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emission lines

1928 - HB and Hy - double peaked
explained by a rotating disk

Later in 1970s - IR observations

discovery of the IR excess

Allen & Swings (1976) - survey of =700 B
type stars -> = 65 - IR excess as well as
forbidden lines

=> stars with the B[e] phenomenon



Ble] phenomenon

Strong Balmer emissions
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Forbidden emission lines

Ble] phenomenon

Strong Balmer emissions
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Forbidden emission lines

Ble] phenomenon

Strong Balmer emissions

[Fe "] [Fe ”] =4 "]

[Fe 1]

>
=
0
=
()
bt
=
()
>
2
©
[0}
o

w
o

6555 6560 6565 6570 6575 6580
Wavelength [A]




Ble] phenomenon

Strong Balmer emissions

=
w
o

Relative intensity
o
o

w
o

6555 6560 6565 6570
Wavelength [A]

6575

6580

Forbidden emission lines

Fe) [reny  [Fell—"=xi]

(b)HD50138
14000K
1600K, 0.5AU
S00K, 18.5AU



Forbidden emission lines

Ble] phenomenon

Strong Balmer emissions
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Forbidden emission lines

Ble] phenomenon

Strong Balmer emissions

[Fe "] [Fe l” =4 "]

[Fe 1]

Strong IR excess

Relative intensity

wn
o

6550 6555 6560 6565 6570
Wavelength [A]




Stars with B[e] phenomenon ~ Lamersetal 1998)
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Stars with B[e] phenomenon ~ Lamersetal 1998)
Ble] supergian

!

supergiant - near star-forming spectra show nebula, evidence of a cool

log (L./Ly) £ 40 regions, accretion disk log (L,/Ly) £ 40 companion in the

TR spectrum (TiO band)

indication of mass log (L/L_) S 45 may show [O III], [S III],

loss e [Ne III], .. late-type spectrum in
: photometric variations near IR

hybrid spectra may show N

enhanced N SED - warm and cool enhancement

abundances dust SED - cold dust (~100K)

Unclassified B e] stars

-> do not fit HD 45677, HD 50138 or HD 87643, ...



FS CMa stars

FS CMa stars - definition from Miroshnichenko 2007

Emission-line spectra contains: Balmer lines, Fe II, [O I, ([Fe II], weak [O III])
IR excess - peak at 10 - 30 pm

Location outside of star-forming regions

If companion - fainter and cooler than primary (degenarate)

-> primary T =9 000 - 30 000 K
-> (L,/Lg) between 2.5 and 4.5
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GG Car, 1.583 d period, Porter et al. (2012a)



Observed properties

Spectral variability
absorption lines - night to night
emission lines - weeks to months

forbidden lines - months to years
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Observed properties

Spectral variability
absorption lines - night to night
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Observed properties

Spectral variability
absorption lines - night to night

emission lines - weeks to months
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forbidden lines - months to years

Various features may be observed

dusty clumps, material infall or ejecta

HD 50138, Jet4dbkov4 et al. (2016)
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Observed properties

Systems with ongoing or
finished dust formation

Strong mass loss in at least two
cases (HD 87643, AS 78)

10¢ M fyr

Higher than can be explained
by radiatively driven wind

-> Stellar evolution of a single
star is not enough




Binary hypothesis
Miroshnichenko 2007
-> binaries with mass transfer

- K-type companion (MWC 623 and
V669 Cep)

- degenerate comp. (CI Cam)

- brightness variations attributed to
orbital motion (AS 160 and MWC 342)

- spectro-astrometry (FS CMa,
HD 50138, and HD 85567)



Binary hypothesis

Miroshnichenko 2007 ~150 -100 -50 50 100 v [km/s]

-> binaries with mass transfer

- K-type companion (MWC 623 and
V669 Cep)
- degenerate comp. (CI Cam)
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- brightness variations attributed to
orbital motion (AS 160 and MWC 342)
- spectro-astrometry (FS CMa,
HD 50138, and HD 85567)
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Kordakovi et al. (2020)



Interferometric observations

Presence of dust - most likely in a disk
around the star

Interplay of many processes

- puffed-up rim due to dust
sublimation

- dusty halo, dusty wind

- near IR instruments



Interferometric observations

Presence of dust - most likely in a disk
around the star

Interplay of many processes

- puffed-up rim due to dust
sublimation

- dusty halo, dusty wind

- near IR instruments

Hofmann et al. (2022), FS CMa




Interferometric observations

:ui\dditionzgl~
featurd.”

0

Aa (mas) A (mas)

HD 50138, Kluska et al. 2016



Magnetic field discovered!

Strong magnetic field found for the
first time in a FS CMa

(Korcakova et al. 2022)
IRAS 17449+2320
62 +0.2kG

Strong Zeeman split in many spectral
lines



Magnetic field discovered!

Strong magnetic field found for the
first time in a FS CMa

(Korcakova et al. 2022)
IRAS 17449+2320 C1 9078, 9089, 9095, 9112 A
6.2 +02kG

Strong Zeeman split in many spectral
lines

NI 8680, 8683, 8686, 8703, 8712, 8719, 8729 A

Korcakova et al. 2022



New hypothesis

Strong magnetic field
Slow rotation

Appearance of young
stellar objects, but far
from star forming regions

Position on the HR
diagram near TAMS

Large space velocities



New hypothesis

Supernova
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New hypothesis

Supernova
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N-body simulations

NBODYG code F i0d 14

Open clusters in galactic potential, 8.5 kpc from Galactic center || NIEEEEE
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K [045-08
M [008-045

55
# simulations .Iﬂ 256 m 0.08

2 [ 4 | 8 |
# stars per cluster > 7070 | 3590 | 1860 | 980 | 510 | 260 | 140

statistical study - focus on mergers - distribution of spectral types

Initial orbital period distribution with a threshold mass2 M j and 5 M |

Dvorakova N., Korcdkova D., Dinnbier E and Kroupa P. (submitted)
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N-body simulations

mergers resulting
from pre-MS
eigenevolution

o
=
o

o
o
o

o
o
o

o
o

>
O
=
)
=]
o
)
_
L
g}
)
N
©
S
| -
o
Z

o

log(t[Myr])




N-body simulations
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\BiTES Tl EL S more than 50% of mergers are B stars
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\BiTES TN el e around 15 % of mergers - A stars
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Merger products 5 Mg
Merger ratio 2 Mg
Merger ratio 5 Mg

B Involved in mergers 5 Mg
[ Merger products 2 Mg
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N-body simulations
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N-body simulations

Before CE
83 %

Before CE

147 %
Contact

binaries binaries 185 %




- Interaction with
a third star

- binary kicked out
- short semi-major
axis and a large
eccentricity

- tidal
circularisation

- possibly a merger
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- Interaction with
a third star

- binary kicked out
- short semi-major
axis and a large
eccentricity

- tidal
circularisation

- possibly a merger

Before CE
83 %

Before CE

147 %
Also due

to stellar
binaries evolution \ binaries 185 %

Outbursts of contact Contact
binary V1309 Sco
explained by stellar
merger (Tylenda et al.
2011)




Comparison with observations

Rv measurements for 32 FS CMa stars
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Comparison with observations

Rv measurements for 32 FS CMa stars
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Current view of FS CMa stars
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Conclusions
FS CMa stars - OVERLOOKED CHANNEL OF STELLAR MERGERS
Merger events are dominated by B-type stars
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Possible progenitors of magnetic Ap stars among late B-type FS CMa stars
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Evolutionary stages of the merger products

0 | NS fuly convective |
2 | FHermprungGap
4 | CoeHelumBuming |
5 | EayAGB
6 | Thermally Pulsing AGB |
8| Naked Helium Star Hertzsprung Gap |
"9 | Naked Helium Star Giant Branch
0 - Helium White Dwarf
Dvoréakova et al. (submitted) Oxygenl@ljfrg nV\g::re Dwart
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Additional figures and tables

Stars
at 0 Myr [%]

Stars involved
in mergers [%]

Merger
products [%]

Merger
ratio [%]
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Dvorikova et al. (submitted)




Additional figures and tables
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Figure 1. Occurence of magnetic fields across the H-R diagram in pre-MS, MS, and post-MS

L]
stars. Percentage indicates the fraction of stars of a given type to have such fields. The dashed Berdyug]na (‘2009)

line separates stars with convective (on the right) and radiative (on the left) envelops.




Additional figures and tables

Binaries with
MMS > 7.5 M,
S > 0.1
22126 0.15 < log,(P™MS /days) < 5.5
E 1

Stellar
mergers Non mergers

1-D=142%

Non Disrupted
(cf. Sec. 7)

D = 86" 19%

Disrupted

36:5% 64°13% 2% L

| I

post-MS companion MS companion
(cf. Sec. 5.3) (cf. Sec. 5.1)

53124, | 251239, 5149, 95%2,%

-46

Runaway Walkaway
vgis = 30km s™! vais < 30km s~!

NS companion BH companion

He star H-rich
2338,

=20
Fig. 4. Overview of the binary evolution scenarios up to the first CC event. The branching ratios shown are from our fiducial simulation, and we
highlight in red the disruption fraction 9. The errors on each fraction exclude the run without SN kicks (o = Okms™), which produces an
unrealistically low disruption fraction (cf. Table 1 and Sect. 6).

Renzo et al. (2019)




