Software Manual

THE VICTORIA-REGINA STELLAR MODELS

This manual is intended as a guide to the software accompanying the Victoria-Regina grids of stellar models described in“The Victoria-Regina Stellar Models: Evolutionary Tracks and Isochrones for a Wide Range in Mass and Metallicity that Allow for Empirically Constrained Amounts of Convective Core Overshooting” by VandenBerg, D.A., Bergbusch, P.A., & Dowler, P.D., 2006 ApJS, in press. All the software discussed in this manual is written in FORTRAN 77 (or is at least compatible with it) and has been tested on a variety of operating systems and FORTRAN compilers.

2005 November 10

Peter A. Bergbusch

Department of Physics University of Regina Regina, Saskatchewan S4S 0A2 Canada

phone: 306–585–4205 email: bergbush@phys.uregina.ca

Contents

A. Brief Description of the Model Grids . . . . . . . . . . . . . . . . . . . . . 3 B. Overview of the Software . . . . . . . . . . . . . . . . . . . . . . . . . . 3 Unpacking the Model Grids . . . . . . . . . . . . . . . . . . . . . . . . . 4 C. Descriptions of Main Programs . . . . . . . . . . . . . . . . . . . . . . . . 5 vriso.f . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 vrcmd.f . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 vripf.f . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 vrzahb.f . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9 D. Input Files . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10 To vriso, the .eep files . . . . . . . . . . . . . . . . . . . . . . . . . . 10 vriso options, the .opt files . . . . . . . . . . . . . . . . . . . . . . . . 11 Colour–T_{eff} relations . . . . . . . . . . . . . . . . . . . . . . . . . . . 12 To vrzahb, the zahb*.data files . . . . . . . . . . . . . . . . . . . . . . 14 E. Output Files . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15 From vriso, the .iso files . . . . . . . . . . . . . . . . . . . . . . . . . 15 From vrcmd, the .cmd files . . . . . . . . . . . . . . . . . . . . . . . . 16 From vripf, the .ipf files . . . . . . . . . . . . . . . . . . . . . . . . . 17 From vrzahb, the zahb*.zahb files . . . . . . . . . . . . . . . . . . . . . 18

A. BRIEF DESCRIPTION OF THE MODEL GRIDS The Victoria–Regina stellar models are comprised of seventy-two grids of stellar evolutionary tracks accompanied by complementary zero-age horizontal branches. Sixty of the grids encompass and extend the sets of models reported by VandenBerg et al. (2000, ApJ, 532, 430) for twenty iron abundance values over the range −2.31 ≤ [Fe/H] ≤ 0.00 with 3 α-element enhancements at each iron abundance (specifically, [α/Fe] = 0.0, 0.3, and 0.6). These grids extend to sufficiently high masses (up to ≈ 2.2M_⊙) so that isochrones may be computed for ages as low as 1 Gyr. The remaining grids contain tracks for masses from 0.4 to 4.0M_⊙ and 12 [Fe/H] values between −0.60 and +0.49 (assuming solar metal-to-hydrogen number abundance ratios). In these grids, isochrones may be calculated for ages down to ≈ 0.2 Gyr.

These models do not treat gravitational settling or radiative acceleration processes. However, the extent of convective core overshooting has been modelled using a parameterized version of the Roxburgh (1989, A&A, 211, 361) criterion, in which the value of the free parameter at a given mass and its dependence on mass have been determined from analyses of binary star data and the observed color-magnitude diagrams for several open clusters.

Normalization: The models have been normalized to the Sun, for which L = 3.845 × 10^{33}erg/s, T_{eff} = 5780 K, M_{bol} = 4.75, B − V = 0.64, and M_V = 4.82 (i.e., BC_V = −0.07) are assumed.

B. OVERVIEW OF THE SOFTWARE The Victoria–Regina grids of evolutionary tracks are presented in the form of “equivalent evolutionary phase” files identified by the file extension .eep. They can be processed into isochrones on the log L– log T_{eff} by means of the FORTRAN program vriso.f. These “theorists” isochrones can then be processed further onto the observers’ magnitude–colour index plane with the program vrcmd.f, or into isochrone probability functions, luminosity functions, or colour functions via vripf.f. The zero-age horizontal branch models included with the grids are in files prefixed with zahb and the file extension .data. They can be transformed to the observers’ magnitude–colour index plane by means of the program vrzahb.f.

The archive of software includes the main programs vriso.f, vrcmd.f, vripf.f, and vrzahb.f, as well as three subroutine libraries vrakm.f, vrcolor.f, and vrutil.f. The Akima spline routines used in the isochrone interpolations are contained in vrakm.f, the colour–T_{eff} transformations are in vrcolor.f, and a few I/O routines used by all the main programs are contained in vrutil.f. Executable versions of the main programs are made by compiling them and linking them to the appropriate subroutine libraries.

To make an executable version of vriso.f, it must be compiled and linked with vrakm.f and vrutil.f. On my SUN Ultra 10 this is accomplished by typing

>f77 -o $HBIN/vriso vriso.f vrakm.f vrutil.f

with the result that an executable named vriso is placed in my personal binary directory

$HBIN. Similarly, the other programs are compiled with the following dependencies:
   >f77 -o $HBIN/vrcmd vrcmd.f vrakm.f vrcolor.f vrutil.f
   >f77 -o $HBIN/vripf vripf.f vrakm.f vrcolor.f vrutil.f
   >f77 -o $HBIN/vrzahb vrzahb.f vrcolor.f vrutil.f

Unpacking the Model Grids: The model grids are archived as (unix) compressed tar files. Each one contains the .eep files that tabulate the evolutionary tracks, the zahb*.data files that tabulate the raw zero-age horizontal branch models, the colour–T_{eff} transformation files

bvrihi.data, bvrilo.data, uvbyhi.data, uvbylo.data, and a template VRISO.OPT file

required by the program vriso.f. You will probably want to unpack each compressed tarfile (e.g., vr0a.tar.Z) into its own directory — if you do, each directory will have all the files necessary for the accompanying software to work. Before unpacking a grid, create a new directory for it, move the respective tar file into the new directory and untar it.

Compressed α/[Fe] Number [Fe/H] Tar File of Grids vr0a.tar.Z 0.0 20 −2.31 ≤ 0.00 vr2a.tar.Z 0.3 20 −2.31 ≤ 0.00 vr4a.tar.Z 0.6 20 −2.31 ≤ 0.00 vrss.tar.Z Scaled Solar 12 −0.60 ≤ +0.49

C. DESCRIPTIONS OF THE MAIN PROGRAMS

VRISO This program generates fundamental isochrones directly from a grid of evolutionary tracks. In addition to the .eep files containing the tracks, the user is prompted for a .opt file (the default is VRISO.OPT) that instructs the program

1. whether to use linear or Akima spline interpolation (or some combination of the two methods) for each of the age–mass, log L–mass, and log T_{eff} –mass relations.

2. whether to use the default age values built into the software, the ages specified within the options file itself, or whether to prompt the user for ages interactively.

The user may configure the option file(s) to suit their preferred method of operation, and such files can have arbitrary names. The default output file has the same filename as the input .eep file but with the file extension .iso.

The following example shows a typical run of vriso. At the prompt >, the user types the command vriso and is asked for an input EEP–file (here it’s vr0a-061.eep). The program prints a table on the screen showing the number of tracks, their masses, the age of the youngest model on each track, and the model numbers that correspond to the seven primary EEP points. In this example, a 0.27 Gyr isochrone will reach all the way down to 0.5M_⊙.

>vriso
                      EEP Tracks file:vr0a-061.eep

                          ZAMS Primary EEP Models
        Track Mass Ages ZAMS MSTO BLHK HZGP BRGB GBPS RGBT
           1 2.400 0.006 1 221 328 618 806 955
           2 2.200 0.008 1 222 330 579 769 943
           3 2.000 0.010 1 210 318 533 706 931
           4 1.900 0.011 1 207 314 551 699 944
           5 1.800 0.013 1 199 306 530 666 938
           6 1.700 0.013 1 195 302 508 594 701 872
           7 1.600 0.015 1 182 286 467 563 659 810
           8 1.500 0.018 1 159 258 440 554 634 802
           9 1.400 0.020 1 127 214 364 447 539 723
          10 1.300 0.023 1 89 150 295 366 463 654
          11 1.200 0.028 1 55 76 197 263 358 564
          12 1.165 0.028 1 44 50 163 227 324 534
          13 1.100 0.034 1 42 46 158 214 314 520
          14 1.000 0.043 1 45 145 211 292 440
          15 0.900 0.058 1 57 137 195 277 431
          16 0.800 0.084 1 79 144 193 276 436
          17 0.700 0.123 1 106 158 211
          18 0.600 0.192 1 150 158
          19 0.500 0.270 1

The program then prompts for an output file name. If you respond by hitting <return>, it will have the default file name shown; otherwise type in a name that you want. Similarly, if you have created your own .opt file, you can enter it at the next prompt. The program then prints the interpolation options set in the .opt file and a list of the ages chosen.

                   Default Isochrone file [vr0a-061.iso]:

                   Default Options File [VRISO.OPT]:

                   INTERPOLATION OPTIONS

         AM = 1.00 Age-Mass interpolant; 1=spline, 0=linear
         LM = 1.00 Luminosity-Mass interpolant; 1=spline, 0=linear
         TM = 1.00 Temperature-Mass interpolant; 1=spline, 0=linear

                   Interpolating 8.00 Gyr Isochrone.
                   Interpolating 10.00 Gyr Isochrone.
                   Interpolating 12.00 Gyr Isochrone.
                   Interpolating 14.00 Gyr Isochrone.
                   Interpolating 16.00 Gyr Isochrone.
                   Interpolating 18.00 Gyr Isochrone.
>

In this example, pure spline interpolation was chosen for the age–mass, the log L–mass, and the log T_{eff} –mass interpolation relations.

If you opt for entering the ages interactively by setting line 3 in the .opt file to a value other than 0 or 1, then vriso will write prompts like those shown below to the screen.

                   Isochrone Age(Gyr) Type E<ret> to exit: 8
                   Isochrone Age(Gyr) Type E<ret> to exit: 10
                   Isochrone Age(Gyr) Type E<ret> to exit: 12
                   Isochrone Age(Gyr) Type E<ret> to exit: 14
                   Isochrone Age(Gyr) Type E<ret> to exit: 16
                   Isochrone Age(Gyr) Type E<ret> to exit: 18
                   Isochrone Age(Gyr) Type E<ret> to exit: e

                   Interpolating 8.00 Gyr Isochrone.
                   Interpolating 10.00 Gyr Isochrone.
                   Interpolating 12.00 Gyr Isochrone.
                   Interpolating 14.00 Gyr Isochrone.
                   Interpolating 16.00 Gyr Isochrone.
                   Interpolating 18.00 Gyr Isochrone.
>

VRCMD This program transforms the fundamental isochrones to the observers’ plane so that they can be compared dirctly to colour-magnitude diagrams. The input files are the

.iso file generated by vriso, as well as the colour–T_{eff} transformation files bvrihi.data,
bvrilo.data, uvbyhi.data, uvbylo.data.

The default output file has the same filename as the input .iso file but with the file extension .cmd. In addition to the abundance parameters and the fundamental quantities mass, M_{bol}, log T_{eff} , and log g, the output files (see p. 16) tabulate the V/y magnitude (V = y is assumed) and the colour indices B − V , V − R, V − I, b − y, m_1, and c_1 at 250 evenly spaced points along each isochrone.

>vrcmd
                    Input ISOCHRONE File: vr0a-061.iso
                    Output Fiducial File: vr0a-061.cmd

          6 ISOCHRONES [Fe/H] = -0.61
          Color grid interpolated to [FE/H] = -0.61
          Color grid interpolated to [FE/H] = -0.61

                    Age, NPTS: 8.00 329
                    Age, NPTS: 10.00 322
                    Age, NPTS: 12.00 317
                    Age, NPTS: 14.00 313
                    Age, NPTS: 16.00 310
                    Age, NPTS: 18.00 307
>

VRIPF This program transforms the fundamental isochrones (in .iso files) into isochrone probablility functions (IPFs) and/or luminosity functions (LFs) and/or colour functions (CFs). The input files are the .iso file generated by vriso and the colour–T_{eff} transformation files bvrihi.data, bvrilo.data.

The user is prompted for a magnitude bandpass (B, V , R, or I), a colour index (B − V , B − R, B − I, V − R, or V − I, as well as three values of the mass spectrum exponent x. For each of the three output file options (.ipf, .lfn, or .cfn), the user is then prompted to specify bin widths. For IPFs, bin widths are specified in terms of “distance” along the isochrone — 0.2 mag widths are typical. For LFs, 0.2 mag bins are typical; for Cfs, 0.02 mag bins are useful.

>vripf
                    Input ISOCHRONE File: vr0a-061.iso

                    Available Magnitudes & Colour Indices

                            1) B 1) B-V
                            2) V 2) B-R
                            3) R 3) B-I
                            4) I 4) V-R
                                          5) V-I

       Select a Magnitude(1-4) & Colour Index (1-5): 4 3

       Power law mass spectrum exponent (1+x)
                     Enter three values of x: -0.5 0.0 0.5

                    Do you want an IPF? [Y/N] y
                    Input IPF bin width: 0.2
                    Do you want a LF? [Y/N] y
                    Input LF bin width: 0.2
                    Do you want a CF? [Y/N] y
                    Input CF bin width: 0.02

          6 ISOCHRONES [Fe/H] = -0.61
          Color grid interpolated to [FE/H] = -0.61

                    Age, NPTS: 8.00 329
                    Age, NPTS: 10.00 322
                    Age, NPTS: 12.00 317
                    Age, NPTS: 14.00 313
                    Age, NPTS: 16.00 310
                    Age, NPTS: 18.00 307
>

The output file(s) (see p. 17) contain tabulations of magnitudes and colour indices in the specified passband and colour index as well as the differential and cumulative distribution functions at the bin centres.

VRZAHB This program performs the transformation of the fundamental ZAHBs onto the observers’ plane. The tabulations are identical to those in a .cmd file.

>vrzahb
               Input zahb*.data File: zahb0a-061.data

               Color grid interpolated to [FE/H] = -0.61
               Color grid interpolated to [FE/H] = -0.61
>

D. INPUT FILES

TO VRISO, the .eep files The format of a typical .eep file is shown below. For each track, the line entries are 1) the model number, 2) log L/L_⊙, 3) log T_{eff} , 4) age increment in Gyr (except for model 1, which gives the contraction age at the ZAMS), 5) central hydrogen content, 6) d(log L)/d(log t), and 7) d(log T_{eff} )/d(log t).

VRISO OPTIONS, the .opt files A .opt file begins with a dummy header line that identifies it as such (in the example below vriso.opt).

The second line, read in 3F5.2 format, defines the nature of the three interpolation relations, age-mass, log L-mass, and log T_{eff} -mass. A value of 1.00 indicates pure spline interpolation while 0.00 means purely linear interpolation. Intermediate values result in weighted averaging of the two interpolation results (e.g. 0.50 means a straight average of the two interpolation methods).

Akima spline interpolation is recommended for all three interpolation relations. However, in a few of the grids, isochrones in the age range of ≈ 2.6–3.4 Gyr derived via spline interpolation exhibit gaps in the point distribution over the transition from the blue hook (the blueward excursion that occurs following core hydrogen exhaustion in stars with convective cores) to the base of the red giant branch. As illustrated in Fig. 7 of Vandenberg, Bergbusch, & Dowler (2006 ApJS, in press), just switching to linear interpolation for the age-mass relation solves the problem with very little impact on the quality of the isochrones.

The third line, read in I2 format, is the switch that controls the way ages are supplied to the program. A value of 0 means that the ages indicated subsequently in the .opt file are to be used, while a value of 1 means that the default list of ages 0.01, 0.02, 0.05, 0.1, 0.2, 0.5, 0.75, 1.0, 1.2, 1.4, 1.6, 1.8, 2.0, 2.2, 2.4, 2.6, 2.7, 2.8, 2.9, 3.0, 3.1, 3.2, 3.3, 3.4, 3.5, 3.6, 3.8, 4.2, 4.6, 5, 6, 7, 8, 10, 12, 14, 16, and 18 Gyr are to be used. Any other value causes vriso to prompt the user for ages directly from the keyboard.

When the entry on the third line of the .opt file is zero, vriso expects to read ten more lines from the file. These lines, read in under F5.2, F6.2, F5.2 format, specify the desired set of ages. The first entry in each line tells the program the initial age in a range, the second entry gives the final age in that range, and the third entry gives the age increment.

If the first entry in a row is 0.00 input from the list of ages is terminated. In the example, the last age processed would be 18 Gyr, but if the first entry on line 7 had been

0.00 instead of 6.00, the last age processed would have been 6 Gyr.

vriso.opt file
 1.00 1.00 1.00
 0
 0.10 1.00 0.10
 1.00 3.20 0.20
 3.20 6.00 0.40
 6.00 8.00 1.00
 8.00 18.00 2.00
 0.00 0.00 0.00
 0.00 0.00 0.00
 0.00 0.00 0.00
 0.00 0.00 0.00
 0.00 0.00 0.00

Colour–T_{eff} Relations There are currently four files containing the fiducial data for these relations, bvrihi.data, bvrilo.data, uvbyhi.data, and uvbylo.data. The example shown is from bvrihi.data.

To VRZAHB, the zahb*.zahb files The format specification for each model line is

I3,F6.3,F9.6,F7.4,F8.6,F6.3,F5.3,F6.3,F7.4,D11.4,F6.4, F6.4. The entries cor-

responding to each format specification are 1) the model number, 2) the mass, 3) log L/L_⊙, 4) M_{bol}, 5) log T_{eff} , 6) log g, 7) log T_C, 8) log ρ_C, 9) age, 11) surface hydrogen abundance, & 12) He core mass.

E. OUTPUT FILES

From VRISO, the .iso files For each isochrone, the line entries are 1) the model number, 2) log L/L_⊙, 3) log T_{eff} , 4) mass in solar units, 5) “distance” along the isochrone (see Bergbusch & VandenBerg, 2001 ApJ, 556, 322), 6) & 7) are estimates of the derivative of the mass with respect to distance.

From VRCMD, the .cmd files The table entries are obvious (I hope) — the assumption is that the V and y magnitudes are interchangeable.

From VRIPF, the .ipf files The .lfn and .cfn files have similar formats. For each value of the mass spectrum exponent, both differential and cumulative distributions are tabulated.

From VRZAHB, the zahb*.zahb files The entries mimic those in the .cmd files.