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Eta Carinae is an object of great interest and controversy in Astrophysics.  By accepted theory the star shouldn’t even exist.  Its mass, 150 times that of the sun, is greater than the Eddington limit.  This means that the radiation pressure generated by the star should exceed the force of gravity and the star should blow itself apart, and it appears to have started to do just that.  The characteristic feature of Eta Car is its bipolar lobed nebulae, which consists of matter that was ejected during an outburst in the 1820’s.  More information can be found at:  http://www.seds.org/messier/xtra/ngc/etacar.html as well as at my webpage http://www.physics.utoledo.edu/~jthomas/etacar/ .  Also see the suggested references.

Changes:

The radiative equilibrium code, developed by Barb Whitney, was modified by Joshua Thomas.  For a more detailed explanation of how the underlying code functions please see the included instructions.txt.

The infalling matter that characterized the ttauri code has been removed.  In general the Fortran files that contain the modified subroutines in general follow this naming convention: ‘oldfilename’_eta.f.  The major changes to the code have been with the densenv and gridset routines located in the files denseta.f, and gridset_eta.f respectively.  These files set the shape and density distribution of the atmosphere.  Please note that the changes in gridset pass a new variable, fact, to denseta.  Modifications to the code include the option of turning on or off the mini homunculus inside the homunculus of Eta Car, the radius given in the sample file is from Ishibashi et al. 2003.  All parameters that are new to the code have been placed in the common block etacar.txt.

The random numbers are correlated to generate density clumps on the surface of the atmosphere.  The size of the grid of points for all three spherical coordinates can be set as parameters in the common block grid.txt; nrg (number radial grid cells), ntg (theta), npg (phi).  In the case that one modifies a common block file, one should do a “make clean” followed by a “make”, otherwise your changes will not affect the executable.  Keep in mind that the larger the grid in theta and phi, the longer it will take to initiate the random number subroutine ranrho.  The Makefile needs to be modified if you change the filename of a file containing a subroutine that is needed for the code, also if you add your own subroutines/files you need to update the Makefile accordingly.

If you add input parameters you need to follow the format in the reapar subroutine, the current version is located in the file reapar_eta.f, and add the appropriate lines for any new variable, or one that you wish to remove.  Then you need to edit the mctherm.par file accordingly, I have included a working copy of an mctherm.par file.  To do you own run you should copy this file to a subfolder under models and execute the etare program from there.

Output:

peeloff_3d_eta.f and filt_eta.f have been modified from their original routines peeloff_3d.f and filt_nu.f, the changes add three new filter wavelengths in the optical; Hubble’s WFPC2 wide-B F450W, wide-V F606W, and wide-R F702W filters.  If you would like to change one or more of these filters goto the webpages below and get a throughput file, and put it it the ../models/parfiles directory and change the filename to be read in, in filt_eta.f.  Change the read procedure to accommodate the different number of lines, this will require modifications to filt.txt as well.  

There were also a few parameters that had to be changed in tts.txt:  nfreq (number frequencies), nbnd (number filter bands).  If all you are doing is changing a current filter to a new one, you do not need to edit tts.txt.  The new filenames for the optical filter images are:   e_5060.a*.dat, e_6186.a*.dat, e_6538.a*.dat.  The number is the approximate value in angstroms of the peak wavelength of the filter.  The wide filters were chosen for computational reasons.  Drissen et al 2001 used the F170W, F336W, F547M, and F1042M filters on HST’s WFPC2.  For throughput files and general WFPC info here are some url’s of interest: 

http://www.stsci.edu/instruments/wfpc2/Wfpc2_hand_current/ch3_opticalfilters2.html
http://www.stsci.edu/instruments/wfpc2/Wfpc2_thru/
ftp://ftp.stsci.edu/cdbs/cdbs8/synphot_tables/
The IDL programs for the most part are straight forward.  An attempt to display the optical wavelengths was made, the IDL program is plotwfpc.  I believe plotwfpc works correctly,  but I think that the last filter does not have light going into it.  

If you’re running 2-D spectra and wish to plotdens, you first need to run darr4 in you model’s directory before attempting to plot it with IDL.  

Running the code:
Copy mctherm.par from the source directory to a subfolder under models, say for example test.  Edit mctherm.par to suit your needs, then run ../srcdust/etare it’s a good idea not to make a log for now.  It has a tendency to grow toward 17GB.  On a Pentium 4 it takes about 5 minutes to run 1000000 photons without the clumps.

New parameters in the radiative equilibrium are located in the Envelope Properties Section of mctherm.par.

'**** Envelope Properties ****'

19000.   = RMAX  = Maximum envelope radius in AU

1.     = RMINE = Minimum envelope radius in Rstar scales w/CRMINSUB

0.66   =  TAUV0 = optical depth at V-band along pole.

0.e-20  = RHOAMB = ambient density

2       = EBUB = exponent Controls Shape of bubble, even integers produce a double/bipolar bubble, odd integers and fractions give offset circular bubble.

0.2     = THICK = thickness of shell, 1 is filled bubble

0.      = ER1 = density exponent in bubble, 0 is constant through region.

0.      = ER2 = density exponent in shell

0.01 = RHO1_2 = ratio of density in bubble to in shell, currently density in the bubble is set to 0, to change this comment out dens=0 and uncomment dens=*something* in denseta.f, this needs to be done for both conditions of the if statement.

'YES'   = MINIH = YES for mini Homunculus

3450.   = RMAXH = If MINIH YES then max radius of mini Homuculus in AU

'YES'   = CLUMP = NO for no random clumps, No sets fact=1. in denseta.f, a smooth atmosphere, instead of clumpy.  Setting to NO disregards SIGMA and LAM.

0.33   = AMPDENS = amplitude times random density fact .33 for mostly + values

0.3     = SIGMA = STDEV for ranrho_eta.f for clumps ~0.3

30      = LAM = Correlation length in Deg for clumps
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