The Submillimeter Array:

First Decade of Discovery

Explosive Outflows Revealed by the Submillimeter Array

Luis Zapata, CRyA-UNAM, México
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W51 Molecular outflows from young high-mass stars
VLA 3.6 cm.

Lacy et al. (2007) .*

Infrared: grey.scale (VLT --- 1.65 um)
3.6 cm;'contours ,

- - (W51d2 (03-type)"

I‘boI: =3x10° |‘sun
D~ 5, 000 pc
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7 mm from the disk - White Contours
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Submillimeter Array
Zapata et al. (2009)
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Becklin-Neugebauer (BN)
and the Kleinman-Low (KL)

Luminosity: .

Mass: .

Distance:

Strong maser and thermal emission
from many species:




Velocity >100 Km/s ('

Allen & Burton (1993) P -
Factor of collimation o
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GED Orion KL CISCO (Hz2 (v=1-0 S(1)) - Cont)

Subaru Telescope, National Astronomical Observatory of Japan January 28, 1999
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A=1mm & ?CO(2-1), 13CO, C*80, and SO
Sub-compact and compact: ~4” x 3”
FOvV@3' x2

© 2014 Nimesh A. Patel



SMA CO(2-1)

H2
Red: 35to 130 km s
blue -35 to -120 km s™'

Common center
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Runaway Stars in BN-KL

BN, | y n form part of a stellar system that densintegrated some 500 yrs.

V;~about 20 -30 km s
Dynamical Age ~ 500 yrs

| 1"=450 AU
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Kinematics from an explosion
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radial velocity [km/s]
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Projected distance from origin [arcsec]

V=9.0%+2kms"'
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Violent desintegration of a stellar system

Before formation of nonhlomdiul mu'(loieof Massive stars

s ve non heerarchical system of massive protostars. Before dynamic decay

Bally and Zinnecker (2005); Reipurth (2000)




A merge of two young stars?

ALMA (| (= SMA
Sio(5-4) N \ r SiO(8-7)
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” . (42000) e ) Right Ascension (J2000) - Za pata et a I . (2012)
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CARMA — Plambeck et al.

Goddi et al. (2009)



REMNANTS FROM THE EXPLOSIVE DESINTEGRATION

Green Scale: 13CO(2 ' @
Blue Filoments and Contou%(Z 1) l ,
Molecular expanding shell
210 deg. a0
10 deg 300 deg. O o Age about 500 yrs



REMNANTS FROM THE EXPLOSIVE DESINTEGRATION

Peng et al. (2013)
Liu, Girart, et al. (2002)
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Zapata et al. (2009)
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- Color: CH3CN 7
Blue k=3, Green k=6 and Red k=9 |
Contours: T

White SO2 v2=1; Red HC3N v7=1
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IS THERE MORE CASES LIKE BN-KL?
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Melecular 0utf|ows in DR21..
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10,000 years explosion in DR21
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Kinematics from an explosion

Radial velocity [km/s]
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Center of the E;(plosion

Cavity

DR21-D




Main conclusion

The outflow in BN/KL and DR21 are the typical outflows
associated with the formation of a single massive (proto)star.

Future

Theoretical model to explain the decay of the stellar systems

- s a real close binary?

Test the of the hot molecular core

From which objects are arising the large luminosities?
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Velocity 110,05 km /s
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ALMA - HH 46/47
Arce et al. (2013)
co

IR = Hartigan et al.
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H ST Protostar

Sil - blue
HH47 1994



CH,CN (12-11) k=3 -- SMA

CO(2-1) & H2




Grey: H2
BlueRed: CO
1.3 mm
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