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ABSTRACT

In the last years there has been a substantial increase in the number of the reported
massive and luminous star-forming regions with related explosive outflows thanks to
the superb sensitivity and angular resolution provided by the new radio, infrared, and
optical facilities. Here, we report one more explosive outflow related with the mas-
sive and bright star-forming region IRAS 12326−6245 using Band 6 sensitive and high
angular resolution (∼0.2′′) Atacama Large Millimeter/Submillimeter Array (ALMA)
observations. We find over 10 molecular and collimated well-defined streamers, with
Hubble-Lemaitre like expansion motions, and pointing right to the center of a dusty
and molecular shell (reported for the first time here) localized in the northern part of
the UCHII region known as G301.1A. The estimated kinematic age, and energy for the
explosion are ∼700 yrs, and 1048 erg, respectively. Taking into account the recently
reported explosive outflows together with IRAS 12326−6245, we estimate an event rate
of once every 90 yr in our Galaxy, similar to the formation rate of massive stars.

Keywords: Interstellar molecules (849) — Millimeter Astronomy (1736) — Circumstel-
lar gas (238) — High resolution spectroscopy (2096)

1. INTRODUCTION

Explosive outflows are a relatively new class
of molecular outflows related to star-forming
regions. These outflows are probably associ-
ated with the disruption of a non-hierarchical
massive and young stellar system (perhaps trig-
gered by the merger of young massive stars),
or with a protostellar collision (e.g., Bally et al.
2011; Zapata et al. 2013; Bally 2016; Bally et al.
2017; Zapata et al. 2009; Raga et al. 2021).
The explosive flows are impulsive, and possi-

bly created by a single energetic and brief event
(Bally & Zinnecker 2005). These flows consist
of dozens of collimated CO streamers, [FeII]
“fingertips”, and H2 wakes pointing back ap-
proximately to a central position (see for in-
stance the cases of Orion BN/KL, G5.89−0.39
and IRAS16076−5134 Allen & Burton 1993;
Zapata et al. 2009; Bally 2016; Zapata et al.
2020; Guzmán Ccolque et al. 2022), reminiscent
of an explosive dispersal event (e.g., Loiseau
et al. 2018). The CO streamers, tracing these
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outflows, are radially distributed, and appear
nearly isotropic on the sky, presenting well
defined Hubble-Lemaitre like velocity gradient
along their length. This isotropic distribution
makes the red- and blue-shifted streamers to ap-
pear intertwined, with the CO emission reach-
ing velocity in the line wings of up to 100
km s−1. The energy of these events amounts
for over ∼ 1048 ergs, placing them among the
most energetic outflows in the Galaxy. In the
case of Orion BN/KL (the nearest of all these
sources) the dynamical ages of most CO stream-
ers are close to 500 years, exactly the same
age of the disruption of a non-hierarchical mas-
sive and young stellar system (Gómez et al.
2005; Zapata et al. 2009), which is the event
that probably originated the outflow. The dis-
ruption of the stellar cluster is clearly traced
by the proper motions of at least four stellar
objects that recede from the same central po-
sition as the molecular gas (Rodŕıguez et al.
2020). Orion BN/KL is the only case with
data from the originating protostellar system,
searches for which have so far been elusive in the
rest of the cases for now (DR21, G5.89−0.39,
S106−IR, IRAS16076−5134: Zapata et al. 2013,
2020; Bally et al. 2017; Guzmán Ccolque et al.
2022), where the evidence comes form the kine-
matics of molecular gas.
With the discovery of new explosive outflows

associated with massive star-forming regions
the estimated rate of events (1 every 100 years,
approximately see Sect. 4) is comparable to
the rate of supernovae, which indicates that dy-
namic interactions in highly clustered systems
of protostars and even stellar collisions may be a
common scenario during the first stages of mas-
sive star formation. However, because of the
scarcity of these events and the observational
challenges that they pose, little is known about
the true nature of the engine of these outflows.
The luminous source IRAS12326−6245

(AGAL301.136−00.226 or G301.1364-00.2249)

lies at the southern rim of the infrared bub-
ble nebula S169: a semi-spherical structure
of ∼ 1.2 pc in radius, harbouring at least 10
early-type main sequence stars (Duronea et al.
2021). The usually adopted distance to S169
and IRAS12326−6245 of 4.4 kpc (Osterloh et al.
1997) has recently been revised (Duronea et al.
2021). They showed the association between
S169 and the IRAS12326−6245 molecular con-
densation (named MC3 in their work), proposed
a model for the kinematics of the S169 bubble,
and estimated a new distance to both structures
of 2.03+0.77

−0.61 kpc. In this work, we adopt the 2.03
kpc distance derived by Duronea et al. (2021).
We, accordingly, recalculate sizes, luminosities
and other magnitudes extracted from the liter-
ature and affected by the change in the distance
throughout the text.
The S169 bubble has a dynamical age of 105 yr

and it is expanding at ∼ 12 km s−1 (Duronea
et al. 2021). Its southern rim is marked by
more than 30 protostellar objects detected by
MSX or Spitzer, product of a probable trig-
gered star-formation process. It is delineated
by a ridge of dense gas, and harbours a Her-
schel submillimeter dense dusty core (Duronea
et al. 2021). The molecular ridge shows sev-
eral condensations of gas, of which MC3 con-
tains 5500 M⊙ within an area of 0.94 pc, and
is very bright in different molecular tracers of
dense gas (CS, HNCO Bronfman et al. 1996;
Zinchenko et al. 2000), dust continuum emis-
sion (from 1.2mm to 0.010mm, e.g., Henning
et al. 2000; Faúndez et al. 2004), and also in
the centimeter regime (e.g., Walsh et al. 1998;
Urquhart et al. 2007). Through higher angu-
lar resolution observations, the MC3 molecular
condensation is resolved into two MIR contin-
uum sources (Henning et al. 2000), coincident
with two UCHII regions (Walsh et al. 1998).
The southern of these two sources matches the
peak position of the IRAS12326−6245 source,
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with a luminosity of 8.1×104 L⊙ (Zinchenko
et al. 1995; Osterloh et al. 1997).
In addition, IRAS12326−6245 is associated

with various high-mass star formation indica-
tors. It shows maser emission from CH3OH,
H2O, and OH (e.g., MacLeod et al. 1998);
single-dish observations show very broad radio
recombination lines associated with the UC HII
region (FWHM ∼ 68 km s−1 Araya et al.
2005), and signs of active outflow activity (Hen-
ning et al. 2000; Araya et al. 2005).
In this work, we report interferometric CO ob-

servations taken with the Atacama Large Mil-
limeter/Submillimeter Array (ALMA) observa-
tory, which show, for the first time, the true
nature of the main outflow at the heart of
IRAS12326−6245. The ALMA data is part of a
survey toward six sources with extremely high-
velocity wings revealed in the APEX spectra,
highly indicative of jets, and luminosities >105

L⊙, corresponding to ZAMS stars of 20−40 M⊙.
These ALMA observations are expected to re-
veal the structure of the flows, and therefore
are ideal to test model predictions, and verify
whether jets exist in massive young stellar ob-
jects. As we will show, these ALMA data have
also the capability to reveal the new kind of ex-
treme molecular flows, known as the explosive
outflows (Zapata et al. 2009).
We report the telescope setup and the process

of image production in Section 2. In Section 3
we present the main results regarding the out-
flow activity in the region, and finally, Section
4 is devoted to show our main conclusions.

2. OBSERVATIONS

The ALMA observations were retrieved from
The Science Archive. The observations were
carried out during the Cycle 4 science data pro-
gram 2016.1.01347.S (PI: Silvia Leurini) in 2017
July 20 (with 41 antennas) and 23 (with 44
antennas). This science data program only in-
cluded 12 m diameter antennas with projected
baselines ranging from 16.7 to 3700 m (12.8 to

2846 kλ). The observations were pointed at the
phase center located in the sky position αJ2000.0

= 12h35m35s. 13, and δJ2000.0 = −63◦02′30′′. 8.
IRAS 12326−6245 region was completely cov-
ered with a small mosaic of seven positions dis-
tributed in a Nyquist-sampled grid. The largest
angular scale that can be recovered with the
present observations is 5.6′′. The total inte-
grated time on source was 66 min, distributed
in the 7-pointing mosaic.
The digital correlator was configured with

eight spectral windows (SPW) centered at dif-
ferent frequencies in order to detected differ-
ent molecular species at these millimeter wave-
bands. In this work, we concentrate on the
SPW1 centered at 230.551 GHz, with a 244.141
kHz width, and divided into 1920 spectral chan-
nels, which resulted in a channel spacing of 317
m s−1 across the SPW1. This spectral win-
dow was centered at this frequency to detect
the 12CO(2−1) thermal line at a rest frequency
of 230.5379700 GHz. We detect strong molec-
ular CO line emission, see Figure 1. We used
the eight spectral windows to average line-free
channels in order to obtain the continuum im-
age. The continuum image is also presented in
Figure 1.
The weather conditions were very stable with

an average precipitable water vapor of about 0.7
mm and an average system temperature of 100
K. In order to reduce considerably the atmo-
spheric phase oscillation, during the observa-
tion simultaneous observation of the 183 GHz
water line with water vapor radiometers was in-
cluded. Quasars J1107−4449, J1252−6737, and
J1206−6138 were used to calibrate the band-
pass, the atmosphere and the gain fluctuations,
and the flux amplitude. Some of the quasar
scans were repeated for different calibrations.
To calibrate, image, and analyze the ALMA

data we used the Common Astronomy Software
Applications (CASA) package, Version 6.4.1.12.
Additionally, we also used some routines in

https://almascience.nrao.edu/aq/
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Figure 1. Upper: ALMA 12CO(2−1) moment zero map (grey scale) overlaid with the approaching (in blue
colors) and receding (in red colors) explosive streamers discovered in the IRAS12326−6245 molecular outflow,
and the 1.3 mm continuum emission (black contours) arising also from this region. The IRAS12326−N source
is evident in the north as a compact millimeter continuum source. The black contours are from −6, 6, 10,
15, 20, 25, 30, 40, 50, 100, 250, and 500 × 0.84 mJy beam−1, the rms-noise level of the continuum image.
Dark-red contours are tracing the redshifted extremely high velocity molecular gas (+70 to +2 km −1) with
a bow-shock morphology. The contours range from 10% to 100% of the peak emission, in steps of 10%.
The peak emission is 0.98 Jy beam−1 km s−1. In order to compute the moment zero map for the explosive
outflow in IRAS12326−6245, we integrated the radial velocities from −120 to +80 km s−1. On the other
hand, we integrated for the blueshifted streamers from −120 to −50 km s−1, and −30 to +80 km s−1 for the
redshifted ones. The systemic radial velocity is at −39.5 km s−1 for the cloud in IRAS12326−6245 (Duronea
et al. 2021). The bisque-color circle is tracing the position of the approximate center of the explosive outflow
reported in this region. Bottom: Same as above but with the 12CO(2−1) moment one map in color scales.
The scale-bar on the right shows the radial velocities in km s−1. An electronic version of the CO(2−1) data
cube is found here.
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Python to analyze the data (Astropy Collabo-
ration et al. 2013). The data was imaged using
the routine TCLEAN with the Robust parameter
set equal to +0.5, a compromise between sensi-
tivity and angular resolution.
We obtained an image rms-noise for the con-

tinuum at 1.3 mm of 0.84 mJy beam−1 at an
angular resolution of 0.21′′ × 0.18′′ with a Po-
sition Angle (PA) of −68.2◦. We used a ro-
bust equals to 2.0 in TCLEAN. This rms value
is higher compared with the ALMA theoreti-
cal rms-noise for this configuration, integration
time, bandwidth, and frequency which is ap-
proximately 0.08 mJy beam−1. A possibility to
explain this, is the presence of a strong UCHII
region localized within the field of view (Hen-
ning et al. 2000) with an integrated flux of 1.8
Jy, which did not allow us to reach the theoret-
ical noise level, see for an example Zapata et al.
(2020). Contrary to the continuum noises, we
obtained a rms-noise for the line images of 2.1
mJy beam−1 km s−1 at an angular resolution of
0.18′′ × 0.15′′ with a PA of −63.0◦ (which trans-
lates into a brightness temperature of 1.277K).
We used a robust equals to 0.5 in TCLEAN. We
obtained similar values for the ALMA theoreti-
cal rms-noise for the spectral line images.
Using the continuum as a model, we under-

took phase self-calibration, we then applied the
acquired solutions to the spectral line channels.
An improvement of a factor of about three in
the rms-noise was obtained after applying self-
calibration.

3. RESULTS

In Figure 1, we show the results of the 1.3
mm continuum and 12CO(2−1) of the ALMA
observations toward the massive star forming
regions IRAS12326−6245 and MC3-MIR2. In
the continuum emission, we resolve the strong,
spherical, and centrally peaked (sub)millimeter
source detected with the Large APEX Bolome-
ter Camera (LABOCA) on the APEX telescope
(Dedes et al. 2011) towards IRAS12326−6245,

and MC3-MIR2, into three compact sources
that we name IRAS12326−N, the shell, and
IRAS12326−S.
Fitting a Gaussian to IRAS12326−N, we ob-

tain an integrated flux of 138.1 ± 10 mJy, and
a peak flux of 13.0 ± 0.9 mJy beam−1. We
also find that the deconvolved size results in
a major axis of 685 ± 50 milli-arcsec, a mi-
nor axis of 547 ± 42 milli-arcsec, and a PA of
27◦ ± 14◦. The centroid position in the sky for
IRAS12326−N is αJ2000.0 = 12h35m35s. 155, and
δJ2000.0 = −63◦02′24′′. 06. The positional uncer-
tainty for both the DEC and RA is about 0.02′′.
From Figure 1, this source, in particular, seems
to be double and possibly multiple. Future ob-
servations can resolve better its millimeter emis-
sion. This source is coincident with the com-
pact object G301.1364−00.2249 B, that based
on its 4.8–8.6 GHz spectral index of +0.68, has
been classified as a thermal radio jet candidate
(Guzmán et al. 2012), and the mid-infrarred
source HLS2000 MIR 2 (Henning et al. 2000)
associated with a dusty object. We obtained a
spectral index for IRAS12326−N of +1.9 from
the SPWs centered at 216 and 230 GHz, likely
associated with dust or optically thick emission
from an HII region.
The shell structure is first reported here (Fig-

ure 1). This structure encircles the position in
the sky αJ2000.0 = 12h35m35s. 142, and δJ2000.0 =
−63◦02′30′′. 64, and has an average radius of 3′′,
though its shape is not exactly round or sym-
metric. Indeed it is more elongated in the East-
West direction (4.5′′) than in the North-South
direction (about 2.7′′). It consists of a series
of < 0.5′′ (1000 au) condensations, and some
of its edges seem to comprise various threads
or filament-like substructures (see for instance,
two filaments within the western edge). The
average width of the dusty shell is about 0.9′′

(1800 au). The maximum peak emission from
this structure is 30 mJybeam−1, and a flux den-
sity of 1.3 Jy, suggesting again that the shell is
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Figure 2. ALMA moment one (color scale image) overlaid with the positions/radial velocities of the
CO(2−1) condensations (color dots) from the most southern redshifted explosive molecular filament (see
Figure 1). The filament and the condensations show a clear velocity gradient, with the most redshifted
velocities localized far from its origin, i.e. showing Hubble-Lemaitre like expansion motions. This velocity
trend has been observed in other explosive molecular streamers, see for an example Zapata et al. (2017).

extended and faint. We estimated a spectral
index for one condensation within the shell re-
sulting in +3.1 from the SPWs mentioned be-
fore. This indicates that we are seeing optically
thin dust emission. Thus a contribution of free-
free emission should be minimal at these wave-
lengths. We estimate the gas and dust mass in
the shell by using its flux density and adopting
the same assumptions as for the mass estimate
of the dust shell in G5.89−0.39 (Fernández-
López et al. 2021). That is, we assume optically
thin emission, a grain opacity of 0.897 cm2g−1

(using the measured dust emissivity spectral in-
dex β = 1.1) appropriate for dust with thin ice
mantles at densities of 106 cm−3 (Ossenkopf &
Henning 1994), a gas-to-dust ratio of 100, and
a temperature ranging from 75–150K. With all
of this, we obtain a shell mass ranging between
12.2 to 25.3M⊙. Under these same assumptions
and considering a 20% contamination from free-
free emission, we estimate a dust and gas mass
for IRAS 12326−N between 1.0 and 2.1M⊙.
Fitting again a Gaussian but now to

IRAS12326−S, a strong and compact source
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just at the southern edge of the shell, see Fig-
ure 1, we obtain an integrated flux of 1.87 ±
0.02 Jy, and a peak flux of 1.00 ± 0.03 my
beam−1. We also find that the deconvolved size
results in a major axis of 300 ± 10 milli-arcsec,
a minor axis of 257 ± 5.0 milli-arcsec, and a
PA of 101◦ ± 6◦. The position in the sky for
IRAS12326−S is αJ2000.0 = 12h35m35s. 091, and
δJ2000.0 = −63◦02′31′′. 92. The positional uncer-
tainty for both the DEC and RA is about 0.003′′

(this value is only statistical from the fitting).
This source is coincident with the radio compact
object G301.1364−00.2249 A, an optically thick
UCHII with a spectral index of 2.0 (Guzmán
et al. 2012; Walsh et al. 1998; Urquhart et al.
2007). At millimeter wavelengths, we estimated
a flat spectral index of −0.15 for this source,
which is consistent with an optically thin emis-
sion from the UCHII region. The rate of ioniz-
ing photons needed to maintain such a UCHII
region is ∼ 2.5 × 1048 s−1 (Kurtz et al. 1994),
which is compatible with a ZAMS star of spec-
tral type O7.5-O8 (Panagia 1973; Martins et al.
2005). The position of this UCHII region is co-
incident with the dusty shell suggesting a prob-
able relationship with the origin of the explo-
sion as the sources Src I and BN in the Orion-
KL region (Zapata et al. 2011). This may im-
ply that the dusty shell, and the UCHII region
were probably ejected with a similar accelera-
tion. Some line analysis of the data covered by
this ALMA project reveal an east-west veloc-
ity gradient (∆V=15 km s−1) associated with
the dusty shell, which we tentatively associated
with an expansion motion. Similar expansion
motions are observed in the dusty and ionized
shells that surrounds the center of the explosive
outflows, see Orion-KL, G5.89 or even DR21
(Zapata et al. 2009, 2013, 2020; Fernández-
López et al. 2021). The dynamical age of the
shell is estimated to be 700 yrs, in a very-well
agreement with the estimated kinematic age of
the explosive outflow.

In Figure 1, we have also included the moment
zero, and one maps of the 12CO(2−1) obtained
with the present ALMA observations (grey and
color scale images). In order to compute these
maps, we integrated the radial velocities from
−120 to +80 km s−1. We remark that with the
present sensitive ALMA observations, we find
very broad velocity gradient traced by the out-
flow located here (∆V ∼ 200 km s−1). Henning
et al. (2000) reported a velocity gradient for this
same line of only ∆V ∼80 km s−1, more than a
factor of two lower. This can be explained by
the great sensitivity of the ALMA observations
that allows to detect fainter emission at higher
velocities. The CO emission is well resolved as
one can see in Figure 1. The CO is tracing two
main structures, one to the south, very elon-
gated into an east-west orientation, likely asso-
ciated with multiple classical bipolar outflows
(e.g. Zapata et al. 2018, 2015), and the other
one to the north with a morphology resembling
an ellipsoidal shell, elongated along a direction
with PA ∼ 30◦, and centered on or near the po-
sition of IRAS 12326-S. The southern rim of this
structure coincides with the northern ends of
the redshifted bow-shocks shown in red contours
in Figure 1. We do not find any evidence for an
outflow energized by IRAS 12326-N. We also did
not find any millimeter or even infrared (IRAC
or MIPS in the Spitzer data archive) that could
be related with bipolar east-west outflow.
Figure 1 is centered intentionally in the shell-

like outflow. In these images, we have addi-
tionally overlaid the 10 expansive streamers,
and high velocity redshifted bow-shock struc-
tures emanating from a quasi-isotropic outflow
reported here for the first time. Each of the
streamers traces the position of one sequence of
the CO condensations mapped at different ra-
dial velocities obtained from the velocity spec-
tral cube, this procedure has been used already
in many other studies, see for example Zapata
et al. (2009, 2013, 2020); Guzmán Ccolque et al.



8 Zapata et al.

0 1 2 3 4 5
Projected Distance [arcsec]

140

120

100

80

60

40

20

0

20
Ra

di
al

 V
el

oc
ity

 [k
m

/s
]

Figure 3. Position−radial velocity digram of the explosive streamers detected in IRAS12326−6245 with
our ALMA observations. The most southern and farther filament shown in Figure 1 is not plotted here for
convenience. We have plotted the blueshifted streamers in blue colors, while the redshifted ones in red. All
the molecular streamers are mostly pointing to some place around a radial velocity to −39.5 km s−1, the
systemic cloud velocity of IRAS12326−6245. In position, the center is located at αJ2000.0 = 12h35m35s. 147,
and δJ2000.0 = −63◦02′30′′. 48. In each filament the shaded or blurry blue and red colors represent the error
area that is about 0.1′′ for the on-the-sky distance.

(2022). In order to get a better view of this pro-
cedure, we have made additionally Figure 2. In
this Figure, we show the moment one map of the
CO(2−1) emission from the most southern red-
shifted expansive filament (see Figure 1) over-
laid with the positions of the molecular conden-
sations obtained in the velocity spectral cube
together with the radial velocities coded with a
color-scale similar to that of the radial velocities
in the moment one map. From this Figure 2, it
is clear to see the great correspondence between
the positions of the condensations obtained in
the spectral channel cube, and the moment one
map. The velocity gradient in Figure 2 is very
small (∼10 km s−1 over its 3′′ length) compared

to the full velocity range of the explosion. Thus
that given the large projected separation of this
streamer from the suspected explosion center, it
is likely that most of the motion is close to the
plane of the sky. The position on the sky were
most of the expansive streamers seem to point
is around the center of the dusty shell, at the
position αJ2000.0 = 12h35m35s. 147, and δJ2000.0 =
−63◦02′30′′. 48 with a positional error of 2′′. Un-
fortunately, we were not able to do a more com-
plete statistical analysis to find the sky center of
the explosion due to the low number of explosive
streamers. In addition, south of IRAS12326-S
we found no clear streamers, probably due to
a more dense environment along this direction
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(which may hamper a clear kinematic and mor-
phological footprint from the collimated stream-
ers). Future sensitive ALMA observations will
likely trace a more complete number of stream-
ers, and the center might be refined.
In Figure 3 is presented the radial-velocity vs.

on-the-sky distance plot of the 10 redshifted
and blueshifted expanding streamers reported
here. All the ten streamers follow more or less
straight lines and cluster to a range of radial
velocities between −20 to −60 km s−1, cen-
tered in the LSR systemic velocity of the cloud
in IRAS12326−6245, which is −39.5 km s−1

(Duronea et al. 2021). Additionally, the ex-
panding streamers also follow Hubble-Lemaitre
like expansion motions, that is, the radial ve-
locities increase with the on-sky-position dis-
tances, noted already in many explosive out-
flows, e.g. Zapata et al. (2009, 2013); Guzmán
Ccolque et al. (2022). The physical deviations
from straight lines are likely due to internal mo-
tions or sub structure of the expansive stream-
ers. There is not clear evidence of deceleration
in the molecular streamers, likely because of its
impulsive nature. From this plot, we can es-
timate an approximate value for the kinematic
time for the outflow, taking an average radial
velocity of 40 km s−1, and a distance of 3′′ or
∼6000 au, we obtain 700 yrs. This kinematic
time for the outflow is consistent with the time
(800 yr) obtained from the position most south-
ern streamer (8′′ away from the origin), and the
highest radial velocity observed in the stream-
ers (100 km −1). In the appendix section, we
have additionally included a PV diagram of the
outflow caching some of the explosive streamers
with different orientations and radial velocities.
Assuming that we are seeing optically thin

CO(2−1) emission (more likely the emission is
optically thick at these millimeter wavelengths,
so this estimation should be considered a lower
limit), and that we are in Local Thermodynamic
Equilibrium (LTE), and following the equation

2 presented in Cortes-Rangel et al. (2020), we
can estimate the mass for the explosive outflow
located here. Taking a distance of 2.03 kpc, an
excitation temperature of 30 K, a ratio between
the molecular hydrogen, and the carbon monox-
ide of 104, and a range of velocities of 120 km
s−1, we obtain a mass of 7 M⊙, a momentum of
8×102 M⊙ km s−1, and a kinetic energy of 1048

erg.

4. DISCUSSION AND CONCLUSIONS

Our new ALMA observations lead us to pro-
pose that in IRAS12326−6245 there is an en-
ergetic explosive outflow associated with the
shell-like outflow. All the morphological and
kinematical features discussed in Zapata et al.
(2017); Guzmán Ccolque et al. (2022) are well
distinguished for this outflow. The outflow con-
sists of high-velocity straight narrow filament-
like ejections with different orientations; the ex-
pansive streamers point back approximately to
a common position; the radial velocities from
the streamers follow a Hubble-Lemaitre like ex-
pansion; the outflow is embedded in a massive
5500M⊙ gaseous condensation, and associated
with a bright (105 L⊙) infrared unresolved IRAS
source. This outflow therefore adds one more
case to the list of the explosive outflows re-
ported in Orion-KL, DR21, G5.89-0.39, IRAS
16076−5134, and S106.
Taking these six explosive outflows reported

in the literature (Orion-KL, DR21, G5.89-0.39,
IRAS 16076−5134, IRAS 12326−6245, and
S106), we can then estimate the rate of the ex-
plosive outflows in our Galaxy. Following Zap-
ata et al. (2020); Guzmán Ccolque et al. (2022),
we can update the rate of explosive outflows in
the Galaxy. We adopt a time span of 15330
years between all 6 outflows (after taking into
account their different distances to Earth), that
all of them are immersed within a circle with
a radius 2.8 kpc, and that the Galaxy is a thin
disk with a radius of 15 kpc. With all of this, we
estimate an updated rate of events of one every
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90 years. This value is comparable to that re-
ported by Zapata et al. (2020); Guzmán Ccolque
et al. (2022). Our rough estimate will be refined
once more explosive outflows will be detected.
Moreover, the value reported here is well ap-
proximated to the rate of the Supernovae, 50 yrs
(Diehl et al. 2006). Alternatively, we can com-
pare this rate also to the massive star (≥ 8 M⊙)
formation rate, that can be estimated as follows.
The global star formation rate in the Milky Way
is ∼ 2 M⊙yr

−1 (Elia et al. 2022). Since the av-
erage mass of stars in the initial mass function
is ∼ 0.5 M⊙ (Parravano et al. 2006), we expect
that 4 stars form per year. Finally, since the
fraction of massive stars is ∼0.5% (Parravano
et al. 2006) of the total number of stars, we get
a massive star formation rate of 1 star every 50
yrs, that not surprisingly is very similar to the
supernova formation rate.
In conclusion, we report an explosive outflow

localized in the high massive star forming re-
gion know as IRAS12326−6245. We find over 10
molecular and collimated well-defined stream-
ers, with Hubble-Lemaitre like expansion mo-
tions, and pointing right to the center of a dusty
shell (reported for the first time here) local-
ized in the northern part of the UCHII region
known as MC3-MIR1 or UCHII G301.1A. The
estimated kinematic age, mass, and energy for
the explosion are ∼ 700 yrs, 7 M⊙, and 1048

erg, respectively. Therefore, IRAS12326−6245
adds a new case of explosive outflow as previ-

ously observed in Orion-KL, DR21, G5.89-0.39,
IRAS 16076−5134, and S106.
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Figure 4. Position−radial velocity digram of the explosive streamers detected in IRAS12326−6245 with
our ALMA observations. The PV diagram is made at the position of the center of the explosion (see text),
and a PA of 77.7◦. At this PA, we can elucidate three molecular streamers at high velocity. We have marked
with white lines the streamers, and with a white circle the center of the explosion.

APPENDIX

In Figure 4, we show a PV diagram of the ALMA CO(2−1) data. From this Figure, one can see
some of the streamers having similar position angles directly from the ALMA data.


