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The formation of high-mass stars
● Begins inside dense and massive molecular cores (Tan et al. 2014)
● These objects finish their Kelvin–Helmholtz contraction very rapidly 

and reach the main sequence (Norberg & Maeder 2000; Keto & 
Wood 2006)

● At this point, the star radiates extreme ultraviolet (UV) photons that 
ionize its surroundings, producing very small regions of ionized gas 
called HC HII regions -- observationally characterized by sizes ≤ 
0.03 pc, densities n  > 10𝑒 6 cm−3, and emission measures > 108 pc 
cm−6 (Kurtz 2000). 



 

Theoretical calculations show that almost half of the mass of O-type stars is accreted 
after the K-H contraction and the onset of ionizing radiation Hosokawa & Omukai 
(2009); Zhang et al. (2014).

How high-mass stars keep accreting despite the onset of the ionizing radiation?  
Not well established

✔ An effective way to circumvent the radiation and ionized gas 
pressure is accretion from a disk, allowing the accreting 
material to reach the young high-mass stars much more easily 
by flowing inward, mainly through the plane perpendicular to 
the angular momentum vector of the system 

Nakano 1989; Kuiper et al. 2011

Accretion from a disk?



 

● How does accretion proceed after the onset 
of the ionizing radiation?

● How does the envelope material avoid 
being ionized and blown away by its own 
pressure?

We try to answer: 



 

ALMA observations (Band 6)

toward a set of luminous embedded HMYSOs 
associated with HC H II regions 

Simultaneously observed SO2, CH3CN, and 
H29𝛼

➔ Whether or not HC H II regions are 
associated with rotating hot molecular cores 

➔ to detect inflow motions from the 
surrounding gas 

➔ to look for evidence of disk accretion

➔ ahotto settle the question as to whether or 
not accretion onto the HMYSO is maintained 
after stellar contraction and UV photon 
injection. 



 

Methyl cyanide spectra obtained toward the G345.01 HC H II region. K 
components of the CH

3
CN 14-13 transition are marked with dashed lines 

(V
LSR

 =-14 kms).

CH
3
CN J = 14-13 rotational lines

G345.0061+01.794 B



 

Images of the velocity integrated line emissions (upper panels) and moment one images (lower panels) of the K=2,3,4,6,7,8 
transitions toward G345.01 HC H II region. Superimposed are contours of the continuum emission. Contour levels are 0.0055, 

0.015, 0.03, 0.1 and 0.2 Jy/beam. The white ellipse shown at the bottom right corner indicates the beam size.

The blue spot signature is presented in all K 

components in the diagram

CH
3
CN Momen maps



 

Clearly exhibits the shift 
in velocity, from 
blueshifted velocities in 
the SW to redshifted 
velocities in the NE.

Channel maps for the k=3 component of CH
3
CN 14-13 transition. 

Superimposed are contours of the continuum emission.

Channel maps



 

Images of the velocity integrated line emissions (upper panels) and moment 
one images (lower panels) of SO

2
(30-30) and SO

2
(32-32) lines.

The integrated intensity peak of 
the SO

2
(30-30 and 32-32) 

emissions are similar to those of 
the CH3CN. 

The blue spot signature is also 
presented 

SO
2
(30-30 and 32-32) moment maps



 

Left panel shows an image of the velocity integrated H29a emission along with the dust continuum 
contours. The velocity range of integration is from -44 to 8 km s -1. The velocity integrated line 

emission is reaching up to 18.7 Jy/beam km s-1 at the peak positions which is coincident with dust 
continuum. Right panel shows a spectrum of the RRL emission integrated over the source. The 

linewidth is 34 km s-1.

H29a RRL emission



 

Rotational diagrams derived from the peak position (blue spot), and in halp-rings going from the peak position towards the 
South-East (diameters at angles of -45 degrees) with different radial radius (R1, R2, R3, R4 and R5) from the peak position.

Rotational diagrams



 

A signature of infall?

The blue spot feature can be taken as a signature of infall (e.g. Mayen-Gijon et al. 2014). 

The central region of the first-order map appears blueshifted because of the higher weight of the strong 
blueshifted emission.  At larger distances from the center, the integrated intensity decreases, the blue and 
redshifted intensities become similar, and the intensity-weighted mean velocity approaches the systemic 
velocity of the cloud

This infall hallmark is designated as the “central blue spot” 
(Mayen-Gijon et al. 2014; Mayen-Gijon 2015).



 

G345.01 first-order moment for the CH
3
CN

3
 transitions as a function of angular distance, measured for rings of 

width 0.05” centered on the average position of the peak of the blue spot, and average radius   . The error bars 
are the standard deviation of uncertainties of the velocity inside each ring. The right-hand vertical axis shows the 

velocities obtained from the first-order moment maps, while the left-hand vertical axis shows the velocity with 
respect to the systemic velocity of G345.01, taken as V

sys
=-14 km s-1.

θ

Infall motions  

Komesh+ in prep.

The hallmark model of Estalella et al. (2019).



 

Conclusion
We present high spatial resolution dust continuum and molecular line emission observations toward the HC H 
II region G345.0061 made using the ALMA (256.3-259.6 GHz). The main conclusions of this study can be 
summarized as follows:

● The first-order moment images show a velocity gradient from NE to SW with average velocities preferentially 
blueshifted in the SW side and redshifted in the NE  side of the source, and a spot of blueshifted emission 
to wards the peak of the zero-order moment.

● The velocity range of integration of H29a is from -44 to 8 km s−1. The velocity integrated line emission is 
reaching up to 18.7 Jy/beam km s−1 at the peak positions which is coincident with dust continuum.

● The rotational temperature decreases from the peak position to the edge of the source ( 1′′) from 230 to 137 ∼
K.

● The clear detection of the ‘central blue spot’ signature in G301.01 HC H II region indicates that infall 
motions play a fundamental role in the gas kinematics of this source.

toktarkhan.komesh@nu.edu.kz



17

 

Happy Celebration!
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