
    
      Fig. 3. 

      
        [image: thumbnail]
      

      
SFR and metallicity of the Galactic disk as a function of lookback time. The current time is 0. Vertical dashed lines separate stellar populations with different metallicities.



    

  
    Table 2. 

Current Galactic merger rates for a new and old Galactic SFR and chemical evolution models.




	System type
	New SFR model
	Old SFR model



	
	[Myr−1]
	[Myr−1]





	BH-BH
	81.1/(3.1)
	36.2/(0.3)



	BH-NS
	8.5/(0.7)
	2.3/(0.2)



	NS-NS
	59.0/(14.1)
	46.9/(12.9)






Notes. Results for evolutionary model A and B are given in the order A/(B) (see Sect. 2.3).




  
    
      Fig. 5. 

      
        [image: thumbnail]
      

      
Total number of formed Galactic BHs, single and binary, as a function of time. The current time is 0. Results for the two calculated models A and B (Sect. 2.3).



    

  
    
      Fig. 7. 

      
        [image: thumbnail]
      

      
Single (top) and binary (bottom) BHs mass distribution in the three Galactic components for model B. In model B we assumed that the CE phase with an HG star donor always leads to a binary system merger. The mass of the objects that formed in a merger is estimated as explained in Sect. 2.4.



    

  
    Table 4. 

Single BHs in the bulge.




	Object type
	Number
	[image: equation]





	Single stars



	




	Single star
	8.5 × 106/(8.5 × 106)
	11.7/(11.7)



	




	Mergers



	




	BH-BH
	2.0 × 105/(2.1 × 104)
	28.4/(24.8)



	BH-NS
	1.6 × 104/(2.5 × 103)
	10.7/(12.0)



	NS-NS
	5, 0 × 103/(4, 9 × 102)
	2.8 /(2.6)



	MS-MS
	3.1 × 106/(3.1 × 106)
	12.0/(12.0)



	MS-He
	2.3 × 105/(6.6 × 103)
	19.0 /(20.4)



	MS-G
	1.3 × 104/(1.2 × 104)
	11.2 /(11.2)



	He-He
	1.2 × 105/(3.2 × 104)
	10.4/(8.7)



	CO-MS
	1.3 × 105/(1.2 × 105)
	14.2/(14.4)



	CO-G
	2.4 × 103/(2.4 × 103)
	5.0/(4.9)



	CO-He
	8.0 × 105/(2.1 × 105)
	17.0 /(5.9)



	




	Disrupted systems



	




	BH-BH
	1.0 × 106/(1.0 × 106)
	10.1/(10.1)



	BH-NS
	2.9 × 106/(2.8 × 106)
	9.8/(9.7)



	BH-WD
	1.3 × 105/(1.3 × 105)
	8.6/(8.6)



	BH-MS
	2.1 × 104/(2.1 × 104)
	8.4/(8.4)



	




	Total:
	1.7 × 107/(1.6 × 107)
	11.7/(11.3)






Notes. Values for models A and B given in the order A/(B). In the section with compact mergers in row BH-BH, the number refers to the number of single BHs that where created. In the section with disrupted systems, the number in row BH-BH represents the total number of single BHs after disruption (not the number of systems).




  
    Table 5. 

Binary systems with BHs in the bulge.




	Object type
	Number
	[image: equation]
	[image: equation]





	DCO system



	




	BH-BH
	7.6 × 105/(7.0 × 105)
	17.1/(17.4)
	–



	BH-NS
	3.1 × 104/(2.5 × 104)
	11.8/(12.2)
	1.3/(1.3)



	BH-WD
	2.3 × 105/(2.1 × 105)
	11.7/(11.8)
	1.0/(1.0)



	




	Other binary system



	




	BH-MS
	3.2 × 104/(3.2 × 104)
	11.0/(11.0)
	0.7/(0.7)



	BH-G
	1.5 × 103/(1.5 × 103)
	8.8/(8.8)
	1.3/(1.3)



	




	Total:
	1.0 × 106/(9.6 × 105)
	15.7/(15.9)
	1.0/(1.0)






Notes. Values for models A and B given in the order A/(B). The number in the row with BH-BH systems refers to the total number of BHs (not systems).




  
    Table 6. 

Single BHs in the thin disk.




	Object type
	Number
	[image: equation]





	Single stars



	




	Single star
	4.2 × 107/(4.2 × 107)
	14.3/(14.3)



	




	Mergers



	




	BH-BH
	1.5 × 106/(1.2 × 105)
	29.8/(23.3)



	BH-NS
	1.1 × 105/(2.4 × 104)
	10.8/(11.9)



	NS-NS
	3.3 × 104/(2.6 × 103)
	2.8/(2.6)



	NS-WD
	1.5 × 104/(3.5 × 103)
	2.5/(2.9)



	MS-MS
	1.6 × 107/(1.6 × 107)
	15.3/(15.3)



	MS-He
	1.7 × 106/(5.2 × 104)
	20.2/(20.6)



	MS-G
	4.4 × 104/(4.9 × 104)
	17.7/(16.0)



	He-He
	6.7 × 105/(2.1 × 105)
	10.5/(8.7)



	CO-MS
	8.7 × 105/(8.1 × 105)
	16.1/(16.5)



	CO-G
	1.4 × 104/(1.2 × 104)
	5.2/(5.8)



	CO-He
	5.5 × 106/(1.6 × 106)
	17.7/(5.7)



	




	Disrupted systems



	




	BH-BH
	1.1 × 107/(1.1 × 107)
	11.5(11.5)



	BH-NS
	1.4 × 107/(1.4 × 107)
	11.6(11.6)



	BH-WD
	9.8 × 105/(9.8 × 105)
	9.1(9.1)



	BH-MS
	1.5 × 105/(1.5 × 105)
	9.0(9.0)



	




	Total:
	9.5 × 107/(8.8 × 107)
	14.0 (13.5)






Notes. Values for models A and B given in the order A/(B). In the section with compact mergers in row BH-BH, the number refers to the number of single BHs that were created. In the section with disrupted systems, the number in row BH-BH represents the total number of single BHs after disruption (not the number of systems).




  
    Table 7. 

Single BHs in the thick disk.




	Object type
	Number
	[image: equation]





	Single stars



	




	Single star
	4.3 × 106/(4.3 × 106)
	17.0/(17.0)



	




	Mergers



	




	BH-BH
	2.5 × 105/(2.9 × 104)
	30.2/(17.8)



	BH-NS
	1.7 × 104/(3.9 × 103)
	11.8/(12.3)



	NS-NS
	8.3 × 102/(3.8 × 102)
	2.7/(2.6)



	MS-MS
	1.5 × 106/(1.5 × 106)
	18.9/(18.9)



	MS-He
	2.3 × 105/(2.9 × 103)
	19.9/(16.2)



	MS-G
	4.4 × 103/(3.9 × 103)
	17.7/(18.2)



	He-He
	1.3 × 105/(4.0 × 104)
	10.0/(8.5)



	CO-MS
	1.0 × 105/(1.0 × 105)
	17.6/(19.7)



	CO-G
	2.0 × 103/(2.2 × 103)
	4.7/(5.4)



	CO-He
	7.4 × 105/(2.3 × 105)
	19.1/(6.1)



	




	Disrupted systems



	





	BH-BH
	8.3 × 105/(8.3 × 105)
	12.8/(12.8)



	BH-NS
	1.3 × 106/(1.3 × 106)
	13.8/(13.8)



	BH-WD
	8.8 × 104/(8.8 × 104)
	10.3/(10.3)



	BH-MS
	9.0 × 103/(9.0 × 104)
	10.3/(10.3)



	




	Total:
	9.5 × 106/(8.5 × 107)
	17.0/(16.3)






Notes. Values for models A and B given in the order A/(B). In the section with compact mergers in row BH-BH, the number refers to the number of single BHs that where created. In the section with disrupted systems, the number in row BH-BH represents the total number of single BHs after disruption (not the number of systems).




  
    Table 10. 

Single BHs in the halo.




	Object type
	Number
	[image: equation]





	Single stars



	




	Single star
	2.1 × 106/(2.1 × 106)
	19.0/(19.0)



	




	Compact mergers



	




	BH-BH
	6.2 × 104/(3.9 × 104)
	41.0/(42.5)



	BH-NS
	7.4 × 102/(7.4 × 102)
	11.7/(11.7)



	NS-NS
	2.5 × 102/(4.8 × 101)
	2.5/(2.5)



	




	Mergers



	




	MS-MS
	4.7 × 105/(4.7 × 105)
	22.9/(22.9)



	MS-He
	1.3 × 105/(3.7 × 104)
	26.6/(30.3)



	MS-G
	1.2 × 103/(1.3 × 103)
	23.2/(23.6)



	He-He
	2.3 × 104/(1.6 × 104)
	13.5/(11.7)



	CO-MS
	6.9 × 104/(6.9 × 104)
	14.6/(14.6)



	CO-G
	2.2 × 102/(2.0 × 102)
	11.3/(13.0)



	CO-He
	4.2 × 105/(2.0 × 105)
	24.8/(11.0)



	




	Disrupted systems



	





	BH-BH
	2.9 × 105/(1.2 × 105)
	16.8/(15.0)



	BH-NS
	5.2 × 105/(2.5 × 105)
	17.7/(16.0)



	BH-WD
	3.8 × 104/(1.8 × 104)
	13.1/(12.7)



	BH-MS
	4.7 × 103/(4.7 × 103)
	13.5/(13.5)



	Total:
	3.7 × 106/(3.2 × 106)
	21.0/(19.9)






Notes. Values for models A and B given in the order A/(B). In the section with compact mergers in row BH-BH, the number refers to the number of single BHs that where created. In the section with disrupted systems, the number in row BH-BH represents the total number of single BHs after disruption (not the number of systems).




  
    Table 11. 

Binary systems with BHs in the halo.




	 Object type
	Number
	[image: equation]
	[image: equation]





	DCO systems



	




	BH-BH
	3.7 × 105/(3.7 × 105)
	25.0/(25.0)
	–



	BH-NS
	1.1 × 104/(1.1 × 104)
	21.4/(21.4)
	1.3/(1.3)



	BH-WD
	7.0 × 104/(7.0 × 104)
	20.5/(20.5)
	1.0/(1.0)



	




	Other binary systems



	




	BH-MS
	7.7 × 103/(7.7 × 103)
	21.6/(21.6)
	1.0/(1.0)



	BH-G
	1.8 × 102/(1.8 × 102)
	22.0/(22.0)
	0.6/(0.6)



	




	Total:
	4.6 × 105/(4.6 × 105)
	24.2/(24.2)
	1.0/(1.0)






Notes. Values for models A and B given in the order A/(B). The number in the row with BH-BH systems refers to total number of BHs (not systems).




  
    
      Fig. 10. 

      
        [image: thumbnail]
      

      
Single BH mass distribution in the three Galactic components for model A. In model A we allowed a binary system to survive the CE phase with an HG donor star. The mass of the objects that formed in a merger is shown, assuming 50% mass loss from the second merging object (except for two CO mergers).



    

  
    
      Fig. 11. 

      
        [image: thumbnail]
      

      
Single BH mass distribution in the three Galactic components for model B. In model B we assumed that the CE phase with an HG star donor always leads to a binary system merger. The mass of the objects that formed in a merger is shown, assuming 50% mass loss from the second merging object (except for two CO mergers).



    

  
    Table 12. 

Average single BH masses in the Galactic components bulge, disk, and halo.




	
	[image: equation]
	[image: equation]
	[image: equation]





	Bulge
	11.7(11.3)
	11.4(11.3)
	11.5(11.3)



	Disk
	14.2(13.7)
	13.7(13.7)
	14.0(13.6)



	Halo
	21.0(19.9)
	20.1(20.1)
	20.3(19.6)






Notes. Results for two models A and B are listed in the order A(B), see Sect. 2.3. The results for the three methods of mass estimation of objects formed in mergers. [image: equation] denotes the standard method described in Sect. 2.4. [image: equation] and [image: equation] are models with zero and half-accretion from the merging companion (factors fMS, fG, andfHe are 0 or 0.5)




  
    
      Fig. 12. 

      
        [image: thumbnail]
      

      
Distribution of the separation in all Galactic BH binary systems in the three Galactic components and for CE models A (top) and B (bottom).



    

  
    
      Fig. 13. 

      
        [image: thumbnail]
      

      
Distribution of the eccentricity in all Galactic BH binary systems in the three Galactic components and for CE models A (top) and B (bottom).



    

  
    
      Fig. 14. 

      
        [image: thumbnail]
      

      
Single (top) and binary (bottom) BHs velocity distribution in the three Galactic components for model A. In model A we allowed a binary system to survive the CE phase with an HG donor star. With the red dashed line we mark the velocity equal to 580 km s−1, which is the estimated value of the local Galactic escape speed at the position of the Sun (Monari et al. 2018).



    

  
    
      Fig. 15. 

      
        [image: thumbnail]
      

      
Single (top) and binary (bottom) BHs velocity distribution in the three Galactic components for model B. In model B we assumed that the CE phase with an HG donor star always leads to a binary system merger. With the red dashed line we mark the velocity equal to 580 km s−1, which is the estimated value of the local Galactic escape speed at the position of the Sun (Monari et al. 2018).



    

  
    
      Fig. 16. 

      
        [image: thumbnail]
      

      
Distribution of a BH (top) and its companion masses (bottom) in Galactic BH binary systems with a nonevolved companion in the three Galactic components for evolution model A.



    

  
    
      Fig. 20. 

      
        [image: thumbnail]
      

      
Diagram with orbital parameters. The separation and eccentricity for BH binary systems with a noncompact companion. Results for the two models A (top) and B (bottom) are shown.



    

  
    
      Fig. 22. 

      
        [image: thumbnail]
      

      
Merger rates of DCO binaries (BH-BH, BH-NS, and NS-NS) as a function of time since the Big Bang. Results are shown for an old Galactic SFR and a chemical evolution model and the two evolutionary models A and B, see Sect. 2.3. Current time is 0.



    

  
    Table 13. 

Number of current Galactic double compact systems that will merge in a shorter and longer time than the Hubble time (THub).




	System type
	Merger time <  THub
	Merger time >  THub





	BH-BH
	1.8 × 105/(1.7 × 104)
	3.4 × 106/(2.5 × 106)



	NS-NS
	6.1 × 104/(2.9 × 104)
	4.7 × 105/(3.5 × 105)



	BH-NS
	3.9 × 104/(2.9 × 103)
	2.4 × 105/(1.3 × 105)






Notes. Results are listed for models A and B, see Sect. 2.3, and for the new SFR and metallicity distribution model 2.5.




  OEBPS/aa36557-19-fig21.jpg
Model A

12

Model B

250

T T
o o
n o
— —

T
o
n

200 4

[{-4AI] o1e1 J36IBW

14

50

< m o~

[{—J4AI ] o1e4 J36I3W

10

12

14

Time [Gyr]





OEBPS/aa36557-19-fig14_small.jpg





OEBPS/aa36557-19-fig22.jpg
merger rate [Myr~—1]

merger rate [ Myr—1]

12 1

10 1

Model B

12

10

Time [Gyr]









OEBPS/aa36557-19-fig17_small.jpg





OEBPS/aa36557-19-fig1_small.jpg





OEBPS/aa36557-19-fig15_small.jpg





OEBPS/aa36557-19-fig6_small.jpg





OEBPS/aa36557-19-eq8.gif
Myun|Ma]





OEBPS/aa36557-19-eq9.gif
Myun|Ma]





OEBPS/aa36557-19-eq4.gif
Myun|Ma]





OEBPS/aa36557-19-eq5.gif
Myun|Ma]





OEBPS/aa36557-19-eq6.gif
Mcomp Mg





OEBPS/aa36557-19-fig20_small.jpg





OEBPS/aa36557-19-fig2_small.jpg





OEBPS/aa36557-19-eq2.gif
i Mo

Tn'1s





OEBPS/aa36557-19-fig13_small.jpg





OEBPS/aa36557-19-fig2.jpg
Bulge

[{-JA® W] ¥4S

Time [Gyr]





OEBPS/aa36557-19-fig5.jpg
Total Galactic BH number

108
1

107 _
1

10° |
i

1053

10*

12

10

8

Single BHs, model A
Single BHs, model B
Binary BHs, model A
Binary BHs, model B

Time [Gyr]





OEBPS/aa36557-19-fig6.jpg
BH number

BH number

102 ] Single BHs Model A 1 Bulge
[ Disk

0 20 40 60 80 100 120

108
107_3 Binary BHs Model A
1063
51
10 3
104_
103 4
]
1023

101

0 20 40 60 80 100 120
M[Mo]





OEBPS/aa36557-19-fig7.jpg
BH number

BH number

10°
10 i Single BHs Model B [ Bulge
)] 1 Disk
o [ Halo

©

1053
10° 4
1044
103 4
1024
104

10°

0 20 40 60 80 100 12|0

10% g
107{ Binary BHs Model B
106 5
10°
10° 4
10% 4
107

1014

0 20 40 60 80 100 120
M[Mo]






OEBPS/aa36557-19-fig8.jpg


OEBPS/aa36557-19-fig10_small.jpg





OEBPS/aa36557-19-fig9.jpg
BH number

10°
108
107
108
103
104

10°

10°

Single BHs Model B, f=0.0 [ Bulge
[ 1 Disk

[1 Halo






OEBPS/aa36557-19-fig12_small.jpg





OEBPS/aa36557-19-fig4_small.jpg





OEBPS/aa36557-19-eq19.gif





OEBPS/aa36557-19-fig3_small.jpg





OEBPS/aa36557-19-eq16.gif
MMz





OEBPS/aa36557-19-fig10.jpg
BH number

10°

Single BHs Model A, f=0.5 [ 1 Bulge
[ Disk
[1 Halo

108

10’
10°
10°
104
10°
102
10!

10°

0 20 40 60 80 100 120






OEBPS/aa36557-19-eq15.gif
Mcomp Mg





OEBPS/aa36557-19-fig18_small.jpg





OEBPS/aa36557-19-fig12.jpg
BH systems number

BH systems number

106

Model A

[ Bulge
1 Disk
[ Halo

10! 10°

Model B

10t 10°

105
a[Ro]






OEBPS/aa36557-19-eq17.gif





OEBPS/aa36557-19-eq12.gif
Mcomp Mg





OEBPS/aa36557-19-fig14.jpg
BH number

BH number

9
10 ]
108

s

107
10°

10°

s L

104

L

103
102
10!

Ll v

Single BH

Model A

[ Bulge

[1 Disk
[ Halo

I

10°

108 5

0

250

500

750

1000

1250

1500

1750 2000

2071

1063

-

10°

s

104

10°

sl sl il

102

1]
10 3

10° 1

Binary B

TR SR D RPN o e

s Model A

0

250

500

750

1000
V [km/s]

1250

1500

1750 2000






OEBPS/aa36557-19-eq11.gif
Myun|Ma]





OEBPS/aa36557-19-fig13.jpg
[ Bulge

Jaquinu swa3sAs HY

1.0

0.8

0.6

0.4

0.2

0.0

108

<
o o
—

Jagquinu swiaisAs HY






OEBPS/aa36557-19-eq14.gif
Myun|Ma]





OEBPS/aa36557-19-fig16.jpg
BH systems number

BH systems number

Model A BH mass

[ Bulge
1 Disk

20 40 60 80 100
Mg [Mo]
10° 4 .
Model A companion mass

104 4

1034

102 4

101 I r | IJ-‘ T T
20 40 60 80 100

MComp [M o] ]





OEBPS/aa36557-19-eq13.gif
Myun|Ma]





OEBPS/aa36557-19-fig11_small.jpg





