnR7xMZjYyZRIHtjCiOzO9aDv+qdVMML/xMqCRFrtj8ozCVBGOS300GQnOGcmINZVrYXQkbUU0Z2nQqNoTFpeR/0z6pe9bfnNYal0UcZTiAQzgGD86hAdfQhBYwGMIjPMOLI50n59V5m7eWnGJmH37Ief8CESCNpA==</latexit>

Regulate Divergence 

Singular Shell at r1: Mr1 ⇠ M3
plr

2
1 ⇠ M

✓
M

Mpl

◆
=) E1 ⇠ M

<latexit sha1_base64="nAjSl4tjRi5IedoeCxKnV47n8k4="></latexit><latexit sha1_base64="nAjSl4tjRi5IedoeCxKnV47n8k4="></latexit><latexit sha1_base64="nAjSl4tjRi5IedoeCxKnV47n8k4="></latexit><latexit sha1_base64="nAjSl4tjRi5IedoeCxKnV47n8k4="></latexit>

Recent Work: Red-shift from positive Λ softens divergence

M, Q

Er1 / E1 (Mplr1) ⇠ E1

✓
M

Mpl

◆

<latexit sha1_base64="099CDBO2fZp8yUgdv31g5NIub0A="></latexit><latexit sha1_base64="099CDBO2fZp8yUgdv31g5NIub0A="></latexit><latexit sha1_base64="099CDBO2fZp8yUgdv31g5NIub0A="></latexit><latexit sha1_base64="099CDBO2fZp8yUgdv31g5NIub0A="></latexit>



Why External?

r2
<latexit sha1_base64="977IrDWKHR7kHDQu3NFc1zm8L5c=">AAAB6nicdZBNS8NAEIYn9avWr6pHL4tF8FSSouix6MVjRfsBbSib7aZdutmE3YlQSn+CFw+KePUXefPfuGlTUNEXFl6emWFn3iCRwqDrfjqFldW19Y3iZmlre2d3r7x/0DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjK+zevuBayNidY+ThPsRHSoRCkbRojvdr/XLFbd67mYibtVdmpx4OalArka//NEbxCyNuEImqTFdz03Qn1KNgkk+K/VSwxPKxnTIu9YqGnHjT+erzsiJJQMSxto+hWROv09MaWTMJApsZ0RxZH7XMvhXrZtieOlPhUpS5IotPgpTSTAm2d1kIDRnKCfWUKaF3ZWwEdWUoU2nZENYXkr+N61a1bP+9qxSv8rjKMIRHMMpeHABdbiBBjSBwRAe4RleHOk8Oa/O26K14OQzh/BDzvsXEqSNpQ==</latexit><latexit sha1_base64="977IrDWKHR7kHDQu3NFc1zm8L5c=">AAAB6nicdZBNS8NAEIYn9avWr6pHL4tF8FSSouix6MVjRfsBbSib7aZdutmE3YlQSn+CFw+KePUXefPfuGlTUNEXFl6emWFn3iCRwqDrfjqFldW19Y3iZmlre2d3r7x/0DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjK+zevuBayNidY+ThPsRHSoRCkbRojvdr/XLFbd67mYibtVdmpx4OalArka//NEbxCyNuEImqTFdz03Qn1KNgkk+K/VSwxPKxnTIu9YqGnHjT+erzsiJJQMSxto+hWROv09MaWTMJApsZ0RxZH7XMvhXrZtieOlPhUpS5IotPgpTSTAm2d1kIDRnKCfWUKaF3ZWwEdWUoU2nZENYXkr+N61a1bP+9qxSv8rjKMIRHMMpeHABdbiBBjSBwRAe4RleHOk8Oa/O26K14OQzh/BDzvsXEqSNpQ==</latexit><latexit sha1_base64="977IrDWKHR7kHDQu3NFc1zm8L5c=">AAAB6nicdZBNS8NAEIYn9avWr6pHL4tF8FSSouix6MVjRfsBbSib7aZdutmE3YlQSn+CFw+KePUXefPfuGlTUNEXFl6emWFn3iCRwqDrfjqFldW19Y3iZmlre2d3r7x/0DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjK+zevuBayNidY+ThPsRHSoRCkbRojvdr/XLFbd67mYibtVdmpx4OalArka//NEbxCyNuEImqTFdz03Qn1KNgkk+K/VSwxPKxnTIu9YqGnHjT+erzsiJJQMSxto+hWROv09MaWTMJApsZ0RxZH7XMvhXrZtieOlPhUpS5IotPgpTSTAm2d1kIDRnKCfWUKaF3ZWwEdWUoU2nZENYXkr+N61a1bP+9qxSv8rjKMIRHMMpeHABdbiBBjSBwRAe4RleHOk8Oa/O26K14OQzh/BDzvsXEqSNpQ==</latexit><latexit sha1_base64="977IrDWKHR7kHDQu3NFc1zm8L5c=">AAAB6nicdZBNS8NAEIYn9avWr6pHL4tF8FSSouix6MVjRfsBbSib7aZdutmE3YlQSn+CFw+KePUXefPfuGlTUNEXFl6emWFn3iCRwqDrfjqFldW19Y3iZmlre2d3r7x/0DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjK+zevuBayNidY+ThPsRHSoRCkbRojvdr/XLFbd67mYibtVdmpx4OalArka//NEbxCyNuEImqTFdz03Qn1KNgkk+K/VSwxPKxnTIu9YqGnHjT+erzsiJJQMSxto+hWROv09MaWTMJApsZ0RxZH7XMvhXrZtieOlPhUpS5IotPgpTSTAm2d1kIDRnKCfWUKaF3ZWwEdWUoU2nZENYXkr+N61a1bP+9qxSv8rjKMIRHMMpeHABdbiBBjSBwRAe4RleHOk8Oa/O26K14OQzh/BDzvsXEqSNpQ==</latexit>

r1
<latexit sha1_base64="hc1y1N1KanLuPJ3wLEezHhZMo0g=">AAAB6nicdZBNS8NAEIYn9avWr6pHL4tF8FQSUfRY9OKxom2FNpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LQpqOgLCy/PzLAzb5BIYdB1P53S0vLK6lp5vbKxubW9U93da5s41Yy3WCxjfR9Qw6VQvIUCJb9PNKdRIHknGF/l9c4D10bE6g4nCfcjOlQiFIyiRbe67/WrNbd+5uYibt1dmIJ4BalBoWa/+tEbxCyNuEImqTFdz03Qz6hGwSSfVnqp4QllYzrkXWsVjbjxs9mqU3JkyYCEsbZPIZnR7xMZjYyZRIHtjCiOzO9aDv+qdVMML/xMqCRFrtj8ozCVBGOS300GQnOGcmINZVrYXQkbUU0Z2nQqNoTFpeR/0z6pe9bfnNYal0UcZTiAQzgGD86hAdfQhBYwGMIjPMOLI50n59V5m7eWnGJmH37Ief8CESCNpA==</latexit><latexit sha1_base64="hc1y1N1KanLuPJ3wLEezHhZMo0g=">AAAB6nicdZBNS8NAEIYn9avWr6pHL4tF8FQSUfRY9OKxom2FNpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LQpqOgLCy/PzLAzb5BIYdB1P53S0vLK6lp5vbKxubW9U93da5s41Yy3WCxjfR9Qw6VQvIUCJb9PNKdRIHknGF/l9c4D10bE6g4nCfcjOlQiFIyiRbe67/WrNbd+5uYibt1dmIJ4BalBoWa/+tEbxCyNuEImqTFdz03Qz6hGwSSfVnqp4QllYzrkXWsVjbjxs9mqU3JkyYCEsbZPIZnR7xMZjYyZRIHtjCiOzO9aDv+qdVMML/xMqCRFrtj8ozCVBGOS300GQnOGcmINZVrYXQkbUU0Z2nQqNoTFpeR/0z6pe9bfnNYal0UcZTiAQzgGD86hAdfQhBYwGMIjPMOLI50n59V5m7eWnGJmH37Ief8CESCNpA==</latexit><latexit sha1_base64="hc1y1N1KanLuPJ3wLEezHhZMo0g=">AAAB6nicdZBNS8NAEIYn9avWr6pHL4tF8FQSUfRY9OKxom2FNpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LQpqOgLCy/PzLAzb5BIYdB1P53S0vLK6lp5vbKxubW9U93da5s41Yy3WCxjfR9Qw6VQvIUCJb9PNKdRIHknGF/l9c4D10bE6g4nCfcjOlQiFIyiRbe67/WrNbd+5uYibt1dmIJ4BalBoWa/+tEbxCyNuEImqTFdz03Qz6hGwSSfVnqp4QllYzrkXWsVjbjxs9mqU3JkyYCEsbZPIZnR7xMZjYyZRIHtjCiOzO9aDv+qdVMML/xMqCRFrtj8ozCVBGOS300GQnOGcmINZVrYXQkbUU0Z2nQqNoTFpeR/0z6pe9bfnNYal0UcZTiAQzgGD86hAdfQhBYwGMIjPMOLI50n59V5m7eWnGJmH37Ief8CESCNpA==</latexit><latexit sha1_base64="hc1y1N1KanLuPJ3wLEezHhZMo0g=">AAAB6nicdZBNS8NAEIYn9avWr6pHL4tF8FQSUfRY9OKxom2FNpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LQpqOgLCy/PzLAzb5BIYdB1P53S0vLK6lp5vbKxubW9U93da5s41Yy3WCxjfR9Qw6VQvIUCJb9PNKdRIHknGF/l9c4D10bE6g4nCfcjOlQiFIyiRbe67/WrNbd+5uYibt1dmIJ4BalBoWa/+tEbxCyNuEImqTFdz03Qz6hGwSSfVnqp4QllYzrkXWsVjbjxs9mqU3JkyYCEsbZPIZnR7xMZjYyZRIHtjCiOzO9aDv+qdVMML/xMqCRFrtj8ozCVBGOS300GQnOGcmINZVrYXQkbUU0Z2nQqNoTFpeR/0z6pe9bfnNYal0UcZTiAQzgGD86hAdfQhBYwGMIjPMOLI50n59V5m7eWnGJmH37Ief8CESCNpA==</latexit>

M, Q

Repulsive
Attractive

Push mass/charge from singularity to inner horizon

Blue-shift lead to large local mass, without change to external parameters?

Final State?  
Singularity/break down of General Relativity in low curvature?? 

Similarly overcome objections in Schwarzschild? 
 



Outline

1. The Inner Horizon 

2. The Event Horizon 

3. Experimental Signatures


