Draft of format standards to be adopted in the He+H2 project
Version 1.0, June 16, 2005

This brief description is intended to summarize tentative decisions about data and file formats that have been made by our collaboration on the He+H2 project.  It covers issues regarding the files that we will eventually make public from this project, and which may also extend to other work such as that on H+H2 that we may undertake together.  It also tries to summarize the thought process that has gone into the present decisions.
Issue 1: Fitting functions and ranges – It was decided early in the project that the rate coefficients that we compute should be made available to modelers in a fitted form because of the perceived need that they have for such functions.  

A functional form that represents well the ultracold and high temperature limits of the rates was found and adopted.  However, in the course of computing fits to this form, it became apparent in some cases the appearance of one or more resonances could not be well represented by the chosen form, although a great deal of the data was fit reasonably well by it. Three options then existed for how to proceed:
(a) augment the functional form so that these new features could be fit well,

(b) only provide tabulated rates with no fitting functions, or

(c) provide fits over a restricted temperature range or ranges to avoid the problem.

Attempts to augment the functional form met with only very limited success and it became apparent that pursuing this option would lead to a very great deal of work and complexity.  Having fitting functions with very many coefficients was also not going to be of as much benefit to modelers compared to simply having tabulations of the rate coefficients.  Next, while we do indeed wish to make public raw tabulations of rate coefficients, it was agreed that there is still utility in have fitting functions even if they exist over a limited range of temperature.  So, it was agreed that we would fit the rates in a temperature range applicable to astrophysics (namely above 2.7 K) where they behaved more smoothly.  The lower limit was set to 2 K since a point exists there in our present data sets (rather than 2.7 K).  Preliminary tests showed very good fits using the existing functional form but with the temperature range restricted to this range.

Issue 2 – Format for the files of cross sections – We began discussion of this format simply by considering what information was necessary. For example, these items include the target and projectile species, their initial and final states, the collision energy or temperature, the reference for the results, the fitting function used, the fitting coefficients, and flags (e.g. A, B, C, …) indicating the quality of the fit and of the physical accuracy.  This led to a rather long line length, and some of the information would be repeated on every line.  
We next inspected the data files used by the Meudon group to distribute the same type of data to the community (BASECOL, amdpo.obspm.fr/basecol/index.php?page=home).  To maintain some level of congruence with their formats, and because of the logic of their choices, we then modified our proposed format.  Consequently, we propose that each cross section data file begin with a comment line(s) with the following information:

· the target and projectile species, a description of what the data is that follows, and a publication reference for the work, for example

#H_2 He de-excitation cross sections (10^-16 cm^2) as a function of center of 
#mass collision energy (cm^-1) published in J.Q. Public, ApJ XX, YYYY #(2010).

Then, each subsequent line will begin with four index numbers that indicate the target initial and final state and the projectile initial and final state.  We had debated putting in all the necessary quantum numbers specifically, but the BASECOL approach of using an index seemed to be much simpler. We will provide a separate index file which contains the following for each species we will ultimately have in our database (e.g. H_2, He, H): 

(1) Index

(2) State energy in cm^1

(3) Sufficient quantum numbers to describe the state

For example

       1    118.5000     X    1         0

       2    705.5400     X    3         0

       3   1740.2100     X    5         0

       4   3187.5700     X    7         0

       5   4273.7500     X    1         1

       6   4831.4100     X    3         1

       7   5001.9700     X    9         0

       8   5813.9500     X    5         1

       9   7132.0300     X   11         0

      10   7187.4400     X    7         1


...

So, returning to the cross section file format, after the specification of the initial and final target and projectile states, next should come the center of mass energy, then the cross section, e.g.
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Issue 3 – Format for files of rate coefficients – The file for rate coefficients should be formatted in analogy with that for the cross sections.  Namely, it should begin with a similar comment, e.g.
#H_2 He de-excitation rate coefficients (cm^3/s) as a function of temperature

#(K) published in J.Q. Public, ApJ XX, YYYY (2010)

and again each subsequent line will begin with the four state indices, then the have the temperature and the rate coefficient.

Issue 4 – Format for file of rate coefficients fits – There will be only one file that contains all of the fitted rate coefficients.  It will begin with a similar comment, e.g.

#H_2 He de-excitation rate coefficients (cm^3/s) fits as a function of 

#temperature (2K<T<XXXXK) published in J.Q. Public, ApJ XX, YYYY #(2010)

and if we settle finally on just one fitting function, a comment including this form, e.g.


#R=a0+a1*exp(-a3/T)+a4*T+ …
If we were to have more than one fitting function, instead of this comment, we might have several listing all of them with an index and then add that index to lines below for each rate.

Assuming that we have only one fitting function, then each line will have the four state indices, a rating of the quality of the fit (e.g. A, B, C, …, or a numerical value defined in the opening comment), a rating of the physical accuracy (e.g. A, B, C, …, or a numerical value defined in the opening comment), and the fitting coefficients, e.g.
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…

Issue 5 – File naming convention – Since the many files that we will have for cross sections and rates will have to be manipulated by webpages and computer codes to compute rates, we will organize them with names that are easily processed.  
The cross section file names will begin with the target and projectile names, then the initial and final state indices, then the code “cs” for cross section, e.g. h2he013011001001cs.  The state indices have a most three digits, so this format avoids having other characters as separators and to avoid having file names of varying lengths (e.g. the file name for state 1 to state 1 versus state 301 to 298). An alternative would be to use delimiters such as “-“, e.g. h2he-13-11-1-1cs.

For rate coefficient files, “k” is used as the descriptor analogous to “cs”, e.g. h2he013011001001k.

The “h2he” and “cs” or “k” are readily human-decipherable but, it has been pointed out, the state indices require a printout or file also visible to someone trying to determine what transition is described by, for example, “013011”.  The alternative would be to use vibrational and rotational quantum numbers to label the files.  The essential debate here is therefore centered on the following points:
(1) the merit of congruence with the BASECOL project in choosing the indices rather than v, j,

(2) the consistency of using either state indices or v,j labels throughout all of our files versus having a mixture of conventions

(3) the favoring by modelers of energy ordered states to v,j ordered states,

(4) the favoring of the indices for some particular ease in computer reading of the files and distribution of them through the web to modelers.

So, the central debate between indices and v,j’s is why the standard defined here is still a draft!

