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1. Introduction, nomenclature, documentation

Eirene is a neutral transport code which has been adapted at Ciemat for TJ-II stellarator calculations. Currently it works both on the ORIGIN-3800 (jen50[.ciemat.es]) and on the ALTIX-3700 (fenix[.ciemat.es]).

In the following the variable $ei4n will design the directory containing Eirene on each of these computers, namely, /r2/fusion/guasp/EIRENE-2004_new on jen50 and /disco02/fusion/guaspx/EIRENE-2004_new on fenix. On the other hand the variable $F2 will correspond to the directory /Guasp_F2/Documentos_Eirene of the disc FUSION2 of the Macintosh network, which is the place were all the Eirene documentation is kept, including this document.

The main manual for the code (the official one) is found in $F2/eirene.pdf as a pdf document (also at http://www.eirene.de), this document that you are now reading is found in $F2/eirene_for_tj2_v1.1 as a Microsoft Word document, and the description of the geometry used for TJ-II is found in $F2/TJ-II Eirene geometry as a Power Point document. A list of the changes made in the original code (very few) is in $F2/changes.txt or $ei4n/changes.txt. An explanation of Eirene input data (the official input file) is in $F2/input.help or $ei4n/input.help. Finally, an explanation of the “…USR” routines, which are those that carry the main weight of the coupling with the 3D geometry of TJ-II, will be found in $F2/user.txt or $ei4n/user.txt (to be completed).

For the passive user it will be sufficient to read §2, 3.3, 4.2, 4.3 and 6 and, eventually, §7 and 8. In particular, those not familiar with Eirene should prudently avoid §4.1 and the last part of §7.

2. Structure of Eirene at Ciemat

An example of script for interactive execution of Eirene is found in $ei4n/run_eirene_hydr05 (cf. §A3). The first argument in the script is the number of processors to be used (default 1, maximum 64). An equivalent example for batch execution, very similar, is found in $ei4n/job_eirene_hydr05.

At Ciemat the execution of the code has been divided into three phases. The first one calls the program PREPROC ($ei4n/preproc.f, cf. §4), which reads the official input file (cf. §3.2) and modifies it in adaptation to the needs of TJ-II geometry according to the options present in the namelist nameir (cf. §4.2). In addition, this program takes the data corresponding to the diagnostic chords from the namelist nam_diag (cf. §4.3), and it reads the radial profiles of the plasma magnitudes (cf. §3.3) and eventually modifies the border values (cf. §4.4) . This phase is not parallelized and it is very short (a few seconds in real time).

The second phase corresponds to the execution of the program EIRENE itself. It reads the files generated by PREPROC, performs the calculations, and writes the results in a long series of files (cf. §5). This phase is efficiently parallelized, using MPI, and it is the one were the largest part by far of the running time is spent (several minutes normally, cf. §6).

Finally the files written by EIRENE are read by a third program POSTPROC ($ei4n/postproc.f, cf. §6), which extracts the most useful results. This phase is not parallelized and it is relatively brief (one minute at most).

Moreover, there is a long series of auxiliary programs for, amongst many other things, exploring ranges of Eirene parameters (cf. §7), fitting Eirene parameters (cf. §8), graphical representation of the geometry, of the particle trajectories, or of the impacts on the intercepting surfaces, etc (cf. §9).

3. Basic input files

The basic input files are three, all of them indispensable.

3.1 Geometry file.  The TJ-II geometry file used in Eirene is described in the Power Point document $F2/TJ‑II Eirene geometry and in $ei4n/grideir.txt. It is a binary file, distinct for each configuration and quite large (about 43.8 MBy for the file geom_opt50.1oct corresponding to the configuration 100_44_64). This file is generated from the 3D grid of TJ-II by the program grideir, which is described in $ei4n/grideir.txt. Within the programs mentioned in §2 this geometry file corresponds to unit 30 (fort.30).

3.2 Official input file.  This is an ASCII file which is the true input file for EIRENE. It is described in detail in Chapter 2 of $F2/eirene.pdf and, more succinctly, in $F2/input.help or $ei4n/input.help. An example for a pure hydrogen case with boronized wall can be found in $ei4n/hydr_g3d_defb.input (233 lines, 9 kBy, cf. A1), and another one for pure helium in $ei4n/helium_g3d_defb.input. A third example (provisional) for a mixed case is in $ei4n/hydr_helium_g3d_def.input. These three files may be taken as models, but it is very important to remember that the input file will be read using fixed formatted I/O and therefore great care has to be taken when modifying it.
3.3 File with plasma radial profiles.  This file contains radial profiles for the principal plasma magnitudes. An example, corresponding to the smoothed Scattering Thomson profiles for shot #14605 at t = 1120 ms,  may be found in $ei4n/desc_14605_1120.13 (62 lines, 4 kBy, cf. §A.2). The data for this file may come from the experimental database for TJ-II, from transport codes, analytical shapes, etc. It is an ASCII file with the following structure:

a) An arbitrary number of lines ending with one containing the string ‘r/a’. All these initial lines are ignored. If the string ‘r/a’ is not found then the program PREPROC ends with error and EIRENE is not run.

b) An arbitrary number of lines (but smaller than 152) with at least 5 columns of numerical data corresponding, succesively, to s, ene, Te, Ti, and eni, with:

  s:
plasma minor radius normalized to 1 on the boundary (r/a).

  ene: 
plasma electronic density averaged on the magnetic surface of radius s (the surface value), in units of cm-3
  Te:
surface electronic temperature, in units of eV

  Ti:
surface ionic temperature, in units of eV

  eni:
surface plasma ionic density, sum over all species (see variable frdens in §4.2), in units of cm-3.
The values of the minor radius s do not need to be equidistant, but they have to be monotonically increasing. The end of the file determines the total number of points of the radial profile (< = 151).
These profiles can be, eventually, modified at the borders by means of the namelist namlim (§4.4).

This file (unit 113) is read by PREPROC, which rewrites it in fort.813 after having added some other magnitudes (frdens, etc.). The file fort.813 will later be read by the subroutine PROUSR in EIRENE.

4. Program PREPROC

As already indicated in §2 this program ($ei4n/preproc.f) reads the official input file (cf. §3.2), which is then modified in adaptation to the needs of TJ-II geometry according to the options present in the namelist nameir (cf. §4.2, fort.36). In addition, it takes the data corresponding to the diagnostic chords from the namelist nam_diag (cf. §4.3, fort.37) and also, eventually, the namelist namlim for border modification (cf. §4.4 fort.59). These three namelists are included in the Eirene execution script as here documents and  they will be described later (§4.2, §4.3 and §4.4).

The process of modification of the input file in PREPROC needs some comments (we follow the nomenclature of Chapter 2 of $F2/eirene.pdf).
4.1 Modification of the input file (for Eirenites only)
We start with some input file such as the file $ei4n/helium_g3d_defb.input mentioned previously in §3.2, as fort.51. The program PREPROC transforms this file into fort.1 (which is what Eirene actually reads), with the following modifications independently of what appears in the original file.
First of all the program performs a “prereading” of the file to find out the number of non-default standard surfaces, the number of species of neutral atoms, of molecules and of the plasma background, as well as the number of sources (strata ≤ 12, but see §11) and of substrata for each one (≤ 20 for the moment). These values are needed by PREPROC and are not modified by it. Then PREPROC makes the following modifications:

1) In Input Block 1 (Operating Mode) it sets NMODE = 0 (Stand alone code: INFCOP, etc, are not used) and, eventually, according to the value of the variable tminrun of the namelist nameir, it modifies the execution time NTCPU to that value (in seconds). If tminrun is negative it leaves the value of NTCPU unaltered.

2) In Input Block 2 (Data for standard mesh), independently of the contents of fort.51, in fort.1 it sets IDGRD = 6,  1,  1,  NLRAD = .TRUE., NLPLG = .FALSE.,  NLGEN = .TRUE. (i.e., arbitrary geometry LEVGEO = 6) and NR1ST = ncelt+nsup+1, where ncelt is the total number of cells of the geometry, taking periodicity into account. The nsup+1 supplementary cells are fictitious cells used for the nsup intercepting surfaces and have the following meaning: ncelt+1 represents the vacuum vessel wall (reflecting); ncelt+2 represents the Limbo, a totally absorbing, fictitious cell, which collects the particles that for some reason get “blocked” in repeated reflections between mirrors or that suffer some other unavoidable mishap (these events happen only in a few cases, between 2 and 3 per 105, and sending them to the Limbo avoids the need to “kill” the particle, consequently losing all the collisions obtained from its trajectory); the 12 remaining cells represent surfaces which are described in the next paragraph.

In addition it sets  NLPOL = NLTOR = .FALSE.,   NP2ND = NT3RD = 1 (there are radial cells only). Finally: NLMTL = .FALSE., NBMLT = 1 (no multiplication) and NLADD = .FALSE. (no additional cells).

3) In Input Block 3a (Non-default standard surfaces), the first 5 surfaces defined in the input file are replaced by 5 radial surfaces (IDIMP= 1). The first one is reflecting (IILIN=1), and is associated with the cell ncelt+1, which represents the vacuum vessel wall. The second one is absorbing (IILIN=2), and is associated with the cell ncelt+2 (Limbo). The third surface (transparent, IILIN=0) corresponds to the plasma surface, and the remaining two surfaces (reflecting, IILIN=1) correspond to the limiters. In all of them the detailed properties of the reflection and sputtering models remain as initially given in the input file. The rest of the nsup surfaces could be arbitrary, but at the moment we are including another ten surfaces, in this order: 2 transparent ones for the puffing units (they have the string “Pff”” in txtsfl, the text to characterize the surface), 4 transparent ones for the NBI gas injectors (string “NBI”), and, finally, 4 partially reflecting ones for pumping valves (string “Pump”). These 15 surfaces may be followed by an arbitrary number of other surfaces, which are left unaltered, except for the assignment of the associated cell numbers and their weights.

4)
In Input Block 10 (Data for additional tallies), if calculations on CX, H( or emission of He lines are performed, then the code adds supplementary tallies, replacing some of the unused ones (7 in total: 57-62 and 82).

5)
In Input Block 12 (Data for diagnostic module), the code introduces the values deduced from namelist nam_diag for the diagnostic chords.

6) Input Block 14 (data for interfacing routine INFUSR) is ignored and the code sets NAINI = 0 (no calls to INFCOP).

7) Input Block 15 (data for interfacing routine ADDUSR) is ignored and all the variables are set to 0 (no calls to ADDUSR).

The rest of the file is left unaltered. In particular, no attempt has been made to modify Input Block 7 (data for primary sources). The reason for this is that this input block has a very complicated structure and taking into account all the possibilities would be very difficult. Therefore, the variables of this block are modified within Eirene in the subroutine INTERF_G3D of user_gu.f (nevertheless, see §11).

4.2 Namelist nameir
This namelist contains 26 variables (and some more for testing purposes, not included here). It allows the modification of several execution data, for example, the election of the plasma profiles, of the number of trajectories stored for subsequent graphical representation, etc. It also allows the modification of some of the data for the execution of Eirene (computation time, number of test particle histories, random number seed, etc) without changing the input file (cf. §3.2), which is fairly complicated and extremely delicate.

In the following we will apply the usual fortran convention for data types.

namelist /nameir/  noct,   nzhist,   nzran,   tminrun,     ntray,  npun,

     
$       enl13,  xoff,  pcal,  pecrh,    taupms,    rcycl,    frdens,  fmultp,


$       zlim1,  zlim2,      alsol,  enesol,  tesol,  tisol,

$       flxpuff,  flxnbi,  flxpump,  kflux,  fraclim, frachc

Where:

noct:
Number of octants considered in the geometry. It can take the following values (the program accepts only these values):



1: only one octant (one semiperiod), the stellarator symmetry reproduces

    the rest of the geometry



2: only two octants (one period), perfect periodicity



4: four octants (two periods, half TJ-II)



8: the four periods, no periodicity at all.

When limiters, gas puffing, diagnostic chords, etc. are present care must be taken in order to preserve the proper periodicity (or lack of it).


Default value = 8 (the four periods, no periodicity).

nzhist:
Number of test particle histories per processor. If it is > 0, this value replaces that of NPTS given in Input Block 7 (this allows sending more than 999999 particles). Otherwise the value of NPTS is used witout modification.

Default value = -1 (no modification).

nzran:
Initial seed for random numbers. If it is > 0, this value replaces that of NINITL given in Input Block 7. Otherwise the value of NINITL is used without modification. In the case of several processors, they are forced to use different initial seeds from each other.

Default value = -137 .

tminrun: Maximum time per processor in minutes. If it is > 0, this value (multiplied by 60 s/min) replaces that of NTCPU given in Input Block 1. Otherwise the time given by NTCPU (in seconds) is kept.

Default value = -1 (no modification).

ntray:
Number of trajectories stored for subsequent graphical representation.


Default value = 0 (no trajectories stored ).

npun:
Maximum number of points per trajectory stored in the previous case.


Default value = 1000 (the maximum allowed by the plotting program). This does NOT mean that this is the maximum number of points in the test particle histories (for this there is another limit, currently set at 3000 by means of the variable nntimxv in this same namelist).

enl13:
If enl13 > 0, then the radial profiles of plasma density and temperature are taken from the TJ-II discharges database of TJ-II discharges for a line average electronic density of enl13 (in units of 1013 cm-3), and the rest of the necessary data must be given in the variables xoff, pcal, pecrh. Otherwise the profiles are taken directly from the file fort.113 (cf. §3.3).

Default value = -1  (profiles from fort.113).

Xoff:
Index for the degree of On/Off axis of the ECRH injection. If enl13 ≤ 0, it is ignored.


Default value = 1 (totally Off axis).

pecrh:
Total power of ECRH injected by the two gyrotrons, in kW. If enl13 ≤ 0, it is ignored.

Default value = 300.

pcal:
Total power of NBI measured in the calorimeters (sum of the two beams), in kW. The actual power entering the torus (past TF-1) is, approximately, 0.515 times this value. If enl13 ≤ 0, it is ignored.

Default value = 400.

taupms: Particle confinement time, in ms. If it is positive, then the flux (number of particles per second which escape from the plasma) is determined from this value and then, once multiplied by rcycl, it replaces the value of FLUX given in Input Block 7 to initiate the trajectories from the vacuum chamber wall and the limiters. If it is negative, the values given in the input file are used. If it is zero, a scale law is used to obtain its value, and then the code proceeds as in the first case.

Default value = -1.

rcycl(3): Real vector of dimension 3 containing the recycling coefficients for the vacuum chamber wall and the two limiters, respectively.

Default values = 3*1.

frdens(12): Real vector of dimension 12 containing the proportion of each ionic species (although for the moment it only goes up to 3 in the examples of §3.2, up to 12 possible values are permitted for future extensions). If any of the values frdens(1), frdens(2), etc. is negative, then the electronic density is that given in the second column of the profile file (§3.3). Otherwise, the total ionic density (sum over all species) is taken from the fifth column of that file and, in this case, the electronic density is calculated from the neutrality condition. In any of these cases the ratio between the different ionic species is the ratio between the corresponding values of frdens (which do not need to add up to 1, since they are automatically normalized).

Default values = 1., 11*0.

fmultp(3): Real vector of dimension 3 containing multiplying factors for the density, the electronic temperature and the ionic temperature, respectively, with respect to those obtained from the plasma profiles file (cf. §3.3). It can be useful for scanning ot these parameters.

Default values = 3*1. (no multiplication).

Zlim1:
Vertical position of limiter No.1 of TJ-II (the one found in SA3b), in cm. A typical value of this height for the configuration 100_44 is -37 cm. For values lower than this (more negative) the limiter does not touch the plasma, although its effect (reflection and absorption of particles) is taken into account. Higher values (less negative) limit the plasma and, consequently, reduce its size. A Zlim1 value lower than ‑50.0 makes the limiter to be ignored. A file named limit.dat contains data on the shape of the limiter.

Default value = -100.0 (no limiter).
Zlim2:
Vertical position of limiter No.2 of TJ-II (the one found in SC3b), at 180º from the previous limiter, i.e., at a toroidal angle  ~ -155º with respect to the TF1 coil. The same considerations as for Zlim1 apply.

alsol(3): Real vector of dimension 3 containing the widths of the scrape-off layer for the density, the electronic temperature and the ionic temperature, respectively, in cm. Those variables vary exponentially with this characteristic length as we move away from the plasma border.

Default values = 3*2.

enesol:
Electronic density at the beginning of the scrape-off layer, in cm-3. If the declared value is smaller than 1x1010, the program puts 1x1010, and if it is larger than the value of the electronic density at the plasma border, it puts this value.
Default value = 1.E25 (i.e., it takes the value at the border).

tesol:
Electronic temperature at the beginning of the scrape-off layer, in eV. If the declared value is smaller than 1 (eV), the program puts 1, and if it is larger than the value of the electronic temperature at the plasma border, it puts this value.
Default value = 1.E25 (i.e., it takes the value at the border).

tisol: 
Ionic temperature at the beginning of the scrape-off layer, in eV. If the declared value is smaller than 1 (eV), the program puts 1, and if it is larger than the value of the ionic temperature at the plasma border, it puts this value.
Default value = 1.E25 (i.e., it takes the value at the border).

flxpuff(2): Real vector of dimension 2 containing the values of the puffing fluxes for the two gas injection lines of TJ-II (located in SA3s and SC3b), in units of atomic ampere. A negative value is replaced by zero (no puffing).
Default values = 2*0. (no puffing).

flxnbi(4): Real vector of dimension 4 containing the values of the gas fluxes for the four NBI injection lines of TJ-II, in units of atomic ampere. A negative value is replaced by zero (no flux).
Default values = 4*0. (no flux).

flxpump(4): Real vector of dimension 4 containing the values of the extraction speeds of the pump valves, in units of m3/s. A negative value is replaced by zero (no extraction).
Default values = 4*0. (no extraction).

kflux:
Index for the calculation of the neutral particle fluxes on the surfaces of the vacuum vessel wall, of the plasma, and of the two limiters. Its absolute value corresponds to the number of trajectories for which the fluxes are calculated (always limited to the first processor). These fluxes may be analyzed with the program verflux (cf. §9).
Default value = -1 (no calculation).

fraclim: Fraction of the plasma flux that is intercepted by the limiters (both added). If there are no limiters this parameter is ignored. If this value is negative or the limiters do not scrape the plasma the real intercepted fraction is calculated using the relative surfaces (VV and limiters). In other words, this parameter acts only if it is nonnegative and if the limiters intercept the plasma.
Default value = -1 (calculation by means of relative surfaces). 

frachc: Fraction of the plasma flux that goes to the TJ-II hard core. Usually the actual value of this fraction is close to 0.8. The value assigned to this parameter must be greater than 0.14 since this is the geometrical area fraction of the vacuum vessel; any value smaller than 0.14 is replaced by 0.14. 
Default value = -1 (geometrical fraction: 0.14). 
Notice that negative values for the previous magnitudes do not modify the corresponding data in the input file, and this is always the default option.

4.3 Namelist nam_diag
This namelist contains 11 variables (and some more for testing purposes, not included here) for the election of the geometry and of the calculations performed on the diagnostic chords.

namelist /nam_diag/ ndiag,  r1diag,  ph1diag,  z1diag,   r2diag,  ph2diag,  z2diag,

$        kdiag,    nener,    enera,   enerf

Where:

ndiag:
Total number of diagnostic chords (currently the maximum is 45).

Default value = 0 (no diagnostic chords)

r1diag(45): Real vector of dimension 45 containing the radial coordinate of the initial point for each of the ndiag chords (cylindrical coordinates, in cm).

No default values.

ph1diag(45): Idem for the toroidal angle of the initial point (counting from the TF1 coil, in degrees).

z1diag(45): Idem for the Z coordinate (height above the equator of TJ-II, en cm).

r2diag(45),  ph2diag(45),  z2diag(45): Idem for the final point of each chord.

kdiag(45): Integer vector of dimension 45 containing the type of diagnostic performed on each chord. For the moment the possible types of diagnostic are 7:




kdiag = 1:   CX for H





 2:   H( for H





 3:   CX for He





 4:   728 nm He emission line





 5:   501 nm He emission line





 6:   667 nm He emission line





 7:   706 nm He emission line


More types might be added in the future.


Default values = 45*1 (CX for H).

nener:
Number of points for the energy spectrum in the CX case (lower than 251).

Default value = 21 .

enera(45): Initial energy for the CX spectra corresponding to each chord, in eV.
Default values = 45*1.e-3.

enerf(45): Final energy for the CX spectra corresponding to each chord, in eV.
Default values = 45*1000. 
All these values are automatically introduced in the diagnostic module block (Input Block 12) of the input file (cf. §4.1).

The coordinates of the gas injection lines (gas puffing, NBI, and pumping valves) may be modified to values different from the usual ones by means of variables of this same namelist, with a format similar to that of the diagnostic chord coordinates, although we do not describe these variables here.

4.4 Namelist namlim
This namelist, which is read from file fort.59 and can be missing, allows the modification, after reading the profile file fort.113, of the plasma radial profiles near the border. It has 13 variables: 

namelist /namlim/  imodif,   enebord, rnlim, bnlim, enlin0,


$
tebord, rtlim, btlim,    itypti, titop, tilow, alfti, betti

Where:

imodif:
 Modification index. If it is  ≤ 0 there is no modification at all.

Default value = 0 (no modification).

enebord: New value for the density at the border (in cm-3). An explanation about the method used for the profile modification is given below.

Default value = 1.E10 .

rnlim:
Radius (normalised to 1 at the border) where the density profile modification starts. If it is negative no density profile modification is performed. 

Default value = 0.80 . 
bnlim:
Parameter of the density profile adjusting function (bnlim ≥ 2.). The variable bnlim is of type real, but when its value is an integer (2., 3., …) the adjusting function is a polynomial of degree bnlim.
Default value = 3. (a cubic). 
enlin0:
Index for preservation of the average line density. If it is positive the modified density profile is rescaled so that the final average line density takes the same value as before the modification. 

Default value = 1. (the average line density is preserved).

tebord,  rtlim,  btlim: The first of these three variables is the new value for the electron temperature at the border (in eV), and the second and third are similar to rnlim and bnlim, but for the electron temperature profile instead of the density profile. 

Default values: 4,  0.80, 9. 
itypti:
Index for ion temperature profile modification. If the value of itypti is ≤ 0 there is no modification. If it is 1 the profile is modified according to the corresponding parameters independently of the electronic temperature values. If it is 2 then the value of Ti is never allowed to exceed that of Te, independently of the imodif value. 

Default value  = -1 (no modification at all). 
titop:
New central ion temperature value (in eV). It it is negative the value given in the input profile file is used without modification. 

Default value = -1. (no modification). 
tilow:
Ibid. for the new border value.

Default value = -1. (no modification). 
alfti, betti: Exponents for the functional form:

Ti(s) =  (titop-tilow)*[1 – s**alfti]**betti  +  tilow

     for the new Ti profile. s is the reduced plasma radius. 

     Default values = 6., 2. 
The modification of the electron density profile is performed as follows. For s ≤ rnlim the profile remains unchanged (identical to the profile specified in the input file fort.113). For rnlim < s ≤ 1, i.e., between rnlim and the border, the profile is replaced by a function similar to a polynomial of degree bnlim, but generalized to admit nonintegral values of bnlim:



en(s) = enebord  + B*(1.-s)**(bnlim-1.) + C*(1.-s)**bnlim

Here B and C are constants calculated by forcing the continuity of the function and its derivative at s = rnlim. In order to avoid an infinite derivative at the border, bnlim is restricted to be ≥ 2. The value at the border is always enebord and if bnlim ≥ 3 the profile has null derivative at the border. The same applies to the electron temperature profile. The final retained profiles are written in file fort.114.

The output of this program (cf.§A4) consists in a repetition of the data of the namelist nameir (fort.36), checking them and the main data for the geometry, the number of strata and substrata and the number of species, the data on the plasma radial profiles and on the diagnostic chords, etc. Any error detected in those data inhibits the execution of the next two phases.

5. Program EIRENE

The structure of the program Eirene is explained with sufficient detail in the documentation mentioned in §1. Here we will only make some comments on the output files, which are analyzed, once Eirene has finished, by the program POSTPROC (cf. §6) or by other auxiliary programs (cf. §7 to §9).

The official output file is called eirene_nX.out, where X is the number of processors used. In the case of the interactive example run_eirene (cf. §2) with only one processor, this file has about 1000 lines. The main part of the information that it contains corresponds to checks and incidents and, therefore, this file is not very useful in the current implementation at Ciemat, unless there have been problems. The most important results have been moved or copied to other files.

The most important of these additional files are:

   fort.211, fort.212, fort.213, etc., which contain the values, cell by cell, of the tallies required in the offical input file. In the mentioned example these tallies are 6. They are all volume averaged and with nflagv=4 in Input Block 11 (Data for numerical output), which are the only logical choices for the arbitrary geometry, LEVGEO=6, of TJ-II. Since in this example there are two species of He ions and there are no molecules, eight different files are generated:

         nprtlv

Tally



   file

-1  
Plasma electronic temperature
fort.211

-2
Plasma ionic temperatures

fort.212 (He++) & fort.213 (He+)

-3
Plasma electronic density

fort.214

-4
Plasma ionic densities

fort.215 (He++) & fort.216 (He+)


 1
Particle density of He0 atoms

fort.217

 5
Energy density of He0 atoms

fort.218
    fort.70: values of the total fluxes across the intersecting surfaces.

    fort.71: energy spectrum for the CX fluxes in the diagnostic chords.

    fort.72: emissivity of the H( and He lines in those chords.

    fort.500 (only if ntray > 0): points corresponding to the trajectories of the atoms and molecules.

    fort.501: idem for the ions (not followed in this 2003 version of the code).

    fort.3100, fort.3300, fort.3400 and fort.3500 (only if kflux > 0): intersections of the trajectories with the vacuum chamber wall, with the plasma surface and with the two limiters, respectively (unlike all the others, these files are binary and very big).

    fort.8001, fort.8002, etc.: contribution, along each one of the diagnostic chords, of the H( or He line emission. 
    Etc., etc.

The output to the computer terminal is minimal (cf.§A.4). It only indicates whether the program has ended normally or not (if it has not it would be convenient to consult the official output file) and gives the total number of trajectories calculated (NHIST).

6. Program POSTPROC

This program analyzes several of the output files of Eirene, mentioned in §5, in order to generate the summary results which have been considered most useful. Since it is being subject to constant modification, it will be described briefly only. This part is not executed if there has been any error in Eirene.

After reading and checking out the geometry, the program analyzes the files fort.211, fort.212, fort.213, etc. that contain the results for the tallies in each cell and it prints the values for the density of neutrals: average, maximum, and integrated along the diagnostic chords. 

Afterwards it writes the radial profiles of the plasma temperature and density, as well as their values on the axis and on the border. Then it does the same for the profiles of density and energy of the neutrals (or any other tally which may have been chosen), taking their average on each magnetic surface. For these radial profiles it also computes the ratio Rel between the value on the border and the value on the axis, and the penetration length (penetr), which is the distance from the plasma border where the profile attains 1/e of the border value, divided by the average plasma radius.

Finally the program writes the number of trajectories followed, the number of processors used and the execution times.

More detailed results appear in the following files:

   fort.47: radial profiles for the different plasma species.

   fort.46: radial profiles for the tallies corresponding to the atoms and molecules.

   fort.710: global results on the distribution of neutrals on the diagnostic chords or the TJ-II chords (this file is not well suited to graphical representation).

If there are no diagnostic chords, then we have the following files:

   fort.711 to fort.718: local distribution of those neutrals along the 8 tangential chords of TJ-II (the NBI windows).

   fort.721 to fort.728: local distribution of those neutrals along the vertical chords located in the 8 sectors SAx Top of period A.

   fort.733 to fort.736: local distribution of those neutrals along the 4 horizontal chords located in sectors Sx3 Side of the 4 periods.

   fort.741 to fort.748: local distribution of those neutrals along the 4 vertical chords located in the 8 rings RAx Top of period A.

Otherwise we have the files:

   fort.801, fort.802, etc.: local distribution of the neutrals along the diagnostic chords.

    Etc., etc.

Almost all these files are space separated tables of data that may be plotted graphically with KaleidaGraph.

Finally the file fort.198 contains a summary of the most important global results (70 in this particular case, maximum 165, cf.§A4), one per line, with a label (always with 16 characters) which simplifies the search of results in the parameter scanning and parameter fitting programs of §7 and §8. This file is generated by the subroutine RESULT of postproc.f.

For the interactive example mentioned in §2, using 24 processors and following 25000 trayectories per processor (i.e., a total of 600000 trajectories, still not enough to obtain good statistics, which should require several millions), the duration in real time of the three phases is 2, 429 and 28 seconds, a total of almost 8 min, in the jen50, and 1, 289 and 16 seconds, a total of 5 min, in the fenix (1.5 faster than in the jen50). When the number of either particles or processors is modified, the first time is practically constant, the second one (for Eirene, the largest one) is grosso modo proportional to the number of particles per processor (nzhist, except for very low values) and the third one (for POSTPROC) is approximately proportional to the number of processors NPES and to the number of diagnostic chords ndiag.

For the case corresponding to the ratio of emissivities of He lines, the statistical uncertainty is 5% for a total of 3.2 million trajectories, and only 2% for 9 million trajectories.

7. Scanning ranges of Eirene parameters

There are three programs (eir_scan, eir_scan_one and eir_scan_evol) for the scanning of specified ranges of Eirene parameters. Any of the parameters that appear explicitly in the namelists nameir, nam_diag and namlim of the execution scripts can be scanned. In addition a new namelist (naminput) has been introduced to allow the scan of some of the data of the official input file, those that seem most important. This namelist will be described later in this paragraph.

The technique followed is the following. We have written a script which contains the true script for execution of the three phases of Eirene as a here document, asociated with some file (file fort.136, see an example in $ei4n/jobeir_scan1, §A5). This file is rewritten inside the program, appropriately changing the lines containing the parameters to be varied, and then this file is executed. These parameter scanning programs are not parallelized (all the parallelization is in the second phase, EIRENE itself) and, depending on the number of parameters to be varied and on the number of points explored by each one, the total execution time may be very large. Therefore, batch execution is recommended.

The first program, eir_scan, permits the independent modification of up to 4 different parameters (it does not seem to be very realistic or practical to vary a larger number simultaneously). The parameters to be varied, together with the limits, the number of values, and the type of scan —such as linear or logarithmic— for each one, are specified in a namelist (namscan, file fort.146). This namelist contains 12 variables and it too appears as a here document in the execution script.


namelist /namscan/   kpar,  cpar,   npr,   par1,  par2,  par3,  par4,   npun,



$   kscan,  nump,  tlimit, tmargv

Where:

kpar:
Number of parameters to be varied, not greater than 4.
Default value = 1.

cpar(4): Variable of type character*16 and dimension 4 containing the names of the parameters to be varied, exactly as they appear in the namelists nameir, nam_diag and namlim. There are no default values and only the first kpar parameters are scanned; the rest are kept fixed, with the values given in the script.
npr:
Index for the inclusion of some specific value within the parameter variation range. We can only have npr=2 or npr=3. If npr=2, no intermediate values are included and the variables par1, par2, etc. contain only two values: initial and final. On the contrary, if npr=3, then these variables must contain 3 values: initial, intermediate, and final. 
Default value = 3 (intermediate values are given).

par1(3), par2(3), etc.: Variables of dimension 3 containing the limits of variation for each of the parameters. If npr=2, they must contain two values: the beginning and the end of the range. If npr=3, they must contain three values: the beginning of the range, an intermediate value, and the end of the range. If the intermediate value is outside the range defined by the other two values, it is ignored. Only the first kpar parameters are scanned, the rest are kept fixed with the values given in the script.
npun(4): Variable of dimension 4 containing the number of points scanned for each of the parameters. If this value is negative or zero, it is replaced by 1. If intermediate values are given (npr=3), then the closest value which would be found in a normal scan is repaced by the intermediate value given.
Default value = 1, 3*0

kscan:
Type of scan, the same for all the parameters. kscan=1 means logarithmic scan, any other value means linear scan.
Default value = 0 (linear scan).

nump:
Number of processors which Eirene will use for each point of the parameter scan.
Default value = 8

tlimit:
Maximum execution time, in seconds. When the wall clock execution time becomes larger than tlimit - tmargv the program ends gracefully (timeout). In this case the parameter scan may be incomplete, but the data for the part of the scan already executed are not lost.
Default value = 10800. (3 hours). 
tmargv: Margin for the maximum execution time, in seconds. It must be sufficient for the completion of at least one execution of Eirene. Otherwise, in case of timeout the data for all the parameter scan might be lost.
Default value = 600. (10 min). 
The results of the scan appear in file fort.197, one line per point. In the cases kpar = 1 (one-dimensional scan) or 2 (two-dimensional), these results may be shown graphically.

The second program (eir_scan_one) is similar to the previous one, but instead of having each one of the parameters change separately and independently (multidimensional scan), now the parameters are changed simultaneously (one-dimensional scan), with the same number of points for each of them, although with (usually) different limits, of course. Therefore this program is useful only if there exists some fixed relationship between the parameters.

Its usage (see an example in $ei4n/jobeir_scan_one), is identical to that of the previous program except that in the namelist namscan the number of points in the scan, now common to all the parameters, is given by the the first element npun(1) of the variable npun, and the values of npun(2), npun(3), etc. are ignored. The maximum number of parameters to be varied is, this time, extended to 8.

The third program (eir_scan_evol) is similar to eir_scan_one but it allows the user to give the values of the parameters par1, par2, etc. directly at each point. Now these points do not need to be ordered and can be in any number (<= 101). The maximum number of parameters has been increased to 16. This program could emulate some kind of “temporal evolution”. A new namelist variable, time, has been included. It can take up to 101 values and could represent the temporal variable. The default is the sequence of integer numbers.

Since writing more than a few data for each parameter in namelist style (all the data for every parameter in a single line) can be extremely cumbersome, a new namelist variable kfil has been added. When its value is positive (but not 5 or 6), the program looks for the parameter data in the file associated to the logical unit kfil. The file must have a type of structure similar to the plasma profile file (§3.3), that is: any number of lines preceding one where the string ‘time’ appears. The rest of the line contains the name of the parameters cpar, the minimum of kpar and that number is the final kpar retained value.

The rest of the file must contain, at least, kpar+1 columns. The first one is associated to time, the rest to par1, par2, etc. The final number of points retained (the same for every parameter, <= 101) is determined by the end of the file, or by the value of npun(1) if it gives a smaller number of points.

All these programs one can include the namelist naminput (which is not required) to change some of the data of the official input file. The nomenclature used is that of the Eirene Manual. Currently the namelist contains 15 variables:

namelist /naminput/  kmodif, twall, ewbin, recycf, recyct,   ermin, ercut, rprobf,

        

$   nemods, namods,  soreni, sorene,  sorcos, sormax,  fsheat

kmodif: It allows (kmodif > 0) or forbids (kmodif ≤ 0) modifying the input file. If one wants to include these modifications in the parameter scan, then kmodif must be positive. 

Default value = 0 (no modification). 
twall(7): Real variable of dimension 7 containing the temperature in °C of of each of the totally or partially reflecting surfaces, in the following order: VV, the 2 limiters, and the 4 pumping valves. Default value: 28.6 °C (0.026 eV). This allows the modification of ewall of §2.6, page 99 (which is in eV).
The remaining variables have the same meaning as in the official Eirene manual, their dimensions are given in parentheses, and we also give the chapter and page where they are explained:

ewbin(12),   recycf(7), recyct(7):  in §2.6, p. 100.

ermin(12),  ercut(12),  rprobf(12):  in §2.6, p. 96.

nemods(12), namods(12),

soreni(12), sorene(12),  sorcos(12),  sormax(12),  fsheat:  in §2.7, pp. 114-116.
The 12 dimensions that most of these remaining variables have correspond to the values for different strata (cf. §11). If there is only one stratum, then only the first element of each 12-dimensional variable is relevant.

This namelist is read in file fort.41 and it may also be included in the scripts for the programs that perform no parameter scan or fitting, although in these cases its usefulness is not very clear (it would be sufficient to change the input file directly, although doing this is very delicate).

8. Fitting Eirene parameters
The program eir_ajust obtains a fitting of some set of the Eirene parameters (up to 16) so that the results obtained get as close as possible to some given “experimental” data.
The technique followed in the program is similar to that of §7, i.e., the script for the execution of Eirene is included as a here document within the script of the program. However, now the program does not submit Eirene directly, but instead it calls a minimization subroutine which makes the submission. The default minimization subroutine is based on a modification of the subroutine E04CCF of the mathematical library NAG which uses a simplex method (although the NAG library is not needed). Nevertheless other minimisation methods, based on genetical, simulated annealing and Powel conjugate gradient algorithms, can also be used, although they are usually slower. An example of script is found in $ei4n/jobeir_ajust (cf.§A6). 
The “experimental” data, i.e., the intended goal, must be in the file fort.193 (which must be provided by the user) and, at each step of the minimization, they are read and compared with the Eirene results by the subroutine EXPER contained in the fortran file exper.f. This subroutine must also be provided by the user for each specific case, following the rules given below:
The parameters for the execution of the program are in the namelist namajust, which contains 24 variables:


namelist /namajust/  kpar,  cpar,  nump,  tlimit, tmargv, 



$
tolx, nitx,  par1, par2, … par16,  kexp 

Here the first 5 variables have the same meaning as in the namelist namscan of §7, although now kpar can go up to 16, and the rest are as follows:
tolx:
Maximum tolerance allowed for the minimization. The minimization subroutine tries to find a set of parameter values such that the maximum relative separation between the Eirene results and the “experimental” data does not exceed the value of tolx.

Default value = 0.10 (maximum relative separation 10%).

nitx:
Maximum number of iterations for the minimization process.

Default value = 100

par1(3), par2(3), …: Vectors of dimension 3 containing the minimum, initial and maximum values (in this order) for each of the kpar parameters (up to 16 in this case). An inappropriate choice for these values may make the minimization process enormously long or difficult; therefore, it is very advisable to make a previous exploratory parameter scan using the program eir_scan of §7. Only the first kpar parameters are varied in the minimization; the others keep the same values which appear in the script. There are no default values.
kexp:
Variable which is transmitted to the user subroutine EXPER to choose between several modalities or experiments. Values of 1000 or greater are reserved for different tests or typical experimental comparisons.

The present reserved values are:

2000 or 2001: He emission lines, relative values.

3000:
H( emission lines, relative values.

4000 or 4001: CX spectra, absolute values.

5000  or 5001:
 CX spectra and H( emission lines, absolute values.

If the digit corresponding to the units of kexp is greater than 0, some supplementary variable is included too (absolute emissivity of the first line for 2001, the manometer signal for 4001 and 5001, etc.).

More experimental signals could be added in the future.

Default value = 2000 (corresponding to the three He emission lines).

The program tries to keep the parameter search within the limits given. The subroutine EXPER (togetherb with the fort.193 file) must be provided by the user as exper.f. It has 9 arguments. Its first lines must be:


subroutine exper (iopt, kexp, kpar, par,  nval, val, cval,   kres, vres)


dimension  par(*), val(*),    vres(*)


character*16 cval(*)


… … … …

The first 7 arguments are for input and must not be modified, and the remaining two are for output. The meaning of the arguments is the following:

iopt:
Option index. If iopt < 0, then the subroutine reads kres “experimental” values from the file fort.193 and puts them in the variable vres. For any other value of iopt, the subroutine obtains the Eirene results corresponding to the current values par of the kpar parameters and puts them in the variable vres, which is thus updated in each call to the subroutine; the values of kpar and kres should coincide.
kexp:
Previously mentioned. In the case of the example the value 2000 corresponds to the ratios of three He emission lines, 3000 for the H( emission, etc.

kpar, par: They have the same meaning as in the namelist namajust (kpar ( 16).
nval, val, cval: val and cval hold the nval values and labels contained in the file fort.198 and generated in POSTPROC (§6). The official output file is fort.66, and it could also be used by the user, although this is not easy. Any other file created by the programs could be used also.
kres, vres: These are the results of Eirene for this call, in the same sequence as the “experimental” values.

The optimal results for the fitting appear in the file fort.192, while all the succesive steps of the fitting process appear in fort.195, which can be analysed with the program exp195.f.
Remember that the minimization may be very slow, specially with an inappropriate choice for the limits or the initial values of the parameters in par1, par2, etc, and that, therefore, a previous exploratory parameter scan using the program eir_scan of §7 is strongly recommended.
The namelist naminput may be included in this program also, in order to modify data of the official input file.
9. Other programs

The main supplementary programs available are:

verneutr.f: for the analysis of the radial profiles (averaged on each magnetic surface) of the distribution of neutrals, both atoms and molecules. Uses file fort.46.

vercx.f: for the analysis of CX energy spectra. Uses file fort.71.

perdcx.f: for the calculation of global CX losses.

verhalph.f: for the analysis of H( emission. Uses file fort.72.

verndiag.f: for the analysis of the neutral particle distribution along the diagnostic chords. Uses files fort.801, etc… copied to fort.2.
vertray.f: for plotting the trajectories. Uses file fort.500.

vertor.f: graphical representation of the TJ-II geometry in toroidal cross sections.

verlat.f: graphical representation of the TJ-II geometry in vertical or horizontal projections.

verflux.f: for the analysis of the impacts of the trajectories on the intercepting surfaces.

Uses files fort.3100, fort.3300, etc.

vertal.f: for a detailed analysis of the results of the tallies. Uses files fort.211, fort.212 ...

vertal3d.f: Ibid. to obtain 3D distributions of neutrals in a uniform helical 3D grid.

espectrn.f: to obtain global energy spectra of neutral distributions.

fluct197.f: allows the calculation of the variation range of the results of a parameter scan. In particular it is useful to evaluate the Montecarlo incertitude when the scan is done for the variable nzran of the nameir namelist (the seed of random numbers, cf.§A5), and also to estimate the minimum number of trajectories needed when the scan is done on the variable nzhist of the same namelist, etc.

conex_eir.f: Fortran subroutine that allows calling the Eirene code from another program (Fortran or C) with the possibility to change any parameters from one call to another. This subroutine is complemented with another one, perfil_neutr.f, which can extrapolate the Eirene results between calls. The use of these subroutines is explained in the document $ei4n/conex_eir_v1.help.

etc., etc. … …

These programs will be explained in the future. Some of them have usage comments at the beginning of the file …

10.  Eirene compilation

The Eirene set of programs makes use of two libraries, both in $ei4n. The first one, libgeom.a (440 kBy), is used in all the stages, and even by almost all the auxiliary programs, and it contains subroutines which check out, inform on and control the geometry. The second one, much larger (16 MBy), is libeirene.a and it contains the rest of the Eirene subroutines.
The main sources for Eirene (i.e., those for the library libeirene.a) are in the directory $ei4n/fuentes, while the rest must be in $ei4n.

To make a full compilation the first thing to do is to compile all the modules used in the programs (a total of 52) by means of the script compmod.

Secondly, one must create the geometry library libgeom.a by means of the script renlibg, whose sources (7) must be in $ei4n.

Thirdly, one must create the main Eirene library, libeirene.a, using the script complibt, which compiles all the fortran files present in the directory $ei4n/fuentes (this is the reason why they are put in a directory different from that of the geometry). In this stage some of the subroutines use the parallelization library MPI. This process may take a very long time, some 2 hours in the jen50 computer, although it is much faster in the fenix.
If for any reason: error, compilation problem or, more usually, modification of some file, one wants to update some of the individual elements of the libraries, this can be done with the scripts replibg and replib. The first script updates the elements of libgeom.a; thus, to update the element leegeom.o, whose sorce is leegeom.f, one must execute the command “replibg leegeom” (without the suffix .f for leegeom). The same applies to the script replib for the other library. Notice that for replib as well as for replibg the source element must be in $ei4n, which means that it will have to be copied from $ei4n/fuentes if necessary. If any of these two scripts is executed witout arguments, then it generates a listing of the updated contents of the library, on the terminal in the case of replibg, in the file lib.txt in the case of replib. A script called dellib (used similarly to replib) permits the complete elimination from the main library libeirene.a of any element which may have been introduced in the library erroneously.

The compilations are always made in fortran 90 (f90 on jen50, ifort on fenix) using the options –r8 –i4  -save  and –O3. However, for some Eirene elements and modules the optimization option –O3 causes errors in some computers due to excessive resource requirements, and in these individual cases it is necessary to recompile with a lower optimization level (with replib, etc.).

Finally, the linking of the program is executed with the script link, which creates the executables for the three phases: PREPROC, EIRENE and POSTPROC. These executables reside permanently in $ei4n.
For the auxiliary programs that use the geometry library, the compilation, linking and, eventually, execution are performed with the script runlibb, which also allows the use of the graphical library NCAR and of the mathematical library NAG.
11.  Running Eirene with more than one stratum (provisional)

Both in jen50 and in fenix it has been observed that when one tries to use more than one stratum, i.e., more than one source, with more than one processor, the results are incorrect because some of these strata collect the partial results of only one PE, giving the following error message:

             ERROR IN OUTEIR: DATA FOR STRATUM ISTRA= 1

            ARE NOT AVAILABLE. PRINTOUT ABANDONNED

This means either that one should use only one stratum, which would prevent the consideration of simultaneous emission of atoms and molecules, or of atoms of several species, etc, or else that one should renounce parallelization, which would increase the execution times enormously.

It is likely that this bug will be corrected in the near future. However, as a provisional solution, several scripts to circumvent this problem have been written. The method followed consists in creating several input files (the classical *.input files), as many as the number of strata one wishes to use and containing the same substrata and data that would have appeared in the ordinary input file. The program, eir_mult.f, launches Eirene, successively, for each one of these input files in separate directories, and when all have finished it performs a weighted sum of the results of each run (the aggregation). The final result is obtained using these aggregated results. The weight given to each partial result is proportional to the facestr variables in the nammult namelist (see later).
In $ei4n there are two scripts to execute this program. The first one, runeir_mult, works interactively and is similar to run_eirene (the first argument is the number of processors). The second one, jobeir_mult1 (cf.§A7), is for batch processing and is similar to job_eirene1, and in this case the number of PEs is given in the variable nump which appears in the first lines of the script.
In order to handle all this, in the program eir_mult.f there is a new namelist called nammult which contains only 6 variables (and some more for tests):
namelist /nammult/  nestr,  facestr,  filin,  nhiststr, kcompl, kpuff

The meaning of these variables is the following:

nestr:
Total number of strata, ( 12 .
Default value = 1

facestr: Real variable of dimension 12 containing the weights associated to each stratum which will be used for the aggregation. Their nestr values do not need to add up to one and, in principle, they are not normalized internally.
Default values = 12*1. (equal weights).

filin:
Variable character*80 of dimension 12 containing the nestr names of the input files which are to be aggregated. These files must be in the directory $ei4n and an error will be generated if any of them does not exist.

There are no default values.

nhiststr: Integer variable of dimension 12. It allows the user to change the number of trajectories launched in each stratum, replacing the variable nzhist of §4.2. Negative or null values do not change nzhist for these strata. 
Default values 12*-1 (no change)

kcompl: Integer parameter that modifies the default aggregation strategy (which now is weighted addition) and instead makes a weighted average for the first kcompl strata. 
Default value = -1 (addition, no averaging).

kpuff:
Integer parameter that allows the management of gas puffings, etc. when (as usual) the species emitted are different (i.e. ions H+ for the first strata, molecules H2 for the last one). With this parameter the puffings are eliminated from strata 1 to kpuff-1 and restablished from kpuf to the last one. 
Default value = -1 (no puffing change). 
This namelist appears as a here document in the scripts.
There are also scripts to make parameter scans (jobeir_​scan_​mult1 and jobeir_​scan_​one_​mult1) and to fit experimental data (jobeir_ajust_mult1) similar to those described in §7 and §8. The variables facestr, and any other in the namelist nammult, can be scanned also.
Notice that these scripts may also be executed with only one single stratum, although in this case they do not present, in principle, any clear advantage with respect to the scripts mentioned in the previous paragraphs.

Appendices
A1. Example of official input file
This is the official input file for a case with pure H (hydr_g3d_defb.input) with up to 15 non-default standard surfaces (*** 3a.), default reactions, one neutral atom and one molecule species (*** 4.), two test ions (**4c) and one single ion in the plasma (*** 5.),  and also one single stratum with up to 7 substrata (*** 7.) and 8 volume tallies (*** 11.).

Diagnostic chords are added later inside the PREPROC program.

Remember that it is in fixed format. A short explanation of the different fields can be found in $ei4n/input.help.

FNX> cat   hydr_g3d_defb.input
* TJ-II g3d : H plasma - with puff

*  Geometria hexaedrica

*  VERSION : April 2005

*** 1. data for operating mode

     1     0   150 00000     0     0     0     0

TFFTF

*** 2. data for standard mesh

     6     1     1

T

FFFFf FFt

   999     1     1     1     0     0     0

 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00

f

FFFF

     1     1

 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00

f

TFFF

     1     1     0     0

 0.00000E+00 0.00000E+00 1.00000E+00

F

     1

F

*** 3a. data for non default standard surfaces

    15

* RADIAL SURFACE 1  VV : reflecting, hel

     1     1   999   999   999     1     1     1     1

     1     0     0     0     0     6     0     0

     1     0     0     0

  1.1050E+03 -2.6000E-02  0.0000E+00  0.0000E+00  0.0000E+00  0.0000E+00

  1.0000E+00  1.0000E+00  1.0000E+00  1.0000E+00  5.0000E-01  1.0000E+00

* RADIAL SURFACE 2  Limbo : absorbing, hel

     2     1   999   999   999     1     1     1     1

     2     0     0     0     0     6     0     0

* RADIAL SURFACE 3  Plasma : transparent, hel

     3     1   999   999   999     1     1     1     1

     0     0     0     0     0     6     0     0

* RADIAL SURFACE 4  Limiter-1 : reflecting, hel

     4     1   999   999   999     1     1     1     1

     1     0     0     0     0     6     0     0

     1     0     0     0

  1.2060E+03 -2.6000E-02  0.0000E+00  0.0000E+00  0.0000E+00  0.0000E+00

  1.0000E+00  1.0000E+00  1.0000E+00  1.0000E+00  5.0000E-01  1.0000E+00

* RADIAL SURFACE 5  Limiter-2 : reflecting, hel

     5     1   999   999   999     1     1     1     1

     1     0     0     0     0     6     0     0

     1     0     0     0

  1.2060E+03 -2.6000E-02  0.0000E+00  0.0000E+00  0.0000E+00  0.0000E+00

  1.0000E+00  1.0000E+00  1.0000E+00  1.0000E+00  5.0000E-01  1.0000E+00

* RADIAL SURFACE 6  Pff1 : transparent, hel

     6     1   999   999   999     1     1     1     1

     0     0     0     0     0     6     0     0

* RADIAL SURFACE 7  Pff2 : transparent, hel

     7     1   999   999   999     1     1     1     1

     0     0     0     0     0     6     0     0

* RADIAL SURFACE 8  NBI1 : transparent, hel

     8     1   999   999   999     1     1     1     1

     0     0     0     0     0     6     0     0

* RADIAL SURFACE 9  NBI2 : transparent, hel

     9     1   999   999   999     1     1     1     1

     0     0     0     0     0     6     0     0

* RADIAL SURFACE 10  NBI3 : transparent, hel

    10     1   999   999   999     1     1     1     1

     0     0     0     0     0     6     0     0

* RADIAL SURFACE 11  NBI4 : transparent, hel

    11     1   999   999   999     1     1     1     1

     0     0     0     0     0     6     0     0

* RADIAL SURFACE 12  Pump-1 : partialy reflecting, hel

    12     1   999   999   999     1     1     1     1

     1     0     0     0     0     6     0     0

     1     0    -1    -1

  1.2060E+03 -2.6000E-02  0.0000E+00  0.0000E+00  0.0000E+00  0.0000E+00

  1.0000E+00  1.0000E+00  1.0000E+00  1.0000E+00  5.0000E-01  1.0000E+00

* RADIAL SURFACE 13  Pump-2 : partialy reflecting, hel

    13     1   999   999   999     1     1     1     1

     1     0     0     0     0     6     0     0

     1     0    -1    -1

  1.2060E+03 -2.6000E-02  0.0000E+00  0.0000E+00  0.0000E+00  0.0000E+00

  1.0000E+00  1.0000E+00  1.0000E+00  1.0000E+00  5.0000E-01  1.0000E+00

* RADIAL SURFACE 14  Pump-3 : partialy reflecting, hel

    14     1   999   999   999     1     1     1     1

     1     0     0     0     0     6     0     0

     1     0    -1    -1

  1.2060E+03 -2.6000E-02  0.0000E+00  0.0000E+00  0.0000E+00  0.0000E+00

  1.0000E+00  1.0000E+00  1.0000E+00  1.0000E+00  5.0000E-01  1.0000E+00

* RADIAL SURFACE 15  Pump-4 : partialy reflecting, hel

    15     1   999   999   999     1     1     1     1

     1     0     0     0     0     6     0     0

     1     0    -1    -1

  1.2060E+03 -2.6000E-02  0.0000E+00  0.0000E+00  0.0000E+00  0.0000E+00

  1.0000E+00  1.0000E+00  1.0000E+00  1.0000E+00  5.0000E-01  1.0000E+00

*** 3b. data for additional surfaces

     0

*** 4. data for species and atomic physics module

**  reactions

     0

**4a.   neutral atom species

     1

 1 H         1  1  1  0  1 -1  0  0

**4b.   neutral molecule species

     1

 1 H2        2  2  2  0  1  1  0  0

**4c.   test ion species

     2

 1 H2+       2  2  2  1  1  1  0  0 -1  1

 2 H+        1  1  1  1  1 -1  0  0 -1  1

*** 5. data for plasma background

*                                                                      *

     1

 1 H+        1  1  1  1  1 -1  0  0

     6     6     6     6     6     6     0     0     0     0     0     0

*** 6a. general data for reflection model

TF

 1.00000E+00 1.00000E+00 1.00000E+00 1.00000E+00

 1.00000E+00

 1.00000E+00

 1.00000E+00 1.00000E 00

 1.00000E+00 5.00000E+01 1.00000E-01 0.00000E+00 0.00000E+00 0.00000E+00

*** 7. data for primary sources, nstrai strata

     1

     0     0     0     0     0     0     0     0     0     0     0     0

 0.00000E 00

*   1 : SOURCE-1 on Radial surface 1 (VV)

FFFF

  4585  1001     1     1

 1.00000E+00

ftFF

     1

fFtF

     7

     1     1     1     0     0     0     0     0     0

  0.2500E+00 -1.0000E+00  1.0000E+00  0.0000E+00  1.1110E+03

     0     1     1     0     0     0     0

  1.8000E+02  1.0000E+00  1.0000E+00 -1.0000E+00  0.0000E+00  0.0000E+00

     2     1     4     0     0     0     0     0     0

  0.2500E+00 -1.0000E+00  1.0000E+00  0.0000E+00  1.1110E+03

     0     1     1     0     0     0     0

  1.8000E+02  1.0000E+00  1.0000E+00 -1.0000E+00  0.0000E+00  0.0000E+00

     3     1     5     0     0     0     0     0     0

  0.2500E+00 -1.0000E+00  1.0000E+00  0.0000E+00  1.1110E+03

     0     1     1     0     0     0     0

  1.8000E+02  1.0000E+00  1.0000E+00 -1.0000E+00  0.0000E+00  0.0000E+00

     4     1     6     0     0     0     0     0     0

  0.2500E+00 -1.0000E+00  1.0000E+00  0.0000E+00  1.1110E+03

     0     1     1     0     0     0     0

  1.8000E+02  1.0000E+00  1.0000E+00 -1.0000E+00  0.0000E+00  0.0000E+00

     5     1     7     0     0     0     0     0     0

  0.2500E+00 -1.0000E+00  1.0000E+00  0.0000E+00  1.1110E+03

     0     1     1     0     0     0     0

  1.8000E+02  1.0000E+00  1.0000E+00 -1.0000E+00  0.0000E+00  0.0000E+00

     6     1     8     0     0     0     0     0     0

  0.2500E+00 -1.0000E+00  1.0000E+00  0.0000E+00  1.1110E+03

     0     1     1     0     0     0     0

  1.8000E+02  1.0000E+00  1.0000E+00 -1.0000E+00  0.0000E+00  0.0000E+00

     7     1     9     0     0     0     0     0     0

  0.2500E+00 -1.0000E+00  1.0000E+00  0.0000E+00  1.1110E+03

     0     1     1     0     0     0     0

  1.8000E+02  1.0000E+00  1.0000E+00 -1.0000E+00  0.0000E+00  0.0000E+00

  3.0000E+00  5.0000E-01  0.0000E+00  0.0000E+00  0.0000E+00

  1.0000E+00  4.5000E+01  0.0000E+00  0.0000E+00  0.0000E+00

*** 8. additional data for specific zones

     0

*** 9. data for statistic and nonanalog model

FFFFF F

     0

     0     0

 1.00000E+03 1.00000E-02 0.00000E+00

 2.00000E+00

**  standard deviation

     0     0     0

*** 10. data for additional tallies

     0     0     0     0     0     0

** 10a. volume tallies - tracklength estimator

** 10b. volume tallies - collisional estimator

** 10c. volume tallies - algebraic expressions

** 10d. surface tallies

** 10e. surface tallies - algebraic expressions

** 10f. spectra

*** 11. data for numerical and graphical output

FFFFF fFFFF Ftttf ttttt

tTffF FFFFF F

     8

    -1     4

    -2     4

    -3     4

    -4     4

     1     4

     2     4

     5     4

     6     4

     2

    -1     0     0     0     0   931

    -5     0     0     0     0   935

ffFff FFTFF FfF

     1     6     1     1    25     1     1    26     1

F                          0

F                          0

F                          0

F                          0

F                          0

F                          0

F                          0

F                          0

 5.00000E+01 5.00000E+01 8.50000E+02-5.00000E+01 0.00000E+00

 1.00000E+01 1.00000E+01 0.00000E+00 0.00000E+00 1.00000E+01 1.00000E+01

 1.00000E+01 1.00000E+01 0.00000E+00

     1     1     0     0     0     0     0     0     0     0     2

     0

*** 12. data for diagnostic module

     0

*** 13. data for nonlinear and time dep. option

     0

*** 14. data for interfacing routine "infusr"

FTF

     2     0     0

     1     1 1.00000E+00 4.00000E+00

     2     2 1.00000E 00 4.00000E 00

    25     7    26

     1

     1

     1     1     7     7     1    25     1    26

 6.00000E+01 6.00000E+01 1.00000E+02 5.00000E+01

     0

     0

*** 15. data for interfacing routine "addusr"

     0     0     0

A2. Example of a profile file
The first 20 lines of the profile file desc_14605_1120.13, corresponding to the TJ-II shot

#14605 at 1120 ms are shown here. This was an H plasma with only ECRH heating and with an average line density of 5.9x1012 cm-3.
FNX> head -20 desc_14605_1120.13
 TS profiles from DAS

 Shot  #14605

time(ms) =    1120.

   np = 178

 npun =         178

 difn, dift(%) =   11.72       19.56      5.0000E+12   9.000               2

   enlin =  5.8968E+12  5.0763E+12  0.8158      0.9858

   Adjusted simetrised profiles, npun =     51

   diffn, difft(%) =   11.21       13.77       70.70       152.5

  Ti(0) Estimated =   80.00       25.00       6.000       2.000

     r/a          ene       Te(eV)      Ti(eV)       eni

    0.000      5.4297E+12   1072.       80.00      5.4297E+12

   2.0000E-02  5.4415E+12   1035.       80.00      5.4415E+12

   4.0000E-02  5.4533E+12   998.8       80.00      5.4533E+12

   6.0000E-02  5.5530E+12   946.7       80.00      5.5530E+12

   8.0000E-02  5.6935E+12   886.4       80.00      5.6935E+12

   1.0000E-01  5.8099E+12   824.6       80.00      5.8099E+12

   0.1200      5.8701E+12   765.3       80.00      5.8701E+12

   0.1400      5.8525E+12   712.3       80.00      5.8525E+12

   0.1600      5.7687E+12   668.1       80.00      5.7687E+12

…. ….

The file has a total of 62 lines, with 51 points for the profile data.

A3. Script for interactive execution
This is the script run_eirene_hydr05 for interactive execution at the fenix computer corresponding to the input files listed at §A1 and §A2 and configuration 100_40_63 (geometry file geom_100_40_63.1oct).  It follows 25000 trajectories per processor and 13 diagnostic chords are used (11 for H( emission and 2 for CX spectra). By reason of the presence of limiters and diagnostic chords the full 8 octants of TJ-II must be used.

FNX> cat  run_eirene_hydr05
#!/bin/tcsh

set  hr0=`date +%H`

set  mn0=`date +%M`

set  sg0=`date +%S`

echo ' '

date

set nump=$1

if ($1 == '')  set nump='1'

set fili=$2

if ($2 == '')  set fili='hydr_g3d_defb.input'

@ res=(-e $fili)

if ($res == '0') then

        echo Do not exists $fili

        exit

endif

unset res

set filg=$3

if ($3 == '')  set filg='geom_100_40_63.1oct'

@ resg=(-e $filg)

if ($resg == '0') then

        echo Do not exists $filg

        exit

endif

unset resg

set filp=$4

if ($4 == '')  set filp='desc_14605_1120.13'

@ resp=(-e $filp)

if ($resp == '0') then

        echo Do not exists $filp

        exit

endif

unset resp

echo 'NPES='$nump

set fil='eirene_n'$nump'.out'

echo $fili

echo $fil

echo $filg

echo $filp

rm -f $fil

rm –f fort.*

echo ' '

cp ./$filg  fort.30

cp ./$fili fort.51

cp ./$filp fort.113

echo fort.36

cat > fort.36 << '/EOF'

 $nameir

  flxpuff = 0., 0.

   fraclim= 0.166

  rcycl= 1., 1., 1.

  flxpump = 4*0.

  frdens= -1.0, 0.1

  fmultp= 1., 1., 1.

  alsol=1.,2.,2.

  kflux=1

  flxnbi = 2*0.,2*0.

  zlim1= -35.2

  zlim2= -35.2

  tminrun = 2.5e3

  enl13 = -1.15

  taupms= 7.0

   npun=1001

   ntray= -15000

   noct=8

   nzhist= 25000

   nzran= -7777

 $end

'/EOF'

cat fort.36

echo ' '

echo fort.59

cat > fort.59 << '/EOF'

 $namlim

  imodif= 1

   enebord= 1.0844E+12

   bnlim=3.0

   rnlim= -0.650

    tebord= 36.00

   btlim=9.66

   rtlim= 0.50

    enlin0= 1.

    itypti= 2

    titop= 80.

    tilow= 25.

    alfti=6.

    betti=2.

 $end

'/EOF'

cat fort.59

echo ' '

echo fort.41

cat > fort.41 << '/EOF'

 $naminput

  kmodif= 1

  twall = 3*-28.465

  soreni= 4.6075E-02

  sormax=45.

  ermin=0.

  ercut=-5.0

 $end

'/EOF'

cat fort.41

cat > fort.37 << '/EOF'

 $nam_diag

   ndiag=13

   kdiag(1:11) = 11*2

   kdiag(12:45) = 1

    nener=51

   enera=45*0.01

   enerf=45*1000.1

      r1diag(1)  =   191.977      ! dZ(cm) = 0.6

      ph1diag(1) =  -167.521

      z1diag(1)  =  -33.2827

      r2diag(1)  =   123.055

      ph2diag(1) =  -136.148

      z2diag(1)  =  -35.7154

      r1diag(2)  =   191.971      ! dZ(cm) = 2.0

      ph1diag(2) =  -167.519

      z1diag(2)  =  -32.7828

      r2diag(2)  =   116.065

      ph2diag(2) =  -124.982

      z2diag(2)  =  -33.8592

      r1diag(3)  =   191.970      ! dZ(cm) = 3.3

      ph1diag(3) =  -167.519

      z1diag(3)  =  -32.2827

      r2diag(3)  =   115.611

      ph2diag(3) =  -123.765

      z2diag(3)  =  -31.4402

      r1diag(4)  =   191.976      ! dZ(cm) = 4.6

      ph1diag(4) =  -167.521

      z1diag(4)  =  -31.7828

      r2diag(4)  =   115.616

      ph2diag(4) =  -123.781

      z2diag(4)  =  -29.0015

      r1diag(5)  =   191.987      ! dZ(cm) = 5.9

      ph1diag(5) =  -167.523

      z1diag(5)  =  -31.2832

      r2diag(5)  =   115.628

      ph2diag(5) =  -123.814

      z2diag(5)  =  -26.5650

      r1diag(6)  =   192.004      ! dZ(cm) = 7.2

      ph1diag(6) =  -167.527

      z1diag(6)  =  -30.7845

      r2diag(6)  =   115.646

      ph2diag(6) =  -123.864

      z2diag(6)  =  -24.1321

      r1diag(7)  =   192.027      ! dZ(cm) = 8.5

      ph1diag(7) =  -167.532

      z1diag(7)  =  -30.2868

      r2diag(7)  =   115.627

      ph2diag(7) =  -123.809

      z2diag(7)  =  -21.6885

      r1diag(8)  =   192.055      ! dZ(cm) = 9.9

      ph1diag(8) =  -167.538

      z1diag(8)  =  -29.7904

      r2diag(8)  =   115.613

      ph2diag(8) =  -123.772

      z2diag(8)  =  -19.2446

      r1diag(9)  =   192.089      ! dZ(cm) =11.2

      ph1diag(9) =  -167.545

      z1diag(9)  =  -29.2957

      r2diag(9)  =   115.606

      ph2diag(9) =  -123.751

      z2diag(9)  =  -16.8012

      r1diag(10)  =   192.129      ! dZ(cm) =12.5

      ph1diag(10) =  -167.554

      z1diag(10)  =  -28.8030

      r2diag(10)  =   115.647

      ph2diag(10) =  -123.869

      z2diag(10)  =  -14.3875

      r1diag(11)  =   191.974      ! dZ(cm) =13.8

      ph1diag(11) =  -167.520

      z1diag(11)  =  -28.2825

      r2diag(11)  =   115.609

      ph2diag(11) =  -123.760

      z2diag(11)  =  -11.9247

      r1diag(12)  =   149.948      !  Limiter C (Axis)

      ph1diag(12) =  -154.564

      z1diag(12)  =  -34.7198

      r2diag(12)  =   143.865

      ph2diag(12) =  -156.678

      z2diag(12)  =  -6.62723

      r1diag(13)  =   150.054      !  Limiter C (amin = 0.14)

      ph1diag(13) =  -154.530

      z1diag(13)  =  -34.7000

      r2diag(13)  =   150.054

      ph2diag(13) =  -154.530

      z2diag(13)  =  -10.2000

 $end

'/EOF'

echo ' '

echo fort.37

head -13 fort.37

echo ' '

date

  ./preproc

date

echo 'NPES='$nump

echo $fili

echo $filg

echo $filp

cat fort.606

@ res=(-e fort.800)

if ($res == '0') then

        echo ' Aborting'

        rm -f fort.30

        rm -f fort.50

        unset res

        echo ' '

        exit

endif

unset res

echo ' '

setenv NPES $nump

setenv MPI_DSM_PPM 4

setenv MPI_DSM_OFF true

setenv MPI_DSM_VERBOSE off

setenv ACCT_TMPDIR $HOME/eir_new/Tmpdir

cp  $HOME/EIRENE-2004_new/Database/AMdata/amjuel.tex AMJUEL

cp  $HOME/EIRENE-2004_new/Database/AMdata/hydhel.tex HYDHEL

cp  $HOME/EIRENE-2004_new/Database/AMdata/methane.tex METHANE

cp  $HOME/EIRENE-2004_new/Database/Surfacedata/SPUTER SPUTER

cp  $HOME/EIRENE-2004_new/Database/Surfacedata/TRIM/trim.dat fort.21

echo '... ...'

set ta=`date`

set  hr1=`date +%H`

set  mn1=`date +%M`

set  sg1=`date +%S`

echo '  NPART = 0' > fort.605

echo '   ' > fort.2800

  mpirun  -np $NPES  ./eirene >$fil

set  sg2=`date +%S`

set  mn2=`date +%M`

set  hr2=`date +%H`

set tb=`date`

    cat fort.605

    cat fort.2800

  cp fort.801  fort.802

@ res=(-e fort.400)

if ($res == '0') then

        echo ' Bad end of Eirene'

        rm -f fort.30

        rm -f fort.50

        unset res

        echo ' '

        exit

endif

unset res

echo ' '

date

 ./postproc

date

echo ' '

echo ' ' >> fort.901

echo $fili

echo $filg

echo $filp

ls -lt $fil

wc -l $fil

echo $fili >> fort.901

echo $filg >> fort.901

ls -lt $fil >> fort.901

wc -l $fil >> fort.901

cat fort.605

    cat fort.2800

echo 'NPES='$nump

cat fort.605 >> fort.901

cat fort.2800 >> fort.901

echo 'NPES='$nump >> fort.901

cat fort.902 >> fort.901

rm -f AMJUEL HYDHEL METHANE SPUTER

rm -f fort.21

echo ' '

echo ' ' >> fort.901

cat fort.199

cat fort.199 >>  fort.901

echo 'Start exec. ' $ta

echo ' End  exec. ' $tb

echo 'Start exec. ' $ta >> fort.901

echo ' End  exec. ' $tb >> fort.901

@ sgt1 = 3600 * $hr1 + 60 * $mn1 + $sg1

@ sgt2 = 3600 * $hr2 + 60 * $mn2 + $sg2

@ ds = $sgt2 - $sgt1

echo Execution time $ds sec.

echo Execution time $ds sec.  >> fort.901

@ sgt0 = 3600 * $hr0 + 60 * $mn0 + $sg0

set  hr3=`date +%H`

set  mn3=`date +%M`

set  sg3=`date +%S`

@ sgt3 = 3600 * $hr3 + 60 * $mn3 + $sg3

@ dst = $sgt3 - $sgt0

echo Total $dst sec.

echo Total $dst sec.  >> fort.901

cat fort.902

echo ' '

exit

A4. Example of interactive execution
The execution of the former script using 24 processors in the fenix computer produces the following results:

FNX> run_eirene_hydr05   24

cputime         30:00

Tue Apr  4 13:40:38 CEST 2006

NPES=24

hydr_g3d_defb.input

eirene_n24.out

geom_100_40_63.1oct

desc_14605_1120.13

fort.36

 $nameir

  flxpuff = 0., 0.

   fraclim= 0.166

  rcycl= 1., 1., 1.

  flxpump = 4*0.

  frdens= -1.0, 0.1

  fmultp= 1., 1., 1.

  alsol=1.,2.,2.

  kflux=1

  flxnbi = 2*0.,2*0.

  zlim1= -35.2

  zlim2= -35.2

  tminrun = 2.5e3

  enl13 = -1.15

  taupms= 7.0

   npun=1001

   ntray= -15000

   noct=8

   nzhist= 25000

   nzran= -7777

 $end

fort.59

 $namlim

  imodif= 1

  enebord= 1.0844E+12

   bnlim=3.0

   rnlim= -0.650

    tebord= 36.00

   btlim=9.66

   rtlim= 0.50

    enlin0= 1.

    itypti= 2

    titop= 80.

    tilow= 25.

    alfti=6.

    betti=2.

 $end

fort.41

 $naminput

  kmodif= 1

  twall = 3*-28.465

  soreni= 4.6075E-02

  sormax=45.

  ermin=0.

  ercut=-5.0

 $end

fort.37

 $nam_diag

   ndiag=13

   kdiag(1:11) = 11*2

   kdiag(12:45) = 1

    nener=51

   enera=45*0.01

   enerf=45*1000.1

      r1diag(1)  =   191.977      ! dZ(cm) = 0.6

      ph1diag(1) =  -167.521

      z1diag(1)  =  -33.2827

      r2diag(1)  =   123.055

Tue Apr  4 13:40:38 CEST 2006

 Preproc: Checks geometry and prepares Input file

 Reading geometry fort.30

   ... ...

 ncelf =       39637

 Config. 100_40_63

 Plasma average radius (cm) =   18.77       150.0

  ncelv =       39637

 nssgrid =          36

  dssgrid =  2.8169E-02

    All            4  Periods,              8  Octants

  In expcell

  ncelt, ncelv, noct =      317096       39637           8           4

Calling volusr, n=      317096  2.7054E+06      317096

  nsol =           2

  ncsol =       11518

  nvact =        1610

 alim, rvlim =  0.9859       50.00

 VV Area construction

  ... ...

 arvvt =  1.3340E+06

          35  Horizontal and Vertical Central Cells

          40  Toroidal cells by octant

           8  Vacuum Cells

          41  Toroidal points in VV by octant

          91  Poloidal points in VV

  Horiz. and Vertic. cell width (cm) =   1.921

  Toroidal width (degr.)             =   1.125

  VV cells Toroidal width (degr.)    =   1.125

  VV cells Poloidal width (degr.)    =   4.000

 Total number of Cells           =      317096

 Cells by semiperiod             =       39637

  Geometry correct

  nesp =           1

   Modification of input file

  In input file         217  lines

   nsurf =          15

           1  Strata

   Substr. =           7

  natom,nmol,nesp =           1           1           1

  Host =fenix.ciemat.es

  Limiter Calculation

 despl =  -2.200      -2.200

 nlim1,nlim2 =         337         337

 nlims1,nlims2 =          52          52

 Changed srad in factor:    1.012      0.9882              35

    ravcm =   18.55

  nsol =           2

  ncsol =       11292

  nvact =        1608

 alim, rvlim =  0.9855       50.00

 Plasma size reduced:   18.77       18.55      0.9882

  ibeam =                    -1

 pavmw =  0.3000

  Modific. Te border profile           1

 ybord,blim,rlim =   36.00       9.660      0.5000

 Polynomical, degree   9.660

 bb,cc,yy(ns) =  1.5110E+06 -2.7077E+06   36.00

          51  Points in original plasma profiles

             Central values

    ene(cm-3)   Te(eV)      Ti(eV)     enion(cm-3)

   5.4297E+12   1072.       80.00      5.4297E+12

 enlin =  5.8130E+12  5.0042E+12  0.8158

 taup(ms),fluxpl(Amp) =   7.000       116.7

  nss =          35

      s         ene(cm-3)   Te(eV)      Ti(eV)     enion(cm-3)

    0.000      5.4297E+12   1072.       80.00      5.4297E+12

   2.8986E-02  5.4468E+12   1019.       80.00      5.4468E+12

   5.7971E-02  5.5429E+12   952.0       80.00      5.5429E+12

   8.6957E-02  5.7340E+12   864.9       80.00      5.7340E+12

   0.1159      5.8579E+12   777.3       80.00      5.8579E+12

   0.1449      5.8319E+12   701.4       80.00      5.8319E+12

   0.1739      5.7158E+12   643.7       80.00      5.7158E+12

   0.2029      5.7478E+12   602.0       79.99      5.7478E+12

   0.2319      6.0761E+12   574.6       79.98      6.0761E+12

   0.2609      6.5175E+12   561.2       79.97      6.5175E+12

   0.2899      6.8500E+12   564.0       79.93      6.8500E+12

   0.3188      7.0788E+12   567.2       79.88      7.0788E+12

   0.3478      7.3683E+12   546.0       79.80      7.3683E+12

   0.3768      7.7715E+12   507.0       79.68      7.7715E+12

   0.4058      8.2296E+12   470.3       79.51      8.2296E+12

   0.4348      8.6501E+12   444.5       79.26      8.6501E+12

   0.4638      9.0269E+12   429.8       78.91      9.0269E+12

   0.4928      9.3681E+12   425.0       78.43      9.3681E+12

   0.5217      9.6070E+12   398.6       77.80      9.6070E+12

   0.5507      9.5850E+12   323.9       76.96      9.5850E+12

   0.5797      9.2907E+12   241.0       75.90      9.2907E+12

   0.6087      8.7031E+12   170.7       74.53      8.7031E+12

   0.6377      7.9468E+12   117.0       72.84      7.9468E+12

   0.6667      7.0853E+12   81.62       70.66      7.0853E+12

   0.6957      6.1866E+12   59.47       59.47      6.1866E+12

   0.7246      5.2857E+12   47.04       47.04      5.2857E+12

   0.7536      4.4036E+12   40.73       40.73      4.4036E+12

   0.7826      3.5745E+12   37.72       37.72      3.5745E+12

   0.8116      2.8196E+12   36.57       36.57      2.8196E+12

   0.8406      2.1325E+12   36.14       36.14      2.1325E+12

   0.8696      1.5315E+12   36.03       36.03      1.5315E+12

   0.8986      1.1021E+12   36.00       36.00      1.1021E+12

   0.9275      1.0844E+12   36.00       32.30      1.0844E+12

   0.9565      1.0844E+12   36.00       28.06      1.0844E+12

   0.9855      1.0844E+12   36.00       25.52      1.0844E+12

 enesol, tesol =  1.0844E+12   36.00       25.00

 Doing further input file modification

   ewall = -2.5991E-02 -2.5991E-02 -2.5991E-02 -2.6000E-02 -2.6000E-02 -2.6000E-

02 -2.6000E-02

  recyct =   1.000       1.000       1.000       1.000       1.000       1.000

     1.000

 End of further input file modification

           1  Strata           7  Substrata

 Fluxt1   =   116.7

 Weights1 =  0.8340      8.3000E-02  8.3000E-02   0.000       0.000       0.000

      0.000

  Pumping calculation

 flxpump  =   0.000       0.000       0.000       0.000

 surfpump =   30.00       30.00       40.00       40.00

  npump   =           0           0           0           0

 Diagnostic Chords          13

  Chord           1

  Inicial point

 r,phi,z =   192.0      -167.5      -33.28          169461           0   6.000

 xf =  -187.4      -41.48      -33.28

  Final point

 r,phi,z =   123.1      -136.1      -35.72          196183           0   6.000

 xf =  -88.74      -85.25      -35.72      0.8848       108.2

  Chord           2

  Inicial point

 r,phi,z =   192.0      -167.5      -32.78          169461           0   6.000

 xf =  -187.4      -41.49      -32.78

  Final point

 r,phi,z =   116.1      -125.0      -33.86          229838          -1   701.0

 xf =  -66.54      -95.10      -33.86      0.7641       132.5

  Chord           3

  Inicial point

 r,phi,z =   192.0      -167.5      -32.28          169493           0   6.000

 xf =  -187.4      -41.49      -32.28

  Final point

 r,phi,z =   115.6      -123.8      -31.44          228870          -2   702.0

 xf =  -64.25      -96.11      -31.44      0.6943       135.0

  Chord           4

  Inicial point

 r,phi,z =   192.0      -167.5      -31.78          169493           0   6.000

 xf =  -187.4      -41.48      -31.78

  Final point

 r,phi,z =   115.6      -123.8      -29.00          228870          -2   702.0

 xf =  -64.29      -96.10      -29.00      0.5773       135.0

  Chord           5

  Inicial point

 r,phi,z =   192.0      -167.5      -31.28          169493           0   6.000

 xf =  -187.5      -41.48      -31.28

  Final point

 r,phi,z =   115.6      -123.8      -26.56          228870          -2   702.0

 xf =  -64.35      -96.07      -26.56      0.4751       135.0

  Chord           6

  Inicial point

 r,phi,z =   192.0      -167.5      -30.78          169493           0   6.000

 xf =  -187.5      -41.47      -30.78

  Final point

 r,phi,z =   115.6      -123.9      -24.13          228870          -2   702.0

 xf =  -64.44      -96.03      -24.13      0.3845       135.0

  Chord           7

  Inicial point

 r,phi,z =   192.0      -167.5      -30.29          169525           0   6.000

 xf =  -187.5      -41.46      -30.29

  Final point

 r,phi,z =   115.6      -123.8      -21.69          228870          -2   702.0

 xf =  -64.34      -96.07      -21.69      0.2680       135.2

  Chord           8

  Inicial point

 r,phi,z =   192.1      -167.5      -29.79          169525           0   6.000

 xf =  -187.5      -41.44      -29.79

  Final point

 r,phi,z =   115.6      -123.8      -19.24          228870          -2   702.0

 xf =  -64.27      -96.10      -19.24      0.1785       135.5

  Chord           9

  Inicial point

 r,phi,z =   192.1      -167.5      -29.30          169525           0   6.000

 xf =  -187.6      -41.43      -29.30

  Final point

 r,phi,z =   115.6      -123.8      -16.80          228836          -2   12.00

 xf =  -64.23      -96.12      -16.80      0.1092       135.8

  Chord          10

  Inicial point

 r,phi,z =   192.1      -167.6      -28.80          169525           0   6.000

 xf =  -187.6      -41.41      -28.80

  Final point

 r,phi,z =   115.6      -123.9      -14.39          228806          -2   12.00

 xf =  -64.45      -96.02      -14.39      8.1531E-02   135.8

  Chord          11

  Inicial point

 r,phi,z =   192.0      -167.5      -28.28          169557           0   6.000

 xf =  -187.4      -41.49      -28.28

  Final point

 r,phi,z =   115.6      -123.8      -11.92          228746          -2   12.00

 xf =  -64.25      -96.11      -11.92       0.000       136.0

  Chord          12

  Inicial point

 r,phi,z =   149.9      -154.6      -34.72          180561           0  0.8848

 xf =  -135.4      -64.40      -34.72

  Final point

 r,phi,z =   143.9      -156.7      -6.627          179010          -2   12.00

 xf =  -132.1      -56.96      -6.627      5.0353E-16   29.50

  Chord          13

  Inicial point

 r,phi,z =   150.1      -154.5      -34.70          180561           0  0.8848

 xf =  -135.5      -64.53      -34.70

  Final point

 r,phi,z =   150.1      -154.5      -10.20          180969          -2   12.00

 xf =  -135.5      -64.53      -10.20      0.1401       24.75

 cp fort.1  fort.2

 End writing fort.1

Tue Apr  4 13:40:39 CEST 2006

NPES=24

hydr_g3d_defb.input

geom_100_40_63.1oct

desc_14605_1120.13

 nzhist =       25000

 ndiag  =          13

... ...

Normal end

  NPART =      600000

  NHIST =   600000.000000000                1           0

Tue Apr  4 13:45:28 CEST 2006

 postproc

 Reading geometry fort.30

   ... ...

 ncelf =       39637

 Config. 100_40_63

 Plasma average radius (cm) =   18.77       150.0

  ncelv =       39637

 nssgrid =          36

  dssgrid =  2.8169E-02

    All            4  Periods,              8  Octants

  In expcell

  ncelt, ncelv, noct =      317096       39637           8           4

Calling volusr, n=      317096  2.7054E+06      317096

  nsol =           2

  ncsol =       11518

  nvact =        1610

 alim, rvlim =  0.9859       50.00

 VV Area construction

  ... ...

 arvvt =  1.3340E+06

  Geometry OK

  Limiter Calculation

 despl =  -2.200      -2.200

 nlim1,nlim2 =         337         337

 nlims1,nlims2 =          52          52

 Changed srad in factor:    1.012      0.9882              35

    ravcm =   18.55

  nsol =           2

  ncsol =       11292

  nvact =        1608

 alim, rvlim =  0.9855       50.00

  natomp,nmolp,npart  =           1           1           2

  natome,nmole,nenerg =           1           1           2

  ntestp,nteste       =           0           0

  nfvv =           8

           1 fort.211

  TALLY_Cells:   PLASMA TEMPERATURE

  SPECIES: ELECTRONS

  UNITS:   EV

   Max. =   1072.       1072.

           2 fort.212

  TALLY_Cells:   PLASMA TEMPERATURE

  SPECIES: H+

  UNITS:   EV

   Max. =   80.00       80.00

           3 fort.213

  TALLY_Cells:   PLASMA DENSITY (BULK PARTICLES)

  SPECIES: ELECTRONS

  UNITS:   CM**-3

   Max. =  9.6070E+12  9.6070E+12

           4 fort.214

  TALLY_Cells:   PLASMA DENSITY (BULK PARTICLES)

  SPECIES: H+

  UNITS:   CM**-3

   Max. =  9.6070E+12  9.6070E+12

           5 fort.215

  TALLY_Cells:   PARTICLE DENSITY (ATOMS)

  SPECIES: H

  UNITS:   CM**-3

   Max. =  5.0573E+09  3.7033E+16

           6 fort.216

  TALLY_Cells:   PARTICLE DENSITY (MOLECULES)

  SPECIES: H2

  UNITS:   CM**-3

   Max. =  2.3260E+10  2.7827E+18

            TJ-II Chord calculations

            ========================

              Particle density  (Atoms + Molecules)

 Asimmetr. Period. Co(%)   =   13.21      1.1639E+10           8

 Asimmetr. Period. Cn(%)   =   11.53      1.0751E+10           8

 Asimmetr. Co-Cn(%)        =   3.968      1.1195E+10

 Asimmetr. Sectors(%)     =   147.3      1.9429E+10           8

 S3S: Asimmetr. Period.(%) =   65.03      5.6503E+10           8

 Asimmetr. Rings(%)      =   72.64      1.2528E+10           8

            Diagn. Chord Calculations          13

            =========================

              Particle density  (Atoms + Molecules)

Chord  1  2.7769E+10  1.1284E+11  7.2351E+11  1.2199E+13   26.05       108.0

Chord  2  1.9180E+10  8.2202E+10  6.0966E+11  9.0892E+12   31.79       110.5

Chord  3  1.1040E+10  5.4568E+10  2.0536E+11  6.1666E+12   18.60       113.0

Chord  4  4.8437E+09  3.4207E+10  6.3756E+10  3.9470E+12   13.16       115.5

Chord  5  1.7507E+09  3.0620E+10  6.3756E+10  3.6843E+12   36.42       120.5

Chord  6  1.2432E+09  2.6145E+10  7.5753E+10  3.2108E+12   60.94       123.0

Chord  7  1.0039E+09  2.3130E+10  7.5753E+10  2.9541E+12   75.46       128.0

Chord  8  8.0802E+08  2.0817E+10  7.5753E+10  2.7099E+12   93.75       130.5

Chord  9  6.8632E+08  1.9118E+10  6.4415E+10  2.5345E+12   93.86       133.0

Chord 10  6.2740E+08  1.7598E+10  6.5745E+10  2.3364E+12   104.8       133.2

Chord 11  5.9106E+08  1.6185E+10  6.8386E+10  2.1494E+12   115.7       133.2

Chord 12  1.6706E+09  6.8458E+10  5.9103E+11  1.8032E+12   353.8       27.25

Chord 13  2.0264E+09  7.0314E+10  5.9103E+11  1.5397E+12   291.7       22.75

 Total           13  different Chords

           7 fort.217

  TALLY_Cells:   ENERGY DENSITY (ATOMS)

  SPECIES: H

  UNITS:   EV*CM**-3

   Max. =  4.9987E+10  1.8667E+17

           8 fort.218

  TALLY_Cells:   ENERGY DENSITY (MOLECULES)

  SPECIES: H2

  UNITS:   EV*CM**-3

   Max. =  1.0927E+09  1.0929E+17

 There are            8  Radial Profiles

   of them            4  Neutrals

                      2  for Atoms,           2  for Molecules

     Num                    Species                         Points    Neutrals

      1   PLASMA TEMPERATURE  ELECTRONS                     317095       F

      2   PLASMA TEMPERATURE  H+                            317095       F

      3   PLASMA DENSITY (BULK PARTICLES)  ELECTRONS        317095       F

      4   PLASMA DENSITY (BULK PARTICLES)  H+               317095       F

      5   PARTICLE DENSITY (ATOMS)  H                       317095       T

      6   PARTICLE DENSITY (MOLECULES)  H2                  317095       T

      7   ENERGY DENSITY (ATOMS)  H                         317095       T

      8   ENERGY DENSITY (MOLECULES)  H2                    317095       T

           9 fort.601

   npls =           1

  Plasma Radial Profiles

  Units: eV and cm-3

  ns =          35          35

   is     ss         Te          Ti        ni01

    1   0.000       1072.       80.00      5.4297E+12

    2  2.8986E-02   1019.       80.00      5.4468E+12

    3  5.7971E-02   952.0       80.00      5.5429E+12

    4  8.6957E-02   864.9       80.00      5.7340E+12

    5  0.1159       777.3       80.00      5.8579E+12

    6  0.1449       701.4       80.00      5.8319E+12

    7  0.1739       643.7       80.00      5.7158E+12

    8  0.2029       602.0       79.99      5.7478E+12

    9  0.2319       574.6       79.98      6.0761E+12

   10  0.2609       561.2       79.97      6.5175E+12

   11  0.2899       564.0       79.93      6.8500E+12

   12  0.3188       567.2       79.88      7.0788E+12

   13  0.3478       546.0       79.80      7.3683E+12

   14  0.3768       507.0       79.68      7.7715E+12

   15  0.4058       470.3       79.51      8.2296E+12

   16  0.4348       444.5       79.26      8.6501E+12

   17  0.4638       429.8       78.91      9.0269E+12

   18  0.4928       425.0       78.43      9.3681E+12

   19  0.5217       398.6       77.80      9.6070E+12

   20  0.5507       323.9       76.96      9.5850E+12

   21  0.5797       241.0       75.90      9.2907E+12

   22  0.6087       170.7       74.53      8.7031E+12

   23  0.6377       117.0       72.84      7.9468E+12

   24  0.6667       81.62       70.66      7.0853E+12

   25  0.6957       59.47       59.47      6.1866E+12

   26  0.7246       47.04       47.04      5.2857E+12

   27  0.7536       40.73       40.73      4.4036E+12

   28  0.7826       37.72       37.72      3.5745E+12

   29  0.8116       36.57       36.57      2.8196E+12

   30  0.8406       36.14       36.14      2.1325E+12

   31  0.8696       36.03       36.03      1.5315E+12

   32  0.8986       36.00       36.00      1.1021E+12

   33  0.9275       36.00       32.30      1.0844E+12

   34  0.9565       36.00       28.06      1.0844E+12

   35  0.9855       36.00       25.52      1.0844E+12

           4  Charged profiles (cm-3, eV)

   Type                                       s=0.        s=1.        Rel.

   PLASMA TEMPERATURE  ELECTRONS             1072.       36.00       29.78

   PLASMA TEMPERATURE  H+                    80.00       25.52       3.135

   PLASMA DENSITY (BULK PARTICLES)  ELECTR  5.4297E+12  1.0844E+12   5.007

   PLASMA DENSITY (BULK PARTICLES)  H+      5.4297E+12  1.0844E+12   5.007

           4  Neutral profiles (cm-3)

   Type                                       s=1.        s=0.        Rel.

   PARTICLE DENSITY (ATOMS)  H              4.9139E+09  7.0751E+08   6.945

       3.432       1.479       13.09             128  0.3520

   PARTICLE DENSITY (MOLECULES)  H2         2.3260E+10  6.4762E+04  3.5915E+05

       17.09       4.038       76.82             927  0.1405

   ENERGY DENSITY (ATOMS)  H                4.2664E+10  4.0299E+10   1.059

      0.7595      0.7215       15.71             120  0.9466

   ENERGY DENSITY (MOLECULES)  H2           1.0927E+09   6364.      1.7171E+05

       16.33       4.038       77.14             927  0.1513

   is    s         H         H2         H         H2

    1   0.000      7.0751E+08  6.4762E+04  4.0299E+10   6364.

    2  2.8986E-02   0.000       0.000       0.000       0.000

    3  5.7971E-02  8.2364E+08  5.2251E+06  4.5737E+10  1.1898E+06

    4  8.6957E-02  7.1993E+08  5.8722E+05  4.0756E+10  2.8094E+04

    5  0.1159      6.5696E+08  1.2032E+06  3.7443E+10  5.6517E+04

    6  0.1449      7.1096E+08  5.4396E+05  4.0311E+10  1.9412E+04

    7  0.1739      7.4263E+08  1.2144E+06  4.1159E+10  9.9453E+04

    8  0.2029      7.4183E+08  2.2097E+06  4.1471E+10  2.4082E+05

    9  0.2319      7.1186E+08  9.6704E+05  3.9394E+10  8.3114E+04

   10  0.2609      7.3726E+08  1.4956E+06  4.0526E+10  1.6118E+05

   11  0.2899      7.4422E+08  8.9741E+05  4.0639E+10  6.3197E+04

   12  0.3188      7.7824E+08  1.1244E+06  4.1197E+10  1.2378E+05

   13  0.3478      7.9215E+08  1.2320E+06  4.1466E+10  1.0998E+05

   14  0.3768      8.1219E+08  2.2081E+06  4.1084E+10  2.2319E+05

   15  0.4058      8.6050E+08  3.3947E+06  4.2377E+10  3.6372E+05

   16  0.4348      8.7826E+08  3.5434E+06  4.1811E+10  3.7729E+05

   17  0.4638      9.6881E+08  5.8285E+06  4.3419E+10  5.7144E+05

   18  0.4928      1.0220E+09  9.8314E+06  4.3810E+10  8.8167E+05

   19  0.5217      1.1082E+09  2.0715E+07  4.4225E+10  1.8080E+06

   20  0.5507      1.2271E+09  3.9553E+07  4.5381E+10  3.1608E+06

   21  0.5797      1.3635E+09  7.4509E+07  4.5298E+10  5.5822E+06

   22  0.6087      1.6450E+09  1.7825E+08  4.8203E+10  1.1793E+07

   23  0.6377      1.8353E+09  2.9903E+08  4.8132E+10  1.9647E+07

   24  0.6667      2.0367E+09  4.8610E+08  4.7964E+10  3.1527E+07

   25  0.6957      2.4168E+09  9.6380E+08  4.8774E+10  5.8952E+07

   26  0.7246      2.7444E+09  1.6359E+09  4.8167E+10  9.6282E+07

   27  0.7536      3.2640E+09  3.0731E+09  4.9987E+10  1.7221E+08

   28  0.7826      3.6030E+09  4.3545E+09  4.9365E+10  2.3994E+08

   29  0.8116      3.7665E+09  5.9297E+09  4.7617E+10  3.1924E+08

   30  0.8406      4.1573E+09  8.0664E+09  4.8106E+10  4.2548E+08

   31  0.8696      4.3699E+09  1.1324E+10  4.6618E+10  5.7773E+08

   32  0.8986      4.7230E+09  1.6163E+10  4.7106E+10  7.9177E+08

   33  0.9275      4.8323E+09  1.8484E+10  4.5693E+10  8.9330E+08

   34  0.9565      5.0573E+09  2.1999E+10  4.5071E+10  1.0444E+09

   35  0.9855      4.9139E+09  2.3260E+10  4.2664E+10  1.0927E+09

           2  Total Neutral profiles (cm-3)

   Type                                       s=1.        s=0.        Rel.

   Particle Density (All)                   2.8174E+10  7.0758E+08   39.82

       4.848       1.086       15.51             134  0.1662

   Energy Density (All)                     4.3757E+10  4.0299E+10   1.086

      0.7432      0.6779       15.64             107  0.9463

   is     s          Partic.     Energ.

    1   0.000      7.0758E+08  4.0299E+10

    2  2.8986E-02   0.000       0.000

    3  5.7971E-02  8.2887E+08  4.5738E+10

    4  8.6957E-02  7.2052E+08  4.0756E+10

    5  0.1159      6.5816E+08  3.7443E+10

    6  0.1449      7.1150E+08  4.0311E+10

    7  0.1739      7.4384E+08  4.1159E+10

    8  0.2029      7.4404E+08  4.1471E+10

    9  0.2319      7.1283E+08  3.9394E+10

   10  0.2609      7.3876E+08  4.0526E+10

   11  0.2899      7.4512E+08  4.0639E+10

   12  0.3188      7.7936E+08  4.1197E+10

   13  0.3478      7.9338E+08  4.1466E+10

   14  0.3768      8.1440E+08  4.1084E+10

   15  0.4058      8.6390E+08  4.2377E+10

   16  0.4348      8.8181E+08  4.1811E+10

   17  0.4638      9.7464E+08  4.3420E+10

   18  0.4928      1.0318E+09  4.3811E+10

   19  0.5217      1.1289E+09  4.4227E+10

   20  0.5507      1.2666E+09  4.5384E+10

   21  0.5797      1.4380E+09  4.5304E+10

   22  0.6087      1.8233E+09  4.8215E+10

   23  0.6377      2.1343E+09  4.8151E+10

   24  0.6667      2.5228E+09  4.7996E+10

   25  0.6957      3.3806E+09  4.8833E+10

   26  0.7246      4.3804E+09  4.8263E+10

   27  0.7536      6.3371E+09  5.0160E+10

   28  0.7826      7.9575E+09  4.9605E+10

   29  0.8116      9.6961E+09  4.7936E+10

   30  0.8406      1.2224E+10  4.8532E+10

   31  0.8696      1.5694E+10  4.7196E+10

   32  0.8986      2.0886E+10  4.7898E+10

   33  0.9275      2.3316E+10  4.6587E+10

   34  0.9565      2.7056E+10  4.6116E+10

   35  0.9855      2.8174E+10  4.3757E+10

  NPART =      600000

 NPES =           24

    4922 eirene_n24.out

  NPART =      600000

   limbo =         153

   points =           2

   ambiguous =         131

   repetitions =          20

  Max. No. of points =        3000     5481756         219

  Aver. Dist. =   13.82       36.08       11.77          475432

Tue Apr  4 13:45:44 CEST 2006

hydr_g3d_defb.input

geom_100_40_63.1oct

desc_14605_1120.13

-rw-r--r--    1 guaspx   fusion     173858 Apr  4 13:45 eirene_n24.out

   4922 eirene_n24.out

  NPART =      600000

  NHIST =   600000.000000000                1           0

NPES=24

  Time for Eir.(sec.) =   258.2

Start exec.  Tue Apr 4 13:40:39 CEST 2006

 End  exec.  Tue Apr 4 13:45:28 CEST 2006

Execution time 289 sec.

Total 306 sec.

And the program ends here. In this case the file fort.198 containing the summary of the most important global results is the following:

FNX> cat fort.198
NHIST                600000.         1

Tims                 278.200         2

NPES                 24.0000         3

nna_1               2.817400E+10     4

nn0_1               7.075800E+08     5

rel_1                39.8200         6

b_1                  4.84800         7

alf_1                1.08600         8

diff_1               15.5100         9

penetr_1            0.166200        10

nna_2               4.375700E+10    11

nn0_2               4.029900E+10    12

rel_2                1.08600        13

b_2                 0.743200        14

alf_2               0.677900        15

diff_2               15.6400        16

penetr_2            0.946300        17

H_Alpha_01          9.147800E+14    18

H_Alpha_02          1.093000E+15    19

H_Alpha_03          1.289400E+15    20

H_Alpha_04          8.985900E+14    21

H_Alpha_05          7.408400E+14    22

H_Alpha_06          4.639200E+14    23

H_Alpha_07          3.004200E+14    24

H_Alpha_08          2.890200E+14    25

H_Alpha_09          2.260900E+14    26

H_Alpha_10          1.991500E+14    27

H_Alpha_11          1.905600E+14    28

INP._TEM._01         80.0000        29

DT._TMP._01          73.1600        30

INP._TEM._02         80.0000        31

DT._TMP._02          72.9200        32

As.Per.Co            13.2100        33

As.Per.Cn            11.5300        34

As.Co-Cn             3.96800        35

As.S3S               65.0300        36

nnav_Chor_01        1.128400E+11    37

nlin_Chor_01        1.219900E+13    38

nnav_Chor_02        8.220200E+10    39

nlin_Chor_02        9.089200E+12    40

nnav_Chor_03        5.456800E+10    41

nlin_Chor_03        6.166600E+12    42

nnav_Chor_04        3.420700E+10    43

nlin_Chor_04        3.947000E+12    44

nnav_Chor_05        3.062000E+10    45

nlin_Chor_05        3.684300E+12    46

nnav_Chor_06        2.614500E+10    47

nlin_Chor_06        3.210800E+12    48

nnav_Chor_07        2.313000E+10    49

nlin_Chor_07        2.954100E+12    50

nnav_Chor_08        2.081700E+10    51

nlin_Chor_08        2.709900E+12    52

nnav_Chor_09        1.911800E+10    53

nlin_Chor_09        2.534500E+12    54

nnav_Chor_10        1.759800E+10    55

nlin_Chor_10        2.336400E+12    56

nnav_Chor_11        1.618500E+10    57

nlin_Chor_11        2.149400E+12    58

nnav_Chor_12        6.845800E+10    59

nlin_Chor_12        1.803200E+12    60

nnav_Chor_13        7.031400E+10    61

nlin_Chor_13        1.539700E+12    62

Flvv(A)              522.113        63

Eflvv(W)             4082.18        64

Flpl(A)              648.921        65

Eflpl(W)             9233.20        66

Flm1(A)              11.8412        67

Eflm1(W)             101.336        68

Flm2(A)              10.5888        69

Eflm2(W)             93.7641        70

The labels have all of them 16 characters, and thus the columns are correctly aligned, and the automatic lecture of the file is very easy.

The surface averaged radial neutral profiles obtained with the program verneutr from the data written in fort.46 are represented in the next plot:

[image: image1.wmf]
The neutral density along one of the diagnostic chords (the 11th one, passing very near the magnetic axis) is obtained with the program verndiag copying previously the file fort.811 in fort.2.

[image: image2.wmf]
Finally he CX spectrum for the 12th chord (which also passes very near the magnetic axis), obtained for the data written in the fort.71 file using the vercx program, is shown in the following plot.

[image: image3.wmf]
 A5. Script for a scan of parameters
In this example a scan of 25 points on one single variable (nzran: the seed of random numbers) is performed using 100000 trajectories by processor and 24 PEs. It can be useful to evaluate the Montecarlo incertitude of the results (program fluct197)
FNX> cat   jobeir_scan1

#  jobeir_scan1

#BSUB -J jobeirsc21

#BSUB -o /disco02/fusion/guaspx/EIRENE-2004_new/jobeirsc21.log

#BSUB -n 24

#BSUB -W 3:58

#BSUB -q 24p_4h

ei4n=$HOME'/EIRENE-2004_new'

cd $ei4n

rm -f $ei4n/jobeirsc21.log

#========================================

dirv='dirsc21'

fili='hydr_g3d_defb.input'

filg='geom_100_40_63.1oct'

filp='desc_14605_1120.13'

fil='eirene_n.out'

#========================================

  sg0=`date +%S`

  mn0=`date +%M`

  hr0=`date +%H`

echo

date

ei4n=$HOME'/EIRENE-2004_new'

cd  $ei4n

rm -r  $dirv

mkdir $dirv

cd $dirv

pwd

rm -f fort.*

cat > fort.146 <<'/EOF'

 $namscan

   tlimit=5000000.

   nump=24

    npun = 25,1,1,1

    kpar = 1

    cpar(1)='nzran'

    par1 = 1001., 1001., 7777.

    cpar(2)='soreni'

    par2 = 0.026, 0.550, 2.0

    cpar(3) = 'tebord'

    par3 = 36.,35.79, 40.

    cpar(4) = 'enebord'

    par4 =  0.8e12,  1.0871E+12, 1.60e12

    kscan=2

    npr=3

 $end

/EOF

cat fort.146

cp $ei4n/$filg  fort.30

cp $ei4n/$fili  fort.51

cp $ei4n/$filp  fort.113

echo $filg

echo $fili

echo $filp

echo $fil

# ===============================================================

cat > fort.136 <<'/EOFj'

# job01

pwd

echo ' '

date

dirj='dirj00'

mkdir $dirj

cd $dirj

pwd

rm -f fort.*

nump='yyy'

echo ' '

echo 'NPES='$nump

echo fort.36

cat > fort.36 <<'/EOF'

 $nameir

   fraclim=0.166

  rcycl= 1., 1., 1.

  frdens= -1.0, 0.1

  fmultp= 1., 1., 1.

  alsol=1.,2.,2.

  kflux=1

  flxpuff = 2*0.

  zlim1= -35.2

  zlim2= -35.2

  tminrun = 2.5e3

  enl13 = -1.15

  taupms= 7.0

   npun=1001

   ntray= -15000

    noct=8

   nzhist= 100000

   nzran= -7777

 $end

/EOF

cat fort.36

echo

cat > fort.59 <<'/EOF'

 $namlim

  imodif= 1

  enebord= 1.0871E+12

   bnlim= 3.109

   rnlim= 0.6452

    tebord= 35.79

   btlim=8.802

   rtlim= 0.4997

    enlin0= 1.

    itypti= 2

    titop= 79.77

    tilow= 25.56

    alfti=6.

    betti=2.

 $end

/EOF

echo

cat fort.59

echo ' '

echo fort.41

cat > fort.41 << '/EOF'

 $naminput

  kmodif= 1

  twall = 3*-28.465

  soreni= 4.6075E-02

  sormax=45.

  ermin=0.

  ercut=-5.0

 $end

/EOF

cat fort.41

echo

echo fort.37

cat > fort.37 << '/EOF'

 $nam_diag

   ndiag=11

   kdiag(1:11) = 11*2

   kdiag(12) = 1

    nener=51

   enera=45*0.01

   enerf=45*1000.1

      r1diag(1)  =   191.977      ! dZ(cm) = 0.6

      ph1diag(1) =  -167.521

      z1diag(1)  =  -33.2827

      r2diag(1)  =   123.055

      ph2diag(1) =  -136.148

      z2diag(1)  =  -35.7154

      r1diag(2)  =   191.971      ! dZ(cm) = 2.0

      ph1diag(2) =  -167.519

      z1diag(2)  =  -32.7828

      r2diag(2)  =   116.065

      ph2diag(2) =  -124.982

      z2diag(2)  =  -33.8592

      r1diag(3)  =   191.970      ! dZ(cm) = 3.3

      ph1diag(3) =  -167.519

      z1diag(3)  =  -32.2827

      r2diag(3)  =   115.611

      ph2diag(3) =  -123.765

      z2diag(3)  =  -31.4402

      r1diag(4)  =   191.976      ! dZ(cm) = 4.6

      ph1diag(4) =  -167.521

      z1diag(4)  =  -31.7828

      r2diag(4)  =   115.616

      ph2diag(4) =  -123.781

      z2diag(4)  =  -29.0015

      r1diag(5)  =   191.987      ! dZ(cm) = 5.9

      ph1diag(5) =  -167.523

      z1diag(5)  =  -31.2832

      r2diag(5)  =   115.628

      ph2diag(5) =  -123.814

      z2diag(5)  =  -26.5650

      r1diag(6)  =   192.004      ! dZ(cm) = 7.2

      ph1diag(6) =  -167.527

      z1diag(6)  =  -30.7845

      r2diag(6)  =   115.646

      ph2diag(6) =  -123.864

      z2diag(6)  =  -24.1321

      r1diag(7)  =   192.027      ! dZ(cm) = 8.5

      ph1diag(7) =  -167.532

      z1diag(7)  =  -30.2868

      r2diag(7)  =   115.627

      ph2diag(7) =  -123.809

      z2diag(7)  =  -21.6885

      r1diag(8)  =   192.055      ! dZ(cm) = 9.9

      ph1diag(8) =  -167.538

      z1diag(8)  =  -29.7904

      r2diag(8)  =   115.613

      ph2diag(8) =  -123.772

      z2diag(8)  =  -19.2446

      r1diag(9)  =   192.089      ! dZ(cm) =11.2

      ph1diag(9) =  -167.545

      z1diag(9)  =  -29.2957

      r2diag(9)  =   115.606

      ph2diag(9) =  -123.751

      z2diag(9)  =  -16.8012

      r1diag(10)  =   192.129      ! dZ(cm) =12.5

      ph1diag(10) =  -167.554

      z1diag(10)  =  -28.8030

      r2diag(10)  =   115.647

      ph2diag(10) =  -123.869

      z2diag(10)  =  -14.3875

      r1diag(11)  =   191.974      ! dZ(cm) =13.8

      ph1diag(11) =  -167.520

      z1diag(11)  =  -28.2825

      r2diag(11)  =   115.609

      ph2diag(11) =  -123.760

      z2diag(11)  =  -11.9247

      r1diag(12)  =   149.948      !  Limiter C (Axis)

      ph1diag(12) =  -154.564

      z1diag(12)  =  -34.7198

      r2diag(12)  =   143.865

      ph2diag(12) =  -156.678

      z2diag(12)  =  -6.62723

 $end

/EOF

cat fort.37

ei4n=$HOME'/EIRENE-2004_new'

fili='fort.51'

filg='fort.30'

filg='fort.113'

fil='eirene_n'$nump'.out'

  sg0=`date +%S`

  mn0=`date +%M`

  hr0=`date +%H`

cp ../fort.30  .

cp ../fort.51  .

cp ../fort.113 .

cp $ei4n/limiter.dat .

date

  $ei4n/preproc

date

test -f fort.800

if [ $? -ne 0 ]

then

     echo ' Aborting'

     rm -f fort.30

     echo ' '

     exit

fi

echo ' '

export NPES='$nump'

export MPI_DSM_PPM='4'

export MPI_DSM_OFF='true'

export MPI_DSM_VERBOSE='off'

export ACCT_TMPDIR='$HOME/EIRENE-2004_new/Tmpdir'

cp  $HOME/EIRENE-2004_new/Database/AMdata/amjuel.tex AMJUEL

cp  $HOME/EIRENE-2004_new/Database/AMdata/hydhel.tex HYDHEL

cp  $HOME/EIRENE-2004_new/Database/AMdata/methane.tex METHANE

cp  $HOME/EIRENE-2004_new/Database/Surfacedata/SPUTER SPUTER

cp  $HOME/EIRENE-2004_new/Database/Surfacedata/TRIM/trim.dat fort.21

echo '... ...'

echo '  NPART = 0' > fort.605

echo '   ' > fort.2800

  ta=`date`

  hr1=`date +%H`

  mn1=`date +%M`

  sg1=`date +%S`

      mpirun  -np $nump    $ei4n/eirene  >$fil

  sg2=`date +%S`

  mn2=`date +%M`

  hr2=`date +%H`

  tb=`date`

    cat fort.605

    cat fort.2800

  cp fort.801  fort.802

echo ' '

rm -f fort.21

rm -f AMJUEL HYDHEL METHANE SPUTER

date

cp $ei4n/analis .

cp $ei4n/orbit_inf .

 $ei4n/postproc

  rm -f  analis

  rm -f fort.30

  rm -f orbit_inf

date

echo ' '

echo ' ' >> fort.901

cp fort.198  ../.

head -5 fort.198

cp fort.75  ../.

echo $fili

echo $filg

ls -lt $fil

wc -l $fil

echo $fili >> fort.901

echo $filg >> fort.901

ls -lt $fil >> fort.901

wc -l $fil >> fort.901

cat fort.605

    cat fort.2800

echo 'NPES='$nump

cat fort.605 >> fort.901

cat fort.2800 >> fort.901

echo 'NPES='$nump >> fort.901

cat fort.902 >> fort.901

rm -f fort.21*

rm -f fort.20*

rm -f limiter.dat

echo ' '

echo ' ' >> fort.901

sgt1=`expr 3600 \* $hr1 + 60 \* $mn1 + $sg1`

sgt2=`expr 3600 \* $hr2 + 60 \* $mn2 + $sg2`

ds=`expr $sgt2 - $sgt1`

echo 'Inicio ejec. ' $ta

echo 'Final  ejec. ' $tb

echo 'Inicio ejec. ' $ta >> fort.901

echo 'Final  ejec. ' $tb >> fort.901

echo Tiempo de ejecucion $ds seg.

echo Tiempo de ejecucion $ds seg.  >> fort.901

sgt0=`expr 3600 \* $hr0 + 60 \* $mn0 + $sg0`

  sg3=`date +%S`

  mn3=`date +%M`

  hr3=`date +%H`

sgt3=`expr 3600 \* $hr3 + 60 \* $mn3 + $sg3`

dst=`expr $sgt3 - $sgt0`

echo Total $dst seg.

echo Total $dst seg.   >> fort.901

cp fort.901  ../.

cat fort.902

echo ' '

cd ..

exit

/EOFj

# ===============================================================

echo

ls -lt  fort.136

wc -l fort.136

cp $ei4n/eir_scan.f  eir_scan1.f

echo

sh $HOME/genrun8  eir_scan1

./a.out

echo

cp fort.197 $ei4n/

cp fort.195 $ei4n/

cp fort.192 $ei4n/

pwd

cd ..

date

sgt0=`expr 3600 \* $hr0 + 60 \* $mn0 + $sg0`

  sg3=`date +%S`

  mn3=`date +%M`

  hr3=`date +%H`

sgt3=`expr 3600 \* $hr3 + 60 \* $mn3 + $sg3`

dst=`expr $sgt3 - $sgt0`

echo Total $dst seg.

echo

echo fort.197

head fort.197

echo

echo fort.192

cat fort.192

echo

exit

The scan took 3h 32 min. hours in the fenix computer, so that the batch queue of 48 PEs (whose limit is 3 h) could not be used.

From the fort.197 file, where all the Eirene results of the scan included in the fort.198 file are written, the program  fluct197 permits the evaluation of the incertitudes of these results. Here are these evaluations:

SCAN: nzran

kpar, nump =      1     24

 npun =     25

                    Min       Aver.       Max      difx(%)    sigr(%)     No.

 nzran             1001.      4389.      7777.      77.19      46.39       1

 NHIST            2.4000E+06 2.4000E+06 2.4000E+06  0.000      0.000       1

 Tims              427.0      471.7      488.0      9.479      2.618       2

 NPES              24.00      24.00      24.00      0.000      0.000       3

 nna_1            2.8182E+10 2.8235E+10 2.8304E+10 0.2438     9.8653E-02   4

 nn0_1            6.9562E+08 7.0513E+08 7.1512E+08  1.417     0.6331       5

 rel_1             39.49      40.04      40.57      1.385     0.6445       6

 b_1               4.162      4.202      4.239     0.9481     0.4034       7

 alf_1            0.3880     0.4143     0.4389      6.353      2.802       8

 diff_1            14.07      14.20      14.30     0.9350     0.4411       9

 penetr_1         0.1459     0.1463     0.1468     0.3143     0.1546      10

 nna_2            4.4526E+10 4.4615E+10 4.4681E+10 0.1998     9.2766E-02  11

 nn0_2            3.9570E+10 3.9796E+10 4.0152E+10 0.8955     0.3909      12

 rel_2             1.111      1.121      1.129     0.9027     0.3903      13

 b_2              0.7566     0.7863     0.8071      3.771      1.836      14

 alf_2            0.6675     0.6884     0.7071      3.030      1.620      15

 diff_2            15.26      15.35      15.47     0.7870     0.4054      16

 penetr_2         0.9456     0.9459     0.9461     2.6644E-02 1.3076E-02  17

 H_Alpha_01       1.0895E+15 1.1033E+15 1.1158E+15  1.250     0.5988      18

 H_Alpha_02       1.2509E+15 1.2704E+15 1.2875E+15  1.533     0.5721      19

 H_Alpha_03       1.2049E+15 1.2230E+15 1.2354E+15  1.476     0.6448      20

 H_Alpha_04       8.1627E+14 8.2741E+14 8.3910E+14  1.412     0.7486      21

 H_Alpha_05       6.8285E+14 6.9055E+14 7.0346E+14  1.870     0.7813      22

 H_Alpha_06       4.3939E+14 4.4576E+14 4.5450E+14  1.961     0.9671      23

 H_Alpha_07       2.9626E+14 3.0295E+14 3.1166E+14  2.876      1.465      24

 H_Alpha_08       2.7808E+14 2.8685E+14 2.9403E+14  3.059      1.395      25

 H_Alpha_09       2.2520E+14 2.3057E+14 2.3601E+14  2.359      1.144      26

 H_Alpha_10       2.0193E+14 2.0723E+14 2.1128E+14  2.558      1.381      27

 H_Alpha_11       1.8661E+14 1.9246E+14 2.0013E+14  3.987      1.612      28

 As.Per.Co         10.80      12.52      15.30      22.16      7.950      29

 As.Per.Cn         8.272      10.20      12.46      22.19      10.78      30

 As.Co-Cn          3.186      3.863      4.694      21.53      11.99      31

 As.S3S            63.36      64.67      66.05      2.140      1.098      32

 nnav_Chor_01     1.0786E+11 1.0872E+11 1.0984E+11  1.034     0.5483      33

 nlin_Chor_01     1.1660E+13 1.1753E+13 1.1875E+13  1.038     0.5493      34

 nnav_Chor_02     7.5731E+10 7.6805E+10 7.7575E+10  1.399     0.5510      35

 nlin_Chor_02     8.3736E+12 8.4919E+12 8.5768E+12  1.393     0.5498      36

 nnav_Chor_03     4.9680E+10 5.0277E+10 5.0785E+10  1.188     0.6907      37

 nlin_Chor_03     5.6126E+12 5.6802E+12 5.7372E+12  1.190     0.6900      38

 nnav_Chor_04     3.2930E+10 3.3438E+10 3.3986E+10  1.638     0.8369      39

 nlin_Chor_04     3.7981E+12 3.8572E+12 3.9197E+12  1.621     0.8362      40

 nnav_Chor_05     2.8953E+10 2.9662E+10 3.0120E+10  2.390     0.8694      41

 nlin_Chor_05     3.4839E+12 3.5688E+12 3.6245E+12  2.380     0.8706      42

 nnav_Chor_06     2.4629E+10 2.5095E+10 2.5587E+10  1.960     0.9687      43

 nlin_Chor_06     3.0234E+12 3.0803E+12 3.1413E+12  1.981     0.9732      44

 nnav_Chor_07     2.2351E+10 2.2756E+10 2.3227E+10  2.069     0.9921      45

 nlin_Chor_07     2.8540E+12 2.9058E+12 2.9657E+12  2.062     0.9959      46

 nnav_Chor_08     2.0357E+10 2.0726E+10 2.1111E+10  1.860     0.9162      47

 nlin_Chor_08     2.6492E+12 2.6972E+12 2.7476E+12  1.867     0.9204      48

 nnav_Chor_09     1.8835E+10 1.9191E+10 1.9631E+10  2.294      1.107      49

 nlin_Chor_09     2.4967E+12 2.5442E+12 2.6020E+12  2.272      1.103      50

 nnav_Chor_10     1.7185E+10 1.7491E+10 1.7875E+10  2.196      1.041      51

 nlin_Chor_10     2.2819E+12 2.3221E+12 2.3728E+12  2.182      1.038      52

 nnav_Chor_11     1.5625E+10 1.6069E+10 1.6337E+10  2.764      1.205      53

 nlin_Chor_11     2.0737E+12 2.1324E+12 2.1676E+12  2.755      1.201      54

 Flvv(A)           524.8      525.7      526.5     0.1628     8.4064E-02  55

 Eflvv(W)          4152.      4159.      4164.     0.1568     7.1049E-02  56

 Flpl(A)           652.4      653.2      654.0     0.1280     6.8445E-02  57

 Eflpl(W)          9484.      9500.      9510.     0.1634     6.4763E-02  58

 Flm1(A)           11.89      11.95      12.01     0.5088     0.2956      59

 Eflm1(W)          104.0      105.0      105.9     0.9637     0.3546      60

 Flm2(A)           10.70      10.76      10.82     0.5651     0.3251      61

 Eflm2(W)          96.03      97.18      97.93      1.188     0.4205      62

          11  Chords

                   Min       Aver.       Max      difx(%)    sigr(%)     No.

 RH_Alpha_01      1.000      1.000      1.000     0.000      0.000        1

 RH_Alpha_02      1.139      1.151      1.163     1.101      0.5313       2

 RH_Alpha_03      1.093      1.108      1.122     1.364      0.6641       3

 RH_Alpha_04      0.7376     0.7500     0.7628    1.709      0.8215       4

 RH_Alpha_05      0.6181     0.6259     0.6362    1.645      0.8931       5

 RH_Alpha_06      0.3974     0.4040     0.4143    2.531      1.075        6

 RH_Alpha_07      0.2683     0.2746     0.2841    3.463      1.640        7

 RH_Alpha_08      0.2515     0.2600     0.2684    3.281      1.487        8

 RH_Alpha_09      0.2037     0.2090     0.2147    2.748      1.372        9

 RH_Alpha_10      0.1826     0.1878     0.1929    2.782      1.535       10

 RH_Alpha_11      0.1687     0.1744     0.1814    4.009      1.881       11 

In this printout the last but one column, sigr(%), corresponds to the relative root mean square deviation in percents.  This means that for this case, where a total of 2.6 millions of trajectories were used, the incertitudes of the signal ratios (last block) are lesser than 2% (the most uncertain being the 11th chord: RH_Alpha_11 with 1.9%).

If instead of 2.6 millions of trajectories, the number were 600000 (25000 per PE) that incertitude should increase up to 3.3%

Another example of scan results is shown in the following plot that represents the increase of the emissivity of three He lines, for a very peripheral chord, with the border density enebord.

[image: image4.wmf]
A6. Script for a fit of parameters
This script, jobeir_ajust, changes 8 of the namelist namlim parameters (those corresponding to modifications for the plasma profiles at the border). The given experimental data (ratios of H( emissivities for 11 diagnostic chords) were written in file file_hydr.193 (fort.193), and the kexp = 3000 option was used for the calls to subroutine exper.

FNX> cat  jobeir_ajust
#  jobeir_ajust

#BSUB -J jobeiraj1

#BSUB -o /disco02/fusion/guaspx/EIRENE-2004_new/jobeiraj1.log

#BSUB -n 24

#BSUB -W 23:59

#BSUB -q 24p_3d

ei4n=$HOME'/EIRENE-2004_new'

cd $ei4n

rm -f $ei4n/jobeiraj1.log

#========================================

filg='geom_100_40_63.1oct'

fili='hydr_g3d_defb.input'

filp='desc_14605_1120.13'

fil='eirene_n.out'

filx='file_hydr.193'

dirv='diraj1'

#========================================

  sg0=`date +%S`

  mn0=`date +%M`

  hr0=`date +%H`

echo

date

export ei4n=$HOME'/EIRENE-2004_new'

cd  $ei4n

rm -r  $dirv

mkdir $dirv

cd $dirv

pwd

rm -f fort.*

cat > fort.146 <<'/EOF'

 $namajust

   tlimit=4000000.

   tolx=0.05

   nitx=1500000

   kexp=3000

   nump=24

   kpar=8

    cpar(1)='bnlim'

    par1 = 2., 3.109, 9.

    cpar(2) = 'btlim'

    par2 = 1., 8.802, 10.

    cpar(3) = 'titop'

    par3 = 50., 79.77, 110.

    cpar(4) = 'tilow'

    par4 =  10., 25.56, 35.

    cpar(5) = 'rnlim'

    par5 = 0.50, 0.6452, 0.80

    cpar(6) = 'rtlim'

    par6 = 0.49, 0.4997, 0.80

    cpar(7) = 'enebord'

    par7 = 0.8e12, 1.0871E+12, 1.60e12

    cpar(8) = 'tebord'

    par8 = 28., 35.79, 43.

 $end

/EOF

cat fort.146

cp $ei4n/$filg  fort.30

cp $ei4n/$fili  fort.51

cp $ei4n/$filp  fort.113

cp $ei4n/$filx  fort.193

echo $filg

echo $fili

echo $filp

echo $filx

echo $fil

# ===============================================================

cat > fort.136 <<'/EOFj'

# job01

pwd

echo ' '

date

dirj='dirj00'

mkdir $dirj

cd $dirj

pwd

rm -f fort.*

nump='yyy'

echo ' '

echo 'NPES='$nump

echo fort.36

cat > fort.36 <<'/EOF'

 $nameir

   fraclim=0.166

  rcycl= 1., 1., 1.

  frdens= -1.0, 0.1

  fmultp= 1., 1., 1.

  alsol=1.,2.,2.

  kflux=1

  flxpuff = 2*0.

  zlim1= -35.2

  zlim2= -35.2

  tminrun = 2.5e3

  enl13 = -1.15

  taupms= 7.0

   npun=1001

   ntray= -15000

    noct=8

   nzhist= 100000

   nzran= -7777

 $end

/EOF

cat fort.36

echo

cat > fort.59 <<'/EOF'

 $namlim

  imodif= 1

  enebord= 1.0871E+12

   bnlim=3.0

   rnlim= 0.650

    tebord= 35.79

   btlim=9.66

   rtlim= 0.50

    enlin0= 0.5813e13

    itypti= 2

    titop= 80.

    tilow= 25.

    alfti=6.

    betti=2.

 $end

/EOF

echo

cat fort.59

echo ' '

echo fort.41

cat > fort.41 << '/EOF'

 $naminput

  kmodif= 1

  twall = 3*-28.465

  soreni= 4.6075E-02

  sormax=45.

  ermin=0.

  ercut=-5.0

 $end

/EOF

cat fort.41

echo

echo fort.37

cat > fort.37 << '/EOF'

 $nam_diag

   ndiag=11

   kdiag(1:11) = 11*2

   kdiag(12) = 1

    nener=51

   enera=45*0.01

   enerf=45*1000.1

      r1diag(1)  =   191.977      ! dZ(cm) = 0.6

      ph1diag(1) =  -167.521

      z1diag(1)  =  -33.2827

      r2diag(1)  =   123.055

      ph2diag(1) =  -136.148

      z2diag(1)  =  -35.7154

      r1diag(2)  =   191.971      ! dZ(cm) = 2.0

      ph1diag(2) =  -167.519

      z1diag(2)  =  -32.7828

      r2diag(2)  =   116.065

      ph2diag(2) =  -124.982

      z2diag(2)  =  -33.8592

      r1diag(3)  =   191.970      ! dZ(cm) = 3.3

      ph1diag(3) =  -167.519

      z1diag(3)  =  -32.2827

      r2diag(3)  =   115.611

      ph2diag(3) =  -123.765

      z2diag(3)  =  -31.4402

      r1diag(4)  =   191.976      ! dZ(cm) = 4.6

      ph1diag(4) =  -167.521

      z1diag(4)  =  -31.7828

      r2diag(4)  =   115.616

      ph2diag(4) =  -123.781

      z2diag(4)  =  -29.0015

      r1diag(5)  =   191.987      ! dZ(cm) = 5.9

      ph1diag(5) =  -167.523

      z1diag(5)  =  -31.2832

      r2diag(5)  =   115.628

      ph2diag(5) =  -123.814

      z2diag(5)  =  -26.5650

      r1diag(6)  =   192.004      ! dZ(cm) = 7.2

      ph1diag(6) =  -167.527

      z1diag(6)  =  -30.7845

      r2diag(6)  =   115.646

      ph2diag(6) =  -123.864

      z2diag(6)  =  -24.1321

      r1diag(7)  =   192.027      ! dZ(cm) = 8.5

      ph1diag(7) =  -167.532

      z1diag(7)  =  -30.2868

      r2diag(7)  =   115.627

      ph2diag(7) =  -123.809

      z2diag(7)  =  -21.6885

      r1diag(8)  =   192.055      ! dZ(cm) = 9.9

      ph1diag(8) =  -167.538

      z1diag(8)  =  -29.7904

      r2diag(8)  =   115.613

      ph2diag(8) =  -123.772

      z2diag(8)  =  -19.2446

      r1diag(9)  =   192.089      ! dZ(cm) =11.2

      ph1diag(9) =  -167.545

      z1diag(9)  =  -29.2957

      r2diag(9)  =   115.606

      ph2diag(9) =  -123.751

      z2diag(9)  =  -16.8012

      r1diag(10)  =   192.129      ! dZ(cm) =12.5

      ph1diag(10) =  -167.554

      z1diag(10)  =  -28.8030

      r2diag(10)  =   115.647

      ph2diag(10) =  -123.869

      z2diag(10)  =  -14.3875

      r1diag(11)  =   191.974      ! dZ(cm) =13.8

      ph1diag(11) =  -167.520

      z1diag(11)  =  -28.2825

      r2diag(11)  =   115.609

      ph2diag(11) =  -123.760

      z2diag(11)  =  -11.9247

      r1diag(12)  =   149.948      !  Limiter C (Axis)

      ph1diag(12) =  -154.564

      z1diag(12)  =  -34.7198

      r2diag(12)  =   143.865

      ph2diag(12) =  -156.678

      z2diag(12)  =  -6.62723

 $end

/EOF

cat fort.37

ei4n=$HOME'/EIRENE-2004_new'

fili='fort.51'

filg='fort.30'

filg='fort.113'

fil='eirene_n'$nump'.out'

  sg0=`date +%S`

  mn0=`date +%M`

  hr0=`date +%H`

cp ../fort.30  .

cp ../fort.51  .

cp ../fort.113 .

cp $ei4n/limiter.dat .

date

  $ei4n/preproc

date

test -f fort.800

if [ $? -ne 0 ]

then

     echo ' Aborting'

     rm -f fort.30

     echo ' '

     exit

fi

echo ' '

export NPES='$nump'

export MPI_DSM_PPM='4'

export MPI_DSM_OFF='true'

export MPI_DSM_VERBOSE='off'

export ACCT_TMPDIR='$HOME/EIRENE-2004_new/Tmpdir'

cp  $HOME/EIRENE-2004_new/Database/AMdata/amjuel.tex AMJUEL

cp  $HOME/EIRENE-2004_new/Database/AMdata/hydhel.tex HYDHEL

cp  $HOME/EIRENE-2004_new/Database/AMdata/methane.tex METHANE

cp  $HOME/EIRENE-2004_new/Database/Surfacedata/SPUTER SPUTER

cp  $HOME/EIRENE-2004_new/Database/Surfacedata/TRIM/trim.dat fort.21

echo '... ...'

echo '  NPART = 0' > fort.605

echo '   ' > fort.2800

  ta=`date`

  hr1=`date +%H`

  mn1=`date +%M`

  sg1=`date +%S`

      mpirun  -np $nump    $ei4n/eirene  >$fil

  sg2=`date +%S`

  mn2=`date +%M`

  hr2=`date +%H`

  tb=`date`

    cat fort.605

    cat fort.2800

  cp fort.801  fort.802

echo ' '

rm -f fort.21

rm -f AMJUEL HYDHEL METHANE SPUTER

date

cp $ei4n/analis .

cp $ei4n/orbit_inf .

 $ei4n/postproc

  rm -f  analis

  rm -f fort.30

  rm -f orbit_inf

date

echo ' '

echo ' ' >> fort.901

cp fort.198  ../.

head -5 fort.198

cp $fil  ../fort.66

cp fort.75  ../.

echo $fili

echo $filg

ls -lt $fil

wc -l $fil

echo $fili >> fort.901

echo $filg >> fort.901

ls -lt $fil >> fort.901

wc -l $fil >> fort.901

cat fort.605

    cat fort.2800

echo 'NPES='$nump

cat fort.605 >> fort.901

cat fort.2800 >> fort.901

echo 'NPES='$nump >> fort.901

cat fort.902 >> fort.901

rm -f fort.21*

rm -f fort.20*

rm -f limiter.dat

echo ' '

echo ' ' >> fort.901

sgt1=`expr 3600 \* $hr1 + 60 \* $mn1 + $sg1`

sgt2=`expr 3600 \* $hr2 + 60 \* $mn2 + $sg2`

ds=`expr $sgt2 - $sgt1`

echo 'Inicio ejec. ' $ta

echo 'Final  ejec. ' $tb

echo 'Inicio ejec. ' $ta >> fort.901

echo 'Final  ejec. ' $tb >> fort.901

echo Tiempo de ejecucion $ds seg.

echo Tiempo de ejecucion $ds seg.  >> fort.901

sgt0=`expr 3600 \* $hr0 + 60 \* $mn0 + $sg0`

  sg3=`date +%S`

  mn3=`date +%M`

  hr3=`date +%H`

sgt3=`expr 3600 \* $hr3 + 60 \* $mn3 + $sg3`

dst=`expr $sgt3 - $sgt0`

echo Total $dst seg.

echo Total $dst seg.   >> fort.901

cp fort.901  ../.

cat fort.902

echo ' '

cd ..

exit

/EOFj

# ===============================================================

echo

ls -lt  fort.136

wc -l fort.136

cp $ei4n/eir_ajust.f  eir_ajust1.f

cp $ei4n/minimiz.f  minimiz1.f

####cp $ei4n/minimiz_rand.f  minimiz1.f

####cp $ei4n/minimiz_ga.f  minimiz1.f

cp $ei4n/exper.f  exper1.f

echo

rm -f a.out

ifort   -r8 -i8  -O3  -save  eir_ajust1.f   minimiz1.f   exper1.f

echo

echo '  Target values ='

tail fort.193

./a.out

echo

cp fort.191  $ei4n/

cp fort.192  $ei4n/

cp fort.195 $ei4n/

cp fort.194 $ei4n/

cp fort.197 $ei4n/

pwd

cd ..

date

sgt0=`expr 3600 \* $hr0 + 60 \* $mn0 + $sg0`

  sg3=`date +%S`

  mn3=`date +%M`

  hr3=`date +%H`

sgt3=`expr 3600 \* $hr3 + 60 \* $mn3 + $sg3`

dst=`expr $sgt3 - $sgt0`

echo Total $dst seg.

echo

echo fort.192

cat fort.192

echo

exit

An example of a fit of Eirene parameters to experimental data (obtained after many runs of fittings and scans) is shown on the plot shown below. It corresponds to the case of the previous script (H( emission for 11 chords, all normalised to the first chord, placed very near the 2nd limiter). The asterisks are the experimental data (the ratios), the dashed lines with the crosses are the uncertainty margins of the experimental ratios (20%), the triangles are the final Eirene results and the continuous lines the margins of Montecarlo uncertainty (2% for these cases with a total of 2.4 millions of trajectories).
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The best fit was obtained for the following  set of parameters:

fraclim  = 0.17 (± 5%),                   soreni = 0.05 eV (± 12%),

enebord =  1.1x1012 cm-3 (± 6%),    rnlim =  0.65 (± 6%),     bnlim =   3.1 (± 8%), 

tebord   =  36 eV (± 4%),                rtlim  =  0.50 (± 10%),    btlim  =   8.8 (± 6%),

titop      =  80 eV (± 13%),              tilow =   26 eV (± 5%).

The maximum difference with respect to the experimental data was +11.6% (5th chord),

The relative root mean square deviation was 7.4% and only the 2nd and 7th chords gave a difference greater than 10% (-10.6 and -10.5%). In consequence the fit is very satisfactory.

A7. Script for execution with more than one stratum
Finally an example for batch execution with two strata is the script jobeir_mult1. The two official input files that appear in the namelist nammult are hydr_g3d_defb.input that injects molecules only and hydr_g3d_defb_at.input that is identical but injects atoms only. We have arbitrarily chosen the relative weights facestr = 1, 1. The number of processors is given in the variable nump at the beginning of the script in the sentence export. In the namelist naminput the first stratum uses soreni = 4.607E-2 eV, while the second one takes 0.1 eV. All the results will be written in the directory dirme21.

FNX> cat   jobeir_mult1
#  jobeir_mult1

#BSUB -J jobeirme21

#BSUB -o /disco02/fusion/guaspx/EIRENE-2004_new/jobeirme21.log

#BSUB -n 24

#BSUB -W 0:58

#BSUB -q 24p_4h

ei4n=$HOME'/EIRENE-2004_new'

cd $ei4n

#========================================

export nump='24'

dirv='dirme21'

filg='geom_100_40_63.1oct'

filp='desc_14605_1120.13'

fil='eirene_n.out'

#========================================

  sg0=`date +%S`

  mn0=`date +%M`

  hr0=`date +%H`

echo

date

ei4n=$HOME'/EIRENE-2004_new'

cd  $ei4n

rm -r  $dirv

mkdir $dirv

cd $dirv

pwd

rm -f fort.*

echo

cat > fort.1246 <<'/EOF'

 $nammult

   nestr=2

   facestr = 1.,1.

    filin(1)='hydr_g3d_defb.input'

    filin(2)='hydr_g3d_defb_at.input'

 $end

/EOF

cat fort.1246

cp $ei4n/$filg  fort.30

cp $ei4n/$filp  fort.113

echo $filg

echo $filp

echo $fil

# ===============================================================

cat > jobm00 <<'/EOFm'

# jobm00

pwd

echo ' '

date

dirjm='dirjmxx'

mkdir $dirjm

cd $dirjm

pwd

rm -f fort.*

cp ../fort.15 .

numpm='zzz'

echo ' '

echo 'NPES='$numpm

fili='www.input'

echo $fili

cp $ei4n/$fili  fort.51

echo fort.36

cat > fort.36 <<'/EOF'

 $nameir

   fraclim=0.166

  rcycl= 1., 1., 1.

  frdens= -1.0, 0.1

  fmultp= 1., 1., 1.

  alsol=1.,2.,2.

  kflux=1

  flxpuff = 2*0.

  zlim1= -35.2

  zlim2= -35.2

  tminrun = 2.5e3

  enl13 = -1.15

  taupms= 7.0

   npun=1001

   ntray= -15000

    noct=8

   nzhist= 100000

   nzran= -7777

 $end

/EOF

cat fort.36

echo

cat > fort.59 <<'/EOF'

 $namlim

  imodif= 1

   enebord= 1.0871E+12

   bnlim= 3.109

   rnlim= 0.6452

    tebord= 35.79

   btlim=8.802

   rtlim= 0.4997

    enlin0= 1.

    itypti= 2

    titop= 79.77

    tilow= 25.56

    alfti=6.

    betti=2.

 $end

/EOF

echo

cat fort.59

echo ' '

echo fort.41

cat > fort.41 << '/EOF'

 $naminput

  kmodif= 1

  twall = 3*-28.465

  soreni= 4.6075E-02, 0.1

  sormax=45.

  ermin=0.

  ercut=-5.0

 $end

/EOF

cat fort.41

echo

echo fort.37

cat > fort.37 << '/EOF'

 $nam_diag

   ndiag=12

   kdiag(1:11) = 11*2

   kdiag(12) = 1

    nener=51

   enera=45*0.01

   enerf=45*1000.1

      r1diag(1)  =   191.977      ! dZ(cm) = 0.6

      ph1diag(1) =  -167.521

      z1diag(1)  =  -33.2827

      r2diag(1)  =   123.055

      ph2diag(1) =  -136.148

      z2diag(1)  =  -35.7154

      r1diag(2)  =   191.971      ! dZ(cm) = 2.0

      ph1diag(2) =  -167.519

      z1diag(2)  =  -32.7828

      r2diag(2)  =   116.065

      ph2diag(2) =  -124.982

      z2diag(2)  =  -33.8592

      r1diag(3)  =   191.970      ! dZ(cm) = 3.3

      ph1diag(3) =  -167.519

      z1diag(3)  =  -32.2827

      r2diag(3)  =   115.611

      ph2diag(3) =  -123.765

      z2diag(3)  =  -31.4402

      r1diag(4)  =   191.976      ! dZ(cm) = 4.6

      ph1diag(4) =  -167.521

      z1diag(4)  =  -31.7828

      r2diag(4)  =   115.616

      ph2diag(4) =  -123.781

      z2diag(4)  =  -29.0015

      r1diag(5)  =   191.987      ! dZ(cm) = 5.9

      ph1diag(5) =  -167.523

      z1diag(5)  =  -31.2832

      r2diag(5)  =   115.628

      ph2diag(5) =  -123.814

      z2diag(5)  =  -26.5650

      r1diag(6)  =   192.004      ! dZ(cm) = 7.2

      ph1diag(6) =  -167.527

      z1diag(6)  =  -30.7845

      r2diag(6)  =   115.646

      ph2diag(6) =  -123.864

      z2diag(6)  =  -24.1321

      r1diag(7)  =   192.027      ! dZ(cm) = 8.5

      ph1diag(7) =  -167.532

      z1diag(7)  =  -30.2868

      r2diag(7)  =   115.627

      ph2diag(7) =  -123.809

      z2diag(7)  =  -21.6885

      r1diag(8)  =   192.055      ! dZ(cm) = 9.9

      ph1diag(8) =  -167.538

      z1diag(8)  =  -29.7904

      r2diag(8)  =   115.613

      ph2diag(8) =  -123.772

      z2diag(8)  =  -19.2446

      r1diag(9)  =   192.089      ! dZ(cm) =11.2

      ph1diag(9) =  -167.545

      z1diag(9)  =  -29.2957

      r2diag(9)  =   115.606

      ph2diag(9) =  -123.751

      z2diag(9)  =  -16.8012

      r1diag(10)  =   192.129      ! dZ(cm) =12.5

      ph1diag(10) =  -167.554

      z1diag(10)  =  -28.8030

      r2diag(10)  =   115.647

      ph2diag(10) =  -123.869

      z2diag(10)  =  -14.3875

      r1diag(11)  =   191.974      ! dZ(cm) =13.8

      ph1diag(11) =  -167.520

      z1diag(11)  =  -28.2825

      r2diag(11)  =   115.609

      ph2diag(11) =  -123.760

      z2diag(11)  =  -11.9247

      r1diag(12)  =   149.948      !  Limiter C (Axis)

      ph1diag(12) =  -154.564

      z1diag(12)  =  -34.7198

      r2diag(12)  =   143.865

      ph2diag(12) =  -156.678

      z2diag(12)  =  -6.62723

 $end

/EOF

cat fort.37

ei4n=$HOME'/EIRENE-2004_new'

filg='fort.30'

filg='fort.113'

fil='eirene_n.out'

  sg0=`date +%S`

  mn0=`date +%M`

  hr0=`date +%H`

cp ../fort.30  .

cp ../fort.113 .

cp $ei4n/limiter.dat .

date

  $ei4n/preproc

date

test -f fort.800

if [ $? -ne 0 ]

then

     echo ' Aborting'

     rm -f fort.30

     echo ' '

     exit

fi

echo ' '

export NPES='$numpm'

export MPI_DSM_PPM='4'

export MPI_DSM_OFF='true'

export MPI_DSM_VERBOSE='off'

export ACCT_TMPDIR='$HOME/EIRENE-2004_new/Tmpdir'

cp  $HOME/EIRENE-2004_new/Database/AMdata/amjuel.tex AMJUEL

cp  $HOME/EIRENE-2004_new/Database/AMdata/hydhel.tex HYDHEL

cp  $HOME/EIRENE-2004_new/Database/AMdata/methane.tex METHANE

cp  $HOME/EIRENE-2004_new/Database/Surfacedata/SPUTER SPUTER

cp  $HOME/EIRENE-2004_new/Database/Surfacedata/TRIM/trim.dat fort.21

echo '... ...'

echo '  NPART = 0' > fort.605

echo '   ' > fort.2800

  ta=`date`

  hr1=`date +%H`

  mn1=`date +%M`

  sg1=`date +%S`

      mpirun  -np $numpm    $ei4n/eirene  >$fil

  sg2=`date +%S`

  mn2=`date +%M`

  hr2=`date +%H`

  tb=`date`

    cat fort.605

    cat fort.2800

  cp fort.801  fort.802

sgt1=`expr 3600 \* $hr1 + 60 \* $mn1 + $sg1`

sgt2=`expr 3600 \* $hr2 + 60 \* $mn2 + $sg2`

ds=`expr $sgt2 - $sgt1`

echo 'Inicio ejec. ' $ta

echo 'Final  ejec. ' $tb

echo 'Inicio ejec. ' $ta >> fort.901

echo 'Final  ejec. ' $tb >> fort.901

echo Tiempo de ejecucion $ds seg.

echo Tiempo de ejecucion $ds seg.  >> fort.901

echo ' '

rm -f fort.21

rm -f AMJUEL HYDHEL METHANE SPUTER

exit

/EOFm

# ===============================================================

cat > jobpost <<'/EOFk'

numpm=${1:-'1'}

echo

date

fil='eirene_n.out'

echo numpm = $numpm

cp $fil  'eirene_n'$numpm'.out'

cp $ei4n/limiter.dat .

cp $ei4n/analis .

cp $ei4n/orbit_inf .

 $ei4n/postproc

  rm -f  analis

  rm -f fort.30

  rm -f orbit_inf

date

echo ' '

echo ' ' >> fort.901

cp fort.198  ../.

echo fort.198

cat fort.198

cp fort.75  ../.

echo $fili >> fort.901

echo $filg >> fort.901

ls -lt $fil >> fort.901

wc -l $fil >> fort.901

cat fort.605

    cat fort.2800

echo 'NPES='$numpm

cat fort.605 >> fort.901

cat fort.2800 >> fort.901

echo 'NPES='$numpm >> fort.901

cat fort.902 >> fort.901

rm -f fort.21*

rm -f fort.20*

rm -f limiter.dat

echo ' ' >> fort.901

cp fort.901  ../.

cd ..

exit

/EOFk

# ===============================================================

cp $ei4n/eir_mult.f  eir_mult1.f

echo

sh $HOME/genrun8  eir_mult1

./a.out  $nump

echo

pwd

cd ..

date

sgt0=`expr 3600 \* $hr0 + 60 \* $mn0 + $sg0`

  sg3=`date +%S`

  mn3=`date +%M`

  hr3=`date +%H`

sgt3=`expr 3600 \* $hr3 + 60 \* $mn3 + $sg3`

dst=`expr $sgt3 - $sgt0`

echo Total $dst seg.

echo

exit

     A8.  Changes introduced since Version 1.0.

Aside from the correction of some minor mistakes, the main changes introduced from the previous Version 1.0 are the following:

§4.2:
A new variable frachc has been added to the nameir namelist.

§6:
The penetration lengths for the neutral radial profiles are now calculated.

§7.
The number of parameters in program eir_scan_one has been increased to 8.


In the namelist naminput some of the variables have been given dimensions in

order to allow different values for different strata (cf. §11). A new variable

fsheat has been added also.

A new scanning program eir_scan_evol, emulating some kind of temporal evolution, has been introduced.

§8.
The number of parameters for the program eir_ajust has been increased to 16.


New reserved values for the variable kexp have been included in order to allow

new experimental comparisons.

§9.
More auxiliary programs (perdcx, vertal3d, espectrn, etc.) have been

introduced, and in particular the possibility to call the Eirene code from other

programs (conex_eir).

§11.
Three new variables have been added to namelist nammult in order to give more

flexibility to the strata data management.
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