Modeling Hydrogen-Rich

be massive runaway stars with velocities of the order 10Gkm/

Romano’s star

V532, known as Romano's star, is an interesting variablelstated in the M33 galaxy. As it demo
strates pronounced photometrical and spectral varialgiitirtev et al., 2001; Polcaro et al., 2003), V532
classified as an LBV. The object changes from a B emissiorslipergiant in the optical maximum (Szeife
1996), through Ofpe/WN (WN10,WN11) and WN9 toward a WN&Ispectrum in deep minima (Maryevd
& Abolmasov, 2010).

We investigate the optical spectra of V532 in two differetates, the brightness minimum of 200
(hot phasg and a moderate brightening in 200806l phasg using the non-LTE radiative transfer cod
CMFGEN (Hillier & Miller, 1998). In Figure 1 we show the obsed spectra of V532 at different phase
and the best-fit model spectra. Stellar parameters dereredoth hot- and cool-phase models are given
Table 1. For comparison, the values of these parametersiioe sther stars are given in the table.
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Table 1 shows that V532 in the minimum of brightness is sintitea classical WNB8 star, but the wind
velocity is lower, characteristic rather for a WN9 star. e ghat relative hydrogen abundance (H/H
for V532 is similar to that of WN8h stars. In February 2005ridg the outburst, parameters of the st3
correspond to the spectral class WN11. The model spectr@imitar to the spectrum of P Cyg in 1998
V532 shows a WN11 spectrum in the maximum, while the clab&B&s like AG Car and P Cyg become]
WN11 only in deep minima and in the long-lasting quiet stegspectively. Note however that V532 had
strong maximum in 1993)(" 9 brighter than in February 2005) and exhibited a B-supetgipactrum.

Table 1 Derived properties of V532 in the maximum and the minimunrightness and FSZ35, and com
parison with WN8h stars and LBV P Cy& y is mass fraction of hydrogen. Our results are highlighte

Star Sp. Ty Ry/3  log L« log M f Voo Xpg  Ref
type  [KK] [Reol [Lol [Moyr™'] kms—']  [%]

WR40 WN8h  45.0 10.6 5.61 -4.5 0.1 840 15 [1]

WR16 WN8h  41.7 12.3 5.68 -4.8 0.1 650 23 [1]

FSzZ35 WN8 36.5 20 5.76 -4.58 0.1 800 17 [3]

V532 WN8 340 208 5.7 -4.75 0.1 360 24 [4]

hot-phase

V532 WN11 22.0 59.6 5.89 -4.4 0.5 200 24 [4]

cool-phase

P Cyg Bikt 5.8 -4.63 05 185 2]
1]- Herald et al. (2001), [2]- Najarro (2001), [3]- MaryegaAbolmasov (2011a), [4]- Maryeva & Abolmasov (2011b)

The two phases, hot and cool, are mainly distinguished bypbeudo-)photosphere radius, that is abg
three times larger in the cool phase. For the two stafésliffer by a factor 2.8, and the wind velocity is 1.8
times larger for the hot state. Bolometric luminosities &32 were different in 2005 and 2008. Luminosi
of V532in 2005 (L. = 7.7 - 10° L) is 1.5 times higher. Therefore, V532 should be consideredmore
LBV (after the objects mentioned by Koenigsberger (2004)s$&n et al. (2001); Clark et al. (2009)) thg
changes its luminosity during (even moderate amplitudeptén. In this sense, V532 behaves similarly
AG Car that has bolometric luminosity variations duringSt®or cycle (Maryeva & Abolmasov, 2011b)
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ABSTRACT

Most massive stars spend a short time as a Luminous Blueblesig@LBVs) before becoming WN stars. Detailed relationsveen LBV, WN and hydrogen-rich WN (WNH)
stars are poorly known. Studying WNH demonstrating speetmability and strong mass loss is very important for uistending stellar evolution. We present the results o
spectral variability study of two very luminous stars in 183 galaxy — LBV V532 and late WN star (possibly, dormant LBYZ35. We studied spectral variability of V532
derived its atmosphere parameters and show that the balorhehinosity of V532 varies during the eruption in 2005 byaator of ~1.5. Using the non-LTE radiative transfe
code CMFGEN, we determined wind parameters for both obj&itse both stars are located at distances of about 100 pctfre nearest association, we supposed that they
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The object FSZ35 is little-studied WNL star in M33. We analgza spectrum of FSZ35 in th®00 +
5500A 2 wavelength range and identified about 40 spectral lines.spbetral appearance of FSZ35 sho
strong similarities with V532. Therefore we classify FSZ&5a WN8 as well. Besides this, the NM057
line clearly seen in our spectrum is never present in WN9tspeihus excluding FSZ35 identification as
later-subclass object.
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P ¥ 1 on the diagram of EW of Hell 4686
= 1.0rwng” o102 71 versus the FWHM of this line. Posi-
EJ/ | OEEJ@ AB18 1 . . . .
o 08F wios . ] tion of the object on this diagram
=2 Fii i 1 is consistent with our identification
44 BE294 ’ 5
96 ; S ; ; .1 FSZ35asaWNS star.
2 4 6 8 10 12 14 Using non-LTE code CMFGEN we estima

FWHM Hell A4686, A the parameters of FSZ35.

The best-fit parameters of the CMFGEN model are: luminogity= 5.8 - 10° L, mass loss rate
2.6 - 10~° Mg, /year, nitrogen abundance N/He =11(N/He)effective temperature at hydrostatic radi
T, = 36.5K (R« = 19R@) and at the Rosseland photosph#ig,— /3 = 35.0K (Table 1). Derived
parameters of FSZ35 atmosphere correspond to a typical i8X8Because mass fraction of hydrogen
16.5% (H/He=0.8) in the spectrum of FSZ35 we classify thigatas H-rich WNS8 star.

We find that FSZ35 has a surrounding nebula, possibly of lositaion and deficient in oxygen, that de|
creases its detectability. Modeling with Cloudy (Ferlandile, 1988) version 08.00 allows reproduce t
observed nebular contribution. Details are given in Maay&Abolmasov (2011a).
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The spectrum of FSZ35 (black line) compared with the be€MiEGEN model (purple line).

aThe spectrum was taken from the archive of Special Astraphy®bservatory (SAQ)
of Russian Academy of Sciences

Results and Conclusions

Using comoving frame numerical radiative transfer with @dFGEN code, we estimate the physi
parameters of the photosphere of Romano’s star coming towtherincipal conclusions. Firstly, in this
object, variability is caused by correlated changes in rfasssrate, wind velocity and possibly hydrostati
radius. Elementary abundances do not change significanbigth states we find similar helium and nitroge|
overabundance characteristic for hydrogen-rich WNL stafde~ 1.3 + 1.5 and N/He~ (3 +5) x 1073,
We find that the bolometric luminosity of this object was teglluring the eruption in 2005 by a factor o
~1.5, that makes V532 one more example of an LBV that changdaritinosity. Its behaviour indicates
that even moderate amplitude LBV outbursts are accompdnyietianges in bolometric luminosity.

We analyzed the optical spectrum of WNL star FSZ35 in M33. \essify FSZ35 as a WN8 star
confirming the result of Massey & Johnson (1998). Using CMNG/He estimate the parameters of FSZ
(bolometric luminosity, stellar radius, mass loss rateydwielocity, elementary abundances) and compa
them to the corresponding parameters of other WN8 stansdimg the LBV star V532 during the minimu
of brightness. FSZ35 is a H-rich WN8 star where the massifracif hydrogen is 16.5% (H/He=0.8).
Position of FSZ35 at the outskirts of association 128 OB satigthat it was expelled from this associatid
about a million years ago at a velocity ©f 100km s~*

FSZ35 is located at a distance of ab@at’ (~ 115 pc) from the OB 128 association (Humphre!
& Sandage, 1980). Probably, once FSZ35 was a member of OB i®8vas ejected via slingshot-typd
dynamical interaction. Offset positions with respect te firobable parent associations (at distanses
100pc) and unexpectedly large peculiar velocities (of the orded00km s—1) seem to be common for|
very luminous and massive stars like V532, FSZ35 and Galkatgé WN stars like WR20a and WR124. Wi
propose that very massive stars are formed in dense gronfatiag several stars each. This is confirmel
for example, by the multiplicity increasing with stellar ssa(Zinnecker & Yorke, 2007) both in young sta
clusters and associations. It is reasonable that highetidraof massive binaries will be accompanied by
higher fraction of massive multiple systems. When formedhssystems are often unstable (Kiseleva et 3
1998) and dynamic interaction between its components dhmth produce a larger fraction of runawa:
at these masses+( 100M) and a larger fraction of binaries. The characteristic fiecwelocities ¢~
100km s~1) of these “childhood runaways” may be reproduced if theahgpatial sizes of the systems aj
< 10'cm (Maryeva & Abolmasov, 2011a).




