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TRAO Key Science Programs
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for 7 Molecular Clouds

TRAO-FUNS Survey



TRAO-FUNS L1478 관측결과

Chung et al. 2019



TIMES: mapping Turbulent properties In        
star-forming MolEcular cloud down to the Sonic scale 

13CO J=1-0 in Ophiuchus

Targets: Orion A and Ophiuchus clouds 

Lines: 13CO 1-0/C18O 1-0, HCN 1-0/
HCO+ 1-0, N2H+ 1-0/CS 2-1

Members: Hyeong-Sik Yun1, Jeong-Eun Lee1 (PI), Yunhee Choi1, 
Seokho Lee1,  Giseon Baek1,  Yong-Hee Lee1,  Minho Choi2,  
Hyunwoo Kang2,  Keni’chi Tatematsu3, Mark H. Heyer4, Brandt A. L. 
Gaches4, Neal J. Evans II5, Stella S. R. Offner5, and Yao-Lun Yang5 
[1KHU, 2KASI, 3NAOJ, 4UMASS, 5UT]

Objective: Investigate the turbulent properties from 
two different star-forming molecular clouds, and 
understand a relation between turbulence and 
star-formation.
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TIMES  Principal Component Analysis
• A possible way to recover underlying turbulent power spectrum from the observed spectral cube 

data (Brunt & Heyer 2013)


• Determines the relation between the velocity dispersion (δv) and spatial scale (L) and converts to 
the power-law slope of turbulent power spectra (Brunt 1999, Brunt et al. 2003)


• PCA results for the active star-forming regions, the Integral Shape Filament (ISF) in the Orion A 
cloud and L1688 in the Ophiuchus cloud show the largest and smallest δv for a given L  in HCO+  
and 13CO, respectively.

PCA results for 13CO PCA results for different transitions in ISF and L1688

➜ star formation feedback on turbulence

ISF L1688

universality of turbulence 

in molecular clouds

HCO+: a good outflow tracer



Surveys of Planck Galactic Cold Clumps

Planck is a third generation space based cosmic microwave 
background experiment, operating at nine frequencies between 30 
and 857 GHz


Planck Catalogue of Galactic Cold Clumps (PGCC), 13188 clumps


The PGCCs are cold (Td~14 K) clumps and thus represent the very 

initial conditions of star formation and molecular cloud evolution 

We have formed an international team that includes more than 150 experts all over the word  (China; Japan, 
S. Korea, U.K., Taiwan, U.S., Canada, France, Finland…) to follow-up  observe 1000-2000  PGCCs with 
multiple state-of-the-art telescopes (TRAO 13.7-m, PMO 13.7-m, JCMT 15-m, NRO 45-m, SMT 10-m, 
KVN, IRAM 30-m, SMA, ALMA, SOFIA, BLAST-TNG, Effelsberg 100-m, TianMa 65-m, FAST 500m…) 
in order to investigate the initial conditions of star formation in widely different environments and to 
address the questions raised in the introduction part. 

TOP: TRAO Observations of Planck cold clumps



All-sky distribution of the 13188 PGCC sources (black dots),  the 2000 PGCC sources selected for TOP (blue dots), 
and 1000 for SCOPE (pink dots) overlaid on the 857 GHz Planck map (Liu et al. 2018, ApJS, 234, 28)

TOP Survey



TOP: Filament formed due to cloud-cloud collision? 

0.1 pc

Red: redshifted CO emission

Blue: blueshifted CO emission

White: C18O emission

SCUBA-2 850 micron continuum

Zhang et al. 2019; more examples in Dana et al. 2019; Liu et al. 2018b, ApJ, 859, 151




