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Searching for New Compact 
Objects with Gravitational Waves

Thomas Edwards with Adam Coogan, Horng Sheng Chia, Katherine Freese,

Richard George, Cody Messick, Christian Setzer, Christoph Weniger, & Aaron Zimmerman
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Sources of Gravitational Waves

Continuous (Neutron Stars) Bursts (Supernovae)

Stochastic BackgroundCompact Binary Coalescence
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Offline Search Methods

Coherent Burst Searches Matched Filtering Searches

[LVC: 2009.01075, LVC: 2009.01190]

https://arxiv.org/abs/2009.01075
https://arxiv.org/abs/2009.01190
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Searching for Signals in GW data

Matched Filtering
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[TE, Chia (JCAP): 2004.06729]

https://arxiv.org/abs/2004.06729


Overview:

1. Searches may be insensitive to new compact objects

2. How to perform a search for these new compact 

objects
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Template Banks and Effectualness

A priori, we don’t know what signals 
will appear in the data — must 

construct template banks


Use the effectualness to create 
template banks

[Roulet et al.: 1904.01683]

SNRrecovered

SNRtrue
= "

<latexit sha1_base64="D/pnDjDP8xY64lmKB+cwUT3YDbc="></latexit>

" > 0.97

<latexit sha1_base64="pwVIY7S7aZLHNqBujw3iizUPlOw=">AAAB+3icbVBNS8NAEJ3Ur1q/Yj16WSyCp5CIUHuRohePFewHtKFstpt26WYTdjfFEvpXvHhQxKt/xJv/xm2bg7Y+GHi8N8PMvCDhTGnX/bYKG5tb2zvF3dLe/sHhkX1cbqk4lYQ2Scxj2QmwopwJ2tRMc9pJJMVRwGk7GN/N/faESsVi8ainCfUjPBQsZARrI/Xtcm+CJU0U47FAN8h1atW+XXEddwG0TrycVCBHo29/9QYxSSMqNOFYqa7nJtrPsNSMcDor9VJFE0zGeEi7hgocUeVni9tn6NwoAxTG0pTQaKH+nshwpNQ0CkxnhPVIrXpz8T+vm+rw2s+YSFJNBVkuClOOdIzmQaABk5RoPjUEE8nMrYiMsMREm7hKJgRv9eV10rp0vCun9nBVqd/mcRThFM7gAjyoQh3uoQFNIPAEz/AKb9bMerHerY9la8HKZ07gD6zPH1QTk1Y=</latexit>

https://arxiv.org/pdf/1904.01683.pdf
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Spin-Induced Quadrupoles

Kappa controls the axisymmetric 
response of an object to spin i.e., how 

oblate it becomes
 > 1

<latexit sha1_base64="pYPmeoOrRy0P2DLgDEtIESWGC5E=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ZMUvXisYD+wDWWy3bRLN5uwuxFK6L/w4kERr/4bb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrK6tbxQ3S1vbO7t75f2Dpo5TRVmDxiJW7QA1E1yyhuFGsHaiGEaBYK1gdDv1W09MaR7LBzNOmB/hQPKQUzRWeuyOMEmQXBOvV664VXcGsky8nFQgR71X/ur2Y5pGTBoqUOuO5ybGz1AZTgWblLqpZgnSEQ5Yx1KJEdN+Nrt4Qk6s0idhrGxJQ2bq74kMI63HUWA7IzRDvehNxf+8TmrCKz/jMkkNk3S+KEwFMTGZvk/6XDFqxNgSpIrbWwkdokJqbEglG4K3+PIyaZ5VvfPqxf15pXaTx1GEIziGU/DgEmpwB3VoAAUJz/AKb452Xpx352PeWnDymUP4A+fzB0CCj/4=</latexit>

 = 1

<latexit sha1_base64="3OSN7QdTxJlCgvHaUxVaapXlaSM=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0YtQ9OKxgv3ANpTJdtMu3WzC7kYoof/CiwdFvPpvvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsrq2vlHcLG1t7+zulfcPmjpOFWUNGotYtQPUTHDJGoYbwdqJYhgFgrWC0e3Ubz0xpXksH8w4YX6EA8lDTtFY6bE7wiRBck28XrniVt0ZyDLxclKBHPVe+avbj2kaMWmoQK07npsYP0NlOBVsUuqmmiVIRzhgHUslRkz72eziCTmxSp+EsbIlDZmpvycyjLQeR4HtjNAM9aI3Ff/zOqkJr/yMyyQ1TNL5ojAVxMRk+j7pc8WoEWNLkCpubyV0iAqpsSGVbAje4svLpHlW9c6rF/fnldpNHkcRjuAYTsGDS6jBHdShARQkPMMrvDnaeXHenY95a8HJZw7hD5zPHz78j/0=</latexit>

L

<latexit sha1_base64="TOO3Ikl/IgY7t8Ss6ba6sY3RmME=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe4komXQxsIiAfMByRH2NnPJmr29Y3dPCCG/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0e3Mbz2h0jyWD2acoB/RgeQhZ9RYqX7fK5bcsjsHWSVeRkqQodYrfnX7MUsjlIYJqnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7olJxZpU/CWNmShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPYnXCapQckWi8JUEBOT2dekzxUyI8aWUKa4vZWwIVWUGZtNwYbgLb+8SpoXZa9SvqxXStWbLI48nMApnIMHV1CFO6hBAxggPMMrvDmPzovz7nwsWnNONnMMf+B8/gCmIYzY</latexit>

�

<latexit sha1_base64="fm/ekoxawjr3C43QtiRnfBFQbOU=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUL0VvXisYD+gDWWz3TRLdzdhdyOU0L/gxYMiXv1D3vw3btoctPXBwOO9GWbmBQln2rjut1Pa2Nza3invVvb2Dw6PqscnXR2nitAOiXms+gHWlDNJO4YZTvuJolgEnPaC6V3u956o0iyWj2aWUF/giWQhI9jk0pBEbFStuXV3AbROvILUoEB7VP0ajmOSCioN4Vjrgecmxs+wMoxwOq8MU00TTKZ4QgeWSiyo9rPFrXN0YZUxCmNlSxq0UH9PZFhoPROB7RTYRHrVy8X/vEFqwms/YzJJDZVkuShMOTIxyh9HY6YoMXxmCSaK2VsRibDCxNh4KjYEb/XlddK9qnuN+s1Do9a6LeIowxmcwyV40IQW3EMbOkAggmd4hTdHOC/Ou/OxbC05xcwp/IHz+QMDmo4+</latexit>

�

<latexit sha1_base64="fm/ekoxawjr3C43QtiRnfBFQbOU=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUL0VvXisYD+gDWWz3TRLdzdhdyOU0L/gxYMiXv1D3vw3btoctPXBwOO9GWbmBQln2rjut1Pa2Nza3invVvb2Dw6PqscnXR2nitAOiXms+gHWlDNJO4YZTvuJolgEnPaC6V3u956o0iyWj2aWUF/giWQhI9jk0pBEbFStuXV3AbROvILUoEB7VP0ajmOSCioN4Vjrgecmxs+wMoxwOq8MU00TTKZ4QgeWSiyo9rPFrXN0YZUxCmNlSxq0UH9PZFhoPROB7RTYRHrVy8X/vEFqwms/YzJJDZVkuShMOTIxyh9HY6YoMXxmCSaK2VsRibDCxNh4KjYEb/XlddK9qnuN+s1Do9a6LeIowxmcwyV40IQW3EMbOkAggmd4hTdHOC/Ou/OxbC05xcwp/IHz+QMDmo4+</latexit>
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Missing Signals - Variable Kappa

1. For NSs, it is safe to set k = 1 when 
searching for signals


2. For highly spinning objects, k > 20 
starts to significantly degrade the 
effectualness
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[TE, Chia (JCAP): 2004.06729]

https://arxiv.org/abs/2004.06729


Overview:

1. Searches may be insensitive to new compact objects

2. How to perform a search for these new compact 

objects
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Enabling Searches

Quickly generating template 
banks
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[Coogan, TE, Chia, George, Freese, Messick,

 Setzer, Weniger, Zimmerman: 2112.XXXX]

Dimensionally reducing the 
waveform parameter space

<latexit sha1_base64="wC02kxYoAAAue8yX75xGjH8Xw5w=">AAACG3icbVBNS8MwGE7n15xfVY9egkPwMEZbRT0OvXic4D5gLSXN0i0saUuSCqPsf3jxr3jxoIgnwYP/xrTrQTcfCHnyPO/Lm/cJEkalsqxvo7Kyura+Ud2sbW3v7O6Z+wddGacCkw6OWSz6AZKE0Yh0FFWM9BNBEA8Y6QWTm9zvPRAhaRzdq2lCPI5GEQ0pRkpLvum4GfdttwG57zSgi8fUt8s7f09QkqBCmTMHujPfrFtNqwBcJnZJ6qBE2zc/3WGMU04ihRmScmBbifIyJBTFjMxqbipJgvAEjchA0whxIr2s2G0GT7QyhGEs9IkULNTfHRniUk55oCs5UmO56OXif94gVeGVl9EoSRWJ8HxQmDKoYpgHBYdUEKzYVBOEBdV/hXiMBMJKx1nTIdiLKy+TrtO0L5pnd+f11nUZRxUcgWNwCmxwCVrgFrRBB2DwCJ7BK3gznowX4934mJdWjLLnEPyB8fUDSMuefg==</latexit>

{m1 m2,�1,�2,1,2}
<latexit sha1_base64="oa2YO8aRiHOqU8Ag/NM/jv3vhdA="></latexit>

! {m1 m2,�,
2PN
e↵ }

[Chia, George, Coogan, TE, Freese, Messick,

 Setzer, Zimmerman: 2112.XXXX]

Using Gstlal to search for these 
signals

[Messick, Coogan, Chia, TE, George,

 Freese, Setzer, Zimmerman: 2112.XXXX]
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<latexit sha1_base64="js/4KvBr9bZlPbiPsnZA4dLJ2oo=">AAAB73icbVBNS8NAEN3Ur1q/qh69LBbBU0lU1GPRi8cK9gPaUDbbSbt0s4m7E6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqDg0ey1i3A2ZACgUNFCihnWhgUSChFYxup37rCbQRsXrAcQJ+xAZKhIIztFK7i0NA1vN65YpbdWegy8TLSYXkqPfKX91+zNMIFHLJjOl4boJ+xjQKLmFS6qYGEsZHbAAdSxWLwPjZ7N4JPbFKn4axtqWQztTfExmLjBlHge2MGA7NojcV//M6KYbXfiZUkiIoPl8UppJiTKfP077QwFGOLWFcC3sr5UOmGUcbUcmG4C2+vEyaZ1Xvsnp+f1Gp3eRxFMkROSanxCNXpEbuSJ00CCeSPJNX8uY8Oi/Ou/Mxby04+cwh+QPn8wfQA4/U</latexit>

✓1

<latexit sha1_base64="vaShvlckwc8sKD1YAga/6SkqFOo=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Vj04rGC/YA2lM120y7dbOLuRCihf8KLB0W8+ne8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LR7dRvPXFtRKwecJxwP6IDJULBKFqp3cUhR9qr9kplt+LOQJaJl5My5Kj3Sl/dfszSiCtkkhrT8dwE/YxqFEzySbGbGp5QNqID3rFU0YgbP5vdOyGnVumTMNa2FJKZ+nsio5Ex4yiwnRHFoVn0puJ/XifF8NrPhEpS5IrNF4WpJBiT6fOkLzRnKMeWUKaFvZWwIdWUoY2oaEPwFl9eJs1qxbusnN9flGs3eRwFOIYTOAMPrqAGd1CHBjCQ8Ayv8OY8Oi/Ou/Mxb11x8pkj+APn8wfRh4/V</latexit>

✓2

<latexit sha1_base64="js/4KvBr9bZlPbiPsnZA4dLJ2oo=">AAAB73icbVBNS8NAEN3Ur1q/qh69LBbBU0lU1GPRi8cK9gPaUDbbSbt0s4m7E6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqDg0ey1i3A2ZACgUNFCihnWhgUSChFYxup37rCbQRsXrAcQJ+xAZKhIIztFK7i0NA1vN65YpbdWegy8TLSYXkqPfKX91+zNMIFHLJjOl4boJ+xjQKLmFS6qYGEsZHbAAdSxWLwPjZ7N4JPbFKn4axtqWQztTfExmLjBlHge2MGA7NojcV//M6KYbXfiZUkiIoPl8UppJiTKfP077QwFGOLWFcC3sr5UOmGUcbUcmG4C2+vEyaZ1Xvsnp+f1Gp3eRxFMkROSanxCNXpEbuSJ00CCeSPJNX8uY8Oi/Ou/Mxby04+cwh+QPn8wfQA4/U</latexit>

✓1
<latexit sha1_base64="js/4KvBr9bZlPbiPsnZA4dLJ2oo=">AAAB73icbVBNS8NAEN3Ur1q/qh69LBbBU0lU1GPRi8cK9gPaUDbbSbt0s4m7E6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqDg0ey1i3A2ZACgUNFCihnWhgUSChFYxup37rCbQRsXrAcQJ+xAZKhIIztFK7i0NA1vN65YpbdWegy8TLSYXkqPfKX91+zNMIFHLJjOl4boJ+xjQKLmFS6qYGEsZHbAAdSxWLwPjZ7N4JPbFKn4axtqWQztTfExmLjBlHge2MGA7NojcV//M6KYbXfiZUkiIoPl8UppJiTKfP077QwFGOLWFcC3sr5UOmGUcbUcmG4C2+vEyaZ1Xvsnp+f1Gp3eRxFMkROSanxCNXpEbuSJ00CCeSPJNX8uY8Oi/Ou/Mxby04+cwh+QPn8wfQA4/U</latexit>

✓1

<latexit sha1_base64="vaShvlckwc8sKD1YAga/6SkqFOo=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Vj04rGC/YA2lM120y7dbOLuRCihf8KLB0W8+ne8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LR7dRvPXFtRKwecJxwP6IDJULBKFqp3cUhR9qr9kplt+LOQJaJl5My5Kj3Sl/dfszSiCtkkhrT8dwE/YxqFEzySbGbGp5QNqID3rFU0YgbP5vdOyGnVumTMNa2FJKZ+nsio5Ex4yiwnRHFoVn0puJ/XifF8NrPhEpS5IrNF4WpJBiT6fOkLzRnKMeWUKaFvZWwIdWUoY2oaEPwFl9eJs1qxbusnN9flGs3eRwFOIYTOAMPrqAGd1CHBjCQ8Ayv8OY8Oi/Ou/Mxb11x8pkj+APn8wfRh4/V</latexit>

✓2
<latexit sha1_base64="vaShvlckwc8sKD1YAga/6SkqFOo=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Vj04rGC/YA2lM120y7dbOLuRCihf8KLB0W8+ne8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LR7dRvPXFtRKwecJxwP6IDJULBKFqp3cUhR9qr9kplt+LOQJaJl5My5Kj3Sl/dfszSiCtkkhrT8dwE/YxqFEzySbGbGp5QNqID3rFU0YgbP5vdOyGnVumTMNa2FJKZ+nsio5Ex4yiwnRHFoVn0puJ/XifF8NrPhEpS5IrNF4WpJBiT6fOkLzRnKMeWUKaFvZWwIdWUoY2oaEPwFl9eJs1qxbusnN9flGs3eRwFOIYTOAMPrqAGd1CHBjCQ8Ayv8OY8Oi/Ou/Mxb11x8pkj+APn8wfRh4/V</latexit>

✓2<latexit sha1_base64="prmQySmb/q1tQQwyScJNuxHiY3A=">AAACDnicbVC7SgNBFJ31bXytWtoMBsEihF0VtRGCD7CMYDSQDWF2cjcOmZ1dZu6KYckX2PgrNhaK2Frb+TdOYgo1Hhg4nHMvd84JUykMet6nMzE5NT0zOzdfWFhcWl5xV9euTJJpDjWeyETXQ2ZACgU1FCihnmpgcSjhOuyeDPzrW9BGJOoSeyk0Y9ZRIhKcoZVa7tYRDRDuUMf5KbB2UDqLIuCYManAmKBUTYTCfsstemVvCDpO/BEpkhGqLfcjaCc8i0Ehl8yYhu+l2MyZRsEl9AtBZiBlvMs60LBUsRhMMx/G6dMtq7RplGj7FNKh+nMjZ7ExvTi0kzHDG/PXG4j/eY0Mo8NmLlSaISj+fSjKJMWEDrqhbaFtdtmzhHEt7F8pv2GacbQNFmwJ/t/I4+Rqp+zvl3cv9oqV41Edc2SDbJJt4pMDUiHnpEpqhJN78kieyYvz4Dw5r87b9+iEM9pZJ7/gvH8BSvycSg==</latexit>

= DeadE↵ectualness Point

<latexit sha1_base64="2aU8l1RwzOdfAEsYPgOQYuYFuMY=">AAACDnicbVA9SwNBFNzz2/gVtbRZDAGLEO5U1EYQRbCwiGBMIBfC3uZdsri3d+y+E8ORX2DjX7GxUMTW2s5/4yam0MSBhWHmPd7OBIkUBl33y5manpmdm19YzC0tr6yu5dc3bkycag5VHstY1wNmQAoFVRQooZ5oYFEgoRbcng382h1oI2J1jb0EmhHrKBEKztBKrXzxmPoI96ij7FLcgV86D0PgmDKpwBi/VImFwn4rX3DL7hB0kngjUiAjVFr5T78d8zQChVwyYxqem2AzYxoFl9DP+amBhPFb1oGGpYpFYJrZME6fFq3SpmGs7VNIh+rvjYxFxvSiwE5GDLtm3BuI/3mNFMOjZiZUkiIo/nMoTCXFmA66oW2hbXbZs4RxLexfKe8yzTjaBnO2BG888iS52S17B+W9q/3CyemojgWyRbbJDvHIITkhF6RCqoSTB/JEXsir8+g8O2/O+8/olDPa2SR/4Hx8A4HHnGw=</latexit>

= LiveE↵ectualness Point

<latexit sha1_base64="gWk6QFFxcdj26JEqQ/kwhyxcBoE=">AAACA3icbVC7SgNBFJ31GeNr1U6bwSBYhV0VtRGCNpYR8oIkhNnJTTJkZneZuSuGJWDjr9hYKGLrT9j5N04ehSYeGDiccw937gliKQx63rezsLi0vLKaWcuub2xubbs7uxUTJZpDmUcy0rWAGZAihDIKlFCLNTAVSKgG/ZuRX70HbUQUlnAQQ1Oxbig6gjO0Usvdv6INhAfUKi2BiiVDoJVIJgqGLTfn5b0x6DzxpyRHpii23K9GO+I2GiKXzJi678XYTJlGwSUMs43EQMx4n3WhbmnIFJhmOr5hSI+s0qadSNsXIh2rvxMpU8YMVGAnFcOemfVG4n9ePcHOZTMVYZwghHyyqJNIihEdFULbQgNHObCEcS3sXynvMc042tqytgR/9uR5UjnJ++f507uzXOF6WkeGHJBDckx8ckEK5JYUSZlw8kieySt5c56cF+fd+ZiMLjjTzB75A+fzByqUl+A=</latexit>

= Template Volume
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Building Template Banks
Preliminary!

[Messenger: 0809.5223]

https://arxiv.org/abs/0809.5223
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Dimensionally Reducing Waveforms
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Preliminary!

<latexit sha1_base64="6sP2X9iubof6NN0OFOWOTikpxhI="></latexit>

� :=

✓
1� 76

113
⌫

◆
�s + ��a
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[Ajith et al: 1210.6666]

https://arxiv.org/abs/1210.6666
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Searching for New Signals in the Public Data

44 high significance candidates candidates found 
so far in the O3a data


Our search is complete and we are currently 
confirming the background model before unblinding
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Summary

Current search pipelines can easily signals 
from new compact objects

We developed all the necessary tools to 
search for a variety of new signatures. Our 

first search for objects with enhanced 
spin-induced quadrupoles is nearly 

complete
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