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The formation of low-mass stars is associated with many energetic processes.
The most spectacular ones are collimated jets generating shock waves that com-
press and heat the gas to hundreds or thousands of Kelvins. Jets have been
characterized mostly for nearby star-forming regions (<450 pc) which span very
uniform environments (Davis et al., 2011). The CMa-l224 region is an active
star-formation site located in the outer Galaxy (at a distance of ∼1 kpc, Sewi lo
et al. 2019), where environment differs from the inner part of the Galactic plane.
Here, we present preliminary results of the analysis of the images and spectra
of 120 young stellar objects in CMa-l224 obtained with the VLT/KMOS (1.9 -
2.4 µm). Ten sources are associated with the extended H2 emission tracing jets.
Determination of the jet properties is the first step toward understanding the
impact of the environment on star formation.

1 Introduction

The star-forming region CMa-l224 is located in the Canis Major OB1 association
in the outer Galaxy at the distance of ∼1 kpc and contains the largest concentration
of jets in the Spitzer Space Telecope GLIMPSE360 survey (Fig. 1). Young stellar
objects in CMa-l224 are identified along filaments using mid- and far-infrared data
from Spitzer (Sewi lo et al., 2019) and Herschel (Elia et al., 2013), respectively. The
region offers an opportunity to study star formation in the environment considerably
different from the Solar neighborhood (<450 pc, e.g. Dunham et al., 2015).

2 Observations

We used the K-band Multi Object Spectrograph (KMOS) at the Very Large
Telescope to observe ∼120 sources in CMa-l224 (programme ID: 0102.C-0914(A),
PI: A. Karska). KMOS provides simultaneous integral field spectroscopy of 24 ob-
jects with a spatial resolution of 0.2 arcsec in the field of view 2.8×2.8 arcsec within
the 7.2 arcmin patrol field. The spectral resolution is 3000 - 4000 in K-band. Data
were reduced using the dedicated pipeline (Davies et al., 2013; Sharples et al., 2013).
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Fig. 1: The CMa-l224 three-color composite image. Red: WISE 12 µm, green:
Spitzer/GLIMPSE360 4.5 µm, blue: Spitzer/GLIMPSE360 3.6 µm. Two green circles mark
regions observed with KMOS. The white contour corresponds to the H2 column density of
4×1021 cm−2 (see Sewi lo et al. (2019)).

3 Results and conclusions

We find extended H2 emission indicating the presence of the jets in 10% of the
observed sources (Fig. 2). The spectra show multiple transitions of H2, as well as
the Brγ and HeI lines (Fig. 3).

We use the rotational diagram analysis for H2 lines to determine gas physical con-
ditions in the most prominent jet from the Class I young stellar object J070927.71-
102922.3. We find a rotational temperature of ∼2500 K and the ortho-to-para ratio
of ∼3 typical for gas in local thermodynamic equilibrium. Preliminary comparisons
to J-type shock models indicate pre-shock densities of the medium of the order of
∼105 cm−3 (eg., Flower et al., 2003).

KMOS observations provide a spatial resolution which is adequate to study in-
dividual young stellar objects in the CMa-l224 region. Extended emission indicates
the origin of the line emission in jets. Detailed analysis of the spectra for the en-
tire sample is needed to determine the statistical properties of the jets in the outer
Galaxy.
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Fig. 2: Examples of emission maps of the 2.1218 µm 1-0 S(1) H2 line with continuum
contours (starting at 3σ level).
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Fig. 3: Spectrum extracted from J070927.71-102922.3 source jet position with marked H2

lines. Molecular hydrogen lines are considered to be molecular outflow tracers.
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