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Introduction

Stellar jets appear during the initial stages of star formation where the incipient star begins to eject winds along the
rotation: axis. In the optical, these outflows appear as jets and/or Herbig-Haro (HH) objects, in the NIR as H (2.12

um) knots, and in the radio range as molecular outilows. |
Ini particular, the H line at 2.12 pm is a well-known shock or impact tracer, where the relatively hot material hits the
cold molecular cloud' environment, producing the molecular outflows detected at radio wavelengths.

Here, we present a study of HH 137 and HH 138, located in the dark nebula D291.4-0.2, at 2.2 kpc (Hartley: et al.
'1986), in the Carina region. These HH objects were identified by Ogura (1993), in [S II], He; and [NFII limes, and
show a chain of knots with typical emission of Herbig-Haro objects (their positions are indicated in Eigure 1| with
capital letters). At 2.2 kpc HH 137 and HH 138 are 0.84 pc and 0.23 pc long, respectively (Targon et al. 2011). Ogura
(1993) suggests that the driving source should be located between HH 137-knot J and HH 138-knot A. Howeyer, it is
not clear if HH 138 and HH 137 are linked by the same unknown driving source.

In this contribution, we search for NIR and radio counterparts of these jets using H, and K images obtained with

Gemini South and' molecular spectra taken with the APEX telescope. Our aims are to investigate the presence of
- molecular outflows and' to analyze the molecular environment linked to the HH objects.

S Gemini results

Figure I shows a composite image of HH 137 and HH 138 in K (blue), H, (green) and 4.5 ym (red). The chain of
knots 1s seeniin shock excited H, emission. The high angular resolution obtained with GSAOI+GeMS/Gemini reveals

the internal structure of the knots in HH 137, which ends in a “bow-shock” structure. Some of them coincide with the
optical knots positions but others, such as the H knot, are displaced.

The emission at 4.5 pum shows a striking arc-like structure, located betwegen HH 137 and HH 138, not previously

reported, mtiégated in the same figure. The 4.5 um Sptizer band contains several lines or bands, as well as the shock-
dragnos.t_r_o rotoyibrational H, and CO lines (Reach et al. 2006; Smith & Rosen 2005; Watson et al. 2010).
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Toth et al. (2014) identified a candidate young stellar object (YSO) in the AKARI/FIS young stellar objects catalog
|ocated at Ra. Dec(JZOOO) = (11:14:6.1,-60:52:59), close to the arc-like structure, coincident with: the point source
WISE J111406.96-605255.9 and with a Spitzer source (indicated in Figure 1). i

Our analysis of the WISE source indicates a Class II object (Koenig et al. 2012). Its YSO
the arc detected at 4.5 yum and on the axis of HH 137 suggest that it may be powering i e
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Flgure 2 shows an overlay of the “CO(3-2) emission distribution within: the: velo
contourns) and the H and 4.5 um 1mages (in color scales) The CO i 1mage re veqls rm
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Observations

# GEMINI observations: The H, (2.122 pm) and K (2.200 um) 1mages were obtained' with the NIR Gemini South

Adaptive Optics Imager (GSAOI) and the Gemini Multi-conjugate: Adaptive Optics System (GeMS), at Gemini
South Telescope, at Cerro Pachon, Chile. They were processed and combined using the THELI program (Schirmer
2013; Erben et al. 2005). The final images have a;.resolution of 0.09 arcsec pixel=! .

# APEX observations: The “CO(3-2) (at 345.796 GHz), “CO(3-2) (at 330.588 GHz), C*0O(3-2) (at 329.330 GHz)
and HCO*(3-2) (at 267.557 GHz) molecular: data were observed: with the 12 m Atacama Pathiinder EXperiment

# (APEX) telescope, located in the Llano de Chajnantor, mi the Puna de Atacama, Chile. The CO data have an angular
resolution of 18" , and the HCO? data, 25". The velocity resolution is 0.3 km s

# Data bases: Spitzer image at 4.5 um and APEX Telescope ILArge Survey of the GALaxy (ATLASGAL) data at 870

um.
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Value
Velocity range of the outflow = v [km 57!] (—13.5—-8.2)
Maxamal velocity = vy, [kms] 1.5
S1ze of the outflow = lgp[pc] |.4

-

Integrated outHow emission in OG- [K kms™!] 3.7

F‘armnete rs

Molecular mass n the blue outflow = My, [Mg] |3
Momentum in the blue outlow = p [M; km s -1 1052
Mechanical energy = Eg [erg] 0172 % 10
Time scale =r [yr] .35 = 1P
Mass entrainment rate = M [Mg/vr] 0.6 107
Mechanical torce = F,; [Mg km s~ l fvr] 8.00 = 10~
Mechamcal lummosity =L, [L] 1.!-54
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ﬁ‘w e_,_ .i‘%omposne image showing K (blue), H (green), 4.5 pm (red), and the *CO(3-2) line emission

_ di strlbutmnﬂnft e interval [—13.3,~8.4] km s (in contours). Contour lines correspond to 0.6, 1.2, 1.9,
%) 6 £ “)-,' "*:).,_,'5;,# 9 6.5, 7.1, 7.8, 8.5 and 9.1 K. Thegower image show the “CO(3-2), BCO(3-2),
2) _r_I'-" r_.l-.lhn by 2) averaged profrle in the marked region.
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