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Look out for 
question boxes
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3T. Baker

GW propagation — assumptions
Standard picture used for propagation work so far:
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•Modified generation — are there some simple features we could include? 

Or must it be full numerical relativity?

• If both modified propagation + generation, does one dominate the waveform? 

• If the waveform is significantly modified, would we detect it? ( → Talk to LISA waveform or data analysis WGs )
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<latexit sha1_base64="wAGuNgSdVJqBVadM9oLfpD1N08w=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPgadkxC5pb0IvHBMwDkiXMTmaTMbOzy8ysEEK+wIsHRbz6Sd78GycvUNGChqKqm+6uMBVcG8/7dHJr6xubW/ntws7u3v5B8fCoqZNMUdagiUhUOySaCS5Zw3AjWDtVjMShYK1wdDPzWw9MaZ7IOzNOWRCTgeQRp8RYqY57xZLnVipl3/fRguAVKWOEXW+OEixR6xU/uv2EZjGThgqidQd7qQkmRBlOBZsWuplmKaEjMmAdSyWJmQ4m80On6MwqfRQlypY0aK5+n5iQWOtxHNrOmJih/u3NxL+8Tmaiq2DCZZoZJuliUZQJZBI0+xr1uWLUiLElhCpub0V0SBShxmZTsCGsPkX/k+aFiz0X1/1S9XoZRx5O4BTOAcMlVOEWatAACgwe4RlenHvnyXl13hatOWc5cww/4Lx/AQA+jRE=</latexit><latexit sha1_base64="wAGuNgSdVJqBVadM9oLfpD1N08w=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPgadkxC5pb0IvHBMwDkiXMTmaTMbOzy8ysEEK+wIsHRbz6Sd78GycvUNGChqKqm+6uMBVcG8/7dHJr6xubW/ntws7u3v5B8fCoqZNMUdagiUhUOySaCS5Zw3AjWDtVjMShYK1wdDPzWw9MaZ7IOzNOWRCTgeQRp8RYqY57xZLnVipl3/fRguAVKWOEXW+OEixR6xU/uv2EZjGThgqidQd7qQkmRBlOBZsWuplmKaEjMmAdSyWJmQ4m80On6MwqfRQlypY0aK5+n5iQWOtxHNrOmJih/u3NxL+8Tmaiq2DCZZoZJuliUZQJZBI0+xr1uWLUiLElhCpub0V0SBShxmZTsCGsPkX/k+aFiz0X1/1S9XoZRx5O4BTOAcMlVOEWatAACgwe4RlenHvnyXl13hatOWc5cww/4Lx/AQA+jRE=</latexit><latexit sha1_base64="wAGuNgSdVJqBVadM9oLfpD1N08w=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPgadkxC5pb0IvHBMwDkiXMTmaTMbOzy8ysEEK+wIsHRbz6Sd78GycvUNGChqKqm+6uMBVcG8/7dHJr6xubW/ntws7u3v5B8fCoqZNMUdagiUhUOySaCS5Zw3AjWDtVjMShYK1wdDPzWw9MaZ7IOzNOWRCTgeQRp8RYqY57xZLnVipl3/fRguAVKWOEXW+OEixR6xU/uv2EZjGThgqidQd7qQkmRBlOBZsWuplmKaEjMmAdSyWJmQ4m80On6MwqfRQlypY0aK5+n5iQWOtxHNrOmJih/u3NxL+8Tmaiq2DCZZoZJuliUZQJZBI0+xr1uWLUiLElhCpub0V0SBShxmZTsCGsPkX/k+aFiz0X1/1S9XoZRx5O4BTOAcMlVOEWatAACgwe4RlenHvnyXl13hatOWc5cww/4Lx/AQA+jRE=</latexit><latexit sha1_base64="wAGuNgSdVJqBVadM9oLfpD1N08w=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPgadkxC5pb0IvHBMwDkiXMTmaTMbOzy8ysEEK+wIsHRbz6Sd78GycvUNGChqKqm+6uMBVcG8/7dHJr6xubW/ntws7u3v5B8fCoqZNMUdagiUhUOySaCS5Zw3AjWDtVjMShYK1wdDPzWw9MaZ7IOzNOWRCTgeQRp8RYqY57xZLnVipl3/fRguAVKWOEXW+OEixR6xU/uv2EZjGThgqidQd7qQkmRBlOBZsWuplmKaEjMmAdSyWJmQ4m80On6MwqfRQlypY0aK5+n5iQWOtxHNrOmJih/u3NxL+8Tmaiq2DCZZoZJuliUZQJZBI0+xr1uWLUiLElhCpub0V0SBShxmZTsCGsPkX/k+aFiz0X1/1S9XoZRx5O4BTOAcMlVOEWatAACgwe4RlenHvnyXl13hatOWc5cww/4Lx/AQA+jRE=</latexit>

⌫(z) )
<latexit sha1_base64="vgMMaVeNBzTqyhM+Psl/DO+Epn8="></latexit><latexit sha1_base64="vgMMaVeNBzTqyhM+Psl/DO+Epn8="></latexit><latexit sha1_base64="vgMMaVeNBzTqyhM+Psl/DO+Epn8="></latexit><latexit sha1_base64="vgMMaVeNBzTqyhM+Psl/DO+Epn8="></latexit>
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GW propagation

T. Baker

h00
ij

<latexit sha1_base64="pwFRx9mLpPzdRdF10BKUFdxjzVU="></latexit><latexit sha1_base64="pwFRx9mLpPzdRdF10BKUFdxjzVU="></latexit><latexit sha1_base64="pwFRx9mLpPzdRdF10BKUFdxjzVU="></latexit><latexit sha1_base64="pwFRx9mLpPzdRdF10BKUFdxjzVU="></latexit>

+
<latexit sha1_base64="U0qGz63dPYMWu5o4zra2D5r9Hrs="></latexit><latexit sha1_base64="U0qGz63dPYMWu5o4zra2D5r9Hrs="></latexit><latexit sha1_base64="U0qGz63dPYMWu5o4zra2D5r9Hrs="></latexit><latexit sha1_base64="U0qGz63dPYMWu5o4zra2D5r9Hrs="></latexit>

(
<latexit sha1_base64="upw96pbZMAwPOHB64Irw/8BljNc="></latexit><latexit sha1_base64="upw96pbZMAwPOHB64Irw/8BljNc="></latexit><latexit sha1_base64="upw96pbZMAwPOHB64Irw/8BljNc="></latexit><latexit sha1_base64="upw96pbZMAwPOHB64Irw/8BljNc="></latexit>

2
<latexit sha1_base64="S1ySdLP996ZcatL4DA0B/iRI3JQ="></latexit><latexit sha1_base64="S1ySdLP996ZcatL4DA0B/iRI3JQ="></latexit><latexit sha1_base64="S1ySdLP996ZcatL4DA0B/iRI3JQ="></latexit><latexit sha1_base64="S1ySdLP996ZcatL4DA0B/iRI3JQ="></latexit>

+
<latexit sha1_base64="U0qGz63dPYMWu5o4zra2D5r9Hrs="></latexit><latexit sha1_base64="U0qGz63dPYMWu5o4zra2D5r9Hrs="></latexit><latexit sha1_base64="U0qGz63dPYMWu5o4zra2D5r9Hrs="></latexit><latexit sha1_base64="U0qGz63dPYMWu5o4zra2D5r9Hrs="></latexit>

H h0
ij+

<latexit sha1_base64="GZ1LlI07wKAJnHOoHz7endZowDg="></latexit><latexit sha1_base64="GZ1LlI07wKAJnHOoHz7endZowDg="></latexit><latexit sha1_base64="GZ1LlI07wKAJnHOoHz7endZowDg="></latexit><latexit sha1_base64="GZ1LlI07wKAJnHOoHz7endZowDg="></latexit>

+
<latexit sha1_base64="U0qGz63dPYMWu5o4zra2D5r9Hrs="></latexit><latexit sha1_base64="U0qGz63dPYMWu5o4zra2D5r9Hrs="></latexit><latexit sha1_base64="U0qGz63dPYMWu5o4zra2D5r9Hrs="></latexit><latexit sha1_base64="U0qGz63dPYMWu5o4zra2D5r9Hrs="></latexit>

(
<latexit sha1_base64="upw96pbZMAwPOHB64Irw/8BljNc="></latexit><latexit sha1_base64="upw96pbZMAwPOHB64Irw/8BljNc="></latexit><latexit sha1_base64="upw96pbZMAwPOHB64Irw/8BljNc="></latexit><latexit sha1_base64="upw96pbZMAwPOHB64Irw/8BljNc="></latexit>

c2T
<latexit sha1_base64="PEMxynz3YqTOmRPNJSSJvYnrdHE="></latexit><latexit sha1_base64="PEMxynz3YqTOmRPNJSSJvYnrdHE="></latexit><latexit sha1_base64="PEMxynz3YqTOmRPNJSSJvYnrdHE="></latexit><latexit sha1_base64="PEMxynz3YqTOmRPNJSSJvYnrdHE="></latexit>

k2
<latexit sha1_base64="uNJrj2LIYUsyhZ7YCksefWSmEM0="></latexit><latexit sha1_base64="uNJrj2LIYUsyhZ7YCksefWSmEM0="></latexit><latexit sha1_base64="uNJrj2LIYUsyhZ7YCksefWSmEM0="></latexit><latexit sha1_base64="uNJrj2LIYUsyhZ7YCksefWSmEM0="></latexit>

+
<latexit sha1_base64="U0qGz63dPYMWu5o4zra2D5r9Hrs="></latexit><latexit sha1_base64="U0qGz63dPYMWu5o4zra2D5r9Hrs="></latexit><latexit sha1_base64="U0qGz63dPYMWu5o4zra2D5r9Hrs="></latexit><latexit sha1_base64="U0qGz63dPYMWu5o4zra2D5r9Hrs="></latexit>

a2 m2
g

<latexit sha1_base64="B8qdqvbEt+lodEpB/38lKbb8AY4="></latexit><latexit sha1_base64="B8qdqvbEt+lodEpB/38lKbb8AY4="></latexit><latexit sha1_base64="B8qdqvbEt+lodEpB/38lKbb8AY4="></latexit><latexit sha1_base64="B8qdqvbEt+lodEpB/38lKbb8AY4="></latexit>

(
<latexit sha1_base64="upw96pbZMAwPOHB64Irw/8BljNc="></latexit> <latexit sha1_base64="upw96pbZMAwPOHB64Irw/8BljNc="></latexit> <latexit sha1_base64="upw96pbZMAwPOHB64Irw/8BljNc="></latexit> <latexit sha1_base64="upw96pbZMAwPOHB64Irw/8BljNc="></latexit>

hij =
<latexit sha1_base64="b7oy9H5yamSqOCip4nVyLGM9dCY="></latexit><latexit sha1_base64="b7oy9H5yamSqOCip4nVyLGM9dCY="></latexit><latexit sha1_base64="b7oy9H5yamSqOCip4nVyLGM9dCY="></latexit><latexit sha1_base64="b7oy9H5yamSqOCip4nVyLGM9dCY="></latexit>

a2 �C �ij
<latexit sha1_base64="KfidSTOx0bHtn/EMpAqAdJuBAKg="></latexit><latexit sha1_base64="KfidSTOx0bHtn/EMpAqAdJuBAKg="></latexit><latexit sha1_base64="KfidSTOx0bHtn/EMpAqAdJuBAKg="></latexit><latexit sha1_base64="KfidSTOx0bHtn/EMpAqAdJuBAKg="></latexit>

GW propagating on FRW background in modified gravity:

Modified `friction’                 
→ changes GW amplitude

1
<latexit sha1_base64="wAGuNgSdVJqBVadM9oLfpD1N08w=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPgadkxC5pb0IvHBMwDkiXMTmaTMbOzy8ysEEK+wIsHRbz6Sd78GycvUNGChqKqm+6uMBVcG8/7dHJr6xubW/ntws7u3v5B8fCoqZNMUdagiUhUOySaCS5Zw3AjWDtVjMShYK1wdDPzWw9MaZ7IOzNOWRCTgeQRp8RYqY57xZLnVipl3/fRguAVKWOEXW+OEixR6xU/uv2EZjGThgqidQd7qQkmRBlOBZsWuplmKaEjMmAdSyWJmQ4m80On6MwqfRQlypY0aK5+n5iQWOtxHNrOmJih/u3NxL+8Tmaiq2DCZZoZJuliUZQJZBI0+xr1uWLUiLElhCpub0V0SBShxmZTsCGsPkX/k+aFiz0X1/1S9XoZRx5O4BTOAcMlVOEWatAACgwe4RlenHvnyXl13hatOWc5cww/4Lx/AQA+jRE=</latexit><latexit sha1_base64="wAGuNgSdVJqBVadM9oLfpD1N08w=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPgadkxC5pb0IvHBMwDkiXMTmaTMbOzy8ysEEK+wIsHRbz6Sd78GycvUNGChqKqm+6uMBVcG8/7dHJr6xubW/ntws7u3v5B8fCoqZNMUdagiUhUOySaCS5Zw3AjWDtVjMShYK1wdDPzWw9MaZ7IOzNOWRCTgeQRp8RYqY57xZLnVipl3/fRguAVKWOEXW+OEixR6xU/uv2EZjGThgqidQd7qQkmRBlOBZsWuplmKaEjMmAdSyWJmQ4m80On6MwqfRQlypY0aK5+n5iQWOtxHNrOmJih/u3NxL+8Tmaiq2DCZZoZJuliUZQJZBI0+xr1uWLUiLElhCpub0V0SBShxmZTsCGsPkX/k+aFiz0X1/1S9XoZRx5O4BTOAcMlVOEWatAACgwe4RlenHvnyXl13hatOWc5cww/4Lx/AQA+jRE=</latexit><latexit sha1_base64="wAGuNgSdVJqBVadM9oLfpD1N08w=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPgadkxC5pb0IvHBMwDkiXMTmaTMbOzy8ysEEK+wIsHRbz6Sd78GycvUNGChqKqm+6uMBVcG8/7dHJr6xubW/ntws7u3v5B8fCoqZNMUdagiUhUOySaCS5Zw3AjWDtVjMShYK1wdDPzWw9MaZ7IOzNOWRCTgeQRp8RYqY57xZLnVipl3/fRguAVKWOEXW+OEixR6xU/uv2EZjGThgqidQd7qQkmRBlOBZsWuplmKaEjMmAdSyWJmQ4m80On6MwqfRQlypY0aK5+n5iQWOtxHNrOmJih/u3NxL+8Tmaiq2DCZZoZJuliUZQJZBI0+xr1uWLUiLElhCpub0V0SBShxmZTsCGsPkX/k+aFiz0X1/1S9XoZRx5O4BTOAcMlVOEWatAACgwe4RlenHvnyXl13hatOWc5cww/4Lx/AQA+jRE=</latexit><latexit sha1_base64="wAGuNgSdVJqBVadM9oLfpD1N08w=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPgadkxC5pb0IvHBMwDkiXMTmaTMbOzy8ysEEK+wIsHRbz6Sd78GycvUNGChqKqm+6uMBVcG8/7dHJr6xubW/ntws7u3v5B8fCoqZNMUdagiUhUOySaCS5Zw3AjWDtVjMShYK1wdDPzWw9MaZ7IOzNOWRCTgeQRp8RYqY57xZLnVipl3/fRguAVKWOEXW+OEixR6xU/uv2EZjGThgqidQd7qQkmRBlOBZsWuplmKaEjMmAdSyWJmQ4m80On6MwqfRQlypY0aK5+n5iQWOtxHNrOmJih/u3NxL+8Tmaiq2DCZZoZJuliUZQJZBI0+xr1uWLUiLElhCpub0V0SBShxmZTsCGsPkX/k+aFiz0X1/1S9XoZRx5O4BTOAcMlVOEWatAACgwe4RlenHvnyXl13hatOWc5cww/4Lx/AQA+jRE=</latexit>

⌫(z) )
<latexit sha1_base64="vgMMaVeNBzTqyhM+Psl/DO+Epn8="></latexit><latexit sha1_base64="vgMMaVeNBzTqyhM+Psl/DO+Epn8="></latexit><latexit sha1_base64="vgMMaVeNBzTqyhM+Psl/DO+Epn8="></latexit><latexit sha1_base64="vgMMaVeNBzTqyhM+Psl/DO+Epn8="></latexit>
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GW propagation

T. Baker

h00
ij

<latexit sha1_base64="pwFRx9mLpPzdRdF10BKUFdxjzVU="></latexit><latexit sha1_base64="pwFRx9mLpPzdRdF10BKUFdxjzVU="></latexit><latexit sha1_base64="pwFRx9mLpPzdRdF10BKUFdxjzVU="></latexit><latexit sha1_base64="pwFRx9mLpPzdRdF10BKUFdxjzVU="></latexit>

+
<latexit sha1_base64="U0qGz63dPYMWu5o4zra2D5r9Hrs="></latexit><latexit sha1_base64="U0qGz63dPYMWu5o4zra2D5r9Hrs="></latexit><latexit sha1_base64="U0qGz63dPYMWu5o4zra2D5r9Hrs="></latexit><latexit sha1_base64="U0qGz63dPYMWu5o4zra2D5r9Hrs="></latexit>

(
<latexit sha1_base64="upw96pbZMAwPOHB64Irw/8BljNc="></latexit><latexit sha1_base64="upw96pbZMAwPOHB64Irw/8BljNc="></latexit><latexit sha1_base64="upw96pbZMAwPOHB64Irw/8BljNc="></latexit><latexit sha1_base64="upw96pbZMAwPOHB64Irw/8BljNc="></latexit>

2
<latexit sha1_base64="S1ySdLP996ZcatL4DA0B/iRI3JQ="></latexit><latexit sha1_base64="S1ySdLP996ZcatL4DA0B/iRI3JQ="></latexit><latexit sha1_base64="S1ySdLP996ZcatL4DA0B/iRI3JQ="></latexit><latexit sha1_base64="S1ySdLP996ZcatL4DA0B/iRI3JQ="></latexit>

+
<latexit sha1_base64="U0qGz63dPYMWu5o4zra2D5r9Hrs="></latexit><latexit sha1_base64="U0qGz63dPYMWu5o4zra2D5r9Hrs="></latexit><latexit sha1_base64="U0qGz63dPYMWu5o4zra2D5r9Hrs="></latexit><latexit sha1_base64="U0qGz63dPYMWu5o4zra2D5r9Hrs="></latexit>

H h0
ij+

<latexit sha1_base64="GZ1LlI07wKAJnHOoHz7endZowDg="></latexit><latexit sha1_base64="GZ1LlI07wKAJnHOoHz7endZowDg="></latexit><latexit sha1_base64="GZ1LlI07wKAJnHOoHz7endZowDg="></latexit><latexit sha1_base64="GZ1LlI07wKAJnHOoHz7endZowDg="></latexit>

+
<latexit sha1_base64="U0qGz63dPYMWu5o4zra2D5r9Hrs="></latexit><latexit sha1_base64="U0qGz63dPYMWu5o4zra2D5r9Hrs="></latexit><latexit sha1_base64="U0qGz63dPYMWu5o4zra2D5r9Hrs="></latexit><latexit sha1_base64="U0qGz63dPYMWu5o4zra2D5r9Hrs="></latexit>

(
<latexit sha1_base64="upw96pbZMAwPOHB64Irw/8BljNc="></latexit><latexit sha1_base64="upw96pbZMAwPOHB64Irw/8BljNc="></latexit><latexit sha1_base64="upw96pbZMAwPOHB64Irw/8BljNc="></latexit><latexit sha1_base64="upw96pbZMAwPOHB64Irw/8BljNc="></latexit>

c2T
<latexit sha1_base64="PEMxynz3YqTOmRPNJSSJvYnrdHE="></latexit><latexit sha1_base64="PEMxynz3YqTOmRPNJSSJvYnrdHE="></latexit><latexit sha1_base64="PEMxynz3YqTOmRPNJSSJvYnrdHE="></latexit><latexit sha1_base64="PEMxynz3YqTOmRPNJSSJvYnrdHE="></latexit>

k2
<latexit sha1_base64="uNJrj2LIYUsyhZ7YCksefWSmEM0="></latexit><latexit sha1_base64="uNJrj2LIYUsyhZ7YCksefWSmEM0="></latexit><latexit sha1_base64="uNJrj2LIYUsyhZ7YCksefWSmEM0="></latexit><latexit sha1_base64="uNJrj2LIYUsyhZ7YCksefWSmEM0="></latexit>

+
<latexit sha1_base64="U0qGz63dPYMWu5o4zra2D5r9Hrs="></latexit><latexit sha1_base64="U0qGz63dPYMWu5o4zra2D5r9Hrs="></latexit><latexit sha1_base64="U0qGz63dPYMWu5o4zra2D5r9Hrs="></latexit><latexit sha1_base64="U0qGz63dPYMWu5o4zra2D5r9Hrs="></latexit>

a2 m2
g

<latexit sha1_base64="B8qdqvbEt+lodEpB/38lKbb8AY4="></latexit><latexit sha1_base64="B8qdqvbEt+lodEpB/38lKbb8AY4="></latexit><latexit sha1_base64="B8qdqvbEt+lodEpB/38lKbb8AY4="></latexit><latexit sha1_base64="B8qdqvbEt+lodEpB/38lKbb8AY4="></latexit>

(
<latexit sha1_base64="upw96pbZMAwPOHB64Irw/8BljNc="></latexit> <latexit sha1_base64="upw96pbZMAwPOHB64Irw/8BljNc="></latexit> <latexit sha1_base64="upw96pbZMAwPOHB64Irw/8BljNc="></latexit> <latexit sha1_base64="upw96pbZMAwPOHB64Irw/8BljNc="></latexit>

hij =
<latexit sha1_base64="b7oy9H5yamSqOCip4nVyLGM9dCY="></latexit><latexit sha1_base64="b7oy9H5yamSqOCip4nVyLGM9dCY="></latexit><latexit sha1_base64="b7oy9H5yamSqOCip4nVyLGM9dCY="></latexit><latexit sha1_base64="b7oy9H5yamSqOCip4nVyLGM9dCY="></latexit>

a2 �C �ij
<latexit sha1_base64="KfidSTOx0bHtn/EMpAqAdJuBAKg="></latexit><latexit sha1_base64="KfidSTOx0bHtn/EMpAqAdJuBAKg="></latexit><latexit sha1_base64="KfidSTOx0bHtn/EMpAqAdJuBAKg="></latexit><latexit sha1_base64="KfidSTOx0bHtn/EMpAqAdJuBAKg="></latexit>

GW propagating on FRW background in modified gravity:

Modified `friction’                 
→ changes GW amplitude

Modified propagation speed

1
<latexit sha1_base64="wAGuNgSdVJqBVadM9oLfpD1N08w=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPgadkxC5pb0IvHBMwDkiXMTmaTMbOzy8ysEEK+wIsHRbz6Sd78GycvUNGChqKqm+6uMBVcG8/7dHJr6xubW/ntws7u3v5B8fCoqZNMUdagiUhUOySaCS5Zw3AjWDtVjMShYK1wdDPzWw9MaZ7IOzNOWRCTgeQRp8RYqY57xZLnVipl3/fRguAVKWOEXW+OEixR6xU/uv2EZjGThgqidQd7qQkmRBlOBZsWuplmKaEjMmAdSyWJmQ4m80On6MwqfRQlypY0aK5+n5iQWOtxHNrOmJih/u3NxL+8Tmaiq2DCZZoZJuliUZQJZBI0+xr1uWLUiLElhCpub0V0SBShxmZTsCGsPkX/k+aFiz0X1/1S9XoZRx5O4BTOAcMlVOEWatAACgwe4RlenHvnyXl13hatOWc5cww/4Lx/AQA+jRE=</latexit><latexit sha1_base64="wAGuNgSdVJqBVadM9oLfpD1N08w=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPgadkxC5pb0IvHBMwDkiXMTmaTMbOzy8ysEEK+wIsHRbz6Sd78GycvUNGChqKqm+6uMBVcG8/7dHJr6xubW/ntws7u3v5B8fCoqZNMUdagiUhUOySaCS5Zw3AjWDtVjMShYK1wdDPzWw9MaZ7IOzNOWRCTgeQRp8RYqY57xZLnVipl3/fRguAVKWOEXW+OEixR6xU/uv2EZjGThgqidQd7qQkmRBlOBZsWuplmKaEjMmAdSyWJmQ4m80On6MwqfRQlypY0aK5+n5iQWOtxHNrOmJih/u3NxL+8Tmaiq2DCZZoZJuliUZQJZBI0+xr1uWLUiLElhCpub0V0SBShxmZTsCGsPkX/k+aFiz0X1/1S9XoZRx5O4BTOAcMlVOEWatAACgwe4RlenHvnyXl13hatOWc5cww/4Lx/AQA+jRE=</latexit><latexit sha1_base64="wAGuNgSdVJqBVadM9oLfpD1N08w=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPgadkxC5pb0IvHBMwDkiXMTmaTMbOzy8ysEEK+wIsHRbz6Sd78GycvUNGChqKqm+6uMBVcG8/7dHJr6xubW/ntws7u3v5B8fCoqZNMUdagiUhUOySaCS5Zw3AjWDtVjMShYK1wdDPzWw9MaZ7IOzNOWRCTgeQRp8RYqY57xZLnVipl3/fRguAVKWOEXW+OEixR6xU/uv2EZjGThgqidQd7qQkmRBlOBZsWuplmKaEjMmAdSyWJmQ4m80On6MwqfRQlypY0aK5+n5iQWOtxHNrOmJih/u3NxL+8Tmaiq2DCZZoZJuliUZQJZBI0+xr1uWLUiLElhCpub0V0SBShxmZTsCGsPkX/k+aFiz0X1/1S9XoZRx5O4BTOAcMlVOEWatAACgwe4RlenHvnyXl13hatOWc5cww/4Lx/AQA+jRE=</latexit><latexit sha1_base64="wAGuNgSdVJqBVadM9oLfpD1N08w=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPgadkxC5pb0IvHBMwDkiXMTmaTMbOzy8ysEEK+wIsHRbz6Sd78GycvUNGChqKqm+6uMBVcG8/7dHJr6xubW/ntws7u3v5B8fCoqZNMUdagiUhUOySaCS5Zw3AjWDtVjMShYK1wdDPzWw9MaZ7IOzNOWRCTgeQRp8RYqY57xZLnVipl3/fRguAVKWOEXW+OEixR6xU/uv2EZjGThgqidQd7qQkmRBlOBZsWuplmKaEjMmAdSyWJmQ4m80On6MwqfRQlypY0aK5+n5iQWOtxHNrOmJih/u3NxL+8Tmaiq2DCZZoZJuliUZQJZBI0+xr1uWLUiLElhCpub0V0SBShxmZTsCGsPkX/k+aFiz0X1/1S9XoZRx5O4BTOAcMlVOEWatAACgwe4RlenHvnyXl13hatOWc5cww/4Lx/AQA+jRE=</latexit>

⌫(z) )
<latexit sha1_base64="vgMMaVeNBzTqyhM+Psl/DO+Epn8="></latexit><latexit sha1_base64="vgMMaVeNBzTqyhM+Psl/DO+Epn8="></latexit><latexit sha1_base64="vgMMaVeNBzTqyhM+Psl/DO+Epn8="></latexit><latexit sha1_base64="vgMMaVeNBzTqyhM+Psl/DO+Epn8="></latexit>
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GW propagation

T. Baker

h00
ij

<latexit sha1_base64="pwFRx9mLpPzdRdF10BKUFdxjzVU="></latexit><latexit sha1_base64="pwFRx9mLpPzdRdF10BKUFdxjzVU="></latexit><latexit sha1_base64="pwFRx9mLpPzdRdF10BKUFdxjzVU="></latexit><latexit sha1_base64="pwFRx9mLpPzdRdF10BKUFdxjzVU="></latexit>

+
<latexit sha1_base64="U0qGz63dPYMWu5o4zra2D5r9Hrs="></latexit><latexit sha1_base64="U0qGz63dPYMWu5o4zra2D5r9Hrs="></latexit><latexit sha1_base64="U0qGz63dPYMWu5o4zra2D5r9Hrs="></latexit><latexit sha1_base64="U0qGz63dPYMWu5o4zra2D5r9Hrs="></latexit>

(
<latexit sha1_base64="upw96pbZMAwPOHB64Irw/8BljNc="></latexit><latexit sha1_base64="upw96pbZMAwPOHB64Irw/8BljNc="></latexit><latexit sha1_base64="upw96pbZMAwPOHB64Irw/8BljNc="></latexit><latexit sha1_base64="upw96pbZMAwPOHB64Irw/8BljNc="></latexit>

2
<latexit sha1_base64="S1ySdLP996ZcatL4DA0B/iRI3JQ="></latexit><latexit sha1_base64="S1ySdLP996ZcatL4DA0B/iRI3JQ="></latexit><latexit sha1_base64="S1ySdLP996ZcatL4DA0B/iRI3JQ="></latexit><latexit sha1_base64="S1ySdLP996ZcatL4DA0B/iRI3JQ="></latexit>

+
<latexit sha1_base64="U0qGz63dPYMWu5o4zra2D5r9Hrs="></latexit><latexit sha1_base64="U0qGz63dPYMWu5o4zra2D5r9Hrs="></latexit><latexit sha1_base64="U0qGz63dPYMWu5o4zra2D5r9Hrs="></latexit><latexit sha1_base64="U0qGz63dPYMWu5o4zra2D5r9Hrs="></latexit>

H h0
ij+

<latexit sha1_base64="GZ1LlI07wKAJnHOoHz7endZowDg="></latexit><latexit sha1_base64="GZ1LlI07wKAJnHOoHz7endZowDg="></latexit><latexit sha1_base64="GZ1LlI07wKAJnHOoHz7endZowDg="></latexit><latexit sha1_base64="GZ1LlI07wKAJnHOoHz7endZowDg="></latexit>

+
<latexit sha1_base64="U0qGz63dPYMWu5o4zra2D5r9Hrs="></latexit><latexit sha1_base64="U0qGz63dPYMWu5o4zra2D5r9Hrs="></latexit><latexit sha1_base64="U0qGz63dPYMWu5o4zra2D5r9Hrs="></latexit><latexit sha1_base64="U0qGz63dPYMWu5o4zra2D5r9Hrs="></latexit>

(
<latexit sha1_base64="upw96pbZMAwPOHB64Irw/8BljNc="></latexit><latexit sha1_base64="upw96pbZMAwPOHB64Irw/8BljNc="></latexit><latexit sha1_base64="upw96pbZMAwPOHB64Irw/8BljNc="></latexit><latexit sha1_base64="upw96pbZMAwPOHB64Irw/8BljNc="></latexit>

c2T
<latexit sha1_base64="PEMxynz3YqTOmRPNJSSJvYnrdHE="></latexit><latexit sha1_base64="PEMxynz3YqTOmRPNJSSJvYnrdHE="></latexit><latexit sha1_base64="PEMxynz3YqTOmRPNJSSJvYnrdHE="></latexit><latexit sha1_base64="PEMxynz3YqTOmRPNJSSJvYnrdHE="></latexit>

k2
<latexit sha1_base64="uNJrj2LIYUsyhZ7YCksefWSmEM0="></latexit><latexit sha1_base64="uNJrj2LIYUsyhZ7YCksefWSmEM0="></latexit><latexit sha1_base64="uNJrj2LIYUsyhZ7YCksefWSmEM0="></latexit><latexit sha1_base64="uNJrj2LIYUsyhZ7YCksefWSmEM0="></latexit>

+
<latexit sha1_base64="U0qGz63dPYMWu5o4zra2D5r9Hrs="></latexit><latexit sha1_base64="U0qGz63dPYMWu5o4zra2D5r9Hrs="></latexit><latexit sha1_base64="U0qGz63dPYMWu5o4zra2D5r9Hrs="></latexit><latexit sha1_base64="U0qGz63dPYMWu5o4zra2D5r9Hrs="></latexit>

a2 m2
g

<latexit sha1_base64="B8qdqvbEt+lodEpB/38lKbb8AY4="></latexit><latexit sha1_base64="B8qdqvbEt+lodEpB/38lKbb8AY4="></latexit><latexit sha1_base64="B8qdqvbEt+lodEpB/38lKbb8AY4="></latexit><latexit sha1_base64="B8qdqvbEt+lodEpB/38lKbb8AY4="></latexit>

(
<latexit sha1_base64="upw96pbZMAwPOHB64Irw/8BljNc="></latexit> <latexit sha1_base64="upw96pbZMAwPOHB64Irw/8BljNc="></latexit> <latexit sha1_base64="upw96pbZMAwPOHB64Irw/8BljNc="></latexit> <latexit sha1_base64="upw96pbZMAwPOHB64Irw/8BljNc="></latexit>

hij =
<latexit sha1_base64="b7oy9H5yamSqOCip4nVyLGM9dCY="></latexit><latexit sha1_base64="b7oy9H5yamSqOCip4nVyLGM9dCY="></latexit><latexit sha1_base64="b7oy9H5yamSqOCip4nVyLGM9dCY="></latexit><latexit sha1_base64="b7oy9H5yamSqOCip4nVyLGM9dCY="></latexit>

a2 �C �ij
<latexit sha1_base64="KfidSTOx0bHtn/EMpAqAdJuBAKg="></latexit><latexit sha1_base64="KfidSTOx0bHtn/EMpAqAdJuBAKg="></latexit><latexit sha1_base64="KfidSTOx0bHtn/EMpAqAdJuBAKg="></latexit><latexit sha1_base64="KfidSTOx0bHtn/EMpAqAdJuBAKg="></latexit>

GW propagating on FRW background in modified gravity:

Modified `friction’                 
→ changes GW amplitude

Modified propagation speed

Graviton mass

1
<latexit sha1_base64="wAGuNgSdVJqBVadM9oLfpD1N08w=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPgadkxC5pb0IvHBMwDkiXMTmaTMbOzy8ysEEK+wIsHRbz6Sd78GycvUNGChqKqm+6uMBVcG8/7dHJr6xubW/ntws7u3v5B8fCoqZNMUdagiUhUOySaCS5Zw3AjWDtVjMShYK1wdDPzWw9MaZ7IOzNOWRCTgeQRp8RYqY57xZLnVipl3/fRguAVKWOEXW+OEixR6xU/uv2EZjGThgqidQd7qQkmRBlOBZsWuplmKaEjMmAdSyWJmQ4m80On6MwqfRQlypY0aK5+n5iQWOtxHNrOmJih/u3NxL+8Tmaiq2DCZZoZJuliUZQJZBI0+xr1uWLUiLElhCpub0V0SBShxmZTsCGsPkX/k+aFiz0X1/1S9XoZRx5O4BTOAcMlVOEWatAACgwe4RlenHvnyXl13hatOWc5cww/4Lx/AQA+jRE=</latexit><latexit sha1_base64="wAGuNgSdVJqBVadM9oLfpD1N08w=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPgadkxC5pb0IvHBMwDkiXMTmaTMbOzy8ysEEK+wIsHRbz6Sd78GycvUNGChqKqm+6uMBVcG8/7dHJr6xubW/ntws7u3v5B8fCoqZNMUdagiUhUOySaCS5Zw3AjWDtVjMShYK1wdDPzWw9MaZ7IOzNOWRCTgeQRp8RYqY57xZLnVipl3/fRguAVKWOEXW+OEixR6xU/uv2EZjGThgqidQd7qQkmRBlOBZsWuplmKaEjMmAdSyWJmQ4m80On6MwqfRQlypY0aK5+n5iQWOtxHNrOmJih/u3NxL+8Tmaiq2DCZZoZJuliUZQJZBI0+xr1uWLUiLElhCpub0V0SBShxmZTsCGsPkX/k+aFiz0X1/1S9XoZRx5O4BTOAcMlVOEWatAACgwe4RlenHvnyXl13hatOWc5cww/4Lx/AQA+jRE=</latexit><latexit sha1_base64="wAGuNgSdVJqBVadM9oLfpD1N08w=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPgadkxC5pb0IvHBMwDkiXMTmaTMbOzy8ysEEK+wIsHRbz6Sd78GycvUNGChqKqm+6uMBVcG8/7dHJr6xubW/ntws7u3v5B8fCoqZNMUdagiUhUOySaCS5Zw3AjWDtVjMShYK1wdDPzWw9MaZ7IOzNOWRCTgeQRp8RYqY57xZLnVipl3/fRguAVKWOEXW+OEixR6xU/uv2EZjGThgqidQd7qQkmRBlOBZsWuplmKaEjMmAdSyWJmQ4m80On6MwqfRQlypY0aK5+n5iQWOtxHNrOmJih/u3NxL+8Tmaiq2DCZZoZJuliUZQJZBI0+xr1uWLUiLElhCpub0V0SBShxmZTsCGsPkX/k+aFiz0X1/1S9XoZRx5O4BTOAcMlVOEWatAACgwe4RlenHvnyXl13hatOWc5cww/4Lx/AQA+jRE=</latexit><latexit sha1_base64="wAGuNgSdVJqBVadM9oLfpD1N08w=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPgadkxC5pb0IvHBMwDkiXMTmaTMbOzy8ysEEK+wIsHRbz6Sd78GycvUNGChqKqm+6uMBVcG8/7dHJr6xubW/ntws7u3v5B8fCoqZNMUdagiUhUOySaCS5Zw3AjWDtVjMShYK1wdDPzWw9MaZ7IOzNOWRCTgeQRp8RYqY57xZLnVipl3/fRguAVKWOEXW+OEixR6xU/uv2EZjGThgqidQd7qQkmRBlOBZsWuplmKaEjMmAdSyWJmQ4m80On6MwqfRQlypY0aK5+n5iQWOtxHNrOmJih/u3NxL+8Tmaiq2DCZZoZJuliUZQJZBI0+xr1uWLUiLElhCpub0V0SBShxmZTsCGsPkX/k+aFiz0X1/1S9XoZRx5O4BTOAcMlVOEWatAACgwe4RlenHvnyXl13hatOWc5cww/4Lx/AQA+jRE=</latexit>

⌫(z) )
<latexit sha1_base64="vgMMaVeNBzTqyhM+Psl/DO+Epn8="></latexit><latexit sha1_base64="vgMMaVeNBzTqyhM+Psl/DO+Epn8="></latexit><latexit sha1_base64="vgMMaVeNBzTqyhM+Psl/DO+Epn8="></latexit><latexit sha1_base64="vgMMaVeNBzTqyhM+Psl/DO+Epn8="></latexit>
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GW propagation

T. Baker

h00
ij

<latexit sha1_base64="pwFRx9mLpPzdRdF10BKUFdxjzVU="></latexit><latexit sha1_base64="pwFRx9mLpPzdRdF10BKUFdxjzVU="></latexit><latexit sha1_base64="pwFRx9mLpPzdRdF10BKUFdxjzVU="></latexit><latexit sha1_base64="pwFRx9mLpPzdRdF10BKUFdxjzVU="></latexit>

+
<latexit sha1_base64="U0qGz63dPYMWu5o4zra2D5r9Hrs="></latexit><latexit sha1_base64="U0qGz63dPYMWu5o4zra2D5r9Hrs="></latexit><latexit sha1_base64="U0qGz63dPYMWu5o4zra2D5r9Hrs="></latexit><latexit sha1_base64="U0qGz63dPYMWu5o4zra2D5r9Hrs="></latexit>

(
<latexit sha1_base64="upw96pbZMAwPOHB64Irw/8BljNc="></latexit><latexit sha1_base64="upw96pbZMAwPOHB64Irw/8BljNc="></latexit><latexit sha1_base64="upw96pbZMAwPOHB64Irw/8BljNc="></latexit><latexit sha1_base64="upw96pbZMAwPOHB64Irw/8BljNc="></latexit>

2
<latexit sha1_base64="S1ySdLP996ZcatL4DA0B/iRI3JQ="></latexit><latexit sha1_base64="S1ySdLP996ZcatL4DA0B/iRI3JQ="></latexit><latexit sha1_base64="S1ySdLP996ZcatL4DA0B/iRI3JQ="></latexit><latexit sha1_base64="S1ySdLP996ZcatL4DA0B/iRI3JQ="></latexit>

+
<latexit sha1_base64="U0qGz63dPYMWu5o4zra2D5r9Hrs="></latexit><latexit sha1_base64="U0qGz63dPYMWu5o4zra2D5r9Hrs="></latexit><latexit sha1_base64="U0qGz63dPYMWu5o4zra2D5r9Hrs="></latexit><latexit sha1_base64="U0qGz63dPYMWu5o4zra2D5r9Hrs="></latexit>

H h0
ij+

<latexit sha1_base64="GZ1LlI07wKAJnHOoHz7endZowDg="></latexit><latexit sha1_base64="GZ1LlI07wKAJnHOoHz7endZowDg="></latexit><latexit sha1_base64="GZ1LlI07wKAJnHOoHz7endZowDg="></latexit><latexit sha1_base64="GZ1LlI07wKAJnHOoHz7endZowDg="></latexit>

+
<latexit sha1_base64="U0qGz63dPYMWu5o4zra2D5r9Hrs="></latexit><latexit sha1_base64="U0qGz63dPYMWu5o4zra2D5r9Hrs="></latexit><latexit sha1_base64="U0qGz63dPYMWu5o4zra2D5r9Hrs="></latexit><latexit sha1_base64="U0qGz63dPYMWu5o4zra2D5r9Hrs="></latexit>

(
<latexit sha1_base64="upw96pbZMAwPOHB64Irw/8BljNc="></latexit><latexit sha1_base64="upw96pbZMAwPOHB64Irw/8BljNc="></latexit><latexit sha1_base64="upw96pbZMAwPOHB64Irw/8BljNc="></latexit><latexit sha1_base64="upw96pbZMAwPOHB64Irw/8BljNc="></latexit>

c2T
<latexit sha1_base64="PEMxynz3YqTOmRPNJSSJvYnrdHE="></latexit><latexit sha1_base64="PEMxynz3YqTOmRPNJSSJvYnrdHE="></latexit><latexit sha1_base64="PEMxynz3YqTOmRPNJSSJvYnrdHE="></latexit><latexit sha1_base64="PEMxynz3YqTOmRPNJSSJvYnrdHE="></latexit>

k2
<latexit sha1_base64="uNJrj2LIYUsyhZ7YCksefWSmEM0="></latexit><latexit sha1_base64="uNJrj2LIYUsyhZ7YCksefWSmEM0="></latexit><latexit sha1_base64="uNJrj2LIYUsyhZ7YCksefWSmEM0="></latexit><latexit sha1_base64="uNJrj2LIYUsyhZ7YCksefWSmEM0="></latexit>

+
<latexit sha1_base64="U0qGz63dPYMWu5o4zra2D5r9Hrs="></latexit><latexit sha1_base64="U0qGz63dPYMWu5o4zra2D5r9Hrs="></latexit><latexit sha1_base64="U0qGz63dPYMWu5o4zra2D5r9Hrs="></latexit><latexit sha1_base64="U0qGz63dPYMWu5o4zra2D5r9Hrs="></latexit>

a2 m2
g

<latexit sha1_base64="B8qdqvbEt+lodEpB/38lKbb8AY4="></latexit><latexit sha1_base64="B8qdqvbEt+lodEpB/38lKbb8AY4="></latexit><latexit sha1_base64="B8qdqvbEt+lodEpB/38lKbb8AY4="></latexit><latexit sha1_base64="B8qdqvbEt+lodEpB/38lKbb8AY4="></latexit>

(
<latexit sha1_base64="upw96pbZMAwPOHB64Irw/8BljNc="></latexit> <latexit sha1_base64="upw96pbZMAwPOHB64Irw/8BljNc="></latexit> <latexit sha1_base64="upw96pbZMAwPOHB64Irw/8BljNc="></latexit> <latexit sha1_base64="upw96pbZMAwPOHB64Irw/8BljNc="></latexit>

hij =
<latexit sha1_base64="b7oy9H5yamSqOCip4nVyLGM9dCY="></latexit><latexit sha1_base64="b7oy9H5yamSqOCip4nVyLGM9dCY="></latexit><latexit sha1_base64="b7oy9H5yamSqOCip4nVyLGM9dCY="></latexit><latexit sha1_base64="b7oy9H5yamSqOCip4nVyLGM9dCY="></latexit>

a2 �C �ij
<latexit sha1_base64="KfidSTOx0bHtn/EMpAqAdJuBAKg="></latexit><latexit sha1_base64="KfidSTOx0bHtn/EMpAqAdJuBAKg="></latexit><latexit sha1_base64="KfidSTOx0bHtn/EMpAqAdJuBAKg="></latexit><latexit sha1_base64="KfidSTOx0bHtn/EMpAqAdJuBAKg="></latexit>

GW propagating on FRW background in modified gravity:

Modified `friction’                 
→ changes GW amplitude

Modified propagation speed

Graviton mass Non-zero 
source term

1
<latexit sha1_base64="wAGuNgSdVJqBVadM9oLfpD1N08w=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPgadkxC5pb0IvHBMwDkiXMTmaTMbOzy8ysEEK+wIsHRbz6Sd78GycvUNGChqKqm+6uMBVcG8/7dHJr6xubW/ntws7u3v5B8fCoqZNMUdagiUhUOySaCS5Zw3AjWDtVjMShYK1wdDPzWw9MaZ7IOzNOWRCTgeQRp8RYqY57xZLnVipl3/fRguAVKWOEXW+OEixR6xU/uv2EZjGThgqidQd7qQkmRBlOBZsWuplmKaEjMmAdSyWJmQ4m80On6MwqfRQlypY0aK5+n5iQWOtxHNrOmJih/u3NxL+8Tmaiq2DCZZoZJuliUZQJZBI0+xr1uWLUiLElhCpub0V0SBShxmZTsCGsPkX/k+aFiz0X1/1S9XoZRx5O4BTOAcMlVOEWatAACgwe4RlenHvnyXl13hatOWc5cww/4Lx/AQA+jRE=</latexit><latexit sha1_base64="wAGuNgSdVJqBVadM9oLfpD1N08w=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPgadkxC5pb0IvHBMwDkiXMTmaTMbOzy8ysEEK+wIsHRbz6Sd78GycvUNGChqKqm+6uMBVcG8/7dHJr6xubW/ntws7u3v5B8fCoqZNMUdagiUhUOySaCS5Zw3AjWDtVjMShYK1wdDPzWw9MaZ7IOzNOWRCTgeQRp8RYqY57xZLnVipl3/fRguAVKWOEXW+OEixR6xU/uv2EZjGThgqidQd7qQkmRBlOBZsWuplmKaEjMmAdSyWJmQ4m80On6MwqfRQlypY0aK5+n5iQWOtxHNrOmJih/u3NxL+8Tmaiq2DCZZoZJuliUZQJZBI0+xr1uWLUiLElhCpub0V0SBShxmZTsCGsPkX/k+aFiz0X1/1S9XoZRx5O4BTOAcMlVOEWatAACgwe4RlenHvnyXl13hatOWc5cww/4Lx/AQA+jRE=</latexit><latexit sha1_base64="wAGuNgSdVJqBVadM9oLfpD1N08w=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPgadkxC5pb0IvHBMwDkiXMTmaTMbOzy8ysEEK+wIsHRbz6Sd78GycvUNGChqKqm+6uMBVcG8/7dHJr6xubW/ntws7u3v5B8fCoqZNMUdagiUhUOySaCS5Zw3AjWDtVjMShYK1wdDPzWw9MaZ7IOzNOWRCTgeQRp8RYqY57xZLnVipl3/fRguAVKWOEXW+OEixR6xU/uv2EZjGThgqidQd7qQkmRBlOBZsWuplmKaEjMmAdSyWJmQ4m80On6MwqfRQlypY0aK5+n5iQWOtxHNrOmJih/u3NxL+8Tmaiq2DCZZoZJuliUZQJZBI0+xr1uWLUiLElhCpub0V0SBShxmZTsCGsPkX/k+aFiz0X1/1S9XoZRx5O4BTOAcMlVOEWatAACgwe4RlenHvnyXl13hatOWc5cww/4Lx/AQA+jRE=</latexit><latexit sha1_base64="wAGuNgSdVJqBVadM9oLfpD1N08w=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPgadkxC5pb0IvHBMwDkiXMTmaTMbOzy8ysEEK+wIsHRbz6Sd78GycvUNGChqKqm+6uMBVcG8/7dHJr6xubW/ntws7u3v5B8fCoqZNMUdagiUhUOySaCS5Zw3AjWDtVjMShYK1wdDPzWw9MaZ7IOzNOWRCTgeQRp8RYqY57xZLnVipl3/fRguAVKWOEXW+OEixR6xU/uv2EZjGThgqidQd7qQkmRBlOBZsWuplmKaEjMmAdSyWJmQ4m80On6MwqfRQlypY0aK5+n5iQWOtxHNrOmJih/u3NxL+8Tmaiq2DCZZoZJuliUZQJZBI0+xr1uWLUiLElhCpub0V0SBShxmZTsCGsPkX/k+aFiz0X1/1S9XoZRx5O4BTOAcMlVOEWatAACgwe4RlenHvnyXl13hatOWc5cww/4Lx/AQA+jRE=</latexit>

⌫(z) )
<latexit sha1_base64="vgMMaVeNBzTqyhM+Psl/DO+Epn8="></latexit><latexit sha1_base64="vgMMaVeNBzTqyhM+Psl/DO+Epn8="></latexit><latexit sha1_base64="vgMMaVeNBzTqyhM+Psl/DO+Epn8="></latexit><latexit sha1_base64="vgMMaVeNBzTqyhM+Psl/DO+Epn8="></latexit>
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5

GW propagation

T. Baker

h00
ij

<latexit sha1_base64="pwFRx9mLpPzdRdF10BKUFdxjzVU="></latexit><latexit sha1_base64="pwFRx9mLpPzdRdF10BKUFdxjzVU="></latexit><latexit sha1_base64="pwFRx9mLpPzdRdF10BKUFdxjzVU="></latexit><latexit sha1_base64="pwFRx9mLpPzdRdF10BKUFdxjzVU="></latexit>

+
<latexit sha1_base64="U0qGz63dPYMWu5o4zra2D5r9Hrs="></latexit><latexit sha1_base64="U0qGz63dPYMWu5o4zra2D5r9Hrs="></latexit><latexit sha1_base64="U0qGz63dPYMWu5o4zra2D5r9Hrs="></latexit><latexit sha1_base64="U0qGz63dPYMWu5o4zra2D5r9Hrs="></latexit>

(
<latexit sha1_base64="upw96pbZMAwPOHB64Irw/8BljNc="></latexit><latexit sha1_base64="upw96pbZMAwPOHB64Irw/8BljNc="></latexit><latexit sha1_base64="upw96pbZMAwPOHB64Irw/8BljNc="></latexit><latexit sha1_base64="upw96pbZMAwPOHB64Irw/8BljNc="></latexit>

2
<latexit sha1_base64="S1ySdLP996ZcatL4DA0B/iRI3JQ="></latexit><latexit sha1_base64="S1ySdLP996ZcatL4DA0B/iRI3JQ="></latexit><latexit sha1_base64="S1ySdLP996ZcatL4DA0B/iRI3JQ="></latexit><latexit sha1_base64="S1ySdLP996ZcatL4DA0B/iRI3JQ="></latexit>

+
<latexit sha1_base64="U0qGz63dPYMWu5o4zra2D5r9Hrs="></latexit><latexit sha1_base64="U0qGz63dPYMWu5o4zra2D5r9Hrs="></latexit><latexit sha1_base64="U0qGz63dPYMWu5o4zra2D5r9Hrs="></latexit><latexit sha1_base64="U0qGz63dPYMWu5o4zra2D5r9Hrs="></latexit>

H h0
ij+

<latexit sha1_base64="GZ1LlI07wKAJnHOoHz7endZowDg="></latexit><latexit sha1_base64="GZ1LlI07wKAJnHOoHz7endZowDg="></latexit><latexit sha1_base64="GZ1LlI07wKAJnHOoHz7endZowDg="></latexit><latexit sha1_base64="GZ1LlI07wKAJnHOoHz7endZowDg="></latexit>

+
<latexit sha1_base64="U0qGz63dPYMWu5o4zra2D5r9Hrs="></latexit><latexit sha1_base64="U0qGz63dPYMWu5o4zra2D5r9Hrs="></latexit><latexit sha1_base64="U0qGz63dPYMWu5o4zra2D5r9Hrs="></latexit><latexit sha1_base64="U0qGz63dPYMWu5o4zra2D5r9Hrs="></latexit>

(
<latexit sha1_base64="upw96pbZMAwPOHB64Irw/8BljNc="></latexit><latexit sha1_base64="upw96pbZMAwPOHB64Irw/8BljNc="></latexit><latexit sha1_base64="upw96pbZMAwPOHB64Irw/8BljNc="></latexit><latexit sha1_base64="upw96pbZMAwPOHB64Irw/8BljNc="></latexit>

c2T
<latexit sha1_base64="PEMxynz3YqTOmRPNJSSJvYnrdHE="></latexit><latexit sha1_base64="PEMxynz3YqTOmRPNJSSJvYnrdHE="></latexit><latexit sha1_base64="PEMxynz3YqTOmRPNJSSJvYnrdHE="></latexit><latexit sha1_base64="PEMxynz3YqTOmRPNJSSJvYnrdHE="></latexit>

k2
<latexit sha1_base64="uNJrj2LIYUsyhZ7YCksefWSmEM0="></latexit><latexit sha1_base64="uNJrj2LIYUsyhZ7YCksefWSmEM0="></latexit><latexit sha1_base64="uNJrj2LIYUsyhZ7YCksefWSmEM0="></latexit><latexit sha1_base64="uNJrj2LIYUsyhZ7YCksefWSmEM0="></latexit>

+
<latexit sha1_base64="U0qGz63dPYMWu5o4zra2D5r9Hrs="></latexit><latexit sha1_base64="U0qGz63dPYMWu5o4zra2D5r9Hrs="></latexit><latexit sha1_base64="U0qGz63dPYMWu5o4zra2D5r9Hrs="></latexit><latexit sha1_base64="U0qGz63dPYMWu5o4zra2D5r9Hrs="></latexit>

a2 m2
g

<latexit sha1_base64="B8qdqvbEt+lodEpB/38lKbb8AY4="></latexit><latexit sha1_base64="B8qdqvbEt+lodEpB/38lKbb8AY4="></latexit><latexit sha1_base64="B8qdqvbEt+lodEpB/38lKbb8AY4="></latexit><latexit sha1_base64="B8qdqvbEt+lodEpB/38lKbb8AY4="></latexit>

(
<latexit sha1_base64="upw96pbZMAwPOHB64Irw/8BljNc="></latexit> <latexit sha1_base64="upw96pbZMAwPOHB64Irw/8BljNc="></latexit> <latexit sha1_base64="upw96pbZMAwPOHB64Irw/8BljNc="></latexit> <latexit sha1_base64="upw96pbZMAwPOHB64Irw/8BljNc="></latexit>

hij =
<latexit sha1_base64="b7oy9H5yamSqOCip4nVyLGM9dCY="></latexit><latexit sha1_base64="b7oy9H5yamSqOCip4nVyLGM9dCY="></latexit><latexit sha1_base64="b7oy9H5yamSqOCip4nVyLGM9dCY="></latexit><latexit sha1_base64="b7oy9H5yamSqOCip4nVyLGM9dCY="></latexit>

a2 �C �ij
<latexit sha1_base64="KfidSTOx0bHtn/EMpAqAdJuBAKg="></latexit><latexit sha1_base64="KfidSTOx0bHtn/EMpAqAdJuBAKg="></latexit><latexit sha1_base64="KfidSTOx0bHtn/EMpAqAdJuBAKg="></latexit><latexit sha1_base64="KfidSTOx0bHtn/EMpAqAdJuBAKg="></latexit>

GW propagating on FRW background in modified gravity:

Extra polarisation 
modes possible

Modified `friction’                 
→ changes GW amplitude

Modified propagation speed

Graviton mass Non-zero 
source term

1
<latexit sha1_base64="wAGuNgSdVJqBVadM9oLfpD1N08w=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPgadkxC5pb0IvHBMwDkiXMTmaTMbOzy8ysEEK+wIsHRbz6Sd78GycvUNGChqKqm+6uMBVcG8/7dHJr6xubW/ntws7u3v5B8fCoqZNMUdagiUhUOySaCS5Zw3AjWDtVjMShYK1wdDPzWw9MaZ7IOzNOWRCTgeQRp8RYqY57xZLnVipl3/fRguAVKWOEXW+OEixR6xU/uv2EZjGThgqidQd7qQkmRBlOBZsWuplmKaEjMmAdSyWJmQ4m80On6MwqfRQlypY0aK5+n5iQWOtxHNrOmJih/u3NxL+8Tmaiq2DCZZoZJuliUZQJZBI0+xr1uWLUiLElhCpub0V0SBShxmZTsCGsPkX/k+aFiz0X1/1S9XoZRx5O4BTOAcMlVOEWatAACgwe4RlenHvnyXl13hatOWc5cww/4Lx/AQA+jRE=</latexit><latexit sha1_base64="wAGuNgSdVJqBVadM9oLfpD1N08w=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPgadkxC5pb0IvHBMwDkiXMTmaTMbOzy8ysEEK+wIsHRbz6Sd78GycvUNGChqKqm+6uMBVcG8/7dHJr6xubW/ntws7u3v5B8fCoqZNMUdagiUhUOySaCS5Zw3AjWDtVjMShYK1wdDPzWw9MaZ7IOzNOWRCTgeQRp8RYqY57xZLnVipl3/fRguAVKWOEXW+OEixR6xU/uv2EZjGThgqidQd7qQkmRBlOBZsWuplmKaEjMmAdSyWJmQ4m80On6MwqfRQlypY0aK5+n5iQWOtxHNrOmJih/u3NxL+8Tmaiq2DCZZoZJuliUZQJZBI0+xr1uWLUiLElhCpub0V0SBShxmZTsCGsPkX/k+aFiz0X1/1S9XoZRx5O4BTOAcMlVOEWatAACgwe4RlenHvnyXl13hatOWc5cww/4Lx/AQA+jRE=</latexit><latexit sha1_base64="wAGuNgSdVJqBVadM9oLfpD1N08w=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPgadkxC5pb0IvHBMwDkiXMTmaTMbOzy8ysEEK+wIsHRbz6Sd78GycvUNGChqKqm+6uMBVcG8/7dHJr6xubW/ntws7u3v5B8fCoqZNMUdagiUhUOySaCS5Zw3AjWDtVjMShYK1wdDPzWw9MaZ7IOzNOWRCTgeQRp8RYqY57xZLnVipl3/fRguAVKWOEXW+OEixR6xU/uv2EZjGThgqidQd7qQkmRBlOBZsWuplmKaEjMmAdSyWJmQ4m80On6MwqfRQlypY0aK5+n5iQWOtxHNrOmJih/u3NxL+8Tmaiq2DCZZoZJuliUZQJZBI0+xr1uWLUiLElhCpub0V0SBShxmZTsCGsPkX/k+aFiz0X1/1S9XoZRx5O4BTOAcMlVOEWatAACgwe4RlenHvnyXl13hatOWc5cww/4Lx/AQA+jRE=</latexit><latexit sha1_base64="wAGuNgSdVJqBVadM9oLfpD1N08w=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPgadkxC5pb0IvHBMwDkiXMTmaTMbOzy8ysEEK+wIsHRbz6Sd78GycvUNGChqKqm+6uMBVcG8/7dHJr6xubW/ntws7u3v5B8fCoqZNMUdagiUhUOySaCS5Zw3AjWDtVjMShYK1wdDPzWw9MaZ7IOzNOWRCTgeQRp8RYqY57xZLnVipl3/fRguAVKWOEXW+OEixR6xU/uv2EZjGThgqidQd7qQkmRBlOBZsWuplmKaEjMmAdSyWJmQ4m80On6MwqfRQlypY0aK5+n5iQWOtxHNrOmJih/u3NxL+8Tmaiq2DCZZoZJuliUZQJZBI0+xr1uWLUiLElhCpub0V0SBShxmZTsCGsPkX/k+aFiz0X1/1S9XoZRx5O4BTOAcMlVOEWatAACgwe4RlenHvnyXl13hatOWc5cww/4Lx/AQA+jRE=</latexit>

⌫(z) )
<latexit sha1_base64="vgMMaVeNBzTqyhM+Psl/DO+Epn8="></latexit><latexit sha1_base64="vgMMaVeNBzTqyhM+Psl/DO+Epn8="></latexit><latexit sha1_base64="vgMMaVeNBzTqyhM+Psl/DO+Epn8="></latexit><latexit sha1_base64="vgMMaVeNBzTqyhM+Psl/DO+Epn8="></latexit>
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GW propagation

T. Baker

h00
ij

<latexit sha1_base64="pwFRx9mLpPzdRdF10BKUFdxjzVU="></latexit><latexit sha1_base64="pwFRx9mLpPzdRdF10BKUFdxjzVU="></latexit><latexit sha1_base64="pwFRx9mLpPzdRdF10BKUFdxjzVU="></latexit><latexit sha1_base64="pwFRx9mLpPzdRdF10BKUFdxjzVU="></latexit>

+
<latexit sha1_base64="U0qGz63dPYMWu5o4zra2D5r9Hrs="></latexit><latexit sha1_base64="U0qGz63dPYMWu5o4zra2D5r9Hrs="></latexit><latexit sha1_base64="U0qGz63dPYMWu5o4zra2D5r9Hrs="></latexit><latexit sha1_base64="U0qGz63dPYMWu5o4zra2D5r9Hrs="></latexit>

(
<latexit sha1_base64="upw96pbZMAwPOHB64Irw/8BljNc="></latexit><latexit sha1_base64="upw96pbZMAwPOHB64Irw/8BljNc="></latexit><latexit sha1_base64="upw96pbZMAwPOHB64Irw/8BljNc="></latexit><latexit sha1_base64="upw96pbZMAwPOHB64Irw/8BljNc="></latexit>

2
<latexit sha1_base64="S1ySdLP996ZcatL4DA0B/iRI3JQ="></latexit><latexit sha1_base64="S1ySdLP996ZcatL4DA0B/iRI3JQ="></latexit><latexit sha1_base64="S1ySdLP996ZcatL4DA0B/iRI3JQ="></latexit><latexit sha1_base64="S1ySdLP996ZcatL4DA0B/iRI3JQ="></latexit>

+
<latexit sha1_base64="U0qGz63dPYMWu5o4zra2D5r9Hrs="></latexit><latexit sha1_base64="U0qGz63dPYMWu5o4zra2D5r9Hrs="></latexit><latexit sha1_base64="U0qGz63dPYMWu5o4zra2D5r9Hrs="></latexit><latexit sha1_base64="U0qGz63dPYMWu5o4zra2D5r9Hrs="></latexit>

H h0
ij+

<latexit sha1_base64="GZ1LlI07wKAJnHOoHz7endZowDg="></latexit><latexit sha1_base64="GZ1LlI07wKAJnHOoHz7endZowDg="></latexit><latexit sha1_base64="GZ1LlI07wKAJnHOoHz7endZowDg="></latexit><latexit sha1_base64="GZ1LlI07wKAJnHOoHz7endZowDg="></latexit>

+
<latexit sha1_base64="U0qGz63dPYMWu5o4zra2D5r9Hrs="></latexit><latexit sha1_base64="U0qGz63dPYMWu5o4zra2D5r9Hrs="></latexit><latexit sha1_base64="U0qGz63dPYMWu5o4zra2D5r9Hrs="></latexit><latexit sha1_base64="U0qGz63dPYMWu5o4zra2D5r9Hrs="></latexit>

(
<latexit sha1_base64="upw96pbZMAwPOHB64Irw/8BljNc="></latexit><latexit sha1_base64="upw96pbZMAwPOHB64Irw/8BljNc="></latexit><latexit sha1_base64="upw96pbZMAwPOHB64Irw/8BljNc="></latexit><latexit sha1_base64="upw96pbZMAwPOHB64Irw/8BljNc="></latexit>

c2T
<latexit sha1_base64="PEMxynz3YqTOmRPNJSSJvYnrdHE="></latexit><latexit sha1_base64="PEMxynz3YqTOmRPNJSSJvYnrdHE="></latexit><latexit sha1_base64="PEMxynz3YqTOmRPNJSSJvYnrdHE="></latexit><latexit sha1_base64="PEMxynz3YqTOmRPNJSSJvYnrdHE="></latexit>

k2
<latexit sha1_base64="uNJrj2LIYUsyhZ7YCksefWSmEM0="></latexit><latexit sha1_base64="uNJrj2LIYUsyhZ7YCksefWSmEM0="></latexit><latexit sha1_base64="uNJrj2LIYUsyhZ7YCksefWSmEM0="></latexit><latexit sha1_base64="uNJrj2LIYUsyhZ7YCksefWSmEM0="></latexit>

+
<latexit sha1_base64="U0qGz63dPYMWu5o4zra2D5r9Hrs="></latexit><latexit sha1_base64="U0qGz63dPYMWu5o4zra2D5r9Hrs="></latexit><latexit sha1_base64="U0qGz63dPYMWu5o4zra2D5r9Hrs="></latexit><latexit sha1_base64="U0qGz63dPYMWu5o4zra2D5r9Hrs="></latexit>

a2 m2
g

<latexit sha1_base64="B8qdqvbEt+lodEpB/38lKbb8AY4="></latexit><latexit sha1_base64="B8qdqvbEt+lodEpB/38lKbb8AY4="></latexit><latexit sha1_base64="B8qdqvbEt+lodEpB/38lKbb8AY4="></latexit><latexit sha1_base64="B8qdqvbEt+lodEpB/38lKbb8AY4="></latexit>

(
<latexit sha1_base64="upw96pbZMAwPOHB64Irw/8BljNc="></latexit> <latexit sha1_base64="upw96pbZMAwPOHB64Irw/8BljNc="></latexit> <latexit sha1_base64="upw96pbZMAwPOHB64Irw/8BljNc="></latexit> <latexit sha1_base64="upw96pbZMAwPOHB64Irw/8BljNc="></latexit>

hij =
<latexit sha1_base64="b7oy9H5yamSqOCip4nVyLGM9dCY="></latexit><latexit sha1_base64="b7oy9H5yamSqOCip4nVyLGM9dCY="></latexit><latexit sha1_base64="b7oy9H5yamSqOCip4nVyLGM9dCY="></latexit><latexit sha1_base64="b7oy9H5yamSqOCip4nVyLGM9dCY="></latexit>

a2 �C �ij
<latexit sha1_base64="KfidSTOx0bHtn/EMpAqAdJuBAKg="></latexit><latexit sha1_base64="KfidSTOx0bHtn/EMpAqAdJuBAKg="></latexit><latexit sha1_base64="KfidSTOx0bHtn/EMpAqAdJuBAKg="></latexit><latexit sha1_base64="KfidSTOx0bHtn/EMpAqAdJuBAKg="></latexit>

GW propagating on FRW background in modified gravity:

Extra polarisation 
modes possible

Modified `friction’                 
→ changes GW amplitude

Modified propagation speed

Graviton mass Non-zero 
source term

Best constrained

1
<latexit sha1_base64="wAGuNgSdVJqBVadM9oLfpD1N08w=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPgadkxC5pb0IvHBMwDkiXMTmaTMbOzy8ysEEK+wIsHRbz6Sd78GycvUNGChqKqm+6uMBVcG8/7dHJr6xubW/ntws7u3v5B8fCoqZNMUdagiUhUOySaCS5Zw3AjWDtVjMShYK1wdDPzWw9MaZ7IOzNOWRCTgeQRp8RYqY57xZLnVipl3/fRguAVKWOEXW+OEixR6xU/uv2EZjGThgqidQd7qQkmRBlOBZsWuplmKaEjMmAdSyWJmQ4m80On6MwqfRQlypY0aK5+n5iQWOtxHNrOmJih/u3NxL+8Tmaiq2DCZZoZJuliUZQJZBI0+xr1uWLUiLElhCpub0V0SBShxmZTsCGsPkX/k+aFiz0X1/1S9XoZRx5O4BTOAcMlVOEWatAACgwe4RlenHvnyXl13hatOWc5cww/4Lx/AQA+jRE=</latexit><latexit sha1_base64="wAGuNgSdVJqBVadM9oLfpD1N08w=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPgadkxC5pb0IvHBMwDkiXMTmaTMbOzy8ysEEK+wIsHRbz6Sd78GycvUNGChqKqm+6uMBVcG8/7dHJr6xubW/ntws7u3v5B8fCoqZNMUdagiUhUOySaCS5Zw3AjWDtVjMShYK1wdDPzWw9MaZ7IOzNOWRCTgeQRp8RYqY57xZLnVipl3/fRguAVKWOEXW+OEixR6xU/uv2EZjGThgqidQd7qQkmRBlOBZsWuplmKaEjMmAdSyWJmQ4m80On6MwqfRQlypY0aK5+n5iQWOtxHNrOmJih/u3NxL+8Tmaiq2DCZZoZJuliUZQJZBI0+xr1uWLUiLElhCpub0V0SBShxmZTsCGsPkX/k+aFiz0X1/1S9XoZRx5O4BTOAcMlVOEWatAACgwe4RlenHvnyXl13hatOWc5cww/4Lx/AQA+jRE=</latexit><latexit sha1_base64="wAGuNgSdVJqBVadM9oLfpD1N08w=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPgadkxC5pb0IvHBMwDkiXMTmaTMbOzy8ysEEK+wIsHRbz6Sd78GycvUNGChqKqm+6uMBVcG8/7dHJr6xubW/ntws7u3v5B8fCoqZNMUdagiUhUOySaCS5Zw3AjWDtVjMShYK1wdDPzWw9MaZ7IOzNOWRCTgeQRp8RYqY57xZLnVipl3/fRguAVKWOEXW+OEixR6xU/uv2EZjGThgqidQd7qQkmRBlOBZsWuplmKaEjMmAdSyWJmQ4m80On6MwqfRQlypY0aK5+n5iQWOtxHNrOmJih/u3NxL+8Tmaiq2DCZZoZJuliUZQJZBI0+xr1uWLUiLElhCpub0V0SBShxmZTsCGsPkX/k+aFiz0X1/1S9XoZRx5O4BTOAcMlVOEWatAACgwe4RlenHvnyXl13hatOWc5cww/4Lx/AQA+jRE=</latexit><latexit sha1_base64="wAGuNgSdVJqBVadM9oLfpD1N08w=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPgadkxC5pb0IvHBMwDkiXMTmaTMbOzy8ysEEK+wIsHRbz6Sd78GycvUNGChqKqm+6uMBVcG8/7dHJr6xubW/ntws7u3v5B8fCoqZNMUdagiUhUOySaCS5Zw3AjWDtVjMShYK1wdDPzWw9MaZ7IOzNOWRCTgeQRp8RYqY57xZLnVipl3/fRguAVKWOEXW+OEixR6xU/uv2EZjGThgqidQd7qQkmRBlOBZsWuplmKaEjMmAdSyWJmQ4m80On6MwqfRQlypY0aK5+n5iQWOtxHNrOmJih/u3NxL+8Tmaiq2DCZZoZJuliUZQJZBI0+xr1uWLUiLElhCpub0V0SBShxmZTsCGsPkX/k+aFiz0X1/1S9XoZRx5O4BTOAcMlVOEWatAACgwe4RlenHvnyXl13hatOWc5cww/4Lx/AQA+jRE=</latexit>

⌫(z) )
<latexit sha1_base64="vgMMaVeNBzTqyhM+Psl/DO+Epn8="></latexit><latexit sha1_base64="vgMMaVeNBzTqyhM+Psl/DO+Epn8="></latexit><latexit sha1_base64="vgMMaVeNBzTqyhM+Psl/DO+Epn8="></latexit><latexit sha1_base64="vgMMaVeNBzTqyhM+Psl/DO+Epn8="></latexit>

LISA CosWG workshop, Stavanger, 06/06/23

mg . 10�32 eV/c2
<latexit sha1_base64="O4mNEPE7bby/Z63DZjfbztmGxps="></latexit><latexit sha1_base64="O4mNEPE7bby/Z63DZjfbztmGxps="></latexit><latexit sha1_base64="O4mNEPE7bby/Z63DZjfbztmGxps="></latexit><latexit sha1_base64="O4mNEPE7bby/Z63DZjfbztmGxps="></latexit>

from Solar System 

from GW dispersion
<latexit sha1_base64="phjtSxi469L5jxLUGkjNqJ37T/s="></latexit>

mg . 10�22eV/c2
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<latexit sha1_base64="pwFRx9mLpPzdRdF10BKUFdxjzVU="></latexit><latexit sha1_base64="pwFRx9mLpPzdRdF10BKUFdxjzVU="></latexit><latexit sha1_base64="pwFRx9mLpPzdRdF10BKUFdxjzVU="></latexit><latexit sha1_base64="pwFRx9mLpPzdRdF10BKUFdxjzVU="></latexit>

+
<latexit sha1_base64="U0qGz63dPYMWu5o4zra2D5r9Hrs="></latexit><latexit sha1_base64="U0qGz63dPYMWu5o4zra2D5r9Hrs="></latexit><latexit sha1_base64="U0qGz63dPYMWu5o4zra2D5r9Hrs="></latexit><latexit sha1_base64="U0qGz63dPYMWu5o4zra2D5r9Hrs="></latexit>

(
<latexit sha1_base64="upw96pbZMAwPOHB64Irw/8BljNc="></latexit><latexit sha1_base64="upw96pbZMAwPOHB64Irw/8BljNc="></latexit><latexit sha1_base64="upw96pbZMAwPOHB64Irw/8BljNc="></latexit><latexit sha1_base64="upw96pbZMAwPOHB64Irw/8BljNc="></latexit>

2
<latexit sha1_base64="S1ySdLP996ZcatL4DA0B/iRI3JQ="></latexit><latexit sha1_base64="S1ySdLP996ZcatL4DA0B/iRI3JQ="></latexit><latexit sha1_base64="S1ySdLP996ZcatL4DA0B/iRI3JQ="></latexit><latexit sha1_base64="S1ySdLP996ZcatL4DA0B/iRI3JQ="></latexit>

+
<latexit sha1_base64="U0qGz63dPYMWu5o4zra2D5r9Hrs="></latexit><latexit sha1_base64="U0qGz63dPYMWu5o4zra2D5r9Hrs="></latexit><latexit sha1_base64="U0qGz63dPYMWu5o4zra2D5r9Hrs="></latexit><latexit sha1_base64="U0qGz63dPYMWu5o4zra2D5r9Hrs="></latexit>

H h0
ij+

<latexit sha1_base64="GZ1LlI07wKAJnHOoHz7endZowDg="></latexit><latexit sha1_base64="GZ1LlI07wKAJnHOoHz7endZowDg="></latexit><latexit sha1_base64="GZ1LlI07wKAJnHOoHz7endZowDg="></latexit><latexit sha1_base64="GZ1LlI07wKAJnHOoHz7endZowDg="></latexit>

+
<latexit sha1_base64="U0qGz63dPYMWu5o4zra2D5r9Hrs="></latexit><latexit sha1_base64="U0qGz63dPYMWu5o4zra2D5r9Hrs="></latexit><latexit sha1_base64="U0qGz63dPYMWu5o4zra2D5r9Hrs="></latexit><latexit sha1_base64="U0qGz63dPYMWu5o4zra2D5r9Hrs="></latexit>

(
<latexit sha1_base64="upw96pbZMAwPOHB64Irw/8BljNc="></latexit><latexit sha1_base64="upw96pbZMAwPOHB64Irw/8BljNc="></latexit><latexit sha1_base64="upw96pbZMAwPOHB64Irw/8BljNc="></latexit><latexit sha1_base64="upw96pbZMAwPOHB64Irw/8BljNc="></latexit>

c2T
<latexit sha1_base64="PEMxynz3YqTOmRPNJSSJvYnrdHE="></latexit><latexit sha1_base64="PEMxynz3YqTOmRPNJSSJvYnrdHE="></latexit><latexit sha1_base64="PEMxynz3YqTOmRPNJSSJvYnrdHE="></latexit><latexit sha1_base64="PEMxynz3YqTOmRPNJSSJvYnrdHE="></latexit>

k2
<latexit sha1_base64="uNJrj2LIYUsyhZ7YCksefWSmEM0="></latexit><latexit sha1_base64="uNJrj2LIYUsyhZ7YCksefWSmEM0="></latexit><latexit sha1_base64="uNJrj2LIYUsyhZ7YCksefWSmEM0="></latexit><latexit sha1_base64="uNJrj2LIYUsyhZ7YCksefWSmEM0="></latexit>

+
<latexit sha1_base64="U0qGz63dPYMWu5o4zra2D5r9Hrs="></latexit><latexit sha1_base64="U0qGz63dPYMWu5o4zra2D5r9Hrs="></latexit><latexit sha1_base64="U0qGz63dPYMWu5o4zra2D5r9Hrs="></latexit><latexit sha1_base64="U0qGz63dPYMWu5o4zra2D5r9Hrs="></latexit>

a2 m2
g

<latexit sha1_base64="B8qdqvbEt+lodEpB/38lKbb8AY4="></latexit><latexit sha1_base64="B8qdqvbEt+lodEpB/38lKbb8AY4="></latexit><latexit sha1_base64="B8qdqvbEt+lodEpB/38lKbb8AY4="></latexit><latexit sha1_base64="B8qdqvbEt+lodEpB/38lKbb8AY4="></latexit>

(
<latexit sha1_base64="upw96pbZMAwPOHB64Irw/8BljNc="></latexit> <latexit sha1_base64="upw96pbZMAwPOHB64Irw/8BljNc="></latexit> <latexit sha1_base64="upw96pbZMAwPOHB64Irw/8BljNc="></latexit> <latexit sha1_base64="upw96pbZMAwPOHB64Irw/8BljNc="></latexit>

hij =
<latexit sha1_base64="b7oy9H5yamSqOCip4nVyLGM9dCY="></latexit><latexit sha1_base64="b7oy9H5yamSqOCip4nVyLGM9dCY="></latexit><latexit sha1_base64="b7oy9H5yamSqOCip4nVyLGM9dCY="></latexit><latexit sha1_base64="b7oy9H5yamSqOCip4nVyLGM9dCY="></latexit>

a2 �C �ij
<latexit sha1_base64="KfidSTOx0bHtn/EMpAqAdJuBAKg="></latexit><latexit sha1_base64="KfidSTOx0bHtn/EMpAqAdJuBAKg="></latexit><latexit sha1_base64="KfidSTOx0bHtn/EMpAqAdJuBAKg="></latexit><latexit sha1_base64="KfidSTOx0bHtn/EMpAqAdJuBAKg="></latexit>

GW propagating on FRW background in modified gravity:

Extra polarisation 
modes possible

Modified `friction’                 
→ changes GW amplitude

Modified propagation speed

Graviton mass Non-zero 
source term

Best constrainedLeast constrained

1
<latexit sha1_base64="wAGuNgSdVJqBVadM9oLfpD1N08w=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPgadkxC5pb0IvHBMwDkiXMTmaTMbOzy8ysEEK+wIsHRbz6Sd78GycvUNGChqKqm+6uMBVcG8/7dHJr6xubW/ntws7u3v5B8fCoqZNMUdagiUhUOySaCS5Zw3AjWDtVjMShYK1wdDPzWw9MaZ7IOzNOWRCTgeQRp8RYqY57xZLnVipl3/fRguAVKWOEXW+OEixR6xU/uv2EZjGThgqidQd7qQkmRBlOBZsWuplmKaEjMmAdSyWJmQ4m80On6MwqfRQlypY0aK5+n5iQWOtxHNrOmJih/u3NxL+8Tmaiq2DCZZoZJuliUZQJZBI0+xr1uWLUiLElhCpub0V0SBShxmZTsCGsPkX/k+aFiz0X1/1S9XoZRx5O4BTOAcMlVOEWatAACgwe4RlenHvnyXl13hatOWc5cww/4Lx/AQA+jRE=</latexit><latexit sha1_base64="wAGuNgSdVJqBVadM9oLfpD1N08w=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPgadkxC5pb0IvHBMwDkiXMTmaTMbOzy8ysEEK+wIsHRbz6Sd78GycvUNGChqKqm+6uMBVcG8/7dHJr6xubW/ntws7u3v5B8fCoqZNMUdagiUhUOySaCS5Zw3AjWDtVjMShYK1wdDPzWw9MaZ7IOzNOWRCTgeQRp8RYqY57xZLnVipl3/fRguAVKWOEXW+OEixR6xU/uv2EZjGThgqidQd7qQkmRBlOBZsWuplmKaEjMmAdSyWJmQ4m80On6MwqfRQlypY0aK5+n5iQWOtxHNrOmJih/u3NxL+8Tmaiq2DCZZoZJuliUZQJZBI0+xr1uWLUiLElhCpub0V0SBShxmZTsCGsPkX/k+aFiz0X1/1S9XoZRx5O4BTOAcMlVOEWatAACgwe4RlenHvnyXl13hatOWc5cww/4Lx/AQA+jRE=</latexit><latexit sha1_base64="wAGuNgSdVJqBVadM9oLfpD1N08w=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPgadkxC5pb0IvHBMwDkiXMTmaTMbOzy8ysEEK+wIsHRbz6Sd78GycvUNGChqKqm+6uMBVcG8/7dHJr6xubW/ntws7u3v5B8fCoqZNMUdagiUhUOySaCS5Zw3AjWDtVjMShYK1wdDPzWw9MaZ7IOzNOWRCTgeQRp8RYqY57xZLnVipl3/fRguAVKWOEXW+OEixR6xU/uv2EZjGThgqidQd7qQkmRBlOBZsWuplmKaEjMmAdSyWJmQ4m80On6MwqfRQlypY0aK5+n5iQWOtxHNrOmJih/u3NxL+8Tmaiq2DCZZoZJuliUZQJZBI0+xr1uWLUiLElhCpub0V0SBShxmZTsCGsPkX/k+aFiz0X1/1S9XoZRx5O4BTOAcMlVOEWatAACgwe4RlenHvnyXl13hatOWc5cww/4Lx/AQA+jRE=</latexit><latexit sha1_base64="wAGuNgSdVJqBVadM9oLfpD1N08w=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPgadkxC5pb0IvHBMwDkiXMTmaTMbOzy8ysEEK+wIsHRbz6Sd78GycvUNGChqKqm+6uMBVcG8/7dHJr6xubW/ntws7u3v5B8fCoqZNMUdagiUhUOySaCS5Zw3AjWDtVjMShYK1wdDPzWw9MaZ7IOzNOWRCTgeQRp8RYqY57xZLnVipl3/fRguAVKWOEXW+OEixR6xU/uv2EZjGThgqidQd7qQkmRBlOBZsWuplmKaEjMmAdSyWJmQ4m80On6MwqfRQlypY0aK5+n5iQWOtxHNrOmJih/u3NxL+8Tmaiq2DCZZoZJuliUZQJZBI0+xr1uWLUiLElhCpub0V0SBShxmZTsCGsPkX/k+aFiz0X1/1S9XoZRx5O4BTOAcMlVOEWatAACgwe4RlenHvnyXl13hatOWc5cww/4Lx/AQA+jRE=</latexit>

⌫(z) )
<latexit sha1_base64="vgMMaVeNBzTqyhM+Psl/DO+Epn8="></latexit><latexit sha1_base64="vgMMaVeNBzTqyhM+Psl/DO+Epn8="></latexit><latexit sha1_base64="vgMMaVeNBzTqyhM+Psl/DO+Epn8="></latexit><latexit sha1_base64="vgMMaVeNBzTqyhM+Psl/DO+Epn8="></latexit>

LISA CosWG workshop, Stavanger, 06/06/23

mg . 10�32 eV/c2
<latexit sha1_base64="O4mNEPE7bby/Z63DZjfbztmGxps="></latexit><latexit sha1_base64="O4mNEPE7bby/Z63DZjfbztmGxps="></latexit><latexit sha1_base64="O4mNEPE7bby/Z63DZjfbztmGxps="></latexit><latexit sha1_base64="O4mNEPE7bby/Z63DZjfbztmGxps="></latexit>

from Solar System 

from GW dispersion
<latexit sha1_base64="phjtSxi469L5jxLUGkjNqJ37T/s="></latexit>

mg . 10�22eV/c2
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<latexit sha1_base64="pwFRx9mLpPzdRdF10BKUFdxjzVU="></latexit><latexit sha1_base64="pwFRx9mLpPzdRdF10BKUFdxjzVU="></latexit><latexit sha1_base64="pwFRx9mLpPzdRdF10BKUFdxjzVU="></latexit><latexit sha1_base64="pwFRx9mLpPzdRdF10BKUFdxjzVU="></latexit>

+
<latexit sha1_base64="U0qGz63dPYMWu5o4zra2D5r9Hrs="></latexit><latexit sha1_base64="U0qGz63dPYMWu5o4zra2D5r9Hrs="></latexit><latexit sha1_base64="U0qGz63dPYMWu5o4zra2D5r9Hrs="></latexit><latexit sha1_base64="U0qGz63dPYMWu5o4zra2D5r9Hrs="></latexit>

(
<latexit sha1_base64="upw96pbZMAwPOHB64Irw/8BljNc="></latexit><latexit sha1_base64="upw96pbZMAwPOHB64Irw/8BljNc="></latexit><latexit sha1_base64="upw96pbZMAwPOHB64Irw/8BljNc="></latexit><latexit sha1_base64="upw96pbZMAwPOHB64Irw/8BljNc="></latexit>

2
<latexit sha1_base64="S1ySdLP996ZcatL4DA0B/iRI3JQ="></latexit><latexit sha1_base64="S1ySdLP996ZcatL4DA0B/iRI3JQ="></latexit><latexit sha1_base64="S1ySdLP996ZcatL4DA0B/iRI3JQ="></latexit><latexit sha1_base64="S1ySdLP996ZcatL4DA0B/iRI3JQ="></latexit>

+
<latexit sha1_base64="U0qGz63dPYMWu5o4zra2D5r9Hrs="></latexit><latexit sha1_base64="U0qGz63dPYMWu5o4zra2D5r9Hrs="></latexit><latexit sha1_base64="U0qGz63dPYMWu5o4zra2D5r9Hrs="></latexit><latexit sha1_base64="U0qGz63dPYMWu5o4zra2D5r9Hrs="></latexit>

H h0
ij+

<latexit sha1_base64="GZ1LlI07wKAJnHOoHz7endZowDg="></latexit><latexit sha1_base64="GZ1LlI07wKAJnHOoHz7endZowDg="></latexit><latexit sha1_base64="GZ1LlI07wKAJnHOoHz7endZowDg="></latexit><latexit sha1_base64="GZ1LlI07wKAJnHOoHz7endZowDg="></latexit>

+
<latexit sha1_base64="U0qGz63dPYMWu5o4zra2D5r9Hrs="></latexit><latexit sha1_base64="U0qGz63dPYMWu5o4zra2D5r9Hrs="></latexit><latexit sha1_base64="U0qGz63dPYMWu5o4zra2D5r9Hrs="></latexit><latexit sha1_base64="U0qGz63dPYMWu5o4zra2D5r9Hrs="></latexit>

(
<latexit sha1_base64="upw96pbZMAwPOHB64Irw/8BljNc="></latexit><latexit sha1_base64="upw96pbZMAwPOHB64Irw/8BljNc="></latexit><latexit sha1_base64="upw96pbZMAwPOHB64Irw/8BljNc="></latexit><latexit sha1_base64="upw96pbZMAwPOHB64Irw/8BljNc="></latexit>

c2T
<latexit sha1_base64="PEMxynz3YqTOmRPNJSSJvYnrdHE="></latexit><latexit sha1_base64="PEMxynz3YqTOmRPNJSSJvYnrdHE="></latexit><latexit sha1_base64="PEMxynz3YqTOmRPNJSSJvYnrdHE="></latexit><latexit sha1_base64="PEMxynz3YqTOmRPNJSSJvYnrdHE="></latexit>

k2
<latexit sha1_base64="uNJrj2LIYUsyhZ7YCksefWSmEM0="></latexit><latexit sha1_base64="uNJrj2LIYUsyhZ7YCksefWSmEM0="></latexit><latexit sha1_base64="uNJrj2LIYUsyhZ7YCksefWSmEM0="></latexit><latexit sha1_base64="uNJrj2LIYUsyhZ7YCksefWSmEM0="></latexit>

+
<latexit sha1_base64="U0qGz63dPYMWu5o4zra2D5r9Hrs="></latexit><latexit sha1_base64="U0qGz63dPYMWu5o4zra2D5r9Hrs="></latexit><latexit sha1_base64="U0qGz63dPYMWu5o4zra2D5r9Hrs="></latexit><latexit sha1_base64="U0qGz63dPYMWu5o4zra2D5r9Hrs="></latexit>

a2 m2
g

<latexit sha1_base64="B8qdqvbEt+lodEpB/38lKbb8AY4="></latexit><latexit sha1_base64="B8qdqvbEt+lodEpB/38lKbb8AY4="></latexit><latexit sha1_base64="B8qdqvbEt+lodEpB/38lKbb8AY4="></latexit><latexit sha1_base64="B8qdqvbEt+lodEpB/38lKbb8AY4="></latexit>

(
<latexit sha1_base64="upw96pbZMAwPOHB64Irw/8BljNc="></latexit> <latexit sha1_base64="upw96pbZMAwPOHB64Irw/8BljNc="></latexit> <latexit sha1_base64="upw96pbZMAwPOHB64Irw/8BljNc="></latexit> <latexit sha1_base64="upw96pbZMAwPOHB64Irw/8BljNc="></latexit>

hij =
<latexit sha1_base64="b7oy9H5yamSqOCip4nVyLGM9dCY="></latexit><latexit sha1_base64="b7oy9H5yamSqOCip4nVyLGM9dCY="></latexit><latexit sha1_base64="b7oy9H5yamSqOCip4nVyLGM9dCY="></latexit><latexit sha1_base64="b7oy9H5yamSqOCip4nVyLGM9dCY="></latexit>

a2 �C �ij
<latexit sha1_base64="KfidSTOx0bHtn/EMpAqAdJuBAKg="></latexit><latexit sha1_base64="KfidSTOx0bHtn/EMpAqAdJuBAKg="></latexit><latexit sha1_base64="KfidSTOx0bHtn/EMpAqAdJuBAKg="></latexit><latexit sha1_base64="KfidSTOx0bHtn/EMpAqAdJuBAKg="></latexit>

GW propagating on FRW background in modified gravity:

Extra polarisation 
modes possible

Modified `friction’                 
→ changes GW amplitude

Modified propagation speed

Graviton mass Non-zero 
source term

Best constrained RareLeast constrained

1
<latexit sha1_base64="wAGuNgSdVJqBVadM9oLfpD1N08w=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPgadkxC5pb0IvHBMwDkiXMTmaTMbOzy8ysEEK+wIsHRbz6Sd78GycvUNGChqKqm+6uMBVcG8/7dHJr6xubW/ntws7u3v5B8fCoqZNMUdagiUhUOySaCS5Zw3AjWDtVjMShYK1wdDPzWw9MaZ7IOzNOWRCTgeQRp8RYqY57xZLnVipl3/fRguAVKWOEXW+OEixR6xU/uv2EZjGThgqidQd7qQkmRBlOBZsWuplmKaEjMmAdSyWJmQ4m80On6MwqfRQlypY0aK5+n5iQWOtxHNrOmJih/u3NxL+8Tmaiq2DCZZoZJuliUZQJZBI0+xr1uWLUiLElhCpub0V0SBShxmZTsCGsPkX/k+aFiz0X1/1S9XoZRx5O4BTOAcMlVOEWatAACgwe4RlenHvnyXl13hatOWc5cww/4Lx/AQA+jRE=</latexit><latexit sha1_base64="wAGuNgSdVJqBVadM9oLfpD1N08w=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPgadkxC5pb0IvHBMwDkiXMTmaTMbOzy8ysEEK+wIsHRbz6Sd78GycvUNGChqKqm+6uMBVcG8/7dHJr6xubW/ntws7u3v5B8fCoqZNMUdagiUhUOySaCS5Zw3AjWDtVjMShYK1wdDPzWw9MaZ7IOzNOWRCTgeQRp8RYqY57xZLnVipl3/fRguAVKWOEXW+OEixR6xU/uv2EZjGThgqidQd7qQkmRBlOBZsWuplmKaEjMmAdSyWJmQ4m80On6MwqfRQlypY0aK5+n5iQWOtxHNrOmJih/u3NxL+8Tmaiq2DCZZoZJuliUZQJZBI0+xr1uWLUiLElhCpub0V0SBShxmZTsCGsPkX/k+aFiz0X1/1S9XoZRx5O4BTOAcMlVOEWatAACgwe4RlenHvnyXl13hatOWc5cww/4Lx/AQA+jRE=</latexit><latexit sha1_base64="wAGuNgSdVJqBVadM9oLfpD1N08w=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPgadkxC5pb0IvHBMwDkiXMTmaTMbOzy8ysEEK+wIsHRbz6Sd78GycvUNGChqKqm+6uMBVcG8/7dHJr6xubW/ntws7u3v5B8fCoqZNMUdagiUhUOySaCS5Zw3AjWDtVjMShYK1wdDPzWw9MaZ7IOzNOWRCTgeQRp8RYqY57xZLnVipl3/fRguAVKWOEXW+OEixR6xU/uv2EZjGThgqidQd7qQkmRBlOBZsWuplmKaEjMmAdSyWJmQ4m80On6MwqfRQlypY0aK5+n5iQWOtxHNrOmJih/u3NxL+8Tmaiq2DCZZoZJuliUZQJZBI0+xr1uWLUiLElhCpub0V0SBShxmZTsCGsPkX/k+aFiz0X1/1S9XoZRx5O4BTOAcMlVOEWatAACgwe4RlenHvnyXl13hatOWc5cww/4Lx/AQA+jRE=</latexit><latexit sha1_base64="wAGuNgSdVJqBVadM9oLfpD1N08w=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPgadkxC5pb0IvHBMwDkiXMTmaTMbOzy8ysEEK+wIsHRbz6Sd78GycvUNGChqKqm+6uMBVcG8/7dHJr6xubW/ntws7u3v5B8fCoqZNMUdagiUhUOySaCS5Zw3AjWDtVjMShYK1wdDPzWw9MaZ7IOzNOWRCTgeQRp8RYqY57xZLnVipl3/fRguAVKWOEXW+OEixR6xU/uv2EZjGThgqidQd7qQkmRBlOBZsWuplmKaEjMmAdSyWJmQ4m80On6MwqfRQlypY0aK5+n5iQWOtxHNrOmJih/u3NxL+8Tmaiq2DCZZoZJuliUZQJZBI0+xr1uWLUiLElhCpub0V0SBShxmZTsCGsPkX/k+aFiz0X1/1S9XoZRx5O4BTOAcMlVOEWatAACgwe4RlenHvnyXl13hatOWc5cww/4Lx/AQA+jRE=</latexit>

⌫(z) )
<latexit sha1_base64="vgMMaVeNBzTqyhM+Psl/DO+Epn8="></latexit><latexit sha1_base64="vgMMaVeNBzTqyhM+Psl/DO+Epn8="></latexit><latexit sha1_base64="vgMMaVeNBzTqyhM+Psl/DO+Epn8="></latexit><latexit sha1_base64="vgMMaVeNBzTqyhM+Psl/DO+Epn8="></latexit>

LISA CosWG workshop, Stavanger, 06/06/23

mg . 10�32 eV/c2
<latexit sha1_base64="O4mNEPE7bby/Z63DZjfbztmGxps="></latexit><latexit sha1_base64="O4mNEPE7bby/Z63DZjfbztmGxps="></latexit><latexit sha1_base64="O4mNEPE7bby/Z63DZjfbztmGxps="></latexit><latexit sha1_base64="O4mNEPE7bby/Z63DZjfbztmGxps="></latexit>

from Solar System 

from GW dispersion
<latexit sha1_base64="phjtSxi469L5jxLUGkjNqJ37T/s="></latexit>

mg . 10�22eV/c2
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h00
ij

<latexit sha1_base64="pwFRx9mLpPzdRdF10BKUFdxjzVU="></latexit><latexit sha1_base64="pwFRx9mLpPzdRdF10BKUFdxjzVU="></latexit><latexit sha1_base64="pwFRx9mLpPzdRdF10BKUFdxjzVU="></latexit><latexit sha1_base64="pwFRx9mLpPzdRdF10BKUFdxjzVU="></latexit>

+
<latexit sha1_base64="U0qGz63dPYMWu5o4zra2D5r9Hrs="></latexit><latexit sha1_base64="U0qGz63dPYMWu5o4zra2D5r9Hrs="></latexit><latexit sha1_base64="U0qGz63dPYMWu5o4zra2D5r9Hrs="></latexit><latexit sha1_base64="U0qGz63dPYMWu5o4zra2D5r9Hrs="></latexit>

(
<latexit sha1_base64="upw96pbZMAwPOHB64Irw/8BljNc="></latexit><latexit sha1_base64="upw96pbZMAwPOHB64Irw/8BljNc="></latexit><latexit sha1_base64="upw96pbZMAwPOHB64Irw/8BljNc="></latexit><latexit sha1_base64="upw96pbZMAwPOHB64Irw/8BljNc="></latexit>

2
<latexit sha1_base64="S1ySdLP996ZcatL4DA0B/iRI3JQ="></latexit><latexit sha1_base64="S1ySdLP996ZcatL4DA0B/iRI3JQ="></latexit><latexit sha1_base64="S1ySdLP996ZcatL4DA0B/iRI3JQ="></latexit><latexit sha1_base64="S1ySdLP996ZcatL4DA0B/iRI3JQ="></latexit>

+
<latexit sha1_base64="U0qGz63dPYMWu5o4zra2D5r9Hrs="></latexit><latexit sha1_base64="U0qGz63dPYMWu5o4zra2D5r9Hrs="></latexit><latexit sha1_base64="U0qGz63dPYMWu5o4zra2D5r9Hrs="></latexit><latexit sha1_base64="U0qGz63dPYMWu5o4zra2D5r9Hrs="></latexit>

H h0
ij+

<latexit sha1_base64="GZ1LlI07wKAJnHOoHz7endZowDg="></latexit><latexit sha1_base64="GZ1LlI07wKAJnHOoHz7endZowDg="></latexit><latexit sha1_base64="GZ1LlI07wKAJnHOoHz7endZowDg="></latexit><latexit sha1_base64="GZ1LlI07wKAJnHOoHz7endZowDg="></latexit>

+
<latexit sha1_base64="U0qGz63dPYMWu5o4zra2D5r9Hrs="></latexit><latexit sha1_base64="U0qGz63dPYMWu5o4zra2D5r9Hrs="></latexit><latexit sha1_base64="U0qGz63dPYMWu5o4zra2D5r9Hrs="></latexit><latexit sha1_base64="U0qGz63dPYMWu5o4zra2D5r9Hrs="></latexit>

(
<latexit sha1_base64="upw96pbZMAwPOHB64Irw/8BljNc="></latexit><latexit sha1_base64="upw96pbZMAwPOHB64Irw/8BljNc="></latexit><latexit sha1_base64="upw96pbZMAwPOHB64Irw/8BljNc="></latexit><latexit sha1_base64="upw96pbZMAwPOHB64Irw/8BljNc="></latexit>

c2T
<latexit sha1_base64="PEMxynz3YqTOmRPNJSSJvYnrdHE="></latexit><latexit sha1_base64="PEMxynz3YqTOmRPNJSSJvYnrdHE="></latexit><latexit sha1_base64="PEMxynz3YqTOmRPNJSSJvYnrdHE="></latexit><latexit sha1_base64="PEMxynz3YqTOmRPNJSSJvYnrdHE="></latexit>

k2
<latexit sha1_base64="uNJrj2LIYUsyhZ7YCksefWSmEM0="></latexit><latexit sha1_base64="uNJrj2LIYUsyhZ7YCksefWSmEM0="></latexit><latexit sha1_base64="uNJrj2LIYUsyhZ7YCksefWSmEM0="></latexit><latexit sha1_base64="uNJrj2LIYUsyhZ7YCksefWSmEM0="></latexit>

+
<latexit sha1_base64="U0qGz63dPYMWu5o4zra2D5r9Hrs="></latexit><latexit sha1_base64="U0qGz63dPYMWu5o4zra2D5r9Hrs="></latexit><latexit sha1_base64="U0qGz63dPYMWu5o4zra2D5r9Hrs="></latexit><latexit sha1_base64="U0qGz63dPYMWu5o4zra2D5r9Hrs="></latexit>

a2 m2
g

<latexit sha1_base64="B8qdqvbEt+lodEpB/38lKbb8AY4="></latexit><latexit sha1_base64="B8qdqvbEt+lodEpB/38lKbb8AY4="></latexit><latexit sha1_base64="B8qdqvbEt+lodEpB/38lKbb8AY4="></latexit><latexit sha1_base64="B8qdqvbEt+lodEpB/38lKbb8AY4="></latexit>

(
<latexit sha1_base64="upw96pbZMAwPOHB64Irw/8BljNc="></latexit> <latexit sha1_base64="upw96pbZMAwPOHB64Irw/8BljNc="></latexit> <latexit sha1_base64="upw96pbZMAwPOHB64Irw/8BljNc="></latexit> <latexit sha1_base64="upw96pbZMAwPOHB64Irw/8BljNc="></latexit>

hij =
<latexit sha1_base64="b7oy9H5yamSqOCip4nVyLGM9dCY="></latexit><latexit sha1_base64="b7oy9H5yamSqOCip4nVyLGM9dCY="></latexit><latexit sha1_base64="b7oy9H5yamSqOCip4nVyLGM9dCY="></latexit><latexit sha1_base64="b7oy9H5yamSqOCip4nVyLGM9dCY="></latexit>

a2 �C �ij
<latexit sha1_base64="KfidSTOx0bHtn/EMpAqAdJuBAKg="></latexit><latexit sha1_base64="KfidSTOx0bHtn/EMpAqAdJuBAKg="></latexit><latexit sha1_base64="KfidSTOx0bHtn/EMpAqAdJuBAKg="></latexit><latexit sha1_base64="KfidSTOx0bHtn/EMpAqAdJuBAKg="></latexit>

GW propagating on FRW background in modified gravity:

Extra polarisation 
modes possible

Modified `friction’                 
→ changes GW amplitude

Modified propagation speed

Graviton mass Non-zero 
source term

Best constrained RareMost genericLeast constrained

1
<latexit sha1_base64="wAGuNgSdVJqBVadM9oLfpD1N08w=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPgadkxC5pb0IvHBMwDkiXMTmaTMbOzy8ysEEK+wIsHRbz6Sd78GycvUNGChqKqm+6uMBVcG8/7dHJr6xubW/ntws7u3v5B8fCoqZNMUdagiUhUOySaCS5Zw3AjWDtVjMShYK1wdDPzWw9MaZ7IOzNOWRCTgeQRp8RYqY57xZLnVipl3/fRguAVKWOEXW+OEixR6xU/uv2EZjGThgqidQd7qQkmRBlOBZsWuplmKaEjMmAdSyWJmQ4m80On6MwqfRQlypY0aK5+n5iQWOtxHNrOmJih/u3NxL+8Tmaiq2DCZZoZJuliUZQJZBI0+xr1uWLUiLElhCpub0V0SBShxmZTsCGsPkX/k+aFiz0X1/1S9XoZRx5O4BTOAcMlVOEWatAACgwe4RlenHvnyXl13hatOWc5cww/4Lx/AQA+jRE=</latexit><latexit sha1_base64="wAGuNgSdVJqBVadM9oLfpD1N08w=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPgadkxC5pb0IvHBMwDkiXMTmaTMbOzy8ysEEK+wIsHRbz6Sd78GycvUNGChqKqm+6uMBVcG8/7dHJr6xubW/ntws7u3v5B8fCoqZNMUdagiUhUOySaCS5Zw3AjWDtVjMShYK1wdDPzWw9MaZ7IOzNOWRCTgeQRp8RYqY57xZLnVipl3/fRguAVKWOEXW+OEixR6xU/uv2EZjGThgqidQd7qQkmRBlOBZsWuplmKaEjMmAdSyWJmQ4m80On6MwqfRQlypY0aK5+n5iQWOtxHNrOmJih/u3NxL+8Tmaiq2DCZZoZJuliUZQJZBI0+xr1uWLUiLElhCpub0V0SBShxmZTsCGsPkX/k+aFiz0X1/1S9XoZRx5O4BTOAcMlVOEWatAACgwe4RlenHvnyXl13hatOWc5cww/4Lx/AQA+jRE=</latexit><latexit sha1_base64="wAGuNgSdVJqBVadM9oLfpD1N08w=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPgadkxC5pb0IvHBMwDkiXMTmaTMbOzy8ysEEK+wIsHRbz6Sd78GycvUNGChqKqm+6uMBVcG8/7dHJr6xubW/ntws7u3v5B8fCoqZNMUdagiUhUOySaCS5Zw3AjWDtVjMShYK1wdDPzWw9MaZ7IOzNOWRCTgeQRp8RYqY57xZLnVipl3/fRguAVKWOEXW+OEixR6xU/uv2EZjGThgqidQd7qQkmRBlOBZsWuplmKaEjMmAdSyWJmQ4m80On6MwqfRQlypY0aK5+n5iQWOtxHNrOmJih/u3NxL+8Tmaiq2DCZZoZJuliUZQJZBI0+xr1uWLUiLElhCpub0V0SBShxmZTsCGsPkX/k+aFiz0X1/1S9XoZRx5O4BTOAcMlVOEWatAACgwe4RlenHvnyXl13hatOWc5cww/4Lx/AQA+jRE=</latexit><latexit sha1_base64="wAGuNgSdVJqBVadM9oLfpD1N08w=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPgadkxC5pb0IvHBMwDkiXMTmaTMbOzy8ysEEK+wIsHRbz6Sd78GycvUNGChqKqm+6uMBVcG8/7dHJr6xubW/ntws7u3v5B8fCoqZNMUdagiUhUOySaCS5Zw3AjWDtVjMShYK1wdDPzWw9MaZ7IOzNOWRCTgeQRp8RYqY57xZLnVipl3/fRguAVKWOEXW+OEixR6xU/uv2EZjGThgqidQd7qQkmRBlOBZsWuplmKaEjMmAdSyWJmQ4m80On6MwqfRQlypY0aK5+n5iQWOtxHNrOmJih/u3NxL+8Tmaiq2DCZZoZJuliUZQJZBI0+xr1uWLUiLElhCpub0V0SBShxmZTsCGsPkX/k+aFiz0X1/1S9XoZRx5O4BTOAcMlVOEWatAACgwe4RlenHvnyXl13hatOWc5cww/4Lx/AQA+jRE=</latexit>

⌫(z) )
<latexit sha1_base64="vgMMaVeNBzTqyhM+Psl/DO+Epn8="></latexit><latexit sha1_base64="vgMMaVeNBzTqyhM+Psl/DO+Epn8="></latexit><latexit sha1_base64="vgMMaVeNBzTqyhM+Psl/DO+Epn8="></latexit><latexit sha1_base64="vgMMaVeNBzTqyhM+Psl/DO+Epn8="></latexit>

LISA CosWG workshop, Stavanger, 06/06/23

mg . 10�32 eV/c2
<latexit sha1_base64="O4mNEPE7bby/Z63DZjfbztmGxps="></latexit><latexit sha1_base64="O4mNEPE7bby/Z63DZjfbztmGxps="></latexit><latexit sha1_base64="O4mNEPE7bby/Z63DZjfbztmGxps="></latexit><latexit sha1_base64="O4mNEPE7bby/Z63DZjfbztmGxps="></latexit>

from Solar System 

from GW dispersion
<latexit sha1_base64="phjtSxi469L5jxLUGkjNqJ37T/s="></latexit>

mg . 10�22eV/c2
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h00
ij

<latexit sha1_base64="pwFRx9mLpPzdRdF10BKUFdxjzVU="></latexit><latexit sha1_base64="pwFRx9mLpPzdRdF10BKUFdxjzVU="></latexit><latexit sha1_base64="pwFRx9mLpPzdRdF10BKUFdxjzVU="></latexit><latexit sha1_base64="pwFRx9mLpPzdRdF10BKUFdxjzVU="></latexit>

+
<latexit sha1_base64="U0qGz63dPYMWu5o4zra2D5r9Hrs="></latexit><latexit sha1_base64="U0qGz63dPYMWu5o4zra2D5r9Hrs="></latexit><latexit sha1_base64="U0qGz63dPYMWu5o4zra2D5r9Hrs="></latexit><latexit sha1_base64="U0qGz63dPYMWu5o4zra2D5r9Hrs="></latexit>

(
<latexit sha1_base64="upw96pbZMAwPOHB64Irw/8BljNc="></latexit><latexit sha1_base64="upw96pbZMAwPOHB64Irw/8BljNc="></latexit><latexit sha1_base64="upw96pbZMAwPOHB64Irw/8BljNc="></latexit><latexit sha1_base64="upw96pbZMAwPOHB64Irw/8BljNc="></latexit>

2
<latexit sha1_base64="S1ySdLP996ZcatL4DA0B/iRI3JQ="></latexit><latexit sha1_base64="S1ySdLP996ZcatL4DA0B/iRI3JQ="></latexit><latexit sha1_base64="S1ySdLP996ZcatL4DA0B/iRI3JQ="></latexit><latexit sha1_base64="S1ySdLP996ZcatL4DA0B/iRI3JQ="></latexit>

+
<latexit sha1_base64="U0qGz63dPYMWu5o4zra2D5r9Hrs="></latexit><latexit sha1_base64="U0qGz63dPYMWu5o4zra2D5r9Hrs="></latexit><latexit sha1_base64="U0qGz63dPYMWu5o4zra2D5r9Hrs="></latexit><latexit sha1_base64="U0qGz63dPYMWu5o4zra2D5r9Hrs="></latexit>

H h0
ij+

<latexit sha1_base64="GZ1LlI07wKAJnHOoHz7endZowDg="></latexit><latexit sha1_base64="GZ1LlI07wKAJnHOoHz7endZowDg="></latexit><latexit sha1_base64="GZ1LlI07wKAJnHOoHz7endZowDg="></latexit><latexit sha1_base64="GZ1LlI07wKAJnHOoHz7endZowDg="></latexit>

+
<latexit sha1_base64="U0qGz63dPYMWu5o4zra2D5r9Hrs="></latexit><latexit sha1_base64="U0qGz63dPYMWu5o4zra2D5r9Hrs="></latexit><latexit sha1_base64="U0qGz63dPYMWu5o4zra2D5r9Hrs="></latexit><latexit sha1_base64="U0qGz63dPYMWu5o4zra2D5r9Hrs="></latexit>

(
<latexit sha1_base64="upw96pbZMAwPOHB64Irw/8BljNc="></latexit><latexit sha1_base64="upw96pbZMAwPOHB64Irw/8BljNc="></latexit><latexit sha1_base64="upw96pbZMAwPOHB64Irw/8BljNc="></latexit><latexit sha1_base64="upw96pbZMAwPOHB64Irw/8BljNc="></latexit>

c2T
<latexit sha1_base64="PEMxynz3YqTOmRPNJSSJvYnrdHE="></latexit><latexit sha1_base64="PEMxynz3YqTOmRPNJSSJvYnrdHE="></latexit><latexit sha1_base64="PEMxynz3YqTOmRPNJSSJvYnrdHE="></latexit><latexit sha1_base64="PEMxynz3YqTOmRPNJSSJvYnrdHE="></latexit>

k2
<latexit sha1_base64="uNJrj2LIYUsyhZ7YCksefWSmEM0="></latexit><latexit sha1_base64="uNJrj2LIYUsyhZ7YCksefWSmEM0="></latexit><latexit sha1_base64="uNJrj2LIYUsyhZ7YCksefWSmEM0="></latexit><latexit sha1_base64="uNJrj2LIYUsyhZ7YCksefWSmEM0="></latexit>

+
<latexit sha1_base64="U0qGz63dPYMWu5o4zra2D5r9Hrs="></latexit><latexit sha1_base64="U0qGz63dPYMWu5o4zra2D5r9Hrs="></latexit><latexit sha1_base64="U0qGz63dPYMWu5o4zra2D5r9Hrs="></latexit><latexit sha1_base64="U0qGz63dPYMWu5o4zra2D5r9Hrs="></latexit>

a2 m2
g

<latexit sha1_base64="B8qdqvbEt+lodEpB/38lKbb8AY4="></latexit><latexit sha1_base64="B8qdqvbEt+lodEpB/38lKbb8AY4="></latexit><latexit sha1_base64="B8qdqvbEt+lodEpB/38lKbb8AY4="></latexit><latexit sha1_base64="B8qdqvbEt+lodEpB/38lKbb8AY4="></latexit>

(
<latexit sha1_base64="upw96pbZMAwPOHB64Irw/8BljNc="></latexit> <latexit sha1_base64="upw96pbZMAwPOHB64Irw/8BljNc="></latexit> <latexit sha1_base64="upw96pbZMAwPOHB64Irw/8BljNc="></latexit> <latexit sha1_base64="upw96pbZMAwPOHB64Irw/8BljNc="></latexit>

hij =
<latexit sha1_base64="b7oy9H5yamSqOCip4nVyLGM9dCY="></latexit><latexit sha1_base64="b7oy9H5yamSqOCip4nVyLGM9dCY="></latexit><latexit sha1_base64="b7oy9H5yamSqOCip4nVyLGM9dCY="></latexit><latexit sha1_base64="b7oy9H5yamSqOCip4nVyLGM9dCY="></latexit>

a2 �C �ij
<latexit sha1_base64="KfidSTOx0bHtn/EMpAqAdJuBAKg="></latexit><latexit sha1_base64="KfidSTOx0bHtn/EMpAqAdJuBAKg="></latexit><latexit sha1_base64="KfidSTOx0bHtn/EMpAqAdJuBAKg="></latexit><latexit sha1_base64="KfidSTOx0bHtn/EMpAqAdJuBAKg="></latexit>

GW propagating on FRW background in modified gravity:

Modified `friction’                 
→ changes GW amplitude

Modified propagation speed

Best constrainedMost generic

1
<latexit sha1_base64="wAGuNgSdVJqBVadM9oLfpD1N08w=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPgadkxC5pb0IvHBMwDkiXMTmaTMbOzy8ysEEK+wIsHRbz6Sd78GycvUNGChqKqm+6uMBVcG8/7dHJr6xubW/ntws7u3v5B8fCoqZNMUdagiUhUOySaCS5Zw3AjWDtVjMShYK1wdDPzWw9MaZ7IOzNOWRCTgeQRp8RYqY57xZLnVipl3/fRguAVKWOEXW+OEixR6xU/uv2EZjGThgqidQd7qQkmRBlOBZsWuplmKaEjMmAdSyWJmQ4m80On6MwqfRQlypY0aK5+n5iQWOtxHNrOmJih/u3NxL+8Tmaiq2DCZZoZJuliUZQJZBI0+xr1uWLUiLElhCpub0V0SBShxmZTsCGsPkX/k+aFiz0X1/1S9XoZRx5O4BTOAcMlVOEWatAACgwe4RlenHvnyXl13hatOWc5cww/4Lx/AQA+jRE=</latexit><latexit sha1_base64="wAGuNgSdVJqBVadM9oLfpD1N08w=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPgadkxC5pb0IvHBMwDkiXMTmaTMbOzy8ysEEK+wIsHRbz6Sd78GycvUNGChqKqm+6uMBVcG8/7dHJr6xubW/ntws7u3v5B8fCoqZNMUdagiUhUOySaCS5Zw3AjWDtVjMShYK1wdDPzWw9MaZ7IOzNOWRCTgeQRp8RYqY57xZLnVipl3/fRguAVKWOEXW+OEixR6xU/uv2EZjGThgqidQd7qQkmRBlOBZsWuplmKaEjMmAdSyWJmQ4m80On6MwqfRQlypY0aK5+n5iQWOtxHNrOmJih/u3NxL+8Tmaiq2DCZZoZJuliUZQJZBI0+xr1uWLUiLElhCpub0V0SBShxmZTsCGsPkX/k+aFiz0X1/1S9XoZRx5O4BTOAcMlVOEWatAACgwe4RlenHvnyXl13hatOWc5cww/4Lx/AQA+jRE=</latexit><latexit sha1_base64="wAGuNgSdVJqBVadM9oLfpD1N08w=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPgadkxC5pb0IvHBMwDkiXMTmaTMbOzy8ysEEK+wIsHRbz6Sd78GycvUNGChqKqm+6uMBVcG8/7dHJr6xubW/ntws7u3v5B8fCoqZNMUdagiUhUOySaCS5Zw3AjWDtVjMShYK1wdDPzWw9MaZ7IOzNOWRCTgeQRp8RYqY57xZLnVipl3/fRguAVKWOEXW+OEixR6xU/uv2EZjGThgqidQd7qQkmRBlOBZsWuplmKaEjMmAdSyWJmQ4m80On6MwqfRQlypY0aK5+n5iQWOtxHNrOmJih/u3NxL+8Tmaiq2DCZZoZJuliUZQJZBI0+xr1uWLUiLElhCpub0V0SBShxmZTsCGsPkX/k+aFiz0X1/1S9XoZRx5O4BTOAcMlVOEWatAACgwe4RlenHvnyXl13hatOWc5cww/4Lx/AQA+jRE=</latexit><latexit sha1_base64="wAGuNgSdVJqBVadM9oLfpD1N08w=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPgadkxC5pb0IvHBMwDkiXMTmaTMbOzy8ysEEK+wIsHRbz6Sd78GycvUNGChqKqm+6uMBVcG8/7dHJr6xubW/ntws7u3v5B8fCoqZNMUdagiUhUOySaCS5Zw3AjWDtVjMShYK1wdDPzWw9MaZ7IOzNOWRCTgeQRp8RYqY57xZLnVipl3/fRguAVKWOEXW+OEixR6xU/uv2EZjGThgqidQd7qQkmRBlOBZsWuplmKaEjMmAdSyWJmQ4m80On6MwqfRQlypY0aK5+n5iQWOtxHNrOmJih/u3NxL+8Tmaiq2DCZZoZJuliUZQJZBI0+xr1uWLUiLElhCpub0V0SBShxmZTsCGsPkX/k+aFiz0X1/1S9XoZRx5O4BTOAcMlVOEWatAACgwe4RlenHvnyXl13hatOWc5cww/4Lx/AQA+jRE=</latexit>
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GW propagation

T. Baker
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GW propagating on FRW background in modified gravity:

Modified `friction’                 
→ changes GW amplitude

Modified propagation speed

Best constrainedMost generic
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LISA CosWG workshop, Stavanger, 06/06/23

• Is it still worth testing the graviton mass & RHS source terms?



GW propagation speed
(the updated story)

Illustration: Lennard Kok
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• Propagation speed of GWs was constrained by 
GW170817 & GRB170817a.

• Δt = tGW - tGRB = 1.7s

⇒
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Propagation speed with GW170817 
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• Propagation speed of GWs was constrained by 
GW170817 & GRB170817a.

• Δt = tGW - tGRB = 1.7s

⇒

• Claim — this ruled out chunks of the Horndeski model 
space.


Horndeski = general ‘parent theory’ of all* gravity    
models with scalar fields


    *slight oversimplification
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Running propagation speed

T. Baker

• But when viewed as an EFT, the Horndeski family has an energy cut-off scale (where the theory breaks down)

Cut-off scale: 

de Rham & Melville (2018)

Horndeski/EFT valid here, cT ≠ c cT → c here (Lorentz invariance required at high energies)

T
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⇤EFT ⇠ 260Hz ?
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Running propagation speed

T. Baker

• But when viewed as an EFT, the Horndeski family has an energy cut-off scale (where the theory breaks down)

Cut-off scale: 

de Rham & Melville (2018)

Horndeski/EFT valid here, cT ≠ c cT → c here (Lorentz invariance required at high energies)

• So the question of GW propagation speed at low frequencies is back on the table.

T
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⇤EFT ⇠ 260Hz ?

LISA CosWG workshop, Stavanger, 06/06/23
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Constraints from multiband sources
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Constraints from multiband sources

T. Baker

GW150914

subleading 

corrections+

Tiny, e.g. 10-15Large (~ billion years) 
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Constraints from multiband sources

T. Baker

GW150914

subleading 

corrections+

Tiny, e.g. 10-15Large (~ billion years) 

<latexit sha1_base64="tx8ql8jXAgx0xxUUEoTFfzlyYvk="></latexit>

t� tc = ⌧GR +
D

c

�cT
c

A change in the speed of propagation causes a 
a shift in coalescence time of the binary:

E.g. for GW150914, coalescence time is shifted 
by ~ 2 minutes.

(TB, Barausse, Chen, de Rham, Pieroni,Tasinato, 2022.) A.
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Multiband Results

T. Baker

LISA forecasts coalescence time to accuracy ~10s
LVK measures it to accuracy ~ ms

GR

PONT, Avignon, 02/05/23
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Multiband Results

T. Baker

LISA forecasts coalescence time to accuracy ~10s
LVK measures it to accuracy ~ ms
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Hence multiband observations constraint cT very tightly.

PONT, Avignon, 02/05/23
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Waveform-only constraints

T. Baker
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<latexit sha1_base64="iIPYosZtB91UDtFp382qGbubl0k="></latexit>
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LISA CosWG workshop, Stavanger, 06/06/23
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(TB, Calcagni, Chen, Fastello, Lombriser, Pieroni,Tasinato, Saltas for the LISA CosWG, 
2022.) 

Both amplitude and phase of waveform modified:
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h̃MG(fo) = AMG(fo) exp
⇥
i MG(fo)

⇤

LISA CosWG workshop, Stavanger, 06/06/23
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(TB, Calcagni, Chen, Fastello, Lombriser, Pieroni,Tasinato, Saltas for the LISA CosWG, 
2022.) 

In this case, δcT/c is constrained to ~ 10-4.


(Compare to 10-15  for multiband case.)

But these sources are guaranteed.

Both amplitude and phase of waveform modified:
<latexit sha1_base64="iIPYosZtB91UDtFp382qGbubl0k="></latexit>

h̃MG(fo) = AMG(fo) exp
⇥
i MG(fo)

⇤

LISA CosWG workshop, Stavanger, 06/06/23
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GW Speed Questions

T. Baker

•Theory questions: specific models which produce this transition behaviour?

•Multiband sources: how many are likely? How many would we need to have a confident detection/
bound?

• Inverse chirps: do we need to build an analyses which can find these?

•Real data analysis: so far, individually extracted events only. How does LISA’s global fit impact these 
numbers?

LISA CosWG workshop, Stavanger, 06/06/23



scales, something that Dr Baker is exploring 
in her research. “I’m using this statistical-host 
identification technique to constrain parameters 
in dark energy models that can then tell us what 
gravity looks like,” she explains. “Does gravity 
look like our standard theory, as predicted by 
Einstein? Or does gravity look more exotic?”

There are a number of competing theories 
in this area, with the ^CDM (Lambda Cold 
Dark Matter) model - of a universe filled with 
cold dark matter and a constant vacuum 
energy - viewed as the default for constraining 
cosmological gravity. The ^CDM model seems 
to explain all the existing data very effectively, 
so any new, more sophisticated model is likely 
to take elements of it. “A new model would 
certainly have to at least reproduce a lot of 
the properties of the ^CDM model, at least in 
the regimes that we’ve probed experimentally 
to this point,” says Dr Baker. Gravitational 
waves are the ideal testing ground for new 
dark energy models, believes Dr Baker. “It’s a 
completely different regime and it hadn’t been 
accessed until seven years ago. So we can hope 
that in this new regime of actual gravitational 

physics, we might see something that 
hasn’t been seen by earlier electromagnetic 
telescopes,” she continues. “We’re waiting for 
LIGO, Virgo and KAGRA’s next observing run, 
which will probably find at least another 100 
gravitational wave events.”

The next generation of gravitational wave 
detectors are likely to detect even more of 
these events, which will help inform the 
development of more detailed models. At this 
stage however, the priority for Dr Baker and her 
team is to build their pipeline and code ready 
for the next LIGO-Virgo-KARGA observing 
run, currently expected to begin in March 
2023. “We’ll be at the forefront of analysing 
that new data as it comes in. We hope to use 
our techniques to provide the best constraints - 
to date - on some of these dark energy models. 
We can use all the available data, as opposed 
to just one standard siren event,” she outlines. 
This is an exciting period in gravitational wave 
research, with the detection of more events set 
to open up new possibilities. “There are a lot of 
first time discoveries to be made over the next 
5-10 years,” says Dr Baker.

www.euresearcher.com 00EU Research00
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the dark sector of the universe

Project Objectives
The SHADE project develops the 
theoretical and numerical tools to test 
the fundamental nature of gravity using 
gravitational wave data. It implements 
new statistical techniques to avoid reliance 
on rare electromagnetic counterparts to 
gravitational wave events. Thus, SHADE 
aims to unlock the full potential of 
gravitational wave observations as a new 
probe of cosmology.

Project Funding
Funded by an ERC Starting Grant SHADE 
Royal Society University Research 
Fellowship, grant number URF\R1\180009.
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Tessa Baker is a Royal Society University 
Research Fellow and Reader in Cosmology 
at Queen Mary University of London. Her 
research centres on testing new ideas about 
gravity and dark energy, with gravitational 
waves and cosmological large-scale 
structure. She plays an active role in the 
LIGO-Virgo-KAGRA and LISA gravitational 
wave detectors, and the Vera C. Rubin 
Observatory.

Tessa Baker

The existence of gravitational waves 
was predicted by Albert Einstein soon after 
the publication of his general theory of 
relativity in 1915, but it wasn’t until 100 years 
later that they were first directly observed 
in practice. The fundamental object in the 
theory of relativity is spacetime, which isn’t 
static, but rather behaves more like a fluid or 
material. “You can stretch it, you can squeeze 
it. If you think of it as being like a fluid, it can 
carry oscillations, which is what gravitational 
waves are,” explains Dr Tessa Baker, a reader 
in Cosmology at Queen Mary University of 
London (QMUL). Modern day detectors are 
now capable of detecting these tiny vibrations 
in spacetime. “If a gravitational wave passes 
through the earth, and through a detector, it 
microscopically changes the effective length of 
one of the detector’s arms,” outlines Dr Baker. 
“The detectors are so sensitive they can detect 
that relative difference, and that’s a sign that a 
gravitational wave has passed through.”

SHADE project
As the Principal Investigator of the ERC-funded 
Shade project, Dr Baker is developing methods 
to interpret data on gravitational waves, which 
could lead to fresh insights into cosmology, the 
laws of gravity and the nature of dark energy. The 
key sources of observed data on gravitational 
waves are the LIGO, Virgo and KAGRA detectors. 
“These detectors typically have observing 
runs of about a year, then they’re turned off 
for engineering work. There have been three 
observing runs so far, so we’ve got three data 
sets,” says Dr Baker. So far 91 gravitational wave 
events have been detected, including the first 
collision of two neutron stars in 2017, an event 
which Dr Baker says provided some additional 
information. “We can detect gravitational wave 
events, while for some special events there is 
also basically an accompanying flash of light in 
the sky called an electromagnetic counterpart, 

in which case you get a kind of two-channel 
detection,” she outlines. “Those kinds of events 
are really special.”

The event detected in 2017 was one such 
example, providing cosmologists with two 
sources of information. With data on both 
gravitational waves and the electromagnetic 
counterpart, Dr Baker says it’s possible to both 
work out the properties of the source and also 
gain deeper cosmological insights. “That’s why 
those events are really important. However, 
they’re also really rare,” she acknowledges. 
This is an issue central to the Shade project, 
with Dr Baker and her colleagues developing 
techniques to get interesting science out of 
data on gravitational waves, even without the 
electromagnetic counterpart. “It had been 
thought that we could just use these special 
events, which are called standard sirens, and 
that there would be enough of them for our 
purposes. However, we also want to exploit 
the rest of our gravitational wave detections,” 

she says. “The bulk of our data relates to 
events with just a gravitational wave.”

A technique called dark sirens is being 
developed in the project to make better use of 
this data. When a gravitational wave is detected, 
researchers get a very loose idea of which part 
of the sky it’s come from. “Gravitational wave 
events originate inside galaxies. So you know 
that that gravitational wave you’ve detected 
must have happened in one of the thousands 
of galaxies that are in the right part of the 
sky, you just don’t know which one,” explains 
Dr Baker. “This uncertainty means the results 
from any single gravitational wave detection 
are very weak, but one can combine them for 
better results. Though the 91 events in hand at 
present is a relatively small number in statistical 
terms, this will change as more gravitational 
wave detections are made. This is the statistical 
dimension of the Shade project.”

Dark energy
The wider aim is to use this data from distant 
gravitational wave sources to learn more about 
dark energy, the nature of which is one of 
the most prominent unresolved questions in 
cosmology. The expansion rate of the universe 
is accelerating, and the underlying reason 
why is still not clear. “Dark energy is a kind of 
placeholder name given to whatever it is that is 
causing the expansion of the universe to speed 
up,” says Dr Baker. One of the most popular 
theories to explain this acceleration is that we 
might have misunderstood the laws of gravity, 
that describe the universe on the very largest 

Gravitational waves were directly detected for the first time in 2015, and since then nearly 
100 further events have been detected. Researchers in the Shade project are now developing 
statistical techniques to analyse how these waves have propagated, work which could 
lead to deeper insights into the nature of dark energy, as Dr Tessa Baker explains.

New light on gravitational waves

We can detect gravitational wave events, while for some 
special events there is also basically an accompanying flash of light in 
the sky called an electromagnetic counterpart,  
in which case you get a kind of two-channel detection.GW Friction
with bright & 
dark sirens
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GW propagation
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GW propagating on FRW background in modified gravity:

Modified `friction’                 
→ changes GW amplitude

Modified propagation speed

1
<latexit sha1_base64="wAGuNgSdVJqBVadM9oLfpD1N08w=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPgadkxC5pb0IvHBMwDkiXMTmaTMbOzy8ysEEK+wIsHRbz6Sd78GycvUNGChqKqm+6uMBVcG8/7dHJr6xubW/ntws7u3v5B8fCoqZNMUdagiUhUOySaCS5Zw3AjWDtVjMShYK1wdDPzWw9MaZ7IOzNOWRCTgeQRp8RYqY57xZLnVipl3/fRguAVKWOEXW+OEixR6xU/uv2EZjGThgqidQd7qQkmRBlOBZsWuplmKaEjMmAdSyWJmQ4m80On6MwqfRQlypY0aK5+n5iQWOtxHNrOmJih/u3NxL+8Tmaiq2DCZZoZJuliUZQJZBI0+xr1uWLUiLElhCpub0V0SBShxmZTsCGsPkX/k+aFiz0X1/1S9XoZRx5O4BTOAcMlVOEWatAACgwe4RlenHvnyXl13hatOWc5cww/4Lx/AQA+jRE=</latexit><latexit sha1_base64="wAGuNgSdVJqBVadM9oLfpD1N08w=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPgadkxC5pb0IvHBMwDkiXMTmaTMbOzy8ysEEK+wIsHRbz6Sd78GycvUNGChqKqm+6uMBVcG8/7dHJr6xubW/ntws7u3v5B8fCoqZNMUdagiUhUOySaCS5Zw3AjWDtVjMShYK1wdDPzWw9MaZ7IOzNOWRCTgeQRp8RYqY57xZLnVipl3/fRguAVKWOEXW+OEixR6xU/uv2EZjGThgqidQd7qQkmRBlOBZsWuplmKaEjMmAdSyWJmQ4m80On6MwqfRQlypY0aK5+n5iQWOtxHNrOmJih/u3NxL+8Tmaiq2DCZZoZJuliUZQJZBI0+xr1uWLUiLElhCpub0V0SBShxmZTsCGsPkX/k+aFiz0X1/1S9XoZRx5O4BTOAcMlVOEWatAACgwe4RlenHvnyXl13hatOWc5cww/4Lx/AQA+jRE=</latexit><latexit sha1_base64="wAGuNgSdVJqBVadM9oLfpD1N08w=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPgadkxC5pb0IvHBMwDkiXMTmaTMbOzy8ysEEK+wIsHRbz6Sd78GycvUNGChqKqm+6uMBVcG8/7dHJr6xubW/ntws7u3v5B8fCoqZNMUdagiUhUOySaCS5Zw3AjWDtVjMShYK1wdDPzWw9MaZ7IOzNOWRCTgeQRp8RYqY57xZLnVipl3/fRguAVKWOEXW+OEixR6xU/uv2EZjGThgqidQd7qQkmRBlOBZsWuplmKaEjMmAdSyWJmQ4m80On6MwqfRQlypY0aK5+n5iQWOtxHNrOmJih/u3NxL+8Tmaiq2DCZZoZJuliUZQJZBI0+xr1uWLUiLElhCpub0V0SBShxmZTsCGsPkX/k+aFiz0X1/1S9XoZRx5O4BTOAcMlVOEWatAACgwe4RlenHvnyXl13hatOWc5cww/4Lx/AQA+jRE=</latexit><latexit sha1_base64="wAGuNgSdVJqBVadM9oLfpD1N08w=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPgadkxC5pb0IvHBMwDkiXMTmaTMbOzy8ysEEK+wIsHRbz6Sd78GycvUNGChqKqm+6uMBVcG8/7dHJr6xubW/ntws7u3v5B8fCoqZNMUdagiUhUOySaCS5Zw3AjWDtVjMShYK1wdDPzWw9MaZ7IOzNOWRCTgeQRp8RYqY57xZLnVipl3/fRguAVKWOEXW+OEixR6xU/uv2EZjGThgqidQd7qQkmRBlOBZsWuplmKaEjMmAdSyWJmQ4m80On6MwqfRQlypY0aK5+n5iQWOtxHNrOmJih/u3NxL+8Tmaiq2DCZZoZJuliUZQJZBI0+xr1uWLUiLElhCpub0V0SBShxmZTsCGsPkX/k+aFiz0X1/1S9XoZRx5O4BTOAcMlVOEWatAACgwe4RlenHvnyXl13hatOWc5cww/4Lx/AQA+jRE=</latexit>

⌫(z) )
<latexit sha1_base64="vgMMaVeNBzTqyhM+Psl/DO+Epn8="></latexit><latexit sha1_base64="vgMMaVeNBzTqyhM+Psl/DO+Epn8="></latexit><latexit sha1_base64="vgMMaVeNBzTqyhM+Psl/DO+Epn8="></latexit><latexit sha1_base64="vgMMaVeNBzTqyhM+Psl/DO+Epn8="></latexit>
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GW luminosity distances

<latexit sha1_base64="PhvdcyRSvVVZxYhIwiIx/FIUP/c="></latexit>

h̃+,⇥(f) / M2
z

dL
(⇡Mz f)

� 7
6 (polarisation angles)⇥

<latexit sha1_base64="LNhAoHD86kEte+sXvWFb54SDXh0=">AAAB7XicdVDLSgNBEJyNrxhfUY9eBoPgadnVBc0t6MVjBPOAZAmzk9lkzOzMMtMrhCX/4MWDIl79H2/+jZMXqGhBQ1HVTXdXlApuwPM+ncLK6tr6RnGztLW9s7tX3j9oGpVpyhpUCaXbETFMcMkawEGwdqoZSSLBWtHoeuq3Hpg2XMk7GKcsTMhA8phTAlZqdoEnzPTKFc+tVs+DIMBz4i/JuY9915uhghao98of3b6iWcIkUEGM6fheCmFONHAq2KTUzQxLCR2RAetYKoldEuazayf4xCp9HCttSwKeqd8ncpIYM04i25kQGJrf3lT8y+tkEF+GOZdpBkzS+aI4ExgUnr6O+1wzCmJsCaGa21sxHRJNKNiASjaE5af4f9I8c33P9W+DSu1qEUcRHaFjdIp8dIFq6AbVUQNRdI8e0TN6cZTz5Lw6b/PWgrOYOUQ/4Lx/ATvMj5A=</latexit><latexit sha1_base64="LNhAoHD86kEte+sXvWFb54SDXh0=">AAAB7XicdVDLSgNBEJyNrxhfUY9eBoPgadnVBc0t6MVjBPOAZAmzk9lkzOzMMtMrhCX/4MWDIl79H2/+jZMXqGhBQ1HVTXdXlApuwPM+ncLK6tr6RnGztLW9s7tX3j9oGpVpyhpUCaXbETFMcMkawEGwdqoZSSLBWtHoeuq3Hpg2XMk7GKcsTMhA8phTAlZqdoEnzPTKFc+tVs+DIMBz4i/JuY9915uhghao98of3b6iWcIkUEGM6fheCmFONHAq2KTUzQxLCR2RAetYKoldEuazayf4xCp9HCttSwKeqd8ncpIYM04i25kQGJrf3lT8y+tkEF+GOZdpBkzS+aI4ExgUnr6O+1wzCmJsCaGa21sxHRJNKNiASjaE5af4f9I8c33P9W+DSu1qEUcRHaFjdIp8dIFq6AbVUQNRdI8e0TN6cZTz5Lw6b/PWgrOYOUQ/4Lx/ATvMj5A=</latexit><latexit sha1_base64="LNhAoHD86kEte+sXvWFb54SDXh0=">AAAB7XicdVDLSgNBEJyNrxhfUY9eBoPgadnVBc0t6MVjBPOAZAmzk9lkzOzMMtMrhCX/4MWDIl79H2/+jZMXqGhBQ1HVTXdXlApuwPM+ncLK6tr6RnGztLW9s7tX3j9oGpVpyhpUCaXbETFMcMkawEGwdqoZSSLBWtHoeuq3Hpg2XMk7GKcsTMhA8phTAlZqdoEnzPTKFc+tVs+DIMBz4i/JuY9915uhghao98of3b6iWcIkUEGM6fheCmFONHAq2KTUzQxLCR2RAetYKoldEuazayf4xCp9HCttSwKeqd8ncpIYM04i25kQGJrf3lT8y+tkEF+GOZdpBkzS+aI4ExgUnr6O+1wzCmJsCaGa21sxHRJNKNiASjaE5af4f9I8c33P9W+DSu1qEUcRHaFjdIp8dIFq6AbVUQNRdI8e0TN6cZTz5Lw6b/PWgrOYOUQ/4Lx/ATvMj5A=</latexit><latexit sha1_base64="LNhAoHD86kEte+sXvWFb54SDXh0=">AAAB7XicdVDLSgNBEJyNrxhfUY9eBoPgadnVBc0t6MVjBPOAZAmzk9lkzOzMMtMrhCX/4MWDIl79H2/+jZMXqGhBQ1HVTXdXlApuwPM+ncLK6tr6RnGztLW9s7tX3j9oGpVpyhpUCaXbETFMcMkawEGwdqoZSSLBWtHoeuq3Hpg2XMk7GKcsTMhA8phTAlZqdoEnzPTKFc+tVs+DIMBz4i/JuY9915uhghao98of3b6iWcIkUEGM6fheCmFONHAq2KTUzQxLCR2RAetYKoldEuazayf4xCp9HCttSwKeqd8ncpIYM04i25kQGJrf3lT8y+tkEF+GOZdpBkzS+aI4ExgUnr6O+1wzCmJsCaGa21sxHRJNKNiASjaE5af4f9I8c33P9W+DSu1qEUcRHaFjdIp8dIFq6AbVUQNRdI8e0TN6cZTz5Lw6b/PWgrOYOUQ/4Lx/ATvMj5A=</latexit>

⇥
<latexit sha1_base64="LNhAoHD86kEte+sXvWFb54SDXh0=">AAAB7XicdVDLSgNBEJyNrxhfUY9eBoPgadnVBc0t6MVjBPOAZAmzk9lkzOzMMtMrhCX/4MWDIl79H2/+jZMXqGhBQ1HVTXdXlApuwPM+ncLK6tr6RnGztLW9s7tX3j9oGpVpyhpUCaXbETFMcMkawEGwdqoZSSLBWtHoeuq3Hpg2XMk7GKcsTMhA8phTAlZqdoEnzPTKFc+tVs+DIMBz4i/JuY9915uhghao98of3b6iWcIkUEGM6fheCmFONHAq2KTUzQxLCR2RAetYKoldEuazayf4xCp9HCttSwKeqd8ncpIYM04i25kQGJrf3lT8y+tkEF+GOZdpBkzS+aI4ExgUnr6O+1wzCmJsCaGa21sxHRJNKNiASjaE5af4f9I8c33P9W+DSu1qEUcRHaFjdIp8dIFq6AbVUQNRdI8e0TN6cZTz5Lw6b/PWgrOYOUQ/4Lx/ATvMj5A=</latexit><latexit sha1_base64="LNhAoHD86kEte+sXvWFb54SDXh0=">AAAB7XicdVDLSgNBEJyNrxhfUY9eBoPgadnVBc0t6MVjBPOAZAmzk9lkzOzMMtMrhCX/4MWDIl79H2/+jZMXqGhBQ1HVTXdXlApuwPM+ncLK6tr6RnGztLW9s7tX3j9oGpVpyhpUCaXbETFMcMkawEGwdqoZSSLBWtHoeuq3Hpg2XMk7GKcsTMhA8phTAlZqdoEnzPTKFc+tVs+DIMBz4i/JuY9915uhghao98of3b6iWcIkUEGM6fheCmFONHAq2KTUzQxLCR2RAetYKoldEuazayf4xCp9HCttSwKeqd8ncpIYM04i25kQGJrf3lT8y+tkEF+GOZdpBkzS+aI4ExgUnr6O+1wzCmJsCaGa21sxHRJNKNiASjaE5af4f9I8c33P9W+DSu1qEUcRHaFjdIp8dIFq6AbVUQNRdI8e0TN6cZTz5Lw6b/PWgrOYOUQ/4Lx/ATvMj5A=</latexit><latexit sha1_base64="LNhAoHD86kEte+sXvWFb54SDXh0=">AAAB7XicdVDLSgNBEJyNrxhfUY9eBoPgadnVBc0t6MVjBPOAZAmzk9lkzOzMMtMrhCX/4MWDIl79H2/+jZMXqGhBQ1HVTXdXlApuwPM+ncLK6tr6RnGztLW9s7tX3j9oGpVpyhpUCaXbETFMcMkawEGwdqoZSSLBWtHoeuq3Hpg2XMk7GKcsTMhA8phTAlZqdoEnzPTKFc+tVs+DIMBz4i/JuY9915uhghao98of3b6iWcIkUEGM6fheCmFONHAq2KTUzQxLCR2RAetYKoldEuazayf4xCp9HCttSwKeqd8ncpIYM04i25kQGJrf3lT8y+tkEF+GOZdpBkzS+aI4ExgUnr6O+1wzCmJsCaGa21sxHRJNKNiASjaE5af4f9I8c33P9W+DSu1qEUcRHaFjdIp8dIFq6AbVUQNRdI8e0TN6cZTz5Lw6b/PWgrOYOUQ/4Lx/ATvMj5A=</latexit><latexit sha1_base64="LNhAoHD86kEte+sXvWFb54SDXh0=">AAAB7XicdVDLSgNBEJyNrxhfUY9eBoPgadnVBc0t6MVjBPOAZAmzk9lkzOzMMtMrhCX/4MWDIl79H2/+jZMXqGhBQ1HVTXdXlApuwPM+ncLK6tr6RnGztLW9s7tX3j9oGpVpyhpUCaXbETFMcMkawEGwdqoZSSLBWtHoeuq3Hpg2XMk7GKcsTMhA8phTAlZqdoEnzPTKFc+tVs+DIMBz4i/JuY9915uhghao98of3b6iWcIkUEGM6fheCmFONHAq2KTUzQxLCR2RAetYKoldEuazayf4xCp9HCttSwKeqd8ncpIYM04i25kQGJrf3lT8y+tkEF+GOZdpBkzS+aI4ExgUnr6O+1wzCmJsCaGa21sxHRJNKNiASjaE5af4f9I8c33P9W+DSu1qEUcRHaFjdIp8dIFq6AbVUQNRdI8e0TN6cZTz5Lw6b/PWgrOYOUQ/4Lx/ATvMj5A=</latexit>

⇥
<latexit sha1_base64="LNhAoHD86kEte+sXvWFb54SDXh0=">AAAB7XicdVDLSgNBEJyNrxhfUY9eBoPgadnVBc0t6MVjBPOAZAmzk9lkzOzMMtMrhCX/4MWDIl79H2/+jZMXqGhBQ1HVTXdXlApuwPM+ncLK6tr6RnGztLW9s7tX3j9oGpVpyhpUCaXbETFMcMkawEGwdqoZSSLBWtHoeuq3Hpg2XMk7GKcsTMhA8phTAlZqdoEnzPTKFc+tVs+DIMBz4i/JuY9915uhghao98of3b6iWcIkUEGM6fheCmFONHAq2KTUzQxLCR2RAetYKoldEuazayf4xCp9HCttSwKeqd8ncpIYM04i25kQGJrf3lT8y+tkEF+GOZdpBkzS+aI4ExgUnr6O+1wzCmJsCaGa21sxHRJNKNiASjaE5af4f9I8c33P9W+DSu1qEUcRHaFjdIp8dIFq6AbVUQNRdI8e0TN6cZTz5Lw6b/PWgrOYOUQ/4Lx/ATvMj5A=</latexit><latexit sha1_base64="LNhAoHD86kEte+sXvWFb54SDXh0=">AAAB7XicdVDLSgNBEJyNrxhfUY9eBoPgadnVBc0t6MVjBPOAZAmzk9lkzOzMMtMrhCX/4MWDIl79H2/+jZMXqGhBQ1HVTXdXlApuwPM+ncLK6tr6RnGztLW9s7tX3j9oGpVpyhpUCaXbETFMcMkawEGwdqoZSSLBWtHoeuq3Hpg2XMk7GKcsTMhA8phTAlZqdoEnzPTKFc+tVs+DIMBz4i/JuY9915uhghao98of3b6iWcIkUEGM6fheCmFONHAq2KTUzQxLCR2RAetYKoldEuazayf4xCp9HCttSwKeqd8ncpIYM04i25kQGJrf3lT8y+tkEF+GOZdpBkzS+aI4ExgUnr6O+1wzCmJsCaGa21sxHRJNKNiASjaE5af4f9I8c33P9W+DSu1qEUcRHaFjdIp8dIFq6AbVUQNRdI8e0TN6cZTz5Lw6b/PWgrOYOUQ/4Lx/ATvMj5A=</latexit><latexit sha1_base64="LNhAoHD86kEte+sXvWFb54SDXh0=">AAAB7XicdVDLSgNBEJyNrxhfUY9eBoPgadnVBc0t6MVjBPOAZAmzk9lkzOzMMtMrhCX/4MWDIl79H2/+jZMXqGhBQ1HVTXdXlApuwPM+ncLK6tr6RnGztLW9s7tX3j9oGpVpyhpUCaXbETFMcMkawEGwdqoZSSLBWtHoeuq3Hpg2XMk7GKcsTMhA8phTAlZqdoEnzPTKFc+tVs+DIMBz4i/JuY9915uhghao98of3b6iWcIkUEGM6fheCmFONHAq2KTUzQxLCR2RAetYKoldEuazayf4xCp9HCttSwKeqd8ncpIYM04i25kQGJrf3lT8y+tkEF+GOZdpBkzS+aI4ExgUnr6O+1wzCmJsCaGa21sxHRJNKNiASjaE5af4f9I8c33P9W+DSu1qEUcRHaFjdIp8dIFq6AbVUQNRdI8e0TN6cZTz5Lw6b/PWgrOYOUQ/4Lx/ATvMj5A=</latexit><latexit sha1_base64="LNhAoHD86kEte+sXvWFb54SDXh0=">AAAB7XicdVDLSgNBEJyNrxhfUY9eBoPgadnVBc0t6MVjBPOAZAmzk9lkzOzMMtMrhCX/4MWDIl79H2/+jZMXqGhBQ1HVTXdXlApuwPM+ncLK6tr6RnGztLW9s7tX3j9oGpVpyhpUCaXbETFMcMkawEGwdqoZSSLBWtHoeuq3Hpg2XMk7GKcsTMhA8phTAlZqdoEnzPTKFc+tVs+DIMBz4i/JuY9915uhghao98of3b6iWcIkUEGM6fheCmFONHAq2KTUzQxLCR2RAetYKoldEuazayf4xCp9HCttSwKeqd8ncpIYM04i25kQGJrf3lT8y+tkEF+GOZdpBkzS+aI4ExgUnr6O+1wzCmJsCaGa21sxHRJNKNiASjaE5af4f9I8c33P9W+DSu1qEUcRHaFjdIp8dIFq6AbVUQNRdI8e0TN6cZTz5Lw6b/PWgrOYOUQ/4Lx/ATvMj5A=</latexit>

(inclination factor)

T. Baker

Deviations from GR affect GW luminosity distances:

LISA CosWG workshop, Stavanger, 06/06/23
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GW luminosity distances

<latexit sha1_base64="PhvdcyRSvVVZxYhIwiIx/FIUP/c="></latexit>

h̃+,⇥(f) / M2
z

dL
(⇡Mz f)

� 7
6 (polarisation angles)⇥

<latexit sha1_base64="LNhAoHD86kEte+sXvWFb54SDXh0=">AAAB7XicdVDLSgNBEJyNrxhfUY9eBoPgadnVBc0t6MVjBPOAZAmzk9lkzOzMMtMrhCX/4MWDIl79H2/+jZMXqGhBQ1HVTXdXlApuwPM+ncLK6tr6RnGztLW9s7tX3j9oGpVpyhpUCaXbETFMcMkawEGwdqoZSSLBWtHoeuq3Hpg2XMk7GKcsTMhA8phTAlZqdoEnzPTKFc+tVs+DIMBz4i/JuY9915uhghao98of3b6iWcIkUEGM6fheCmFONHAq2KTUzQxLCR2RAetYKoldEuazayf4xCp9HCttSwKeqd8ncpIYM04i25kQGJrf3lT8y+tkEF+GOZdpBkzS+aI4ExgUnr6O+1wzCmJsCaGa21sxHRJNKNiASjaE5af4f9I8c33P9W+DSu1qEUcRHaFjdIp8dIFq6AbVUQNRdI8e0TN6cZTz5Lw6b/PWgrOYOUQ/4Lx/ATvMj5A=</latexit><latexit sha1_base64="LNhAoHD86kEte+sXvWFb54SDXh0=">AAAB7XicdVDLSgNBEJyNrxhfUY9eBoPgadnVBc0t6MVjBPOAZAmzk9lkzOzMMtMrhCX/4MWDIl79H2/+jZMXqGhBQ1HVTXdXlApuwPM+ncLK6tr6RnGztLW9s7tX3j9oGpVpyhpUCaXbETFMcMkawEGwdqoZSSLBWtHoeuq3Hpg2XMk7GKcsTMhA8phTAlZqdoEnzPTKFc+tVs+DIMBz4i/JuY9915uhghao98of3b6iWcIkUEGM6fheCmFONHAq2KTUzQxLCR2RAetYKoldEuazayf4xCp9HCttSwKeqd8ncpIYM04i25kQGJrf3lT8y+tkEF+GOZdpBkzS+aI4ExgUnr6O+1wzCmJsCaGa21sxHRJNKNiASjaE5af4f9I8c33P9W+DSu1qEUcRHaFjdIp8dIFq6AbVUQNRdI8e0TN6cZTz5Lw6b/PWgrOYOUQ/4Lx/ATvMj5A=</latexit><latexit sha1_base64="LNhAoHD86kEte+sXvWFb54SDXh0=">AAAB7XicdVDLSgNBEJyNrxhfUY9eBoPgadnVBc0t6MVjBPOAZAmzk9lkzOzMMtMrhCX/4MWDIl79H2/+jZMXqGhBQ1HVTXdXlApuwPM+ncLK6tr6RnGztLW9s7tX3j9oGpVpyhpUCaXbETFMcMkawEGwdqoZSSLBWtHoeuq3Hpg2XMk7GKcsTMhA8phTAlZqdoEnzPTKFc+tVs+DIMBz4i/JuY9915uhghao98of3b6iWcIkUEGM6fheCmFONHAq2KTUzQxLCR2RAetYKoldEuazayf4xCp9HCttSwKeqd8ncpIYM04i25kQGJrf3lT8y+tkEF+GOZdpBkzS+aI4ExgUnr6O+1wzCmJsCaGa21sxHRJNKNiASjaE5af4f9I8c33P9W+DSu1qEUcRHaFjdIp8dIFq6AbVUQNRdI8e0TN6cZTz5Lw6b/PWgrOYOUQ/4Lx/ATvMj5A=</latexit><latexit sha1_base64="LNhAoHD86kEte+sXvWFb54SDXh0=">AAAB7XicdVDLSgNBEJyNrxhfUY9eBoPgadnVBc0t6MVjBPOAZAmzk9lkzOzMMtMrhCX/4MWDIl79H2/+jZMXqGhBQ1HVTXdXlApuwPM+ncLK6tr6RnGztLW9s7tX3j9oGpVpyhpUCaXbETFMcMkawEGwdqoZSSLBWtHoeuq3Hpg2XMk7GKcsTMhA8phTAlZqdoEnzPTKFc+tVs+DIMBz4i/JuY9915uhghao98of3b6iWcIkUEGM6fheCmFONHAq2KTUzQxLCR2RAetYKoldEuazayf4xCp9HCttSwKeqd8ncpIYM04i25kQGJrf3lT8y+tkEF+GOZdpBkzS+aI4ExgUnr6O+1wzCmJsCaGa21sxHRJNKNiASjaE5af4f9I8c33P9W+DSu1qEUcRHaFjdIp8dIFq6AbVUQNRdI8e0TN6cZTz5Lw6b/PWgrOYOUQ/4Lx/ATvMj5A=</latexit>

⇥
<latexit sha1_base64="LNhAoHD86kEte+sXvWFb54SDXh0=">AAAB7XicdVDLSgNBEJyNrxhfUY9eBoPgadnVBc0t6MVjBPOAZAmzk9lkzOzMMtMrhCX/4MWDIl79H2/+jZMXqGhBQ1HVTXdXlApuwPM+ncLK6tr6RnGztLW9s7tX3j9oGpVpyhpUCaXbETFMcMkawEGwdqoZSSLBWtHoeuq3Hpg2XMk7GKcsTMhA8phTAlZqdoEnzPTKFc+tVs+DIMBz4i/JuY9915uhghao98of3b6iWcIkUEGM6fheCmFONHAq2KTUzQxLCR2RAetYKoldEuazayf4xCp9HCttSwKeqd8ncpIYM04i25kQGJrf3lT8y+tkEF+GOZdpBkzS+aI4ExgUnr6O+1wzCmJsCaGa21sxHRJNKNiASjaE5af4f9I8c33P9W+DSu1qEUcRHaFjdIp8dIFq6AbVUQNRdI8e0TN6cZTz5Lw6b/PWgrOYOUQ/4Lx/ATvMj5A=</latexit><latexit sha1_base64="LNhAoHD86kEte+sXvWFb54SDXh0=">AAAB7XicdVDLSgNBEJyNrxhfUY9eBoPgadnVBc0t6MVjBPOAZAmzk9lkzOzMMtMrhCX/4MWDIl79H2/+jZMXqGhBQ1HVTXdXlApuwPM+ncLK6tr6RnGztLW9s7tX3j9oGpVpyhpUCaXbETFMcMkawEGwdqoZSSLBWtHoeuq3Hpg2XMk7GKcsTMhA8phTAlZqdoEnzPTKFc+tVs+DIMBz4i/JuY9915uhghao98of3b6iWcIkUEGM6fheCmFONHAq2KTUzQxLCR2RAetYKoldEuazayf4xCp9HCttSwKeqd8ncpIYM04i25kQGJrf3lT8y+tkEF+GOZdpBkzS+aI4ExgUnr6O+1wzCmJsCaGa21sxHRJNKNiASjaE5af4f9I8c33P9W+DSu1qEUcRHaFjdIp8dIFq6AbVUQNRdI8e0TN6cZTz5Lw6b/PWgrOYOUQ/4Lx/ATvMj5A=</latexit><latexit sha1_base64="LNhAoHD86kEte+sXvWFb54SDXh0=">AAAB7XicdVDLSgNBEJyNrxhfUY9eBoPgadnVBc0t6MVjBPOAZAmzk9lkzOzMMtMrhCX/4MWDIl79H2/+jZMXqGhBQ1HVTXdXlApuwPM+ncLK6tr6RnGztLW9s7tX3j9oGpVpyhpUCaXbETFMcMkawEGwdqoZSSLBWtHoeuq3Hpg2XMk7GKcsTMhA8phTAlZqdoEnzPTKFc+tVs+DIMBz4i/JuY9915uhghao98of3b6iWcIkUEGM6fheCmFONHAq2KTUzQxLCR2RAetYKoldEuazayf4xCp9HCttSwKeqd8ncpIYM04i25kQGJrf3lT8y+tkEF+GOZdpBkzS+aI4ExgUnr6O+1wzCmJsCaGa21sxHRJNKNiASjaE5af4f9I8c33P9W+DSu1qEUcRHaFjdIp8dIFq6AbVUQNRdI8e0TN6cZTz5Lw6b/PWgrOYOUQ/4Lx/ATvMj5A=</latexit><latexit sha1_base64="LNhAoHD86kEte+sXvWFb54SDXh0=">AAAB7XicdVDLSgNBEJyNrxhfUY9eBoPgadnVBc0t6MVjBPOAZAmzk9lkzOzMMtMrhCX/4MWDIl79H2/+jZMXqGhBQ1HVTXdXlApuwPM+ncLK6tr6RnGztLW9s7tX3j9oGpVpyhpUCaXbETFMcMkawEGwdqoZSSLBWtHoeuq3Hpg2XMk7GKcsTMhA8phTAlZqdoEnzPTKFc+tVs+DIMBz4i/JuY9915uhghao98of3b6iWcIkUEGM6fheCmFONHAq2KTUzQxLCR2RAetYKoldEuazayf4xCp9HCttSwKeqd8ncpIYM04i25kQGJrf3lT8y+tkEF+GOZdpBkzS+aI4ExgUnr6O+1wzCmJsCaGa21sxHRJNKNiASjaE5af4f9I8c33P9W+DSu1qEUcRHaFjdIp8dIFq6AbVUQNRdI8e0TN6cZTz5Lw6b/PWgrOYOUQ/4Lx/ATvMj5A=</latexit>

⇥
<latexit sha1_base64="LNhAoHD86kEte+sXvWFb54SDXh0=">AAAB7XicdVDLSgNBEJyNrxhfUY9eBoPgadnVBc0t6MVjBPOAZAmzk9lkzOzMMtMrhCX/4MWDIl79H2/+jZMXqGhBQ1HVTXdXlApuwPM+ncLK6tr6RnGztLW9s7tX3j9oGpVpyhpUCaXbETFMcMkawEGwdqoZSSLBWtHoeuq3Hpg2XMk7GKcsTMhA8phTAlZqdoEnzPTKFc+tVs+DIMBz4i/JuY9915uhghao98of3b6iWcIkUEGM6fheCmFONHAq2KTUzQxLCR2RAetYKoldEuazayf4xCp9HCttSwKeqd8ncpIYM04i25kQGJrf3lT8y+tkEF+GOZdpBkzS+aI4ExgUnr6O+1wzCmJsCaGa21sxHRJNKNiASjaE5af4f9I8c33P9W+DSu1qEUcRHaFjdIp8dIFq6AbVUQNRdI8e0TN6cZTz5Lw6b/PWgrOYOUQ/4Lx/ATvMj5A=</latexit><latexit sha1_base64="LNhAoHD86kEte+sXvWFb54SDXh0=">AAAB7XicdVDLSgNBEJyNrxhfUY9eBoPgadnVBc0t6MVjBPOAZAmzk9lkzOzMMtMrhCX/4MWDIl79H2/+jZMXqGhBQ1HVTXdXlApuwPM+ncLK6tr6RnGztLW9s7tX3j9oGpVpyhpUCaXbETFMcMkawEGwdqoZSSLBWtHoeuq3Hpg2XMk7GKcsTMhA8phTAlZqdoEnzPTKFc+tVs+DIMBz4i/JuY9915uhghao98of3b6iWcIkUEGM6fheCmFONHAq2KTUzQxLCR2RAetYKoldEuazayf4xCp9HCttSwKeqd8ncpIYM04i25kQGJrf3lT8y+tkEF+GOZdpBkzS+aI4ExgUnr6O+1wzCmJsCaGa21sxHRJNKNiASjaE5af4f9I8c33P9W+DSu1qEUcRHaFjdIp8dIFq6AbVUQNRdI8e0TN6cZTz5Lw6b/PWgrOYOUQ/4Lx/ATvMj5A=</latexit><latexit sha1_base64="LNhAoHD86kEte+sXvWFb54SDXh0=">AAAB7XicdVDLSgNBEJyNrxhfUY9eBoPgadnVBc0t6MVjBPOAZAmzk9lkzOzMMtMrhCX/4MWDIl79H2/+jZMXqGhBQ1HVTXdXlApuwPM+ncLK6tr6RnGztLW9s7tX3j9oGpVpyhpUCaXbETFMcMkawEGwdqoZSSLBWtHoeuq3Hpg2XMk7GKcsTMhA8phTAlZqdoEnzPTKFc+tVs+DIMBz4i/JuY9915uhghao98of3b6iWcIkUEGM6fheCmFONHAq2KTUzQxLCR2RAetYKoldEuazayf4xCp9HCttSwKeqd8ncpIYM04i25kQGJrf3lT8y+tkEF+GOZdpBkzS+aI4ExgUnr6O+1wzCmJsCaGa21sxHRJNKNiASjaE5af4f9I8c33P9W+DSu1qEUcRHaFjdIp8dIFq6AbVUQNRdI8e0TN6cZTz5Lw6b/PWgrOYOUQ/4Lx/ATvMj5A=</latexit><latexit sha1_base64="LNhAoHD86kEte+sXvWFb54SDXh0=">AAAB7XicdVDLSgNBEJyNrxhfUY9eBoPgadnVBc0t6MVjBPOAZAmzk9lkzOzMMtMrhCX/4MWDIl79H2/+jZMXqGhBQ1HVTXdXlApuwPM+ncLK6tr6RnGztLW9s7tX3j9oGpVpyhpUCaXbETFMcMkawEGwdqoZSSLBWtHoeuq3Hpg2XMk7GKcsTMhA8phTAlZqdoEnzPTKFc+tVs+DIMBz4i/JuY9915uhghao98of3b6iWcIkUEGM6fheCmFONHAq2KTUzQxLCR2RAetYKoldEuazayf4xCp9HCttSwKeqd8ncpIYM04i25kQGJrf3lT8y+tkEF+GOZdpBkzS+aI4ExgUnr6O+1wzCmJsCaGa21sxHRJNKNiASjaE5af4f9I8c33P9W+DSu1qEUcRHaFjdIp8dIFq6AbVUQNRdI8e0TN6cZTz5Lw6b/PWgrOYOUQ/4Lx/ATvMj5A=</latexit>

(inclination factor)

T. Baker

Deviations from GR affect GW luminosity distances:

LISA CosWG workshop, Stavanger, 06/06/23
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<latexit sha1_base64="PhvdcyRSvVVZxYhIwiIx/FIUP/c="></latexit>

h̃+,⇥(f) / M2
z

dL
(⇡Mz f)

� 7
6 (polarisation angles)⇥

<latexit sha1_base64="LNhAoHD86kEte+sXvWFb54SDXh0=">AAAB7XicdVDLSgNBEJyNrxhfUY9eBoPgadnVBc0t6MVjBPOAZAmzk9lkzOzMMtMrhCX/4MWDIl79H2/+jZMXqGhBQ1HVTXdXlApuwPM+ncLK6tr6RnGztLW9s7tX3j9oGpVpyhpUCaXbETFMcMkawEGwdqoZSSLBWtHoeuq3Hpg2XMk7GKcsTMhA8phTAlZqdoEnzPTKFc+tVs+DIMBz4i/JuY9915uhghao98of3b6iWcIkUEGM6fheCmFONHAq2KTUzQxLCR2RAetYKoldEuazayf4xCp9HCttSwKeqd8ncpIYM04i25kQGJrf3lT8y+tkEF+GOZdpBkzS+aI4ExgUnr6O+1wzCmJsCaGa21sxHRJNKNiASjaE5af4f9I8c33P9W+DSu1qEUcRHaFjdIp8dIFq6AbVUQNRdI8e0TN6cZTz5Lw6b/PWgrOYOUQ/4Lx/ATvMj5A=</latexit><latexit sha1_base64="LNhAoHD86kEte+sXvWFb54SDXh0=">AAAB7XicdVDLSgNBEJyNrxhfUY9eBoPgadnVBc0t6MVjBPOAZAmzk9lkzOzMMtMrhCX/4MWDIl79H2/+jZMXqGhBQ1HVTXdXlApuwPM+ncLK6tr6RnGztLW9s7tX3j9oGpVpyhpUCaXbETFMcMkawEGwdqoZSSLBWtHoeuq3Hpg2XMk7GKcsTMhA8phTAlZqdoEnzPTKFc+tVs+DIMBz4i/JuY9915uhghao98of3b6iWcIkUEGM6fheCmFONHAq2KTUzQxLCR2RAetYKoldEuazayf4xCp9HCttSwKeqd8ncpIYM04i25kQGJrf3lT8y+tkEF+GOZdpBkzS+aI4ExgUnr6O+1wzCmJsCaGa21sxHRJNKNiASjaE5af4f9I8c33P9W+DSu1qEUcRHaFjdIp8dIFq6AbVUQNRdI8e0TN6cZTz5Lw6b/PWgrOYOUQ/4Lx/ATvMj5A=</latexit><latexit sha1_base64="LNhAoHD86kEte+sXvWFb54SDXh0=">AAAB7XicdVDLSgNBEJyNrxhfUY9eBoPgadnVBc0t6MVjBPOAZAmzk9lkzOzMMtMrhCX/4MWDIl79H2/+jZMXqGhBQ1HVTXdXlApuwPM+ncLK6tr6RnGztLW9s7tX3j9oGpVpyhpUCaXbETFMcMkawEGwdqoZSSLBWtHoeuq3Hpg2XMk7GKcsTMhA8phTAlZqdoEnzPTKFc+tVs+DIMBz4i/JuY9915uhghao98of3b6iWcIkUEGM6fheCmFONHAq2KTUzQxLCR2RAetYKoldEuazayf4xCp9HCttSwKeqd8ncpIYM04i25kQGJrf3lT8y+tkEF+GOZdpBkzS+aI4ExgUnr6O+1wzCmJsCaGa21sxHRJNKNiASjaE5af4f9I8c33P9W+DSu1qEUcRHaFjdIp8dIFq6AbVUQNRdI8e0TN6cZTz5Lw6b/PWgrOYOUQ/4Lx/ATvMj5A=</latexit><latexit sha1_base64="LNhAoHD86kEte+sXvWFb54SDXh0=">AAAB7XicdVDLSgNBEJyNrxhfUY9eBoPgadnVBc0t6MVjBPOAZAmzk9lkzOzMMtMrhCX/4MWDIl79H2/+jZMXqGhBQ1HVTXdXlApuwPM+ncLK6tr6RnGztLW9s7tX3j9oGpVpyhpUCaXbETFMcMkawEGwdqoZSSLBWtHoeuq3Hpg2XMk7GKcsTMhA8phTAlZqdoEnzPTKFc+tVs+DIMBz4i/JuY9915uhghao98of3b6iWcIkUEGM6fheCmFONHAq2KTUzQxLCR2RAetYKoldEuazayf4xCp9HCttSwKeqd8ncpIYM04i25kQGJrf3lT8y+tkEF+GOZdpBkzS+aI4ExgUnr6O+1wzCmJsCaGa21sxHRJNKNiASjaE5af4f9I8c33P9W+DSu1qEUcRHaFjdIp8dIFq6AbVUQNRdI8e0TN6cZTz5Lw6b/PWgrOYOUQ/4Lx/ATvMj5A=</latexit>

⇥
<latexit sha1_base64="LNhAoHD86kEte+sXvWFb54SDXh0=">AAAB7XicdVDLSgNBEJyNrxhfUY9eBoPgadnVBc0t6MVjBPOAZAmzk9lkzOzMMtMrhCX/4MWDIl79H2/+jZMXqGhBQ1HVTXdXlApuwPM+ncLK6tr6RnGztLW9s7tX3j9oGpVpyhpUCaXbETFMcMkawEGwdqoZSSLBWtHoeuq3Hpg2XMk7GKcsTMhA8phTAlZqdoEnzPTKFc+tVs+DIMBz4i/JuY9915uhghao98of3b6iWcIkUEGM6fheCmFONHAq2KTUzQxLCR2RAetYKoldEuazayf4xCp9HCttSwKeqd8ncpIYM04i25kQGJrf3lT8y+tkEF+GOZdpBkzS+aI4ExgUnr6O+1wzCmJsCaGa21sxHRJNKNiASjaE5af4f9I8c33P9W+DSu1qEUcRHaFjdIp8dIFq6AbVUQNRdI8e0TN6cZTz5Lw6b/PWgrOYOUQ/4Lx/ATvMj5A=</latexit><latexit sha1_base64="LNhAoHD86kEte+sXvWFb54SDXh0=">AAAB7XicdVDLSgNBEJyNrxhfUY9eBoPgadnVBc0t6MVjBPOAZAmzk9lkzOzMMtMrhCX/4MWDIl79H2/+jZMXqGhBQ1HVTXdXlApuwPM+ncLK6tr6RnGztLW9s7tX3j9oGpVpyhpUCaXbETFMcMkawEGwdqoZSSLBWtHoeuq3Hpg2XMk7GKcsTMhA8phTAlZqdoEnzPTKFc+tVs+DIMBz4i/JuY9915uhghao98of3b6iWcIkUEGM6fheCmFONHAq2KTUzQxLCR2RAetYKoldEuazayf4xCp9HCttSwKeqd8ncpIYM04i25kQGJrf3lT8y+tkEF+GOZdpBkzS+aI4ExgUnr6O+1wzCmJsCaGa21sxHRJNKNiASjaE5af4f9I8c33P9W+DSu1qEUcRHaFjdIp8dIFq6AbVUQNRdI8e0TN6cZTz5Lw6b/PWgrOYOUQ/4Lx/ATvMj5A=</latexit><latexit sha1_base64="LNhAoHD86kEte+sXvWFb54SDXh0=">AAAB7XicdVDLSgNBEJyNrxhfUY9eBoPgadnVBc0t6MVjBPOAZAmzk9lkzOzMMtMrhCX/4MWDIl79H2/+jZMXqGhBQ1HVTXdXlApuwPM+ncLK6tr6RnGztLW9s7tX3j9oGpVpyhpUCaXbETFMcMkawEGwdqoZSSLBWtHoeuq3Hpg2XMk7GKcsTMhA8phTAlZqdoEnzPTKFc+tVs+DIMBz4i/JuY9915uhghao98of3b6iWcIkUEGM6fheCmFONHAq2KTUzQxLCR2RAetYKoldEuazayf4xCp9HCttSwKeqd8ncpIYM04i25kQGJrf3lT8y+tkEF+GOZdpBkzS+aI4ExgUnr6O+1wzCmJsCaGa21sxHRJNKNiASjaE5af4f9I8c33P9W+DSu1qEUcRHaFjdIp8dIFq6AbVUQNRdI8e0TN6cZTz5Lw6b/PWgrOYOUQ/4Lx/ATvMj5A=</latexit><latexit sha1_base64="LNhAoHD86kEte+sXvWFb54SDXh0=">AAAB7XicdVDLSgNBEJyNrxhfUY9eBoPgadnVBc0t6MVjBPOAZAmzk9lkzOzMMtMrhCX/4MWDIl79H2/+jZMXqGhBQ1HVTXdXlApuwPM+ncLK6tr6RnGztLW9s7tX3j9oGpVpyhpUCaXbETFMcMkawEGwdqoZSSLBWtHoeuq3Hpg2XMk7GKcsTMhA8phTAlZqdoEnzPTKFc+tVs+DIMBz4i/JuY9915uhghao98of3b6iWcIkUEGM6fheCmFONHAq2KTUzQxLCR2RAetYKoldEuazayf4xCp9HCttSwKeqd8ncpIYM04i25kQGJrf3lT8y+tkEF+GOZdpBkzS+aI4ExgUnr6O+1wzCmJsCaGa21sxHRJNKNiASjaE5af4f9I8c33P9W+DSu1qEUcRHaFjdIp8dIFq6AbVUQNRdI8e0TN6cZTz5Lw6b/PWgrOYOUQ/4Lx/ATvMj5A=</latexit>

⇥
<latexit sha1_base64="LNhAoHD86kEte+sXvWFb54SDXh0=">AAAB7XicdVDLSgNBEJyNrxhfUY9eBoPgadnVBc0t6MVjBPOAZAmzk9lkzOzMMtMrhCX/4MWDIl79H2/+jZMXqGhBQ1HVTXdXlApuwPM+ncLK6tr6RnGztLW9s7tX3j9oGpVpyhpUCaXbETFMcMkawEGwdqoZSSLBWtHoeuq3Hpg2XMk7GKcsTMhA8phTAlZqdoEnzPTKFc+tVs+DIMBz4i/JuY9915uhghao98of3b6iWcIkUEGM6fheCmFONHAq2KTUzQxLCR2RAetYKoldEuazayf4xCp9HCttSwKeqd8ncpIYM04i25kQGJrf3lT8y+tkEF+GOZdpBkzS+aI4ExgUnr6O+1wzCmJsCaGa21sxHRJNKNiASjaE5af4f9I8c33P9W+DSu1qEUcRHaFjdIp8dIFq6AbVUQNRdI8e0TN6cZTz5Lw6b/PWgrOYOUQ/4Lx/ATvMj5A=</latexit><latexit sha1_base64="LNhAoHD86kEte+sXvWFb54SDXh0=">AAAB7XicdVDLSgNBEJyNrxhfUY9eBoPgadnVBc0t6MVjBPOAZAmzk9lkzOzMMtMrhCX/4MWDIl79H2/+jZMXqGhBQ1HVTXdXlApuwPM+ncLK6tr6RnGztLW9s7tX3j9oGpVpyhpUCaXbETFMcMkawEGwdqoZSSLBWtHoeuq3Hpg2XMk7GKcsTMhA8phTAlZqdoEnzPTKFc+tVs+DIMBz4i/JuY9915uhghao98of3b6iWcIkUEGM6fheCmFONHAq2KTUzQxLCR2RAetYKoldEuazayf4xCp9HCttSwKeqd8ncpIYM04i25kQGJrf3lT8y+tkEF+GOZdpBkzS+aI4ExgUnr6O+1wzCmJsCaGa21sxHRJNKNiASjaE5af4f9I8c33P9W+DSu1qEUcRHaFjdIp8dIFq6AbVUQNRdI8e0TN6cZTz5Lw6b/PWgrOYOUQ/4Lx/ATvMj5A=</latexit><latexit sha1_base64="LNhAoHD86kEte+sXvWFb54SDXh0=">AAAB7XicdVDLSgNBEJyNrxhfUY9eBoPgadnVBc0t6MVjBPOAZAmzk9lkzOzMMtMrhCX/4MWDIl79H2/+jZMXqGhBQ1HVTXdXlApuwPM+ncLK6tr6RnGztLW9s7tX3j9oGpVpyhpUCaXbETFMcMkawEGwdqoZSSLBWtHoeuq3Hpg2XMk7GKcsTMhA8phTAlZqdoEnzPTKFc+tVs+DIMBz4i/JuY9915uhghao98of3b6iWcIkUEGM6fheCmFONHAq2KTUzQxLCR2RAetYKoldEuazayf4xCp9HCttSwKeqd8ncpIYM04i25kQGJrf3lT8y+tkEF+GOZdpBkzS+aI4ExgUnr6O+1wzCmJsCaGa21sxHRJNKNiASjaE5af4f9I8c33P9W+DSu1qEUcRHaFjdIp8dIFq6AbVUQNRdI8e0TN6cZTz5Lw6b/PWgrOYOUQ/4Lx/ATvMj5A=</latexit><latexit sha1_base64="LNhAoHD86kEte+sXvWFb54SDXh0=">AAAB7XicdVDLSgNBEJyNrxhfUY9eBoPgadnVBc0t6MVjBPOAZAmzk9lkzOzMMtMrhCX/4MWDIl79H2/+jZMXqGhBQ1HVTXdXlApuwPM+ncLK6tr6RnGztLW9s7tX3j9oGpVpyhpUCaXbETFMcMkawEGwdqoZSSLBWtHoeuq3Hpg2XMk7GKcsTMhA8phTAlZqdoEnzPTKFc+tVs+DIMBz4i/JuY9915uhghao98of3b6iWcIkUEGM6fheCmFONHAq2KTUzQxLCR2RAetYKoldEuazayf4xCp9HCttSwKeqd8ncpIYM04i25kQGJrf3lT8y+tkEF+GOZdpBkzS+aI4ExgUnr6O+1wzCmJsCaGa21sxHRJNKNiASjaE5af4f9I8c33P9W+DSu1qEUcRHaFjdIp8dIFq6AbVUQNRdI8e0TN6cZTz5Lw6b/PWgrOYOUQ/4Lx/ATvMj5A=</latexit>

(inclination factor)
<latexit sha1_base64="gNL3XWRrzutMuFIFCD+o5EadasA=">AAAB8XicdVDLSsNAFL2pr1pfVZduBovgKiSlWN0VXeiygn1gG8pkMmmHTiZhZiKU0L9w40IRt/6NO//GSVuKih4Y5nDOvdx7j59wprTjfFqFldW19Y3iZmlre2d3r7x/0FZxKgltkZjHsutjRTkTtKWZ5rSbSIojn9OOP77K/c4DlYrF4k5PEupFeChYyAjWRroPBllfRui6Mx2UK459kaOOXNuZATl2Lf/dpVKBBZqD8kc/iEkaUaEJx0r1XCfRXoalZoTTaamfKppgMsZD2jNU4IgqL5ttPEUnRglQGEvzhEYz9XtHhiOlJpFvKiOsR+q3l4t/eb1Uh+dexkSSairIfFCYcqRjlJ+PAiYp0XxiCCaSmV0RGWGJiTYhlUwIy9v/J+2q7Z7Z1dtapXG5iKMIR3AMp+BCHRpwA01oAQEBj/AML5aynqxX621eWrAWPYfwA9b7F4MFkNM=</latexit>

dGW

GW Luminosity distance
<latexit sha1_base64="oeD3pgNimRtVA1y4nkbNUzFrftg="></latexit>

dGW

dL

<latexit sha1_base64="fwZKymCXbuMbffj5ihNr3jd9hFg="></latexit>

6= 1

T. Baker

Deviations from GR affect GW luminosity distances:

GW luminosity distances

LISA CosWG workshop, Stavanger, 06/06/23
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<latexit sha1_base64="PhvdcyRSvVVZxYhIwiIx/FIUP/c="></latexit>

h̃+,⇥(f) / M2
z

dL
(⇡Mz f)

� 7
6 (polarisation angles)⇥

<latexit sha1_base64="LNhAoHD86kEte+sXvWFb54SDXh0=">AAAB7XicdVDLSgNBEJyNrxhfUY9eBoPgadnVBc0t6MVjBPOAZAmzk9lkzOzMMtMrhCX/4MWDIl79H2/+jZMXqGhBQ1HVTXdXlApuwPM+ncLK6tr6RnGztLW9s7tX3j9oGpVpyhpUCaXbETFMcMkawEGwdqoZSSLBWtHoeuq3Hpg2XMk7GKcsTMhA8phTAlZqdoEnzPTKFc+tVs+DIMBz4i/JuY9915uhghao98of3b6iWcIkUEGM6fheCmFONHAq2KTUzQxLCR2RAetYKoldEuazayf4xCp9HCttSwKeqd8ncpIYM04i25kQGJrf3lT8y+tkEF+GOZdpBkzS+aI4ExgUnr6O+1wzCmJsCaGa21sxHRJNKNiASjaE5af4f9I8c33P9W+DSu1qEUcRHaFjdIp8dIFq6AbVUQNRdI8e0TN6cZTz5Lw6b/PWgrOYOUQ/4Lx/ATvMj5A=</latexit><latexit sha1_base64="LNhAoHD86kEte+sXvWFb54SDXh0=">AAAB7XicdVDLSgNBEJyNrxhfUY9eBoPgadnVBc0t6MVjBPOAZAmzk9lkzOzMMtMrhCX/4MWDIl79H2/+jZMXqGhBQ1HVTXdXlApuwPM+ncLK6tr6RnGztLW9s7tX3j9oGpVpyhpUCaXbETFMcMkawEGwdqoZSSLBWtHoeuq3Hpg2XMk7GKcsTMhA8phTAlZqdoEnzPTKFc+tVs+DIMBz4i/JuY9915uhghao98of3b6iWcIkUEGM6fheCmFONHAq2KTUzQxLCR2RAetYKoldEuazayf4xCp9HCttSwKeqd8ncpIYM04i25kQGJrf3lT8y+tkEF+GOZdpBkzS+aI4ExgUnr6O+1wzCmJsCaGa21sxHRJNKNiASjaE5af4f9I8c33P9W+DSu1qEUcRHaFjdIp8dIFq6AbVUQNRdI8e0TN6cZTz5Lw6b/PWgrOYOUQ/4Lx/ATvMj5A=</latexit><latexit sha1_base64="LNhAoHD86kEte+sXvWFb54SDXh0=">AAAB7XicdVDLSgNBEJyNrxhfUY9eBoPgadnVBc0t6MVjBPOAZAmzk9lkzOzMMtMrhCX/4MWDIl79H2/+jZMXqGhBQ1HVTXdXlApuwPM+ncLK6tr6RnGztLW9s7tX3j9oGpVpyhpUCaXbETFMcMkawEGwdqoZSSLBWtHoeuq3Hpg2XMk7GKcsTMhA8phTAlZqdoEnzPTKFc+tVs+DIMBz4i/JuY9915uhghao98of3b6iWcIkUEGM6fheCmFONHAq2KTUzQxLCR2RAetYKoldEuazayf4xCp9HCttSwKeqd8ncpIYM04i25kQGJrf3lT8y+tkEF+GOZdpBkzS+aI4ExgUnr6O+1wzCmJsCaGa21sxHRJNKNiASjaE5af4f9I8c33P9W+DSu1qEUcRHaFjdIp8dIFq6AbVUQNRdI8e0TN6cZTz5Lw6b/PWgrOYOUQ/4Lx/ATvMj5A=</latexit><latexit sha1_base64="LNhAoHD86kEte+sXvWFb54SDXh0=">AAAB7XicdVDLSgNBEJyNrxhfUY9eBoPgadnVBc0t6MVjBPOAZAmzk9lkzOzMMtMrhCX/4MWDIl79H2/+jZMXqGhBQ1HVTXdXlApuwPM+ncLK6tr6RnGztLW9s7tX3j9oGpVpyhpUCaXbETFMcMkawEGwdqoZSSLBWtHoeuq3Hpg2XMk7GKcsTMhA8phTAlZqdoEnzPTKFc+tVs+DIMBz4i/JuY9915uhghao98of3b6iWcIkUEGM6fheCmFONHAq2KTUzQxLCR2RAetYKoldEuazayf4xCp9HCttSwKeqd8ncpIYM04i25kQGJrf3lT8y+tkEF+GOZdpBkzS+aI4ExgUnr6O+1wzCmJsCaGa21sxHRJNKNiASjaE5af4f9I8c33P9W+DSu1qEUcRHaFjdIp8dIFq6AbVUQNRdI8e0TN6cZTz5Lw6b/PWgrOYOUQ/4Lx/ATvMj5A=</latexit>

⇥
<latexit sha1_base64="LNhAoHD86kEte+sXvWFb54SDXh0=">AAAB7XicdVDLSgNBEJyNrxhfUY9eBoPgadnVBc0t6MVjBPOAZAmzk9lkzOzMMtMrhCX/4MWDIl79H2/+jZMXqGhBQ1HVTXdXlApuwPM+ncLK6tr6RnGztLW9s7tX3j9oGpVpyhpUCaXbETFMcMkawEGwdqoZSSLBWtHoeuq3Hpg2XMk7GKcsTMhA8phTAlZqdoEnzPTKFc+tVs+DIMBz4i/JuY9915uhghao98of3b6iWcIkUEGM6fheCmFONHAq2KTUzQxLCR2RAetYKoldEuazayf4xCp9HCttSwKeqd8ncpIYM04i25kQGJrf3lT8y+tkEF+GOZdpBkzS+aI4ExgUnr6O+1wzCmJsCaGa21sxHRJNKNiASjaE5af4f9I8c33P9W+DSu1qEUcRHaFjdIp8dIFq6AbVUQNRdI8e0TN6cZTz5Lw6b/PWgrOYOUQ/4Lx/ATvMj5A=</latexit><latexit sha1_base64="LNhAoHD86kEte+sXvWFb54SDXh0=">AAAB7XicdVDLSgNBEJyNrxhfUY9eBoPgadnVBc0t6MVjBPOAZAmzk9lkzOzMMtMrhCX/4MWDIl79H2/+jZMXqGhBQ1HVTXdXlApuwPM+ncLK6tr6RnGztLW9s7tX3j9oGpVpyhpUCaXbETFMcMkawEGwdqoZSSLBWtHoeuq3Hpg2XMk7GKcsTMhA8phTAlZqdoEnzPTKFc+tVs+DIMBz4i/JuY9915uhghao98of3b6iWcIkUEGM6fheCmFONHAq2KTUzQxLCR2RAetYKoldEuazayf4xCp9HCttSwKeqd8ncpIYM04i25kQGJrf3lT8y+tkEF+GOZdpBkzS+aI4ExgUnr6O+1wzCmJsCaGa21sxHRJNKNiASjaE5af4f9I8c33P9W+DSu1qEUcRHaFjdIp8dIFq6AbVUQNRdI8e0TN6cZTz5Lw6b/PWgrOYOUQ/4Lx/ATvMj5A=</latexit><latexit sha1_base64="LNhAoHD86kEte+sXvWFb54SDXh0=">AAAB7XicdVDLSgNBEJyNrxhfUY9eBoPgadnVBc0t6MVjBPOAZAmzk9lkzOzMMtMrhCX/4MWDIl79H2/+jZMXqGhBQ1HVTXdXlApuwPM+ncLK6tr6RnGztLW9s7tX3j9oGpVpyhpUCaXbETFMcMkawEGwdqoZSSLBWtHoeuq3Hpg2XMk7GKcsTMhA8phTAlZqdoEnzPTKFc+tVs+DIMBz4i/JuY9915uhghao98of3b6iWcIkUEGM6fheCmFONHAq2KTUzQxLCR2RAetYKoldEuazayf4xCp9HCttSwKeqd8ncpIYM04i25kQGJrf3lT8y+tkEF+GOZdpBkzS+aI4ExgUnr6O+1wzCmJsCaGa21sxHRJNKNiASjaE5af4f9I8c33P9W+DSu1qEUcRHaFjdIp8dIFq6AbVUQNRdI8e0TN6cZTz5Lw6b/PWgrOYOUQ/4Lx/ATvMj5A=</latexit><latexit sha1_base64="LNhAoHD86kEte+sXvWFb54SDXh0=">AAAB7XicdVDLSgNBEJyNrxhfUY9eBoPgadnVBc0t6MVjBPOAZAmzk9lkzOzMMtMrhCX/4MWDIl79H2/+jZMXqGhBQ1HVTXdXlApuwPM+ncLK6tr6RnGztLW9s7tX3j9oGpVpyhpUCaXbETFMcMkawEGwdqoZSSLBWtHoeuq3Hpg2XMk7GKcsTMhA8phTAlZqdoEnzPTKFc+tVs+DIMBz4i/JuY9915uhghao98of3b6iWcIkUEGM6fheCmFONHAq2KTUzQxLCR2RAetYKoldEuazayf4xCp9HCttSwKeqd8ncpIYM04i25kQGJrf3lT8y+tkEF+GOZdpBkzS+aI4ExgUnr6O+1wzCmJsCaGa21sxHRJNKNiASjaE5af4f9I8c33P9W+DSu1qEUcRHaFjdIp8dIFq6AbVUQNRdI8e0TN6cZTz5Lw6b/PWgrOYOUQ/4Lx/ATvMj5A=</latexit>

⇥
<latexit sha1_base64="LNhAoHD86kEte+sXvWFb54SDXh0=">AAAB7XicdVDLSgNBEJyNrxhfUY9eBoPgadnVBc0t6MVjBPOAZAmzk9lkzOzMMtMrhCX/4MWDIl79H2/+jZMXqGhBQ1HVTXdXlApuwPM+ncLK6tr6RnGztLW9s7tX3j9oGpVpyhpUCaXbETFMcMkawEGwdqoZSSLBWtHoeuq3Hpg2XMk7GKcsTMhA8phTAlZqdoEnzPTKFc+tVs+DIMBz4i/JuY9915uhghao98of3b6iWcIkUEGM6fheCmFONHAq2KTUzQxLCR2RAetYKoldEuazayf4xCp9HCttSwKeqd8ncpIYM04i25kQGJrf3lT8y+tkEF+GOZdpBkzS+aI4ExgUnr6O+1wzCmJsCaGa21sxHRJNKNiASjaE5af4f9I8c33P9W+DSu1qEUcRHaFjdIp8dIFq6AbVUQNRdI8e0TN6cZTz5Lw6b/PWgrOYOUQ/4Lx/ATvMj5A=</latexit><latexit sha1_base64="LNhAoHD86kEte+sXvWFb54SDXh0=">AAAB7XicdVDLSgNBEJyNrxhfUY9eBoPgadnVBc0t6MVjBPOAZAmzk9lkzOzMMtMrhCX/4MWDIl79H2/+jZMXqGhBQ1HVTXdXlApuwPM+ncLK6tr6RnGztLW9s7tX3j9oGpVpyhpUCaXbETFMcMkawEGwdqoZSSLBWtHoeuq3Hpg2XMk7GKcsTMhA8phTAlZqdoEnzPTKFc+tVs+DIMBz4i/JuY9915uhghao98of3b6iWcIkUEGM6fheCmFONHAq2KTUzQxLCR2RAetYKoldEuazayf4xCp9HCttSwKeqd8ncpIYM04i25kQGJrf3lT8y+tkEF+GOZdpBkzS+aI4ExgUnr6O+1wzCmJsCaGa21sxHRJNKNiASjaE5af4f9I8c33P9W+DSu1qEUcRHaFjdIp8dIFq6AbVUQNRdI8e0TN6cZTz5Lw6b/PWgrOYOUQ/4Lx/ATvMj5A=</latexit><latexit sha1_base64="LNhAoHD86kEte+sXvWFb54SDXh0=">AAAB7XicdVDLSgNBEJyNrxhfUY9eBoPgadnVBc0t6MVjBPOAZAmzk9lkzOzMMtMrhCX/4MWDIl79H2/+jZMXqGhBQ1HVTXdXlApuwPM+ncLK6tr6RnGztLW9s7tX3j9oGpVpyhpUCaXbETFMcMkawEGwdqoZSSLBWtHoeuq3Hpg2XMk7GKcsTMhA8phTAlZqdoEnzPTKFc+tVs+DIMBz4i/JuY9915uhghao98of3b6iWcIkUEGM6fheCmFONHAq2KTUzQxLCR2RAetYKoldEuazayf4xCp9HCttSwKeqd8ncpIYM04i25kQGJrf3lT8y+tkEF+GOZdpBkzS+aI4ExgUnr6O+1wzCmJsCaGa21sxHRJNKNiASjaE5af4f9I8c33P9W+DSu1qEUcRHaFjdIp8dIFq6AbVUQNRdI8e0TN6cZTz5Lw6b/PWgrOYOUQ/4Lx/ATvMj5A=</latexit><latexit sha1_base64="LNhAoHD86kEte+sXvWFb54SDXh0=">AAAB7XicdVDLSgNBEJyNrxhfUY9eBoPgadnVBc0t6MVjBPOAZAmzk9lkzOzMMtMrhCX/4MWDIl79H2/+jZMXqGhBQ1HVTXdXlApuwPM+ncLK6tr6RnGztLW9s7tX3j9oGpVpyhpUCaXbETFMcMkawEGwdqoZSSLBWtHoeuq3Hpg2XMk7GKcsTMhA8phTAlZqdoEnzPTKFc+tVs+DIMBz4i/JuY9915uhghao98of3b6iWcIkUEGM6fheCmFONHAq2KTUzQxLCR2RAetYKoldEuazayf4xCp9HCttSwKeqd8ncpIYM04i25kQGJrf3lT8y+tkEF+GOZdpBkzS+aI4ExgUnr6O+1wzCmJsCaGa21sxHRJNKNiASjaE5af4f9I8c33P9W+DSu1qEUcRHaFjdIp8dIFq6AbVUQNRdI8e0TN6cZTz5Lw6b/PWgrOYOUQ/4Lx/ATvMj5A=</latexit>

(inclination factor)
<latexit sha1_base64="gNL3XWRrzutMuFIFCD+o5EadasA=">AAAB8XicdVDLSsNAFL2pr1pfVZduBovgKiSlWN0VXeiygn1gG8pkMmmHTiZhZiKU0L9w40IRt/6NO//GSVuKih4Y5nDOvdx7j59wprTjfFqFldW19Y3iZmlre2d3r7x/0FZxKgltkZjHsutjRTkTtKWZ5rSbSIojn9OOP77K/c4DlYrF4k5PEupFeChYyAjWRroPBllfRui6Mx2UK459kaOOXNuZATl2Lf/dpVKBBZqD8kc/iEkaUaEJx0r1XCfRXoalZoTTaamfKppgMsZD2jNU4IgqL5ttPEUnRglQGEvzhEYz9XtHhiOlJpFvKiOsR+q3l4t/eb1Uh+dexkSSairIfFCYcqRjlJ+PAiYp0XxiCCaSmV0RGWGJiTYhlUwIy9v/J+2q7Z7Z1dtapXG5iKMIR3AMp+BCHRpwA01oAQEBj/AML5aynqxX621eWrAWPYfwA9b7F4MFkNM=</latexit>

dGW

GW Luminosity distance
<latexit sha1_base64="oeD3pgNimRtVA1y4nkbNUzFrftg="></latexit>

dGW

dL

T. Baker

Deviations from GR affect GW luminosity distances:

= exp

Z z

0

⌫(z̃)

1 + z̃
dz̃

�

<latexit sha1_base64="SbgEj9hFK/jQy94gZYe4lAjZczI="></latexit><latexit sha1_base64="SbgEj9hFK/jQy94gZYe4lAjZczI="></latexit><latexit sha1_base64="SbgEj9hFK/jQy94gZYe4lAjZczI="></latexit><latexit sha1_base64="SbgEj9hFK/jQy94gZYe4lAjZczI="></latexit>

GW luminosity distances

LISA CosWG workshop, Stavanger, 06/06/23
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<latexit sha1_base64="PhvdcyRSvVVZxYhIwiIx/FIUP/c="></latexit>

h̃+,⇥(f) / M2
z

dL
(⇡Mz f)

� 7
6 (polarisation angles)⇥

<latexit sha1_base64="LNhAoHD86kEte+sXvWFb54SDXh0=">AAAB7XicdVDLSgNBEJyNrxhfUY9eBoPgadnVBc0t6MVjBPOAZAmzk9lkzOzMMtMrhCX/4MWDIl79H2/+jZMXqGhBQ1HVTXdXlApuwPM+ncLK6tr6RnGztLW9s7tX3j9oGpVpyhpUCaXbETFMcMkawEGwdqoZSSLBWtHoeuq3Hpg2XMk7GKcsTMhA8phTAlZqdoEnzPTKFc+tVs+DIMBz4i/JuY9915uhghao98of3b6iWcIkUEGM6fheCmFONHAq2KTUzQxLCR2RAetYKoldEuazayf4xCp9HCttSwKeqd8ncpIYM04i25kQGJrf3lT8y+tkEF+GOZdpBkzS+aI4ExgUnr6O+1wzCmJsCaGa21sxHRJNKNiASjaE5af4f9I8c33P9W+DSu1qEUcRHaFjdIp8dIFq6AbVUQNRdI8e0TN6cZTz5Lw6b/PWgrOYOUQ/4Lx/ATvMj5A=</latexit><latexit sha1_base64="LNhAoHD86kEte+sXvWFb54SDXh0=">AAAB7XicdVDLSgNBEJyNrxhfUY9eBoPgadnVBc0t6MVjBPOAZAmzk9lkzOzMMtMrhCX/4MWDIl79H2/+jZMXqGhBQ1HVTXdXlApuwPM+ncLK6tr6RnGztLW9s7tX3j9oGpVpyhpUCaXbETFMcMkawEGwdqoZSSLBWtHoeuq3Hpg2XMk7GKcsTMhA8phTAlZqdoEnzPTKFc+tVs+DIMBz4i/JuY9915uhghao98of3b6iWcIkUEGM6fheCmFONHAq2KTUzQxLCR2RAetYKoldEuazayf4xCp9HCttSwKeqd8ncpIYM04i25kQGJrf3lT8y+tkEF+GOZdpBkzS+aI4ExgUnr6O+1wzCmJsCaGa21sxHRJNKNiASjaE5af4f9I8c33P9W+DSu1qEUcRHaFjdIp8dIFq6AbVUQNRdI8e0TN6cZTz5Lw6b/PWgrOYOUQ/4Lx/ATvMj5A=</latexit><latexit sha1_base64="LNhAoHD86kEte+sXvWFb54SDXh0=">AAAB7XicdVDLSgNBEJyNrxhfUY9eBoPgadnVBc0t6MVjBPOAZAmzk9lkzOzMMtMrhCX/4MWDIl79H2/+jZMXqGhBQ1HVTXdXlApuwPM+ncLK6tr6RnGztLW9s7tX3j9oGpVpyhpUCaXbETFMcMkawEGwdqoZSSLBWtHoeuq3Hpg2XMk7GKcsTMhA8phTAlZqdoEnzPTKFc+tVs+DIMBz4i/JuY9915uhghao98of3b6iWcIkUEGM6fheCmFONHAq2KTUzQxLCR2RAetYKoldEuazayf4xCp9HCttSwKeqd8ncpIYM04i25kQGJrf3lT8y+tkEF+GOZdpBkzS+aI4ExgUnr6O+1wzCmJsCaGa21sxHRJNKNiASjaE5af4f9I8c33P9W+DSu1qEUcRHaFjdIp8dIFq6AbVUQNRdI8e0TN6cZTz5Lw6b/PWgrOYOUQ/4Lx/ATvMj5A=</latexit><latexit sha1_base64="LNhAoHD86kEte+sXvWFb54SDXh0=">AAAB7XicdVDLSgNBEJyNrxhfUY9eBoPgadnVBc0t6MVjBPOAZAmzk9lkzOzMMtMrhCX/4MWDIl79H2/+jZMXqGhBQ1HVTXdXlApuwPM+ncLK6tr6RnGztLW9s7tX3j9oGpVpyhpUCaXbETFMcMkawEGwdqoZSSLBWtHoeuq3Hpg2XMk7GKcsTMhA8phTAlZqdoEnzPTKFc+tVs+DIMBz4i/JuY9915uhghao98of3b6iWcIkUEGM6fheCmFONHAq2KTUzQxLCR2RAetYKoldEuazayf4xCp9HCttSwKeqd8ncpIYM04i25kQGJrf3lT8y+tkEF+GOZdpBkzS+aI4ExgUnr6O+1wzCmJsCaGa21sxHRJNKNiASjaE5af4f9I8c33P9W+DSu1qEUcRHaFjdIp8dIFq6AbVUQNRdI8e0TN6cZTz5Lw6b/PWgrOYOUQ/4Lx/ATvMj5A=</latexit>

⇥
<latexit sha1_base64="LNhAoHD86kEte+sXvWFb54SDXh0=">AAAB7XicdVDLSgNBEJyNrxhfUY9eBoPgadnVBc0t6MVjBPOAZAmzk9lkzOzMMtMrhCX/4MWDIl79H2/+jZMXqGhBQ1HVTXdXlApuwPM+ncLK6tr6RnGztLW9s7tX3j9oGpVpyhpUCaXbETFMcMkawEGwdqoZSSLBWtHoeuq3Hpg2XMk7GKcsTMhA8phTAlZqdoEnzPTKFc+tVs+DIMBz4i/JuY9915uhghao98of3b6iWcIkUEGM6fheCmFONHAq2KTUzQxLCR2RAetYKoldEuazayf4xCp9HCttSwKeqd8ncpIYM04i25kQGJrf3lT8y+tkEF+GOZdpBkzS+aI4ExgUnr6O+1wzCmJsCaGa21sxHRJNKNiASjaE5af4f9I8c33P9W+DSu1qEUcRHaFjdIp8dIFq6AbVUQNRdI8e0TN6cZTz5Lw6b/PWgrOYOUQ/4Lx/ATvMj5A=</latexit><latexit sha1_base64="LNhAoHD86kEte+sXvWFb54SDXh0=">AAAB7XicdVDLSgNBEJyNrxhfUY9eBoPgadnVBc0t6MVjBPOAZAmzk9lkzOzMMtMrhCX/4MWDIl79H2/+jZMXqGhBQ1HVTXdXlApuwPM+ncLK6tr6RnGztLW9s7tX3j9oGpVpyhpUCaXbETFMcMkawEGwdqoZSSLBWtHoeuq3Hpg2XMk7GKcsTMhA8phTAlZqdoEnzPTKFc+tVs+DIMBz4i/JuY9915uhghao98of3b6iWcIkUEGM6fheCmFONHAq2KTUzQxLCR2RAetYKoldEuazayf4xCp9HCttSwKeqd8ncpIYM04i25kQGJrf3lT8y+tkEF+GOZdpBkzS+aI4ExgUnr6O+1wzCmJsCaGa21sxHRJNKNiASjaE5af4f9I8c33P9W+DSu1qEUcRHaFjdIp8dIFq6AbVUQNRdI8e0TN6cZTz5Lw6b/PWgrOYOUQ/4Lx/ATvMj5A=</latexit><latexit sha1_base64="LNhAoHD86kEte+sXvWFb54SDXh0=">AAAB7XicdVDLSgNBEJyNrxhfUY9eBoPgadnVBc0t6MVjBPOAZAmzk9lkzOzMMtMrhCX/4MWDIl79H2/+jZMXqGhBQ1HVTXdXlApuwPM+ncLK6tr6RnGztLW9s7tX3j9oGpVpyhpUCaXbETFMcMkawEGwdqoZSSLBWtHoeuq3Hpg2XMk7GKcsTMhA8phTAlZqdoEnzPTKFc+tVs+DIMBz4i/JuY9915uhghao98of3b6iWcIkUEGM6fheCmFONHAq2KTUzQxLCR2RAetYKoldEuazayf4xCp9HCttSwKeqd8ncpIYM04i25kQGJrf3lT8y+tkEF+GOZdpBkzS+aI4ExgUnr6O+1wzCmJsCaGa21sxHRJNKNiASjaE5af4f9I8c33P9W+DSu1qEUcRHaFjdIp8dIFq6AbVUQNRdI8e0TN6cZTz5Lw6b/PWgrOYOUQ/4Lx/ATvMj5A=</latexit><latexit sha1_base64="LNhAoHD86kEte+sXvWFb54SDXh0=">AAAB7XicdVDLSgNBEJyNrxhfUY9eBoPgadnVBc0t6MVjBPOAZAmzk9lkzOzMMtMrhCX/4MWDIl79H2/+jZMXqGhBQ1HVTXdXlApuwPM+ncLK6tr6RnGztLW9s7tX3j9oGpVpyhpUCaXbETFMcMkawEGwdqoZSSLBWtHoeuq3Hpg2XMk7GKcsTMhA8phTAlZqdoEnzPTKFc+tVs+DIMBz4i/JuY9915uhghao98of3b6iWcIkUEGM6fheCmFONHAq2KTUzQxLCR2RAetYKoldEuazayf4xCp9HCttSwKeqd8ncpIYM04i25kQGJrf3lT8y+tkEF+GOZdpBkzS+aI4ExgUnr6O+1wzCmJsCaGa21sxHRJNKNiASjaE5af4f9I8c33P9W+DSu1qEUcRHaFjdIp8dIFq6AbVUQNRdI8e0TN6cZTz5Lw6b/PWgrOYOUQ/4Lx/ATvMj5A=</latexit>

⇥
<latexit sha1_base64="LNhAoHD86kEte+sXvWFb54SDXh0=">AAAB7XicdVDLSgNBEJyNrxhfUY9eBoPgadnVBc0t6MVjBPOAZAmzk9lkzOzMMtMrhCX/4MWDIl79H2/+jZMXqGhBQ1HVTXdXlApuwPM+ncLK6tr6RnGztLW9s7tX3j9oGpVpyhpUCaXbETFMcMkawEGwdqoZSSLBWtHoeuq3Hpg2XMk7GKcsTMhA8phTAlZqdoEnzPTKFc+tVs+DIMBz4i/JuY9915uhghao98of3b6iWcIkUEGM6fheCmFONHAq2KTUzQxLCR2RAetYKoldEuazayf4xCp9HCttSwKeqd8ncpIYM04i25kQGJrf3lT8y+tkEF+GOZdpBkzS+aI4ExgUnr6O+1wzCmJsCaGa21sxHRJNKNiASjaE5af4f9I8c33P9W+DSu1qEUcRHaFjdIp8dIFq6AbVUQNRdI8e0TN6cZTz5Lw6b/PWgrOYOUQ/4Lx/ATvMj5A=</latexit><latexit sha1_base64="LNhAoHD86kEte+sXvWFb54SDXh0=">AAAB7XicdVDLSgNBEJyNrxhfUY9eBoPgadnVBc0t6MVjBPOAZAmzk9lkzOzMMtMrhCX/4MWDIl79H2/+jZMXqGhBQ1HVTXdXlApuwPM+ncLK6tr6RnGztLW9s7tX3j9oGpVpyhpUCaXbETFMcMkawEGwdqoZSSLBWtHoeuq3Hpg2XMk7GKcsTMhA8phTAlZqdoEnzPTKFc+tVs+DIMBz4i/JuY9915uhghao98of3b6iWcIkUEGM6fheCmFONHAq2KTUzQxLCR2RAetYKoldEuazayf4xCp9HCttSwKeqd8ncpIYM04i25kQGJrf3lT8y+tkEF+GOZdpBkzS+aI4ExgUnr6O+1wzCmJsCaGa21sxHRJNKNiASjaE5af4f9I8c33P9W+DSu1qEUcRHaFjdIp8dIFq6AbVUQNRdI8e0TN6cZTz5Lw6b/PWgrOYOUQ/4Lx/ATvMj5A=</latexit><latexit sha1_base64="LNhAoHD86kEte+sXvWFb54SDXh0=">AAAB7XicdVDLSgNBEJyNrxhfUY9eBoPgadnVBc0t6MVjBPOAZAmzk9lkzOzMMtMrhCX/4MWDIl79H2/+jZMXqGhBQ1HVTXdXlApuwPM+ncLK6tr6RnGztLW9s7tX3j9oGpVpyhpUCaXbETFMcMkawEGwdqoZSSLBWtHoeuq3Hpg2XMk7GKcsTMhA8phTAlZqdoEnzPTKFc+tVs+DIMBz4i/JuY9915uhghao98of3b6iWcIkUEGM6fheCmFONHAq2KTUzQxLCR2RAetYKoldEuazayf4xCp9HCttSwKeqd8ncpIYM04i25kQGJrf3lT8y+tkEF+GOZdpBkzS+aI4ExgUnr6O+1wzCmJsCaGa21sxHRJNKNiASjaE5af4f9I8c33P9W+DSu1qEUcRHaFjdIp8dIFq6AbVUQNRdI8e0TN6cZTz5Lw6b/PWgrOYOUQ/4Lx/ATvMj5A=</latexit><latexit sha1_base64="LNhAoHD86kEte+sXvWFb54SDXh0=">AAAB7XicdVDLSgNBEJyNrxhfUY9eBoPgadnVBc0t6MVjBPOAZAmzk9lkzOzMMtMrhCX/4MWDIl79H2/+jZMXqGhBQ1HVTXdXlApuwPM+ncLK6tr6RnGztLW9s7tX3j9oGpVpyhpUCaXbETFMcMkawEGwdqoZSSLBWtHoeuq3Hpg2XMk7GKcsTMhA8phTAlZqdoEnzPTKFc+tVs+DIMBz4i/JuY9915uhghao98of3b6iWcIkUEGM6fheCmFONHAq2KTUzQxLCR2RAetYKoldEuazayf4xCp9HCttSwKeqd8ncpIYM04i25kQGJrf3lT8y+tkEF+GOZdpBkzS+aI4ExgUnr6O+1wzCmJsCaGa21sxHRJNKNiASjaE5af4f9I8c33P9W+DSu1qEUcRHaFjdIp8dIFq6AbVUQNRdI8e0TN6cZTz5Lw6b/PWgrOYOUQ/4Lx/ATvMj5A=</latexit>

(inclination factor)
<latexit sha1_base64="gNL3XWRrzutMuFIFCD+o5EadasA=">AAAB8XicdVDLSsNAFL2pr1pfVZduBovgKiSlWN0VXeiygn1gG8pkMmmHTiZhZiKU0L9w40IRt/6NO//GSVuKih4Y5nDOvdx7j59wprTjfFqFldW19Y3iZmlre2d3r7x/0FZxKgltkZjHsutjRTkTtKWZ5rSbSIojn9OOP77K/c4DlYrF4k5PEupFeChYyAjWRroPBllfRui6Mx2UK459kaOOXNuZATl2Lf/dpVKBBZqD8kc/iEkaUaEJx0r1XCfRXoalZoTTaamfKppgMsZD2jNU4IgqL5ttPEUnRglQGEvzhEYz9XtHhiOlJpFvKiOsR+q3l4t/eb1Uh+dexkSSairIfFCYcqRjlJ+PAiYp0XxiCCaSmV0RGWGJiTYhlUwIy9v/J+2q7Z7Z1dtapXG5iKMIR3AMp+BCHRpwA01oAQEBj/AML5aynqxX621eWrAWPYfwA9b7F4MFkNM=</latexit>

dGW

GW Luminosity distance
<latexit sha1_base64="oeD3pgNimRtVA1y4nkbNUzFrftg="></latexit>

dGW

dL

<latexit sha1_base64="0F9Hg0VK9k6GUVPrEDdgDspS/ZQ="></latexit>

= ⌅0 +
(1� ⌅0)

(1 + z)n

T. Baker

Deviations from GR affect GW luminosity distances:

GW luminosity distances

LISA CosWG workshop, Stavanger, 06/06/23
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<latexit sha1_base64="PhvdcyRSvVVZxYhIwiIx/FIUP/c="></latexit>

h̃+,⇥(f) / M2
z

dL
(⇡Mz f)

� 7
6 (polarisation angles)⇥

<latexit sha1_base64="LNhAoHD86kEte+sXvWFb54SDXh0=">AAAB7XicdVDLSgNBEJyNrxhfUY9eBoPgadnVBc0t6MVjBPOAZAmzk9lkzOzMMtMrhCX/4MWDIl79H2/+jZMXqGhBQ1HVTXdXlApuwPM+ncLK6tr6RnGztLW9s7tX3j9oGpVpyhpUCaXbETFMcMkawEGwdqoZSSLBWtHoeuq3Hpg2XMk7GKcsTMhA8phTAlZqdoEnzPTKFc+tVs+DIMBz4i/JuY9915uhghao98of3b6iWcIkUEGM6fheCmFONHAq2KTUzQxLCR2RAetYKoldEuazayf4xCp9HCttSwKeqd8ncpIYM04i25kQGJrf3lT8y+tkEF+GOZdpBkzS+aI4ExgUnr6O+1wzCmJsCaGa21sxHRJNKNiASjaE5af4f9I8c33P9W+DSu1qEUcRHaFjdIp8dIFq6AbVUQNRdI8e0TN6cZTz5Lw6b/PWgrOYOUQ/4Lx/ATvMj5A=</latexit><latexit sha1_base64="LNhAoHD86kEte+sXvWFb54SDXh0=">AAAB7XicdVDLSgNBEJyNrxhfUY9eBoPgadnVBc0t6MVjBPOAZAmzk9lkzOzMMtMrhCX/4MWDIl79H2/+jZMXqGhBQ1HVTXdXlApuwPM+ncLK6tr6RnGztLW9s7tX3j9oGpVpyhpUCaXbETFMcMkawEGwdqoZSSLBWtHoeuq3Hpg2XMk7GKcsTMhA8phTAlZqdoEnzPTKFc+tVs+DIMBz4i/JuY9915uhghao98of3b6iWcIkUEGM6fheCmFONHAq2KTUzQxLCR2RAetYKoldEuazayf4xCp9HCttSwKeqd8ncpIYM04i25kQGJrf3lT8y+tkEF+GOZdpBkzS+aI4ExgUnr6O+1wzCmJsCaGa21sxHRJNKNiASjaE5af4f9I8c33P9W+DSu1qEUcRHaFjdIp8dIFq6AbVUQNRdI8e0TN6cZTz5Lw6b/PWgrOYOUQ/4Lx/ATvMj5A=</latexit><latexit sha1_base64="LNhAoHD86kEte+sXvWFb54SDXh0=">AAAB7XicdVDLSgNBEJyNrxhfUY9eBoPgadnVBc0t6MVjBPOAZAmzk9lkzOzMMtMrhCX/4MWDIl79H2/+jZMXqGhBQ1HVTXdXlApuwPM+ncLK6tr6RnGztLW9s7tX3j9oGpVpyhpUCaXbETFMcMkawEGwdqoZSSLBWtHoeuq3Hpg2XMk7GKcsTMhA8phTAlZqdoEnzPTKFc+tVs+DIMBz4i/JuY9915uhghao98of3b6iWcIkUEGM6fheCmFONHAq2KTUzQxLCR2RAetYKoldEuazayf4xCp9HCttSwKeqd8ncpIYM04i25kQGJrf3lT8y+tkEF+GOZdpBkzS+aI4ExgUnr6O+1wzCmJsCaGa21sxHRJNKNiASjaE5af4f9I8c33P9W+DSu1qEUcRHaFjdIp8dIFq6AbVUQNRdI8e0TN6cZTz5Lw6b/PWgrOYOUQ/4Lx/ATvMj5A=</latexit><latexit sha1_base64="LNhAoHD86kEte+sXvWFb54SDXh0=">AAAB7XicdVDLSgNBEJyNrxhfUY9eBoPgadnVBc0t6MVjBPOAZAmzk9lkzOzMMtMrhCX/4MWDIl79H2/+jZMXqGhBQ1HVTXdXlApuwPM+ncLK6tr6RnGztLW9s7tX3j9oGpVpyhpUCaXbETFMcMkawEGwdqoZSSLBWtHoeuq3Hpg2XMk7GKcsTMhA8phTAlZqdoEnzPTKFc+tVs+DIMBz4i/JuY9915uhghao98of3b6iWcIkUEGM6fheCmFONHAq2KTUzQxLCR2RAetYKoldEuazayf4xCp9HCttSwKeqd8ncpIYM04i25kQGJrf3lT8y+tkEF+GOZdpBkzS+aI4ExgUnr6O+1wzCmJsCaGa21sxHRJNKNiASjaE5af4f9I8c33P9W+DSu1qEUcRHaFjdIp8dIFq6AbVUQNRdI8e0TN6cZTz5Lw6b/PWgrOYOUQ/4Lx/ATvMj5A=</latexit>

⇥
<latexit sha1_base64="LNhAoHD86kEte+sXvWFb54SDXh0=">AAAB7XicdVDLSgNBEJyNrxhfUY9eBoPgadnVBc0t6MVjBPOAZAmzk9lkzOzMMtMrhCX/4MWDIl79H2/+jZMXqGhBQ1HVTXdXlApuwPM+ncLK6tr6RnGztLW9s7tX3j9oGpVpyhpUCaXbETFMcMkawEGwdqoZSSLBWtHoeuq3Hpg2XMk7GKcsTMhA8phTAlZqdoEnzPTKFc+tVs+DIMBz4i/JuY9915uhghao98of3b6iWcIkUEGM6fheCmFONHAq2KTUzQxLCR2RAetYKoldEuazayf4xCp9HCttSwKeqd8ncpIYM04i25kQGJrf3lT8y+tkEF+GOZdpBkzS+aI4ExgUnr6O+1wzCmJsCaGa21sxHRJNKNiASjaE5af4f9I8c33P9W+DSu1qEUcRHaFjdIp8dIFq6AbVUQNRdI8e0TN6cZTz5Lw6b/PWgrOYOUQ/4Lx/ATvMj5A=</latexit><latexit sha1_base64="LNhAoHD86kEte+sXvWFb54SDXh0=">AAAB7XicdVDLSgNBEJyNrxhfUY9eBoPgadnVBc0t6MVjBPOAZAmzk9lkzOzMMtMrhCX/4MWDIl79H2/+jZMXqGhBQ1HVTXdXlApuwPM+ncLK6tr6RnGztLW9s7tX3j9oGpVpyhpUCaXbETFMcMkawEGwdqoZSSLBWtHoeuq3Hpg2XMk7GKcsTMhA8phTAlZqdoEnzPTKFc+tVs+DIMBz4i/JuY9915uhghao98of3b6iWcIkUEGM6fheCmFONHAq2KTUzQxLCR2RAetYKoldEuazayf4xCp9HCttSwKeqd8ncpIYM04i25kQGJrf3lT8y+tkEF+GOZdpBkzS+aI4ExgUnr6O+1wzCmJsCaGa21sxHRJNKNiASjaE5af4f9I8c33P9W+DSu1qEUcRHaFjdIp8dIFq6AbVUQNRdI8e0TN6cZTz5Lw6b/PWgrOYOUQ/4Lx/ATvMj5A=</latexit><latexit sha1_base64="LNhAoHD86kEte+sXvWFb54SDXh0=">AAAB7XicdVDLSgNBEJyNrxhfUY9eBoPgadnVBc0t6MVjBPOAZAmzk9lkzOzMMtMrhCX/4MWDIl79H2/+jZMXqGhBQ1HVTXdXlApuwPM+ncLK6tr6RnGztLW9s7tX3j9oGpVpyhpUCaXbETFMcMkawEGwdqoZSSLBWtHoeuq3Hpg2XMk7GKcsTMhA8phTAlZqdoEnzPTKFc+tVs+DIMBz4i/JuY9915uhghao98of3b6iWcIkUEGM6fheCmFONHAq2KTUzQxLCR2RAetYKoldEuazayf4xCp9HCttSwKeqd8ncpIYM04i25kQGJrf3lT8y+tkEF+GOZdpBkzS+aI4ExgUnr6O+1wzCmJsCaGa21sxHRJNKNiASjaE5af4f9I8c33P9W+DSu1qEUcRHaFjdIp8dIFq6AbVUQNRdI8e0TN6cZTz5Lw6b/PWgrOYOUQ/4Lx/ATvMj5A=</latexit><latexit sha1_base64="LNhAoHD86kEte+sXvWFb54SDXh0=">AAAB7XicdVDLSgNBEJyNrxhfUY9eBoPgadnVBc0t6MVjBPOAZAmzk9lkzOzMMtMrhCX/4MWDIl79H2/+jZMXqGhBQ1HVTXdXlApuwPM+ncLK6tr6RnGztLW9s7tX3j9oGpVpyhpUCaXbETFMcMkawEGwdqoZSSLBWtHoeuq3Hpg2XMk7GKcsTMhA8phTAlZqdoEnzPTKFc+tVs+DIMBz4i/JuY9915uhghao98of3b6iWcIkUEGM6fheCmFONHAq2KTUzQxLCR2RAetYKoldEuazayf4xCp9HCttSwKeqd8ncpIYM04i25kQGJrf3lT8y+tkEF+GOZdpBkzS+aI4ExgUnr6O+1wzCmJsCaGa21sxHRJNKNiASjaE5af4f9I8c33P9W+DSu1qEUcRHaFjdIp8dIFq6AbVUQNRdI8e0TN6cZTz5Lw6b/PWgrOYOUQ/4Lx/ATvMj5A=</latexit>

⇥
<latexit sha1_base64="LNhAoHD86kEte+sXvWFb54SDXh0=">AAAB7XicdVDLSgNBEJyNrxhfUY9eBoPgadnVBc0t6MVjBPOAZAmzk9lkzOzMMtMrhCX/4MWDIl79H2/+jZMXqGhBQ1HVTXdXlApuwPM+ncLK6tr6RnGztLW9s7tX3j9oGpVpyhpUCaXbETFMcMkawEGwdqoZSSLBWtHoeuq3Hpg2XMk7GKcsTMhA8phTAlZqdoEnzPTKFc+tVs+DIMBz4i/JuY9915uhghao98of3b6iWcIkUEGM6fheCmFONHAq2KTUzQxLCR2RAetYKoldEuazayf4xCp9HCttSwKeqd8ncpIYM04i25kQGJrf3lT8y+tkEF+GOZdpBkzS+aI4ExgUnr6O+1wzCmJsCaGa21sxHRJNKNiASjaE5af4f9I8c33P9W+DSu1qEUcRHaFjdIp8dIFq6AbVUQNRdI8e0TN6cZTz5Lw6b/PWgrOYOUQ/4Lx/ATvMj5A=</latexit><latexit sha1_base64="LNhAoHD86kEte+sXvWFb54SDXh0=">AAAB7XicdVDLSgNBEJyNrxhfUY9eBoPgadnVBc0t6MVjBPOAZAmzk9lkzOzMMtMrhCX/4MWDIl79H2/+jZMXqGhBQ1HVTXdXlApuwPM+ncLK6tr6RnGztLW9s7tX3j9oGpVpyhpUCaXbETFMcMkawEGwdqoZSSLBWtHoeuq3Hpg2XMk7GKcsTMhA8phTAlZqdoEnzPTKFc+tVs+DIMBz4i/JuY9915uhghao98of3b6iWcIkUEGM6fheCmFONHAq2KTUzQxLCR2RAetYKoldEuazayf4xCp9HCttSwKeqd8ncpIYM04i25kQGJrf3lT8y+tkEF+GOZdpBkzS+aI4ExgUnr6O+1wzCmJsCaGa21sxHRJNKNiASjaE5af4f9I8c33P9W+DSu1qEUcRHaFjdIp8dIFq6AbVUQNRdI8e0TN6cZTz5Lw6b/PWgrOYOUQ/4Lx/ATvMj5A=</latexit><latexit sha1_base64="LNhAoHD86kEte+sXvWFb54SDXh0=">AAAB7XicdVDLSgNBEJyNrxhfUY9eBoPgadnVBc0t6MVjBPOAZAmzk9lkzOzMMtMrhCX/4MWDIl79H2/+jZMXqGhBQ1HVTXdXlApuwPM+ncLK6tr6RnGztLW9s7tX3j9oGpVpyhpUCaXbETFMcMkawEGwdqoZSSLBWtHoeuq3Hpg2XMk7GKcsTMhA8phTAlZqdoEnzPTKFc+tVs+DIMBz4i/JuY9915uhghao98of3b6iWcIkUEGM6fheCmFONHAq2KTUzQxLCR2RAetYKoldEuazayf4xCp9HCttSwKeqd8ncpIYM04i25kQGJrf3lT8y+tkEF+GOZdpBkzS+aI4ExgUnr6O+1wzCmJsCaGa21sxHRJNKNiASjaE5af4f9I8c33P9W+DSu1qEUcRHaFjdIp8dIFq6AbVUQNRdI8e0TN6cZTz5Lw6b/PWgrOYOUQ/4Lx/ATvMj5A=</latexit><latexit sha1_base64="LNhAoHD86kEte+sXvWFb54SDXh0=">AAAB7XicdVDLSgNBEJyNrxhfUY9eBoPgadnVBc0t6MVjBPOAZAmzk9lkzOzMMtMrhCX/4MWDIl79H2/+jZMXqGhBQ1HVTXdXlApuwPM+ncLK6tr6RnGztLW9s7tX3j9oGpVpyhpUCaXbETFMcMkawEGwdqoZSSLBWtHoeuq3Hpg2XMk7GKcsTMhA8phTAlZqdoEnzPTKFc+tVs+DIMBz4i/JuY9915uhghao98of3b6iWcIkUEGM6fheCmFONHAq2KTUzQxLCR2RAetYKoldEuazayf4xCp9HCttSwKeqd8ncpIYM04i25kQGJrf3lT8y+tkEF+GOZdpBkzS+aI4ExgUnr6O+1wzCmJsCaGa21sxHRJNKNiASjaE5af4f9I8c33P9W+DSu1qEUcRHaFjdIp8dIFq6AbVUQNRdI8e0TN6cZTz5Lw6b/PWgrOYOUQ/4Lx/ATvMj5A=</latexit>

(inclination factor)
<latexit sha1_base64="gNL3XWRrzutMuFIFCD+o5EadasA=">AAAB8XicdVDLSsNAFL2pr1pfVZduBovgKiSlWN0VXeiygn1gG8pkMmmHTiZhZiKU0L9w40IRt/6NO//GSVuKih4Y5nDOvdx7j59wprTjfFqFldW19Y3iZmlre2d3r7x/0FZxKgltkZjHsutjRTkTtKWZ5rSbSIojn9OOP77K/c4DlYrF4k5PEupFeChYyAjWRroPBllfRui6Mx2UK459kaOOXNuZATl2Lf/dpVKBBZqD8kc/iEkaUaEJx0r1XCfRXoalZoTTaamfKppgMsZD2jNU4IgqL5ttPEUnRglQGEvzhEYz9XtHhiOlJpFvKiOsR+q3l4t/eb1Uh+dexkSSairIfFCYcqRjlJ+PAiYp0XxiCCaSmV0RGWGJiTYhlUwIy9v/J+2q7Z7Z1dtapXG5iKMIR3AMp+BCHRpwA01oAQEBj/AML5aynqxX621eWrAWPYfwA9b7F4MFkNM=</latexit>

dGW

GW Luminosity distance
<latexit sha1_base64="oeD3pgNimRtVA1y4nkbNUzFrftg="></latexit>

dGW

dL

<latexit sha1_base64="0F9Hg0VK9k6GUVPrEDdgDspS/ZQ="></latexit>

= ⌅0 +
(1� ⌅0)

(1 + z)nparameterisation

T. Baker

Belgacem et al. (2018)

Deviations from GR affect GW luminosity distances:

GW luminosity distances

LISA CosWG workshop, Stavanger, 06/06/23
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<latexit sha1_base64="PhvdcyRSvVVZxYhIwiIx/FIUP/c="></latexit>

h̃+,⇥(f) / M2
z

dL
(⇡Mz f)

� 7
6 (polarisation angles)⇥

<latexit sha1_base64="LNhAoHD86kEte+sXvWFb54SDXh0=">AAAB7XicdVDLSgNBEJyNrxhfUY9eBoPgadnVBc0t6MVjBPOAZAmzk9lkzOzMMtMrhCX/4MWDIl79H2/+jZMXqGhBQ1HVTXdXlApuwPM+ncLK6tr6RnGztLW9s7tX3j9oGpVpyhpUCaXbETFMcMkawEGwdqoZSSLBWtHoeuq3Hpg2XMk7GKcsTMhA8phTAlZqdoEnzPTKFc+tVs+DIMBz4i/JuY9915uhghao98of3b6iWcIkUEGM6fheCmFONHAq2KTUzQxLCR2RAetYKoldEuazayf4xCp9HCttSwKeqd8ncpIYM04i25kQGJrf3lT8y+tkEF+GOZdpBkzS+aI4ExgUnr6O+1wzCmJsCaGa21sxHRJNKNiASjaE5af4f9I8c33P9W+DSu1qEUcRHaFjdIp8dIFq6AbVUQNRdI8e0TN6cZTz5Lw6b/PWgrOYOUQ/4Lx/ATvMj5A=</latexit><latexit sha1_base64="LNhAoHD86kEte+sXvWFb54SDXh0=">AAAB7XicdVDLSgNBEJyNrxhfUY9eBoPgadnVBc0t6MVjBPOAZAmzk9lkzOzMMtMrhCX/4MWDIl79H2/+jZMXqGhBQ1HVTXdXlApuwPM+ncLK6tr6RnGztLW9s7tX3j9oGpVpyhpUCaXbETFMcMkawEGwdqoZSSLBWtHoeuq3Hpg2XMk7GKcsTMhA8phTAlZqdoEnzPTKFc+tVs+DIMBz4i/JuY9915uhghao98of3b6iWcIkUEGM6fheCmFONHAq2KTUzQxLCR2RAetYKoldEuazayf4xCp9HCttSwKeqd8ncpIYM04i25kQGJrf3lT8y+tkEF+GOZdpBkzS+aI4ExgUnr6O+1wzCmJsCaGa21sxHRJNKNiASjaE5af4f9I8c33P9W+DSu1qEUcRHaFjdIp8dIFq6AbVUQNRdI8e0TN6cZTz5Lw6b/PWgrOYOUQ/4Lx/ATvMj5A=</latexit><latexit sha1_base64="LNhAoHD86kEte+sXvWFb54SDXh0=">AAAB7XicdVDLSgNBEJyNrxhfUY9eBoPgadnVBc0t6MVjBPOAZAmzk9lkzOzMMtMrhCX/4MWDIl79H2/+jZMXqGhBQ1HVTXdXlApuwPM+ncLK6tr6RnGztLW9s7tX3j9oGpVpyhpUCaXbETFMcMkawEGwdqoZSSLBWtHoeuq3Hpg2XMk7GKcsTMhA8phTAlZqdoEnzPTKFc+tVs+DIMBz4i/JuY9915uhghao98of3b6iWcIkUEGM6fheCmFONHAq2KTUzQxLCR2RAetYKoldEuazayf4xCp9HCttSwKeqd8ncpIYM04i25kQGJrf3lT8y+tkEF+GOZdpBkzS+aI4ExgUnr6O+1wzCmJsCaGa21sxHRJNKNiASjaE5af4f9I8c33P9W+DSu1qEUcRHaFjdIp8dIFq6AbVUQNRdI8e0TN6cZTz5Lw6b/PWgrOYOUQ/4Lx/ATvMj5A=</latexit><latexit sha1_base64="LNhAoHD86kEte+sXvWFb54SDXh0=">AAAB7XicdVDLSgNBEJyNrxhfUY9eBoPgadnVBc0t6MVjBPOAZAmzk9lkzOzMMtMrhCX/4MWDIl79H2/+jZMXqGhBQ1HVTXdXlApuwPM+ncLK6tr6RnGztLW9s7tX3j9oGpVpyhpUCaXbETFMcMkawEGwdqoZSSLBWtHoeuq3Hpg2XMk7GKcsTMhA8phTAlZqdoEnzPTKFc+tVs+DIMBz4i/JuY9915uhghao98of3b6iWcIkUEGM6fheCmFONHAq2KTUzQxLCR2RAetYKoldEuazayf4xCp9HCttSwKeqd8ncpIYM04i25kQGJrf3lT8y+tkEF+GOZdpBkzS+aI4ExgUnr6O+1wzCmJsCaGa21sxHRJNKNiASjaE5af4f9I8c33P9W+DSu1qEUcRHaFjdIp8dIFq6AbVUQNRdI8e0TN6cZTz5Lw6b/PWgrOYOUQ/4Lx/ATvMj5A=</latexit>

⇥
<latexit sha1_base64="LNhAoHD86kEte+sXvWFb54SDXh0=">AAAB7XicdVDLSgNBEJyNrxhfUY9eBoPgadnVBc0t6MVjBPOAZAmzk9lkzOzMMtMrhCX/4MWDIl79H2/+jZMXqGhBQ1HVTXdXlApuwPM+ncLK6tr6RnGztLW9s7tX3j9oGpVpyhpUCaXbETFMcMkawEGwdqoZSSLBWtHoeuq3Hpg2XMk7GKcsTMhA8phTAlZqdoEnzPTKFc+tVs+DIMBz4i/JuY9915uhghao98of3b6iWcIkUEGM6fheCmFONHAq2KTUzQxLCR2RAetYKoldEuazayf4xCp9HCttSwKeqd8ncpIYM04i25kQGJrf3lT8y+tkEF+GOZdpBkzS+aI4ExgUnr6O+1wzCmJsCaGa21sxHRJNKNiASjaE5af4f9I8c33P9W+DSu1qEUcRHaFjdIp8dIFq6AbVUQNRdI8e0TN6cZTz5Lw6b/PWgrOYOUQ/4Lx/ATvMj5A=</latexit><latexit sha1_base64="LNhAoHD86kEte+sXvWFb54SDXh0=">AAAB7XicdVDLSgNBEJyNrxhfUY9eBoPgadnVBc0t6MVjBPOAZAmzk9lkzOzMMtMrhCX/4MWDIl79H2/+jZMXqGhBQ1HVTXdXlApuwPM+ncLK6tr6RnGztLW9s7tX3j9oGpVpyhpUCaXbETFMcMkawEGwdqoZSSLBWtHoeuq3Hpg2XMk7GKcsTMhA8phTAlZqdoEnzPTKFc+tVs+DIMBz4i/JuY9915uhghao98of3b6iWcIkUEGM6fheCmFONHAq2KTUzQxLCR2RAetYKoldEuazayf4xCp9HCttSwKeqd8ncpIYM04i25kQGJrf3lT8y+tkEF+GOZdpBkzS+aI4ExgUnr6O+1wzCmJsCaGa21sxHRJNKNiASjaE5af4f9I8c33P9W+DSu1qEUcRHaFjdIp8dIFq6AbVUQNRdI8e0TN6cZTz5Lw6b/PWgrOYOUQ/4Lx/ATvMj5A=</latexit><latexit sha1_base64="LNhAoHD86kEte+sXvWFb54SDXh0=">AAAB7XicdVDLSgNBEJyNrxhfUY9eBoPgadnVBc0t6MVjBPOAZAmzk9lkzOzMMtMrhCX/4MWDIl79H2/+jZMXqGhBQ1HVTXdXlApuwPM+ncLK6tr6RnGztLW9s7tX3j9oGpVpyhpUCaXbETFMcMkawEGwdqoZSSLBWtHoeuq3Hpg2XMk7GKcsTMhA8phTAlZqdoEnzPTKFc+tVs+DIMBz4i/JuY9915uhghao98of3b6iWcIkUEGM6fheCmFONHAq2KTUzQxLCR2RAetYKoldEuazayf4xCp9HCttSwKeqd8ncpIYM04i25kQGJrf3lT8y+tkEF+GOZdpBkzS+aI4ExgUnr6O+1wzCmJsCaGa21sxHRJNKNiASjaE5af4f9I8c33P9W+DSu1qEUcRHaFjdIp8dIFq6AbVUQNRdI8e0TN6cZTz5Lw6b/PWgrOYOUQ/4Lx/ATvMj5A=</latexit><latexit sha1_base64="LNhAoHD86kEte+sXvWFb54SDXh0=">AAAB7XicdVDLSgNBEJyNrxhfUY9eBoPgadnVBc0t6MVjBPOAZAmzk9lkzOzMMtMrhCX/4MWDIl79H2/+jZMXqGhBQ1HVTXdXlApuwPM+ncLK6tr6RnGztLW9s7tX3j9oGpVpyhpUCaXbETFMcMkawEGwdqoZSSLBWtHoeuq3Hpg2XMk7GKcsTMhA8phTAlZqdoEnzPTKFc+tVs+DIMBz4i/JuY9915uhghao98of3b6iWcIkUEGM6fheCmFONHAq2KTUzQxLCR2RAetYKoldEuazayf4xCp9HCttSwKeqd8ncpIYM04i25kQGJrf3lT8y+tkEF+GOZdpBkzS+aI4ExgUnr6O+1wzCmJsCaGa21sxHRJNKNiASjaE5af4f9I8c33P9W+DSu1qEUcRHaFjdIp8dIFq6AbVUQNRdI8e0TN6cZTz5Lw6b/PWgrOYOUQ/4Lx/ATvMj5A=</latexit>

⇥
<latexit sha1_base64="LNhAoHD86kEte+sXvWFb54SDXh0=">AAAB7XicdVDLSgNBEJyNrxhfUY9eBoPgadnVBc0t6MVjBPOAZAmzk9lkzOzMMtMrhCX/4MWDIl79H2/+jZMXqGhBQ1HVTXdXlApuwPM+ncLK6tr6RnGztLW9s7tX3j9oGpVpyhpUCaXbETFMcMkawEGwdqoZSSLBWtHoeuq3Hpg2XMk7GKcsTMhA8phTAlZqdoEnzPTKFc+tVs+DIMBz4i/JuY9915uhghao98of3b6iWcIkUEGM6fheCmFONHAq2KTUzQxLCR2RAetYKoldEuazayf4xCp9HCttSwKeqd8ncpIYM04i25kQGJrf3lT8y+tkEF+GOZdpBkzS+aI4ExgUnr6O+1wzCmJsCaGa21sxHRJNKNiASjaE5af4f9I8c33P9W+DSu1qEUcRHaFjdIp8dIFq6AbVUQNRdI8e0TN6cZTz5Lw6b/PWgrOYOUQ/4Lx/ATvMj5A=</latexit><latexit sha1_base64="LNhAoHD86kEte+sXvWFb54SDXh0=">AAAB7XicdVDLSgNBEJyNrxhfUY9eBoPgadnVBc0t6MVjBPOAZAmzk9lkzOzMMtMrhCX/4MWDIl79H2/+jZMXqGhBQ1HVTXdXlApuwPM+ncLK6tr6RnGztLW9s7tX3j9oGpVpyhpUCaXbETFMcMkawEGwdqoZSSLBWtHoeuq3Hpg2XMk7GKcsTMhA8phTAlZqdoEnzPTKFc+tVs+DIMBz4i/JuY9915uhghao98of3b6iWcIkUEGM6fheCmFONHAq2KTUzQxLCR2RAetYKoldEuazayf4xCp9HCttSwKeqd8ncpIYM04i25kQGJrf3lT8y+tkEF+GOZdpBkzS+aI4ExgUnr6O+1wzCmJsCaGa21sxHRJNKNiASjaE5af4f9I8c33P9W+DSu1qEUcRHaFjdIp8dIFq6AbVUQNRdI8e0TN6cZTz5Lw6b/PWgrOYOUQ/4Lx/ATvMj5A=</latexit><latexit sha1_base64="LNhAoHD86kEte+sXvWFb54SDXh0=">AAAB7XicdVDLSgNBEJyNrxhfUY9eBoPgadnVBc0t6MVjBPOAZAmzk9lkzOzMMtMrhCX/4MWDIl79H2/+jZMXqGhBQ1HVTXdXlApuwPM+ncLK6tr6RnGztLW9s7tX3j9oGpVpyhpUCaXbETFMcMkawEGwdqoZSSLBWtHoeuq3Hpg2XMk7GKcsTMhA8phTAlZqdoEnzPTKFc+tVs+DIMBz4i/JuY9915uhghao98of3b6iWcIkUEGM6fheCmFONHAq2KTUzQxLCR2RAetYKoldEuazayf4xCp9HCttSwKeqd8ncpIYM04i25kQGJrf3lT8y+tkEF+GOZdpBkzS+aI4ExgUnr6O+1wzCmJsCaGa21sxHRJNKNiASjaE5af4f9I8c33P9W+DSu1qEUcRHaFjdIp8dIFq6AbVUQNRdI8e0TN6cZTz5Lw6b/PWgrOYOUQ/4Lx/ATvMj5A=</latexit><latexit sha1_base64="LNhAoHD86kEte+sXvWFb54SDXh0=">AAAB7XicdVDLSgNBEJyNrxhfUY9eBoPgadnVBc0t6MVjBPOAZAmzk9lkzOzMMtMrhCX/4MWDIl79H2/+jZMXqGhBQ1HVTXdXlApuwPM+ncLK6tr6RnGztLW9s7tX3j9oGpVpyhpUCaXbETFMcMkawEGwdqoZSSLBWtHoeuq3Hpg2XMk7GKcsTMhA8phTAlZqdoEnzPTKFc+tVs+DIMBz4i/JuY9915uhghao98of3b6iWcIkUEGM6fheCmFONHAq2KTUzQxLCR2RAetYKoldEuazayf4xCp9HCttSwKeqd8ncpIYM04i25kQGJrf3lT8y+tkEF+GOZdpBkzS+aI4ExgUnr6O+1wzCmJsCaGa21sxHRJNKNiASjaE5af4f9I8c33P9W+DSu1qEUcRHaFjdIp8dIFq6AbVUQNRdI8e0TN6cZTz5Lw6b/PWgrOYOUQ/4Lx/ATvMj5A=</latexit>

(inclination factor)
<latexit sha1_base64="gNL3XWRrzutMuFIFCD+o5EadasA=">AAAB8XicdVDLSsNAFL2pr1pfVZduBovgKiSlWN0VXeiygn1gG8pkMmmHTiZhZiKU0L9w40IRt/6NO//GSVuKih4Y5nDOvdx7j59wprTjfFqFldW19Y3iZmlre2d3r7x/0FZxKgltkZjHsutjRTkTtKWZ5rSbSIojn9OOP77K/c4DlYrF4k5PEupFeChYyAjWRroPBllfRui6Mx2UK459kaOOXNuZATl2Lf/dpVKBBZqD8kc/iEkaUaEJx0r1XCfRXoalZoTTaamfKppgMsZD2jNU4IgqL5ttPEUnRglQGEvzhEYz9XtHhiOlJpFvKiOsR+q3l4t/eb1Uh+dexkSSairIfFCYcqRjlJ+PAiYp0XxiCCaSmV0RGWGJiTYhlUwIy9v/J+2q7Z7Z1dtapXG5iKMIR3AMp+BCHRpwA01oAQEBj/AML5aynqxX621eWrAWPYfwA9b7F4MFkNM=</latexit>

dGW

GW Luminosity distance
<latexit sha1_base64="oeD3pgNimRtVA1y4nkbNUzFrftg="></latexit>

dGW

dL

<latexit sha1_base64="0F9Hg0VK9k6GUVPrEDdgDspS/ZQ="></latexit>

= ⌅0 +
(1� ⌅0)

(1 + z)nparameterisation

T. Baker

Belgacem et al. (2018)

Deviations from GR affect GW luminosity distances:

GW luminosity distances

LISA CosWG workshop, Stavanger, 06/06/23
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<latexit sha1_base64="PhvdcyRSvVVZxYhIwiIx/FIUP/c="></latexit>

h̃+,⇥(f) / M2
z

dL
(⇡Mz f)

� 7
6 (polarisation angles)⇥

<latexit sha1_base64="LNhAoHD86kEte+sXvWFb54SDXh0=">AAAB7XicdVDLSgNBEJyNrxhfUY9eBoPgadnVBc0t6MVjBPOAZAmzk9lkzOzMMtMrhCX/4MWDIl79H2/+jZMXqGhBQ1HVTXdXlApuwPM+ncLK6tr6RnGztLW9s7tX3j9oGpVpyhpUCaXbETFMcMkawEGwdqoZSSLBWtHoeuq3Hpg2XMk7GKcsTMhA8phTAlZqdoEnzPTKFc+tVs+DIMBz4i/JuY9915uhghao98of3b6iWcIkUEGM6fheCmFONHAq2KTUzQxLCR2RAetYKoldEuazayf4xCp9HCttSwKeqd8ncpIYM04i25kQGJrf3lT8y+tkEF+GOZdpBkzS+aI4ExgUnr6O+1wzCmJsCaGa21sxHRJNKNiASjaE5af4f9I8c33P9W+DSu1qEUcRHaFjdIp8dIFq6AbVUQNRdI8e0TN6cZTz5Lw6b/PWgrOYOUQ/4Lx/ATvMj5A=</latexit><latexit sha1_base64="LNhAoHD86kEte+sXvWFb54SDXh0=">AAAB7XicdVDLSgNBEJyNrxhfUY9eBoPgadnVBc0t6MVjBPOAZAmzk9lkzOzMMtMrhCX/4MWDIl79H2/+jZMXqGhBQ1HVTXdXlApuwPM+ncLK6tr6RnGztLW9s7tX3j9oGpVpyhpUCaXbETFMcMkawEGwdqoZSSLBWtHoeuq3Hpg2XMk7GKcsTMhA8phTAlZqdoEnzPTKFc+tVs+DIMBz4i/JuY9915uhghao98of3b6iWcIkUEGM6fheCmFONHAq2KTUzQxLCR2RAetYKoldEuazayf4xCp9HCttSwKeqd8ncpIYM04i25kQGJrf3lT8y+tkEF+GOZdpBkzS+aI4ExgUnr6O+1wzCmJsCaGa21sxHRJNKNiASjaE5af4f9I8c33P9W+DSu1qEUcRHaFjdIp8dIFq6AbVUQNRdI8e0TN6cZTz5Lw6b/PWgrOYOUQ/4Lx/ATvMj5A=</latexit><latexit sha1_base64="LNhAoHD86kEte+sXvWFb54SDXh0=">AAAB7XicdVDLSgNBEJyNrxhfUY9eBoPgadnVBc0t6MVjBPOAZAmzk9lkzOzMMtMrhCX/4MWDIl79H2/+jZMXqGhBQ1HVTXdXlApuwPM+ncLK6tr6RnGztLW9s7tX3j9oGpVpyhpUCaXbETFMcMkawEGwdqoZSSLBWtHoeuq3Hpg2XMk7GKcsTMhA8phTAlZqdoEnzPTKFc+tVs+DIMBz4i/JuY9915uhghao98of3b6iWcIkUEGM6fheCmFONHAq2KTUzQxLCR2RAetYKoldEuazayf4xCp9HCttSwKeqd8ncpIYM04i25kQGJrf3lT8y+tkEF+GOZdpBkzS+aI4ExgUnr6O+1wzCmJsCaGa21sxHRJNKNiASjaE5af4f9I8c33P9W+DSu1qEUcRHaFjdIp8dIFq6AbVUQNRdI8e0TN6cZTz5Lw6b/PWgrOYOUQ/4Lx/ATvMj5A=</latexit><latexit sha1_base64="LNhAoHD86kEte+sXvWFb54SDXh0=">AAAB7XicdVDLSgNBEJyNrxhfUY9eBoPgadnVBc0t6MVjBPOAZAmzk9lkzOzMMtMrhCX/4MWDIl79H2/+jZMXqGhBQ1HVTXdXlApuwPM+ncLK6tr6RnGztLW9s7tX3j9oGpVpyhpUCaXbETFMcMkawEGwdqoZSSLBWtHoeuq3Hpg2XMk7GKcsTMhA8phTAlZqdoEnzPTKFc+tVs+DIMBz4i/JuY9915uhghao98of3b6iWcIkUEGM6fheCmFONHAq2KTUzQxLCR2RAetYKoldEuazayf4xCp9HCttSwKeqd8ncpIYM04i25kQGJrf3lT8y+tkEF+GOZdpBkzS+aI4ExgUnr6O+1wzCmJsCaGa21sxHRJNKNiASjaE5af4f9I8c33P9W+DSu1qEUcRHaFjdIp8dIFq6AbVUQNRdI8e0TN6cZTz5Lw6b/PWgrOYOUQ/4Lx/ATvMj5A=</latexit>

⇥
<latexit sha1_base64="LNhAoHD86kEte+sXvWFb54SDXh0=">AAAB7XicdVDLSgNBEJyNrxhfUY9eBoPgadnVBc0t6MVjBPOAZAmzk9lkzOzMMtMrhCX/4MWDIl79H2/+jZMXqGhBQ1HVTXdXlApuwPM+ncLK6tr6RnGztLW9s7tX3j9oGpVpyhpUCaXbETFMcMkawEGwdqoZSSLBWtHoeuq3Hpg2XMk7GKcsTMhA8phTAlZqdoEnzPTKFc+tVs+DIMBz4i/JuY9915uhghao98of3b6iWcIkUEGM6fheCmFONHAq2KTUzQxLCR2RAetYKoldEuazayf4xCp9HCttSwKeqd8ncpIYM04i25kQGJrf3lT8y+tkEF+GOZdpBkzS+aI4ExgUnr6O+1wzCmJsCaGa21sxHRJNKNiASjaE5af4f9I8c33P9W+DSu1qEUcRHaFjdIp8dIFq6AbVUQNRdI8e0TN6cZTz5Lw6b/PWgrOYOUQ/4Lx/ATvMj5A=</latexit><latexit sha1_base64="LNhAoHD86kEte+sXvWFb54SDXh0=">AAAB7XicdVDLSgNBEJyNrxhfUY9eBoPgadnVBc0t6MVjBPOAZAmzk9lkzOzMMtMrhCX/4MWDIl79H2/+jZMXqGhBQ1HVTXdXlApuwPM+ncLK6tr6RnGztLW9s7tX3j9oGpVpyhpUCaXbETFMcMkawEGwdqoZSSLBWtHoeuq3Hpg2XMk7GKcsTMhA8phTAlZqdoEnzPTKFc+tVs+DIMBz4i/JuY9915uhghao98of3b6iWcIkUEGM6fheCmFONHAq2KTUzQxLCR2RAetYKoldEuazayf4xCp9HCttSwKeqd8ncpIYM04i25kQGJrf3lT8y+tkEF+GOZdpBkzS+aI4ExgUnr6O+1wzCmJsCaGa21sxHRJNKNiASjaE5af4f9I8c33P9W+DSu1qEUcRHaFjdIp8dIFq6AbVUQNRdI8e0TN6cZTz5Lw6b/PWgrOYOUQ/4Lx/ATvMj5A=</latexit><latexit sha1_base64="LNhAoHD86kEte+sXvWFb54SDXh0=">AAAB7XicdVDLSgNBEJyNrxhfUY9eBoPgadnVBc0t6MVjBPOAZAmzk9lkzOzMMtMrhCX/4MWDIl79H2/+jZMXqGhBQ1HVTXdXlApuwPM+ncLK6tr6RnGztLW9s7tX3j9oGpVpyhpUCaXbETFMcMkawEGwdqoZSSLBWtHoeuq3Hpg2XMk7GKcsTMhA8phTAlZqdoEnzPTKFc+tVs+DIMBz4i/JuY9915uhghao98of3b6iWcIkUEGM6fheCmFONHAq2KTUzQxLCR2RAetYKoldEuazayf4xCp9HCttSwKeqd8ncpIYM04i25kQGJrf3lT8y+tkEF+GOZdpBkzS+aI4ExgUnr6O+1wzCmJsCaGa21sxHRJNKNiASjaE5af4f9I8c33P9W+DSu1qEUcRHaFjdIp8dIFq6AbVUQNRdI8e0TN6cZTz5Lw6b/PWgrOYOUQ/4Lx/ATvMj5A=</latexit><latexit sha1_base64="LNhAoHD86kEte+sXvWFb54SDXh0=">AAAB7XicdVDLSgNBEJyNrxhfUY9eBoPgadnVBc0t6MVjBPOAZAmzk9lkzOzMMtMrhCX/4MWDIl79H2/+jZMXqGhBQ1HVTXdXlApuwPM+ncLK6tr6RnGztLW9s7tX3j9oGpVpyhpUCaXbETFMcMkawEGwdqoZSSLBWtHoeuq3Hpg2XMk7GKcsTMhA8phTAlZqdoEnzPTKFc+tVs+DIMBz4i/JuY9915uhghao98of3b6iWcIkUEGM6fheCmFONHAq2KTUzQxLCR2RAetYKoldEuazayf4xCp9HCttSwKeqd8ncpIYM04i25kQGJrf3lT8y+tkEF+GOZdpBkzS+aI4ExgUnr6O+1wzCmJsCaGa21sxHRJNKNiASjaE5af4f9I8c33P9W+DSu1qEUcRHaFjdIp8dIFq6AbVUQNRdI8e0TN6cZTz5Lw6b/PWgrOYOUQ/4Lx/ATvMj5A=</latexit>

⇥
<latexit sha1_base64="LNhAoHD86kEte+sXvWFb54SDXh0=">AAAB7XicdVDLSgNBEJyNrxhfUY9eBoPgadnVBc0t6MVjBPOAZAmzk9lkzOzMMtMrhCX/4MWDIl79H2/+jZMXqGhBQ1HVTXdXlApuwPM+ncLK6tr6RnGztLW9s7tX3j9oGpVpyhpUCaXbETFMcMkawEGwdqoZSSLBWtHoeuq3Hpg2XMk7GKcsTMhA8phTAlZqdoEnzPTKFc+tVs+DIMBz4i/JuY9915uhghao98of3b6iWcIkUEGM6fheCmFONHAq2KTUzQxLCR2RAetYKoldEuazayf4xCp9HCttSwKeqd8ncpIYM04i25kQGJrf3lT8y+tkEF+GOZdpBkzS+aI4ExgUnr6O+1wzCmJsCaGa21sxHRJNKNiASjaE5af4f9I8c33P9W+DSu1qEUcRHaFjdIp8dIFq6AbVUQNRdI8e0TN6cZTz5Lw6b/PWgrOYOUQ/4Lx/ATvMj5A=</latexit><latexit sha1_base64="LNhAoHD86kEte+sXvWFb54SDXh0=">AAAB7XicdVDLSgNBEJyNrxhfUY9eBoPgadnVBc0t6MVjBPOAZAmzk9lkzOzMMtMrhCX/4MWDIl79H2/+jZMXqGhBQ1HVTXdXlApuwPM+ncLK6tr6RnGztLW9s7tX3j9oGpVpyhpUCaXbETFMcMkawEGwdqoZSSLBWtHoeuq3Hpg2XMk7GKcsTMhA8phTAlZqdoEnzPTKFc+tVs+DIMBz4i/JuY9915uhghao98of3b6iWcIkUEGM6fheCmFONHAq2KTUzQxLCR2RAetYKoldEuazayf4xCp9HCttSwKeqd8ncpIYM04i25kQGJrf3lT8y+tkEF+GOZdpBkzS+aI4ExgUnr6O+1wzCmJsCaGa21sxHRJNKNiASjaE5af4f9I8c33P9W+DSu1qEUcRHaFjdIp8dIFq6AbVUQNRdI8e0TN6cZTz5Lw6b/PWgrOYOUQ/4Lx/ATvMj5A=</latexit><latexit sha1_base64="LNhAoHD86kEte+sXvWFb54SDXh0=">AAAB7XicdVDLSgNBEJyNrxhfUY9eBoPgadnVBc0t6MVjBPOAZAmzk9lkzOzMMtMrhCX/4MWDIl79H2/+jZMXqGhBQ1HVTXdXlApuwPM+ncLK6tr6RnGztLW9s7tX3j9oGpVpyhpUCaXbETFMcMkawEGwdqoZSSLBWtHoeuq3Hpg2XMk7GKcsTMhA8phTAlZqdoEnzPTKFc+tVs+DIMBz4i/JuY9915uhghao98of3b6iWcIkUEGM6fheCmFONHAq2KTUzQxLCR2RAetYKoldEuazayf4xCp9HCttSwKeqd8ncpIYM04i25kQGJrf3lT8y+tkEF+GOZdpBkzS+aI4ExgUnr6O+1wzCmJsCaGa21sxHRJNKNiASjaE5af4f9I8c33P9W+DSu1qEUcRHaFjdIp8dIFq6AbVUQNRdI8e0TN6cZTz5Lw6b/PWgrOYOUQ/4Lx/ATvMj5A=</latexit><latexit sha1_base64="LNhAoHD86kEte+sXvWFb54SDXh0=">AAAB7XicdVDLSgNBEJyNrxhfUY9eBoPgadnVBc0t6MVjBPOAZAmzk9lkzOzMMtMrhCX/4MWDIl79H2/+jZMXqGhBQ1HVTXdXlApuwPM+ncLK6tr6RnGztLW9s7tX3j9oGpVpyhpUCaXbETFMcMkawEGwdqoZSSLBWtHoeuq3Hpg2XMk7GKcsTMhA8phTAlZqdoEnzPTKFc+tVs+DIMBz4i/JuY9915uhghao98of3b6iWcIkUEGM6fheCmFONHAq2KTUzQxLCR2RAetYKoldEuazayf4xCp9HCttSwKeqd8ncpIYM04i25kQGJrf3lT8y+tkEF+GOZdpBkzS+aI4ExgUnr6O+1wzCmJsCaGa21sxHRJNKNiASjaE5af4f9I8c33P9W+DSu1qEUcRHaFjdIp8dIFq6AbVUQNRdI8e0TN6cZTz5Lw6b/PWgrOYOUQ/4Lx/ATvMj5A=</latexit>

(inclination factor)
<latexit sha1_base64="gNL3XWRrzutMuFIFCD+o5EadasA=">AAAB8XicdVDLSsNAFL2pr1pfVZduBovgKiSlWN0VXeiygn1gG8pkMmmHTiZhZiKU0L9w40IRt/6NO//GSVuKih4Y5nDOvdx7j59wprTjfFqFldW19Y3iZmlre2d3r7x/0FZxKgltkZjHsutjRTkTtKWZ5rSbSIojn9OOP77K/c4DlYrF4k5PEupFeChYyAjWRroPBllfRui6Mx2UK459kaOOXNuZATl2Lf/dpVKBBZqD8kc/iEkaUaEJx0r1XCfRXoalZoTTaamfKppgMsZD2jNU4IgqL5ttPEUnRglQGEvzhEYz9XtHhiOlJpFvKiOsR+q3l4t/eb1Uh+dexkSSairIfFCYcqRjlJ+PAiYp0XxiCCaSmV0RGWGJiTYhlUwIy9v/J+2q7Z7Z1dtapXG5iKMIR3AMp+BCHRpwA01oAQEBj/AML5aynqxX621eWrAWPYfwA9b7F4MFkNM=</latexit>

dGW

GW Luminosity distance
<latexit sha1_base64="oeD3pgNimRtVA1y4nkbNUzFrftg="></latexit>

dGW

dL

<latexit sha1_base64="0F9Hg0VK9k6GUVPrEDdgDspS/ZQ="></latexit>

= ⌅0 +
(1� ⌅0)

(1 + z)nparameterisation

T. Baker

Belgacem et al. (2018)

Deviations from GR affect GW luminosity distances:

LISA CosWG workshop, Stavanger, 06/06/23
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To obtain dL we need a redshift & a cosmological model (see Chiara’s talk).
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To obtain dL we need a redshift & a cosmological model (see Chiara’s talk).

Bright sirens

EM counterpart → single redshift

Strong constraints from one event
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To obtain dL we need a redshift & a cosmological model (see Chiara’s talk).

Bright sirens

EM counterpart → single redshift

Strong constraints from one event

Dark sirens (incl. spectral sirens)


No EM counterpart 

Galaxy catalogue → many possible redshifts


Need to stack events & lines of sight
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Friction constraints from GW170817

T. Baker

This would constrain GW friction, but it needs to be at a ‘reasonable’ distance to be useful.
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weak constraints only 
(GW170817 nearby)

LISA CosWG workshop, Stavanger, 06/06/23
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Friction forecast for LISA sources + counterparts

T. Baker LISA CosWG workshop, Stavanger, 06/06/23

Belgacem et al., LISA CosWG (2019).

Some dependence on 
population model.
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Dark Sirens: GWTC-3 BBHs

T. Baker

(preliminary)
Figure: A Chen

Parameters 
describing black hole 

mass distribution

We use the code gwcosmo 
(Gray et al.), extended for 

MG by Anson Chen.

LISA CosWG workshop, Stavanger, 06/06/23

Chen, Gray & TB (in prep)

See also LISA dark sirens 
forecast by Laghi et al. (2021)
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Dark Sirens: GWTC-3 BBHs

T. Baker

(preliminary)
Figure: A Chen

Parameters 
describing black hole 

mass distribution

We use the code gwcosmo 
(Gray et al.), extended for 

MG by Anson Chen.

LISA CosWG workshop, Stavanger, 06/06/23

Chen, Gray & TB (in prep)

See also LISA dark sirens 
forecast by Laghi et al. (2021)
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GW Friction Questions

T. Baker

•Bright vs dark sirens: which is most useful for LISA binaries?

Depends on: rarity of LISA EM counterparts vs catalogues completeness at high redshift.

•Are there exploitable features in the SMBH mass distribution?

LISA CosWG workshop, Stavanger, 06/06/23

•What MG phenomenology can we probe with polarisation data?

Bonus Question
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Conclusions

T. Baker

@Tessa_M_Baker
t.baker@qmul.ac.uk
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<latexit sha1_base64="U0qGz63dPYMWu5o4zra2D5r9Hrs="></latexit><latexit sha1_base64="U0qGz63dPYMWu5o4zra2D5r9Hrs="></latexit><latexit sha1_base64="U0qGz63dPYMWu5o4zra2D5r9Hrs="></latexit><latexit sha1_base64="U0qGz63dPYMWu5o4zra2D5r9Hrs="></latexit>

(
<latexit sha1_base64="upw96pbZMAwPOHB64Irw/8BljNc="></latexit><latexit sha1_base64="upw96pbZMAwPOHB64Irw/8BljNc="></latexit><latexit sha1_base64="upw96pbZMAwPOHB64Irw/8BljNc="></latexit><latexit sha1_base64="upw96pbZMAwPOHB64Irw/8BljNc="></latexit>

c2T
<latexit sha1_base64="PEMxynz3YqTOmRPNJSSJvYnrdHE="></latexit><latexit sha1_base64="PEMxynz3YqTOmRPNJSSJvYnrdHE="></latexit><latexit sha1_base64="PEMxynz3YqTOmRPNJSSJvYnrdHE="></latexit><latexit sha1_base64="PEMxynz3YqTOmRPNJSSJvYnrdHE="></latexit>

k2
<latexit sha1_base64="uNJrj2LIYUsyhZ7YCksefWSmEM0="></latexit><latexit sha1_base64="uNJrj2LIYUsyhZ7YCksefWSmEM0="></latexit><latexit sha1_base64="uNJrj2LIYUsyhZ7YCksefWSmEM0="></latexit><latexit sha1_base64="uNJrj2LIYUsyhZ7YCksefWSmEM0="></latexit>

+
<latexit sha1_base64="U0qGz63dPYMWu5o4zra2D5r9Hrs="></latexit><latexit sha1_base64="U0qGz63dPYMWu5o4zra2D5r9Hrs="></latexit><latexit sha1_base64="U0qGz63dPYMWu5o4zra2D5r9Hrs="></latexit><latexit sha1_base64="U0qGz63dPYMWu5o4zra2D5r9Hrs="></latexit>

a2 m2
g

<latexit sha1_base64="B8qdqvbEt+lodEpB/38lKbb8AY4="></latexit><latexit sha1_base64="B8qdqvbEt+lodEpB/38lKbb8AY4="></latexit><latexit sha1_base64="B8qdqvbEt+lodEpB/38lKbb8AY4="></latexit><latexit sha1_base64="B8qdqvbEt+lodEpB/38lKbb8AY4="></latexit>

(
<latexit sha1_base64="upw96pbZMAwPOHB64Irw/8BljNc="></latexit> <latexit sha1_base64="upw96pbZMAwPOHB64Irw/8BljNc="></latexit> <latexit sha1_base64="upw96pbZMAwPOHB64Irw/8BljNc="></latexit> <latexit sha1_base64="upw96pbZMAwPOHB64Irw/8BljNc="></latexit>

hij =
<latexit sha1_base64="b7oy9H5yamSqOCip4nVyLGM9dCY="></latexit><latexit sha1_base64="b7oy9H5yamSqOCip4nVyLGM9dCY="></latexit><latexit sha1_base64="b7oy9H5yamSqOCip4nVyLGM9dCY="></latexit><latexit sha1_base64="b7oy9H5yamSqOCip4nVyLGM9dCY="></latexit>

a2 �C �ij
<latexit sha1_base64="KfidSTOx0bHtn/EMpAqAdJuBAKg="></latexit><latexit sha1_base64="KfidSTOx0bHtn/EMpAqAdJuBAKg="></latexit><latexit sha1_base64="KfidSTOx0bHtn/EMpAqAdJuBAKg="></latexit><latexit sha1_base64="KfidSTOx0bHtn/EMpAqAdJuBAKg="></latexit>

Modified friction                 
Modified propagation speed

1
<latexit sha1_base64="wAGuNgSdVJqBVadM9oLfpD1N08w=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPgadkxC5pb0IvHBMwDkiXMTmaTMbOzy8ysEEK+wIsHRbz6Sd78GycvUNGChqKqm+6uMBVcG8/7dHJr6xubW/ntws7u3v5B8fCoqZNMUdagiUhUOySaCS5Zw3AjWDtVjMShYK1wdDPzWw9MaZ7IOzNOWRCTgeQRp8RYqY57xZLnVipl3/fRguAVKWOEXW+OEixR6xU/uv2EZjGThgqidQd7qQkmRBlOBZsWuplmKaEjMmAdSyWJmQ4m80On6MwqfRQlypY0aK5+n5iQWOtxHNrOmJih/u3NxL+8Tmaiq2DCZZoZJuliUZQJZBI0+xr1uWLUiLElhCpub0V0SBShxmZTsCGsPkX/k+aFiz0X1/1S9XoZRx5O4BTOAcMlVOEWatAACgwe4RlenHvnyXl13hatOWc5cww/4Lx/AQA+jRE=</latexit><latexit sha1_base64="wAGuNgSdVJqBVadM9oLfpD1N08w=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPgadkxC5pb0IvHBMwDkiXMTmaTMbOzy8ysEEK+wIsHRbz6Sd78GycvUNGChqKqm+6uMBVcG8/7dHJr6xubW/ntws7u3v5B8fCoqZNMUdagiUhUOySaCS5Zw3AjWDtVjMShYK1wdDPzWw9MaZ7IOzNOWRCTgeQRp8RYqY57xZLnVipl3/fRguAVKWOEXW+OEixR6xU/uv2EZjGThgqidQd7qQkmRBlOBZsWuplmKaEjMmAdSyWJmQ4m80On6MwqfRQlypY0aK5+n5iQWOtxHNrOmJih/u3NxL+8Tmaiq2DCZZoZJuliUZQJZBI0+xr1uWLUiLElhCpub0V0SBShxmZTsCGsPkX/k+aFiz0X1/1S9XoZRx5O4BTOAcMlVOEWatAACgwe4RlenHvnyXl13hatOWc5cww/4Lx/AQA+jRE=</latexit><latexit sha1_base64="wAGuNgSdVJqBVadM9oLfpD1N08w=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPgadkxC5pb0IvHBMwDkiXMTmaTMbOzy8ysEEK+wIsHRbz6Sd78GycvUNGChqKqm+6uMBVcG8/7dHJr6xubW/ntws7u3v5B8fCoqZNMUdagiUhUOySaCS5Zw3AjWDtVjMShYK1wdDPzWw9MaZ7IOzNOWRCTgeQRp8RYqY57xZLnVipl3/fRguAVKWOEXW+OEixR6xU/uv2EZjGThgqidQd7qQkmRBlOBZsWuplmKaEjMmAdSyWJmQ4m80On6MwqfRQlypY0aK5+n5iQWOtxHNrOmJih/u3NxL+8Tmaiq2DCZZoZJuliUZQJZBI0+xr1uWLUiLElhCpub0V0SBShxmZTsCGsPkX/k+aFiz0X1/1S9XoZRx5O4BTOAcMlVOEWatAACgwe4RlenHvnyXl13hatOWc5cww/4Lx/AQA+jRE=</latexit><latexit sha1_base64="wAGuNgSdVJqBVadM9oLfpD1N08w=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPgadkxC5pb0IvHBMwDkiXMTmaTMbOzy8ysEEK+wIsHRbz6Sd78GycvUNGChqKqm+6uMBVcG8/7dHJr6xubW/ntws7u3v5B8fCoqZNMUdagiUhUOySaCS5Zw3AjWDtVjMShYK1wdDPzWw9MaZ7IOzNOWRCTgeQRp8RYqY57xZLnVipl3/fRguAVKWOEXW+OEixR6xU/uv2EZjGThgqidQd7qQkmRBlOBZsWuplmKaEjMmAdSyWJmQ4m80On6MwqfRQlypY0aK5+n5iQWOtxHNrOmJih/u3NxL+8Tmaiq2DCZZoZJuliUZQJZBI0+xr1uWLUiLElhCpub0V0SBShxmZTsCGsPkX/k+aFiz0X1/1S9XoZRx5O4BTOAcMlVOEWatAACgwe4RlenHvnyXl13hatOWc5cww/4Lx/AQA+jRE=</latexit>

⌫(z) )
<latexit sha1_base64="vgMMaVeNBzTqyhM+Psl/DO+Epn8="></latexit><latexit sha1_base64="vgMMaVeNBzTqyhM+Psl/DO+Epn8="></latexit><latexit sha1_base64="vgMMaVeNBzTqyhM+Psl/DO+Epn8="></latexit><latexit sha1_base64="vgMMaVeNBzTqyhM+Psl/DO+Epn8="></latexit>

LISA CosWG workshop, Stavanger, 06/06/23
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& dispersion

Effects on merger time 
& waveform

mailto:t.baker@qmul.ac.uk


25

BBH mass distribution

T. Baker
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decrease Ξ0

increase Ξ0

µg
<latexit sha1_base64="HjpYE3YHjdmzy+E9x2ht65jt4UA=">AAAB7HicdVDLSgMxFM3UV62vqks3wSK4GjKDre2u6MZlBacttEPJpJk2NMkMSUYoQ7/BjQtF3PpB7vwb04egogcuHM65l3vviVLOtEHowymsrW9sbhW3Szu7e/sH5cOjtk4yRWhAEp6oboQ15UzSwDDDaTdVFIuI0040uZ77nXuqNEvknZmmNBR4JFnMCDZWCvoiG4wG5Qpy/Spq1D2IXGTh+5ZUkdeo1aC3UBCqgBVag/J7f5iQTFBpCMda9zyUmjDHyjDC6azUzzRNMZngEe1ZKrGgOswXx87gmVWGME6ULWngQv0+kWOh9VREtlNgM9a/vbn4l9fLTFwPcybTzFBJlovijEOTwPnncMgUJYZPLcFEMXsrJGOsMDE2n5IN4etT+D9p+66HXO/2otK8WsVRBCfgFJwDD1yCJrgBLRAAAhh4AE/g2ZHOo/PivC5bC85q5hj8gPP2CScdjug=</latexit><latexit sha1_base64="HjpYE3YHjdmzy+E9x2ht65jt4UA=">AAAB7HicdVDLSgMxFM3UV62vqks3wSK4GjKDre2u6MZlBacttEPJpJk2NMkMSUYoQ7/BjQtF3PpB7vwb04egogcuHM65l3vviVLOtEHowymsrW9sbhW3Szu7e/sH5cOjtk4yRWhAEp6oboQ15UzSwDDDaTdVFIuI0040uZ77nXuqNEvknZmmNBR4JFnMCDZWCvoiG4wG5Qpy/Spq1D2IXGTh+5ZUkdeo1aC3UBCqgBVag/J7f5iQTFBpCMda9zyUmjDHyjDC6azUzzRNMZngEe1ZKrGgOswXx87gmVWGME6ULWngQv0+kWOh9VREtlNgM9a/vbn4l9fLTFwPcybTzFBJlovijEOTwPnncMgUJYZPLcFEMXsrJGOsMDE2n5IN4etT+D9p+66HXO/2otK8WsVRBCfgFJwDD1yCJrgBLRAAAhh4AE/g2ZHOo/PivC5bC85q5hj8gPP2CScdjug=</latexit><latexit sha1_base64="HjpYE3YHjdmzy+E9x2ht65jt4UA=">AAAB7HicdVDLSgMxFM3UV62vqks3wSK4GjKDre2u6MZlBacttEPJpJk2NMkMSUYoQ7/BjQtF3PpB7vwb04egogcuHM65l3vviVLOtEHowymsrW9sbhW3Szu7e/sH5cOjtk4yRWhAEp6oboQ15UzSwDDDaTdVFIuI0040uZ77nXuqNEvknZmmNBR4JFnMCDZWCvoiG4wG5Qpy/Spq1D2IXGTh+5ZUkdeo1aC3UBCqgBVag/J7f5iQTFBpCMda9zyUmjDHyjDC6azUzzRNMZngEe1ZKrGgOswXx87gmVWGME6ULWngQv0+kWOh9VREtlNgM9a/vbn4l9fLTFwPcybTzFBJlovijEOTwPnncMgUJYZPLcFEMXsrJGOsMDE2n5IN4etT+D9p+66HXO/2otK8WsVRBCfgFJwDD1yCJrgBLRAAAhh4AE/g2ZHOo/PivC5bC85q5hj8gPP2CScdjug=</latexit><latexit sha1_base64="HjpYE3YHjdmzy+E9x2ht65jt4UA=">AAAB7HicdVDLSgMxFM3UV62vqks3wSK4GjKDre2u6MZlBacttEPJpJk2NMkMSUYoQ7/BjQtF3PpB7vwb04egogcuHM65l3vviVLOtEHowymsrW9sbhW3Szu7e/sH5cOjtk4yRWhAEp6oboQ15UzSwDDDaTdVFIuI0040uZ77nXuqNEvknZmmNBR4JFnMCDZWCvoiG4wG5Qpy/Spq1D2IXGTh+5ZUkdeo1aC3UBCqgBVag/J7f5iQTFBpCMda9zyUmjDHyjDC6azUzzRNMZngEe1ZKrGgOswXx87gmVWGME6ULWngQv0+kWOh9VREtlNgM9a/vbn4l9fLTFwPcybTzFBJlovijEOTwPnncMgUJYZPLcFEMXsrJGOsMDE2n5IN4etT+D9p+66HXO/2otK8WsVRBCfgFJwDD1yCJrgBLRAAAhh4AE/g2ZHOo/PivC5bC85q5hj8gPP2CScdjug=</latexit>

mmax
<latexit sha1_base64="71+0/aiuooBo0dk1Z677y75ttZU=">AAACHXicdVDLSsNAFJ3UV62vqEs3g0VwUUIihequ6MZlBfuAJITJdNoOnUnCzEQsIT/ixl9x40IRF27Ev3HSh6jogWEO5557584JE0alsu0Po7S0vLK6Vl6vbGxube+Yu3sdGacCkzaOWSx6IZKE0Yi0FVWM9BJBEA8Z6Ybji6LevSFC0ji6VpOE+BwNIzqgGCktBWY986ZDXDEM/cy2zgo0ao5lT1GzrXpxOzkPMk9wyNFtngdmdeGECydcOL+UKpijFZhvXj/GKSeRwgxJ6Tp2ovwMCUUxI3nFSyVJEB6jIXE1jRAn0s+mi+XwSCt9OIiFPpGCU/V7R4a4lBMeaidHaiR/1wrxr5qbqsGpn9EoSRWJ8OyhQcqgimERFexTQbBiE00QFlTvCvEICYSVDrSiQ/j6+/+kc2I5tuVc1avN83kcZXAADsExcEADNMElaIE2wOAOPIAn8GzcG4/Gi/E6s5aMec8++AHj/RPyF568</latexit><latexit sha1_base64="71+0/aiuooBo0dk1Z677y75ttZU=">AAACHXicdVDLSsNAFJ3UV62vqEs3g0VwUUIihequ6MZlBfuAJITJdNoOnUnCzEQsIT/ixl9x40IRF27Ev3HSh6jogWEO5557584JE0alsu0Po7S0vLK6Vl6vbGxube+Yu3sdGacCkzaOWSx6IZKE0Yi0FVWM9BJBEA8Z6Ybji6LevSFC0ji6VpOE+BwNIzqgGCktBWY986ZDXDEM/cy2zgo0ao5lT1GzrXpxOzkPMk9wyNFtngdmdeGECydcOL+UKpijFZhvXj/GKSeRwgxJ6Tp2ovwMCUUxI3nFSyVJEB6jIXE1jRAn0s+mi+XwSCt9OIiFPpGCU/V7R4a4lBMeaidHaiR/1wrxr5qbqsGpn9EoSRWJ8OyhQcqgimERFexTQbBiE00QFlTvCvEICYSVDrSiQ/j6+/+kc2I5tuVc1avN83kcZXAADsExcEADNMElaIE2wOAOPIAn8GzcG4/Gi/E6s5aMec8++AHj/RPyF568</latexit><latexit sha1_base64="71+0/aiuooBo0dk1Z677y75ttZU=">AAACHXicdVDLSsNAFJ3UV62vqEs3g0VwUUIihequ6MZlBfuAJITJdNoOnUnCzEQsIT/ixl9x40IRF27Ev3HSh6jogWEO5557584JE0alsu0Po7S0vLK6Vl6vbGxube+Yu3sdGacCkzaOWSx6IZKE0Yi0FVWM9BJBEA8Z6Ybji6LevSFC0ji6VpOE+BwNIzqgGCktBWY986ZDXDEM/cy2zgo0ao5lT1GzrXpxOzkPMk9wyNFtngdmdeGECydcOL+UKpijFZhvXj/GKSeRwgxJ6Tp2ovwMCUUxI3nFSyVJEB6jIXE1jRAn0s+mi+XwSCt9OIiFPpGCU/V7R4a4lBMeaidHaiR/1wrxr5qbqsGpn9EoSRWJ8OyhQcqgimERFexTQbBiE00QFlTvCvEICYSVDrSiQ/j6+/+kc2I5tuVc1avN83kcZXAADsExcEADNMElaIE2wOAOPIAn8GzcG4/Gi/E6s5aMec8++AHj/RPyF568</latexit><latexit sha1_base64="71+0/aiuooBo0dk1Z677y75ttZU=">AAACHXicdVDLSsNAFJ3UV62vqEs3g0VwUUIihequ6MZlBfuAJITJdNoOnUnCzEQsIT/ixl9x40IRF27Ev3HSh6jogWEO5557584JE0alsu0Po7S0vLK6Vl6vbGxube+Yu3sdGacCkzaOWSx6IZKE0Yi0FVWM9BJBEA8Z6Ybji6LevSFC0ji6VpOE+BwNIzqgGCktBWY986ZDXDEM/cy2zgo0ao5lT1GzrXpxOzkPMk9wyNFtngdmdeGECydcOL+UKpijFZhvXj/GKSeRwgxJ6Tp2ovwMCUUxI3nFSyVJEB6jIXE1jRAn0s+mi+XwSCt9OIiFPpGCU/V7R4a4lBMeaidHaiR/1wrxr5qbqsGpn9EoSRWJ8OyhQcqgimERFexTQbBiE00QFlTvCvEICYSVDrSiQ/j6+/+kc2I5tuVc1avN83kcZXAADsExcEADNMElaIE2wOAOPIAn8GzcG4/Gi/E6s5aMec8++AHj/RPyF568</latexit>

LISA CosWG workshop, Stavanger, 06/06/23
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Modified dispersion relations

T. Baker

2112.06861

Parameterised GW dispersion relation: E2 = p2c2 +A↵ p↵c↵
<latexit sha1_base64="eNC+nbc7XuW0eu6L7uUBgBQuI9s="></latexit><latexit sha1_base64="eNC+nbc7XuW0eu6L7uUBgBQuI9s="></latexit><latexit sha1_base64="eNC+nbc7XuW0eu6L7uUBgBQuI9s="></latexit><latexit sha1_base64="eNC+nbc7XuW0eu6L7uUBgBQuI9s="></latexit>

Graviton mass term↵ = 0 )
<latexit sha1_base64="BZSknqnH6XJSr3VPaA3Tu1y7cwM=">AAACB3icdVDLSgMxFM3UV62vqktBgkVwNcxUxRYRim5cVrEP6AzlTpp2QjMPkoxShu7c+CtuXCji1l9w59+YPigqekLg5Jx7ubnHizmTyrI+jczc/MLiUnY5t7K6tr6R39yqyygRhNZIxCPR9EBSzkJaU0xx2owFhcDjtOH1L0Z+45YKyaLwRg1i6gbQC1mXEVBaaud3HeCxD/gMW9g51eea9XwFQkR3o2c7X7DMw3K5XDrGtmmNgS1TC0W7OFMKaIpqO//hdCKSBDRUhIOULduKlZuCUIxwOsw5iaQxkD70aEvTEAIq3XS8xxDva6WDu5HQN1R4rH7vSCGQchB4ujIA5cvf3kj8y2slqltyUxbGiaIhmQzqJhyrCI9CwR0mKFF8oAkQwfRfMfFBAFE6upwOYbb7/6ReNG3LtK+OCpXzaRxZtIP20AGy0QmqoEtURTVE0D16RM/oxXgwnoxX421SmjGmPdvoB4z3LxfNmDM=</latexit><latexit sha1_base64="BZSknqnH6XJSr3VPaA3Tu1y7cwM=">AAACB3icdVDLSgMxFM3UV62vqktBgkVwNcxUxRYRim5cVrEP6AzlTpp2QjMPkoxShu7c+CtuXCji1l9w59+YPigqekLg5Jx7ubnHizmTyrI+jczc/MLiUnY5t7K6tr6R39yqyygRhNZIxCPR9EBSzkJaU0xx2owFhcDjtOH1L0Z+45YKyaLwRg1i6gbQC1mXEVBaaud3HeCxD/gMW9g51eea9XwFQkR3o2c7X7DMw3K5XDrGtmmNgS1TC0W7OFMKaIpqO//hdCKSBDRUhIOULduKlZuCUIxwOsw5iaQxkD70aEvTEAIq3XS8xxDva6WDu5HQN1R4rH7vSCGQchB4ujIA5cvf3kj8y2slqltyUxbGiaIhmQzqJhyrCI9CwR0mKFF8oAkQwfRfMfFBAFE6upwOYbb7/6ReNG3LtK+OCpXzaRxZtIP20AGy0QmqoEtURTVE0D16RM/oxXgwnoxX421SmjGmPdvoB4z3LxfNmDM=</latexit><latexit sha1_base64="BZSknqnH6XJSr3VPaA3Tu1y7cwM=">AAACB3icdVDLSgMxFM3UV62vqktBgkVwNcxUxRYRim5cVrEP6AzlTpp2QjMPkoxShu7c+CtuXCji1l9w59+YPigqekLg5Jx7ubnHizmTyrI+jczc/MLiUnY5t7K6tr6R39yqyygRhNZIxCPR9EBSzkJaU0xx2owFhcDjtOH1L0Z+45YKyaLwRg1i6gbQC1mXEVBaaud3HeCxD/gMW9g51eea9XwFQkR3o2c7X7DMw3K5XDrGtmmNgS1TC0W7OFMKaIpqO//hdCKSBDRUhIOULduKlZuCUIxwOsw5iaQxkD70aEvTEAIq3XS8xxDva6WDu5HQN1R4rH7vSCGQchB4ujIA5cvf3kj8y2slqltyUxbGiaIhmQzqJhyrCI9CwR0mKFF8oAkQwfRfMfFBAFE6upwOYbb7/6ReNG3LtK+OCpXzaRxZtIP20AGy0QmqoEtURTVE0D16RM/oxXgwnoxX421SmjGmPdvoB4z3LxfNmDM=</latexit><latexit sha1_base64="BZSknqnH6XJSr3VPaA3Tu1y7cwM=">AAACB3icdVDLSgMxFM3UV62vqktBgkVwNcxUxRYRim5cVrEP6AzlTpp2QjMPkoxShu7c+CtuXCji1l9w59+YPigqekLg5Jx7ubnHizmTyrI+jczc/MLiUnY5t7K6tr6R39yqyygRhNZIxCPR9EBSzkJaU0xx2owFhcDjtOH1L0Z+45YKyaLwRg1i6gbQC1mXEVBaaud3HeCxD/gMW9g51eea9XwFQkR3o2c7X7DMw3K5XDrGtmmNgS1TC0W7OFMKaIpqO//hdCKSBDRUhIOULduKlZuCUIxwOsw5iaQxkD70aEvTEAIq3XS8xxDva6WDu5HQN1R4rH7vSCGQchB4ujIA5cvf3kj8y2slqltyUxbGiaIhmQzqJhyrCI9CwR0mKFF8oAkQwfRfMfFBAFE6upwOYbb7/6ReNG3LtK+OCpXzaRxZtIP20AGy0QmqoEtURTVE0D16RM/oxXgwnoxX421SmjGmPdvoB4z3LxfNmDM=</latexit>

↵ = 2 )
<latexit sha1_base64="HmpHn3QQcrpaYbjMnKG9e4Fy8YA=">AAACB3icdVDLSgMxFM3UV62vUZeCBIvgapipii0iFN24rGIf0JZyJ810QjMPkoxSSndu/BU3LhRx6y+482/MtKWo6AmBk3Pu5eYeN+ZMKtv+NDJz8wuLS9nl3Mrq2vqGublVk1EiCK2SiEei4YKknIW0qpjitBELCoHLad3tX6R+/ZYKyaLwRg1i2g6gFzKPEVBa6pi7LeCxD/gMF3DrVJ9r1vMVCBHdpc+Ombetw1KpVDzGjmWPgW1LCwWnMFPyaIpKx/xodSOSBDRUhIOUTceOVXsIQjHC6SjXSiSNgfShR5uahhBQ2R6O9xjhfa10sRcJfUOFx+r3jiEEUg4CV1cGoHz520vFv7xmorxie8jCOFE0JJNBXsKxinAaCu4yQYniA02ACKb/iokPAojS0eV0CLPd/ye1guXYlnN1lC+fT+PIoh20hw6Qg05QGV2iCqoigu7RI3pGL8aD8WS8Gm+T0owx7dlGP2C8fwEa/Zg1</latexit><latexit sha1_base64="HmpHn3QQcrpaYbjMnKG9e4Fy8YA=">AAACB3icdVDLSgMxFM3UV62vUZeCBIvgapipii0iFN24rGIf0JZyJ810QjMPkoxSSndu/BU3LhRx6y+482/MtKWo6AmBk3Pu5eYeN+ZMKtv+NDJz8wuLS9nl3Mrq2vqGublVk1EiCK2SiEei4YKknIW0qpjitBELCoHLad3tX6R+/ZYKyaLwRg1i2g6gFzKPEVBa6pi7LeCxD/gMF3DrVJ9r1vMVCBHdpc+Ombetw1KpVDzGjmWPgW1LCwWnMFPyaIpKx/xodSOSBDRUhIOUTceOVXsIQjHC6SjXSiSNgfShR5uahhBQ2R6O9xjhfa10sRcJfUOFx+r3jiEEUg4CV1cGoHz520vFv7xmorxie8jCOFE0JJNBXsKxinAaCu4yQYniA02ACKb/iokPAojS0eV0CLPd/ye1guXYlnN1lC+fT+PIoh20hw6Qg05QGV2iCqoigu7RI3pGL8aD8WS8Gm+T0owx7dlGP2C8fwEa/Zg1</latexit><latexit sha1_base64="HmpHn3QQcrpaYbjMnKG9e4Fy8YA=">AAACB3icdVDLSgMxFM3UV62vUZeCBIvgapipii0iFN24rGIf0JZyJ810QjMPkoxSSndu/BU3LhRx6y+482/MtKWo6AmBk3Pu5eYeN+ZMKtv+NDJz8wuLS9nl3Mrq2vqGublVk1EiCK2SiEei4YKknIW0qpjitBELCoHLad3tX6R+/ZYKyaLwRg1i2g6gFzKPEVBa6pi7LeCxD/gMF3DrVJ9r1vMVCBHdpc+Ombetw1KpVDzGjmWPgW1LCwWnMFPyaIpKx/xodSOSBDRUhIOUTceOVXsIQjHC6SjXSiSNgfShR5uahhBQ2R6O9xjhfa10sRcJfUOFx+r3jiEEUg4CV1cGoHz520vFv7xmorxie8jCOFE0JJNBXsKxinAaCu4yQYniA02ACKb/iokPAojS0eV0CLPd/ye1guXYlnN1lC+fT+PIoh20hw6Qg05QGV2iCqoigu7RI3pGL8aD8WS8Gm+T0owx7dlGP2C8fwEa/Zg1</latexit><latexit sha1_base64="HmpHn3QQcrpaYbjMnKG9e4Fy8YA=">AAACB3icdVDLSgMxFM3UV62vUZeCBIvgapipii0iFN24rGIf0JZyJ810QjMPkoxSSndu/BU3LhRx6y+482/MtKWo6AmBk3Pu5eYeN+ZMKtv+NDJz8wuLS9nl3Mrq2vqGublVk1EiCK2SiEei4YKknIW0qpjitBELCoHLad3tX6R+/ZYKyaLwRg1i2g6gFzKPEVBa6pi7LeCxD/gMF3DrVJ9r1vMVCBHdpc+Ombetw1KpVDzGjmWPgW1LCwWnMFPyaIpKx/xodSOSBDRUhIOUTceOVXsIQjHC6SjXSiSNgfShR5uahhBQ2R6O9xjhfa10sRcJfUOFx+r3jiEEUg4CV1cGoHz520vFv7xmorxie8jCOFE0JJNBXsKxinAaCu4yQYniA02ACKb/iokPAojS0eV0CLPd/ye1guXYlnN1lC+fT+PIoh20hw6Qg05QGV2iCqoigu7RI3pGL8aD8WS8Gm+T0owx7dlGP2C8fwEa/Zg1</latexit>

Frequency-independent 
change to speed
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Waveform-only constraints

T. Baker LISA CosWG workshop, Stavanger, 06/06/23
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<latexit sha1_base64="mqpGYazLw/TiP0vWSrEt3olT1B0=">AAAB6nicdVDLSsNAFJ34rPVVdelmsAjiIkxiqumu6MZlRfuANpTJdNIOnUzCzEQooZ/gxoUibv0id/6N04egogcuHM65l3vvCVPOlEbow1paXlldWy9sFDe3tnd2S3v7TZVkktAGSXgi2yFWlDNBG5ppTtuppDgOOW2Fo6up37qnUrFE3OlxSoMYDwSLGMHaSLdR77RXKiO7WkWe50NkV5DrehVD0Jnr+w50bDRDGSxQ75Xeu/2EZDEVmnCsVMdBqQ5yLDUjnE6K3UzRFJMRHtCOoQLHVAX57NQJPDZKH0aJNCU0nKnfJ3IcKzWOQ9MZYz1Uv72p+JfXyXTkBzkTaaapIPNFUcahTuD0b9hnkhLNx4ZgIpm5FZIhlphok07RhPD1KfyfNF3bObfdG69cu1zEUQCH4AicAAdcgBq4BnXQAAQMwAN4As8Wtx6tF+t13rpkLWYOwA9Yb59TbI3Y</latexit>

f⇤
<latexit sha1_base64="G0/SRUwBZthh7SNqtU1QxhsPBn4=">AAAB6nicdVDLSgNBEOyNrxhfUY9eBoPgaZmNJia3oBePEc0DkiXMTmaTIbMPZmaFsOQTvHhQxKtf5M2/cTaJoKIFDUVVN91dXiy40hh/WLmV1bX1jfxmYWt7Z3evuH/QVlEiKWvRSESy6xHFBA9ZS3MtWDeWjASeYB1vcpX5nXsmFY/COz2NmRuQUch9Tok20i0d4EGxhG1crdRxHWG7gp3anGBcrZXPkGNIhhIs0RwU3/vDiCYBCzUVRKmeg2PtpkRqTgWbFfqJYjGhEzJiPUNDEjDlpvNTZ+jEKEPkR9JUqNFc/T6RkkCpaeCZzoDosfrtZeJfXi/Rfs1NeRgnmoV0schPBNIRyv5GQy4Z1WJqCKGSm1sRHRNJqDbpFEwIX5+i/0m7bDtVu3xzXmpcLuPIwxEcwyk4cAENuIYmtIDCCB7gCZ4tYT1aL9brojVnLWcO4Qest09Ta43Y</latexit>c0

Reminder:
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Friction forecast for LISA sources

T. Baker LISA CosWG workshop, Stavanger, 06/06/23

αi∝ΩΛ(z)

Equivalent to ⌫0
<latexit sha1_base64="7LaRr4xDfocjwOB7F7RdXMidU4M=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRbB05Itlba3ohePFdy20C4lm6ZtaDa7JFmhLP0NXjwo4tUf5M1/Y/qBqPXBwOO9GWbmhYng2mD86eQ2Nre2d/K7hb39g8Oj4vFJS8eposynsYhVJySaCS6Zb7gRrJMoRqJQsHY4uZn77QemNI/lvZkmLIjISPIhp8RYye/JtI/7xRJ26zVcLl8hS6p1r+Ihz8ULfJMSrNDsFz96g5imEZOGCqJ118OJCTKiDKeCzQq9VLOE0AkZsa6lkkRMB9ni2Bm6sMoADWNlSxq0UH9OZCTSehqFtjMiZqz/enPxP6+bmmEtyLhMUsMkXS4apgKZGM0/RwOuGDViagmhittbER0TRaix+RRsCGsvr5NW2fWw691VSo3rVRx5OINzuAQPqtCAW2iCDxQ4PMIzvDjSeXJenbdla85ZzZzCLzjvX9lijrQ=</latexit><latexit sha1_base64="7LaRr4xDfocjwOB7F7RdXMidU4M=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRbB05Itlba3ohePFdy20C4lm6ZtaDa7JFmhLP0NXjwo4tUf5M1/Y/qBqPXBwOO9GWbmhYng2mD86eQ2Nre2d/K7hb39g8Oj4vFJS8eposynsYhVJySaCS6Zb7gRrJMoRqJQsHY4uZn77QemNI/lvZkmLIjISPIhp8RYye/JtI/7xRJ26zVcLl8hS6p1r+Ihz8ULfJMSrNDsFz96g5imEZOGCqJ118OJCTKiDKeCzQq9VLOE0AkZsa6lkkRMB9ni2Bm6sMoADWNlSxq0UH9OZCTSehqFtjMiZqz/enPxP6+bmmEtyLhMUsMkXS4apgKZGM0/RwOuGDViagmhittbER0TRaix+RRsCGsvr5NW2fWw691VSo3rVRx5OINzuAQPqtCAW2iCDxQ4PMIzvDjSeXJenbdla85ZzZzCLzjvX9lijrQ=</latexit><latexit sha1_base64="7LaRr4xDfocjwOB7F7RdXMidU4M=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRbB05Itlba3ohePFdy20C4lm6ZtaDa7JFmhLP0NXjwo4tUf5M1/Y/qBqPXBwOO9GWbmhYng2mD86eQ2Nre2d/K7hb39g8Oj4vFJS8eposynsYhVJySaCS6Zb7gRrJMoRqJQsHY4uZn77QemNI/lvZkmLIjISPIhp8RYye/JtI/7xRJ26zVcLl8hS6p1r+Ihz8ULfJMSrNDsFz96g5imEZOGCqJ118OJCTKiDKeCzQq9VLOE0AkZsa6lkkRMB9ni2Bm6sMoADWNlSxq0UH9OZCTSehqFtjMiZqz/enPxP6+bmmEtyLhMUsMkXS4apgKZGM0/RwOuGDViagmhittbER0TRaix+RRsCGsvr5NW2fWw691VSo3rVRx5OINzuAQPqtCAW2iCDxQ4PMIzvDjSeXJenbdla85ZzZzCLzjvX9lijrQ=</latexit><latexit sha1_base64="7LaRr4xDfocjwOB7F7RdXMidU4M=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRbB05Itlba3ohePFdy20C4lm6ZtaDa7JFmhLP0NXjwo4tUf5M1/Y/qBqPXBwOO9GWbmhYng2mD86eQ2Nre2d/K7hb39g8Oj4vFJS8eposynsYhVJySaCS6Zb7gRrJMoRqJQsHY4uZn77QemNI/lvZkmLIjISPIhp8RYye/JtI/7xRJ26zVcLl8hS6p1r+Ihz8ULfJMSrNDsFz96g5imEZOGCqJ118OJCTKiDKeCzQq9VLOE0AkZsa6lkkRMB9ni2Bm6sMoADWNlSxq0UH9OZCTSehqFtjMiZqz/enPxP6+bmmEtyLhMUsMkXS4apgKZGM0/RwOuGDViagmhittbER0TRaix+RRsCGsvr5NW2fWw691VSo3rVRx5OINzuAQPqtCAW2iCDxQ4PMIzvDjSeXJenbdla85ZzZzCLzjvX9lijrQ=</latexit>

Another MG parameter impacting 
LSS (no effect on GWs) TB & Harrison (2020)


