
Discovering the colliding
wind binary HD 93129A

Benito Marcote

PI: P. Benaglia
J. Moldón, E. Nelan, M. De Becker, S. M. Dougherty and B. S. Koribalski

EVN Symposium

October 10, 2014...



.

Outline

1. Introduction on Colliding Wind Binaries
2. HD 93129A

◦ An introduction to the source
◦ Previous observations (optical, radio, X-rays, gamma-rays)

3. Multiwavelength observations of HD 93129A
◦ HST optical data (astrometry of stars)
◦ ATCA observations
◦ LBA observations

4. Results from the Colliding Wind Region

5. Conclusions

Benito Marcote bmarcote@am.ub.es EVN 2014 - Cagliari 2/14...

2/14



.

Introduction
Colliding Wind Binaries

- Binary systems composed by
two massive stars are natural
laboratories to study the wind-
collision regions (CWRs).
- Electrons in these regions are
accelerated up to relativistic en-
ergies, producing a synchrotron
emission observable at radio
wavelengths.
- The massive, early-type O stars
present strong stellar winds, with
velocities up to ∼ 3000 km s−1,
originating powerful CWRs.

VLBA observation of WR 140 at

8.4 GHz, with the positions of the

stars and the determined orbit.

Dougherty et al. (2005)
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HD 93129A

HD 93129A is the brightest member of the Tr 14 cluster in Carina.

.

.

One of the earliest, hottest, most massive and luminous O stars
in the Galaxy.

Parameter Values References
Spectral Types O2 If+ Walborn et al. (2002)
Distance 2.5 kpc
Wind terminal velocity 3 200± 200 km s−1 Taresch et al. (1997)
System mass 200± 45 M⊙

Luminosity (log) 6.2 L/L⊙

The mass-lost rate ∼ 10−5 M⊙ yr−1 is considered the highest one
for an O star in the Galaxy (Benaglia & Koribalski 2004).
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Multiwavelength data

Optical
An O3.5 V-star companion was detected at ∼50 mas (140 AU)
approaching at ∼ 2.6 mas yr−1 with HST/FGS data (Nelan et al.
2004).

Radio
Non-thermal radio emission has been detected by Benaglia & Ko-
ribalski (2005) with a flux density of ∼10 mJy at 1.4 GHz.
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Multiwavelength data

X-rays
Most of the X-ray emission comes from material close to the stars.
However, a weak hard component (∼ 10%) is also detected.

Cohen et al. (2011)

LX/Lbol ≈ 1.4× 10−7 Gagne et al. (2011)

A slightly high ratio for a O2If+

Evidences of the Colliding Wind Region (CWR)

Gamma rays
- Close to the Fermi source 1FGL J1045.2–5942 (0.1–100 GeV) as-
sociated with η Carinae. Very unlikely contribution from HD 93129A.
- No TeV source found at this position.
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Goals of this project

The questions which should be firstly answered for HD 93129A…

• Is HD 93129A a binary system with a Colliding Wind Region?
We only know the existence of a radio emission, a weak hard
thermal X-ray component and possibly a binary system with
two O-type stars.

• What is the nature of the radio emission?
• Where is located this emission?

To solve these questions, we mainly need to combine two things:
• An accurate astrometry of the two stars.
• A high resolution radio image.
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Optical observations
Observations with HST/FGS, ACS/HST, VLT and VLTI from 2002
to 2013.
Accurate determination of
the positions of the Aa and
Ab stars from 8 HST/FGS
observations from 2006 to
2009.

Precision on the absolute posi-
tions of Aa and Ab: ∼27 mas.

Relative positions better de-
termined:
Da-b = 36± 1 mas,
PA = 12± 1 deg (6 Aug. 2008)

A&A proofs: manuscript no. TSWLatexianTemp_000044

vide the separation at the epoch of the observations, the di↵er-
ence in apparent visual magnitude between the primary and the
secondary and the position angle (see also Nelan et al. 2010).
Maiz-Apellaniz et al. (2008) detected proper motion along the
radius vector after analysis of data from 1996, 2002 and 2004.
The companion is assumed coeval and of the same spectral type
of various other OB stars nearby (O3.5 V) (see Table 1). Through
detailed UV and H↵ line modelling, Taresch et al. (1997) and Re-
polust et al. (2004) derived the main parameters of HD 93129A
(see Table 1).

HD93129AaAb was included in the recent Galactic O Star
Spectroscopic Survey of Sota et al. (2014). The coordinates from
the Tycho catalogue (Hog et al. 2000) are RA, Dec (J2000) =
10:47:57.462, �50:32:51.27. The error in this position is around
a tenth of arcsec, an order of magnitude larger than the expected
angular resolution of LBA radio data, around 10 mas. If the two
stars are in a gravitationally bound orbit, the period of the system
is unknown and no RV curve has been established The relative
motion of the two stars can be traced from the results of Sana
et al. (2014, in press). Fig. 1 shows the astrometry derived by
those authors as a function of time, along with the approximate
expected relative position of component Ab at the epoch of the
LBA observation. The interpolation of the astrometry suggests a
separation of ⇠ 38 mas in August 2008.

Table 1. Adopted parameters of HD 93129A, relevant here.

Parameter Value Unit Ref.
Aa Spectral type O2 If+ Wal02
Ab Spectral type O3.5 V Wal06
�m 0.9±0.05 mag Nel10
Wind terminal velocity 3200±200 km s�1 Tar97
System mass 200 ± 45 M� Mai08
E↵ective temperature 42500 K Rep04
System luminosity (log) 6.2 L/L� Rep04
X-ray luminosity 1.3 x 10�7 Lbol Coh11
Distance 2.5 kpc Wal95

References. Wal02: Walborn et al. (2002); Wal06: Walborn, priv. com-
munication; Nel10: Nelan et al. (2010); Tar97: Taresch et al. (1997);
Rep04: Repolust et al. (2004); Mai08: Maiz-Apellaniz et al. (2008);
Coh11: Cohen et al. (2011); Wal95: Walborn (1995).

3. HST FGS data analysis

The three Fine Guidance Sensors (FGSs) on HST are 2-channel
(x,y) white light shearing interferometers that provide line of
sight positional measurements of guide stars to enable accurate
pointing and stabilization of the Observatory. As a science in-
strument the FGS is capable of resolving sources down to ⇠15
mas when operated in its high angular TRANS mode and sub-
millarcsecond astrometry when operated in POS mode. A de-
scription of the FGS and its operation can be found in Nelan
(2014).

In eight epochs between 2006 and 2009, FGS observed
HD93129A in TRANS mode, along with “wide angle” POS
mode observations of the binary itself and seven reference field
stars within one arcminute (see Fig. 2). The TRANS mode obser-
vations resolve HD93129Aab, providing the component separa-
tion, position angle, and magnitude di↵erence at each epoch. The
POS mode observations provide the relative positions of the field
stars and composite HD93129A system. Combining data from

Fig. 1. The relative positions, including error bars, of the two compo-
nents of HD93129A based on data taken from Sana et al. (2014). The
epoch of the measurement is given for each point.

R8#

R7#

R6#

R5#

R4#

R3#
R2#

R1#

HD#93129A#

Fig. 2. Overlay of DSS image and the reference stars chosen for the
FGS program. The core of TR14 appears totally saturated. Reference
star 5 was not successfully acquired (likely a wide binary) and therefore
was not used in the analysis.

these two observing modes provides the position of Aa and Ab
relative to these field stars at each epoch. Combining all epochs
yields a local FGS catalog of the relative positions and proper
motions of reference stars and binary components.

Figure 3 shows the interference fringes of HD 93129A for
the Jan 27, 2009 observations, the best fitting binary star model,
and for comparison, the fringes of an unresolved point source.
The binary model takes into account the light contributed by
HD 93129B, which at 2.73” distant, accounts for about 5 percent
of light at HD 93129A (FGS optics columinates a source’s beam
to a 6” footprint). Figure 3 also shows the location on the fringes
that the POS mode observations of HD 93129A “lock” on to. The

Article number, page 2 of 7page.7

Astrometry from Sana et al. (in press)
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ATCA radio observations
9 ATCA obs. (2003–2009)
Spectrum compatible with a power-law: α = −0.73± 0.09
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However, we could have a steeper α (∼5 GHz) with absorption at
<2 GHz and thermal contribution at >15 GHz.
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LBA radio observation in 2007

LBA obs. (22 June 2007)
Parkes, Mopra and ATCA

2.3 GHz
Time on source: 3 hours

Synthesized beam:
200×50 mas, PA = 30.9o

Sν ∼ 3 mJy
Benaglia et al. (2010)
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LBA radio observation in 2008

We observed HD 93129A on 6 August 2008 at 2.3 GHz with LBA
(Parkes, Mopra, ATCA, Ceduna and Hobart) Benaglia et al. (in prep.)

- Time on source: 3.2 hours
- Synthesized beam: 4.1× 2.9 mas, PA = 85.2o

A&A proofs: manuscript no. TSWLatexianTemp_000044

of HD93129A, (2) convert the PPXML (RA,Dec) of each refer-
ence star to Cartesian coordinates in this tangential plane, which
are treated as “observations with errors”, (3) use the PPXML
Cartesian coordinates to set the scale and orientation of the FGS
frame to (east,west).(4) An iterative process is applied to find a
global solution that provides the best fit of the observed FGS and
PPMXL coordinates in the tangential plane. The solution cre-
ates a hybrid FGS-PPMXL catalog and computes the RA,Dec of
the tangent point. Once convergence is achieved, it is a straight
forward process to compute the (RA,Dec) of any point in the
FGS frame. We used the GAUSSFIT (Je↵erys et al., 1987) least
squares program to build the models to carry out these calcula-
tions.

We compute the RA,Dec of the HD 93129Aa and Ab com-
ponents, adjusted for proper motion to the Aug 6, 2008 epoch of
the radio observations:

↵, �(Aa) = 10 : 43 : 57.454981,�59 : 32 : 51.3641
↵, �(Ab) = 10 : 43 : 57.455973,�59 : 32 : 51.3287

The uncertainty in each coordinate is ±27mas, dominated by
the PPMXL catalog errors in the (RA,Dec) of the seven FGS
reference stars surrounding HD 93129A. However the position
of Aa relative to Ab is accurate to about 1 mas. The (Aug
2008) separation and position angle of Aab is 36 ± 1 mas and
PA = 12.06 ± 1deg.

4. Long Baseline Array Observations

4.1. Observations of June 22, 2007

We observed HD 93129A on June 22, 2007 (MJD 54273) be-
tween 03:00 and 13:00 UTC at 2.3 GHz as part of a eVLBI
experiment to search suitable calibrators using Parkes, Mopra,
and ATCA (Benaglia et al. 2010). The sources PKS 0637�752
(J0635�7516) and J1047�6217 were used as flux and phase cal-
ibrators, respectively. The time on source was 3 hours.

We used standard VLBI calibration procedures (see also
Sect. 4.2) and imaged the source with a synthesized beam of
0.200 ⇥ 0.0500, PA = 30.9�. The source is detected with a to-
tal flux density of ⇠ 3 mJy. See more details in Benaglia et al.
(2010).

JM: We can add the map from 2007 data in greyscale in
Fig. 3 and see if it looks nice there, in case we recover the fits
file.

4.2. Observations of August 6, 2008

The observations were conducted on Aug 6, 2008 (MJD 54684)
from 01:00 to 12:00 UTC with the Australian LBA (project
v191b) at an observing frequency of 2.3 GHz, and using five
antennas: ATCA, Parkes, Mopra, Ceduna, and Hobart. The base-
lines range from 100 to 1 700 km, providing an angular resolu-
tion of ⇠ 15 mas at that frequency. The data was recorded at 256
Mbps provided by 4 subbands of 16 MHz bandwidth at each of
the two circular polarizations. The data were correlated with the
DiFX software correlator located at Curtin University of Tech-
nology (WA, Australia), producing 128 channels per subband
(125 kHz wide each one) and 2-seconds integration time. The
data from ATCA was correlated independently in phased-array
mode. The time on source amounted to 3.2 hours. The UV cov-
erage is shown in Fig. 4.

Fig. 4. The uv coverage of project v191b for Aug 2008.

The data reduction was performed using the AIPS2 soft-
ware package. Bad data were flagged using telescope a-priori
flag files and information provided in the observing logs. The
amplitude calibration was performed using the antennas sys-
tem temperatures. The compact source J1047�6217 was used
as the phase calibrator. First, an accurate model of the calibra-
tor was obtained after several self-calibration cycles. The cali-
brator, slightly resolved in the longest baselines, showed a flux
density of 0.99± 0.02 Jy. With that input model, phase solutions
on the calibrator were obtained using FRING within AIPS. The
di↵erent amplitude scales for the antennas were adjusted with an
amplitude calibration with a long interval of XX min (JM: Ben-
ito, final solint?) using the calibrator model. The fringe finder
0637�752 (J0635�7516) was used for the bandpass calibration.
Finally, the phase solutions and the amplitude scale were trans-
ferred to the target source, and images were produced by decon-
volving the visibility data.

The data from ATCA station was also recorded as regular
interferometric data. An image of HD 93129A could be built
(array configuration: H214) where the source was detected. The
integrated flux is given in Table 2.

Radio morphology. In Fig. 5 we show the radio image of
HD93129A at 2.3 GHz. Two final images are presented: at max-
imum angular resolution (Fig. 5-left), and a second one using
tapering (Fig. 5-right), which has a better signal-to-noise. The
high-resolution image has an rms of 0.21 mJy beam�1, and
shows a comma-shaped extended emission with a flux density
of 1.5 ± 0.5 mJy. The error quoted stands for the di↵erence be-
tween the integrated fluxes above 2 and 3�. The half-opening
angle derived is ⇠ 65 deg. In the low-resolution image the noise
is improved and more flux is recovered from the source. The rms
of the image is 0.13 mJy beam�1, and a gaussian fit to the source
gave a total integrated flux density of 2.9 ± 0.5 mJy, with a peak
value of 1.8 ± 0.2 mJy/beam.

We note that the amplitude calibration of the data, which is
based on the system temperature of the antennas, is uncertain
and it is limited by the uncertainty on the antennas response and
gain curves. The flux density measured for the phase calibrator is
⇠ 30% lower than its reliable flux density measured with ATCA

2
http://www.aips.nrao.edu
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LBA radio observation in 2008

rms: 0.2 mJy beam−1

Sν = 2.9± 0.5 mJy
SATCA = 7.50± 0.11 mJy
Uncertainty in the radio
position ≈ 3 mas

Bow-shaped extended
emission
Half-opening angle ∼65o
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Crosses: positions of Aa and Ab stars with their uncertainties.
The separation and position angle between both components have
an uncertainty of ∼1 mas and 1o, respectively.
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LBA radio observation in 2008

rms: 0.2 mJy beam−1

Sν = 2.9± 0.5 mJy
SATCA = 7.50± 0.11 mJy
Uncertainty in the radio
position ≈ 3 mas

Bow-shaped extended
emission
Half-opening angle ∼65o
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Crosses: positions of Aa and Ab stars with their uncertainties.
The separation and position angle between both components have
an uncertainty of ∼1 mas and 1o, respectively.
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Results derived from the radio emission
The radio source is coincident with the positions of the two stars.
Assuming that this radio emission is centered…
the wind momentum rates ratio is

η =

(
Rb

Ra

)2

=
Ṁbvb

Ṁava
≈ 0.6

The wind velocities should be similar for both stars,
so η is a mass-loss rate ratio.

Ṁb ≈ 0.6 Ṁa

With the known values given by Muijres et al. (2012) for O3 and
O4 main-sequence stars, we extrapolate to Ab (O3.5):

Ṁa ≈ 3.2× 10−6 M⊙ yr−1 Ṁb ≈ 1.9× 10−6M⊙ yr−1
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Conclusions

• Determination of the 1.4–25 GHz spectrum of HD 93129A.

• Curved bow shaped extended emission detected between the
positions of the two stars.

• Estimation of the wind momentum rate ratio, η.

• Best estimation of the mass-loss rate of HD 93129A up to now.

• Is it a gravitationally bounded system?

• Is the radio emission centered between the two stars?
(better optical astrometry needed. GAIA?)

• Evolution of the radio emission during the approaching of the
Ab star to Aa:
- Spectrum from ATCA observations.
- VLBI observations to solve the emission.
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