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Gravitational wave signals
LIGO-Virgo has so far observed 90 CBC events:



����

����

����

��

������	��



�

��-� ��-� ��-� ��� � �� ��� ���
��-��

��-��

��-��

��-��

��-��

��-��

��-��

�/��

� �

Foregrounds
Unresolvable compact object binaries constitute a GW foreground.

M. Lewicki and V. Vaskonen, arXiv:2111.05847



truncated power-law mass
distribution:

LIGO-Virgo BH population
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merger rate that follows the 
star formation rate:
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M. Lewicki and V. Vaskonen, arXiv:2111.05847
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GW foreground from BH binaries 

GWs from unresolvable binaries:

M. Lewicki and V. Vaskonen, arXiv:2111.05847

<latexit sha1_base64="zouu88Ygy1TanOF50pjbR9Jci6k="></latexit>

⌦BBH(f) =

Z
dVc

1 + z
dR(z)

1

⇢c

d⇢GW

df
[1� pdet(f)]

Uncertainties in the BBH 
foreground:

<latexit sha1_base64="CG6NXoTWHgu0NPAEblSkBtMhZN8=">AAACGnicbVDLSsNAFJ3UV62vqks3g0UQtCVRq26EogtdVrEPaNIwmU7aoZMHMxOhhHyHG3/FjQtF3Ikb/8ZJm4W2Hhg495x7uXOPEzIqpK5/a7m5+YXFpfxyYWV1bX2juLnVFEHEMWnggAW87SBBGPVJQ1LJSDvkBHkOIy1neJX6rQfCBQ38ezkKieWhvk9dipFUkl007mwdXkBD78YHp4kdl6uJeQhjk3vwOsRJNy4fJ5NyxNPKSOxiSa/oY8BZYmSkBDLU7eKn2Qtw5BFfYoaE6Bh6KK0YcUkxI0nBjAQJER6iPuko6iOPCCsen5bAPaX0oBtw9XwJx+rviRh5Qow8R3V6SA7EtJeK/3mdSLrnVkz9MJLEx5NFbsSgDGCaE+xRTrBkI0UQ5lT9FeIB4ghLlWZBhWBMnzxLmkcVo1rRb09KtcssjjzYAbtgHxjgDNTADaiDBsDgETyDV/CmPWkv2rv2MWnNadnMNvgD7esHW++epQ==</latexit>

R0 = 10+6
�5 Gpc�3yr�1

<latexit sha1_base64="uXW0ZG26FUfw9ZOIeqTYewBPy6w=">AAACBXicbVDLSgMxFM34rPU16lIXwSK4KjOi6LLUTXdWsQ/olCGTZtrQJBOSjFCGbtz4K25cKOLWf3Dn35i2s9DWA4HDOfdyc04kGdXG876dpeWV1bX1wkZxc2t7Z9fd22/qJFWYNHDCEtWOkCaMCtIw1DDSloogHjHSiobXE7/1QJSmibg3I0m6HPUFjSlGxkqhexTccNJHYRYoDqvV2hgGUiXSJPAu9EK35JW9KeAi8XNSAjnqofsV9BKcciIMZkjrju9J082QMhQzMi4GqSYS4SHqk46lAnGiu9k0xRieWKUH40TZJwycqr83MsS1HvHITnJkBnrem4j/eZ3UxFfdjAqZGiLw7FCcMmhDTiqBPaoINmxkCcKK2r9CPEAKYWOLK9oS/PnIi6R5VvYvyt7tealSzesogENwDE6BDy5BBdRAHTQABo/gGbyCN+fJeXHenY/Z6JKT7xyAP3A+fwAZ5Zer</latexit>

⌦BBH / R0



Detectability of the GW background

<latexit sha1_base64="+/16nCoYVaIwMH74kk4qkMgJRAw="></latexit>

⌦GW(f) = ⌦

✓
f

fref

◆↵

+ ⌦BBH(f) + ⌦BWD(f) + ⌦instr(f)

<latexit sha1_base64="vXsY4NQFV7EJ23gdi5IyTtDN0VA="></latexit>

�ij = T
Z

df
@i⌦GW@j⌦GW

⌦n(f)2
<latexit sha1_base64="0G9gF67dsJFizIhXRX8MlKannNs=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBHcWJKi6EYoutBlBfuAJg2T6aSddiYJMxOhhKzc+CtuXCji1m9w5984bbPQ1gMXzpxzL3Pv8WNGpbKsb2NhcWl5ZbWwVlzf2NzaNnd2GzJKBCZ1HLFItHwkCaMhqSuqGGnFgiDuM9L0h9djv/lAhKRReK9GMXE56oU0oBgpLXnmgSNpjyNv0KnAS+jcIK4f6WCQddITO/PMklW2JoDzxM5JCeSoeeaX041wwkmoMENStm0rVm6KhKKYkazoJJLECA9Rj7Q1DREn0k0nZ2TwSCtdGERCV6jgRP09kSIu5Yj7upMj1Zez3lj8z2snKrhwUxrGiSIhnn4UJAyqCI4zgV0qCFZspAnCgupdIe4jgbDSyRV1CPbsyfOkUSnbZ2Xr7rRUvcrjKIB9cAiOgQ3OQRXcghqoAwwewTN4BW/Gk/FivBsf09YFI5/ZA39gfP4AA4OYMg==</latexit>

�2
j = ��1

jj

Use Fisher analysis to estimate the detectability of the background:

background foregrounds instrumental noise

M. Lewicki and V. Vaskonen, arXiv:2111.05847

Calculating the Fisher matrix only in Ω gives
<latexit sha1_base64="tvc5+3eUrFzdnCtOR/Tr7UUp+VI="></latexit>
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<
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<latexit sha1_base64="dyzoJKlbneDh+CpLlQ8/9wU/kPY=">AAACAHicbZDLSsNAFIZPvNZ6i7pw4WawCK5KIoqupOjGldRLL9CGMJlO26EzSZiZCCVk46u4caGIWx/DnW/jtA2irT8MfPznHM6cP4g5U9pxvqy5+YXFpeXCSnF1bX1j097arqsokYTWSMQj2QywopyFtKaZ5rQZS4pFwGkjGFyO6o0HKhWLwns9jKkncC9kXUawNpZv76ZtKdDd9W2GztEP+8S3S07ZGQvNgptDCXJVffuz3YlIImioCcdKtVwn1l6KpWaE06zYThSNMRngHm0ZDLGgykvHB2TowDgd1I2keaFGY/f3RIqFUkMRmE6BdV9N10bmf7VWortnXsrCONE0JJNF3YQjHaFRGqjDJCWaDw1gIpn5KyJ9LDHRJrOiCcGdPnkW6kdl96Ts3ByXKhd5HAXYg304BBdOoQJXUIUaEMjgCV7g1Xq0nq03633SOmflMzvwR9bHN/+WlWE=</latexit>

SNR > SNRcif
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M. Lewicki and V. Vaskonen, arXiv:2111.05847

power-law
integrated
sensitivity

<latexit sha1_base64="ajSrN9z5UwaEingAe8M3iE0WzTI=">AAACAXicbZDLSgMxFIYzXmu9jboR3ASL4EKGjHjbCEU3LqvYC7TDkEkzbWiSGZKMUIa68VXcuFDErW/hzrcxvSy09YfAx3/O4eT8UcqZNgh9O3PzC4tLy4WV4ura+samu7Vd00mmCK2ShCeqEWFNOZO0apjhtJEqikXEaT3qXQ/r9QeqNEvkvemnNBC4I1nMCDbWCt3dlmYdgcMcHd2FaAAvIfLOoMXQLSEPjQRnwZ9ACUxUCd2vVjshmaDSEI61bvooNUGOlWGE00GxlWmaYtLDHdq0KLGgOshHFwzggXXaME6UfdLAkft7IsdC676IbKfApquna0Pzv1ozM/FFkDOZZoZKMl4UZxyaBA7jgG2mKDG8bwETxexfIelihYmxoRVtCP70ybNQO/b8Uw/dnpTKV5M4CmAP7IND4INzUAY3oAKqgIBH8AxewZvz5Lw4787HuHXOmczsgD9yPn8AE0KUsg==</latexit>

�0,R0 = 0.6R0

<latexit sha1_base64="o145JZ8uRpGHQYTDNBW3DTFK77Y=">AAACAnicbZDLSgMxFIYzXmu9jboSN8EiuJCSEW8boejGZRV7gXYYMmmmDU0yQ5IRylDc+CpuXCji1qdw59uYtrPQ1h8CH/85h5Pzhwln2iD07czNLywuLRdWiqtr6xub7tZ2XcepIrRGYh6rZog15UzSmmGG02aiKBYhp42wfz2qNx6o0iyW92aQUF/grmQRI9hYK3B325p1BQ4ydHQXoCG8hKiMzqDlwC1ZHAvOgpdDCeSqBu5XuxOTVFBpCMdatzyUGD/DyjDC6bDYTjVNMOnjLm1ZlFhQ7WfjE4bwwDodGMXKPmng2P09kWGh9UCEtlNg09PTtZH5X62VmujCz5hMUkMlmSyKUg5NDEd5wA5TlBg+sICJYvavkPSwwsTY1Io2BG/65FmoH5e90zK6PSlVrvI4CmAP7IND4IFzUAE3oApqgIBH8AxewZvz5Lw4787HpHXOyWd2wB85nz+H/5Ts</latexit>

�0,R0 = 0.06R0

Detectability of the GW background



Summary
• The BH binary population probed by LIGO-Virgo generates a GW 

foreground.

• Part of that foreground can be mitigated as some of the binary signals can
be resolved individually.

• The foreground masks the GW background and significantly impacts its
detectability.

M. Lewicki and V. Vaskonen, arXiv:2111.05847
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