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mass ratio, ¢ = m,/m,, effective spin perpendicular to the orbital plane, y.g , and distance, D;.

Also listed are the detectors that observed each event (H: Hanford, L: Livingston, V- Virgo) and the mast likely
source classification (BBH: Binary Black Hole, BNS: Binary Neutron Star, NSBH: Neutron Star Black Hole).
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The 39 new events reported in the catalog are ksted above with their pemary mass in solar masses, m; /M.
mass ratio, g = m, /m, , effective spin perpendicular to the orbital plane, y.g . and distance, D;.

Also listed are the detectors that observed each event (H: Hanford, L: Lavingston, V- Virgo) and the most likely
source classification (BBH: Binary Black Hole, BNS: Binary Neutron Star, NSBH: Neutron Star Black Hoie).
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Figure 2: Space density of coalescent rate of black hole — black holes (BH+BH) and nentron star — blac
hole (BH+NS) binaries (per year per cubic Gpe) as a function of cosmological redshift for a range of th
common envelope efficiency parameter aop with taking into account of the star formation rate and stells
metallicity evolution in the Universe. The upper and lower boundaries of the hatched regions correspon
to aog = 4.0 and acg = (L5, respectively. the thick lines correspond to acgp = 1.0, The vertical dashe
lines show the LOGO/Virgo 03 detection horizon for the coalescing compact binaries with componen
masses 5 + L4M; and 1004 10M .
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Figure 3: The expected event rate per year of compact binary coalescences (integrated volume rate up to
distances corresponding to given redshift z) as a function of the limiting redshift (the detection horizon).
The rate is caleulated with an account of the star formation and stellar metallicity evolution in the
Universe and for the assumed common envelope efficiency parameter app = 1. The thick black and
red curves correspond to BH+BH and BH+NS coalescences, respectively. The dashed curve show the
expected number of LIGO/Virgo 03 detections for the average orbit viewing angles Rpypy ~ 2x 10% yr™!
and Rpans ~ 1 yr~! for BH+BH and BH+NS events, respectively, The vertical dashed lines show the
03 LIGO/Virgo detection horizon for binaries with masses 5+ 140 and 10 + 10M,.
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Roche-lobe overflow . .
131 16
common envelope
+ spiral-in
486
helium star — @ "¢
3.99 16
supernova oo
neutron star v Ae

LMXB

Porb
1200 days

1538 days

0.83 days

1.10 days

80 75 days

4 11 days

28 days

millisecond pulsar 16 0303~ wh'rte \E

age
0.0 Myr eccentricity: 0.0

13.87 Myr

eBereoR

[Webbink, 1984]

13.87 Myr ZbazxaR? DbUY¢nd
14.95 Myr

15 Myr eccentricity: 0.93

] 2 0?2R2¢éD 2 RRD

229Gyr  eccentricity: 0.0
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The 1.0Mo B

~[Hurley et al. 2000, 2002]

Main assumptions for initial population:
7=0.02

Binarity rate:B=0.5

{ £ LISGSNI MaiCIm b m
Flat f(q)

f(logP) ~ logP9>>[Sana et al. 2012]

X o ak

[B. Paxtoret al. 2011]

Formation ofNS:Mys= 1.4M _
Natal kick:V(NSX Maxwellian,” T H langs
[Hobbs et al. 2005]

Distribution of magnetic momenta of nascent NS:

1 1 (In g — 1n pp)?
flp) =—- exp ( 5o ) :

[ o\ 2T

In g = 30.35, o =0.55
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Mionens Mexanuzm o(vk) - N N N N N
1 JACJIL Xee
o6p. K.0 (km/c) ULX BH_ RLOF BH_ wind NS RLOF NS_wind
~265-05 cO 265 0.5 0.88 0.40 0.03 0.44 0.007
(0.76) (0.32) (<10—3) (0.44) (2 x 10—%)
> — , C265-1 265 1.0 1.49 0.36 0.62 0.51 0.008
m . e el Xt E (0.76) (0.25) (0.005) (0.50) (2.4 x 10-4)
*
a o a e t C265-4 265 4.0 3.38 0.02 0.10 3.15 0.101
o < (3.31) (0.02) (0.063) (3.14) (0.09)
VN n
h a 1@a h C30-05 30 05 | 158 1.08 0.05
- < < * : o
o — (1.22) (0.78) (0.004)
¢ om¢é& "™ -~ ~
< < ’ C30-1 30 1.0 1.84 0.72 0.61
= a o o — rEe 0 (0.96) (0.44) (0.017)
L o® < ® C30-4 30 4.0 3.51 0.04 0.22
v N\ t
C (3.43) (0.03) (0.172)
1 — * = <
SFI% 1 M K o ° D265-05 Delayed 265 0.5 0.75 0.11 0.19 0.44 0.007
P + " (0.54) (0.10) (0.001) (0.44) (2x10—2)
D265-1 265 1.0 0.78 0.07 0.20 0.51 0.008
o (0.56) (0.05) (0.001) (0.50) (2.4 < 101)
¢ h x n.o0g9" "9 — — : -
- R . - D265-4 265 4.0 341 0.04 0.11 3.15 0.101
VammN o7 4 ; « £
-[ . m e e om t ’E (3.27) (0.04) (0.004) (3.14) (0.09)
! : < " D30-05 30 0.5 0.89 0.15 0.29
m t C 0 € h e . 9 (0.54) (0.10) (0.00)
*
. t t D30-1 30 1.0 0.88 0.07 0.29
(persistent)
m t o e 0] D30-4 30 4.0 3.49 0.04 0.20
’ n
* o — d (3.29) (0.02) (0.042)
R265-1 Rapid 265 1.0 0.81 0.07 0.23 0.51 0.008
(0.57) (0.05) (0.008) (0.50) (2.4 < 10—9%)
R30-1 30 1.0 0.63 0.03 0.09
(0.53) (0.02) (0.003)
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