
    
      Fig. 3. 
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        One of the worst cases (DT 5) of the effects of disentangling residuals of HD 152219 in He I 4922. Top, two left panels: Single spectra as observed on 2004 May 09 and on 2006 May 06. The two right panels show the average of the two spectra and of all nine spectra used, whereby each component has been shifted to RV = 0 before averaging. The black lines mark Gaussian fits to the profiles, with FWHM and height Aline labelled. Likewise, the peak-to-peak amplitude of the residual wiggles, Ares, is given, determined outside of the velocity range ±3σ of each profile marked by the coloured vertical bars. Averaging reduces the residual wiggles. Bottom: Fourier transform amplitude of the average of all nine spectra, for the primary (left panel), and for the secondary including and excluding residuals (middle and right panel, respectively). The details are explained in Sect. 3.2.3.

      

    

  
    
      Fig. 5. 
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        v sin i distribution of different lines. Left for single-lined stars. Right for stars in SB2+SB3 systems, whereby the 25 B-type companions are excluded because their v sin i has been derived solely from He I lines. The legends also list the number of stars with the bestv sin i from O III (green) and He I (red).

      

    

  
    
      Fig. 7. 
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        Comparison of v sin i of C and SB1 stars from this work with those measured by Holgado et al. (2022). The values scatter around unity (solid diagonal line). Regarding the C/SB1 classification, the Holgado et al. sources with line profile variation (LPV) are matched with our Cs. Stars with different C/SB1 classifications are marked: we find more slow SB1s (red) and Holgado et al. find more fast SB1s (blue).

      

    

  
    
      Fig. 10. 
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        Rotational period of single stars. Prot = 2πR*/v. The vertical dotted line at Prot = 5 d corresponds to v ≈ 100 km/s for an O7.5 V star. Dwarfs exhibit a clear short-period peak. The median period is given for the bulk of stars with long periods > 5 d.

      

    

  
    
      Fig. 11. 
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        v sin i distribution of the spectroscopic binary types. The 140 stars in SB2+SB3 systems are 72 primaries, 62 secondaries, and 6 tertiaries. v_peak gives the mode and standard deviation of the v sin i distributions for LC I+II (red) and IV+V (blue); LC III has too few data points.

      

    

  
    
      Fig. 12. 
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        Calibration mass and semi-major axis vs. orbital period. Left for SB1 and right for SB2. Top: Mass, the horizontal line marks the median mass. Bottom: Semi-major axis, the solid line marks a least-squares fit to the data (logarithmic, with the fit equation labelled). The vertical and horizontal lines are for guidance (dashed and dotted). Bottom right: Blue and red distinguish the mass ratio, the coloured numbers give the number of SB2s in the Porb bins separated by Porb = 10, 100, 1000.

      

    

  
    
      Fig. 13. 
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        v sin i vs. orbital period. Top: For SB1 (left) and SB2 (right), each primary–secondary pair is connected with a vertical dotted line. Bottom: SB2 primaries and secondaries plotted separately; for the secondaries the black encircled symbols mark B-type companions.

      

    

  
    
      Fig. 14. 
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        Histograms of v sin i for close and wide SB2s separated by Porb = 10 d, from left to right for primaries, secondaries, and the entire samples. Top row: Close SB2s. Bottom row: Wide SB2s.

      

    

  
    
      Fig. 15. 
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        Ratio of literature to calibration radius Rlit/R* of the stars vs. orbital period for the 19 SB2s where a literature radius is available (Table D.2). For each SB2 the vertical dotted line connects the primary and secondary. Unity is marked by the horizontal solid line, and the average and its standard deviation by the horizontal long-dashed and dash-dotted lines, respectively. The blue three-dot-dashed line is an ordinary least-squares fit (log Y vs. log X) of the primary data.

      

    

  
    
      Fig. 16. 
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        Dependence of rotational properties on the orbital period. Top: Rotational period vs. orbital period for SB1s (left) and SB2s (right). The y-axis of Fig. 16 is inverted in order to preserve that faster (slower) rotating stars are plotted up (down). The vertical long-dashed line separates close and wide binaries. The solid diagonal line labelled ‘sync’ marks equal periods, as required for synchonised rotation, whereby an inclination i = 30° of the rotational axis shifts the data points from this line by a factor of 1/sin(30°) = 2 to the dotted inclination line labelled ‘i = 30’. The two SB2s below the dotted inclination line indeed have known iorb < 20° (HD 048099 and HD 167771). For SB2s, the components are connected with a vertical dotted line; for most wide binaries at Porb > 10 d, Prot differs strongly between the components but the difference reduces and disappears for close binaries. Middle left: Ratio of Prot of the binary components vs. Porb; the horizontal lines mark the median in each Porb range. Middle right: Prot vs. Porb for those 53 SB2s with known inclination of the orbital axis iorb; Prot is corrected for inclination assuming parallel orbital and rotational axes. The solid and dotted diagonal lines mark the synchronisation range with a width of 30% and a factor of 2, respectively. The green triangle marks the range above the sync line discussed in the text. Bottom left: v sin i vs. Porb for the 53 SB2s with known iorb. Bottom right: veq vs. Porb after correction for the inclination.

      

    

  
    
      Fig. 20. 
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        Hierarchical triple system. The two massive stars form a wide SB2, consisting of one slow and one increased rotator (red and blue, respectively). Left: Increased rotator itself is a close SB1 with a hidden lower mass companion, the tertiary star (green). The tertiary may produce strong radial velocity variations. Right: Increased rotator has two hidden lower mass components (green) orbiting such that they balance out strong radial velocity variations of the high-mass star.

      

    

  
    
      Fig. 23. 
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        Fragmentation of a cloud or disk into three cores of different size and mass. They form three stars (or proto-stars) of high, medium, and low mass, respectively. During subsequent evolution, the stars interact and merge.

      

    

  
    
      Fig. A.1. 
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        Examples of disentangling types (DT) for SB2s (DT 1-6) and SB3s (DT 7-8). Details are described in Sect. A. Radial velocities “v” are as observed and not corrected for systemic velocities.

      

    

  
    
      Fig. B.1. 
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        Effect of the emission of an isotropic slow wind on the line profile (top) and its Fourier transform (FT, bottom), for two rotation speeds v sin i = 0 km/s (“null rotator” left) and v sin i = 100 km/s (“mid rotator” right). Top: The blue solid line shows (1) the rotating star, a rotationally broadened line profile convolved with Lorentzian, vrot = 50 km/s, FWHM vturb = 50 km/s. The red solid line shows (2) an isotropic slow wind halo with vwind = 50 km/s and dispersion ≈ 20 km/s (total FWHM ≈ 65 km/s). The wind strength is 5% of the stellar equivalent width. The dash-dotted black line shows the combined profile of star and wind (sum of (1) and (2)). We note that the combined profile has a rounder (i.e. more boxy) shape than the pure stellar profile. Bottom: FT amplitude of the rotating star (blue), of the wind halo (red), and of the combined profile (star and wind, black).

      

    

  OEBPS/aa50176-24-eq27.gif





OEBPS/aa50176-24-fig21.jpg
Ejection and
tidal interaction

=

Slow
Rotator

e )
L

Increased
Rotator






OEBPS/aa50176-24-eq26.gif





OEBPS/aa50176-24-eq29.gif





OEBPS/aa50176-24-eq28.gif





OEBPS/aa50176-24-fig22.jpg
Slow
Rotator

Increased
Rotator






OEBPS/aa50176-24-fig24.jpg
DT 1) DT 2)

w1 I w10 110
¢ ' roorszse 201500004 . HDOS759, Hel 876 2015-Dec-04 g 1o o 2011 May18 g 105f HD117856, HolS676  2011May-1s
S0 S0 H H
H H Fom H
& o] £ ool & oss)

3 **Fomvae 090
E L ousse B e osf Qs 4
£ osf fsere Sosintin § O8F falsers
H i H o . 2ol i b
o7 o7 ors
N N T o0 ) a5 we
v tlns) v tis) v tims)
w1 I I I
. "'[Fovseors woshgl I Y T E—— _ Vo Diswnzs o T oo, Hersire zo07apran
i %\0 2 1.0] 2 10]
32 B 2 3
H £ § osf misere H
H 08 § oo comparion §os
< 2 Prim = Hell 4686 e =
w0 w0 m aw W 0w @ @ o a0 W @w o a0 a0
v thns] v tkns) v tims) vt}
w1 I I I
o [ Hoesors 2004 May.07 . HD 165075, HolS676  2004May 07 . HD10135, Hol5a76 2009 Fab20 . HO 150135, HelSe7s  2013un25
£ § i £
Soo 8 B v 5 09
® | ousse i H [t B
§ oaf roisere H § oo ois]  Fos
£ Holl 4685 N Sum Pim Sec. L
w0 w0 m aw a0 @m0 @ o 4
v thws] v (ks
I I
R e N o Fr . [ovm wrwn] | [owm Frern
100 100
i 100 £ 100 § %x
% oss % oss 3 oss 5 oss|
0sof. ois710 030 114713 owssez omsse
050 050
§ ook Holdz2 b Holdsze comparion § oo} alsari s0f Fotiart
& osst [l01sa7s s O85E oise7s pan = Hellas41  tail Hell 4541 tail
ool 080
o a0 @ o w0 a0 o 0 aw a0 0 a0 w0 0 a% @m0 w0 a0 w0 @ a0 @0 o a0 w0 e
v ths) v tims) v tims) v tms)
B WOtez1s, Holdse  200atiar0s . WO 12219, Holdzz 2006 May 05 . GPO 59 2600, Hol 5676  2004.Fob 05 . PG 592500, Hol 5576 _ 20084 10
§re im § £
£ sl o o o 3 ossf L T
B i v o T ool Fiiusom
Ponntsie [ . 50} o5
0% Sop 169 Sum Prim 2 o9 Prim Sum Sop= 161 2 Prim Sum  Sec
w0 a0 20 o 0 a0 s a0 ww a0 o a0 w0 &0 6 a0 @0 o w0 w0 % w0 a0 o a0 w0
v [kmis] v [kmis] v [kmis] v [kmis)
DT 7) a) b) DT 8)
. [orosszminmec woosunos | [ ooz Torownzs . [ woma | oo Froreen
100
H 2 100 2 10 2100
5 oss i : ]
H 3 oss 085 05
H onssez omsse2
§ osof- Hatsare H Holaszs 5 52
Hell 4686 © 090} Hell4sat 090} Hell4s41 0.90f Hell4541
W @0 o a0 wo 0w a0 0 a0 w0 &0 0w aw_ 0 a0 40 &0 o0 w0 w0 0 20 w0 600
v thws) v thwe) v thwe) v (ke
o [ crosemseensc vsars zoownen] PO 592603, HelS876 2015 s B S, volssaz ooz ] G, vasze 200n g2
£ 100 £ 100 2 1o 2 100
2om I, L e
H £ H H
g 0% H H H
pin Mhon s osof  pim s 0o sun Sec Ten  pim asf sun  pim Ten sec
B N 0w a0 o a0 w0 &0 0w a0 0 a0 4w &0 o0 w0 @0 0 20 w0 600

v [kmis] v (kmis] v [kmis] v [kmis]





OEBPS/aa50176-24-fig24_small.jpg





OEBPS/aa50176-24-eq24.gif





OEBPS/aa50176-24-eq36.gif





OEBPS/aa50176-24-eq32.gif





OEBPS/aa50176-24-eq44.gif
pind





OEBPS/aa50176-24-fig6_small.jpg





OEBPS/aa50176-24-eq7.gif
§ Zini)





OEBPS/aa50176-24-fig5_small.jpg


OEBPS/aa50176-24-fig2_small.jpg





OEBPS/aa50176-24-eq2.gif





OEBPS/aa50176-24-fig3.jpg
HD152219, HelaSz2e , 2004-May-09 HO152219, Held9zz , 2006-May-06 HO152219, Held9zz ,avg 2 RD152219, Hel49z22 , avg 9

(I o | I | o0 [
z z z
% 0ss % o5 &
Primary £ Primary z ‘Secondary Primary. £
P« 506 o.50f P - 284 osof. AL~ 157 P« 200
A o110 Pav 0038 Avo110
oo Pt oo A ows :
200 0 200 400 600 50 400 200 0 200 400 600 00 400 20 0 20 400 600 600 400 200 0 200 400 60
v [k v [k v (ks v ks
HD152219, Hel4922 , avg_9 HD152219 , Hel4922 , avg_9 HD152219, Hel4922 , avg_9
1 1 7 1 T
g o Primary: vsini = 178+/- 4 g o Secondary: ' vsini = 1394/- 4 E Secondary: E vsini = 1194/ 2
£ ) : T ]
s : H
52 2 : : i
E s 3 : H 3
2 : H
S 4F 4F : 3 | 3
e residuals included — e | residuals included — | residuals excluded —
50 100 150 200 250 300 50 100 150 200 250 300 50 100 150 200 250 300

vsini [km/s] vsini [ km/s ] vsini [ km/s ]





OEBPS/aa50176-24-fig6.jpg
Number of stars

N
o

w
o

n
o

o

C + SB1, comparison Olll and Hel

SB2 + SB3, comparison Olll and Hel

E 84 19 i 4 107 Olll § 20F 44 10 {0 54 Olll
80 23 i 4 107 Hel 39 15 i 0 54 Hel
H o H
3 : ] s 15F : 1
mode = 58 +- 22 E mode =70 +- 22
mode = 64 +- 21 ° mode = 80 +- 22
E 4 o 10f B
o
€
>
E 1 2 sF 1
E 0 =

0

100 200
vsini [ km/s ]

300

400

100 200
vsini [km/s]

300

400





OEBPS/aa50176-24-fig8.jpg
vsini this work [ km/s ]

400

300

200

SB2 + SB3, N =85

Primary (49)
Secondary (36)

100 200 300
vsini literature [ km/s ]

400





OEBPS/aa50176-24-fig10_small.jpg





OEBPS/aa50176-24-fig12_small.jpg





OEBPS/aa50176-24-fig10.jpg
Number of stars

C,N=130

median (P)
10.0d
12.8d
14.3d

10 20 30
rotation period / sin(i) [d]

40





OEBPS/aa50176-24-eq18.gif





OEBPS/aa50176-24-eq12.gif
et





OEBPS/aa50176-24-eq11.gif
JE TS 3 s BORS





OEBPS/aa50176-24-fig13.jpg
70 SB2
Secondary

Primary
T+ x

1000

100

Orbital period [d]

10

1se) wnipaw mois o
Lo | |
o o o o o (=] o o
v (=] wn o w0 o e}
(3] (3] (Y o *~ -
[s/unf] uisa
T T T
.
- x
o _ o
2 =
Fa X x E|
x
® x
. x X
x
X e
x
. * .
I
x ®
3 mos 3
|
o o o
v wn
[}

1000

100

Orbital period [d]

10

! 1 l !
o >0 x
0g Q- .
o S5 .
o5Z2
~ + L]
9@z
L o] ° 4
@D . o
° .
°° X o
L ® e ° 4
. ¢ &
‘% e
o ) o
x x °% ©
brmmmmmm e R Rt
Y L 3
o, o
‘ . %
<
B
3 I8} wnipaw mos
| | | |
o o o o o o o o
0 [=] 'e} o 2] o wn
(5] @ o o — -
[s/w] uisa
T T T T
8§z Z
< = .
ne 3 .
o= =
~oa K3 . .
x
o °x
Mo O
L ° °° 4
x
N X 8%
. X o
L. e o - - -
X . B
e X, B
3
Koge o B
lo
.
E 158} wnipaw mos
| | | |
(=3 o [=3 (=3 (=3 o o o
0 o e o wn o w
@ @ o o — =

[sywy ] wisa

1000

100

Orbital period [d]

10

1000

100

Orbital period [d]

10





OEBPS/aa50176-24-eq13.gif
o0





OEBPS/aa50176-24-fig11_small.jpg





OEBPS/aa50176-24-fig18.jpg
Mass ratio M2/ M1

1.2

1.0

0.8

0.6

0.4

0.

N

0.0

14
12
10

o N~ O

T T T T

Primary faster Secondary faster
@

(0]

o
og°

39 wideSB2 © o
[ 10<orb<100
orb>100

-0.5 0.0 0.5
log ( rotational period P/ S')

-1.0 1.0

T T

Primary faster

T T

Secondary faster

| 39wide 10 29
L 10<orb<100 5 19
orb>100 5

-0.5 0.0 0.5
log ( rotational period P/ S )

1.0

Mass ratio M2/ M1

1.2

1.0

0.8

0.6

041

0.2

0.0

14
12
10

Primary faster Secondary faster
F [e]
® o]
g & lo, o
Q 0@O
F 8
o
23 wide SB2 °o
slow+slow excl. o
[ 10<orb<100
orb>100
-1.0 -0.5 0.0 0.5 1.0

log ( rotational period P/ S))

T T T T

Primary faster Secondary faster 7
slow+slow excl.

23 wide 5 18
10<orb<100 2 9
orb>100 3 9

-1.0 -0.5 0.0 0.5

log ( rotational period P/ S')

1.0






OEBPS/aa50176-24-fig17.jpg
Mass ratio M2/ M1

31 close

vsini(P) > vsini(S)
39 wide vsini(S) > vsini(P)

10 100 1000
Orbital period [ d ]





OEBPS/aa50176-24-eq10.gif





OEBPS/aa50176-24-fig19.jpg
Slow
Rotator






OEBPS/aa50176-24-fig23_small.jpg





