Gravitational waves:
review of LIGO-Virgo results,
current interpretations, and prospects

Tania Regimbau, Annecy, November 22th
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Detection range and observing scenario

Provides an estimate of the sensitivity of a detector, as the average distance at
which a NS-NS binary with masses 1.4+1.4 can be observed with an SNR=8.
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arXiv:2111.03606

Detections

35 new detections in O3b with p_y, >0.5
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https://ui.adsabs.harvard.edu/link_gateway/2021arXiv211103606T/arxiv:2111.03606

GRAVITATIONAL WAVE MERGER DETECTIONS
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GWTC-3 papers

* GWTC-3: Compact Binary Coalescences Observed by LIGO and Virgo During
the Second Part of the Third Observing Run; arXiv:2111.03606

* The population of merging compact binaries inferred using gravitational
waves through GWTC-3; arXiv:2111.03606



https://ui.adsabs.harvard.edu/link_gateway/2021arXiv211103606T/arxiv:2111.03606
https://ui.adsabs.harvard.edu/link_gateway/2021arXiv211103606T/arxiv:2111.03606

The run O3b

e from April 1st 2019 to March 27th 2020 divided in 6 months chunks.

* 3 pipelines based on match filtering GstLAL, PyCBC, MBTA + unmodelled CWB

* 39 sources reported in low-latency searches (18 survived) and 17 sources
detected in offline searches.

- first observations of NS-BHs, no BNS
- no coincident observation with EM

- number of detections in agreement with predictions at the end of O3a
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Some measured quantities

* Chirp mass:

(m1m2)3/5

(ml _|_ m2)1/5 .

M:

» Effective spin:

(m1x1 + maX2) - sz
M

Xeff =



Event M M ma Xeff Dy, z M X£ AQ)  SNR
(Mo)  (Mo) (Mo) (Gpe) (Mo) (deg”)
GW191103.012549  20.0737 8.34%9:%5 118752 7.9+17 0.21701¢ 0.9919-20 0.2070-9% 19.038 0.75739¢ 2500 8.910:2
GW191105.143521 18.57%1 7.82%561 10.7737 77418 —0.02+5:23 1.1570:4% 0237057 17.672] 0.67795: 640 9.7153
GW191109.010717 112729 47.5+%¢ 47115 —0.291932 1201022 0251015 10771 0.61701% 1600 17.3703
GW191113.071753 34.571%° 10.7+11 59113 0.007037 1.3710:85 0.26701%  34Fy 0.45733% 3600 7.9%0%
GW191126.115259  20.7734 8.65709% 12.1755 83719 0.21731° 1.627974 0.30%512 19.673:5 0.75739¢ 1400 83792
GW191127.050227 80135 29.971L7 24117 0187035 3.4%35 0578329 76137 0.757055 980 9.2107
GW191129.134029 17.5724 7.3173%% 10.7751 6.7735  0.067528 0.7979-25 0.167995 16.872:5 0.697392 850 13.1152
GW191204.110529 47.2732 19.8+3% 27.3+11.0 19356 057025 1.8t17 0.34%925 450755 0.717312 3700 88704
GW191204.171526 20.21F170 8554038 17 9+3:3 go+ld  16+0-08 0651012 0.13+0-0 19.21+17° 0.73+0-9% 350 17.5%02
GW191215.223052 43.3753 18.4722 18.173% —0.0415:37 1931082 0.35701% 41.475 7 0.687397 530 11.2%9%
GW191216.213338 19.8172:89 8.3370-22 12,1748 77718 0.117513 0.3479:12 0.071992 18.87+28 0.70739% 490 18.6152
GW191219_168120 32.3722 4.32+512 31.1%22 1.17+5:97 0.0073-97 0.557925 0.117095 32.2722 0.1479:9% 1500 9.1705
GW191222 033537 7971  33.87T-1 45.171%° 347793, —0.04752 3.0717 0517928 7557153 0.6773:9% 2000 12.5752
GW191230.180458 86715 36.57%2 4947140 37t —0.05152% 43721 069732 82%17 0.687%13 1100 10.4753
GW200105_162426 11.0115 3.42%998 9017 1917033 0.001913 0.27%912 0.0619:92 10.7715 0.4379:95 7900 13.7%92
GW200112.155838 63.9757 27.4726 356767 28.3+%% 0.06701% 1.25%043 0247997 60.875:3 0.7173-9¢ 4300 19.8%9}
GW200115.042309  7.4718 2434005 59420 1 44+085 (154924 0291015 0.0610-93 7.2%18 042709 370 11.3%03
GW200128 022011 75717 32,0775 4227116 326+95 0.12702F 34721 0567028 71+16 0747010 2600 10.6193
GW200129.065458 63.47%3 272721 34599 28.9%3% 0.117%11 0.90192 0.1872-9% 60.3749 0.7373:9¢ 130 26.8%92

Less massive NS



Event M M m ma Xeff Dy, z M X£ AQ)  SNR
(Mo)  (Mo) (Mo) (Mp) (Gpe) (Mo) (deg®)
GW191103.012549  20.0737 8.34%9:%5 118752 7.9+17 0217016 0.9919-20 0.20+0-9% 19.038 0.7573:9¢ 2500 8.910:2
GW191105.143521 18.57%1 7.82%561 10.7737 77418 —0.02+5:23 1.1579:4% 0237057 17.6725 0.67795: 640 9.7153
GW191109.010717 112729 47598 65t11  47+15  _.29%042 1 294113 0 95+0-18 197418 (617018 1600 17.3%02
GW191113.071753 34.511%5 10.7+11  29%12  59+44 0001037 1374115 0.267018 34+l 0457033 3600 7.9%0°
GW191126_115259  20.7734 8.65709% 12.175:5 83719 0.21701° 1.627974 0.30%512 19.673:5 0.75739¢ 1400 83792
GW191127.050227 80735 29.9+1L7 53+4T  oq+17 184034 34%31 0571040 76439 0757013 980 9.2+07
GW191129.134029 17.5724 7.3179%% 10.7751 6.7735  0.0675:28 0.7979-25 0.167995 16.872:5 0.697392 850 13.1152
GW191204.110529 47.2732 19.8+3% 27.3+11.0 19356 057025 1.8+17 0.34%925 450755 0.717312 3700 88704
GW191204.171526 20.21F170 8554038 17 9+3:3 go+ld  16+0-08 0651012 0.13+0-0 19.21+17° 0.7310-9% 350 17.5%02
GW191215.223052 43.3753 184722 249771 18.1%3% —0.047527 1937982 0.35701% 41.4751 0.687957 530 11.2%53
GW191216.213338 19.8112:89 8.3370-22 12,1748 77718 0.117513 0.3479:12 0.071992 18.87+28 0.7073:9% 490 18.6152
GW191219.168120 32.3%Y22 4.32%912 31.1%22 1174397 0.0013-97 0.55%925 0.11+9:05 32.2+22 0.1473-96 1500 9.1%93
GW191222 033537 7971  33.87T-1 45.171%° 34.7793, —0.04752 3.0717 0517928 7557153 0.6773:9% 2000 12.5752
GW191230.180458 86715 36.57%2 4947140 37t —0.05152% 43721 0697328 82%17 0.687%1% 1100 10.4753
GW200105.162426 11.0115 3.4270%8 9.0817 1.917023 0.007013 0.2770.12 0.0670:02 107715 0437003 7900 13.710%
GW200112.155838 63.9757 27.4726 356767 28.3+%% 0.06701% 1.25%043 0247097 60.875:3 0.7173-9¢ 4300 19.8%9}
GW200115.042309  7.4718 2434005 59420 1 44+085 (154924 0291015 0.0610-93 7.2%18 042709 370 11.3%03
GW200128 022011 75717 32,0775 4221116 326%95 0.12702F 34721 0567028 71+16  0.747010 2600 10.6193
GW200129_065458 63.4743 27.2+21 345799 28.9+34 0.11191L 090792 0.18%99% 60.37%9 0.73739¢ 130 26.8+92

P..iro =35% but clearly above the background



Event M M m ma Xeff Dy, z M X£ AQ)  SNR
(Mo)  (Mo) (Mo) (Mp) (Gpe) (Mo) (deg®)
GW191103.012549 20.0737 8.34%9:%5 118752 7.9+17 0.21701¢ 0.9919-20 0.20+0-9% 19.038 0.75739¢ 2500 8.910:2
GW191105.143521 18.57%1 7.82%561 10.7737 77418 —0.02+5:23 1.1570:4% 0237057 17.6725 0.67795: 640 9.71532
GW191109.010717 112729 47598 65t11  47+15  _(.29%042 1 291113 0 95+0-18 197418 (617018 1600 17.3%02
GW191113 071753 34.511%5 10.7+11  29+12  59+44 0 00+037 1374115 0.2610-18 34+l 0457033 3600 7.9%0°
GW191126_115259  20.7734 8.65709% 12.1755 83719 0.21701° 1.627974 0.30%512 19.673:5 0.75739¢ 1400 83792
GW191127.050227 80735 29.9+1L7 53+4T  oq+17 181034 34%31 057+040 76439 0757013 980 9.2107
GW191129.134029 17.5724 7.3179%% 10.7751 6.7735  0.0675:28 0.7979-25 0.167995 16.872:5 0.697392 850 13.1152
GW191204.110529 47.2732 19.8+3% 27.3+11.0 19356 057025 1.8t17 0.34%925 450755 0.717312 3700 88704
GW191204.171526 20.21F170 8554038 17 9+3:3 go+ld  16+0-08 0651012 0.13+0-0 19.21+170 0.73+0-9% 350 17.5%02
GW191215.223052 43.3753 184722 249771 18.173% —0.047537 1.9379-8% 0.35701% 41.4751 0.687957 530 11.2%53
GW191216.213338 19.8112:89 8.3370-22 12,1748 77718 0.117513 0.3479-12 0.0719:92 18.87+28 0.7073:9% 490 18.6152
GW191219.168120 32.3%Y22 4.32%912 31.1%22 1174397 0.0013-97 0.55%925 0.11+9:05 32.2+22 0.1479-96 1500 9.1%53
GW191222 033537 7971  33.87T-1 45.171%° 34.7793, —0.04752 3.0717 0517928 7557153 0.6773:9% 2000 12.5752
GW191230.180458 86715 36.57%2 4947140 37t —0.05152% 43721 0697328 82%17 0.687%1% 1100 10.4753
GW200105_162426 11.0115 3.42%998 9017 1917033 0.001913 0.274912 0.06+9:92 10.7715 0.4379:95 7900 13.7%92
GW200112.155838 63.9757 27.4726 356767 28.3+%% 0.06701% 1.25%943 0241097 60.875:3 0.7173-9¢ 4300 19.8%9}
GW200115.042309 7.4118 2431005 5920 1 441085 (5 154024 ) 99018  06+0.08 7 9F18 ( g9F0.09 370 17 3+04
GW200128.022011 75717 32,0775 4227116 326%55 0.12702: 34721 0567028 71+16 0747010 2600 10.6193
GW200129.065458 63.47%3 272721 34599 28.9%3% 0.117%11 0.9019:2 0.1873-9% 60.3749 0.7373:9¢ 130 26.8192

Evidence for BH spin opposite to the orbital angular momentum. Dynamical formation channel?



Event M M m ma Xeff Dy, z M X£ AQ)  SNR
(Mo)  (Mo) (M)  (Mo) (Gpe) (Mo) (deg®)

GW200202.154313 17.587378 7.497024 10.1735 7.3711  0.0473% 0.417315 0.0979-2% 16.76 7187 0.697503 170 10.8792
GW200208_130117 65.4755 27.7+3% 37.8722 274781 —0.071522 2.2372:9% 0.407315 62.577% 0.667595 30 10.8793
GW200208.222617 631190 19.611%7 511104 1237990 (0457043 41+4% 0667052 61112° 0.83701% 2000 7.4114
GW200209_085452 62.6713° 26.71%9 35.671%° 27.1178 —0.1232% 34715 0571025 59.97131 0.667019 730 9.615%
GW200210.092254 27.0171 6.567038 24,1175 2831047 0.027022 0.9424% 0.197098 26.7172 0.347%13 1800 8.419%
GW200216.220804 81120 329132 51722 3o+t 10703 38+30 0.637037 78*1Y 0.707%1% 2900 8.119%
GW200219.094415 65.072%° 27.6755 37.571%" 27.9%74 —0.087323 34717 0571922 62.271L7 0.667019 700 10.7133
GW200220.061928  148%55 62723 87+20  61%2¢  0.06704 6.072% 0907035 141%3! 0717915 3000 7.2%9%
GW200220.124850 67117  28.2173 389F141 979792 0071927 40728 0.66703° 64715 0.677%1. 3200 8.5152
GW200224.222234 72.2772 31.1+32 40.0%2 325735 0.10701% 1.717349 0.3219-9% 68.65¢ 0.7319:97 50 20.0792
GW200225 060421 33.5735 14.2+1% 19.3¥59 140728 —0.12+9:17 1.157951 0.2279-9 32.1+3% 0.661597 370 125793
GW200302.015811 57.8%96 23.4%47 37.8%87 20.0*81 0.017925 1.48%1920.28%91S 555739 0.667%13 6000 10.8133
GW200306_093714 43.97118 175135 983171 148785 0.327028 21+17 0.38702% 41.77:%3% 0.787%1L 4600 7.815%
GW200308_173609* 50.671%° 19.01%% 36.471%2 13.8772 0.657017 54727 0.8370:32 47.4%1L1 0917993 2000 7.1192
GW200311.115853 61.9753 26.612% 34.2%5% 277741 _0.02+9:16 1.170:28 0.2319-05 59.0*48 0.691907 35 17.8¥92
GW200316 215756 21.2%7:2 8751962 13 1+10.2 78+19 (131027 1.12+047 0.2270-98 20.2+7% 0.7073-9% 190 10.3%9%
GW200322.091133* 55737 1557157 34+48 14.0+168 0247045 36779 0.60195% 53+38  (.78+016 6500 6.0117

In the NS/BH mass gap like GW190814 in O3a


https://www.ligo.org/science/Publication-GW190814/index.php

Event M M m ma Xeff Dy, z M X£ Aﬂz SNR
(Mo)  (Mo) (Mg) (Mo) (Gpe) (Mo) (deg”)

GW200202.154313 17.587578 7.497028 10.1735 7.3711  0.047523 0.417315 0.0919-%% 16.76 7587 0.697953 170 10.815:2
GW200208.130117  65.4758 277736 37.8¥92 27.4%51 _0.0770.22 2.237192 0.407515 62,5772 0.667595 30 10.8703
GW200208.222617 637120 19.67107 511104 12.3+90 (045%043 41+44 0661034 617120 0.8310:1% 2000 7.4%14
GW200209.085452 62.6713° 26.7159 35.671%° 27.1778 —0.1219:24 3.4*+19 0.57702% 59.9t131 0.667019 730 9.619%
GW200210.092254 27.077% 6.567938 241772 2.837547 0.027022 0.947933 0.1975%8 26.7772 0.347523 1800 84703
GW200216.220804  81%29  32.9*93 51+22 304 (.10%93% 3.8+30 0.63%937 78F1  0.7019:14 2900 8.1%9¢
GW200219.094415 65.073%° 27.615% 375710 27.977-% —0.081523 3.471T 0.577922 62.271%7 0.667515 700 10.7F93

GW200220.124850 67117

GW200224.222234 72.2F72
GW200225.060421  33.573:9
GW200302.015811  57.879:5
GW200306_093714 43.9+1L8

GW200308.173609* 50.671%°
GW200311.115853  61.9753
GW200316_215756  21.277-2
GW200322.091133* 55737

282773 38.973%!
311732 40.0752
14.2+1% 19.3+59
234757 37.8%%1
175135 28.3+17:1
19.0138 36.411%2
26.6730 34.2757%

8.7510:52 13,1 +15.2

279752
32.5759
14.01%8
20.07%1
14.875%
13.8%%2
277755
7.8139  0.1379-27

14.013%% 0.2470-25

0.1019:32

0.01179:22

0.3215:2%

0.6510:51

1551357 34118

—0.077927

—0.127937 1.1573:52

—0.02+5:18

4.0133

1714065

0.6670 39
0.3219:98
0.2270%
1.4813:92 0.28+5:18

21117 0.3819-24

54127 0.8319:32
1.1713:28 0.2315:0°
1.12143-47 0.22+5:08

3.617:0 0.6010:84

64118
68.675S
32.1753
55.5759
41.7 33
4741351
59.0738
20.2+7%

53%3¢

0.6710 14
0.7370:07
0.6610:9%
0.661912
0.7810:3¢
0.9179:52
0.6970:0%
0.709:04

0.7819-16

3200 8.5193
50 20.0792
370 12.5%93
6000 10.8+93
4600 7.870%
2000 7.179%
35 17.8702
190 10.3%9%
6500 6.0717

Most massive in O3b (less than GW190521 and GW190426_190642 in O3a).


https://www.ligo.org/science/Publication-GW190521/index.php

Event M M m ma Xeff Dy, z M X£ AQ)  SNR
(Mo)  (Mo) (Mo) (Mp) (Gpc) (Mo) (deg®)
GW191103.012549  20.0737 8.34%9:%5 118752 7.9+17 0.21701¢ 0.99+9-20 0.20+0-9% 19.038 0.75739¢ 2500 8.910:2
GW191105.143521 18.57%1 7.82%561 10.7737 77418 —0.02+5:23 1.1579:4% 0237057 17.6725 0.67795: 640 9.7153
GW191109.010717 112729 47598 65t11  47+15  _.29%042 1 294113 0 95+0-18 197418 (617018 1600 17.3%02
GW191113.071753 34.511%5 10.7+11  29+12  59+44 0001037 1374115 0.267018 34+l 0457033 3600 7.9%0°
GW191126.115259  20.7+34 8651995 121755 8.3+19 0.21701% 1627974 0.307012 19635 0.75739¢ 1400 8.3102
GW191127.050227 80735 29.9+1L7 53+4T  gq+1T 181034 34%31 0577040 76439 0757013 980 9.2107
GW191204.110529 47.27%2 19.8+35 27.3+11.0 193456 057026 1.8%17 0347025 450786 0.717312 3700 8.810:%
GW191204.171526 20.211170 8554038 17 9+3:3 go+ld  16+0-08 0651012 0.13+0-0 19.21+1.7° 0.73+0-9% 350 17.5%02
GW191215.223052 43.3753 184722 249771 18.173% —0.047527 1937982 0.35701% 41.4751 0.687957 530 11.2%53
GW191216.213338 19.8112:89 8.3370-22 12,1748 77718 0.117513 0.3479:12 0.071992 18.87+28 0.7073:9% 490 18.6152
GW191219.168120 32.3%Y22 4.32%912 31.1%22 1174097 0.0013-97 0.55%925 0.11+9:05 32.2+22 0.1479-96 1500 9.1%53
GW191222 033537 7971  33.87T-1 45.171%° 34.7793, —0.04752 3.0717 0517928 7557153 0.6773:9% 2000 12.5752
GW191230.180458 86715 36.57%2 4947140 37t —0.05152% 43721 0697328 82%17 0.687%13 1100 10.4753
GW200105_162426 11.0115 3.42%998 9017 1917033 0.001913 0.274912 0.06+9:92 10.7715 0.4379:95 7900 13.7%32
GW200112.155838 63.9757 27.4726 356767 28.3+%% 0.06701% 1.25%043 0.2470-97 60.875:3 0.7173-9¢ 4300 19.8%9}
GW200115.042309  7.4718 2434005 59420 1 44+085 (154924 0291015 0.0610-93 7.2%18 042709 370 11.3%03
GW200128 022011 75717 32,0775 4221116 326%95 0.12702F 34721 0567028 71+16  0.747010 2600 10.6193
GW200129_065458 63.4743 27.2+21 345799 28.9+34 0.11191L 090792 0.18%99% 60.37%9 0.73739¢ 130 26.8+92

Smallest total mass for a BBH



Event M M m ma Xeff Dy, z M X£ AQ)  SNR
(Mo)  (Mo) (Mo) (Mp) (Gpc) (Mo) (deg®)
GW191103.012549  20.0737 8.34%9:%5 118752 7.9+17 0.21701¢ 0.99+9-20 0.20+0-9% 19.038 0.75739¢ 2500 8.910:2
GW191105.143521 18.57%1 7.82%561 10.7737 77418 —0.02+5:23 1.1579:4% 0237057 17.6725 0.67795: 640 9.7153
GW191109.010717 112729 47598 65t11  47+15  _.29%042 1 294113 0 95+0-18 197418 (617018 1600 17.3%02
GW191113.071753 34.511%5 10.7+11  29+12  59+44 0001037 1374115 0.267018 34+l 0457033 3600 7.9%0°
GW191126.115259  20.7+34 8651995 121755 8.3+19 0.21701% 1627974 0.307012 19635 0.75739¢ 1400 8.3102
GW191127.050227 80735 29.9+1L7 53+4T  gq+17 181034 34%31 0571040 76439 0757013 980 9.2107
GW191129.134029 17.5724 7.31+943 107741 6.7+13  0.067918 0.7919:26 0.1670-9% 16.8725 0.697392 850 13.1192
GW191204.110529 47.27%2 19.8+35 27.3+11.0 193456 057026 1.8%17 0347025 450786 0.717312 3700 8.810:%
[owiorzoa17iss 20217578 8557635 11088 82'1d 016738 065701 013°68 192157 07368 50 17.5%5]
GW191215.223052 43.3753 184722 249771 18.173% —0.047527 1937982 0.35701% 41.4751 0.687957 530 11.2%53
GW191216.213338 19.8112:89 8.3370-22 12,1748 77718 0.117513 0.3479:12 0.071992 18.87+28 0.7073:9% 490 18.6152
GW191219.168120 32.3%Y22 4.32%912 31.1%22 1174097 0.0013-97 0.55%925 0.11+9:05 32.2+22 0.1479-96 1500 9.1%53
GW191222 033537 7971  33.87T-1 45.171%° 34.7793, —0.04752 3.0717 0517928 7557153 0.6773:9% 2000 12.5752
GW191230.180458 86715 36.57%2 4947140 37t —0.05152% 43721 0697328 82%17 0.687%13 1100 10.4753
GW200105_162426 11.0115 3.42%998 9017 1917033 0.001913 0.274912 0.06+9:92 10.7715 0.4379:95 7900 13.7%32
GW200112.155838 63.9757 27.4726 356767 28.3+%% 0.06701% 1.25%043 0.2470-97 60.875:3 0.7173-9¢ 4300 19.8%9}
GW200115.042309  7.4718 2434005 59420 1 44+085 (154924 0291015 0.0610-93 7.2%18 042709 370 11.3%03
GW200128 022011 75717 32,0775 4221116 326%95 0.12702F 34721 0567028 71+16  0.747010 2600 10.6193
GW200129_065458 63.4743 27.2+21 345799 28.9+34 0.11191L 090792 0.18%99% 60.37%9 0.73739¢ 130 26.8+92

Confident positive effective spin



Event M M m ma Xeff Dy, z M X£ AQ)  SNR
(Mo)  (Mo) (Mo) (Mp) (Gpe) (Mo) (deg®)
GW191103.012549  20.0737 8.34%9:%5 118752 7.9+17 0.21701¢ 0.99+9-20 0.20+0-9% 19.038 0.75739¢ 2500 8.910:2
GW191105.143521 18.57%1 7.82%561 10.7737 77418 —0.02+5:23 1.1579:4% 0237057 17.6725 0.67795: 640 9.7153
[GWionos0i0n7 12 47575 6T 4T 029748 129558 02508 1073 06183 1600 17375
GW191113.071753 34.511%5 10.7+11  29+12  59+44 0001037 1374115 0.267018 34+l 0457033 3600 7.9%0°
GW191126.115259  20.7+34 8651995 121755 8.3+19 0.21701% 1627974 0.307012 19635 0.75739¢ 1400 8.3102
GW191127.050227 80735 29.9+1L7 53+4T  gq+17 181034 34%31 0571040 76439 0757013 980 9.2107
GW191129.134029 17.5724 7.31+943 107741 6.7+13  0.067918 0.7919:26 0.1670-9% 16.8725 0.697392 850 13.1192
GW191204.110529 47.2732 19.8+3% 27.3+11.0 19356 057025 1.8t17 0.34%925 450755 0.717312 3700 88704
GW191204.171526 20.211170 8554038 17 9+3:3 go+ld  16+0-08 0651012 0.13+0-0 19.21+1.7° 0.73+0-9% 350 17.5%02
GW191215.223052 43.3753 184722 249771 18.173% —0.047527 1937982 0.35701% 41.4751 0.687957 530 11.2%53
GW191216.213338 19.8112:89 8.3370-22 12,1748 77718 0.117513 0.3479:12 0.071992 18.87+28 0.7073:9% 490 18.6152
GW191219.168120 32.3%Y22 4.32%912 31.1%22 1174097 0.0013-97 0.55%925 0.11+9:05 32.2+22 0.1479-96 1500 9.1%53
GW191222 033537 7971  33.87T-1 45.171%° 34.7793, —0.04752 3.0717 0517928 7557153 0.6773:9% 2000 12.5752
GW191230.180458 86715 36.57%2 4947140 37t —0.05152% 43721 0697328 82%17 0.687%13 1100 10.4753
GW200105_162426 11.0115 3.42%998 9017 1917033 0.001913 0.274912 0.06+9:92 10.7715 0.4379:95 7900 13.7%32
GW200112.155838 63.9757 27.4726 356767 28.3+%% 0.06701% 1.25%043 0.2470-97 60.875:3 0.7173-9¢ 4300 19.8%9}
GW200115.042309  7.4718 2434005 59420 1 44+085 (154924 0291015 0.0610-93 7.2%18 042709 370 11.3%03
GW200128 022011 75717 32,0775 4221116 326%95 0.12702F 34721 0567028 71+16  0.747010 2600 10.6193
GW200129_065458 63.4743 27.2+21 345799 28.9+34 0.11191L 090792 0.18%99% 60.37%9 0.73739¢ 130 26.8+92

One of the most massive event of the catalog. Negative effective spin with 90% probability



x¢  AQ SNR

Event M M m1 ma Xeff Dy, M
(Mo)  (Mo) (Mo) (Mp) (Gpe) (Mo) (deg®)

GW200202.154313 17.587578 7.497028 10.1735 7.3711  0.047523 0.417315 0.0919-%% 16.76 7587 0.697953 170 10.815:2
GW200208.130117  65.4758 277736 37.8¥92 27.4%51 _0.0770.22 2.237192 0.407515 62,5772 0.667595 30 10.8703
GW200208.222617 637120 19.67107 511104 12.3+90 (045%043 41+44 0661034 617120 0.8310:1% 2000 7.4%14
GW200209.085452 62.6713° 26.7159 35.671%° 27.1778 —0.1219:24 3.4*+19 0.57702% 59.9t131 0.667019 730 9.619%
GW200210.092254 27.077% 6.567938 241772 2.837547 0.027022 0.947933 0.1975%8 26.7772 0.347523 1800 84703
GW200216.220804  81%29  32.9*93 51+22 304 (.10%93% 3.8+30 0.63%937 78F1  0.7019:14 2900 8.1%9¢
GW200219.094415 65.073%° 27.615% 375710 27.977-% —0.081523 3.471T 0.577922 62.271%7 0.667515 700 10.7F93
GW200220.061928  148%55 62723 87+20  61%2¢  0.067040 6.072% 0907035 141%3! 0717915 3000 7.2+9%
GW200220.124850 67717  28.277-3 38.97141 27,9792 _0.077027 4.072% 0.6675035 64716 0.67701; 3200 8.575%
GW200224.222234 72.2772 31.1+32 40.07%2 325735 0.10701% 1.717349 0.3219-9% 68.65¢ 0.7319:97 50 20.0792

GW200302.015811  57.87%5 23.4737 37.8t57 20.0*81 0.017325 1.4871920.28%515 55.5182 0.66%513 6000 10.8703
GW200306.093714 43.971%8 175735 28.3117:1 14.878% 032702 21717 0.38%522 41.771%3 0.78701% 4600 7.8%5%
GW200308_173609* 50.671%° 19.01%% 36.471%2 13.8772 0.657017 54727 0.8370:32 47.4%1L1 0917993 2000 7.1192
GW200311.115853  61.9753 26.6724 34.25% 277441 —0.0270:26 1.1779:28 0.23%5:95 59.0125 0.69%597 35 17.8702
GW200316 215756 21.2%7:2 8751962 13 1+10.2 78+19 (131027 1.12+0:47 0.2270-98 20.2+7% 0.7073-9% 190 10.3%3%

GW200322.091133* 5537 1557157 34748 1401158 0.2470%° 36170 0.60198% 53F38  0.781915 6500 6.0117

Most massive in O3b (less than GW190521 and GW190426_190642 in O3a).


https://www.ligo.org/science/Publication-GW190521/index.php

The masses
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The spins
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Astrophysical implications

We use a reduced sample of 67 events with higher significance out of which one
may not be astrophysical for combined population studies and a sample of 76
events out of which 4-5 may not be astrophysical for BBH studies.

* Mass distributions
* Mass gaps

* Spin distribution

* Rates

* Background



Mass distribution

* Few events to reconstruct the NS mass distribution but no evidence
for a peak around 1.35 M, . Consistent with a uniform distribution.

* Dearth of observation between 3-5 M_,,. but some events larger than
the maximal mass supported by dense matter EOS about 2.2-2.5

M

solar

* No evidence for presence or absence of a mass gap



Mass distribution

e substructure in the BBH mass distribution

* no evidence for an upper pair-instability mass gap from (40-70) M,,,, to 120
I\/Isolar
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Spin distribution

* small spin aligned with the orbital angular momentum for most systems.
* evidence for non zero spins

 evidence for non aligned spins could indicate dynamical formation
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e evidence for mass ratio/magnitude spin correlation
* broadening of the spin distribution above 30 M.,



Rate

* Local rate estimates:
BNS: (13-1900) Gpc3yri
BHNS: (7.4-320) Gpc3yrt
BBH: (16-130) Gpc3yrt

* Increase of the rate with redshift consistent with (1+z) 3 but small volume



Redshift



Background
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Properties in the time domain
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Conclusions

* GWTC3 includes 90 events with p_,, >0.5

BHNS observed for the first time

no evidence for NS-BH mass gap or Pl mass gap

structure in the mass distribution for BHs

non zero and non aligned spins that can probe dynamical formation
background from unresolved CBCs may be detected with A+
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