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Scheme for GRASIL parameters and usage
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(1) List of files to run GRASIL
Source files:

gsuti.f90, grasil.f90, gslight.f90, gsmain.f90, gsmol3.f90, gshii3.f90, gsflut.f90, gsdiff.f90, gspah.f90, lvgdatos.f90, lvgsubruti.f90, dfport.f90, taututto.f90, tauflut.f90, tausub.f90, taujd.f90, taumod.f90, tausto.f90, taupah.f90, mstarsub.f90, num.f90, q_draine.f90, graann.f90, network.f90, precismod.f90, utilmod.f90

Executables (for Windows and Linux):

grasil  (or grasil_win.exe, grasil_linux)
Sample shell to compile with Intel compiler for Linux:

compall.tcsh

Input files to run GRASIL:

· GRA_81, SIL_81, sigmapah_07.dat, TAU96.OF : various files needed by GRASIL for dust properties. Must be in the same directory as the executable

· Files for SSPs: These too must be in the same directory as the executable. 
SSP files with extensions *.sal,  *.ken, *.msc, *.kro, *.scm, *.cha identify the IMF with which the SSPs have been computed (respectively Salpeter, Kennicutt, Miller & Scalo, Kroupa, “modified Scalo”, Chabrier, more details below). For each IMF, there’s one SSP file for each metallicity, containing the SED for a large range of ages. The SSPs described below are based on the Kurucz stellar library, cover a quite large range of IMFs, and are computed for stellar masses from 0.15 to 120 Mo. They also include the dust emission from AGB dusty envelopes (see Bressan, Granato, Silva 1998) and radio emission (both thermal and synchrotron, see Bressan, Silva, Granato 2002). If necessary SSPs with higher resolution and more IMFs are available. 
     
      Specifically: 
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): gsrdk0bZ0004.sal, gsrdk0bZ004.sal, gsrdk0bZ008.sal, gsrdk0bZ02.sal, gsrdk0bZ05.sal
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 for M>1): gkn15rdZ0004.ken, gkn15rdZ004.ken, gkn15rdZ008.ken, gkn15rdZ02.ken, gkn15rdZ05.ken
 
Modified Kennicutt-type IMF (
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 for M>1): gkn1rdZ0004.ken, gkn1rdZ004.ken,  gkn1rdZ008.ken, gkn1rdZ02.ken, gkn1rdZ05.ken 

Miller & Scalo IMF (
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for M>10): kurZ0004.msc, kurZ004.msc,  kurZ008.msc, kurZ02.msc, kurZ05.msc

Kroupa IMF (
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for M>1): imf27z0001.kro, imf27z0004.kro, imf27z004.kro,   imf27z008.kro, imf27z02.kro, imf27z05.kro

”Modified Scalo” IMF (
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for M>2): kurz0004.scm, kurz004.scm,   kurz008.scm, kurz02.scm, kurz05.scm

Chabrier IMF (dn/dlogM ( exp(-(logM-logMc)^2/(2*sigma^2)) for M(1, ( M^-1.3 for M>1, Mc=0.08, sigma=0.69): kurz0004.cha, kurz004.cha,   kurz008.cha, kurz02.cha, kurz05.cha
· Parameter files: 
*the specific parameters for GRASIL are set in a file with extension .par, whose name can be defined at whish and may be used to identify a specific model (model_name.par). See the template.par file as an example. 
*For a composite bulge+disk geometry there are 2 possibilities: (1) GRASIL searches another input parameter file with extention .bst (bst stands for bulge over total), model_name.bst. See the template.bst file as an example. It gives the evolution of the istantaneous bulge over total SFR, so to split the single SFR given by che_evo in the 2 components. (2) If the optional parameters t_bst and a_bst are present in the .par file the splitting of the SF between bulge and disk is performed directly by GRASIL assuming a linear evolution from all SF in the bulge before t_bst to all SF in the disk with a slope a_bst.  In general a complete galaxy formation model (within a cosmological context) provides directly the SF in the 2 components. Instead CHE_EVO is a one-zone classical “monolithic” chemical evolution model.
· The output of the che_evo code model_name.sf  providing the star formation and metallicity history

___________________________________________________________


(2) How to run GRASIL and output files

The executable requires the name of the model as input argument. For example with the following command:
 
>grasil  model_name

the program searches for model_name.sf and model_name.par (also model_name.bst if igeo= -1, i.e. for a bugle+disk geometry, see below) 

It is possible to modify the parameters of the MAIN section in the .par file directly from the command line instead of editing the parameter file, e.g.:

>grasil  model_name  tgal=7.  mmolfraz=0.8  flutflag=0. ....


The output files are the following: 

· model_name.angle_in_degree (number and values of  the requested viewing angles of the output SEDs are specified in the SPECTRA section of the .par file, see below);
· model_name.spe (angle-averaged SED if the number of requested angles is >1 ); 

· model_name.out  containing several information on the model (luminosities of the different components, check of energy conservation, optical depths...)

(If the optional flag wavsspout described in section A.4 below is different from 0 then the SEDs are output also at the resolution of the input SSP in the files model_name.ssp.angle_in_degree and model_name.ssp.spe).

__________________________________________________________

(3) Description of the parameters in the mod_name.par file

The GRASIL parameter file is divided into Sections: MAIN, SSP, SPECTRA, MIXDIF, MIXMOL, (and an optional one MCLINE). The format of the parameters name, value and comments can be directly seen in the template.par file.  Here below we provide a description of the content of each Section. Note that the actual physical parameters are only a small part of the MAIN Section. For this reason in the description given below the parameters of the MAIN Section have been grouped according to being real parameters or flags/utilities/optional choices. The number of parameters that one should actually consider in any case are: 6 to 7 for spherical symmetry; 6 to 9 for disk geometry; 7 to 11 for bulge+disk geometry (these numbers include also the age of the model SED, and the actual number depends on the assumed scale radii for stars and dust being equal or not). 
(A) SECTION MAIN

A.1 - Real (physical) parameters

Note: red for most important parameters and/or whose values can have a large range/effect; blue for quite important parameters or not large range of values; black for not so important parameters or almost fixed values.
	Name

	Meaning/Usage
	Typical/range of values

	tgal
	Age of the model in Gyr
	Any value ( max age in mod_name.sf file

	mmolfraz
	>0 =Fraction of molecular over total gas mass. Molecular here means gas associated with star forming MCs.
<0=means no gas, performs simple standard pure stellar population synthesis
>1=it is reset to min(1,SFR(tgal)/mmolfraz), i.e. it is read as the SFR at which mmolfraz becomes 1, i.e. mmolfraz(SFR 
	In general no fundamental differences for mmolfraz = 0.3 to 0.7
More effect in the FIR-submm

	mcloud

rcloud
	Mass (Mo) and radius (pc) of MCs. These are considered jointly because the real parameter is the MCs optical depth ( mcloud/rcloud^2* (dust/gas)
If mcloud<0 then –mcloud is read as (1(m ,the 1(m optical depth of MCs 
	mcloud =105-106 Mo, rcloud=10-20 pc
(1(m  = 20-60

Strong effect particularly in the MIR

	etastart

vout
	etastart= escape time scale of young stars from MCs or destruction time scale of MCs in Gyr  

vout= Gyr^-1, rate of escape for stars partially out of MCs. If vout < 0 (usual choice) it is set to 1/etastart.
These parameters set the fraction f of SSPs energy inside MCs as a function of their age t according to:

 f=1                            if t < etastart

 f=1-vout(t-etastart)   if etastart < t < etastart+1/vout 

 f=0                            otherwise
	etastart ~ a few Myrs for spirals, few 10Myrs for starbursts (as a rule of thumb of the same order of the duration of the starburst). 

Usually vout=-1, i.e. in 2*etastart all stars emit all of their energy out of MCs
Sets the IR to UV-optical ratio

	dsug

idz
	dsug= dust over gas mass ratio or proportionality constant between dust/gas and gas metallicity according to the value of the flag idz

If idz=0.0 dsug is the dust/gas mass ratio, if idz=1.0 then dsug becomes the proportionality factor between Z (metallicity) and dust/gas. In this case dsug=0.45 gives the standard Draine&Lee dsug=1/110 for Zsun=0.02. 
	In general for nearby galaxies it can be assumed dsug=0.01. For higher z galaxies where the average Z could be very different from solar it could be more useful to set dsug ( Z.

	Tgra

Tsil
	Maximum T of graphite and silicate grains in MCs. 
	A value that we found to work well in essentially all cases is 400 K. The reason for these parameters is due to the assumed geometry (see sec 2.5 in the 98 paper).

	igeo
	sets the geometry of stars and gas.

The most useful cases are:

=1 King profiles: core radii given by rcstar and rcdiff (rho(r)=rho0/(1+(r/rc)2)1.5)

=2 Exponentials of distances from polar axis and from equator. Scale lengths given by (rdstar, rddiff) and  (zdstar, zddiff) 
=-1 Bulge (King) + Disk (Exponential). If istarfo=0 the same SF history is divided between bulge and disk 

as read in the model_name.bst file. Much more time consuming.  

(Cases introduced for comparison or exercise:
=0 homogeneous

=3 Elliptical galaxy defined by Witt et al. 1992, APJ, 393
=4 Cloudy galaxy defined by Witt et al. 1992, APJ, 393
=5 like 1 but the exponent 3/2 replaced by gamdiff for the diffuse gas (rho_d(r)=rho0_d/(1+(r/rcd)2)gamdiff) )
	

	rcstar
rcdiff
	Core radii in Kpc for stars and diffuse dust used for igeo=1 (or igeo=5), spherical symmetry with King profile.
	0.2-0.5 kpc for stars. In absence of other suggestions in most cases rcdiff=rcstar works well. 

	rdstar
rddiff

zdstar

zddiff
	Scale radii and scale heights in Kpc for stars and dust for exponential disks.
	rdstar is typically a few Kpc and zdstar is of the order of 1/10 rdstar.

	gamdiff
	used for igeo=5, exponent of the modified King profile for diffuse dust
	







A.2 – Utilities

	gastmp

igastmp
	If igastmp=1 the gas mass in the .sf file at tgal is forced to gastmp*(final total mass in .sf file). 

If igastmp=0 gastmp is not used and the actual gas mass at tgal  in the .sf file is adopted.

The meaning is that it is not guaranteed that the gas mass given by the chemical evolution code is the right one. For instance, there it is assumed that a galaxy evolves without interactions, that instead could modify the gas mass over stellar mass ratio. 
	

	ndr
	Number in radial bins (shells) in the diffuse component.

ndr has no effect for exponential profiles (igeo=2) for which ndr is optimized by the code
	40 is usually good for moderate optical thickness.
Increase when energy is badly conserved

	nlf
	Number of wavelength bins in the output spectrum
	


A.3 – Flags to make or not some parts of the computation
	pahflag
	if 0.0 no computation of PAHs features, if 1.0 they are computed
	

	flutflag
	if 0.0 no computation of temperature fluctuations of small grains in the cirrus (speeds up), if 1.0 fluctuations are computed for cirrus dust
	

	flutmc
	as flutflag but for dust in MCs. The effect is usually much less important in MCs than in the cirrus
	0.0 in most cases makes no difference

	hiiflag
	if 1.0 emission lines and nebular continuum are also computed (needs additional input files and programs)
	

	emiflag
	if 0.0 no computation of dust emission, only extinction (by MCs and cirrus).  Can be useful for fast computations in cases in which only UV/optical is considered.     
	

	intrho
	flag to write or read the path normalized integrals to speed up computation for cirrus emission, at least for set of models with compatible geometries. intrho=0 does nothing, =1 writes path normalized integrals in a file, =2 reads from the same file instead of computing
	

	
	
	





A.4 – Optional parameters or flags
	fmdifbul
	Sets the fraction of the diffuse gas in the bulge when a bulge + disk is present. In this case if fmdifbul is not present it is set to 0.
	

	lam_tru

exp_tru
	lam_tru is the wavelength in (m above which the slope of the dust absorption efficiency is set equal to exp_tru. If not present the Draine dust intrinsic properties in GRA_81 and SIL_81 are used (absortion efficiency ( (-2 in the FIR-submm).   
	There have been suggestions that in denser regions the slope in the submm could be less steep than 2, between 1.5 and 2.

	wavsspout
	If present and not 0, spectra are output also at the resolution of input SSP in files model_name.ssp.inclination.

In this way the stellar features can be studied. If wavsspout is 0.0 or not present, these output files are not produced
	

	z_lvg

v_lvg
	Optional parameters used to compute lines from molecules in MCs in the LVG approximation. Needs further inputs to work (and maybe it is still too preliminary, Vega et al in prep).
	

	t_bst
a_bst
	Age in Gyr before which all SFR is in bulge, and slope in Gyr^-1 for the linear transition from all SF in bulge to all in disk after t_bst. If they are not present, and igeo= -1 then GRASIL searches the file model_name.bst that contains the same information but in tabulated form (so with any dependence of sf in bulge/tot vs time).
	

	annflag
	Flag to compute IR SEDs with the Artificial neural networks – very fast. Needs a trained net as a further input (still work in progress)
	If not present or =0 no ANN;  =1 : ANN for MCs,  =2 : ANN for cirrus; =3 : ANN for all



A.5 – Flags that must not be changed

	istarfo
	leave 0.0. Sets the origin of the SF law. For che_evo it is 0.
	

	ssp_mass4
	not used for istarfo=0
	

	extflag
	leave 1.0. (If 1.0, the effective optical thickness (_eff = sqrt((_abs*(_ext) is used in the diffuse component, if 0.0 (_abs is used.)
	


(B) SECTION SSP

In this section the first 2 lines after the section title "SSP" must be comments. Then the format is e.g.:
1    'gsrdk0bZ0004.sal'
1    'gsrdk0bZ004.sal'
1    'gsrdk0bZ008.sal'
1    'gsrdk0bZ02.sal'
1    'gsrdk0bZ05.sal'

The first column is 1 or 0 if the corresponding SSP name has to be used or not (in this case the file name of that ssp can also be omitted). Remember to use SSPs with the same IMF as that adopted for the .sf file given by che_evo. 

Each SSP file refers to a given metallicity as indicated in the name, and contains a large range of ages. The mass range used for these SSP is 0.15 to 120 Msun. Small variations of the lower mass end for the .sf file can be done, since these low mass stars are essentially not visible in the SED of the SSP. These variations will modify the M/L ratio.

(C) SECTION SPECTRA

Specify the number of angles and the angles in degree from the polar axis along which the output SEDs are computed.

For spherical symmetry (igeo=1) it is of course sufficient to set just one direction. For non spherical symmetry (igeo=2 or -1) it is convenient to put at least 6 or 7 directions to have a meaningful angle-averaged SED. 


(D) SECTION MIXDIF

Parameters setting the dust mixture in the diffuse component

(E) SECTION MIXMOL

Parameters setting the dust mixture in the molecular clouds

In both these last sections the parameters for graphite, silicate dust grains and PAHs are now set to reproduce the average properties of dust in the diffuse medium of our Galaxy. Due to the very poor knowledge of intrinsic dust properties in different environments and galaxies a good choice is not to change these sections, unless of course one wants to test the effects of different assumptions also for this part, or there are evidences that this is the case. In many cases we found that the effects of geometry seem to dominate over those of dust (in the UV-optical). 

As for PAHs, the parameter "xx" giving their amount is set in the MIXDIF section to reproduce 

the observations in the our galaxy. In the MIXMOL section it is set much smaller than this, according to the paper Vega et al. 2005 MNRAS 364 1286. This is due to the fact that it is very likely that the strong UV from the young stars within MCs are able to destroy a large part of PAHs. But how much thay are destroyed is parametrized by this "xx".

 (F) SECTION MCLINE

This is an optional section that was included as a possibility to explore the effect of having a set of MCs with different optical depths and escape time scales, instead of having all MCs with the same properties. In particular this seemed to be the case when dealing with nebular lines. Actually, with broad band SEDs, and in many cases also with emission lines, this differentiation was never needed, or in other words we never found enough constraints that really required and could fix these further parameters.  
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