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Atomic to Molecular Gas Clouds

HI, CllI, CI, and CO, track the
evolution of clouds from the F
diffuse to dense state |

* Diffuse Atomic Clouds
« Warm, low density HI & CII

e Transition Clouds — a
phase with H, and ClII, but
little or no CI & CO.

 Dense Molecular Clouds -
H, is traced by CO

We are missing a critical
stage of cloud evolution
without CII

. I deg
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JEL Evolution of HI and CII @

fractional abundance

fractional abundance

t=100yr
10~6 1 lo-‘ y 2 1 10~‘ s 1
0.1 1 A 10 0.1 1 A 10 0.1 1 A 10

Time dependent evolution of carbon (Lee et al. 1996)
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PDR Model

“hidden gas”
~30% of H,
0 1 1 | 1 1 1 1 I 1 -
FUV 2
irradiation
VV \ N>

&

log fractlonal abundance
&

[
-y
=

Visual Extinctlon

Wolfire et al. 2010
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From COBE & BICE to Herschel HIFI

» CII - strongest Galactic far-IR line
« COBE 7° beam & AV ~ 103 km/s
 BICE 15’ beam & AV ~ 175 km/s

» COBE - widespread distribution of
Cll in the Galactic plane

» BICE - inner Galaxy distribution.

COBE FIRAS 158 pum C* Line Intensity

HIFl:  GOT C+: G345.6522+0.0

PDR/HII?

- HIFI /
+ kpcarm Local ISM

Molecular Ring?

Cll Intensity (K)

Nearby arms |

e

... far-IR dust

3500 < /< 30° & |b| < 3°

Herschel HIFI has the spectral
BICE and IRAS (<0.5 km/s) and spatial resolution
(12”) to study individual clouds.

" 5
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GOT C+ Samples CII throughout the Galactic Plane @

Over 360 los observed to date.

Galactic Plane Survey - systematic
volume weighted sample of 500

11 LO 11 LOS’

l.o.s. in the disk 1000 f - Lod
—_ o __ (0] - (0] - (o] (o]

1(0° — 360°) at b = 0°, +/- 0.5 & 1 7LOS'&\\ \\ // /gLO
j ’ {1 >, £ [ /

BRI P |

’ » ‘
6 LO \
1 50 4] 50 100 =150 a
longitude (deg)

Galactic Central Region: Cl|
strip maps at 360 positions in
on the fly (OTF) mapping mode.

C" strip map overlaid on CO map

i 6
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S GOT C+ First Results @

One of 16 LOS taken in the PSP &
PVP phase located along / =345°

3 HIFI: GOT C+: G345.6522+0.0
T T T T T T T T T T T T T U T T T T T T T

Dense (13CO counterpart)
Diffuse (HI counterpart)

[c 1] T, (K)

2c0 T . (K)
(o

i 7
l]lﬂ (+7 Bill Langer/JPL 11/2/10



S GOT C+ First Results

6 | . . ! . | ) ! ) ! | . ! ! ) ! ) ! ) | _
. Dense ('°CO counterpart) Cll G024.3+0.0
< 4L Diffuse (HI/'?CO counterpart) _
E
5 2f :

'2co T_,(K)

One of 16 LOS taken in the PSP &
PVP phase located along / =24°

UUT [}+? Bill Langer/JPL 11/2/10



JPL GOT C+ First Results: Statistics @

* Detected 146 CIl features in first 16 LOS
« 35 no ?CO - Diffuse atomic & molecular clouds (Langer et al. 2010)
« 53 with 2CO, but no 3CO - Transition clouds (Velusamy et al. 2010)
« 58 with 12CO & 3CO — Dense Molecular Clouds (Pineda et al. 2010)
— 12 of these with C'0 — Dense Cores

AR S SRR U
i0 Ve P

Are we looking
through a cloud or
anedge—isita
diffuse cloud or a
PDR?

Complete GOT C+ survey will intersect thousands of clouds and allow
a statistical study of ISM conditions in various Galactic environments.

i 9
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JPL H, in Diffuse Clouds @

6/
CHDE: 4
HI, [C ]| D)

I(CI1) = I(CII,HI) + [(CII,H,) (K km/s)

- Diffuse Cloud N(H,)/N(HI)

I(CI1) = f(ny, Te) N(CH)yyy + F(N2, Tie) N(CF)y i II((ﬂZ)LOggo s &

f = Cll excitation ol

Use HI to estimate I(CII,HI) = = _
Calculate N(H,) as f(n,T) =l - & X
Details in Langer et al. 2010 = 3 X X

2 | X 2
« Many clouds have excess C* not readily 1 Xi >,<§ % >§<><
explained as coming from an HI layer o < X X
* Need very warm, dense gas to explain T Tt
[(Cll) as coming just from HI cloud or layer A (mag.)

* Cll traces warm (T,;, > 30K) “hidden” H,.
« Diffuse clouds or edges of dense clouds?

. 10
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Transitional Molecular Clouds: CIll + 12CO

O) [ T 1 T 1
=10 [' ] « Analysis of Cll versus HI
E | N, : and 2CO reveals excess C*
57 ) - that traces a warm “hidden”
s t dll --"n.”.n..\:i cyef
3 | f 1 o )-» 200 T _100)] H, cloud layer.
= 0 | 3 -—-—T‘ " H‘u — | ] .
eer | , ('(, _ . . 1 + Comparing mass traced by
0 200 400 600 800 1000

I(HI)  (Kkms~") C£|5ao/nd fcig’ on ave'ra'get’h
b) 10 . . ~25% of the mass is in the
n 'T-fgg;tl*lzn gnge ] C* layer in agreement with
wo Ly > 4 szco' models (e.g. Wolfire et al.
$ L *+ ,,,,,,,,, A 2010).
i E +t[" + -- " NQr"le‘ o CO c’o ’
= gﬁf i, (oo ]  + Velusamy et al. (2010) for
g’ T details.

20 a0

I{ ‘zco) (Kkmssq)

(a) The line is a fit for I(CIl) vs. I(HI) in “nominal” HI clouds. I(Cll) above this line arises from C* in the H, layer

surrounding a'2CO core.
(b) Excess I(ClI) plotted against I(2CO). The line is a fit to I(Cll) from “nominal” clouds containing about 15% of
the total H, in the H,/C* layer. Clouds with larger H, envelopes lie above this line.

got C+7 Bill Langer/JPL 11/2/10 "




JPRL ..
Constraining n, T, and Gg,y,

« Constrain [n, T,Gg,] (Gg,y the intensity of the FUV field), with
cloud models including: chemistry, thermal properties, radiative
transfer of UV in and sub-mm and far-IR out

« 12CO provides an important constraint: C* has converted to CO
and we can calculate extinction to the C*-C°-CO transition

10

No '2c0; No '3c0) ]

Detection thresholds for 12CO,
13CO, C'®Q0 based on chemical-
cloud models (Visser et al. 2009).

5
Diffuse IAtiorl'nilc

« Additional observations of Cl and CO(J>3) in transition zone,
can provides tight constraints (n,T,Gg )

» Otherwise, use thermal models to estimate (n,T) in the HI and
H, layers and get indirect, but looser, constraints.

gof 0+7 Bill Langer/JPL 11/2/10 12
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Cloud Models @

« Several time dependent codes available & under development

— Smooth density models — e.g. Meudon code, Visser and Glover
models, PDR models of Tielens, Hollenbach, Kaufman, & Wolfire

— Clumpy models — e.g. KOSMA-TAU code (Cologne group and
Sternberg)

* In all cases one needs to develop a grid of models as a function
of parameters to search for the best solution for each cloud.

 We have used a simple model to estimate the cloud conditions

« Simple chemical model for
C*to CO

* Heating: UV + grain &
PAHs; C.R. ionization

» Cooling: Cll emission

* lterate on Gy(FUV) until
match I(Cll) and [(CO)

Bill Langer/JPL 11/2/10 13
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Transition Cloud Solutions (lllustrative)

JPU
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Set of solutions using simple thermal and chemical models
More exact modeling with cloud-chemical models is underway

using the Meudon and KOSMA-TAU codes.
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PDRs in Dense Molecular Clouds

« Adding Cl & CO(J23) better constrains n, T, G, in PDRs
« 4 LOS observed in Cl (609 um) and CO(4-3) at NANTEN2
« 21 Cll components have associated Cl and CO emission

[CII] —
[CI] 609um

e Combined CII, CI, and CO
(1-0) to determine PDR
conditions using a grid of

w B w [=2] ~
T T T T

Tmb [K]

KOSMA-TAU PDR | >
models— see Poster by s Lce M haali A
Pineda et al. or ' | | ' ' I r—
* Most of the sources have 7
high density, ~10* cm=, and % w}
Geyy < 100 Gp. |
« Comparisons with Meudon .

COde are underway (I) 210 40 slo 80 1(1)0 1;0 1:10 16

LSR Velocity [km/sec]
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JPL Summary @

Detected 146 Cll features in 16 LOS (335° - 25°), out of 900 planned LOS;
350 LOS observed to date

— 35 HI and no 2CO - Diffuse atomic & molecular clouds

— 53 HI, 12CO0O, but no 3CO — Transition clouds

— 58 12CO and 3CO PDRs, a few of which have C'80 on the line of sight

* Results
— Significant amount of warm H, in diffuse and transition clouds
— Fraction of H, in dense clouds observable only in Cll — warm “hidden” H, ~25%
— 44% of I(Cll) comes from warm, dense PDRs, rest diffuse and transition clouds
— PDRs observed in Cll, CI, CO show high n (>10% cm=?) and Gg,, <100G,
— Three papers published in the A&A HIFI Special Issue
« These early results show great promise for using Cll 158 ym line to study
the H, gas in the UV radiated portion of clouds.
» Alarger cloud sample on completion of the GOT C+ Disk survey will:
— Trace the evolutionary status of transition clouds and their role in the ISM
— Characterize PDRs in star forming environments.
— Provide an estimation of the fraction of [CII] emission tracing star formation

got C+7 Bill Langer/JPL 11/2/10 16




