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Rotational Superradiance has been well studied in Black Holes,

and


applied to constrain new ultralight particles, 


BUT 
these constraints are highly sensitive to the


(difficult-to-measure) BH rotation rate

and


superradiance occurs in many systems besides black holes


SO 
we consider superradiance in millisecond pulsars


to constrain ultralight scalars with Yukawa couplings to neutrons

Our Story

[e.g., Arvanitaki, et al., 2009, 2015]

[e.g., Brito, et al., 2015]
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Radiation from  
rotating objects
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1

phase space
coupling



Radiation from  
rotating objects

Non-axisymmetric objects can 

radiate by multipole radiation.⌦

<latexit sha1_base64="PnAn3gOm+qtagB/MQmG+rFlmdVo=">AAAB7XicbVC7SgNBFL3rM8ZX1NJmMAhWYddGOwM2dkYwD0iWMDuZTcbMY5mZFeKSf7CxUMTWH/EL7Cz9E2eTFJp44MLhnHu5954o4cxY3//ylpZXVtfWCxvFza3tnd3S3n7DqFQTWieKK92KsKGcSVq3zHLaSjTFIuK0GQ0vc795T7VhSt7aUUJDgfuSxYxg66RG51rQPu6Wyn7FnwAtkmBGyhcfD99VAKh1S5+dniKpoNISjo1pB35iwwxrywin42InNTTBZIj7tO2oxIKaMJtcO0bHTumhWGlX0qKJ+nsiw8KYkYhcp8B2YOa9XPzPa6c2Pg8zJpPUUkmmi+KUI6tQ/jrqMU2J5SNHMNHM3YrIAGtMrAuo6EII5l9eJI3TSuBXghu/XM2jyFGAQziCEwjgDKpwBTWoA4E7eIRnePGU9+S9em/T1iVvNnMAf+C9/wDm8ZGT</latexit><latexit sha1_base64="iFZP9QHuv4sLGvU6XhGeeqFCuYU=">AAAB7XicbZC7SgNBFIbPxluMt3jpbAaDYBV2bbQzYKGdEcwFkhBmJ7PJmLksM7NCXPIONhaK2Nr5FD6BnaVv4uRSaOIPAx//fw5zzgljzoz1/S8vs7C4tLySXc2trW9sbuW3d6pGJZrQClFc6XqIDeVM0oplltN6rCkWIae1sH8+ymt3VBum5I0dxLQlcFeyiBFsnVVtXgnaxe18wS/6Y6F5CKZQOPu4/75430vL7fxns6NIIqi0hGNjGoEf21aKtWWE02GumRgaY9LHXdpwKLGgppWOpx2iQ+d0UKS0e9Kisfu7I8XCmIEIXaXAtmdms5H5X9ZIbHTaSpmME0slmXwUJRxZhUarow7TlFg+cICJZm5WRHpYY2LdgXLuCMHsyvNQPS4GfjG49gulEkyUhX04gCMI4ARKcAllqACBW3iAJ3j2lPfovXivk9KMN+3ZhT/y3n4AmCiS1w==</latexit><latexit sha1_base64="iFZP9QHuv4sLGvU6XhGeeqFCuYU=">AAAB7XicbZC7SgNBFIbPxluMt3jpbAaDYBV2bbQzYKGdEcwFkhBmJ7PJmLksM7NCXPIONhaK2Nr5FD6BnaVv4uRSaOIPAx//fw5zzgljzoz1/S8vs7C4tLySXc2trW9sbuW3d6pGJZrQClFc6XqIDeVM0oplltN6rCkWIae1sH8+ymt3VBum5I0dxLQlcFeyiBFsnVVtXgnaxe18wS/6Y6F5CKZQOPu4/75430vL7fxns6NIIqi0hGNjGoEf21aKtWWE02GumRgaY9LHXdpwKLGgppWOpx2iQ+d0UKS0e9Kisfu7I8XCmIEIXaXAtmdms5H5X9ZIbHTaSpmME0slmXwUJRxZhUarow7TlFg+cICJZm5WRHpYY2LdgXLuCMHsyvNQPS4GfjG49gulEkyUhX04gCMI4ARKcAllqACBW3iAJ3j2lPfovXivk9KMN+3ZhT/y3n4AmCiS1w==</latexit><latexit sha1_base64="goY88knoIbTv/iBaVFZc2f9txk8=">AAAB7XicbVA9SwNBEJ3zM8avqKXNYhCswp2NlgEbOyOYD0iOsLeZS9bs3h67e0I48h9sLBSx9f/Y+W/cJFdo4oOBx3szzMyLUsGN9f1vb219Y3Nru7RT3t3bPzisHB23jMo0wyZTQulORA0KnmDTciuwk2qkMhLYjsY3M7/9hNpwlTzYSYqhpMOEx5xR66RW707ikPYrVb/mz0FWSVCQKhRo9CtfvYFimcTEMkGN6QZ+asOcasuZwGm5lxlMKRvTIXYdTahEE+bza6fk3CkDEivtKrFkrv6eyKk0ZiIj1ympHZllbyb+53UzG1+HOU/SzGLCFoviTBCryOx1MuAamRUTRyjT3N1K2IhqyqwLqOxCCJZfXiWty1rg14J7v1qvF3GU4BTO4AICuII63EIDmsDgEZ7hFd485b14797HonXNK2ZO4A+8zx9dV471</latexit>

N

S

azimuthal angular momentumenergy

What if the object is axisymmetric?

?
?⌦<latexit sha1_base64="VTYavr74ZvStSGQfmDl9n7VL+g8=">AAAB7XicbZC7SgNBFIbPxluMt6ilzWAQrMKujekM2NgZxVwgWcLsZDYZM5dlZlYIS97BxkIRW1/Byoew822cXApN/GHg4//PYc45UcKZsb7/7eVWVtfWN/Kbha3tnd294v5Bw6hUE1oniivdirChnElat8xy2ko0xSLitBkNLyd584Fqw5S8s6OEhgL3JYsZwdZZjc61oH3cLZb8sj8VWoZgDqWLz49bcKp1i1+dniKpoNISjo1pB35iwwxrywin40InNTTBZIj7tO1QYkFNmE2nHaMT5/RQrLR70qKp+7sjw8KYkYhcpcB2YBaziflf1k5tXAkzJpPUUklmH8UpR1ahyeqoxzQllo8cYKKZmxWRAdaYWHeggjtCsLjyMjTOyoFfDm78UrUCM+XhCI7hFAI4hypcQQ3qQOAeHuEZXjzlPXmv3tusNOfNew7hj7z3Hxl8kPQ=</latexit><latexit sha1_base64="EfGuhqCxl+MLj4wQaV9Vva0T/ls=">AAAB7XicbZC7SgNBFIZn4y3GW9RSkMEgWIVdG9MZsLEzAXOBZAmzk7PJmJmdZWZWCEtKexsLRWx9hVQ+hJ3P4Es4uRSa+MPAx/+fw5xzgpgzbVz3y8msrK6tb2Q3c1vbO7t7+f2DupaJolCjkkvVDIgGziKoGWY4NGMFRAQcGsHgapI37kFpJqNbM4zBF6QXsZBRYqxVb98I6JFOvuAW3anwMnhzKFx+jKvfD8fjSif/2e5KmgiIDOVE65bnxsZPiTKMchjl2omGmNAB6UHLYkQEaD+dTjvCp9bp4lAq+yKDp+7vjpQIrYcisJWCmL5ezCbmf1krMWHJT1kUJwYiOvsoTDg2Ek9Wx12mgBo+tECoYnZWTPtEEWrsgXL2CN7iystQPy96btGruoVyCc2URUfoBJ0hD12gMrpGFVRDFN2hR/SMXhzpPDmvztusNOPMew7RHznvPyN3kzk=</latexit><latexit sha1_base64="EfGuhqCxl+MLj4wQaV9Vva0T/ls=">AAAB7XicbZC7SgNBFIZn4y3GW9RSkMEgWIVdG9MZsLEzAXOBZAmzk7PJmJmdZWZWCEtKexsLRWx9hVQ+hJ3P4Es4uRSa+MPAx/+fw5xzgpgzbVz3y8msrK6tb2Q3c1vbO7t7+f2DupaJolCjkkvVDIgGziKoGWY4NGMFRAQcGsHgapI37kFpJqNbM4zBF6QXsZBRYqxVb98I6JFOvuAW3anwMnhzKFx+jKvfD8fjSif/2e5KmgiIDOVE65bnxsZPiTKMchjl2omGmNAB6UHLYkQEaD+dTjvCp9bp4lAq+yKDp+7vjpQIrYcisJWCmL5ezCbmf1krMWHJT1kUJwYiOvsoTDg2Ek9Wx12mgBo+tECoYnZWTPtEEWrsgXL2CN7iystQPy96btGruoVyCc2URUfoBJ0hD12gMrpGFVRDFN2hR/SMXhzpPDmvztusNOPMew7RHznvPyN3kzk=</latexit><latexit sha1_base64="qzSyQyaQUvIdAG8VIMfTEz4v/e8=">AAAB7XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5sTBmwsTOC+YDkCHubuWTN7t6xuyeEkP9gY6GIrf/Hzn/jJrlCEx8MPN6bYWZelApurO9/e4WNza3tneJuaW//4PCofHzSMkmmGTZZIhLdiahBwRU2LbcCO6lGKiOB7Wh8M/fbT6gNT9SDnaQYSjpUPOaMWie1encSh7RfrvhVfwGyToKcVCBHo1/+6g0SlklUlglqTDfwUxtOqbacCZyVepnBlLIxHWLXUUUlmnC6uHZGLpwyIHGiXSlLFurviSmVxkxk5DoltSOz6s3F/7xuZuNaOOUqzSwqtlwUZ4LYhMxfJwOukVkxcYQyzd2thI2opsy6gEouhGD15XXSuqoGfjW49yv1Wh5HEc7gHC4hgGuowy00oAkMHuEZXuHNS7wX7937WLYWvHzmFP7A+/wBWu+O7Q==</latexit>

phase space
coupling

E� ,m
<latexit sha1_base64="4tkKD5Q/gcYWUohdNixkx40At1Q=">AAAB8nicbVDJSgNBEO2JW4xb1KOXxiB4kDAjgh4DoniMYBaYDKGn05M06WXorhHCEPAnvHhQxKtf482/sbMcNPFBweO9KqrqxangFnz/2yusrK6tbxQ3S1vbO7t75f2DptWZoaxBtdCmHRPLBFesARwEa6eGERkL1oqH1xO/9ciM5Vo9wChlkSR9xRNOCTgpvOl2+kRKcoZlt1zxq/4UeJkEc1JBc9S75a9OT9NMMgVUEGvDwE8hyokBTgUblzqZZSmhQ9JnoaOKSGajfHryGJ84pYcTbVwpwFP190ROpLUjGbtOSWBgF72J+J8XZpBcRTlXaQZM0dmiJBMYNJ78j3vcMApi5AihhrtbMR0QQyi4lEouhGDx5WXSPK8GfjW4v6jUbp9mcRTRETpGpyhAl6iG7lAdNRBFGj2jV/TmgffivXsfs9aCN4/wEP2B9/kDhZiRKA==</latexit><latexit sha1_base64="4tkKD5Q/gcYWUohdNixkx40At1Q=">AAAB8nicbVDJSgNBEO2JW4xb1KOXxiB4kDAjgh4DoniMYBaYDKGn05M06WXorhHCEPAnvHhQxKtf482/sbMcNPFBweO9KqrqxangFnz/2yusrK6tbxQ3S1vbO7t75f2DptWZoaxBtdCmHRPLBFesARwEa6eGERkL1oqH1xO/9ciM5Vo9wChlkSR9xRNOCTgpvOl2+kRKcoZlt1zxq/4UeJkEc1JBc9S75a9OT9NMMgVUEGvDwE8hyokBTgUblzqZZSmhQ9JnoaOKSGajfHryGJ84pYcTbVwpwFP190ROpLUjGbtOSWBgF72J+J8XZpBcRTlXaQZM0dmiJBMYNJ78j3vcMApi5AihhrtbMR0QQyi4lEouhGDx5WXSPK8GfjW4v6jUbp9mcRTRETpGpyhAl6iG7lAdNRBFGj2jV/TmgffivXsfs9aCN4/wEP2B9/kDhZiRKA==</latexit><latexit sha1_base64="4tkKD5Q/gcYWUohdNixkx40At1Q=">AAAB8nicbVDJSgNBEO2JW4xb1KOXxiB4kDAjgh4DoniMYBaYDKGn05M06WXorhHCEPAnvHhQxKtf482/sbMcNPFBweO9KqrqxangFnz/2yusrK6tbxQ3S1vbO7t75f2DptWZoaxBtdCmHRPLBFesARwEa6eGERkL1oqH1xO/9ciM5Vo9wChlkSR9xRNOCTgpvOl2+kRKcoZlt1zxq/4UeJkEc1JBc9S75a9OT9NMMgVUEGvDwE8hyokBTgUblzqZZSmhQ9JnoaOKSGajfHryGJ84pYcTbVwpwFP190ROpLUjGbtOSWBgF72J+J8XZpBcRTlXaQZM0dmiJBMYNJ78j3vcMApi5AihhrtbMR0QQyi4lEouhGDx5WXSPK8GfjW4v6jUbp9mcRTRETpGpyhAl6iG7lAdNRBFGj2jV/TmgffivXsfs9aCN4/wEP2B9/kDhZiRKA==</latexit><latexit sha1_base64="4tkKD5Q/gcYWUohdNixkx40At1Q=">AAAB8nicbVDJSgNBEO2JW4xb1KOXxiB4kDAjgh4DoniMYBaYDKGn05M06WXorhHCEPAnvHhQxKtf482/sbMcNPFBweO9KqrqxangFnz/2yusrK6tbxQ3S1vbO7t75f2DptWZoaxBtdCmHRPLBFesARwEa6eGERkL1oqH1xO/9ciM5Vo9wChlkSR9xRNOCTgpvOl2+kRKcoZlt1zxq/4UeJkEc1JBc9S75a9OT9NMMgVUEGvDwE8hyokBTgUblzqZZSmhQ9JnoaOKSGajfHryGJ84pYcTbVwpwFP190ROpLUjGbtOSWBgF72J+J8XZpBcRTlXaQZM0dmiJBMYNJ78j3vcMApi5AihhrtbMR0QQyi4lEouhGDx5WXSPK8GfjW4v6jUbp9mcRTRETpGpyhAl6iG7lAdNRBFGj2jV/TmgffivXsfs9aCN4/wEP2B9/kDhZiRKA==</latexit>

1



Radiation from  
rotating objects

Non-axisymmetric objects can 

radiate by multipole radiation.⌦

<latexit sha1_base64="PnAn3gOm+qtagB/MQmG+rFlmdVo=">AAAB7XicbVC7SgNBFL3rM8ZX1NJmMAhWYddGOwM2dkYwD0iWMDuZTcbMY5mZFeKSf7CxUMTWH/EL7Cz9E2eTFJp44MLhnHu5954o4cxY3//ylpZXVtfWCxvFza3tnd3S3n7DqFQTWieKK92KsKGcSVq3zHLaSjTFIuK0GQ0vc795T7VhSt7aUUJDgfuSxYxg66RG51rQPu6Wyn7FnwAtkmBGyhcfD99VAKh1S5+dniKpoNISjo1pB35iwwxrywin42InNTTBZIj7tO2oxIKaMJtcO0bHTumhWGlX0qKJ+nsiw8KYkYhcp8B2YOa9XPzPa6c2Pg8zJpPUUkmmi+KUI6tQ/jrqMU2J5SNHMNHM3YrIAGtMrAuo6EII5l9eJI3TSuBXghu/XM2jyFGAQziCEwjgDKpwBTWoA4E7eIRnePGU9+S9em/T1iVvNnMAf+C9/wDm8ZGT</latexit><latexit sha1_base64="iFZP9QHuv4sLGvU6XhGeeqFCuYU=">AAAB7XicbZC7SgNBFIbPxluMt3jpbAaDYBV2bbQzYKGdEcwFkhBmJ7PJmLksM7NCXPIONhaK2Nr5FD6BnaVv4uRSaOIPAx//fw5zzgljzoz1/S8vs7C4tLySXc2trW9sbuW3d6pGJZrQClFc6XqIDeVM0oplltN6rCkWIae1sH8+ymt3VBum5I0dxLQlcFeyiBFsnVVtXgnaxe18wS/6Y6F5CKZQOPu4/75430vL7fxns6NIIqi0hGNjGoEf21aKtWWE02GumRgaY9LHXdpwKLGgppWOpx2iQ+d0UKS0e9Kisfu7I8XCmIEIXaXAtmdms5H5X9ZIbHTaSpmME0slmXwUJRxZhUarow7TlFg+cICJZm5WRHpYY2LdgXLuCMHsyvNQPS4GfjG49gulEkyUhX04gCMI4ARKcAllqACBW3iAJ3j2lPfovXivk9KMN+3ZhT/y3n4AmCiS1w==</latexit><latexit sha1_base64="iFZP9QHuv4sLGvU6XhGeeqFCuYU=">AAAB7XicbZC7SgNBFIbPxluMt3jpbAaDYBV2bbQzYKGdEcwFkhBmJ7PJmLksM7NCXPIONhaK2Nr5FD6BnaVv4uRSaOIPAx//fw5zzgljzoz1/S8vs7C4tLySXc2trW9sbuW3d6pGJZrQClFc6XqIDeVM0oplltN6rCkWIae1sH8+ymt3VBum5I0dxLQlcFeyiBFsnVVtXgnaxe18wS/6Y6F5CKZQOPu4/75430vL7fxns6NIIqi0hGNjGoEf21aKtWWE02GumRgaY9LHXdpwKLGgppWOpx2iQ+d0UKS0e9Kisfu7I8XCmIEIXaXAtmdms5H5X9ZIbHTaSpmME0slmXwUJRxZhUarow7TlFg+cICJZm5WRHpYY2LdgXLuCMHsyvNQPS4GfjG49gulEkyUhX04gCMI4ARKcAllqACBW3iAJ3j2lPfovXivk9KMN+3ZhT/y3n4AmCiS1w==</latexit><latexit sha1_base64="goY88knoIbTv/iBaVFZc2f9txk8=">AAAB7XicbVA9SwNBEJ3zM8avqKXNYhCswp2NlgEbOyOYD0iOsLeZS9bs3h67e0I48h9sLBSx9f/Y+W/cJFdo4oOBx3szzMyLUsGN9f1vb219Y3Nru7RT3t3bPzisHB23jMo0wyZTQulORA0KnmDTciuwk2qkMhLYjsY3M7/9hNpwlTzYSYqhpMOEx5xR66RW707ikPYrVb/mz0FWSVCQKhRo9CtfvYFimcTEMkGN6QZ+asOcasuZwGm5lxlMKRvTIXYdTahEE+bza6fk3CkDEivtKrFkrv6eyKk0ZiIj1ympHZllbyb+53UzG1+HOU/SzGLCFoviTBCryOx1MuAamRUTRyjT3N1K2IhqyqwLqOxCCJZfXiWty1rg14J7v1qvF3GU4BTO4AICuII63EIDmsDgEZ7hFd485b14797HonXNK2ZO4A+8zx9dV471</latexit>

N

S

azimuthal angular momentumenergy

?
?⌦<latexit sha1_base64="VTYavr74ZvStSGQfmDl9n7VL+g8=">AAAB7XicbZC7SgNBFIbPxluMt6ilzWAQrMKujekM2NgZxVwgWcLsZDYZM5dlZlYIS97BxkIRW1/Byoew822cXApN/GHg4//PYc45UcKZsb7/7eVWVtfWN/Kbha3tnd294v5Bw6hUE1oniivdirChnElat8xy2ko0xSLitBkNLyd584Fqw5S8s6OEhgL3JYsZwdZZjc61oH3cLZb8sj8VWoZgDqWLz49bcKp1i1+dniKpoNISjo1pB35iwwxrywin40InNTTBZIj7tO1QYkFNmE2nHaMT5/RQrLR70qKp+7sjw8KYkYhcpcB2YBaziflf1k5tXAkzJpPUUklmH8UpR1ahyeqoxzQllo8cYKKZmxWRAdaYWHeggjtCsLjyMjTOyoFfDm78UrUCM+XhCI7hFAI4hypcQQ3qQOAeHuEZXjzlPXmv3tusNOfNew7hj7z3Hxl8kPQ=</latexit><latexit sha1_base64="EfGuhqCxl+MLj4wQaV9Vva0T/ls=">AAAB7XicbZC7SgNBFIZn4y3GW9RSkMEgWIVdG9MZsLEzAXOBZAmzk7PJmJmdZWZWCEtKexsLRWx9hVQ+hJ3P4Es4uRSa+MPAx/+fw5xzgpgzbVz3y8msrK6tb2Q3c1vbO7t7+f2DupaJolCjkkvVDIgGziKoGWY4NGMFRAQcGsHgapI37kFpJqNbM4zBF6QXsZBRYqxVb98I6JFOvuAW3anwMnhzKFx+jKvfD8fjSif/2e5KmgiIDOVE65bnxsZPiTKMchjl2omGmNAB6UHLYkQEaD+dTjvCp9bp4lAq+yKDp+7vjpQIrYcisJWCmL5ezCbmf1krMWHJT1kUJwYiOvsoTDg2Ek9Wx12mgBo+tECoYnZWTPtEEWrsgXL2CN7iystQPy96btGruoVyCc2URUfoBJ0hD12gMrpGFVRDFN2hR/SMXhzpPDmvztusNOPMew7RHznvPyN3kzk=</latexit><latexit sha1_base64="EfGuhqCxl+MLj4wQaV9Vva0T/ls=">AAAB7XicbZC7SgNBFIZn4y3GW9RSkMEgWIVdG9MZsLEzAXOBZAmzk7PJmJmdZWZWCEtKexsLRWx9hVQ+hJ3P4Es4uRSa+MPAx/+fw5xzgpgzbVz3y8msrK6tb2Q3c1vbO7t7+f2DupaJolCjkkvVDIgGziKoGWY4NGMFRAQcGsHgapI37kFpJqNbM4zBF6QXsZBRYqxVb98I6JFOvuAW3anwMnhzKFx+jKvfD8fjSif/2e5KmgiIDOVE65bnxsZPiTKMchjl2omGmNAB6UHLYkQEaD+dTjvCp9bp4lAq+yKDp+7vjpQIrYcisJWCmL5ezCbmf1krMWHJT1kUJwYiOvsoTDg2Ek9Wx12mgBo+tECoYnZWTPtEEWrsgXL2CN7iystQPy96btGruoVyCc2URUfoBJ0hD12gMrpGFVRDFN2hR/SMXhzpPDmvztusNOPMew7RHznvPyN3kzk=</latexit><latexit sha1_base64="qzSyQyaQUvIdAG8VIMfTEz4v/e8=">AAAB7XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5sTBmwsTOC+YDkCHubuWTN7t6xuyeEkP9gY6GIrf/Hzn/jJrlCEx8MPN6bYWZelApurO9/e4WNza3tneJuaW//4PCofHzSMkmmGTZZIhLdiahBwRU2LbcCO6lGKiOB7Wh8M/fbT6gNT9SDnaQYSjpUPOaMWie1encSh7RfrvhVfwGyToKcVCBHo1/+6g0SlklUlglqTDfwUxtOqbacCZyVepnBlLIxHWLXUUUlmnC6uHZGLpwyIHGiXSlLFurviSmVxkxk5DoltSOz6s3F/7xuZuNaOOUqzSwqtlwUZ4LYhMxfJwOukVkxcYQyzd2thI2opsy6gEouhGD15XXSuqoGfjW49yv1Wh5HEc7gHC4hgGuowy00oAkMHuEZXuHNS7wX7937WLYWvHzmFP7A+/wBWu+O7Q==</latexit>

phase space
coupling

Internal degrees of freedom (e.g., phonons) 
can break axisymmetry and provide coupling

What if the object is axisymmetric?

E� ,m
<latexit sha1_base64="4tkKD5Q/gcYWUohdNixkx40At1Q=">AAAB8nicbVDJSgNBEO2JW4xb1KOXxiB4kDAjgh4DoniMYBaYDKGn05M06WXorhHCEPAnvHhQxKtf482/sbMcNPFBweO9KqrqxangFnz/2yusrK6tbxQ3S1vbO7t75f2DptWZoaxBtdCmHRPLBFesARwEa6eGERkL1oqH1xO/9ciM5Vo9wChlkSR9xRNOCTgpvOl2+kRKcoZlt1zxq/4UeJkEc1JBc9S75a9OT9NMMgVUEGvDwE8hyokBTgUblzqZZSmhQ9JnoaOKSGajfHryGJ84pYcTbVwpwFP190ROpLUjGbtOSWBgF72J+J8XZpBcRTlXaQZM0dmiJBMYNJ78j3vcMApi5AihhrtbMR0QQyi4lEouhGDx5WXSPK8GfjW4v6jUbp9mcRTRETpGpyhAl6iG7lAdNRBFGj2jV/TmgffivXsfs9aCN4/wEP2B9/kDhZiRKA==</latexit><latexit sha1_base64="4tkKD5Q/gcYWUohdNixkx40At1Q=">AAAB8nicbVDJSgNBEO2JW4xb1KOXxiB4kDAjgh4DoniMYBaYDKGn05M06WXorhHCEPAnvHhQxKtf482/sbMcNPFBweO9KqrqxangFnz/2yusrK6tbxQ3S1vbO7t75f2DptWZoaxBtdCmHRPLBFesARwEa6eGERkL1oqH1xO/9ciM5Vo9wChlkSR9xRNOCTgpvOl2+kRKcoZlt1zxq/4UeJkEc1JBc9S75a9OT9NMMgVUEGvDwE8hyokBTgUblzqZZSmhQ9JnoaOKSGajfHryGJ84pYcTbVwpwFP190ROpLUjGbtOSWBgF72J+J8XZpBcRTlXaQZM0dmiJBMYNJ78j3vcMApi5AihhrtbMR0QQyi4lEouhGDx5WXSPK8GfjW4v6jUbp9mcRTRETpGpyhAl6iG7lAdNRBFGj2jV/TmgffivXsfs9aCN4/wEP2B9/kDhZiRKA==</latexit><latexit sha1_base64="4tkKD5Q/gcYWUohdNixkx40At1Q=">AAAB8nicbVDJSgNBEO2JW4xb1KOXxiB4kDAjgh4DoniMYBaYDKGn05M06WXorhHCEPAnvHhQxKtf482/sbMcNPFBweO9KqrqxangFnz/2yusrK6tbxQ3S1vbO7t75f2DptWZoaxBtdCmHRPLBFesARwEa6eGERkL1oqH1xO/9ciM5Vo9wChlkSR9xRNOCTgpvOl2+kRKcoZlt1zxq/4UeJkEc1JBc9S75a9OT9NMMgVUEGvDwE8hyokBTgUblzqZZSmhQ9JnoaOKSGajfHryGJ84pYcTbVwpwFP190ROpLUjGbtOSWBgF72J+J8XZpBcRTlXaQZM0dmiJBMYNJ78j3vcMApi5AihhrtbMR0QQyi4lEouhGDx5WXSPK8GfjW4v6jUbp9mcRTRETpGpyhAl6iG7lAdNRBFGj2jV/TmgffivXsfs9aCN4/wEP2B9/kDhZiRKA==</latexit><latexit sha1_base64="4tkKD5Q/gcYWUohdNixkx40At1Q=">AAAB8nicbVDJSgNBEO2JW4xb1KOXxiB4kDAjgh4DoniMYBaYDKGn05M06WXorhHCEPAnvHhQxKtf482/sbMcNPFBweO9KqrqxangFnz/2yusrK6tbxQ3S1vbO7t75f2DptWZoaxBtdCmHRPLBFesARwEa6eGERkL1oqH1xO/9ciM5Vo9wChlkSR9xRNOCTgpvOl2+kRKcoZlt1zxq/4UeJkEc1JBc9S75a9OT9NMMgVUEGvDwE8hyokBTgUblzqZZSmhQ9JnoaOKSGajfHryGJ84pYcTbVwpwFP190ROpLUjGbtOSWBgF72J+J8XZpBcRTlXaQZM0dmiJBMYNJ78j3vcMApi5AihhrtbMR0QQyi4lEouhGDx5WXSPK8GfjW4v6jUbp9mcRTRETpGpyhAl6iG7lAdNRBFGj2jV/TmgffivXsfs9aCN4/wEP2B9/kDhZiRKA==</latexit>
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Rotational Superradiance

⌦
<latexit sha1_base64="VTYavr74ZvStSGQfmDl9n7VL+g8=">AAAB7XicbZC7SgNBFIbPxluMt6ilzWAQrMKujekM2NgZxVwgWcLsZDYZM5dlZlYIS97BxkIRW1/Byoew822cXApN/GHg4//PYc45UcKZsb7/7eVWVtfWN/Kbha3tnd294v5Bw6hUE1oniivdirChnElat8xy2ko0xSLitBkNLyd584Fqw5S8s6OEhgL3JYsZwdZZjc61oH3cLZb8sj8VWoZgDqWLz49bcKp1i1+dniKpoNISjo1pB35iwwxrywin40InNTTBZIj7tO1QYkFNmE2nHaMT5/RQrLR70qKp+7sjw8KYkYhcpcB2YBaziflf1k5tXAkzJpPUUklmH8UpR1ahyeqoxzQllo8cYKKZmxWRAdaYWHeggjtCsLjyMjTOyoFfDm78UrUCM+XhCI7hFAI4hypcQQ3qQOAeHuEZXjzlPXmv3tusNOfNew7hj7z3Hxl8kPQ=</latexit><latexit sha1_base64="EfGuhqCxl+MLj4wQaV9Vva0T/ls=">AAAB7XicbZC7SgNBFIZn4y3GW9RSkMEgWIVdG9MZsLEzAXOBZAmzk7PJmJmdZWZWCEtKexsLRWx9hVQ+hJ3P4Es4uRSa+MPAx/+fw5xzgpgzbVz3y8msrK6tb2Q3c1vbO7t7+f2DupaJolCjkkvVDIgGziKoGWY4NGMFRAQcGsHgapI37kFpJqNbM4zBF6QXsZBRYqxVb98I6JFOvuAW3anwMnhzKFx+jKvfD8fjSif/2e5KmgiIDOVE65bnxsZPiTKMchjl2omGmNAB6UHLYkQEaD+dTjvCp9bp4lAq+yKDp+7vjpQIrYcisJWCmL5ezCbmf1krMWHJT1kUJwYiOvsoTDg2Ek9Wx12mgBo+tECoYnZWTPtEEWrsgXL2CN7iystQPy96btGruoVyCc2URUfoBJ0hD12gMrpGFVRDFN2hR/SMXhzpPDmvztusNOPMew7RHznvPyN3kzk=</latexit><latexit sha1_base64="EfGuhqCxl+MLj4wQaV9Vva0T/ls=">AAAB7XicbZC7SgNBFIZn4y3GW9RSkMEgWIVdG9MZsLEzAXOBZAmzk7PJmJmdZWZWCEtKexsLRWx9hVQ+hJ3P4Es4uRSa+MPAx/+fw5xzgpgzbVz3y8msrK6tb2Q3c1vbO7t7+f2DupaJolCjkkvVDIgGziKoGWY4NGMFRAQcGsHgapI37kFpJqNbM4zBF6QXsZBRYqxVb98I6JFOvuAW3anwMnhzKFx+jKvfD8fjSif/2e5KmgiIDOVE65bnxsZPiTKMchjl2omGmNAB6UHLYkQEaD+dTjvCp9bp4lAq+yKDp+7vjpQIrYcisJWCmL5ezCbmf1krMWHJT1kUJwYiOvsoTDg2Ek9Wx12mgBo+tECoYnZWTPtEEWrsgXL2CN7iystQPy96btGruoVyCc2URUfoBJ0hD12gMrpGFVRDFN2hR/SMXhzpPDmvztusNOPMew7RHznvPyN3kzk=</latexit><latexit sha1_base64="qzSyQyaQUvIdAG8VIMfTEz4v/e8=">AAAB7XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5sTBmwsTOC+YDkCHubuWTN7t6xuyeEkP9gY6GIrf/Hzn/jJrlCEx8MPN6bYWZelApurO9/e4WNza3tneJuaW//4PCofHzSMkmmGTZZIhLdiahBwRU2LbcCO6lGKiOB7Wh8M/fbT6gNT9SDnaQYSjpUPOaMWie1encSh7RfrvhVfwGyToKcVCBHo1/+6g0SlklUlglqTDfwUxtOqbacCZyVepnBlLIxHWLXUUUlmnC6uHZGLpwyIHGiXSlLFurviSmVxkxk5DoltSOz6s3F/7xuZuNaOOUqzSwqtlwUZ4LYhMxfJwOukVkxcYQyzd2thI2opsy6gEouhGD15XXSuqoGfjW49yv1Wh5HEc7gHC4hgGuowy00oAkMHuEZXuHNS7wX7937WLYWvHzmFP7A+/wBWu+O7Q==</latexit>

Example: photons can excite oscillations in a star
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Rotational Superradiance
Example: photons can excite oscillations in a star
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Rotational Superradiance
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<latexit sha1_base64="VTYavr74ZvStSGQfmDl9n7VL+g8=">AAAB7XicbZC7SgNBFIbPxluMt6ilzWAQrMKujekM2NgZxVwgWcLsZDYZM5dlZlYIS97BxkIRW1/Byoew822cXApN/GHg4//PYc45UcKZsb7/7eVWVtfWN/Kbha3tnd294v5Bw6hUE1oniivdirChnElat8xy2ko0xSLitBkNLyd584Fqw5S8s6OEhgL3JYsZwdZZjc61oH3cLZb8sj8VWoZgDqWLz49bcKp1i1+dniKpoNISjo1pB35iwwxrywin40InNTTBZIj7tO1QYkFNmE2nHaMT5/RQrLR70qKp+7sjw8KYkYhcpcB2YBaziflf1k5tXAkzJpPUUklmH8UpR1ahyeqoxzQllo8cYKKZmxWRAdaYWHeggjtCsLjyMjTOyoFfDm78UrUCM+XhCI7hFAI4hypcQQ3qQOAeHuEZXjzlPXmv3tusNOfNew7hj7z3Hxl8kPQ=</latexit><latexit sha1_base64="EfGuhqCxl+MLj4wQaV9Vva0T/ls=">AAAB7XicbZC7SgNBFIZn4y3GW9RSkMEgWIVdG9MZsLEzAXOBZAmzk7PJmJmdZWZWCEtKexsLRWx9hVQ+hJ3P4Es4uRSa+MPAx/+fw5xzgpgzbVz3y8msrK6tb2Q3c1vbO7t7+f2DupaJolCjkkvVDIgGziKoGWY4NGMFRAQcGsHgapI37kFpJqNbM4zBF6QXsZBRYqxVb98I6JFOvuAW3anwMnhzKFx+jKvfD8fjSif/2e5KmgiIDOVE65bnxsZPiTKMchjl2omGmNAB6UHLYkQEaD+dTjvCp9bp4lAq+yKDp+7vjpQIrYcisJWCmL5ezCbmf1krMWHJT1kUJwYiOvsoTDg2Ek9Wx12mgBo+tECoYnZWTPtEEWrsgXL2CN7iystQPy96btGruoVyCc2URUfoBJ0hD12gMrpGFVRDFN2hR/SMXhzpPDmvztusNOPMew7RHznvPyN3kzk=</latexit><latexit sha1_base64="EfGuhqCxl+MLj4wQaV9Vva0T/ls=">AAAB7XicbZC7SgNBFIZn4y3GW9RSkMEgWIVdG9MZsLEzAXOBZAmzk7PJmJmdZWZWCEtKexsLRWx9hVQ+hJ3P4Es4uRSa+MPAx/+fw5xzgpgzbVz3y8msrK6tb2Q3c1vbO7t7+f2DupaJolCjkkvVDIgGziKoGWY4NGMFRAQcGsHgapI37kFpJqNbM4zBF6QXsZBRYqxVb98I6JFOvuAW3anwMnhzKFx+jKvfD8fjSif/2e5KmgiIDOVE65bnxsZPiTKMchjl2omGmNAB6UHLYkQEaD+dTjvCp9bp4lAq+yKDp+7vjpQIrYcisJWCmL5ezCbmf1krMWHJT1kUJwYiOvsoTDg2Ek9Wx12mgBo+tECoYnZWTPtEEWrsgXL2CN7iystQPy96btGruoVyCc2URUfoBJ0hD12gMrpGFVRDFN2hR/SMXhzpPDmvztusNOPMew7RHznvPyN3kzk=</latexit><latexit sha1_base64="qzSyQyaQUvIdAG8VIMfTEz4v/e8=">AAAB7XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5sTBmwsTOC+YDkCHubuWTN7t6xuyeEkP9gY6GIrf/Hzn/jJrlCEx8MPN6bYWZelApurO9/e4WNza3tneJuaW//4PCofHzSMkmmGTZZIhLdiahBwRU2LbcCO6lGKiOB7Wh8M/fbT6gNT9SDnaQYSjpUPOaMWie1encSh7RfrvhVfwGyToKcVCBHo1/+6g0SlklUlglqTDfwUxtOqbacCZyVepnBlLIxHWLXUUUlmnC6uHZGLpwyIHGiXSlLFurviSmVxkxk5DoltSOz6s3F/7xuZuNaOOUqzSwqtlwUZ4LYhMxfJwOukVkxcYQyzd2thI2opsy6gEouhGD15XXSuqoGfjW49yv1Wh5HEc7gHC4hgGuowy00oAkMHuEZXuHNS7wX7937WLYWvHzmFP7A+/wBWu+O7Q==</latexit> ⌦

<latexit sha1_base64="PnAn3gOm+qtagB/MQmG+rFlmdVo=">AAAB7XicbVC7SgNBFL3rM8ZX1NJmMAhWYddGOwM2dkYwD0iWMDuZTcbMY5mZFeKSf7CxUMTWH/EL7Cz9E2eTFJp44MLhnHu5954o4cxY3//ylpZXVtfWCxvFza3tnd3S3n7DqFQTWieKK92KsKGcSVq3zHLaSjTFIuK0GQ0vc795T7VhSt7aUUJDgfuSxYxg66RG51rQPu6Wyn7FnwAtkmBGyhcfD99VAKh1S5+dniKpoNISjo1pB35iwwxrywin42InNTTBZIj7tO2oxIKaMJtcO0bHTumhWGlX0qKJ+nsiw8KYkYhcp8B2YOa9XPzPa6c2Pg8zJpPUUkmmi+KUI6tQ/jrqMU2J5SNHMNHM3YrIAGtMrAuo6EII5l9eJI3TSuBXghu/XM2jyFGAQziCEwjgDKpwBTWoA4E7eIRnePGU9+S9em/T1iVvNnMAf+C9/wDm8ZGT</latexit><latexit sha1_base64="iFZP9QHuv4sLGvU6XhGeeqFCuYU=">AAAB7XicbZC7SgNBFIbPxluMt3jpbAaDYBV2bbQzYKGdEcwFkhBmJ7PJmLksM7NCXPIONhaK2Nr5FD6BnaVv4uRSaOIPAx//fw5zzgljzoz1/S8vs7C4tLySXc2trW9sbuW3d6pGJZrQClFc6XqIDeVM0oplltN6rCkWIae1sH8+ymt3VBum5I0dxLQlcFeyiBFsnVVtXgnaxe18wS/6Y6F5CKZQOPu4/75430vL7fxns6NIIqi0hGNjGoEf21aKtWWE02GumRgaY9LHXdpwKLGgppWOpx2iQ+d0UKS0e9Kisfu7I8XCmIEIXaXAtmdms5H5X9ZIbHTaSpmME0slmXwUJRxZhUarow7TlFg+cICJZm5WRHpYY2LdgXLuCMHsyvNQPS4GfjG49gulEkyUhX04gCMI4ARKcAllqACBW3iAJ3j2lPfovXivk9KMN+3ZhT/y3n4AmCiS1w==</latexit><latexit sha1_base64="iFZP9QHuv4sLGvU6XhGeeqFCuYU=">AAAB7XicbZC7SgNBFIbPxluMt3jpbAaDYBV2bbQzYKGdEcwFkhBmJ7PJmLksM7NCXPIONhaK2Nr5FD6BnaVv4uRSaOIPAx//fw5zzgljzoz1/S8vs7C4tLySXc2trW9sbuW3d6pGJZrQClFc6XqIDeVM0oplltN6rCkWIae1sH8+ymt3VBum5I0dxLQlcFeyiBFsnVVtXgnaxe18wS/6Y6F5CKZQOPu4/75430vL7fxns6NIIqi0hGNjGoEf21aKtWWE02GumRgaY9LHXdpwKLGgppWOpx2iQ+d0UKS0e9Kisfu7I8XCmIEIXaXAtmdms5H5X9ZIbHTaSpmME0slmXwUJRxZhUarow7TlFg+cICJZm5WRHpYY2LdgXLuCMHsyvNQPS4GfjG49gulEkyUhX04gCMI4ARKcAllqACBW3iAJ3j2lPfovXivk9KMN+3ZhT/y3n4AmCiS1w==</latexit><latexit sha1_base64="goY88knoIbTv/iBaVFZc2f9txk8=">AAAB7XicbVA9SwNBEJ3zM8avqKXNYhCswp2NlgEbOyOYD0iOsLeZS9bs3h67e0I48h9sLBSx9f/Y+W/cJFdo4oOBx3szzMyLUsGN9f1vb219Y3Nru7RT3t3bPzisHB23jMo0wyZTQulORA0KnmDTciuwk2qkMhLYjsY3M7/9hNpwlTzYSYqhpMOEx5xR66RW707ikPYrVb/mz0FWSVCQKhRo9CtfvYFimcTEMkGN6QZ+asOcasuZwGm5lxlMKRvTIXYdTahEE+bza6fk3CkDEivtKrFkrv6eyKk0ZiIj1ympHZllbyb+53UzG1+HOU/SzGLCFoviTBCryOx1MuAamRUTRyjT3N1K2IhqyqwLqOxCCJZfXiWty1rg14J7v1qvF3GU4BTO4AICuII63EIDmsDgEZ7hFd485b14797HonXNK2ZO4A+8zx9dV471</latexit>

E� ,m
<latexit sha1_base64="4tkKD5Q/gcYWUohdNixkx40At1Q=">AAAB8nicbVDJSgNBEO2JW4xb1KOXxiB4kDAjgh4DoniMYBaYDKGn05M06WXorhHCEPAnvHhQxKtf482/sbMcNPFBweO9KqrqxangFnz/2yusrK6tbxQ3S1vbO7t75f2DptWZoaxBtdCmHRPLBFesARwEa6eGERkL1oqH1xO/9ciM5Vo9wChlkSR9xRNOCTgpvOl2+kRKcoZlt1zxq/4UeJkEc1JBc9S75a9OT9NMMgVUEGvDwE8hyokBTgUblzqZZSmhQ9JnoaOKSGajfHryGJ84pYcTbVwpwFP190ROpLUjGbtOSWBgF72J+J8XZpBcRTlXaQZM0dmiJBMYNJ78j3vcMApi5AihhrtbMR0QQyi4lEouhGDx5WXSPK8GfjW4v6jUbp9mcRTRETpGpyhAl6iG7lAdNRBFGj2jV/TmgffivXsfs9aCN4/wEP2B9/kDhZiRKA==</latexit><latexit sha1_base64="4tkKD5Q/gcYWUohdNixkx40At1Q=">AAAB8nicbVDJSgNBEO2JW4xb1KOXxiB4kDAjgh4DoniMYBaYDKGn05M06WXorhHCEPAnvHhQxKtf482/sbMcNPFBweO9KqrqxangFnz/2yusrK6tbxQ3S1vbO7t75f2DptWZoaxBtdCmHRPLBFesARwEa6eGERkL1oqH1xO/9ciM5Vo9wChlkSR9xRNOCTgpvOl2+kRKcoZlt1zxq/4UeJkEc1JBc9S75a9OT9NMMgVUEGvDwE8hyokBTgUblzqZZSmhQ9JnoaOKSGajfHryGJ84pYcTbVwpwFP190ROpLUjGbtOSWBgF72J+J8XZpBcRTlXaQZM0dmiJBMYNJ78j3vcMApi5AihhrtbMR0QQyi4lEouhGDx5WXSPK8GfjW4v6jUbp9mcRTRETpGpyhAl6iG7lAdNRBFGj2jV/TmgffivXsfs9aCN4/wEP2B9/kDhZiRKA==</latexit><latexit sha1_base64="4tkKD5Q/gcYWUohdNixkx40At1Q=">AAAB8nicbVDJSgNBEO2JW4xb1KOXxiB4kDAjgh4DoniMYBaYDKGn05M06WXorhHCEPAnvHhQxKtf482/sbMcNPFBweO9KqrqxangFnz/2yusrK6tbxQ3S1vbO7t75f2DptWZoaxBtdCmHRPLBFesARwEa6eGERkL1oqH1xO/9ciM5Vo9wChlkSR9xRNOCTgpvOl2+kRKcoZlt1zxq/4UeJkEc1JBc9S75a9OT9NMMgVUEGvDwE8hyokBTgUblzqZZSmhQ9JnoaOKSGajfHryGJ84pYcTbVwpwFP190ROpLUjGbtOSWBgF72J+J8XZpBcRTlXaQZM0dmiJBMYNJ78j3vcMApi5AihhrtbMR0QQyi4lEouhGDx5WXSPK8GfjW4v6jUbp9mcRTRETpGpyhAl6iG7lAdNRBFGj2jV/TmgffivXsfs9aCN4/wEP2B9/kDhZiRKA==</latexit><latexit sha1_base64="4tkKD5Q/gcYWUohdNixkx40At1Q=">AAAB8nicbVDJSgNBEO2JW4xb1KOXxiB4kDAjgh4DoniMYBaYDKGn05M06WXorhHCEPAnvHhQxKtf482/sbMcNPFBweO9KqrqxangFnz/2yusrK6tbxQ3S1vbO7t75f2DptWZoaxBtdCmHRPLBFesARwEa6eGERkL1oqH1xO/9ciM5Vo9wChlkSR9xRNOCTgpvOl2+kRKcoZlt1zxq/4UeJkEc1JBc9S75a9OT9NMMgVUEGvDwE8hyokBTgUblzqZZSmhQ9JnoaOKSGajfHryGJ84pYcTbVwpwFP190ROpLUjGbtOSWBgF72J+J8XZpBcRTlXaQZM0dmiJBMYNJ78j3vcMApi5AihhrtbMR0QQyi4lEouhGDx5WXSPK8GfjW4v6jUbp9mcRTRETpGpyhAl6iG7lAdNRBFGj2jV/TmgffivXsfs9aCN4/wEP2B9/kDhZiRKA==</latexit>
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Rotational Superradiance
Example: photons can excite oscillations in a star

⌦
<latexit sha1_base64="VTYavr74ZvStSGQfmDl9n7VL+g8=">AAAB7XicbZC7SgNBFIbPxluMt6ilzWAQrMKujekM2NgZxVwgWcLsZDYZM5dlZlYIS97BxkIRW1/Byoew822cXApN/GHg4//PYc45UcKZsb7/7eVWVtfWN/Kbha3tnd294v5Bw6hUE1oniivdirChnElat8xy2ko0xSLitBkNLyd584Fqw5S8s6OEhgL3JYsZwdZZjc61oH3cLZb8sj8VWoZgDqWLz49bcKp1i1+dniKpoNISjo1pB35iwwxrywin40InNTTBZIj7tO1QYkFNmE2nHaMT5/RQrLR70qKp+7sjw8KYkYhcpcB2YBaziflf1k5tXAkzJpPUUklmH8UpR1ahyeqoxzQllo8cYKKZmxWRAdaYWHeggjtCsLjyMjTOyoFfDm78UrUCM+XhCI7hFAI4hypcQQ3qQOAeHuEZXjzlPXmv3tusNOfNew7hj7z3Hxl8kPQ=</latexit><latexit sha1_base64="EfGuhqCxl+MLj4wQaV9Vva0T/ls=">AAAB7XicbZC7SgNBFIZn4y3GW9RSkMEgWIVdG9MZsLEzAXOBZAmzk7PJmJmdZWZWCEtKexsLRWx9hVQ+hJ3P4Es4uRSa+MPAx/+fw5xzgpgzbVz3y8msrK6tb2Q3c1vbO7t7+f2DupaJolCjkkvVDIgGziKoGWY4NGMFRAQcGsHgapI37kFpJqNbM4zBF6QXsZBRYqxVb98I6JFOvuAW3anwMnhzKFx+jKvfD8fjSif/2e5KmgiIDOVE65bnxsZPiTKMchjl2omGmNAB6UHLYkQEaD+dTjvCp9bp4lAq+yKDp+7vjpQIrYcisJWCmL5ezCbmf1krMWHJT1kUJwYiOvsoTDg2Ek9Wx12mgBo+tECoYnZWTPtEEWrsgXL2CN7iystQPy96btGruoVyCc2URUfoBJ0hD12gMrpGFVRDFN2hR/SMXhzpPDmvztusNOPMew7RHznvPyN3kzk=</latexit><latexit sha1_base64="EfGuhqCxl+MLj4wQaV9Vva0T/ls=">AAAB7XicbZC7SgNBFIZn4y3GW9RSkMEgWIVdG9MZsLEzAXOBZAmzk7PJmJmdZWZWCEtKexsLRWx9hVQ+hJ3P4Es4uRSa+MPAx/+fw5xzgpgzbVz3y8msrK6tb2Q3c1vbO7t7+f2DupaJolCjkkvVDIgGziKoGWY4NGMFRAQcGsHgapI37kFpJqNbM4zBF6QXsZBRYqxVb98I6JFOvuAW3anwMnhzKFx+jKvfD8fjSif/2e5KmgiIDOVE65bnxsZPiTKMchjl2omGmNAB6UHLYkQEaD+dTjvCp9bp4lAq+yKDp+7vjpQIrYcisJWCmL5ezCbmf1krMWHJT1kUJwYiOvsoTDg2Ek9Wx12mgBo+tECoYnZWTPtEEWrsgXL2CN7iystQPy96btGruoVyCc2URUfoBJ0hD12gMrpGFVRDFN2hR/SMXhzpPDmvztusNOPMew7RHznvPyN3kzk=</latexit><latexit sha1_base64="qzSyQyaQUvIdAG8VIMfTEz4v/e8=">AAAB7XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5sTBmwsTOC+YDkCHubuWTN7t6xuyeEkP9gY6GIrf/Hzn/jJrlCEx8MPN6bYWZelApurO9/e4WNza3tneJuaW//4PCofHzSMkmmGTZZIhLdiahBwRU2LbcCO6lGKiOB7Wh8M/fbT6gNT9SDnaQYSjpUPOaMWie1encSh7RfrvhVfwGyToKcVCBHo1/+6g0SlklUlglqTDfwUxtOqbacCZyVepnBlLIxHWLXUUUlmnC6uHZGLpwyIHGiXSlLFurviSmVxkxk5DoltSOz6s3F/7xuZuNaOOUqzSwqtlwUZ4LYhMxfJwOukVkxcYQyzd2thI2opsy6gEouhGD15XXSuqoGfjW49yv1Wh5HEc7gHC4hgGuowy00oAkMHuEZXuHNS7wX7937WLYWvHzmFP7A+/wBWu+O7Q==</latexit> ⌦

<latexit sha1_base64="PnAn3gOm+qtagB/MQmG+rFlmdVo=">AAAB7XicbVC7SgNBFL3rM8ZX1NJmMAhWYddGOwM2dkYwD0iWMDuZTcbMY5mZFeKSf7CxUMTWH/EL7Cz9E2eTFJp44MLhnHu5954o4cxY3//ylpZXVtfWCxvFza3tnd3S3n7DqFQTWieKK92KsKGcSVq3zHLaSjTFIuK0GQ0vc795T7VhSt7aUUJDgfuSxYxg66RG51rQPu6Wyn7FnwAtkmBGyhcfD99VAKh1S5+dniKpoNISjo1pB35iwwxrywin42InNTTBZIj7tO2oxIKaMJtcO0bHTumhWGlX0qKJ+nsiw8KYkYhcp8B2YOa9XPzPa6c2Pg8zJpPUUkmmi+KUI6tQ/jrqMU2J5SNHMNHM3YrIAGtMrAuo6EII5l9eJI3TSuBXghu/XM2jyFGAQziCEwjgDKpwBTWoA4E7eIRnePGU9+S9em/T1iVvNnMAf+C9/wDm8ZGT</latexit><latexit sha1_base64="iFZP9QHuv4sLGvU6XhGeeqFCuYU=">AAAB7XicbZC7SgNBFIbPxluMt3jpbAaDYBV2bbQzYKGdEcwFkhBmJ7PJmLksM7NCXPIONhaK2Nr5FD6BnaVv4uRSaOIPAx//fw5zzgljzoz1/S8vs7C4tLySXc2trW9sbuW3d6pGJZrQClFc6XqIDeVM0oplltN6rCkWIae1sH8+ymt3VBum5I0dxLQlcFeyiBFsnVVtXgnaxe18wS/6Y6F5CKZQOPu4/75430vL7fxns6NIIqi0hGNjGoEf21aKtWWE02GumRgaY9LHXdpwKLGgppWOpx2iQ+d0UKS0e9Kisfu7I8XCmIEIXaXAtmdms5H5X9ZIbHTaSpmME0slmXwUJRxZhUarow7TlFg+cICJZm5WRHpYY2LdgXLuCMHsyvNQPS4GfjG49gulEkyUhX04gCMI4ARKcAllqACBW3iAJ3j2lPfovXivk9KMN+3ZhT/y3n4AmCiS1w==</latexit><latexit sha1_base64="iFZP9QHuv4sLGvU6XhGeeqFCuYU=">AAAB7XicbZC7SgNBFIbPxluMt3jpbAaDYBV2bbQzYKGdEcwFkhBmJ7PJmLksM7NCXPIONhaK2Nr5FD6BnaVv4uRSaOIPAx//fw5zzgljzoz1/S8vs7C4tLySXc2trW9sbuW3d6pGJZrQClFc6XqIDeVM0oplltN6rCkWIae1sH8+ymt3VBum5I0dxLQlcFeyiBFsnVVtXgnaxe18wS/6Y6F5CKZQOPu4/75430vL7fxns6NIIqi0hGNjGoEf21aKtWWE02GumRgaY9LHXdpwKLGgppWOpx2iQ+d0UKS0e9Kisfu7I8XCmIEIXaXAtmdms5H5X9ZIbHTaSpmME0slmXwUJRxZhUarow7TlFg+cICJZm5WRHpYY2LdgXLuCMHsyvNQPS4GfjG49gulEkyUhX04gCMI4ARKcAllqACBW3iAJ3j2lPfovXivk9KMN+3ZhT/y3n4AmCiS1w==</latexit><latexit sha1_base64="goY88knoIbTv/iBaVFZc2f9txk8=">AAAB7XicbVA9SwNBEJ3zM8avqKXNYhCswp2NlgEbOyOYD0iOsLeZS9bs3h67e0I48h9sLBSx9f/Y+W/cJFdo4oOBx3szzMyLUsGN9f1vb219Y3Nru7RT3t3bPzisHB23jMo0wyZTQulORA0KnmDTciuwk2qkMhLYjsY3M7/9hNpwlTzYSYqhpMOEx5xR66RW707ikPYrVb/mz0FWSVCQKhRo9CtfvYFimcTEMkGN6QZ+asOcasuZwGm5lxlMKRvTIXYdTahEE+bza6fk3CkDEivtKrFkrv6eyKk0ZiIj1ympHZllbyb+53UzG1+HOU/SzGLCFoviTBCryOx1MuAamRUTRyjT3N1K2IhqyqwLqOxCCJZfXiWty1rg14J7v1qvF3GU4BTO4AICuII63EIDmsDgEZ7hFd485b14797HonXNK2ZO4A+8zx9dV471</latexit>

The absorption process demonstrates: 
this matrix element exists.

E� ,m
<latexit sha1_base64="4tkKD5Q/gcYWUohdNixkx40At1Q=">AAAB8nicbVDJSgNBEO2JW4xb1KOXxiB4kDAjgh4DoniMYBaYDKGn05M06WXorhHCEPAnvHhQxKtf482/sbMcNPFBweO9KqrqxangFnz/2yusrK6tbxQ3S1vbO7t75f2DptWZoaxBtdCmHRPLBFesARwEa6eGERkL1oqH1xO/9ciM5Vo9wChlkSR9xRNOCTgpvOl2+kRKcoZlt1zxq/4UeJkEc1JBc9S75a9OT9NMMgVUEGvDwE8hyokBTgUblzqZZSmhQ9JnoaOKSGajfHryGJ84pYcTbVwpwFP190ROpLUjGbtOSWBgF72J+J8XZpBcRTlXaQZM0dmiJBMYNJ78j3vcMApi5AihhrtbMR0QQyi4lEouhGDx5WXSPK8GfjW4v6jUbp9mcRTRETpGpyhAl6iG7lAdNRBFGj2jV/TmgffivXsfs9aCN4/wEP2B9/kDhZiRKA==</latexit><latexit sha1_base64="4tkKD5Q/gcYWUohdNixkx40At1Q=">AAAB8nicbVDJSgNBEO2JW4xb1KOXxiB4kDAjgh4DoniMYBaYDKGn05M06WXorhHCEPAnvHhQxKtf482/sbMcNPFBweO9KqrqxangFnz/2yusrK6tbxQ3S1vbO7t75f2DptWZoaxBtdCmHRPLBFesARwEa6eGERkL1oqH1xO/9ciM5Vo9wChlkSR9xRNOCTgpvOl2+kRKcoZlt1zxq/4UeJkEc1JBc9S75a9OT9NMMgVUEGvDwE8hyokBTgUblzqZZSmhQ9JnoaOKSGajfHryGJ84pYcTbVwpwFP190ROpLUjGbtOSWBgF72J+J8XZpBcRTlXaQZM0dmiJBMYNJ78j3vcMApi5AihhrtbMR0QQyi4lEouhGDx5WXSPK8GfjW4v6jUbp9mcRTRETpGpyhAl6iG7lAdNRBFGj2jV/TmgffivXsfs9aCN4/wEP2B9/kDhZiRKA==</latexit><latexit sha1_base64="4tkKD5Q/gcYWUohdNixkx40At1Q=">AAAB8nicbVDJSgNBEO2JW4xb1KOXxiB4kDAjgh4DoniMYBaYDKGn05M06WXorhHCEPAnvHhQxKtf482/sbMcNPFBweO9KqrqxangFnz/2yusrK6tbxQ3S1vbO7t75f2DptWZoaxBtdCmHRPLBFesARwEa6eGERkL1oqH1xO/9ciM5Vo9wChlkSR9xRNOCTgpvOl2+kRKcoZlt1zxq/4UeJkEc1JBc9S75a9OT9NMMgVUEGvDwE8hyokBTgUblzqZZSmhQ9JnoaOKSGajfHryGJ84pYcTbVwpwFP190ROpLUjGbtOSWBgF72J+J8XZpBcRTlXaQZM0dmiJBMYNJ78j3vcMApi5AihhrtbMR0QQyi4lEouhGDx5WXSPK8GfjW4v6jUbp9mcRTRETpGpyhAl6iG7lAdNRBFGj2jV/TmgffivXsfs9aCN4/wEP2B9/kDhZiRKA==</latexit><latexit sha1_base64="4tkKD5Q/gcYWUohdNixkx40At1Q=">AAAB8nicbVDJSgNBEO2JW4xb1KOXxiB4kDAjgh4DoniMYBaYDKGn05M06WXorhHCEPAnvHhQxKtf482/sbMcNPFBweO9KqrqxangFnz/2yusrK6tbxQ3S1vbO7t75f2DptWZoaxBtdCmHRPLBFesARwEa6eGERkL1oqH1xO/9ciM5Vo9wChlkSR9xRNOCTgpvOl2+kRKcoZlt1zxq/4UeJkEc1JBc9S75a9OT9NMMgVUEGvDwE8hyokBTgUblzqZZSmhQ9JnoaOKSGajfHryGJ84pYcTbVwpwFP190ROpLUjGbtOSWBgF72J+J8XZpBcRTlXaQZM0dmiJBMYNJ78j3vcMApi5AihhrtbMR0QQyi4lEouhGDx5WXSPK8GfjW4v6jUbp9mcRTRETpGpyhAl6iG7lAdNRBFGj2jV/TmgffivXsfs9aCN4/wEP2B9/kDhZiRKA==</latexit>

1



Rotational Superradiance
Example: photons can excite oscillations in a star

⌦
<latexit sha1_base64="PnAn3gOm+qtagB/MQmG+rFlmdVo=">AAAB7XicbVC7SgNBFL3rM8ZX1NJmMAhWYddGOwM2dkYwD0iWMDuZTcbMY5mZFeKSf7CxUMTWH/EL7Cz9E2eTFJp44MLhnHu5954o4cxY3//ylpZXVtfWCxvFza3tnd3S3n7DqFQTWieKK92KsKGcSVq3zHLaSjTFIuK0GQ0vc795T7VhSt7aUUJDgfuSxYxg66RG51rQPu6Wyn7FnwAtkmBGyhcfD99VAKh1S5+dniKpoNISjo1pB35iwwxrywin42InNTTBZIj7tO2oxIKaMJtcO0bHTumhWGlX0qKJ+nsiw8KYkYhcp8B2YOa9XPzPa6c2Pg8zJpPUUkmmi+KUI6tQ/jrqMU2J5SNHMNHM3YrIAGtMrAuo6EII5l9eJI3TSuBXghu/XM2jyFGAQziCEwjgDKpwBTWoA4E7eIRnePGU9+S9em/T1iVvNnMAf+C9/wDm8ZGT</latexit><latexit sha1_base64="iFZP9QHuv4sLGvU6XhGeeqFCuYU=">AAAB7XicbZC7SgNBFIbPxluMt3jpbAaDYBV2bbQzYKGdEcwFkhBmJ7PJmLksM7NCXPIONhaK2Nr5FD6BnaVv4uRSaOIPAx//fw5zzgljzoz1/S8vs7C4tLySXc2trW9sbuW3d6pGJZrQClFc6XqIDeVM0oplltN6rCkWIae1sH8+ymt3VBum5I0dxLQlcFeyiBFsnVVtXgnaxe18wS/6Y6F5CKZQOPu4/75430vL7fxns6NIIqi0hGNjGoEf21aKtWWE02GumRgaY9LHXdpwKLGgppWOpx2iQ+d0UKS0e9Kisfu7I8XCmIEIXaXAtmdms5H5X9ZIbHTaSpmME0slmXwUJRxZhUarow7TlFg+cICJZm5WRHpYY2LdgXLuCMHsyvNQPS4GfjG49gulEkyUhX04gCMI4ARKcAllqACBW3iAJ3j2lPfovXivk9KMN+3ZhT/y3n4AmCiS1w==</latexit><latexit sha1_base64="iFZP9QHuv4sLGvU6XhGeeqFCuYU=">AAAB7XicbZC7SgNBFIbPxluMt3jpbAaDYBV2bbQzYKGdEcwFkhBmJ7PJmLksM7NCXPIONhaK2Nr5FD6BnaVv4uRSaOIPAx//fw5zzgljzoz1/S8vs7C4tLySXc2trW9sbuW3d6pGJZrQClFc6XqIDeVM0oplltN6rCkWIae1sH8+ymt3VBum5I0dxLQlcFeyiBFsnVVtXgnaxe18wS/6Y6F5CKZQOPu4/75430vL7fxns6NIIqi0hGNjGoEf21aKtWWE02GumRgaY9LHXdpwKLGgppWOpx2iQ+d0UKS0e9Kisfu7I8XCmIEIXaXAtmdms5H5X9ZIbHTaSpmME0slmXwUJRxZhUarow7TlFg+cICJZm5WRHpYY2LdgXLuCMHsyvNQPS4GfjG49gulEkyUhX04gCMI4ARKcAllqACBW3iAJ3j2lPfovXivk9KMN+3ZhT/y3n4AmCiS1w==</latexit><latexit sha1_base64="goY88knoIbTv/iBaVFZc2f9txk8=">AAAB7XicbVA9SwNBEJ3zM8avqKXNYhCswp2NlgEbOyOYD0iOsLeZS9bs3h67e0I48h9sLBSx9f/Y+W/cJFdo4oOBx3szzMyLUsGN9f1vb219Y3Nru7RT3t3bPzisHB23jMo0wyZTQulORA0KnmDTciuwk2qkMhLYjsY3M7/9hNpwlTzYSYqhpMOEx5xR66RW707ikPYrVb/mz0FWSVCQKhRo9CtfvYFimcTEMkGN6QZ+asOcasuZwGm5lxlMKRvTIXYdTahEE+bza6fk3CkDEivtKrFkrv6eyKk0ZiIj1ympHZllbyb+53UzG1+HOU/SzGLCFoviTBCryOx1MuAamRUTRyjT3N1K2IhqyqwLqOxCCJZfXiWty1rg14J7v1qvF3GU4BTO4AICuII63EIDmsDgEZ7hFd485b14797HonXNK2ZO4A+8zx9dV471</latexit>

⌦
<latexit sha1_base64="VTYavr74ZvStSGQfmDl9n7VL+g8=">AAAB7XicbZC7SgNBFIbPxluMt6ilzWAQrMKujekM2NgZxVwgWcLsZDYZM5dlZlYIS97BxkIRW1/Byoew822cXApN/GHg4//PYc45UcKZsb7/7eVWVtfWN/Kbha3tnd294v5Bw6hUE1oniivdirChnElat8xy2ko0xSLitBkNLyd584Fqw5S8s6OEhgL3JYsZwdZZjc61oH3cLZb8sj8VWoZgDqWLz49bcKp1i1+dniKpoNISjo1pB35iwwxrywin40InNTTBZIj7tO1QYkFNmE2nHaMT5/RQrLR70qKp+7sjw8KYkYhcpcB2YBaziflf1k5tXAkzJpPUUklmH8UpR1ahyeqoxzQllo8cYKKZmxWRAdaYWHeggjtCsLjyMjTOyoFfDm78UrUCM+XhCI7hFAI4hypcQQ3qQOAeHuEZXjzlPXmv3tusNOfNew7hj7z3Hxl8kPQ=</latexit><latexit sha1_base64="EfGuhqCxl+MLj4wQaV9Vva0T/ls=">AAAB7XicbZC7SgNBFIZn4y3GW9RSkMEgWIVdG9MZsLEzAXOBZAmzk7PJmJmdZWZWCEtKexsLRWx9hVQ+hJ3P4Es4uRSa+MPAx/+fw5xzgpgzbVz3y8msrK6tb2Q3c1vbO7t7+f2DupaJolCjkkvVDIgGziKoGWY4NGMFRAQcGsHgapI37kFpJqNbM4zBF6QXsZBRYqxVb98I6JFOvuAW3anwMnhzKFx+jKvfD8fjSif/2e5KmgiIDOVE65bnxsZPiTKMchjl2omGmNAB6UHLYkQEaD+dTjvCp9bp4lAq+yKDp+7vjpQIrYcisJWCmL5ezCbmf1krMWHJT1kUJwYiOvsoTDg2Ek9Wx12mgBo+tECoYnZWTPtEEWrsgXL2CN7iystQPy96btGruoVyCc2URUfoBJ0hD12gMrpGFVRDFN2hR/SMXhzpPDmvztusNOPMew7RHznvPyN3kzk=</latexit><latexit sha1_base64="EfGuhqCxl+MLj4wQaV9Vva0T/ls=">AAAB7XicbZC7SgNBFIZn4y3GW9RSkMEgWIVdG9MZsLEzAXOBZAmzk7PJmJmdZWZWCEtKexsLRWx9hVQ+hJ3P4Es4uRSa+MPAx/+fw5xzgpgzbVz3y8msrK6tb2Q3c1vbO7t7+f2DupaJolCjkkvVDIgGziKoGWY4NGMFRAQcGsHgapI37kFpJqNbM4zBF6QXsZBRYqxVb98I6JFOvuAW3anwMnhzKFx+jKvfD8fjSif/2e5KmgiIDOVE65bnxsZPiTKMchjl2omGmNAB6UHLYkQEaD+dTjvCp9bp4lAq+yKDp+7vjpQIrYcisJWCmL5ezCbmf1krMWHJT1kUJwYiOvsoTDg2Ek9Wx12mgBo+tECoYnZWTPtEEWrsgXL2CN7iystQPy96btGruoVyCc2URUfoBJ0hD12gMrpGFVRDFN2hR/SMXhzpPDmvztusNOPMew7RHznvPyN3kzk=</latexit><latexit sha1_base64="qzSyQyaQUvIdAG8VIMfTEz4v/e8=">AAAB7XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5sTBmwsTOC+YDkCHubuWTN7t6xuyeEkP9gY6GIrf/Hzn/jJrlCEx8MPN6bYWZelApurO9/e4WNza3tneJuaW//4PCofHzSMkmmGTZZIhLdiahBwRU2LbcCO6lGKiOB7Wh8M/fbT6gNT9SDnaQYSjpUPOaMWie1encSh7RfrvhVfwGyToKcVCBHo1/+6g0SlklUlglqTDfwUxtOqbacCZyVepnBlLIxHWLXUUUlmnC6uHZGLpwyIHGiXSlLFurviSmVxkxk5DoltSOz6s3F/7xuZuNaOOUqzSwqtlwUZ4LYhMxfJwOukVkxcYQyzd2thI2opsy6gEouhGD15XXSuqoGfjW49yv1Wh5HEc7gHC4hgGuowy00oAkMHuEZXuHNS7wX7937WLYWvHzmFP7A+/wBWu+O7Q==</latexit>

E� ,m
<latexit sha1_base64="4tkKD5Q/gcYWUohdNixkx40At1Q=">AAAB8nicbVDJSgNBEO2JW4xb1KOXxiB4kDAjgh4DoniMYBaYDKGn05M06WXorhHCEPAnvHhQxKtf482/sbMcNPFBweO9KqrqxangFnz/2yusrK6tbxQ3S1vbO7t75f2DptWZoaxBtdCmHRPLBFesARwEa6eGERkL1oqH1xO/9ciM5Vo9wChlkSR9xRNOCTgpvOl2+kRKcoZlt1zxq/4UeJkEc1JBc9S75a9OT9NMMgVUEGvDwE8hyokBTgUblzqZZSmhQ9JnoaOKSGajfHryGJ84pYcTbVwpwFP190ROpLUjGbtOSWBgF72J+J8XZpBcRTlXaQZM0dmiJBMYNJ78j3vcMApi5AihhrtbMR0QQyi4lEouhGDx5WXSPK8GfjW4v6jUbp9mcRTRETpGpyhAl6iG7lAdNRBFGj2jV/TmgffivXsfs9aCN4/wEP2B9/kDhZiRKA==</latexit><latexit sha1_base64="4tkKD5Q/gcYWUohdNixkx40At1Q=">AAAB8nicbVDJSgNBEO2JW4xb1KOXxiB4kDAjgh4DoniMYBaYDKGn05M06WXorhHCEPAnvHhQxKtf482/sbMcNPFBweO9KqrqxangFnz/2yusrK6tbxQ3S1vbO7t75f2DptWZoaxBtdCmHRPLBFesARwEa6eGERkL1oqH1xO/9ciM5Vo9wChlkSR9xRNOCTgpvOl2+kRKcoZlt1zxq/4UeJkEc1JBc9S75a9OT9NMMgVUEGvDwE8hyokBTgUblzqZZSmhQ9JnoaOKSGajfHryGJ84pYcTbVwpwFP190ROpLUjGbtOSWBgF72J+J8XZpBcRTlXaQZM0dmiJBMYNJ78j3vcMApi5AihhrtbMR0QQyi4lEouhGDx5WXSPK8GfjW4v6jUbp9mcRTRETpGpyhAl6iG7lAdNRBFGj2jV/TmgffivXsfs9aCN4/wEP2B9/kDhZiRKA==</latexit><latexit sha1_base64="4tkKD5Q/gcYWUohdNixkx40At1Q=">AAAB8nicbVDJSgNBEO2JW4xb1KOXxiB4kDAjgh4DoniMYBaYDKGn05M06WXorhHCEPAnvHhQxKtf482/sbMcNPFBweO9KqrqxangFnz/2yusrK6tbxQ3S1vbO7t75f2DptWZoaxBtdCmHRPLBFesARwEa6eGERkL1oqH1xO/9ciM5Vo9wChlkSR9xRNOCTgpvOl2+kRKcoZlt1zxq/4UeJkEc1JBc9S75a9OT9NMMgVUEGvDwE8hyokBTgUblzqZZSmhQ9JnoaOKSGajfHryGJ84pYcTbVwpwFP190ROpLUjGbtOSWBgF72J+J8XZpBcRTlXaQZM0dmiJBMYNJ78j3vcMApi5AihhrtbMR0QQyi4lEouhGDx5WXSPK8GfjW4v6jUbp9mcRTRETpGpyhAl6iG7lAdNRBFGj2jV/TmgffivXsfs9aCN4/wEP2B9/kDhZiRKA==</latexit><latexit sha1_base64="4tkKD5Q/gcYWUohdNixkx40At1Q=">AAAB8nicbVDJSgNBEO2JW4xb1KOXxiB4kDAjgh4DoniMYBaYDKGn05M06WXorhHCEPAnvHhQxKtf482/sbMcNPFBweO9KqrqxangFnz/2yusrK6tbxQ3S1vbO7t75f2DptWZoaxBtdCmHRPLBFesARwEa6eGERkL1oqH1xO/9ciM5Vo9wChlkSR9xRNOCTgpvOl2+kRKcoZlt1zxq/4UeJkEc1JBc9S75a9OT9NMMgVUEGvDwE8hyokBTgUblzqZZSmhQ9JnoaOKSGajfHryGJ84pYcTbVwpwFP190ROpLUjGbtOSWBgF72J+J8XZpBcRTlXaQZM0dmiJBMYNJ78j3vcMApi5AihhrtbMR0QQyi4lEouhGDx5WXSPK8GfjW4v6jUbp9mcRTRETpGpyhAl6iG7lAdNRBFGj2jV/TmgffivXsfs9aCN4/wEP2B9/kDhZiRKA==</latexit>
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Rotational Superradiance
Example: photons can excite oscillations in a star

⌦
<latexit sha1_base64="PnAn3gOm+qtagB/MQmG+rFlmdVo=">AAAB7XicbVC7SgNBFL3rM8ZX1NJmMAhWYddGOwM2dkYwD0iWMDuZTcbMY5mZFeKSf7CxUMTWH/EL7Cz9E2eTFJp44MLhnHu5954o4cxY3//ylpZXVtfWCxvFza3tnd3S3n7DqFQTWieKK92KsKGcSVq3zHLaSjTFIuK0GQ0vc795T7VhSt7aUUJDgfuSxYxg66RG51rQPu6Wyn7FnwAtkmBGyhcfD99VAKh1S5+dniKpoNISjo1pB35iwwxrywin42InNTTBZIj7tO2oxIKaMJtcO0bHTumhWGlX0qKJ+nsiw8KYkYhcp8B2YOa9XPzPa6c2Pg8zJpPUUkmmi+KUI6tQ/jrqMU2J5SNHMNHM3YrIAGtMrAuo6EII5l9eJI3TSuBXghu/XM2jyFGAQziCEwjgDKpwBTWoA4E7eIRnePGU9+S9em/T1iVvNnMAf+C9/wDm8ZGT</latexit><latexit sha1_base64="iFZP9QHuv4sLGvU6XhGeeqFCuYU=">AAAB7XicbZC7SgNBFIbPxluMt3jpbAaDYBV2bbQzYKGdEcwFkhBmJ7PJmLksM7NCXPIONhaK2Nr5FD6BnaVv4uRSaOIPAx//fw5zzgljzoz1/S8vs7C4tLySXc2trW9sbuW3d6pGJZrQClFc6XqIDeVM0oplltN6rCkWIae1sH8+ymt3VBum5I0dxLQlcFeyiBFsnVVtXgnaxe18wS/6Y6F5CKZQOPu4/75430vL7fxns6NIIqi0hGNjGoEf21aKtWWE02GumRgaY9LHXdpwKLGgppWOpx2iQ+d0UKS0e9Kisfu7I8XCmIEIXaXAtmdms5H5X9ZIbHTaSpmME0slmXwUJRxZhUarow7TlFg+cICJZm5WRHpYY2LdgXLuCMHsyvNQPS4GfjG49gulEkyUhX04gCMI4ARKcAllqACBW3iAJ3j2lPfovXivk9KMN+3ZhT/y3n4AmCiS1w==</latexit><latexit sha1_base64="iFZP9QHuv4sLGvU6XhGeeqFCuYU=">AAAB7XicbZC7SgNBFIbPxluMt3jpbAaDYBV2bbQzYKGdEcwFkhBmJ7PJmLksM7NCXPIONhaK2Nr5FD6BnaVv4uRSaOIPAx//fw5zzgljzoz1/S8vs7C4tLySXc2trW9sbuW3d6pGJZrQClFc6XqIDeVM0oplltN6rCkWIae1sH8+ymt3VBum5I0dxLQlcFeyiBFsnVVtXgnaxe18wS/6Y6F5CKZQOPu4/75430vL7fxns6NIIqi0hGNjGoEf21aKtWWE02GumRgaY9LHXdpwKLGgppWOpx2iQ+d0UKS0e9Kisfu7I8XCmIEIXaXAtmdms5H5X9ZIbHTaSpmME0slmXwUJRxZhUarow7TlFg+cICJZm5WRHpYY2LdgXLuCMHsyvNQPS4GfjG49gulEkyUhX04gCMI4ARKcAllqACBW3iAJ3j2lPfovXivk9KMN+3ZhT/y3n4AmCiS1w==</latexit><latexit sha1_base64="goY88knoIbTv/iBaVFZc2f9txk8=">AAAB7XicbVA9SwNBEJ3zM8avqKXNYhCswp2NlgEbOyOYD0iOsLeZS9bs3h67e0I48h9sLBSx9f/Y+W/cJFdo4oOBx3szzMyLUsGN9f1vb219Y3Nru7RT3t3bPzisHB23jMo0wyZTQulORA0KnmDTciuwk2qkMhLYjsY3M7/9hNpwlTzYSYqhpMOEx5xR66RW707ikPYrVb/mz0FWSVCQKhRo9CtfvYFimcTEMkGN6QZ+asOcasuZwGm5lxlMKRvTIXYdTahEE+bza6fk3CkDEivtKrFkrv6eyKk0ZiIj1ympHZllbyb+53UzG1+HOU/SzGLCFoviTBCryOx1MuAamRUTRyjT3N1K2IhqyqwLqOxCCJZfXiWty1rg14J7v1qvF3GU4BTO4AICuII63EIDmsDgEZ7hFd485b14797HonXNK2ZO4A+8zx9dV471</latexit>

⌦
<latexit sha1_base64="VTYavr74ZvStSGQfmDl9n7VL+g8=">AAAB7XicbZC7SgNBFIbPxluMt6ilzWAQrMKujekM2NgZxVwgWcLsZDYZM5dlZlYIS97BxkIRW1/Byoew822cXApN/GHg4//PYc45UcKZsb7/7eVWVtfWN/Kbha3tnd294v5Bw6hUE1oniivdirChnElat8xy2ko0xSLitBkNLyd584Fqw5S8s6OEhgL3JYsZwdZZjc61oH3cLZb8sj8VWoZgDqWLz49bcKp1i1+dniKpoNISjo1pB35iwwxrywin40InNTTBZIj7tO1QYkFNmE2nHaMT5/RQrLR70qKp+7sjw8KYkYhcpcB2YBaziflf1k5tXAkzJpPUUklmH8UpR1ahyeqoxzQllo8cYKKZmxWRAdaYWHeggjtCsLjyMjTOyoFfDm78UrUCM+XhCI7hFAI4hypcQQ3qQOAeHuEZXjzlPXmv3tusNOfNew7hj7z3Hxl8kPQ=</latexit><latexit sha1_base64="EfGuhqCxl+MLj4wQaV9Vva0T/ls=">AAAB7XicbZC7SgNBFIZn4y3GW9RSkMEgWIVdG9MZsLEzAXOBZAmzk7PJmJmdZWZWCEtKexsLRWx9hVQ+hJ3P4Es4uRSa+MPAx/+fw5xzgpgzbVz3y8msrK6tb2Q3c1vbO7t7+f2DupaJolCjkkvVDIgGziKoGWY4NGMFRAQcGsHgapI37kFpJqNbM4zBF6QXsZBRYqxVb98I6JFOvuAW3anwMnhzKFx+jKvfD8fjSif/2e5KmgiIDOVE65bnxsZPiTKMchjl2omGmNAB6UHLYkQEaD+dTjvCp9bp4lAq+yKDp+7vjpQIrYcisJWCmL5ezCbmf1krMWHJT1kUJwYiOvsoTDg2Ek9Wx12mgBo+tECoYnZWTPtEEWrsgXL2CN7iystQPy96btGruoVyCc2URUfoBJ0hD12gMrpGFVRDFN2hR/SMXhzpPDmvztusNOPMew7RHznvPyN3kzk=</latexit><latexit sha1_base64="EfGuhqCxl+MLj4wQaV9Vva0T/ls=">AAAB7XicbZC7SgNBFIZn4y3GW9RSkMEgWIVdG9MZsLEzAXOBZAmzk7PJmJmdZWZWCEtKexsLRWx9hVQ+hJ3P4Es4uRSa+MPAx/+fw5xzgpgzbVz3y8msrK6tb2Q3c1vbO7t7+f2DupaJolCjkkvVDIgGziKoGWY4NGMFRAQcGsHgapI37kFpJqNbM4zBF6QXsZBRYqxVb98I6JFOvuAW3anwMnhzKFx+jKvfD8fjSif/2e5KmgiIDOVE65bnxsZPiTKMchjl2omGmNAB6UHLYkQEaD+dTjvCp9bp4lAq+yKDp+7vjpQIrYcisJWCmL5ezCbmf1krMWHJT1kUJwYiOvsoTDg2Ek9Wx12mgBo+tECoYnZWTPtEEWrsgXL2CN7iystQPy96btGruoVyCc2URUfoBJ0hD12gMrpGFVRDFN2hR/SMXhzpPDmvztusNOPMew7RHznvPyN3kzk=</latexit><latexit sha1_base64="qzSyQyaQUvIdAG8VIMfTEz4v/e8=">AAAB7XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5sTBmwsTOC+YDkCHubuWTN7t6xuyeEkP9gY6GIrf/Hzn/jJrlCEx8MPN6bYWZelApurO9/e4WNza3tneJuaW//4PCofHzSMkmmGTZZIhLdiahBwRU2LbcCO6lGKiOB7Wh8M/fbT6gNT9SDnaQYSjpUPOaMWie1encSh7RfrvhVfwGyToKcVCBHo1/+6g0SlklUlglqTDfwUxtOqbacCZyVepnBlLIxHWLXUUUlmnC6uHZGLpwyIHGiXSlLFurviSmVxkxk5DoltSOz6s3F/7xuZuNaOOUqzSwqtlwUZ4LYhMxfJwOukVkxcYQyzd2thI2opsy6gEouhGD15XXSuqoGfjW49yv1Wh5HEc7gHC4hgGuowy00oAkMHuEZXuHNS7wX7937WLYWvHzmFP7A+/wBWu+O7Q==</latexit>

E� ,m
<latexit sha1_base64="4tkKD5Q/gcYWUohdNixkx40At1Q=">AAAB8nicbVDJSgNBEO2JW4xb1KOXxiB4kDAjgh4DoniMYBaYDKGn05M06WXorhHCEPAnvHhQxKtf482/sbMcNPFBweO9KqrqxangFnz/2yusrK6tbxQ3S1vbO7t75f2DptWZoaxBtdCmHRPLBFesARwEa6eGERkL1oqH1xO/9ciM5Vo9wChlkSR9xRNOCTgpvOl2+kRKcoZlt1zxq/4UeJkEc1JBc9S75a9OT9NMMgVUEGvDwE8hyokBTgUblzqZZSmhQ9JnoaOKSGajfHryGJ84pYcTbVwpwFP190ROpLUjGbtOSWBgF72J+J8XZpBcRTlXaQZM0dmiJBMYNJ78j3vcMApi5AihhrtbMR0QQyi4lEouhGDx5WXSPK8GfjW4v6jUbp9mcRTRETpGpyhAl6iG7lAdNRBFGj2jV/TmgffivXsfs9aCN4/wEP2B9/kDhZiRKA==</latexit><latexit sha1_base64="4tkKD5Q/gcYWUohdNixkx40At1Q=">AAAB8nicbVDJSgNBEO2JW4xb1KOXxiB4kDAjgh4DoniMYBaYDKGn05M06WXorhHCEPAnvHhQxKtf482/sbMcNPFBweO9KqrqxangFnz/2yusrK6tbxQ3S1vbO7t75f2DptWZoaxBtdCmHRPLBFesARwEa6eGERkL1oqH1xO/9ciM5Vo9wChlkSR9xRNOCTgpvOl2+kRKcoZlt1zxq/4UeJkEc1JBc9S75a9OT9NMMgVUEGvDwE8hyokBTgUblzqZZSmhQ9JnoaOKSGajfHryGJ84pYcTbVwpwFP190ROpLUjGbtOSWBgF72J+J8XZpBcRTlXaQZM0dmiJBMYNJ78j3vcMApi5AihhrtbMR0QQyi4lEouhGDx5WXSPK8GfjW4v6jUbp9mcRTRETpGpyhAl6iG7lAdNRBFGj2jV/TmgffivXsfs9aCN4/wEP2B9/kDhZiRKA==</latexit><latexit sha1_base64="4tkKD5Q/gcYWUohdNixkx40At1Q=">AAAB8nicbVDJSgNBEO2JW4xb1KOXxiB4kDAjgh4DoniMYBaYDKGn05M06WXorhHCEPAnvHhQxKtf482/sbMcNPFBweO9KqrqxangFnz/2yusrK6tbxQ3S1vbO7t75f2DptWZoaxBtdCmHRPLBFesARwEa6eGERkL1oqH1xO/9ciM5Vo9wChlkSR9xRNOCTgpvOl2+kRKcoZlt1zxq/4UeJkEc1JBc9S75a9OT9NMMgVUEGvDwE8hyokBTgUblzqZZSmhQ9JnoaOKSGajfHryGJ84pYcTbVwpwFP190ROpLUjGbtOSWBgF72J+J8XZpBcRTlXaQZM0dmiJBMYNJ78j3vcMApi5AihhrtbMR0QQyi4lEouhGDx5WXSPK8GfjW4v6jUbp9mcRTRETpGpyhAl6iG7lAdNRBFGj2jV/TmgffivXsfs9aCN4/wEP2B9/kDhZiRKA==</latexit><latexit sha1_base64="4tkKD5Q/gcYWUohdNixkx40At1Q=">AAAB8nicbVDJSgNBEO2JW4xb1KOXxiB4kDAjgh4DoniMYBaYDKGn05M06WXorhHCEPAnvHhQxKtf482/sbMcNPFBweO9KqrqxangFnz/2yusrK6tbxQ3S1vbO7t75f2DptWZoaxBtdCmHRPLBFesARwEa6eGERkL1oqH1xO/9ciM5Vo9wChlkSR9xRNOCTgpvOl2+kRKcoZlt1zxq/4UeJkEc1JBc9S75a9OT9NMMgVUEGvDwE8hyokBTgUblzqZZSmhQ9JnoaOKSGajfHryGJ84pYcTbVwpwFP190ROpLUjGbtOSWBgF72J+J8XZpBcRTlXaQZM0dmiJBMYNJ78j3vcMApi5AihhrtbMR0QQyi4lEouhGDx5WXSPK8GfjW4v6jUbp9mcRTRETpGpyhAl6iG7lAdNRBFGj2jV/TmgffivXsfs9aCN4/wEP2B9/kDhZiRKA==</latexit>

1

coupling



Rotational Superradiance
Example: photons can excite oscillations in a star

Radiation is kinematically allowed if 

⌦
<latexit sha1_base64="PnAn3gOm+qtagB/MQmG+rFlmdVo=">AAAB7XicbVC7SgNBFL3rM8ZX1NJmMAhWYddGOwM2dkYwD0iWMDuZTcbMY5mZFeKSf7CxUMTWH/EL7Cz9E2eTFJp44MLhnHu5954o4cxY3//ylpZXVtfWCxvFza3tnd3S3n7DqFQTWieKK92KsKGcSVq3zHLaSjTFIuK0GQ0vc795T7VhSt7aUUJDgfuSxYxg66RG51rQPu6Wyn7FnwAtkmBGyhcfD99VAKh1S5+dniKpoNISjo1pB35iwwxrywin42InNTTBZIj7tO2oxIKaMJtcO0bHTumhWGlX0qKJ+nsiw8KYkYhcp8B2YOa9XPzPa6c2Pg8zJpPUUkmmi+KUI6tQ/jrqMU2J5SNHMNHM3YrIAGtMrAuo6EII5l9eJI3TSuBXghu/XM2jyFGAQziCEwjgDKpwBTWoA4E7eIRnePGU9+S9em/T1iVvNnMAf+C9/wDm8ZGT</latexit><latexit sha1_base64="iFZP9QHuv4sLGvU6XhGeeqFCuYU=">AAAB7XicbZC7SgNBFIbPxluMt3jpbAaDYBV2bbQzYKGdEcwFkhBmJ7PJmLksM7NCXPIONhaK2Nr5FD6BnaVv4uRSaOIPAx//fw5zzgljzoz1/S8vs7C4tLySXc2trW9sbuW3d6pGJZrQClFc6XqIDeVM0oplltN6rCkWIae1sH8+ymt3VBum5I0dxLQlcFeyiBFsnVVtXgnaxe18wS/6Y6F5CKZQOPu4/75430vL7fxns6NIIqi0hGNjGoEf21aKtWWE02GumRgaY9LHXdpwKLGgppWOpx2iQ+d0UKS0e9Kisfu7I8XCmIEIXaXAtmdms5H5X9ZIbHTaSpmME0slmXwUJRxZhUarow7TlFg+cICJZm5WRHpYY2LdgXLuCMHsyvNQPS4GfjG49gulEkyUhX04gCMI4ARKcAllqACBW3iAJ3j2lPfovXivk9KMN+3ZhT/y3n4AmCiS1w==</latexit><latexit sha1_base64="iFZP9QHuv4sLGvU6XhGeeqFCuYU=">AAAB7XicbZC7SgNBFIbPxluMt3jpbAaDYBV2bbQzYKGdEcwFkhBmJ7PJmLksM7NCXPIONhaK2Nr5FD6BnaVv4uRSaOIPAx//fw5zzgljzoz1/S8vs7C4tLySXc2trW9sbuW3d6pGJZrQClFc6XqIDeVM0oplltN6rCkWIae1sH8+ymt3VBum5I0dxLQlcFeyiBFsnVVtXgnaxe18wS/6Y6F5CKZQOPu4/75430vL7fxns6NIIqi0hGNjGoEf21aKtWWE02GumRgaY9LHXdpwKLGgppWOpx2iQ+d0UKS0e9Kisfu7I8XCmIEIXaXAtmdms5H5X9ZIbHTaSpmME0slmXwUJRxZhUarow7TlFg+cICJZm5WRHpYY2LdgXLuCMHsyvNQPS4GfjG49gulEkyUhX04gCMI4ARKcAllqACBW3iAJ3j2lPfovXivk9KMN+3ZhT/y3n4AmCiS1w==</latexit><latexit sha1_base64="goY88knoIbTv/iBaVFZc2f9txk8=">AAAB7XicbVA9SwNBEJ3zM8avqKXNYhCswp2NlgEbOyOYD0iOsLeZS9bs3h67e0I48h9sLBSx9f/Y+W/cJFdo4oOBx3szzMyLUsGN9f1vb219Y3Nru7RT3t3bPzisHB23jMo0wyZTQulORA0KnmDTciuwk2qkMhLYjsY3M7/9hNpwlTzYSYqhpMOEx5xR66RW707ikPYrVb/mz0FWSVCQKhRo9CtfvYFimcTEMkGN6QZ+asOcasuZwGm5lxlMKRvTIXYdTahEE+bza6fk3CkDEivtKrFkrv6eyKk0ZiIj1ympHZllbyb+53UzG1+HOU/SzGLCFoviTBCryOx1MuAamRUTRyjT3N1K2IhqyqwLqOxCCJZfXiWty1rg14J7v1qvF3GU4BTO4AICuII63EIDmsDgEZ7hFd485b14797HonXNK2ZO4A+8zx9dV471</latexit>

⌦
<latexit sha1_base64="VTYavr74ZvStSGQfmDl9n7VL+g8=">AAAB7XicbZC7SgNBFIbPxluMt6ilzWAQrMKujekM2NgZxVwgWcLsZDYZM5dlZlYIS97BxkIRW1/Byoew822cXApN/GHg4//PYc45UcKZsb7/7eVWVtfWN/Kbha3tnd294v5Bw6hUE1oniivdirChnElat8xy2ko0xSLitBkNLyd584Fqw5S8s6OEhgL3JYsZwdZZjc61oH3cLZb8sj8VWoZgDqWLz49bcKp1i1+dniKpoNISjo1pB35iwwxrywin40InNTTBZIj7tO1QYkFNmE2nHaMT5/RQrLR70qKp+7sjw8KYkYhcpcB2YBaziflf1k5tXAkzJpPUUklmH8UpR1ahyeqoxzQllo8cYKKZmxWRAdaYWHeggjtCsLjyMjTOyoFfDm78UrUCM+XhCI7hFAI4hypcQQ3qQOAeHuEZXjzlPXmv3tusNOfNew7hj7z3Hxl8kPQ=</latexit><latexit sha1_base64="EfGuhqCxl+MLj4wQaV9Vva0T/ls=">AAAB7XicbZC7SgNBFIZn4y3GW9RSkMEgWIVdG9MZsLEzAXOBZAmzk7PJmJmdZWZWCEtKexsLRWx9hVQ+hJ3P4Es4uRSa+MPAx/+fw5xzgpgzbVz3y8msrK6tb2Q3c1vbO7t7+f2DupaJolCjkkvVDIgGziKoGWY4NGMFRAQcGsHgapI37kFpJqNbM4zBF6QXsZBRYqxVb98I6JFOvuAW3anwMnhzKFx+jKvfD8fjSif/2e5KmgiIDOVE65bnxsZPiTKMchjl2omGmNAB6UHLYkQEaD+dTjvCp9bp4lAq+yKDp+7vjpQIrYcisJWCmL5ezCbmf1krMWHJT1kUJwYiOvsoTDg2Ek9Wx12mgBo+tECoYnZWTPtEEWrsgXL2CN7iystQPy96btGruoVyCc2URUfoBJ0hD12gMrpGFVRDFN2hR/SMXhzpPDmvztusNOPMew7RHznvPyN3kzk=</latexit><latexit sha1_base64="EfGuhqCxl+MLj4wQaV9Vva0T/ls=">AAAB7XicbZC7SgNBFIZn4y3GW9RSkMEgWIVdG9MZsLEzAXOBZAmzk7PJmJmdZWZWCEtKexsLRWx9hVQ+hJ3P4Es4uRSa+MPAx/+fw5xzgpgzbVz3y8msrK6tb2Q3c1vbO7t7+f2DupaJolCjkkvVDIgGziKoGWY4NGMFRAQcGsHgapI37kFpJqNbM4zBF6QXsZBRYqxVb98I6JFOvuAW3anwMnhzKFx+jKvfD8fjSif/2e5KmgiIDOVE65bnxsZPiTKMchjl2omGmNAB6UHLYkQEaD+dTjvCp9bp4lAq+yKDp+7vjpQIrYcisJWCmL5ezCbmf1krMWHJT1kUJwYiOvsoTDg2Ek9Wx12mgBo+tECoYnZWTPtEEWrsgXL2CN7iystQPy96btGruoVyCc2URUfoBJ0hD12gMrpGFVRDFN2hR/SMXhzpPDmvztusNOPMew7RHznvPyN3kzk=</latexit><latexit sha1_base64="qzSyQyaQUvIdAG8VIMfTEz4v/e8=">AAAB7XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5sTBmwsTOC+YDkCHubuWTN7t6xuyeEkP9gY6GIrf/Hzn/jJrlCEx8MPN6bYWZelApurO9/e4WNza3tneJuaW//4PCofHzSMkmmGTZZIhLdiahBwRU2LbcCO6lGKiOB7Wh8M/fbT6gNT9SDnaQYSjpUPOaMWie1encSh7RfrvhVfwGyToKcVCBHo1/+6g0SlklUlglqTDfwUxtOqbacCZyVepnBlLIxHWLXUUUlmnC6uHZGLpwyIHGiXSlLFurviSmVxkxk5DoltSOz6s3F/7xuZuNaOOUqzSwqtlwUZ4LYhMxfJwOukVkxcYQyzd2thI2opsy6gEouhGD15XXSuqoGfjW49yv1Wh5HEc7gHC4hgGuowy00oAkMHuEZXuHNS7wX7937WLYWvHzmFP7A+/wBWu+O7Q==</latexit>

E0 > 0
<latexit sha1_base64="4ENEWff3sCVPH4zLN82slORiTCo=">AAAB7XicbVDLSgMxFL1TX7W+qi7dBIvoqmRE0JUURHFZwT6gHUomzbSxmWRIMkIZCn6CGxeKuPV/3Pk3po+Fth64cDjnXu69J0wENxbjby+3tLyyupZfL2xsbm3vFHf36kalmrIaVULpZkgME1yymuVWsGaiGYlDwRrh4GrsNx6ZNlzJeztMWBCTnuQRp8Q6qX59jC4R7hRLuIwnQIvEn5ESzFDtFL/aXUXTmElLBTGm5ePEBhnRllPBRoV2alhC6ID0WMtRSWJmgmxy7QgdOaWLIqVdSYsm6u+JjMTGDOPQdcbE9s28Nxb/81qpjS6CjMsktUzS6aIoFcgqNH4ddblm1IqhI4Rq7m5FtE80odYFVHAh+PMvL5L6adnHZf/urFS5eZrGkYcDOIQT8OEcKnALVagBhQd4hld485T34r17H9PWnDeLcB/+wPv8Ab6MjlQ=</latexit><latexit sha1_base64="4ENEWff3sCVPH4zLN82slORiTCo=">AAAB7XicbVDLSgMxFL1TX7W+qi7dBIvoqmRE0JUURHFZwT6gHUomzbSxmWRIMkIZCn6CGxeKuPV/3Pk3po+Fth64cDjnXu69J0wENxbjby+3tLyyupZfL2xsbm3vFHf36kalmrIaVULpZkgME1yymuVWsGaiGYlDwRrh4GrsNx6ZNlzJeztMWBCTnuQRp8Q6qX59jC4R7hRLuIwnQIvEn5ESzFDtFL/aXUXTmElLBTGm5ePEBhnRllPBRoV2alhC6ID0WMtRSWJmgmxy7QgdOaWLIqVdSYsm6u+JjMTGDOPQdcbE9s28Nxb/81qpjS6CjMsktUzS6aIoFcgqNH4ddblm1IqhI4Rq7m5FtE80odYFVHAh+PMvL5L6adnHZf/urFS5eZrGkYcDOIQT8OEcKnALVagBhQd4hld485T34r17H9PWnDeLcB/+wPv8Ab6MjlQ=</latexit><latexit sha1_base64="4ENEWff3sCVPH4zLN82slORiTCo=">AAAB7XicbVDLSgMxFL1TX7W+qi7dBIvoqmRE0JUURHFZwT6gHUomzbSxmWRIMkIZCn6CGxeKuPV/3Pk3po+Fth64cDjnXu69J0wENxbjby+3tLyyupZfL2xsbm3vFHf36kalmrIaVULpZkgME1yymuVWsGaiGYlDwRrh4GrsNx6ZNlzJeztMWBCTnuQRp8Q6qX59jC4R7hRLuIwnQIvEn5ESzFDtFL/aXUXTmElLBTGm5ePEBhnRllPBRoV2alhC6ID0WMtRSWJmgmxy7QgdOaWLIqVdSYsm6u+JjMTGDOPQdcbE9s28Nxb/81qpjS6CjMsktUzS6aIoFcgqNH4ddblm1IqhI4Rq7m5FtE80odYFVHAh+PMvL5L6adnHZf/urFS5eZrGkYcDOIQT8OEcKnALVagBhQd4hld485T34r17H9PWnDeLcB/+wPv8Ab6MjlQ=</latexit><latexit sha1_base64="4ENEWff3sCVPH4zLN82slORiTCo=">AAAB7XicbVDLSgMxFL1TX7W+qi7dBIvoqmRE0JUURHFZwT6gHUomzbSxmWRIMkIZCn6CGxeKuPV/3Pk3po+Fth64cDjnXu69J0wENxbjby+3tLyyupZfL2xsbm3vFHf36kalmrIaVULpZkgME1yymuVWsGaiGYlDwRrh4GrsNx6ZNlzJeztMWBCTnuQRp8Q6qX59jC4R7hRLuIwnQIvEn5ESzFDtFL/aXUXTmElLBTGm5ePEBhnRllPBRoV2alhC6ID0WMtRSWJmgmxy7QgdOaWLIqVdSYsm6u+JjMTGDOPQdcbE9s28Nxb/81qpjS6CjMsktUzS6aIoFcgqNH4ddblm1IqhI4Rq7m5FtE80odYFVHAh+PMvL5L6adnHZf/urFS5eZrGkYcDOIQT8OEcKnALVagBhQd4hld485T34r17H9PWnDeLcB/+wPv8Ab6MjlQ=</latexit>

E� ,m
<latexit sha1_base64="4tkKD5Q/gcYWUohdNixkx40At1Q=">AAAB8nicbVDJSgNBEO2JW4xb1KOXxiB4kDAjgh4DoniMYBaYDKGn05M06WXorhHCEPAnvHhQxKtf482/sbMcNPFBweO9KqrqxangFnz/2yusrK6tbxQ3S1vbO7t75f2DptWZoaxBtdCmHRPLBFesARwEa6eGERkL1oqH1xO/9ciM5Vo9wChlkSR9xRNOCTgpvOl2+kRKcoZlt1zxq/4UeJkEc1JBc9S75a9OT9NMMgVUEGvDwE8hyokBTgUblzqZZSmhQ9JnoaOKSGajfHryGJ84pYcTbVwpwFP190ROpLUjGbtOSWBgF72J+J8XZpBcRTlXaQZM0dmiJBMYNJ78j3vcMApi5AihhrtbMR0QQyi4lEouhGDx5WXSPK8GfjW4v6jUbp9mcRTRETpGpyhAl6iG7lAdNRBFGj2jV/TmgffivXsfs9aCN4/wEP2B9/kDhZiRKA==</latexit><latexit sha1_base64="4tkKD5Q/gcYWUohdNixkx40At1Q=">AAAB8nicbVDJSgNBEO2JW4xb1KOXxiB4kDAjgh4DoniMYBaYDKGn05M06WXorhHCEPAnvHhQxKtf482/sbMcNPFBweO9KqrqxangFnz/2yusrK6tbxQ3S1vbO7t75f2DptWZoaxBtdCmHRPLBFesARwEa6eGERkL1oqH1xO/9ciM5Vo9wChlkSR9xRNOCTgpvOl2+kRKcoZlt1zxq/4UeJkEc1JBc9S75a9OT9NMMgVUEGvDwE8hyokBTgUblzqZZSmhQ9JnoaOKSGajfHryGJ84pYcTbVwpwFP190ROpLUjGbtOSWBgF72J+J8XZpBcRTlXaQZM0dmiJBMYNJ78j3vcMApi5AihhrtbMR0QQyi4lEouhGDx5WXSPK8GfjW4v6jUbp9mcRTRETpGpyhAl6iG7lAdNRBFGj2jV/TmgffivXsfs9aCN4/wEP2B9/kDhZiRKA==</latexit><latexit sha1_base64="4tkKD5Q/gcYWUohdNixkx40At1Q=">AAAB8nicbVDJSgNBEO2JW4xb1KOXxiB4kDAjgh4DoniMYBaYDKGn05M06WXorhHCEPAnvHhQxKtf482/sbMcNPFBweO9KqrqxangFnz/2yusrK6tbxQ3S1vbO7t75f2DptWZoaxBtdCmHRPLBFesARwEa6eGERkL1oqH1xO/9ciM5Vo9wChlkSR9xRNOCTgpvOl2+kRKcoZlt1zxq/4UeJkEc1JBc9S75a9OT9NMMgVUEGvDwE8hyokBTgUblzqZZSmhQ9JnoaOKSGajfHryGJ84pYcTbVwpwFP190ROpLUjGbtOSWBgF72J+J8XZpBcRTlXaQZM0dmiJBMYNJ78j3vcMApi5AihhrtbMR0QQyi4lEouhGDx5WXSPK8GfjW4v6jUbp9mcRTRETpGpyhAl6iG7lAdNRBFGj2jV/TmgffivXsfs9aCN4/wEP2B9/kDhZiRKA==</latexit><latexit sha1_base64="4tkKD5Q/gcYWUohdNixkx40At1Q=">AAAB8nicbVDJSgNBEO2JW4xb1KOXxiB4kDAjgh4DoniMYBaYDKGn05M06WXorhHCEPAnvHhQxKtf482/sbMcNPFBweO9KqrqxangFnz/2yusrK6tbxQ3S1vbO7t75f2DptWZoaxBtdCmHRPLBFesARwEa6eGERkL1oqH1xO/9ciM5Vo9wChlkSR9xRNOCTgpvOl2+kRKcoZlt1zxq/4UeJkEc1JBc9S75a9OT9NMMgVUEGvDwE8hyokBTgUblzqZZSmhQ9JnoaOKSGajfHryGJ84pYcTbVwpwFP190ROpLUjGbtOSWBgF72J+J8XZpBcRTlXaQZM0dmiJBMYNJ78j3vcMApi5AihhrtbMR0QQyi4lEouhGDx5WXSPK8GfjW4v6jUbp9mcRTRETpGpyhAl6iG7lAdNRBFGj2jV/TmgffivXsfs9aCN4/wEP2B9/kDhZiRKA==</latexit>

1

coupling



Rotational Superradiance
Example: photons can excite oscillations in a star

Radiation is kinematically allowed if 

⌦
<latexit sha1_base64="PnAn3gOm+qtagB/MQmG+rFlmdVo=">AAAB7XicbVC7SgNBFL3rM8ZX1NJmMAhWYddGOwM2dkYwD0iWMDuZTcbMY5mZFeKSf7CxUMTWH/EL7Cz9E2eTFJp44MLhnHu5954o4cxY3//ylpZXVtfWCxvFza3tnd3S3n7DqFQTWieKK92KsKGcSVq3zHLaSjTFIuK0GQ0vc795T7VhSt7aUUJDgfuSxYxg66RG51rQPu6Wyn7FnwAtkmBGyhcfD99VAKh1S5+dniKpoNISjo1pB35iwwxrywin42InNTTBZIj7tO2oxIKaMJtcO0bHTumhWGlX0qKJ+nsiw8KYkYhcp8B2YOa9XPzPa6c2Pg8zJpPUUkmmi+KUI6tQ/jrqMU2J5SNHMNHM3YrIAGtMrAuo6EII5l9eJI3TSuBXghu/XM2jyFGAQziCEwjgDKpwBTWoA4E7eIRnePGU9+S9em/T1iVvNnMAf+C9/wDm8ZGT</latexit><latexit sha1_base64="iFZP9QHuv4sLGvU6XhGeeqFCuYU=">AAAB7XicbZC7SgNBFIbPxluMt3jpbAaDYBV2bbQzYKGdEcwFkhBmJ7PJmLksM7NCXPIONhaK2Nr5FD6BnaVv4uRSaOIPAx//fw5zzgljzoz1/S8vs7C4tLySXc2trW9sbuW3d6pGJZrQClFc6XqIDeVM0oplltN6rCkWIae1sH8+ymt3VBum5I0dxLQlcFeyiBFsnVVtXgnaxe18wS/6Y6F5CKZQOPu4/75430vL7fxns6NIIqi0hGNjGoEf21aKtWWE02GumRgaY9LHXdpwKLGgppWOpx2iQ+d0UKS0e9Kisfu7I8XCmIEIXaXAtmdms5H5X9ZIbHTaSpmME0slmXwUJRxZhUarow7TlFg+cICJZm5WRHpYY2LdgXLuCMHsyvNQPS4GfjG49gulEkyUhX04gCMI4ARKcAllqACBW3iAJ3j2lPfovXivk9KMN+3ZhT/y3n4AmCiS1w==</latexit><latexit sha1_base64="iFZP9QHuv4sLGvU6XhGeeqFCuYU=">AAAB7XicbZC7SgNBFIbPxluMt3jpbAaDYBV2bbQzYKGdEcwFkhBmJ7PJmLksM7NCXPIONhaK2Nr5FD6BnaVv4uRSaOIPAx//fw5zzgljzoz1/S8vs7C4tLySXc2trW9sbuW3d6pGJZrQClFc6XqIDeVM0oplltN6rCkWIae1sH8+ymt3VBum5I0dxLQlcFeyiBFsnVVtXgnaxe18wS/6Y6F5CKZQOPu4/75430vL7fxns6NIIqi0hGNjGoEf21aKtWWE02GumRgaY9LHXdpwKLGgppWOpx2iQ+d0UKS0e9Kisfu7I8XCmIEIXaXAtmdms5H5X9ZIbHTaSpmME0slmXwUJRxZhUarow7TlFg+cICJZm5WRHpYY2LdgXLuCMHsyvNQPS4GfjG49gulEkyUhX04gCMI4ARKcAllqACBW3iAJ3j2lPfovXivk9KMN+3ZhT/y3n4AmCiS1w==</latexit><latexit sha1_base64="goY88knoIbTv/iBaVFZc2f9txk8=">AAAB7XicbVA9SwNBEJ3zM8avqKXNYhCswp2NlgEbOyOYD0iOsLeZS9bs3h67e0I48h9sLBSx9f/Y+W/cJFdo4oOBx3szzMyLUsGN9f1vb219Y3Nru7RT3t3bPzisHB23jMo0wyZTQulORA0KnmDTciuwk2qkMhLYjsY3M7/9hNpwlTzYSYqhpMOEx5xR66RW707ikPYrVb/mz0FWSVCQKhRo9CtfvYFimcTEMkGN6QZ+asOcasuZwGm5lxlMKRvTIXYdTahEE+bza6fk3CkDEivtKrFkrv6eyKk0ZiIj1ympHZllbyb+53UzG1+HOU/SzGLCFoviTBCryOx1MuAamRUTRyjT3N1K2IhqyqwLqOxCCJZfXiWty1rg14J7v1qvF3GU4BTO4AICuII63EIDmsDgEZ7hFd485b14797HonXNK2ZO4A+8zx9dV471</latexit>

⌦
<latexit sha1_base64="VTYavr74ZvStSGQfmDl9n7VL+g8=">AAAB7XicbZC7SgNBFIbPxluMt6ilzWAQrMKujekM2NgZxVwgWcLsZDYZM5dlZlYIS97BxkIRW1/Byoew822cXApN/GHg4//PYc45UcKZsb7/7eVWVtfWN/Kbha3tnd294v5Bw6hUE1oniivdirChnElat8xy2ko0xSLitBkNLyd584Fqw5S8s6OEhgL3JYsZwdZZjc61oH3cLZb8sj8VWoZgDqWLz49bcKp1i1+dniKpoNISjo1pB35iwwxrywin40InNTTBZIj7tO1QYkFNmE2nHaMT5/RQrLR70qKp+7sjw8KYkYhcpcB2YBaziflf1k5tXAkzJpPUUklmH8UpR1ahyeqoxzQllo8cYKKZmxWRAdaYWHeggjtCsLjyMjTOyoFfDm78UrUCM+XhCI7hFAI4hypcQQ3qQOAeHuEZXjzlPXmv3tusNOfNew7hj7z3Hxl8kPQ=</latexit><latexit sha1_base64="EfGuhqCxl+MLj4wQaV9Vva0T/ls=">AAAB7XicbZC7SgNBFIZn4y3GW9RSkMEgWIVdG9MZsLEzAXOBZAmzk7PJmJmdZWZWCEtKexsLRWx9hVQ+hJ3P4Es4uRSa+MPAx/+fw5xzgpgzbVz3y8msrK6tb2Q3c1vbO7t7+f2DupaJolCjkkvVDIgGziKoGWY4NGMFRAQcGsHgapI37kFpJqNbM4zBF6QXsZBRYqxVb98I6JFOvuAW3anwMnhzKFx+jKvfD8fjSif/2e5KmgiIDOVE65bnxsZPiTKMchjl2omGmNAB6UHLYkQEaD+dTjvCp9bp4lAq+yKDp+7vjpQIrYcisJWCmL5ezCbmf1krMWHJT1kUJwYiOvsoTDg2Ek9Wx12mgBo+tECoYnZWTPtEEWrsgXL2CN7iystQPy96btGruoVyCc2URUfoBJ0hD12gMrpGFVRDFN2hR/SMXhzpPDmvztusNOPMew7RHznvPyN3kzk=</latexit><latexit sha1_base64="EfGuhqCxl+MLj4wQaV9Vva0T/ls=">AAAB7XicbZC7SgNBFIZn4y3GW9RSkMEgWIVdG9MZsLEzAXOBZAmzk7PJmJmdZWZWCEtKexsLRWx9hVQ+hJ3P4Es4uRSa+MPAx/+fw5xzgpgzbVz3y8msrK6tb2Q3c1vbO7t7+f2DupaJolCjkkvVDIgGziKoGWY4NGMFRAQcGsHgapI37kFpJqNbM4zBF6QXsZBRYqxVb98I6JFOvuAW3anwMnhzKFx+jKvfD8fjSif/2e5KmgiIDOVE65bnxsZPiTKMchjl2omGmNAB6UHLYkQEaD+dTjvCp9bp4lAq+yKDp+7vjpQIrYcisJWCmL5ezCbmf1krMWHJT1kUJwYiOvsoTDg2Ek9Wx12mgBo+tECoYnZWTPtEEWrsgXL2CN7iystQPy96btGruoVyCc2URUfoBJ0hD12gMrpGFVRDFN2hR/SMXhzpPDmvztusNOPMew7RHznvPyN3kzk=</latexit><latexit sha1_base64="qzSyQyaQUvIdAG8VIMfTEz4v/e8=">AAAB7XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5sTBmwsTOC+YDkCHubuWTN7t6xuyeEkP9gY6GIrf/Hzn/jJrlCEx8MPN6bYWZelApurO9/e4WNza3tneJuaW//4PCofHzSMkmmGTZZIhLdiahBwRU2LbcCO6lGKiOB7Wh8M/fbT6gNT9SDnaQYSjpUPOaMWie1encSh7RfrvhVfwGyToKcVCBHo1/+6g0SlklUlglqTDfwUxtOqbacCZyVepnBlLIxHWLXUUUlmnC6uHZGLpwyIHGiXSlLFurviSmVxkxk5DoltSOz6s3F/7xuZuNaOOUqzSwqtlwUZ4LYhMxfJwOukVkxcYQyzd2thI2opsy6gEouhGD15XXSuqoGfjW49yv1Wh5HEc7gHC4hgGuowy00oAkMHuEZXuHNS7wX7937WLYWvHzmFP7A+/wBWu+O7Q==</latexit>

E0 > 0
<latexit sha1_base64="4ENEWff3sCVPH4zLN82slORiTCo=">AAAB7XicbVDLSgMxFL1TX7W+qi7dBIvoqmRE0JUURHFZwT6gHUomzbSxmWRIMkIZCn6CGxeKuPV/3Pk3po+Fth64cDjnXu69J0wENxbjby+3tLyyupZfL2xsbm3vFHf36kalmrIaVULpZkgME1yymuVWsGaiGYlDwRrh4GrsNx6ZNlzJeztMWBCTnuQRp8Q6qX59jC4R7hRLuIwnQIvEn5ESzFDtFL/aXUXTmElLBTGm5ePEBhnRllPBRoV2alhC6ID0WMtRSWJmgmxy7QgdOaWLIqVdSYsm6u+JjMTGDOPQdcbE9s28Nxb/81qpjS6CjMsktUzS6aIoFcgqNH4ddblm1IqhI4Rq7m5FtE80odYFVHAh+PMvL5L6adnHZf/urFS5eZrGkYcDOIQT8OEcKnALVagBhQd4hld485T34r17H9PWnDeLcB/+wPv8Ab6MjlQ=</latexit><latexit sha1_base64="4ENEWff3sCVPH4zLN82slORiTCo=">AAAB7XicbVDLSgMxFL1TX7W+qi7dBIvoqmRE0JUURHFZwT6gHUomzbSxmWRIMkIZCn6CGxeKuPV/3Pk3po+Fth64cDjnXu69J0wENxbjby+3tLyyupZfL2xsbm3vFHf36kalmrIaVULpZkgME1yymuVWsGaiGYlDwRrh4GrsNx6ZNlzJeztMWBCTnuQRp8Q6qX59jC4R7hRLuIwnQIvEn5ESzFDtFL/aXUXTmElLBTGm5ePEBhnRllPBRoV2alhC6ID0WMtRSWJmgmxy7QgdOaWLIqVdSYsm6u+JjMTGDOPQdcbE9s28Nxb/81qpjS6CjMsktUzS6aIoFcgqNH4ddblm1IqhI4Rq7m5FtE80odYFVHAh+PMvL5L6adnHZf/urFS5eZrGkYcDOIQT8OEcKnALVagBhQd4hld485T34r17H9PWnDeLcB/+wPv8Ab6MjlQ=</latexit><latexit sha1_base64="4ENEWff3sCVPH4zLN82slORiTCo=">AAAB7XicbVDLSgMxFL1TX7W+qi7dBIvoqmRE0JUURHFZwT6gHUomzbSxmWRIMkIZCn6CGxeKuPV/3Pk3po+Fth64cDjnXu69J0wENxbjby+3tLyyupZfL2xsbm3vFHf36kalmrIaVULpZkgME1yymuVWsGaiGYlDwRrh4GrsNx6ZNlzJeztMWBCTnuQRp8Q6qX59jC4R7hRLuIwnQIvEn5ESzFDtFL/aXUXTmElLBTGm5ePEBhnRllPBRoV2alhC6ID0WMtRSWJmgmxy7QgdOaWLIqVdSYsm6u+JjMTGDOPQdcbE9s28Nxb/81qpjS6CjMsktUzS6aIoFcgqNH4ddblm1IqhI4Rq7m5FtE80odYFVHAh+PMvL5L6adnHZf/urFS5eZrGkYcDOIQT8OEcKnALVagBhQd4hld485T34r17H9PWnDeLcB/+wPv8Ab6MjlQ=</latexit><latexit sha1_base64="4ENEWff3sCVPH4zLN82slORiTCo=">AAAB7XicbVDLSgMxFL1TX7W+qi7dBIvoqmRE0JUURHFZwT6gHUomzbSxmWRIMkIZCn6CGxeKuPV/3Pk3po+Fth64cDjnXu69J0wENxbjby+3tLyyupZfL2xsbm3vFHf36kalmrIaVULpZkgME1yymuVWsGaiGYlDwRrh4GrsNx6ZNlzJeztMWBCTnuQRp8Q6qX59jC4R7hRLuIwnQIvEn5ESzFDtFL/aXUXTmElLBTGm5ePEBhnRllPBRoV2alhC6ID0WMtRSWJmgmxy7QgdOaWLIqVdSYsm6u+JjMTGDOPQdcbE9s28Nxb/81qpjS6CjMsktUzS6aIoFcgqNH4ddblm1IqhI4Rq7m5FtE80odYFVHAh+PMvL5L6adnHZf/urFS5eZrGkYcDOIQT8OEcKnALVagBhQd4hld485T34r17H9PWnDeLcB/+wPv8Ab6MjlQ=</latexit>

)
<latexit sha1_base64="x7l+wNG30WyayE8GrPotxmqvlkE=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgRW9VbC2koWy2m3bpZjfsTpQS+jO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8KBXcoOd9O6WV1bX1jfJmZWt7Z3evun/QNirTlLWoEkp3ImKY4JK1kKNgnVQzkkSCPUSjq6n/8Mi04Ure4zhlYUIGksecErRS0L3jgyESrdVTr1rz6t4M7jLxC1KDAs1e9avbVzRLmEQqiDGB76UY5kQjp4JNKt3MsJTQERmwwFJJEmbCfHbyxD2xSt+NlbYl0Z2pvydykhgzTiLbmRAcmkVvKv7nBRnGl2HOZZohk3S+KM6Ei8qd/u/2uWYUxdgSQjW3t7p0SDShaFOq2BD8xZeXSfus7nt1//a81rgp4ijDERzDKfhwAQ24hia0gIKCZ3iFNwedF+fd+Zi3lpxi5hD+wPn8AZM2kXQ=</latexit><latexit sha1_base64="x7l+wNG30WyayE8GrPotxmqvlkE=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgRW9VbC2koWy2m3bpZjfsTpQS+jO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8KBXcoOd9O6WV1bX1jfJmZWt7Z3evun/QNirTlLWoEkp3ImKY4JK1kKNgnVQzkkSCPUSjq6n/8Mi04Ure4zhlYUIGksecErRS0L3jgyESrdVTr1rz6t4M7jLxC1KDAs1e9avbVzRLmEQqiDGB76UY5kQjp4JNKt3MsJTQERmwwFJJEmbCfHbyxD2xSt+NlbYl0Z2pvydykhgzTiLbmRAcmkVvKv7nBRnGl2HOZZohk3S+KM6Ei8qd/u/2uWYUxdgSQjW3t7p0SDShaFOq2BD8xZeXSfus7nt1//a81rgp4ijDERzDKfhwAQ24hia0gIKCZ3iFNwedF+fd+Zi3lpxi5hD+wPn8AZM2kXQ=</latexit><latexit sha1_base64="x7l+wNG30WyayE8GrPotxmqvlkE=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgRW9VbC2koWy2m3bpZjfsTpQS+jO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8KBXcoOd9O6WV1bX1jfJmZWt7Z3evun/QNirTlLWoEkp3ImKY4JK1kKNgnVQzkkSCPUSjq6n/8Mi04Ure4zhlYUIGksecErRS0L3jgyESrdVTr1rz6t4M7jLxC1KDAs1e9avbVzRLmEQqiDGB76UY5kQjp4JNKt3MsJTQERmwwFJJEmbCfHbyxD2xSt+NlbYl0Z2pvydykhgzTiLbmRAcmkVvKv7nBRnGl2HOZZohk3S+KM6Ei8qd/u/2uWYUxdgSQjW3t7p0SDShaFOq2BD8xZeXSfus7nt1//a81rgp4ijDERzDKfhwAQ24hia0gIKCZ3iFNwedF+fd+Zi3lpxi5hD+wPn8AZM2kXQ=</latexit><latexit sha1_base64="x7l+wNG30WyayE8GrPotxmqvlkE=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgRW9VbC2koWy2m3bpZjfsTpQS+jO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8KBXcoOd9O6WV1bX1jfJmZWt7Z3evun/QNirTlLWoEkp3ImKY4JK1kKNgnVQzkkSCPUSjq6n/8Mi04Ure4zhlYUIGksecErRS0L3jgyESrdVTr1rz6t4M7jLxC1KDAs1e9avbVzRLmEQqiDGB76UY5kQjp4JNKt3MsJTQERmwwFJJEmbCfHbyxD2xSt+NlbYl0Z2pvydykhgzTiLbmRAcmkVvKv7nBRnGl2HOZZohk3S+KM6Ei8qd/u/2uWYUxdgSQjW3t7p0SDShaFOq2BD8xZeXSfus7nt1//a81rgp4ijDERzDKfhwAQ24hia0gIKCZ3iFNwedF+fd+Zi3lpxi5hD+wPn8AZM2kXQ=</latexit> phase space

E� ,m
<latexit sha1_base64="4tkKD5Q/gcYWUohdNixkx40At1Q=">AAAB8nicbVDJSgNBEO2JW4xb1KOXxiB4kDAjgh4DoniMYBaYDKGn05M06WXorhHCEPAnvHhQxKtf482/sbMcNPFBweO9KqrqxangFnz/2yusrK6tbxQ3S1vbO7t75f2DptWZoaxBtdCmHRPLBFesARwEa6eGERkL1oqH1xO/9ciM5Vo9wChlkSR9xRNOCTgpvOl2+kRKcoZlt1zxq/4UeJkEc1JBc9S75a9OT9NMMgVUEGvDwE8hyokBTgUblzqZZSmhQ9JnoaOKSGajfHryGJ84pYcTbVwpwFP190ROpLUjGbtOSWBgF72J+J8XZpBcRTlXaQZM0dmiJBMYNJ78j3vcMApi5AihhrtbMR0QQyi4lEouhGDx5WXSPK8GfjW4v6jUbp9mcRTRETpGpyhAl6iG7lAdNRBFGj2jV/TmgffivXsfs9aCN4/wEP2B9/kDhZiRKA==</latexit><latexit sha1_base64="4tkKD5Q/gcYWUohdNixkx40At1Q=">AAAB8nicbVDJSgNBEO2JW4xb1KOXxiB4kDAjgh4DoniMYBaYDKGn05M06WXorhHCEPAnvHhQxKtf482/sbMcNPFBweO9KqrqxangFnz/2yusrK6tbxQ3S1vbO7t75f2DptWZoaxBtdCmHRPLBFesARwEa6eGERkL1oqH1xO/9ciM5Vo9wChlkSR9xRNOCTgpvOl2+kRKcoZlt1zxq/4UeJkEc1JBc9S75a9OT9NMMgVUEGvDwE8hyokBTgUblzqZZSmhQ9JnoaOKSGajfHryGJ84pYcTbVwpwFP190ROpLUjGbtOSWBgF72J+J8XZpBcRTlXaQZM0dmiJBMYNJ78j3vcMApi5AihhrtbMR0QQyi4lEouhGDx5WXSPK8GfjW4v6jUbp9mcRTRETpGpyhAl6iG7lAdNRBFGj2jV/TmgffivXsfs9aCN4/wEP2B9/kDhZiRKA==</latexit><latexit sha1_base64="4tkKD5Q/gcYWUohdNixkx40At1Q=">AAAB8nicbVDJSgNBEO2JW4xb1KOXxiB4kDAjgh4DoniMYBaYDKGn05M06WXorhHCEPAnvHhQxKtf482/sbMcNPFBweO9KqrqxangFnz/2yusrK6tbxQ3S1vbO7t75f2DptWZoaxBtdCmHRPLBFesARwEa6eGERkL1oqH1xO/9ciM5Vo9wChlkSR9xRNOCTgpvOl2+kRKcoZlt1zxq/4UeJkEc1JBc9S75a9OT9NMMgVUEGvDwE8hyokBTgUblzqZZSmhQ9JnoaOKSGajfHryGJ84pYcTbVwpwFP190ROpLUjGbtOSWBgF72J+J8XZpBcRTlXaQZM0dmiJBMYNJ78j3vcMApi5AihhrtbMR0QQyi4lEouhGDx5WXSPK8GfjW4v6jUbp9mcRTRETpGpyhAl6iG7lAdNRBFGj2jV/TmgffivXsfs9aCN4/wEP2B9/kDhZiRKA==</latexit><latexit sha1_base64="4tkKD5Q/gcYWUohdNixkx40At1Q=">AAAB8nicbVDJSgNBEO2JW4xb1KOXxiB4kDAjgh4DoniMYBaYDKGn05M06WXorhHCEPAnvHhQxKtf482/sbMcNPFBweO9KqrqxangFnz/2yusrK6tbxQ3S1vbO7t75f2DptWZoaxBtdCmHRPLBFesARwEa6eGERkL1oqH1xO/9ciM5Vo9wChlkSR9xRNOCTgpvOl2+kRKcoZlt1zxq/4UeJkEc1JBc9S75a9OT9NMMgVUEGvDwE8hyokBTgUblzqZZSmhQ9JnoaOKSGajfHryGJ84pYcTbVwpwFP190ROpLUjGbtOSWBgF72J+J8XZpBcRTlXaQZM0dmiJBMYNJ78j3vcMApi5AihhrtbMR0QQyi4lEouhGDx5WXSPK8GfjW4v6jUbp9mcRTRETpGpyhAl6iG7lAdNRBFGj2jV/TmgffivXsfs9aCN4/wEP2B9/kDhZiRKA==</latexit>

E0 = m⌦� E� > 0
<latexit sha1_base64="qJFIzR0yED95qYKZ+XWrQUFbxks=">AAACBHicbZBLSwMxFIUz9VXrq+qym2AR3VhmRNCNUpCKOyvYB3SG4U6aTkOTmSHJCKUUdONfceNCEbf+CHf+G9PHQlsPBD7OuSG5J0g4U9q2v63MwuLS8kp2Nbe2vrG5ld/eqas4lYTWSMxj2QxAUc4iWtNMc9pMJAURcNoIepejvHFPpWJxdKf7CfUEhBHrMALaWH6+UDnA51i4N4KGgI9wxXdDEALwBbb9fNEu2WPheXCmUERTVf38l9uOSSpopAkHpVqOnWhvAFIzwukw56aKJkB6ENKWwQgEVd5gvMQQ7xunjTuxNCfSeOz+vjEAoVRfBGZSgO6q2Wxk/pe1Ut058wYsSlJNIzJ5qJNyrGM8agS3maRE874BIJKZv2LSBQlEm95ypgRnduV5qB+XHLvk3J4Uy1cPkzqyqID20CFy0Ckqo2tURTVE0CN6Rq/ozXqyXqx362MymrGmFe6iP7I+fwCqxJX2</latexit><latexit sha1_base64="qJFIzR0yED95qYKZ+XWrQUFbxks=">AAACBHicbZBLSwMxFIUz9VXrq+qym2AR3VhmRNCNUpCKOyvYB3SG4U6aTkOTmSHJCKUUdONfceNCEbf+CHf+G9PHQlsPBD7OuSG5J0g4U9q2v63MwuLS8kp2Nbe2vrG5ld/eqas4lYTWSMxj2QxAUc4iWtNMc9pMJAURcNoIepejvHFPpWJxdKf7CfUEhBHrMALaWH6+UDnA51i4N4KGgI9wxXdDEALwBbb9fNEu2WPheXCmUERTVf38l9uOSSpopAkHpVqOnWhvAFIzwukw56aKJkB6ENKWwQgEVd5gvMQQ7xunjTuxNCfSeOz+vjEAoVRfBGZSgO6q2Wxk/pe1Ut058wYsSlJNIzJ5qJNyrGM8agS3maRE874BIJKZv2LSBQlEm95ypgRnduV5qB+XHLvk3J4Uy1cPkzqyqID20CFy0Ckqo2tURTVE0CN6Rq/ozXqyXqx362MymrGmFe6iP7I+fwCqxJX2</latexit><latexit sha1_base64="qJFIzR0yED95qYKZ+XWrQUFbxks=">AAACBHicbZBLSwMxFIUz9VXrq+qym2AR3VhmRNCNUpCKOyvYB3SG4U6aTkOTmSHJCKUUdONfceNCEbf+CHf+G9PHQlsPBD7OuSG5J0g4U9q2v63MwuLS8kp2Nbe2vrG5ld/eqas4lYTWSMxj2QxAUc4iWtNMc9pMJAURcNoIepejvHFPpWJxdKf7CfUEhBHrMALaWH6+UDnA51i4N4KGgI9wxXdDEALwBbb9fNEu2WPheXCmUERTVf38l9uOSSpopAkHpVqOnWhvAFIzwukw56aKJkB6ENKWwQgEVd5gvMQQ7xunjTuxNCfSeOz+vjEAoVRfBGZSgO6q2Wxk/pe1Ut058wYsSlJNIzJ5qJNyrGM8agS3maRE874BIJKZv2LSBQlEm95ypgRnduV5qB+XHLvk3J4Uy1cPkzqyqID20CFy0Ckqo2tURTVE0CN6Rq/ozXqyXqx362MymrGmFe6iP7I+fwCqxJX2</latexit><latexit sha1_base64="qJFIzR0yED95qYKZ+XWrQUFbxks=">AAACBHicbZBLSwMxFIUz9VXrq+qym2AR3VhmRNCNUpCKOyvYB3SG4U6aTkOTmSHJCKUUdONfceNCEbf+CHf+G9PHQlsPBD7OuSG5J0g4U9q2v63MwuLS8kp2Nbe2vrG5ld/eqas4lYTWSMxj2QxAUc4iWtNMc9pMJAURcNoIepejvHFPpWJxdKf7CfUEhBHrMALaWH6+UDnA51i4N4KGgI9wxXdDEALwBbb9fNEu2WPheXCmUERTVf38l9uOSSpopAkHpVqOnWhvAFIzwukw56aKJkB6ENKWwQgEVd5gvMQQ7xunjTuxNCfSeOz+vjEAoVRfBGZSgO6q2Wxk/pe1Ut058wYsSlJNIzJ5qJNyrGM8agS3maRE874BIJKZv2LSBQlEm95ypgRnduV5qB+XHLvk3J4Uy1cPkzqyqID20CFy0Ckqo2tURTVE0CN6Rq/ozXqyXqx362MymrGmFe6iP7I+fwCqxJX2</latexit>

conserve energy & 
angular momentum

1

coupling



Rotational Superradiance

Radiation is kinematically allowed if 

⌦
<latexit sha1_base64="PnAn3gOm+qtagB/MQmG+rFlmdVo=">AAAB7XicbVC7SgNBFL3rM8ZX1NJmMAhWYddGOwM2dkYwD0iWMDuZTcbMY5mZFeKSf7CxUMTWH/EL7Cz9E2eTFJp44MLhnHu5954o4cxY3//ylpZXVtfWCxvFza3tnd3S3n7DqFQTWieKK92KsKGcSVq3zHLaSjTFIuK0GQ0vc795T7VhSt7aUUJDgfuSxYxg66RG51rQPu6Wyn7FnwAtkmBGyhcfD99VAKh1S5+dniKpoNISjo1pB35iwwxrywin42InNTTBZIj7tO2oxIKaMJtcO0bHTumhWGlX0qKJ+nsiw8KYkYhcp8B2YOa9XPzPa6c2Pg8zJpPUUkmmi+KUI6tQ/jrqMU2J5SNHMNHM3YrIAGtMrAuo6EII5l9eJI3TSuBXghu/XM2jyFGAQziCEwjgDKpwBTWoA4E7eIRnePGU9+S9em/T1iVvNnMAf+C9/wDm8ZGT</latexit><latexit sha1_base64="iFZP9QHuv4sLGvU6XhGeeqFCuYU=">AAAB7XicbZC7SgNBFIbPxluMt3jpbAaDYBV2bbQzYKGdEcwFkhBmJ7PJmLksM7NCXPIONhaK2Nr5FD6BnaVv4uRSaOIPAx//fw5zzgljzoz1/S8vs7C4tLySXc2trW9sbuW3d6pGJZrQClFc6XqIDeVM0oplltN6rCkWIae1sH8+ymt3VBum5I0dxLQlcFeyiBFsnVVtXgnaxe18wS/6Y6F5CKZQOPu4/75430vL7fxns6NIIqi0hGNjGoEf21aKtWWE02GumRgaY9LHXdpwKLGgppWOpx2iQ+d0UKS0e9Kisfu7I8XCmIEIXaXAtmdms5H5X9ZIbHTaSpmME0slmXwUJRxZhUarow7TlFg+cICJZm5WRHpYY2LdgXLuCMHsyvNQPS4GfjG49gulEkyUhX04gCMI4ARKcAllqACBW3iAJ3j2lPfovXivk9KMN+3ZhT/y3n4AmCiS1w==</latexit><latexit sha1_base64="iFZP9QHuv4sLGvU6XhGeeqFCuYU=">AAAB7XicbZC7SgNBFIbPxluMt3jpbAaDYBV2bbQzYKGdEcwFkhBmJ7PJmLksM7NCXPIONhaK2Nr5FD6BnaVv4uRSaOIPAx//fw5zzgljzoz1/S8vs7C4tLySXc2trW9sbuW3d6pGJZrQClFc6XqIDeVM0oplltN6rCkWIae1sH8+ymt3VBum5I0dxLQlcFeyiBFsnVVtXgnaxe18wS/6Y6F5CKZQOPu4/75430vL7fxns6NIIqi0hGNjGoEf21aKtWWE02GumRgaY9LHXdpwKLGgppWOpx2iQ+d0UKS0e9Kisfu7I8XCmIEIXaXAtmdms5H5X9ZIbHTaSpmME0slmXwUJRxZhUarow7TlFg+cICJZm5WRHpYY2LdgXLuCMHsyvNQPS4GfjG49gulEkyUhX04gCMI4ARKcAllqACBW3iAJ3j2lPfovXivk9KMN+3ZhT/y3n4AmCiS1w==</latexit><latexit sha1_base64="goY88knoIbTv/iBaVFZc2f9txk8=">AAAB7XicbVA9SwNBEJ3zM8avqKXNYhCswp2NlgEbOyOYD0iOsLeZS9bs3h67e0I48h9sLBSx9f/Y+W/cJFdo4oOBx3szzMyLUsGN9f1vb219Y3Nru7RT3t3bPzisHB23jMo0wyZTQulORA0KnmDTciuwk2qkMhLYjsY3M7/9hNpwlTzYSYqhpMOEx5xR66RW707ikPYrVb/mz0FWSVCQKhRo9CtfvYFimcTEMkGN6QZ+asOcasuZwGm5lxlMKRvTIXYdTahEE+bza6fk3CkDEivtKrFkrv6eyKk0ZiIj1ympHZllbyb+53UzG1+HOU/SzGLCFoviTBCryOx1MuAamRUTRyjT3N1K2IhqyqwLqOxCCJZfXiWty1rg14J7v1qvF3GU4BTO4AICuII63EIDmsDgEZ7hFd485b14797HonXNK2ZO4A+8zx9dV471</latexit>

⌦
<latexit sha1_base64="VTYavr74ZvStSGQfmDl9n7VL+g8=">AAAB7XicbZC7SgNBFIbPxluMt6ilzWAQrMKujekM2NgZxVwgWcLsZDYZM5dlZlYIS97BxkIRW1/Byoew822cXApN/GHg4//PYc45UcKZsb7/7eVWVtfWN/Kbha3tnd294v5Bw6hUE1oniivdirChnElat8xy2ko0xSLitBkNLyd584Fqw5S8s6OEhgL3JYsZwdZZjc61oH3cLZb8sj8VWoZgDqWLz49bcKp1i1+dniKpoNISjo1pB35iwwxrywin40InNTTBZIj7tO1QYkFNmE2nHaMT5/RQrLR70qKp+7sjw8KYkYhcpcB2YBaziflf1k5tXAkzJpPUUklmH8UpR1ahyeqoxzQllo8cYKKZmxWRAdaYWHeggjtCsLjyMjTOyoFfDm78UrUCM+XhCI7hFAI4hypcQQ3qQOAeHuEZXjzlPXmv3tusNOfNew7hj7z3Hxl8kPQ=</latexit><latexit sha1_base64="EfGuhqCxl+MLj4wQaV9Vva0T/ls=">AAAB7XicbZC7SgNBFIZn4y3GW9RSkMEgWIVdG9MZsLEzAXOBZAmzk7PJmJmdZWZWCEtKexsLRWx9hVQ+hJ3P4Es4uRSa+MPAx/+fw5xzgpgzbVz3y8msrK6tb2Q3c1vbO7t7+f2DupaJolCjkkvVDIgGziKoGWY4NGMFRAQcGsHgapI37kFpJqNbM4zBF6QXsZBRYqxVb98I6JFOvuAW3anwMnhzKFx+jKvfD8fjSif/2e5KmgiIDOVE65bnxsZPiTKMchjl2omGmNAB6UHLYkQEaD+dTjvCp9bp4lAq+yKDp+7vjpQIrYcisJWCmL5ezCbmf1krMWHJT1kUJwYiOvsoTDg2Ek9Wx12mgBo+tECoYnZWTPtEEWrsgXL2CN7iystQPy96btGruoVyCc2URUfoBJ0hD12gMrpGFVRDFN2hR/SMXhzpPDmvztusNOPMew7RHznvPyN3kzk=</latexit><latexit sha1_base64="EfGuhqCxl+MLj4wQaV9Vva0T/ls=">AAAB7XicbZC7SgNBFIZn4y3GW9RSkMEgWIVdG9MZsLEzAXOBZAmzk7PJmJmdZWZWCEtKexsLRWx9hVQ+hJ3P4Es4uRSa+MPAx/+fw5xzgpgzbVz3y8msrK6tb2Q3c1vbO7t7+f2DupaJolCjkkvVDIgGziKoGWY4NGMFRAQcGsHgapI37kFpJqNbM4zBF6QXsZBRYqxVb98I6JFOvuAW3anwMnhzKFx+jKvfD8fjSif/2e5KmgiIDOVE65bnxsZPiTKMchjl2omGmNAB6UHLYkQEaD+dTjvCp9bp4lAq+yKDp+7vjpQIrYcisJWCmL5ezCbmf1krMWHJT1kUJwYiOvsoTDg2Ek9Wx12mgBo+tECoYnZWTPtEEWrsgXL2CN7iystQPy96btGruoVyCc2URUfoBJ0hD12gMrpGFVRDFN2hR/SMXhzpPDmvztusNOPMew7RHznvPyN3kzk=</latexit><latexit sha1_base64="qzSyQyaQUvIdAG8VIMfTEz4v/e8=">AAAB7XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5sTBmwsTOC+YDkCHubuWTN7t6xuyeEkP9gY6GIrf/Hzn/jJrlCEx8MPN6bYWZelApurO9/e4WNza3tneJuaW//4PCofHzSMkmmGTZZIhLdiahBwRU2LbcCO6lGKiOB7Wh8M/fbT6gNT9SDnaQYSjpUPOaMWie1encSh7RfrvhVfwGyToKcVCBHo1/+6g0SlklUlglqTDfwUxtOqbacCZyVepnBlLIxHWLXUUUlmnC6uHZGLpwyIHGiXSlLFurviSmVxkxk5DoltSOz6s3F/7xuZuNaOOUqzSwqtlwUZ4LYhMxfJwOukVkxcYQyzd2thI2opsy6gEouhGD15XXSuqoGfjW49yv1Wh5HEc7gHC4hgGuowy00oAkMHuEZXuHNS7wX7937WLYWvHzmFP7A+/wBWu+O7Q==</latexit>

E0 > 0
<latexit sha1_base64="4ENEWff3sCVPH4zLN82slORiTCo=">AAAB7XicbVDLSgMxFL1TX7W+qi7dBIvoqmRE0JUURHFZwT6gHUomzbSxmWRIMkIZCn6CGxeKuPV/3Pk3po+Fth64cDjnXu69J0wENxbjby+3tLyyupZfL2xsbm3vFHf36kalmrIaVULpZkgME1yymuVWsGaiGYlDwRrh4GrsNx6ZNlzJeztMWBCTnuQRp8Q6qX59jC4R7hRLuIwnQIvEn5ESzFDtFL/aXUXTmElLBTGm5ePEBhnRllPBRoV2alhC6ID0WMtRSWJmgmxy7QgdOaWLIqVdSYsm6u+JjMTGDOPQdcbE9s28Nxb/81qpjS6CjMsktUzS6aIoFcgqNH4ddblm1IqhI4Rq7m5FtE80odYFVHAh+PMvL5L6adnHZf/urFS5eZrGkYcDOIQT8OEcKnALVagBhQd4hld485T34r17H9PWnDeLcB/+wPv8Ab6MjlQ=</latexit><latexit sha1_base64="4ENEWff3sCVPH4zLN82slORiTCo=">AAAB7XicbVDLSgMxFL1TX7W+qi7dBIvoqmRE0JUURHFZwT6gHUomzbSxmWRIMkIZCn6CGxeKuPV/3Pk3po+Fth64cDjnXu69J0wENxbjby+3tLyyupZfL2xsbm3vFHf36kalmrIaVULpZkgME1yymuVWsGaiGYlDwRrh4GrsNx6ZNlzJeztMWBCTnuQRp8Q6qX59jC4R7hRLuIwnQIvEn5ESzFDtFL/aXUXTmElLBTGm5ePEBhnRllPBRoV2alhC6ID0WMtRSWJmgmxy7QgdOaWLIqVdSYsm6u+JjMTGDOPQdcbE9s28Nxb/81qpjS6CjMsktUzS6aIoFcgqNH4ddblm1IqhI4Rq7m5FtE80odYFVHAh+PMvL5L6adnHZf/urFS5eZrGkYcDOIQT8OEcKnALVagBhQd4hld485T34r17H9PWnDeLcB/+wPv8Ab6MjlQ=</latexit><latexit sha1_base64="4ENEWff3sCVPH4zLN82slORiTCo=">AAAB7XicbVDLSgMxFL1TX7W+qi7dBIvoqmRE0JUURHFZwT6gHUomzbSxmWRIMkIZCn6CGxeKuPV/3Pk3po+Fth64cDjnXu69J0wENxbjby+3tLyyupZfL2xsbm3vFHf36kalmrIaVULpZkgME1yymuVWsGaiGYlDwRrh4GrsNx6ZNlzJeztMWBCTnuQRp8Q6qX59jC4R7hRLuIwnQIvEn5ESzFDtFL/aXUXTmElLBTGm5ePEBhnRllPBRoV2alhC6ID0WMtRSWJmgmxy7QgdOaWLIqVdSYsm6u+JjMTGDOPQdcbE9s28Nxb/81qpjS6CjMsktUzS6aIoFcgqNH4ddblm1IqhI4Rq7m5FtE80odYFVHAh+PMvL5L6adnHZf/urFS5eZrGkYcDOIQT8OEcKnALVagBhQd4hld485T34r17H9PWnDeLcB/+wPv8Ab6MjlQ=</latexit><latexit sha1_base64="4ENEWff3sCVPH4zLN82slORiTCo=">AAAB7XicbVDLSgMxFL1TX7W+qi7dBIvoqmRE0JUURHFZwT6gHUomzbSxmWRIMkIZCn6CGxeKuPV/3Pk3po+Fth64cDjnXu69J0wENxbjby+3tLyyupZfL2xsbm3vFHf36kalmrIaVULpZkgME1yymuVWsGaiGYlDwRrh4GrsNx6ZNlzJeztMWBCTnuQRp8Q6qX59jC4R7hRLuIwnQIvEn5ESzFDtFL/aXUXTmElLBTGm5ePEBhnRllPBRoV2alhC6ID0WMtRSWJmgmxy7QgdOaWLIqVdSYsm6u+JjMTGDOPQdcbE9s28Nxb/81qpjS6CjMsktUzS6aIoFcgqNH4ddblm1IqhI4Rq7m5FtE80odYFVHAh+PMvL5L6adnHZf/urFS5eZrGkYcDOIQT8OEcKnALVagBhQd4hld485T34r17H9PWnDeLcB/+wPv8Ab6MjlQ=</latexit>

)
<latexit sha1_base64="x7l+wNG30WyayE8GrPotxmqvlkE=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgRW9VbC2koWy2m3bpZjfsTpQS+jO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8KBXcoOd9O6WV1bX1jfJmZWt7Z3evun/QNirTlLWoEkp3ImKY4JK1kKNgnVQzkkSCPUSjq6n/8Mi04Ure4zhlYUIGksecErRS0L3jgyESrdVTr1rz6t4M7jLxC1KDAs1e9avbVzRLmEQqiDGB76UY5kQjp4JNKt3MsJTQERmwwFJJEmbCfHbyxD2xSt+NlbYl0Z2pvydykhgzTiLbmRAcmkVvKv7nBRnGl2HOZZohk3S+KM6Ei8qd/u/2uWYUxdgSQjW3t7p0SDShaFOq2BD8xZeXSfus7nt1//a81rgp4ijDERzDKfhwAQ24hia0gIKCZ3iFNwedF+fd+Zi3lpxi5hD+wPn8AZM2kXQ=</latexit><latexit sha1_base64="x7l+wNG30WyayE8GrPotxmqvlkE=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgRW9VbC2koWy2m3bpZjfsTpQS+jO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8KBXcoOd9O6WV1bX1jfJmZWt7Z3evun/QNirTlLWoEkp3ImKY4JK1kKNgnVQzkkSCPUSjq6n/8Mi04Ure4zhlYUIGksecErRS0L3jgyESrdVTr1rz6t4M7jLxC1KDAs1e9avbVzRLmEQqiDGB76UY5kQjp4JNKt3MsJTQERmwwFJJEmbCfHbyxD2xSt+NlbYl0Z2pvydykhgzTiLbmRAcmkVvKv7nBRnGl2HOZZohk3S+KM6Ei8qd/u/2uWYUxdgSQjW3t7p0SDShaFOq2BD8xZeXSfus7nt1//a81rgp4ijDERzDKfhwAQ24hia0gIKCZ3iFNwedF+fd+Zi3lpxi5hD+wPn8AZM2kXQ=</latexit><latexit sha1_base64="x7l+wNG30WyayE8GrPotxmqvlkE=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgRW9VbC2koWy2m3bpZjfsTpQS+jO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8KBXcoOd9O6WV1bX1jfJmZWt7Z3evun/QNirTlLWoEkp3ImKY4JK1kKNgnVQzkkSCPUSjq6n/8Mi04Ure4zhlYUIGksecErRS0L3jgyESrdVTr1rz6t4M7jLxC1KDAs1e9avbVzRLmEQqiDGB76UY5kQjp4JNKt3MsJTQERmwwFJJEmbCfHbyxD2xSt+NlbYl0Z2pvydykhgzTiLbmRAcmkVvKv7nBRnGl2HOZZohk3S+KM6Ei8qd/u/2uWYUxdgSQjW3t7p0SDShaFOq2BD8xZeXSfus7nt1//a81rgp4ijDERzDKfhwAQ24hia0gIKCZ3iFNwedF+fd+Zi3lpxi5hD+wPn8AZM2kXQ=</latexit><latexit sha1_base64="x7l+wNG30WyayE8GrPotxmqvlkE=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgRW9VbC2koWy2m3bpZjfsTpQS+jO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8KBXcoOd9O6WV1bX1jfJmZWt7Z3evun/QNirTlLWoEkp3ImKY4JK1kKNgnVQzkkSCPUSjq6n/8Mi04Ure4zhlYUIGksecErRS0L3jgyESrdVTr1rz6t4M7jLxC1KDAs1e9avbVzRLmEQqiDGB76UY5kQjp4JNKt3MsJTQERmwwFJJEmbCfHbyxD2xSt+NlbYl0Z2pvydykhgzTiLbmRAcmkVvKv7nBRnGl2HOZZohk3S+KM6Ei8qd/u/2uWYUxdgSQjW3t7p0SDShaFOq2BD8xZeXSfus7nt1//a81rgp4ijDERzDKfhwAQ24hia0gIKCZ3iFNwedF+fd+Zi3lpxi5hD+wPn8AZM2kXQ=</latexit>

coupling

phase space

E� ,m
<latexit sha1_base64="4tkKD5Q/gcYWUohdNixkx40At1Q=">AAAB8nicbVDJSgNBEO2JW4xb1KOXxiB4kDAjgh4DoniMYBaYDKGn05M06WXorhHCEPAnvHhQxKtf482/sbMcNPFBweO9KqrqxangFnz/2yusrK6tbxQ3S1vbO7t75f2DptWZoaxBtdCmHRPLBFesARwEa6eGERkL1oqH1xO/9ciM5Vo9wChlkSR9xRNOCTgpvOl2+kRKcoZlt1zxq/4UeJkEc1JBc9S75a9OT9NMMgVUEGvDwE8hyokBTgUblzqZZSmhQ9JnoaOKSGajfHryGJ84pYcTbVwpwFP190ROpLUjGbtOSWBgF72J+J8XZpBcRTlXaQZM0dmiJBMYNJ78j3vcMApi5AihhrtbMR0QQyi4lEouhGDx5WXSPK8GfjW4v6jUbp9mcRTRETpGpyhAl6iG7lAdNRBFGj2jV/TmgffivXsfs9aCN4/wEP2B9/kDhZiRKA==</latexit><latexit sha1_base64="4tkKD5Q/gcYWUohdNixkx40At1Q=">AAAB8nicbVDJSgNBEO2JW4xb1KOXxiB4kDAjgh4DoniMYBaYDKGn05M06WXorhHCEPAnvHhQxKtf482/sbMcNPFBweO9KqrqxangFnz/2yusrK6tbxQ3S1vbO7t75f2DptWZoaxBtdCmHRPLBFesARwEa6eGERkL1oqH1xO/9ciM5Vo9wChlkSR9xRNOCTgpvOl2+kRKcoZlt1zxq/4UeJkEc1JBc9S75a9OT9NMMgVUEGvDwE8hyokBTgUblzqZZSmhQ9JnoaOKSGajfHryGJ84pYcTbVwpwFP190ROpLUjGbtOSWBgF72J+J8XZpBcRTlXaQZM0dmiJBMYNJ78j3vcMApi5AihhrtbMR0QQyi4lEouhGDx5WXSPK8GfjW4v6jUbp9mcRTRETpGpyhAl6iG7lAdNRBFGj2jV/TmgffivXsfs9aCN4/wEP2B9/kDhZiRKA==</latexit><latexit sha1_base64="4tkKD5Q/gcYWUohdNixkx40At1Q=">AAAB8nicbVDJSgNBEO2JW4xb1KOXxiB4kDAjgh4DoniMYBaYDKGn05M06WXorhHCEPAnvHhQxKtf482/sbMcNPFBweO9KqrqxangFnz/2yusrK6tbxQ3S1vbO7t75f2DptWZoaxBtdCmHRPLBFesARwEa6eGERkL1oqH1xO/9ciM5Vo9wChlkSR9xRNOCTgpvOl2+kRKcoZlt1zxq/4UeJkEc1JBc9S75a9OT9NMMgVUEGvDwE8hyokBTgUblzqZZSmhQ9JnoaOKSGajfHryGJ84pYcTbVwpwFP190ROpLUjGbtOSWBgF72J+J8XZpBcRTlXaQZM0dmiJBMYNJ78j3vcMApi5AihhrtbMR0QQyi4lEouhGDx5WXSPK8GfjW4v6jUbp9mcRTRETpGpyhAl6iG7lAdNRBFGj2jV/TmgffivXsfs9aCN4/wEP2B9/kDhZiRKA==</latexit><latexit sha1_base64="4tkKD5Q/gcYWUohdNixkx40At1Q=">AAAB8nicbVDJSgNBEO2JW4xb1KOXxiB4kDAjgh4DoniMYBaYDKGn05M06WXorhHCEPAnvHhQxKtf482/sbMcNPFBweO9KqrqxangFnz/2yusrK6tbxQ3S1vbO7t75f2DptWZoaxBtdCmHRPLBFesARwEa6eGERkL1oqH1xO/9ciM5Vo9wChlkSR9xRNOCTgpvOl2+kRKcoZlt1zxq/4UeJkEc1JBc9S75a9OT9NMMgVUEGvDwE8hyokBTgUblzqZZSmhQ9JnoaOKSGajfHryGJ84pYcTbVwpwFP190ROpLUjGbtOSWBgF72J+J8XZpBcRTlXaQZM0dmiJBMYNJ78j3vcMApi5AihhrtbMR0QQyi4lEouhGDx5WXSPK8GfjW4v6jUbp9mcRTRETpGpyhAl6iG7lAdNRBFGj2jV/TmgffivXsfs9aCN4/wEP2B9/kDhZiRKA==</latexit>

E0 = m⌦� E� > 0
<latexit sha1_base64="qJFIzR0yED95qYKZ+XWrQUFbxks=">AAACBHicbZBLSwMxFIUz9VXrq+qym2AR3VhmRNCNUpCKOyvYB3SG4U6aTkOTmSHJCKUUdONfceNCEbf+CHf+G9PHQlsPBD7OuSG5J0g4U9q2v63MwuLS8kp2Nbe2vrG5ld/eqas4lYTWSMxj2QxAUc4iWtNMc9pMJAURcNoIepejvHFPpWJxdKf7CfUEhBHrMALaWH6+UDnA51i4N4KGgI9wxXdDEALwBbb9fNEu2WPheXCmUERTVf38l9uOSSpopAkHpVqOnWhvAFIzwukw56aKJkB6ENKWwQgEVd5gvMQQ7xunjTuxNCfSeOz+vjEAoVRfBGZSgO6q2Wxk/pe1Ut058wYsSlJNIzJ5qJNyrGM8agS3maRE874BIJKZv2LSBQlEm95ypgRnduV5qB+XHLvk3J4Uy1cPkzqyqID20CFy0Ckqo2tURTVE0CN6Rq/ozXqyXqx362MymrGmFe6iP7I+fwCqxJX2</latexit><latexit sha1_base64="qJFIzR0yED95qYKZ+XWrQUFbxks=">AAACBHicbZBLSwMxFIUz9VXrq+qym2AR3VhmRNCNUpCKOyvYB3SG4U6aTkOTmSHJCKUUdONfceNCEbf+CHf+G9PHQlsPBD7OuSG5J0g4U9q2v63MwuLS8kp2Nbe2vrG5ld/eqas4lYTWSMxj2QxAUc4iWtNMc9pMJAURcNoIepejvHFPpWJxdKf7CfUEhBHrMALaWH6+UDnA51i4N4KGgI9wxXdDEALwBbb9fNEu2WPheXCmUERTVf38l9uOSSpopAkHpVqOnWhvAFIzwukw56aKJkB6ENKWwQgEVd5gvMQQ7xunjTuxNCfSeOz+vjEAoVRfBGZSgO6q2Wxk/pe1Ut058wYsSlJNIzJ5qJNyrGM8agS3maRE874BIJKZv2LSBQlEm95ypgRnduV5qB+XHLvk3J4Uy1cPkzqyqID20CFy0Ckqo2tURTVE0CN6Rq/ozXqyXqx362MymrGmFe6iP7I+fwCqxJX2</latexit><latexit sha1_base64="qJFIzR0yED95qYKZ+XWrQUFbxks=">AAACBHicbZBLSwMxFIUz9VXrq+qym2AR3VhmRNCNUpCKOyvYB3SG4U6aTkOTmSHJCKUUdONfceNCEbf+CHf+G9PHQlsPBD7OuSG5J0g4U9q2v63MwuLS8kp2Nbe2vrG5ld/eqas4lYTWSMxj2QxAUc4iWtNMc9pMJAURcNoIepejvHFPpWJxdKf7CfUEhBHrMALaWH6+UDnA51i4N4KGgI9wxXdDEALwBbb9fNEu2WPheXCmUERTVf38l9uOSSpopAkHpVqOnWhvAFIzwukw56aKJkB6ENKWwQgEVd5gvMQQ7xunjTuxNCfSeOz+vjEAoVRfBGZSgO6q2Wxk/pe1Ut058wYsSlJNIzJ5qJNyrGM8agS3maRE874BIJKZv2LSBQlEm95ypgRnduV5qB+XHLvk3J4Uy1cPkzqyqID20CFy0Ckqo2tURTVE0CN6Rq/ozXqyXqx362MymrGmFe6iP7I+fwCqxJX2</latexit><latexit sha1_base64="qJFIzR0yED95qYKZ+XWrQUFbxks=">AAACBHicbZBLSwMxFIUz9VXrq+qym2AR3VhmRNCNUpCKOyvYB3SG4U6aTkOTmSHJCKUUdONfceNCEbf+CHf+G9PHQlsPBD7OuSG5J0g4U9q2v63MwuLS8kp2Nbe2vrG5ld/eqas4lYTWSMxj2QxAUc4iWtNMc9pMJAURcNoIepejvHFPpWJxdKf7CfUEhBHrMALaWH6+UDnA51i4N4KGgI9wxXdDEALwBbb9fNEu2WPheXCmUERTVf38l9uOSSpopAkHpVqOnWhvAFIzwukw56aKJkB6ENKWwQgEVd5gvMQQ7xunjTuxNCfSeOz+vjEAoVRfBGZSgO6q2Wxk/pe1Ut058wYsSlJNIzJ5qJNyrGM8agS3maRE874BIJKZv2LSBQlEm95ypgRnduV5qB+XHLvk3J4Uy1cPkzqyqID20CFy0Ckqo2tURTVE0CN6Rq/ozXqyXqx362MymrGmFe6iP7I+fwCqxJX2</latexit>

conserve energy & 
angular momentum

“Superradiance condition”

1

Energy for radiation 
comes from rotation



Placing Bounds with 
Superradiance

⌦
<latexit sha1_base64="PnAn3gOm+qtagB/MQmG+rFlmdVo=">AAAB7XicbVC7SgNBFL3rM8ZX1NJmMAhWYddGOwM2dkYwD0iWMDuZTcbMY5mZFeKSf7CxUMTWH/EL7Cz9E2eTFJp44MLhnHu5954o4cxY3//ylpZXVtfWCxvFza3tnd3S3n7DqFQTWieKK92KsKGcSVq3zHLaSjTFIuK0GQ0vc795T7VhSt7aUUJDgfuSxYxg66RG51rQPu6Wyn7FnwAtkmBGyhcfD99VAKh1S5+dniKpoNISjo1pB35iwwxrywin42InNTTBZIj7tO2oxIKaMJtcO0bHTumhWGlX0qKJ+nsiw8KYkYhcp8B2YOa9XPzPa6c2Pg8zJpPUUkmmi+KUI6tQ/jrqMU2J5SNHMNHM3YrIAGtMrAuo6EII5l9eJI3TSuBXghu/XM2jyFGAQziCEwjgDKpwBTWoA4E7eIRnePGU9+S9em/T1iVvNnMAf+C9/wDm8ZGT</latexit><latexit sha1_base64="iFZP9QHuv4sLGvU6XhGeeqFCuYU=">AAAB7XicbZC7SgNBFIbPxluMt3jpbAaDYBV2bbQzYKGdEcwFkhBmJ7PJmLksM7NCXPIONhaK2Nr5FD6BnaVv4uRSaOIPAx//fw5zzgljzoz1/S8vs7C4tLySXc2trW9sbuW3d6pGJZrQClFc6XqIDeVM0oplltN6rCkWIae1sH8+ymt3VBum5I0dxLQlcFeyiBFsnVVtXgnaxe18wS/6Y6F5CKZQOPu4/75430vL7fxns6NIIqi0hGNjGoEf21aKtWWE02GumRgaY9LHXdpwKLGgppWOpx2iQ+d0UKS0e9Kisfu7I8XCmIEIXaXAtmdms5H5X9ZIbHTaSpmME0slmXwUJRxZhUarow7TlFg+cICJZm5WRHpYY2LdgXLuCMHsyvNQPS4GfjG49gulEkyUhX04gCMI4ARKcAllqACBW3iAJ3j2lPfovXivk9KMN+3ZhT/y3n4AmCiS1w==</latexit><latexit sha1_base64="iFZP9QHuv4sLGvU6XhGeeqFCuYU=">AAAB7XicbZC7SgNBFIbPxluMt3jpbAaDYBV2bbQzYKGdEcwFkhBmJ7PJmLksM7NCXPIONhaK2Nr5FD6BnaVv4uRSaOIPAx//fw5zzgljzoz1/S8vs7C4tLySXc2trW9sbuW3d6pGJZrQClFc6XqIDeVM0oplltN6rCkWIae1sH8+ymt3VBum5I0dxLQlcFeyiBFsnVVtXgnaxe18wS/6Y6F5CKZQOPu4/75430vL7fxns6NIIqi0hGNjGoEf21aKtWWE02GumRgaY9LHXdpwKLGgppWOpx2iQ+d0UKS0e9Kisfu7I8XCmIEIXaXAtmdms5H5X9ZIbHTaSpmME0slmXwUJRxZhUarow7TlFg+cICJZm5WRHpYY2LdgXLuCMHsyvNQPS4GfjG49gulEkyUhX04gCMI4ARKcAllqACBW3iAJ3j2lPfovXivk9KMN+3ZhT/y3n4AmCiS1w==</latexit><latexit sha1_base64="goY88knoIbTv/iBaVFZc2f9txk8=">AAAB7XicbVA9SwNBEJ3zM8avqKXNYhCswp2NlgEbOyOYD0iOsLeZS9bs3h67e0I48h9sLBSx9f/Y+W/cJFdo4oOBx3szzMyLUsGN9f1vb219Y3Nru7RT3t3bPzisHB23jMo0wyZTQulORA0KnmDTciuwk2qkMhLYjsY3M7/9hNpwlTzYSYqhpMOEx5xR66RW707ikPYrVb/mz0FWSVCQKhRo9CtfvYFimcTEMkGN6QZ+asOcasuZwGm5lxlMKRvTIXYdTahEE+bza6fk3CkDEivtKrFkrv6eyKk0ZiIj1ympHZllbyb+53UzG1+HOU/SzGLCFoviTBCryOx1MuAamRUTRyjT3N1K2IhqyqwLqOxCCJZfXiWty1rg14J7v1qvF3GU4BTO4AICuII63EIDmsDgEZ7hFd485b14797HonXNK2ZO4A+8zx9dV471</latexit>

2

Scalar with mass m and energy w ~ m  

in gravitational bound state


with azimuthal angular momentum m

µ
<latexit sha1_base64="Gx/q1ZYGC/rY8mCGCh2zTkZohrA=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0MIiYGMZ0XxAcoS9zVyyZHfv2N0TQshPsLFQxNZfZOe/cZNcoYkPBh7vzTAzL0oFN9b3v73C2vrG5lZxu7Szu7d/UD48apok0wwbLBGJbkfUoOAKG5Zbge1UI5WRwFY0up35rSfUhifq0Y5TDCUdKB5zRq2THroy65UrftWfg6ySICcVyFHvlb+6/YRlEpVlghrTCfzUhhOqLWcCp6VuZjClbEQH2HFUUYkmnMxPnZIzp/RJnGhXypK5+ntiQqUxYxm5Tknt0Cx7M/E/r5PZ+DqccJVmFhVbLIozQWxCZn+TPtfIrBg7Qpnm7lbChlRTZl06JRdCsPzyKmleVAO/GtxfVmo3eRxFOIFTOIcArqAGd1CHBjAYwDO8wpsnvBfv3ftYtBa8fOYY/sD7/AFbkI3Q</latexit><latexit sha1_base64="Gx/q1ZYGC/rY8mCGCh2zTkZohrA=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0MIiYGMZ0XxAcoS9zVyyZHfv2N0TQshPsLFQxNZfZOe/cZNcoYkPBh7vzTAzL0oFN9b3v73C2vrG5lZxu7Szu7d/UD48apok0wwbLBGJbkfUoOAKG5Zbge1UI5WRwFY0up35rSfUhifq0Y5TDCUdKB5zRq2THroy65UrftWfg6ySICcVyFHvlb+6/YRlEpVlghrTCfzUhhOqLWcCp6VuZjClbEQH2HFUUYkmnMxPnZIzp/RJnGhXypK5+ntiQqUxYxm5Tknt0Cx7M/E/r5PZ+DqccJVmFhVbLIozQWxCZn+TPtfIrBg7Qpnm7lbChlRTZl06JRdCsPzyKmleVAO/GtxfVmo3eRxFOIFTOIcArqAGd1CHBjAYwDO8wpsnvBfv3ftYtBa8fOYY/sD7/AFbkI3Q</latexit><latexit sha1_base64="Gx/q1ZYGC/rY8mCGCh2zTkZohrA=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0MIiYGMZ0XxAcoS9zVyyZHfv2N0TQshPsLFQxNZfZOe/cZNcoYkPBh7vzTAzL0oFN9b3v73C2vrG5lZxu7Szu7d/UD48apok0wwbLBGJbkfUoOAKG5Zbge1UI5WRwFY0up35rSfUhifq0Y5TDCUdKB5zRq2THroy65UrftWfg6ySICcVyFHvlb+6/YRlEpVlghrTCfzUhhOqLWcCp6VuZjClbEQH2HFUUYkmnMxPnZIzp/RJnGhXypK5+ntiQqUxYxm5Tknt0Cx7M/E/r5PZ+DqccJVmFhVbLIozQWxCZn+TPtfIrBg7Qpnm7lbChlRTZl06JRdCsPzyKmleVAO/GtxfVmo3eRxFOIFTOIcArqAGd1CHBjAYwDO8wpsnvBfv3ftYtBa8fOYY/sD7/AFbkI3Q</latexit><latexit sha1_base64="Gx/q1ZYGC/rY8mCGCh2zTkZohrA=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0MIiYGMZ0XxAcoS9zVyyZHfv2N0TQshPsLFQxNZfZOe/cZNcoYkPBh7vzTAzL0oFN9b3v73C2vrG5lZxu7Szu7d/UD48apok0wwbLBGJbkfUoOAKG5Zbge1UI5WRwFY0up35rSfUhifq0Y5TDCUdKB5zRq2THroy65UrftWfg6ySICcVyFHvlb+6/YRlEpVlghrTCfzUhhOqLWcCp6VuZjClbEQH2HFUUYkmnMxPnZIzp/RJnGhXypK5+ntiQqUxYxm5Tknt0Cx7M/E/r5PZ+DqccJVmFhVbLIozQWxCZn+TPtfIrBg7Qpnm7lbChlRTZl06JRdCsPzyKmleVAO/GtxfVmo3eRxFOIFTOIcArqAGd1CHBjAYwDO8wpsnvBfv3ftYtBa8fOYY/sD7/AFbkI3Q</latexit>

! ⇡ µ
<latexit sha1_base64="dDg68LBxO6YcVkx4JDUt23QpMlo=">AAAB+3icbVC7SgNBFJ2NrxhfayxtBoNgFXZF0MIiYGMZwTwgu4TZyWwyZF7MzErCkl+xsVDE1h+x82+cJFto4oELh3Pu5d57EsWosUHw7ZU2Nre2d8q7lb39g8Mj/7jaNjLTmLSwZFJ3E2QIo4K0LLWMdJUmiCeMdJLx3dzvPBFtqBSPdqpIzNFQ0JRiZJ3U96uR5GSIYISU0nICI571/VpQDxaA6yQsSA0UaPb9r2ggccaJsJghY3phoGycI20pZmRWiTJDFMJjNCQ9RwXixMT54vYZPHfKAKZSuxIWLtTfEznixkx54jo5siOz6s3F/7xeZtObOKdCZZYIvFyUZgxaCedBwAHVBFs2dQRhTd2tEI+QRti6uCouhHD15XXSvqyHQT18uKo1bos4yuAUnIELEIJr0AD3oAlaAIMJeAav4M2beS/eu/exbC15xcwJ+APv8we2YZQy</latexit><latexit sha1_base64="dDg68LBxO6YcVkx4JDUt23QpMlo=">AAAB+3icbVC7SgNBFJ2NrxhfayxtBoNgFXZF0MIiYGMZwTwgu4TZyWwyZF7MzErCkl+xsVDE1h+x82+cJFto4oELh3Pu5d57EsWosUHw7ZU2Nre2d8q7lb39g8Mj/7jaNjLTmLSwZFJ3E2QIo4K0LLWMdJUmiCeMdJLx3dzvPBFtqBSPdqpIzNFQ0JRiZJ3U96uR5GSIYISU0nICI571/VpQDxaA6yQsSA0UaPb9r2ggccaJsJghY3phoGycI20pZmRWiTJDFMJjNCQ9RwXixMT54vYZPHfKAKZSuxIWLtTfEznixkx54jo5siOz6s3F/7xeZtObOKdCZZYIvFyUZgxaCedBwAHVBFs2dQRhTd2tEI+QRti6uCouhHD15XXSvqyHQT18uKo1bos4yuAUnIELEIJr0AD3oAlaAIMJeAav4M2beS/eu/exbC15xcwJ+APv8we2YZQy</latexit><latexit sha1_base64="dDg68LBxO6YcVkx4JDUt23QpMlo=">AAAB+3icbVC7SgNBFJ2NrxhfayxtBoNgFXZF0MIiYGMZwTwgu4TZyWwyZF7MzErCkl+xsVDE1h+x82+cJFto4oELh3Pu5d57EsWosUHw7ZU2Nre2d8q7lb39g8Mj/7jaNjLTmLSwZFJ3E2QIo4K0LLWMdJUmiCeMdJLx3dzvPBFtqBSPdqpIzNFQ0JRiZJ3U96uR5GSIYISU0nICI571/VpQDxaA6yQsSA0UaPb9r2ggccaJsJghY3phoGycI20pZmRWiTJDFMJjNCQ9RwXixMT54vYZPHfKAKZSuxIWLtTfEznixkx54jo5siOz6s3F/7xeZtObOKdCZZYIvFyUZgxaCedBwAHVBFs2dQRhTd2tEI+QRti6uCouhHD15XXSvqyHQT18uKo1bos4yuAUnIELEIJr0AD3oAlaAIMJeAav4M2beS/eu/exbC15xcwJ+APv8we2YZQy</latexit><latexit sha1_base64="dDg68LBxO6YcVkx4JDUt23QpMlo=">AAAB+3icbVC7SgNBFJ2NrxhfayxtBoNgFXZF0MIiYGMZwTwgu4TZyWwyZF7MzErCkl+xsVDE1h+x82+cJFto4oELh3Pu5d57EsWosUHw7ZU2Nre2d8q7lb39g8Mj/7jaNjLTmLSwZFJ3E2QIo4K0LLWMdJUmiCeMdJLx3dzvPBFtqBSPdqpIzNFQ0JRiZJ3U96uR5GSIYISU0nICI571/VpQDxaA6yQsSA0UaPb9r2ggccaJsJghY3phoGycI20pZmRWiTJDFMJjNCQ9RwXixMT54vYZPHfKAKZSuxIWLtTfEznixkx54jo5siOz6s3F/7xeZtObOKdCZZYIvFyUZgxaCedBwAHVBFs2dQRhTd2tEI+QRti6uCouhHD15XXSvqyHQT18uKo1bos4yuAUnIELEIJr0AD3oAlaAIMJeAav4M2beS/eu/exbC15xcwJ+APv8we2YZQy</latexit>

m
<latexit sha1_base64="Zkb8wZDb9j7IxT2+5jX7zFx+0i0=">AAAB6HicbVA9SwNBEJ3zM8avqKXNYhCswp0IWlgEbCwTMB+QHGFvM5es2d07dveEEPILbCwUsfUn2flv3CRXaOKDgcd7M8zMi1LBjfX9b29tfWNza7uwU9zd2z84LB0dN02SaYYNlohEtyNqUHCFDcutwHaqkcpIYCsa3c381hNqwxP1YMcphpIOFI85o9ZJddkrlf2KPwdZJUFOypCj1it9dfsJyyQqywQ1phP4qQ0nVFvOBE6L3cxgStmIDrDjqKISTTiZHzol507pkzjRrpQlc/X3xIRKY8Yycp2S2qFZ9mbif14ns/FNOOEqzSwqtlgUZ4LYhMy+Jn2ukVkxdoQyzd2thA2ppsy6bIouhGD55VXSvKwEfiWoX5Wrt3kcBTiFM7iAAK6hCvdQgwYwQHiGV3jzHr0X7937WLSuefnMCfyB9/kD07+M6w==</latexit><latexit sha1_base64="Zkb8wZDb9j7IxT2+5jX7zFx+0i0=">AAAB6HicbVA9SwNBEJ3zM8avqKXNYhCswp0IWlgEbCwTMB+QHGFvM5es2d07dveEEPILbCwUsfUn2flv3CRXaOKDgcd7M8zMi1LBjfX9b29tfWNza7uwU9zd2z84LB0dN02SaYYNlohEtyNqUHCFDcutwHaqkcpIYCsa3c381hNqwxP1YMcphpIOFI85o9ZJddkrlf2KPwdZJUFOypCj1it9dfsJyyQqywQ1phP4qQ0nVFvOBE6L3cxgStmIDrDjqKISTTiZHzol507pkzjRrpQlc/X3xIRKY8Yycp2S2qFZ9mbif14ns/FNOOEqzSwqtlgUZ4LYhMy+Jn2ukVkxdoQyzd2thA2ppsy6bIouhGD55VXSvKwEfiWoX5Wrt3kcBTiFM7iAAK6hCvdQgwYwQHiGV3jzHr0X7937WLSuefnMCfyB9/kD07+M6w==</latexit><latexit sha1_base64="Zkb8wZDb9j7IxT2+5jX7zFx+0i0=">AAAB6HicbVA9SwNBEJ3zM8avqKXNYhCswp0IWlgEbCwTMB+QHGFvM5es2d07dveEEPILbCwUsfUn2flv3CRXaOKDgcd7M8zMi1LBjfX9b29tfWNza7uwU9zd2z84LB0dN02SaYYNlohEtyNqUHCFDcutwHaqkcpIYCsa3c381hNqwxP1YMcphpIOFI85o9ZJddkrlf2KPwdZJUFOypCj1it9dfsJyyQqywQ1phP4qQ0nVFvOBE6L3cxgStmIDrDjqKISTTiZHzol507pkzjRrpQlc/X3xIRKY8Yycp2S2qFZ9mbif14ns/FNOOEqzSwqtlgUZ4LYhMy+Jn2ukVkxdoQyzd2thA2ppsy6bIouhGD55VXSvKwEfiWoX5Wrt3kcBTiFM7iAAK6hCvdQgwYwQHiGV3jzHr0X7937WLSuefnMCfyB9/kD07+M6w==</latexit><latexit sha1_base64="Zkb8wZDb9j7IxT2+5jX7zFx+0i0=">AAAB6HicbVA9SwNBEJ3zM8avqKXNYhCswp0IWlgEbCwTMB+QHGFvM5es2d07dveEEPILbCwUsfUn2flv3CRXaOKDgcd7M8zMi1LBjfX9b29tfWNza7uwU9zd2z84LB0dN02SaYYNlohEtyNqUHCFDcutwHaqkcpIYCsa3c381hNqwxP1YMcphpIOFI85o9ZJddkrlf2KPwdZJUFOypCj1it9dfsJyyQqywQ1phP4qQ0nVFvOBE6L3cxgStmIDrDjqKISTTiZHzol507pkzjRrpQlc/X3xIRKY8Yycp2S2qFZ9mbif14ns/FNOOEqzSwqtlgUZ4LYhMy+Jn2ukVkxdoQyzd2thA2ppsy6bIouhGD55VXSvKwEfiWoX5Wrt3kcBTiFM7iAAK6hCvdQgwYwQHiGV3jzHr0X7937WLSuefnMCfyB9/kD07+M6w==</latexit>

Star of mass MM<latexit sha1_base64="P+8MXLcfbkQrQyG9F+V5srczdXI=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0MIiYGMjJGA+IDnC3mYuWbO3d+zuCeHIL7CxUMTWn2Tnv3GTXKGJDwYe780wMy9IBNfGdb+dwtr6xuZWcbu0s7u3f1A+PGrpOFUMmywWseoEVKPgEpuGG4GdRCGNAoHtYHw789tPqDSP5YOZJOhHdCh5yBk1Vmrc98sVt+rOQVaJl5MK5Kj3y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+aHTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14bWfcZmkBiVbLApTQUxMZl+TAVfIjJhYQpni9lbCRlRRZmw2JRuCt/zyKmldVD236jUuK7WbPI4inMApnIMHV1CDO6hDExggPMMrvDmPzovz7nwsWgtOPnMMf+B8/gCjP4zL</latexit><latexit sha1_base64="P+8MXLcfbkQrQyG9F+V5srczdXI=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0MIiYGMjJGA+IDnC3mYuWbO3d+zuCeHIL7CxUMTWn2Tnv3GTXKGJDwYe780wMy9IBNfGdb+dwtr6xuZWcbu0s7u3f1A+PGrpOFUMmywWseoEVKPgEpuGG4GdRCGNAoHtYHw789tPqDSP5YOZJOhHdCh5yBk1Vmrc98sVt+rOQVaJl5MK5Kj3y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+aHTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14bWfcZmkBiVbLApTQUxMZl+TAVfIjJhYQpni9lbCRlRRZmw2JRuCt/zyKmldVD236jUuK7WbPI4inMApnIMHV1CDO6hDExggPMMrvDmPzovz7nwsWgtOPnMMf+B8/gCjP4zL</latexit><latexit sha1_base64="P+8MXLcfbkQrQyG9F+V5srczdXI=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0MIiYGMjJGA+IDnC3mYuWbO3d+zuCeHIL7CxUMTWn2Tnv3GTXKGJDwYe780wMy9IBNfGdb+dwtr6xuZWcbu0s7u3f1A+PGrpOFUMmywWseoEVKPgEpuGG4GdRCGNAoHtYHw789tPqDSP5YOZJOhHdCh5yBk1Vmrc98sVt+rOQVaJl5MK5Kj3y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+aHTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14bWfcZmkBiVbLApTQUxMZl+TAVfIjJhYQpni9lbCRlRRZmw2JRuCt/zyKmldVD236jUuK7WbPI4inMApnIMHV1CDO6hDExggPMMrvDmPzovz7nwsWgtOPnMMf+B8/gCjP4zL</latexit><latexit sha1_base64="P+8MXLcfbkQrQyG9F+V5srczdXI=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0MIiYGMjJGA+IDnC3mYuWbO3d+zuCeHIL7CxUMTWn2Tnv3GTXKGJDwYe780wMy9IBNfGdb+dwtr6xuZWcbu0s7u3f1A+PGrpOFUMmywWseoEVKPgEpuGG4GdRCGNAoHtYHw789tPqDSP5YOZJOhHdCh5yBk1Vmrc98sVt+rOQVaJl5MK5Kj3y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+aHTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14bWfcZmkBiVbLApTQUxMZl+TAVfIjJhYQpni9lbCRlRRZmw2JRuCt/zyKmldVD236jUuK7WbPI4inMApnIMHV1CDO6hDExggPMMrvDmPzovz7nwsWgtOPnMMf+B8/gCjP4zL</latexit>



Placing Bounds with 
Superradiance

⌦
<latexit sha1_base64="PnAn3gOm+qtagB/MQmG+rFlmdVo=">AAAB7XicbVC7SgNBFL3rM8ZX1NJmMAhWYddGOwM2dkYwD0iWMDuZTcbMY5mZFeKSf7CxUMTWH/EL7Cz9E2eTFJp44MLhnHu5954o4cxY3//ylpZXVtfWCxvFza3tnd3S3n7DqFQTWieKK92KsKGcSVq3zHLaSjTFIuK0GQ0vc795T7VhSt7aUUJDgfuSxYxg66RG51rQPu6Wyn7FnwAtkmBGyhcfD99VAKh1S5+dniKpoNISjo1pB35iwwxrywin42InNTTBZIj7tO2oxIKaMJtcO0bHTumhWGlX0qKJ+nsiw8KYkYhcp8B2YOa9XPzPa6c2Pg8zJpPUUkmmi+KUI6tQ/jrqMU2J5SNHMNHM3YrIAGtMrAuo6EII5l9eJI3TSuBXghu/XM2jyFGAQziCEwjgDKpwBTWoA4E7eIRnePGU9+S9em/T1iVvNnMAf+C9/wDm8ZGT</latexit><latexit sha1_base64="iFZP9QHuv4sLGvU6XhGeeqFCuYU=">AAAB7XicbZC7SgNBFIbPxluMt3jpbAaDYBV2bbQzYKGdEcwFkhBmJ7PJmLksM7NCXPIONhaK2Nr5FD6BnaVv4uRSaOIPAx//fw5zzgljzoz1/S8vs7C4tLySXc2trW9sbuW3d6pGJZrQClFc6XqIDeVM0oplltN6rCkWIae1sH8+ymt3VBum5I0dxLQlcFeyiBFsnVVtXgnaxe18wS/6Y6F5CKZQOPu4/75430vL7fxns6NIIqi0hGNjGoEf21aKtWWE02GumRgaY9LHXdpwKLGgppWOpx2iQ+d0UKS0e9Kisfu7I8XCmIEIXaXAtmdms5H5X9ZIbHTaSpmME0slmXwUJRxZhUarow7TlFg+cICJZm5WRHpYY2LdgXLuCMHsyvNQPS4GfjG49gulEkyUhX04gCMI4ARKcAllqACBW3iAJ3j2lPfovXivk9KMN+3ZhT/y3n4AmCiS1w==</latexit><latexit sha1_base64="iFZP9QHuv4sLGvU6XhGeeqFCuYU=">AAAB7XicbZC7SgNBFIbPxluMt3jpbAaDYBV2bbQzYKGdEcwFkhBmJ7PJmLksM7NCXPIONhaK2Nr5FD6BnaVv4uRSaOIPAx//fw5zzgljzoz1/S8vs7C4tLySXc2trW9sbuW3d6pGJZrQClFc6XqIDeVM0oplltN6rCkWIae1sH8+ymt3VBum5I0dxLQlcFeyiBFsnVVtXgnaxe18wS/6Y6F5CKZQOPu4/75430vL7fxns6NIIqi0hGNjGoEf21aKtWWE02GumRgaY9LHXdpwKLGgppWOpx2iQ+d0UKS0e9Kisfu7I8XCmIEIXaXAtmdms5H5X9ZIbHTaSpmME0slmXwUJRxZhUarow7TlFg+cICJZm5WRHpYY2LdgXLuCMHsyvNQPS4GfjG49gulEkyUhX04gCMI4ARKcAllqACBW3iAJ3j2lPfovXivk9KMN+3ZhT/y3n4AmCiS1w==</latexit><latexit sha1_base64="goY88knoIbTv/iBaVFZc2f9txk8=">AAAB7XicbVA9SwNBEJ3zM8avqKXNYhCswp2NlgEbOyOYD0iOsLeZS9bs3h67e0I48h9sLBSx9f/Y+W/cJFdo4oOBx3szzMyLUsGN9f1vb219Y3Nru7RT3t3bPzisHB23jMo0wyZTQulORA0KnmDTciuwk2qkMhLYjsY3M7/9hNpwlTzYSYqhpMOEx5xR66RW707ikPYrVb/mz0FWSVCQKhRo9CtfvYFimcTEMkGN6QZ+asOcasuZwGm5lxlMKRvTIXYdTahEE+bza6fk3CkDEivtKrFkrv6eyKk0ZiIj1ympHZllbyb+53UzG1+HOU/SzGLCFoviTBCryOx1MuAamRUTRyjT3N1K2IhqyqwLqOxCCJZfXiWty1rg14J7v1qvF3GU4BTO4AICuII63EIDmsDgEZ7hFd485b14797HonXNK2ZO4A+8zx9dV471</latexit>

⌦
<latexit sha1_base64="VTYavr74ZvStSGQfmDl9n7VL+g8=">AAAB7XicbZC7SgNBFIbPxluMt6ilzWAQrMKujekM2NgZxVwgWcLsZDYZM5dlZlYIS97BxkIRW1/Byoew822cXApN/GHg4//PYc45UcKZsb7/7eVWVtfWN/Kbha3tnd294v5Bw6hUE1oniivdirChnElat8xy2ko0xSLitBkNLyd584Fqw5S8s6OEhgL3JYsZwdZZjc61oH3cLZb8sj8VWoZgDqWLz49bcKp1i1+dniKpoNISjo1pB35iwwxrywin40InNTTBZIj7tO1QYkFNmE2nHaMT5/RQrLR70qKp+7sjw8KYkYhcpcB2YBaziflf1k5tXAkzJpPUUklmH8UpR1ahyeqoxzQllo8cYKKZmxWRAdaYWHeggjtCsLjyMjTOyoFfDm78UrUCM+XhCI7hFAI4hypcQQ3qQOAeHuEZXjzlPXmv3tusNOfNew7hj7z3Hxl8kPQ=</latexit><latexit sha1_base64="EfGuhqCxl+MLj4wQaV9Vva0T/ls=">AAAB7XicbZC7SgNBFIZn4y3GW9RSkMEgWIVdG9MZsLEzAXOBZAmzk7PJmJmdZWZWCEtKexsLRWx9hVQ+hJ3P4Es4uRSa+MPAx/+fw5xzgpgzbVz3y8msrK6tb2Q3c1vbO7t7+f2DupaJolCjkkvVDIgGziKoGWY4NGMFRAQcGsHgapI37kFpJqNbM4zBF6QXsZBRYqxVb98I6JFOvuAW3anwMnhzKFx+jKvfD8fjSif/2e5KmgiIDOVE65bnxsZPiTKMchjl2omGmNAB6UHLYkQEaD+dTjvCp9bp4lAq+yKDp+7vjpQIrYcisJWCmL5ezCbmf1krMWHJT1kUJwYiOvsoTDg2Ek9Wx12mgBo+tECoYnZWTPtEEWrsgXL2CN7iystQPy96btGruoVyCc2URUfoBJ0hD12gMrpGFVRDFN2hR/SMXhzpPDmvztusNOPMew7RHznvPyN3kzk=</latexit><latexit sha1_base64="EfGuhqCxl+MLj4wQaV9Vva0T/ls=">AAAB7XicbZC7SgNBFIZn4y3GW9RSkMEgWIVdG9MZsLEzAXOBZAmzk7PJmJmdZWZWCEtKexsLRWx9hVQ+hJ3P4Es4uRSa+MPAx/+fw5xzgpgzbVz3y8msrK6tb2Q3c1vbO7t7+f2DupaJolCjkkvVDIgGziKoGWY4NGMFRAQcGsHgapI37kFpJqNbM4zBF6QXsZBRYqxVb98I6JFOvuAW3anwMnhzKFx+jKvfD8fjSif/2e5KmgiIDOVE65bnxsZPiTKMchjl2omGmNAB6UHLYkQEaD+dTjvCp9bp4lAq+yKDp+7vjpQIrYcisJWCmL5ezCbmf1krMWHJT1kUJwYiOvsoTDg2Ek9Wx12mgBo+tECoYnZWTPtEEWrsgXL2CN7iystQPy96btGruoVyCc2URUfoBJ0hD12gMrpGFVRDFN2hR/SMXhzpPDmvztusNOPMew7RHznvPyN3kzk=</latexit><latexit sha1_base64="qzSyQyaQUvIdAG8VIMfTEz4v/e8=">AAAB7XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5sTBmwsTOC+YDkCHubuWTN7t6xuyeEkP9gY6GIrf/Hzn/jJrlCEx8MPN6bYWZelApurO9/e4WNza3tneJuaW//4PCofHzSMkmmGTZZIhLdiahBwRU2LbcCO6lGKiOB7Wh8M/fbT6gNT9SDnaQYSjpUPOaMWie1encSh7RfrvhVfwGyToKcVCBHo1/+6g0SlklUlglqTDfwUxtOqbacCZyVepnBlLIxHWLXUUUlmnC6uHZGLpwyIHGiXSlLFurviSmVxkxk5DoltSOz6s3F/7xuZuNaOOUqzSwqtlwUZ4LYhMxfJwOukVkxcYQyzd2thI2opsy6gEouhGD15XXSuqoGfjW49yv1Wh5HEc7gHC4hgGuowy00oAkMHuEZXuHNS7wX7937WLYWvHzmFP7A+/wBWu+O7Q==</latexit>

!,m
<latexit sha1_base64="beskG0bNWrCpDZNBK+LotH4eNi0=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgIeFOBC2DNpYRTIwkR9jbzCVLdm+P3T0hhPwKGwtFbP05dv4bN8kVmvhg4PHeDDPzolRwY33/2yusrK6tbxQ3S1vbO7t75f2DplGZZthgSijdiqhBwRNsWG4FtlKNVEYCH6LhzdR/eEJtuEru7SjFUNJ+wmPOqHXSY0dJ7NMzIrvlil/1ZyDLJMhJBXLUu+WvTk+xTGJimaDGtAM/teGYasuZwEmpkxlMKRvSPrYdTahEE45nB0/IiVN6JFbaVWLJTP09MabSmJGMXKekdmAWvan4n9fObHwVjnmSZhYTNl8UZ4JYRabfkx7XyKwYOUKZ5u5WwgZUU2ZdRiUXQrD48jJpnlcDvxrcXVRq13kcRTiCYziFAC6hBrdQhwYwkPAMr/Dmae/Fe/c+5q0FL585hD/wPn8AHyqP8g==</latexit><latexit sha1_base64="beskG0bNWrCpDZNBK+LotH4eNi0=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgIeFOBC2DNpYRTIwkR9jbzCVLdm+P3T0hhPwKGwtFbP05dv4bN8kVmvhg4PHeDDPzolRwY33/2yusrK6tbxQ3S1vbO7t75f2DplGZZthgSijdiqhBwRNsWG4FtlKNVEYCH6LhzdR/eEJtuEru7SjFUNJ+wmPOqHXSY0dJ7NMzIrvlil/1ZyDLJMhJBXLUu+WvTk+xTGJimaDGtAM/teGYasuZwEmpkxlMKRvSPrYdTahEE45nB0/IiVN6JFbaVWLJTP09MabSmJGMXKekdmAWvan4n9fObHwVjnmSZhYTNl8UZ4JYRabfkx7XyKwYOUKZ5u5WwgZUU2ZdRiUXQrD48jJpnlcDvxrcXVRq13kcRTiCYziFAC6hBrdQhwYwkPAMr/Dmae/Fe/c+5q0FL585hD/wPn8AHyqP8g==</latexit><latexit sha1_base64="beskG0bNWrCpDZNBK+LotH4eNi0=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgIeFOBC2DNpYRTIwkR9jbzCVLdm+P3T0hhPwKGwtFbP05dv4bN8kVmvhg4PHeDDPzolRwY33/2yusrK6tbxQ3S1vbO7t75f2DplGZZthgSijdiqhBwRNsWG4FtlKNVEYCH6LhzdR/eEJtuEru7SjFUNJ+wmPOqHXSY0dJ7NMzIrvlil/1ZyDLJMhJBXLUu+WvTk+xTGJimaDGtAM/teGYasuZwEmpkxlMKRvSPrYdTahEE45nB0/IiVN6JFbaVWLJTP09MabSmJGMXKekdmAWvan4n9fObHwVjnmSZhYTNl8UZ4JYRabfkx7XyKwYOUKZ5u5WwgZUU2ZdRiUXQrD48jJpnlcDvxrcXVRq13kcRTiCYziFAC6hBrdQhwYwkPAMr/Dmae/Fe/c+5q0FL585hD/wPn8AHyqP8g==</latexit><latexit sha1_base64="beskG0bNWrCpDZNBK+LotH4eNi0=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgIeFOBC2DNpYRTIwkR9jbzCVLdm+P3T0hhPwKGwtFbP05dv4bN8kVmvhg4PHeDDPzolRwY33/2yusrK6tbxQ3S1vbO7t75f2DplGZZthgSijdiqhBwRNsWG4FtlKNVEYCH6LhzdR/eEJtuEru7SjFUNJ+wmPOqHXSY0dJ7NMzIrvlil/1ZyDLJMhJBXLUu+WvTk+xTGJimaDGtAM/teGYasuZwEmpkxlMKRvSPrYdTahEE45nB0/IiVN6JFbaVWLJTP09MabSmJGMXKekdmAWvan4n9fObHwVjnmSZhYTNl8UZ4JYRabfkx7XyKwYOUKZ5u5WwgZUU2ZdRiUXQrD48jJpnlcDvxrcXVRq13kcRTiCYziFAC6hBrdQhwYwkPAMr/Dmae/Fe/c+5q0FL585hD/wPn8AHyqP8g==</latexit>

Bound state                  exponential growth

2

(m⌦� ! > 0)
<latexit sha1_base64="afH5iWuVm3ubKY9ym7YkZDOIfsA=">AAACAHicbZC7SgNBFIZn4y3G26qFhc1gEGJh2BVBC5GAjZ0RzAWyS5idTJIhc1lmZoWwpPFVbCwUsfUx7HwbJ5stNPGHgY//nMOZ80cxo9p43rdTWFpeWV0rrpc2Nre2d9zdvaaWicKkgSWTqh0hTRgVpGGoYaQdK4J4xEgrGt1M661HojSV4sGMYxJyNBC0TzEy1uq6BxUOgztOBgiewkBmcA29k65b9qpeJrgIfg5lkKvedb+CnsQJJ8JghrTu+F5swhQpQzEjk1KQaBIjPEID0rEoECc6TLMDJvDYOj3Yl8o+YWDm/p5IEdd6zCPbyZEZ6vna1Pyv1klM/zJMqYgTQwSeLeonDBoJp2nAHlUEGza2gLCi9q8QD5FC2NjMSjYEf/7kRWieVX2v6t+fl2tXeRxFcAiOQAX44ALUwC2ogwbAYAKewSt4c56cF+fd+Zi1Fpx8Zh/8kfP5AzFilC4=</latexit><latexit sha1_base64="afH5iWuVm3ubKY9ym7YkZDOIfsA=">AAACAHicbZC7SgNBFIZn4y3G26qFhc1gEGJh2BVBC5GAjZ0RzAWyS5idTJIhc1lmZoWwpPFVbCwUsfUx7HwbJ5stNPGHgY//nMOZ80cxo9p43rdTWFpeWV0rrpc2Nre2d9zdvaaWicKkgSWTqh0hTRgVpGGoYaQdK4J4xEgrGt1M661HojSV4sGMYxJyNBC0TzEy1uq6BxUOgztOBgiewkBmcA29k65b9qpeJrgIfg5lkKvedb+CnsQJJ8JghrTu+F5swhQpQzEjk1KQaBIjPEID0rEoECc6TLMDJvDYOj3Yl8o+YWDm/p5IEdd6zCPbyZEZ6vna1Pyv1klM/zJMqYgTQwSeLeonDBoJp2nAHlUEGza2gLCi9q8QD5FC2NjMSjYEf/7kRWieVX2v6t+fl2tXeRxFcAiOQAX44ALUwC2ogwbAYAKewSt4c56cF+fd+Zi1Fpx8Zh/8kfP5AzFilC4=</latexit><latexit sha1_base64="afH5iWuVm3ubKY9ym7YkZDOIfsA=">AAACAHicbZC7SgNBFIZn4y3G26qFhc1gEGJh2BVBC5GAjZ0RzAWyS5idTJIhc1lmZoWwpPFVbCwUsfUx7HwbJ5stNPGHgY//nMOZ80cxo9p43rdTWFpeWV0rrpc2Nre2d9zdvaaWicKkgSWTqh0hTRgVpGGoYaQdK4J4xEgrGt1M661HojSV4sGMYxJyNBC0TzEy1uq6BxUOgztOBgiewkBmcA29k65b9qpeJrgIfg5lkKvedb+CnsQJJ8JghrTu+F5swhQpQzEjk1KQaBIjPEID0rEoECc6TLMDJvDYOj3Yl8o+YWDm/p5IEdd6zCPbyZEZ6vna1Pyv1klM/zJMqYgTQwSeLeonDBoJp2nAHlUEGza2gLCi9q8QD5FC2NjMSjYEf/7kRWieVX2v6t+fl2tXeRxFcAiOQAX44ALUwC2ogwbAYAKewSt4c56cF+fd+Zi1Fpx8Zh/8kfP5AzFilC4=</latexit><latexit sha1_base64="afH5iWuVm3ubKY9ym7YkZDOIfsA=">AAACAHicbZC7SgNBFIZn4y3G26qFhc1gEGJh2BVBC5GAjZ0RzAWyS5idTJIhc1lmZoWwpPFVbCwUsfUx7HwbJ5stNPGHgY//nMOZ80cxo9p43rdTWFpeWV0rrpc2Nre2d9zdvaaWicKkgSWTqh0hTRgVpGGoYaQdK4J4xEgrGt1M661HojSV4sGMYxJyNBC0TzEy1uq6BxUOgztOBgiewkBmcA29k65b9qpeJrgIfg5lkKvedb+CnsQJJ8JghrTu+F5swhQpQzEjk1KQaBIjPEID0rEoECc6TLMDJvDYOj3Yl8o+YWDm/p5IEdd6zCPbyZEZ6vna1Pyv1klM/zJMqYgTQwSeLeonDBoJp2nAHlUEGza2gLCi9q8QD5FC2NjMSjYEf/7kRWieVX2v6t+fl2tXeRxFcAiOQAX44ALUwC2ogwbAYAKewSt4c56cF+fd+Zi1Fpx8Zh/8kfP5AzFilC4=</latexit>

Scalar with mass m and energy w ~ m  

in gravitational bound state


with azimuthal angular momentum m

µ
<latexit sha1_base64="Gx/q1ZYGC/rY8mCGCh2zTkZohrA=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0MIiYGMZ0XxAcoS9zVyyZHfv2N0TQshPsLFQxNZfZOe/cZNcoYkPBh7vzTAzL0oFN9b3v73C2vrG5lZxu7Szu7d/UD48apok0wwbLBGJbkfUoOAKG5Zbge1UI5WRwFY0up35rSfUhifq0Y5TDCUdKB5zRq2THroy65UrftWfg6ySICcVyFHvlb+6/YRlEpVlghrTCfzUhhOqLWcCp6VuZjClbEQH2HFUUYkmnMxPnZIzp/RJnGhXypK5+ntiQqUxYxm5Tknt0Cx7M/E/r5PZ+DqccJVmFhVbLIozQWxCZn+TPtfIrBg7Qpnm7lbChlRTZl06JRdCsPzyKmleVAO/GtxfVmo3eRxFOIFTOIcArqAGd1CHBjAYwDO8wpsnvBfv3ftYtBa8fOYY/sD7/AFbkI3Q</latexit><latexit sha1_base64="Gx/q1ZYGC/rY8mCGCh2zTkZohrA=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0MIiYGMZ0XxAcoS9zVyyZHfv2N0TQshPsLFQxNZfZOe/cZNcoYkPBh7vzTAzL0oFN9b3v73C2vrG5lZxu7Szu7d/UD48apok0wwbLBGJbkfUoOAKG5Zbge1UI5WRwFY0up35rSfUhifq0Y5TDCUdKB5zRq2THroy65UrftWfg6ySICcVyFHvlb+6/YRlEpVlghrTCfzUhhOqLWcCp6VuZjClbEQH2HFUUYkmnMxPnZIzp/RJnGhXypK5+ntiQqUxYxm5Tknt0Cx7M/E/r5PZ+DqccJVmFhVbLIozQWxCZn+TPtfIrBg7Qpnm7lbChlRTZl06JRdCsPzyKmleVAO/GtxfVmo3eRxFOIFTOIcArqAGd1CHBjAYwDO8wpsnvBfv3ftYtBa8fOYY/sD7/AFbkI3Q</latexit><latexit sha1_base64="Gx/q1ZYGC/rY8mCGCh2zTkZohrA=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0MIiYGMZ0XxAcoS9zVyyZHfv2N0TQshPsLFQxNZfZOe/cZNcoYkPBh7vzTAzL0oFN9b3v73C2vrG5lZxu7Szu7d/UD48apok0wwbLBGJbkfUoOAKG5Zbge1UI5WRwFY0up35rSfUhifq0Y5TDCUdKB5zRq2THroy65UrftWfg6ySICcVyFHvlb+6/YRlEpVlghrTCfzUhhOqLWcCp6VuZjClbEQH2HFUUYkmnMxPnZIzp/RJnGhXypK5+ntiQqUxYxm5Tknt0Cx7M/E/r5PZ+DqccJVmFhVbLIozQWxCZn+TPtfIrBg7Qpnm7lbChlRTZl06JRdCsPzyKmleVAO/GtxfVmo3eRxFOIFTOIcArqAGd1CHBjAYwDO8wpsnvBfv3ftYtBa8fOYY/sD7/AFbkI3Q</latexit><latexit sha1_base64="Gx/q1ZYGC/rY8mCGCh2zTkZohrA=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0MIiYGMZ0XxAcoS9zVyyZHfv2N0TQshPsLFQxNZfZOe/cZNcoYkPBh7vzTAzL0oFN9b3v73C2vrG5lZxu7Szu7d/UD48apok0wwbLBGJbkfUoOAKG5Zbge1UI5WRwFY0up35rSfUhifq0Y5TDCUdKB5zRq2THroy65UrftWfg6ySICcVyFHvlb+6/YRlEpVlghrTCfzUhhOqLWcCp6VuZjClbEQH2HFUUYkmnMxPnZIzp/RJnGhXypK5+ntiQqUxYxm5Tknt0Cx7M/E/r5PZ+DqccJVmFhVbLIozQWxCZn+TPtfIrBg7Qpnm7lbChlRTZl06JRdCsPzyKmleVAO/GtxfVmo3eRxFOIFTOIcArqAGd1CHBjAYwDO8wpsnvBfv3ftYtBa8fOYY/sD7/AFbkI3Q</latexit>

! ⇡ µ
<latexit sha1_base64="dDg68LBxO6YcVkx4JDUt23QpMlo=">AAAB+3icbVC7SgNBFJ2NrxhfayxtBoNgFXZF0MIiYGMZwTwgu4TZyWwyZF7MzErCkl+xsVDE1h+x82+cJFto4oELh3Pu5d57EsWosUHw7ZU2Nre2d8q7lb39g8Mj/7jaNjLTmLSwZFJ3E2QIo4K0LLWMdJUmiCeMdJLx3dzvPBFtqBSPdqpIzNFQ0JRiZJ3U96uR5GSIYISU0nICI571/VpQDxaA6yQsSA0UaPb9r2ggccaJsJghY3phoGycI20pZmRWiTJDFMJjNCQ9RwXixMT54vYZPHfKAKZSuxIWLtTfEznixkx54jo5siOz6s3F/7xeZtObOKdCZZYIvFyUZgxaCedBwAHVBFs2dQRhTd2tEI+QRti6uCouhHD15XXSvqyHQT18uKo1bos4yuAUnIELEIJr0AD3oAlaAIMJeAav4M2beS/eu/exbC15xcwJ+APv8we2YZQy</latexit><latexit sha1_base64="dDg68LBxO6YcVkx4JDUt23QpMlo=">AAAB+3icbVC7SgNBFJ2NrxhfayxtBoNgFXZF0MIiYGMZwTwgu4TZyWwyZF7MzErCkl+xsVDE1h+x82+cJFto4oELh3Pu5d57EsWosUHw7ZU2Nre2d8q7lb39g8Mj/7jaNjLTmLSwZFJ3E2QIo4K0LLWMdJUmiCeMdJLx3dzvPBFtqBSPdqpIzNFQ0JRiZJ3U96uR5GSIYISU0nICI571/VpQDxaA6yQsSA0UaPb9r2ggccaJsJghY3phoGycI20pZmRWiTJDFMJjNCQ9RwXixMT54vYZPHfKAKZSuxIWLtTfEznixkx54jo5siOz6s3F/7xeZtObOKdCZZYIvFyUZgxaCedBwAHVBFs2dQRhTd2tEI+QRti6uCouhHD15XXSvqyHQT18uKo1bos4yuAUnIELEIJr0AD3oAlaAIMJeAav4M2beS/eu/exbC15xcwJ+APv8we2YZQy</latexit><latexit sha1_base64="dDg68LBxO6YcVkx4JDUt23QpMlo=">AAAB+3icbVC7SgNBFJ2NrxhfayxtBoNgFXZF0MIiYGMZwTwgu4TZyWwyZF7MzErCkl+xsVDE1h+x82+cJFto4oELh3Pu5d57EsWosUHw7ZU2Nre2d8q7lb39g8Mj/7jaNjLTmLSwZFJ3E2QIo4K0LLWMdJUmiCeMdJLx3dzvPBFtqBSPdqpIzNFQ0JRiZJ3U96uR5GSIYISU0nICI571/VpQDxaA6yQsSA0UaPb9r2ggccaJsJghY3phoGycI20pZmRWiTJDFMJjNCQ9RwXixMT54vYZPHfKAKZSuxIWLtTfEznixkx54jo5siOz6s3F/7xeZtObOKdCZZYIvFyUZgxaCedBwAHVBFs2dQRhTd2tEI+QRti6uCouhHD15XXSvqyHQT18uKo1bos4yuAUnIELEIJr0AD3oAlaAIMJeAav4M2beS/eu/exbC15xcwJ+APv8we2YZQy</latexit><latexit sha1_base64="dDg68LBxO6YcVkx4JDUt23QpMlo=">AAAB+3icbVC7SgNBFJ2NrxhfayxtBoNgFXZF0MIiYGMZwTwgu4TZyWwyZF7MzErCkl+xsVDE1h+x82+cJFto4oELh3Pu5d57EsWosUHw7ZU2Nre2d8q7lb39g8Mj/7jaNjLTmLSwZFJ3E2QIo4K0LLWMdJUmiCeMdJLx3dzvPBFtqBSPdqpIzNFQ0JRiZJ3U96uR5GSIYISU0nICI571/VpQDxaA6yQsSA0UaPb9r2ggccaJsJghY3phoGycI20pZmRWiTJDFMJjNCQ9RwXixMT54vYZPHfKAKZSuxIWLtTfEznixkx54jo5siOz6s3F/7xeZtObOKdCZZYIvFyUZgxaCedBwAHVBFs2dQRhTd2tEI+QRti6uCouhHD15XXSvqyHQT18uKo1bos4yuAUnIELEIJr0AD3oAlaAIMJeAav4M2beS/eu/exbC15xcwJ+APv8we2YZQy</latexit>

m
<latexit sha1_base64="Zkb8wZDb9j7IxT2+5jX7zFx+0i0=">AAAB6HicbVA9SwNBEJ3zM8avqKXNYhCswp0IWlgEbCwTMB+QHGFvM5es2d07dveEEPILbCwUsfUn2flv3CRXaOKDgcd7M8zMi1LBjfX9b29tfWNza7uwU9zd2z84LB0dN02SaYYNlohEtyNqUHCFDcutwHaqkcpIYCsa3c381hNqwxP1YMcphpIOFI85o9ZJddkrlf2KPwdZJUFOypCj1it9dfsJyyQqywQ1phP4qQ0nVFvOBE6L3cxgStmIDrDjqKISTTiZHzol507pkzjRrpQlc/X3xIRKY8Yycp2S2qFZ9mbif14ns/FNOOEqzSwqtlgUZ4LYhMy+Jn2ukVkxdoQyzd2thA2ppsy6bIouhGD55VXSvKwEfiWoX5Wrt3kcBTiFM7iAAK6hCvdQgwYwQHiGV3jzHr0X7937WLSuefnMCfyB9/kD07+M6w==</latexit><latexit sha1_base64="Zkb8wZDb9j7IxT2+5jX7zFx+0i0=">AAAB6HicbVA9SwNBEJ3zM8avqKXNYhCswp0IWlgEbCwTMB+QHGFvM5es2d07dveEEPILbCwUsfUn2flv3CRXaOKDgcd7M8zMi1LBjfX9b29tfWNza7uwU9zd2z84LB0dN02SaYYNlohEtyNqUHCFDcutwHaqkcpIYCsa3c381hNqwxP1YMcphpIOFI85o9ZJddkrlf2KPwdZJUFOypCj1it9dfsJyyQqywQ1phP4qQ0nVFvOBE6L3cxgStmIDrDjqKISTTiZHzol507pkzjRrpQlc/X3xIRKY8Yycp2S2qFZ9mbif14ns/FNOOEqzSwqtlgUZ4LYhMy+Jn2ukVkxdoQyzd2thA2ppsy6bIouhGD55VXSvKwEfiWoX5Wrt3kcBTiFM7iAAK6hCvdQgwYwQHiGV3jzHr0X7937WLSuefnMCfyB9/kD07+M6w==</latexit><latexit sha1_base64="Zkb8wZDb9j7IxT2+5jX7zFx+0i0=">AAAB6HicbVA9SwNBEJ3zM8avqKXNYhCswp0IWlgEbCwTMB+QHGFvM5es2d07dveEEPILbCwUsfUn2flv3CRXaOKDgcd7M8zMi1LBjfX9b29tfWNza7uwU9zd2z84LB0dN02SaYYNlohEtyNqUHCFDcutwHaqkcpIYCsa3c381hNqwxP1YMcphpIOFI85o9ZJddkrlf2KPwdZJUFOypCj1it9dfsJyyQqywQ1phP4qQ0nVFvOBE6L3cxgStmIDrDjqKISTTiZHzol507pkzjRrpQlc/X3xIRKY8Yycp2S2qFZ9mbif14ns/FNOOEqzSwqtlgUZ4LYhMy+Jn2ukVkxdoQyzd2thA2ppsy6bIouhGD55VXSvKwEfiWoX5Wrt3kcBTiFM7iAAK6hCvdQgwYwQHiGV3jzHr0X7937WLSuefnMCfyB9/kD07+M6w==</latexit><latexit sha1_base64="Zkb8wZDb9j7IxT2+5jX7zFx+0i0=">AAAB6HicbVA9SwNBEJ3zM8avqKXNYhCswp0IWlgEbCwTMB+QHGFvM5es2d07dveEEPILbCwUsfUn2flv3CRXaOKDgcd7M8zMi1LBjfX9b29tfWNza7uwU9zd2z84LB0dN02SaYYNlohEtyNqUHCFDcutwHaqkcpIYCsa3c381hNqwxP1YMcphpIOFI85o9ZJddkrlf2KPwdZJUFOypCj1it9dfsJyyQqywQ1phP4qQ0nVFvOBE6L3cxgStmIDrDjqKISTTiZHzol507pkzjRrpQlc/X3xIRKY8Yycp2S2qFZ9mbif14ns/FNOOEqzSwqtlgUZ4LYhMy+Jn2ukVkxdoQyzd2thA2ppsy6bIouhGD55VXSvKwEfiWoX5Wrt3kcBTiFM7iAAK6hCvdQgwYwQHiGV3jzHr0X7937WLSuefnMCfyB9/kD07+M6w==</latexit>

Star of mass MM<latexit sha1_base64="P+8MXLcfbkQrQyG9F+V5srczdXI=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0MIiYGMjJGA+IDnC3mYuWbO3d+zuCeHIL7CxUMTWn2Tnv3GTXKGJDwYe780wMy9IBNfGdb+dwtr6xuZWcbu0s7u3f1A+PGrpOFUMmywWseoEVKPgEpuGG4GdRCGNAoHtYHw789tPqDSP5YOZJOhHdCh5yBk1Vmrc98sVt+rOQVaJl5MK5Kj3y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+aHTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14bWfcZmkBiVbLApTQUxMZl+TAVfIjJhYQpni9lbCRlRRZmw2JRuCt/zyKmldVD236jUuK7WbPI4inMApnIMHV1CDO6hDExggPMMrvDmPzovz7nwsWgtOPnMMf+B8/gCjP4zL</latexit><latexit sha1_base64="P+8MXLcfbkQrQyG9F+V5srczdXI=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0MIiYGMjJGA+IDnC3mYuWbO3d+zuCeHIL7CxUMTWn2Tnv3GTXKGJDwYe780wMy9IBNfGdb+dwtr6xuZWcbu0s7u3f1A+PGrpOFUMmywWseoEVKPgEpuGG4GdRCGNAoHtYHw789tPqDSP5YOZJOhHdCh5yBk1Vmrc98sVt+rOQVaJl5MK5Kj3y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+aHTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14bWfcZmkBiVbLApTQUxMZl+TAVfIjJhYQpni9lbCRlRRZmw2JRuCt/zyKmldVD236jUuK7WbPI4inMApnIMHV1CDO6hDExggPMMrvDmPzovz7nwsWgtOPnMMf+B8/gCjP4zL</latexit><latexit sha1_base64="P+8MXLcfbkQrQyG9F+V5srczdXI=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0MIiYGMjJGA+IDnC3mYuWbO3d+zuCeHIL7CxUMTWn2Tnv3GTXKGJDwYe780wMy9IBNfGdb+dwtr6xuZWcbu0s7u3f1A+PGrpOFUMmywWseoEVKPgEpuGG4GdRCGNAoHtYHw789tPqDSP5YOZJOhHdCh5yBk1Vmrc98sVt+rOQVaJl5MK5Kj3y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+aHTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14bWfcZmkBiVbLApTQUxMZl+TAVfIjJhYQpni9lbCRlRRZmw2JRuCt/zyKmldVD236jUuK7WbPI4inMApnIMHV1CDO6hDExggPMMrvDmPzovz7nwsWgtOPnMMf+B8/gCjP4zL</latexit><latexit sha1_base64="P+8MXLcfbkQrQyG9F+V5srczdXI=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0MIiYGMjJGA+IDnC3mYuWbO3d+zuCeHIL7CxUMTWn2Tnv3GTXKGJDwYe780wMy9IBNfGdb+dwtr6xuZWcbu0s7u3f1A+PGrpOFUMmywWseoEVKPgEpuGG4GdRCGNAoHtYHw789tPqDSP5YOZJOhHdCh5yBk1Vmrc98sVt+rOQVaJl5MK5Kj3y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+aHTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14bWfcZmkBiVbLApTQUxMZl+TAVfIjJhYQpni9lbCRlRRZmw2JRuCt/zyKmldVD236jUuK7WbPI4inMApnIMHV1CDO6hDExggPMMrvDmPzovz7nwsWgtOPnMMf+B8/gCjP4zL</latexit>



Placing Bounds with 
Superradiance

⌦
<latexit sha1_base64="PnAn3gOm+qtagB/MQmG+rFlmdVo=">AAAB7XicbVC7SgNBFL3rM8ZX1NJmMAhWYddGOwM2dkYwD0iWMDuZTcbMY5mZFeKSf7CxUMTWH/EL7Cz9E2eTFJp44MLhnHu5954o4cxY3//ylpZXVtfWCxvFza3tnd3S3n7DqFQTWieKK92KsKGcSVq3zHLaSjTFIuK0GQ0vc795T7VhSt7aUUJDgfuSxYxg66RG51rQPu6Wyn7FnwAtkmBGyhcfD99VAKh1S5+dniKpoNISjo1pB35iwwxrywin42InNTTBZIj7tO2oxIKaMJtcO0bHTumhWGlX0qKJ+nsiw8KYkYhcp8B2YOa9XPzPa6c2Pg8zJpPUUkmmi+KUI6tQ/jrqMU2J5SNHMNHM3YrIAGtMrAuo6EII5l9eJI3TSuBXghu/XM2jyFGAQziCEwjgDKpwBTWoA4E7eIRnePGU9+S9em/T1iVvNnMAf+C9/wDm8ZGT</latexit><latexit sha1_base64="iFZP9QHuv4sLGvU6XhGeeqFCuYU=">AAAB7XicbZC7SgNBFIbPxluMt3jpbAaDYBV2bbQzYKGdEcwFkhBmJ7PJmLksM7NCXPIONhaK2Nr5FD6BnaVv4uRSaOIPAx//fw5zzgljzoz1/S8vs7C4tLySXc2trW9sbuW3d6pGJZrQClFc6XqIDeVM0oplltN6rCkWIae1sH8+ymt3VBum5I0dxLQlcFeyiBFsnVVtXgnaxe18wS/6Y6F5CKZQOPu4/75430vL7fxns6NIIqi0hGNjGoEf21aKtWWE02GumRgaY9LHXdpwKLGgppWOpx2iQ+d0UKS0e9Kisfu7I8XCmIEIXaXAtmdms5H5X9ZIbHTaSpmME0slmXwUJRxZhUarow7TlFg+cICJZm5WRHpYY2LdgXLuCMHsyvNQPS4GfjG49gulEkyUhX04gCMI4ARKcAllqACBW3iAJ3j2lPfovXivk9KMN+3ZhT/y3n4AmCiS1w==</latexit><latexit sha1_base64="iFZP9QHuv4sLGvU6XhGeeqFCuYU=">AAAB7XicbZC7SgNBFIbPxluMt3jpbAaDYBV2bbQzYKGdEcwFkhBmJ7PJmLksM7NCXPIONhaK2Nr5FD6BnaVv4uRSaOIPAx//fw5zzgljzoz1/S8vs7C4tLySXc2trW9sbuW3d6pGJZrQClFc6XqIDeVM0oplltN6rCkWIae1sH8+ymt3VBum5I0dxLQlcFeyiBFsnVVtXgnaxe18wS/6Y6F5CKZQOPu4/75430vL7fxns6NIIqi0hGNjGoEf21aKtWWE02GumRgaY9LHXdpwKLGgppWOpx2iQ+d0UKS0e9Kisfu7I8XCmIEIXaXAtmdms5H5X9ZIbHTaSpmME0slmXwUJRxZhUarow7TlFg+cICJZm5WRHpYY2LdgXLuCMHsyvNQPS4GfjG49gulEkyUhX04gCMI4ARKcAllqACBW3iAJ3j2lPfovXivk9KMN+3ZhT/y3n4AmCiS1w==</latexit><latexit sha1_base64="goY88knoIbTv/iBaVFZc2f9txk8=">AAAB7XicbVA9SwNBEJ3zM8avqKXNYhCswp2NlgEbOyOYD0iOsLeZS9bs3h67e0I48h9sLBSx9f/Y+W/cJFdo4oOBx3szzMyLUsGN9f1vb219Y3Nru7RT3t3bPzisHB23jMo0wyZTQulORA0KnmDTciuwk2qkMhLYjsY3M7/9hNpwlTzYSYqhpMOEx5xR66RW707ikPYrVb/mz0FWSVCQKhRo9CtfvYFimcTEMkGN6QZ+asOcasuZwGm5lxlMKRvTIXYdTahEE+bza6fk3CkDEivtKrFkrv6eyKk0ZiIj1ympHZllbyb+53UzG1+HOU/SzGLCFoviTBCryOx1MuAamRUTRyjT3N1K2IhqyqwLqOxCCJZfXiWty1rg14J7v1qvF3GU4BTO4AICuII63EIDmsDgEZ7hFd485b14797HonXNK2ZO4A+8zx9dV471</latexit>

⌦
<latexit sha1_base64="VTYavr74ZvStSGQfmDl9n7VL+g8=">AAAB7XicbZC7SgNBFIbPxluMt6ilzWAQrMKujekM2NgZxVwgWcLsZDYZM5dlZlYIS97BxkIRW1/Byoew822cXApN/GHg4//PYc45UcKZsb7/7eVWVtfWN/Kbha3tnd294v5Bw6hUE1oniivdirChnElat8xy2ko0xSLitBkNLyd584Fqw5S8s6OEhgL3JYsZwdZZjc61oH3cLZb8sj8VWoZgDqWLz49bcKp1i1+dniKpoNISjo1pB35iwwxrywin40InNTTBZIj7tO1QYkFNmE2nHaMT5/RQrLR70qKp+7sjw8KYkYhcpcB2YBaziflf1k5tXAkzJpPUUklmH8UpR1ahyeqoxzQllo8cYKKZmxWRAdaYWHeggjtCsLjyMjTOyoFfDm78UrUCM+XhCI7hFAI4hypcQQ3qQOAeHuEZXjzlPXmv3tusNOfNew7hj7z3Hxl8kPQ=</latexit><latexit sha1_base64="EfGuhqCxl+MLj4wQaV9Vva0T/ls=">AAAB7XicbZC7SgNBFIZn4y3GW9RSkMEgWIVdG9MZsLEzAXOBZAmzk7PJmJmdZWZWCEtKexsLRWx9hVQ+hJ3P4Es4uRSa+MPAx/+fw5xzgpgzbVz3y8msrK6tb2Q3c1vbO7t7+f2DupaJolCjkkvVDIgGziKoGWY4NGMFRAQcGsHgapI37kFpJqNbM4zBF6QXsZBRYqxVb98I6JFOvuAW3anwMnhzKFx+jKvfD8fjSif/2e5KmgiIDOVE65bnxsZPiTKMchjl2omGmNAB6UHLYkQEaD+dTjvCp9bp4lAq+yKDp+7vjpQIrYcisJWCmL5ezCbmf1krMWHJT1kUJwYiOvsoTDg2Ek9Wx12mgBo+tECoYnZWTPtEEWrsgXL2CN7iystQPy96btGruoVyCc2URUfoBJ0hD12gMrpGFVRDFN2hR/SMXhzpPDmvztusNOPMew7RHznvPyN3kzk=</latexit><latexit sha1_base64="EfGuhqCxl+MLj4wQaV9Vva0T/ls=">AAAB7XicbZC7SgNBFIZn4y3GW9RSkMEgWIVdG9MZsLEzAXOBZAmzk7PJmJmdZWZWCEtKexsLRWx9hVQ+hJ3P4Es4uRSa+MPAx/+fw5xzgpgzbVz3y8msrK6tb2Q3c1vbO7t7+f2DupaJolCjkkvVDIgGziKoGWY4NGMFRAQcGsHgapI37kFpJqNbM4zBF6QXsZBRYqxVb98I6JFOvuAW3anwMnhzKFx+jKvfD8fjSif/2e5KmgiIDOVE65bnxsZPiTKMchjl2omGmNAB6UHLYkQEaD+dTjvCp9bp4lAq+yKDp+7vjpQIrYcisJWCmL5ezCbmf1krMWHJT1kUJwYiOvsoTDg2Ek9Wx12mgBo+tECoYnZWTPtEEWrsgXL2CN7iystQPy96btGruoVyCc2URUfoBJ0hD12gMrpGFVRDFN2hR/SMXhzpPDmvztusNOPMew7RHznvPyN3kzk=</latexit><latexit sha1_base64="qzSyQyaQUvIdAG8VIMfTEz4v/e8=">AAAB7XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5sTBmwsTOC+YDkCHubuWTN7t6xuyeEkP9gY6GIrf/Hzn/jJrlCEx8MPN6bYWZelApurO9/e4WNza3tneJuaW//4PCofHzSMkmmGTZZIhLdiahBwRU2LbcCO6lGKiOB7Wh8M/fbT6gNT9SDnaQYSjpUPOaMWie1encSh7RfrvhVfwGyToKcVCBHo1/+6g0SlklUlglqTDfwUxtOqbacCZyVepnBlLIxHWLXUUUlmnC6uHZGLpwyIHGiXSlLFurviSmVxkxk5DoltSOz6s3F/7xuZuNaOOUqzSwqtlwUZ4LYhMxfJwOukVkxcYQyzd2thI2opsy6gEouhGD15XXSuqoGfjW49yv1Wh5HEc7gHC4hgGuowy00oAkMHuEZXuHNS7wX7937WLYWvHzmFP7A+/wBWu+O7Q==</latexit>

(m~)e�t & MR2
⌦ ) � & 1

t�
log

MR2
⌦

m~ ) ruled out

<latexit sha1_base64="An4imZxC5jvIJL6wcAWwl135Za8="></latexit><latexit sha1_base64="An4imZxC5jvIJL6wcAWwl135Za8="></latexit><latexit sha1_base64="An4imZxC5jvIJL6wcAWwl135Za8="></latexit><latexit sha1_base64="An4imZxC5jvIJL6wcAWwl135Za8="></latexit>

initial stellar angular momentum

2

Scalar with mass m and energy w ~ m  

in gravitational bound state


with azimuthal angular momentum m

µ
<latexit sha1_base64="Gx/q1ZYGC/rY8mCGCh2zTkZohrA=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0MIiYGMZ0XxAcoS9zVyyZHfv2N0TQshPsLFQxNZfZOe/cZNcoYkPBh7vzTAzL0oFN9b3v73C2vrG5lZxu7Szu7d/UD48apok0wwbLBGJbkfUoOAKG5Zbge1UI5WRwFY0up35rSfUhifq0Y5TDCUdKB5zRq2THroy65UrftWfg6ySICcVyFHvlb+6/YRlEpVlghrTCfzUhhOqLWcCp6VuZjClbEQH2HFUUYkmnMxPnZIzp/RJnGhXypK5+ntiQqUxYxm5Tknt0Cx7M/E/r5PZ+DqccJVmFhVbLIozQWxCZn+TPtfIrBg7Qpnm7lbChlRTZl06JRdCsPzyKmleVAO/GtxfVmo3eRxFOIFTOIcArqAGd1CHBjAYwDO8wpsnvBfv3ftYtBa8fOYY/sD7/AFbkI3Q</latexit><latexit sha1_base64="Gx/q1ZYGC/rY8mCGCh2zTkZohrA=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0MIiYGMZ0XxAcoS9zVyyZHfv2N0TQshPsLFQxNZfZOe/cZNcoYkPBh7vzTAzL0oFN9b3v73C2vrG5lZxu7Szu7d/UD48apok0wwbLBGJbkfUoOAKG5Zbge1UI5WRwFY0up35rSfUhifq0Y5TDCUdKB5zRq2THroy65UrftWfg6ySICcVyFHvlb+6/YRlEpVlghrTCfzUhhOqLWcCp6VuZjClbEQH2HFUUYkmnMxPnZIzp/RJnGhXypK5+ntiQqUxYxm5Tknt0Cx7M/E/r5PZ+DqccJVmFhVbLIozQWxCZn+TPtfIrBg7Qpnm7lbChlRTZl06JRdCsPzyKmleVAO/GtxfVmo3eRxFOIFTOIcArqAGd1CHBjAYwDO8wpsnvBfv3ftYtBa8fOYY/sD7/AFbkI3Q</latexit><latexit sha1_base64="Gx/q1ZYGC/rY8mCGCh2zTkZohrA=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0MIiYGMZ0XxAcoS9zVyyZHfv2N0TQshPsLFQxNZfZOe/cZNcoYkPBh7vzTAzL0oFN9b3v73C2vrG5lZxu7Szu7d/UD48apok0wwbLBGJbkfUoOAKG5Zbge1UI5WRwFY0up35rSfUhifq0Y5TDCUdKB5zRq2THroy65UrftWfg6ySICcVyFHvlb+6/YRlEpVlghrTCfzUhhOqLWcCp6VuZjClbEQH2HFUUYkmnMxPnZIzp/RJnGhXypK5+ntiQqUxYxm5Tknt0Cx7M/E/r5PZ+DqccJVmFhVbLIozQWxCZn+TPtfIrBg7Qpnm7lbChlRTZl06JRdCsPzyKmleVAO/GtxfVmo3eRxFOIFTOIcArqAGd1CHBjAYwDO8wpsnvBfv3ftYtBa8fOYY/sD7/AFbkI3Q</latexit><latexit sha1_base64="Gx/q1ZYGC/rY8mCGCh2zTkZohrA=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0MIiYGMZ0XxAcoS9zVyyZHfv2N0TQshPsLFQxNZfZOe/cZNcoYkPBh7vzTAzL0oFN9b3v73C2vrG5lZxu7Szu7d/UD48apok0wwbLBGJbkfUoOAKG5Zbge1UI5WRwFY0up35rSfUhifq0Y5TDCUdKB5zRq2THroy65UrftWfg6ySICcVyFHvlb+6/YRlEpVlghrTCfzUhhOqLWcCp6VuZjClbEQH2HFUUYkmnMxPnZIzp/RJnGhXypK5+ntiQqUxYxm5Tknt0Cx7M/E/r5PZ+DqccJVmFhVbLIozQWxCZn+TPtfIrBg7Qpnm7lbChlRTZl06JRdCsPzyKmleVAO/GtxfVmo3eRxFOIFTOIcArqAGd1CHBjAYwDO8wpsnvBfv3ftYtBa8fOYY/sD7/AFbkI3Q</latexit>

! ⇡ µ
<latexit sha1_base64="dDg68LBxO6YcVkx4JDUt23QpMlo=">AAAB+3icbVC7SgNBFJ2NrxhfayxtBoNgFXZF0MIiYGMZwTwgu4TZyWwyZF7MzErCkl+xsVDE1h+x82+cJFto4oELh3Pu5d57EsWosUHw7ZU2Nre2d8q7lb39g8Mj/7jaNjLTmLSwZFJ3E2QIo4K0LLWMdJUmiCeMdJLx3dzvPBFtqBSPdqpIzNFQ0JRiZJ3U96uR5GSIYISU0nICI571/VpQDxaA6yQsSA0UaPb9r2ggccaJsJghY3phoGycI20pZmRWiTJDFMJjNCQ9RwXixMT54vYZPHfKAKZSuxIWLtTfEznixkx54jo5siOz6s3F/7xeZtObOKdCZZYIvFyUZgxaCedBwAHVBFs2dQRhTd2tEI+QRti6uCouhHD15XXSvqyHQT18uKo1bos4yuAUnIELEIJr0AD3oAlaAIMJeAav4M2beS/eu/exbC15xcwJ+APv8we2YZQy</latexit><latexit sha1_base64="dDg68LBxO6YcVkx4JDUt23QpMlo=">AAAB+3icbVC7SgNBFJ2NrxhfayxtBoNgFXZF0MIiYGMZwTwgu4TZyWwyZF7MzErCkl+xsVDE1h+x82+cJFto4oELh3Pu5d57EsWosUHw7ZU2Nre2d8q7lb39g8Mj/7jaNjLTmLSwZFJ3E2QIo4K0LLWMdJUmiCeMdJLx3dzvPBFtqBSPdqpIzNFQ0JRiZJ3U96uR5GSIYISU0nICI571/VpQDxaA6yQsSA0UaPb9r2ggccaJsJghY3phoGycI20pZmRWiTJDFMJjNCQ9RwXixMT54vYZPHfKAKZSuxIWLtTfEznixkx54jo5siOz6s3F/7xeZtObOKdCZZYIvFyUZgxaCedBwAHVBFs2dQRhTd2tEI+QRti6uCouhHD15XXSvqyHQT18uKo1bos4yuAUnIELEIJr0AD3oAlaAIMJeAav4M2beS/eu/exbC15xcwJ+APv8we2YZQy</latexit><latexit sha1_base64="dDg68LBxO6YcVkx4JDUt23QpMlo=">AAAB+3icbVC7SgNBFJ2NrxhfayxtBoNgFXZF0MIiYGMZwTwgu4TZyWwyZF7MzErCkl+xsVDE1h+x82+cJFto4oELh3Pu5d57EsWosUHw7ZU2Nre2d8q7lb39g8Mj/7jaNjLTmLSwZFJ3E2QIo4K0LLWMdJUmiCeMdJLx3dzvPBFtqBSPdqpIzNFQ0JRiZJ3U96uR5GSIYISU0nICI571/VpQDxaA6yQsSA0UaPb9r2ggccaJsJghY3phoGycI20pZmRWiTJDFMJjNCQ9RwXixMT54vYZPHfKAKZSuxIWLtTfEznixkx54jo5siOz6s3F/7xeZtObOKdCZZYIvFyUZgxaCedBwAHVBFs2dQRhTd2tEI+QRti6uCouhHD15XXSvqyHQT18uKo1bos4yuAUnIELEIJr0AD3oAlaAIMJeAav4M2beS/eu/exbC15xcwJ+APv8we2YZQy</latexit><latexit sha1_base64="dDg68LBxO6YcVkx4JDUt23QpMlo=">AAAB+3icbVC7SgNBFJ2NrxhfayxtBoNgFXZF0MIiYGMZwTwgu4TZyWwyZF7MzErCkl+xsVDE1h+x82+cJFto4oELh3Pu5d57EsWosUHw7ZU2Nre2d8q7lb39g8Mj/7jaNjLTmLSwZFJ3E2QIo4K0LLWMdJUmiCeMdJLx3dzvPBFtqBSPdqpIzNFQ0JRiZJ3U96uR5GSIYISU0nICI571/VpQDxaA6yQsSA0UaPb9r2ggccaJsJghY3phoGycI20pZmRWiTJDFMJjNCQ9RwXixMT54vYZPHfKAKZSuxIWLtTfEznixkx54jo5siOz6s3F/7xeZtObOKdCZZYIvFyUZgxaCedBwAHVBFs2dQRhTd2tEI+QRti6uCouhHD15XXSvqyHQT18uKo1bos4yuAUnIELEIJr0AD3oAlaAIMJeAav4M2beS/eu/exbC15xcwJ+APv8we2YZQy</latexit>

m
<latexit sha1_base64="Zkb8wZDb9j7IxT2+5jX7zFx+0i0=">AAAB6HicbVA9SwNBEJ3zM8avqKXNYhCswp0IWlgEbCwTMB+QHGFvM5es2d07dveEEPILbCwUsfUn2flv3CRXaOKDgcd7M8zMi1LBjfX9b29tfWNza7uwU9zd2z84LB0dN02SaYYNlohEtyNqUHCFDcutwHaqkcpIYCsa3c381hNqwxP1YMcphpIOFI85o9ZJddkrlf2KPwdZJUFOypCj1it9dfsJyyQqywQ1phP4qQ0nVFvOBE6L3cxgStmIDrDjqKISTTiZHzol507pkzjRrpQlc/X3xIRKY8Yycp2S2qFZ9mbif14ns/FNOOEqzSwqtlgUZ4LYhMy+Jn2ukVkxdoQyzd2thA2ppsy6bIouhGD55VXSvKwEfiWoX5Wrt3kcBTiFM7iAAK6hCvdQgwYwQHiGV3jzHr0X7937WLSuefnMCfyB9/kD07+M6w==</latexit><latexit sha1_base64="Zkb8wZDb9j7IxT2+5jX7zFx+0i0=">AAAB6HicbVA9SwNBEJ3zM8avqKXNYhCswp0IWlgEbCwTMB+QHGFvM5es2d07dveEEPILbCwUsfUn2flv3CRXaOKDgcd7M8zMi1LBjfX9b29tfWNza7uwU9zd2z84LB0dN02SaYYNlohEtyNqUHCFDcutwHaqkcpIYCsa3c381hNqwxP1YMcphpIOFI85o9ZJddkrlf2KPwdZJUFOypCj1it9dfsJyyQqywQ1phP4qQ0nVFvOBE6L3cxgStmIDrDjqKISTTiZHzol507pkzjRrpQlc/X3xIRKY8Yycp2S2qFZ9mbif14ns/FNOOEqzSwqtlgUZ4LYhMy+Jn2ukVkxdoQyzd2thA2ppsy6bIouhGD55VXSvKwEfiWoX5Wrt3kcBTiFM7iAAK6hCvdQgwYwQHiGV3jzHr0X7937WLSuefnMCfyB9/kD07+M6w==</latexit><latexit sha1_base64="Zkb8wZDb9j7IxT2+5jX7zFx+0i0=">AAAB6HicbVA9SwNBEJ3zM8avqKXNYhCswp0IWlgEbCwTMB+QHGFvM5es2d07dveEEPILbCwUsfUn2flv3CRXaOKDgcd7M8zMi1LBjfX9b29tfWNza7uwU9zd2z84LB0dN02SaYYNlohEtyNqUHCFDcutwHaqkcpIYCsa3c381hNqwxP1YMcphpIOFI85o9ZJddkrlf2KPwdZJUFOypCj1it9dfsJyyQqywQ1phP4qQ0nVFvOBE6L3cxgStmIDrDjqKISTTiZHzol507pkzjRrpQlc/X3xIRKY8Yycp2S2qFZ9mbif14ns/FNOOEqzSwqtlgUZ4LYhMy+Jn2ukVkxdoQyzd2thA2ppsy6bIouhGD55VXSvKwEfiWoX5Wrt3kcBTiFM7iAAK6hCvdQgwYwQHiGV3jzHr0X7937WLSuefnMCfyB9/kD07+M6w==</latexit><latexit sha1_base64="Zkb8wZDb9j7IxT2+5jX7zFx+0i0=">AAAB6HicbVA9SwNBEJ3zM8avqKXNYhCswp0IWlgEbCwTMB+QHGFvM5es2d07dveEEPILbCwUsfUn2flv3CRXaOKDgcd7M8zMi1LBjfX9b29tfWNza7uwU9zd2z84LB0dN02SaYYNlohEtyNqUHCFDcutwHaqkcpIYCsa3c381hNqwxP1YMcphpIOFI85o9ZJddkrlf2KPwdZJUFOypCj1it9dfsJyyQqywQ1phP4qQ0nVFvOBE6L3cxgStmIDrDjqKISTTiZHzol507pkzjRrpQlc/X3xIRKY8Yycp2S2qFZ9mbif14ns/FNOOEqzSwqtlgUZ4LYhMy+Jn2ukVkxdoQyzd2thA2ppsy6bIouhGD55VXSvKwEfiWoX5Wrt3kcBTiFM7iAAK6hCvdQgwYwQHiGV3jzHr0X7937WLSuefnMCfyB9/kD07+M6w==</latexit>

Star of mass MM<latexit sha1_base64="P+8MXLcfbkQrQyG9F+V5srczdXI=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0MIiYGMjJGA+IDnC3mYuWbO3d+zuCeHIL7CxUMTWn2Tnv3GTXKGJDwYe780wMy9IBNfGdb+dwtr6xuZWcbu0s7u3f1A+PGrpOFUMmywWseoEVKPgEpuGG4GdRCGNAoHtYHw789tPqDSP5YOZJOhHdCh5yBk1Vmrc98sVt+rOQVaJl5MK5Kj3y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+aHTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14bWfcZmkBiVbLApTQUxMZl+TAVfIjJhYQpni9lbCRlRRZmw2JRuCt/zyKmldVD236jUuK7WbPI4inMApnIMHV1CDO6hDExggPMMrvDmPzovz7nwsWgtOPnMMf+B8/gCjP4zL</latexit><latexit sha1_base64="P+8MXLcfbkQrQyG9F+V5srczdXI=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0MIiYGMjJGA+IDnC3mYuWbO3d+zuCeHIL7CxUMTWn2Tnv3GTXKGJDwYe780wMy9IBNfGdb+dwtr6xuZWcbu0s7u3f1A+PGrpOFUMmywWseoEVKPgEpuGG4GdRCGNAoHtYHw789tPqDSP5YOZJOhHdCh5yBk1Vmrc98sVt+rOQVaJl5MK5Kj3y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+aHTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14bWfcZmkBiVbLApTQUxMZl+TAVfIjJhYQpni9lbCRlRRZmw2JRuCt/zyKmldVD236jUuK7WbPI4inMApnIMHV1CDO6hDExggPMMrvDmPzovz7nwsWgtOPnMMf+B8/gCjP4zL</latexit><latexit sha1_base64="P+8MXLcfbkQrQyG9F+V5srczdXI=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0MIiYGMjJGA+IDnC3mYuWbO3d+zuCeHIL7CxUMTWn2Tnv3GTXKGJDwYe780wMy9IBNfGdb+dwtr6xuZWcbu0s7u3f1A+PGrpOFUMmywWseoEVKPgEpuGG4GdRCGNAoHtYHw789tPqDSP5YOZJOhHdCh5yBk1Vmrc98sVt+rOQVaJl5MK5Kj3y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+aHTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14bWfcZmkBiVbLApTQUxMZl+TAVfIjJhYQpni9lbCRlRRZmw2JRuCt/zyKmldVD236jUuK7WbPI4inMApnIMHV1CDO6hDExggPMMrvDmPzovz7nwsWgtOPnMMf+B8/gCjP4zL</latexit><latexit sha1_base64="P+8MXLcfbkQrQyG9F+V5srczdXI=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0MIiYGMjJGA+IDnC3mYuWbO3d+zuCeHIL7CxUMTWn2Tnv3GTXKGJDwYe780wMy9IBNfGdb+dwtr6xuZWcbu0s7u3f1A+PGrpOFUMmywWseoEVKPgEpuGG4GdRCGNAoHtYHw789tPqDSP5YOZJOhHdCh5yBk1Vmrc98sVt+rOQVaJl5MK5Kj3y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+aHTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14bWfcZmkBiVbLApTQUxMZl+TAVfIjJhYQpni9lbCRlRRZmw2JRuCt/zyKmldVD236jUuK7WbPI4inMApnIMHV1CDO6hDExggPMMrvDmPzovz7nwsWgtOPnMMf+B8/gCjP4zL</latexit>

!,m
<latexit sha1_base64="beskG0bNWrCpDZNBK+LotH4eNi0=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgIeFOBC2DNpYRTIwkR9jbzCVLdm+P3T0hhPwKGwtFbP05dv4bN8kVmvhg4PHeDDPzolRwY33/2yusrK6tbxQ3S1vbO7t75f2DplGZZthgSijdiqhBwRNsWG4FtlKNVEYCH6LhzdR/eEJtuEru7SjFUNJ+wmPOqHXSY0dJ7NMzIrvlil/1ZyDLJMhJBXLUu+WvTk+xTGJimaDGtAM/teGYasuZwEmpkxlMKRvSPrYdTahEE45nB0/IiVN6JFbaVWLJTP09MabSmJGMXKekdmAWvan4n9fObHwVjnmSZhYTNl8UZ4JYRabfkx7XyKwYOUKZ5u5WwgZUU2ZdRiUXQrD48jJpnlcDvxrcXVRq13kcRTiCYziFAC6hBrdQhwYwkPAMr/Dmae/Fe/c+5q0FL585hD/wPn8AHyqP8g==</latexit><latexit sha1_base64="beskG0bNWrCpDZNBK+LotH4eNi0=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgIeFOBC2DNpYRTIwkR9jbzCVLdm+P3T0hhPwKGwtFbP05dv4bN8kVmvhg4PHeDDPzolRwY33/2yusrK6tbxQ3S1vbO7t75f2DplGZZthgSijdiqhBwRNsWG4FtlKNVEYCH6LhzdR/eEJtuEru7SjFUNJ+wmPOqHXSY0dJ7NMzIrvlil/1ZyDLJMhJBXLUu+WvTk+xTGJimaDGtAM/teGYasuZwEmpkxlMKRvSPrYdTahEE45nB0/IiVN6JFbaVWLJTP09MabSmJGMXKekdmAWvan4n9fObHwVjnmSZhYTNl8UZ4JYRabfkx7XyKwYOUKZ5u5WwgZUU2ZdRiUXQrD48jJpnlcDvxrcXVRq13kcRTiCYziFAC6hBrdQhwYwkPAMr/Dmae/Fe/c+5q0FL585hD/wPn8AHyqP8g==</latexit><latexit sha1_base64="beskG0bNWrCpDZNBK+LotH4eNi0=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgIeFOBC2DNpYRTIwkR9jbzCVLdm+P3T0hhPwKGwtFbP05dv4bN8kVmvhg4PHeDDPzolRwY33/2yusrK6tbxQ3S1vbO7t75f2DplGZZthgSijdiqhBwRNsWG4FtlKNVEYCH6LhzdR/eEJtuEru7SjFUNJ+wmPOqHXSY0dJ7NMzIrvlil/1ZyDLJMhJBXLUu+WvTk+xTGJimaDGtAM/teGYasuZwEmpkxlMKRvSPrYdTahEE45nB0/IiVN6JFbaVWLJTP09MabSmJGMXKekdmAWvan4n9fObHwVjnmSZhYTNl8UZ4JYRabfkx7XyKwYOUKZ5u5WwgZUU2ZdRiUXQrD48jJpnlcDvxrcXVRq13kcRTiCYziFAC6hBrdQhwYwkPAMr/Dmae/Fe/c+5q0FL585hD/wPn8AHyqP8g==</latexit><latexit sha1_base64="beskG0bNWrCpDZNBK+LotH4eNi0=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgIeFOBC2DNpYRTIwkR9jbzCVLdm+P3T0hhPwKGwtFbP05dv4bN8kVmvhg4PHeDDPzolRwY33/2yusrK6tbxQ3S1vbO7t75f2DplGZZthgSijdiqhBwRNsWG4FtlKNVEYCH6LhzdR/eEJtuEru7SjFUNJ+wmPOqHXSY0dJ7NMzIrvlil/1ZyDLJMhJBXLUu+WvTk+xTGJimaDGtAM/teGYasuZwEmpkxlMKRvSPrYdTahEE45nB0/IiVN6JFbaVWLJTP09MabSmJGMXKekdmAWvan4n9fObHwVjnmSZhYTNl8UZ4JYRabfkx7XyKwYOUKZ5u5WwgZUU2ZdRiUXQrD48jJpnlcDvxrcXVRq13kcRTiCYziFAC6hBrdQhwYwkPAMr/Dmae/Fe/c+5q0FL585hD/wPn8AHyqP8g==</latexit>

angular momentum in

mode after time t

<latexit sha1_base64="0TsJAtjTNt7ATBJO8SsafOpGWYU=">AAACE3icbVDLSgNBEJz1GddX1KOXwSB4Crsi6DHoxWMC5gHJEmZnO8mQ2Qczvcqy5Au8mq/xJl79AD9GcJLswSQ2NBTV3XRV+YkUGh3n29rY3Nre2S3t2fsHh0fH5ZPTlo5TxaHJYxmrjs80SBFBEwVK6CQKWOhLaPvjh9m8/QxKizh6wiwBL2TDSAwEZ2ioBvbLFafqzIuuA7cAFVJUvV/+6QUxT0OIkEumddd1EvRyplBwCRO7l2pIGB+zIXQNjFgI2svnQif00jABHcTKdIR0zv69yFmodRb6ZjNkONKrsxn536yb4uDOy0WUpAgRXzwapJJiTGeuaSAUcJSZAYwrYbRSPmKKcTTZLH3RxtQIgiUj+QvTmdE1sW2Tl7uazjpoXVddp+o2biq1+yK5EjknF+SKuOSW1MgjqZMm4QTIK3kjU2tqvVsf1udidcMqbs7IUllfv+junvM=</latexit><latexit sha1_base64="0TsJAtjTNt7ATBJO8SsafOpGWYU=">AAACE3icbVDLSgNBEJz1GddX1KOXwSB4Crsi6DHoxWMC5gHJEmZnO8mQ2Qczvcqy5Au8mq/xJl79AD9GcJLswSQ2NBTV3XRV+YkUGh3n29rY3Nre2S3t2fsHh0fH5ZPTlo5TxaHJYxmrjs80SBFBEwVK6CQKWOhLaPvjh9m8/QxKizh6wiwBL2TDSAwEZ2ioBvbLFafqzIuuA7cAFVJUvV/+6QUxT0OIkEumddd1EvRyplBwCRO7l2pIGB+zIXQNjFgI2svnQif00jABHcTKdIR0zv69yFmodRb6ZjNkONKrsxn536yb4uDOy0WUpAgRXzwapJJiTGeuaSAUcJSZAYwrYbRSPmKKcTTZLH3RxtQIgiUj+QvTmdE1sW2Tl7uazjpoXVddp+o2biq1+yK5EjknF+SKuOSW1MgjqZMm4QTIK3kjU2tqvVsf1udidcMqbs7IUllfv+junvM=</latexit><latexit sha1_base64="0TsJAtjTNt7ATBJO8SsafOpGWYU=">AAACE3icbVDLSgNBEJz1GddX1KOXwSB4Crsi6DHoxWMC5gHJEmZnO8mQ2Qczvcqy5Au8mq/xJl79AD9GcJLswSQ2NBTV3XRV+YkUGh3n29rY3Nre2S3t2fsHh0fH5ZPTlo5TxaHJYxmrjs80SBFBEwVK6CQKWOhLaPvjh9m8/QxKizh6wiwBL2TDSAwEZ2ioBvbLFafqzIuuA7cAFVJUvV/+6QUxT0OIkEumddd1EvRyplBwCRO7l2pIGB+zIXQNjFgI2svnQif00jABHcTKdIR0zv69yFmodRb6ZjNkONKrsxn536yb4uDOy0WUpAgRXzwapJJiTGeuaSAUcJSZAYwrYbRSPmKKcTTZLH3RxtQIgiUj+QvTmdE1sW2Tl7uazjpoXVddp+o2biq1+yK5EjknF+SKuOSW1MgjqZMm4QTIK3kjU2tqvVsf1udidcMqbs7IUllfv+junvM=</latexit><latexit sha1_base64="0TsJAtjTNt7ATBJO8SsafOpGWYU=">AAACE3icbVDLSgNBEJz1GddX1KOXwSB4Crsi6DHoxWMC5gHJEmZnO8mQ2Qczvcqy5Au8mq/xJl79AD9GcJLswSQ2NBTV3XRV+YkUGh3n29rY3Nre2S3t2fsHh0fH5ZPTlo5TxaHJYxmrjs80SBFBEwVK6CQKWOhLaPvjh9m8/QxKizh6wiwBL2TDSAwEZ2ioBvbLFafqzIuuA7cAFVJUvV/+6QUxT0OIkEumddd1EvRyplBwCRO7l2pIGB+zIXQNjFgI2svnQif00jABHcTKdIR0zv69yFmodRb6ZjNkONKrsxn536yb4uDOy0WUpAgRXzwapJJiTGeuaSAUcJSZAYwrYbRSPmKKcTTZLH3RxtQIgiUj+QvTmdE1sW2Tl7uazjpoXVddp+o2biq1+yK5EjknF+SKuOSW1MgjqZMm4QTIK3kjU2tqvVsf1udidcMqbs7IUllfv+junvM=</latexit>

(!,m)
<latexit sha1_base64="1rVsS3vPvNe7Q6/2Cix/upyG4zg=">AAACHXicbVDLSgNBEJz1GddX1KOXwSBEkLArgh6DXjxGMA9IQpiddJIh81hmZpWw5DO8mq/xJl7FjxGcJHswiQ0NRXU3XVVRzJmxQfDtra1vbG5t53b83b39g8P80XHNqERTqFLFlW5ExABnEqqWWQ6NWAMREYd6NLyfzuvPoA1T8smOYmgL0pesxyixjmoWW0pAn1xicdHJF4JSMCu8CsIMFFBWlU7+p9VVNBEgLeXEmGYYxLadEm0Z5TD2W4mBmNAh6UPTQUkEmHY6kzzG547p4p7SrqXFM/bvRUqEMSMRuU1B7MAsz6bkf7NmYnu37ZTJOLEg6fxRL+HYKjz1j7tMA7V85AChmjmtmA6IJtS6lBa+GGdqAN0FI+kLMSOna+z7Lq9wOZ1VULsqhUEpfLwulO+y5HLoFJ2hIgrRDSqjB1RBVUSRQq/oDU28iffufXif89U1L7s5QQvlff0CczGiUg==</latexit><latexit sha1_base64="1rVsS3vPvNe7Q6/2Cix/upyG4zg=">AAACHXicbVDLSgNBEJz1GddX1KOXwSBEkLArgh6DXjxGMA9IQpiddJIh81hmZpWw5DO8mq/xJl7FjxGcJHswiQ0NRXU3XVVRzJmxQfDtra1vbG5t53b83b39g8P80XHNqERTqFLFlW5ExABnEqqWWQ6NWAMREYd6NLyfzuvPoA1T8smOYmgL0pesxyixjmoWW0pAn1xicdHJF4JSMCu8CsIMFFBWlU7+p9VVNBEgLeXEmGYYxLadEm0Z5TD2W4mBmNAh6UPTQUkEmHY6kzzG547p4p7SrqXFM/bvRUqEMSMRuU1B7MAsz6bkf7NmYnu37ZTJOLEg6fxRL+HYKjz1j7tMA7V85AChmjmtmA6IJtS6lBa+GGdqAN0FI+kLMSOna+z7Lq9wOZ1VULsqhUEpfLwulO+y5HLoFJ2hIgrRDSqjB1RBVUSRQq/oDU28iffufXif89U1L7s5QQvlff0CczGiUg==</latexit><latexit sha1_base64="1rVsS3vPvNe7Q6/2Cix/upyG4zg=">AAACHXicbVDLSgNBEJz1GddX1KOXwSBEkLArgh6DXjxGMA9IQpiddJIh81hmZpWw5DO8mq/xJl7FjxGcJHswiQ0NRXU3XVVRzJmxQfDtra1vbG5t53b83b39g8P80XHNqERTqFLFlW5ExABnEqqWWQ6NWAMREYd6NLyfzuvPoA1T8smOYmgL0pesxyixjmoWW0pAn1xicdHJF4JSMCu8CsIMFFBWlU7+p9VVNBEgLeXEmGYYxLadEm0Z5TD2W4mBmNAh6UPTQUkEmHY6kzzG547p4p7SrqXFM/bvRUqEMSMRuU1B7MAsz6bkf7NmYnu37ZTJOLEg6fxRL+HYKjz1j7tMA7V85AChmjmtmA6IJtS6lBa+GGdqAN0FI+kLMSOna+z7Lq9wOZ1VULsqhUEpfLwulO+y5HLoFJ2hIgrRDSqjB1RBVUSRQq/oDU28iffufXif89U1L7s5QQvlff0CczGiUg==</latexit><latexit sha1_base64="1rVsS3vPvNe7Q6/2Cix/upyG4zg=">AAACHXicbVDLSgNBEJz1GddX1KOXwSBEkLArgh6DXjxGMA9IQpiddJIh81hmZpWw5DO8mq/xJl7FjxGcJHswiQ0NRXU3XVVRzJmxQfDtra1vbG5t53b83b39g8P80XHNqERTqFLFlW5ExABnEqqWWQ6NWAMREYd6NLyfzuvPoA1T8smOYmgL0pesxyixjmoWW0pAn1xicdHJF4JSMCu8CsIMFFBWlU7+p9VVNBEgLeXEmGYYxLadEm0Z5TD2W4mBmNAh6UPTQUkEmHY6kzzG547p4p7SrqXFM/bvRUqEMSMRuU1B7MAsz6bkf7NmYnu37ZTJOLEg6fxRL+HYKjz1j7tMA7V85AChmjmtmA6IJtS6lBa+GGdqAN0FI+kLMSOna+z7Lq9wOZ1VULsqhUEpfLwulO+y5HLoFJ2hIgrRDSqjB1RBVUSRQq/oDU28iffufXif89U1L7s5QQvlff0CczGiUg==</latexit>



Placing Bounds with 
Superradiance

⌦
<latexit sha1_base64="PnAn3gOm+qtagB/MQmG+rFlmdVo=">AAAB7XicbVC7SgNBFL3rM8ZX1NJmMAhWYddGOwM2dkYwD0iWMDuZTcbMY5mZFeKSf7CxUMTWH/EL7Cz9E2eTFJp44MLhnHu5954o4cxY3//ylpZXVtfWCxvFza3tnd3S3n7DqFQTWieKK92KsKGcSVq3zHLaSjTFIuK0GQ0vc795T7VhSt7aUUJDgfuSxYxg66RG51rQPu6Wyn7FnwAtkmBGyhcfD99VAKh1S5+dniKpoNISjo1pB35iwwxrywin42InNTTBZIj7tO2oxIKaMJtcO0bHTumhWGlX0qKJ+nsiw8KYkYhcp8B2YOa9XPzPa6c2Pg8zJpPUUkmmi+KUI6tQ/jrqMU2J5SNHMNHM3YrIAGtMrAuo6EII5l9eJI3TSuBXghu/XM2jyFGAQziCEwjgDKpwBTWoA4E7eIRnePGU9+S9em/T1iVvNnMAf+C9/wDm8ZGT</latexit><latexit sha1_base64="iFZP9QHuv4sLGvU6XhGeeqFCuYU=">AAAB7XicbZC7SgNBFIbPxluMt3jpbAaDYBV2bbQzYKGdEcwFkhBmJ7PJmLksM7NCXPIONhaK2Nr5FD6BnaVv4uRSaOIPAx//fw5zzgljzoz1/S8vs7C4tLySXc2trW9sbuW3d6pGJZrQClFc6XqIDeVM0oplltN6rCkWIae1sH8+ymt3VBum5I0dxLQlcFeyiBFsnVVtXgnaxe18wS/6Y6F5CKZQOPu4/75430vL7fxns6NIIqi0hGNjGoEf21aKtWWE02GumRgaY9LHXdpwKLGgppWOpx2iQ+d0UKS0e9Kisfu7I8XCmIEIXaXAtmdms5H5X9ZIbHTaSpmME0slmXwUJRxZhUarow7TlFg+cICJZm5WRHpYY2LdgXLuCMHsyvNQPS4GfjG49gulEkyUhX04gCMI4ARKcAllqACBW3iAJ3j2lPfovXivk9KMN+3ZhT/y3n4AmCiS1w==</latexit><latexit sha1_base64="iFZP9QHuv4sLGvU6XhGeeqFCuYU=">AAAB7XicbZC7SgNBFIbPxluMt3jpbAaDYBV2bbQzYKGdEcwFkhBmJ7PJmLksM7NCXPIONhaK2Nr5FD6BnaVv4uRSaOIPAx//fw5zzgljzoz1/S8vs7C4tLySXc2trW9sbuW3d6pGJZrQClFc6XqIDeVM0oplltN6rCkWIae1sH8+ymt3VBum5I0dxLQlcFeyiBFsnVVtXgnaxe18wS/6Y6F5CKZQOPu4/75430vL7fxns6NIIqi0hGNjGoEf21aKtWWE02GumRgaY9LHXdpwKLGgppWOpx2iQ+d0UKS0e9Kisfu7I8XCmIEIXaXAtmdms5H5X9ZIbHTaSpmME0slmXwUJRxZhUarow7TlFg+cICJZm5WRHpYY2LdgXLuCMHsyvNQPS4GfjG49gulEkyUhX04gCMI4ARKcAllqACBW3iAJ3j2lPfovXivk9KMN+3ZhT/y3n4AmCiS1w==</latexit><latexit sha1_base64="goY88knoIbTv/iBaVFZc2f9txk8=">AAAB7XicbVA9SwNBEJ3zM8avqKXNYhCswp2NlgEbOyOYD0iOsLeZS9bs3h67e0I48h9sLBSx9f/Y+W/cJFdo4oOBx3szzMyLUsGN9f1vb219Y3Nru7RT3t3bPzisHB23jMo0wyZTQulORA0KnmDTciuwk2qkMhLYjsY3M7/9hNpwlTzYSYqhpMOEx5xR66RW707ikPYrVb/mz0FWSVCQKhRo9CtfvYFimcTEMkGN6QZ+asOcasuZwGm5lxlMKRvTIXYdTahEE+bza6fk3CkDEivtKrFkrv6eyKk0ZiIj1ympHZllbyb+53UzG1+HOU/SzGLCFoviTBCryOx1MuAamRUTRyjT3N1K2IhqyqwLqOxCCJZfXiWty1rg14J7v1qvF3GU4BTO4AICuII63EIDmsDgEZ7hFd485b14797HonXNK2ZO4A+8zx9dV471</latexit>

⌦
<latexit sha1_base64="VTYavr74ZvStSGQfmDl9n7VL+g8=">AAAB7XicbZC7SgNBFIbPxluMt6ilzWAQrMKujekM2NgZxVwgWcLsZDYZM5dlZlYIS97BxkIRW1/Byoew822cXApN/GHg4//PYc45UcKZsb7/7eVWVtfWN/Kbha3tnd294v5Bw6hUE1oniivdirChnElat8xy2ko0xSLitBkNLyd584Fqw5S8s6OEhgL3JYsZwdZZjc61oH3cLZb8sj8VWoZgDqWLz49bcKp1i1+dniKpoNISjo1pB35iwwxrywin40InNTTBZIj7tO1QYkFNmE2nHaMT5/RQrLR70qKp+7sjw8KYkYhcpcB2YBaziflf1k5tXAkzJpPUUklmH8UpR1ahyeqoxzQllo8cYKKZmxWRAdaYWHeggjtCsLjyMjTOyoFfDm78UrUCM+XhCI7hFAI4hypcQQ3qQOAeHuEZXjzlPXmv3tusNOfNew7hj7z3Hxl8kPQ=</latexit><latexit sha1_base64="EfGuhqCxl+MLj4wQaV9Vva0T/ls=">AAAB7XicbZC7SgNBFIZn4y3GW9RSkMEgWIVdG9MZsLEzAXOBZAmzk7PJmJmdZWZWCEtKexsLRWx9hVQ+hJ3P4Es4uRSa+MPAx/+fw5xzgpgzbVz3y8msrK6tb2Q3c1vbO7t7+f2DupaJolCjkkvVDIgGziKoGWY4NGMFRAQcGsHgapI37kFpJqNbM4zBF6QXsZBRYqxVb98I6JFOvuAW3anwMnhzKFx+jKvfD8fjSif/2e5KmgiIDOVE65bnxsZPiTKMchjl2omGmNAB6UHLYkQEaD+dTjvCp9bp4lAq+yKDp+7vjpQIrYcisJWCmL5ezCbmf1krMWHJT1kUJwYiOvsoTDg2Ek9Wx12mgBo+tECoYnZWTPtEEWrsgXL2CN7iystQPy96btGruoVyCc2URUfoBJ0hD12gMrpGFVRDFN2hR/SMXhzpPDmvztusNOPMew7RHznvPyN3kzk=</latexit><latexit sha1_base64="EfGuhqCxl+MLj4wQaV9Vva0T/ls=">AAAB7XicbZC7SgNBFIZn4y3GW9RSkMEgWIVdG9MZsLEzAXOBZAmzk7PJmJmdZWZWCEtKexsLRWx9hVQ+hJ3P4Es4uRSa+MPAx/+fw5xzgpgzbVz3y8msrK6tb2Q3c1vbO7t7+f2DupaJolCjkkvVDIgGziKoGWY4NGMFRAQcGsHgapI37kFpJqNbM4zBF6QXsZBRYqxVb98I6JFOvuAW3anwMnhzKFx+jKvfD8fjSif/2e5KmgiIDOVE65bnxsZPiTKMchjl2omGmNAB6UHLYkQEaD+dTjvCp9bp4lAq+yKDp+7vjpQIrYcisJWCmL5ezCbmf1krMWHJT1kUJwYiOvsoTDg2Ek9Wx12mgBo+tECoYnZWTPtEEWrsgXL2CN7iystQPy96btGruoVyCc2URUfoBJ0hD12gMrpGFVRDFN2hR/SMXhzpPDmvztusNOPMew7RHznvPyN3kzk=</latexit><latexit sha1_base64="qzSyQyaQUvIdAG8VIMfTEz4v/e8=">AAAB7XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5sTBmwsTOC+YDkCHubuWTN7t6xuyeEkP9gY6GIrf/Hzn/jJrlCEx8MPN6bYWZelApurO9/e4WNza3tneJuaW//4PCofHzSMkmmGTZZIhLdiahBwRU2LbcCO6lGKiOB7Wh8M/fbT6gNT9SDnaQYSjpUPOaMWie1encSh7RfrvhVfwGyToKcVCBHo1/+6g0SlklUlglqTDfwUxtOqbacCZyVepnBlLIxHWLXUUUlmnC6uHZGLpwyIHGiXSlLFurviSmVxkxk5DoltSOz6s3F/7xuZuNaOOUqzSwqtlwUZ4LYhMxfJwOukVkxcYQyzd2thI2opsy6gEouhGD15XXSuqoGfjW49yv1Wh5HEc7gHC4hgGuowy00oAkMHuEZXuHNS7wX7937WLYWvHzmFP7A+/wBWu+O7Q==</latexit>

(m~)e�t & MR2
⌦ ) � & 1

t�
log

MR2
⌦

m~ ) ruled out

<latexit sha1_base64="An4imZxC5jvIJL6wcAWwl135Za8="></latexit><latexit sha1_base64="An4imZxC5jvIJL6wcAWwl135Za8="></latexit><latexit sha1_base64="An4imZxC5jvIJL6wcAWwl135Za8="></latexit><latexit sha1_base64="An4imZxC5jvIJL6wcAWwl135Za8="></latexit>

initial stellar angular momentum superradiance rate for            mode(!,m)
<latexit sha1_base64="1rVsS3vPvNe7Q6/2Cix/upyG4zg=">AAACHXicbVDLSgNBEJz1GddX1KOXwSBEkLArgh6DXjxGMA9IQpiddJIh81hmZpWw5DO8mq/xJl7FjxGcJHswiQ0NRXU3XVVRzJmxQfDtra1vbG5t53b83b39g8P80XHNqERTqFLFlW5ExABnEqqWWQ6NWAMREYd6NLyfzuvPoA1T8smOYmgL0pesxyixjmoWW0pAn1xicdHJF4JSMCu8CsIMFFBWlU7+p9VVNBEgLeXEmGYYxLadEm0Z5TD2W4mBmNAh6UPTQUkEmHY6kzzG547p4p7SrqXFM/bvRUqEMSMRuU1B7MAsz6bkf7NmYnu37ZTJOLEg6fxRL+HYKjz1j7tMA7V85AChmjmtmA6IJtS6lBa+GGdqAN0FI+kLMSOna+z7Lq9wOZ1VULsqhUEpfLwulO+y5HLoFJ2hIgrRDSqjB1RBVUSRQq/oDU28iffufXif89U1L7s5QQvlff0CczGiUg==</latexit><latexit sha1_base64="1rVsS3vPvNe7Q6/2Cix/upyG4zg=">AAACHXicbVDLSgNBEJz1GddX1KOXwSBEkLArgh6DXjxGMA9IQpiddJIh81hmZpWw5DO8mq/xJl7FjxGcJHswiQ0NRXU3XVVRzJmxQfDtra1vbG5t53b83b39g8P80XHNqERTqFLFlW5ExABnEqqWWQ6NWAMREYd6NLyfzuvPoA1T8smOYmgL0pesxyixjmoWW0pAn1xicdHJF4JSMCu8CsIMFFBWlU7+p9VVNBEgLeXEmGYYxLadEm0Z5TD2W4mBmNAh6UPTQUkEmHY6kzzG547p4p7SrqXFM/bvRUqEMSMRuU1B7MAsz6bkf7NmYnu37ZTJOLEg6fxRL+HYKjz1j7tMA7V85AChmjmtmA6IJtS6lBa+GGdqAN0FI+kLMSOna+z7Lq9wOZ1VULsqhUEpfLwulO+y5HLoFJ2hIgrRDSqjB1RBVUSRQq/oDU28iffufXif89U1L7s5QQvlff0CczGiUg==</latexit><latexit sha1_base64="1rVsS3vPvNe7Q6/2Cix/upyG4zg=">AAACHXicbVDLSgNBEJz1GddX1KOXwSBEkLArgh6DXjxGMA9IQpiddJIh81hmZpWw5DO8mq/xJl7FjxGcJHswiQ0NRXU3XVVRzJmxQfDtra1vbG5t53b83b39g8P80XHNqERTqFLFlW5ExABnEqqWWQ6NWAMREYd6NLyfzuvPoA1T8smOYmgL0pesxyixjmoWW0pAn1xicdHJF4JSMCu8CsIMFFBWlU7+p9VVNBEgLeXEmGYYxLadEm0Z5TD2W4mBmNAh6UPTQUkEmHY6kzzG547p4p7SrqXFM/bvRUqEMSMRuU1B7MAsz6bkf7NmYnu37ZTJOLEg6fxRL+HYKjz1j7tMA7V85AChmjmtmA6IJtS6lBa+GGdqAN0FI+kLMSOna+z7Lq9wOZ1VULsqhUEpfLwulO+y5HLoFJ2hIgrRDSqjB1RBVUSRQq/oDU28iffufXif89U1L7s5QQvlff0CczGiUg==</latexit><latexit sha1_base64="1rVsS3vPvNe7Q6/2Cix/upyG4zg=">AAACHXicbVDLSgNBEJz1GddX1KOXwSBEkLArgh6DXjxGMA9IQpiddJIh81hmZpWw5DO8mq/xJl7FjxGcJHswiQ0NRXU3XVVRzJmxQfDtra1vbG5t53b83b39g8P80XHNqERTqFLFlW5ExABnEqqWWQ6NWAMREYd6NLyfzuvPoA1T8smOYmgL0pesxyixjmoWW0pAn1xicdHJF4JSMCu8CsIMFFBWlU7+p9VVNBEgLeXEmGYYxLadEm0Z5TD2W4mBmNAh6UPTQUkEmHY6kzzG547p4p7SrqXFM/bvRUqEMSMRuU1B7MAsz6bkf7NmYnu37ZTJOLEg6fxRL+HYKjz1j7tMA7V85AChmjmtmA6IJtS6lBa+GGdqAN0FI+kLMSOna+z7Lq9wOZ1VULsqhUEpfLwulO+y5HLoFJ2hIgrRDSqjB1RBVUSRQq/oDU28iffufXif89U1L7s5QQvlff0CczGiUg==</latexit>

2

Scalar with mass m and energy w ~ m  

in gravitational bound state


with azimuthal angular momentum m

µ
<latexit sha1_base64="Gx/q1ZYGC/rY8mCGCh2zTkZohrA=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0MIiYGMZ0XxAcoS9zVyyZHfv2N0TQshPsLFQxNZfZOe/cZNcoYkPBh7vzTAzL0oFN9b3v73C2vrG5lZxu7Szu7d/UD48apok0wwbLBGJbkfUoOAKG5Zbge1UI5WRwFY0up35rSfUhifq0Y5TDCUdKB5zRq2THroy65UrftWfg6ySICcVyFHvlb+6/YRlEpVlghrTCfzUhhOqLWcCp6VuZjClbEQH2HFUUYkmnMxPnZIzp/RJnGhXypK5+ntiQqUxYxm5Tknt0Cx7M/E/r5PZ+DqccJVmFhVbLIozQWxCZn+TPtfIrBg7Qpnm7lbChlRTZl06JRdCsPzyKmleVAO/GtxfVmo3eRxFOIFTOIcArqAGd1CHBjAYwDO8wpsnvBfv3ftYtBa8fOYY/sD7/AFbkI3Q</latexit><latexit sha1_base64="Gx/q1ZYGC/rY8mCGCh2zTkZohrA=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0MIiYGMZ0XxAcoS9zVyyZHfv2N0TQshPsLFQxNZfZOe/cZNcoYkPBh7vzTAzL0oFN9b3v73C2vrG5lZxu7Szu7d/UD48apok0wwbLBGJbkfUoOAKG5Zbge1UI5WRwFY0up35rSfUhifq0Y5TDCUdKB5zRq2THroy65UrftWfg6ySICcVyFHvlb+6/YRlEpVlghrTCfzUhhOqLWcCp6VuZjClbEQH2HFUUYkmnMxPnZIzp/RJnGhXypK5+ntiQqUxYxm5Tknt0Cx7M/E/r5PZ+DqccJVmFhVbLIozQWxCZn+TPtfIrBg7Qpnm7lbChlRTZl06JRdCsPzyKmleVAO/GtxfVmo3eRxFOIFTOIcArqAGd1CHBjAYwDO8wpsnvBfv3ftYtBa8fOYY/sD7/AFbkI3Q</latexit><latexit sha1_base64="Gx/q1ZYGC/rY8mCGCh2zTkZohrA=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0MIiYGMZ0XxAcoS9zVyyZHfv2N0TQshPsLFQxNZfZOe/cZNcoYkPBh7vzTAzL0oFN9b3v73C2vrG5lZxu7Szu7d/UD48apok0wwbLBGJbkfUoOAKG5Zbge1UI5WRwFY0up35rSfUhifq0Y5TDCUdKB5zRq2THroy65UrftWfg6ySICcVyFHvlb+6/YRlEpVlghrTCfzUhhOqLWcCp6VuZjClbEQH2HFUUYkmnMxPnZIzp/RJnGhXypK5+ntiQqUxYxm5Tknt0Cx7M/E/r5PZ+DqccJVmFhVbLIozQWxCZn+TPtfIrBg7Qpnm7lbChlRTZl06JRdCsPzyKmleVAO/GtxfVmo3eRxFOIFTOIcArqAGd1CHBjAYwDO8wpsnvBfv3ftYtBa8fOYY/sD7/AFbkI3Q</latexit><latexit sha1_base64="Gx/q1ZYGC/rY8mCGCh2zTkZohrA=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0MIiYGMZ0XxAcoS9zVyyZHfv2N0TQshPsLFQxNZfZOe/cZNcoYkPBh7vzTAzL0oFN9b3v73C2vrG5lZxu7Szu7d/UD48apok0wwbLBGJbkfUoOAKG5Zbge1UI5WRwFY0up35rSfUhifq0Y5TDCUdKB5zRq2THroy65UrftWfg6ySICcVyFHvlb+6/YRlEpVlghrTCfzUhhOqLWcCp6VuZjClbEQH2HFUUYkmnMxPnZIzp/RJnGhXypK5+ntiQqUxYxm5Tknt0Cx7M/E/r5PZ+DqccJVmFhVbLIozQWxCZn+TPtfIrBg7Qpnm7lbChlRTZl06JRdCsPzyKmleVAO/GtxfVmo3eRxFOIFTOIcArqAGd1CHBjAYwDO8wpsnvBfv3ftYtBa8fOYY/sD7/AFbkI3Q</latexit>

! ⇡ µ
<latexit sha1_base64="dDg68LBxO6YcVkx4JDUt23QpMlo=">AAAB+3icbVC7SgNBFJ2NrxhfayxtBoNgFXZF0MIiYGMZwTwgu4TZyWwyZF7MzErCkl+xsVDE1h+x82+cJFto4oELh3Pu5d57EsWosUHw7ZU2Nre2d8q7lb39g8Mj/7jaNjLTmLSwZFJ3E2QIo4K0LLWMdJUmiCeMdJLx3dzvPBFtqBSPdqpIzNFQ0JRiZJ3U96uR5GSIYISU0nICI571/VpQDxaA6yQsSA0UaPb9r2ggccaJsJghY3phoGycI20pZmRWiTJDFMJjNCQ9RwXixMT54vYZPHfKAKZSuxIWLtTfEznixkx54jo5siOz6s3F/7xeZtObOKdCZZYIvFyUZgxaCedBwAHVBFs2dQRhTd2tEI+QRti6uCouhHD15XXSvqyHQT18uKo1bos4yuAUnIELEIJr0AD3oAlaAIMJeAav4M2beS/eu/exbC15xcwJ+APv8we2YZQy</latexit><latexit sha1_base64="dDg68LBxO6YcVkx4JDUt23QpMlo=">AAAB+3icbVC7SgNBFJ2NrxhfayxtBoNgFXZF0MIiYGMZwTwgu4TZyWwyZF7MzErCkl+xsVDE1h+x82+cJFto4oELh3Pu5d57EsWosUHw7ZU2Nre2d8q7lb39g8Mj/7jaNjLTmLSwZFJ3E2QIo4K0LLWMdJUmiCeMdJLx3dzvPBFtqBSPdqpIzNFQ0JRiZJ3U96uR5GSIYISU0nICI571/VpQDxaA6yQsSA0UaPb9r2ggccaJsJghY3phoGycI20pZmRWiTJDFMJjNCQ9RwXixMT54vYZPHfKAKZSuxIWLtTfEznixkx54jo5siOz6s3F/7xeZtObOKdCZZYIvFyUZgxaCedBwAHVBFs2dQRhTd2tEI+QRti6uCouhHD15XXSvqyHQT18uKo1bos4yuAUnIELEIJr0AD3oAlaAIMJeAav4M2beS/eu/exbC15xcwJ+APv8we2YZQy</latexit><latexit sha1_base64="dDg68LBxO6YcVkx4JDUt23QpMlo=">AAAB+3icbVC7SgNBFJ2NrxhfayxtBoNgFXZF0MIiYGMZwTwgu4TZyWwyZF7MzErCkl+xsVDE1h+x82+cJFto4oELh3Pu5d57EsWosUHw7ZU2Nre2d8q7lb39g8Mj/7jaNjLTmLSwZFJ3E2QIo4K0LLWMdJUmiCeMdJLx3dzvPBFtqBSPdqpIzNFQ0JRiZJ3U96uR5GSIYISU0nICI571/VpQDxaA6yQsSA0UaPb9r2ggccaJsJghY3phoGycI20pZmRWiTJDFMJjNCQ9RwXixMT54vYZPHfKAKZSuxIWLtTfEznixkx54jo5siOz6s3F/7xeZtObOKdCZZYIvFyUZgxaCedBwAHVBFs2dQRhTd2tEI+QRti6uCouhHD15XXSvqyHQT18uKo1bos4yuAUnIELEIJr0AD3oAlaAIMJeAav4M2beS/eu/exbC15xcwJ+APv8we2YZQy</latexit><latexit sha1_base64="dDg68LBxO6YcVkx4JDUt23QpMlo=">AAAB+3icbVC7SgNBFJ2NrxhfayxtBoNgFXZF0MIiYGMZwTwgu4TZyWwyZF7MzErCkl+xsVDE1h+x82+cJFto4oELh3Pu5d57EsWosUHw7ZU2Nre2d8q7lb39g8Mj/7jaNjLTmLSwZFJ3E2QIo4K0LLWMdJUmiCeMdJLx3dzvPBFtqBSPdqpIzNFQ0JRiZJ3U96uR5GSIYISU0nICI571/VpQDxaA6yQsSA0UaPb9r2ggccaJsJghY3phoGycI20pZmRWiTJDFMJjNCQ9RwXixMT54vYZPHfKAKZSuxIWLtTfEznixkx54jo5siOz6s3F/7xeZtObOKdCZZYIvFyUZgxaCedBwAHVBFs2dQRhTd2tEI+QRti6uCouhHD15XXSvqyHQT18uKo1bos4yuAUnIELEIJr0AD3oAlaAIMJeAav4M2beS/eu/exbC15xcwJ+APv8we2YZQy</latexit>

m
<latexit sha1_base64="Zkb8wZDb9j7IxT2+5jX7zFx+0i0=">AAAB6HicbVA9SwNBEJ3zM8avqKXNYhCswp0IWlgEbCwTMB+QHGFvM5es2d07dveEEPILbCwUsfUn2flv3CRXaOKDgcd7M8zMi1LBjfX9b29tfWNza7uwU9zd2z84LB0dN02SaYYNlohEtyNqUHCFDcutwHaqkcpIYCsa3c381hNqwxP1YMcphpIOFI85o9ZJddkrlf2KPwdZJUFOypCj1it9dfsJyyQqywQ1phP4qQ0nVFvOBE6L3cxgStmIDrDjqKISTTiZHzol507pkzjRrpQlc/X3xIRKY8Yycp2S2qFZ9mbif14ns/FNOOEqzSwqtlgUZ4LYhMy+Jn2ukVkxdoQyzd2thA2ppsy6bIouhGD55VXSvKwEfiWoX5Wrt3kcBTiFM7iAAK6hCvdQgwYwQHiGV3jzHr0X7937WLSuefnMCfyB9/kD07+M6w==</latexit><latexit sha1_base64="Zkb8wZDb9j7IxT2+5jX7zFx+0i0=">AAAB6HicbVA9SwNBEJ3zM8avqKXNYhCswp0IWlgEbCwTMB+QHGFvM5es2d07dveEEPILbCwUsfUn2flv3CRXaOKDgcd7M8zMi1LBjfX9b29tfWNza7uwU9zd2z84LB0dN02SaYYNlohEtyNqUHCFDcutwHaqkcpIYCsa3c381hNqwxP1YMcphpIOFI85o9ZJddkrlf2KPwdZJUFOypCj1it9dfsJyyQqywQ1phP4qQ0nVFvOBE6L3cxgStmIDrDjqKISTTiZHzol507pkzjRrpQlc/X3xIRKY8Yycp2S2qFZ9mbif14ns/FNOOEqzSwqtlgUZ4LYhMy+Jn2ukVkxdoQyzd2thA2ppsy6bIouhGD55VXSvKwEfiWoX5Wrt3kcBTiFM7iAAK6hCvdQgwYwQHiGV3jzHr0X7937WLSuefnMCfyB9/kD07+M6w==</latexit><latexit sha1_base64="Zkb8wZDb9j7IxT2+5jX7zFx+0i0=">AAAB6HicbVA9SwNBEJ3zM8avqKXNYhCswp0IWlgEbCwTMB+QHGFvM5es2d07dveEEPILbCwUsfUn2flv3CRXaOKDgcd7M8zMi1LBjfX9b29tfWNza7uwU9zd2z84LB0dN02SaYYNlohEtyNqUHCFDcutwHaqkcpIYCsa3c381hNqwxP1YMcphpIOFI85o9ZJddkrlf2KPwdZJUFOypCj1it9dfsJyyQqywQ1phP4qQ0nVFvOBE6L3cxgStmIDrDjqKISTTiZHzol507pkzjRrpQlc/X3xIRKY8Yycp2S2qFZ9mbif14ns/FNOOEqzSwqtlgUZ4LYhMy+Jn2ukVkxdoQyzd2thA2ppsy6bIouhGD55VXSvKwEfiWoX5Wrt3kcBTiFM7iAAK6hCvdQgwYwQHiGV3jzHr0X7937WLSuefnMCfyB9/kD07+M6w==</latexit><latexit sha1_base64="Zkb8wZDb9j7IxT2+5jX7zFx+0i0=">AAAB6HicbVA9SwNBEJ3zM8avqKXNYhCswp0IWlgEbCwTMB+QHGFvM5es2d07dveEEPILbCwUsfUn2flv3CRXaOKDgcd7M8zMi1LBjfX9b29tfWNza7uwU9zd2z84LB0dN02SaYYNlohEtyNqUHCFDcutwHaqkcpIYCsa3c381hNqwxP1YMcphpIOFI85o9ZJddkrlf2KPwdZJUFOypCj1it9dfsJyyQqywQ1phP4qQ0nVFvOBE6L3cxgStmIDrDjqKISTTiZHzol507pkzjRrpQlc/X3xIRKY8Yycp2S2qFZ9mbif14ns/FNOOEqzSwqtlgUZ4LYhMy+Jn2ukVkxdoQyzd2thA2ppsy6bIouhGD55VXSvKwEfiWoX5Wrt3kcBTiFM7iAAK6hCvdQgwYwQHiGV3jzHr0X7937WLSuefnMCfyB9/kD07+M6w==</latexit>

Star of mass MM<latexit sha1_base64="P+8MXLcfbkQrQyG9F+V5srczdXI=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0MIiYGMjJGA+IDnC3mYuWbO3d+zuCeHIL7CxUMTWn2Tnv3GTXKGJDwYe780wMy9IBNfGdb+dwtr6xuZWcbu0s7u3f1A+PGrpOFUMmywWseoEVKPgEpuGG4GdRCGNAoHtYHw789tPqDSP5YOZJOhHdCh5yBk1Vmrc98sVt+rOQVaJl5MK5Kj3y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+aHTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14bWfcZmkBiVbLApTQUxMZl+TAVfIjJhYQpni9lbCRlRRZmw2JRuCt/zyKmldVD236jUuK7WbPI4inMApnIMHV1CDO6hDExggPMMrvDmPzovz7nwsWgtOPnMMf+B8/gCjP4zL</latexit><latexit sha1_base64="P+8MXLcfbkQrQyG9F+V5srczdXI=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0MIiYGMjJGA+IDnC3mYuWbO3d+zuCeHIL7CxUMTWn2Tnv3GTXKGJDwYe780wMy9IBNfGdb+dwtr6xuZWcbu0s7u3f1A+PGrpOFUMmywWseoEVKPgEpuGG4GdRCGNAoHtYHw789tPqDSP5YOZJOhHdCh5yBk1Vmrc98sVt+rOQVaJl5MK5Kj3y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+aHTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14bWfcZmkBiVbLApTQUxMZl+TAVfIjJhYQpni9lbCRlRRZmw2JRuCt/zyKmldVD236jUuK7WbPI4inMApnIMHV1CDO6hDExggPMMrvDmPzovz7nwsWgtOPnMMf+B8/gCjP4zL</latexit><latexit sha1_base64="P+8MXLcfbkQrQyG9F+V5srczdXI=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0MIiYGMjJGA+IDnC3mYuWbO3d+zuCeHIL7CxUMTWn2Tnv3GTXKGJDwYe780wMy9IBNfGdb+dwtr6xuZWcbu0s7u3f1A+PGrpOFUMmywWseoEVKPgEpuGG4GdRCGNAoHtYHw789tPqDSP5YOZJOhHdCh5yBk1Vmrc98sVt+rOQVaJl5MK5Kj3y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+aHTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14bWfcZmkBiVbLApTQUxMZl+TAVfIjJhYQpni9lbCRlRRZmw2JRuCt/zyKmldVD236jUuK7WbPI4inMApnIMHV1CDO6hDExggPMMrvDmPzovz7nwsWgtOPnMMf+B8/gCjP4zL</latexit><latexit sha1_base64="P+8MXLcfbkQrQyG9F+V5srczdXI=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0MIiYGMjJGA+IDnC3mYuWbO3d+zuCeHIL7CxUMTWn2Tnv3GTXKGJDwYe780wMy9IBNfGdb+dwtr6xuZWcbu0s7u3f1A+PGrpOFUMmywWseoEVKPgEpuGG4GdRCGNAoHtYHw789tPqDSP5YOZJOhHdCh5yBk1Vmrc98sVt+rOQVaJl5MK5Kj3y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+aHTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14bWfcZmkBiVbLApTQUxMZl+TAVfIjJhYQpni9lbCRlRRZmw2JRuCt/zyKmldVD236jUuK7WbPI4inMApnIMHV1CDO6hDExggPMMrvDmPzovz7nwsWgtOPnMMf+B8/gCjP4zL</latexit>

!,m
<latexit sha1_base64="beskG0bNWrCpDZNBK+LotH4eNi0=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgIeFOBC2DNpYRTIwkR9jbzCVLdm+P3T0hhPwKGwtFbP05dv4bN8kVmvhg4PHeDDPzolRwY33/2yusrK6tbxQ3S1vbO7t75f2DplGZZthgSijdiqhBwRNsWG4FtlKNVEYCH6LhzdR/eEJtuEru7SjFUNJ+wmPOqHXSY0dJ7NMzIrvlil/1ZyDLJMhJBXLUu+WvTk+xTGJimaDGtAM/teGYasuZwEmpkxlMKRvSPrYdTahEE45nB0/IiVN6JFbaVWLJTP09MabSmJGMXKekdmAWvan4n9fObHwVjnmSZhYTNl8UZ4JYRabfkx7XyKwYOUKZ5u5WwgZUU2ZdRiUXQrD48jJpnlcDvxrcXVRq13kcRTiCYziFAC6hBrdQhwYwkPAMr/Dmae/Fe/c+5q0FL585hD/wPn8AHyqP8g==</latexit><latexit sha1_base64="beskG0bNWrCpDZNBK+LotH4eNi0=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgIeFOBC2DNpYRTIwkR9jbzCVLdm+P3T0hhPwKGwtFbP05dv4bN8kVmvhg4PHeDDPzolRwY33/2yusrK6tbxQ3S1vbO7t75f2DplGZZthgSijdiqhBwRNsWG4FtlKNVEYCH6LhzdR/eEJtuEru7SjFUNJ+wmPOqHXSY0dJ7NMzIrvlil/1ZyDLJMhJBXLUu+WvTk+xTGJimaDGtAM/teGYasuZwEmpkxlMKRvSPrYdTahEE45nB0/IiVN6JFbaVWLJTP09MabSmJGMXKekdmAWvan4n9fObHwVjnmSZhYTNl8UZ4JYRabfkx7XyKwYOUKZ5u5WwgZUU2ZdRiUXQrD48jJpnlcDvxrcXVRq13kcRTiCYziFAC6hBrdQhwYwkPAMr/Dmae/Fe/c+5q0FL585hD/wPn8AHyqP8g==</latexit><latexit sha1_base64="beskG0bNWrCpDZNBK+LotH4eNi0=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgIeFOBC2DNpYRTIwkR9jbzCVLdm+P3T0hhPwKGwtFbP05dv4bN8kVmvhg4PHeDDPzolRwY33/2yusrK6tbxQ3S1vbO7t75f2DplGZZthgSijdiqhBwRNsWG4FtlKNVEYCH6LhzdR/eEJtuEru7SjFUNJ+wmPOqHXSY0dJ7NMzIrvlil/1ZyDLJMhJBXLUu+WvTk+xTGJimaDGtAM/teGYasuZwEmpkxlMKRvSPrYdTahEE45nB0/IiVN6JFbaVWLJTP09MabSmJGMXKekdmAWvan4n9fObHwVjnmSZhYTNl8UZ4JYRabfkx7XyKwYOUKZ5u5WwgZUU2ZdRiUXQrD48jJpnlcDvxrcXVRq13kcRTiCYziFAC6hBrdQhwYwkPAMr/Dmae/Fe/c+5q0FL585hD/wPn8AHyqP8g==</latexit><latexit sha1_base64="beskG0bNWrCpDZNBK+LotH4eNi0=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgIeFOBC2DNpYRTIwkR9jbzCVLdm+P3T0hhPwKGwtFbP05dv4bN8kVmvhg4PHeDDPzolRwY33/2yusrK6tbxQ3S1vbO7t75f2DplGZZthgSijdiqhBwRNsWG4FtlKNVEYCH6LhzdR/eEJtuEru7SjFUNJ+wmPOqHXSY0dJ7NMzIrvlil/1ZyDLJMhJBXLUu+WvTk+xTGJimaDGtAM/teGYasuZwEmpkxlMKRvSPrYdTahEE45nB0/IiVN6JFbaVWLJTP09MabSmJGMXKekdmAWvan4n9fObHwVjnmSZhYTNl8UZ4JYRabfkx7XyKwYOUKZ5u5WwgZUU2ZdRiUXQrD48jJpnlcDvxrcXVRq13kcRTiCYziFAC6hBrdQhwYwkPAMr/Dmae/Fe/c+5q0FL585hD/wPn8AHyqP8g==</latexit>

angular momentum in

mode after time t
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Superradiance Rate
3

Scalar  with mass µ, interacting with medium moving at v↵
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[Zel’dovich, 1971]
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Superradiance Rate
3

Scalar  with mass µ, interacting with medium moving at v↵
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[Zel’dovich, 1971]



⇤ + µ2 + Cv↵r↵ + Ve↵( ) = 0
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Superradiance Rate
3

medium rotating at ⌦
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Superradiance Rate: Related to medium-at-rest

absorption rate

Absorption is only nonzero in the medium.

Superradiance rate depends on overlap of scalar with medium.
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Scalar  with mass µ, interacting with medium moving at v↵
<latexit sha1_base64="zcLkqKN8i8r0FzNqDxI1zPNROP8="></latexit><latexit sha1_base64="zcLkqKN8i8r0FzNqDxI1zPNROP8="></latexit><latexit sha1_base64="zcLkqKN8i8r0FzNqDxI1zPNROP8="></latexit><latexit sha1_base64="zcLkqKN8i8r0FzNqDxI1zPNROP8="></latexit>

[Zel’dovich, 1971]



⌦
<latexit sha1_base64="PnAn3gOm+qtagB/MQmG+rFlmdVo=">AAAB7XicbVC7SgNBFL3rM8ZX1NJmMAhWYddGOwM2dkYwD0iWMDuZTcbMY5mZFeKSf7CxUMTWH/EL7Cz9E2eTFJp44MLhnHu5954o4cxY3//ylpZXVtfWCxvFza3tnd3S3n7DqFQTWieKK92KsKGcSVq3zHLaSjTFIuK0GQ0vc795T7VhSt7aUUJDgfuSxYxg66RG51rQPu6Wyn7FnwAtkmBGyhcfD99VAKh1S5+dniKpoNISjo1pB35iwwxrywin42InNTTBZIj7tO2oxIKaMJtcO0bHTumhWGlX0qKJ+nsiw8KYkYhcp8B2YOa9XPzPa6c2Pg8zJpPUUkmmi+KUI6tQ/jrqMU2J5SNHMNHM3YrIAGtMrAuo6EII5l9eJI3TSuBXghu/XM2jyFGAQziCEwjgDKpwBTWoA4E7eIRnePGU9+S9em/T1iVvNnMAf+C9/wDm8ZGT</latexit><latexit sha1_base64="iFZP9QHuv4sLGvU6XhGeeqFCuYU=">AAAB7XicbZC7SgNBFIbPxluMt3jpbAaDYBV2bbQzYKGdEcwFkhBmJ7PJmLksM7NCXPIONhaK2Nr5FD6BnaVv4uRSaOIPAx//fw5zzgljzoz1/S8vs7C4tLySXc2trW9sbuW3d6pGJZrQClFc6XqIDeVM0oplltN6rCkWIae1sH8+ymt3VBum5I0dxLQlcFeyiBFsnVVtXgnaxe18wS/6Y6F5CKZQOPu4/75430vL7fxns6NIIqi0hGNjGoEf21aKtWWE02GumRgaY9LHXdpwKLGgppWOpx2iQ+d0UKS0e9Kisfu7I8XCmIEIXaXAtmdms5H5X9ZIbHTaSpmME0slmXwUJRxZhUarow7TlFg+cICJZm5WRHpYY2LdgXLuCMHsyvNQPS4GfjG49gulEkyUhX04gCMI4ARKcAllqACBW3iAJ3j2lPfovXivk9KMN+3ZhT/y3n4AmCiS1w==</latexit><latexit sha1_base64="iFZP9QHuv4sLGvU6XhGeeqFCuYU=">AAAB7XicbZC7SgNBFIbPxluMt3jpbAaDYBV2bbQzYKGdEcwFkhBmJ7PJmLksM7NCXPIONhaK2Nr5FD6BnaVv4uRSaOIPAx//fw5zzgljzoz1/S8vs7C4tLySXc2trW9sbuW3d6pGJZrQClFc6XqIDeVM0oplltN6rCkWIae1sH8+ymt3VBum5I0dxLQlcFeyiBFsnVVtXgnaxe18wS/6Y6F5CKZQOPu4/75430vL7fxns6NIIqi0hGNjGoEf21aKtWWE02GumRgaY9LHXdpwKLGgppWOpx2iQ+d0UKS0e9Kisfu7I8XCmIEIXaXAtmdms5H5X9ZIbHTaSpmME0slmXwUJRxZhUarow7TlFg+cICJZm5WRHpYY2LdgXLuCMHsyvNQPS4GfjG49gulEkyUhX04gCMI4ARKcAllqACBW3iAJ3j2lPfovXivk9KMN+3ZhT/y3n4AmCiS1w==</latexit><latexit sha1_base64="goY88knoIbTv/iBaVFZc2f9txk8=">AAAB7XicbVA9SwNBEJ3zM8avqKXNYhCswp2NlgEbOyOYD0iOsLeZS9bs3h67e0I48h9sLBSx9f/Y+W/cJFdo4oOBx3szzMyLUsGN9f1vb219Y3Nru7RT3t3bPzisHB23jMo0wyZTQulORA0KnmDTciuwk2qkMhLYjsY3M7/9hNpwlTzYSYqhpMOEx5xR66RW707ikPYrVb/mz0FWSVCQKhRo9CtfvYFimcTEMkGN6QZ+asOcasuZwGm5lxlMKRvTIXYdTahEE+bza6fk3CkDEivtKrFkrv6eyKk0ZiIj1ympHZllbyb+53UzG1+HOU/SzGLCFoviTBCryOx1MuAamRUTRyjT3N1K2IhqyqwLqOxCCJZfXiWty1rg14J7v1qvF3GU4BTO4AICuII63EIDmsDgEZ7hFd485b14797HonXNK2ZO4A+8zx9dV471</latexit>

a0 ⇠ 1

↵gµ
⇠ 1

GMµ2
<latexit sha1_base64="GBcHVNLKrGmjVDJvdlkrwxjbXkM=">AAACIXicbVBNS8NAEJ34bf2qevSyWARPJfGiR0FBL0IFq4Wmhsl20y7uJmF3I5SQP6D/wYt/xIMXD4r0Jv4Ztx8HbX0w8Hhvhpl5YSq4Nq775czMzs0vLC4tl1ZW19Y3yptb1zrJFGV1mohENULUTPCY1Q03gjVSxVCGgt2EdycD/+aeKc2T+Mr0UtaS2Il5xCkaKwXlIwxc4msuiR8ppLlX5D6KtItBh/gyKya8M3IxkG8PiqBccavuEGSaeGNSOT55eHwBgFpQ7vvthGaSxYYK1Lrpualp5agMp4IVJT/TLEV6hx3WtDRGyXQrH35YkD2rtEmUKFuxIUP190SOUuueDG2nRNPVk95A/M9rZiY6auU8TjPDYjpaFGWCmIQM4iJtrhg1omcJUsXtrYR20aZhbKglG4I3+fI0uT6oem7Vu7RpnMIIS7ADu7APHhzCMZxDDepA4Qle4R0+nGfnzfl0+qPWGWc8sw1/4Hz/AGk2pUU=</latexit><latexit sha1_base64="6PVqq72iYWd/YzrlwcqeVcSuUNI=">AAACIXicbVDLSsNAFJ34rPVVdelmsAiuStKNghuhgm6ECvYBTQ0300k7dCYJMxOhhPyA/oMbv0Rx40KR7sSfcfpYaOuBC4dz7uXee/yYM6Vt+8taWFxaXlnNreXXNza3tgs7u3UVJZLQGol4JJs+KMpZSGuaaU6bsaQgfE4bfr8y8ht3VCoWhTd6ENO2gG7IAkZAG8krnIBnY1cxgd1AAkmdLHWBxz3wutgVSTbjXeCrkXxbzrxC0S7ZY+B54kxJ8axy//DMXk6rXmHodiKSCBpqwkGplmPHup2C1IxwmuXdRNEYSB+6tGVoCIKqdjr+MMOHRungIJKmQo3H6u+JFIRSA+GbTgG6p2a9kfif10p0cNJOWRgnmoZksihIONYRHsWFO0xSovnAECCSmVsx6YFJQ5tQ8yYEZ/bleVIvlxy75FybNM7RBDm0jw7QEXLQMTpDl6iKaoigR/SK3tGH9WS9WZ/WcNK6YE1n9tAfWN8/SR6mrA==</latexit><latexit sha1_base64="6PVqq72iYWd/YzrlwcqeVcSuUNI=">AAACIXicbVDLSsNAFJ34rPVVdelmsAiuStKNghuhgm6ECvYBTQ0300k7dCYJMxOhhPyA/oMbv0Rx40KR7sSfcfpYaOuBC4dz7uXee/yYM6Vt+8taWFxaXlnNreXXNza3tgs7u3UVJZLQGol4JJs+KMpZSGuaaU6bsaQgfE4bfr8y8ht3VCoWhTd6ENO2gG7IAkZAG8krnIBnY1cxgd1AAkmdLHWBxz3wutgVSTbjXeCrkXxbzrxC0S7ZY+B54kxJ8axy//DMXk6rXmHodiKSCBpqwkGplmPHup2C1IxwmuXdRNEYSB+6tGVoCIKqdjr+MMOHRungIJKmQo3H6u+JFIRSA+GbTgG6p2a9kfif10p0cNJOWRgnmoZksihIONYRHsWFO0xSovnAECCSmVsx6YFJQ5tQ8yYEZ/bleVIvlxy75FybNM7RBDm0jw7QEXLQMTpDl6iKaoigR/SK3tGH9WS9WZ/WcNK6YE1n9tAfWN8/SR6mrA==</latexit><latexit sha1_base64="St/7r7CB1rgPinLBqVu/40iXJb8=">AAACIXicbVBNS8NAEN34WetX1aOXxSJ4Kkkv9lhQ0ItQwX5AE8Nku2mX7iZhdyOUkL/ixb/ixYMivYl/xm2bg7Y+GHi8N8PMvCDhTGnb/rLW1jc2t7ZLO+Xdvf2Dw8rRcUfFqSS0TWIey14AinIW0bZmmtNeIimIgNNuML6a+d0nKhWLowc9SagnYBixkBHQRvIrDfBt7ComsBtKIJmTZy7wZAT+ELsizZe8G3w3kx/ruV+p2jV7DrxKnIJUUYGWX5m6g5ikgkaacFCq79iJ9jKQmhFO87KbKpoAGcOQ9g2NQFDlZfMPc3xulAEOY2kq0niu/p7IQCg1EYHpFKBHatmbif95/VSHDS9jUZJqGpHFojDlWMd4FhceMEmJ5hNDgEhmbsVkBCYNbUItmxCc5ZdXSadec+yac29Xm9dFHCV0is7QBXLQJWqiW9RCbUTQM3pF7+jDerHerE9rumhds4qZE/QH1vcPP2Gi7Q==</latexit>

SR rate is sensitive to W⌦
<latexit sha1_base64="PnAn3gOm+qtagB/MQmG+rFlmdVo=">AAAB7XicbVC7SgNBFL3rM8ZX1NJmMAhWYddGOwM2dkYwD0iWMDuZTcbMY5mZFeKSf7CxUMTWH/EL7Cz9E2eTFJp44MLhnHu5954o4cxY3//ylpZXVtfWCxvFza3tnd3S3n7DqFQTWieKK92KsKGcSVq3zHLaSjTFIuK0GQ0vc795T7VhSt7aUUJDgfuSxYxg66RG51rQPu6Wyn7FnwAtkmBGyhcfD99VAKh1S5+dniKpoNISjo1pB35iwwxrywin42InNTTBZIj7tO2oxIKaMJtcO0bHTumhWGlX0qKJ+nsiw8KYkYhcp8B2YOa9XPzPa6c2Pg8zJpPUUkmmi+KUI6tQ/jrqMU2J5SNHMNHM3YrIAGtMrAuo6EII5l9eJI3TSuBXghu/XM2jyFGAQziCEwjgDKpwBTWoA4E7eIRnePGU9+S9em/T1iVvNnMAf+C9/wDm8ZGT</latexit><latexit sha1_base64="iFZP9QHuv4sLGvU6XhGeeqFCuYU=">AAAB7XicbZC7SgNBFIbPxluMt3jpbAaDYBV2bbQzYKGdEcwFkhBmJ7PJmLksM7NCXPIONhaK2Nr5FD6BnaVv4uRSaOIPAx//fw5zzgljzoz1/S8vs7C4tLySXc2trW9sbuW3d6pGJZrQClFc6XqIDeVM0oplltN6rCkWIae1sH8+ymt3VBum5I0dxLQlcFeyiBFsnVVtXgnaxe18wS/6Y6F5CKZQOPu4/75430vL7fxns6NIIqi0hGNjGoEf21aKtWWE02GumRgaY9LHXdpwKLGgppWOpx2iQ+d0UKS0e9Kisfu7I8XCmIEIXaXAtmdms5H5X9ZIbHTaSpmME0slmXwUJRxZhUarow7TlFg+cICJZm5WRHpYY2LdgXLuCMHsyvNQPS4GfjG49gulEkyUhX04gCMI4ARKcAllqACBW3iAJ3j2lPfovXivk9KMN+3ZhT/y3n4AmCiS1w==</latexit><latexit sha1_base64="iFZP9QHuv4sLGvU6XhGeeqFCuYU=">AAAB7XicbZC7SgNBFIbPxluMt3jpbAaDYBV2bbQzYKGdEcwFkhBmJ7PJmLksM7NCXPIONhaK2Nr5FD6BnaVv4uRSaOIPAx//fw5zzgljzoz1/S8vs7C4tLySXc2trW9sbuW3d6pGJZrQClFc6XqIDeVM0oplltN6rCkWIae1sH8+ymt3VBum5I0dxLQlcFeyiBFsnVVtXgnaxe18wS/6Y6F5CKZQOPu4/75430vL7fxns6NIIqi0hGNjGoEf21aKtWWE02GumRgaY9LHXdpwKLGgppWOpx2iQ+d0UKS0e9Kisfu7I8XCmIEIXaXAtmdms5H5X9ZIbHTaSpmME0slmXwUJRxZhUarow7TlFg+cICJZm5WRHpYY2LdgXLuCMHsyvNQPS4GfjG49gulEkyUhX04gCMI4ARKcAllqACBW3iAJ3j2lPfovXivk9KMN+3ZhT/y3n4AmCiS1w==</latexit><latexit sha1_base64="goY88knoIbTv/iBaVFZc2f9txk8=">AAAB7XicbVA9SwNBEJ3zM8avqKXNYhCswp2NlgEbOyOYD0iOsLeZS9bs3h67e0I48h9sLBSx9f/Y+W/cJFdo4oOBx3szzMyLUsGN9f1vb219Y3Nru7RT3t3bPzisHB23jMo0wyZTQulORA0KnmDTciuwk2qkMhLYjsY3M7/9hNpwlTzYSYqhpMOEx5xR66RW707ikPYrVb/mz0FWSVCQKhRo9CtfvYFimcTEMkGN6QZ+asOcasuZwGm5lxlMKRvTIXYdTahEE+bza6fk3CkDEivtKrFkrv6eyKk0ZiIj1ympHZllbyb+53UzG1+HOU/SzGLCFoviTBCryOx1MuAamRUTRyjT3N1K2IhqyqwLqOxCCJZfXiWty1rg14J7v1qvF3GU4BTO4AICuII63EIDmsDgEZ7hFd485b14797HonXNK2ZO4A+8zx9dV471</latexit>

“hydrogenic”

scalar wavefunction: 
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<latexit sha1_base64="u3v7+wMxvL4izIuCOUv/ZrZlsag="></latexit><latexit sha1_base64="vHCU6r6KMf6nUzp8KgXHDny2lfQ="></latexit><latexit sha1_base64="vHCU6r6KMf6nUzp8KgXHDny2lfQ="></latexit><latexit sha1_base64="Te1H5cQq/MOTWIujBBcx4rwHW9w="></latexit>

Superradiance rate depends on overlap:
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<latexit sha1_base64="ho3WG5/HVpoQWyygT9pgSLp7rfE="></latexit><latexit sha1_base64="ho3WG5/HVpoQWyygT9pgSLp7rfE="></latexit><latexit sha1_base64="ho3WG5/HVpoQWyygT9pgSLp7rfE="></latexit><latexit sha1_base64="ho3WG5/HVpoQWyygT9pgSLp7rfE="></latexit>



⌦
<latexit sha1_base64="PnAn3gOm+qtagB/MQmG+rFlmdVo=">AAAB7XicbVC7SgNBFL3rM8ZX1NJmMAhWYddGOwM2dkYwD0iWMDuZTcbMY5mZFeKSf7CxUMTWH/EL7Cz9E2eTFJp44MLhnHu5954o4cxY3//ylpZXVtfWCxvFza3tnd3S3n7DqFQTWieKK92KsKGcSVq3zHLaSjTFIuK0GQ0vc795T7VhSt7aUUJDgfuSxYxg66RG51rQPu6Wyn7FnwAtkmBGyhcfD99VAKh1S5+dniKpoNISjo1pB35iwwxrywin42InNTTBZIj7tO2oxIKaMJtcO0bHTumhWGlX0qKJ+nsiw8KYkYhcp8B2YOa9XPzPa6c2Pg8zJpPUUkmmi+KUI6tQ/jrqMU2J5SNHMNHM3YrIAGtMrAuo6EII5l9eJI3TSuBXghu/XM2jyFGAQziCEwjgDKpwBTWoA4E7eIRnePGU9+S9em/T1iVvNnMAf+C9/wDm8ZGT</latexit><latexit sha1_base64="iFZP9QHuv4sLGvU6XhGeeqFCuYU=">AAAB7XicbZC7SgNBFIbPxluMt3jpbAaDYBV2bbQzYKGdEcwFkhBmJ7PJmLksM7NCXPIONhaK2Nr5FD6BnaVv4uRSaOIPAx//fw5zzgljzoz1/S8vs7C4tLySXc2trW9sbuW3d6pGJZrQClFc6XqIDeVM0oplltN6rCkWIae1sH8+ymt3VBum5I0dxLQlcFeyiBFsnVVtXgnaxe18wS/6Y6F5CKZQOPu4/75430vL7fxns6NIIqi0hGNjGoEf21aKtWWE02GumRgaY9LHXdpwKLGgppWOpx2iQ+d0UKS0e9Kisfu7I8XCmIEIXaXAtmdms5H5X9ZIbHTaSpmME0slmXwUJRxZhUarow7TlFg+cICJZm5WRHpYY2LdgXLuCMHsyvNQPS4GfjG49gulEkyUhX04gCMI4ARKcAllqACBW3iAJ3j2lPfovXivk9KMN+3ZhT/y3n4AmCiS1w==</latexit><latexit sha1_base64="iFZP9QHuv4sLGvU6XhGeeqFCuYU=">AAAB7XicbZC7SgNBFIbPxluMt3jpbAaDYBV2bbQzYKGdEcwFkhBmJ7PJmLksM7NCXPIONhaK2Nr5FD6BnaVv4uRSaOIPAx//fw5zzgljzoz1/S8vs7C4tLySXc2trW9sbuW3d6pGJZrQClFc6XqIDeVM0oplltN6rCkWIae1sH8+ymt3VBum5I0dxLQlcFeyiBFsnVVtXgnaxe18wS/6Y6F5CKZQOPu4/75430vL7fxns6NIIqi0hGNjGoEf21aKtWWE02GumRgaY9LHXdpwKLGgppWOpx2iQ+d0UKS0e9Kisfu7I8XCmIEIXaXAtmdms5H5X9ZIbHTaSpmME0slmXwUJRxZhUarow7TlFg+cICJZm5WRHpYY2LdgXLuCMHsyvNQPS4GfjG49gulEkyUhX04gCMI4ARKcAllqACBW3iAJ3j2lPfovXivk9KMN+3ZhT/y3n4AmCiS1w==</latexit><latexit sha1_base64="goY88knoIbTv/iBaVFZc2f9txk8=">AAAB7XicbVA9SwNBEJ3zM8avqKXNYhCswp2NlgEbOyOYD0iOsLeZS9bs3h67e0I48h9sLBSx9f/Y+W/cJFdo4oOBx3szzMyLUsGN9f1vb219Y3Nru7RT3t3bPzisHB23jMo0wyZTQulORA0KnmDTciuwk2qkMhLYjsY3M7/9hNpwlTzYSYqhpMOEx5xR66RW707ikPYrVb/mz0FWSVCQKhRo9CtfvYFimcTEMkGN6QZ+asOcasuZwGm5lxlMKRvTIXYdTahEE+bza6fk3CkDEivtKrFkrv6eyKk0ZiIj1ympHZllbyb+53UzG1+HOU/SzGLCFoviTBCryOx1MuAamRUTRyjT3N1K2IhqyqwLqOxCCJZfXiWty1rg14J7v1qvF3GU4BTO4AICuII63EIDmsDgEZ7hFd485b14797HonXNK2ZO4A+8zx9dV471</latexit>

a0 ⇠ 1

↵gµ
⇠ 1

GMµ2
<latexit sha1_base64="GBcHVNLKrGmjVDJvdlkrwxjbXkM=">AAACIXicbVBNS8NAEJ34bf2qevSyWARPJfGiR0FBL0IFq4Wmhsl20y7uJmF3I5SQP6D/wYt/xIMXD4r0Jv4Ztx8HbX0w8Hhvhpl5YSq4Nq775czMzs0vLC4tl1ZW19Y3yptb1zrJFGV1mohENULUTPCY1Q03gjVSxVCGgt2EdycD/+aeKc2T+Mr0UtaS2Il5xCkaKwXlIwxc4msuiR8ppLlX5D6KtItBh/gyKya8M3IxkG8PiqBccavuEGSaeGNSOT55eHwBgFpQ7vvthGaSxYYK1Lrpualp5agMp4IVJT/TLEV6hx3WtDRGyXQrH35YkD2rtEmUKFuxIUP190SOUuueDG2nRNPVk95A/M9rZiY6auU8TjPDYjpaFGWCmIQM4iJtrhg1omcJUsXtrYR20aZhbKglG4I3+fI0uT6oem7Vu7RpnMIIS7ADu7APHhzCMZxDDepA4Qle4R0+nGfnzfl0+qPWGWc8sw1/4Hz/AGk2pUU=</latexit><latexit sha1_base64="6PVqq72iYWd/YzrlwcqeVcSuUNI=">AAACIXicbVDLSsNAFJ34rPVVdelmsAiuStKNghuhgm6ECvYBTQ0300k7dCYJMxOhhPyA/oMbv0Rx40KR7sSfcfpYaOuBC4dz7uXee/yYM6Vt+8taWFxaXlnNreXXNza3tgs7u3UVJZLQGol4JJs+KMpZSGuaaU6bsaQgfE4bfr8y8ht3VCoWhTd6ENO2gG7IAkZAG8krnIBnY1cxgd1AAkmdLHWBxz3wutgVSTbjXeCrkXxbzrxC0S7ZY+B54kxJ8axy//DMXk6rXmHodiKSCBpqwkGplmPHup2C1IxwmuXdRNEYSB+6tGVoCIKqdjr+MMOHRungIJKmQo3H6u+JFIRSA+GbTgG6p2a9kfif10p0cNJOWRgnmoZksihIONYRHsWFO0xSovnAECCSmVsx6YFJQ5tQ8yYEZ/bleVIvlxy75FybNM7RBDm0jw7QEXLQMTpDl6iKaoigR/SK3tGH9WS9WZ/WcNK6YE1n9tAfWN8/SR6mrA==</latexit><latexit sha1_base64="6PVqq72iYWd/YzrlwcqeVcSuUNI=">AAACIXicbVDLSsNAFJ34rPVVdelmsAiuStKNghuhgm6ECvYBTQ0300k7dCYJMxOhhPyA/oMbv0Rx40KR7sSfcfpYaOuBC4dz7uXee/yYM6Vt+8taWFxaXlnNreXXNza3tgs7u3UVJZLQGol4JJs+KMpZSGuaaU6bsaQgfE4bfr8y8ht3VCoWhTd6ENO2gG7IAkZAG8krnIBnY1cxgd1AAkmdLHWBxz3wutgVSTbjXeCrkXxbzrxC0S7ZY+B54kxJ8axy//DMXk6rXmHodiKSCBpqwkGplmPHup2C1IxwmuXdRNEYSB+6tGVoCIKqdjr+MMOHRungIJKmQo3H6u+JFIRSA+GbTgG6p2a9kfif10p0cNJOWRgnmoZksihIONYRHsWFO0xSovnAECCSmVsx6YFJQ5tQ8yYEZ/bleVIvlxy75FybNM7RBDm0jw7QEXLQMTpDl6iKaoigR/SK3tGH9WS9WZ/WcNK6YE1n9tAfWN8/SR6mrA==</latexit><latexit sha1_base64="St/7r7CB1rgPinLBqVu/40iXJb8=">AAACIXicbVBNS8NAEN34WetX1aOXxSJ4Kkkv9lhQ0ItQwX5AE8Nku2mX7iZhdyOUkL/ixb/ixYMivYl/xm2bg7Y+GHi8N8PMvCDhTGnb/rLW1jc2t7ZLO+Xdvf2Dw8rRcUfFqSS0TWIey14AinIW0bZmmtNeIimIgNNuML6a+d0nKhWLowc9SagnYBixkBHQRvIrDfBt7ComsBtKIJmTZy7wZAT+ELsizZe8G3w3kx/ruV+p2jV7DrxKnIJUUYGWX5m6g5ikgkaacFCq79iJ9jKQmhFO87KbKpoAGcOQ9g2NQFDlZfMPc3xulAEOY2kq0niu/p7IQCg1EYHpFKBHatmbif95/VSHDS9jUZJqGpHFojDlWMd4FhceMEmJ5hNDgEhmbsVkBCYNbUItmxCc5ZdXSadec+yac29Xm9dFHCV0is7QBXLQJWqiW9RCbUTQM3pF7+jDerHerE9rumhds4qZE/QH1vcPP2Gi7Q==</latexit>

SR rate is sensitive to W⌦
<latexit sha1_base64="PnAn3gOm+qtagB/MQmG+rFlmdVo=">AAAB7XicbVC7SgNBFL3rM8ZX1NJmMAhWYddGOwM2dkYwD0iWMDuZTcbMY5mZFeKSf7CxUMTWH/EL7Cz9E2eTFJp44MLhnHu5954o4cxY3//ylpZXVtfWCxvFza3tnd3S3n7DqFQTWieKK92KsKGcSVq3zHLaSjTFIuK0GQ0vc795T7VhSt7aUUJDgfuSxYxg66RG51rQPu6Wyn7FnwAtkmBGyhcfD99VAKh1S5+dniKpoNISjo1pB35iwwxrywin42InNTTBZIj7tO2oxIKaMJtcO0bHTumhWGlX0qKJ+nsiw8KYkYhcp8B2YOa9XPzPa6c2Pg8zJpPUUkmmi+KUI6tQ/jrqMU2J5SNHMNHM3YrIAGtMrAuo6EII5l9eJI3TSuBXghu/XM2jyFGAQziCEwjgDKpwBTWoA4E7eIRnePGU9+S9em/T1iVvNnMAf+C9/wDm8ZGT</latexit><latexit sha1_base64="iFZP9QHuv4sLGvU6XhGeeqFCuYU=">AAAB7XicbZC7SgNBFIbPxluMt3jpbAaDYBV2bbQzYKGdEcwFkhBmJ7PJmLksM7NCXPIONhaK2Nr5FD6BnaVv4uRSaOIPAx//fw5zzgljzoz1/S8vs7C4tLySXc2trW9sbuW3d6pGJZrQClFc6XqIDeVM0oplltN6rCkWIae1sH8+ymt3VBum5I0dxLQlcFeyiBFsnVVtXgnaxe18wS/6Y6F5CKZQOPu4/75430vL7fxns6NIIqi0hGNjGoEf21aKtWWE02GumRgaY9LHXdpwKLGgppWOpx2iQ+d0UKS0e9Kisfu7I8XCmIEIXaXAtmdms5H5X9ZIbHTaSpmME0slmXwUJRxZhUarow7TlFg+cICJZm5WRHpYY2LdgXLuCMHsyvNQPS4GfjG49gulEkyUhX04gCMI4ARKcAllqACBW3iAJ3j2lPfovXivk9KMN+3ZhT/y3n4AmCiS1w==</latexit><latexit sha1_base64="iFZP9QHuv4sLGvU6XhGeeqFCuYU=">AAAB7XicbZC7SgNBFIbPxluMt3jpbAaDYBV2bbQzYKGdEcwFkhBmJ7PJmLksM7NCXPIONhaK2Nr5FD6BnaVv4uRSaOIPAx//fw5zzgljzoz1/S8vs7C4tLySXc2trW9sbuW3d6pGJZrQClFc6XqIDeVM0oplltN6rCkWIae1sH8+ymt3VBum5I0dxLQlcFeyiBFsnVVtXgnaxe18wS/6Y6F5CKZQOPu4/75430vL7fxns6NIIqi0hGNjGoEf21aKtWWE02GumRgaY9LHXdpwKLGgppWOpx2iQ+d0UKS0e9Kisfu7I8XCmIEIXaXAtmdms5H5X9ZIbHTaSpmME0slmXwUJRxZhUarow7TlFg+cICJZm5WRHpYY2LdgXLuCMHsyvNQPS4GfjG49gulEkyUhX04gCMI4ARKcAllqACBW3iAJ3j2lPfovXivk9KMN+3ZhT/y3n4AmCiS1w==</latexit><latexit sha1_base64="goY88knoIbTv/iBaVFZc2f9txk8=">AAAB7XicbVA9SwNBEJ3zM8avqKXNYhCswp2NlgEbOyOYD0iOsLeZS9bs3h67e0I48h9sLBSx9f/Y+W/cJFdo4oOBx3szzMyLUsGN9f1vb219Y3Nru7RT3t3bPzisHB23jMo0wyZTQulORA0KnmDTciuwk2qkMhLYjsY3M7/9hNpwlTzYSYqhpMOEx5xR66RW707ikPYrVb/mz0FWSVCQKhRo9CtfvYFimcTEMkGN6QZ+asOcasuZwGm5lxlMKRvTIXYdTahEE+bza6fk3CkDEivtKrFkrv6eyKk0ZiIj1ympHZllbyb+53UzG1+HOU/SzGLCFoviTBCryOx1MuAamRUTRyjT3N1K2IhqyqwLqOxCCJZfXiWty1rg14J7v1qvF3GU4BTO4AICuII63EIDmsDgEZ7hFd485b14797HonXNK2ZO4A+8zx9dV471</latexit>

“hydrogenic”

scalar wavefunction: 
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<latexit sha1_base64="u3v7+wMxvL4izIuCOUv/ZrZlsag="></latexit><latexit sha1_base64="vHCU6r6KMf6nUzp8KgXHDny2lfQ="></latexit><latexit sha1_base64="vHCU6r6KMf6nUzp8KgXHDny2lfQ="></latexit><latexit sha1_base64="Te1H5cQq/MOTWIujBBcx4rwHW9w="></latexit>

Superradiance rate depends on overlap:

m⌦� µ > 0
<latexit sha1_base64="AYt4gY+eWVTs9NeP4tHhk1XpEn0=">AAAB+3icbVBNSwMxEJ2tX7V+rfXoJVgEL5ZdEfQkBS96soL9gG4p2TTbhibZJcmKZelf8eJBEa/+EW/+G9N2D9r6YODx3gwz88KEM20879sprKyurW8UN0tb2zu7e+5+uanjVBHaIDGPVTvEmnImacMww2k7URSLkNNWOLqe+q1HqjSL5YMZJ7Qr8ECyiBFsrNRzywIFd4IOMDpFgUjRFfJ6bsWrejOgZeLnpAI56j33K+jHJBVUGsKx1h3fS0w3w8owwumkFKSaJpiM8IB2LJVYUN3NZrdP0LFV+iiKlS1p0Ez9PZFhofVYhLZTYDPUi95U/M/rpCa67GZMJqmhkswXRSlHJkbTIFCfKUoMH1uCiWL2VkSGWGFibFwlG4K/+PIyaZ5Vfa/q359Xard5HEU4hCM4AR8uoAY3UIcGEHiCZ3iFN2fivDjvzse8teDkMwfwB87nDyR7kpE=</latexit><latexit sha1_base64="AYt4gY+eWVTs9NeP4tHhk1XpEn0=">AAAB+3icbVBNSwMxEJ2tX7V+rfXoJVgEL5ZdEfQkBS96soL9gG4p2TTbhibZJcmKZelf8eJBEa/+EW/+G9N2D9r6YODx3gwz88KEM20879sprKyurW8UN0tb2zu7e+5+uanjVBHaIDGPVTvEmnImacMww2k7URSLkNNWOLqe+q1HqjSL5YMZJ7Qr8ECyiBFsrNRzywIFd4IOMDpFgUjRFfJ6bsWrejOgZeLnpAI56j33K+jHJBVUGsKx1h3fS0w3w8owwumkFKSaJpiM8IB2LJVYUN3NZrdP0LFV+iiKlS1p0Ez9PZFhofVYhLZTYDPUi95U/M/rpCa67GZMJqmhkswXRSlHJkbTIFCfKUoMH1uCiWL2VkSGWGFibFwlG4K/+PIyaZ5Vfa/q359Xard5HEU4hCM4AR8uoAY3UIcGEHiCZ3iFN2fivDjvzse8teDkMwfwB87nDyR7kpE=</latexit><latexit sha1_base64="AYt4gY+eWVTs9NeP4tHhk1XpEn0=">AAAB+3icbVBNSwMxEJ2tX7V+rfXoJVgEL5ZdEfQkBS96soL9gG4p2TTbhibZJcmKZelf8eJBEa/+EW/+G9N2D9r6YODx3gwz88KEM20879sprKyurW8UN0tb2zu7e+5+uanjVBHaIDGPVTvEmnImacMww2k7URSLkNNWOLqe+q1HqjSL5YMZJ7Qr8ECyiBFsrNRzywIFd4IOMDpFgUjRFfJ6bsWrejOgZeLnpAI56j33K+jHJBVUGsKx1h3fS0w3w8owwumkFKSaJpiM8IB2LJVYUN3NZrdP0LFV+iiKlS1p0Ez9PZFhofVYhLZTYDPUi95U/M/rpCa67GZMJqmhkswXRSlHJkbTIFCfKUoMH1uCiWL2VkSGWGFibFwlG4K/+PIyaZ5Vfa/q359Xard5HEU4hCM4AR8uoAY3UIcGEHiCZ3iFN2fivDjvzse8teDkMwfwB87nDyR7kpE=</latexit><latexit sha1_base64="AYt4gY+eWVTs9NeP4tHhk1XpEn0=">AAAB+3icbVBNSwMxEJ2tX7V+rfXoJVgEL5ZdEfQkBS96soL9gG4p2TTbhibZJcmKZelf8eJBEa/+EW/+G9N2D9r6YODx3gwz88KEM20879sprKyurW8UN0tb2zu7e+5+uanjVBHaIDGPVTvEmnImacMww2k7URSLkNNWOLqe+q1HqjSL5YMZJ7Qr8ECyiBFsrNRzywIFd4IOMDpFgUjRFfJ6bsWrejOgZeLnpAI56j33K+jHJBVUGsKx1h3fS0w3w8owwumkFKSaJpiM8IB2LJVYUN3NZrdP0LFV+iiKlS1p0Ez9PZFhofVYhLZTYDPUi95U/M/rpCa67GZMJqmhkswXRSlHJkbTIFCfKUoMH1uCiWL2VkSGWGFibFwlG4K/+PIyaZ5Vfa/q359Xard5HEU4hCM4AR8uoAY3UIcGEHiCZ3iFN2fivDjvzse8teDkMwfwB87nDyR7kpE=</latexit>

Superradiance condition: (|m|  l)
<latexit sha1_base64="TpRSoa91vjic2Ps/tg5/SptGlyw=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRahXsquCHoseNFbBfsB3aVk02wbmmTXJCuUbf+GFw+KePXPePPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etXScKkKbJOax6oRYU84kbRpmOO0kimIRctoORzczv/1ElWaxfDDjhAYCDySLGMHGSn51IibI5/QR8fNeueLW3DnQKvFyUoEcjV75y+/HJBVUGsKx1l3PTUyQYWUY4XRa8lNNE0xGeEC7lkosqA6y+c1TdGaVPopiZUsaNFd/T2RYaD0Woe0U2Az1sjcT//O6qYmug4zJJDVUksWiKOXIxGgWAOozRYnhY0swUczeisgQK0yMjalkQ/CWX14lrYua59a8+8tK/S6PowgncApV8OAK6nALDWgCgQSe4RXenNR5cd6dj0VrwclnjuEPnM8f8BOQ+Q==</latexit><latexit sha1_base64="TpRSoa91vjic2Ps/tg5/SptGlyw=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRahXsquCHoseNFbBfsB3aVk02wbmmTXJCuUbf+GFw+KePXPePPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etXScKkKbJOax6oRYU84kbRpmOO0kimIRctoORzczv/1ElWaxfDDjhAYCDySLGMHGSn51IibI5/QR8fNeueLW3DnQKvFyUoEcjV75y+/HJBVUGsKx1l3PTUyQYWUY4XRa8lNNE0xGeEC7lkosqA6y+c1TdGaVPopiZUsaNFd/T2RYaD0Woe0U2Az1sjcT//O6qYmug4zJJDVUksWiKOXIxGgWAOozRYnhY0swUczeisgQK0yMjalkQ/CWX14lrYua59a8+8tK/S6PowgncApV8OAK6nALDWgCgQSe4RXenNR5cd6dj0VrwclnjuEPnM8f8BOQ+Q==</latexit><latexit sha1_base64="TpRSoa91vjic2Ps/tg5/SptGlyw=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRahXsquCHoseNFbBfsB3aVk02wbmmTXJCuUbf+GFw+KePXPePPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etXScKkKbJOax6oRYU84kbRpmOO0kimIRctoORzczv/1ElWaxfDDjhAYCDySLGMHGSn51IibI5/QR8fNeueLW3DnQKvFyUoEcjV75y+/HJBVUGsKx1l3PTUyQYWUY4XRa8lNNE0xGeEC7lkosqA6y+c1TdGaVPopiZUsaNFd/T2RYaD0Woe0U2Az1sjcT//O6qYmug4zJJDVUksWiKOXIxGgWAOozRYnhY0swUczeisgQK0yMjalkQ/CWX14lrYua59a8+8tK/S6PowgncApV8OAK6nALDWgCgQSe4RXenNR5cd6dj0VrwclnjuEPnM8f8BOQ+Q==</latexit><latexit sha1_base64="TpRSoa91vjic2Ps/tg5/SptGlyw=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRahXsquCHoseNFbBfsB3aVk02wbmmTXJCuUbf+GFw+KePXPePPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etXScKkKbJOax6oRYU84kbRpmOO0kimIRctoORzczv/1ElWaxfDDjhAYCDySLGMHGSn51IibI5/QR8fNeueLW3DnQKvFyUoEcjV75y+/HJBVUGsKx1l3PTUyQYWUY4XRa8lNNE0xGeEC7lkosqA6y+c1TdGaVPopiZUsaNFd/T2RYaD0Woe0U2Az1sjcT//O6qYmug4zJJDVUksWiKOXIxGgWAOozRYnhY0swUczeisgQK0yMjalkQ/CWX14lrYua59a8+8tK/S6PowgncApV8OAK6nALDWgCgQSe4RXenNR5cd6dj0VrwclnjuEPnM8f8BOQ+Q==</latexit>

� /
Z

star
d3r| nlm|2 ⇠

✓
R

a0

◆2l+3

<latexit sha1_base64="ho3WG5/HVpoQWyygT9pgSLp7rfE="></latexit><latexit sha1_base64="ho3WG5/HVpoQWyygT9pgSLp7rfE="></latexit><latexit sha1_base64="ho3WG5/HVpoQWyygT9pgSLp7rfE="></latexit><latexit sha1_base64="ho3WG5/HVpoQWyygT9pgSLp7rfE="></latexit>



⌦
<latexit sha1_base64="PnAn3gOm+qtagB/MQmG+rFlmdVo=">AAAB7XicbVC7SgNBFL3rM8ZX1NJmMAhWYddGOwM2dkYwD0iWMDuZTcbMY5mZFeKSf7CxUMTWH/EL7Cz9E2eTFJp44MLhnHu5954o4cxY3//ylpZXVtfWCxvFza3tnd3S3n7DqFQTWieKK92KsKGcSVq3zHLaSjTFIuK0GQ0vc795T7VhSt7aUUJDgfuSxYxg66RG51rQPu6Wyn7FnwAtkmBGyhcfD99VAKh1S5+dniKpoNISjo1pB35iwwxrywin42InNTTBZIj7tO2oxIKaMJtcO0bHTumhWGlX0qKJ+nsiw8KYkYhcp8B2YOa9XPzPa6c2Pg8zJpPUUkmmi+KUI6tQ/jrqMU2J5SNHMNHM3YrIAGtMrAuo6EII5l9eJI3TSuBXghu/XM2jyFGAQziCEwjgDKpwBTWoA4E7eIRnePGU9+S9em/T1iVvNnMAf+C9/wDm8ZGT</latexit><latexit sha1_base64="iFZP9QHuv4sLGvU6XhGeeqFCuYU=">AAAB7XicbZC7SgNBFIbPxluMt3jpbAaDYBV2bbQzYKGdEcwFkhBmJ7PJmLksM7NCXPIONhaK2Nr5FD6BnaVv4uRSaOIPAx//fw5zzgljzoz1/S8vs7C4tLySXc2trW9sbuW3d6pGJZrQClFc6XqIDeVM0oplltN6rCkWIae1sH8+ymt3VBum5I0dxLQlcFeyiBFsnVVtXgnaxe18wS/6Y6F5CKZQOPu4/75430vL7fxns6NIIqi0hGNjGoEf21aKtWWE02GumRgaY9LHXdpwKLGgppWOpx2iQ+d0UKS0e9Kisfu7I8XCmIEIXaXAtmdms5H5X9ZIbHTaSpmME0slmXwUJRxZhUarow7TlFg+cICJZm5WRHpYY2LdgXLuCMHsyvNQPS4GfjG49gulEkyUhX04gCMI4ARKcAllqACBW3iAJ3j2lPfovXivk9KMN+3ZhT/y3n4AmCiS1w==</latexit><latexit sha1_base64="iFZP9QHuv4sLGvU6XhGeeqFCuYU=">AAAB7XicbZC7SgNBFIbPxluMt3jpbAaDYBV2bbQzYKGdEcwFkhBmJ7PJmLksM7NCXPIONhaK2Nr5FD6BnaVv4uRSaOIPAx//fw5zzgljzoz1/S8vs7C4tLySXc2trW9sbuW3d6pGJZrQClFc6XqIDeVM0oplltN6rCkWIae1sH8+ymt3VBum5I0dxLQlcFeyiBFsnVVtXgnaxe18wS/6Y6F5CKZQOPu4/75430vL7fxns6NIIqi0hGNjGoEf21aKtWWE02GumRgaY9LHXdpwKLGgppWOpx2iQ+d0UKS0e9Kisfu7I8XCmIEIXaXAtmdms5H5X9ZIbHTaSpmME0slmXwUJRxZhUarow7TlFg+cICJZm5WRHpYY2LdgXLuCMHsyvNQPS4GfjG49gulEkyUhX04gCMI4ARKcAllqACBW3iAJ3j2lPfovXivk9KMN+3ZhT/y3n4AmCiS1w==</latexit><latexit sha1_base64="goY88knoIbTv/iBaVFZc2f9txk8=">AAAB7XicbVA9SwNBEJ3zM8avqKXNYhCswp2NlgEbOyOYD0iOsLeZS9bs3h67e0I48h9sLBSx9f/Y+W/cJFdo4oOBx3szzMyLUsGN9f1vb219Y3Nru7RT3t3bPzisHB23jMo0wyZTQulORA0KnmDTciuwk2qkMhLYjsY3M7/9hNpwlTzYSYqhpMOEx5xR66RW707ikPYrVb/mz0FWSVCQKhRo9CtfvYFimcTEMkGN6QZ+asOcasuZwGm5lxlMKRvTIXYdTahEE+bza6fk3CkDEivtKrFkrv6eyKk0ZiIj1ympHZllbyb+53UzG1+HOU/SzGLCFoviTBCryOx1MuAamRUTRyjT3N1K2IhqyqwLqOxCCJZfXiWty1rg14J7v1qvF3GU4BTO4AICuII63EIDmsDgEZ7hFd485b14797HonXNK2ZO4A+8zx9dV471</latexit>
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<latexit sha1_base64="GBcHVNLKrGmjVDJvdlkrwxjbXkM=">AAACIXicbVBNS8NAEJ34bf2qevSyWARPJfGiR0FBL0IFq4Wmhsl20y7uJmF3I5SQP6D/wYt/xIMXD4r0Jv4Ztx8HbX0w8Hhvhpl5YSq4Nq775czMzs0vLC4tl1ZW19Y3yptb1zrJFGV1mohENULUTPCY1Q03gjVSxVCGgt2EdycD/+aeKc2T+Mr0UtaS2Il5xCkaKwXlIwxc4msuiR8ppLlX5D6KtItBh/gyKya8M3IxkG8PiqBccavuEGSaeGNSOT55eHwBgFpQ7vvthGaSxYYK1Lrpualp5agMp4IVJT/TLEV6hx3WtDRGyXQrH35YkD2rtEmUKFuxIUP190SOUuueDG2nRNPVk95A/M9rZiY6auU8TjPDYjpaFGWCmIQM4iJtrhg1omcJUsXtrYR20aZhbKglG4I3+fI0uT6oem7Vu7RpnMIIS7ADu7APHhzCMZxDDepA4Qle4R0+nGfnzfl0+qPWGWc8sw1/4Hz/AGk2pUU=</latexit><latexit sha1_base64="6PVqq72iYWd/YzrlwcqeVcSuUNI=">AAACIXicbVDLSsNAFJ34rPVVdelmsAiuStKNghuhgm6ECvYBTQ0300k7dCYJMxOhhPyA/oMbv0Rx40KR7sSfcfpYaOuBC4dz7uXee/yYM6Vt+8taWFxaXlnNreXXNza3tgs7u3UVJZLQGol4JJs+KMpZSGuaaU6bsaQgfE4bfr8y8ht3VCoWhTd6ENO2gG7IAkZAG8krnIBnY1cxgd1AAkmdLHWBxz3wutgVSTbjXeCrkXxbzrxC0S7ZY+B54kxJ8axy//DMXk6rXmHodiKSCBpqwkGplmPHup2C1IxwmuXdRNEYSB+6tGVoCIKqdjr+MMOHRungIJKmQo3H6u+JFIRSA+GbTgG6p2a9kfif10p0cNJOWRgnmoZksihIONYRHsWFO0xSovnAECCSmVsx6YFJQ5tQ8yYEZ/bleVIvlxy75FybNM7RBDm0jw7QEXLQMTpDl6iKaoigR/SK3tGH9WS9WZ/WcNK6YE1n9tAfWN8/SR6mrA==</latexit><latexit sha1_base64="6PVqq72iYWd/YzrlwcqeVcSuUNI=">AAACIXicbVDLSsNAFJ34rPVVdelmsAiuStKNghuhgm6ECvYBTQ0300k7dCYJMxOhhPyA/oMbv0Rx40KR7sSfcfpYaOuBC4dz7uXee/yYM6Vt+8taWFxaXlnNreXXNza3tgs7u3UVJZLQGol4JJs+KMpZSGuaaU6bsaQgfE4bfr8y8ht3VCoWhTd6ENO2gG7IAkZAG8krnIBnY1cxgd1AAkmdLHWBxz3wutgVSTbjXeCrkXxbzrxC0S7ZY+B54kxJ8axy//DMXk6rXmHodiKSCBpqwkGplmPHup2C1IxwmuXdRNEYSB+6tGVoCIKqdjr+MMOHRungIJKmQo3H6u+JFIRSA+GbTgG6p2a9kfif10p0cNJOWRgnmoZksihIONYRHsWFO0xSovnAECCSmVsx6YFJQ5tQ8yYEZ/bleVIvlxy75FybNM7RBDm0jw7QEXLQMTpDl6iKaoigR/SK3tGH9WS9WZ/WcNK6YE1n9tAfWN8/SR6mrA==</latexit><latexit sha1_base64="St/7r7CB1rgPinLBqVu/40iXJb8=">AAACIXicbVBNS8NAEN34WetX1aOXxSJ4Kkkv9lhQ0ItQwX5AE8Nku2mX7iZhdyOUkL/ixb/ixYMivYl/xm2bg7Y+GHi8N8PMvCDhTGnb/rLW1jc2t7ZLO+Xdvf2Dw8rRcUfFqSS0TWIey14AinIW0bZmmtNeIimIgNNuML6a+d0nKhWLowc9SagnYBixkBHQRvIrDfBt7ComsBtKIJmTZy7wZAT+ELsizZe8G3w3kx/ruV+p2jV7DrxKnIJUUYGWX5m6g5ikgkaacFCq79iJ9jKQmhFO87KbKpoAGcOQ9g2NQFDlZfMPc3xulAEOY2kq0niu/p7IQCg1EYHpFKBHatmbif95/VSHDS9jUZJqGpHFojDlWMd4FhceMEmJ5hNDgEhmbsVkBCYNbUItmxCc5ZdXSadec+yac29Xm9dFHCV0is7QBXLQJWqiW9RCbUTQM3pF7+jDerHerE9rumhds4qZE/QH1vcPP2Gi7Q==</latexit>

large Bohr radius, small overlap

SR rate is sensitive to W⌦
<latexit sha1_base64="PnAn3gOm+qtagB/MQmG+rFlmdVo=">AAAB7XicbVC7SgNBFL3rM8ZX1NJmMAhWYddGOwM2dkYwD0iWMDuZTcbMY5mZFeKSf7CxUMTWH/EL7Cz9E2eTFJp44MLhnHu5954o4cxY3//ylpZXVtfWCxvFza3tnd3S3n7DqFQTWieKK92KsKGcSVq3zHLaSjTFIuK0GQ0vc795T7VhSt7aUUJDgfuSxYxg66RG51rQPu6Wyn7FnwAtkmBGyhcfD99VAKh1S5+dniKpoNISjo1pB35iwwxrywin42InNTTBZIj7tO2oxIKaMJtcO0bHTumhWGlX0qKJ+nsiw8KYkYhcp8B2YOa9XPzPa6c2Pg8zJpPUUkmmi+KUI6tQ/jrqMU2J5SNHMNHM3YrIAGtMrAuo6EII5l9eJI3TSuBXghu/XM2jyFGAQziCEwjgDKpwBTWoA4E7eIRnePGU9+S9em/T1iVvNnMAf+C9/wDm8ZGT</latexit><latexit sha1_base64="iFZP9QHuv4sLGvU6XhGeeqFCuYU=">AAAB7XicbZC7SgNBFIbPxluMt3jpbAaDYBV2bbQzYKGdEcwFkhBmJ7PJmLksM7NCXPIONhaK2Nr5FD6BnaVv4uRSaOIPAx//fw5zzgljzoz1/S8vs7C4tLySXc2trW9sbuW3d6pGJZrQClFc6XqIDeVM0oplltN6rCkWIae1sH8+ymt3VBum5I0dxLQlcFeyiBFsnVVtXgnaxe18wS/6Y6F5CKZQOPu4/75430vL7fxns6NIIqi0hGNjGoEf21aKtWWE02GumRgaY9LHXdpwKLGgppWOpx2iQ+d0UKS0e9Kisfu7I8XCmIEIXaXAtmdms5H5X9ZIbHTaSpmME0slmXwUJRxZhUarow7TlFg+cICJZm5WRHpYY2LdgXLuCMHsyvNQPS4GfjG49gulEkyUhX04gCMI4ARKcAllqACBW3iAJ3j2lPfovXivk9KMN+3ZhT/y3n4AmCiS1w==</latexit><latexit sha1_base64="iFZP9QHuv4sLGvU6XhGeeqFCuYU=">AAAB7XicbZC7SgNBFIbPxluMt3jpbAaDYBV2bbQzYKGdEcwFkhBmJ7PJmLksM7NCXPIONhaK2Nr5FD6BnaVv4uRSaOIPAx//fw5zzgljzoz1/S8vs7C4tLySXc2trW9sbuW3d6pGJZrQClFc6XqIDeVM0oplltN6rCkWIae1sH8+ymt3VBum5I0dxLQlcFeyiBFsnVVtXgnaxe18wS/6Y6F5CKZQOPu4/75430vL7fxns6NIIqi0hGNjGoEf21aKtWWE02GumRgaY9LHXdpwKLGgppWOpx2iQ+d0UKS0e9Kisfu7I8XCmIEIXaXAtmdms5H5X9ZIbHTaSpmME0slmXwUJRxZhUarow7TlFg+cICJZm5WRHpYY2LdgXLuCMHsyvNQPS4GfjG49gulEkyUhX04gCMI4ARKcAllqACBW3iAJ3j2lPfovXivk9KMN+3ZhT/y3n4AmCiS1w==</latexit><latexit sha1_base64="goY88knoIbTv/iBaVFZc2f9txk8=">AAAB7XicbVA9SwNBEJ3zM8avqKXNYhCswp2NlgEbOyOYD0iOsLeZS9bs3h67e0I48h9sLBSx9f/Y+W/cJFdo4oOBx3szzMyLUsGN9f1vb219Y3Nru7RT3t3bPzisHB23jMo0wyZTQulORA0KnmDTciuwk2qkMhLYjsY3M7/9hNpwlTzYSYqhpMOEx5xR66RW707ikPYrVb/mz0FWSVCQKhRo9CtfvYFimcTEMkGN6QZ+asOcasuZwGm5lxlMKRvTIXYdTahEE+bza6fk3CkDEivtKrFkrv6eyKk0ZiIj1ympHZllbyb+53UzG1+HOU/SzGLCFoviTBCryOx1MuAamRUTRyjT3N1K2IhqyqwLqOxCCJZfXiWty1rg14J7v1qvF3GU4BTO4AICuII63EIDmsDgEZ7hFd485b14797HonXNK2ZO4A+8zx9dV471</latexit>

“hydrogenic”

scalar wavefunction: 
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<latexit sha1_base64="u3v7+wMxvL4izIuCOUv/ZrZlsag="></latexit><latexit sha1_base64="vHCU6r6KMf6nUzp8KgXHDny2lfQ="></latexit><latexit sha1_base64="vHCU6r6KMf6nUzp8KgXHDny2lfQ="></latexit><latexit sha1_base64="Te1H5cQq/MOTWIujBBcx4rwHW9w="></latexit>

Superradiance rate depends on overlap:

Gravitational coupling is weak

µ . ⌦
<latexit sha1_base64="3HWUV31JQ3SJy5oB4QT9Rupx4PU=">AAAB/HicbVDLSgNBEOz1GeMrmqMHB4PgKex60YOHgB68GcE8ILuE2UknGTKzu8zMCkuI+CdePCji1Q/x5if4F04eB00saCiquunuChPBtXHdL2dpeWV1bT23kd/c2t7ZLezt13WcKoY1FotYNUOqUfAIa4Ybgc1EIZWhwEY4uBz7jXtUmsfRnckSDCTtRbzLGTVWaheKvkyJL1BrzSXxbyT2aLtQcsvuBGSReDNSqhx+XzwCQLVd+PQ7MUslRoYJqnXLcxMTDKkynAkc5f1UY0LZgPawZWlEJepgODl+RI6t0iHdWNmKDJmovyeGVGqdydB2Smr6et4bi/95rdR0z4Mhj5LUYMSmi7qpICYm4yRIhytkRmSWUKa4vZWwPlWUGZtX3obgzb+8SOqnZc8te7c2jSuYIgcHcAQn4MEZVOAaqlADBhk8wQu8Og/Os/PmvE9bl5zZTBH+wPn4AQYGloo=</latexit><latexit sha1_base64="IK7LbgyQyHc7xgg20+LiXvEKfLI=">AAAB/HicbVC7SgNBFJ31GeNrNaWFg0FIFXZttLAIaGFnBPOA7BJmJ3eTITO7y8yssCyx9ytsLBSx9UPs/AR7P8DJo9DEAxcO59zLvfcECWdKO86ntbS8srq2Xtgobm5t7+zae/tNFaeSQoPGPJbtgCjgLIKGZppDO5FARMChFQwvxn7rDqRicXSrswR8QfoRCxkl2khdu+SJFHsclFJMYO9aQJ907bJTdSbAi8SdkXLt8Ov84btYqXftD68X01RApCknSnVcJ9F+TqRmlMOo6KUKEkKHpA8dQyMiQPn55PgRPjZKD4exNBVpPFF/T+REKJWJwHQKogdq3huL/3mdVIdnfs6iJNUQ0emiMOVYx3icBO4xCVTzzBBCJTO3YjogklBt8iqaENz5lxdJ86TqOlX3xqRxiaYooAN0hCrIRaeohq5QHTUQRRl6RM/oxbq3nqxX623aumTNZkroD6z3H5u9l7k=</latexit><latexit sha1_base64="IK7LbgyQyHc7xgg20+LiXvEKfLI=">AAAB/HicbVC7SgNBFJ31GeNrNaWFg0FIFXZttLAIaGFnBPOA7BJmJ3eTITO7y8yssCyx9ytsLBSx9UPs/AR7P8DJo9DEAxcO59zLvfcECWdKO86ntbS8srq2Xtgobm5t7+zae/tNFaeSQoPGPJbtgCjgLIKGZppDO5FARMChFQwvxn7rDqRicXSrswR8QfoRCxkl2khdu+SJFHsclFJMYO9aQJ907bJTdSbAi8SdkXLt8Ov84btYqXftD68X01RApCknSnVcJ9F+TqRmlMOo6KUKEkKHpA8dQyMiQPn55PgRPjZKD4exNBVpPFF/T+REKJWJwHQKogdq3huL/3mdVIdnfs6iJNUQ0emiMOVYx3icBO4xCVTzzBBCJTO3YjogklBt8iqaENz5lxdJ86TqOlX3xqRxiaYooAN0hCrIRaeohq5QHTUQRRl6RM/oxbq3nqxX623aumTNZkroD6z3H5u9l7k=</latexit><latexit sha1_base64="sFUl2ZjiJi8NN7pcK/5fVYi8MME=">AAAB/HicbVBNS8NAEN34WetXtEcvi0XwVBIveizowZsV7Ac0oWy2k3bp7ibsboQQ6l/x4kERr/4Qb/4bt20O2vpg4PHeDDPzopQzbTzv21lb39jc2q7sVHf39g8O3aPjjk4yRaFNE56oXkQ0cCahbZjh0EsVEBFx6EaT65nffQSlWSIfTJ5CKMhIsphRYqw0cGuByHDAQWvNBA7uBIzIwK17DW8OvEr8ktRRidbA/QqGCc0ESEM50brve6kJC6IMoxym1SDTkBI6ISPoWyqJAB0W8+On+MwqQxwnypY0eK7+niiI0DoXke0UxIz1sjcT//P6mYmvwoLJNDMg6WJRnHFsEjxLAg+ZAmp4bgmhitlbMR0TRaixeVVtCP7yy6ukc9HwvYZ/79WbN2UcFXSCTtE58tElaqJb1EJtRFGOntErenOenBfn3flYtK455UwN/YHz+QNNDpSG</latexit>

m⌦� µ > 0
<latexit sha1_base64="AYt4gY+eWVTs9NeP4tHhk1XpEn0=">AAAB+3icbVBNSwMxEJ2tX7V+rfXoJVgEL5ZdEfQkBS96soL9gG4p2TTbhibZJcmKZelf8eJBEa/+EW/+G9N2D9r6YODx3gwz88KEM20879sprKyurW8UN0tb2zu7e+5+uanjVBHaIDGPVTvEmnImacMww2k7URSLkNNWOLqe+q1HqjSL5YMZJ7Qr8ECyiBFsrNRzywIFd4IOMDpFgUjRFfJ6bsWrejOgZeLnpAI56j33K+jHJBVUGsKx1h3fS0w3w8owwumkFKSaJpiM8IB2LJVYUN3NZrdP0LFV+iiKlS1p0Ez9PZFhofVYhLZTYDPUi95U/M/rpCa67GZMJqmhkswXRSlHJkbTIFCfKUoMH1uCiWL2VkSGWGFibFwlG4K/+PIyaZ5Vfa/q359Xard5HEU4hCM4AR8uoAY3UIcGEHiCZ3iFN2fivDjvzse8teDkMwfwB87nDyR7kpE=</latexit><latexit sha1_base64="AYt4gY+eWVTs9NeP4tHhk1XpEn0=">AAAB+3icbVBNSwMxEJ2tX7V+rfXoJVgEL5ZdEfQkBS96soL9gG4p2TTbhibZJcmKZelf8eJBEa/+EW/+G9N2D9r6YODx3gwz88KEM20879sprKyurW8UN0tb2zu7e+5+uanjVBHaIDGPVTvEmnImacMww2k7URSLkNNWOLqe+q1HqjSL5YMZJ7Qr8ECyiBFsrNRzywIFd4IOMDpFgUjRFfJ6bsWrejOgZeLnpAI56j33K+jHJBVUGsKx1h3fS0w3w8owwumkFKSaJpiM8IB2LJVYUN3NZrdP0LFV+iiKlS1p0Ez9PZFhofVYhLZTYDPUi95U/M/rpCa67GZMJqmhkswXRSlHJkbTIFCfKUoMH1uCiWL2VkSGWGFibFwlG4K/+PIyaZ5Vfa/q359Xard5HEU4hCM4AR8uoAY3UIcGEHiCZ3iFN2fivDjvzse8teDkMwfwB87nDyR7kpE=</latexit><latexit sha1_base64="AYt4gY+eWVTs9NeP4tHhk1XpEn0=">AAAB+3icbVBNSwMxEJ2tX7V+rfXoJVgEL5ZdEfQkBS96soL9gG4p2TTbhibZJcmKZelf8eJBEa/+EW/+G9N2D9r6YODx3gwz88KEM20879sprKyurW8UN0tb2zu7e+5+uanjVBHaIDGPVTvEmnImacMww2k7URSLkNNWOLqe+q1HqjSL5YMZJ7Qr8ECyiBFsrNRzywIFd4IOMDpFgUjRFfJ6bsWrejOgZeLnpAI56j33K+jHJBVUGsKx1h3fS0w3w8owwumkFKSaJpiM8IB2LJVYUN3NZrdP0LFV+iiKlS1p0Ez9PZFhofVYhLZTYDPUi95U/M/rpCa67GZMJqmhkswXRSlHJkbTIFCfKUoMH1uCiWL2VkSGWGFibFwlG4K/+PIyaZ5Vfa/q359Xard5HEU4hCM4AR8uoAY3UIcGEHiCZ3iFN2fivDjvzse8teDkMwfwB87nDyR7kpE=</latexit><latexit sha1_base64="AYt4gY+eWVTs9NeP4tHhk1XpEn0=">AAAB+3icbVBNSwMxEJ2tX7V+rfXoJVgEL5ZdEfQkBS96soL9gG4p2TTbhibZJcmKZelf8eJBEa/+EW/+G9N2D9r6YODx3gwz88KEM20879sprKyurW8UN0tb2zu7e+5+uanjVBHaIDGPVTvEmnImacMww2k7URSLkNNWOLqe+q1HqjSL5YMZJ7Qr8ECyiBFsrNRzywIFd4IOMDpFgUjRFfJ6bsWrejOgZeLnpAI56j33K+jHJBVUGsKx1h3fS0w3w8owwumkFKSaJpiM8IB2LJVYUN3NZrdP0LFV+iiKlS1p0Ez9PZFhofVYhLZTYDPUi95U/M/rpCa67GZMJqmhkswXRSlHJkbTIFCfKUoMH1uCiWL2VkSGWGFibFwlG4K/+PIyaZ5Vfa/q359Xard5HEU4hCM4AR8uoAY3UIcGEHiCZ3iFN2fivDjvzse8teDkMwfwB87nDyR7kpE=</latexit>

Superradiance condition: (|m|  l)
<latexit sha1_base64="TpRSoa91vjic2Ps/tg5/SptGlyw=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRahXsquCHoseNFbBfsB3aVk02wbmmTXJCuUbf+GFw+KePXPePPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etXScKkKbJOax6oRYU84kbRpmOO0kimIRctoORzczv/1ElWaxfDDjhAYCDySLGMHGSn51IibI5/QR8fNeueLW3DnQKvFyUoEcjV75y+/HJBVUGsKx1l3PTUyQYWUY4XRa8lNNE0xGeEC7lkosqA6y+c1TdGaVPopiZUsaNFd/T2RYaD0Woe0U2Az1sjcT//O6qYmug4zJJDVUksWiKOXIxGgWAOozRYnhY0swUczeisgQK0yMjalkQ/CWX14lrYua59a8+8tK/S6PowgncApV8OAK6nALDWgCgQSe4RXenNR5cd6dj0VrwclnjuEPnM8f8BOQ+Q==</latexit><latexit sha1_base64="TpRSoa91vjic2Ps/tg5/SptGlyw=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRahXsquCHoseNFbBfsB3aVk02wbmmTXJCuUbf+GFw+KePXPePPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etXScKkKbJOax6oRYU84kbRpmOO0kimIRctoORzczv/1ElWaxfDDjhAYCDySLGMHGSn51IibI5/QR8fNeueLW3DnQKvFyUoEcjV75y+/HJBVUGsKx1l3PTUyQYWUY4XRa8lNNE0xGeEC7lkosqA6y+c1TdGaVPopiZUsaNFd/T2RYaD0Woe0U2Az1sjcT//O6qYmug4zJJDVUksWiKOXIxGgWAOozRYnhY0swUczeisgQK0yMjalkQ/CWX14lrYua59a8+8tK/S6PowgncApV8OAK6nALDWgCgQSe4RXenNR5cd6dj0VrwclnjuEPnM8f8BOQ+Q==</latexit><latexit sha1_base64="TpRSoa91vjic2Ps/tg5/SptGlyw=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRahXsquCHoseNFbBfsB3aVk02wbmmTXJCuUbf+GFw+KePXPePPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etXScKkKbJOax6oRYU84kbRpmOO0kimIRctoORzczv/1ElWaxfDDjhAYCDySLGMHGSn51IibI5/QR8fNeueLW3DnQKvFyUoEcjV75y+/HJBVUGsKx1l3PTUyQYWUY4XRa8lNNE0xGeEC7lkosqA6y+c1TdGaVPopiZUsaNFd/T2RYaD0Woe0U2Az1sjcT//O6qYmug4zJJDVUksWiKOXIxGgWAOozRYnhY0swUczeisgQK0yMjalkQ/CWX14lrYua59a8+8tK/S6PowgncApV8OAK6nALDWgCgQSe4RXenNR5cd6dj0VrwclnjuEPnM8f8BOQ+Q==</latexit><latexit sha1_base64="TpRSoa91vjic2Ps/tg5/SptGlyw=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRahXsquCHoseNFbBfsB3aVk02wbmmTXJCuUbf+GFw+KePXPePPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etXScKkKbJOax6oRYU84kbRpmOO0kimIRctoORzczv/1ElWaxfDDjhAYCDySLGMHGSn51IibI5/QR8fNeueLW3DnQKvFyUoEcjV75y+/HJBVUGsKx1l3PTUyQYWUY4XRa8lNNE0xGeEC7lkosqA6y+c1TdGaVPopiZUsaNFd/T2RYaD0Woe0U2Az1sjcT//O6qYmug4zJJDVUksWiKOXIxGgWAOozRYnhY0swUczeisgQK0yMjalkQ/CWX14lrYua59a8+8tK/S6PowgncApV8OAK6nALDWgCgQSe4RXenNR5cd6dj0VrwclnjuEPnM8f8BOQ+Q==</latexit>
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<latexit sha1_base64="ho3WG5/HVpoQWyygT9pgSLp7rfE="></latexit><latexit sha1_base64="ho3WG5/HVpoQWyygT9pgSLp7rfE="></latexit><latexit sha1_base64="ho3WG5/HVpoQWyygT9pgSLp7rfE="></latexit><latexit sha1_base64="ho3WG5/HVpoQWyygT9pgSLp7rfE="></latexit>



⌦
<latexit sha1_base64="PnAn3gOm+qtagB/MQmG+rFlmdVo=">AAAB7XicbVC7SgNBFL3rM8ZX1NJmMAhWYddGOwM2dkYwD0iWMDuZTcbMY5mZFeKSf7CxUMTWH/EL7Cz9E2eTFJp44MLhnHu5954o4cxY3//ylpZXVtfWCxvFza3tnd3S3n7DqFQTWieKK92KsKGcSVq3zHLaSjTFIuK0GQ0vc795T7VhSt7aUUJDgfuSxYxg66RG51rQPu6Wyn7FnwAtkmBGyhcfD99VAKh1S5+dniKpoNISjo1pB35iwwxrywin42InNTTBZIj7tO2oxIKaMJtcO0bHTumhWGlX0qKJ+nsiw8KYkYhcp8B2YOa9XPzPa6c2Pg8zJpPUUkmmi+KUI6tQ/jrqMU2J5SNHMNHM3YrIAGtMrAuo6EII5l9eJI3TSuBXghu/XM2jyFGAQziCEwjgDKpwBTWoA4E7eIRnePGU9+S9em/T1iVvNnMAf+C9/wDm8ZGT</latexit><latexit sha1_base64="iFZP9QHuv4sLGvU6XhGeeqFCuYU=">AAAB7XicbZC7SgNBFIbPxluMt3jpbAaDYBV2bbQzYKGdEcwFkhBmJ7PJmLksM7NCXPIONhaK2Nr5FD6BnaVv4uRSaOIPAx//fw5zzgljzoz1/S8vs7C4tLySXc2trW9sbuW3d6pGJZrQClFc6XqIDeVM0oplltN6rCkWIae1sH8+ymt3VBum5I0dxLQlcFeyiBFsnVVtXgnaxe18wS/6Y6F5CKZQOPu4/75430vL7fxns6NIIqi0hGNjGoEf21aKtWWE02GumRgaY9LHXdpwKLGgppWOpx2iQ+d0UKS0e9Kisfu7I8XCmIEIXaXAtmdms5H5X9ZIbHTaSpmME0slmXwUJRxZhUarow7TlFg+cICJZm5WRHpYY2LdgXLuCMHsyvNQPS4GfjG49gulEkyUhX04gCMI4ARKcAllqACBW3iAJ3j2lPfovXivk9KMN+3ZhT/y3n4AmCiS1w==</latexit><latexit sha1_base64="iFZP9QHuv4sLGvU6XhGeeqFCuYU=">AAAB7XicbZC7SgNBFIbPxluMt3jpbAaDYBV2bbQzYKGdEcwFkhBmJ7PJmLksM7NCXPIONhaK2Nr5FD6BnaVv4uRSaOIPAx//fw5zzgljzoz1/S8vs7C4tLySXc2trW9sbuW3d6pGJZrQClFc6XqIDeVM0oplltN6rCkWIae1sH8+ymt3VBum5I0dxLQlcFeyiBFsnVVtXgnaxe18wS/6Y6F5CKZQOPu4/75430vL7fxns6NIIqi0hGNjGoEf21aKtWWE02GumRgaY9LHXdpwKLGgppWOpx2iQ+d0UKS0e9Kisfu7I8XCmIEIXaXAtmdms5H5X9ZIbHTaSpmME0slmXwUJRxZhUarow7TlFg+cICJZm5WRHpYY2LdgXLuCMHsyvNQPS4GfjG49gulEkyUhX04gCMI4ARKcAllqACBW3iAJ3j2lPfovXivk9KMN+3ZhT/y3n4AmCiS1w==</latexit><latexit sha1_base64="goY88knoIbTv/iBaVFZc2f9txk8=">AAAB7XicbVA9SwNBEJ3zM8avqKXNYhCswp2NlgEbOyOYD0iOsLeZS9bs3h67e0I48h9sLBSx9f/Y+W/cJFdo4oOBx3szzMyLUsGN9f1vb219Y3Nru7RT3t3bPzisHB23jMo0wyZTQulORA0KnmDTciuwk2qkMhLYjsY3M7/9hNpwlTzYSYqhpMOEx5xR66RW707ikPYrVb/mz0FWSVCQKhRo9CtfvYFimcTEMkGN6QZ+asOcasuZwGm5lxlMKRvTIXYdTahEE+bza6fk3CkDEivtKrFkrv6eyKk0ZiIj1ympHZllbyb+53UzG1+HOU/SzGLCFoviTBCryOx1MuAamRUTRyjT3N1K2IhqyqwLqOxCCJZfXiWty1rg14J7v1qvF3GU4BTO4AICuII63EIDmsDgEZ7hFd485b14797HonXNK2ZO4A+8zx9dV471</latexit>

a0 ⇠ 1

↵gµ
⇠ 1

GMµ2
<latexit sha1_base64="GBcHVNLKrGmjVDJvdlkrwxjbXkM=">AAACIXicbVBNS8NAEJ34bf2qevSyWARPJfGiR0FBL0IFq4Wmhsl20y7uJmF3I5SQP6D/wYt/xIMXD4r0Jv4Ztx8HbX0w8Hhvhpl5YSq4Nq775czMzs0vLC4tl1ZW19Y3yptb1zrJFGV1mohENULUTPCY1Q03gjVSxVCGgt2EdycD/+aeKc2T+Mr0UtaS2Il5xCkaKwXlIwxc4msuiR8ppLlX5D6KtItBh/gyKya8M3IxkG8PiqBccavuEGSaeGNSOT55eHwBgFpQ7vvthGaSxYYK1Lrpualp5agMp4IVJT/TLEV6hx3WtDRGyXQrH35YkD2rtEmUKFuxIUP190SOUuueDG2nRNPVk95A/M9rZiY6auU8TjPDYjpaFGWCmIQM4iJtrhg1omcJUsXtrYR20aZhbKglG4I3+fI0uT6oem7Vu7RpnMIIS7ADu7APHhzCMZxDDepA4Qle4R0+nGfnzfl0+qPWGWc8sw1/4Hz/AGk2pUU=</latexit><latexit sha1_base64="6PVqq72iYWd/YzrlwcqeVcSuUNI=">AAACIXicbVDLSsNAFJ34rPVVdelmsAiuStKNghuhgm6ECvYBTQ0300k7dCYJMxOhhPyA/oMbv0Rx40KR7sSfcfpYaOuBC4dz7uXee/yYM6Vt+8taWFxaXlnNreXXNza3tgs7u3UVJZLQGol4JJs+KMpZSGuaaU6bsaQgfE4bfr8y8ht3VCoWhTd6ENO2gG7IAkZAG8krnIBnY1cxgd1AAkmdLHWBxz3wutgVSTbjXeCrkXxbzrxC0S7ZY+B54kxJ8axy//DMXk6rXmHodiKSCBpqwkGplmPHup2C1IxwmuXdRNEYSB+6tGVoCIKqdjr+MMOHRungIJKmQo3H6u+JFIRSA+GbTgG6p2a9kfif10p0cNJOWRgnmoZksihIONYRHsWFO0xSovnAECCSmVsx6YFJQ5tQ8yYEZ/bleVIvlxy75FybNM7RBDm0jw7QEXLQMTpDl6iKaoigR/SK3tGH9WS9WZ/WcNK6YE1n9tAfWN8/SR6mrA==</latexit><latexit sha1_base64="6PVqq72iYWd/YzrlwcqeVcSuUNI=">AAACIXicbVDLSsNAFJ34rPVVdelmsAiuStKNghuhgm6ECvYBTQ0300k7dCYJMxOhhPyA/oMbv0Rx40KR7sSfcfpYaOuBC4dz7uXee/yYM6Vt+8taWFxaXlnNreXXNza3tgs7u3UVJZLQGol4JJs+KMpZSGuaaU6bsaQgfE4bfr8y8ht3VCoWhTd6ENO2gG7IAkZAG8krnIBnY1cxgd1AAkmdLHWBxz3wutgVSTbjXeCrkXxbzrxC0S7ZY+B54kxJ8axy//DMXk6rXmHodiKSCBpqwkGplmPHup2C1IxwmuXdRNEYSB+6tGVoCIKqdjr+MMOHRungIJKmQo3H6u+JFIRSA+GbTgG6p2a9kfif10p0cNJOWRgnmoZksihIONYRHsWFO0xSovnAECCSmVsx6YFJQ5tQ8yYEZ/bleVIvlxy75FybNM7RBDm0jw7QEXLQMTpDl6iKaoigR/SK3tGH9WS9WZ/WcNK6YE1n9tAfWN8/SR6mrA==</latexit><latexit sha1_base64="St/7r7CB1rgPinLBqVu/40iXJb8=">AAACIXicbVBNS8NAEN34WetX1aOXxSJ4Kkkv9lhQ0ItQwX5AE8Nku2mX7iZhdyOUkL/ixb/ixYMivYl/xm2bg7Y+GHi8N8PMvCDhTGnb/rLW1jc2t7ZLO+Xdvf2Dw8rRcUfFqSS0TWIey14AinIW0bZmmtNeIimIgNNuML6a+d0nKhWLowc9SagnYBixkBHQRvIrDfBt7ComsBtKIJmTZy7wZAT+ELsizZe8G3w3kx/ruV+p2jV7DrxKnIJUUYGWX5m6g5ikgkaacFCq79iJ9jKQmhFO87KbKpoAGcOQ9g2NQFDlZfMPc3xulAEOY2kq0niu/p7IQCg1EYHpFKBHatmbif95/VSHDS9jUZJqGpHFojDlWMd4FhceMEmJ5hNDgEhmbsVkBCYNbUItmxCc5ZdXSadec+yac29Xm9dFHCV0is7QBXLQJWqiW9RCbUTQM3pF7+jDerHerE9rumhds4qZE/QH1vcPP2Gi7Q==</latexit>

large Bohr radius, small overlap

SR rate is sensitive to W⌦
<latexit sha1_base64="PnAn3gOm+qtagB/MQmG+rFlmdVo=">AAAB7XicbVC7SgNBFL3rM8ZX1NJmMAhWYddGOwM2dkYwD0iWMDuZTcbMY5mZFeKSf7CxUMTWH/EL7Cz9E2eTFJp44MLhnHu5954o4cxY3//ylpZXVtfWCxvFza3tnd3S3n7DqFQTWieKK92KsKGcSVq3zHLaSjTFIuK0GQ0vc795T7VhSt7aUUJDgfuSxYxg66RG51rQPu6Wyn7FnwAtkmBGyhcfD99VAKh1S5+dniKpoNISjo1pB35iwwxrywin42InNTTBZIj7tO2oxIKaMJtcO0bHTumhWGlX0qKJ+nsiw8KYkYhcp8B2YOa9XPzPa6c2Pg8zJpPUUkmmi+KUI6tQ/jrqMU2J5SNHMNHM3YrIAGtMrAuo6EII5l9eJI3TSuBXghu/XM2jyFGAQziCEwjgDKpwBTWoA4E7eIRnePGU9+S9em/T1iVvNnMAf+C9/wDm8ZGT</latexit><latexit sha1_base64="iFZP9QHuv4sLGvU6XhGeeqFCuYU=">AAAB7XicbZC7SgNBFIbPxluMt3jpbAaDYBV2bbQzYKGdEcwFkhBmJ7PJmLksM7NCXPIONhaK2Nr5FD6BnaVv4uRSaOIPAx//fw5zzgljzoz1/S8vs7C4tLySXc2trW9sbuW3d6pGJZrQClFc6XqIDeVM0oplltN6rCkWIae1sH8+ymt3VBum5I0dxLQlcFeyiBFsnVVtXgnaxe18wS/6Y6F5CKZQOPu4/75430vL7fxns6NIIqi0hGNjGoEf21aKtWWE02GumRgaY9LHXdpwKLGgppWOpx2iQ+d0UKS0e9Kisfu7I8XCmIEIXaXAtmdms5H5X9ZIbHTaSpmME0slmXwUJRxZhUarow7TlFg+cICJZm5WRHpYY2LdgXLuCMHsyvNQPS4GfjG49gulEkyUhX04gCMI4ARKcAllqACBW3iAJ3j2lPfovXivk9KMN+3ZhT/y3n4AmCiS1w==</latexit><latexit sha1_base64="iFZP9QHuv4sLGvU6XhGeeqFCuYU=">AAAB7XicbZC7SgNBFIbPxluMt3jpbAaDYBV2bbQzYKGdEcwFkhBmJ7PJmLksM7NCXPIONhaK2Nr5FD6BnaVv4uRSaOIPAx//fw5zzgljzoz1/S8vs7C4tLySXc2trW9sbuW3d6pGJZrQClFc6XqIDeVM0oplltN6rCkWIae1sH8+ymt3VBum5I0dxLQlcFeyiBFsnVVtXgnaxe18wS/6Y6F5CKZQOPu4/75430vL7fxns6NIIqi0hGNjGoEf21aKtWWE02GumRgaY9LHXdpwKLGgppWOpx2iQ+d0UKS0e9Kisfu7I8XCmIEIXaXAtmdms5H5X9ZIbHTaSpmME0slmXwUJRxZhUarow7TlFg+cICJZm5WRHpYY2LdgXLuCMHsyvNQPS4GfjG49gulEkyUhX04gCMI4ARKcAllqACBW3iAJ3j2lPfovXivk9KMN+3ZhT/y3n4AmCiS1w==</latexit><latexit sha1_base64="goY88knoIbTv/iBaVFZc2f9txk8=">AAAB7XicbVA9SwNBEJ3zM8avqKXNYhCswp2NlgEbOyOYD0iOsLeZS9bs3h67e0I48h9sLBSx9f/Y+W/cJFdo4oOBx3szzMyLUsGN9f1vb219Y3Nru7RT3t3bPzisHB23jMo0wyZTQulORA0KnmDTciuwk2qkMhLYjsY3M7/9hNpwlTzYSYqhpMOEx5xR66RW707ikPYrVb/mz0FWSVCQKhRo9CtfvYFimcTEMkGN6QZ+asOcasuZwGm5lxlMKRvTIXYdTahEE+bza6fk3CkDEivtKrFkrv6eyKk0ZiIj1ympHZllbyb+53UzG1+HOU/SzGLCFoviTBCryOx1MuAamRUTRyjT3N1K2IhqyqwLqOxCCJZfXiWty1rg14J7v1qvF3GU4BTO4AICuII63EIDmsDgEZ7hFd485b14797HonXNK2ZO4A+8zx9dV471</latexit>

“hydrogenic”

scalar wavefunction: 
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<latexit sha1_base64="u3v7+wMxvL4izIuCOUv/ZrZlsag="></latexit><latexit sha1_base64="vHCU6r6KMf6nUzp8KgXHDny2lfQ="></latexit><latexit sha1_base64="vHCU6r6KMf6nUzp8KgXHDny2lfQ="></latexit><latexit sha1_base64="Te1H5cQq/MOTWIujBBcx4rwHW9w="></latexit>

Superradiance rate depends on overlap:

Gravitational coupling is weak

µ . ⌦
<latexit sha1_base64="3HWUV31JQ3SJy5oB4QT9Rupx4PU=">AAAB/HicbVDLSgNBEOz1GeMrmqMHB4PgKex60YOHgB68GcE8ILuE2UknGTKzu8zMCkuI+CdePCji1Q/x5if4F04eB00saCiquunuChPBtXHdL2dpeWV1bT23kd/c2t7ZLezt13WcKoY1FotYNUOqUfAIa4Ybgc1EIZWhwEY4uBz7jXtUmsfRnckSDCTtRbzLGTVWaheKvkyJL1BrzSXxbyT2aLtQcsvuBGSReDNSqhx+XzwCQLVd+PQ7MUslRoYJqnXLcxMTDKkynAkc5f1UY0LZgPawZWlEJepgODl+RI6t0iHdWNmKDJmovyeGVGqdydB2Smr6et4bi/95rdR0z4Mhj5LUYMSmi7qpICYm4yRIhytkRmSWUKa4vZWwPlWUGZtX3obgzb+8SOqnZc8te7c2jSuYIgcHcAQn4MEZVOAaqlADBhk8wQu8Og/Os/PmvE9bl5zZTBH+wPn4AQYGloo=</latexit><latexit sha1_base64="IK7LbgyQyHc7xgg20+LiXvEKfLI=">AAAB/HicbVC7SgNBFJ31GeNrNaWFg0FIFXZttLAIaGFnBPOA7BJmJ3eTITO7y8yssCyx9ytsLBSx9UPs/AR7P8DJo9DEAxcO59zLvfcECWdKO86ntbS8srq2Xtgobm5t7+zae/tNFaeSQoPGPJbtgCjgLIKGZppDO5FARMChFQwvxn7rDqRicXSrswR8QfoRCxkl2khdu+SJFHsclFJMYO9aQJ907bJTdSbAi8SdkXLt8Ov84btYqXftD68X01RApCknSnVcJ9F+TqRmlMOo6KUKEkKHpA8dQyMiQPn55PgRPjZKD4exNBVpPFF/T+REKJWJwHQKogdq3huL/3mdVIdnfs6iJNUQ0emiMOVYx3icBO4xCVTzzBBCJTO3YjogklBt8iqaENz5lxdJ86TqOlX3xqRxiaYooAN0hCrIRaeohq5QHTUQRRl6RM/oxbq3nqxX623aumTNZkroD6z3H5u9l7k=</latexit><latexit sha1_base64="IK7LbgyQyHc7xgg20+LiXvEKfLI=">AAAB/HicbVC7SgNBFJ31GeNrNaWFg0FIFXZttLAIaGFnBPOA7BJmJ3eTITO7y8yssCyx9ytsLBSx9UPs/AR7P8DJo9DEAxcO59zLvfcECWdKO86ntbS8srq2Xtgobm5t7+zae/tNFaeSQoPGPJbtgCjgLIKGZppDO5FARMChFQwvxn7rDqRicXSrswR8QfoRCxkl2khdu+SJFHsclFJMYO9aQJ907bJTdSbAi8SdkXLt8Ov84btYqXftD68X01RApCknSnVcJ9F+TqRmlMOo6KUKEkKHpA8dQyMiQPn55PgRPjZKD4exNBVpPFF/T+REKJWJwHQKogdq3huL/3mdVIdnfs6iJNUQ0emiMOVYx3icBO4xCVTzzBBCJTO3YjogklBt8iqaENz5lxdJ86TqOlX3xqRxiaYooAN0hCrIRaeohq5QHTUQRRl6RM/oxbq3nqxX623aumTNZkroD6z3H5u9l7k=</latexit><latexit sha1_base64="sFUl2ZjiJi8NN7pcK/5fVYi8MME=">AAAB/HicbVBNS8NAEN34WetXtEcvi0XwVBIveizowZsV7Ac0oWy2k3bp7ibsboQQ6l/x4kERr/4Qb/4bt20O2vpg4PHeDDPzopQzbTzv21lb39jc2q7sVHf39g8O3aPjjk4yRaFNE56oXkQ0cCahbZjh0EsVEBFx6EaT65nffQSlWSIfTJ5CKMhIsphRYqw0cGuByHDAQWvNBA7uBIzIwK17DW8OvEr8ktRRidbA/QqGCc0ESEM50brve6kJC6IMoxym1SDTkBI6ISPoWyqJAB0W8+On+MwqQxwnypY0eK7+niiI0DoXke0UxIz1sjcT//P6mYmvwoLJNDMg6WJRnHFsEjxLAg+ZAmp4bgmhitlbMR0TRaixeVVtCP7yy6ukc9HwvYZ/79WbN2UcFXSCTtE58tElaqJb1EJtRFGOntErenOenBfn3flYtK455UwN/YHz+QNNDpSG</latexit>

SR requires large      , hence large m )
<latexit sha1_base64="ivp8NMTiwk0zrl1EEL8KkMOHrjs=">AAAB9HicbVDLSgNBEJz1GeMr6tHLYBA8hV0R9Bjworco5gHJEmYns8mQeawzvZGw5Du8eFDEqx/jzb9xkuxBEwsaiqpuuruiRHALvv/trayurW9sFraK2zu7e/ulg8OG1amhrE610KYVEcsEV6wOHARrJYYRGQnWjIbXU785YsZyrR5gnLBQkr7iMacEnBRK3Lnn/QEQY/RTt1T2K/4MeJkEOSmjHLVu6avT0zSVTAEVxNp24CcQZsQAp4JNip3UsoTQIemztqOKSGbDbHb0BJ86pYdjbVwpwDP190RGpLVjGblOSWBgF72p+J/XTiG+CjOukhSYovNFcSowaDxNAPe4YRTE2BFCDXe3YjoghlBwORVdCMHiy8ukcV4J/Epwd1Gu3uZxFNAxOkFnKECXqIpuUA3VEUWP6Bm9ojdv5L14797HvHXFy2eO0B94nz+5Z5IV</latexit><latexit sha1_base64="ivp8NMTiwk0zrl1EEL8KkMOHrjs=">AAAB9HicbVDLSgNBEJz1GeMr6tHLYBA8hV0R9Bjworco5gHJEmYns8mQeawzvZGw5Du8eFDEqx/jzb9xkuxBEwsaiqpuuruiRHALvv/trayurW9sFraK2zu7e/ulg8OG1amhrE610KYVEcsEV6wOHARrJYYRGQnWjIbXU785YsZyrR5gnLBQkr7iMacEnBRK3Lnn/QEQY/RTt1T2K/4MeJkEOSmjHLVu6avT0zSVTAEVxNp24CcQZsQAp4JNip3UsoTQIemztqOKSGbDbHb0BJ86pYdjbVwpwDP190RGpLVjGblOSWBgF72p+J/XTiG+CjOukhSYovNFcSowaDxNAPe4YRTE2BFCDXe3YjoghlBwORVdCMHiy8ukcV4J/Epwd1Gu3uZxFNAxOkFnKECXqIpuUA3VEUWP6Bm9ojdv5L14797HvHXFy2eO0B94nz+5Z5IV</latexit><latexit sha1_base64="ivp8NMTiwk0zrl1EEL8KkMOHrjs=">AAAB9HicbVDLSgNBEJz1GeMr6tHLYBA8hV0R9Bjworco5gHJEmYns8mQeawzvZGw5Du8eFDEqx/jzb9xkuxBEwsaiqpuuruiRHALvv/trayurW9sFraK2zu7e/ulg8OG1amhrE610KYVEcsEV6wOHARrJYYRGQnWjIbXU785YsZyrR5gnLBQkr7iMacEnBRK3Lnn/QEQY/RTt1T2K/4MeJkEOSmjHLVu6avT0zSVTAEVxNp24CcQZsQAp4JNip3UsoTQIemztqOKSGbDbHb0BJ86pYdjbVwpwDP190RGpLVjGblOSWBgF72p+J/XTiG+CjOukhSYovNFcSowaDxNAPe4YRTE2BFCDXe3YjoghlBwORVdCMHiy8ukcV4J/Epwd1Gu3uZxFNAxOkFnKECXqIpuUA3VEUWP6Bm9ojdv5L14797HvHXFy2eO0B94nz+5Z5IV</latexit><latexit sha1_base64="ivp8NMTiwk0zrl1EEL8KkMOHrjs=">AAAB9HicbVDLSgNBEJz1GeMr6tHLYBA8hV0R9Bjworco5gHJEmYns8mQeawzvZGw5Du8eFDEqx/jzb9xkuxBEwsaiqpuuruiRHALvv/trayurW9sFraK2zu7e/ulg8OG1amhrE610KYVEcsEV6wOHARrJYYRGQnWjIbXU785YsZyrR5gnLBQkr7iMacEnBRK3Lnn/QEQY/RTt1T2K/4MeJkEOSmjHLVu6avT0zSVTAEVxNp24CcQZsQAp4JNip3UsoTQIemztqOKSGbDbHb0BJ86pYdjbVwpwDP190RGpLVjGblOSWBgF72p+J/XTiG+CjOukhSYovNFcSowaDxNAPe4YRTE2BFCDXe3YjoghlBwORVdCMHiy8ukcV4J/Epwd1Gu3uZxFNAxOkFnKECXqIpuUA3VEUWP6Bm9ojdv5L14797HvHXFy2eO0B94nz+5Z5IV</latexit> l

<latexit sha1_base64="nixmFJyPvhjUIHzLUztfix5ou/0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeCF721YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmt3O/84RK81g+mGmCfkRHkoecUWOlphiUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfq93kcRTiDc7gED2pQhztoQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4A1iSM9w==</latexit><latexit sha1_base64="nixmFJyPvhjUIHzLUztfix5ou/0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeCF721YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmt3O/84RK81g+mGmCfkRHkoecUWOlphiUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfq93kcRTiDc7gED2pQhztoQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4A1iSM9w==</latexit><latexit sha1_base64="nixmFJyPvhjUIHzLUztfix5ou/0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeCF721YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmt3O/84RK81g+mGmCfkRHkoecUWOlphiUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfq93kcRTiDc7gED2pQhztoQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4A1iSM9w==</latexit><latexit sha1_base64="nixmFJyPvhjUIHzLUztfix5ou/0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeCF721YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmt3O/84RK81g+mGmCfkRHkoecUWOlphiUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfq93kcRTiDc7gED2pQhztoQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4A1iSM9w==</latexit>

µ & ⌦
<latexit sha1_base64="kXgSiQ3q30U5Fid0Vy9dRfvLYio=">AAAB+3icbVDLSgMxFL3js9bXWJcuDBbBVZlxowsXBV24s4J9QGcomTTThiaZIcmIZSj4JW5cKOLWH3HnJ/gXpo+Fth4IHM45l3tzopQzbTzvy1laXlldWy9sFDe3tnd23b1SQyeZIrROEp6oVoQ15UzSumGG01aqKBYRp81ocDn2m/dUaZbIOzNMaShwT7KYEWys1HFLgchQ0DM2IVBwI2gPd9yyV/EmQIvEn5Fy9fD74hEAah33M+gmJBNUGsKx1m3fS02YY2UY4XRUDDJNU0wGuEfblkosqA7zye0jdGyVLooTZZ80aKL+nsix0HooIpsU2PT1vDcW//PamYnPw5zJNDNUkumiOOPIJGhcBOoyRYnhQ0swUczeikgfK0yMratoS/Dnv7xIGqcV36v4t7aNK5iiAAdwBCfgwxlU4RpqUAcCD/AEL/DqjJxn5815n0aXnNnMPvyB8/EDOQ2WFg==</latexit><latexit sha1_base64="qpoJdOqNEwFUp3Ryx8t/p9vXoEc=">AAAB+3icbVC7TsMwFHV4lvIKZWTAokLqVCUsMDBUgoGNItGH1ESV496kVu0ksh1EFfUD+AkWBhBi5UfY+AR2PgD3MUDLkSwdnXOu7vUJUs6UdpxPa2l5ZXVtvbBR3Nza3tm190pNlWSSQoMmPJHtgCjgLIaGZppDO5VARMChFQwuxn7rDqRiSXyrhyn4gkQxCxkl2khdu+SJDHuRNgmBvWsBEenaZafqTIAXiTsj5drh1/nDd7FS79ofXi+hmYBYU06U6rhOqv2cSM0oh1HRyxSkhA5IBB1DYyJA+fnk9hE+NkoPh4k0L9Z4ov6eyIlQaigCkxRE99W8Nxb/8zqZDs/8nMVppiGm00VhxrFO8LgI3GMSqOZDQwiVzNyKaZ9IQrWpq2hKcOe/vEiaJ1XXqbo3po1LNEUBHaAjVEEuOkU1dIXqqIEoukeP6Bm9WCPryXq13qbRJWs2s4/+wHr/Ac7El0U=</latexit><latexit sha1_base64="qpoJdOqNEwFUp3Ryx8t/p9vXoEc=">AAAB+3icbVC7TsMwFHV4lvIKZWTAokLqVCUsMDBUgoGNItGH1ESV496kVu0ksh1EFfUD+AkWBhBi5UfY+AR2PgD3MUDLkSwdnXOu7vUJUs6UdpxPa2l5ZXVtvbBR3Nza3tm190pNlWSSQoMmPJHtgCjgLIaGZppDO5VARMChFQwuxn7rDqRiSXyrhyn4gkQxCxkl2khdu+SJDHuRNgmBvWsBEenaZafqTIAXiTsj5drh1/nDd7FS79ofXi+hmYBYU06U6rhOqv2cSM0oh1HRyxSkhA5IBB1DYyJA+fnk9hE+NkoPh4k0L9Z4ov6eyIlQaigCkxRE99W8Nxb/8zqZDs/8nMVppiGm00VhxrFO8LgI3GMSqOZDQwiVzNyKaZ9IQrWpq2hKcOe/vEiaJ1XXqbo3po1LNEUBHaAjVEEuOkU1dIXqqIEoukeP6Bm9WCPryXq13qbRJWs2s4/+wHr/Ac7El0U=</latexit><latexit sha1_base64="0kMUYXT5rFMja7xs6E3uKFUk69A=">AAAB+3icbVC7TsMwFL3hWcorlJHFokJiqhIWGCvBwEaR6ENqospxndSq7US2g6ii/goLAwix8iNs/A1umwFajmTp6Jxzda9PlHGmjed9O2vrG5tb25Wd6u7e/sGhe1Tr6DRXhLZJylPVi7CmnEnaNsxw2ssUxSLitBuNr2d+95EqzVL5YCYZDQVOJIsZwcZKA7cWiBwFibEJgYI7QRM8cOtew5sDrRK/JHUo0Rq4X8EwJbmg0hCOte77XmbCAivDCKfTapBrmmEyxgntWyqxoDos5rdP0ZlVhihOlX3SoLn6e6LAQuuJiGxSYDPSy95M/M/r5ya+Cgsms9xQSRaL4pwjk6JZEWjIFCWGTyzBRDF7KyIjrDAxtq6qLcFf/vIq6Vw0fK/h33v15k1ZRwVO4BTOwYdLaMIttKANBJ7gGV7hzZk6L86787GIrjnlzDH8gfP5A4AVlBI=</latexit>

large Bohr radius, small overlap

m⌦� µ > 0
<latexit sha1_base64="AYt4gY+eWVTs9NeP4tHhk1XpEn0=">AAAB+3icbVBNSwMxEJ2tX7V+rfXoJVgEL5ZdEfQkBS96soL9gG4p2TTbhibZJcmKZelf8eJBEa/+EW/+G9N2D9r6YODx3gwz88KEM20879sprKyurW8UN0tb2zu7e+5+uanjVBHaIDGPVTvEmnImacMww2k7URSLkNNWOLqe+q1HqjSL5YMZJ7Qr8ECyiBFsrNRzywIFd4IOMDpFgUjRFfJ6bsWrejOgZeLnpAI56j33K+jHJBVUGsKx1h3fS0w3w8owwumkFKSaJpiM8IB2LJVYUN3NZrdP0LFV+iiKlS1p0Ez9PZFhofVYhLZTYDPUi95U/M/rpCa67GZMJqmhkswXRSlHJkbTIFCfKUoMH1uCiWL2VkSGWGFibFwlG4K/+PIyaZ5Vfa/q359Xard5HEU4hCM4AR8uoAY3UIcGEHiCZ3iFN2fivDjvzse8teDkMwfwB87nDyR7kpE=</latexit><latexit sha1_base64="AYt4gY+eWVTs9NeP4tHhk1XpEn0=">AAAB+3icbVBNSwMxEJ2tX7V+rfXoJVgEL5ZdEfQkBS96soL9gG4p2TTbhibZJcmKZelf8eJBEa/+EW/+G9N2D9r6YODx3gwz88KEM20879sprKyurW8UN0tb2zu7e+5+uanjVBHaIDGPVTvEmnImacMww2k7URSLkNNWOLqe+q1HqjSL5YMZJ7Qr8ECyiBFsrNRzywIFd4IOMDpFgUjRFfJ6bsWrejOgZeLnpAI56j33K+jHJBVUGsKx1h3fS0w3w8owwumkFKSaJpiM8IB2LJVYUN3NZrdP0LFV+iiKlS1p0Ez9PZFhofVYhLZTYDPUi95U/M/rpCa67GZMJqmhkswXRSlHJkbTIFCfKUoMH1uCiWL2VkSGWGFibFwlG4K/+PIyaZ5Vfa/q359Xard5HEU4hCM4AR8uoAY3UIcGEHiCZ3iFN2fivDjvzse8teDkMwfwB87nDyR7kpE=</latexit><latexit sha1_base64="AYt4gY+eWVTs9NeP4tHhk1XpEn0=">AAAB+3icbVBNSwMxEJ2tX7V+rfXoJVgEL5ZdEfQkBS96soL9gG4p2TTbhibZJcmKZelf8eJBEa/+EW/+G9N2D9r6YODx3gwz88KEM20879sprKyurW8UN0tb2zu7e+5+uanjVBHaIDGPVTvEmnImacMww2k7URSLkNNWOLqe+q1HqjSL5YMZJ7Qr8ECyiBFsrNRzywIFd4IOMDpFgUjRFfJ6bsWrejOgZeLnpAI56j33K+jHJBVUGsKx1h3fS0w3w8owwumkFKSaJpiM8IB2LJVYUN3NZrdP0LFV+iiKlS1p0Ez9PZFhofVYhLZTYDPUi95U/M/rpCa67GZMJqmhkswXRSlHJkbTIFCfKUoMH1uCiWL2VkSGWGFibFwlG4K/+PIyaZ5Vfa/q359Xard5HEU4hCM4AR8uoAY3UIcGEHiCZ3iFN2fivDjvzse8teDkMwfwB87nDyR7kpE=</latexit><latexit sha1_base64="AYt4gY+eWVTs9NeP4tHhk1XpEn0=">AAAB+3icbVBNSwMxEJ2tX7V+rfXoJVgEL5ZdEfQkBS96soL9gG4p2TTbhibZJcmKZelf8eJBEa/+EW/+G9N2D9r6YODx3gwz88KEM20879sprKyurW8UN0tb2zu7e+5+uanjVBHaIDGPVTvEmnImacMww2k7URSLkNNWOLqe+q1HqjSL5YMZJ7Qr8ECyiBFsrNRzywIFd4IOMDpFgUjRFfJ6bsWrejOgZeLnpAI56j33K+jHJBVUGsKx1h3fS0w3w8owwumkFKSaJpiM8IB2LJVYUN3NZrdP0LFV+iiKlS1p0Ez9PZFhofVYhLZTYDPUi95U/M/rpCa67GZMJqmhkswXRSlHJkbTIFCfKUoMH1uCiWL2VkSGWGFibFwlG4K/+PIyaZ5Vfa/q359Xard5HEU4hCM4AR8uoAY3UIcGEHiCZ3iFN2fivDjvzse8teDkMwfwB87nDyR7kpE=</latexit>

Superradiance condition: (|m|  l)
<latexit sha1_base64="TpRSoa91vjic2Ps/tg5/SptGlyw=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRahXsquCHoseNFbBfsB3aVk02wbmmTXJCuUbf+GFw+KePXPePPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etXScKkKbJOax6oRYU84kbRpmOO0kimIRctoORzczv/1ElWaxfDDjhAYCDySLGMHGSn51IibI5/QR8fNeueLW3DnQKvFyUoEcjV75y+/HJBVUGsKx1l3PTUyQYWUY4XRa8lNNE0xGeEC7lkosqA6y+c1TdGaVPopiZUsaNFd/T2RYaD0Woe0U2Az1sjcT//O6qYmug4zJJDVUksWiKOXIxGgWAOozRYnhY0swUczeisgQK0yMjalkQ/CWX14lrYua59a8+8tK/S6PowgncApV8OAK6nALDWgCgQSe4RXenNR5cd6dj0VrwclnjuEPnM8f8BOQ+Q==</latexit><latexit sha1_base64="TpRSoa91vjic2Ps/tg5/SptGlyw=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRahXsquCHoseNFbBfsB3aVk02wbmmTXJCuUbf+GFw+KePXPePPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etXScKkKbJOax6oRYU84kbRpmOO0kimIRctoORzczv/1ElWaxfDDjhAYCDySLGMHGSn51IibI5/QR8fNeueLW3DnQKvFyUoEcjV75y+/HJBVUGsKx1l3PTUyQYWUY4XRa8lNNE0xGeEC7lkosqA6y+c1TdGaVPopiZUsaNFd/T2RYaD0Woe0U2Az1sjcT//O6qYmug4zJJDVUksWiKOXIxGgWAOozRYnhY0swUczeisgQK0yMjalkQ/CWX14lrYua59a8+8tK/S6PowgncApV8OAK6nALDWgCgQSe4RXenNR5cd6dj0VrwclnjuEPnM8f8BOQ+Q==</latexit><latexit sha1_base64="TpRSoa91vjic2Ps/tg5/SptGlyw=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRahXsquCHoseNFbBfsB3aVk02wbmmTXJCuUbf+GFw+KePXPePPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etXScKkKbJOax6oRYU84kbRpmOO0kimIRctoORzczv/1ElWaxfDDjhAYCDySLGMHGSn51IibI5/QR8fNeueLW3DnQKvFyUoEcjV75y+/HJBVUGsKx1l3PTUyQYWUY4XRa8lNNE0xGeEC7lkosqA6y+c1TdGaVPopiZUsaNFd/T2RYaD0Woe0U2Az1sjcT//O6qYmug4zJJDVUksWiKOXIxGgWAOozRYnhY0swUczeisgQK0yMjalkQ/CWX14lrYua59a8+8tK/S6PowgncApV8OAK6nALDWgCgQSe4RXenNR5cd6dj0VrwclnjuEPnM8f8BOQ+Q==</latexit><latexit sha1_base64="TpRSoa91vjic2Ps/tg5/SptGlyw=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRahXsquCHoseNFbBfsB3aVk02wbmmTXJCuUbf+GFw+KePXPePPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etXScKkKbJOax6oRYU84kbRpmOO0kimIRctoORzczv/1ElWaxfDDjhAYCDySLGMHGSn51IibI5/QR8fNeueLW3DnQKvFyUoEcjV75y+/HJBVUGsKx1l3PTUyQYWUY4XRa8lNNE0xGeEC7lkosqA6y+c1TdGaVPopiZUsaNFd/T2RYaD0Woe0U2Az1sjcT//O6qYmug4zJJDVUksWiKOXIxGgWAOozRYnhY0swUczeisgQK0yMjalkQ/CWX14lrYua59a8+8tK/S6PowgncApV8OAK6nALDWgCgQSe4RXenNR5cd6dj0VrwclnjuEPnM8f8BOQ+Q==</latexit>

� /
Z

star
d3r| nlm|2 ⇠

✓
R

a0

◆2l+3

<latexit sha1_base64="ho3WG5/HVpoQWyygT9pgSLp7rfE="></latexit><latexit sha1_base64="ho3WG5/HVpoQWyygT9pgSLp7rfE="></latexit><latexit sha1_base64="ho3WG5/HVpoQWyygT9pgSLp7rfE="></latexit><latexit sha1_base64="ho3WG5/HVpoQWyygT9pgSLp7rfE="></latexit>



⌦
<latexit sha1_base64="PnAn3gOm+qtagB/MQmG+rFlmdVo=">AAAB7XicbVC7SgNBFL3rM8ZX1NJmMAhWYddGOwM2dkYwD0iWMDuZTcbMY5mZFeKSf7CxUMTWH/EL7Cz9E2eTFJp44MLhnHu5954o4cxY3//ylpZXVtfWCxvFza3tnd3S3n7DqFQTWieKK92KsKGcSVq3zHLaSjTFIuK0GQ0vc795T7VhSt7aUUJDgfuSxYxg66RG51rQPu6Wyn7FnwAtkmBGyhcfD99VAKh1S5+dniKpoNISjo1pB35iwwxrywin42InNTTBZIj7tO2oxIKaMJtcO0bHTumhWGlX0qKJ+nsiw8KYkYhcp8B2YOa9XPzPa6c2Pg8zJpPUUkmmi+KUI6tQ/jrqMU2J5SNHMNHM3YrIAGtMrAuo6EII5l9eJI3TSuBXghu/XM2jyFGAQziCEwjgDKpwBTWoA4E7eIRnePGU9+S9em/T1iVvNnMAf+C9/wDm8ZGT</latexit><latexit sha1_base64="iFZP9QHuv4sLGvU6XhGeeqFCuYU=">AAAB7XicbZC7SgNBFIbPxluMt3jpbAaDYBV2bbQzYKGdEcwFkhBmJ7PJmLksM7NCXPIONhaK2Nr5FD6BnaVv4uRSaOIPAx//fw5zzgljzoz1/S8vs7C4tLySXc2trW9sbuW3d6pGJZrQClFc6XqIDeVM0oplltN6rCkWIae1sH8+ymt3VBum5I0dxLQlcFeyiBFsnVVtXgnaxe18wS/6Y6F5CKZQOPu4/75430vL7fxns6NIIqi0hGNjGoEf21aKtWWE02GumRgaY9LHXdpwKLGgppWOpx2iQ+d0UKS0e9Kisfu7I8XCmIEIXaXAtmdms5H5X9ZIbHTaSpmME0slmXwUJRxZhUarow7TlFg+cICJZm5WRHpYY2LdgXLuCMHsyvNQPS4GfjG49gulEkyUhX04gCMI4ARKcAllqACBW3iAJ3j2lPfovXivk9KMN+3ZhT/y3n4AmCiS1w==</latexit><latexit sha1_base64="iFZP9QHuv4sLGvU6XhGeeqFCuYU=">AAAB7XicbZC7SgNBFIbPxluMt3jpbAaDYBV2bbQzYKGdEcwFkhBmJ7PJmLksM7NCXPIONhaK2Nr5FD6BnaVv4uRSaOIPAx//fw5zzgljzoz1/S8vs7C4tLySXc2trW9sbuW3d6pGJZrQClFc6XqIDeVM0oplltN6rCkWIae1sH8+ymt3VBum5I0dxLQlcFeyiBFsnVVtXgnaxe18wS/6Y6F5CKZQOPu4/75430vL7fxns6NIIqi0hGNjGoEf21aKtWWE02GumRgaY9LHXdpwKLGgppWOpx2iQ+d0UKS0e9Kisfu7I8XCmIEIXaXAtmdms5H5X9ZIbHTaSpmME0slmXwUJRxZhUarow7TlFg+cICJZm5WRHpYY2LdgXLuCMHsyvNQPS4GfjG49gulEkyUhX04gCMI4ARKcAllqACBW3iAJ3j2lPfovXivk9KMN+3ZhT/y3n4AmCiS1w==</latexit><latexit sha1_base64="goY88knoIbTv/iBaVFZc2f9txk8=">AAAB7XicbVA9SwNBEJ3zM8avqKXNYhCswp2NlgEbOyOYD0iOsLeZS9bs3h67e0I48h9sLBSx9f/Y+W/cJFdo4oOBx3szzMyLUsGN9f1vb219Y3Nru7RT3t3bPzisHB23jMo0wyZTQulORA0KnmDTciuwk2qkMhLYjsY3M7/9hNpwlTzYSYqhpMOEx5xR66RW707ikPYrVb/mz0FWSVCQKhRo9CtfvYFimcTEMkGN6QZ+asOcasuZwGm5lxlMKRvTIXYdTahEE+bza6fk3CkDEivtKrFkrv6eyKk0ZiIj1ympHZllbyb+53UzG1+HOU/SzGLCFoviTBCryOx1MuAamRUTRyjT3N1K2IhqyqwLqOxCCJZfXiWty1rg14J7v1qvF3GU4BTO4AICuII63EIDmsDgEZ7hFd485b14797HonXNK2ZO4A+8zx9dV471</latexit>

a0 ⇠ 1

↵gµ
⇠ 1

GMµ2
<latexit sha1_base64="GBcHVNLKrGmjVDJvdlkrwxjbXkM=">AAACIXicbVBNS8NAEJ34bf2qevSyWARPJfGiR0FBL0IFq4Wmhsl20y7uJmF3I5SQP6D/wYt/xIMXD4r0Jv4Ztx8HbX0w8Hhvhpl5YSq4Nq775czMzs0vLC4tl1ZW19Y3yptb1zrJFGV1mohENULUTPCY1Q03gjVSxVCGgt2EdycD/+aeKc2T+Mr0UtaS2Il5xCkaKwXlIwxc4msuiR8ppLlX5D6KtItBh/gyKya8M3IxkG8PiqBccavuEGSaeGNSOT55eHwBgFpQ7vvthGaSxYYK1Lrpualp5agMp4IVJT/TLEV6hx3WtDRGyXQrH35YkD2rtEmUKFuxIUP190SOUuueDG2nRNPVk95A/M9rZiY6auU8TjPDYjpaFGWCmIQM4iJtrhg1omcJUsXtrYR20aZhbKglG4I3+fI0uT6oem7Vu7RpnMIIS7ADu7APHhzCMZxDDepA4Qle4R0+nGfnzfl0+qPWGWc8sw1/4Hz/AGk2pUU=</latexit><latexit sha1_base64="6PVqq72iYWd/YzrlwcqeVcSuUNI=">AAACIXicbVDLSsNAFJ34rPVVdelmsAiuStKNghuhgm6ECvYBTQ0300k7dCYJMxOhhPyA/oMbv0Rx40KR7sSfcfpYaOuBC4dz7uXee/yYM6Vt+8taWFxaXlnNreXXNza3tgs7u3UVJZLQGol4JJs+KMpZSGuaaU6bsaQgfE4bfr8y8ht3VCoWhTd6ENO2gG7IAkZAG8krnIBnY1cxgd1AAkmdLHWBxz3wutgVSTbjXeCrkXxbzrxC0S7ZY+B54kxJ8axy//DMXk6rXmHodiKSCBpqwkGplmPHup2C1IxwmuXdRNEYSB+6tGVoCIKqdjr+MMOHRungIJKmQo3H6u+JFIRSA+GbTgG6p2a9kfif10p0cNJOWRgnmoZksihIONYRHsWFO0xSovnAECCSmVsx6YFJQ5tQ8yYEZ/bleVIvlxy75FybNM7RBDm0jw7QEXLQMTpDl6iKaoigR/SK3tGH9WS9WZ/WcNK6YE1n9tAfWN8/SR6mrA==</latexit><latexit sha1_base64="6PVqq72iYWd/YzrlwcqeVcSuUNI=">AAACIXicbVDLSsNAFJ34rPVVdelmsAiuStKNghuhgm6ECvYBTQ0300k7dCYJMxOhhPyA/oMbv0Rx40KR7sSfcfpYaOuBC4dz7uXee/yYM6Vt+8taWFxaXlnNreXXNza3tgs7u3UVJZLQGol4JJs+KMpZSGuaaU6bsaQgfE4bfr8y8ht3VCoWhTd6ENO2gG7IAkZAG8krnIBnY1cxgd1AAkmdLHWBxz3wutgVSTbjXeCrkXxbzrxC0S7ZY+B54kxJ8axy//DMXk6rXmHodiKSCBpqwkGplmPHup2C1IxwmuXdRNEYSB+6tGVoCIKqdjr+MMOHRungIJKmQo3H6u+JFIRSA+GbTgG6p2a9kfif10p0cNJOWRgnmoZksihIONYRHsWFO0xSovnAECCSmVsx6YFJQ5tQ8yYEZ/bleVIvlxy75FybNM7RBDm0jw7QEXLQMTpDl6iKaoigR/SK3tGH9WS9WZ/WcNK6YE1n9tAfWN8/SR6mrA==</latexit><latexit sha1_base64="St/7r7CB1rgPinLBqVu/40iXJb8=">AAACIXicbVBNS8NAEN34WetX1aOXxSJ4Kkkv9lhQ0ItQwX5AE8Nku2mX7iZhdyOUkL/ixb/ixYMivYl/xm2bg7Y+GHi8N8PMvCDhTGnb/rLW1jc2t7ZLO+Xdvf2Dw8rRcUfFqSS0TWIey14AinIW0bZmmtNeIimIgNNuML6a+d0nKhWLowc9SagnYBixkBHQRvIrDfBt7ComsBtKIJmTZy7wZAT+ELsizZe8G3w3kx/ruV+p2jV7DrxKnIJUUYGWX5m6g5ikgkaacFCq79iJ9jKQmhFO87KbKpoAGcOQ9g2NQFDlZfMPc3xulAEOY2kq0niu/p7IQCg1EYHpFKBHatmbif95/VSHDS9jUZJqGpHFojDlWMd4FhceMEmJ5hNDgEhmbsVkBCYNbUItmxCc5ZdXSadec+yac29Xm9dFHCV0is7QBXLQJWqiW9RCbUTQM3pF7+jDerHerE9rumhds4qZE/QH1vcPP2Gi7Q==</latexit>

large Bohr radius, small overlap

SR rate is sensitive to W⌦
<latexit sha1_base64="PnAn3gOm+qtagB/MQmG+rFlmdVo=">AAAB7XicbVC7SgNBFL3rM8ZX1NJmMAhWYddGOwM2dkYwD0iWMDuZTcbMY5mZFeKSf7CxUMTWH/EL7Cz9E2eTFJp44MLhnHu5954o4cxY3//ylpZXVtfWCxvFza3tnd3S3n7DqFQTWieKK92KsKGcSVq3zHLaSjTFIuK0GQ0vc795T7VhSt7aUUJDgfuSxYxg66RG51rQPu6Wyn7FnwAtkmBGyhcfD99VAKh1S5+dniKpoNISjo1pB35iwwxrywin42InNTTBZIj7tO2oxIKaMJtcO0bHTumhWGlX0qKJ+nsiw8KYkYhcp8B2YOa9XPzPa6c2Pg8zJpPUUkmmi+KUI6tQ/jrqMU2J5SNHMNHM3YrIAGtMrAuo6EII5l9eJI3TSuBXghu/XM2jyFGAQziCEwjgDKpwBTWoA4E7eIRnePGU9+S9em/T1iVvNnMAf+C9/wDm8ZGT</latexit><latexit sha1_base64="iFZP9QHuv4sLGvU6XhGeeqFCuYU=">AAAB7XicbZC7SgNBFIbPxluMt3jpbAaDYBV2bbQzYKGdEcwFkhBmJ7PJmLksM7NCXPIONhaK2Nr5FD6BnaVv4uRSaOIPAx//fw5zzgljzoz1/S8vs7C4tLySXc2trW9sbuW3d6pGJZrQClFc6XqIDeVM0oplltN6rCkWIae1sH8+ymt3VBum5I0dxLQlcFeyiBFsnVVtXgnaxe18wS/6Y6F5CKZQOPu4/75430vL7fxns6NIIqi0hGNjGoEf21aKtWWE02GumRgaY9LHXdpwKLGgppWOpx2iQ+d0UKS0e9Kisfu7I8XCmIEIXaXAtmdms5H5X9ZIbHTaSpmME0slmXwUJRxZhUarow7TlFg+cICJZm5WRHpYY2LdgXLuCMHsyvNQPS4GfjG49gulEkyUhX04gCMI4ARKcAllqACBW3iAJ3j2lPfovXivk9KMN+3ZhT/y3n4AmCiS1w==</latexit><latexit sha1_base64="iFZP9QHuv4sLGvU6XhGeeqFCuYU=">AAAB7XicbZC7SgNBFIbPxluMt3jpbAaDYBV2bbQzYKGdEcwFkhBmJ7PJmLksM7NCXPIONhaK2Nr5FD6BnaVv4uRSaOIPAx//fw5zzgljzoz1/S8vs7C4tLySXc2trW9sbuW3d6pGJZrQClFc6XqIDeVM0oplltN6rCkWIae1sH8+ymt3VBum5I0dxLQlcFeyiBFsnVVtXgnaxe18wS/6Y6F5CKZQOPu4/75430vL7fxns6NIIqi0hGNjGoEf21aKtWWE02GumRgaY9LHXdpwKLGgppWOpx2iQ+d0UKS0e9Kisfu7I8XCmIEIXaXAtmdms5H5X9ZIbHTaSpmME0slmXwUJRxZhUarow7TlFg+cICJZm5WRHpYY2LdgXLuCMHsyvNQPS4GfjG49gulEkyUhX04gCMI4ARKcAllqACBW3iAJ3j2lPfovXivk9KMN+3ZhT/y3n4AmCiS1w==</latexit><latexit sha1_base64="goY88knoIbTv/iBaVFZc2f9txk8=">AAAB7XicbVA9SwNBEJ3zM8avqKXNYhCswp2NlgEbOyOYD0iOsLeZS9bs3h67e0I48h9sLBSx9f/Y+W/cJFdo4oOBx3szzMyLUsGN9f1vb219Y3Nru7RT3t3bPzisHB23jMo0wyZTQulORA0KnmDTciuwk2qkMhLYjsY3M7/9hNpwlTzYSYqhpMOEx5xR66RW707ikPYrVb/mz0FWSVCQKhRo9CtfvYFimcTEMkGN6QZ+asOcasuZwGm5lxlMKRvTIXYdTahEE+bza6fk3CkDEivtKrFkrv6eyKk0ZiIj1ympHZllbyb+53UzG1+HOU/SzGLCFoviTBCryOx1MuAamRUTRyjT3N1K2IhqyqwLqOxCCJZfXiWty1rg14J7v1qvF3GU4BTO4AICuII63EIDmsDgEZ7hFd485b14797HonXNK2ZO4A+8zx9dV471</latexit>

“hydrogenic”

scalar wavefunction: 
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<latexit sha1_base64="u3v7+wMxvL4izIuCOUv/ZrZlsag="></latexit><latexit sha1_base64="vHCU6r6KMf6nUzp8KgXHDny2lfQ="></latexit><latexit sha1_base64="vHCU6r6KMf6nUzp8KgXHDny2lfQ="></latexit><latexit sha1_base64="Te1H5cQq/MOTWIujBBcx4rwHW9w="></latexit>

Superradiance rate depends on overlap:

Gravitational coupling is weak

µ . ⌦
<latexit sha1_base64="3HWUV31JQ3SJy5oB4QT9Rupx4PU=">AAAB/HicbVDLSgNBEOz1GeMrmqMHB4PgKex60YOHgB68GcE8ILuE2UknGTKzu8zMCkuI+CdePCji1Q/x5if4F04eB00saCiquunuChPBtXHdL2dpeWV1bT23kd/c2t7ZLezt13WcKoY1FotYNUOqUfAIa4Ybgc1EIZWhwEY4uBz7jXtUmsfRnckSDCTtRbzLGTVWaheKvkyJL1BrzSXxbyT2aLtQcsvuBGSReDNSqhx+XzwCQLVd+PQ7MUslRoYJqnXLcxMTDKkynAkc5f1UY0LZgPawZWlEJepgODl+RI6t0iHdWNmKDJmovyeGVGqdydB2Smr6et4bi/95rdR0z4Mhj5LUYMSmi7qpICYm4yRIhytkRmSWUKa4vZWwPlWUGZtX3obgzb+8SOqnZc8te7c2jSuYIgcHcAQn4MEZVOAaqlADBhk8wQu8Og/Os/PmvE9bl5zZTBH+wPn4AQYGloo=</latexit><latexit sha1_base64="IK7LbgyQyHc7xgg20+LiXvEKfLI=">AAAB/HicbVC7SgNBFJ31GeNrNaWFg0FIFXZttLAIaGFnBPOA7BJmJ3eTITO7y8yssCyx9ytsLBSx9UPs/AR7P8DJo9DEAxcO59zLvfcECWdKO86ntbS8srq2Xtgobm5t7+zae/tNFaeSQoPGPJbtgCjgLIKGZppDO5FARMChFQwvxn7rDqRicXSrswR8QfoRCxkl2khdu+SJFHsclFJMYO9aQJ907bJTdSbAi8SdkXLt8Ov84btYqXftD68X01RApCknSnVcJ9F+TqRmlMOo6KUKEkKHpA8dQyMiQPn55PgRPjZKD4exNBVpPFF/T+REKJWJwHQKogdq3huL/3mdVIdnfs6iJNUQ0emiMOVYx3icBO4xCVTzzBBCJTO3YjogklBt8iqaENz5lxdJ86TqOlX3xqRxiaYooAN0hCrIRaeohq5QHTUQRRl6RM/oxbq3nqxX623aumTNZkroD6z3H5u9l7k=</latexit><latexit sha1_base64="IK7LbgyQyHc7xgg20+LiXvEKfLI=">AAAB/HicbVC7SgNBFJ31GeNrNaWFg0FIFXZttLAIaGFnBPOA7BJmJ3eTITO7y8yssCyx9ytsLBSx9UPs/AR7P8DJo9DEAxcO59zLvfcECWdKO86ntbS8srq2Xtgobm5t7+zae/tNFaeSQoPGPJbtgCjgLIKGZppDO5FARMChFQwvxn7rDqRicXSrswR8QfoRCxkl2khdu+SJFHsclFJMYO9aQJ907bJTdSbAi8SdkXLt8Ov84btYqXftD68X01RApCknSnVcJ9F+TqRmlMOo6KUKEkKHpA8dQyMiQPn55PgRPjZKD4exNBVpPFF/T+REKJWJwHQKogdq3huL/3mdVIdnfs6iJNUQ0emiMOVYx3icBO4xCVTzzBBCJTO3YjogklBt8iqaENz5lxdJ86TqOlX3xqRxiaYooAN0hCrIRaeohq5QHTUQRRl6RM/oxbq3nqxX623aumTNZkroD6z3H5u9l7k=</latexit><latexit sha1_base64="sFUl2ZjiJi8NN7pcK/5fVYi8MME=">AAAB/HicbVBNS8NAEN34WetXtEcvi0XwVBIveizowZsV7Ac0oWy2k3bp7ibsboQQ6l/x4kERr/4Qb/4bt20O2vpg4PHeDDPzopQzbTzv21lb39jc2q7sVHf39g8O3aPjjk4yRaFNE56oXkQ0cCahbZjh0EsVEBFx6EaT65nffQSlWSIfTJ5CKMhIsphRYqw0cGuByHDAQWvNBA7uBIzIwK17DW8OvEr8ktRRidbA/QqGCc0ESEM50brve6kJC6IMoxym1SDTkBI6ISPoWyqJAB0W8+On+MwqQxwnypY0eK7+niiI0DoXke0UxIz1sjcT//P6mYmvwoLJNDMg6WJRnHFsEjxLAg+ZAmp4bgmhitlbMR0TRaixeVVtCP7yy6ukc9HwvYZ/79WbN2UcFXSCTtE58tElaqJb1EJtRFGOntErenOenBfn3flYtK455UwN/YHz+QNNDpSG</latexit>

SR requires large      , hence large m )
<latexit sha1_base64="ivp8NMTiwk0zrl1EEL8KkMOHrjs=">AAAB9HicbVDLSgNBEJz1GeMr6tHLYBA8hV0R9Bjworco5gHJEmYns8mQeawzvZGw5Du8eFDEqx/jzb9xkuxBEwsaiqpuuruiRHALvv/trayurW9sFraK2zu7e/ulg8OG1amhrE610KYVEcsEV6wOHARrJYYRGQnWjIbXU785YsZyrR5gnLBQkr7iMacEnBRK3Lnn/QEQY/RTt1T2K/4MeJkEOSmjHLVu6avT0zSVTAEVxNp24CcQZsQAp4JNip3UsoTQIemztqOKSGbDbHb0BJ86pYdjbVwpwDP190RGpLVjGblOSWBgF72p+J/XTiG+CjOukhSYovNFcSowaDxNAPe4YRTE2BFCDXe3YjoghlBwORVdCMHiy8ukcV4J/Epwd1Gu3uZxFNAxOkFnKECXqIpuUA3VEUWP6Bm9ojdv5L14797HvHXFy2eO0B94nz+5Z5IV</latexit><latexit sha1_base64="ivp8NMTiwk0zrl1EEL8KkMOHrjs=">AAAB9HicbVDLSgNBEJz1GeMr6tHLYBA8hV0R9Bjworco5gHJEmYns8mQeawzvZGw5Du8eFDEqx/jzb9xkuxBEwsaiqpuuruiRHALvv/trayurW9sFraK2zu7e/ulg8OG1amhrE610KYVEcsEV6wOHARrJYYRGQnWjIbXU785YsZyrR5gnLBQkr7iMacEnBRK3Lnn/QEQY/RTt1T2K/4MeJkEOSmjHLVu6avT0zSVTAEVxNp24CcQZsQAp4JNip3UsoTQIemztqOKSGbDbHb0BJ86pYdjbVwpwDP190RGpLVjGblOSWBgF72p+J/XTiG+CjOukhSYovNFcSowaDxNAPe4YRTE2BFCDXe3YjoghlBwORVdCMHiy8ukcV4J/Epwd1Gu3uZxFNAxOkFnKECXqIpuUA3VEUWP6Bm9ojdv5L14797HvHXFy2eO0B94nz+5Z5IV</latexit><latexit sha1_base64="ivp8NMTiwk0zrl1EEL8KkMOHrjs=">AAAB9HicbVDLSgNBEJz1GeMr6tHLYBA8hV0R9Bjworco5gHJEmYns8mQeawzvZGw5Du8eFDEqx/jzb9xkuxBEwsaiqpuuruiRHALvv/trayurW9sFraK2zu7e/ulg8OG1amhrE610KYVEcsEV6wOHARrJYYRGQnWjIbXU785YsZyrR5gnLBQkr7iMacEnBRK3Lnn/QEQY/RTt1T2K/4MeJkEOSmjHLVu6avT0zSVTAEVxNp24CcQZsQAp4JNip3UsoTQIemztqOKSGbDbHb0BJ86pYdjbVwpwDP190RGpLVjGblOSWBgF72p+J/XTiG+CjOukhSYovNFcSowaDxNAPe4YRTE2BFCDXe3YjoghlBwORVdCMHiy8ukcV4J/Epwd1Gu3uZxFNAxOkFnKECXqIpuUA3VEUWP6Bm9ojdv5L14797HvHXFy2eO0B94nz+5Z5IV</latexit><latexit sha1_base64="ivp8NMTiwk0zrl1EEL8KkMOHrjs=">AAAB9HicbVDLSgNBEJz1GeMr6tHLYBA8hV0R9Bjworco5gHJEmYns8mQeawzvZGw5Du8eFDEqx/jzb9xkuxBEwsaiqpuuruiRHALvv/trayurW9sFraK2zu7e/ulg8OG1amhrE610KYVEcsEV6wOHARrJYYRGQnWjIbXU785YsZyrR5gnLBQkr7iMacEnBRK3Lnn/QEQY/RTt1T2K/4MeJkEOSmjHLVu6avT0zSVTAEVxNp24CcQZsQAp4JNip3UsoTQIemztqOKSGbDbHb0BJ86pYdjbVwpwDP190RGpLVjGblOSWBgF72p+J/XTiG+CjOukhSYovNFcSowaDxNAPe4YRTE2BFCDXe3YjoghlBwORVdCMHiy8ukcV4J/Epwd1Gu3uZxFNAxOkFnKECXqIpuUA3VEUWP6Bm9ojdv5L14797HvHXFy2eO0B94nz+5Z5IV</latexit> l

<latexit sha1_base64="nixmFJyPvhjUIHzLUztfix5ou/0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeCF721YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmt3O/84RK81g+mGmCfkRHkoecUWOlphiUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfq93kcRTiDc7gED2pQhztoQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4A1iSM9w==</latexit><latexit sha1_base64="nixmFJyPvhjUIHzLUztfix5ou/0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeCF721YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmt3O/84RK81g+mGmCfkRHkoecUWOlphiUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfq93kcRTiDc7gED2pQhztoQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4A1iSM9w==</latexit><latexit sha1_base64="nixmFJyPvhjUIHzLUztfix5ou/0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeCF721YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmt3O/84RK81g+mGmCfkRHkoecUWOlphiUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfq93kcRTiDc7gED2pQhztoQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4A1iSM9w==</latexit><latexit sha1_base64="nixmFJyPvhjUIHzLUztfix5ou/0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeCF721YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmt3O/84RK81g+mGmCfkRHkoecUWOlphiUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfq93kcRTiDc7gED2pQhztoQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4A1iSM9w==</latexit>

µ & ⌦
<latexit sha1_base64="kXgSiQ3q30U5Fid0Vy9dRfvLYio=">AAAB+3icbVDLSgMxFL3js9bXWJcuDBbBVZlxowsXBV24s4J9QGcomTTThiaZIcmIZSj4JW5cKOLWH3HnJ/gXpo+Fth4IHM45l3tzopQzbTzvy1laXlldWy9sFDe3tnd23b1SQyeZIrROEp6oVoQ15UzSumGG01aqKBYRp81ocDn2m/dUaZbIOzNMaShwT7KYEWys1HFLgchQ0DM2IVBwI2gPd9yyV/EmQIvEn5Fy9fD74hEAah33M+gmJBNUGsKx1m3fS02YY2UY4XRUDDJNU0wGuEfblkosqA7zye0jdGyVLooTZZ80aKL+nsix0HooIpsU2PT1vDcW//PamYnPw5zJNDNUkumiOOPIJGhcBOoyRYnhQ0swUczeikgfK0yMratoS/Dnv7xIGqcV36v4t7aNK5iiAAdwBCfgwxlU4RpqUAcCD/AEL/DqjJxn5815n0aXnNnMPvyB8/EDOQ2WFg==</latexit><latexit sha1_base64="qpoJdOqNEwFUp3Ryx8t/p9vXoEc=">AAAB+3icbVC7TsMwFHV4lvIKZWTAokLqVCUsMDBUgoGNItGH1ESV496kVu0ksh1EFfUD+AkWBhBi5UfY+AR2PgD3MUDLkSwdnXOu7vUJUs6UdpxPa2l5ZXVtvbBR3Nza3tm190pNlWSSQoMmPJHtgCjgLIaGZppDO5VARMChFQwuxn7rDqRiSXyrhyn4gkQxCxkl2khdu+SJDHuRNgmBvWsBEenaZafqTIAXiTsj5drh1/nDd7FS79ofXi+hmYBYU06U6rhOqv2cSM0oh1HRyxSkhA5IBB1DYyJA+fnk9hE+NkoPh4k0L9Z4ov6eyIlQaigCkxRE99W8Nxb/8zqZDs/8nMVppiGm00VhxrFO8LgI3GMSqOZDQwiVzNyKaZ9IQrWpq2hKcOe/vEiaJ1XXqbo3po1LNEUBHaAjVEEuOkU1dIXqqIEoukeP6Bm9WCPryXq13qbRJWs2s4/+wHr/Ac7El0U=</latexit><latexit sha1_base64="qpoJdOqNEwFUp3Ryx8t/p9vXoEc=">AAAB+3icbVC7TsMwFHV4lvIKZWTAokLqVCUsMDBUgoGNItGH1ESV496kVu0ksh1EFfUD+AkWBhBi5UfY+AR2PgD3MUDLkSwdnXOu7vUJUs6UdpxPa2l5ZXVtvbBR3Nza3tm190pNlWSSQoMmPJHtgCjgLIaGZppDO5VARMChFQwuxn7rDqRiSXyrhyn4gkQxCxkl2khdu+SJDHuRNgmBvWsBEenaZafqTIAXiTsj5drh1/nDd7FS79ofXi+hmYBYU06U6rhOqv2cSM0oh1HRyxSkhA5IBB1DYyJA+fnk9hE+NkoPh4k0L9Z4ov6eyIlQaigCkxRE99W8Nxb/8zqZDs/8nMVppiGm00VhxrFO8LgI3GMSqOZDQwiVzNyKaZ9IQrWpq2hKcOe/vEiaJ1XXqbo3po1LNEUBHaAjVEEuOkU1dIXqqIEoukeP6Bm9WCPryXq13qbRJWs2s4/+wHr/Ac7El0U=</latexit><latexit sha1_base64="0kMUYXT5rFMja7xs6E3uKFUk69A=">AAAB+3icbVC7TsMwFL3hWcorlJHFokJiqhIWGCvBwEaR6ENqospxndSq7US2g6ii/goLAwix8iNs/A1umwFajmTp6Jxzda9PlHGmjed9O2vrG5tb25Wd6u7e/sGhe1Tr6DRXhLZJylPVi7CmnEnaNsxw2ssUxSLitBuNr2d+95EqzVL5YCYZDQVOJIsZwcZKA7cWiBwFibEJgYI7QRM8cOtew5sDrRK/JHUo0Rq4X8EwJbmg0hCOte77XmbCAivDCKfTapBrmmEyxgntWyqxoDos5rdP0ZlVhihOlX3SoLn6e6LAQuuJiGxSYDPSy95M/M/r5ya+Cgsms9xQSRaL4pwjk6JZEWjIFCWGTyzBRDF7KyIjrDAxtq6qLcFf/vIq6Vw0fK/h33v15k1ZRwVO4BTOwYdLaMIttKANBJ7gGV7hzZk6L86787GIrjnlzDH8gfP5A4AVlBI=</latexit>

large Bohr radius, small overlap

µ ⇠ ⌦
<latexit sha1_base64="EwBUJ/3TtLD8wzsgcNdcpiF80fc=">AAAB+HicbVC7SgNBFL3rM8ZHVi0tHAyCVdi10cIioIWdEcwDskuYncwmQ2Z2l3kIcQn4HzYWitj6KXZ+gn/h5FFo4oELh3Pu5d57oowzpT3vy1laXlldWy9sFDe3tndK7u5eQ6VGElonKU9lK8KKcpbQumaa01YmKRYRp81ocDn2m/dUKpYmd3qY0VDgXsJiRrC2UsctBcKgQDGBghtBe7jjlr2KNwFaJP6MlKuH3xePAFDruJ9BNyVG0EQTjpVq+16mwxxLzQino2JgFM0wGeAebVuaYEFVmE8OH6Fjq3RRnEpbiUYT9fdEjoVSQxHZToF1X817Y/E/r210fB7mLMmMpgmZLooNRzpF4xRQl0lKNB9agolk9lZE+lhiom1WRRuCP//yImmcVnyv4t/aNK5gigIcwBGcgA9nUIVrqEEdCBh4ghd4dR6cZ+fNeZ+2LjmzmX34A+fjB71XlKs=</latexit><latexit sha1_base64="AzvfPw1nTNpSmgHjJ+w/o4nJvmY=">AAAB+HicbVC7SgNBFJ31GddHVi0tHAxCqrBro4VFQAs7I5gHZJcwO5lNhszMLvMQ4pIP8BtsLBSx9VPs/AR7P8DJo9DEAxcO59zLvffEGaNK+/6ns7S8srq2XthwN7e2d4re7l5DpUZiUscpS2UrRoowKkhdU81IK5ME8ZiRZjy4GPvNOyIVTcWtHmYk4qgnaEIx0lbqeMWQGxgqymF4zUkPdbySX/EngIskmJFS9fDr/OHbLdc63kfYTbHhRGjMkFLtwM90lCOpKWZk5IZGkQzhAeqRtqUCcaKifHL4CB5bpQuTVNoSGk7U3xM54koNeWw7OdJ9Ne+Nxf+8ttHJWZRTkRlNBJ4uSgyDOoXjFGCXSoI1G1qCsKT2Voj7SCKsbVauDSGYf3mRNE4qgV8Jbmwal2CKAjgAR6AMAnAKquAK1EAdYGDAI3gGL8698+S8Om/T1iVnNrMP/sB5/wFTHZXa</latexit><latexit sha1_base64="AzvfPw1nTNpSmgHjJ+w/o4nJvmY=">AAAB+HicbVC7SgNBFJ31GddHVi0tHAxCqrBro4VFQAs7I5gHZJcwO5lNhszMLvMQ4pIP8BtsLBSx9VPs/AR7P8DJo9DEAxcO59zLvffEGaNK+/6ns7S8srq2XthwN7e2d4re7l5DpUZiUscpS2UrRoowKkhdU81IK5ME8ZiRZjy4GPvNOyIVTcWtHmYk4qgnaEIx0lbqeMWQGxgqymF4zUkPdbySX/EngIskmJFS9fDr/OHbLdc63kfYTbHhRGjMkFLtwM90lCOpKWZk5IZGkQzhAeqRtqUCcaKifHL4CB5bpQuTVNoSGk7U3xM54koNeWw7OdJ9Ne+Nxf+8ttHJWZRTkRlNBJ4uSgyDOoXjFGCXSoI1G1qCsKT2Voj7SCKsbVauDSGYf3mRNE4qgV8Jbmwal2CKAjgAR6AMAnAKquAK1EAdYGDAI3gGL8698+S8Om/T1iVnNrMP/sB5/wFTHZXa</latexit><latexit sha1_base64="yCA7//AuKCOgiBJTbKwI8gmuQmk=">AAAB+HicbVDLSgNBEJz1GeMjUY9eBoPgKex60WNAD96MYB6QXcLspDcZMjO7zEOIS77EiwdFvPop3vwbJ8keNLGgoajqprsrzjjTxve/vbX1jc2t7dJOeXdv/6BSPTxq69QqCi2a8lR1Y6KBMwktwwyHbqaAiJhDJx5fz/zOIyjNUvlgJhlEggwlSxglxkn9aiUUFoeaCRzeCRiSfrXm1/058CoJClJDBZr96lc4SKkVIA3lROte4GcmyokyjHKYlkOrISN0TIbQc1QSATrK54dP8ZlTBjhJlStp8Fz9PZETofVExK5TEDPSy95M/M/rWZNcRTmTmTUg6WJRYjk2KZ6lgAdMATV84gihirlbMR0RRahxWZVdCMHyy6ukfVEP/Hpw79caN0UcJXSCTtE5CtAlaqBb1EQtRJFFz+gVvXlP3ov37n0sWte8YuYY/YH3+QMEbpKn</latexit>

Strongest

superradiance

m⌦� µ > 0
<latexit sha1_base64="AYt4gY+eWVTs9NeP4tHhk1XpEn0=">AAAB+3icbVBNSwMxEJ2tX7V+rfXoJVgEL5ZdEfQkBS96soL9gG4p2TTbhibZJcmKZelf8eJBEa/+EW/+G9N2D9r6YODx3gwz88KEM20879sprKyurW8UN0tb2zu7e+5+uanjVBHaIDGPVTvEmnImacMww2k7URSLkNNWOLqe+q1HqjSL5YMZJ7Qr8ECyiBFsrNRzywIFd4IOMDpFgUjRFfJ6bsWrejOgZeLnpAI56j33K+jHJBVUGsKx1h3fS0w3w8owwumkFKSaJpiM8IB2LJVYUN3NZrdP0LFV+iiKlS1p0Ez9PZFhofVYhLZTYDPUi95U/M/rpCa67GZMJqmhkswXRSlHJkbTIFCfKUoMH1uCiWL2VkSGWGFibFwlG4K/+PIyaZ5Vfa/q359Xard5HEU4hCM4AR8uoAY3UIcGEHiCZ3iFN2fivDjvzse8teDkMwfwB87nDyR7kpE=</latexit><latexit sha1_base64="AYt4gY+eWVTs9NeP4tHhk1XpEn0=">AAAB+3icbVBNSwMxEJ2tX7V+rfXoJVgEL5ZdEfQkBS96soL9gG4p2TTbhibZJcmKZelf8eJBEa/+EW/+G9N2D9r6YODx3gwz88KEM20879sprKyurW8UN0tb2zu7e+5+uanjVBHaIDGPVTvEmnImacMww2k7URSLkNNWOLqe+q1HqjSL5YMZJ7Qr8ECyiBFsrNRzywIFd4IOMDpFgUjRFfJ6bsWrejOgZeLnpAI56j33K+jHJBVUGsKx1h3fS0w3w8owwumkFKSaJpiM8IB2LJVYUN3NZrdP0LFV+iiKlS1p0Ez9PZFhofVYhLZTYDPUi95U/M/rpCa67GZMJqmhkswXRSlHJkbTIFCfKUoMH1uCiWL2VkSGWGFibFwlG4K/+PIyaZ5Vfa/q359Xard5HEU4hCM4AR8uoAY3UIcGEHiCZ3iFN2fivDjvzse8teDkMwfwB87nDyR7kpE=</latexit><latexit sha1_base64="AYt4gY+eWVTs9NeP4tHhk1XpEn0=">AAAB+3icbVBNSwMxEJ2tX7V+rfXoJVgEL5ZdEfQkBS96soL9gG4p2TTbhibZJcmKZelf8eJBEa/+EW/+G9N2D9r6YODx3gwz88KEM20879sprKyurW8UN0tb2zu7e+5+uanjVBHaIDGPVTvEmnImacMww2k7URSLkNNWOLqe+q1HqjSL5YMZJ7Qr8ECyiBFsrNRzywIFd4IOMDpFgUjRFfJ6bsWrejOgZeLnpAI56j33K+jHJBVUGsKx1h3fS0w3w8owwumkFKSaJpiM8IB2LJVYUN3NZrdP0LFV+iiKlS1p0Ez9PZFhofVYhLZTYDPUi95U/M/rpCa67GZMJqmhkswXRSlHJkbTIFCfKUoMH1uCiWL2VkSGWGFibFwlG4K/+PIyaZ5Vfa/q359Xard5HEU4hCM4AR8uoAY3UIcGEHiCZ3iFN2fivDjvzse8teDkMwfwB87nDyR7kpE=</latexit><latexit sha1_base64="AYt4gY+eWVTs9NeP4tHhk1XpEn0=">AAAB+3icbVBNSwMxEJ2tX7V+rfXoJVgEL5ZdEfQkBS96soL9gG4p2TTbhibZJcmKZelf8eJBEa/+EW/+G9N2D9r6YODx3gwz88KEM20879sprKyurW8UN0tb2zu7e+5+uanjVBHaIDGPVTvEmnImacMww2k7URSLkNNWOLqe+q1HqjSL5YMZJ7Qr8ECyiBFsrNRzywIFd4IOMDpFgUjRFfJ6bsWrejOgZeLnpAI56j33K+jHJBVUGsKx1h3fS0w3w8owwumkFKSaJpiM8IB2LJVYUN3NZrdP0LFV+iiKlS1p0Ez9PZFhofVYhLZTYDPUi95U/M/rpCa67GZMJqmhkswXRSlHJkbTIFCfKUoMH1uCiWL2VkSGWGFibFwlG4K/+PIyaZ5Vfa/q359Xard5HEU4hCM4AR8uoAY3UIcGEHiCZ3iFN2fivDjvzse8teDkMwfwB87nDyR7kpE=</latexit>

Superradiance condition: (|m|  l)
<latexit sha1_base64="TpRSoa91vjic2Ps/tg5/SptGlyw=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRahXsquCHoseNFbBfsB3aVk02wbmmTXJCuUbf+GFw+KePXPePPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etXScKkKbJOax6oRYU84kbRpmOO0kimIRctoORzczv/1ElWaxfDDjhAYCDySLGMHGSn51IibI5/QR8fNeueLW3DnQKvFyUoEcjV75y+/HJBVUGsKx1l3PTUyQYWUY4XRa8lNNE0xGeEC7lkosqA6y+c1TdGaVPopiZUsaNFd/T2RYaD0Woe0U2Az1sjcT//O6qYmug4zJJDVUksWiKOXIxGgWAOozRYnhY0swUczeisgQK0yMjalkQ/CWX14lrYua59a8+8tK/S6PowgncApV8OAK6nALDWgCgQSe4RXenNR5cd6dj0VrwclnjuEPnM8f8BOQ+Q==</latexit><latexit sha1_base64="TpRSoa91vjic2Ps/tg5/SptGlyw=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRahXsquCHoseNFbBfsB3aVk02wbmmTXJCuUbf+GFw+KePXPePPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etXScKkKbJOax6oRYU84kbRpmOO0kimIRctoORzczv/1ElWaxfDDjhAYCDySLGMHGSn51IibI5/QR8fNeueLW3DnQKvFyUoEcjV75y+/HJBVUGsKx1l3PTUyQYWUY4XRa8lNNE0xGeEC7lkosqA6y+c1TdGaVPopiZUsaNFd/T2RYaD0Woe0U2Az1sjcT//O6qYmug4zJJDVUksWiKOXIxGgWAOozRYnhY0swUczeisgQK0yMjalkQ/CWX14lrYua59a8+8tK/S6PowgncApV8OAK6nALDWgCgQSe4RXenNR5cd6dj0VrwclnjuEPnM8f8BOQ+Q==</latexit><latexit sha1_base64="TpRSoa91vjic2Ps/tg5/SptGlyw=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRahXsquCHoseNFbBfsB3aVk02wbmmTXJCuUbf+GFw+KePXPePPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etXScKkKbJOax6oRYU84kbRpmOO0kimIRctoORzczv/1ElWaxfDDjhAYCDySLGMHGSn51IibI5/QR8fNeueLW3DnQKvFyUoEcjV75y+/HJBVUGsKx1l3PTUyQYWUY4XRa8lNNE0xGeEC7lkosqA6y+c1TdGaVPopiZUsaNFd/T2RYaD0Woe0U2Az1sjcT//O6qYmug4zJJDVUksWiKOXIxGgWAOozRYnhY0swUczeisgQK0yMjalkQ/CWX14lrYua59a8+8tK/S6PowgncApV8OAK6nALDWgCgQSe4RXenNR5cd6dj0VrwclnjuEPnM8f8BOQ+Q==</latexit><latexit sha1_base64="TpRSoa91vjic2Ps/tg5/SptGlyw=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRahXsquCHoseNFbBfsB3aVk02wbmmTXJCuUbf+GFw+KePXPePPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etXScKkKbJOax6oRYU84kbRpmOO0kimIRctoORzczv/1ElWaxfDDjhAYCDySLGMHGSn51IibI5/QR8fNeueLW3DnQKvFyUoEcjV75y+/HJBVUGsKx1l3PTUyQYWUY4XRa8lNNE0xGeEC7lkosqA6y+c1TdGaVPopiZUsaNFd/T2RYaD0Woe0U2Az1sjcT//O6qYmug4zJJDVUksWiKOXIxGgWAOozRYnhY0swUczeisgQK0yMjalkQ/CWX14lrYua59a8+8tK/S6PowgncApV8OAK6nALDWgCgQSe4RXenNR5cd6dj0VrwclnjuEPnM8f8BOQ+Q==</latexit>
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<latexit sha1_base64="ho3WG5/HVpoQWyygT9pgSLp7rfE="></latexit><latexit sha1_base64="ho3WG5/HVpoQWyygT9pgSLp7rfE="></latexit><latexit sha1_base64="ho3WG5/HVpoQWyygT9pgSLp7rfE="></latexit><latexit sha1_base64="ho3WG5/HVpoQWyygT9pgSLp7rfE="></latexit>



large Bohr radius, small overlap

SR rate is sensitive to W
⌦

<latexit sha1_base64="PnAn3gOm+qtagB/MQmG+rFlmdVo=">AAAB7XicbVC7SgNBFL3rM8ZX1NJmMAhWYddGOwM2dkYwD0iWMDuZTcbMY5mZFeKSf7CxUMTWH/EL7Cz9E2eTFJp44MLhnHu5954o4cxY3//ylpZXVtfWCxvFza3tnd3S3n7DqFQTWieKK92KsKGcSVq3zHLaSjTFIuK0GQ0vc795T7VhSt7aUUJDgfuSxYxg66RG51rQPu6Wyn7FnwAtkmBGyhcfD99VAKh1S5+dniKpoNISjo1pB35iwwxrywin42InNTTBZIj7tO2oxIKaMJtcO0bHTumhWGlX0qKJ+nsiw8KYkYhcp8B2YOa9XPzPa6c2Pg8zJpPUUkmmi+KUI6tQ/jrqMU2J5SNHMNHM3YrIAGtMrAuo6EII5l9eJI3TSuBXghu/XM2jyFGAQziCEwjgDKpwBTWoA4E7eIRnePGU9+S9em/T1iVvNnMAf+C9/wDm8ZGT</latexit><latexit sha1_base64="iFZP9QHuv4sLGvU6XhGeeqFCuYU=">AAAB7XicbZC7SgNBFIbPxluMt3jpbAaDYBV2bbQzYKGdEcwFkhBmJ7PJmLksM7NCXPIONhaK2Nr5FD6BnaVv4uRSaOIPAx//fw5zzgljzoz1/S8vs7C4tLySXc2trW9sbuW3d6pGJZrQClFc6XqIDeVM0oplltN6rCkWIae1sH8+ymt3VBum5I0dxLQlcFeyiBFsnVVtXgnaxe18wS/6Y6F5CKZQOPu4/75430vL7fxns6NIIqi0hGNjGoEf21aKtWWE02GumRgaY9LHXdpwKLGgppWOpx2iQ+d0UKS0e9Kisfu7I8XCmIEIXaXAtmdms5H5X9ZIbHTaSpmME0slmXwUJRxZhUarow7TlFg+cICJZm5WRHpYY2LdgXLuCMHsyvNQPS4GfjG49gulEkyUhX04gCMI4ARKcAllqACBW3iAJ3j2lPfovXivk9KMN+3ZhT/y3n4AmCiS1w==</latexit><latexit sha1_base64="iFZP9QHuv4sLGvU6XhGeeqFCuYU=">AAAB7XicbZC7SgNBFIbPxluMt3jpbAaDYBV2bbQzYKGdEcwFkhBmJ7PJmLksM7NCXPIONhaK2Nr5FD6BnaVv4uRSaOIPAx//fw5zzgljzoz1/S8vs7C4tLySXc2trW9sbuW3d6pGJZrQClFc6XqIDeVM0oplltN6rCkWIae1sH8+ymt3VBum5I0dxLQlcFeyiBFsnVVtXgnaxe18wS/6Y6F5CKZQOPu4/75430vL7fxns6NIIqi0hGNjGoEf21aKtWWE02GumRgaY9LHXdpwKLGgppWOpx2iQ+d0UKS0e9Kisfu7I8XCmIEIXaXAtmdms5H5X9ZIbHTaSpmME0slmXwUJRxZhUarow7TlFg+cICJZm5WRHpYY2LdgXLuCMHsyvNQPS4GfjG49gulEkyUhX04gCMI4ARKcAllqACBW3iAJ3j2lPfovXivk9KMN+3ZhT/y3n4AmCiS1w==</latexit><latexit sha1_base64="goY88knoIbTv/iBaVFZc2f9txk8=">AAAB7XicbVA9SwNBEJ3zM8avqKXNYhCswp2NlgEbOyOYD0iOsLeZS9bs3h67e0I48h9sLBSx9f/Y+W/cJFdo4oOBx3szzMyLUsGN9f1vb219Y3Nru7RT3t3bPzisHB23jMo0wyZTQulORA0KnmDTciuwk2qkMhLYjsY3M7/9hNpwlTzYSYqhpMOEx5xR66RW707ikPYrVb/mz0FWSVCQKhRo9CtfvYFimcTEMkGN6QZ+asOcasuZwGm5lxlMKRvTIXYdTahEE+bza6fk3CkDEivtKrFkrv6eyKk0ZiIj1ympHZllbyb+53UzG1+HOU/SzGLCFoviTBCryOx1MuAamRUTRyjT3N1K2IhqyqwLqOxCCJZfXiWty1rg14J7v1qvF3GU4BTO4AICuII63EIDmsDgEZ7hFd485b14797HonXNK2ZO4A+8zx9dV471</latexit>

a0 ⇠ 1

↵gµ
⇠ 1

GMµ2
<latexit sha1_base64="GBcHVNLKrGmjVDJvdlkrwxjbXkM=">AAACIXicbVBNS8NAEJ34bf2qevSyWARPJfGiR0FBL0IFq4Wmhsl20y7uJmF3I5SQP6D/wYt/xIMXD4r0Jv4Ztx8HbX0w8Hhvhpl5YSq4Nq775czMzs0vLC4tl1ZW19Y3yptb1zrJFGV1mohENULUTPCY1Q03gjVSxVCGgt2EdycD/+aeKc2T+Mr0UtaS2Il5xCkaKwXlIwxc4msuiR8ppLlX5D6KtItBh/gyKya8M3IxkG8PiqBccavuEGSaeGNSOT55eHwBgFpQ7vvthGaSxYYK1Lrpualp5agMp4IVJT/TLEV6hx3WtDRGyXQrH35YkD2rtEmUKFuxIUP190SOUuueDG2nRNPVk95A/M9rZiY6auU8TjPDYjpaFGWCmIQM4iJtrhg1omcJUsXtrYR20aZhbKglG4I3+fI0uT6oem7Vu7RpnMIIS7ADu7APHhzCMZxDDepA4Qle4R0+nGfnzfl0+qPWGWc8sw1/4Hz/AGk2pUU=</latexit><latexit sha1_base64="6PVqq72iYWd/YzrlwcqeVcSuUNI=">AAACIXicbVDLSsNAFJ34rPVVdelmsAiuStKNghuhgm6ECvYBTQ0300k7dCYJMxOhhPyA/oMbv0Rx40KR7sSfcfpYaOuBC4dz7uXee/yYM6Vt+8taWFxaXlnNreXXNza3tgs7u3UVJZLQGol4JJs+KMpZSGuaaU6bsaQgfE4bfr8y8ht3VCoWhTd6ENO2gG7IAkZAG8krnIBnY1cxgd1AAkmdLHWBxz3wutgVSTbjXeCrkXxbzrxC0S7ZY+B54kxJ8axy//DMXk6rXmHodiKSCBpqwkGplmPHup2C1IxwmuXdRNEYSB+6tGVoCIKqdjr+MMOHRungIJKmQo3H6u+JFIRSA+GbTgG6p2a9kfif10p0cNJOWRgnmoZksihIONYRHsWFO0xSovnAECCSmVsx6YFJQ5tQ8yYEZ/bleVIvlxy75FybNM7RBDm0jw7QEXLQMTpDl6iKaoigR/SK3tGH9WS9WZ/WcNK6YE1n9tAfWN8/SR6mrA==</latexit><latexit sha1_base64="6PVqq72iYWd/YzrlwcqeVcSuUNI=">AAACIXicbVDLSsNAFJ34rPVVdelmsAiuStKNghuhgm6ECvYBTQ0300k7dCYJMxOhhPyA/oMbv0Rx40KR7sSfcfpYaOuBC4dz7uXee/yYM6Vt+8taWFxaXlnNreXXNza3tgs7u3UVJZLQGol4JJs+KMpZSGuaaU6bsaQgfE4bfr8y8ht3VCoWhTd6ENO2gG7IAkZAG8krnIBnY1cxgd1AAkmdLHWBxz3wutgVSTbjXeCrkXxbzrxC0S7ZY+B54kxJ8axy//DMXk6rXmHodiKSCBpqwkGplmPHup2C1IxwmuXdRNEYSB+6tGVoCIKqdjr+MMOHRungIJKmQo3H6u+JFIRSA+GbTgG6p2a9kfif10p0cNJOWRgnmoZksihIONYRHsWFO0xSovnAECCSmVsx6YFJQ5tQ8yYEZ/bleVIvlxy75FybNM7RBDm0jw7QEXLQMTpDl6iKaoigR/SK3tGH9WS9WZ/WcNK6YE1n9tAfWN8/SR6mrA==</latexit><latexit sha1_base64="St/7r7CB1rgPinLBqVu/40iXJb8=">AAACIXicbVBNS8NAEN34WetX1aOXxSJ4Kkkv9lhQ0ItQwX5AE8Nku2mX7iZhdyOUkL/ixb/ixYMivYl/xm2bg7Y+GHi8N8PMvCDhTGnb/rLW1jc2t7ZLO+Xdvf2Dw8rRcUfFqSS0TWIey14AinIW0bZmmtNeIimIgNNuML6a+d0nKhWLowc9SagnYBixkBHQRvIrDfBt7ComsBtKIJmTZy7wZAT+ELsizZe8G3w3kx/ruV+p2jV7DrxKnIJUUYGWX5m6g5ikgkaacFCq79iJ9jKQmhFO87KbKpoAGcOQ9g2NQFDlZfMPc3xulAEOY2kq0niu/p7IQCg1EYHpFKBHatmbif95/VSHDS9jUZJqGpHFojDlWMd4FhceMEmJ5hNDgEhmbsVkBCYNbUItmxCc5ZdXSadec+yac29Xm9dFHCV0is7QBXLQJWqiW9RCbUTQM3pF7+jDerHerE9rumhds4qZE/QH1vcPP2Gi7Q==</latexit>

Superradiance is strongest near µ ⇠ ⌦

) bounds are a strong function of ⌦.

<latexit sha1_base64="iJvGcdy/YcOz0z2PPzZH+cwIqEg="></latexit><latexit sha1_base64="iJvGcdy/YcOz0z2PPzZH+cwIqEg="></latexit><latexit sha1_base64="iJvGcdy/YcOz0z2PPzZH+cwIqEg="></latexit><latexit sha1_base64="iJvGcdy/YcOz0z2PPzZH+cwIqEg="></latexit>

⌦
<latexit sha1_base64="PnAn3gOm+qtagB/MQmG+rFlmdVo=">AAAB7XicbVC7SgNBFL3rM8ZX1NJmMAhWYddGOwM2dkYwD0iWMDuZTcbMY5mZFeKSf7CxUMTWH/EL7Cz9E2eTFJp44MLhnHu5954o4cxY3//ylpZXVtfWCxvFza3tnd3S3n7DqFQTWieKK92KsKGcSVq3zHLaSjTFIuK0GQ0vc795T7VhSt7aUUJDgfuSxYxg66RG51rQPu6Wyn7FnwAtkmBGyhcfD99VAKh1S5+dniKpoNISjo1pB35iwwxrywin42InNTTBZIj7tO2oxIKaMJtcO0bHTumhWGlX0qKJ+nsiw8KYkYhcp8B2YOa9XPzPa6c2Pg8zJpPUUkmmi+KUI6tQ/jrqMU2J5SNHMNHM3YrIAGtMrAuo6EII5l9eJI3TSuBXghu/XM2jyFGAQziCEwjgDKpwBTWoA4E7eIRnePGU9+S9em/T1iVvNnMAf+C9/wDm8ZGT</latexit><latexit sha1_base64="iFZP9QHuv4sLGvU6XhGeeqFCuYU=">AAAB7XicbZC7SgNBFIbPxluMt3jpbAaDYBV2bbQzYKGdEcwFkhBmJ7PJmLksM7NCXPIONhaK2Nr5FD6BnaVv4uRSaOIPAx//fw5zzgljzoz1/S8vs7C4tLySXc2trW9sbuW3d6pGJZrQClFc6XqIDeVM0oplltN6rCkWIae1sH8+ymt3VBum5I0dxLQlcFeyiBFsnVVtXgnaxe18wS/6Y6F5CKZQOPu4/75430vL7fxns6NIIqi0hGNjGoEf21aKtWWE02GumRgaY9LHXdpwKLGgppWOpx2iQ+d0UKS0e9Kisfu7I8XCmIEIXaXAtmdms5H5X9ZIbHTaSpmME0slmXwUJRxZhUarow7TlFg+cICJZm5WRHpYY2LdgXLuCMHsyvNQPS4GfjG49gulEkyUhX04gCMI4ARKcAllqACBW3iAJ3j2lPfovXivk9KMN+3ZhT/y3n4AmCiS1w==</latexit><latexit sha1_base64="iFZP9QHuv4sLGvU6XhGeeqFCuYU=">AAAB7XicbZC7SgNBFIbPxluMt3jpbAaDYBV2bbQzYKGdEcwFkhBmJ7PJmLksM7NCXPIONhaK2Nr5FD6BnaVv4uRSaOIPAx//fw5zzgljzoz1/S8vs7C4tLySXc2trW9sbuW3d6pGJZrQClFc6XqIDeVM0oplltN6rCkWIae1sH8+ymt3VBum5I0dxLQlcFeyiBFsnVVtXgnaxe18wS/6Y6F5CKZQOPu4/75430vL7fxns6NIIqi0hGNjGoEf21aKtWWE02GumRgaY9LHXdpwKLGgppWOpx2iQ+d0UKS0e9Kisfu7I8XCmIEIXaXAtmdms5H5X9ZIbHTaSpmME0slmXwUJRxZhUarow7TlFg+cICJZm5WRHpYY2LdgXLuCMHsyvNQPS4GfjG49gulEkyUhX04gCMI4ARKcAllqACBW3iAJ3j2lPfovXivk9KMN+3ZhT/y3n4AmCiS1w==</latexit><latexit sha1_base64="goY88knoIbTv/iBaVFZc2f9txk8=">AAAB7XicbVA9SwNBEJ3zM8avqKXNYhCswp2NlgEbOyOYD0iOsLeZS9bs3h67e0I48h9sLBSx9f/Y+W/cJFdo4oOBx3szzMyLUsGN9f1vb219Y3Nru7RT3t3bPzisHB23jMo0wyZTQulORA0KnmDTciuwk2qkMhLYjsY3M7/9hNpwlTzYSYqhpMOEx5xR66RW707ikPYrVb/mz0FWSVCQKhRo9CtfvYFimcTEMkGN6QZ+asOcasuZwGm5lxlMKRvTIXYdTahEE+bza6fk3CkDEivtKrFkrv6eyKk0ZiIj1ympHZllbyb+53UzG1+HOU/SzGLCFoviTBCryOx1MuAamRUTRyjT3N1K2IhqyqwLqOxCCJZfXiWty1rg14J7v1qvF3GU4BTO4AICuII63EIDmsDgEZ7hFd485b14797HonXNK2ZO4A+8zx9dV471</latexit>

“hydrogenic”

scalar wavefunction: 
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<latexit sha1_base64="u3v7+wMxvL4izIuCOUv/ZrZlsag="></latexit><latexit sha1_base64="vHCU6r6KMf6nUzp8KgXHDny2lfQ="></latexit><latexit sha1_base64="vHCU6r6KMf6nUzp8KgXHDny2lfQ="></latexit><latexit sha1_base64="Te1H5cQq/MOTWIujBBcx4rwHW9w="></latexit>

Superradiance rate depends on overlap:

Gravitational coupling is weak

µ . ⌦
<latexit sha1_base64="3HWUV31JQ3SJy5oB4QT9Rupx4PU=">AAAB/HicbVDLSgNBEOz1GeMrmqMHB4PgKex60YOHgB68GcE8ILuE2UknGTKzu8zMCkuI+CdePCji1Q/x5if4F04eB00saCiquunuChPBtXHdL2dpeWV1bT23kd/c2t7ZLezt13WcKoY1FotYNUOqUfAIa4Ybgc1EIZWhwEY4uBz7jXtUmsfRnckSDCTtRbzLGTVWaheKvkyJL1BrzSXxbyT2aLtQcsvuBGSReDNSqhx+XzwCQLVd+PQ7MUslRoYJqnXLcxMTDKkynAkc5f1UY0LZgPawZWlEJepgODl+RI6t0iHdWNmKDJmovyeGVGqdydB2Smr6et4bi/95rdR0z4Mhj5LUYMSmi7qpICYm4yRIhytkRmSWUKa4vZWwPlWUGZtX3obgzb+8SOqnZc8te7c2jSuYIgcHcAQn4MEZVOAaqlADBhk8wQu8Og/Os/PmvE9bl5zZTBH+wPn4AQYGloo=</latexit><latexit sha1_base64="IK7LbgyQyHc7xgg20+LiXvEKfLI=">AAAB/HicbVC7SgNBFJ31GeNrNaWFg0FIFXZttLAIaGFnBPOA7BJmJ3eTITO7y8yssCyx9ytsLBSx9UPs/AR7P8DJo9DEAxcO59zLvfcECWdKO86ntbS8srq2Xtgobm5t7+zae/tNFaeSQoPGPJbtgCjgLIKGZppDO5FARMChFQwvxn7rDqRicXSrswR8QfoRCxkl2khdu+SJFHsclFJMYO9aQJ907bJTdSbAi8SdkXLt8Ov84btYqXftD68X01RApCknSnVcJ9F+TqRmlMOo6KUKEkKHpA8dQyMiQPn55PgRPjZKD4exNBVpPFF/T+REKJWJwHQKogdq3huL/3mdVIdnfs6iJNUQ0emiMOVYx3icBO4xCVTzzBBCJTO3YjogklBt8iqaENz5lxdJ86TqOlX3xqRxiaYooAN0hCrIRaeohq5QHTUQRRl6RM/oxbq3nqxX623aumTNZkroD6z3H5u9l7k=</latexit><latexit sha1_base64="IK7LbgyQyHc7xgg20+LiXvEKfLI=">AAAB/HicbVC7SgNBFJ31GeNrNaWFg0FIFXZttLAIaGFnBPOA7BJmJ3eTITO7y8yssCyx9ytsLBSx9UPs/AR7P8DJo9DEAxcO59zLvfcECWdKO86ntbS8srq2Xtgobm5t7+zae/tNFaeSQoPGPJbtgCjgLIKGZppDO5FARMChFQwvxn7rDqRicXSrswR8QfoRCxkl2khdu+SJFHsclFJMYO9aQJ907bJTdSbAi8SdkXLt8Ov84btYqXftD68X01RApCknSnVcJ9F+TqRmlMOo6KUKEkKHpA8dQyMiQPn55PgRPjZKD4exNBVpPFF/T+REKJWJwHQKogdq3huL/3mdVIdnfs6iJNUQ0emiMOVYx3icBO4xCVTzzBBCJTO3YjogklBt8iqaENz5lxdJ86TqOlX3xqRxiaYooAN0hCrIRaeohq5QHTUQRRl6RM/oxbq3nqxX623aumTNZkroD6z3H5u9l7k=</latexit><latexit sha1_base64="sFUl2ZjiJi8NN7pcK/5fVYi8MME=">AAAB/HicbVBNS8NAEN34WetXtEcvi0XwVBIveizowZsV7Ac0oWy2k3bp7ibsboQQ6l/x4kERr/4Qb/4bt20O2vpg4PHeDDPzopQzbTzv21lb39jc2q7sVHf39g8O3aPjjk4yRaFNE56oXkQ0cCahbZjh0EsVEBFx6EaT65nffQSlWSIfTJ5CKMhIsphRYqw0cGuByHDAQWvNBA7uBIzIwK17DW8OvEr8ktRRidbA/QqGCc0ESEM50brve6kJC6IMoxym1SDTkBI6ISPoWyqJAB0W8+On+MwqQxwnypY0eK7+niiI0DoXke0UxIz1sjcT//P6mYmvwoLJNDMg6WJRnHFsEjxLAg+ZAmp4bgmhitlbMR0TRaixeVVtCP7yy6ukc9HwvYZ/79WbN2UcFXSCTtE58tElaqJb1EJtRFGOntErenOenBfn3flYtK455UwN/YHz+QNNDpSG</latexit>

SR requires large      , hence large m )
<latexit sha1_base64="ivp8NMTiwk0zrl1EEL8KkMOHrjs=">AAAB9HicbVDLSgNBEJz1GeMr6tHLYBA8hV0R9Bjworco5gHJEmYns8mQeawzvZGw5Du8eFDEqx/jzb9xkuxBEwsaiqpuuruiRHALvv/trayurW9sFraK2zu7e/ulg8OG1amhrE610KYVEcsEV6wOHARrJYYRGQnWjIbXU785YsZyrR5gnLBQkr7iMacEnBRK3Lnn/QEQY/RTt1T2K/4MeJkEOSmjHLVu6avT0zSVTAEVxNp24CcQZsQAp4JNip3UsoTQIemztqOKSGbDbHb0BJ86pYdjbVwpwDP190RGpLVjGblOSWBgF72p+J/XTiG+CjOukhSYovNFcSowaDxNAPe4YRTE2BFCDXe3YjoghlBwORVdCMHiy8ukcV4J/Epwd1Gu3uZxFNAxOkFnKECXqIpuUA3VEUWP6Bm9ojdv5L14797HvHXFy2eO0B94nz+5Z5IV</latexit><latexit sha1_base64="ivp8NMTiwk0zrl1EEL8KkMOHrjs=">AAAB9HicbVDLSgNBEJz1GeMr6tHLYBA8hV0R9Bjworco5gHJEmYns8mQeawzvZGw5Du8eFDEqx/jzb9xkuxBEwsaiqpuuruiRHALvv/trayurW9sFraK2zu7e/ulg8OG1amhrE610KYVEcsEV6wOHARrJYYRGQnWjIbXU785YsZyrR5gnLBQkr7iMacEnBRK3Lnn/QEQY/RTt1T2K/4MeJkEOSmjHLVu6avT0zSVTAEVxNp24CcQZsQAp4JNip3UsoTQIemztqOKSGbDbHb0BJ86pYdjbVwpwDP190RGpLVjGblOSWBgF72p+J/XTiG+CjOukhSYovNFcSowaDxNAPe4YRTE2BFCDXe3YjoghlBwORVdCMHiy8ukcV4J/Epwd1Gu3uZxFNAxOkFnKECXqIpuUA3VEUWP6Bm9ojdv5L14797HvHXFy2eO0B94nz+5Z5IV</latexit><latexit sha1_base64="ivp8NMTiwk0zrl1EEL8KkMOHrjs=">AAAB9HicbVDLSgNBEJz1GeMr6tHLYBA8hV0R9Bjworco5gHJEmYns8mQeawzvZGw5Du8eFDEqx/jzb9xkuxBEwsaiqpuuruiRHALvv/trayurW9sFraK2zu7e/ulg8OG1amhrE610KYVEcsEV6wOHARrJYYRGQnWjIbXU785YsZyrR5gnLBQkr7iMacEnBRK3Lnn/QEQY/RTt1T2K/4MeJkEOSmjHLVu6avT0zSVTAEVxNp24CcQZsQAp4JNip3UsoTQIemztqOKSGbDbHb0BJ86pYdjbVwpwDP190RGpLVjGblOSWBgF72p+J/XTiG+CjOukhSYovNFcSowaDxNAPe4YRTE2BFCDXe3YjoghlBwORVdCMHiy8ukcV4J/Epwd1Gu3uZxFNAxOkFnKECXqIpuUA3VEUWP6Bm9ojdv5L14797HvHXFy2eO0B94nz+5Z5IV</latexit><latexit sha1_base64="ivp8NMTiwk0zrl1EEL8KkMOHrjs=">AAAB9HicbVDLSgNBEJz1GeMr6tHLYBA8hV0R9Bjworco5gHJEmYns8mQeawzvZGw5Du8eFDEqx/jzb9xkuxBEwsaiqpuuruiRHALvv/trayurW9sFraK2zu7e/ulg8OG1amhrE610KYVEcsEV6wOHARrJYYRGQnWjIbXU785YsZyrR5gnLBQkr7iMacEnBRK3Lnn/QEQY/RTt1T2K/4MeJkEOSmjHLVu6avT0zSVTAEVxNp24CcQZsQAp4JNip3UsoTQIemztqOKSGbDbHb0BJ86pYdjbVwpwDP190RGpLVjGblOSWBgF72p+J/XTiG+CjOukhSYovNFcSowaDxNAPe4YRTE2BFCDXe3YjoghlBwORVdCMHiy8ukcV4J/Epwd1Gu3uZxFNAxOkFnKECXqIpuUA3VEUWP6Bm9ojdv5L14797HvHXFy2eO0B94nz+5Z5IV</latexit> l

<latexit sha1_base64="nixmFJyPvhjUIHzLUztfix5ou/0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeCF721YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmt3O/84RK81g+mGmCfkRHkoecUWOlphiUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfq93kcRTiDc7gED2pQhztoQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4A1iSM9w==</latexit><latexit sha1_base64="nixmFJyPvhjUIHzLUztfix5ou/0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeCF721YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmt3O/84RK81g+mGmCfkRHkoecUWOlphiUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfq93kcRTiDc7gED2pQhztoQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4A1iSM9w==</latexit><latexit sha1_base64="nixmFJyPvhjUIHzLUztfix5ou/0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeCF721YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmt3O/84RK81g+mGmCfkRHkoecUWOlphiUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfq93kcRTiDc7gED2pQhztoQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4A1iSM9w==</latexit><latexit sha1_base64="nixmFJyPvhjUIHzLUztfix5ou/0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeCF721YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmt3O/84RK81g+mGmCfkRHkoecUWOlphiUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfq93kcRTiDc7gED2pQhztoQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4A1iSM9w==</latexit>

µ & ⌦
<latexit sha1_base64="kXgSiQ3q30U5Fid0Vy9dRfvLYio=">AAAB+3icbVDLSgMxFL3js9bXWJcuDBbBVZlxowsXBV24s4J9QGcomTTThiaZIcmIZSj4JW5cKOLWH3HnJ/gXpo+Fth4IHM45l3tzopQzbTzvy1laXlldWy9sFDe3tnd23b1SQyeZIrROEp6oVoQ15UzSumGG01aqKBYRp81ocDn2m/dUaZbIOzNMaShwT7KYEWys1HFLgchQ0DM2IVBwI2gPd9yyV/EmQIvEn5Fy9fD74hEAah33M+gmJBNUGsKx1m3fS02YY2UY4XRUDDJNU0wGuEfblkosqA7zye0jdGyVLooTZZ80aKL+nsix0HooIpsU2PT1vDcW//PamYnPw5zJNDNUkumiOOPIJGhcBOoyRYnhQ0swUczeikgfK0yMratoS/Dnv7xIGqcV36v4t7aNK5iiAAdwBCfgwxlU4RpqUAcCD/AEL/DqjJxn5815n0aXnNnMPvyB8/EDOQ2WFg==</latexit><latexit sha1_base64="qpoJdOqNEwFUp3Ryx8t/p9vXoEc=">AAAB+3icbVC7TsMwFHV4lvIKZWTAokLqVCUsMDBUgoGNItGH1ESV496kVu0ksh1EFfUD+AkWBhBi5UfY+AR2PgD3MUDLkSwdnXOu7vUJUs6UdpxPa2l5ZXVtvbBR3Nza3tm190pNlWSSQoMmPJHtgCjgLIaGZppDO5VARMChFQwuxn7rDqRiSXyrhyn4gkQxCxkl2khdu+SJDHuRNgmBvWsBEenaZafqTIAXiTsj5drh1/nDd7FS79ofXi+hmYBYU06U6rhOqv2cSM0oh1HRyxSkhA5IBB1DYyJA+fnk9hE+NkoPh4k0L9Z4ov6eyIlQaigCkxRE99W8Nxb/8zqZDs/8nMVppiGm00VhxrFO8LgI3GMSqOZDQwiVzNyKaZ9IQrWpq2hKcOe/vEiaJ1XXqbo3po1LNEUBHaAjVEEuOkU1dIXqqIEoukeP6Bm9WCPryXq13qbRJWs2s4/+wHr/Ac7El0U=</latexit><latexit sha1_base64="qpoJdOqNEwFUp3Ryx8t/p9vXoEc=">AAAB+3icbVC7TsMwFHV4lvIKZWTAokLqVCUsMDBUgoGNItGH1ESV496kVu0ksh1EFfUD+AkWBhBi5UfY+AR2PgD3MUDLkSwdnXOu7vUJUs6UdpxPa2l5ZXVtvbBR3Nza3tm190pNlWSSQoMmPJHtgCjgLIaGZppDO5VARMChFQwuxn7rDqRiSXyrhyn4gkQxCxkl2khdu+SJDHuRNgmBvWsBEenaZafqTIAXiTsj5drh1/nDd7FS79ofXi+hmYBYU06U6rhOqv2cSM0oh1HRyxSkhA5IBB1DYyJA+fnk9hE+NkoPh4k0L9Z4ov6eyIlQaigCkxRE99W8Nxb/8zqZDs/8nMVppiGm00VhxrFO8LgI3GMSqOZDQwiVzNyKaZ9IQrWpq2hKcOe/vEiaJ1XXqbo3po1LNEUBHaAjVEEuOkU1dIXqqIEoukeP6Bm9WCPryXq13qbRJWs2s4/+wHr/Ac7El0U=</latexit><latexit sha1_base64="0kMUYXT5rFMja7xs6E3uKFUk69A=">AAAB+3icbVC7TsMwFL3hWcorlJHFokJiqhIWGCvBwEaR6ENqospxndSq7US2g6ii/goLAwix8iNs/A1umwFajmTp6Jxzda9PlHGmjed9O2vrG5tb25Wd6u7e/sGhe1Tr6DRXhLZJylPVi7CmnEnaNsxw2ssUxSLitBuNr2d+95EqzVL5YCYZDQVOJIsZwcZKA7cWiBwFibEJgYI7QRM8cOtew5sDrRK/JHUo0Rq4X8EwJbmg0hCOte77XmbCAivDCKfTapBrmmEyxgntWyqxoDos5rdP0ZlVhihOlX3SoLn6e6LAQuuJiGxSYDPSy95M/M/r5ya+Cgsms9xQSRaL4pwjk6JZEWjIFCWGTyzBRDF7KyIjrDAxtq6qLcFf/vIq6Vw0fK/h33v15k1ZRwVO4BTOwYdLaMIttKANBJ7gGV7hzZk6L86787GIrjnlzDH8gfP5A4AVlBI=</latexit>

large Bohr radius, small overlap

µ ⇠ ⌦
<latexit sha1_base64="EwBUJ/3TtLD8wzsgcNdcpiF80fc=">AAAB+HicbVC7SgNBFL3rM8ZHVi0tHAyCVdi10cIioIWdEcwDskuYncwmQ2Z2l3kIcQn4HzYWitj6KXZ+gn/h5FFo4oELh3Pu5d57oowzpT3vy1laXlldWy9sFDe3tndK7u5eQ6VGElonKU9lK8KKcpbQumaa01YmKRYRp81ocDn2m/dUKpYmd3qY0VDgXsJiRrC2UsctBcKgQDGBghtBe7jjlr2KNwFaJP6MlKuH3xePAFDruJ9BNyVG0EQTjpVq+16mwxxLzQino2JgFM0wGeAebVuaYEFVmE8OH6Fjq3RRnEpbiUYT9fdEjoVSQxHZToF1X817Y/E/r210fB7mLMmMpgmZLooNRzpF4xRQl0lKNB9agolk9lZE+lhiom1WRRuCP//yImmcVnyv4t/aNK5gigIcwBGcgA9nUIVrqEEdCBh4ghd4dR6cZ+fNeZ+2LjmzmX34A+fjB71XlKs=</latexit><latexit sha1_base64="AzvfPw1nTNpSmgHjJ+w/o4nJvmY=">AAAB+HicbVC7SgNBFJ31GddHVi0tHAxCqrBro4VFQAs7I5gHZJcwO5lNhszMLvMQ4pIP8BtsLBSx9VPs/AR7P8DJo9DEAxcO59zLvffEGaNK+/6ns7S8srq2XthwN7e2d4re7l5DpUZiUscpS2UrRoowKkhdU81IK5ME8ZiRZjy4GPvNOyIVTcWtHmYk4qgnaEIx0lbqeMWQGxgqymF4zUkPdbySX/EngIskmJFS9fDr/OHbLdc63kfYTbHhRGjMkFLtwM90lCOpKWZk5IZGkQzhAeqRtqUCcaKifHL4CB5bpQuTVNoSGk7U3xM54koNeWw7OdJ9Ne+Nxf+8ttHJWZRTkRlNBJ4uSgyDOoXjFGCXSoI1G1qCsKT2Voj7SCKsbVauDSGYf3mRNE4qgV8Jbmwal2CKAjgAR6AMAnAKquAK1EAdYGDAI3gGL8698+S8Om/T1iVnNrMP/sB5/wFTHZXa</latexit><latexit sha1_base64="AzvfPw1nTNpSmgHjJ+w/o4nJvmY=">AAAB+HicbVC7SgNBFJ31GddHVi0tHAxCqrBro4VFQAs7I5gHZJcwO5lNhszMLvMQ4pIP8BtsLBSx9VPs/AR7P8DJo9DEAxcO59zLvffEGaNK+/6ns7S8srq2XthwN7e2d4re7l5DpUZiUscpS2UrRoowKkhdU81IK5ME8ZiRZjy4GPvNOyIVTcWtHmYk4qgnaEIx0lbqeMWQGxgqymF4zUkPdbySX/EngIskmJFS9fDr/OHbLdc63kfYTbHhRGjMkFLtwM90lCOpKWZk5IZGkQzhAeqRtqUCcaKifHL4CB5bpQuTVNoSGk7U3xM54koNeWw7OdJ9Ne+Nxf+8ttHJWZRTkRlNBJ4uSgyDOoXjFGCXSoI1G1qCsKT2Voj7SCKsbVauDSGYf3mRNE4qgV8Jbmwal2CKAjgAR6AMAnAKquAK1EAdYGDAI3gGL8698+S8Om/T1iVnNrMP/sB5/wFTHZXa</latexit><latexit sha1_base64="yCA7//AuKCOgiBJTbKwI8gmuQmk=">AAAB+HicbVDLSgNBEJz1GeMjUY9eBoPgKex60WNAD96MYB6QXcLspDcZMjO7zEOIS77EiwdFvPop3vwbJ8keNLGgoajqprsrzjjTxve/vbX1jc2t7dJOeXdv/6BSPTxq69QqCi2a8lR1Y6KBMwktwwyHbqaAiJhDJx5fz/zOIyjNUvlgJhlEggwlSxglxkn9aiUUFoeaCRzeCRiSfrXm1/058CoJClJDBZr96lc4SKkVIA3lROte4GcmyokyjHKYlkOrISN0TIbQc1QSATrK54dP8ZlTBjhJlStp8Fz9PZETofVExK5TEDPSy95M/M/rWZNcRTmTmTUg6WJRYjk2KZ6lgAdMATV84gihirlbMR0RRahxWZVdCMHyy6ukfVEP/Hpw79caN0UcJXSCTtE5CtAlaqBb1EQtRJFFz+gVvXlP3ov37n0sWte8YuYY/YH3+QMEbpKn</latexit>

Strongest

superradiance

� /
Z

star
d3r| nlm|2 ⇠

✓
R

a0

◆2l+3

/ µ4l+6 ⇠ ⌦4l+6

<latexit sha1_base64="aP9sakxVgobuXPsSMuIxRaVu/98="></latexit><latexit sha1_base64="aP9sakxVgobuXPsSMuIxRaVu/98="></latexit><latexit sha1_base64="aP9sakxVgobuXPsSMuIxRaVu/98="></latexit><latexit sha1_base64="aP9sakxVgobuXPsSMuIxRaVu/98="></latexit>

m⌦� µ > 0
<latexit sha1_base64="AYt4gY+eWVTs9NeP4tHhk1XpEn0=">AAAB+3icbVBNSwMxEJ2tX7V+rfXoJVgEL5ZdEfQkBS96soL9gG4p2TTbhibZJcmKZelf8eJBEa/+EW/+G9N2D9r6YODx3gwz88KEM20879sprKyurW8UN0tb2zu7e+5+uanjVBHaIDGPVTvEmnImacMww2k7URSLkNNWOLqe+q1HqjSL5YMZJ7Qr8ECyiBFsrNRzywIFd4IOMDpFgUjRFfJ6bsWrejOgZeLnpAI56j33K+jHJBVUGsKx1h3fS0w3w8owwumkFKSaJpiM8IB2LJVYUN3NZrdP0LFV+iiKlS1p0Ez9PZFhofVYhLZTYDPUi95U/M/rpCa67GZMJqmhkswXRSlHJkbTIFCfKUoMH1uCiWL2VkSGWGFibFwlG4K/+PIyaZ5Vfa/q359Xard5HEU4hCM4AR8uoAY3UIcGEHiCZ3iFN2fivDjvzse8teDkMwfwB87nDyR7kpE=</latexit><latexit sha1_base64="AYt4gY+eWVTs9NeP4tHhk1XpEn0=">AAAB+3icbVBNSwMxEJ2tX7V+rfXoJVgEL5ZdEfQkBS96soL9gG4p2TTbhibZJcmKZelf8eJBEa/+EW/+G9N2D9r6YODx3gwz88KEM20879sprKyurW8UN0tb2zu7e+5+uanjVBHaIDGPVTvEmnImacMww2k7URSLkNNWOLqe+q1HqjSL5YMZJ7Qr8ECyiBFsrNRzywIFd4IOMDpFgUjRFfJ6bsWrejOgZeLnpAI56j33K+jHJBVUGsKx1h3fS0w3w8owwumkFKSaJpiM8IB2LJVYUN3NZrdP0LFV+iiKlS1p0Ez9PZFhofVYhLZTYDPUi95U/M/rpCa67GZMJqmhkswXRSlHJkbTIFCfKUoMH1uCiWL2VkSGWGFibFwlG4K/+PIyaZ5Vfa/q359Xard5HEU4hCM4AR8uoAY3UIcGEHiCZ3iFN2fivDjvzse8teDkMwfwB87nDyR7kpE=</latexit><latexit sha1_base64="AYt4gY+eWVTs9NeP4tHhk1XpEn0=">AAAB+3icbVBNSwMxEJ2tX7V+rfXoJVgEL5ZdEfQkBS96soL9gG4p2TTbhibZJcmKZelf8eJBEa/+EW/+G9N2D9r6YODx3gwz88KEM20879sprKyurW8UN0tb2zu7e+5+uanjVBHaIDGPVTvEmnImacMww2k7URSLkNNWOLqe+q1HqjSL5YMZJ7Qr8ECyiBFsrNRzywIFd4IOMDpFgUjRFfJ6bsWrejOgZeLnpAI56j33K+jHJBVUGsKx1h3fS0w3w8owwumkFKSaJpiM8IB2LJVYUN3NZrdP0LFV+iiKlS1p0Ez9PZFhofVYhLZTYDPUi95U/M/rpCa67GZMJqmhkswXRSlHJkbTIFCfKUoMH1uCiWL2VkSGWGFibFwlG4K/+PIyaZ5Vfa/q359Xard5HEU4hCM4AR8uoAY3UIcGEHiCZ3iFN2fivDjvzse8teDkMwfwB87nDyR7kpE=</latexit><latexit sha1_base64="AYt4gY+eWVTs9NeP4tHhk1XpEn0=">AAAB+3icbVBNSwMxEJ2tX7V+rfXoJVgEL5ZdEfQkBS96soL9gG4p2TTbhibZJcmKZelf8eJBEa/+EW/+G9N2D9r6YODx3gwz88KEM20879sprKyurW8UN0tb2zu7e+5+uanjVBHaIDGPVTvEmnImacMww2k7URSLkNNWOLqe+q1HqjSL5YMZJ7Qr8ECyiBFsrNRzywIFd4IOMDpFgUjRFfJ6bsWrejOgZeLnpAI56j33K+jHJBVUGsKx1h3fS0w3w8owwumkFKSaJpiM8IB2LJVYUN3NZrdP0LFV+iiKlS1p0Ez9PZFhofVYhLZTYDPUi95U/M/rpCa67GZMJqmhkswXRSlHJkbTIFCfKUoMH1uCiWL2VkSGWGFibFwlG4K/+PIyaZ5Vfa/q359Xard5HEU4hCM4AR8uoAY3UIcGEHiCZ3iFN2fivDjvzse8teDkMwfwB87nDyR7kpE=</latexit>

Superradiance condition: (|m|  l)
<latexit sha1_base64="TpRSoa91vjic2Ps/tg5/SptGlyw=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRahXsquCHoseNFbBfsB3aVk02wbmmTXJCuUbf+GFw+KePXPePPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etXScKkKbJOax6oRYU84kbRpmOO0kimIRctoORzczv/1ElWaxfDDjhAYCDySLGMHGSn51IibI5/QR8fNeueLW3DnQKvFyUoEcjV75y+/HJBVUGsKx1l3PTUyQYWUY4XRa8lNNE0xGeEC7lkosqA6y+c1TdGaVPopiZUsaNFd/T2RYaD0Woe0U2Az1sjcT//O6qYmug4zJJDVUksWiKOXIxGgWAOozRYnhY0swUczeisgQK0yMjalkQ/CWX14lrYua59a8+8tK/S6PowgncApV8OAK6nALDWgCgQSe4RXenNR5cd6dj0VrwclnjuEPnM8f8BOQ+Q==</latexit><latexit sha1_base64="TpRSoa91vjic2Ps/tg5/SptGlyw=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRahXsquCHoseNFbBfsB3aVk02wbmmTXJCuUbf+GFw+KePXPePPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etXScKkKbJOax6oRYU84kbRpmOO0kimIRctoORzczv/1ElWaxfDDjhAYCDySLGMHGSn51IibI5/QR8fNeueLW3DnQKvFyUoEcjV75y+/HJBVUGsKx1l3PTUyQYWUY4XRa8lNNE0xGeEC7lkosqA6y+c1TdGaVPopiZUsaNFd/T2RYaD0Woe0U2Az1sjcT//O6qYmug4zJJDVUksWiKOXIxGgWAOozRYnhY0swUczeisgQK0yMjalkQ/CWX14lrYua59a8+8tK/S6PowgncApV8OAK6nALDWgCgQSe4RXenNR5cd6dj0VrwclnjuEPnM8f8BOQ+Q==</latexit><latexit sha1_base64="TpRSoa91vjic2Ps/tg5/SptGlyw=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRahXsquCHoseNFbBfsB3aVk02wbmmTXJCuUbf+GFw+KePXPePPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etXScKkKbJOax6oRYU84kbRpmOO0kimIRctoORzczv/1ElWaxfDDjhAYCDySLGMHGSn51IibI5/QR8fNeueLW3DnQKvFyUoEcjV75y+/HJBVUGsKx1l3PTUyQYWUY4XRa8lNNE0xGeEC7lkosqA6y+c1TdGaVPopiZUsaNFd/T2RYaD0Woe0U2Az1sjcT//O6qYmug4zJJDVUksWiKOXIxGgWAOozRYnhY0swUczeisgQK0yMjalkQ/CWX14lrYua59a8+8tK/S6PowgncApV8OAK6nALDWgCgQSe4RXenNR5cd6dj0VrwclnjuEPnM8f8BOQ+Q==</latexit><latexit sha1_base64="TpRSoa91vjic2Ps/tg5/SptGlyw=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRahXsquCHoseNFbBfsB3aVk02wbmmTXJCuUbf+GFw+KePXPePPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etXScKkKbJOax6oRYU84kbRpmOO0kimIRctoORzczv/1ElWaxfDDjhAYCDySLGMHGSn51IibI5/QR8fNeueLW3DnQKvFyUoEcjV75y+/HJBVUGsKx1l3PTUyQYWUY4XRa8lNNE0xGeEC7lkosqA6y+c1TdGaVPopiZUsaNFd/T2RYaD0Woe0U2Az1sjcT//O6qYmug4zJJDVUksWiKOXIxGgWAOozRYnhY0swUczeisgQK0yMjalkQ/CWX14lrYua59a8+8tK/S6PowgncApV8OAK6nALDWgCgQSe4RXenNR5cd6dj0VrwclnjuEPnM8f8BOQ+Q==</latexit>



✏ n̄n
<latexit sha1_base64="b1sDjpbxwaRMd9c2GP3kgr04KKY=">AAACAHicbVC7SgNBFL0bXzG+ohYWNoNBsAq7ptDOgI2VRDAPyC5hdjKbDJmdWWZmhbBs46/YWChi62do5d84eRSaeODC4Zx7ufeeMOFMG9f9dgorq2vrG8XN0tb2zu5eef+gpWWqCG0SyaXqhFhTzgRtGmY47SSK4jjktB2Orid++4EqzaS4N+OEBjEeCBYxgo2VeuUjnyaacSmQ39AM+SFWmciRdSpu1Z0CLRNvTipXX7VaHQAavfKn35ckjakwhGOtu56bmCDDyjDCaV7yU00TTEZ4QLuWChxTHWTTB3J0apU+iqSyJQyaqr8nMhxrPY5D2xljM9SL3kT8z+umJroMMiaS1FBBZouilCMj0SQN1GeKEsPHlmCimL0VkSFWmBibWcmG4C2+vExa51XPrXp3bqV+CzMU4RhO4Aw8uIA63EADmkAghyd4gVfn0Xl23pz3WWvBmc8cwh84Hz+kXpf0</latexit><latexit sha1_base64="RcY6rBvXEm0UpNHlx0G3rniGb6g=">AAACAHicbVA9SwNBEN2LXzF+RS0sbBaDYBXutNDOgI2VRDAxkDvC3mYuWbK3e+zuCeG4xr9iY6GIrT9DK/+Nm0sKTXww8Hhvhpl5YcKZNq777ZSWlldW18rrlY3Nre2d6u5eW8tUUWhRyaXqhEQDZwJahhkOnUQBiUMO9+HoauLfP4DSTIo7M04giMlAsIhRYqzUqx74kGjGpcB+UzPsh0RlIsfWqbl1twBeJN6M1C6/zgo0e9VPvy9pGoMwlBOtu56bmCAjyjDKIa/4qYaE0BEZQNdSQWLQQVY8kONjq/RxJJUtYXCh/p7ISKz1OA5tZ0zMUM97E/E/r5ua6CLImEhSA4JOF0Upx0biSRq4zxRQw8eWEKqYvRXTIVGEGptZxYbgzb+8SNqndc+te7durXGDpiijQ3SETpCHzlEDXaMmaiGKcvSEXtCr8+g8O2/O+7S15Mxm9tEfOB8/X1uYgA==</latexit><latexit sha1_base64="RcY6rBvXEm0UpNHlx0G3rniGb6g=">AAACAHicbVA9SwNBEN2LXzF+RS0sbBaDYBXutNDOgI2VRDAxkDvC3mYuWbK3e+zuCeG4xr9iY6GIrT9DK/+Nm0sKTXww8Hhvhpl5YcKZNq777ZSWlldW18rrlY3Nre2d6u5eW8tUUWhRyaXqhEQDZwJahhkOnUQBiUMO9+HoauLfP4DSTIo7M04giMlAsIhRYqzUqx74kGjGpcB+UzPsh0RlIsfWqbl1twBeJN6M1C6/zgo0e9VPvy9pGoMwlBOtu56bmCAjyjDKIa/4qYaE0BEZQNdSQWLQQVY8kONjq/RxJJUtYXCh/p7ISKz1OA5tZ0zMUM97E/E/r5ua6CLImEhSA4JOF0Upx0biSRq4zxRQw8eWEKqYvRXTIVGEGptZxYbgzb+8SNqndc+te7durXGDpiijQ3SETpCHzlEDXaMmaiGKcvSEXtCr8+g8O2/O+7S15Mxm9tEfOB8/X1uYgA==</latexit><latexit sha1_base64="namMU2YOQyMfP/d3RebFe2tId+4=">AAACAHicbVA9SwNBEJ2LXzF+RS0sbBaDYBXubLQM2FhJBPMBuSPsbeaSJXt7x+6eEI40/hUbC0Vs/Rl2/hs3yRWa+GDg8d4MM/PCVHBtXPfbKa2tb2xulbcrO7t7+wfVw6O2TjLFsMUSkahuSDUKLrFluBHYTRXSOBTYCcc3M7/ziErzRD6YSYpBTIeSR5xRY6V+9cTHVHORSOI3NSd+SFUup8Q6NbfuzkFWiVeQGhRo9qtf/iBhWYzSMEG17nluaoKcKsOZwGnFzzSmlI3pEHuWShqjDvL5A1NybpUBiRJlSxoyV39P5DTWehKHtjOmZqSXvZn4n9fLTHQd5FymmUHJFouiTBCTkFkaZMAVMiMmllCmuL2VsBFVlBmbWcWG4C2/vEral3XPrXv3bq1xV8RRhlM4gwvw4AoacAtNaAGDKTzDK7w5T86L8+58LFpLTjFzDH/gfP4AUPKWPA==</latexit>

How do scalars couple to the star?

✏ ⇠ ✓e↵
mn

fa
⇠ GeV

fa
<latexit sha1_base64="Af8FD2LqA7mXPE8tn8r6OxXtI+g="></latexit><latexit sha1_base64="U3HjBJP598sMPLGbaVEVstd+Cd8="></latexit><latexit sha1_base64="U3HjBJP598sMPLGbaVEVstd+Cd8="></latexit><latexit sha1_base64="22kovxC/mzgpE12T14Wfhsw1ao8="></latexit>

Any scalar or 

(CP-violating) psuedoscalar

QCD Axion:

4

Superradiance in Pulsars



✏ n̄n
<latexit sha1_base64="b1sDjpbxwaRMd9c2GP3kgr04KKY=">AAACAHicbVC7SgNBFL0bXzG+ohYWNoNBsAq7ptDOgI2VRDAPyC5hdjKbDJmdWWZmhbBs46/YWChi62do5d84eRSaeODC4Zx7ufeeMOFMG9f9dgorq2vrG8XN0tb2zu5eef+gpWWqCG0SyaXqhFhTzgRtGmY47SSK4jjktB2Orid++4EqzaS4N+OEBjEeCBYxgo2VeuUjnyaacSmQ39AM+SFWmciRdSpu1Z0CLRNvTipXX7VaHQAavfKn35ckjakwhGOtu56bmCDDyjDCaV7yU00TTEZ4QLuWChxTHWTTB3J0apU+iqSyJQyaqr8nMhxrPY5D2xljM9SL3kT8z+umJroMMiaS1FBBZouilCMj0SQN1GeKEsPHlmCimL0VkSFWmBibWcmG4C2+vExa51XPrXp3bqV+CzMU4RhO4Aw8uIA63EADmkAghyd4gVfn0Xl23pz3WWvBmc8cwh84Hz+kXpf0</latexit><latexit sha1_base64="RcY6rBvXEm0UpNHlx0G3rniGb6g=">AAACAHicbVA9SwNBEN2LXzF+RS0sbBaDYBXutNDOgI2VRDAxkDvC3mYuWbK3e+zuCeG4xr9iY6GIrT9DK/+Nm0sKTXww8Hhvhpl5YcKZNq777ZSWlldW18rrlY3Nre2d6u5eW8tUUWhRyaXqhEQDZwJahhkOnUQBiUMO9+HoauLfP4DSTIo7M04giMlAsIhRYqzUqx74kGjGpcB+UzPsh0RlIsfWqbl1twBeJN6M1C6/zgo0e9VPvy9pGoMwlBOtu56bmCAjyjDKIa/4qYaE0BEZQNdSQWLQQVY8kONjq/RxJJUtYXCh/p7ISKz1OA5tZ0zMUM97E/E/r5ua6CLImEhSA4JOF0Upx0biSRq4zxRQw8eWEKqYvRXTIVGEGptZxYbgzb+8SNqndc+te7durXGDpiijQ3SETpCHzlEDXaMmaiGKcvSEXtCr8+g8O2/O+7S15Mxm9tEfOB8/X1uYgA==</latexit><latexit sha1_base64="RcY6rBvXEm0UpNHlx0G3rniGb6g=">AAACAHicbVA9SwNBEN2LXzF+RS0sbBaDYBXutNDOgI2VRDAxkDvC3mYuWbK3e+zuCeG4xr9iY6GIrT9DK/+Nm0sKTXww8Hhvhpl5YcKZNq777ZSWlldW18rrlY3Nre2d6u5eW8tUUWhRyaXqhEQDZwJahhkOnUQBiUMO9+HoauLfP4DSTIo7M04giMlAsIhRYqzUqx74kGjGpcB+UzPsh0RlIsfWqbl1twBeJN6M1C6/zgo0e9VPvy9pGoMwlBOtu56bmCAjyjDKIa/4qYaE0BEZQNdSQWLQQVY8kONjq/RxJJUtYXCh/p7ISKz1OA5tZ0zMUM97E/E/r5ua6CLImEhSA4JOF0Upx0biSRq4zxRQw8eWEKqYvRXTIVGEGptZxYbgzb+8SNqndc+te7durXGDpiijQ3SETpCHzlEDXaMmaiGKcvSEXtCr8+g8O2/O+7S15Mxm9tEfOB8/X1uYgA==</latexit><latexit sha1_base64="namMU2YOQyMfP/d3RebFe2tId+4=">AAACAHicbVA9SwNBEJ2LXzF+RS0sbBaDYBXubLQM2FhJBPMBuSPsbeaSJXt7x+6eEI40/hUbC0Vs/Rl2/hs3yRWa+GDg8d4MM/PCVHBtXPfbKa2tb2xulbcrO7t7+wfVw6O2TjLFsMUSkahuSDUKLrFluBHYTRXSOBTYCcc3M7/ziErzRD6YSYpBTIeSR5xRY6V+9cTHVHORSOI3NSd+SFUup8Q6NbfuzkFWiVeQGhRo9qtf/iBhWYzSMEG17nluaoKcKsOZwGnFzzSmlI3pEHuWShqjDvL5A1NybpUBiRJlSxoyV39P5DTWehKHtjOmZqSXvZn4n9fLTHQd5FymmUHJFouiTBCTkFkaZMAVMiMmllCmuL2VsBFVlBmbWcWG4C2/vEral3XPrXv3bq1xV8RRhlM4gwvw4AoacAtNaAGDKTzDK7w5T86L8+58LFpLTjFzDH/gfP4AUPKWPA==</latexit>

How do scalars couple to the star?

Scalars can be absorbed by exciting phonons.

✏ ⇠ ✓e↵
mn

fa
⇠ GeV

fa
<latexit sha1_base64="Af8FD2LqA7mXPE8tn8r6OxXtI+g="></latexit><latexit sha1_base64="U3HjBJP598sMPLGbaVEVstd+Cd8="></latexit><latexit sha1_base64="U3HjBJP598sMPLGbaVEVstd+Cd8="></latexit><latexit sha1_base64="22kovxC/mzgpE12T14Wfhsw1ao8="></latexit>

Any scalar or 

(CP-violating) psuedoscalar

QCD Axion:

4

Superradiance in Pulsars

Cnlm = Im

 !

= Im

 
X

k0

hk, nlm|Hint|k0i
1

E � Ek0 + i�k0
hk0|Hint|k, nlmi

!

<latexit sha1_base64="Hw1TjtJsypNeeKBE7PreOSK3Rnc="></latexit><latexit sha1_base64="Hw1TjtJsypNeeKBE7PreOSK3Rnc="></latexit><latexit sha1_base64="Hw1TjtJsypNeeKBE7PreOSK3Rnc="></latexit><latexit sha1_base64="Hw1TjtJsypNeeKBE7PreOSK3Rnc="></latexit>

 nlm
<latexit sha1_base64="nJDxLDTFhqwipf3hFr68Mrr4vjU=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOTJcxOOsmQmdllZlYIS/7CiwdFvPo33vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqmjjVDBssFrFuR9Sg4AoblluB7UQjlZHAVjS+nfmtJ9SGx+rBThIMJR0qPuCMWic9dhPDe5kSctorV/yqPwdZJUFOKpCj3it/dfsxSyUqywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVFGJJszmF0/JmVP6ZBBrV8qSufp7IqPSmImMXKekdmSWvZn4n9dJ7eA6zLhKUouKLRYNUkFsTGbvkz7XyKyYOEKZ5u5WwkZUU2ZdSCUXQrD88ippXlQDvxrcX1ZqN3kcRTiBUziHAK6gBndQhwYwUPAMr/DmGe/Fe/c+Fq0FL585hj/wPn8ACeKRJA==</latexit><latexit sha1_base64="nJDxLDTFhqwipf3hFr68Mrr4vjU=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOTJcxOOsmQmdllZlYIS/7CiwdFvPo33vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqmjjVDBssFrFuR9Sg4AoblluB7UQjlZHAVjS+nfmtJ9SGx+rBThIMJR0qPuCMWic9dhPDe5kSctorV/yqPwdZJUFOKpCj3it/dfsxSyUqywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVFGJJszmF0/JmVP6ZBBrV8qSufp7IqPSmImMXKekdmSWvZn4n9dJ7eA6zLhKUouKLRYNUkFsTGbvkz7XyKyYOEKZ5u5WwkZUU2ZdSCUXQrD88ippXlQDvxrcX1ZqN3kcRTiBUziHAK6gBndQhwYwUPAMr/DmGe/Fe/c+Fq0FL585hj/wPn8ACeKRJA==</latexit><latexit sha1_base64="nJDxLDTFhqwipf3hFr68Mrr4vjU=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOTJcxOOsmQmdllZlYIS/7CiwdFvPo33vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqmjjVDBssFrFuR9Sg4AoblluB7UQjlZHAVjS+nfmtJ9SGx+rBThIMJR0qPuCMWic9dhPDe5kSctorV/yqPwdZJUFOKpCj3it/dfsxSyUqywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVFGJJszmF0/JmVP6ZBBrV8qSufp7IqPSmImMXKekdmSWvZn4n9dJ7eA6zLhKUouKLRYNUkFsTGbvkz7XyKyYOEKZ5u5WwkZUU2ZdSCUXQrD88ippXlQDvxrcX1ZqN3kcRTiBUziHAK6gBndQhwYwUPAMr/DmGe/Fe/c+Fq0FL585hj/wPn8ACeKRJA==</latexit><latexit sha1_base64="nJDxLDTFhqwipf3hFr68Mrr4vjU=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOTJcxOOsmQmdllZlYIS/7CiwdFvPo33vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqmjjVDBssFrFuR9Sg4AoblluB7UQjlZHAVjS+nfmtJ9SGx+rBThIMJR0qPuCMWic9dhPDe5kSctorV/yqPwdZJUFOKpCj3it/dfsxSyUqywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVFGJJszmF0/JmVP6ZBBrV8qSufp7IqPSmImMXKekdmSWvZn4n9dJ7eA6zLhKUouKLRYNUkFsTGbvkz7XyKyYOEKZ5u5WwkZUU2ZdSCUXQrD88ippXlQDvxrcX1ZqN3kcRTiBUziHAK6gBndQhwYwUPAMr/DmGe/Fe/c+Fq0FL585hj/wPn8ACeKRJA==</latexit>

k
<latexit sha1_base64="FN4g9GFe+3ziaTgM0DMwdUeUKp0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4A0oWM7w==</latexit><latexit sha1_base64="FN4g9GFe+3ziaTgM0DMwdUeUKp0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4A0oWM7w==</latexit><latexit sha1_base64="FN4g9GFe+3ziaTgM0DMwdUeUKp0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4A0oWM7w==</latexit><latexit sha1_base64="FN4g9GFe+3ziaTgM0DMwdUeUKp0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4A0oWM7w==</latexit>

k
<latexit sha1_base64="FN4g9GFe+3ziaTgM0DMwdUeUKp0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4A0oWM7w==</latexit><latexit sha1_base64="FN4g9GFe+3ziaTgM0DMwdUeUKp0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4A0oWM7w==</latexit><latexit sha1_base64="FN4g9GFe+3ziaTgM0DMwdUeUKp0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4A0oWM7w==</latexit><latexit sha1_base64="FN4g9GFe+3ziaTgM0DMwdUeUKp0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4A0oWM7w==</latexit>

 nlm
<latexit sha1_base64="nJDxLDTFhqwipf3hFr68Mrr4vjU=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOTJcxOOsmQmdllZlYIS/7CiwdFvPo33vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqmjjVDBssFrFuR9Sg4AoblluB7UQjlZHAVjS+nfmtJ9SGx+rBThIMJR0qPuCMWic9dhPDe5kSctorV/yqPwdZJUFOKpCj3it/dfsxSyUqywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVFGJJszmF0/JmVP6ZBBrV8qSufp7IqPSmImMXKekdmSWvZn4n9dJ7eA6zLhKUouKLRYNUkFsTGbvkz7XyKyYOEKZ5u5WwkZUU2ZdSCUXQrD88ippXlQDvxrcX1ZqN3kcRTiBUziHAK6gBndQhwYwUPAMr/DmGe/Fe/c+Fq0FL585hj/wPn8ACeKRJA==</latexit><latexit sha1_base64="nJDxLDTFhqwipf3hFr68Mrr4vjU=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOTJcxOOsmQmdllZlYIS/7CiwdFvPo33vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqmjjVDBssFrFuR9Sg4AoblluB7UQjlZHAVjS+nfmtJ9SGx+rBThIMJR0qPuCMWic9dhPDe5kSctorV/yqPwdZJUFOKpCj3it/dfsxSyUqywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVFGJJszmF0/JmVP6ZBBrV8qSufp7IqPSmImMXKekdmSWvZn4n9dJ7eA6zLhKUouKLRYNUkFsTGbvkz7XyKyYOEKZ5u5WwkZUU2ZdSCUXQrD88ippXlQDvxrcX1ZqN3kcRTiBUziHAK6gBndQhwYwUPAMr/DmGe/Fe/c+Fq0FL585hj/wPn8ACeKRJA==</latexit><latexit sha1_base64="nJDxLDTFhqwipf3hFr68Mrr4vjU=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOTJcxOOsmQmdllZlYIS/7CiwdFvPo33vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqmjjVDBssFrFuR9Sg4AoblluB7UQjlZHAVjS+nfmtJ9SGx+rBThIMJR0qPuCMWic9dhPDe5kSctorV/yqPwdZJUFOKpCj3it/dfsxSyUqywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVFGJJszmF0/JmVP6ZBBrV8qSufp7IqPSmImMXKekdmSWvZn4n9dJ7eA6zLhKUouKLRYNUkFsTGbvkz7XyKyYOEKZ5u5WwkZUU2ZdSCUXQrD88ippXlQDvxrcX1ZqN3kcRTiBUziHAK6gBndQhwYwUPAMr/DmGe/Fe/c+Fq0FL585hj/wPn8ACeKRJA==</latexit><latexit sha1_base64="nJDxLDTFhqwipf3hFr68Mrr4vjU=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOTJcxOOsmQmdllZlYIS/7CiwdFvPo33vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqmjjVDBssFrFuR9Sg4AoblluB7UQjlZHAVjS+nfmtJ9SGx+rBThIMJR0qPuCMWic9dhPDe5kSctorV/yqPwdZJUFOKpCj3it/dfsxSyUqywQ1phP4iQ0zqi1nAqelbmowoWxMh9hxVFGJJszmF0/JmVP6ZBBrV8qSufp7IqPSmImMXKekdmSWvZn4n9dJ7eA6zLhKUouKLRYNUkFsTGbvkz7XyKyYOEKZ5u5WwkZUU2ZdSCUXQrD88ippXlQDvxrcX1ZqN3kcRTiBUziHAK6gBndQhwYwUPAMr/DmGe/Fe/c+Fq0FL585hj/wPn8ACeKRJA==</latexit>

k0
<latexit sha1_base64="aRqO9Y9gIg6+JknB1z/6M70H0Z0=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbRU0lE0GPRi8cq1hbaUDbbTbtkswm7E6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmlldW19o7xZ2dre2d2r7h88miTTjLdYIhPdCajhUijeQoGSd1LNaRxI3g6im6nffuLaiEQ94DjlfkyHSoSCUbTSfXTar9bcujsDWSZeQWpQoNmvfvUGCctirpBJakzXc1P0c6pRMMknlV5meEpZRIe8a6miMTd+Prt0Qk6sMiBhom0pJDP190ROY2PGcWA7Y4ojs+hNxf+8bobhlZ8LlWbIFZsvCjNJMCHTt8lAaM5Qji2hTAt7K2EjqilDG07FhuAtvrxMHs/rnlv37i5qjesijjIcwTGcgQeX0IBbaEILGITwDK/w5kTOi/PufMxbS04xcwh/4Hz+ADL/jSA=</latexit><latexit sha1_base64="aRqO9Y9gIg6+JknB1z/6M70H0Z0=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbRU0lE0GPRi8cq1hbaUDbbTbtkswm7E6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmlldW19o7xZ2dre2d2r7h88miTTjLdYIhPdCajhUijeQoGSd1LNaRxI3g6im6nffuLaiEQ94DjlfkyHSoSCUbTSfXTar9bcujsDWSZeQWpQoNmvfvUGCctirpBJakzXc1P0c6pRMMknlV5meEpZRIe8a6miMTd+Prt0Qk6sMiBhom0pJDP190ROY2PGcWA7Y4ojs+hNxf+8bobhlZ8LlWbIFZsvCjNJMCHTt8lAaM5Qji2hTAt7K2EjqilDG07FhuAtvrxMHs/rnlv37i5qjesijjIcwTGcgQeX0IBbaEILGITwDK/w5kTOi/PufMxbS04xcwh/4Hz+ADL/jSA=</latexit><latexit sha1_base64="aRqO9Y9gIg6+JknB1z/6M70H0Z0=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbRU0lE0GPRi8cq1hbaUDbbTbtkswm7E6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmlldW19o7xZ2dre2d2r7h88miTTjLdYIhPdCajhUijeQoGSd1LNaRxI3g6im6nffuLaiEQ94DjlfkyHSoSCUbTSfXTar9bcujsDWSZeQWpQoNmvfvUGCctirpBJakzXc1P0c6pRMMknlV5meEpZRIe8a6miMTd+Prt0Qk6sMiBhom0pJDP190ROY2PGcWA7Y4ojs+hNxf+8bobhlZ8LlWbIFZsvCjNJMCHTt8lAaM5Qji2hTAt7K2EjqilDG07FhuAtvrxMHs/rnlv37i5qjesijjIcwTGcgQeX0IBbaEILGITwDK/w5kTOi/PufMxbS04xcwh/4Hz+ADL/jSA=</latexit><latexit sha1_base64="aRqO9Y9gIg6+JknB1z/6M70H0Z0=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbRU0lE0GPRi8cq1hbaUDbbTbtkswm7E6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmlldW19o7xZ2dre2d2r7h88miTTjLdYIhPdCajhUijeQoGSd1LNaRxI3g6im6nffuLaiEQ94DjlfkyHSoSCUbTSfXTar9bcujsDWSZeQWpQoNmvfvUGCctirpBJakzXc1P0c6pRMMknlV5meEpZRIe8a6miMTd+Prt0Qk6sMiBhom0pJDP190ROY2PGcWA7Y4ojs+hNxf+8bobhlZ8LlWbIFZsvCjNJMCHTt8lAaM5Qji2hTAt7K2EjqilDG07FhuAtvrxMHs/rnlv37i5qjesijjIcwTGcgQeX0IBbaEILGITwDK/w5kTOi/PufMxbS04xcwh/4Hz+ADL/jSA=</latexit>

Intermediate state can decay by 
gravitational wave emission
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Superradiance in Pulsars
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<latexit sha1_base64="eYRId6lwMdt2HgWiHkZ3KOM64P8="></latexit><latexit sha1_base64="E/8yaQAN7dit1hKZhOQmFd11ph0="></latexit><latexit sha1_base64="E/8yaQAN7dit1hKZhOQmFd11ph0="></latexit><latexit sha1_base64="P/r1Q+kJJtBgo1D7tMHnmRnX3fM="></latexit>
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Superradiance in Pulsars
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<latexit sha1_base64="eYRId6lwMdt2HgWiHkZ3KOM64P8="></latexit><latexit sha1_base64="E/8yaQAN7dit1hKZhOQmFd11ph0="></latexit><latexit sha1_base64="E/8yaQAN7dit1hKZhOQmFd11ph0="></latexit><latexit sha1_base64="P/r1Q+kJJtBgo1D7tMHnmRnX3fM="></latexit>

enhanced by neutron

number density

phonon wavefunction

phonon decay rate (grav. radiation)Absorption rate:

enhanced by thermal

phonon amplitude

Superradiance 
Rate: �nlm ⇡ (m⌦� µ)

µ
Cnlm

<latexit sha1_base64="m6g3S3B+pqeK4sYBYBRjnQN5dEY=">AAACIXicbVDLSgMxFM34rPU16tJNsAi6sMyIYJeFLtSVFawKnWG4k2ZqMMkMSUYsw/yKG3/FjQtFuhN/xvSx8HUg4XDOuST3xBln2njehzMzOze/sFhZqi6vrK6tuxubVzrNFaEdkvJU3cSgKWeSdgwznN5kioKIOb2O71oj//qeKs1SeWkGGQ0F9CVLGAFjpchtBCcgBESF5KLEAWSZSh9wkCggxZ4IzgXtAz7Agcj3y8LeJW5NspFb8+reGPgv8aekhqZoR+4w6KUkF1QawkHrru9lJixAGUY4LatBrmkG5A76tGupBEF1WIw3LPGuVXo4SZU90uCx+n2iAKH1QMQ2KcDc6t/eSPzP6+YmaYQFk1luqCSTh5KcY5PiUV24xxQlhg8sAaKY/Ssmt2DbMbbUqi3B/73yX3J1WPe9un9xVGueTeuooG20g/aQj45RE52iNuoggh7RM3pFb86T8+K8O8NJdMaZzmyhH3A+vwCa3KPK</latexit><latexit sha1_base64="m6g3S3B+pqeK4sYBYBRjnQN5dEY=">AAACIXicbVDLSgMxFM34rPU16tJNsAi6sMyIYJeFLtSVFawKnWG4k2ZqMMkMSUYsw/yKG3/FjQtFuhN/xvSx8HUg4XDOuST3xBln2njehzMzOze/sFhZqi6vrK6tuxubVzrNFaEdkvJU3cSgKWeSdgwznN5kioKIOb2O71oj//qeKs1SeWkGGQ0F9CVLGAFjpchtBCcgBESF5KLEAWSZSh9wkCggxZ4IzgXtAz7Agcj3y8LeJW5NspFb8+reGPgv8aekhqZoR+4w6KUkF1QawkHrru9lJixAGUY4LatBrmkG5A76tGupBEF1WIw3LPGuVXo4SZU90uCx+n2iAKH1QMQ2KcDc6t/eSPzP6+YmaYQFk1luqCSTh5KcY5PiUV24xxQlhg8sAaKY/Ssmt2DbMbbUqi3B/73yX3J1WPe9un9xVGueTeuooG20g/aQj45RE52iNuoggh7RM3pFb86T8+K8O8NJdMaZzmyhH3A+vwCa3KPK</latexit><latexit sha1_base64="m6g3S3B+pqeK4sYBYBRjnQN5dEY=">AAACIXicbVDLSgMxFM34rPU16tJNsAi6sMyIYJeFLtSVFawKnWG4k2ZqMMkMSUYsw/yKG3/FjQtFuhN/xvSx8HUg4XDOuST3xBln2njehzMzOze/sFhZqi6vrK6tuxubVzrNFaEdkvJU3cSgKWeSdgwznN5kioKIOb2O71oj//qeKs1SeWkGGQ0F9CVLGAFjpchtBCcgBESF5KLEAWSZSh9wkCggxZ4IzgXtAz7Agcj3y8LeJW5NspFb8+reGPgv8aekhqZoR+4w6KUkF1QawkHrru9lJixAGUY4LatBrmkG5A76tGupBEF1WIw3LPGuVXo4SZU90uCx+n2iAKH1QMQ2KcDc6t/eSPzP6+YmaYQFk1luqCSTh5KcY5PiUV24xxQlhg8sAaKY/Ssmt2DbMbbUqi3B/73yX3J1WPe9un9xVGueTeuooG20g/aQj45RE52iNuoggh7RM3pFb86T8+K8O8NJdMaZzmyhH3A+vwCa3KPK</latexit><latexit sha1_base64="m6g3S3B+pqeK4sYBYBRjnQN5dEY=">AAACIXicbVDLSgMxFM34rPU16tJNsAi6sMyIYJeFLtSVFawKnWG4k2ZqMMkMSUYsw/yKG3/FjQtFuhN/xvSx8HUg4XDOuST3xBln2njehzMzOze/sFhZqi6vrK6tuxubVzrNFaEdkvJU3cSgKWeSdgwznN5kioKIOb2O71oj//qeKs1SeWkGGQ0F9CVLGAFjpchtBCcgBESF5KLEAWSZSh9wkCggxZ4IzgXtAz7Agcj3y8LeJW5NspFb8+reGPgv8aekhqZoR+4w6KUkF1QawkHrru9lJixAGUY4LatBrmkG5A76tGupBEF1WIw3LPGuVXo4SZU90uCx+n2iAKH1QMQ2KcDc6t/eSPzP6+YmaYQFk1luqCSTh5KcY5PiUV24xxQlhg8sAaKY/Ssmt2DbMbbUqi3B/73yX3J1WPe9un9xVGueTeuooG20g/aQj45RE52iNuoggh7RM3pFb86T8+K8O8NJdMaZzmyhH3A+vwCa3KPK</latexit>



Mixing: 
Superradiance Shutdown

4

• Only modes with                    are superradiant


• Azimuthal asymmetries in the system can cause mixing 
with non-superradiant modes, with                    .

m > !/⌦
<latexit sha1_base64="JQiV9eT90ITuuoqqrzBU8Zf0A5s=">AAAB+nicbVDLSgMxFM3UV62vqS7dBIvgqs6IoCspunFnBfuAzlAyaaYNzWNIMkoZ+yluXCji1i9x59+YaWeh1QOXezjnXnJzooRRbTzvyyktLa+srpXXKxubW9s7bnW3rWWqMGlhyaTqRkgTRgVpGWoY6SaKIB4x0onGV7nfuSdKUynuzCQhIUdDQWOKkbFS361yeAEDyckQHQc3eeu7Na/uzQD/Er8gNVCg2Xc/g4HEKSfCYIa07vleYsIMKUMxI9NKkGqSIDxGQ9KzVCBOdJjNTp/CQ6sMYCyVLWHgTP25kSGu9YRHdpIjM9KLXi7+5/VSE5+HGRVJaojA84filEEjYZ4DHFBFsGETSxBW1N4K8QgphI1Nq2JD8Be//Je0T+q+V/dvT2uNyyKOMtgHB+AI+OAMNMA1aIIWwOABPIEX8Oo8Os/Om/M+Hy05xc4e+AXn4xvgQpMZ</latexit><latexit sha1_base64="JQiV9eT90ITuuoqqrzBU8Zf0A5s=">AAAB+nicbVDLSgMxFM3UV62vqS7dBIvgqs6IoCspunFnBfuAzlAyaaYNzWNIMkoZ+yluXCji1i9x59+YaWeh1QOXezjnXnJzooRRbTzvyyktLa+srpXXKxubW9s7bnW3rWWqMGlhyaTqRkgTRgVpGWoY6SaKIB4x0onGV7nfuSdKUynuzCQhIUdDQWOKkbFS361yeAEDyckQHQc3eeu7Na/uzQD/Er8gNVCg2Xc/g4HEKSfCYIa07vleYsIMKUMxI9NKkGqSIDxGQ9KzVCBOdJjNTp/CQ6sMYCyVLWHgTP25kSGu9YRHdpIjM9KLXi7+5/VSE5+HGRVJaojA84filEEjYZ4DHFBFsGETSxBW1N4K8QgphI1Nq2JD8Be//Je0T+q+V/dvT2uNyyKOMtgHB+AI+OAMNMA1aIIWwOABPIEX8Oo8Os/Om/M+Hy05xc4e+AXn4xvgQpMZ</latexit><latexit sha1_base64="JQiV9eT90ITuuoqqrzBU8Zf0A5s=">AAAB+nicbVDLSgMxFM3UV62vqS7dBIvgqs6IoCspunFnBfuAzlAyaaYNzWNIMkoZ+yluXCji1i9x59+YaWeh1QOXezjnXnJzooRRbTzvyyktLa+srpXXKxubW9s7bnW3rWWqMGlhyaTqRkgTRgVpGWoY6SaKIB4x0onGV7nfuSdKUynuzCQhIUdDQWOKkbFS361yeAEDyckQHQc3eeu7Na/uzQD/Er8gNVCg2Xc/g4HEKSfCYIa07vleYsIMKUMxI9NKkGqSIDxGQ9KzVCBOdJjNTp/CQ6sMYCyVLWHgTP25kSGu9YRHdpIjM9KLXi7+5/VSE5+HGRVJaojA84filEEjYZ4DHFBFsGETSxBW1N4K8QgphI1Nq2JD8Be//Je0T+q+V/dvT2uNyyKOMtgHB+AI+OAMNMA1aIIWwOABPIEX8Oo8Os/Om/M+Hy05xc4e+AXn4xvgQpMZ</latexit><latexit sha1_base64="JQiV9eT90ITuuoqqrzBU8Zf0A5s=">AAAB+nicbVDLSgMxFM3UV62vqS7dBIvgqs6IoCspunFnBfuAzlAyaaYNzWNIMkoZ+yluXCji1i9x59+YaWeh1QOXezjnXnJzooRRbTzvyyktLa+srpXXKxubW9s7bnW3rWWqMGlhyaTqRkgTRgVpGWoY6SaKIB4x0onGV7nfuSdKUynuzCQhIUdDQWOKkbFS361yeAEDyckQHQc3eeu7Na/uzQD/Er8gNVCg2Xc/g4HEKSfCYIa07vleYsIMKUMxI9NKkGqSIDxGQ9KzVCBOdJjNTp/CQ6sMYCyVLWHgTP25kSGu9YRHdpIjM9KLXi7+5/VSE5+HGRVJaojA84filEEjYZ4DHFBFsGETSxBW1N4K8QgphI1Nq2JD8Be//Je0T+q+V/dvT2uNyyKOMtgHB+AI+OAMNMA1aIIWwOABPIEX8Oo8Os/Om/M+Hy05xc4e+AXn4xvgQpMZ</latexit>

m0 < !/⌦
<latexit sha1_base64="lI9nERoFXSSJkZcCb71cZLsFV7Q=">AAAB+3icbVC7TsMwFHV4lvIKZWSxqBBMJUFIMDBUsLBRJPqQmqhyXKe16kdkO4gq6q+wMIAQKz/Cxt/gtBmg5UhX9+ice+XrEyWMauN5387S8srq2nppo7y5tb2z6+5VWlqmCpMmlkyqToQ0YVSQpqGGkU6iCOIRI+1odJP77UeiNJXiwYwTEnI0EDSmGBkr9dwKP4ZXMJCcDNBpcJe3nlv1at4UcJH4BamCAo2e+xX0JU45EQYzpHXX9xITZkgZihmZlINUkwThERqQrqUCcaLDbHr7BB5ZpQ9jqWwJA6fq740Mca3HPLKTHJmhnvdy8T+vm5r4MsyoSFJDBJ49FKcMGgnzIGCfKoING1uCsKL2VoiHSCFsbFxlG4I//+VF0jqr+V7Nvz+v1q+LOErgAByCE+CDC1AHt6ABmgCDJ/AMXsGbM3FenHfnYza65BQ7++APnM8fQEmTSA==</latexit><latexit sha1_base64="lI9nERoFXSSJkZcCb71cZLsFV7Q=">AAAB+3icbVC7TsMwFHV4lvIKZWSxqBBMJUFIMDBUsLBRJPqQmqhyXKe16kdkO4gq6q+wMIAQKz/Cxt/gtBmg5UhX9+ice+XrEyWMauN5387S8srq2nppo7y5tb2z6+5VWlqmCpMmlkyqToQ0YVSQpqGGkU6iCOIRI+1odJP77UeiNJXiwYwTEnI0EDSmGBkr9dwKP4ZXMJCcDNBpcJe3nlv1at4UcJH4BamCAo2e+xX0JU45EQYzpHXX9xITZkgZihmZlINUkwThERqQrqUCcaLDbHr7BB5ZpQ9jqWwJA6fq740Mca3HPLKTHJmhnvdy8T+vm5r4MsyoSFJDBJ49FKcMGgnzIGCfKoING1uCsKL2VoiHSCFsbFxlG4I//+VF0jqr+V7Nvz+v1q+LOErgAByCE+CDC1AHt6ABmgCDJ/AMXsGbM3FenHfnYza65BQ7++APnM8fQEmTSA==</latexit><latexit sha1_base64="lI9nERoFXSSJkZcCb71cZLsFV7Q=">AAAB+3icbVC7TsMwFHV4lvIKZWSxqBBMJUFIMDBUsLBRJPqQmqhyXKe16kdkO4gq6q+wMIAQKz/Cxt/gtBmg5UhX9+ice+XrEyWMauN5387S8srq2nppo7y5tb2z6+5VWlqmCpMmlkyqToQ0YVSQpqGGkU6iCOIRI+1odJP77UeiNJXiwYwTEnI0EDSmGBkr9dwKP4ZXMJCcDNBpcJe3nlv1at4UcJH4BamCAo2e+xX0JU45EQYzpHXX9xITZkgZihmZlINUkwThERqQrqUCcaLDbHr7BB5ZpQ9jqWwJA6fq740Mca3HPLKTHJmhnvdy8T+vm5r4MsyoSFJDBJ49FKcMGgnzIGCfKoING1uCsKL2VoiHSCFsbFxlG4I//+VF0jqr+V7Nvz+v1q+LOErgAByCE+CDC1AHt6ABmgCDJ/AMXsGbM3FenHfnYza65BQ7++APnM8fQEmTSA==</latexit><latexit sha1_base64="lI9nERoFXSSJkZcCb71cZLsFV7Q=">AAAB+3icbVC7TsMwFHV4lvIKZWSxqBBMJUFIMDBUsLBRJPqQmqhyXKe16kdkO4gq6q+wMIAQKz/Cxt/gtBmg5UhX9+ice+XrEyWMauN5387S8srq2nppo7y5tb2z6+5VWlqmCpMmlkyqToQ0YVSQpqGGkU6iCOIRI+1odJP77UeiNJXiwYwTEnI0EDSmGBkr9dwKP4ZXMJCcDNBpcJe3nlv1at4UcJH4BamCAo2e+xX0JU45EQYzpHXX9xITZkgZihmZlINUkwThERqQrqUCcaLDbHr7BB5ZpQ9jqWwJA6fq740Mca3HPLKTHJmhnvdy8T+vm5r4MsyoSFJDBJ49FKcMGgnzIGCfKoING1uCsKL2VoiHSCFsbFxlG4I//+VF0jqr+V7Nvz+v1q+LOErgAByCE+CDC1AHt6ABmgCDJ/AMXsGbM3FenHfnYza65BQ7++APnM8fQEmTSA==</latexit>



• Only modes with                    are superradiant


• Azimuthal asymmetries in the system can cause mixing 
with non-superradiant modes, with                    .

Mixing: 
Superradiance Shutdown

m > !/⌦
<latexit sha1_base64="JQiV9eT90ITuuoqqrzBU8Zf0A5s=">AAAB+nicbVDLSgMxFM3UV62vqS7dBIvgqs6IoCspunFnBfuAzlAyaaYNzWNIMkoZ+yluXCji1i9x59+YaWeh1QOXezjnXnJzooRRbTzvyyktLa+srpXXKxubW9s7bnW3rWWqMGlhyaTqRkgTRgVpGWoY6SaKIB4x0onGV7nfuSdKUynuzCQhIUdDQWOKkbFS361yeAEDyckQHQc3eeu7Na/uzQD/Er8gNVCg2Xc/g4HEKSfCYIa07vleYsIMKUMxI9NKkGqSIDxGQ9KzVCBOdJjNTp/CQ6sMYCyVLWHgTP25kSGu9YRHdpIjM9KLXi7+5/VSE5+HGRVJaojA84filEEjYZ4DHFBFsGETSxBW1N4K8QgphI1Nq2JD8Be//Je0T+q+V/dvT2uNyyKOMtgHB+AI+OAMNMA1aIIWwOABPIEX8Oo8Os/Om/M+Hy05xc4e+AXn4xvgQpMZ</latexit><latexit sha1_base64="JQiV9eT90ITuuoqqrzBU8Zf0A5s=">AAAB+nicbVDLSgMxFM3UV62vqS7dBIvgqs6IoCspunFnBfuAzlAyaaYNzWNIMkoZ+yluXCji1i9x59+YaWeh1QOXezjnXnJzooRRbTzvyyktLa+srpXXKxubW9s7bnW3rWWqMGlhyaTqRkgTRgVpGWoY6SaKIB4x0onGV7nfuSdKUynuzCQhIUdDQWOKkbFS361yeAEDyckQHQc3eeu7Na/uzQD/Er8gNVCg2Xc/g4HEKSfCYIa07vleYsIMKUMxI9NKkGqSIDxGQ9KzVCBOdJjNTp/CQ6sMYCyVLWHgTP25kSGu9YRHdpIjM9KLXi7+5/VSE5+HGRVJaojA84filEEjYZ4DHFBFsGETSxBW1N4K8QgphI1Nq2JD8Be//Je0T+q+V/dvT2uNyyKOMtgHB+AI+OAMNMA1aIIWwOABPIEX8Oo8Os/Om/M+Hy05xc4e+AXn4xvgQpMZ</latexit><latexit sha1_base64="JQiV9eT90ITuuoqqrzBU8Zf0A5s=">AAAB+nicbVDLSgMxFM3UV62vqS7dBIvgqs6IoCspunFnBfuAzlAyaaYNzWNIMkoZ+yluXCji1i9x59+YaWeh1QOXezjnXnJzooRRbTzvyyktLa+srpXXKxubW9s7bnW3rWWqMGlhyaTqRkgTRgVpGWoY6SaKIB4x0onGV7nfuSdKUynuzCQhIUdDQWOKkbFS361yeAEDyckQHQc3eeu7Na/uzQD/Er8gNVCg2Xc/g4HEKSfCYIa07vleYsIMKUMxI9NKkGqSIDxGQ9KzVCBOdJjNTp/CQ6sMYCyVLWHgTP25kSGu9YRHdpIjM9KLXi7+5/VSE5+HGRVJaojA84filEEjYZ4DHFBFsGETSxBW1N4K8QgphI1Nq2JD8Be//Je0T+q+V/dvT2uNyyKOMtgHB+AI+OAMNMA1aIIWwOABPIEX8Oo8Os/Om/M+Hy05xc4e+AXn4xvgQpMZ</latexit><latexit sha1_base64="JQiV9eT90ITuuoqqrzBU8Zf0A5s=">AAAB+nicbVDLSgMxFM3UV62vqS7dBIvgqs6IoCspunFnBfuAzlAyaaYNzWNIMkoZ+yluXCji1i9x59+YaWeh1QOXezjnXnJzooRRbTzvyyktLa+srpXXKxubW9s7bnW3rWWqMGlhyaTqRkgTRgVpGWoY6SaKIB4x0onGV7nfuSdKUynuzCQhIUdDQWOKkbFS361yeAEDyckQHQc3eeu7Na/uzQD/Er8gNVCg2Xc/g4HEKSfCYIa07vleYsIMKUMxI9NKkGqSIDxGQ9KzVCBOdJjNTp/CQ6sMYCyVLWHgTP25kSGu9YRHdpIjM9KLXi7+5/VSE5+HGRVJaojA84filEEjYZ4DHFBFsGETSxBW1N4K8QgphI1Nq2JD8Be//Je0T+q+V/dvT2uNyyKOMtgHB+AI+OAMNMA1aIIWwOABPIEX8Oo8Os/Om/M+Hy05xc4e+AXn4xvgQpMZ</latexit>

m0 < !/⌦
<latexit sha1_base64="lI9nERoFXSSJkZcCb71cZLsFV7Q=">AAAB+3icbVC7TsMwFHV4lvIKZWSxqBBMJUFIMDBUsLBRJPqQmqhyXKe16kdkO4gq6q+wMIAQKz/Cxt/gtBmg5UhX9+ice+XrEyWMauN5387S8srq2nppo7y5tb2z6+5VWlqmCpMmlkyqToQ0YVSQpqGGkU6iCOIRI+1odJP77UeiNJXiwYwTEnI0EDSmGBkr9dwKP4ZXMJCcDNBpcJe3nlv1at4UcJH4BamCAo2e+xX0JU45EQYzpHXX9xITZkgZihmZlINUkwThERqQrqUCcaLDbHr7BB5ZpQ9jqWwJA6fq740Mca3HPLKTHJmhnvdy8T+vm5r4MsyoSFJDBJ49FKcMGgnzIGCfKoING1uCsKL2VoiHSCFsbFxlG4I//+VF0jqr+V7Nvz+v1q+LOErgAByCE+CDC1AHt6ABmgCDJ/AMXsGbM3FenHfnYza65BQ7++APnM8fQEmTSA==</latexit><latexit sha1_base64="lI9nERoFXSSJkZcCb71cZLsFV7Q=">AAAB+3icbVC7TsMwFHV4lvIKZWSxqBBMJUFIMDBUsLBRJPqQmqhyXKe16kdkO4gq6q+wMIAQKz/Cxt/gtBmg5UhX9+ice+XrEyWMauN5387S8srq2nppo7y5tb2z6+5VWlqmCpMmlkyqToQ0YVSQpqGGkU6iCOIRI+1odJP77UeiNJXiwYwTEnI0EDSmGBkr9dwKP4ZXMJCcDNBpcJe3nlv1at4UcJH4BamCAo2e+xX0JU45EQYzpHXX9xITZkgZihmZlINUkwThERqQrqUCcaLDbHr7BB5ZpQ9jqWwJA6fq740Mca3HPLKTHJmhnvdy8T+vm5r4MsyoSFJDBJ49FKcMGgnzIGCfKoING1uCsKL2VoiHSCFsbFxlG4I//+VF0jqr+V7Nvz+v1q+LOErgAByCE+CDC1AHt6ABmgCDJ/AMXsGbM3FenHfnYza65BQ7++APnM8fQEmTSA==</latexit><latexit sha1_base64="lI9nERoFXSSJkZcCb71cZLsFV7Q=">AAAB+3icbVC7TsMwFHV4lvIKZWSxqBBMJUFIMDBUsLBRJPqQmqhyXKe16kdkO4gq6q+wMIAQKz/Cxt/gtBmg5UhX9+ice+XrEyWMauN5387S8srq2nppo7y5tb2z6+5VWlqmCpMmlkyqToQ0YVSQpqGGkU6iCOIRI+1odJP77UeiNJXiwYwTEnI0EDSmGBkr9dwKP4ZXMJCcDNBpcJe3nlv1at4UcJH4BamCAo2e+xX0JU45EQYzpHXX9xITZkgZihmZlINUkwThERqQrqUCcaLDbHr7BB5ZpQ9jqWwJA6fq740Mca3HPLKTHJmhnvdy8T+vm5r4MsyoSFJDBJ49FKcMGgnzIGCfKoING1uCsKL2VoiHSCFsbFxlG4I//+VF0jqr+V7Nvz+v1q+LOErgAByCE+CDC1AHt6ABmgCDJ/AMXsGbM3FenHfnYza65BQ7++APnM8fQEmTSA==</latexit><latexit sha1_base64="lI9nERoFXSSJkZcCb71cZLsFV7Q=">AAAB+3icbVC7TsMwFHV4lvIKZWSxqBBMJUFIMDBUsLBRJPqQmqhyXKe16kdkO4gq6q+wMIAQKz/Cxt/gtBmg5UhX9+ice+XrEyWMauN5387S8srq2nppo7y5tb2z6+5VWlqmCpMmlkyqToQ0YVSQpqGGkU6iCOIRI+1odJP77UeiNJXiwYwTEnI0EDSmGBkr9dwKP4ZXMJCcDNBpcJe3nlv1at4UcJH4BamCAo2e+xX0JU45EQYzpHXX9xITZkgZihmZlINUkwThERqQrqUCcaLDbHr7BB5ZpQ9jqWwJA6fq740Mca3HPLKTHJmhnvdy8T+vm5r4MsyoSFJDBJ49FKcMGgnzIGCfKoING1uCsKL2VoiHSCFsbFxlG4I//+VF0jqr+V7Nvz+v1q+LOErgAByCE+CDC1AHt6ABmgCDJ/AMXsGbM3FenHfnYza65BQ7++APnM8fQEmTSA==</latexit>
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• Only modes with                    are superradiant


• Azimuthal asymmetries in the system can cause mixing 
with non-superradiant modes, with                    .

Mixing: 
Superradiance Shutdown

m > !/⌦
<latexit sha1_base64="JQiV9eT90ITuuoqqrzBU8Zf0A5s=">AAAB+nicbVDLSgMxFM3UV62vqS7dBIvgqs6IoCspunFnBfuAzlAyaaYNzWNIMkoZ+yluXCji1i9x59+YaWeh1QOXezjnXnJzooRRbTzvyyktLa+srpXXKxubW9s7bnW3rWWqMGlhyaTqRkgTRgVpGWoY6SaKIB4x0onGV7nfuSdKUynuzCQhIUdDQWOKkbFS361yeAEDyckQHQc3eeu7Na/uzQD/Er8gNVCg2Xc/g4HEKSfCYIa07vleYsIMKUMxI9NKkGqSIDxGQ9KzVCBOdJjNTp/CQ6sMYCyVLWHgTP25kSGu9YRHdpIjM9KLXi7+5/VSE5+HGRVJaojA84filEEjYZ4DHFBFsGETSxBW1N4K8QgphI1Nq2JD8Be//Je0T+q+V/dvT2uNyyKOMtgHB+AI+OAMNMA1aIIWwOABPIEX8Oo8Os/Om/M+Hy05xc4e+AXn4xvgQpMZ</latexit><latexit sha1_base64="JQiV9eT90ITuuoqqrzBU8Zf0A5s=">AAAB+nicbVDLSgMxFM3UV62vqS7dBIvgqs6IoCspunFnBfuAzlAyaaYNzWNIMkoZ+yluXCji1i9x59+YaWeh1QOXezjnXnJzooRRbTzvyyktLa+srpXXKxubW9s7bnW3rWWqMGlhyaTqRkgTRgVpGWoY6SaKIB4x0onGV7nfuSdKUynuzCQhIUdDQWOKkbFS361yeAEDyckQHQc3eeu7Na/uzQD/Er8gNVCg2Xc/g4HEKSfCYIa07vleYsIMKUMxI9NKkGqSIDxGQ9KzVCBOdJjNTp/CQ6sMYCyVLWHgTP25kSGu9YRHdpIjM9KLXi7+5/VSE5+HGRVJaojA84filEEjYZ4DHFBFsGETSxBW1N4K8QgphI1Nq2JD8Be//Je0T+q+V/dvT2uNyyKOMtgHB+AI+OAMNMA1aIIWwOABPIEX8Oo8Os/Om/M+Hy05xc4e+AXn4xvgQpMZ</latexit><latexit sha1_base64="JQiV9eT90ITuuoqqrzBU8Zf0A5s=">AAAB+nicbVDLSgMxFM3UV62vqS7dBIvgqs6IoCspunFnBfuAzlAyaaYNzWNIMkoZ+yluXCji1i9x59+YaWeh1QOXezjnXnJzooRRbTzvyyktLa+srpXXKxubW9s7bnW3rWWqMGlhyaTqRkgTRgVpGWoY6SaKIB4x0onGV7nfuSdKUynuzCQhIUdDQWOKkbFS361yeAEDyckQHQc3eeu7Na/uzQD/Er8gNVCg2Xc/g4HEKSfCYIa07vleYsIMKUMxI9NKkGqSIDxGQ9KzVCBOdJjNTp/CQ6sMYCyVLWHgTP25kSGu9YRHdpIjM9KLXi7+5/VSE5+HGRVJaojA84filEEjYZ4DHFBFsGETSxBW1N4K8QgphI1Nq2JD8Be//Je0T+q+V/dvT2uNyyKOMtgHB+AI+OAMNMA1aIIWwOABPIEX8Oo8Os/Om/M+Hy05xc4e+AXn4xvgQpMZ</latexit><latexit sha1_base64="JQiV9eT90ITuuoqqrzBU8Zf0A5s=">AAAB+nicbVDLSgMxFM3UV62vqS7dBIvgqs6IoCspunFnBfuAzlAyaaYNzWNIMkoZ+yluXCji1i9x59+YaWeh1QOXezjnXnJzooRRbTzvyyktLa+srpXXKxubW9s7bnW3rWWqMGlhyaTqRkgTRgVpGWoY6SaKIB4x0onGV7nfuSdKUynuzCQhIUdDQWOKkbFS361yeAEDyckQHQc3eeu7Na/uzQD/Er8gNVCg2Xc/g4HEKSfCYIa07vleYsIMKUMxI9NKkGqSIDxGQ9KzVCBOdJjNTp/CQ6sMYCyVLWHgTP25kSGu9YRHdpIjM9KLXi7+5/VSE5+HGRVJaojA84filEEjYZ4DHFBFsGETSxBW1N4K8QgphI1Nq2JD8Be//Je0T+q+V/dvT2uNyyKOMtgHB+AI+OAMNMA1aIIWwOABPIEX8Oo8Os/Om/M+Hy05xc4e+AXn4xvgQpMZ</latexit>

m0 < !/⌦
<latexit sha1_base64="lI9nERoFXSSJkZcCb71cZLsFV7Q=">AAAB+3icbVC7TsMwFHV4lvIKZWSxqBBMJUFIMDBUsLBRJPqQmqhyXKe16kdkO4gq6q+wMIAQKz/Cxt/gtBmg5UhX9+ice+XrEyWMauN5387S8srq2nppo7y5tb2z6+5VWlqmCpMmlkyqToQ0YVSQpqGGkU6iCOIRI+1odJP77UeiNJXiwYwTEnI0EDSmGBkr9dwKP4ZXMJCcDNBpcJe3nlv1at4UcJH4BamCAo2e+xX0JU45EQYzpHXX9xITZkgZihmZlINUkwThERqQrqUCcaLDbHr7BB5ZpQ9jqWwJA6fq740Mca3HPLKTHJmhnvdy8T+vm5r4MsyoSFJDBJ49FKcMGgnzIGCfKoING1uCsKL2VoiHSCFsbFxlG4I//+VF0jqr+V7Nvz+v1q+LOErgAByCE+CDC1AHt6ABmgCDJ/AMXsGbM3FenHfnYza65BQ7++APnM8fQEmTSA==</latexit><latexit sha1_base64="lI9nERoFXSSJkZcCb71cZLsFV7Q=">AAAB+3icbVC7TsMwFHV4lvIKZWSxqBBMJUFIMDBUsLBRJPqQmqhyXKe16kdkO4gq6q+wMIAQKz/Cxt/gtBmg5UhX9+ice+XrEyWMauN5387S8srq2nppo7y5tb2z6+5VWlqmCpMmlkyqToQ0YVSQpqGGkU6iCOIRI+1odJP77UeiNJXiwYwTEnI0EDSmGBkr9dwKP4ZXMJCcDNBpcJe3nlv1at4UcJH4BamCAo2e+xX0JU45EQYzpHXX9xITZkgZihmZlINUkwThERqQrqUCcaLDbHr7BB5ZpQ9jqWwJA6fq740Mca3HPLKTHJmhnvdy8T+vm5r4MsyoSFJDBJ49FKcMGgnzIGCfKoING1uCsKL2VoiHSCFsbFxlG4I//+VF0jqr+V7Nvz+v1q+LOErgAByCE+CDC1AHt6ABmgCDJ/AMXsGbM3FenHfnYza65BQ7++APnM8fQEmTSA==</latexit><latexit sha1_base64="lI9nERoFXSSJkZcCb71cZLsFV7Q=">AAAB+3icbVC7TsMwFHV4lvIKZWSxqBBMJUFIMDBUsLBRJPqQmqhyXKe16kdkO4gq6q+wMIAQKz/Cxt/gtBmg5UhX9+ice+XrEyWMauN5387S8srq2nppo7y5tb2z6+5VWlqmCpMmlkyqToQ0YVSQpqGGkU6iCOIRI+1odJP77UeiNJXiwYwTEnI0EDSmGBkr9dwKP4ZXMJCcDNBpcJe3nlv1at4UcJH4BamCAo2e+xX0JU45EQYzpHXX9xITZkgZihmZlINUkwThERqQrqUCcaLDbHr7BB5ZpQ9jqWwJA6fq740Mca3HPLKTHJmhnvdy8T+vm5r4MsyoSFJDBJ49FKcMGgnzIGCfKoING1uCsKL2VoiHSCFsbFxlG4I//+VF0jqr+V7Nvz+v1q+LOErgAByCE+CDC1AHt6ABmgCDJ/AMXsGbM3FenHfnYza65BQ7++APnM8fQEmTSA==</latexit><latexit sha1_base64="lI9nERoFXSSJkZcCb71cZLsFV7Q=">AAAB+3icbVC7TsMwFHV4lvIKZWSxqBBMJUFIMDBUsLBRJPqQmqhyXKe16kdkO4gq6q+wMIAQKz/Cxt/gtBmg5UhX9+ice+XrEyWMauN5387S8srq2nppo7y5tb2z6+5VWlqmCpMmlkyqToQ0YVSQpqGGkU6iCOIRI+1odJP77UeiNJXiwYwTEnI0EDSmGBkr9dwKP4ZXMJCcDNBpcJe3nlv1at4UcJH4BamCAo2e+xX0JU45EQYzpHXX9xITZkgZihmZlINUkwThERqQrqUCcaLDbHr7BB5ZpQ9jqWwJA6fq740Mca3HPLKTHJmhnvdy8T+vm5r4MsyoSFJDBJ49FKcMGgnzIGCfKoING1uCsKL2VoiHSCFsbFxlG4I//+VF0jqr+V7Nvz+v1q+LOErgAByCE+CDC1AHt6ABmgCDJ/AMXsGbM3FenHfnYza65BQ7++APnM8fQEmTSA==</latexit>
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Mixing: 
Superradiance Shutdown

m > !/⌦
<latexit sha1_base64="JQiV9eT90ITuuoqqrzBU8Zf0A5s=">AAAB+nicbVDLSgMxFM3UV62vqS7dBIvgqs6IoCspunFnBfuAzlAyaaYNzWNIMkoZ+yluXCji1i9x59+YaWeh1QOXezjnXnJzooRRbTzvyyktLa+srpXXKxubW9s7bnW3rWWqMGlhyaTqRkgTRgVpGWoY6SaKIB4x0onGV7nfuSdKUynuzCQhIUdDQWOKkbFS361yeAEDyckQHQc3eeu7Na/uzQD/Er8gNVCg2Xc/g4HEKSfCYIa07vleYsIMKUMxI9NKkGqSIDxGQ9KzVCBOdJjNTp/CQ6sMYCyVLWHgTP25kSGu9YRHdpIjM9KLXi7+5/VSE5+HGRVJaojA84filEEjYZ4DHFBFsGETSxBW1N4K8QgphI1Nq2JD8Be//Je0T+q+V/dvT2uNyyKOMtgHB+AI+OAMNMA1aIIWwOABPIEX8Oo8Os/Om/M+Hy05xc4e+AXn4xvgQpMZ</latexit><latexit sha1_base64="JQiV9eT90ITuuoqqrzBU8Zf0A5s=">AAAB+nicbVDLSgMxFM3UV62vqS7dBIvgqs6IoCspunFnBfuAzlAyaaYNzWNIMkoZ+yluXCji1i9x59+YaWeh1QOXezjnXnJzooRRbTzvyyktLa+srpXXKxubW9s7bnW3rWWqMGlhyaTqRkgTRgVpGWoY6SaKIB4x0onGV7nfuSdKUynuzCQhIUdDQWOKkbFS361yeAEDyckQHQc3eeu7Na/uzQD/Er8gNVCg2Xc/g4HEKSfCYIa07vleYsIMKUMxI9NKkGqSIDxGQ9KzVCBOdJjNTp/CQ6sMYCyVLWHgTP25kSGu9YRHdpIjM9KLXi7+5/VSE5+HGRVJaojA84filEEjYZ4DHFBFsGETSxBW1N4K8QgphI1Nq2JD8Be//Je0T+q+V/dvT2uNyyKOMtgHB+AI+OAMNMA1aIIWwOABPIEX8Oo8Os/Om/M+Hy05xc4e+AXn4xvgQpMZ</latexit><latexit sha1_base64="JQiV9eT90ITuuoqqrzBU8Zf0A5s=">AAAB+nicbVDLSgMxFM3UV62vqS7dBIvgqs6IoCspunFnBfuAzlAyaaYNzWNIMkoZ+yluXCji1i9x59+YaWeh1QOXezjnXnJzooRRbTzvyyktLa+srpXXKxubW9s7bnW3rWWqMGlhyaTqRkgTRgVpGWoY6SaKIB4x0onGV7nfuSdKUynuzCQhIUdDQWOKkbFS361yeAEDyckQHQc3eeu7Na/uzQD/Er8gNVCg2Xc/g4HEKSfCYIa07vleYsIMKUMxI9NKkGqSIDxGQ9KzVCBOdJjNTp/CQ6sMYCyVLWHgTP25kSGu9YRHdpIjM9KLXi7+5/VSE5+HGRVJaojA84filEEjYZ4DHFBFsGETSxBW1N4K8QgphI1Nq2JD8Be//Je0T+q+V/dvT2uNyyKOMtgHB+AI+OAMNMA1aIIWwOABPIEX8Oo8Os/Om/M+Hy05xc4e+AXn4xvgQpMZ</latexit><latexit sha1_base64="JQiV9eT90ITuuoqqrzBU8Zf0A5s=">AAAB+nicbVDLSgMxFM3UV62vqS7dBIvgqs6IoCspunFnBfuAzlAyaaYNzWNIMkoZ+yluXCji1i9x59+YaWeh1QOXezjnXnJzooRRbTzvyyktLa+srpXXKxubW9s7bnW3rWWqMGlhyaTqRkgTRgVpGWoY6SaKIB4x0onGV7nfuSdKUynuzCQhIUdDQWOKkbFS361yeAEDyckQHQc3eeu7Na/uzQD/Er8gNVCg2Xc/g4HEKSfCYIa07vleYsIMKUMxI9NKkGqSIDxGQ9KzVCBOdJjNTp/CQ6sMYCyVLWHgTP25kSGu9YRHdpIjM9KLXi7+5/VSE5+HGRVJaojA84filEEjYZ4DHFBFsGETSxBW1N4K8QgphI1Nq2JD8Be//Je0T+q+V/dvT2uNyyKOMtgHB+AI+OAMNMA1aIIWwOABPIEX8Oo8Os/Om/M+Hy05xc4e+AXn4xvgQpMZ</latexit>

m0 < !/⌦
<latexit sha1_base64="lI9nERoFXSSJkZcCb71cZLsFV7Q=">AAAB+3icbVC7TsMwFHV4lvIKZWSxqBBMJUFIMDBUsLBRJPqQmqhyXKe16kdkO4gq6q+wMIAQKz/Cxt/gtBmg5UhX9+ice+XrEyWMauN5387S8srq2nppo7y5tb2z6+5VWlqmCpMmlkyqToQ0YVSQpqGGkU6iCOIRI+1odJP77UeiNJXiwYwTEnI0EDSmGBkr9dwKP4ZXMJCcDNBpcJe3nlv1at4UcJH4BamCAo2e+xX0JU45EQYzpHXX9xITZkgZihmZlINUkwThERqQrqUCcaLDbHr7BB5ZpQ9jqWwJA6fq740Mca3HPLKTHJmhnvdy8T+vm5r4MsyoSFJDBJ49FKcMGgnzIGCfKoING1uCsKL2VoiHSCFsbFxlG4I//+VF0jqr+V7Nvz+v1q+LOErgAByCE+CDC1AHt6ABmgCDJ/AMXsGbM3FenHfnYza65BQ7++APnM8fQEmTSA==</latexit><latexit sha1_base64="lI9nERoFXSSJkZcCb71cZLsFV7Q=">AAAB+3icbVC7TsMwFHV4lvIKZWSxqBBMJUFIMDBUsLBRJPqQmqhyXKe16kdkO4gq6q+wMIAQKz/Cxt/gtBmg5UhX9+ice+XrEyWMauN5387S8srq2nppo7y5tb2z6+5VWlqmCpMmlkyqToQ0YVSQpqGGkU6iCOIRI+1odJP77UeiNJXiwYwTEnI0EDSmGBkr9dwKP4ZXMJCcDNBpcJe3nlv1at4UcJH4BamCAo2e+xX0JU45EQYzpHXX9xITZkgZihmZlINUkwThERqQrqUCcaLDbHr7BB5ZpQ9jqWwJA6fq740Mca3HPLKTHJmhnvdy8T+vm5r4MsyoSFJDBJ49FKcMGgnzIGCfKoING1uCsKL2VoiHSCFsbFxlG4I//+VF0jqr+V7Nvz+v1q+LOErgAByCE+CDC1AHt6ABmgCDJ/AMXsGbM3FenHfnYza65BQ7++APnM8fQEmTSA==</latexit><latexit sha1_base64="lI9nERoFXSSJkZcCb71cZLsFV7Q=">AAAB+3icbVC7TsMwFHV4lvIKZWSxqBBMJUFIMDBUsLBRJPqQmqhyXKe16kdkO4gq6q+wMIAQKz/Cxt/gtBmg5UhX9+ice+XrEyWMauN5387S8srq2nppo7y5tb2z6+5VWlqmCpMmlkyqToQ0YVSQpqGGkU6iCOIRI+1odJP77UeiNJXiwYwTEnI0EDSmGBkr9dwKP4ZXMJCcDNBpcJe3nlv1at4UcJH4BamCAo2e+xX0JU45EQYzpHXX9xITZkgZihmZlINUkwThERqQrqUCcaLDbHr7BB5ZpQ9jqWwJA6fq740Mca3HPLKTHJmhnvdy8T+vm5r4MsyoSFJDBJ49FKcMGgnzIGCfKoING1uCsKL2VoiHSCFsbFxlG4I//+VF0jqr+V7Nvz+v1q+LOErgAByCE+CDC1AHt6ABmgCDJ/AMXsGbM3FenHfnYza65BQ7++APnM8fQEmTSA==</latexit><latexit sha1_base64="lI9nERoFXSSJkZcCb71cZLsFV7Q=">AAAB+3icbVC7TsMwFHV4lvIKZWSxqBBMJUFIMDBUsLBRJPqQmqhyXKe16kdkO4gq6q+wMIAQKz/Cxt/gtBmg5UhX9+ice+XrEyWMauN5387S8srq2nppo7y5tb2z6+5VWlqmCpMmlkyqToQ0YVSQpqGGkU6iCOIRI+1odJP77UeiNJXiwYwTEnI0EDSmGBkr9dwKP4ZXMJCcDNBpcJe3nlv1at4UcJH4BamCAo2e+xX0JU45EQYzpHXX9xITZkgZihmZlINUkwThERqQrqUCcaLDbHr7BB5ZpQ9jqWwJA6fq740Mca3HPLKTHJmhnvdy8T+vm5r4MsyoSFJDBJ49FKcMGgnzIGCfKoING1uCsKL2VoiHSCFsbFxlG4I//+VF0jqr+V7Nvz+v1q+LOErgAByCE+CDC1AHt6ABmgCDJ/AMXsGbM3FenHfnYza65BQ7++APnM8fQEmTSA==</latexit>
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• Only modes with                    are superradiant


• Azimuthal asymmetries in the system can cause mixing 
with non-superradiant modes, with                    .


• Most dangerous asymmetries:


• Centrifugal bulge + Free precession wobble


• Elastic scattering off neutrons (Yukawa interaction)

 nlm
<latexit sha1_base64="jea7l6kBAjzFzdZNvT3Hv7HcaKA=">AAAB8XicdVDLSgMxFM3UV62vqks3wSK4GhIZ23FXcOOygq3FdiiZNG1Dk8yQZIQy9C/cuFDErX/jzr8xfQgqeuDC4Zx7ufeeOBXcWIQ+vMLK6tr6RnGztLW9s7tX3j9omSTTlDVpIhLdjolhgivWtNwK1k41IzIW7DYeX87823umDU/UjZ2kLJJkqPiAU2KddNdNDe/lSshpr1xBPjoPL6pViPwgCEMcOIIwrtZCiH00RwUs0eiV37v9hGaSKUsFMaaDUWqjnGjLqWDTUjczLCV0TIas46gikpkon188hSdO6cNBol0pC+fq94mcSGMmMnadktiR+e3NxL+8TmYHYZRzlWaWKbpYNMgEtAmcvQ/7XDNqxcQRQjV3t0I6IppQ60IquRC+PoX/k9aZj5GPr4NKPVjGUQRH4BicAgxqoA6uQAM0AQUKPIAn8OwZ79F78V4XrQVvOXMIfsB7+wSCWpFs</latexit><latexit sha1_base64="jea7l6kBAjzFzdZNvT3Hv7HcaKA=">AAAB8XicdVDLSgMxFM3UV62vqks3wSK4GhIZ23FXcOOygq3FdiiZNG1Dk8yQZIQy9C/cuFDErX/jzr8xfQgqeuDC4Zx7ufeeOBXcWIQ+vMLK6tr6RnGztLW9s7tX3j9omSTTlDVpIhLdjolhgivWtNwK1k41IzIW7DYeX87823umDU/UjZ2kLJJkqPiAU2KddNdNDe/lSshpr1xBPjoPL6pViPwgCEMcOIIwrtZCiH00RwUs0eiV37v9hGaSKUsFMaaDUWqjnGjLqWDTUjczLCV0TIas46gikpkon188hSdO6cNBol0pC+fq94mcSGMmMnadktiR+e3NxL+8TmYHYZRzlWaWKbpYNMgEtAmcvQ/7XDNqxcQRQjV3t0I6IppQ60IquRC+PoX/k9aZj5GPr4NKPVjGUQRH4BicAgxqoA6uQAM0AQUKPIAn8OwZ79F78V4XrQVvOXMIfsB7+wSCWpFs</latexit><latexit sha1_base64="jea7l6kBAjzFzdZNvT3Hv7HcaKA=">AAAB8XicdVDLSgMxFM3UV62vqks3wSK4GhIZ23FXcOOygq3FdiiZNG1Dk8yQZIQy9C/cuFDErX/jzr8xfQgqeuDC4Zx7ufeeOBXcWIQ+vMLK6tr6RnGztLW9s7tX3j9omSTTlDVpIhLdjolhgivWtNwK1k41IzIW7DYeX87823umDU/UjZ2kLJJkqPiAU2KddNdNDe/lSshpr1xBPjoPL6pViPwgCEMcOIIwrtZCiH00RwUs0eiV37v9hGaSKUsFMaaDUWqjnGjLqWDTUjczLCV0TIas46gikpkon188hSdO6cNBol0pC+fq94mcSGMmMnadktiR+e3NxL+8TmYHYZRzlWaWKbpYNMgEtAmcvQ/7XDNqxcQRQjV3t0I6IppQ60IquRC+PoX/k9aZj5GPr4NKPVjGUQRH4BicAgxqoA6uQAM0AQUKPIAn8OwZ79F78V4XrQVvOXMIfsB7+wSCWpFs</latexit><latexit sha1_base64="jea7l6kBAjzFzdZNvT3Hv7HcaKA=">AAAB8XicdVDLSgMxFM3UV62vqks3wSK4GhIZ23FXcOOygq3FdiiZNG1Dk8yQZIQy9C/cuFDErX/jzr8xfQgqeuDC4Zx7ufeeOBXcWIQ+vMLK6tr6RnGztLW9s7tX3j9omSTTlDVpIhLdjolhgivWtNwK1k41IzIW7DYeX87823umDU/UjZ2kLJJkqPiAU2KddNdNDe/lSshpr1xBPjoPL6pViPwgCEMcOIIwrtZCiH00RwUs0eiV37v9hGaSKUsFMaaDUWqjnGjLqWDTUjczLCV0TIas46gikpkon188hSdO6cNBol0pC+fq94mcSGMmMnadktiR+e3NxL+8TmYHYZRzlWaWKbpYNMgEtAmcvQ/7XDNqxcQRQjV3t0I6IppQ60IquRC+PoX/k9aZj5GPr4NKPVjGUQRH4BicAgxqoA6uQAM0AQUKPIAn8OwZ79F78V4XrQVvOXMIfsB7+wSCWpFs</latexit>

 100
<latexit sha1_base64="KL+L/NvA8bgk9wus6FS63GqDn20=">AAAB8XicdVDLSgMxFL3js9ZX1aWbYBFclaTUPnYFNy4r2Ae2Q8mkaRuayQxJRihD/8KNC0Xc+jfu/BvTh6CiBy4czrmXe+8JYimMxfjDW1vf2Nzazuxkd/f2Dw5zR8ctEyWa8SaLZKQ7ATVcCsWbVljJO7HmNAwkbweTq7nfvufaiEjd2mnM/ZCOlBgKRq2T7nqxEf2UYDzr5/K4UCrWqpUiwgWML2uELEiZlDEijsyRhxUa/dx7bxCxJOTKMkmN6RIcWz+l2gom+SzbSwyPKZvQEe86qmjIjZ8uLp6hc6cM0DDSrpRFC/X7REpDY6Zh4DpDasfmtzcX//K6iR1W/VSoOLFcseWiYSKRjdD8fTQQmjMrp45QpoW7FbEx1ZRZF1LWhfD1KfqftIoFggvkppSvl1ZxZOAUzuACCFSgDtfQgCYwUPAAT/DsGe/Re/Fel61r3mrmBH7Ae/sEST6QnQ==</latexit><latexit sha1_base64="KL+L/NvA8bgk9wus6FS63GqDn20=">AAAB8XicdVDLSgMxFL3js9ZX1aWbYBFclaTUPnYFNy4r2Ae2Q8mkaRuayQxJRihD/8KNC0Xc+jfu/BvTh6CiBy4czrmXe+8JYimMxfjDW1vf2Nzazuxkd/f2Dw5zR8ctEyWa8SaLZKQ7ATVcCsWbVljJO7HmNAwkbweTq7nfvufaiEjd2mnM/ZCOlBgKRq2T7nqxEf2UYDzr5/K4UCrWqpUiwgWML2uELEiZlDEijsyRhxUa/dx7bxCxJOTKMkmN6RIcWz+l2gom+SzbSwyPKZvQEe86qmjIjZ8uLp6hc6cM0DDSrpRFC/X7REpDY6Zh4DpDasfmtzcX//K6iR1W/VSoOLFcseWiYSKRjdD8fTQQmjMrp45QpoW7FbEx1ZRZF1LWhfD1KfqftIoFggvkppSvl1ZxZOAUzuACCFSgDtfQgCYwUPAAT/DsGe/Re/Fel61r3mrmBH7Ae/sEST6QnQ==</latexit><latexit sha1_base64="KL+L/NvA8bgk9wus6FS63GqDn20=">AAAB8XicdVDLSgMxFL3js9ZX1aWbYBFclaTUPnYFNy4r2Ae2Q8mkaRuayQxJRihD/8KNC0Xc+jfu/BvTh6CiBy4czrmXe+8JYimMxfjDW1vf2Nzazuxkd/f2Dw5zR8ctEyWa8SaLZKQ7ATVcCsWbVljJO7HmNAwkbweTq7nfvufaiEjd2mnM/ZCOlBgKRq2T7nqxEf2UYDzr5/K4UCrWqpUiwgWML2uELEiZlDEijsyRhxUa/dx7bxCxJOTKMkmN6RIcWz+l2gom+SzbSwyPKZvQEe86qmjIjZ8uLp6hc6cM0DDSrpRFC/X7REpDY6Zh4DpDasfmtzcX//K6iR1W/VSoOLFcseWiYSKRjdD8fTQQmjMrp45QpoW7FbEx1ZRZF1LWhfD1KfqftIoFggvkppSvl1ZxZOAUzuACCFSgDtfQgCYwUPAAT/DsGe/Re/Fel61r3mrmBH7Ae/sEST6QnQ==</latexit><latexit sha1_base64="KL+L/NvA8bgk9wus6FS63GqDn20=">AAAB8XicdVDLSgMxFL3js9ZX1aWbYBFclaTUPnYFNy4r2Ae2Q8mkaRuayQxJRihD/8KNC0Xc+jfu/BvTh6CiBy4czrmXe+8JYimMxfjDW1vf2Nzazuxkd/f2Dw5zR8ctEyWa8SaLZKQ7ATVcCsWbVljJO7HmNAwkbweTq7nfvufaiEjd2mnM/ZCOlBgKRq2T7nqxEf2UYDzr5/K4UCrWqpUiwgWML2uELEiZlDEijsyRhxUa/dx7bxCxJOTKMkmN6RIcWz+l2gom+SzbSwyPKZvQEe86qmjIjZ8uLp6hc6cM0DDSrpRFC/X7REpDY6Zh4DpDasfmtzcX//K6iR1W/VSoOLFcseWiYSKRjdD8fTQQmjMrp45QpoW7FbEx1ZRZF1LWhfD1KfqftIoFggvkppSvl1ZxZOAUzuACCFSgDtfQgCYwUPAAT/DsGe/Re/Fel61r3mrmBH7Ae/sEST6QnQ==</latexit>



Mixing: 
Superradiance Shutdown

m > !/⌦
<latexit sha1_base64="JQiV9eT90ITuuoqqrzBU8Zf0A5s=">AAAB+nicbVDLSgMxFM3UV62vqS7dBIvgqs6IoCspunFnBfuAzlAyaaYNzWNIMkoZ+yluXCji1i9x59+YaWeh1QOXezjnXnJzooRRbTzvyyktLa+srpXXKxubW9s7bnW3rWWqMGlhyaTqRkgTRgVpGWoY6SaKIB4x0onGV7nfuSdKUynuzCQhIUdDQWOKkbFS361yeAEDyckQHQc3eeu7Na/uzQD/Er8gNVCg2Xc/g4HEKSfCYIa07vleYsIMKUMxI9NKkGqSIDxGQ9KzVCBOdJjNTp/CQ6sMYCyVLWHgTP25kSGu9YRHdpIjM9KLXi7+5/VSE5+HGRVJaojA84filEEjYZ4DHFBFsGETSxBW1N4K8QgphI1Nq2JD8Be//Je0T+q+V/dvT2uNyyKOMtgHB+AI+OAMNMA1aIIWwOABPIEX8Oo8Os/Om/M+Hy05xc4e+AXn4xvgQpMZ</latexit><latexit sha1_base64="JQiV9eT90ITuuoqqrzBU8Zf0A5s=">AAAB+nicbVDLSgMxFM3UV62vqS7dBIvgqs6IoCspunFnBfuAzlAyaaYNzWNIMkoZ+yluXCji1i9x59+YaWeh1QOXezjnXnJzooRRbTzvyyktLa+srpXXKxubW9s7bnW3rWWqMGlhyaTqRkgTRgVpGWoY6SaKIB4x0onGV7nfuSdKUynuzCQhIUdDQWOKkbFS361yeAEDyckQHQc3eeu7Na/uzQD/Er8gNVCg2Xc/g4HEKSfCYIa07vleYsIMKUMxI9NKkGqSIDxGQ9KzVCBOdJjNTp/CQ6sMYCyVLWHgTP25kSGu9YRHdpIjM9KLXi7+5/VSE5+HGRVJaojA84filEEjYZ4DHFBFsGETSxBW1N4K8QgphI1Nq2JD8Be//Je0T+q+V/dvT2uNyyKOMtgHB+AI+OAMNMA1aIIWwOABPIEX8Oo8Os/Om/M+Hy05xc4e+AXn4xvgQpMZ</latexit><latexit sha1_base64="JQiV9eT90ITuuoqqrzBU8Zf0A5s=">AAAB+nicbVDLSgMxFM3UV62vqS7dBIvgqs6IoCspunFnBfuAzlAyaaYNzWNIMkoZ+yluXCji1i9x59+YaWeh1QOXezjnXnJzooRRbTzvyyktLa+srpXXKxubW9s7bnW3rWWqMGlhyaTqRkgTRgVpGWoY6SaKIB4x0onGV7nfuSdKUynuzCQhIUdDQWOKkbFS361yeAEDyckQHQc3eeu7Na/uzQD/Er8gNVCg2Xc/g4HEKSfCYIa07vleYsIMKUMxI9NKkGqSIDxGQ9KzVCBOdJjNTp/CQ6sMYCyVLWHgTP25kSGu9YRHdpIjM9KLXi7+5/VSE5+HGRVJaojA84filEEjYZ4DHFBFsGETSxBW1N4K8QgphI1Nq2JD8Be//Je0T+q+V/dvT2uNyyKOMtgHB+AI+OAMNMA1aIIWwOABPIEX8Oo8Os/Om/M+Hy05xc4e+AXn4xvgQpMZ</latexit><latexit sha1_base64="JQiV9eT90ITuuoqqrzBU8Zf0A5s=">AAAB+nicbVDLSgMxFM3UV62vqS7dBIvgqs6IoCspunFnBfuAzlAyaaYNzWNIMkoZ+yluXCji1i9x59+YaWeh1QOXezjnXnJzooRRbTzvyyktLa+srpXXKxubW9s7bnW3rWWqMGlhyaTqRkgTRgVpGWoY6SaKIB4x0onGV7nfuSdKUynuzCQhIUdDQWOKkbFS361yeAEDyckQHQc3eeu7Na/uzQD/Er8gNVCg2Xc/g4HEKSfCYIa07vleYsIMKUMxI9NKkGqSIDxGQ9KzVCBOdJjNTp/CQ6sMYCyVLWHgTP25kSGu9YRHdpIjM9KLXi7+5/VSE5+HGRVJaojA84filEEjYZ4DHFBFsGETSxBW1N4K8QgphI1Nq2JD8Be//Je0T+q+V/dvT2uNyyKOMtgHB+AI+OAMNMA1aIIWwOABPIEX8Oo8Os/Om/M+Hy05xc4e+AXn4xvgQpMZ</latexit>

m0 < !/⌦
<latexit sha1_base64="lI9nERoFXSSJkZcCb71cZLsFV7Q=">AAAB+3icbVC7TsMwFHV4lvIKZWSxqBBMJUFIMDBUsLBRJPqQmqhyXKe16kdkO4gq6q+wMIAQKz/Cxt/gtBmg5UhX9+ice+XrEyWMauN5387S8srq2nppo7y5tb2z6+5VWlqmCpMmlkyqToQ0YVSQpqGGkU6iCOIRI+1odJP77UeiNJXiwYwTEnI0EDSmGBkr9dwKP4ZXMJCcDNBpcJe3nlv1at4UcJH4BamCAo2e+xX0JU45EQYzpHXX9xITZkgZihmZlINUkwThERqQrqUCcaLDbHr7BB5ZpQ9jqWwJA6fq740Mca3HPLKTHJmhnvdy8T+vm5r4MsyoSFJDBJ49FKcMGgnzIGCfKoING1uCsKL2VoiHSCFsbFxlG4I//+VF0jqr+V7Nvz+v1q+LOErgAByCE+CDC1AHt6ABmgCDJ/AMXsGbM3FenHfnYza65BQ7++APnM8fQEmTSA==</latexit><latexit sha1_base64="lI9nERoFXSSJkZcCb71cZLsFV7Q=">AAAB+3icbVC7TsMwFHV4lvIKZWSxqBBMJUFIMDBUsLBRJPqQmqhyXKe16kdkO4gq6q+wMIAQKz/Cxt/gtBmg5UhX9+ice+XrEyWMauN5387S8srq2nppo7y5tb2z6+5VWlqmCpMmlkyqToQ0YVSQpqGGkU6iCOIRI+1odJP77UeiNJXiwYwTEnI0EDSmGBkr9dwKP4ZXMJCcDNBpcJe3nlv1at4UcJH4BamCAo2e+xX0JU45EQYzpHXX9xITZkgZihmZlINUkwThERqQrqUCcaLDbHr7BB5ZpQ9jqWwJA6fq740Mca3HPLKTHJmhnvdy8T+vm5r4MsyoSFJDBJ49FKcMGgnzIGCfKoING1uCsKL2VoiHSCFsbFxlG4I//+VF0jqr+V7Nvz+v1q+LOErgAByCE+CDC1AHt6ABmgCDJ/AMXsGbM3FenHfnYza65BQ7++APnM8fQEmTSA==</latexit><latexit sha1_base64="lI9nERoFXSSJkZcCb71cZLsFV7Q=">AAAB+3icbVC7TsMwFHV4lvIKZWSxqBBMJUFIMDBUsLBRJPqQmqhyXKe16kdkO4gq6q+wMIAQKz/Cxt/gtBmg5UhX9+ice+XrEyWMauN5387S8srq2nppo7y5tb2z6+5VWlqmCpMmlkyqToQ0YVSQpqGGkU6iCOIRI+1odJP77UeiNJXiwYwTEnI0EDSmGBkr9dwKP4ZXMJCcDNBpcJe3nlv1at4UcJH4BamCAo2e+xX0JU45EQYzpHXX9xITZkgZihmZlINUkwThERqQrqUCcaLDbHr7BB5ZpQ9jqWwJA6fq740Mca3HPLKTHJmhnvdy8T+vm5r4MsyoSFJDBJ49FKcMGgnzIGCfKoING1uCsKL2VoiHSCFsbFxlG4I//+VF0jqr+V7Nvz+v1q+LOErgAByCE+CDC1AHt6ABmgCDJ/AMXsGbM3FenHfnYza65BQ7++APnM8fQEmTSA==</latexit><latexit sha1_base64="lI9nERoFXSSJkZcCb71cZLsFV7Q=">AAAB+3icbVC7TsMwFHV4lvIKZWSxqBBMJUFIMDBUsLBRJPqQmqhyXKe16kdkO4gq6q+wMIAQKz/Cxt/gtBmg5UhX9+ice+XrEyWMauN5387S8srq2nppo7y5tb2z6+5VWlqmCpMmlkyqToQ0YVSQpqGGkU6iCOIRI+1odJP77UeiNJXiwYwTEnI0EDSmGBkr9dwKP4ZXMJCcDNBpcJe3nlv1at4UcJH4BamCAo2e+xX0JU45EQYzpHXX9xITZkgZihmZlINUkwThERqQrqUCcaLDbHr7BB5ZpQ9jqWwJA6fq740Mca3HPLKTHJmhnvdy8T+vm5r4MsyoSFJDBJ49FKcMGgnzIGCfKoING1uCsKL2VoiHSCFsbFxlG4I//+VF0jqr+V7Nvz+v1q+LOErgAByCE+CDC1AHt6ABmgCDJ/AMXsGbM3FenHfnYza65BQ7++APnM8fQEmTSA==</latexit>
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• Only modes with                    are superradiant


• Azimuthal asymmetries in the system can cause mixing 
with non-superradiant modes, with                    .


• Most dangerous asymmetries:


• Centrifugal bulge + Free precession wobble


• Elastic scattering off neutrons (Yukawa interaction)


• Tidal forces from companion


• Gravitational perturbation

 nlm
<latexit sha1_base64="jea7l6kBAjzFzdZNvT3Hv7HcaKA=">AAAB8XicdVDLSgMxFM3UV62vqks3wSK4GhIZ23FXcOOygq3FdiiZNG1Dk8yQZIQy9C/cuFDErX/jzr8xfQgqeuDC4Zx7ufeeOBXcWIQ+vMLK6tr6RnGztLW9s7tX3j9omSTTlDVpIhLdjolhgivWtNwK1k41IzIW7DYeX87823umDU/UjZ2kLJJkqPiAU2KddNdNDe/lSshpr1xBPjoPL6pViPwgCEMcOIIwrtZCiH00RwUs0eiV37v9hGaSKUsFMaaDUWqjnGjLqWDTUjczLCV0TIas46gikpkon188hSdO6cNBol0pC+fq94mcSGMmMnadktiR+e3NxL+8TmYHYZRzlWaWKbpYNMgEtAmcvQ/7XDNqxcQRQjV3t0I6IppQ60IquRC+PoX/k9aZj5GPr4NKPVjGUQRH4BicAgxqoA6uQAM0AQUKPIAn8OwZ79F78V4XrQVvOXMIfsB7+wSCWpFs</latexit><latexit sha1_base64="jea7l6kBAjzFzdZNvT3Hv7HcaKA=">AAAB8XicdVDLSgMxFM3UV62vqks3wSK4GhIZ23FXcOOygq3FdiiZNG1Dk8yQZIQy9C/cuFDErX/jzr8xfQgqeuDC4Zx7ufeeOBXcWIQ+vMLK6tr6RnGztLW9s7tX3j9omSTTlDVpIhLdjolhgivWtNwK1k41IzIW7DYeX87823umDU/UjZ2kLJJkqPiAU2KddNdNDe/lSshpr1xBPjoPL6pViPwgCEMcOIIwrtZCiH00RwUs0eiV37v9hGaSKUsFMaaDUWqjnGjLqWDTUjczLCV0TIas46gikpkon188hSdO6cNBol0pC+fq94mcSGMmMnadktiR+e3NxL+8TmYHYZRzlWaWKbpYNMgEtAmcvQ/7XDNqxcQRQjV3t0I6IppQ60IquRC+PoX/k9aZj5GPr4NKPVjGUQRH4BicAgxqoA6uQAM0AQUKPIAn8OwZ79F78V4XrQVvOXMIfsB7+wSCWpFs</latexit><latexit sha1_base64="jea7l6kBAjzFzdZNvT3Hv7HcaKA=">AAAB8XicdVDLSgMxFM3UV62vqks3wSK4GhIZ23FXcOOygq3FdiiZNG1Dk8yQZIQy9C/cuFDErX/jzr8xfQgqeuDC4Zx7ufeeOBXcWIQ+vMLK6tr6RnGztLW9s7tX3j9omSTTlDVpIhLdjolhgivWtNwK1k41IzIW7DYeX87823umDU/UjZ2kLJJkqPiAU2KddNdNDe/lSshpr1xBPjoPL6pViPwgCEMcOIIwrtZCiH00RwUs0eiV37v9hGaSKUsFMaaDUWqjnGjLqWDTUjczLCV0TIas46gikpkon188hSdO6cNBol0pC+fq94mcSGMmMnadktiR+e3NxL+8TmYHYZRzlWaWKbpYNMgEtAmcvQ/7XDNqxcQRQjV3t0I6IppQ60IquRC+PoX/k9aZj5GPr4NKPVjGUQRH4BicAgxqoA6uQAM0AQUKPIAn8OwZ79F78V4XrQVvOXMIfsB7+wSCWpFs</latexit><latexit sha1_base64="jea7l6kBAjzFzdZNvT3Hv7HcaKA=">AAAB8XicdVDLSgMxFM3UV62vqks3wSK4GhIZ23FXcOOygq3FdiiZNG1Dk8yQZIQy9C/cuFDErX/jzr8xfQgqeuDC4Zx7ufeeOBXcWIQ+vMLK6tr6RnGztLW9s7tX3j9omSTTlDVpIhLdjolhgivWtNwK1k41IzIW7DYeX87823umDU/UjZ2kLJJkqPiAU2KddNdNDe/lSshpr1xBPjoPL6pViPwgCEMcOIIwrtZCiH00RwUs0eiV37v9hGaSKUsFMaaDUWqjnGjLqWDTUjczLCV0TIas46gikpkon188hSdO6cNBol0pC+fq94mcSGMmMnadktiR+e3NxL+8TmYHYZRzlWaWKbpYNMgEtAmcvQ/7XDNqxcQRQjV3t0I6IppQ60IquRC+PoX/k9aZj5GPr4NKPVjGUQRH4BicAgxqoA6uQAM0AQUKPIAn8OwZ79F78V4XrQVvOXMIfsB7+wSCWpFs</latexit>

 100
<latexit sha1_base64="KL+L/NvA8bgk9wus6FS63GqDn20=">AAAB8XicdVDLSgMxFL3js9ZX1aWbYBFclaTUPnYFNy4r2Ae2Q8mkaRuayQxJRihD/8KNC0Xc+jfu/BvTh6CiBy4czrmXe+8JYimMxfjDW1vf2Nzazuxkd/f2Dw5zR8ctEyWa8SaLZKQ7ATVcCsWbVljJO7HmNAwkbweTq7nfvufaiEjd2mnM/ZCOlBgKRq2T7nqxEf2UYDzr5/K4UCrWqpUiwgWML2uELEiZlDEijsyRhxUa/dx7bxCxJOTKMkmN6RIcWz+l2gom+SzbSwyPKZvQEe86qmjIjZ8uLp6hc6cM0DDSrpRFC/X7REpDY6Zh4DpDasfmtzcX//K6iR1W/VSoOLFcseWiYSKRjdD8fTQQmjMrp45QpoW7FbEx1ZRZF1LWhfD1KfqftIoFggvkppSvl1ZxZOAUzuACCFSgDtfQgCYwUPAAT/DsGe/Re/Fel61r3mrmBH7Ae/sEST6QnQ==</latexit><latexit sha1_base64="KL+L/NvA8bgk9wus6FS63GqDn20=">AAAB8XicdVDLSgMxFL3js9ZX1aWbYBFclaTUPnYFNy4r2Ae2Q8mkaRuayQxJRihD/8KNC0Xc+jfu/BvTh6CiBy4czrmXe+8JYimMxfjDW1vf2Nzazuxkd/f2Dw5zR8ctEyWa8SaLZKQ7ATVcCsWbVljJO7HmNAwkbweTq7nfvufaiEjd2mnM/ZCOlBgKRq2T7nqxEf2UYDzr5/K4UCrWqpUiwgWML2uELEiZlDEijsyRhxUa/dx7bxCxJOTKMkmN6RIcWz+l2gom+SzbSwyPKZvQEe86qmjIjZ8uLp6hc6cM0DDSrpRFC/X7REpDY6Zh4DpDasfmtzcX//K6iR1W/VSoOLFcseWiYSKRjdD8fTQQmjMrp45QpoW7FbEx1ZRZF1LWhfD1KfqftIoFggvkppSvl1ZxZOAUzuACCFSgDtfQgCYwUPAAT/DsGe/Re/Fel61r3mrmBH7Ae/sEST6QnQ==</latexit><latexit sha1_base64="KL+L/NvA8bgk9wus6FS63GqDn20=">AAAB8XicdVDLSgMxFL3js9ZX1aWbYBFclaTUPnYFNy4r2Ae2Q8mkaRuayQxJRihD/8KNC0Xc+jfu/BvTh6CiBy4czrmXe+8JYimMxfjDW1vf2Nzazuxkd/f2Dw5zR8ctEyWa8SaLZKQ7ATVcCsWbVljJO7HmNAwkbweTq7nfvufaiEjd2mnM/ZCOlBgKRq2T7nqxEf2UYDzr5/K4UCrWqpUiwgWML2uELEiZlDEijsyRhxUa/dx7bxCxJOTKMkmN6RIcWz+l2gom+SzbSwyPKZvQEe86qmjIjZ8uLp6hc6cM0DDSrpRFC/X7REpDY6Zh4DpDasfmtzcX//K6iR1W/VSoOLFcseWiYSKRjdD8fTQQmjMrp45QpoW7FbEx1ZRZF1LWhfD1KfqftIoFggvkppSvl1ZxZOAUzuACCFSgDtfQgCYwUPAAT/DsGe/Re/Fel61r3mrmBH7Ae/sEST6QnQ==</latexit><latexit sha1_base64="KL+L/NvA8bgk9wus6FS63GqDn20=">AAAB8XicdVDLSgMxFL3js9ZX1aWbYBFclaTUPnYFNy4r2Ae2Q8mkaRuayQxJRihD/8KNC0Xc+jfu/BvTh6CiBy4czrmXe+8JYimMxfjDW1vf2Nzazuxkd/f2Dw5zR8ctEyWa8SaLZKQ7ATVcCsWbVljJO7HmNAwkbweTq7nfvufaiEjd2mnM/ZCOlBgKRq2T7nqxEf2UYDzr5/K4UCrWqpUiwgWML2uELEiZlDEijsyRhxUa/dx7bxCxJOTKMkmN6RIcWz+l2gom+SzbSwyPKZvQEe86qmjIjZ8uLp6hc6cM0DDSrpRFC/X7REpDY6Zh4DpDasfmtzcX//K6iR1W/VSoOLFcseWiYSKRjdD8fTQQmjMrp45QpoW7FbEx1ZRZF1LWhfD1KfqftIoFggvkppSvl1ZxZOAUzuACCFSgDtfQgCYwUPAAT/DsGe/Re/Fel61r3mrmBH7Ae/sEST6QnQ==</latexit>

 nlm
<latexit sha1_base64="jea7l6kBAjzFzdZNvT3Hv7HcaKA=">AAAB8XicdVDLSgMxFM3UV62vqks3wSK4GhIZ23FXcOOygq3FdiiZNG1Dk8yQZIQy9C/cuFDErX/jzr8xfQgqeuDC4Zx7ufeeOBXcWIQ+vMLK6tr6RnGztLW9s7tX3j9omSTTlDVpIhLdjolhgivWtNwK1k41IzIW7DYeX87823umDU/UjZ2kLJJkqPiAU2KddNdNDe/lSshpr1xBPjoPL6pViPwgCEMcOIIwrtZCiH00RwUs0eiV37v9hGaSKUsFMaaDUWqjnGjLqWDTUjczLCV0TIas46gikpkon188hSdO6cNBol0pC+fq94mcSGMmMnadktiR+e3NxL+8TmYHYZRzlWaWKbpYNMgEtAmcvQ/7XDNqxcQRQjV3t0I6IppQ60IquRC+PoX/k9aZj5GPr4NKPVjGUQRH4BicAgxqoA6uQAM0AQUKPIAn8OwZ79F78V4XrQVvOXMIfsB7+wSCWpFs</latexit><latexit sha1_base64="jea7l6kBAjzFzdZNvT3Hv7HcaKA=">AAAB8XicdVDLSgMxFM3UV62vqks3wSK4GhIZ23FXcOOygq3FdiiZNG1Dk8yQZIQy9C/cuFDErX/jzr8xfQgqeuDC4Zx7ufeeOBXcWIQ+vMLK6tr6RnGztLW9s7tX3j9omSTTlDVpIhLdjolhgivWtNwK1k41IzIW7DYeX87823umDU/UjZ2kLJJkqPiAU2KddNdNDe/lSshpr1xBPjoPL6pViPwgCEMcOIIwrtZCiH00RwUs0eiV37v9hGaSKUsFMaaDUWqjnGjLqWDTUjczLCV0TIas46gikpkon188hSdO6cNBol0pC+fq94mcSGMmMnadktiR+e3NxL+8TmYHYZRzlWaWKbpYNMgEtAmcvQ/7XDNqxcQRQjV3t0I6IppQ60IquRC+PoX/k9aZj5GPr4NKPVjGUQRH4BicAgxqoA6uQAM0AQUKPIAn8OwZ79F78V4XrQVvOXMIfsB7+wSCWpFs</latexit><latexit sha1_base64="jea7l6kBAjzFzdZNvT3Hv7HcaKA=">AAAB8XicdVDLSgMxFM3UV62vqks3wSK4GhIZ23FXcOOygq3FdiiZNG1Dk8yQZIQy9C/cuFDErX/jzr8xfQgqeuDC4Zx7ufeeOBXcWIQ+vMLK6tr6RnGztLW9s7tX3j9omSTTlDVpIhLdjolhgivWtNwK1k41IzIW7DYeX87823umDU/UjZ2kLJJkqPiAU2KddNdNDe/lSshpr1xBPjoPL6pViPwgCEMcOIIwrtZCiH00RwUs0eiV37v9hGaSKUsFMaaDUWqjnGjLqWDTUjczLCV0TIas46gikpkon188hSdO6cNBol0pC+fq94mcSGMmMnadktiR+e3NxL+8TmYHYZRzlWaWKbpYNMgEtAmcvQ/7XDNqxcQRQjV3t0I6IppQ60IquRC+PoX/k9aZj5GPr4NKPVjGUQRH4BicAgxqoA6uQAM0AQUKPIAn8OwZ79F78V4XrQVvOXMIfsB7+wSCWpFs</latexit><latexit sha1_base64="jea7l6kBAjzFzdZNvT3Hv7HcaKA=">AAAB8XicdVDLSgMxFM3UV62vqks3wSK4GhIZ23FXcOOygq3FdiiZNG1Dk8yQZIQy9C/cuFDErX/jzr8xfQgqeuDC4Zx7ufeeOBXcWIQ+vMLK6tr6RnGztLW9s7tX3j9omSTTlDVpIhLdjolhgivWtNwK1k41IzIW7DYeX87823umDU/UjZ2kLJJkqPiAU2KddNdNDe/lSshpr1xBPjoPL6pViPwgCEMcOIIwrtZCiH00RwUs0eiV37v9hGaSKUsFMaaDUWqjnGjLqWDTUjczLCV0TIas46gikpkon188hSdO6cNBol0pC+fq94mcSGMmMnadktiR+e3NxL+8TmYHYZRzlWaWKbpYNMgEtAmcvQ/7XDNqxcQRQjV3t0I6IppQ60IquRC+PoX/k9aZj5GPr4NKPVjGUQRH4BicAgxqoA6uQAM0AQUKPIAn8OwZ79F78V4XrQVvOXMIfsB7+wSCWpFs</latexit>

 100
<latexit sha1_base64="KL+L/NvA8bgk9wus6FS63GqDn20=">AAAB8XicdVDLSgMxFL3js9ZX1aWbYBFclaTUPnYFNy4r2Ae2Q8mkaRuayQxJRihD/8KNC0Xc+jfu/BvTh6CiBy4czrmXe+8JYimMxfjDW1vf2Nzazuxkd/f2Dw5zR8ctEyWa8SaLZKQ7ATVcCsWbVljJO7HmNAwkbweTq7nfvufaiEjd2mnM/ZCOlBgKRq2T7nqxEf2UYDzr5/K4UCrWqpUiwgWML2uELEiZlDEijsyRhxUa/dx7bxCxJOTKMkmN6RIcWz+l2gom+SzbSwyPKZvQEe86qmjIjZ8uLp6hc6cM0DDSrpRFC/X7REpDY6Zh4DpDasfmtzcX//K6iR1W/VSoOLFcseWiYSKRjdD8fTQQmjMrp45QpoW7FbEx1ZRZF1LWhfD1KfqftIoFggvkppSvl1ZxZOAUzuACCFSgDtfQgCYwUPAAT/DsGe/Re/Fel61r3mrmBH7Ae/sEST6QnQ==</latexit><latexit sha1_base64="KL+L/NvA8bgk9wus6FS63GqDn20=">AAAB8XicdVDLSgMxFL3js9ZX1aWbYBFclaTUPnYFNy4r2Ae2Q8mkaRuayQxJRihD/8KNC0Xc+jfu/BvTh6CiBy4czrmXe+8JYimMxfjDW1vf2Nzazuxkd/f2Dw5zR8ctEyWa8SaLZKQ7ATVcCsWbVljJO7HmNAwkbweTq7nfvufaiEjd2mnM/ZCOlBgKRq2T7nqxEf2UYDzr5/K4UCrWqpUiwgWML2uELEiZlDEijsyRhxUa/dx7bxCxJOTKMkmN6RIcWz+l2gom+SzbSwyPKZvQEe86qmjIjZ8uLp6hc6cM0DDSrpRFC/X7REpDY6Zh4DpDasfmtzcX//K6iR1W/VSoOLFcseWiYSKRjdD8fTQQmjMrp45QpoW7FbEx1ZRZF1LWhfD1KfqftIoFggvkppSvl1ZxZOAUzuACCFSgDtfQgCYwUPAAT/DsGe/Re/Fel61r3mrmBH7Ae/sEST6QnQ==</latexit><latexit sha1_base64="KL+L/NvA8bgk9wus6FS63GqDn20=">AAAB8XicdVDLSgMxFL3js9ZX1aWbYBFclaTUPnYFNy4r2Ae2Q8mkaRuayQxJRihD/8KNC0Xc+jfu/BvTh6CiBy4czrmXe+8JYimMxfjDW1vf2Nzazuxkd/f2Dw5zR8ctEyWa8SaLZKQ7ATVcCsWbVljJO7HmNAwkbweTq7nfvufaiEjd2mnM/ZCOlBgKRq2T7nqxEf2UYDzr5/K4UCrWqpUiwgWML2uELEiZlDEijsyRhxUa/dx7bxCxJOTKMkmN6RIcWz+l2gom+SzbSwyPKZvQEe86qmjIjZ8uLp6hc6cM0DDSrpRFC/X7REpDY6Zh4DpDasfmtzcX//K6iR1W/VSoOLFcseWiYSKRjdD8fTQQmjMrp45QpoW7FbEx1ZRZF1LWhfD1KfqftIoFggvkppSvl1ZxZOAUzuACCFSgDtfQgCYwUPAAT/DsGe/Re/Fel61r3mrmBH7Ae/sEST6QnQ==</latexit><latexit sha1_base64="KL+L/NvA8bgk9wus6FS63GqDn20=">AAAB8XicdVDLSgMxFL3js9ZX1aWbYBFclaTUPnYFNy4r2Ae2Q8mkaRuayQxJRihD/8KNC0Xc+jfu/BvTh6CiBy4czrmXe+8JYimMxfjDW1vf2Nzazuxkd/f2Dw5zR8ctEyWa8SaLZKQ7ATVcCsWbVljJO7HmNAwkbweTq7nfvufaiEjd2mnM/ZCOlBgKRq2T7nqxEf2UYDzr5/K4UCrWqpUiwgWML2uELEiZlDEijsyRhxUa/dx7bxCxJOTKMkmN6RIcWz+l2gom+SzbSwyPKZvQEe86qmjIjZ8uLp6hc6cM0DDSrpRFC/X7REpDY6Zh4DpDasfmtzcX//K6iR1W/VSoOLFcseWiYSKRjdD8fTQQmjMrp45QpoW7FbEx1ZRZF1LWhfD1KfqftIoFggvkppSvl1ZxZOAUzuACCFSgDtfQgCYwUPAAT/DsGe/Re/Fel61r3mrmBH7Ae/sEST6QnQ==</latexit>

grav.



Constraints

QCD axion: ✏ ⇠ ✓e↵
mn

fa
⇠ GeV

fa
<latexit sha1_base64="Af8FD2LqA7mXPE8tn8r6OxXtI+g="></latexit><latexit sha1_base64="U3HjBJP598sMPLGbaVEVstd+Cd8="></latexit><latexit sha1_base64="U3HjBJP598sMPLGbaVEVstd+Cd8="></latexit><latexit sha1_base64="22kovxC/mzgpE12T14Wfhsw1ao8="></latexit>

µ ⇠ ⇤2
QCD/fa

<latexit sha1_base64="fZCo+qyMmWFNMlUY/3qlAtxk1Ag=">AAACDHicbVC7SgNBFL3r2/iKWtoMBsHGuJtGy6AWFhYJmAdkY5idzOrgzO4yc1cMSz7Axl+xsVBUsPID7PwYwcmj8HVg4HDOudy5J0ikMOi6H87E5NT0zOzcfG5hcWl5Jb+6VjdxqhmvsVjGuhlQw6WIeA0FSt5MNKcqkLwRXB4O/MYV10bE0Sn2Et5W9DwSoWAUrdTJF3yVEt8IRfwTO9WlHR/5NWbVw6P+WYnskrBDbcotukOQv8Qbk0J55/P5FQAqnfy7341ZqniETFJjWp6bYDujGgWTvJ/zU8MTyi7pOW9ZGlHFTTsbHtMnW1bpkjDW9kVIhur3iYwqY3oqsElF8cL89gbif14rxXC/nYkoSZFHbLQoTCXBmAyaIV2hOUPZs4QyLexfCbugmjK0/eVsCd7vk/+SeqnouUWv6hXKBzDCHGzAJmyDB3tQhmOoQA0Y3MAdPMCjc+vcO0/Oyyg64Yxn1uEHnLcv1r2dIQ==</latexit><latexit sha1_base64="YNSbtGpbpJQ++PmoDfEc4LRVlEg=">AAACDHicbVC7TsMwFHV4tuVVYGSxqJBYKEkXGCvKwMDQSvQhNSVyHAcs7CSybxBV1A9g4VdYkAABKwMjG1/ChITbMvA6kqWjc87V9T1+IrgG236zJianpmdmc/nC3PzC4lJxeaWl41RR1qSxiFXHJ5oJHrEmcBCskyhGpC9Y2z+rDf32OVOax9ER9BPWk+Qk4iGnBIzkFUuuTLGrucTuoZkKiOcCu4CsUdsfHFfwNg49YlJ22R4B/yXOFylVtz4eX97zt3Wv+OoGMU0li4AKonXXsRPoZUQBp4INCm6qWULoGTlhXUMjIpnuZaNjBnjDKAEOY2VeBHikfp/IiNS6L32TlARO9W9vKP7ndVMId3sZj5IUWETHi8JUYIjxsBkccMUoiL4hhCpu/orpKVGEgumvYEpwfp/8l7QqZccuOw2nVN1DY+TQGlpHm8hBO6iKDlAdNRFFl+ga3aF768q6sR6sp3F0wvqaWUU/YD1/Ai8UnuI=</latexit><latexit sha1_base64="YNSbtGpbpJQ++PmoDfEc4LRVlEg=">AAACDHicbVC7TsMwFHV4tuVVYGSxqJBYKEkXGCvKwMDQSvQhNSVyHAcs7CSybxBV1A9g4VdYkAABKwMjG1/ChITbMvA6kqWjc87V9T1+IrgG236zJianpmdmc/nC3PzC4lJxeaWl41RR1qSxiFXHJ5oJHrEmcBCskyhGpC9Y2z+rDf32OVOax9ER9BPWk+Qk4iGnBIzkFUuuTLGrucTuoZkKiOcCu4CsUdsfHFfwNg49YlJ22R4B/yXOFylVtz4eX97zt3Wv+OoGMU0li4AKonXXsRPoZUQBp4INCm6qWULoGTlhXUMjIpnuZaNjBnjDKAEOY2VeBHikfp/IiNS6L32TlARO9W9vKP7ndVMId3sZj5IUWETHi8JUYIjxsBkccMUoiL4hhCpu/orpKVGEgumvYEpwfp/8l7QqZccuOw2nVN1DY+TQGlpHm8hBO6iKDlAdNRFFl+ga3aF768q6sR6sp3F0wvqaWUU/YD1/Ai8UnuI=</latexit><latexit sha1_base64="1jU7nxZV8/7UHi1RYSR6xaphdr0=">AAACDHicbVC7TsMwFHXKq5RXgZHFokJiKkkXGCvKwMDQSvQhNSVyHKe1aieRfYOoon4AC7/CwgBCrHwAG3+D+xig5UiWjs45V9f3+IngGmz728qtrK6tb+Q3C1vbO7t7xf2Dlo5TRVmTxiJWHZ9oJnjEmsBBsE6iGJG+YG1/WJv47XumNI+jWxglrCdJP+IhpwSM5BVLrkyxq7nE7o2ZCojnAnuArFG7Gt9V8BkOPWJSdtmeAi8TZ05KaI66V/xyg5imkkVABdG669gJ9DKigFPBxgU31SwhdEj6rGtoRCTTvWx6zBifGCXAYazMiwBP1d8TGZFaj6RvkpLAQC96E/E/r5tCeNHLeJSkwCI6WxSmAkOMJ83ggCtGQYwMIVRx81dMB0QRCqa/ginBWTx5mbQqZccuOw2nVL2c15FHR+gYnSIHnaMqukZ11EQUPaJn9IrerCfrxXq3PmbRnDWfOUR/YH3+AO00mjs=</latexit>

Torsion balance constraints

✏2 ⇠ Gm2
n

<latexit sha1_base64="uhWHk9jnjK85LRvAPnfOnEF12Qs=">AAACAHicbVDLSgMxFL1TX7W+qi5E3ASL4GqY6UaXBQVdSQX7gM44ZNK0DU0yQ5IRSunGX3HjQhG3foY7d36K6WOhrQcunJxzL7n3xCln2njel5NbWl5ZXcuvFzY2t7Z3irt7dZ1kitAaSXiimjHWlDNJa4YZTpupoljEnDbi/sXYbzxQpVki78wgpaHAXck6jGBjpah4ENBUM57I+zIKNBPoConIPqJiyXO9CdAi8WekVHEvD78BoBoVP4N2QjJBpSEca93yvdSEQ6wMI5yOCkGmaYpJH3dpy1KJBdXhcHLACJ1YpY06ibIlDZqovyeGWGg9ELHtFNj09Lw3Fv/zWpnpnIdDJtPMUEmmH3UyjkyCxmmgNlOUGD6wBBPF7K6I9LDCxNjMCjYEf/7kRVIvu77n+rc2jRuYIg9HcAyn4MMZVOAaqlADAiN4ghd4dR6dZ+fNeZ+25pzZzD78gfPxA5ERl0A=</latexit><latexit sha1_base64="DCB5j2DvjNlF6BLTSag6KnHEssQ=">AAACAHicbVDLSgMxFL1TX7W+xgeIuAkWwVWZ6UaXBQVdSQX7gLYOmTTThiaZIckIpXTjr7hxoYhbP8Oda7/Cneljoa0HLpyccy+594QJZ9p43qeTWVhcWl7JrubW1jc2t9ztnaqOU0VohcQ8VvUQa8qZpBXDDKf1RFEsQk5rYe985NfuqdIslremn9CWwB3JIkawsVLg7jdpohmP5V0RNTUT6BKJwD4CN+8VvDHQPPGnJF8qXBx8wd53OXA/mu2YpIJKQzjWuuF7iWkNsDKMcDrMNVNNE0x6uEMblkosqG4NxgcM0bFV2iiKlS1p0Fj9PTHAQuu+CG2nwKarZ72R+J/XSE101howmaSGSjL5KEo5MjEapYHaTFFieN8STBSzuyLSxQoTYzPL2RD82ZPnSbVY8L2Cf2PTuIYJsnAIR3ACPpxCCa6gDBUgMIRHeIYX58F5cl6dt0lrxpnO7MIfOO8/+42YUA==</latexit><latexit sha1_base64="DCB5j2DvjNlF6BLTSag6KnHEssQ=">AAACAHicbVDLSgMxFL1TX7W+xgeIuAkWwVWZ6UaXBQVdSQX7gLYOmTTThiaZIckIpXTjr7hxoYhbP8Oda7/Cneljoa0HLpyccy+594QJZ9p43qeTWVhcWl7JrubW1jc2t9ztnaqOU0VohcQ8VvUQa8qZpBXDDKf1RFEsQk5rYe985NfuqdIslremn9CWwB3JIkawsVLg7jdpohmP5V0RNTUT6BKJwD4CN+8VvDHQPPGnJF8qXBx8wd53OXA/mu2YpIJKQzjWuuF7iWkNsDKMcDrMNVNNE0x6uEMblkosqG4NxgcM0bFV2iiKlS1p0Fj9PTHAQuu+CG2nwKarZ72R+J/XSE101howmaSGSjL5KEo5MjEapYHaTFFieN8STBSzuyLSxQoTYzPL2RD82ZPnSbVY8L2Cf2PTuIYJsnAIR3ACPpxCCa6gDBUgMIRHeIYX58F5cl6dt0lrxpnO7MIfOO8/+42YUA==</latexit><latexit sha1_base64="H9gQOf/AxWQllVvZVfrJfvn7baQ=">AAACAHicbVC7TsMwFL3hWcorwMDAYlEhMVVJFxgrMcCEikQfUhMix3Vaq7YT2Q5SVXXhV1gYQIiVz2Djb3DbDNBypCsdn3OvfO+JM8608bxvZ2V1bX1js7RV3t7Z3dt3Dw5bOs0VoU2S8lR1YqwpZ5I2DTOcdjJFsYg5bcfDq6nffqRKs1Tem1FGQ4H7kiWMYGOlyD0OaKYZT+VDDQWaCXSNRGQfkVvxqt4MaJn4BalAgUbkfgW9lOSCSkM41rrre5kJx1gZRjidlINc0wyTIe7TrqUSC6rD8eyACTqzSg8lqbIlDZqpvyfGWGg9ErHtFNgM9KI3Ff/zurlJLsMxk1luqCTzj5KcI5OiaRqoxxQlho8swUQxuysiA6wwMTazsg3BXzx5mbRqVd+r+ndepX5bxFGCEziFc/DhAupwAw1oAoEJPMMrvDlPzovz7nzMW1ecYuYI/sD5/AFRAJWV</latexit>
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Constraints

QCD axion: ✏ ⇠ ✓e↵
mn

fa
⇠ GeV

fa
<latexit sha1_base64="Af8FD2LqA7mXPE8tn8r6OxXtI+g="></latexit><latexit sha1_base64="U3HjBJP598sMPLGbaVEVstd+Cd8="></latexit><latexit sha1_base64="U3HjBJP598sMPLGbaVEVstd+Cd8="></latexit><latexit sha1_base64="22kovxC/mzgpE12T14Wfhsw1ao8="></latexit>

µ ⇠ ⇤2
QCD/fa

<latexit sha1_base64="fZCo+qyMmWFNMlUY/3qlAtxk1Ag=">AAACDHicbVC7SgNBFL3r2/iKWtoMBsHGuJtGy6AWFhYJmAdkY5idzOrgzO4yc1cMSz7Axl+xsVBUsPID7PwYwcmj8HVg4HDOudy5J0ikMOi6H87E5NT0zOzcfG5hcWl5Jb+6VjdxqhmvsVjGuhlQw6WIeA0FSt5MNKcqkLwRXB4O/MYV10bE0Sn2Et5W9DwSoWAUrdTJF3yVEt8IRfwTO9WlHR/5NWbVw6P+WYnskrBDbcotukOQv8Qbk0J55/P5FQAqnfy7341ZqniETFJjWp6bYDujGgWTvJ/zU8MTyi7pOW9ZGlHFTTsbHtMnW1bpkjDW9kVIhur3iYwqY3oqsElF8cL89gbif14rxXC/nYkoSZFHbLQoTCXBmAyaIV2hOUPZs4QyLexfCbugmjK0/eVsCd7vk/+SeqnouUWv6hXKBzDCHGzAJmyDB3tQhmOoQA0Y3MAdPMCjc+vcO0/Oyyg64Yxn1uEHnLcv1r2dIQ==</latexit><latexit sha1_base64="YNSbtGpbpJQ++PmoDfEc4LRVlEg=">AAACDHicbVC7TsMwFHV4tuVVYGSxqJBYKEkXGCvKwMDQSvQhNSVyHAcs7CSybxBV1A9g4VdYkAABKwMjG1/ChITbMvA6kqWjc87V9T1+IrgG236zJianpmdmc/nC3PzC4lJxeaWl41RR1qSxiFXHJ5oJHrEmcBCskyhGpC9Y2z+rDf32OVOax9ER9BPWk+Qk4iGnBIzkFUuuTLGrucTuoZkKiOcCu4CsUdsfHFfwNg49YlJ22R4B/yXOFylVtz4eX97zt3Wv+OoGMU0li4AKonXXsRPoZUQBp4INCm6qWULoGTlhXUMjIpnuZaNjBnjDKAEOY2VeBHikfp/IiNS6L32TlARO9W9vKP7ndVMId3sZj5IUWETHi8JUYIjxsBkccMUoiL4hhCpu/orpKVGEgumvYEpwfp/8l7QqZccuOw2nVN1DY+TQGlpHm8hBO6iKDlAdNRFFl+ga3aF768q6sR6sp3F0wvqaWUU/YD1/Ai8UnuI=</latexit><latexit sha1_base64="YNSbtGpbpJQ++PmoDfEc4LRVlEg=">AAACDHicbVC7TsMwFHV4tuVVYGSxqJBYKEkXGCvKwMDQSvQhNSVyHAcs7CSybxBV1A9g4VdYkAABKwMjG1/ChITbMvA6kqWjc87V9T1+IrgG236zJianpmdmc/nC3PzC4lJxeaWl41RR1qSxiFXHJ5oJHrEmcBCskyhGpC9Y2z+rDf32OVOax9ER9BPWk+Qk4iGnBIzkFUuuTLGrucTuoZkKiOcCu4CsUdsfHFfwNg49YlJ22R4B/yXOFylVtz4eX97zt3Wv+OoGMU0li4AKonXXsRPoZUQBp4INCm6qWULoGTlhXUMjIpnuZaNjBnjDKAEOY2VeBHikfp/IiNS6L32TlARO9W9vKP7ndVMId3sZj5IUWETHi8JUYIjxsBkccMUoiL4hhCpu/orpKVGEgumvYEpwfp/8l7QqZccuOw2nVN1DY+TQGlpHm8hBO6iKDlAdNRFFl+ga3aF768q6sR6sp3F0wvqaWUU/YD1/Ai8UnuI=</latexit><latexit sha1_base64="1jU7nxZV8/7UHi1RYSR6xaphdr0=">AAACDHicbVC7TsMwFHXKq5RXgZHFokJiKkkXGCvKwMDQSvQhNSVyHKe1aieRfYOoon4AC7/CwgBCrHwAG3+D+xig5UiWjs45V9f3+IngGmz728qtrK6tb+Q3C1vbO7t7xf2Dlo5TRVmTxiJWHZ9oJnjEmsBBsE6iGJG+YG1/WJv47XumNI+jWxglrCdJP+IhpwSM5BVLrkyxq7nE7o2ZCojnAnuArFG7Gt9V8BkOPWJSdtmeAi8TZ05KaI66V/xyg5imkkVABdG669gJ9DKigFPBxgU31SwhdEj6rGtoRCTTvWx6zBifGCXAYazMiwBP1d8TGZFaj6RvkpLAQC96E/E/r5tCeNHLeJSkwCI6WxSmAkOMJ83ggCtGQYwMIVRx81dMB0QRCqa/ginBWTx5mbQqZccuOw2nVL2c15FHR+gYnSIHnaMqukZ11EQUPaJn9IrerCfrxXq3PmbRnDWfOUR/YH3+AO00mjs=</latexit>

Torsion balance constraints

✏2 ⇠ Gm2
n

<latexit sha1_base64="uhWHk9jnjK85LRvAPnfOnEF12Qs=">AAACAHicbVDLSgMxFL1TX7W+qi5E3ASL4GqY6UaXBQVdSQX7gM44ZNK0DU0yQ5IRSunGX3HjQhG3foY7d36K6WOhrQcunJxzL7n3xCln2njel5NbWl5ZXcuvFzY2t7Z3irt7dZ1kitAaSXiimjHWlDNJa4YZTpupoljEnDbi/sXYbzxQpVki78wgpaHAXck6jGBjpah4ENBUM57I+zIKNBPoConIPqJiyXO9CdAi8WekVHEvD78BoBoVP4N2QjJBpSEca93yvdSEQ6wMI5yOCkGmaYpJH3dpy1KJBdXhcHLACJ1YpY06ibIlDZqovyeGWGg9ELHtFNj09Lw3Fv/zWpnpnIdDJtPMUEmmH3UyjkyCxmmgNlOUGD6wBBPF7K6I9LDCxNjMCjYEf/7kRVIvu77n+rc2jRuYIg9HcAyn4MMZVOAaqlADAiN4ghd4dR6dZ+fNeZ+25pzZzD78gfPxA5ERl0A=</latexit><latexit sha1_base64="DCB5j2DvjNlF6BLTSag6KnHEssQ=">AAACAHicbVDLSgMxFL1TX7W+xgeIuAkWwVWZ6UaXBQVdSQX7gLYOmTTThiaZIckIpXTjr7hxoYhbP8Oda7/Cneljoa0HLpyccy+594QJZ9p43qeTWVhcWl7JrubW1jc2t9ztnaqOU0VohcQ8VvUQa8qZpBXDDKf1RFEsQk5rYe985NfuqdIslremn9CWwB3JIkawsVLg7jdpohmP5V0RNTUT6BKJwD4CN+8VvDHQPPGnJF8qXBx8wd53OXA/mu2YpIJKQzjWuuF7iWkNsDKMcDrMNVNNE0x6uEMblkosqG4NxgcM0bFV2iiKlS1p0Fj9PTHAQuu+CG2nwKarZ72R+J/XSE101howmaSGSjL5KEo5MjEapYHaTFFieN8STBSzuyLSxQoTYzPL2RD82ZPnSbVY8L2Cf2PTuIYJsnAIR3ACPpxCCa6gDBUgMIRHeIYX58F5cl6dt0lrxpnO7MIfOO8/+42YUA==</latexit><latexit sha1_base64="DCB5j2DvjNlF6BLTSag6KnHEssQ=">AAACAHicbVDLSgMxFL1TX7W+xgeIuAkWwVWZ6UaXBQVdSQX7gLYOmTTThiaZIckIpXTjr7hxoYhbP8Oda7/Cneljoa0HLpyccy+594QJZ9p43qeTWVhcWl7JrubW1jc2t9ztnaqOU0VohcQ8VvUQa8qZpBXDDKf1RFEsQk5rYe985NfuqdIslremn9CWwB3JIkawsVLg7jdpohmP5V0RNTUT6BKJwD4CN+8VvDHQPPGnJF8qXBx8wd53OXA/mu2YpIJKQzjWuuF7iWkNsDKMcDrMNVNNE0x6uEMblkosqG4NxgcM0bFV2iiKlS1p0Fj9PTHAQuu+CG2nwKarZ72R+J/XSE101howmaSGSjL5KEo5MjEapYHaTFFieN8STBSzuyLSxQoTYzPL2RD82ZPnSbVY8L2Cf2PTuIYJsnAIR3ACPpxCCa6gDBUgMIRHeIYX58F5cl6dt0lrxpnO7MIfOO8/+42YUA==</latexit><latexit sha1_base64="H9gQOf/AxWQllVvZVfrJfvn7baQ=">AAACAHicbVC7TsMwFL3hWcorwMDAYlEhMVVJFxgrMcCEikQfUhMix3Vaq7YT2Q5SVXXhV1gYQIiVz2Djb3DbDNBypCsdn3OvfO+JM8608bxvZ2V1bX1js7RV3t7Z3dt3Dw5bOs0VoU2S8lR1YqwpZ5I2DTOcdjJFsYg5bcfDq6nffqRKs1Tem1FGQ4H7kiWMYGOlyD0OaKYZT+VDDQWaCXSNRGQfkVvxqt4MaJn4BalAgUbkfgW9lOSCSkM41rrre5kJx1gZRjidlINc0wyTIe7TrqUSC6rD8eyACTqzSg8lqbIlDZqpvyfGWGg9ErHtFNgM9KI3Ff/zurlJLsMxk1luqCTzj5KcI5OiaRqoxxQlho8swUQxuysiA6wwMTazsg3BXzx5mbRqVd+r+ndepX5bxFGCEziFc/DhAupwAw1oAoEJPMMrvDlPzovz7nzMW1ecYuYI/sD5/AFRAJWV</latexit>
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Conclusions
• Bounds from superradiance are a strong function of the 

rotation rate


• Superradiance can be efficient in millisecond pulsars


• Depending on the pulsar equation of state, Planck-scale 
QCD axions can be probed and excluded


• Other interactions could produce similar effects, 
constraining other particles


