
Patrik Jonsson – HIPACC Summer School 2010

Sunrise:
Panchromatic SED Models of Simulated Galaxies

Patrik Jonsson
Harvard-Smithsonian Center for Astrophysics

Lecture 1:

What is Sunrise?
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Lecture outline

Lecture 1: Why Sunrise? What does it do? 
Example science. How to use the outputs? 
Projects?

Lecture 2: Sunrise work flow. Parameters, 
convergence, other subtleties.

Lecture 3: Radiation transfer theory. Monte 
Carlo. Polychromatic MC.

Lecture 4: Dust emission, dust self-
absorption. Sunrise on GPUs.
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What does Sunrise do?
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The point:

Simulations by
the N-body Shop
(U. Washington)
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Stellar (continuum) emission
Emission lines from HII regions
Dust & PAH emission
AGN emission

All this needs to be modeled, and absorption 
and scattering of light due to dust grains 
included
We will defer the “how” to later lectures...

What goes into a galaxy spectrum?
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Simulated spiral galaxies

Sbc+ Sbc G3 Sbc- G2 G1 G0

Mb = 1.6e11 Msun 1.0e11 6.2e10 5.0e10 2.0e10 7.0e9 1.6e9

SFR = 3.9Msun/yr 3.4 1.0 1.1 0.4 0.07 1e-3

For more info, see: Jonsson, Groves & Cox 2010, MNRAS, 403, 17
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Spectral Energy Distributions
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Different Components30 P. Jonsson, B. A. Groves and T. J. Cox

Figure 9. The SED of the simulated Sbc galaxy viewed face-on (left-hand panel) and edge-on (right-hand panel), with the different components of the SED

separated. The red line shows the intrinsic emission of the bare stellar population, the green line shows the intrinsic emission of the source particles (i.e. after

the young, <10 Myr old, stellar population has undergone radiative transfer through MAPPINGSIII ) and the cyan line shows the attenuated source spectrum

making it to the observer through the dust in the galaxy. The emission from the diffuse dust (including self-absorption) is shown by the blue line, and the black

line is the total emerging SED of the galaxy. It is clear in this figure that the impact of the attenuation of the young stars in the MAPPINGSIII particles is quite

small and that, for this galaxy, the infrared spectrum is dominated by diffuse dust emission at all wavelengths. The contributions from star-forming regions are

most important at wavelengths around 20 µm, the region dominated by hot dust. The strange-looking intrinsic stellar emission at wavelengths of > 10 µm is

from the poorly approximated nebular continuum in STARBURST99, but does not affect the results.

angles. For the seven simulated galaxies this amounts to a to-

tal of 1911 SEDs, making it infeasible to plot individual points.

The results are instead presented as density plots where the shade

represents the density of simulated galaxy observations in that re-

gion. The probability of observing the simulated galaxies has been

weighted appropriately based on time and solid angle, but no at-

tempt has been made to adjust for the abundance of galaxies of

different masses. The simulated data points can thus be expected

to over-emphasize large galaxies over small. However, the SINGS

sample is also not a statistically representative sample of galax-

ies, but rather was selected to cover a wide range of morpholo-

gies, luminosities and infrared-to-optical ratios (D07). The com-

parison should thus be done to ascertain whether the simulations

lie in a region of parameter space occupied by real galaxies rather

than matching the detailed distributions of the simulated and real

galaxies.
In all the following plots we use the given data values from D07,

but do not indicate the uncertainties given in the paper, which range

from <10 per cent for the optical–NIR data up to ∼50 per cent for

the 850 µm data (see D07 for exact values). In addition, aperture

correction factors were applied to the longer wavelength obser-

vations, as described in D07, with factors of 2 for some 850 µm

observations, increasing possible uncertainties.

Fig. 10 shows a series of colour–colour plots across the full

wavelength range, comparing the colours of the simulated and real

galaxies. Fig. 11 duplicates figs 6 and 12 in D07, showing the

dependence of the ‘infrared excess’ on the FIR and UV spectral

slopes.
In general, the simulated galaxies do lie in regions of colour–

colour space occupied by SINGS galaxies of type Sb-Sc, which

should be considered the most relevant comparison sample. How-

ever, some clear differences do exist. The most obvious is that the

simulated galaxies seem to be a less diverse sample than the real

galaxies, occupying a smaller range of colour–colour space. This

is not unexpected given the small range of galaxy types considered

(see Section 2.5). A second, more fundamental, difference is the

visible displacement of the models from the SINGS galaxies in

some colours.
The most glaring difference between the models and the SINGS

galaxies is in the 160/850 µm flux ratio, where the simulations

have systematically lower flux ratios by about a factor of 4. How-

ever, there are clear inconsistencies between different observational

samples in this colour, as is clear by the location of the SCUBA

Local Universe Galaxy Survey (SLUGS) galaxies of Willmer et al.

(2009). The SLUGS galaxies, while similar to the SINGS galaxies

in their 70/100 µm ratios, have systematically lower 160/850 µm

flux ratios that are more in agreement with the outputs from our sim-

ulations. This potential discrepancy and its origin will be discussed

further below.
Clear differences with the SINGS sample also exist in the

PAH region, where the simulations have too low 3.6/8.0 µm and

5.8/8.0 µm flux ratios. At MIPS wavelengths, the simulations are

also displaced slightly low in 24/70 µm and high in 70/160 µm

compared to the Sb-Sc SINGS galaxies. More subtly, while the sim-

ulations do lie in a region of space occupied by the SINGS galaxies,

they appear to be slightly too blue in the GALEX FUV/NUV colour,

slightly too red in V − R and slightly too blue in K − 3.6 µm. This

is also seen in the left-hand panel of Fig. 11 where the simulations

have a too flat UV slope (too blue UV colours).

In all diagrams in Figs 10 and 11, a faint trail of simulations can

be seen displaced from the main locus, especially in the UV and FIR

plots. This locus arises from the G0 simulation, which has a very low

SFR. As mentioned in Section 2.5, this low SFR results in strong

variations due to the stochastic implementation of star formation in

the simulations. The SFR of the G0 galaxy is about 10−3 M# yr−1

and the mass of the star particles created in the G0 simulation is 3 ×
104 M#. This means that one star particle is spawned about every

30 Myr. Since the MAPPINGS particles have a lifetime of 10 Myr, this

means that there will be on average one-third such particles at any

given time. When such a particle is present, it will dominate the

UV – and consequently also the IR – luminosity of the galaxy, but

when no such particle is present, the IR colours will be very cool,

thus giving rise to severe fluctuations in the SED. The simulations

are unable to sample the population of young stars in the G0 galaxy

adequately at the current resolution, so their SEDs are much more

uncertain than those of the other galaxy models.

A qualitatively different kind of comparison is to compare the

SEDs on a galaxy-by-galaxy basis. Such a comparison is valuable

as it can provide clues to the nature of the systematic differences

shown in the colour–colour plots. For each of the simulations, the

C© 2010 The Authors. Journal compilation C© 2010 RAS, MNRAS 403, 17–44
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Very high wavelength resolution possible

Galaxy spectra at R=16000

Support for kinematics is
in the works...
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Sunrise outputs
how to use and interpret them
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Sunrise outputs are FITS files

Used for astronomical data from telescopes
Contains an arbitrary number of named 
extensions
Each extension contains either

an N-dimensional image array, or
a table with columns of specified type

There are libraries to read FITS files in most 
languages. We’re going to be using Python.
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Outputs

All this is available on the Sunrise Wiki:
http://code.google.com/p/sunrise/wiki/
HIPACCProjects

Load up that now and follow along!
Generally, you’ll use two kinds of data:

3D images in extensions called something 
like “CAMERAi-type”
Integrated spectra in extension 
“INTEGRATED_QUANTITIES”

column “lambda” contains wavelengths
column “L_lambda_xxxi” are spectra
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Let’s see how this works...

Source for this demo is in
/home/hipacc-2/sunrise_demo.py
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Now try it yourselves

Take a few minutes and follow the 
instructions at http://code.google.com/p/
sunrise/wiki/HIPACCProjects 

set up your Triton account for Sunrise use
plot the images and spectra as described
the example data file is located in
/home/hipacc-2/set5bs

mcrx_034.fits - data cubes & spectra
broadband_034.fits - images in filters
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Projects

Now that you have some idea of how Sunrise 
works, let’s talk about the projects
Designed to show you how to run Sunrise 
and to make you think about the results. And 
to be quick...

Spherical cloud with central point source
Externally illuminated “dark” cloud
Process a Gadget simulation snapshot
Process a Gasoline simulation snapshot

... start with one of the 2 first ones

Monday, August 9, 2010


