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ABSTRACT
We present optical linear polarimetry in the line of sight to HH 135/ HH 136. The polarimetry of the field stars
reveals two populations: one corresponds to a foreground interstellar component; the other originates in the interstellar medium in the vicinity of the Herbig-Haro pair and, therefore, can be used to study the magnetic field in the
star-forming region. Its direction is aligned with the jet of HH 135/ HH 136, which could be an indication that the
interstellar magnetic field is important in the outflow collimation. The interstellar magnetic field magnitude was
estimated to be of order 90 G. According to recent numerical simulations, an interstellar magnetic field of such
strength can be important in the definition of the outflow direction. There is also evidence that the associated dark
cloud has an elongation parallel to the magnetic field. Our image polarimetry of the extended emission associated
with HH 135/ HH 136 shows a centrosymmetric pattern pointing to knot E of HH 136. Previous near-infrared polarimetry traces a different illumination center, namely, IRAS 111015829, the probable exciting source of the system.
This discrepancy can be explained if the young stellar object emission is completely blocked in optical wavelengths
and the dominant optical source in the region is knot E, whose nature is uncertain. A discussion of the spectral energy
distributions of HH 136-E and IRAS 111015829 is presented.
Key words: ISM: Herbig-Haro objects — ISM: individual ( HH 135, HH 136) — ISM: magnetic fields —
techniques: polarimetric

1. INTRODUCTION

mated distance to the optical /infrared objects in this region is
in the 2.7Y2.9 kpc range. DCld 290.4+01.9, which has a size of
28 0 ; 12 0 , is included in the CO(J ¼ 1Y0) catalog of Otrupcek
et al. (2000). This line has a well-defined Gaussian shape with
a FWHM of 1.0 km s1 and VLSR ¼ 19:8 km s1 .
Infrared observations were recently used to detect and study
the physical properties of the H2 jet by Gredel (2006). His H2
and [Fe ii] continuum-subtracted narrowband images nicely trace
the line-emission morphology in the outflow. A CO molecular
outflow is also present (Ogura et al. 1998). Chrysostomou et al.
(2007) present imaging circular polarimetry of HH 135/HH 136
that suggests a helical magnetic field in the outflow.
The emission knots of HH 135 and HH 136 are distributed
in a practically straight line (Ogura & Walsh 1992). This could
be interpreted as evidence for two jets with a common origin.
However, both jets are dominated by blueshifted components,
which has led Ogura & Walsh (1992) to propose that each HH
object has a different source. Subsequent infrared polarimetry of
the extended emission associated with the HH objects has shown
that they have a common illuminating source, namely, IRAS
111015829 ( Tamura et al. 1997). The apparent contradiction
of these two observations can be avoided by the scenario proposed by Ogura et al. (1998). In this picture, the HH 136 jet is deflected by a molecular cloud, changing from a redshifted jet near
the IRAS source to a blueshifted one in its extremity (see Fig. 5
of Ogura et al. 1998).
IRAS 111015829 is a luminous (104 L ) YSO (Ogura &
Walsh 1992) associated with molecular masers of different species ( Braz et al. 1989; Te Lintel Hekkert & Chapman 1996;
Walsh et al. 1997). Tamura et al. (1997) suggested that it is a
Herbig Ae/ Be star encircled by a dust disk. In particular, the
presence of a 6.7 GHz methanol maser points to a high-mass YSO
(Walsh et al. 1997). The maser profiles have VLSR in the range
24 to 21 km s1 , indicating a kinematic distance of approximately 3 kpc. This velocity is similar to that of DCld 290.4+01.9,
which suggests that the IRAS source and the dark cloud are

Magnetic fields are believed to play a crucial role in the physics of jets and outflows in young stellar objects ( YSOs). The
models presently proposed to explain the outflow engine in lowmass YSOs rely on a magnetocentrifugally driven mechanism
(Shang et al. 2007 and references therein; Ferreira et al. 2006).
Whether the magnetic field also defines the launching mechanism and properties of jets in high-mass YSOs is still unclear.
Some observational findings suggest that the formation of
intermediate- to high-mass stars also proceeds via disk accretion
as in its low-mass counterparts, powering similarly highly collimated outflows ( Martı́ et al. 1993; Brooks et al. 2003; Davis
et al. 2004; Gredel 2006). On the other hand, the interstellar
magnetic field can be relevant in the maintenance of jets, as is
suggested by the simulations of De Colle & Raga (2005). From
an observational perspective, Ménard & Duchêne (2004), based
on a sample of classical T Tauri stars, suggested that the objects
with bright and/or long jets might have their disk axes parallel to
the interstellar magnetic field.
HH 135 and HH 136 are very luminous Herbig-Haro (HH) objects discovered by Ogura & Walsh (1992), who presented optical
imaging and spectroscopy of the sources. They are located in eastern Carina in the southwestern portion of the dark cloud DCld
290.4+01.9 ( Hartley et al. 1986), near the bright-rimmed H ii region BBW 47 (Brand et al. 1986). The recently discovered infrared cluster 59 from Dutra et al. (2003) is also coincident with
the HH pair. A more complete description of the optical objects
in this region is presented by Ogura & Walsh (1992). The esti1
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Fig. 1.—Histogram of the position angle of the observed polarization for field
stars with P/P > 5 in the line of sight to HH 135/ HH 136. A two-Gaussian fit is
shown, whose parameters can be found in Table 1.

associated. Molecular emission in CO and CS is reported by
Zinchenko et al. (1995), Bronfman et al. (1996), and Ogura et al.
(1998). The millimetric continuum image of this source shows
evidence of more than one emission core (Hill et al. 2005). These
data also indicate a total cloud mass of 230 M , consistent with
the mass estimated by Ogura et al. (1998) of 150 M using CO
observations.
In this work we present a study of the magnetic field in the
interstellar medium ( ISM ) around the pair HH 135/ HH 136
using polarimetric optical data. Polarimetry of the optical nebula
associated with HH 135/ HH 136 is also obtained. A brief discussion of the IRAS 111015829 and HH 136-6 sources is presented.
In x 2 we describe the polarimetric data and their reduction. The
results and discussion are presented in x 3. In x 4 we summarize
our findings.
2. OBSERVATIONS AND DATA REDUCTION
The observations were taken on 2005 February 12 with the
0.60 m Boller & Chivens telescope at the Observatório do Pico dos
Dias, Brazil, operated by the Laboratório Nacional de Astrofı́sica,
Brazil, using a CCD camera modified by the polarimetric module
described in Magalhães et al. (1996). The employed technique
eliminates sky polarization (Piirola 1973; Magalhães et al. 1996).
The CCD array used was a SITe back-illuminated, 1024 pixel ;
1024 pixel array. The above telescope and instrumentation give
a field of view of 10:5 0 ; 10:5 0 (1 pixel ¼ 0:62 00 ). The data were
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taken with an RC filter. Polarimetric standard stars (Serkowski
et al. 1975; Bastien et al. 1988; Turnshek et al. 1990) were observed in order to calibrate the system and estimate the instrumental polarization. The measured values of the unpolarized
standard stars were consistent with zero within the errors. Measurements using a Glan filter were also performed to estimate the
efficiency of the instrument. They indicate that no instrumental
correction is needed.
The reduction was performed using the IRAF5 facility. The
images were corrected for bias and flat-field. Counts in the ordinary and extraordinary images of each object were used to calculate the polarization using the method described in Magalhães
et al. (1984). We used the IRAF package PCCDPACK (Pereyra
2000) in the polarimetric analysis. We obtained the polarimetry
of around 1600 objects in the field of view. The results are presented and discussed in x 3.
The ordinary and extraordinary images of the extended emission associated with HH 135/ HH 136 did not overlap, allowing
image polarimetry to be performed. It was done considering
circular apertures of 2 pixel (1.200 ) radius centered in points
distant from each other by 4 pixels (2.500 ) in each CCD direction. The results are presented in x 3.
In addition, we performed differential photometry using as
calibrators USNO objects in the image: there are 490 in total.
With this we can estimate R magnitudes for all objects in the
field.
3. RESULTS AND DISCUSSION
3.1. Magnetic Field Geometry
The direction of the magnetic field component in the plane of
the sky can be traced by the position angle of the optical polarization. It is valid if one assumes that the polarization originates
from the dicroic absorption of the starlight by nonspherical interstellar grains aligned by the superparamagnetic mechanism (Davis
& Greenstein 1951; Purcell & Spitzer 1971; a recent review on
grain alignment can been found in Lazarian 2003).
Figure 1 shows the number distribution of the position angle
of polarization  for objects with P/P > 5, which corresponds
to  < 5:7 . We have also discarded objects that have positions
superposed on the outflow. Using these restrictions, we reduce
our sample to 303 objects. The distribution is clearly bimodal,
with peaks at approximately 55 and 100 . Therefore, we performed a two-Gaussian fit, which is also shown in Figure 1. The
fitted parameters and errors for bins of 10 are shown in Table 1
(first and third rows). The results are statistically the same for
smaller or larger bin widths. An inspection of the data shows
that these two populations have distinct spatial distributions and
5
IRAF is distributed by the National Optical Astronomy Observatory, which
is operated by the Association of Universities for Research in Astronomy, Inc.,
under contract with the National Science Foundation.

TABLE 1
Parameters of the Gaussian Fits to Polarimetric Data in the Line of Sight to HH 135/ HH 136

Suggested Origin
HH 135/ HH 136 region: with foreground..................................
HH 135/ HH 136 region: foreground subtracted.........................
Foreground ISM: 10 0 ; 10 0 field..................................................
Foreground ISM: 5 ; 5 field.....................................................

Mean
(deg)
54.9
41.9
100.5
107.7






1.4
1.2
0.4
2.3

Standard Deviation
(deg)

Data






This work
This work
This work
Heiles (2000)

14.2
13.8
10.2
24.8

1.0
1.0
0.3
2.9
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Fig. 2.—Polarimetry of field stars in the line of sight to HH 135/ HH 136 with P/P > 5 and P < 1:5%. Left: Vector representation of the direction and magnitude of the
polarization, the scale of which is presented in the upper right of the figure. The background image is from the DSS2 Red. The epoch of the coordinates is J2000.0. Right: Number distribution of the position angle of polarization for the same sample. The solid line is one of the Gaussian curves obtained in the two-Gaussian fit of Fig. 1.

polarization magnitudes. This is illustrated in Figures 2 and 3,
in which we have plotted the results for objects with polarization moduli smaller and larger than 1:5% (an arbitrarily chosen
number), respectively. The objects with small values of polarization tend to be distributed in regions in which the extinction
is less pronounced ( Fig. 2, left). In Figure 2 (right) we show the
histogram of the position angle of this subsample, as well as a
Gaussian curve with the same mean and dispersion as in Figure 1
centered at 100 . The agreement indicates that the population
responsible for this peak in Figure 1 is well represented by polarization magnitudes smaller than 1.5%. The large vectors tend
to be located in a strip running from the southwest to the north-

east of the image, which roughly corresponds to the dark cloud
(Fig. 3, left). Again, one of the Gaussian curves in Figure 1 fits
the distribution of position angles well.
Our interpretation of the above results is that the population
with smaller values of polarization corresponds to foreground
objects in the line of sight to the HH pair, while the more polarized objects have their polarization produced by grains associated with DCld 290.4+01.9, and hence trace the magnetic field
alignment in the star-forming region itself. To test this hypothesis,
we have used the compilation of Heiles (2000) to verify the polarization behavior in a larger field of view. We selected the objects within a 5 ; 5 field centered at HH 135 and with P/P > 3

Fig. 3.—Same as Fig. 2, but for stars with P/P > 5 and P > 1:5%.
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Fig. 4.—Number distribution of the position angle of the polarization for objects in the Heiles (2000) catalog within a 5 ; 5 field of view centered at HH 135
and with P/P > 3. A Gaussian fit is also shown; see Table 1 for the parameters.

(85 objects). The number distribution of the position angles and a
Gaussian fit are shown in Figure 4. The Gaussian parameters are
presented in Table 1 (fourth row). In spite of the larger dispersion,
the mean position angle of Heiles’ objects compares well with that
of our suggested foreground component. The mean polarization
magnitude of Heiles’ objects is 1%, which is also consistent with
our data. These results corroborate the supposition that the population with a mean angle around 100 corresponds to the largescale, and probably foreground, ISM.
Another way to constrain the origin of each population is to
determine the behavior of the polarization with distance, which,
however, cannot be properly estimated with our data. From a
statistical point of view, a faint object is generally farther than a
bright one. So, an alternative, but limited, approach is to check
the polarization dependence on magnitude. Figure 5 shows that
the polarization tends to increase with magnitude. This corroborates our hypothesis that the larger polarization values are associated with objects at larger distances.
The above discussion gives us confidence that the small polarization component is associated with the foreground ISM in
the direction of the HH pair. Consequently, we should subtract
this component from the observations to obtain the interstellar
polarization produced by aligned dust in the star-forming region.
To estimate a value for the foreground component we have averaged the polarization of the objects with observed polarization
smaller than 1.5%. This totals 212 objects with a mean polarization of 0:59%  0:36% at 93.4 (the quoted error is the standard
deviation of the distribution). This value was subtracted from
our sample of 303 objects. ( We would like to note that all the
arithmetic has been done using the Stokes parameters Q and U.)
The number distribution of  for objects with P/P > 3 is plotted
in Figure 6. The parameters of the Gaussian fit are shown in the
second row of Table 1. This distribution, which should represent
the magnetic field orientation in the HH 135/ HH 136 region, is
similar to the uncorrected distribution but not the same. The mean
position angle is 41:9  1:2 .
The direction of the interstellar magnetic field found above
can be compared with the geometry of the YSO, in particular
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Fig. 5.—R-band polarization vs. magnitude for objects with P/P > 5.

with the outflow direction. The jet position angle (from north to
east in equatorial coordinates) has been estimated using the line
joining IRAS 111015829 and given line-emitting knots: HH
135 and HH 136-A, B, D, and H. There are other knots, but their
emission occurs mainly in the continuum, so they could not trace
the jet. The adopted position angle for HH 136 is the average of
its four knots. The resulting position angles are 40.0 for HH 135
and 37:9  0:2 for HH 136. Therefore, the component of the
interstellar magnetic field in the plane of the sky (42 ) and the
YSO outflow are approximately parallel.
An interstellar magnetic field aligned with the jet is the best
configuration for the propagation of the outflow in the ISM, as

Fig. 6.—Number distribution of the position angle of the intrinsic polarization for objects in the line of sight to HH 135/ HH 136 with P/P > 3 after the
foreground polarization subtraction. A Gaussian fit is also shown; see Table 1
for the parameters.
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east of the H ii region BBW 47. The denser portion of the cloud,
as illustrated by the obscuration at optical wavelengths and dust
emission at infrared, seems to be elongated in the northeastsouthwest direction. If this is true, the interstellar magnetic field,
the HH outflow, and the cloud elongation are all nearly parallel.
This configuration is similar to what occurs in Lynds 1641 (Vrba
et al. 1988).
3.2. Magnetic Field Strength
The strength of the magnetic field in the plane of the sky B can
be estimated using
B ¼ ð4Þ1=2

Fig. 7.—DSS2 Red view of a 0:5 ; 0:5 region centered on DCld 290.4+01.9.
The contour plot of 100 m IRAS is seen superposed. The epoch of the coordinates is J2000.0.

recently demonstrated by De Colle & Raga (2005). These authors conducted two-dimensional numerical simulations of clumps
(which, in their models, represent time-dependent ejection from
YSOs) propagating in a magnetized ISM. They found that jets
moving parallel to the ambient magnetic field can propagate to
much longer distances when compared with those that propagate
perpendicular to the magnetic field. They claim that this could
explain the correlation found by Ménard & Duchêne (2004) for
classical T Tauri stars; namely, the bright and long jets tend to be
parallel to the interstellar magnetic fields. The jet associated with
HH 135/ HH 136 has a projected size of approximately 0.5 pc
and high luminosity, so in this object we could be seeing the effect of a parallel interstellar magnetic field keeping the jet. On the
other hand, Chrysostomou et al. (2007) have found evidence of
a helical magnetic field in the outflow of HH 135/HH 136 based
on infrared circular polarization, which can also have a role in
collimating the jet. The present evidence, however, cannot state
unambiguously which magnetic configuration is predominantly
acting as the main large-scale collimating mechanism in this highmass YSO.
The emission lines of H2 and [ Fe ii] in HH 135/ HH 136 indicate a fast, dissociative J-type shock (Gredel 2006). It is evidenced by the different space distributions of these emissions.
In a J-type shock, the transverse (relative to the propagation direction) magnetic field is small. So the magnetic field direction inferred from our large-scale measurements may be similar
to that in the ISM in which the shock propagates. However, we
should again recall a possible helicoidal field in the outflow
(Chrysostomou et al. 2007), which would produce a C-type shock
or a J-type shock with precursors. More observations in order to
constrain the detailed shock physical conditions—for instance,
the H2 v ¼ 0 transitions—may be helpful in disentangling the
magnetic field geometry in the outflow region.
We could also ask whether the geometry of DCld 290.4+01.9
has some correlation with the magnetic field. Figure 7 shows a
0:5 ; 0:5 DSS2 Red image centered at DCld 290.4+01.9. The
lines represent the contour plot of the flux at 100 m from IRAS.
HH 135/HH 136 can be seen in the lower right quadrant, north-

v
;
B

ð1Þ

where  is the mass density of the ISM, v is the one-dimensional
turbulent velocity, and B is the dispersion of the magnetic
field direction. This expression was proposed by Chandrasekhar
& Fermi (1953) and relies on the equipartition of turbulent kinetic and magnetic energies and isotropy of the motions in the
medium. The overall idea behind this formula is still accepted
(Heitsch 2005), notwithstanding different effects that could lead
the above equation to not be the best estimate of the actual field:
large fluctuations of the magnetic field amplitude, the action of
nonmagnetic forces on the gas, and inhomogeneity of the interstellar material (Zweibel 1996). Recent numerical simulations of
polarimetric maps of molecular clouds indicate that this formula
overestimates the magnetic field by a factor of 2 (Ostriker et al.
2001; Padoan et al. 2001; Heitsch et al. 2001; Heitsch 2005;
Matsumoto et al. 2006).
The value of B in the star formation region can be estimated
by the standard deviation of the fitted Gaussian to the number
distribution of the position angle of the intrinsic polarization (see
the second row of Table 1). This number is, however, an overestimate of the dispersion of the magnetic field direction, since
it includes the observational error associated with the  measurement. Following the procedure suggested by Pereyra &
Magalhães (2005), we obtain a B value of 13.3 . The turbulent velocity was considered to be that of the dark cloud, measured by Otrupcek et al. (2000) as 1 km s1 . A total mass density
of 1:4 ; 1020 g cm3 has been estimated from the number density of H2 presented in Zinchenko et al. (1995), which was based
on CS(J ¼ 2Y1) measurements near the IRAS source. Considering a factor of 0.5 applied to equation (1), as discussed above,
we obtain an interstellar magnetic field strength of 90 G. However, we would like to note that this value should be interpreted
as the order of magnitude of the field. The reason is twofold. On
the one hand, the observational values used in the magnetic field
calculation have their own uncertainties. On the other hand, the
values of the mass density, magnetic field dispersion, and turbulent velocity could be tracing different portions of the ISM.
Heitsch (2005) obtained that a single estimation of B with the
above procedure can be in error by a factor of 7. In addition, we
would like to note that the above estimate of B should be associated with the large-scale ISM around HH 135/ HH 136, not
with the outflow region. This value is larger than that measured
in the diffuse ISM of a few microgauss, but it is in the range
obtained for star-forming regions (see, e.g., Gonatas et al. 1990;
Chrysostomou et al. 1994).
Recently, Matsumoto et al. (2006) have studied the alignment
of outflows with magnetic fields in cloud cores through numerical simulations. They found that the outflow tends to be aligned
with the large-scale (>5000 AU ) magnetic field if the magnetic
field in the core is larger than 80 G. Our above estimate of 90 G
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Fig. 8.—R-band imaging polarimetry of HH 135/ HH 136. Only measurements
with P/P > 10 are shown. The polarization vectors, whose scale is presented in
the top right corner, are superposed on our image. The two images correspond to
the ordinary and extraordinary beams separated by the calcite block. The gray rectangle marks the most likely position of the illumination source. The coordinate
scale is with respect to the right image and the vectors. The epoch is J2000.0.

may be interpreted as the strength in the dark cloud, i.e., the initial
magnetic field before the collapse (the B0 of Matsumoto et al.
2006). So the enhanced magnetic field in the collapsing core that
originated the YSO has probably exceeded the limiting value of
80 G, making it plausible that in this region the geometry of the
magnetic field in the original cloud determined the direction of the
YSO outflow.
3.3. Imaging Linear Polarimetry of HH 135/ HH 136
Figure 8 shows the imaging linear polarimetry of the emission nebula associated with HH 135/ HH 136. The background
image is from our data: the object is seen twice because of the
beam splitting produced by the calcite block. Only measurements with P/P > 10 are plotted. The vectors’ sizes show that
the polarization can be as high as 30%. The position angles
define a clear centrosymmetric pattern, typical of scattering,
whose center has been calculated and coincides with knot HH
136-E (following the denomination of Ogura & Walsh 1992).
From north to south, this knot is the second bright source in our
image. The centers calculated using the data over the HH 135
region or the HH 136 region are the same.
HH 136-E is the brightest point in the R-band image, having
a magnitude of 14.37 mag. Knot B, the second brightest, has a
magnitude of 14.78 mag, which corresponds to a flux 30% smaller
than knot E. In both estimates we have used an aperture radius of
3 pixels (=1.800 ).
Our imaging R-band polarimetry indicates HH 136-E as the
illuminating center of the scattering pattern, so it is unequivocally
associated with the region. Previous K-band polarimetry of the
same region ( Tamura et al. 1997) also shows a centrosymmetric
pattern, but with a center coincident with IRAS 111015829.
The dominant source in the infrared region is NIRS 17 (Tamura
et al. 1997; see also Fig. 5 of Gredel 2006), which is coincident
with knot J. They suggested that the IRAS source is obscured
from our view by an optically thick disk, which is evidenced by
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the ‘‘polarization disk,’’ but illuminates the associated nebula
through the optically thinner pole.
The optical depth of a dusty medium grows from infrared to
optical wavelengths. Therefore, in the R band, the disk around
the IRAS source can be optically thick even at its pole, thus preventing any flux from escaping. This could explain why IRAS
111015829 is not the source of the optical light being scattered
in the nebula. However, the nature of knot E remains an open
question.
HH 136-E is the brightest R-band source in the outflow region and is associated with the infrared source NIRS 9, whose
infrared colors are consistent with a pre-main-sequence object
( Tamura et al. 1997). It has a very strong optical and infrared
continuum, with [S ii], H2 , and [ Fe ii] emission being practically absent (Gredel 2006; Ogura & Walsh 1992). This makes a
Herbig-Haro nature quite improbable. In spite of the suggestion from Schmidt plates that knot E has important H emission, no slit spectroscopy at its exact position has been done.
The spectral energy distribution (SED) of the knots HH 136-A,
HH 136-B, HH 136-E, and HH 135 can be done using DENIS6
and 2MASS (Cutri et al. 2003) data and our photometry. None
of these sources are detected in longer wavelengths. The SED of
knot E has a rising slope from the I to the K band. A blackbody fit
to this curve provides a bolometric luminosity of 4 L , which
would correspond to a ZAMS star of 2 M .
To explain the nontrivial radial velocity structure of the emission knots, and considering a common exciting source for HH
135 and HH 136 as indicated by previous K-band polarimetry,
Ogura et al. (1998) have proposed a scenario in which one of the
jets from the exciting source is deflected by a nearby molecular
cloud. The region of zero velocity is located around knots D, E,
F, and G ( Fig. 9; see also Fig. 7 of Ogura & Walsh 1992). In this
region there is also a slight increase of the 12 CO antenna temperature (Ogura et al. 1998). In addition, there is an MSX source between knots F and G, which could represent the point of collision.
So another possible explanation of the nature of knot E would be
as the point at which the jet collides with the molecular cloud.
A spectroscopic analysis of knot E, as well as a detailed velocity study of the whole complex, can probably shed some light
on what is going on in this region and on the true nature of this
object.
3.4. Spectral Energy Distribution of IRAS 111015829
Figure 10 shows the SED of IRAS 111015829 based on literature data (see the figure legend for references). To estimate
the bolometric luminosity of IRAS 111015829 we integrate a
cubic spline to its SED, which provides a value of 1:32 ; 104 L
at a distance of 2.7 kpc. This is in agreement with previous estimates from Ogura & Walsh (1992) of 1:39 ; 104 L and from
Walsh et al. (1997) of 1:59 ; 104 L . Both of them are based on
IRAS data, but consider different corrections. The above luminosity can be used to constrain the stellar mass. Using the massive
star evolutionary tracks of Bernasconi & Maeder (1996) for Z ¼
0:02, we estimate an interval of 11Y25 M for the mass of the
central object. The higher masses are obtained if the object is
very young, with a convective envelope.
The SED of an embedded source contains more information
than just the luminosity of the central object. It results from the
reprocessing of the stellar flux in the circumstellar environment.
To exploit this aspect, we have used the recently available grid
of models of Robitaille et al. (2006) to reproduce the observed
6

VizieR Online Data Catalog, B/denis ( N. Epchtein et al., 2005).
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Fig. 9.—Different wavelength sources in the region of HH 135/ HH 136. The contour plot is the [S ii] image (continuum included) from Gredel (2006). We use
different symbols to represent the data origin: see the legend at left.

SED of IRAS 111015829. We have concentrated on models
whose parameters are as follows:
1. Luminosity 1:0 ; 104 L < L < 1:4 ;104 L ; see discussion above.
2. Mass, 11 M < M < 25 M ; see discussion above.
3. Inclination i ¼ 81:4 . Following Ogura et al. (1998) we
consider that the jets make an angle with the plane of the sky of
5 and that the disk is perpendicular to the jets. Among the in-

Fig. 10.—SED of IRAS 111015829. The observational data are from the
following resources: DENIS, VizieR Online Data Catalog, B/denis ( N. Epchtein
et al., 2005); 2MASS, Cutri et al. (2003); MSX, VizieR Online Data Catalog, 5114
( M. P. Egan et al., 2003); IRAS, Beichman et al. (1988); SIMBA, Hill et al. (2005);
ISO, spectrum from the ISO data archive ( http://www.iso.vilspa.esa.es/ida /index
.html). The dotted and dashed lines represent two models from Robitaille et al.
(2006; see text for details).

clinations provided by Robitaille et al. (2006) we chose this
value as a good approximation to IRAS 111015829.
4. Aperture ¼ 100; 000 AU. At a distance of 2.7 kpc, this
corresponds to 3700 . This is the largest aperture provided by the
models. We have used it to approximate the angular resolution
of IRAS at 9000 .
We then have 307 models that have been visually inspected.
In doing this, we have selected the best 41 models for which we
have calculated 2 values. We found that models 3020025 and
3007152 produced the smallest 2 values. Table 2 shows the
parameters of the models; we ask the reader to see a complete
description of them in Robitaille et al. (2006). This simple modeling provides a object with a mass of 13 M , which puts the
YSO near the ZAMS, with an age of 106 yr.
The above result is unexpected considering the presence of
jets that are typical of a younger object. To discuss this issue, we
would like to initially recall optical knot J (=NIRS 17). It is located 1.800 from the IRAS 111015829 center position. However, the error ellipse of this source is 19 00 ; 5 00 , so it includes
the optical /infrared source (see Fig. 9). In the infrared and optical, the knot emission is dominated by a strong continuum and
does not have [S ii] emission lines (Ogura & Walsh 1992; Gredel
2006). So a Herbig-Haro nature appears to be ruled out. On the
other hand, the SED presents two maxima, in 60 and 2 m.
The above modeling has implicitly assumed that its near-infrared
portion is caused by the circumstellar disk emission in the observer direction, and therefore, it should have the same center position as the far-infrared emission. This might not be the case for
HH 135/ HH 136. As proposed by Tamura et al. (1997), a possible geometry is one in which the near-infrared YSO emission
(produced in disk) is obscured from the observer’s direct view
but can flow from the pole and illuminate the nebular material in
the jet region. We propose that the near-infrared SED (knot J) is

No. 5, 2007

OPTICAL POLARIMETRY OF HH 135/ HH 136

TABLE 2
Parameters of Robitaille et al. (2006) Models that Best Fit
the IRAS 111015829 SED
Value
Parameter Description

Model 3007152

Model 3020025

Stellar mass (M ) ................................
Stellar radius (R )................................
Stellar temperature ( K)........................
Envelope accretion rate (M yr1)......
Envelope outer radius (AU )................
Cavity angle (deg) ...............................
Disk mass (M ) ...................................
Disk outer radius (AU ) .......................
Disk inner radius (R ).........................
Disk inner radius (AU ) .......................
Scale height factor ...............................
Disk flaring power ...............................
Cavity density (cgs).............................
Ambient density (cgs)..........................
Disk accretion rate (M yr1) .............
Total A(V ) along line of sight.............
Total luminosity (L )...........................
Disk scale height at 100 AU ...............

12.87
4.47
29,390
1:04 ; 103
1:00 ; 105
31.8
3:64 ; 102
86.6
1.00
9.51
0.837
1.073
1:25 ; 1020
6:09 ; 1021
5:72 ; 106
4:90 ; 103
1:38 ; 104
6.84

13.01
4.49
29,545
6:71 ; 104
1:00 ; 105
29.4
1:69 ; 102
159
1.00
9.53
0.996
1.104
1:12 ; 1020
6:54 ; 1021
7:04 ; 107
0:99 ; 103
1:38 ; 104
8.77

the YSO reflected light in the pole cavity, as seen in HH 46
(Dopita 1978). In such a case, if the YSO emission were isotropic, knot J whould trace the YSO’s SED. However, we should
recall that the YSO emits anisotropically. Supposing the adopted
inclination is correct, knot J should receive the emission from a
smaller inclination, which has a larger near-infrared component.
So the SED for an inclination of 81 , as seen from a direct view,
should have smaller fluxes at these wavelengths. This would result in models having the properties of a more embedded, consequently younger object. To do a proper modeling it would be
necessary to know the three-dimensional configuration of knot J
and the YSO.
4. CONCLUSIONS
We have presented optical linear polarimetry of HH 135/
HH 136 and the nearby ISM. Our main results are listed below.
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1. The polarization of stars mapping the magnetic field in the
star-forming region is nearly parallel to the Herbig Haro outflow. We suggest that the elongation of DCld 290.4+01.9 is also
parallel to the magnetic field.
2. We estimate the interstellar magnetic field strength as being
of order 90 G.
3. The interstellar magnetic field direction and magnitude
are adequate to play a role in determining the outflow direction
and keeping the jet collimation. However, a collimation by a
helicoidal magnetic field in the jet region is not discarded.
4. The R-band nebula associated with the HH pair has a clear
reflection pattern whose center is the knot HH 136-E. It seems
to be a star, but its nature could not be securely determined and
deserves more observational effort.
5. A simple modeling of the IRAS 111015829 SED indicates a mass of 13 M and an age of 1 Myr, which is inconsistent
with the presence of jets in the object. A less evolved stage might
be found if knot J is assumed to be produced by the reflection of
YSO light in the surrounding material.
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