
[CII] 158 μm Line Emission as a 
Star Formation Rate Tracer

Rodrigo Herrera-Camus

A. Bolatto, M. Wolfire

KINGFISH
collaboration

D. Calzetti, J.D. Smith, K. Croxall,  A. Leroy, D.  Fisher, B  Draine,  
G. Aniano,  K. Sandstrom,  D.  Dale, L.  Armus, P.  Beirao, G. 
Helou,  P.  Appleton, B. Brandl,  A. Crocker, M. Galametz, C. 

Engelbracht,  B. Groves,   F.  Walter et al.

PIs: R. C. Kennicutt



[CII] 158 μm Line Emission as a 
Star Formation Rate Tracer

FUV

Hα

24 μm

NGC5457

Kennicutt & Evans
2012

[CII] 158 μm

1.  Very bright line in star 
forming galaxies 
(~0.1 - 1% LFIR)

2. Major coolant for the 
diffuse, neutral ISM

3. ALMA
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For regions where the cooling is 
dominated by the [CII] emission

heating ≈ cooling

dust grain/PAH

electron

FUV photons
~ 6-13.6 eV
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The Goal
Use resolved regions from a sample of 49 

KINGFISH galaxies

Study how [CII] 158 μm emission correlates with 
other star formation tracers 

Derive a SFR calibration based on [CII] 158 μm



PI R. Kennicutt

~0.2 ~2 
Median ~0.5

Resolution [kpc]
Distance [Mpc]

~3 ~33
NGC 4254IC 2574



[CII] versus 24 μm associated to SF

NGC 2915
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[CII] versus 24 μm

AGN Contribution
X-ray Dominated Regions

contribute to 24 μm 

24 μm 
“Cirrus” 

Contribution
e.g. dust heated 

by old stars

Fraction of 24 μm associated to cirrus:

avg. fcirrus ~ 20% 
(~19% Leroy+12, 7% Law+11)

24 μm 



38 39 40 41
39

39.5

40

40.5

41

41.5

42

42.5

43

log10 Y[CII] [erg s−1 kpc−2]

lo
g 10

 Y
24
µ

m
 [e

rg
 s
−1

 k
pc

−2
]

 

 

[CII] S/N < 3

38 39 40 41
log10 Y[CII] [erg s−1 kpc−2]

 

 

(m,N,m)=1.202,41.3,0.24

The [CII] - 24μm Correlation
12” region

49 galaxies

[CII] S/N < 3 90, 45 & 25% 

We find good Σ[CII] - Σ24μm correlation. Most of the [CII] 
upper limits are consistent with the correlation.
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[CII] S/N < 3
NGC 1377
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(m,N,m)=1.201,41.3,0.24

The [CII] - 24μm Correlation
NGC 1377: Nascent Starburst or buried AGN?

49 galaxies

(Roussel+06; Imanishi+09)
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[CII] S/N < 3
NGC 1377
AGN
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(m,N,m)=1.202,41.3,0.24

49 galaxies

Regions from 28 Galaxies classified as AGNs (Moustakas+10; Grier+11) 

AGN Contribution: mask the central ~0.5 kpc region

About half of the AGN regions show a moderate 
24μm excess compared to [CII]
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[CII] S/N < 3
NGC 1377
Opt. AGN
x−ray AGN
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(m,N,m)=1.202,41.3,0.24

AGN Contribution: mask the central ~0.5 kpc region

About half of the AGN regions show a moderate 
24μm excess compared to [CII]

Remove NGC 1377,  AGN 
points and [CII] upper limits

Regions from 28 Galaxies classified as AGNs (Moustakas+10; Grier+11) We find good Σ[CII] - Σ24μm correlation with a ~0.24 dex scatter

Slope = 1.2
1σ Scatter = 0.24
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(m,N,m)=1.07,−1.33,0.22
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Temperature Corrected

(m,N,m)=1,−1.39,0.19

49 galaxies

12” region

90, 45 & 25% 

We find tight, nearly linear correlation between Σ[CII] 
and ΣSFR with a ~0.22 dex 1σ scatter

The [CII] - SFR Correlation

Median
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ν70F70/ν160F160 1. FIR color/Dust Temperature

2. Fraction of the dust luminosity 
radiated from regions with intense 
radiation fields (U > 100)

f(LIR; U > 100)

4. Percentage of the total grain 
mass contributed by PAHsqPAH

3. Mean starlight intensity⟨U⟩

2, 3 & 4: Parameters from Draine & Li Model 2007
Aniano +12
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U = 1, local radiation field
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Dust Temp.

f(LIR; U>100)

⟨U⟩

qPAH

Reduced photoelectric 
heating efficiency

 a higher charge implies a higher Coulomb barrier 
to overcome, thus decreasing the energy per 
ejected electron (Tielens & Hollenbach+95; 

Malhotra+97; Luhman+03; Croxall+12)

Charged dust grains

Low PAH abundance

the high G0 increases the positive charge of dust grains, 
thereby reducing the energy of ejected photoelectrons and the 
fraction of UV photon energy that is converted to gas heating.

εph
LCII = εph x LFUV
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After the 
FIR color 
correction

Implement an IR color correction for 
ν70F70/ν160F160 ≳ 1.25

log10Σ[CII] → log10Σ[CII] + 

log10(ν70F70/ν160F160)-0.1 

Dust Temp.

f(LIR; U>100)
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dust grain/PAH

FUV photons
~ 6-13.6 eV

C+

158 μm-2Po1/2

2Po3/2Gas

εph

OB
e-

Starburst99 code
Model stellar populations

Leitherer+99
LFUV  =  f(SFR,time)

PE Heating Efficiency
εph ~ 0.1 – few %

LCII = εph x LFUV

LCII = εph x f(SFR,time)

LFUV  ⟶ LCII
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Stellar Pop. Age
t = 2 Myr
t = 20−100 Myr
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Stellar Pop. Age

6 individual
cases

t = 2 Myr
t = 20−100 Myr

Age = 20-100 Myr, εph = 0.1,1 & 3% 

Comparison to SB99 model 

At a given ΣSFR, increasing εph implies higher Σ[CII]

Age = 2 Myr, εph = 0.1,1 & 3% 
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Stellar Pop. Age
t = 2 Myr
t = 20−100 Myr
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Stellar Pop. Age

6 individual
cases

t = 2 Myr
t = 20−100 Myr

12” region 90, 45 & 25% 

Comparison to SB99 model 
Bulk of the data explained by star formation duration episode 20-100 Myr old,

and εph between 1 and 3%



Summary
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(m,N,m)=1.07,−1.33,0.22
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Temperature Corrected

(m,N,m)=1,−1.39,0.19

Σ[CII] - ΣSFR 
49 galaxies

We find a tight, nearly linear 
correlation between Σ[CII] and ΣSFR 

with a ~0.22 dex 1σ scatter

We start to find deviations from the fit in 
the direction of an IR excess for regions 

with ν70F70/ν160F160 ≳ 1.25

We derive a simple prescription to correct 
for this deviation.−0.5 0 0.5
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The data show that the [CII] emission 
can be used for measurements of SFRs in 

normal, star forming galaxies in the 
absence of strong AGNs.


