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Particles or radiation in close orbits of the BH horizon, same particles falling-in, 
matter being accreted or even BHs merging with BHs will make the BH space 
time tremble in a characteristic way.
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The Black Hole  Ringdown: Characteristic ‘chords’ of BHs 

This characteristic trembling is the BH ringdown and it appears in BBH mergers.

http://slideplayer.com/user/4954789/
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               Introduction 

~ v/c expansions ~ Nonlinear regime ~ Linear regime

Well described by PT

Teukolsky, Chandrasekhar, Ferrari,  

Kokkotas, Berti, Cardoso… 



               Introduction

Linear perturbation theory predicts its shape —> discrete set of eigenmodes: 
quasi-normal modes (QNMs)
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               Introduction

Linear perturbation theory predicts its shape —> discrete set of eigenmodes: 
quasi-normal modes (QNMs)

Black hole uniqueness / no-hair theorem in GR: axisymmetric, asymptotically flat, 
vacuum spacetimes, the QNMs are characterized by mass, angular momentum and 
charge.
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[Israel, Hawking, Carter…]
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What can we test with the RD ??? 
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               Introduction 



               RD modelling and RD tests 

 

 

Black hole no-hair theorem test — [Israel, Hawking, Carter…] 

A BH spacetime in general relativity (GR) is uniquely defined by at most three parameters:  
the mass, the angular momentum and the electric charge.

http://gwplotter.com/
http://gwplotter.com/


               RD modelling and RD tests 

Black hole no-hair theorem test — [Israel, Hawking, Carter…] 

Astrophysical BHs in general relativity (GR) are expected to be chargeless:  
the mass, the angular momentum and the electric charge.
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Black hole no-hair theorem test — [Israel, Hawking, Carter…] 
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Part of the perturbative dynamics parametrizable by its mass and spins

Astrophysical BHs in general relativity (GR) are expected to be chargeless:  
the mass, the angular momentum and the electric charge.
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the mass, the angular momentum and the electric charge.
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<latexit sha1_base64="vyURKmOTX9u67BY2RoBw94ZwQUo=">AAAB/nicbVBNS8NAEJ3Ur1q/ouLJS7AIFaQkVdCLUPTiRahgP6AtYbPdtEt3N2F3I5RQ8K948aCIV3+HN/+N2zYHbX0w8Hhvhpl5Qcyo0q77beWWlldW1/LrhY3Nre0de3evoaJEYlLHEYtkK0CKMCpIXVPNSCuWBPGAkWYwvJn4zUciFY3Egx7FpMtRX9CQYqSN5NsHHY0SP2VcjK/6pTs/PEV+eOLbRbfsTuEsEi8jRchQ8+2vTi/CCSdCY4aUanturLspkppiRsaFTqJIjPAQ9UnbUIE4Ud10ev7YOTZKzwkjaUpoZ6r+nkgRV2rEA9PJkR6oeW8i/ue1Ex1edlMq4kQTgWeLwoQ5OnImWTg9KgnWbGQIwpKaWx08QBJhbRIrmBC8+ZcXSaNS9s7KlfvzYvU6iyMPh3AEJfDgAqpwCzWoA4YUnuEV3qwn68V6tz5mrTkrm9mHP7A+fwBqQpUe</latexit>

(Mf , af )
<latexit sha1_base64="nh1HX34+DrCcH7cov6zM3fyKBXM=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahgpTdKuix6MWLUMF+SLuUbJptQ5PskmSFsvRXePGgiFd/jjf/jWm7B219MPB4b4aZeUHMmTau++3kVlbX1jfym4Wt7Z3dveL+QVNHiSK0QSIeqXaANeVM0oZhhtN2rCgWAaetYHQz9VtPVGkWyQczjqkv8ECykBFsrPRYvuuFZ7gXnvaKJbfizoCWiZeREmSo94pf3X5EEkGlIRxr3fHc2PgpVoYRTieFbqJpjMkID2jHUokF1X46O3iCTqzSR2GkbEmDZurviRQLrccisJ0Cm6Fe9Kbif14nMeGVnzIZJ4ZKMl8UJhyZCE2/R32mKDF8bAkmitlbERlihYmxGRVsCN7iy8ukWa1455Xq/UWpdp3FkYcjOIYyeHAJNbiFOjSAgIBneIU3RzkvzrvzMW/NOdnMIfyB8/kDfiiPjQ==</latexit>

!lmn
<latexit sha1_base64="0zLm/y3bkqDVXwF0vS1uN5k5mws=">AAAB83icbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHoxWME84DsEmYns8mQeSwzs0JY8htePCji1Z/x5t84SfagiQUNRVU33V1xypmxvv/tra1vbG5tl3bKu3v7B4eVo+O2UZkmtEUUV7obY0M5k7RlmeW0m2qKRcxpJx7fzfzOE9WGKfloJymNBB5KljCCrZPCUAk6xP2cCzntV6p+zZ8DrZKgIFUo0OxXvsKBIpmg0hKOjekFfmqjHGvLCKfTcpgZmmIyxkPac1RiQU2Uz2+eonOnDFCitCtp0Vz9PZFjYcxExK5TYDsyy95M/M/rZTa5iXIm08xSSRaLkowjq9AsADRgmhLLJ45gopm7FZER1phYF1PZhRAsv7xK2vVacFmrP1xVG7dFHCU4hTO4gACuoQH30IQWEEjhGV7hzcu8F+/d+1i0rnnFzAn8gff5A3ulkfk=</latexit>

⌧lmn
<latexit sha1_base64="w7SUUukJzD3uNxVbiYmtPIPEfLM=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Ae2oWy2m3bpZhN2J0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilxx7StJ/JSE375Ypbdecgq8TLSQVyNPrlr94gZmnEFTJJjel6boJ+RjUKJvm01EsNTygb0yHvWqpoxI2fzS+ekjOrDEgYa1sKyVz9PZHRyJhJFNjOiOLILHsz8T+vm2J47WdCJSlyxRaLwlQSjMnsfTIQmjOUE0so08LeStiIasrQhlSyIXjLL6+SVq3qXVRr95eV+k0eRxFO4BTOwYMrqMMdNKAJDBQ8wyu8OcZ5cd6dj0VrwclnjuEPnM8fCA+RJg==</latexit>

If not GR

If not BH

http://gwplotter.com/
http://gwplotter.com/


Isi et al. 2019 Capano et al. 2021
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ωlmn → ωGR
lmn(1 + δf ) τlmn → τGR

lmn(1 + δτ)

Has the black hole no hair theorem been tested?

GW150914 GW190521

δf, δτ measure the BH or GR deviations.

using the n index using the lm index
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· The ingoing flux depends on the geometrical properties of the horizon as the 
shear of the outgoing null rays at the horizon (it is spin-2 field).

� =
X

l=2

�l 2Ylm

<latexit sha1_base64="bec5phYUnfJKBLHsG6pw1KDt15Q=">AAACH3icbVDLSgMxFM34rPU16tJNsAgupMwUUTeFohuXFexDOsOQSdM2NJkZkoxQwvyJG3/FjQtFxF3/xkw7C209EDg5517uvSdMGJXKcabWyura+sZmaau8vbO7t28fHLZlnApMWjhmseiGSBJGI9JSVDHSTQRBPGSkE45vc7/zRISkcfSgJgnxORpGdEAxUkYK7EtP0iFHsO7JlAea1WsZnEsBg9451Fmga5nHkRphxPSj+TKewcCuOFVnBrhM3IJUQIFmYH97/RinnEQKMyRlz3US5WskFMWMZGUvlSRBeIyGpGdohDiRvp7dl8FTo/ThIBbmRQrO1N8dGnEpJzw0lfmictHLxf+8XqoG176mUZIqEuH5oEHKoIphHhbsU0GwYhNDEBbU7ArxCAmElYm0bEJwF09eJu1a1XWq7v1FpXFTxFECx+AEnAEXXIEGuANN0AIYPINX8A4+rBfrzfq0vualK1bRcwT+wJr+APFWouw=</latexit><latexit sha1_base64="bec5phYUnfJKBLHsG6pw1KDt15Q=">AAACH3icbVDLSgMxFM34rPU16tJNsAgupMwUUTeFohuXFexDOsOQSdM2NJkZkoxQwvyJG3/FjQtFxF3/xkw7C209EDg5517uvSdMGJXKcabWyura+sZmaau8vbO7t28fHLZlnApMWjhmseiGSBJGI9JSVDHSTQRBPGSkE45vc7/zRISkcfSgJgnxORpGdEAxUkYK7EtP0iFHsO7JlAea1WsZnEsBg9451Fmga5nHkRphxPSj+TKewcCuOFVnBrhM3IJUQIFmYH97/RinnEQKMyRlz3US5WskFMWMZGUvlSRBeIyGpGdohDiRvp7dl8FTo/ThIBbmRQrO1N8dGnEpJzw0lfmictHLxf+8XqoG176mUZIqEuH5oEHKoIphHhbsU0GwYhNDEBbU7ArxCAmElYm0bEJwF09eJu1a1XWq7v1FpXFTxFECx+AEnAEXXIEGuANN0AIYPINX8A4+rBfrzfq0vualK1bRcwT+wJr+APFWouw=</latexit><latexit sha1_base64="bec5phYUnfJKBLHsG6pw1KDt15Q=">AAACH3icbVDLSgMxFM34rPU16tJNsAgupMwUUTeFohuXFexDOsOQSdM2NJkZkoxQwvyJG3/FjQtFxF3/xkw7C209EDg5517uvSdMGJXKcabWyura+sZmaau8vbO7t28fHLZlnApMWjhmseiGSBJGI9JSVDHSTQRBPGSkE45vc7/zRISkcfSgJgnxORpGdEAxUkYK7EtP0iFHsO7JlAea1WsZnEsBg9451Fmga5nHkRphxPSj+TKewcCuOFVnBrhM3IJUQIFmYH97/RinnEQKMyRlz3US5WskFMWMZGUvlSRBeIyGpGdohDiRvp7dl8FTo/ThIBbmRQrO1N8dGnEpJzw0lfmictHLxf+8XqoG176mUZIqEuH5oEHKoIphHhbsU0GwYhNDEBbU7ArxCAmElYm0bEJwF09eJu1a1XWq7v1FpXFTxFECx+AEnAEXXIEGuANN0AIYPINX8A4+rBfrzfq0vualK1bRcwT+wJr+APFWouw=</latexit><latexit sha1_base64="bec5phYUnfJKBLHsG6pw1KDt15Q=">AAACH3icbVDLSgMxFM34rPU16tJNsAgupMwUUTeFohuXFexDOsOQSdM2NJkZkoxQwvyJG3/FjQtFxF3/xkw7C209EDg5517uvSdMGJXKcabWyura+sZmaau8vbO7t28fHLZlnApMWjhmseiGSBJGI9JSVDHSTQRBPGSkE45vc7/zRISkcfSgJgnxORpGdEAxUkYK7EtP0iFHsO7JlAea1WsZnEsBg9451Fmga5nHkRphxPSj+TKewcCuOFVnBrhM3IJUQIFmYH97/RinnEQKMyRlz3US5WskFMWMZGUvlSRBeIyGpGdohDiRvp7dl8FTo/ThIBbmRQrO1N8dGnEpJzw0lfmictHLxf+8XqoG176mUZIqEuH5oEHKoIphHhbsU0GwYhNDEBbU7ArxCAmElYm0bEJwF09eJu1a1XWq7v1FpXFTxFECx+AEnAEXXIEGuANN0AIYPINX8A4+rBfrzfq0vualK1bRcwT+wJr+APFWouw=</latexit>

Foutgoing ⇠ N+ ⇠ |dh
dt

|2
<latexit sha1_base64="rLQO6N5lGkHGeUEv/yJe7kkAo0w="></latexit><latexit sha1_base64="rLQO6N5lGkHGeUEv/yJe7kkAo0w="></latexit><latexit sha1_base64="rLQO6N5lGkHGeUEv/yJe7kkAo0w="></latexit><latexit sha1_base64="rLQO6N5lGkHGeUEv/yJe7kkAo0w="></latexit>

Finfalling ⇠ |�|2
<latexit sha1_base64="77ZIq3PtNDWBj70wTmR9c2HhH8s=">AAACI3icbVDLSgMxFM34rPVVdekmWARXZaYIiquiIC4r2Cp0armTZmpoMjMkd8QynX9x46+4caEUNy78F9NaxNeFwMk55yb3niCRwqDrvjkzs3PzC4uFpeLyyuraemljs2niVDPeYLGM9VUAhksR8QYKlPwq0RxUIPll0D8Z65e3XBsRRxc4SHhbQS8SoWCAluqUjnwFeMNAZqd5J/OR32EmohCkfbCX574Rin5ZhvbaUzDMr7NqTjulsltxJ0X/Am8KymRa9U5p5HdjlioeIZNgTMtzE2xnoFEwyfOinxqeAOtDj7csjEBx084mO+Z01zJdGsbangjphP3ekYEyZqAC6xyPa35rY/I/rZVieNi2Oycp8oh9fhSmkmJMx4HRrtCcoRxYAEwLOytlN6CBoY21aEPwfq/8FzSrFc+teOf75drxNI4C2SY7ZI945IDUyBmpkwZh5J48kmfy4jw4T87Ief20zjjTni3yo5z3D16Fpoc=</latexit><latexit sha1_base64="77ZIq3PtNDWBj70wTmR9c2HhH8s=">AAACI3icbVDLSgMxFM34rPVVdekmWARXZaYIiquiIC4r2Cp0armTZmpoMjMkd8QynX9x46+4caEUNy78F9NaxNeFwMk55yb3niCRwqDrvjkzs3PzC4uFpeLyyuraemljs2niVDPeYLGM9VUAhksR8QYKlPwq0RxUIPll0D8Z65e3XBsRRxc4SHhbQS8SoWCAluqUjnwFeMNAZqd5J/OR32EmohCkfbCX574Rin5ZhvbaUzDMr7NqTjulsltxJ0X/Am8KymRa9U5p5HdjlioeIZNgTMtzE2xnoFEwyfOinxqeAOtDj7csjEBx084mO+Z01zJdGsbangjphP3ekYEyZqAC6xyPa35rY/I/rZVieNi2Oycp8oh9fhSmkmJMx4HRrtCcoRxYAEwLOytlN6CBoY21aEPwfq/8FzSrFc+teOf75drxNI4C2SY7ZI945IDUyBmpkwZh5J48kmfy4jw4T87Ief20zjjTni3yo5z3D16Fpoc=</latexit><latexit sha1_base64="77ZIq3PtNDWBj70wTmR9c2HhH8s=">AAACI3icbVDLSgMxFM34rPVVdekmWARXZaYIiquiIC4r2Cp0armTZmpoMjMkd8QynX9x46+4caEUNy78F9NaxNeFwMk55yb3niCRwqDrvjkzs3PzC4uFpeLyyuraemljs2niVDPeYLGM9VUAhksR8QYKlPwq0RxUIPll0D8Z65e3XBsRRxc4SHhbQS8SoWCAluqUjnwFeMNAZqd5J/OR32EmohCkfbCX574Rin5ZhvbaUzDMr7NqTjulsltxJ0X/Am8KymRa9U5p5HdjlioeIZNgTMtzE2xnoFEwyfOinxqeAOtDj7csjEBx084mO+Z01zJdGsbangjphP3ekYEyZqAC6xyPa35rY/I/rZVieNi2Oycp8oh9fhSmkmJMx4HRrtCcoRxYAEwLOytlN6CBoY21aEPwfq/8FzSrFc+teOf75drxNI4C2SY7ZI945IDUyBmpkwZh5J48kmfy4jw4T87Ief20zjjTni3yo5z3D16Fpoc=</latexit><latexit sha1_base64="77ZIq3PtNDWBj70wTmR9c2HhH8s=">AAACI3icbVDLSgMxFM34rPVVdekmWARXZaYIiquiIC4r2Cp0armTZmpoMjMkd8QynX9x46+4caEUNy78F9NaxNeFwMk55yb3niCRwqDrvjkzs3PzC4uFpeLyyuraemljs2niVDPeYLGM9VUAhksR8QYKlPwq0RxUIPll0D8Z65e3XBsRRxc4SHhbQS8SoWCAluqUjnwFeMNAZqd5J/OR32EmohCkfbCX574Rin5ZhvbaUzDMr7NqTjulsltxJ0X/Am8KymRa9U5p5HdjlioeIZNgTMtzE2xnoFEwyfOinxqeAOtDj7csjEBx084mO+Z01zJdGsbangjphP3ekYEyZqAC6xyPa35rY/I/rZVieNi2Oycp8oh9fhSmkmJMx4HRrtCcoRxYAEwLOytlN6CBoY21aEPwfq/8FzSrFc+teOf75drxNI4C2SY7ZI945IDUyBmpkwZh5J48kmfy4jw4T87Ief20zjjTni3yo5z3D16Fpoc=</latexit>

� = mambralb
<latexit sha1_base64="RxUFO2/hLn3uv1elQopGcg0zwYU=">AAACEXicbVA9SwNBEN2LXzF+RS1tFoOQKtyJoI0QtLGMYD4gdx5zm02yZHfv2N0TwpG/YONfsbFQxNbOzn/jJrlCEx8MPN6bYWZelHCmjet+O4WV1bX1jeJmaWt7Z3evvH/Q0nGqCG2SmMeqE4GmnEnaNMxw2kkUBRFx2o5G11O//UCVZrG8M+OEBgIGkvUZAWOlsFz1BZghAZ75mg0ETPAlFvdgK8K+hIhDCJiHEQ7LFbfmzoCXiZeTCsrRCMtffi8mqaDSEA5adz03MUEGyjDC6aTkp5omQEYwoF1LJQiqg2z20QSfWKWH+7GyJQ2eqb8nMhBaj0VkO6f360VvKv7ndVPTvwgyJpPUUEnmi/opxybG03hwjylKDB9bAkQxeysmQ1BAjA2xZEPwFl9eJq3TmufWvNuzSv0qj6OIjtAxqiIPnaM6ukEN1EQEPaJn9IrenCfnxXl3PuatBSefOUR/4Hz+AAEwnHM=</latexit><latexit sha1_base64="RxUFO2/hLn3uv1elQopGcg0zwYU=">AAACEXicbVA9SwNBEN2LXzF+RS1tFoOQKtyJoI0QtLGMYD4gdx5zm02yZHfv2N0TwpG/YONfsbFQxNbOzn/jJrlCEx8MPN6bYWZelHCmjet+O4WV1bX1jeJmaWt7Z3evvH/Q0nGqCG2SmMeqE4GmnEnaNMxw2kkUBRFx2o5G11O//UCVZrG8M+OEBgIGkvUZAWOlsFz1BZghAZ75mg0ETPAlFvdgK8K+hIhDCJiHEQ7LFbfmzoCXiZeTCsrRCMtffi8mqaDSEA5adz03MUEGyjDC6aTkp5omQEYwoF1LJQiqg2z20QSfWKWH+7GyJQ2eqb8nMhBaj0VkO6f360VvKv7ndVPTvwgyJpPUUEnmi/opxybG03hwjylKDB9bAkQxeysmQ1BAjA2xZEPwFl9eJq3TmufWvNuzSv0qj6OIjtAxqiIPnaM6ukEN1EQEPaJn9IrenCfnxXl3PuatBSefOUR/4Hz+AAEwnHM=</latexit><latexit sha1_base64="RxUFO2/hLn3uv1elQopGcg0zwYU=">AAACEXicbVA9SwNBEN2LXzF+RS1tFoOQKtyJoI0QtLGMYD4gdx5zm02yZHfv2N0TwpG/YONfsbFQxNbOzn/jJrlCEx8MPN6bYWZelHCmjet+O4WV1bX1jeJmaWt7Z3evvH/Q0nGqCG2SmMeqE4GmnEnaNMxw2kkUBRFx2o5G11O//UCVZrG8M+OEBgIGkvUZAWOlsFz1BZghAZ75mg0ETPAlFvdgK8K+hIhDCJiHEQ7LFbfmzoCXiZeTCsrRCMtffi8mqaDSEA5adz03MUEGyjDC6aTkp5omQEYwoF1LJQiqg2z20QSfWKWH+7GyJQ2eqb8nMhBaj0VkO6f360VvKv7ndVPTvwgyJpPUUEnmi/opxybG03hwjylKDB9bAkQxeysmQ1BAjA2xZEPwFl9eJq3TmufWvNuzSv0qj6OIjtAxqiIPnaM6ukEN1EQEPaJn9IrenCfnxXl3PuatBSefOUR/4Hz+AAEwnHM=</latexit><latexit sha1_base64="RxUFO2/hLn3uv1elQopGcg0zwYU=">AAACEXicbVA9SwNBEN2LXzF+RS1tFoOQKtyJoI0QtLGMYD4gdx5zm02yZHfv2N0TwpG/YONfsbFQxNbOzn/jJrlCEx8MPN6bYWZelHCmjet+O4WV1bX1jeJmaWt7Z3evvH/Q0nGqCG2SmMeqE4GmnEnaNMxw2kkUBRFx2o5G11O//UCVZrG8M+OEBgIGkvUZAWOlsFz1BZghAZ75mg0ETPAlFvdgK8K+hIhDCJiHEQ7LFbfmzoCXiZeTCsrRCMtffi8mqaDSEA5adz03MUEGyjDC6aTkp5omQEYwoF1LJQiqg2z20QSfWKWH+7GyJQ2eqb8nMhBaj0VkO6f360VvKv7ndVPTvwgyJpPUUEnmi/opxybG03hwjylKDB9bAkQxeysmQ1BAjA2xZEPwFl9eJq3TmufWvNuzSv0qj6OIjtAxqiIPnaM6ukEN1EQEPaJn9IrenCfnxXl3PuatBSefOUR/4Hz+AAEwnHM=</latexit>

· The ingoing flux depends on the geometrical properties of the horizon as the 
shear of the outgoing null rays at the horizon (it is spin-2 field).

· But BHs also absorb radiation!
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Foutgoing ⇠ N+ ⇠ |dh
dt

|2
<latexit sha1_base64="rLQO6N5lGkHGeUEv/yJe7kkAo0w="></latexit><latexit sha1_base64="rLQO6N5lGkHGeUEv/yJe7kkAo0w="></latexit><latexit sha1_base64="rLQO6N5lGkHGeUEv/yJe7kkAo0w="></latexit><latexit sha1_base64="rLQO6N5lGkHGeUEv/yJe7kkAo0w="></latexit>

Finfalling ⇠ |�|2
<latexit sha1_base64="77ZIq3PtNDWBj70wTmR9c2HhH8s=">AAACI3icbVDLSgMxFM34rPVVdekmWARXZaYIiquiIC4r2Cp0armTZmpoMjMkd8QynX9x46+4caEUNy78F9NaxNeFwMk55yb3niCRwqDrvjkzs3PzC4uFpeLyyuraemljs2niVDPeYLGM9VUAhksR8QYKlPwq0RxUIPll0D8Z65e3XBsRRxc4SHhbQS8SoWCAluqUjnwFeMNAZqd5J/OR32EmohCkfbCX574Rin5ZhvbaUzDMr7NqTjulsltxJ0X/Am8KymRa9U5p5HdjlioeIZNgTMtzE2xnoFEwyfOinxqeAOtDj7csjEBx084mO+Z01zJdGsbangjphP3ekYEyZqAC6xyPa35rY/I/rZVieNi2Oycp8oh9fhSmkmJMx4HRrtCcoRxYAEwLOytlN6CBoY21aEPwfq/8FzSrFc+teOf75drxNI4C2SY7ZI945IDUyBmpkwZh5J48kmfy4jw4T87Ief20zjjTni3yo5z3D16Fpoc=</latexit><latexit sha1_base64="77ZIq3PtNDWBj70wTmR9c2HhH8s=">AAACI3icbVDLSgMxFM34rPVVdekmWARXZaYIiquiIC4r2Cp0armTZmpoMjMkd8QynX9x46+4caEUNy78F9NaxNeFwMk55yb3niCRwqDrvjkzs3PzC4uFpeLyyuraemljs2niVDPeYLGM9VUAhksR8QYKlPwq0RxUIPll0D8Z65e3XBsRRxc4SHhbQS8SoWCAluqUjnwFeMNAZqd5J/OR32EmohCkfbCX574Rin5ZhvbaUzDMr7NqTjulsltxJ0X/Am8KymRa9U5p5HdjlioeIZNgTMtzE2xnoFEwyfOinxqeAOtDj7csjEBx084mO+Z01zJdGsbangjphP3ekYEyZqAC6xyPa35rY/I/rZVieNi2Oycp8oh9fhSmkmJMx4HRrtCcoRxYAEwLOytlN6CBoY21aEPwfq/8FzSrFc+teOf75drxNI4C2SY7ZI945IDUyBmpkwZh5J48kmfy4jw4T87Ief20zjjTni3yo5z3D16Fpoc=</latexit><latexit sha1_base64="77ZIq3PtNDWBj70wTmR9c2HhH8s=">AAACI3icbVDLSgMxFM34rPVVdekmWARXZaYIiquiIC4r2Cp0armTZmpoMjMkd8QynX9x46+4caEUNy78F9NaxNeFwMk55yb3niCRwqDrvjkzs3PzC4uFpeLyyuraemljs2niVDPeYLGM9VUAhksR8QYKlPwq0RxUIPll0D8Z65e3XBsRRxc4SHhbQS8SoWCAluqUjnwFeMNAZqd5J/OR32EmohCkfbCX574Rin5ZhvbaUzDMr7NqTjulsltxJ0X/Am8KymRa9U5p5HdjlioeIZNgTMtzE2xnoFEwyfOinxqeAOtDj7csjEBx084mO+Z01zJdGsbangjphP3ekYEyZqAC6xyPa35rY/I/rZVieNi2Oycp8oh9fhSmkmJMx4HRrtCcoRxYAEwLOytlN6CBoY21aEPwfq/8FzSrFc+teOf75drxNI4C2SY7ZI945IDUyBmpkwZh5J48kmfy4jw4T87Ief20zjjTni3yo5z3D16Fpoc=</latexit><latexit sha1_base64="77ZIq3PtNDWBj70wTmR9c2HhH8s=">AAACI3icbVDLSgMxFM34rPVVdekmWARXZaYIiquiIC4r2Cp0armTZmpoMjMkd8QynX9x46+4caEUNy78F9NaxNeFwMk55yb3niCRwqDrvjkzs3PzC4uFpeLyyuraemljs2niVDPeYLGM9VUAhksR8QYKlPwq0RxUIPll0D8Z65e3XBsRRxc4SHhbQS8SoWCAluqUjnwFeMNAZqd5J/OR32EmohCkfbCX574Rin5ZhvbaUzDMr7NqTjulsltxJ0X/Am8KymRa9U5p5HdjlioeIZNgTMtzE2xnoFEwyfOinxqeAOtDj7csjEBx084mO+Z01zJdGsbangjphP3ekYEyZqAC6xyPa35rY/I/rZVieNi2Oycp8oh9fhSmkmJMx4HRrtCcoRxYAEwLOytlN6CBoY21aEPwfq/8FzSrFc+teOf75drxNI4C2SY7ZI945IDUyBmpkwZh5J48kmfy4jw4T87Ief20zjjTni3yo5z3D16Fpoc=</latexit>

???

???

· The ingoing flux depends on the geometrical properties of the horizon as the 
shear of the outgoing null rays at the horizon (it is spin-2 field).
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· But BHs also absorb radiation!



i) Has the horizon anything to do with the actual observable quantity, namely the outgoing GWs?  
Are the horizons not causally disconnected from the outside observers and thus observationally irrelevant?

               Introduction
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               Introduction

i-a) Remarkable correlations observed between the outgoing radiation  and the in-falling radiation  that 
could be seen by a hypothetical observer living near the horizon (Ashtekar (2002), Rezzolla (2010), 
Jaramillo (2012), Gupta (2018), Vaishak Prasad (2020)).
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i) Has the horizon anything to do with the actual observable quantity, namely the outgoing GWs?  
Are the horizons not causally disconnected from the outside observers and thus observationally irrelevant?

i-b) Actually since, the gravitational radiation they would see comes from the same source, it is thus not a 
surprise that both observers will see qualitatively similar features.



But is this correlation also valid during the late 

regime? 

19

                Results      

Pook-Kolb et al (2020), Pook-Kolb et al (2021), Mourier et al (2021) 



Remarkable correlations observed between the infalling gravitational wave 
flux and the outgoing flux.

Near the horizon

Vaishak Prasad et al (2020)
20

               Evidence of correlations 

Foutgoing ⇠ N+ ⇠ |dh
dt

|2
<latexit sha1_base64="rLQO6N5lGkHGeUEv/yJe7kkAo0w="></latexit><latexit sha1_base64="rLQO6N5lGkHGeUEv/yJe7kkAo0w="></latexit><latexit sha1_base64="rLQO6N5lGkHGeUEv/yJe7kkAo0w="></latexit><latexit sha1_base64="rLQO6N5lGkHGeUEv/yJe7kkAo0w="></latexit>

Finfalling ⇠ |�|2
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V

Pool Mourier-Jimenez, Ribes - Jimenez

Inspiral regime Ringdown regime
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Pierre Mourier, X-Jimenez et al (2020)

· Recovering the fundamental QNM at late times t0.

· Fractional deviation of the shear spectrum.

                Results      

· The shear, a property of the horizon, shows the n=0 tone spectrum at the few % level. 

ωlmn → ωGR
lmn(1 + δf ) τlmn → τGR

lmn(1 + δτ)

1
+

δf

1
+

δτ

· Recently, evidences of quadratic correlations (Neev-Ribas 2023).
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Neev-Ribes  (PRL, 2023)

                Results      

· Recently, evidences of quadratic correlations (Neev-Ribas 2023).

hRD ∼ hL + h2
L ωq = ω1

L + ω2
L



1. The no-hair theorem to be tested soon with better accuracy. 

2. Evident correlations between the waveforms and the horizon quantities. 

3.  Can we touch the causally disconnected horizon with GWs?   

4. Do near-horizon exotic object surfaces of show a similar behaviour?

5. Useful for waveform modelling? 

               Conclusions + future work
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Outgoing fraction

               Evidence of correlations 
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               Introduction 
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Jimenez et al. 2020

GW210521



               Introduction
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· RD pops up naturally in numerical relativity.

· The frequency and damping time of  
the fundamental mode n=0 well observed in NR.


