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3G
Latest on the 3G design performances

M. Branchesi + arXiv gr-qc: 2303.15923 

M. Evans + arXiv gr-qc: 2109.09882 



The Inspiral
Inspiral tests of gravity are the most easy/common/safe tool used so far

easiest implementation of the two flavours

agnostic theory specific
vs.

Abbott +, PRL 2112.06861 (2021)
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h̃(f) = A(f)ei�(f)

changes into binary’s binding energy/flux

GW signal modification

accumulate with many cycles

perturbatively included within pN

type

amplitude
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(�,�) can be potentially  
mapped to “specific” theories



The Inspiral
Deeper and wider in frequencies

opportunity for pre-Newtonian effects, working at low frequencies (e.g. dipole, but also 
environmental)
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More asymmetric binaries

multi-band observations (IMRI potentially surfing all frequency bands)

J. Harms +, Astrophys. J. 910, 1 (2021) 



The Inspiral
Constraints from 3G detectors 

sources in multi-band do the best at negative pN

stellar mass sources for 3G worse than massive for LISA 
at negative pN

stellar-mass sources for 3G potentially better than 
massive for LISA at positive pN

ground based upgrades (don’t) play a role for (positive) 
negative pN

what do we learn?

S. Perkins+, PRD 103, 044024 (2021) 



The Inspiral
Map to specific theories of gravity <latexit sha1_base64="BDHgpsOW0Rv7oNtc+eD++0NJMUw="></latexit>
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2� � 5

same type may correspond to different physical effect when mapped to a given theory 
beyond GR

coupling’s theory can depend on the source’s properties

actual constraints can change due to scalings and/or correlations



The Inspiral
Gauss Bonnet Chern Simons
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Massive graviton



The Inspiral
More on agnostic-to-specific deviations

generic deviations from the Kerr multipolar structure
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Quadrupole entering the waveform at 2PN

<latexit sha1_base64="XFHSVVNDy1PQo0oSbS1IImedmtE=">AAACD3icbZDLSsNAFIYnXmu9RV26GSyKIJSkeNsIRTcuK9gLNCFMppN26GQyzEyEEvIGbnwVNy4UcevWnW/jtM1CW38Y+PjPOZw5fygYVdpxvq2FxaXlldXSWnl9Y3Nr297ZbakklZg0ccIS2QmRIoxy0tRUM9IRkqA4ZKQdDm/G9fYDkYom/F6PBPFj1Oc0ohhpYwX2kTdEQqAgU/mVF0mEs8JwTwqo5VktD+yKU3UmgvPgFlABhRqB/eX1EpzGhGvMkFJd1xHaz5DUFDOSl71UEYHwEPVJ1yBHMVF+Nrknh4fG6cEokeZxDSfu74kMxUqN4tB0xkgP1GxtbP5X66Y6uvQzykWqCcfTRVHKoE7gOBzYo5JgzUYGEJbU/BXiATKpaBNh2YTgzp48D61a1T2vnt2dVurXRRwlsA8OwDFwwQWog1vQAE2AwSN4Bq/gzXqyXqx362PaumAVM3vgj6zPH1VgnNk=</latexit>

s =
1 + 2

2

<latexit sha1_base64="xJsaEPQE0VK8kj1jJ/OhoMJIAzs=">AAACD3icbZDLSsNAFIYnXmu9RV26CRbFjSUp3jZC0Y3LCvYCTQgn00k7dJIMMxOhhLyBG1/FjQtF3Lp159s4bbPQ1h8GPv5zDmfOH3BGpbLtb2NhcWl5ZbW0Vl7f2NzaNnd2WzJJBSZNnLBEdAKQhNGYNBVVjHS4IBAFjLSD4c243n4gQtIkvlcjTrwI+jENKQalLd88cofAOfgZ5FduKABnheGcFFDLs1rumxW7ak9kzYNTQAUVavjml9tLcBqRWGEGUnYdmysvA6EoZiQvu6kkHPAQ+qSrMYaISC+b3JNbh9rpWWEi9IuVNXF/T2QQSTmKAt0ZgRrI2drY/K/WTVV46WU05qkiMZ4uClNmqcQah2P1qCBYsZEGwILqv1p4ADoVpSMs6xCc2ZPnoVWrOufVs7vTSv26iKOE9tEBOkYOukB1dIsaqIkwekTP6BW9GU/Gi/FufExbF4xiZg/9kfH5AzsunMk=</latexit>

a =
1 � 2

2

<latexit sha1_base64="NgvoPzf2kbiIBHP2IE5KQECQjE4=">AAACBXicbVDLSsNAFJ3UV62vqEtdBIsgCCURXxuh6MZlBfuAJoSbybQdOkmGmYlQQjdu/BU3LhRx6z+482+ctFlo64ELh3Pu5d57As6oVLb9bZQWFpeWV8qrlbX1jc0tc3unJZNUYNLECUtEJwBJGI1JU1HFSIcLAlHASDsY3uR++4EISZP4Xo048SLox7RHMSgt+ea+OwTOwc/k+Mo5dkPCFBSSrPhm1a7ZE1jzxClIFRVo+OaXGyY4jUisMAMpu47NlZeBUBQzMq64qSQc8BD6pKtpDBGRXjb5YmwdaiW0eonQFStrov6eyCCSchQFujMCNZCzXi7+53VT1bv0MhrzVJEYTxf1UmapxMojsUIqCFZspAlgQfWtFh6AAKx0cHkIzuzL86R1UnPOa2d3p9X6dRFHGe2hA3SEHHSB6ugWNVATYfSIntErejOejBfj3fiYtpaMYmYX/YHx+QMCU5hE</latexit>

s = 1 + �s

More sophisticate models with broken equatorial symmetry and non-axisymmetric

M. Branchesi + arXiv gr-qc: 2303.15923 

N. Loutrel+, PRD 105, 124050 (2022) 

A. M. + PRD 92, 083014 (2015)  

<latexit sha1_base64="mF8uGofPmeBWtBR1y18o9PbYOQ8="></latexit>

Mkerr
` + iSkerr

` = M `+1(i�)`

<latexit sha1_base64="QAnjLkvZ0fSRg/nvRFKXGA2ZBk8=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWAR3FiS+twIRTduChXsA5o0TKaTdugkGWYmQgl146+4caGIW//CnX/jtM1CWw9cOJxzL/fe43NGpbKsbyO3sLi0vJJfLaytb2xumds7DRknApM6jlksWj6ShNGI1BVVjLS4ICj0GWn6g5ux33wgQtI4uldDTtwQ9SIaUIyUljxzr+qlZWt0dewMEOcIVjsnDu7TTtkzi1bJmgDOEzsjRZCh5plfTjfGSUgihRmSsm1bXLkpEopiRkYFJ5GEIzxAPdLWNEIhkW46+WAED7XShUEsdEUKTtTfEykKpRyGvu4MkerLWW8s/ue1ExVcuimNeKJIhKeLgoRBFcNxHLBLBcGKDTVBWFB9K8R9JBBWOrSCDsGefXmeNMol+7x0dndarFxnceTBPjgAR8AGF6ACbkEN1AEGj+AZvII348l4Md6Nj2lrzshmdsEfGJ8/bYOVnA==</latexit>

M20 = �M3�2

<latexit sha1_base64="sGPviqSfk0ceWGyLLUnHpd5MKa0="></latexit>

M20 = �M3�2[(1 + 0.061618⇣2EdGB + . . .)� �2⇣2EdGB(0.0308519 + . . .)]



The Inspiral
Tidal Love numbers

tidal parameters for Kerr BHs vanish 
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⇤̃ = ⇤/M5

M. Branchesi + arXiv gr-qc: 2303.15923 

Constraints on tidal Love numbers as ET configurations vary

V. Cardoso + PRD 95, 084014 (2017)  

scalar tidal love numbers
L. Bernard + PRD 101, 021501 (2020)  



The Inspiral

V. De Luca, A.M., P. Pani, PRD 107, 044058 (2023) 

Frequency dependent Love numbers of dressed BHs

paved for multi-band analysis LISA-ET exploiting different frequency regimes



The Inspiral

V. De Luca, A.M., P. Pani, PRD 107, 044058 (2023) 

Frequency dependent Love numbers of dressed BHs

suited for multi-band analysis LISA-ET

maximum luminosity. distance for  
ultralight boson cloud



The Inspiral

Less number of parameters to constrain, possibly alleviate degeneracies

lesson learnt from other sources (and phenomena)

Varying multiple parameters each time

improvement from multi-band observations
A. Gupta +, PRL 125, 201101 (2020)   

Perkins & Yunes, PRD 105, 124047 (2022)

Inspiral Merger Ringdown tests 

Precessing ppE formalism

Z. Carson & K. Yagi + PRD 101, 084050 (2020)  

N. Loutrel + PRD 107, 044046 (2023)  

Coherent waveform models encoding multiple effects/coefficients

Dynamical scalarization

M. Vaglio +, gr-qc: 2302.13954 (2023)   
C. Pacilio +, PRL 122, 101101 (2022)

M. Khalil +, PRD 100, 124013 (2019)  



QNMs beyond Kerr

generic 
deviation

Modelling frequencies and damping times beyond Kerr

Within GR extension QNMs can be written in terms of Kerr shifts
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Parametrised Ringdown Spin Expansion Coefficients 
A. M., P. Pani, L.  Gualtieri, E. Berti, PRD 101, 024043, (2020)

G. Carullo, PRD 103, 124043, (2021)

In GR the full QNM spectrum is specified by the mass and the spin of Kerr BHs

Multiple modes provide independent null-hypothesis tests of GR 

Measuring one mode allows to determine mass and spin

C. Pacilio, S. Bhagwat PRD 107, 083021, (2021)

Deviations proportional to the fundamental coupling constants of the theory

Are QNMs competitive with other diagnostics?



ParSpec
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i = 1 . . . N

Parametrise QNM in terms of a double expansion of spin       & GR deviation

<latexit sha1_base64="81cPhEdv7AnkQSG7Ck3tVaAvoV0=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEVyURX8uiG5cV7AOaEG6mk3boTBJmJkoJBX/FjQtF3Pod7vwbp20W2nrgwuGce7n3njDlTGnH+bZKS8srq2vl9crG5tb2jr2711JJJgltkoQnshOCopzFtKmZ5rSTSgoi5LQdDm8mfvuBSsWS+F6PUuoL6McsYgS0kQL7wOuDEBAwT7L+QIOUySN2Arvq1Jwp8CJxC1JFBRqB/eX1EpIJGmvCQamu66Taz0FqRjgdV7xM0RTIEPq0a2gMgio/n54/xsdG6eEokaZijafq74kchFIjEZpOAXqg5r2J+J/XzXR05ecsTjNNYzJbFGUc6wRPssA9JinRfGQIEMnMrZgMQALRJrGKCcGdf3mRtE5r7kXt/O6sWr8u4iijQ3SETpCLLlEd3aIGaiKCcvSMXtGb9WS9WO/Wx6y1ZBUz++gPrM8fLpyVow==</latexit>

�i ! 0

GR

coefficients of the expansion for Kerr QNMs in GR

dimensionless coupling constants, possibly depending on the source

beyond-Kerr corrections to the QNMs: universal  &
<latexit sha1_base64="QOtCxnfB0oBA2a312OH+SZJ8Dv0="></latexit>

�i[�⌧
(k2)
`m , �!(k2)

`m ] < 1

<latexit sha1_base64="ZyxxTorfuzL222ppHuZB15MiI+g=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0nEqseiF48V7Ae0oWy2m2bp7ibsboQS+he8eFDEq3/Im//GTZuDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8CaciZp2zDDaS9RFIuA024wucv97hNVmsXy0UwT6gs8lixkBJtcGpCIDas1t+7OgVaJV5AaFGgNq1+DUUxSQaUhHGvd99zE+BlWhhFOZ5VBqmmCyQSPad9SiQXVfja/dYbOrDJCYaxsSYPm6u+JDAutpyKwnQKbSC97ufif109NeONnTCapoZIsFoUpRyZG+eNoxBQlhk8twUQxeysiEVaYGBtPxYbgLb+8SjoXde+q3ni4rDVvizjKcAKncA4eXEMT7qEFbSAQwTO8wpsjnBfn3flYtJacYuYY/sD5/AEC+o48</latexit>�
spin order



QNM uncertainties
Errors on frequencies and damping times of the fundamental mode for 2 
populations of BBH

errors on f22 ~ 1% for both ET and CE

errors on        ~ 1% only for<latexit sha1_base64="EIVLb7ASWKLtwTBUEJNCmWMFY8U=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBA8hd3g6xj04jGCeUiyhNnJbDJkdnaZ6RXCkq/w4kERr36ON//GSbIHTSxoKKq66e4KEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LR7dRvPXFtRKwecJxwP6IDJULBKFrpsYs07WXV6qRXKrsVdwayTLyclCFHvVf66vZjlkZcIZPUmI7nJuhnVKNgkk+K3dTwhLIRHfCOpYpG3PjZ7OAJObVKn4SxtqWQzNTfExmNjBlHge2MKA7NojcV//M6KYbXfiZUkiJXbL4oTCXBmEy/J32hOUM5toQyLeythA2ppgxtRkUbgrf48jJpViveZeXi/rxcu8njKMAxnMAZeHAFNbiDOjSAQQTP8ApvjnZenHfnY9664uQzR/AHzucPiG2QPw==</latexit>⌧22
<latexit sha1_base64="WEpOA+gSG1l8HSsN/M8jmTAV2Ts=">AAAB+HicbVDLSgMxFM34rPXRUZdugkVwVWbE17LoxmUF+4DOUDJppg1NJkNyR6hDv8SNC0Xc+inu/BvTdhbaeiBwOOdc7s2JUsENeN63s7K6tr6xWdoqb+/s7lXc/YOWUZmmrEmVULoTEcMET1gTOAjWSTUjMhKsHY1up377kWnDVfIA45SFkgwSHnNKwEo9txLooQoGYBMS+57Xc6tezZsBLxO/IFVUoNFzv4K+oplkCVBBjOn6XgphTjRwKtikHGSGpYSOyIB1LU2IZCbMZ4dP8IlV+jhW2r4E8Ez9PZETacxYRjYpCQzNojcV//O6GcTXYc6TNAOW0PmiOBMYFJ62gPtcMwpibAmhmttbMR0STSjYrsq2BH/xy8ukdVbzL2sX9+fV+k1RRwkdoWN0inx0heroDjVQE1GUoWf0it6cJ+fFeXc+5tEVp5g5RH/gfP4A3AOSkw==</latexit>

⇢ & 100

for the secondary,  33 measured in general with better accuracy than 21

moderate

high

<latexit sha1_base64="Iup6tsjtKCvR3nUE9Qv1hBIR0dw=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKexqfFyEoBdPEsE8IFnC7KSTDJmdXWZmhbDkI7x4UMSr3+PNv3GS7EGjBQ1FVTfdXUEsuDau++XklpZXVtfy64WNza3tneLuXkNHiWJYZ5GIVCugGgWXWDfcCGzFCmkYCGwGo5up33xEpXkkH8w4Rj+kA8n7nFFjpebdlXdacb1useSW3RnIX+JlpAQZat3iZ6cXsSREaZigWrc9NzZ+SpXhTOCk0Ek0xpSN6ADblkoaovbT2bkTcmSVHulHypY0ZKb+nEhpqPU4DGxnSM1QL3pT8T+vnZj+pZ9yGScGJZsv6ieCmIhMfyc9rpAZMbaEMsXtrYQNqaLM2IQKNgRv8eW/pHFS9s7LZ/eVUvU6iyMPB3AIx+DBBVThFmpQBwYjeIIXeHVi59l5c97nrTknm9mHX3A+vgFiRo5O</latexit>

N = 13401
<latexit sha1_base64="dLVOwzvpyw14Onca7Ba/JcfBh+8=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mVVr0IRS+epIL9gHYp2TTbxmaTJckKZel/8OJBEa/+H2/+G9N2D9r6YODx3gwz84KYM21c99vJrayurW/kNwtb2zu7e8X9g6aWiSK0QSSXqh1gTTkTtGGY4bQdK4qjgNNWMLqZ+q0nqjST4sGMY+pHeCBYyAg2VmreXVU9t9IrltyyOwNaJl5GSpCh3it+dfuSJBEVhnCsdcdzY+OnWBlGOJ0UuommMSYjPKAdSwWOqPbT2bUTdGKVPgqlsiUMmqm/J1IcaT2OAtsZYTPUi95U/M/rJCa89FMm4sRQQeaLwoQjI9H0ddRnihLDx5Zgopi9FZEhVpgYG1DBhuAtvrxMmmdl77xcva+UatdZHHk4gmM4BQ8uoAa3UIcGEHiEZ3iFN0c6L8678zFvzTnZzCH8gfP5A/S+jhU=</latexit>

N = 5104

<latexit sha1_base64="AUSKoNdrN9yyw9NcKnERnAI/W38=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hd3gIxch6MWTRDAPSJYwO+lNhszOLjOzQgj5CC8eFPHq93jzb5wke9DEgoaiqpvuriARXBvX/XZWVtfWNzZzW/ntnd29/cLBYUPHqWJYZ7GIVSugGgWXWDfcCGwlCmkUCGwGw9up33xCpXksH80oQT+ifclDzqixUvP+2iuXK263UHRL7gxkmXgZKUKGWrfw1enFLI1QGiao1m3PTYw/pspwJnCS76QaE8qGtI9tSyWNUPvj2bkTcmqVHgljZUsaMlN/T4xppPUoCmxnRM1AL3pT8T+vnZqw4o+5TFKDks0XhakgJibT30mPK2RGjCyhTHF7K2EDqigzNqG8DcFbfHmZNMol77J08XBerN5kceTgGE7gDDy4gircQQ3qwGAIz/AKb07ivDjvzse8dcXJZo7gD5zPH2hXjlI=</latexit>

N = 12280
<latexit sha1_base64="Y0RzHNx8EzJJG6BC5XEJKKPzm9E=">AAAB7XicbVBNSwMxEJ31s9avqkcvwSJ4Krulai9C0YsnqWA/oF1KNs22sdlkSbJCWfofvHhQxKv/x5v/xrTdg7Y+GHi8N8PMvCDmTBvX/XZWVtfWNzZzW/ntnd29/cLBYVPLRBHaIJJL1Q6wppwJ2jDMcNqOFcVRwGkrGN1M/dYTVZpJ8WDGMfUjPBAsZAQbKzXvrsrVSqVXKLoldwa0TLyMFCFDvVf46vYlSSIqDOFY647nxsZPsTKMcDrJdxNNY0xGeEA7lgocUe2ns2sn6NQqfRRKZUsYNFN/T6Q40nocBbYzwmaoF72p+J/XSUxY9VMm4sRQQeaLwoQjI9H0ddRnihLDx5Zgopi9FZEhVpgYG1DehuAtvrxMmuWSd1E6v68Ua9dZHDk4hhM4Aw8uoQa3UIcGEHiEZ3iFN0c6L8678zFvXXGymSP4A+fzBwD2jh0=</latexit>

N = 2844
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Specific models: GB gravity

<latexit sha1_base64="6xVceFAFCgGI45OFtxO3+Dw2qTg="></latexit>
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GB

◆
L. Pierini & L. Gualtieri, PRD 106, 104009 (2023)

Gauss Bonnet gravity with exponential coupling
J. Salcedo +, PRD 94, 104024 (2016)

QNMs at the second order in the spin <latexit sha1_base64="v+kV0vcdfLXF3euWiJ4E9aNd7rw=">AAACGnicbZA9SwNBEIb3/DZ+RS1tDoNgFe/Er0YQLbQRFIwGcjHMbSbJkr29Y3dODEd+h41/xcZCETux8d+4iSk08YWFl2dmmJ03TKQw5Hlfztj4xOTU9Mxsbm5+YXEpv7xybeJUcyzxWMa6HIJBKRSWSJDEcqIRolDiTdg+6dVv7lAbEasr6iRYjaCpRENwIItqeT8IkaAWEN6TinUEMjOnx93DAGTS+sst3jq/3a7lC17R68sdNf7AFNhAF7X8R1CPeRqhIi7BmIrvJVTNQJPgEru5IDWYAG9DEyvWKojQVLP+aV13w5K624i1fYrcPv09kUFkTCcKbWcE1DLDtR78r1ZJqXFQzYRKUkLFfxY1UulS7PZycutCIyfZsQa4FvavLm+BBk42zZwNwR8+edRcbxf9veLu5U7h6HgQxwxbY+tsk/lsnx2xM3bBSoyzB/bEXtir8+g8O2/O+0/rmDOYWWV/5Hx+A4nDock=</latexit>
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How much change
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Relative change in frequencies and damping times 
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�GB,i =
↵2
GB

M4
i

Current bound
Liu +, PRD 105 06400 (2022)

<latexit sha1_base64="Ea56sj3bkZylRrFKNqsg9i9jfZc="></latexit>

↵bound
GB ' 40 km2



sGB + ParSpec: bounds
Injected events in GB gravity with             , reconstructed with ParSpec

Spin corrections seem to play a minor 
role

Bounds dominated by light BHs, with
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Results weaker than best constraint to 
date
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sampling on 
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A. M., L. Pierini, V. Vellucci, L. Reali, E. Berti, L. Gualtieri + to appear



Summary

M. Branchesi + arXiv gr-qc: 2303.15923 

3G interferometers expectations
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Science Cases

agnostic tests the Kerr QNM spectrum

scale free couplings
<latexit sha1_base64="iKdswXozWO5+yWnV7cmisfkvL9c=">AAAB9XicbVDJSgNBEO2JW4xb1KOXxiB4CjPidhGCXjxGMAskY6jp9CRNehm6e5Qw5D+8eFDEq//izb+xsxw08UHB470qqupFCWfG+v63l1taXlldy68XNja3tneKu3t1o1JNaI0ornQzAkM5k7RmmeW0mWgKIuK0EQ1uxn7jkWrDlLy3w4SGAnqSxYyAddJDuwdCQIddESWN7RRLftmfAC+SYEZKaIZqp/jV7iqSCiot4WBMK/ATG2agLSOcjgrt1NAEyAB6tOWoBEFNmE2uHuEjp3RxrLQrafFE/T2RgTBmKCLXKcD2zbw3Fv/zWqmNL8OMySS1VJLpojjl2Co8jgB3mabE8qEjQDRzt2LSBw3EuqAKLoRg/uVFUj8pB+fls7vTUuV6FkceHaBDdIwCdIEq6BZVUQ0RpNEzekVv3pP34r17H9PWnDeb2Ud/4H3+AJ49kps=</latexit>

�i = const
<latexit sha1_base64="4LFtSlLFfe45sMFTDHEEpWaToi8="></latexit>

�i�!
(k2)
`m ! �!(k2)

`mcoupling can be re-absorbed in the shifts

dimensional coupling constant
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[↵] = [massp]
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p = 4

coupling can also be re-absorbed
<latexit sha1_base64="T//lHoZjLiTBFwb1zNichxhykOU="></latexit>

↵�!(k2)
`m ! �!(k2)

`m

QNM spectrum in specific beyond GR theories

Gauss Bonnet and Chern Simons gravity
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map frequencies/damping times to the ParSpec shifts
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Accommodate multiple scenarios

A. M., L. Pierini, V. Vellucci, L. Reali, E. Berti, L. Gualtieri + to appear



Population models
N sources drawn from binary black hole catalogues

POWER LAW + PEAK phenomenological model (GWTC3 inspired)

BBH sampled up to z=10, with z-distribution following a Madau-Dickinson curve 
for the SFR

2 spin assumptions

3G detectors: 2 x Einstein Telescope & Cosmic Explorer

model I                -distributionβ
<latexit sha1_base64="DFjTyaSHC6Aqpx3L16OAI4QgmJs=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5CRahhVKSYtWNUHTjsoJ9QBPKzXTaDp1MwsxEqKH4K25cKOLW/3Dn3zhts9DWAxcO59zLvff4EaNS2fa3kVlZXVvfyG7mtrZ3dvfM/YOmDGOBSQOHLBRtHyRhlJOGooqRdiQIBD4jLX90M/VbD0RIGvJ7NY6IF8CA0z7FoLTUNY8KLrBoCCXXJwqKV4VKqVrsmnm7bM9gLRMnJXmUot41v9xeiOOAcIUZSNlx7Eh5CQhFMSOTnBtLEgEewYB0NOUQEOkls+sn1qlWelY/FLq4smbq74kEAinHga87A1BDuehNxf+8Tqz6l15CeRQrwvF8UT9mlgqtaRRWjwqCFRtrAlhQfauFhyAAKx1YTofgLL68TJqVsnNert6d5WvXaRxZdIxOUAE56ALV0C2qowbC6BE9o1f0ZjwZL8a78TFvzRjpzCH6A+PzB7Yjk3U=</latexit>

(↵,�) = (2, 5)
<latexit sha1_base64="1sb7AnoFFB6PE+sc6MyfGh4FN8o=">AAAB9HicbVDLSgNBEOzxGeMr6tHLYBA8SNgNvo5BLx4jmAdklzA7mU2GzM6uM7OBsOQ7vHhQxKsf482/cZLsQRMLGoqqbrq7gkRwbRznG62srq1vbBa2its7u3v7pYPDpo5TRVmDxiJW7YBoJrhkDcONYO1EMRIFgrWC4d3Ub42Y0jyWj2acMD8ifclDTomxku/RAe9m7nl14nHZLZWdijMDXiZuTsqQo94tfXm9mKYRk4YKonXHdRLjZ0QZTgWbFL1Us4TQIemzjqWSREz72ezoCT61Sg+HsbIlDZ6pvycyEmk9jgLbGREz0IveVPzP66QmvPEzLpPUMEnni8JUYBPjaQK4xxWjRowtIVRxeyumA6IINTanog3BXXx5mTSrFfeqcvlwUa7d5nEU4BhO4AxcuIYa3EMdGkDhCZ7hFd7QCL2gd/Qxb11B+cwR/AH6/AEbgZGv</latexit>

�1,2 2

model II                 uniform [-1,1]
<latexit sha1_base64="1sb7AnoFFB6PE+sc6MyfGh4FN8o=">AAAB9HicbVDLSgNBEOzxGeMr6tHLYBA8SNgNvo5BLx4jmAdklzA7mU2GzM6uM7OBsOQ7vHhQxKsf482/cZLsQRMLGoqqbrq7gkRwbRznG62srq1vbBa2its7u3v7pYPDpo5TRVmDxiJW7YBoJrhkDcONYO1EMRIFgrWC4d3Ub42Y0jyWj2acMD8ifclDTomxku/RAe9m7nl14nHZLZWdijMDXiZuTsqQo94tfXm9mKYRk4YKonXHdRLjZ0QZTgWbFL1Us4TQIemzjqWSREz72ezoCT61Sg+HsbIlDZ6pvycyEmk9jgLbGREz0IveVPzP66QmvPEzLpPUMEnni8JUYBPjaQK4xxWjRowtIVRxeyumA6IINTanog3BXXx5mTSrFfeqcvlwUa7d5nEU4BhO4AxcuIYa3EMdGkDhCZ7hFd7QCL2gd/Qxb11B+cwR/AH6/AEbgZGv</latexit>

�1,2 2

M. Branchesi + arXiv gr-qc: 2303.15923 (2023)

<latexit sha1_base64="4WUujK9UNgjIRrIcZtqB4mbrRpA="></latexit>

P (m1) / [(1� �)Plaw(m1|�1,mmax)

+ �G(m1|µm,�m)]S(m1|mmin, �m)

<latexit sha1_base64="nitEq8YUBFummv/5fGacRArUiHE="></latexit>

P (q) / q�qS(m1q|mmin, �m)

R. Abbott + arXiv PRX 13, 011048 (2023)



(sub)Population models
Mass-spin distributions for the selected BH remnants

-distributionβ uniform [-1,1]



Spin-less corrections (again)
<latexit sha1_base64="Y2sh+1Gdagzr5UbUlU8byf+aZpE="></latexit>

⌧ `mi /Mi =
6X

k1=0

�k1
i ⌧̄ (k1)

`m + ⌧̄ (0)`m�i�⌧
(0)
`m

<latexit sha1_base64="tU8EMFKq/DBalHxthfWXr2UH1Qc="></latexit>

Mi!
`m
i =

6X

k1=0

�k1
i !̄(k1)

`m + !̄(0)
`m�i�!

(0)
`m

<latexit sha1_base64="hFdDQnc9EvRhYhzVlOm23ronKAk=">AAACCHicbVDLSsNAFJ3UV62vqEsXBovgqiRSHxuh6MaNUME+oInhZjpph84kYWYilNClG3/FjQtF3PoJ7vwbp20W2nrgcg/n3MvMPUHCqFS2/W0UFhaXlleKq6W19Y3NLXN7pynjVGDSwDGLRTsASRiNSENRxUg7EQR4wEgrGFyN/dYDEZLG0Z0aJsTj0ItoSDEoLfnmvtsDzsGnF24oAGcusKQP99VRduNT3XyzbFfsCax54uSkjHLUffPL7cY45SRSmIGUHcdOlJeBUBQzMiq5qSQJ4AH0SEfTCDiRXjY5ZGQdaqVrhbHQFSlrov7eyIBLOeSBnuSg+nLWG4v/eZ1UhedeRqMkVSTC04fClFkqtsapWF0qCFZsqAlgQfVfLdwHHYjS2ZV0CM7syfOkeVxxTisnt9Vy7TKPo4j20AE6Qg46QzV0jeqogTB6RM/oFb0ZT8aL8W58TEcLRr6zi/7A+PwBwqGZ0g==</latexit>

�i =
↵4

M4
i

2D posteriors stacking all set of events

<latexit sha1_base64="FtDZGZz5bIX8Av4jcmSkFUOHyqE="></latexit>

↵ ⇠ [�!(0)
22 ]

1/4
⇠ O(10km)

bounds insensitive to spin models, strongly dependent on BH mass

posteriors dominated by               events with low masses
<latexit sha1_base64="eRAbJh5L3sEOvJXVyNVCHa4GT58=">AAAB+XicbVDLSsNAFL2pr1pfUZduBotQNyWR+lgW3bizgn1AG8pkOmmHTiZhZlIooX/ixoUibv0Td/6NkzYLbT0wcDjnXu6Z48ecKe0431ZhbX1jc6u4XdrZ3ds/sA+PWipKJKFNEvFIdnysKGeCNjXTnHZiSXHoc9r2x3eZ355QqVgknvQ0pl6Ih4IFjGBtpL5t90KsRwTz9GFWcR3nvG+XnaozB1olbk7KkKPRt796g4gkIRWacKxU13Vi7aVYakY4nZV6iaIxJmM8pF1DBQ6p8tJ58hk6M8oABZE0T2g0V39vpDhUahr6ZjLLqZa9TPzP6yY6uPFSJuJEU0EWh4KEIx2hrAY0YJISzaeGYCKZyYrICEtMtCmrZEpwl7+8SloXVfeqevlYK9dv8zqKcAKnUAEXrqEO99CAJhCYwDO8wpuVWi/Wu/WxGC1Y+c4x/IH1+QMofZK0</latexit>

O(100)

projected bound on the coupling

Adding spin terms does makes the posteriors uninformative


