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“Dark Gas”

What is “Dark gas”?

Gas component NOT detected by traditional radio emissions:
- Atomic hydrogen (HI 21cm line) and

- Carbon monoxide (CO) molecules (~2.6 mm lines)

But can be seen from...



Excess of Dust Reddening E(B-V) found above the linear correlation with N(H)
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Fig. 1. Map, in Galactic coordinates centered on [ = 70°, of the excess dust reddening found above that
linearly correlated with the integrated HI and CO line intensities.
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“Dark Gas”

Where?
- In the Galactic plane
- In the Molecular clouds

- Else where?
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Fig. 1. Map, in Galactic coordinates centered on [ = 70°, of the excess dust reddening found above that
linearly correlated with the integrated HI and CO line intensities.




“Dark Gas”

How much?
20 - 50% of the measured mass of HI (Grenier et al. 2005, Planck collab. 2011)

Still poorly understood

Nature of “Dark Gas”?
- Cold HI (Fukui et al 2014) or
- Molecular H, or both (Lee etal. 2015)?

Also poorly understood



Not much evidence for Dark Gas in my analysis



Data

1. Hl and OH:
Arecibo Telescope (Millennium Survey) and 21-SPONGE survey

2. CO:
Delingha 14m telescope (China)

3. Dust optical depth 7., dust radiance R:
Planck data (Plack collaboration 2013)

4. Reddening E(B-V):
Sloan Digital Sky Survey Stellar Spectra (Schlafly et al. 2011)



1. Results from HI data

Total Ny, and Optically thin N, Total Ny, vs Optically thin N,
250 along 94 (Millennium Survey & 21-SPONGE) lines-of-sight
525 R =[0.22 + 0.03] - log1(N;;/10%°) + [0.88 = 0.02] 25 -
R =1[0.32 +0.06] - log10(N;;/10%°) + [0.81 +0.05], Lee et al. 2015
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HIl mass increases by ~10% compared to optically thin assumption.



2. Results from OH data
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Main lines LTE conditions:

i <0.25: inli ' '
_ Optical depth: t.._/t.._ = 9/5 Optical depth 1<0.25: OH main lines are optically thin

b 167" 1665 Only 9/48 OH components having:
- Excitation temperature: Tex, . = Tex, T, T, = 9I5 (within the error-bar)
Tex ... =Tex . (within the error-bar)

=> In general, OH main lines are not in LTE
(Dangerous to assume LTE)



3. Results from dust, CO and Hl data

T3s3 and total Ny

—— Result from Planck collab. 2013
= ODR linear fit
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OH abundance ratio: X_,=N_//N

1) N, derived from 1353, E(B-V) and Radiance
2)N_,=%(N_,N_), N, fromAreciboMS survey
3) N_,, derived from Arecibo MS survey

4) Then X_,, =N_. /N

H2

OH abundance ratio from 3 different proxies of
N, are consistent:

X, ~5.0x10°

From Liszt et al. 1979:
Xy~ 107

OH abundance ratio: Xoy = Non/Nh,

0 Xow, Ny, from Tss3
8- I XOH: N|_|2 from E(B — V)
=1 Xon. Ny, from Radiance

0] 5 10 15 20
Xor = Nor/NH, (108)



Thank you !
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