
ABSTRACT

The brightest observed emission line from most normal star-forming galaxies is 
the 158 μm [CII] line, making it detectable in even the most distant galaxies 
(Luhman 2003). It is thus imperative that we have the tools to fully understand 
how this emission line could be utilized as an indicator of star formation rate. 
There are two main challenges to utilizing the [CII] 158 μm line as a star 
formation rate indicator, its multiphase origins and the so called ‘[CII] deficit’.  In 
order to better understand and quantify the [CII] emission as an indicator of 
star-formation rate, the relationship between the [NII] 205 μm emission and the 
[CII] 158 μm emission has been employed to determine the fraction of [CII] 
emission that originates from each phase of the ISM.  Sub-kiloparsec 
measurements of the [NII] 205 μm line in nearby galaxies have recently become 
available as part of the KINGFISH program.  We use these two far-infrared lines 
along with the suite of KINGFISH data to present an improved calibration of the 
[CII] emission line as a star formation rate indicator and better understand the 
cause of the [CII] deficit.

Sample

This work is part of the KINGFISH (Key Insights on Nearby Galaxies: a 
Far-Infrared Survey with Herschel) program.  The data for this program consists 
of  spectral line maps of  a set of 61 nearby galaxies at many of the principle 
atomic cooling lines obtained by the Photodetector Array Camera and 
Spectrometer (PACS) on the Herschel Space Telescope.  Of these 61 galaxies, 28 
had secure detections at the [NII] 205 μm line.  An example of the [NII] 205 and 
[CII] 158 μm maps are shown in Figure 1.  In addition to these detections, the 
Beyond the Peak (BtP) program observed a subset of these galaxies using the 
SPIRE-FTS detector on Herschel to supplement this survey with high resolution 
coverage of these far-infrared lines in 20 of the KINGFISH galaxies.

Figure 2: The total [CII]/TIR ratio 
plotted against the 70/160 μm ratio. 

[CII] deficit 

Many studies have shown that one 
of the main issues with using [CII] 
as a star formation rate indicator is 
the ‘[CII] deficit’.  The [CII] deficit 
is the observed drop in [CII]/TIR 
in galaxies with high star formation 
rates, as indicated by hot dust or 
high infrared luminosities (see 
Figure 2).  Some possible causes of 
this deficit are increasing PAH 
charging by young stars in the 
hottest star forming regions or 
effects from AGN in galaxies with 
the largest deficits.  In order to 
better understand the nature of 
this deficit, each component of the 
[CII] was compared to the 
70/160μm ratio, a measure of the 
dust temperature in a galaxy.  
Figures 2-4 show these 
relationships.  The deficit appears 
most prominent in the ionized 
fraction of the [CII] emission, 
which could indicate that the 
mechanism that causes this deficit 
arises primarily from this phase of 
the ISM.  By also examining the 
ratio of [CII]/PAH feature 
emission, the cause of the [CII] 
deficit can be examined.  PAH 
emission will be determined using 
the pahfitMCMC code developed 
by Gallimore et al. (2010) to 
analyze Spitzer IRS cubes of the 
galaxies in this sample.  Further 
work will investigate this 
relationship in other far infrared 
atomic cooling lines to better 
determine the nature of this deficit 
in the galaxies in this study.  

Figure 5: [CII] 158 μm SFR-relationship.  Here blue circles represent the 
total [CII] 158 μm measurement, purple squares are only the ionized 
fraction, and green triangles are only the neutral fraction. Lines of best fit 
as well as the relationship from Herrera-Camus et al. (2015) are also 
shown.

Star Formation-[CII] Relationship

 In order to test the validity of the single-phase [CII] as a SFR indicator, the 
relationship between the [NII] 205 μm line and the [CII] 158 μm line was 
utilized to determine the fraction of [CII] emission from the ionized ISM.  
This line is ideal as N+ only exists in the ionized ISM and the 158  μm line 
and the 205 μm line have approximately the same critical density, making 
the ratio of intensity in these two lines near constant. GALEX FUV and 
MIPS 24 μm were utilized to compute star formation rates (Hao et al.2011).  
The relationship between star formation rate surface density (ΣSFR) and 
[CII] 158 μm  surface density ( Σ[CII])  is shown in Figure 5.  The blue dots 
represent the total [CII] 158 μm emission, the purple squares are only the 
ionized fraction of the [CII] 158 μm emission, and the green triangles are 
only the neutral [CII] 158 μm emission.  Shaded points are SPIRE 
measurements, solid points are PACS measurements. The weighted lines of 
best fit are also shown, along with the relationship found in 
Herrera-Camus et al. (2015).  For this set of galaxies, the ionized-phase 
[CII] 158 μm  emission has the most scatter with respect to star formation 
rate, while neutral-phase is a much more reliable SFR indicator.  This may 
be caused by the lack of a deficit in the neutral [CII] measurements.  

Jessica Sutter1, Daniel Dale1, and the KINGFISH Team
1University of Wyoming

Disentangling the Ionized and Neutral Components of 
[CII]158μm Emission, and Exploring the Utility of Each as 

SFR Indicators

Figure 1: [NII] 205 μm and [CII] 158μm maps of NGC 1097 as 
an example of the KINGFISH data.

Figure 4: The neutral [CII]/TIR ratio 
plotted against the 70/160 μm ratio. 

Figure 3: The ionized [CII]/TIR ratio 
plotted against the 70/160 μm ratio. 


