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Background

Results

In order to understand the numerous processes that govern galaxy formation and
evolution, we need multi-wavelength observations of galaxies at all cosmic epochs.
This has led to a series of surveys at all wavelengths from the X-rays to the radio of ever
improving sensitivity, resolution and sky coverage.
Significant progress has also been made in the development of models (stellar
population synthesis models, radiative transfer models) and model fitting techniques that
aid the interpretation of these observations.
The spectra of galaxies can be decomposed into a number of components. Radiative
transfer models, as well as methods of fitting them to data, are available for all of
these components.

Figure 2. Example of a spectral energy distribution (SED) computed with the
spheroidal galaxy model.

The Aristarchus Research Center (https://arc.euc.ac.cy/) at European University Cyprus
has, over the last two decades, developed a niche in radiative transfer models of galaxies,
mainly due to the work of its director (AE). Some of these models are currently available
publicly through the CYprus models for Galaxies and their Nuclear Spectra (CYGNUS)
project (CYGNUS CY2-01 Contract 4000126896).

Goal
The goal of our project is to develop a new method for fitting the CYGNUS models to
data using a Markov Chain Monte Carlo (MCMC) code and test the method with a large
sample of galaxies with excellent photometry and infrared spectrophotometry from the
Spitzer Space Telescope.

Figure 3. Examples of SED fits with emcee and the CYGNUS models, AGN torus
(blue), starburst (red), spheroidal host (orange), total (black).

Conclusions & Future
Methods
We utilize three models as input of the MCMC code for fitting the data: these are the
starburst (Efstathiou et al. 2000, Efstathiou & Siebenmorgen 2009) and active galactic
nucleus (AGN) torus (Efstathiou & Rowan-Robinson 1995) models and a parallelized
spheroidal code that we developed within CYGNUS following Efstathiou et al. (2021).
For the MCMC code, we utilize the publicly available emcee code (Foreman-Mackey et al.
2013). emcee gives us the fitted parameters and realistic estimates of their uncertainties.
We assemble multi-wavelength photometry for ∼100 galaxies of various types and at a
range of redshifts with Spitzer/IRS spectroscopy and Herschel photometry (e.g. HERUS
by Farrah et al. 2013 at z∼0.2, COSMOS by Fu et al. 2010 at z∼0.7, Sajina et al. 2012,
Kirkpatrick et al. 2013). We incorporate the parallelized spheroidal code as well as the
starburst and AGN models in emcee and the data are used for testing the models and
fitting method developed in this project.
Regarding the parallelized spheroidal code, we run it ‘on the fly’ for each set of
parameters in the Markov chains after computing the spectrum of starlight in the galaxy
assuming an arbitrary star formation and metallicity history.

Figure 1. Schematic diagram of the model of Efstathiou et al. (2021) for a spheroidal
galaxy. The model includes the emission from dust and stars distributed throughout the
interstellar medium but also concentrated in giant molecular clouds shown in red.

Our approach is to develop further the CYGNUS model and use it to fit the
panchromatic SEDs of a sample of galaxies with excellent photometric and
spectroscopic coverage. The results of the fitting will then be post-processed to
derive physical quantities such as stellar mass, star formation rate, starburst
timescale, AGN fraction, dust masses etc.

Acknowledgements
The CYGNUS project is funded by the European Space Agency under Contract
4000126896. CV acknowledges the award of a PhD scholarship from European
University Cyprus.

References
 Efstathiou, A. and Rowan-Robinson, M., 1995. `Dusty discs in active galactic nuclei’. Monthly Notices of
the Royal Astronomical Society, 273(3), pp.649-661.
 Efstathiou, A., Rowan-Robinson, M. and Siebenmorgen, R., 2000. `Massive star formation in galaxies:
radiative transfer models of the UV to millimetre emission of starburst galaxies’. Monthly Notices of the
Royal Astronomical Society, 313(4), pp.734-744.
 Efstathiou, A. and Siebenmorgen, R., 2009. `Starburst and cirrus models for submillimeter
galaxies’. Astronomy & Astrophysics, 502(2), pp.541-548.
 Efstathiou, A., Małek, K., Burgarella, D., Hurley, P., Oliver, S., Buat, V., Shirley, R., Duivenvoorden, S.,
Lesta, V.P., Farrah, D. and Duncan, K.J., 2021. `A hyperluminous obscured quasar at a redshift of z≈
4.3’. Monthly Notices of the Royal Astronomical Society: Letters, 503(1), pp.L11-L16.
 Farrah, D., Lebouteiller, V., Spoon, H.W., Bernard-Salas, J., Pearson, C., Rigopoulou, D., Smith, H.A.,
Gonzalez-Alfonso, E., Clements, D.L., Efstathiou, A. and Cormier, D., 2013. `Far-infrared fine-structure line
diagnostics of ultraluminous infrared galaxies’. The Astrophysical Journal, 776(1), p.38.
 Foreman-Mackey, D., Hogg, D.W., Lang, D. and Goodman, J., 2013. `emcee: the MCMC
hammer’. Publications of the Astronomical Society of the Pacific, 125(925), p.306.
 Fu, H., Yan, L., Scoville, N.Z., Capak, P., Aussel, H., Le Floc'h, E., Ilbert, O., Salvato, M., Kartaltepe, J.S.,
Frayer, D.T. and Sanders, D.B., 2010. `Decomposing star formation and active galactic nucleus with
Spitzer mid-infrared spectra: luminosity functions and co-evolution’. The Astrophysical Journal, 722(1),
p.653.
 Kirkpatrick, A., Pope, A., Alexander, D.M., Charmandaris, V., Daddi, E., Dickinson, M., Elbaz, D., Gabor, J.,
Hwang, H.S., Ivison, R. and Mullaney, J., 2012. `GOODS-Herschel: impact of active galactic nuclei and
star formation activity on infrared spectral energy distributions at high redshift.’ The Astrophysical Journal,
759(2), p.139.
 Sajina, A., Yan, L., Fadda, D., Dasyra, K. and Huynh, M., 2012. `Spitzer-and herschel-based spectral
energy distributions of 24 μm bright z∼ 0.3-3.0 starbursts and obscured quasars.’ The Astrophysical
Journal, 757(1), p.13.

