
    
      Fig. 2. 
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        Fractions of BBHs with fχeff >  0.2 and fχeff >  0.5 as a function of redshift (solid lines), and the relative contribution of each field BBH channel, fchannel, according to the legend (dashed lines). Black solid lines show the fraction of systems that satisfy a given χeff criteria for the combined CE, SMT, and CHE channels with redshift-dependent branching fractions accounted for. Left: modeled intrinsic (underlying) population of field merging BBHs. Center: modeled LIGO–Virgo detectable BBH population assuming simulated O3 detector sensitivity selection effects. Right: modeled Einstein Telescope detectable BBH population assuming forecast detector sensitivity as in Hild et al. (2011). In most cases, the fraction of highly spinning BBHs increases as a function of redshift.

      

    

  
    
      Fig. 3. 
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        Modeled and observed fractions of BBHs satisfying [image: equation] as a function of the redshift. Samples are placed into redshift bins with a bin size of Δt = 1.6 Gyr. The observed fractions [image: equation] and [image: equation] are obtained from the median of 10 000 GWTC-3 mock catalog events obtained by sampling the 69 events with FAR <  1 yr−1 likelihoods. The modeled prediction for O3 sensitivity is shown with a solid orange line. To compare the model with the data, we generated 10 000 mock catalogs of 69 events, to which we added mock measurements uncertainties. We indicate the median and 90% CI modeled fractions with orange dashed line and shaded area, respectively. Mock uncertainties are obtained from the zero-centered GWTC-3 event likelihoods.

      

    

  
    
      Fig. 5. 
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        High-χeff fractions in the underlying distribution inferred from the population fit described in Sect. 3.3, in blue and orange according to the legend. Lighter contour colors indicate larger CIs of 50% and 90%, respectively. The fraction of BBH systems with large positive spins in the underlying population may increase with increasing redshift (credibility 82%), consistent with our model predictions (black). We do not yet have enough BBH events at z ∼ 1 to accurately measure the χeff distribution at high z and therefore cannot confidently conclude that the distribution is evolving.

      

    

  
    
      Fig. 6. 
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        Redshift and effective spin parameters of the 69 confident BBH observations drawn from the GWTC-3 posteriors (orange; “observed”) compared to 69 draws from the inferred distribution fit (blue; “predicted”) described in Sect. 3.3. Each marker shape corresponds to a different set of 69 draws. We plot ten total sets. The inferred model sometimes over-predicts the largest observed χeff, while the bulk of both observed and predicted draws cover an equivalent portion of the z − χeff plane in a comparable abundance, confirming that the inferred model is a good fit for the data.

      

    

  
    
      Fig. A.1. 

      
        [image: thumbnail]
      

      
        Distribution of ZAMS binary orbital period, p, primary mass, M1, and the final primary BH spin of systems evolving thorough the CHE channel to become merging BBHs in our fiducial model. In this sample we only include BBH systems with inspiral times less than the age of the Universe. Different markers differentiate metallicity regimes according to the legend. For visualisation purposes, we capped the color bar at aBH1 = 0.7 even though there are BHs approaching the general relativistic limit aBH1 = 1. Although binaries with p <  1 day do tidally spin up and evolve through CHE, they later undergo mass loss due to PPISN which depletes the WR star of its angular momentum reservoir.

      

    

  
    
      Fig. B.1. 

      
        [image: thumbnail]
      

      
        Fractions of BBHs with fχeff >  0.2 and fχeff >  0.5 as a function of redshift (solid lines), and the relative contribution of each field BBH channel, fchannel, according to the legend (dashed lines). The details are the same as in Figure 2, however, the model of isolated binary evolution excludes the CE channel.

      

    

  
    
      Fig. B.3. 

      
        [image: thumbnail]
      

      
        Fractions of BBHs with fχeff >  0.2 and fχeff >  0.5 as a function of redshift (solid lines), and the relative contribution of each field BBH channel, fchannel, according to the legend (dashed lines). The details are the same as in Figure 2, however, the model of isolated binary evolution excludes the CHE channel.

      

    

  
    
      Fig. B.4. 
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        High-χeff fractions in the underlying distribution inferred from the population fit described in Section 3.3, in blue and orange according to the legend. The details are the same as in Figure 5, however, the models shown exclude one of the three channels according to the legend.

      

    

  OEBPS/aa43724-22-fig9_small.jpg





OEBPS/aa43724-22-eq26.gif
et = 7





OEBPS/aa43724-22-eq29.gif
et
fro 0a(z 0.25






OEBPS/aa43724-22-eq28.gif
fro . o (2)





OEBPS/aa43724-22-eq23.gif





OEBPS/aa43724-22-eq22.gif





OEBPS/aa43724-22-eq25.gif





OEBPS/aa43724-22-eq24.gif





OEBPS/aa43724-22-eq21.gif





OEBPS/aa43724-22-eq20.gif









OEBPS/aa43724-22-eq38.gif





OEBPS/aa43724-22-eq39.gif





OEBPS/aa43724-22-eq34.gif





OEBPS/aa43724-22-eq33.gif
fro . o (2)





OEBPS/aa43724-22-eq35.gif
det
et = 7





OEBPS/aa43724-22-eq30.gif





OEBPS/aa43724-22-eq32.gif





OEBPS/aa43724-22-eq31.gif
et
fro 05z 0.05






OEBPS/aa43724-22-fig1_small.jpg





OEBPS/aa43724-22-eq49.gif
fro . o (2)





OEBPS/aa43724-22-eq47.gif
.

frp=05E < 1)





OEBPS/aa43724-22-eq46.gif
fra=05E < 1)





OEBPS/aa43724-22-eq41.gif
ML
frps0a(z =1






OEBPS/aa43724-22-eq40.gif
b
frm=02(z =1





OEBPS/aa43724-22-eq42.gif





OEBPS/aa43724-22-eq50.gif
fro . o (2)





OEBPS/aa43724-22-fig7_small.jpg





OEBPS/aa43724-22-eq59.gif
det
et = 7





OEBPS/aa43724-22-eq56.gif





OEBPS/aa43724-22-eq58.gif
fro . o (2)





OEBPS/aa43724-22-eq57.gif
oy (2)





OEBPS/aa43724-22-eq52.gif
oy (2)





OEBPS/aa43724-22-eq51.gif
fro . o (2)





OEBPS/aa43724-22-eq54.gif





OEBPS/aa43724-22-eq61.gif
‘det
a1 >0.5





OEBPS/aa43724-22-eq60.gif
‘det
e 0.2





OEBPS/aa43724-22-fig6_small.jpg





OEBPS/aa43724-22-eq8.gif
fro . o (2)





OEBPS/aa43724-22-eq9.gif





OEBPS/aa43724-22-eq5.gif





OEBPS/aa43724-22-eq6.gif
2 Wik (Xelt k| Xett > X0)
Fraponn(@) = 3 —elAXDAILZ IO
ik Wijk pea.






OEBPS/aa43724-22-eq7.gif
fro . o (2)





OEBPS/aa43724-22-eq67.gif
fro . o (2)





OEBPS/aa43724-22-eq68.gif
> 0.25) < 10%





OEBPS/aa43724-22-eq63.gif
=0.03(xefr) + AN (xefr | p.0p),






OEBPS/aa43724-22-eq62.gif
Ppop (M, M2, Xefrs (my,ma) pQxerr | 2)PL2).





OEBPS/aa43724-22-eq64.gif





OEBPS/aa43724-22-eq70.gif
det
et = 7





OEBPS/aa43724-22-eq72.gif
fro . o (2)





OEBPS/aa43724-22-eq71.gif
fro . o (2)





OEBPS/aa43724-22-fig5_small.jpg





OEBPS/aa43724-22-eq1.gif
(myia) + m-a-)/(my, +m-) - L






OEBPS/aa43724-22-fig2_small.jpg





OEBPS/aa43724-22-eq3.gif
0, m 15Mg) = 0






OEBPS/aa43724-22-eq78.gif
= 0.75) > f&(z > 0.75)






OEBPS/aa43724-22-eq77.gif
fro. . (z > 0.6)





OEBPS/aa43724-22-fig8_small.jpg





OEBPS/aa43724-22-fig1.jpg
PDF

Intrisinc BBH pop. LIGO-Virgo

O3 sensitivity) Einstein Telescope

1 = € [0.00,1.00]
= € [1.00,2.00]
2 € [2.00,3.00]
= € [3.00,4.00]
= € [4.00,5.00]

=1 = € (0.00,1.00)
=3 = € [1.00,2.00)
=1 = € [2.00,3.00)
=1 = € [3.00,4.00)
=1 = € [4.00,5.00]

= € [0.00,0.20]
= € [0.20,0.40]
2 € [0.40,0.60]
= € [0.60,0.80]

PDF
PDF

= € [0.80,1.00]

=1 = € [5.00,6.00) =1 - < [5.00,6.00]

0.00 0.25 0.50 0.75 1.00
Xeff






OEBPS/aa43724-22-eq74.gif
e v (2)





OEBPS/aa43724-22-eq73.gif
fra0a2(z = 7) = 0.45





OEBPS/aa43724-22-eq76.gif
fro . o (2)





OEBPS/aa43724-22-eq75.gif





OEBPS/aa43724-22-fig5.jpg
erff>XO

0.0

0.2

Intrinsic BBH pop.

0.4 0.6

0.8

1.0





OEBPS/aa43724-22-fig6.jpg
predicted

observed






OEBPS/aa43724-22-fig7.jpg
p [days]

.
<

»;f.

3L
L

‘?‘5:;;*

o

»
by’

“‘
558
L Stphie
'y . 4 A

1075 < Z2<1074
- 1074 <Z<10°3
1073 <Z2<5-103

a

1.6 1.7 1.8 1.9 2.0 2.1 2.2
logy (M1 /M)

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
aBH1





OEBPS/aa43724-22-fig8.jpg
Einstein Telescope

= CHE
O3 sensitivity)

(

= SMT
Virgo

LIGO-

— )]

Intrinsic BBH pop.

10.0

7.5

w3

2.5

0.0





OEBPS/aa43724-22-fig10_small.jpg





OEBPS/dash.png





OEBPS/aa43724-22-fig4_small.jpg





OEBPS/aa43724-22-eq19.gif
frone0a(z = 10) = 0.5





OEBPS/aa43724-22-fig3_small.jpg





OEBPS/aa43724-22-eq16.gif
f e v (2)





OEBPS/aa43724-22-fig10.jpg
Fre>0.2 and fenannel

Fxe>0.5 and fenannel

— a]] = CE = SMT

Intrinsic BBH pop. LIGO-Virgo (O3 sensitivity) Einstein Telescope
1o F 1.0

-

o F =]

E ]
LE08 55
— 06 -
=] g
= =
< <

o 0.4 &

S S

A A
302 3%
3
<

0.0

1.0
]
= 06 =
=} <
= =
< <

w 0.4 w
S
A

302
3
<

0.0

0.00 025 050 075 1.00





OEBPS/aa43724-22-eq15.gif





OEBPS/aa43724-22-eq18.gif





OEBPS/aa43724-22-eq17.gif
AMd b
o150 () < frags o





OEBPS/aa43724-22-fig11.jpg
erff >Xo0

0.0

model without CE  =**= model without CHE
model without SMT

Intrinsic BBH pop.

0.2 0.4 0.6 0.8 1.0





OEBPS/aa43724-22-eq12.gif





OEBPS/aa43724-22-eq11.gif





OEBPS/aa43724-22-eq14.gif





OEBPS/aa43724-22-eq13.gif





OEBPS/aa43724-22-fig11_small.jpg





OEBPS/aa43724-22-eq10.gif
fro . o (2)





