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Figure 13. Selected results for the ALTERNATE-1SM test, in which all dust in the
simulated ISM (rather than just that in the diffuse ISM) was used. The dust
mass (top) is recovered significantly more accurately than for the FipuciaL
case, although it is still underestimated by <0.2 (as much as ~0.6) dex
during the phase between first pericentric passage and final coalescence
(post-starburst phase). Furthermore, the total optical depth (bottom) and Ay
values (not shown) are greater than in the FIDUCIAL case, which reflects the

fact that the attenuation along any line of sight is guaranteed to be greater
in this case than when the default ISM model is used.
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all MaGpHYs parameters plotted in this work, for a given simulation
snapshot, the median likelihood values vary with viewing angle by
less than the uncertainty; thus to all intents and purposes, viewing
angle effects do not cause systematic errors in the results. This
result is naturally quite reassuring because for real galaxies, only
one viewing angle is available.

Some parameters (primarily y jsp) do vary with viewing angle,
but, in so far as the parameters can be interpreted physically, they
should depend on viewing angle. Thus, this variation is not a cause
for concern.

4.2 Other potential sources of error

In this section, we will briefly discuss other potential sources of
error in SED modelling. This issue will be investigated in greater
detail in future work.

4.2.1 Photometric uncertainties

Throughout this work, no noise was added when generating the
mock photometry. Thus, the tests represent the ideal situation in
which there are no observational uncertainties and the inherent
physical uncertainties (i.e. those that originate from discrepancies
between the model assumptions and reality) are the only source of
discrepancies between the inferred and true parameters (i.e. they are
the sole contributors to the best-fitting x2). These tests are useful
for understanding the fundamental limitations of the method that
cannot be overcome through the use of more accurate photometry,
but they are clearly unrepresentative of the real-world process of
modelling galaxy SEDs. Consequently, it is worthwhile to examine
the effects of including observational uncertainties when generating
the mock photometry.

We performed a series of tests in which we added a simple
Gaussian noise model to the mock photometry for the FIDUCIAL
run, and used MAGPHYS to fit the noisy photometry with the same as-
sumed errors discussed in Section 2.1 (similar tests were performed
in Smith et al. 2012 to validate the consistency of MAGpPHYS by feed-
ing it photometry derived from several of the best-fitting SEDs with
simulated Gaussian measurement errors superposed). As expected,
the x? values were greater than for the noiseless case, and MAGPHYS
did not yield a statistically acceptable fit for a significantly greater
number of mock SEDs. However, the recovered median likelihood
values for the physical parameters did not differ qualitatively (al-
though the confidence intervals became wider), and the qualitative
evolution of the various physical parameters of the simulation was
captured just as well as for the FipuciaL case. This result suggests
that the median likelihood parameter values yielded are robust to
the inclusion of realistic random uncertainties and demonstrates the
effectiveness of the Bayesian fitting method employed by MAGPHYS.

4.2.2 SED coverage

The results of SED modelling can potentially depend on the wave-
length sampling of the photometry used (e.g. Pforr et al. 2012,
2013; Smith et al. 2012). In this work, the photometric bands used
are those that were available for the initial H-ATLAS investigations,
which provide relatively good coverage of the SEDs in the UV-NIR
and FIR; MIR data are noticeably absent. Including MIR data could
potentially change the results significantly. For example, MIR data
may help to better constrain the relative contributions of young and
old stellar populations to the dust heating. However, the MIR tends
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to be sensitive to the presence of AGN (see e.g. Snyder et al. 2013
for a detailed discussion). Thus, inclusion of MIR data could make it
significantly more difficult to fit the synthetic SEDs using MAGPHYS.

Because galaxy surveys vary considerably in terms of the avail-
able photometry, it would be worthwhile to investigate the effects
of varying the photometry used in the SED modelling. As a first
test, we investigated the effects of excluding the PACS photometry.
Although the agreement was generally good in the comparatively
quiescent phases of the simulation, the most significant discrep-
ancy was that the IR luminosity and SFR were underestimated by
~0.5 dex during the starburst that occurs at first passage (but it
is possible that this underestimate could be corrected by modify-
ing the priors; da Cunha, private communication). This test further
highlights the importance of the available photometry sampling the
peak of the temperature-dependent SED for the purposes of recov-
ering the true dust luminosity, in agreement with the investigation
by Smith et al. (2013) which used isothermal models to fit the dust
SEDs of H-ATLAS galaxies.

4.2.3 Emission lines

Another potential source of uncertainty is the contribution of neb-
ular emission lines (which are typically not accounted for by SED
modelling codes) to the broad-band photometry (e.g. Charlot &
Longhetti 2001; Schaerer & de Barros 2009; Pacifici et al. 2012;
Schenker et al. 2013; Stark et al. 2013). At certain redshifts, es-
pecially z ~ 67, not accounting for contamination from nebular
emission can cause the stellar ages (Schaerer & de Barros 2009)
and stellar masses (Schenker et al. 2013; Stark et al. 2013) to be
overestimated. Our simulated SEDs include nebular emission lines;
thus, they can contribute to the broad-band photometry. Indeed, the
contribution of He emission is the cause for the larger residuals
near the i band that can be observed in Fig. 1, and this effect is
also often seen in the SED fits of H-ATLAS galaxies in Smith et al.
(2012). maGPHYS is able to consider Ho emission as part of the in-
put data set (although these data were unavailable at the time that
Smith et al. 2012 was written); we defer a detailed investigation of
the influence of emission lines on the derived SED parameters to a
future investigation.

4.3 Applicability of the results to other SED modelling codes

Itis important to keep in mind that we have only employed one SED
modelling code, MAGPHYS, wWhich has multiple advantages, including
the following. (1) It utilizes the full UV—-mm SED, and including
information yielded by the dust emission can potentially break de-
generacies that could not be addressed using UV-NIR data alone.
(2) The underlying SFHs are continuous SFHs with superimposed
random bursts. Consequently, it is not subject to the potential sys-
tematic errors that are associated with single-component SFHs (e.g.
Michatowski et al. 2012, 2014). (3) Through its use of the CFO0 dust
attenuation model, differential attenuation of young stellar popula-
tions can be (approximately) accounted for.

Because MAGPHYS represents a relatively sophisticated, state-of-
the-art SED modelling code, its success at recovering the physical
properties of our simulated galaxies cannot be generalized to all
SED modelling codes. Thus, it would be worthwhile to perform sim-
ilar tests for other commonly used SED modelling codes. As a first
step, Michatowski et al. (2014) tested the ability of multiple SED
modelling codes to recover the stellar masses of simulated submm
galaxies (SMGs). They found that as long as a single-component
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SFH was not used, all of the codes were able to accurately recover
the stellar masses, albeit with a factor of ~2 uncertainty. However,
this work was deliberately limited in scope to the stellar masses of
SMGs, and a more comprehensive comparison of SED modelling
codes is warranted.

4.4 Recommendations for applying SED modelling codes

We have demonstrated that for the FIDUCIAL runs, MAGPHYS recovered
the true physical parameter values of the simulated galaxies well.
However, uncertainties in the ‘microphysics’, especially regarding
the dust attenuation law, can cause serious discrepancies between
the median likelihood parameter values output by MAGPHYS and the
true values even when the fits are formally acceptable (although as
we have discussed in Section 3.4.2, this should only affect a small
fraction of SED fits). Consequently, for real galaxies, for which e.g.
the dust attenuation law or IMF may vary with galaxy properties,
there is a risk of making significant errors for some subset of the
observed galaxy population when attempting to recover the physical
parameters of the galaxies through SED modelling.

Because SED modelling is now applied to data sets that contain
hundreds to hundreds of thousands of galaxies, it is infeasible to
check the individual fits one-by-one to search for irregularities. One
approach for avoiding significant misestimates of physical parame-
ters would be to use a significantly more conservative x> threshold
than what was used in this work. However, this would result in
discarding many galaxies for which the vast majority of fits are
acceptable and the parameters are well recovered, which is clearly
undesirable.

Perhaps the best approach is to broaden the experimental priors
in an attempt to ‘marginalize’ over our ignorance. This could be
achieved, for example, by comparing the results derived using mul-
tiple distinct SED modelling approaches; ideally, the approaches
should utilize different assumptions about e.g. the dust attenua-
tion (see e.g. Bolzonella et al. 2000; Burgarella et al. 2005; Buat
et al. 2011, 2012). Furthermore, simpler techniques, such as using
empirical laws to estimate the SFR from Lig or radio continuum
luminosity, should also be used; although these certainly have their
own caveats, they can still provide additional insight, and current
‘panchromatic’ SED fitting codes lack the machinery to include
radio continuum data in their analyses. For objects for which the
results of different SED modelling approaches or/and simpler tech-
niques differ, one should interpret the results with caution and inves-
tigate further. Such disagreements are especially likely for galaxies
that differ significantly from the galaxies that were used for vali-
dation of the model, as is the case for magpHYS (with the standard
priors) and submm galaxies (Rowlands et al. 2014a).

Such a multifaceted validation may seem tedious, and it would
naturally require more human effort and computational time. How-
ever, we believe that the additional investment will be rewarded with
significantly more robust results, or, at the least, a determination of
the types of galaxies for which (some of) the physical properties
must remain ‘known unknowns’ for the time being.

5 CONCLUSIONS

By applying the SED modelling code MaGPHYsS to synthetic photom-
etry generated by performing dust radiative transfer on hydrody-
namical simulations of an isolated disc galaxy and a galaxy merger,
we have investigated how well MAGPHYS can recover the intrinsic
properties of the simulated galaxies. Our principal conclusions are
the following.
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(1) For the isolated disc galaxy simulation, MAGPHYS yields ac-
ceptable fits at all times. The V-band attenuation, stellar mass, dust
luminosity, SFR, and sSFR are recovered accurately. The dust mass
is systematically underestimated, but whether this underestimation
will occur for real galaxies is unclear (see conclusion vii).

(ii) For the galaxy merger simulation, when the assumptions re-
garding the IMF, SSP models, and dust composition in MAGPHYS and
the dust radiative transfer calculations are similar, MAGPHYS yields
acceptable fits and recovers all parameters except the dust mass
well, except during the near-coalescence phase of the merger, when
the starburst and AGN activity are most intense. During this phase,
the fits are often not formally acceptable, but most parameters are
still recovered reasonably well.

(iii) For most parameters, the variation in the median likelihood
values with viewing angle is less than the uncertainty for a single
viewing angle. For parameters that should depend on viewing angle,
such as %y 15y, the variation with viewing angle can be greater than
the uncertainty for a single viewing angle.

(iv) Although macpHYs does not include AGN emission, the
galaxy properties that we infer are generally unaffected by AGN
contamination. Even when the AGN contributes as much as 25 per
cent of the UV-mm luminosity, MAGPHYS can obtain statistically
acceptable fits to the photometry and recover the parameters
accurately.

(v) When either LMC- or SMC-type (rather than the default
MW-type) dust is used to perform radiative transfer to calculate
the mock photometry, MAGPHYS recovers some parameters less well.
For the Lmc-pUST case, the median likelihood stellar mass values
are ~0.1 dex greater but still consistent with the true values within
the uncertainties. When SMC-type dust is used, MAGPHYS Yyields
marginally acceptable or unacceptable fits for the majority of the
mock SEDs. Most notably, for some snapshots for which the SFR
is ~20 M@ yr~!, MaGPHYS yields median likelihood SFR values of
zero even though the fits are formally acceptable.

(vi) The amount by which the dust mass is underestimated de-
pends on the subresolution ISM model used in the radiative trans-
fer calculations. In the best case scenario, MAGPHYS recovers the
dust mass well during the first passage and coalescence phases
of the merger but underestimates it by ~0.1-0.2 dex (as much as
~(0.6 dex) during the phase between first passage and coalescence
(post-starburst phase).

Overall, our results constitute a somewhat mixed endorsement of
the SED modelling approach: when the assumptions made regarding
e.g. the dust attenuation curve are relatively consistent with the true
attenuation curve, MAGPHYS performs very well. However, if, for
example, the true dust attenuation curve differs significantly from
that assumed by MaGPHYS, one may be better served by using less
sophisticated but more transparent methods for inferring physical
properties of galaxies from their SEDs. Regardless, one should
use caution when performing SED modelling on large samples
of galaxies and ideally cross-check the results by using multiple
SED modelling codes and comparing with the results of simpler
techniques.
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FULL FITTING RESULTS FOR ALTERNATE ASSUMPTION SUNRISE RUNS

For completeness, in this appendix, we present the full fitting results for the SUNRISE runs in which the physical assumptions were varied. The
most interesting panels of these figures were already presented and discussed above.
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Figure A1. Similar to Fig. 5, but for the AGN-OFF run.
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