
Field Guide to SSGSS IR Luminosities

Ben Johnson 09/16/2008
1. Introduction

There are a great many ways to estimate the IR
luminosiy of a galaxy from IR photometry at only
one or a few wavelengths. This document is meant
to describe the several different determinations of
IR luminosities that I have made for the SSGSS
sample of galaxies, and some pices of history re-
lated to corrections of the data used for fitting.
These IR luminosities are of three species. Each
relies on the fitting of flux data to templates that
have been generated via physical models of the
heating and emission of dust grains (no radiative
transfer).

Much of this information is collected from var-
ious emails sent out along with catalogs.

2. Preliminary Notes and Miscellany

2.1. Data Sources and Version Numbers

All catalogs of IR photometry and de-
rived parameters circulated prior to the
date of this note are hereby v0.X. The IR
catalogs that accompany this note are v1.0.

The data used in the model fitting described
here and in the accompanying v1.0 catalogs are
largely the same as those that have been used for
v0.X catalogs. These data are primarily SWIRE
produced images of the Lockman Hole, along with
SSGSS 16µm Peak-UP IRS imaging. The SWIRE
images are DR2/3-20051121 1. This is the link
provided on the SWIRE data page. There is
a more recent release (DR4/5-20061222) but I
haven’t used it except where noted below and it
seems to be entirely undocumented. Changes in
data from previous iterations are:

1. The SWIRE DR2/3 release did not include
an uncertainty map for 24µm. In the past
I have overcome this by using magnitude
errors estimated from SSC supplied post-
BCD flux and uncertainty maps. The v1

1http://data.spitzer.caltech.edu/popular/swire/
20051121 enhanced v1/Lockman/

catalogs use the SWIRE DR4 version of the
24µm flux and uncertainty maps. This pri-
marily affects the error estimates, see below.
The fluxes are unchanged to very small levels
(of order 0.01 mag).

2. The v0.X 16µm peak-up images were re-
duced largely with the SSC S13 pipeline,
but 3 AORs used in v0.X catalogs had
S15 reductions (r20576512 – 13, 18, 20,
68, 71, 72; r20585472 – 19, 21, 22, 23,
24; r20583168;74,76,78,80,81). This turns
out to make a large difference, since the
flux calibration changed dramatically (from
being defined within an aperture to being
calibrated on total fluxes) between these
pipeline versions, and the S13 uncertainty
maps were crap. All v1.0 peak-up imaging
photometry is now based on S17.2 reduc-
tions. This results in photometry that is
∼ 0.12 mag fainter than S15 and ∼ 0.23
mag fainter than S13, when the same aper-
ture corrections (see below) are applied. An
aperture correction is actually not warranted
for the S13 data, since my extraction aper-
ture is close to the S13 calibration aperture.
The I don’t know why the S15 fluxes are
brighter. Suppossedly the S17 calibration
is significantly more stable (2% accuracy is
quoted)

2.2. Details of Model Fitting Procedure

The v1.0 fitting has been done with the same
basic methodology for all three species.

1. For each galaxy the galaxy redshift z and
the rest-frame template spectra, in lambda,
fλ units, arbitrarily normalized, are given
as arguments to the k project filters routine
of kcorrect, which returns AB monochro-
matic fluxes in the desired bandpasses i,
blueshifted by z, for each template. The
output of this routine, given in maggies, is
converted to a magnitude (it is naturally on
the AB system). Thus one now has the val-
ues mt

i,s where the superscript identifies the
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magnitude as a template magnitude, with
arbitrary normalization (i.e. zeropoint) and
the subscript s denotes which template (of a
given genus) was used

2. The weighted average µs of mi−mt
i is deter-

mined for each s. This is the normalization
of that template. It will be used later in con-
cert with z to derive the luminosity of the
best-fitting template. The weights are given
by the combined measurement & systematic
magnitude errors.

3. A goodness of fit parameter χ2
s is calculated

as Σi(mi − (mt
i,s + µs))

2/(δmi)
2. The tem-

plate with the lowest χ2
s is chosen as the

best-fitting template.

4. The luminosity of the best-fitting template
is calculated by integrating the templates.
LFIR is integrated from 8-1000µm, rest-
frame, and LTIR is from 3-1100µm. This lu-
minosity is at first in ‘template units’, i.e. ar-
bitrary. However, the normalization derived
from the fitting above gives the factor neces-
sary to convert the template SED to units of
erg/s/cm2/Å, since those is the units that
kcorrect asssumes when calculating mag-
nitudes. The template integral multplied by
100.4µ thus gives erg/s/cm2, and since it is a
bolometric flux it can be converted to a lumi-
nosity simply using the luminosity distance
(I assume concordance consmology, h = 0.7,
ΩΛ = 0.7, Ωm = 0.3).

2.3. Spitzer Magnitude definitions: Is it
AB?

In general, the magnitudes I have reported
in various files (e.g. measured.ssgss.fits) are
computed as follows: Given SSC calibrated image
data in units of MJy/sr I perform aperture pho-
tometry (see below) and convert the resulting flux
F q

ν to Jy (i.e., sum the flux over the pixels in the
aperture, multiply by the number of steradians per
pixel, and divide by 106). I then simply calculate
m′ = −2.5 log(F q

ν /3631).

However, the SSC thinks about magnitudes in
a weird way, for UV/optical astronomers. What
do the SSC calibrated fluxes mean and is m′ an
AB magnitude, as one would naively assume? We
consider IRAC/IRS and MIPS separately.

The definition of a magnitude is

m = −2.5 log

∫

(fν/ν)Rνdν
∫

(gν/ν)Rνdν
(1)

where fν is the observed flux density (e.g., in Jy),
gν is the flux density of the standard (for AB
gν = constant = G = 3631 Jy), and Rν is the re-
sponse in units of electrons/photon (e.g. Hogg et
al., 2004). Note that this essentially relates the de-
tector counts of the source to the detector counts
of the standard.

2.3.1. IRAC/IRS

For IRAC and IRS, the quoted flux F q
ν0 - that is,

the flux reported in the calibrated images - is said
to be the true monochromatic flux at frequency
ν0 if the source spectrum has the form νfν =
constant = ν0F

q
ν0. That is, the counts recorded

by the detectors are what you would expect for
such a spectrum. To consider whether m′ is on
the AB system, we thus determine the AB magni-
tude of such a source having fν = (ν0/ν)F q

ν0. This
is

mAB = −2.5 log

∫

(ν0/ν2)F q
ν0Rνdν

∫

(gν/ν)Rνdν

mAB = −2.5 log(F q
ν0/G) − 2.5 log

(
∫

(ν0/ν2)Rνdν
∫

(Rν/ν)dν

)

The first term on the RHS is ismply m′ and the

second term reduces to zero, since ν0 =
R

(Rν/ν)dν
R

(Rν/ν2)dν

according to the SSC (which I have checked with
the SSC supplied filter response curves and the
kcorrect curves.) So, mAB = m′ and we are all
happy. What if the source spectrum has a dif-
ferent shape than νfν = constant? Well, for a
given F q

ν0 that source must result in the same num-
ber of counts, and because mAB is also defined in
terms of detector counts in Eq ??, then you will
get the same mAB. So no worries, m′ = mAB for
all source spectrum shapes.

2.3.2. MIPS

For MIPS there are three differences from the
IRAC/IRS case. First, the SSC supplid response
curves (and the ones in the default distribution of
kcorrect!) are in units of energy/photon. This
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is awful, and probably a historical thing or de-
tector technology thing. So, quick like a fox we
divide the SSC supplied response curves by λ (or
multiply by ν) to get response curves in units of
electrons/photon like for IRAC/IRS. From now on
all response curves (including those in kcorrect)
will be considered in these units, e−/photon. I’ve
checked that this gives the ’effective’ wavelengths
as supplied by the SSC for MIPS. We will never
speak of this energy per photon stuff again. Sshhh!

The second difference is that the ν0 and λ0

for the MIPS calibration discussions are defined
slightly differently than for IRAC/IRS (they are
very close definitions in practice, but I haven’t
worked out whether the small differences are real
or because of the limited accuracy of my crude in-
tegration schemes). Anyway, the SSC gives, for

MIPS, λ0 =
R

λRdλ
R

Rdλ
, and I also say that ν0 = c/λ0.

Okay, the third difference is that now, instead
of F q

ν0 being the correct flux for a νfν = constant
spectrum, it is now correct for a 10,000 K black-
body (which, because we are way out in the R-J
tail is basically fν ∼ ν2, but I use the full Planck
BB function in what follows anyway).

In analogy with the IRAC/IRS argument
above, then, we write for the source spectrum

fν = Pν3/(ehν/(kT0) − 1) (2)

where P = F q
ν0(e

hν0/(kT0) − 1)/ν3
0 is the flux nor-

malization at ν0, and T0 = 10000K. Now the AB
magnitude (Eq ??) can be written as

m = −2.5 log(F q
ν0/G) − 2.5 log

(

ehν0/(kT0) − 1

ν3
0

∫

Rνν2/(ehν/(kT0) − 1)dν
∫

(Rν/ν)dν

)

(3)

Again, the first term on the RHS is m′. The
second term (X in table 1) is the correction to
be added to m′ to obtain mAB (mAB = m′ + X)
which I have evaluated numerically. It is pretty
small, for so much head-scratching.

So, umm, yeah, the m′ I give in the v0.X and
v1.0 catalogs and elsewhere are AB to within sev-
eral percent. If you calculate an AB magnitude

Table 1: Corrections to AB
Band X

IRAC1-4 0
24 -0.0354264
70 -0.0766966
160 -0.0380727

from a model or template (as I do for the fitting
above), then you should compare this to m′ + X ,
not m′. The magnitudes I report in v0.X and v1.0
catalogs all remain m′. v0.X fitting did not include
these corrections.

2.4. Stellar Contribution

For earlier type galaxies, one might expect that
the ratio of dust emission to stellar emission is
not very large at the shorter wavelength SPITZER
filters. This will possibly affect IRAC 4 (8µm),
16µm, and MIPS1 (24µm). It should be sub-
tracted before fitting to dust-only templates.

Everybody who does this type of thing uses
the prescription of Helou et al. (2004). This
may or may not be accurate for different galaxy
types, though the differences are likeley to amount
to small corrections on a small correction. It
is something that could potentially be explored
with the SSGSS data set. Anyway, the Helou
et al. (2004) description is what I use here. It is
f∗

ν (ν) = ǫ∗(ν)fν(3.6µm) where ǫ∗(8µm) = 0.232
and ǫ∗(24µm) = 0.032. Interpolating on this
fν ∼ ν1.76 relation for the stellar spectrum I use
ǫ∗(16µm) = 0.0654.

There’s only a couple of galaxies in SSGSS for
which this is an issue. Galaxy # 63 is one of them.

2.5. Aperture corrections

The apertures and aperture corrections em-
ployed in the photometry have undergone some
evolution, especially in the MIPS and 16 micron
bands. The IRAC apertures and aperture corec-
tions have remained relatively stable since John-
son et al. (2007).

Note that for galaxies with large (Rpetro &

2Rap) Petrosian radii, these measurements are
likely to be inaccurate except at the longest wavel-
ngth bands. Even then the ginormous spiral we
have is reolved at 70µm. See Table 2 for the v1.0
values

3



Table 2: Apertures
Band Rap (”) Ran (”) pix. (”) AC Refs

3.6 7 25-35 0.6 1.05 1
4.5 7 25-35 0.6 1.05 1
5.8 7 25-35 0.6 1.055 1
8 7 25-35 0.6 1.06 1
16 7 25-30 1.8a 1.248b -
24 12 25-35 1.2 1.165c 1,2
70 16 18-39 3.6 2.0 3
160 32 64-128 8.0 1.971 4

Refs[1] Johnson et al. (2007ab) [2] Engelbracht et al. (2005) [3]
Gordon et al. (2005) [4]Stansberry et al. (2006)

aThis is for the post-BCD photometry. For the BCD pho-
tometry the pixel size is

√

3.367”. post-BCD and BCD
fluxes are consistent to witin 0.01 mag.

bDetermined by performing aperture photometry on the
SSC provided PRF for blue peak-up. Applicable to S15
and S17.2 (i.e. v1.0) pipeline data.

cThis is from a stupid interpolation of values in the
MIPS data handbook. Consistent with values obtained
from large aperture photometry of bright objects in
the sample. I get 1.148 from SSC empirical PSF
(mips24 prf mosaic 051003.fits).

2.6. Magnitude errors

The magnitude errors reported in the cata-
logs are measurement errors, determined from
the SWIRE (or, in the case of 16µmand some-
times 24µm, the BCD or post-BCD data) un-
certainty maps. They are calculated simply as
∆m = 1.086(δfν)/fν .

These errors are often quite low, especially for
IRAC - the sources are pretty bright though. One
should add systematic errors related to the abso-
lute calibration and the additional uncertainty im-
posed by aperture corrections to resolved sources
and background determination. The adopted sys-
tematic calibration uncertainties are given in Ta-
ble 3. These are added in quadrature to the mea-
surement uncertainties before fitting.

A few notes on the magnitude errors.

• The SWIRE team has adjusted the 70 and
160 micron uncertainty maps upward by an
unknown (to me) amount to obtain point-
source profile fits with a χ2 of 1. This may

Table 3: Systematic Errors
Band δm (sys.)
IRAC 0.05

16 0.05
24 0.05
70 0.11
160 0.14a

aThe SWIRE 160µm uncertainty maps result in an error
floor of 0.17 mag. I have subtracted (in quadrature) this
0.17 magnitude error floor and added the 0.14 systematic
error. It may be that I need to get the DR4/5 data from
SWIRE for the MIPS Ge bands.

or may not result in an overstimate of the
errors at these wavelengths.

• Second, the SWIRE team finally released a
24µm uncertainty map in their DR4. The
magnitude errors in the phtometry catalog
accompanying this document use this uncer-
tainty map. All v0.X catalogs used estimates
of the magnitude errors from old post-BCD
uncertainty maps, which give magnitude er-
rors approximately 4 times larger than the
new DR4 v1.0 uncertainty map.

• Lastly, the 16 micron uncertainty maps used
to be crap, for most objects, as they were
processed by an older pipeline (S13) that
dramatically overestimated the uncertainty
(by a factor of 30 or so). I have downloaded
data with the most recent pipeline process-
ing (S17.2) using Leopard and recalculated
fluxes and errors. I didn’t really distribute
16µm magnitude errors before. If you have
some, they are very very wrong. Use the
ones in the accompanying v1.0 photometry
catalog.

2.7. Caveats: Magnitude limits

I fit everything, even if it is super faint or has
negative flux (negative measured flux is zero mag-
nitudes in the photometry catalogs). You should
check the magnitudes and magnitude errors to
make sure that the objects seem like reasonable
detections.
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3. Species of IR luminosities

Identified by Family (all are the same family,
template fitting) Genus (the templates used) and
Species (the type of or wavelngths of data used in
the fitting)

3.1. Luminositae Dalehelou shortus (LJ07)

This is the luminosity determined as in John-
son et al. (2007a,b). It is based on fits of red-
shifted Dale et al. (2001); Dale & Helou (2002) IR
templates (http://faraday.uwyo .edu/ ddale/

research/seds /seds.html) to the observed 8
and 24 µm Spitzer fluxes. These templates form
a single parameter family; that parameter is α.
α effectively encodes the dust ‘temperature’. It is
the exponent of the power-law distribution of dust
heating intensity over dust mass.

dM(U)/dU = U−α (4)

α is nearly monotonic with 8/24µm flux ratio for
these models, though the models are not always
strongly differentiated in this ratio. All galaxies
are assumed to have the same grain size distribu-
tion, grain composition, etc.

v0.X used my own code to do the template mag-
nitude determinations - v1.0 uses the kcorrect

routine k project filters as described in §2.2.

3.1.1. Distinctive features

The treatment of PAH emission in the Dale
et al. (2001) templates is very ad-hoc. At the very
least, these templates do not adequatetly fit the
8 micron flux of galaxies that are PAH deficient
(dwarfs). I believe there are are other significant
problems with the PAH treatment in these mod-
els, but nevermind that for now.

A large fraction of Lockman Hole galaxies (the
sample from which SSGSS is drawn) have extreme
values of α - these are ones for which the observed
8/24µm flux ratio is not spanned by the models.
However, all the SSGSS galaxies have derived val-
ues of α that are typical for galaxies, α ∼ 1 − 2.5
.This luminosity has the advantage of being de-
fined for galaxies that are faint or undetected in
the long-wavelength bands, but these are few in
the SSGSS sample.

3.1.2. Habitat

This luminosity, as calculated by me ages ago
with my own code, resides in the measured.ssgss.fits
catalog available on the SSGSS website. It is
given in the LOG LTIR and LOG LFIR fields, in
units of erg/s. Some more recent determinations
have been given in the measured.ssgss.fits files
emailed to various people over the last year or two.
The most recent determination of this luminosity,
using the method and data outlined above, is in-
cluded in the DH02 short.ssgss.V1 0.fits file
accompanying this document.

3.1.3. Status - Endangered

I haven’t done updates to this luminosity de-
termination since January 2008, roughly, and the
catalogs on the SSGSS website have even older
determinations. For SSGSS it is deprecated since
the majority of SSGSS galaxies are detected at the
longer MIPS wavelengths (see the next section).

3.2. Luminositae Dalehelou mipsus (LDH01)

This uses the same models as LJ07, but instead
of fitting to the 8 and 24µmfluxes the models are
fitted to the three MIPS bands. In essence, this
reproduces to wthin 5% Eq. 4 of Dale & Helou
(2002), a widely used prescription for the IR lu-
minosity from MIPS observations, but with the
calculation of the redshift dependent coefficients
(which can be read from a figure in Dale & Helou
(2002), but since we are already fitting models....)

3.2.1. Distinctive features

Contrary to the situation for Luminositae Dale-
helou shortus the Dale & Helou (2002) models do
not completely span the space of measured MIPS
colors. Thus, a number of the SSGSS galaxies
(∼ 15) are given the ‘closest’ template, which
will be one of the extremes (i.e. template #1 or
#64, given as template number #0 or #63 in the
DH02 mips file. This, especially model #63, af-
fects the derived total luminosities at the ∼ 0.3
dex level. SSGSS 73 is undetected at 160µm. The
χ2 is rather large, typically.

The choice of template and normalization is
driven largely by the 24 and 70µmdata points,
as these have much lower errors. The templates
typically have slightly smaller α than Dalehelou
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shortus for a given galaxy. The normalizations are
different by ∼ 0.5 mag on average, and the final
luminosities are systematically fainter than Dale-
helou shortus by ∼ 0.1 dex, with similar scatter in
the difference.

3.2.2. Habitat

This luminosity resides in DH02 mips.ssgss.V1 0.fits.
Only the version of this file accompanying this
document incorporate various corrections (i.e. to
AB) described in §2 above.

3.2.3. Status

This species of luminosity is abundant in the
literature. However, beware the galaxies with ex-
treme template numbers in the SSGSS sample.

3.3. Luminositae Draineli broadus (LDL07)

In this genus the models are significantly dif-
ferent from the Dale & Helou (2002) models. For
details see Draine & Li (2007) and for an applica-
tion of these models to SINGS data see ?.

I use the SEDs given at http://www.astro.

princeton.edu/ ~draine/dust/ irem.htmlwhich
are for different values of qpah, Umin, and Umax.
qpah is essentially the PAH abundance, controlled
by (and encoding) the grain size distribution.
Here, Umin and Umax are the limits over which Eq.
?? is definied, with α = 2. So, for Umin = Umax

the IR SED is that of dust heated by a single in-
tensity (the SED of the heating source is assumed
to be that of the Milky Way ISRF). Draine & Li
(2007) suggest that real galaxies can be well fit by
a linear combination of these constant α SEDs,
specifically

jν = γ · jν(Umin, Umax) + (1− γ) · jν(Umin, Umax)
(5)

That is, a fraction γ of the dust mass is heated
by a range of starlight intensities and the rest is
heated by a single, low intensity of starlight.

I construct a grid of these linear combinations,
for different qpah. I use the following values to set
up the grid:

• γ =findgen(50)*0.01;

• qpah = [0.47, 1.12, 1.77, 2.50, 3.19, 3.90, 4.58]%;

• Umin = [0.10, 0.15, 0.20, 0.30, 0.40, 0.50,
0.70, 0.80, 1.00, 1.20, 1.50, 2.00, 2.50, 3.00,
4.00, 5.00, 7.00, 8.00, 10.0, 12.0, 15.0, 20.0,
25.0]

3.3.1. Distinctive features

Under investigation. Galaxy #73 is undetected
at 160µm. There are some degeneracies in the
parameters that can be explored. Full χ2 surfaces
available on demand. These models might do a
better job of spanning the range of mips data.

3.3.2. Habitat

Resides in DL07 broad.ssgss.V1 0.fits

3.3.3. Status

Unknown. This luminosity has not been tested
except for basic consistency with the other species.
It’s characteristics may be interesting in other con-
texts, or not. Specifically, the qpah parameter, if it
is correct, might be interesting, and the γ param-
eter is physically interesting. Note, however, the
degeneracies between some of these parameters,
and some not mentioned (for example, alpha ap-
pears to be highly degenerate with a combination
of Umin and γ. So beware overinterpretation.

It is possible that there will be evolution of a
new related species, Luminositae Draineli spec-
trae, using narrowband fluxes from SSGSS spec-
tra fit to the Draine & Li (2007) SEDs, but there
is significant negative selective pressure from the
presence of slit aperture corrections and from Lu-
minositae Dacunha panchromatus.
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This 2-column preprint was prepared with the AAS LATEX
macros v5.0.
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