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Filamentary Structure and
Star Formation in OMC-1

Yu-Hsuan Teng and Naomi Hirano




Motivation

e Filaments are commonly observed in
star forming clouds

e Hub-filament structure in high mass

star forming regions e i

Myers (2009)
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Observations

e Orion molecular cloud 1 (OMC-1)
o Distance: 414 pc

o Nearest high mass star forming region
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o N2H+ J=3-2 Ori

> Critical density ~ 10 ¢cm™3 -

o SMA: 144 pointing mosaic ol - |
: - NoH* 1-0

> CSO: OTF mapping NRO 45m

- Combine SMA and CSO data 35 [~ -
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Tatematsu et al. (2008)




SMA + CSO Results

Moment 0 (~5.4")

Southern



SMA + CSO Results

0.02-0.03 pc Moment 0 (~5.4")
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Global Collapse

MHD simulation of a global collapsing cloud

Column density (x10%°cm ™) Line of sight velocity (km,'s)
2 4 6 B -2 -1 0 1

offset in arcmin @ 3.25kpc

-1 0 1 -1 0 1
offset in arcmin @ 3.25kpc offset in arcmin @ 3.25kpc
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Peretto et al. (2013)



Large Scale Analysis

NRO 45m (1-0) SMA+CSO (3-2) (3-2) / (1-0) ratio
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17.8” resolution (convolved)




NRO 45m (1-0) (3-2) / (1-0) ratio

SMA+CSO (3-2)




NRO 45m (1-0)

(3-2) / (1-0) ratio
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Non-LTE Analysis

eUsing RADEX
eN>H* (3-2) and (1-0) spectra model
- (3-2) / (1-0) intensity ratio model

¢ Tun®) = (MEEED (1) ) 1~ e27)

Tkin

e Compare three models with observations

-> Derive the physical parameters
> Trin: Kinetic temperature (8-60K)
o N(N,H*"): NoH* column density (1e12-1e14)
- n(H,): H2 density (1e4-1e9)




Physical Conditions

e Radiation from south-east (Orion KL)

North
------------------------------------------ Western  Southern
(Eastern) (Western)
n(H,) (cm™3) 3 x 10° ~107 (< 3 x 10°) 3 x 10° 3 x 107
Trin (K) 31— 37 12 — 14 (20 — 40) 9—-13 35 —42
N(N,H') (cm™%) 3 x 1013 3 x 1013 1013 3 x 1013
Typical Ratio 2.5+ 0.25 1+0.1 1+04 4+04

Table 1 Large-scale Parameters
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Physical Conditions

e Radiation from south-east (Orion KL)

------------------------------------------ Western Southern
(Eastern) (Western)

n(H,) (cm™3) ~107 (< 3 x 10°) 3 x 10° 3 x 107

Trin (K) 12 — 14 (20 — 40) 9-—13 35 — 42
N(N,H') (cm™%) 3 x 1013 3 x 1013 1013 3 x 1013
Typical Ratio 2.5+ 0.25 1+0.1 1+04 4+ 04

Table 1 Large-scale Parameters



High Resolution Analysis

ALMA+IRAM 30m (1-0) SMA+CSO (3-2) (3-2) / (1-0) ratio
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Physical Properties of Filaments

(Filament regions)

Core Regions Low Intensity Non-filament
(High Intensity) Regions

(> 40 Kekm/s) (14-20 Kskm/s)  -9ONS

n(Hz) (cm™3) 3 x 10°
Tkin (K) ~ 35

N(N,H*) (cm™?) 2 1013

Typical Ratio 140.2 1+ 0.2 25 405

Table 2 High-resolution Parameters



Physical Properties of Filaments

(Filament regions)

Core Regions Low Intensity Non-filament
(High Intensity) Regions

(> 40 Kekm/s) (14-20 Kskm/s)  -9ONS

n(H,) (ecm™3) 107 107
Trin (K) 16 — 20 11 — 14
N(N,H") (cm™?) 1014 3 x 1013
Typical Ratio 1+0.2 1+0.2 2.5+ 0.5

Table 2 High-resolution Parameters



Physical Properties of Filaments

(Filament regions)

Core Regions Low Intensity Non-filament

(High Intensity) Regions reions V\?Ieosrtt:r-n
(> 40 Kekm/s)  (14-20 Kekm/s) J
-3 7 7 6 ~107
n(H,) (cm™>) 10 10 3x10 - 6
12 — 14
Thin (K 16 — 20 11 — 14 ~ 35
kin ( ) 62—9———4—9}
N(N,H"') (em™?) 1014 3 x 1013 3 x 1013 3 x 1013
Typical Ratio 1+0.2 1+0.2 25105 1+0.1

Table 2 High-resolution Parameters



Conclusion

e Moment O map in N2H* (3-2) reveals filamentary structure
with typical widths of ~0.02 to 0.03 pc.

e Velocity structure in N2H* (3-2) may indicate a global
collapse scenatrio.

e From (3-2)/(1-0) intensity ratio maps,

- large scale analysis shows a high ratio in the eastern
edge - External heating (Ty;,~31 — 37 K)

> high resolution analysis shows a low ratio in the filaments
- High density and low temperature

(n~107 cm™3 and Ty;,~11 — 20 K)



Thank you for your attention!




1-0 Model

3-2 Model

Ratio Model

M{NZH#) = 13.5
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=region= west/bg westffila mnorth/mainfila northfwestfila north/zastfila  south/highT  south/lowT =
=ratio = 1+0.4 1402 254025354035 1201 3.5x0 45 404 251038 =
<gmission= &4~7 15~20 15~45---35~45 1520 20730 3055 1025 =
1=k 3.1623=b 1=7 1.1623e7 1=8 3.1625e8 1=48
18~23K 11~13K S9~11K S 10K 8~ 10K 2~ 10K B~10K
1lel3 X X X X X X X
25~32K 18~22K 17200 16~19K 15~13K 15~15K
X X X X X X X
34~3cK 15~17K 12~13K 11~12K 11~12K 11~12K 11~12K
- 35~42E—51K 23~26kK-—31K H—-28~25K 2123H---2730K | 202 3K—--2730K | 202 3K—--2T~30K
3.1623e13 4053k 17~1%K 13~14K 12K 12K 11~12K 11~12K
X X X X X X X
X X X 31~37K 31~37K J0~3TK 037K
X X X X X X X
1=14 X X X X X X X
<region = filaments non-filaments >
<ratio = 1402 25305 =
1et 3.1623eb 1e7 3.1623e7 1=8 3.1623e8 1=8
1013 22=35K 12~16K S~13K 9~12K 9~1 2K 8~11K 8~11K
x 23~34K 1e~23K 15~21K 15~21K 14~21K 14~21K
- 33~60K 15~21K 11~15K 10~14EK 10~14K 10~13K 10-~13K
3.1623213 X 3048k 20~29K 18~26K 18~26K 18~26K 18~26K
1e14 X 21~32K 13~19K 13~19K 13~18K 13~18K
X S4~60kK 30~44K 27~35K 26~38K 26~38K 26~38K
< region = filaments =
<ratio= 1302 >
<intensity = 14~20  20~30K  40~50K =
1e6 3.1623e6 1=7 3.1623=7 1ed 3.1623e8 1=5
lel2 X ® X X ® X X
X 15~18K 11~14K 10~13K 10~13K X X
3.1623¢13 36~60K X X X X X X
114 X X




M42 and Orion KL

24



