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Using the radiative transfer code Torus, we produce sgduieacubes of the predicted H | profile
from global SPH simulations of spiral galaxies. Torus gtlisSPH galaxy using Adaptive Mesh
Refinement, then applies a ray-tracing method to infer thetdfile along the line(s) of sight.
The gridded galaxy can be observed from any direction, weigkbles us to model the observed
H | profile for galaxies of any orientation. We can also pldoe dbserver inside the galaxy, to
simulate H | observations taken from the Earth’s positiothinMilky Way.
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1. Introduction

A significant difference between observations and numerical simulatibtieednterstellar
medium is that while observers detect emission through spectral line or gomtiprocesses, of-
ten using frequency/wavelength information to convert to radial velocdles¢cnumerical models
directly trace the total density of interstellar matter, with no reliance on kinematessign dis-
tances to features seen in the simulations. We seek to bridge that gap, @sifwyuk code [1]
which can apply radiative transfer to a gridded simulation (in our casetae galaxy) and predict
the emission from selected tracer species.

2. Torusand the 21-cm line

As one of the best tracers of interstellar and galactic structure, the 2ieatmal hydrogen
(H 1) spectral line is the first species we have implemented into our analyséssimplicity of the
detailed balance governing this two-level hyperfine transition enableadlyecalculation of impor-
tant parameters such as the emissivity and opacity of the line, and its profitgoin. The relevant
physical variables needed to perform these calculations are the deofsity)( temperature and
velocity of the gas.

In our work, Torus grids an SPH-simualted spiral galaxy onto an Adapfigsh Refinement
(AMR) grid, essentially transforming the particle view of the galaxy into a gritldiew. The
galaxy model we have used comes from a simulation investigating molecular fdiondtion in
spiral galaxies by [2], based on the Milky Way and containing a full thegmachical model of
the ISM, and a consistent treatment of the formation of molecular hydroQane the galaxy is
gridded, the Torus code can manipulate the grid spatially, and perforativedtransfer and ray
tracing calculations to infer a synthetic line profile from an arbitrary olesegposition. Tracing
multiple lines of sight can generate an image, or a three-dimensional cube séldcted tracer
species in the case of spectral lines, which is directly comparable to resivaltions.

To simulate extragalactic H | observations of (nearby) spiral galaxiegsanerient the SPH
galaxy to arbitrary position and inclination angles, and assign to it some systeceigsional or
approach velocity, so that the simulated datacube may be compared directhyctd tadioastro-
nomical observational data.

3. M33 asatest case

As a demonstration of our ability to produce synthetic spectral datacubesuteessfully
imitate the observed HI profile, we chose the nearby spiral galaxy M3®\apty because of
the availability of high-quality observational data [3] with which our resultsldde compared.
Quantitative differences are to be expected, given the circular rotdtdB®is approximately 100
km/s [4] while the SPH galaxy, modelled to be more akin to the Milky Way\has< 220 km/s.
Moreover, the interaction of M33 with its surroundings (especially M3lggrise to extended H |
emission well beyond its main disk, and we would therefore not expectagealitative match to
the SPH galaxy in this component.

In Figure[l we show a total column density image of the SPH galaxy, orientedtah riiee
disk of M33. Numerically, we can resolve the structure in the SPH galaxyrlibtte the angular
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Figure 1. Column Density image of the SPH galaxy, oriented to match 'Mp8sition and inclination
angles. Note that the SPH calculation does not trace gaswaitkpc of the galaxy’s center. The axes reflect
the datacube pixel values.

resolution of the M33 data, so we convolve our synthetic datacube withssdabeam to simulate
the observations being done by a single-dish telescope.

The qualitative agreement we seek is the basic, expected observatiergaladity’s main disk
being traced by a series of isovelocity curves as we step through thdrcuddial velocity. We
show four such curves as contour plots for the M33 cube in the left pafigure[2. Our results in
the right panel of figurf]2 show a good qualitative match to the gener&brahstructure of M33.

The structure contained in the simulated cube at the native resolution of thiatimsi hints
at the effects of spiral shocks and other noncircular motions contaiitethwhe rotating galaxy
disk. Very high resolution observations with interferometric radio telessoged eventually the
SKA, will make such investigations of fine structure in the spiral arms of gedaoutine.

4. Conclusion and Future Directions

We have described a model to transform output from numerical simulatibmsymthetic
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Figure 2: Isovelocity contour plots of M33 (left) and the SPH galaxiglit). The four contours are from
different channel maps of the H1 data cube, with the top aemshowing the most blueshifted HI and
progressing to the most redshifted H | in the bottom contofixes reflect the datacube pixel scales.

H 1 datacubes, which could be measured by an ‘observer’ inside,tsidela galaxy. For external
observers, the case most relevant to this conference, we can pnodips of higher resolution than
available with current instruments. Within a galaxy, this process has thetageathat distances
to features are known precisely, rather than being subject to large Kiicamaertainties.

As with all situations, this method is only as good as the model. We have begunmwith a
SPH simulation of a spiral galaxy which emulates many of the aspects of the Malgy Mdéwever,
important physical processes such as stellar feedback have negyeiplemented, and so certain
guantitative matches have not yet been achieved. Nevertheless thiswoekahay prove valuable
to the study of spiral structure in galaxies, especially as instruments leadimg$guare Kilometre
Array continue to push the limits of angular resolution.
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