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Θ1 Ori A and B infrared speckle interferometry 

Mtot ~ 20, P~200 yr B2-B3:  Mtot ~ 10, P~150 
yr 
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θ1Ori A2 is located well within the reddening band, i.e. It displays colors consistent with pure photospheric emission without infrared excess. The colors of θ1Ori A2 allow, in principle, two different solutions of the de-reddening problem: the star might be either an M-type star extincted by only AV ∼ 1.5 mag, or an ∼F-type star extincted by AV ∼ 3.8 mag. This ambiguity can be resolved by taking into account the observed brightness of the object and its corresponding location in a color-magnitude diagram or an HR-diagram (see Fig. 4). Such an analysis shows that the first alternative (M-type star with low extinction) is not plausible, since the observed brightness is much larger than predicted by PMS evolution models, even for extremely young objects; in the HR-diagram, the star would be located far above the birthline. The second alternative, i.e. a strongly extincted ∼F-type star, yields a reasonable location in the HR-diagram, suggesting the object to be a very young intermediate-mass PMS star.	θ1Ori B2 is located to the right of the reddening band, i.e. In the infrared excess region. This clearly indicates the presence of relatively hot circumstellar material. The excess makes it very difficult to derive an accurate value of the object’s extinction; our best guess is an AV of around 9 mag. The presence of infrared excess is not surprising, as θ1Ori B2 is associated with a proplyd and a jet. The bright, one-sided jet can be seen in the HST images of Bally et al. (1998). Bally et al. (2000) discuss this microjet, with the name HH 508 or j160-307, in detail. It originates from θ1Ori B2, extends about 0.5 along position angle 317◦, and represents the brightest Herbig-Haro object4 in the entire Orion nebula, but was not previously recognized because of its proximity to θ1Ori B1. θ1Ori B2 is also associated with a faint and very compact proplyd tail, which points directly away from θ1Ori B1 (position angle 255◦). The direction of the proplyd tail and the exceptional surface brightness of the jet suggest that it is physically close to θ1Ori B1.	This supports our assumption that the objects θ1Ori B1-2-3 are actually physically related and not just a chance projection. θ1Ori B3 is located within the reddening band. Using similar arguments as above for θ1Ori A2, the de-reddening procedure suggests the object to be an ∼F-type star extincted by AV ∼ 8 mag.



Θ1 Ori C – the youngest 
and the nearest high-mass 
star 

P = 11.26 yrs 

T = 2002.57 

e = 0.592 

a = 43.6 mas 

i = 99 

Ω = 26.5 

γ = 23.6 km/s 

M1 + M2 = 39M0 + 8M0 

O5.5 + B2 

dist = 410 ± 20 pc 

(S.Kraus et al. 2009) 
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	Located in the Orion Trapezium Cluster, θ1 Ori C is one of the youngest and nearest high-mass stars known. Besides its unique properties as an oblique magnetic rotator, the star happens to be a close (∼20 milli-arcseconds) binary system, which makes it an ideal laboratory to determine the fundamental parameters of young hot stars. Our 11-year interferometric monitoring campaign, which covers nearly the full dynamic orbit of the system, resulted in the first interferometric images obtained with the VLTI interferometer at infrared (∼2 μm).	The formation and early evolution of high-mass stars is still a matter of ongoing debate. In particular, for young O type stars, stellar evolutionary models are still highly uncertain and require further empirical verification. In order to test and refine these models, perhaps the most important parameter is the stellar mass, which, together with the chemical composition and the angular momentum, determines the entire stellar evolution. Thus, direct and unbiased mass estimates, such as those provided by the dynamical masses accessible in binary systems, are very important to advance our knowledge about the earliest phases of stellar evolution.	Due to its relatively small distance of just ∼400 pc, the Orion Nebula Cluster (ONC) is the best-studied starforming region where also high-mass stars are forming. θ1 Ori C in the Orion Trapezium is the brightest and most massive (∼40 M) of the ONC members and has been the target of numerous studies. With an age of less than one million years, this O7V-type star is also one of the youngest O-type stars known in the sky, and its strong Lyman radiation dominates the whole Orion Nebula. θ1 Ori C also illuminates the proplyds and shapes its environment by strong stellar winds.	Furthermore, θ1 Ori C is one of only two O-stars with a detected magnetic field (the other star is the much more evolved object HD191612). The strong magnetic field (1.1±0.1 kG, Donati et al. 2002) might also channel the radiation-driven winds from both hemispheres along the magnetic field lines to the equatorial plane, where the winds collide at high velocity, forming a thin, nearly stationary shock region in the equatorial plane. This “magnetically confined wind shock” (MCWS) model (Babel & Montmerle 1997) can explain not only the hard X-ray emission from θ1 Ori C, but also the periodic variability of the Hα line, several UV spectral lines, the X-ray flux, as well as in the longitudinal magnetic field (see Stahl et al. 2008, for a brief review).



PRINCIPAL PROBLEMS: 

 

•  How do they form? 

•  Is their chemical composition different from a 
present-day cosmic matter in the solar vicinity ? 

•  Can the global magnetic field of the θ1 Ori C slow 
down its rotation ? 

•  Was the runaway infrared source, the Becklin-
Neugebauer (BN) object, ejected from the θ1 Ori C 
system ?  



• S.Kraus et al. (2009): 
 
 Comp. 1 -  Teff = (37000 - 40000 K)  
                         log L1/L = (5.21 – 5.29)   
                         M1= (34.0 - 39.0) M 
  
 Comp. 2 -  Teff = (30000 - 33000 K)  
                         log L2/L = (4.68 – 4.76) 
                         M2= (8.0 – 15.5) M 
  
• Large spread of fundamental parameters complicates the 

analysis of the spectrum  

COMPONENTS PARAMETERS FROM 
INTERFEROMETRY 



• Spectrum analysis was made for the model atmospheres 
 
 θ1OriC 1 :  Teff = 39000 K, log L/L = 5.41 , M = 34.0, 

  R = 10.7, log g = 3.91 
 
  θ1OriC 2 : Teff = 31900 K, log L/L = 4.68, M = 15.5,    

  R = 7.2, log g = 3.92 
 
• For these parameters we used Vt = 15 km/s  and the solar 

chemistry: 
 H = 1.00, He = 0.089 – by mass 
 logN(H)=12.00, logN(He) = 10.95 – by number of atoms 
 
 logN for the remaining elements: 
 С   8.52,  N  8.01,  O  8.89, Ne  8.05, Mg  7.54, 
 Si  7.51, Fe  7.63 

MODEL ATMOSPHERES 



• HI, HeI, HeII, CII - CIV, NII - NIV, OII – 
OIV, NeII, SiIII – SiIV и MgII ion absorption 
lines are observed in the spectrum 
between 3000 and 9000 AA. All H and He 
lines are contaminated by emission 
components, therefore the atmospheric 
parameters of the two stars were defined 
from the weak profiles of C, N, O, Ne, Si, 
and Mg lines. 

ABSORPTION PROFILES 



OBSERVED (red) AND SYNTHETIC (black) PROFILES FOR OIII 
LINES IN THE SPECTRUM 

Orbital phase 0.55. Corresponding Vr1 =26 km/s и Vr2=14 km/s 
(relative to the Sun), 
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Fig.3 presents the comparison of observed OIII absorption with theoretical modeling for the orbital phase Ph=0.55 corresponding to component velocities Vr1 =26 km/s и Vr2=14 km/s (relative to the Sun) and  Vr1=5.5 km/s и Vr2=-7.5 km/s (relative to the Earth).



• v sini for the primary star was defined in the 
range 24 to 140 km/s (Vitrichenko, 2003; 
Simon-Dias et al., 2006).  

 From our equivalent widths: v sini = 35 
km/s (the equatorial value is v1rot = 35.4 
km/s) for the primary. The rotation period of 
θ1 OriC1 is 15d.422 (Stahl et al., 2008), 
which gives the equatorial velocity 33 km/s 
for the radius R1 = 10 R. Using i=105o , 
we obtain v sini = 32 km/s. 
 

ROTATION VELOCITY FOR OF THE PRIMARY STAR 



OIII PROFILES FOR TWO COMPONENTS SEPARATELY 

The primary star rotation velocity corresponds to Vsin i = 35 km/s  
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Fig.4 shows the OIII line profiles for the two components separately. Width of the lines is defined by the input of the primary component. It corresponds to the rotation velocity: Vsin i = 35 km/s.  



 
Ion λ,  A      ε, eV   log gf       Ion     λ,  A ε, eV    log gf   
 
FeIII   4548.99   20.88   -1.66     NeI    4565.55 34.82     1.59 
NII      4552.94   23.48    0.33  VIII    4567.59 20.18  0.95 
SiIII    4552.62   19.02    0.18  SiIII   4567.84 19.02 -0.04 
CaIII   4553.29   45.06    0.05  NeII   4569.06 34.93   0.14 
NeII    4553.40   34.83   -0.80  OIII    4569.26 45.99   0.07 
SiIII    4554.00   28.12   -0.16  NeII   4574.42 34.84     -1.16 
OIII     4555.38 46.92 -0.41  SiIII   4574.76 19.02  -0.51 
OII       4557.73 31.37 -0.32  VIII    4574.92 20.18  -0.27 
OII      4557.91 46.92 -0.89   NeII   4575.72 36.18  -1.64 
FeIII    4558.85 55.11 -0.53   NeII   4576.32 37.48  -1.71 

LINE PARAMETERS FOR THE SYNTHETIC SPECTRUM CALCULATION 
NEAR Si III TRIPLET 



OBSERVED (red) AND SYNTHETIC (black) SPECTRA IN THE 
REGION 4550-4578 AA 

SNR=2000. Orb. phase = 0.653, 0.691. Corresponding radial velocities: 

Vr1=29 km/s and Vr2=3 km/s (relative to the Sun), or Vr1= 45 km/s and Vr2= 
19 km/s (relative to the Earth). 
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Fig.6 compares the observed (red) and calculated (black) line profiles in the region 4552.62 -  4574.76 AA . Observed spectra were obtained with the BTA 6 m Telescope for the orbital phases Ph=0.653, 0.691. SNR in the spectra is about 2000. Radial velocities of the components are: Vr1=29 km/s and Vr2=3 km/s (relative to the Sun), or Vr1= 45 km/s and Vr2= 19 km/s (relative to the Earth).	



• Rotation velocity for θ1 OriC2 was 
estimated from the width of atmospheric 
triplet Si III 4552.62, 4567.84, 4574.76 AA 
formed mainly in the atmosphere of the 
secondary. 

• The BTA spectra give: ∆λ = 5.10, 4.62, 
4.27 АA. 

 From the width of the lines we obtain v 
sini = 147 km/s. The lower limit is v2rot = 
96 km/s. 

Rotation of the secondary 



Chemical abundances for θ1 Ori C 

Element log N l,2 log N B log N N log N Sun 

H 12.00 12.00 12.00 12.00 
He 10.95 10.98 10.98 10.93 
C 8.38 8.35 8.52 8.50 
N 7.93 7.80 7.73 7.85 
O 8.97 8.75 8.73 8.75 
Ne 8.05 8.10 8.05 7.95 
Mg 7.54 7.55 7.65 
Si 7.51 7.50 7.55 

No clear indication of contamination by SNII nucleosynthesis products 

Questions the origin of the Sun 
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	M.-F. Nieva and S. Simón-Díaz 2011:     We detected the high chemical homogeneity of O and Si derived from early B-type stars the Orion star-forming region, and no clear indication of contamination by SN II nucleosynthesis products. 	The results are in full agreement with recent findings of homogeneous present-day chemical abundances in the solar neighbourhood (Przybilla et al. 2008, hereafter PNB08). The analysis presented in this paper is based on updated model atoms for non-local thermodynamic equilibrium calculations that have already been applied to a small sample of early B-type stars in the solar neighbourhood (PNB08) and more recently to a larger sample.	Despite the different state of these massive young stars and older stars such as the Sun in terms of Galactic chemical evolution, good agreement with the solar values is found – which questions the origin of the Sun. Late-type stars in the region also have similar iron abundances.



    θ1OriC 1                      θ1OriC 2 
 
• Mass, M                                              35.8                      10.0 
• Luminosity, log L                                5.20                      4.69 
• Radius, R                                             10.0                       8.2 
• Teff, K                                                    37000                  30000 
• log g                                                         4.01                      3.60 
• Equatorial rotation velocity, km/s     35.4                     96.2 
• Magnetic field, G                              500-1500 

BEST MODEL FIT 



RADIAL VELOCITIES OF THE COMPONENTS FROM 
He II and Si III lines 

Presenter
Presentation Notes
He II 4200 and 4542 AA lines, as well as CIV 5801-5812 AA and OIII 5592 AA lines, are formed close to photosphere and are stable over time. Opposite, all HI lines, HeI lines and HeII 4686 lines, are variable because they are formed in the colder outer wind zone. 



Radial velocities of the components 



θ1 OriC RADIAL VELOCITIES 

Primary – black, secondary – red) 



ESO 2.2 μm NAOS-CONICA false color image of the 
region around the Becklin-Neugebauer object 

Is θ1 Ori C a gravitational slingshot ? 

Missing stellar mass required for virial equilibrium in the innermost region of ONC  

Mass of secondary, M θ1OriC2 > M BN 

Ratio of ejection kinetic energy to binary total energy,  (1.1-3.5) × 1047 erg  

Eccentricity (e(θ1C)) = 0.6 

BN 

KL 
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	Tan (2004) interpreted this high tangential velocity away from the direction of the imbedded BN-KL cluster stars as evidence that θ1 Ori C shares a point of origin with the radio source Becklin-Neugebauer (BN), which is moving in the opposite direction at a high velocity (38 km s–1 at P.A. = 322°), and that the present tangential velocity would have placed the BN object in the vicinity of the Trapezium about 4000 years ago. 		However, subsequent studies (Rodríguez et al. 2005; Gómez et al. 2005, 2008) of the radio sources within the BN-KL region show that three radio sources in the center of the BN-KL region are moving away from a common center with a timescale of 500 years and that the BN-KL source I used for reference by Tan (2004) was one of the moving objects.		CHATTERJEE S.; TAN J.C. 2012ApJ...754 Of particular interest among the ONC's ~1000 members are: θ1 Ori C, the most massive binary in the cluster with stars of masses 38 and 9 M☉; the Becklin-Neugebauer (BN) object, a 30 km/s runaway star of ~8 M☉; and the Kleinmann-Low (KL) nebula protostar, a highly obscured, ~15 M☉ object still accreting gas while also driving a powerful, apparently "explosive" outflow. The unusual behavior of BN and KL is much debated: How did BN acquire its high velocity? How is this related to massive star formation in the KL nebula? Here, we report the results of a systematic survey using ~107 numerical experiments of gravitational interactions of the θ1C and BN stars. We show that dynamical ejection of BN from this triple system at its observed velocity leaves behind a binary with total energy and eccentricity matching those observed for θ1C. Five other observed properties of θ1C are also consistent with it having ejected BN and altogether we estimate that there is only a <~ 10-5 probability that θ1C has these properties by chance. We conclude that BN was dynamically ejected from the θ1C system about 4500 years ago. BN then plowed through the KL massive star-forming core within the last 1000 years causing its recently enhanced accretion and outflow activity.	We present the following argument in favor of our proposed scenario that BN was ejected by a binary-single interaction involving θ1C1, θ1C2, and BN in the past. BN is a runaway star (Plambeck et al. 1995; Tan 2004). It had to be launched by an interaction with a multiple system that has a primary mass greater than BN's mass along its past trajectory. The most massive binary in the ONC, θ1C, is a system satisfying this condition, but there are a few other candidates including, potentially, the massive protostar source I.Based on a multi-frequency radial velocity analysis, Lehmann et al. (2010) have suggested θ1C may actually harbor an additional star of 1.0 ± 0.16 M☉ in a close (a = 0.98 AU; P = 61.5 day), eccentric (e = 0.49) orbit around θ1C1. If during the proposed scattering event that ejected BN, θ1C2, or BN came close to this inner region, then one would expect likely ejection of the solar mass star.	If the secondary star is drawn from a Salpeter power-law mass function, dF/dm*∝m–2.35*, where F is the fraction of the stellar population, then the probability of having a secondary with mass >7.3 M☉ is 0.061.	Combining the above individual probabilities and assuming, reasonably, that these properties are mutually independent, we find that the total probability of chance agreement of all seven properties is small, ϵ = 0.023 × 0.27 × 0.24 × 0.16 × 0.10 × 0.62 × 0.59 = 8.7 × 10–6.	From the present-day velocities and projected distance between the θ1C and BN, this binary-single encounter must have happened about 4500 years ago at the location shown in Figure 1. This scenario also explains the anomalously large proper motion of θ1C (van Altena et al. 1988), which will cause it to leave the central region of the cluster within ∼105 years.	SUBR L.; KROUPA P.; BAUMGARDT H. (2012)Abstract: We investigate the dynamical evolution of the Orion Nebula Cluster (ONC) by means of direct N-body integrations. A large fraction of residual gas was probably expelled when the ONC formed, so we assume that the ONC was much more compact when it formed compared with its current size, in agreement with the embedded cluster radius-mass relation from Marks & Kroupa. Hence, we assume that few-body relaxation played an important role during the initial phase of evolution of the ONC. In particular, three-body interactions among OB stars likely led to their ejection from the cluster and, at the same time, to the formation of a massive object via "runaway" physical stellar collisions. The resulting depletion of the high-mass end of the stellar mass function in the cluster is one of the important points where our models fit the observational data. We speculate that the runaway-mass star may have collapsed directly into a massive black hole (M• >~ 100 M☉). Such a dark object could explain the large velocity dispersion of the four Trapezium stars observed in the ONC core. We further show that the putative massive black hole is likely to be a member of a binary system with ~70% probability. In such a case, it could be detected either due to short periods of enhanced accretion of stellar winds from the secondary star during pericentre passages, or through a measurement of the motion of the secondary whose velocity would exceed 10 km/s along the whole orbit.Another way of an indirect detection of the massive black hole in the ONC lies in velocity dispersion measurements. It has been stated by several authors that the core of the ONC (r ≲ 0.25 pc) is dynamically hot with a velocity dispersion ≳ 4 km s–1 (e.g., Jones & Walker 1988; van Altena et al. 1988; Tobin et al. 2009). The missing stellar mass required for virial equilibrium in the innermost region of the ONC was estimated to be ≳ 2000 M☉ which exceeds the observed mass ≈200 M☉ by an order of magnitude. Kroupa et al. (2001) demonstrate that the globally super-virial velocity dispersion is readily obtained if the ONC is expanding now after expulsion of its residual gas, but some of the missing mass in the inner region could be attributed to the invisible remnant of the runaway-mass star.	We have shown that it is not unfeasible that the center of the ONC harbors a black hole of mass ≳ 100 M☉ as the remnant of the massive runaway-mass star. Its presence could be revealed either by episodic accretion events or by a thorough kinematical study of the innermost ≈0.05 pc region of the ONC, where the hidden mass would increase the velocity dispersion above 5 km s–1. In particular, we have shown that the observed velocity dispersion of the Trapezium system can be achieved by the presence of an object of mass ≈150 M☉ which is fully consistent with the hypothesis of the runaway-mass object. Our model also shows that the apparent super-viriality of the central ≈0.25 pc can be explained as a natural attribute of a post-core-collapse dynamical state of a star cluster with a considerable binary fraction.	Laura Gómez et al. 2008 ApJ 685 333:   We have confirmed the large proper motions, with values from 15 to 26 km s–1, found for the radio sources associated with the BN object, the radio source I, and the infrared source Orion-n. All three sources appear to be diverging from a point in between them, from where they were apparently ejected about 500 yr ago, probably via the disintegration of a compact multiple stellar system. We present simulations of the dynamical evolution of very compact groups of stars that illustrate the physical process. These theoretical results imply that these stars were part of a very dense young compact group (∼108 stars pc–3), like those observed today in small regions associated with Cep A HW2 and B Ori.



Relative motions in the systems θ1 Ori A and θ1 Ori B  

A1-2 B2-3 



MAGNETIC BRAKING ? 

Magnetic braking due to the momentum carried away by the 
electromagnetic radiation from the rotating magnetic field gives the 
following period change (Longair 1994): 
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here B0 is the surface magnetic field. 

 

For θ1 OriC1 parameters with B0 = 1 - 1.5 kG (Wade et al. 2006), it gives 

P/P ~ 2 X 10-13 yr-1 -  a negligible effect. 
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	G. Meynet, P. Eggenberger and A. Maeder A&A 525, L11 (2011):  In the Sun, magnetic braking results from solar wind material following the magnetic field lines that extend well beyond the stellar surface. This coupling exerts (приводит в действие) a torque on the surface layers of the Sun, and this slows down its rotation.	For models with magnetic braking and solid body rotation, the surface rotation decreases much more rapidly than in the case of differential rotation (for a given value of Beq). Thus such models would predict stars at the end of the MS phase with low surface velocity and weak or even nonexistent surface enrichments.	The origin of magnetic field in massive stars is a matter of debate. The two main possibilities are either a fossil field or a field generated by dynamo processes in the radiative region or the convective core. In the former case, the field might come from the parental molecular cloud, the convective phases during pre-main sequence evolution, of from binarity. Relatively simple geometries are expected in that case. For dynamo generated magnetic fields, several scenarios exists but the Tayler-Spruit dynamo has been the most tested (Spruit 1999, 2002). In this case, an initial poloidal field is transfered into a toroidal field by differential rotation. Later on, the Pitts-Tayler instability develops in the toroidal field and gives birth to a poloidal field. Consequently, the dynamo loop is closed. 



The upper estimate for the magnetic energy 
of θ1 OriC1 is:  
 
 

which is a very small part of its rotational 
energy: 
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• Both components of θ1 OriC were formed as a 
result of fragmentation of a non-magnetic (or 
weakly magnetic) cloud. We assume that θ1 OriC 
2 has constant rotation velocity V2. Then, the 
primary star θ1 OriC 1 after the formation had
     
 

• Its original rotation energy was  
      
• The rate of the energy dissipation for the age 

250 000 yrs is  0.51∙1036 erg/s for the total 
luminosity of the star 7.46∙1038 erg/s. 
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Hypothesis 



Fast rotating magnetic star generates a toroidal component Bt of the 
magnetic field. There is a continuous outflow of gas from θ1 Ori C 1 in 
the form of magnetically confined wind. The magnetic field lines force the 
highly conducting gas to corotate with the star. Even a moderate rate of 
mass loss leads to a disproportionately large rate of loss of angular 
momentum (Mestel 1999). 

Angular momentum dissipation for a simple monopole magnetic field is 
(Weber & Davis 1967): 

  

 

SCENARIO 

RA is the Alfven radius. 
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	The evolution of massive stars is governed by two main physical processes: their mass loss (Chiosi & Maeder 1986) and their rotation (Maeder & Meynet 2000). All additional processes directly affecting these properties are thus major contributors to the fate of massive stars. This is the case of magnetism. Since the pioneering work of Babel & Montmerle (1997), it is known that the presence of a large scale surface magnetic field will modify massive stars winds. By deflecting material along the field lines, magnetism affects the wind geometry and structure. Simulations by ud-Doula & Owocki (2002); Ud-Doula et al. (2008, 2009) have shown that equatorial overdensities can be created. Material can either fall back onto the stellar surface or be ejected in the magnetic equatorial plane depending on the interplay with rotation. In the case of very strong magnetic fields, observations and simulations show that a rigid magnetosphere strongly affects the wind structure, creating caps of stellar material in the minima of the magneto-rotational potential (Townsend et al. 2007). Since the wind flow is deflected by the presence of a magnetic field, the way the star loses its angular momentum is affected. In addition, the internal structure of the star is also affected, forcing the star to follow new evolutionary paths. 



Ud-Doula et al. (2009) modified the momentum loss equation for the 
case of dipolar magnetic field: 

 

where the wind confining parameter is 

 

Spin-down time for a magnetic dipole star (strong-confinement limit) is: 

 



Another examples are HD 191612, P=538 d (Donati et al. 2006) 
and HD 108, P=15 yr ? (Martins et al. 2010). The spin-time for HD 
191612 is only 0.4 Myr for Ṁ = 6x10 -6 Msun /yr. 

 

With the θ1Ori C1 parameters derived above we obtain the spin-down 
time  

   Τspin = 10  Myr  (an order too much!) 

for moderate magnetic confinement, η = 30, 

mass-loss rate Ṁ = 4x10 -7 Msun /yr,  

wind terminal speed 2500 km/s (Donati et al. 2006). 

Note: 
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The mass-to-radius ratio (M/R∗) can best be estimated from atmospheremodels for the given spectral type, but generally for massivemain-sequence stars this should be just somewhat above thesolar ratio. The moment of inertia constant k can be estimated fromstellar structure models, and should be typically k ≈ 0.1, perhapssomewhat higher near the zero-age main sequence (ZAMS), andthen decreasing by up to 50 per cent with age (Claret 2004).2Perhaps the most difficult parameters to infer are those for thestellar wind. Fortunately, these enter only in proportion to thesquare root of the ratio of wind speed to mass-loss rate. But becausethe actual values for both of these are likely to be stronglyaffected by the magnetic field, it may generally be better not toinfer them from direct observations for the actual star in question,but rather to use the inferred spectral type to apply observationalor theoretical scaling laws for the values in similar non-magneticstars.
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