
Hee-Weon Yi1, Jeong-Eun Lee1, Tie Liu3, 
Kee-Tae Kim2, and Beomdu Lim1

Environmental effects on core formation: 
Different chemical and physical 

properties toward the λ Orionis cloud  

1 School of Space Research,University of Kyung Hee
2 Korea Astronomy and Space Science Institute
3 Shanghai Astronomical Observatory



Liu et al. 2018
SCOPE 
PI: Tie Liu

13,188 clumps (from a catalog of Planck Galactic Cold Clump)
2,000 propoesed clumps (TRAO Observations of Planck cold clumps: TOP)
1,000 observed clumps
 (SCUBA-2 Continuum Observations of Pre-protostellar Evolution: SCOPE)

TOP-

i) evolution from molecular clouds to cores and the influence of 
the local conditions
ii) analysis of the extreme cold sources, such as the most 
massive clumps or those located at relatively high latitude
iii) characterization of the dust emission law in dense regions 
and the role of the environment



core

corecloud

feedback?

OB  
stars

“Do massive stars give  
negative or positive feedback  

on core formation?”

How star formation varies as a function of the local environment?
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allocated time:120 hr 16.2 hr 2.8 hr

low β values and 
fraction of multiplicity 
in the λ Orionis cloud?

science goal: 
chemical variations 
within cores

KVN

detailed properties of 

different physical 
properties of cores 
in the three clouds 
(λ, A, and B)

350 hr

PI: Tie Liu
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Investigate whether the
envelopes are still in 
collapse and study 
outflow properties



 Orion molecular cloud complex:   
        best testbed of stellar feedback

Large H II region  (Sh2-264)

      : detected PGCCs at 850 
      : non-detected PGCCs at 850 μm  

Red: Planck 353 GHz 
Green: IRAS 100 μm 
Blue: Hα

λ Ori

Orion B

Orion A

Red: Planck 353 GHz 
Green: IRAS 100 μm 
Blue: Hα

Active star forming regions



<Core>
 
  Size : 0.03 ~ 0.2 pc
  Mass : 0.5 ~ 5 M⊙ 

  Density: 104 ~ 105 cm-3

Bergin & Tafalla. 2007
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cloud
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1. 119 Dense cores and their physical parameters 

size: 0.08 pc 
mass: 0.77 M  
N(H2): 8.2  
n(H2): 2.5

unit
column density: 1022  cm-2

number density: 105 cm-3

size: 0.11 pc 
mass: 1.18 M  
N(H2): 14.7  
n(H2): 3.4

size: 0.10 pc 
mass: 1.81 M  
N(H2): 38.4 
n(H2): 15.8

Td Td

Td



Core mass : SCUBA-2 @ 850 um
- most sensitive to the highest 

column densities 
- filter the large-scale diffuse gas

Clump mass : Planck @ 353 GHz
- colder than their local 

environments
- can not filter the large-scale due 

to large angular resolution ~ 5’

The mass ratio of Mcore/Mclump is 
the lowest in the λ Orionis (0.10) 
and the highest in the Orion B 
(0.20) cloud.

2. Core formation efficiency in the three clouds 

Mcore = (Mclump)0.85 - 0.66  (Orion B) 
Mcore = (Mclump)0.69 - 0.45  (Orion A) 

  Mcore = (Mclump)0.46 - 0.25  (λ Orionis) 



3. Detection rates of 11 molecular lines  
observed with KVN 

The overall detection rate is the highest in the Orion B cores 
and the lowest in the λ Orionis cores

Detection rates of the observed molecular lines toward cores in 
the λ Orionis cloud, Orion A, and Orion B clouds

Observed  molecular  lines



4. [HDCO]/[H2CO] ratios 
of starless cores and 
protostellar cores 

 The H2CO molecules are ubiquitous in the 
interstellar medium

 The formation of deuterated molecules is 
preferred at low temperatures and leads to a high 
degree of fractionation in cold, dark clouds 
(Roberts et al. 2001) 

               

[HDCO] / [H2CO]

λ Orionis cloud
protostellar cores  (4/7)
starless cores (7/8)

OrionA cloud
protostellar cores  (5/17)
starless cores (11/22)

OrionB cloud
protostellar cores  (6/11)
starless cores (14/15)
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fD > 0.1

lack of  cold cores  
due to UV radiation? 
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5. The effect of photodissociation 

The high C2H abundance in the λ Orionis cloud suggests that C2H2 is released from dust 
grains  owing to external heating from UV radiation and then photodissociated to C2H 

C2H becomes abundant by the photodissociation of acetylene : 

C2H2 + hν → C2H + H  (Fuente et al. 1993)

HCN is formed through recombination of electrons with HCNH+: 

HCNH+ + e- → HCN + H (Hirota et al. 1998)



Bar plot of blue excess (E) in the three clouds
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A combination of HCO+ and H13CO+ lines is usually used to distinguish 
an asymmetric “blue profile”

The lowest E of the λ Orionis cloud could be due to 
the suppressed star formation as well as a small 
number of samples 

6. Infall motions in the three clouds 

 (Mardones et al. 1997)

Blue:                   
δv < -0.25 
Neutral: 

-0.25 ≦ δv ≦ 0.25 
Red:                    

δv > 0.25 



SUMMARY : Physical and Chemical differentiation  
in the three clouds

λ   
Orionis cloud

Td: 16.0 K
 β: 1.6

C2H abundance:
3.8x10-8

Orion B cloud

Td: 13.9 K
β: 1.9

Orion A cloud

Td: 13.8 K
 β: 2.0

CFE:
0.12

C2H abundance:
1.5x10-8

C2H abundance:
1.6x10-8

CFE:
0.10

CFE:
0.20

[HDCO]/[H2CO]
0.01~0.25[HDCO]/[H2CO]

0.01~0.17

[HDCO]/[H2CO]
0.01~0.09

 High energy photons from the massive 
star (λ Ori) can photo-evaporate the 
dense dust and gas, leading to a low 
detection rates to molecular lines. 

 Since the λ Orionis cloud is exposed to 
the far-ultraviolet radiation field by the 
m a s s i v e s t a r , C 2 H a n d H C N 
abundances appear higher than those 
in the Orion A and B clouds. 

The low ratios of H2CO to deuterated 
H2CO (HDCO) indicates lack of cold 
cores in the λ Orionis cloud. 

 KVN observation results are consistent 
with our previous study of SCUBA2 
results and well support the negative 
stellar feedback on core formation.


