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M [CIl] 158 uym transition

e.g. Riechers+2014, Ota+14,

Very bl’lght line (~O1 - 1% |_F|R) ALMA be Breuck+15, Capak+15,

Z~4-7 Diaz-Santos+16, Aravena+16, ...

Multiphase origin
neutral (atomic and dense PDRs), molecular and ionized gas

SMC (~10 pc)
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see also: Pineda+13 (MW), Kapala+15 (M31), Requena-Torres+16 (SMC), Accurso+16 (model)...



M [CIl] 158 pm transition

e.g. Riechers+2014, Ota+14,

Very bright line (~0.1 - 1% Lrr) — ALMA: de Breuck+15, Capaks+15,

Diaz-Santos+16, Aravena+106, ...

Multiphase origin
neutral (atomic and dense PDRs), molecular and ionized gas
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f the gas is in thermal balance: heating = cooling
(star formation) ([CII])



Kingfish (Key Insights on Nearby Galaxies: N NGC 3338 NGC828 .  NGC7793
a Far-Infrared Survey with Herschel)
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[CIl] EMISSION AS A TRACER OF SF ACTIVITY

Herrera-Camus+ 2015
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We find tight, nearly linear correlation between 2ciy and 2srr
with a ~0.22 dex 10 scatter
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[CIl] EMISSION AS A TRACER OF SF ACTIVITY
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Reduction in the photoelectric heating

efficiency due to charging of the dust grains
(Tielens & Hollenbach+95; Malhotra+97; Croxall+12)
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[CIl] EMISSION AS A TRACER OF SF ACTIVITY
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[CIl] EMISSION AS A TRACER OF SF ACTIVITY

1 1 1 1 1 1 1 1 1 1
ol KINGFISH regions 4 L After IR Color Adjustment /
GOALS starbursts: @ ) o Sa
mL_<10L LA ‘ '/:/
£ A /7 wg ¢ A ]
FIR .IL | - /v‘/.|
NI—I 1 - L > 1011 LO 0 .‘/-// 7 - - Ny ‘; ; / -
I FIR o] umi/ N M
Q I.F“\/_‘ < M ,'L 4
o LN [ /I i,
X 0 _J;. g 7 . 11,: . 7
s A w2
Eo ’ I/:-./ -./:-l/
— 1 7/ - - 74 -
o
LL
n
N
o
> —2r 17T }
o
—-3F - |- -
——— (m,N,0)=1.13,-1.22,0.21 _
, — — - (m,N,0)=1.00,-1.34,0.21 , SFR = f([C”]’ IR COlor)
_4 | | | | | | | |
38 39 40 Al 42 43 38 39 40 Al 42 43
Iog10 Z[C”] [ergs " kpc 7] Iog10 Z[C“] lergs  kpc 7]

The color-adjusted >c;; — 2srr correlation is valid over almost 5
orders of magnitude in 2srr, holding for both normal star-forming
galaxies and non-AGN luminous infrared galaxies (LIRGS).
see also: Sargsyan+12, de Looze+14



SUMMARY AND CONCLUSIONS

[Cll] emission can be used for
measurements of SFRs in
normal, star forming galaxies in
the absence of strong AGNSs.

Herrera-Camus+ 2015



INI1] 122 AND 205 MICRON LINES AS

TRACERS OF THE IONIZED GAS

(1) Direct measurement of the ionizing
photon rate

electrons (star formation activity)
‘ (2) Measure electron densities
18 | L lllllll | L lllllll | L lllllll | L lllllll L L
1.6::\\\\\ -
1.4 -

=1
\]
|

Intensity ratio
o
© =
I I

o
o
|

~
-
_____

0.4

0.2

10° 10" 10° 10° 10 10

Electron density (cm‘3)




INII] 122/205 LINE RATIO AND Ng

Herrera-Camus+ 2016
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SFR surface density
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[NIl] TRANSITIONS AS STAR FORMATION TRACERS
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SUMMARY AND CONCLUSIONS

[Cll] emission can be used for
measurements of SFRs in
normal, star forming galaxies in
the absence of strong AGNSs.
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Distribution of ne densities of the singly
lonized gas with a median ne ~30 cm-3

We find good correlations between [NII]-
SFR. However, note that a [Nll]-based SFR
calibration depends on [N/H], neo and o.
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