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Abstract. We present bispectrum speckle interferometry of the multiple Orion Trapezium stars θ1Ori A, θ1Ori B, and θ1Ori C
obtained with the SAO 6 m telescope in Russia over a period of 5.5 years (epochs 1995–2001). Our diffraction-limited images
have a resolution λ/D of 42 mas (J-band), 57 mas (H-band) and 76 mas (K-band). We clearly detect motion of the companions
relative to their primary stars in the systems θ1Ori A1–2 (mean separation ρ ∼ 220 mas, change in position angle ∆PA = 6◦),
θ1Ori B2–3 (ρ ∼ 205 mas, ∆PA = 8◦), and θ1Ori C1–2 (ρ ∼ 37 mas, ∆PA = 18◦). In our K-band image of θ1Ori B we
resolve a fourth visual component, confirming its discovery by Simon et al. (1999). We determine the J, H, and K magnitudes
of the system components and estimate the stellar masses of the companions in the HR-diagram. The companions θ1Ori C2
and θ1Ori B2 show clear evidence of near-infrared excess in the color-color diagram. The companions θ1Ori A2 and θ1Ori B3
show much stronger extinction than their primary stars, providing evidence of the presence of circumstellar material around the
companions.
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1. Introduction

It is well known that most of the stars in our galaxy are in mul-
tiple systems. The binary frequency is about 50% for low-mass
stars (see Duquennoy & Mayor 1991; Fischer & Marcy 1992)
and seems to be significantly higher (>70%) for the more mas-
sive O- and B-type stars (see Mason et al. 1998; Abt et al. 1990;
Preibisch et al. 1999; Garcı́a & Mermilliod 2001). The high
multiplicity of massive stars, and in particular the large num-
ber of very close systems (see e.g. Mermilliod & Garcı́a 2001),
begs important questions about the formation mechanism of
massive stars, which is still not well understood (cf. Stahler
et al. 2000; Yorke & Sonnhalter 2002). A particularly interest-
ing model in this context is the scenario described by Bonnell
et al. (1998), in which massive stars form through accretion-
induced collisions and subsequent merging of protostars in the
dense central regions of forming stellar clusters. This model
predicts a high frequency of close multiple systems (i.e. failed
mergers) among the massive stars, which is supported by recent
observational results.

The Orion Nebula is one of the most prominent and near-
est (D ∼ 450 pc) star forming regions and contains a par-
ticularly dense cluster of very young (<1 × 10 6 yr) stars (see
e.g. Herbig & Terndrup 1986; McCaughrean & Stauffer 1994;
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Hillenbrand 1997). The Trapezium system (θ 1Ori ABCD), four
massive and luminous O-type and early B-type stars, is located
in the center of the cluster. The strong stellar wind and the ion-
izing radiation of the most massive cluster member θ1Ori C
have strong effects on the surrounding cloud material (Bally
et al. 1998; see also Richling & Yorke 1998).

In Weigelt et al. (1999) and Preibisch et al. (1999) we
presented the results of a bispectrum speckle interferometric
survey for multiple systems among 13 O- and B-type Orion
Nebula cluster members. We found 8 new visual companions,
increasing the number of known visual and spectroscopic com-
panions of the 13 target stars to 14. A particularly interesting
result of our speckle observations was the discovery of a close
(∼16 AU) visual companion to θ1Ori C. We also confirmed
earlier detections of visual companions to θ1Ori A (Petr et al.
1998) and θ1Ori B (Simon et al. 1999).

In this paper we present the results of repeated bispec-
trum speckle interferometry observations of the Trapezium
stars θ1Ori A, θ1Ori B, and θ1Ori C obtained over a period
of 5.5 years. We discuss the relative motion in the systems and
derive new mass estimates for the components from multi-color
near-infrared photometry. An important aim of our study is a
better characterization of the physical properties of the mas-
sive multiple systems, which may ultimately allow us to draw
conclusions on their formation mechanisms.
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Table 1. Observational parameters. λc and ∆λ give the central wavelength and bandwidth of the filter. In the detector column, H denotes
HAWAII array detector, and P the PICNIC detector. NT and NR are the numbers of speckle interferograms of the object and reference-star,
respectively. T is the exposure time per frame and S the seeing (FWHM). In the last column, the names of the reference stars are given.

θ1 Epoch λc ∆λ Detector / NT NR T S Reference

Ori [nm] [nm] Pixel size [ms] [′′] Star

[mas]

A 1995.775 2191 411 P / 31.8 97 97 100 1.8 θ1 Ori E

A 1996.247 2191 411 P / 30.9 403 403 250 2.2 θ1 Ori E

A 1996.746 2191 411 P / 30.6 547 540 200 2.4 θ1 Ori D

A 1997.788 2165 328 P / 30.5 753 388 200 2.0 θ1 Ori E

A 1998.838 2165 328 H / 27.0 385 385 120 3.4 θ1 Ori E

A 1999.715 2115 214 H / 27.0 173 173 160 1.2 θ1 Ori E

A 1999.737 1239 138 H / 13.4 340 340 100 1.8 θ1 Ori E

A 2000.765 2115 214 H / 27.0 140 140 160 3.4 θ1 Ori E

A 2000.781 1648 317 H / 20.2 86 86 80 1.8 θ1 Ori E

A 2000.781 1239 138 H / 13.4 85 85 60 2.0 θ1 Ori E

A 2001.186 2115 214 H / 27.0 435 435 240 1.4 θ1 Ori E

B 1996.249 2191 411 P / 30.9 379 379 250 2.4 θ1 Ori E

B 1996.746 2191 411 P / 30.6 526 540 200 2.2 θ1 Ori D

B 1997.784 1613 304 P / 19.7 425 300 150 2.2 θ1 Ori D

B 1997.792 2191 411 P / 30.5 1057 730 200 2.0 θ1 Ori D

B 1998.838 2165 328 H / 27.0 385 385 120 3.4 θ1 Ori E

B 1999.715 2115 214 H / 27.0 173 173 160 1.2 θ1 Ori E

B 1999.737 1239 138 H / 13.4 351 344 100 1.8 θ1 Ori E

B 2000.765 2115 214 H / 27.0 140 140 160 3.4 θ1 Ori E

B 2001.186 2115 214 H / 27.0 435 435 240 1.4 θ1 Ori E

C 1997.784 1613 304 P / 19.7 519 641 150 2.2 θ1 Ori D

C 1998.838 2115 214 H / 27.0 438 265 120 3.6 θ1 Ori D

C 1999.737 1239 138 H / 13.4 516 244 100 1.4 θ1 Ori D

C 2001.184 1239 138 H / 13.4 684 1523 80 3.6 θ1 Ori D

2. Observations and data reduction

The speckle interferograms were recorded with the SAO 6 m
telescope in Russia between 1995 and 2001. The detector of our
speckle camera was either a Rockwell HAWAII array (1998–
2001; only one 512 × 512 quadrant was used) or a 256 × 256
PICNIC array detector (1995–1997). Further observational pa-
rameters are listed in Table 1.

Diffraction-limited images were reconstructed using the
bispectrum speckle interferometry method (Weigelt 1977;
Weigelt & Wirnitzer 1983; Lohmann et al. 1983; Hofmann
& Weigelt 1986). The object power spectrum was deter-
mined with the speckle interferometry method (Labeyrie
1970). Speckle interferograms of unresolved single stars were
recorded just before and just after the object and served as
reference stars for the determination of the speckle transfer
function.

The plate scale and orientation of the detectors were de-
rived from all available observations of wide calibration bi-
naries (θ1Ori ABE, ADS 3734, 11558, 19159, 14575, 14504,
10184). The plate scale and orientation errors were determined
to be 0.6% and 0.4◦, respectively.

3. Results

In Fig. 1 we show our speckle images of θ1Ori A, θ1Ori B,
and θ1Ori C: all have close companions. The orientation, sep-
aration, and flux ratio of the close companion of θ 1Ori C were
determined by fitting cosine functions to the speckle interfer-
ometry power spectrum. For θ1Ori A and θ1Ori B, these param-
eters were determined using aperture photometry. The parame-
ters are listed in Table 2.

In our new image of θ1Ori B we clearly see the fourth
visual component, θ1Ori B4, originally detected by Simon et al.
(1999). In our image we find a separation of ρ = 609 ± 8 mas
and a brightness ratio of ∆K = 5.05 ± 0.8 mag; these values
are in reasonable agreement with the parameters ρ = 573 mas
and ∆K = 4.26 mag derived by Simon et al. (1999) from their
adaptive optics image. This component was not visible in our
earlier data simply due to inadequate signal-to-noise.

3.1. Physical companions or chance projections?

Without additional information, we cannot be sure that the stars
we observe near to the OB stars are indeed physically related
to the primaries: there might also be chance projections of
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Table 2. Parameters of the speckle companions derived from our images.

θ1 Ori Epoch Separation PA Flux ratio λc ∆λ

[mas] [deg] [nm] [nm]
A1-2 1995.775 227 ± 5 350.6 ± 2 0.30 ± 0.02 2191 411

1996.247 227 ± 4 352.8 ± 2 0.29 ± 0.02 2191 411
1996.746 223 ± 4 252.7 ± 2 0.30 ± 0.02 2191 411
1997.788 224 ± 4 353.0 ± 2 0.24 ± 0.02 2165 328
1998.838 221 ± 5 353.8 ± 2 0.25 ± 0.02 2165 328
1999.715 219 ± 3 355.4 ± 2 0.26 ± 0.02 2115 214
1999.737 215 ± 3 354.8 ± 2 0.12 ± 0.02 1239 138
2000.765 215 ± 4 356.2 ± 2 0.23 ± 0.02 2115 214
2000.781 216 ± 4 356.1 ± 2 0.23 ± 0.02 1648 317
2000.781 211 ± 4 356.0 ± 2 0.15 ± 0.02 1239 138
2001.186 215 ± 3 356.6 ± 2 0.25 ± 0.02 2115 214

B1-2 1996.249 955 ± 10 255 ± 1 0.31 ± 0.02 2191 411
1996.746 944 ± 10 253 ± 1 0.34 ± 0.02 2191 411
1997.784 942 ± 10 255 ± 1 0.12 ± 0.02 1613 304
1997.792 941 ± 10 255 ± 1 0.29 ± 0.02 2191 411
1998.838 942 ± 10 254 ± 1 0.30 ± 0.02 2165 328
1999.715 940 ± 10 255 ± 1 0.27 ± 0.02 2115 214
1999.737 941 ± 10 254 ± 1 0.043± 0.02 1239 138
2000.773 938 ± 10 255 ± 1 0.30 ± 0.02 2115 214
2001.186 942 ± 10 255 ± 1 0.20 ± 0.02 2115 214

B2-3 1996.249 122 ± 5 202 ± 3 0.34 ± 0.04 2191 411
1996.746 118 ± 5 202 ± 3 0.27 ± 0.04 2191 411
1997.784 114 ± 5 204 ± 3 0.40 ± 0.04 1613 304
1997.792 118 ± 5 204 ± 3 0.31 ± 0.04 2191 411
1998.838 117 ± 5 206 ± 3 0.32 ± 0.05 2165 328
1999.715 116 ± 4 206 ± 2 0.30 ± 0.04 2115 214
1999.737 116 ± 3 207 ± 2 0.57 ± 0.03 1239 138
2000.773 113 ± 5 209 ± 3 0.30 ± 0.04 2115 214
2001.186 117 ± 4 210 ± 3 0.25 ± 0.03 2115 214

B1-4 2001.186 609 ± 8 298 ± 2 0.0095± 0.01 2115 214
C1-2 1997.784 33 ± 3 226 ± 5 0.26 ± 0.02 1613 304

1998.838 37 ± 4 222 ± 5 0.32 ± 0.03 2115 214
1999.737 43 ± 2 214 ± 3 0.31 ± 0.02 1239 138
2001.184 38 ± 2 208 ± 3 0.29 ± 0.02 1239 138

unrelated sources. The probability of such a chance projection
can be determined from the luminosity function of the stars
in this field and the magnitude of the supposed companions,
all of which1 are brighter than K = 9. According to the K-
band luminosity function of the Trapezium region given by
Simon et al. (1999), the probability of finding a chance pro-
jected star with K ≤ 9 within 1′′ of a given position is 0.4%.
This estimate is based on the luminosity function for the whole
cluster, whereas most of the brightest sources are concen-
trated close to the cluster center. However, even if we count all
known objects in the innermost 15 ′′ radius area (McCaughrean
& Stauffer 1994), including the various (supposed) compan-
ions to the massive stars, the probability of finding a chance
projected star with K ≤ 9 within 1′′ of a given position is
only 4.4%. Since nearly all of our observed companions are
at much smaller separations from their primary stars than 1 ′′,
we are confident that the companions we observe are actually
physically related to the corresponding primary. Nevertheless,

1 With the exception of the faint component B4, which, however, is
not considered in the analysis below.

the possibility of a chance projection cannot be completely
ruled out, and will be considered in the analysis below.

In the unlikely case of a chance projection of two unre-
lated stars, one would expect to see relative motion due to
the proper motion dispersion of the cluster. Jones & Walker
(1988) measured the relative proper motions for over 1000 stars
in the Orion Nebula and found the 2D velocity dispersion
to be 1.5 mas/yr. The proper motion distribution is quite
broad, but most stars show proper motions within the range of
±∼3.5 mas/yr. Over the 5.5 year period covered by our mea-
surements, displacements would typically be ∼8 mas and up
to ∼20 mas.

3.2. Relative motion in the multiple systems

In Fig. 2 we show our relative astrometry measurements
for the four systems, θ1Ori A1–2, θ1Ori B1–2, θ1Ori B2–3,
and θ1Ori C1–2. Our data clearly show relative motion in three
of the four observed systems.
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Fig. 1. Upper left: bispectrum speckle K-band images of θ1Ori A. The greyscale image was reconstructed from the 2001 data, the contour
image from the 1995 data. The orbital motion of the companion can be easily seen. Upper right: bispectrum speckle K-band image of θ1Ori B
(2001 data). The faint fourth component is seen near the center of the upper half of the image. Lower left: contour representation of our J-band
bispectrum speckle image of θ1Ori C (2001 data). Lower right: reconstructed power spectrum of θ1Ori C (J band, 2001 data).

For θ1Ori A1–2 (Fig. 2a), the position angle increased by 6 ◦
during the 5.5 yr period of our observations, while the separa-
tion decreased from ∼227 mas (102 AU) to ∼215 mas (97 AU).
If, as we believe, the companion is actually physically bound
to the primary star, this suggests either a circular orbit inclined
with respect to the line-of-sight, or an elliptical orbit. However,
the relative motion is also consistent with a straight line (as ex-
pected for proper motion in a chance projected system), and
the measured angular velocity is consistent with the proper mo-
tion dispersion of the cluster. Thus, there is no clear proof of a
bound system as yet.

The system θ1Ori B2–3 also shows clear motion: the po-
sition angle increased by 8◦ within 5 yr, while the separation
increased from 202 mas to 210 mas, again suggesting a tilted
circular or an elliptical orbit. Once more, however, the observed
angular velocity is consistent with the proper motion disper-
sion of the cluster, and thus a chance projection cannot be com-
pletely ruled out.

Clear evidence of relative motion is also seen in the visual
system θ1Ori C1–2, where the position angle increased by 18 ◦
within 3.4 yr. Here, the possibility of a chance projection seems
extremely unlikely, due to the very small separation and the
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Fig. 2. Relative motion in the systems θ1Ori A1–2, θ1Ori B1–2, θ1Ori B2–3, and θ1Ori C1–2. The brighter component is always placed at the
origin (0, 0) of the plot. The solid symbols represent the observed positions of the companion over time from Table 2; J-band data are shown
by triangles, H-band data by squares, and K-band data by circles. For clarity we show error bars in each plot for one data point only. In the plot
for θ1Ori C1–2 we show error bars for all four orbital points, and we also mark the primary position by a big asterisk. In each plot the first and
last positional measurements in the data series are connected to the origin by a thin dotted line. The solid line shows a part of a circle around
the primary position.

brightness of the companion2, and because the observed mo-
tion is apparently inconsistent with a straight line.

No significant relative motion is detected for the system
θ1Ori B1–2, although this is not very surprising, given the rela-
tively wide apparent separation of about 425 AU.

2 Based on the magnitude distribution in the innermost 15′′ radius
area of the Trapezium cluster (McCaughrean & Stauffer 1994), the
statistical probability that a chance projection with an unrelated star
might mimic a companion as bright and close as observed is only 8 ×
10−6.

As we are dealing with measurements at different wave-
lengths, we have to take into consideration the following po-
tential problem: if a star is surrounded by an asymmetrical halo
of nongray dust, then its photocenter might be wavelength-
dependent. Under very unfavorable circumstances this effect
might mimic orbital motion. Furthermore, in the case of the
Trapezium cluster circumstellar material can be photoionized
by the central OB stars, creating asymmetric “proplyds” (see
Bally et al. 1998), which, due to their emission-line nature,
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Fig. 3. Near-infrared color-color diagram for the components of the
Trapezium stars. The large symbols show the de-reddened colors of
the primary stars θ1Ori A, θ1Ori B, and θ1Ori C. The small symbols
with error-bars show the derived colors of the companions; the ar-
rows represent the inverse reddening vectors (using the extinction law
tabulated by Mathis 1990 for RV = 5) for the extinction of the corre-
sponding primary star. The solid line shows the photospheric colors
for main sequence stars, the dotted lines indicate the reddening band
for photospheric colors.

differ significantly in brightness when observed through dif-
ferent broad-band filters.

In order to see whether our data might be affected by this ef-
fect, we plotted the orbit points in Fig. 2 with different symbols
(triangles, squares, and circles) for the three different wave-
lengths (J, H, and K band). We find no significant system-
atic differences in the positions at different wavelengths and,
therefore, believe that our data are unaffected by this potential
problem.

3.3. Near-infrared magnitudes of the components
and stellar mass estimates

From published photometric data for the unresolved systems
and the flux ratios measured in our speckle images, we deter-
mined the near-infrared magnitudes of the individual compo-
nents. For the systems θ1Ori A and θ1Ori C we use the photo-
metric data compiled by Hillenbrand et al. (1998). For θ 1Ori B
we use data in the 2MASS catalog, which we assume here
to represent the combined fluxes of the components 3 B1, B2,
and B3. In Fig. 3 we show the J−H versus H−K color-color
diagram for the components of θ1Ori A, θ1Ori B, and θ1Ori C.
This diagram is useful for looking for infrared excesses and for
estimating the extinction of the stars.

3 We neglect the contribution of the faint fourth visual compo-
nent B4.

Table 3. Near-infrared magnitudes of the system components and pho-
tometric estimates of the extinction and the stellar masses. The ex-
tinction and mass values for the primary components are taken from
Hillenbrand et al. (1998).

θ1 Ori J H − K J − H AV M�

[mag] [mag] [mag] [mag] [M�]

A1 6.14 0.08 0.18 1.89 16

A2 8.45 0.35 0.76 3.8 ≈4

B1 6.82 0.12 0.31 0.69 7

B2 10.23 1.15 1.43 >∼9 ≈4

B3 10.84 0.66 1.26 7.8 ≈3

C1 4.63 0.02 0.18 1.74 45

C2 6.22 0.25 0.03 >∼6

θ1Ori A2 is located well within the reddening band, i.e. it
displays colors consistent with pure photospheric emission
without infrared excess. The extinction can be obtained by
moving the object backwards along the direction of the red-
dening vector until it crosses the photospheric color line. 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 ex-
tincted 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 birth-
line. The second alternative, i.e. a strongly extincted ∼F-type
star, yields a reasonable location in the HR-diagram, suggest-
ing 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 extinc-
tion; 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 rec-
ognized 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 bright-
ness of the jet suggest that it is physically close to θ1Ori B1.

4 The microjet has an exceptional surface brightness because it is
externally ionised (cf. Reipurth et al. 1998).
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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 sim-

ilar arguments as above for θ1Ori A2, the de-reddening pro-
cedure suggests the object to be an ∼F-type star extincted
by AV ∼ 8 mag.
θ1Ori C2 is located in the excess region, suggesting the

presence of circumstellar material. Given the excess and the
relatively blue colors, it is not possible to determine the extinc-
tion of this star.

Summarizing these results, we find evidence of significant
amounts of circumstellar matter around all four companion
stars: for θ1Ori C2 and θ1Ori B2 the circumstellar material is
traced directly by the strong near-infrared excesses (and the
proplyd from θ1Ori B2); in the cases of θ1Ori A2 and θ1Ori B3,
the extinction of the putative companion is much larger than
that of the corresponding primary star, i.e. it must be local cir-
cumstellar extinction.

The masses of the companions of the Trapezium stars
were estimated in Weigelt et al. (1999), using only the K-
and H-band flux ratios available at that time. The additional
information now available through our J-band observations al-
lows a better estimation of the extinctions, and thus enables
us to make better founded mass estimates. Here, we use the
same procedure as in our earlier study, but we base our anal-
ysis on the J-band magnitudes and the J − H colors, because
these wavelengths are less affected than the K band by infrared
excesses from circumstellar material. The de-reddened J-band
magnitudes of the companions can be transformed into a stellar
luminosity as a function of the (unknown) stellar temperature
using the compilation of intrinsic V − J colors and bolometric
corrections of Kenyon & Hartmann (1995). The J-band mag-
nitude of each star thus defines a line in the HR diagram. On
the other hand, the de-reddened J−H color can be transformed
into the stellar temperature. Given the uncertainties in the near-
infrared magnitudes of the companions, this procedure yields
a more or less extended band of locations in the HR-diagram,
as shown in Fig. 4. These bands can now be compared to PMS
evolutionary models, in order to estimate stellar masses. Given
the uncertainties in the colors derived from the flux-ratios, it
seems useful to take two further constraints into account: we
expect the position of the YSOs in the HR-diagram to be below
the birthline (see Palla & Stahler 1999) and above the 1 Myr
isochrone5.

For θ1Ori A2 the band in the HR diagram is rather well con-
strained and suggests a mass of ∼4 M�. In the case of θ1Ori B2,
which shows a strong near-infrared excess, we cannot constrain
the intrinsic colors. Our best guess for this mass is M ∼ 4 M�.
The color for θ1Ori B3 is rather well constrained, leading to a
mass estimate of ∼3 M�.

The near-infrared excess of θ1Ori C2 prevents us from de-
riving accurate colors of the star; however, we believe it is safe
to assume that the intrinsic J − H color is not redder than the
observed color. This implies the spectral type to be no later
than about A0. This (relatively weak) criterion corresponds to

5 This is a firm upper limit on the age of the Trapezium stars; see
Prosser et al. (1994).

Table 4. This table lists the estimated masses of the multiple systems,
the mean observed separation 〈ρ〉, and the expected Keplerian orbital
period P◦, assuming a circular orbit. We also list the expected changes
in position angle during the period of our observations for the case of a
pole-on view onto the orbital plane, ∆PAexp, and the observed position
angle changes, ∆PAobs.

system Mtot 〈ρ〉 P◦ ∆PAexp ∆PAobs

θ1 Ori [M�] [AU] [yr] [deg] [deg]

A1–2 20 98.7 214 9.1 5

B1–23 ∼14 424.3 ∼2300 ∼0.8 <2

B2–3 ∼7 52.3 ∼140 ∼13 8

C1–2 >∼51 17.0 <9.8 >125 18

a very extended band of possible locations in the HR diagram.
We can, therefore, only derive a lower limit for the mass of the
object, M >∼ 6 M�.

We are aware that our mass estimates might be subject to
significant uncertainties, especially given the intrinsic tenta-
tiveness of the theoretical PMS models.

4. Discussion

4.1. Consistency of the photometric mass estimates
and the orbital motion

We can now compare the masses estimated from the photomet-
ric data with the observed relative motion in the systems and
test for consistency with orbital motion. For θ1Ori A1-2 the ob-
served change in PA is about half of that expected for a circular
orbit seen perpendicular to the orbital plane. This difference by
a factor of two can easily be explained by projection effects or
an eccentric orbit. Therefore, the observed motion is consistent
with the assumption of orbital motion in a system with stellar
masses as estimated from the photometry. Our non-detection of
significant orbital motion in the system θ1Ori B1-23 is well in
agreement with the expected long period of about 2300 yr. For
the system θ1Ori B2-3 our period estimate agrees reasonably
well with the observed motion. Only in the case of θ1Ori C1-2
is the observed motion much less than expected for a pole-on
view onto a circular orbit. However, the difference could easily
be explained by projection effects, i.e. by a strongly inclined
orbit, or by an eccentric orbit.

4.2. Spectroscopic results for the θ1Ori C system

Two recent studies found evidence for θ1Ori C being a spectro-
scopic binary. Donati et al. (2002) presented spectropolarimet-
ric observations of θ1Ori C. They summarized the observational
evidence for radial velocity variations of θ1Ori C and confirmed
a trend of increasing radial velocity over the last decade. They
concluded that these results argue strongly in favor of θ 1Ori C
being a spectroscopic binary, with a period of at least 8 yr in
the case of a highly eccentric orbit and more than 16 yr if the
orbit is circular. The visual companion θ1Ori C2 detected in our
speckle images is a very good candidate for this spectroscopic
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Fig. 4. HR-diagram with PMS evolution-
ary tracks (solid lines labeled by the cor-
responding masses in M�) from Siess et al.
(1997) for M ≤ 7 M� and from Bernasconi
& Maeder (1996) for M ≥ 9 M�. The up-
per dashed-dotted line is the stellar birth-
line according to Palla & Stahler (1999), the
lower dashed-dotted line shows the 1 Myr
isochrone. The positions of the primary stars
are shown by the squares. The grey lines
show the range of allowed locations of
the speckle companions according to their
J-band magnitudes. The thick and dark parts
of these lines take into account the informa-
tion derived from the J − H color (see text
for details).

companion. Donati et al. (2002) note that if their interpretation
of the radial velocity variations is correct, the radial velocities
and the separation between the components should soon un-
dergo very rapid variations.

Vitrichenko (2002) analyzed the radial velocity of θ 1Ori C,
based on literature data and IUE spectra. From the temporal
variations of the radial velocity he concluded that θ 1Ori C is
a close binary with a period of 66 days. This period suggests
a semimajor axis of a ∼ 1 AU, and therefore, the spectro-
scopic companion cannot be the speckle companion. However,
Vitrichenko (2002) also claimed evidence for long-term varia-
tions of the mean radial velocity of the θ1Ori C spectroscopic
system, which he interpreted as an indication of the presence
of a third component. For this third component he derived a
period of 120 yr, suggesting a semimajor axis of a ∼ 80 AU. It
might well be possible that the speckle companion θ1Ori C2 is
the third spectroscopic component.

Finally, although the findings of Vitrichenko (2002) differ
clearly from those of Donati et al. (2002), our present data are
unable to discriminate between them.

5. Conclusions

Our ongoing monitoring of the systems will soon enable us
to (1) test whether or not we actually see orbital motion and
not random motion in chance projected systems, and (2) deter-
mine the presumed orbits more accurately. The case of θ 1Ori C
is especially interesting, because a better determination of the
orbit will allow us to decide which of the two models proposed
on the basis of spectroscopic data (the binary model of Donati
et al. 2002 or the triple model of Vitrichenko 2002) is correct.
Better knowledge of the multiplicity of θ1Ori C is also very

important with respect to several peculiar properties of θ 1Ori C
(e.g. its periodic variability, hard X-ray emission, and magnetic
field), many of which are not yet well understood.
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