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Introduction. This procedure is able to fit the XANES part (from the edge to about 200 eV) of experimental X-ray Absorption data. The method is based on the fitting between the experimental spectrum and several theoretical calculations generated by changing the relevant geometrical parameters of the site around the absorbing atom. The x-ray photo-absorption cross section is calculated using the full multiple scattering scheme; different choices of the exchange correlation part of the potential can be utilized.  MXAN uses the MINUIT package of CERN (MINUIT on WEB: http://wwwinfo.cern.ch/asdoc/minuit/ ) to search the minimum of the Square residue function in the space of the parameters defined as: 

Eq.1

where n is the number of independent parameters, m the number of data points, ythi and yexpi the theoretical and experimental values of absorption, i the individual errors in the experimental data set, and wi is a statistical weight. For wi=constant=1, the square residual function S2 becomes the statistical 2 function. The MXAN procedure needs three input files containing respectively the experimental data to be fitted, the starting atomic coordinates of the cluster (the putative structure), and the commands and options necessary for the chosen minimization strategy. MXAN makes use of the set of programs developed by the Frascati theory group; in particular VGEN, a generator of muffin tin potentials, and the CONTINUUM code for the full multiple scattering cross section calculation. The size of the scattering cluster and the value of the lmax in the basis functions expansion can be chosen on the basis of convergence criterion, while the MT radii are chosen on the basis of the Norman criterion. The exchange correlation part of the potential can be chosen according to the Hedin-Lunqvist (H-L) optical form. Alternatively, either the real part of the H-L potential, or the X- potential is utilised. In these latter cases, inelastic processes are taken into account by a convolution with a broadening lorentzian function, with a full width given by  = c + (E). The constant part c includes the core hole lifetime and the experimental resolution, while the energy dependent term (E) represents all the inelastic processes. The (E) function is zero below an onset energy Es, and it begins to increase from a value As following the universal functional form of the mean free path in solid.  This method introduces three non-structural parameters that are refined on the basis of Monte Carlo search at each step of optimisation of the structural parameters. In such a way, together with the MT radii, the MXAN method uses only four non-structural parameters; in facts, coordination numbers and Debye-Waller factors are not treated, whereas the edge jump and the edge position (E0) are completely unrelated to the fitted structural parameters. As a consequence, the relevant parameters are essentially geometrical. However, careful should be taken to avoid artificial results owing to a bad definition of non-structural parameters. In a final minimization run, they should be fixed.

How to run the program: Put the in the same directory all the fortran_77(90) source codes:

1shpar.f  mxan.f  contm.f  vgenm.f  minuitm.f  not_mpi.f   stop2.f

and the include files

vgen.inc  mpif.h  d506cm.inc   cont.inc

Then, compile the program. In unix you should use the following command ‘f90’ or ‘xlf’

>f90 –O3 1shpar.f  mxan.f  contm.f  vgenm.f  minuitm.f  not_mpi.f –o mxan.exe

Then run the executable program:

>mxan.exe

Program input. The program needs three input files: the experimental file (1 line of comment and two column in free format), the file COMMAND.MIN and the coordinates file. 

The file COMMAND.MIN contains most of the instructions for the optimizations procedure, including the exact names of the experimental and coordinates files, and the experimental (statistical) error  of eq. 1, that in this version of the program is assumed constant. If either the file COMMAND.MIN or the coordinates file is absent, the program itself provides samples of these input files to be re-edited and used further. If also the experimental file is absent, the program will produce a theta function in the place of the experimental file, for a pseudo chi-square computation. This last action allows doing simple calculations without fitting.

 ______________________ THE  MXAN  DIAGRAM  __________________

Exp. file         Coordinate file                 Commands file

                                                             COMMAND.MIN
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Output files. (The name prefix of each output file is written in the COMMAND.MIN file) They are produced either every step, or every best fitting event, and are readable by the user all along the MXAN run.
name.BEST : Important info on the best fitting procedure, including the fit results, the statistical errors, the correlation matrix. At the end of the file, the first trial, theoretical best fitting spectrum and the experimental spectrum are also reported (see below). 

name_MINUIT.OUT : Full Output of the MINUIT package. It includes all the details and steps of the statistical procedure.

name_PAR.OUT : Full list of parameters of optimization, step-by-step. It can be re-used in some case when restarting the program after system breakdown

name_DATA.BEST : Best fitting structure in the same format as the input coordinates file.

name_PDB.BEST : Best fitting structure in a format readable by the program RASMOL (a molecule viewer)

name_SPEC.OUT : First 20 theoretical spectra calculated by MXAN

name_INFO.OUT : Other information on the running procedure

name_SAVE.OUT : Minuit results and correlation matrix

Intermediate files. The program produces automatically four intermediate files containing the molecular potential in the muffin-tin form, the atomic charge densities, symmetry parameters and some internal parameters and flags (The name prefix of each intermediate file is written in the COMMAND.MIN file). 

name.COUL : Coulomb part of the potential, to be used in the H-L calculation

name.RHOD : Charge densities, to be used in the H-L calculation

name.XALP : X-alpha potential

name.PARM : Internal parameters and flags

name.SYMM : Spherical harmonics basis written without any symmetry. This file is written in such a way to be read by continuum program. 

MXAN does not use any symmetry in the calculation because during the minimization any type of symmetry is lost. However, MXAN can read external symmetry file for cubic groups (Td and Oh), and performs either one shot calculation or fits provided symmetry is not changing. See below for the potential generation in this case. 

MXAN can read external potentials in place of the intermediate files.  

Minimization strategy: There are essentially two main strategies for doing minimization corresponding to different search mode set in file COMMAND.MIN:

1) search mode 1SHE or CXYZ. A complete statistical minimization is done in the space of the parameters. The non-structural parameters relating to the Fermi energy and the broadening convolution function are refined by Montecarlo search at each step of the structural optimization. This procedure saves computing time consisting in recalculating the XANES for a search in the complete space of parameters (structural and non-structural, that is still too long in practice) but assumes that the statistical correlation between structural and non-structural parameters is weak. 

2) search mode OPTN. The structure is fixed and a complete statistical minimization is carried out on all the non-structural parameters (i.e. Fermi energy, broadening parameters, and overlap between the muffin-tin radii). 

A typical minimization procedure can consist in cycles between these two main strategies.

3) It is possible to implement customary search modes. Actually one of them is present in the MXAN program, concerning hemoproteins. In this mode, the input DATA file includes coordinates and comments imported from the Protein Data Bank.

However, due to the spread of formats included in the PDB files, the procedure is not automatic and the user must change several lines of the input DATA file by hands. 

_____________________ THE INPUT COORDINATES FILE ____________________

&job

fname='1SXN'         --> MEMO for user (4 CHAR)

nsca= 20             --> n. of scattering atoms (can be < of atom listed)

lmax=3               --> LMAX for scattering waves 

absorber=1           --> Absorbing atom in the list (put always=1)

outersph=.false.     --> Outer sphere calculation (put always .false.)

edge='k'             --> Atom X-ray Absorbing Edge (k,l1,l2,l3)

emin=-2.0            --> Minimum energy of the spectrum (0 at the Vacuum Lev.)

emax=120.0           --> Maximum energy of the spectrum 

delta=0.03            --> Initial energy step

xscale=2.0           --> Improving step as: Ei=Emin+delta*(i-1)**xscale 

charelx='gs'         --> Ground (unrelaxed) state: ‘gs’ ; Excited (relaxed)    

  state: ‘ex’

norman='stdcrm'      --> Criterion for MT radii choice. Norman Criterion with an 

 overlapping factor given by ovlpfac

ovlpfac=0.1          --> Overlap of MT spheres

coor='angs'          --> Atomic units of coords: ‘angs’,’au  ‘.   

potcalc='Y'          --> ‘N’: A fixed external Potential is read by the program

                         ‘Y’: Potential calculated at every step

                         ‘1’: Potential calculated at the 1st step, then fixed  

typot=’hlcmp’        --> Potential type:

                         ‘hlcmp’ complex H-L

 ‘hlrel’  real H-L

                         ‘xalph’  X-alpha

symcalc=’Y’          --> write file SYMM (Y(default)/N). 

  Attn: If Y, The SYMM file written correspond to a  

  cluster without any symmetry. If N, external symmetry 

  files corresponding to cubic symmetries can be read by 

  the program.

parcalc=’Y’          --> write file PARM (Y(default)/N) 

v0imp=0.0            --> Imposed MT limit of potential (calculated if =0.0)

rhoimp=0.0           --> Imposed Rho dens. limit (calculated if =0.0)

&end

!HEADER    OXIDOREDUCTASE                          17-SEP-97   1SXN

!TITLE     REDUCED BOVINE SUPEROXIDE DISMUTASE AT PH 5.0

!COMPND    MOL_ID: 1;

!COMPND   2 MOLECULE: CU, ZN SUPEROXIDE DISMUTASE;

!COMPND   3 CHAIN: A, B;

!AUTHOR    M.FERRARONI,W.R.RYPNIEWSKI,B.BRUNI,P.ORIOLI,K.S.WILSON,

!REMARK   2 RESOLUTION. 1.9  ANGSTROMS.

!

!   iz       x        y        z   ilig ------- comm ---------

   30   .00000   .00000   .00000    0   .00000   ZN___ZN_A_153

    8 -1.41400   .21700 -1.22200    1  1.88143   OD1_ASP_A__81

    7  1.71400  -.37300  -.78000    2  1.91972   ND1_HIS_A__78

    7  -.66000 -1.42700  1.34000    3  2.06580   ND1_HIS_A__61

    7  -.37500  1.85400   .90000    4  2.09474   ND1_HIS_A__69

    6 -1.64000  1.01000 -2.24000   -1  2.95420   CG__ASP_A__81

    6  2.93500  -.29000  -.22200   -2  2.95764   CE1_HIS_A__78

    6 -1.60000  2.20800  1.18400   -4  2.97273   CE1_HIS_A__69

    6  -.55800 -2.72400  1.07100   -3  2.97969   CG__HIS_A__61

..................

    7  1.18000  1.07400 -4.42900   -2  4.70765   N___HIS_A__78

    6  2.70500   .79500  3.85700    0  4.77761   C___LYS_A_134

    6  1.35000  -.35200 -4.63700   -2  4.84233   CA__HIS_A__78

    6 -3.80100   .10700 -3.01900   -1  4.85525   CA__ASP_A__81

    7   .61200  4.48900 -1.73100    0  4.84995   N___GLY_A__70

    6  1.76300  4.45600 -1.10600   -4  4.91806   C___HIS_A__69

    0   .00000   .00000   .00000    0   .00000    000000000000

ADDITIONAL NOTES ON THE INPUT COORDINATES FILE 

1) POTENTIAL OPTIONS.

They must be introduced between a line containing &job and a line containing &end. Only the values after symbol = have to be changed. Meaning of the options is explained in the input file example itself.

&job
fname='1SXN'    --> MEMO for user (4 CHAR)

nsca= 20        --> n. of scattering atoms (can be < of atom listed)

lmax=3          --> It must be chosen according a convergence criterion, 

  typically lmax=3 is enough. Due to memory limits the product 

  nsca*(lmax+1)**2 must be less than 1600.

.....

&end
2) TITLE.

After the potential options, a line of spaces (not single carriage return!) must follow. Then, a maximum of 15 title lines beginning with a non-space character can be added. A second line of space signs the end of title.

....

&end

!HEADER    OXIDOREDUCTASE                          17-SEP-97   1SXN

!TITLE     REDUCED BOVINE SUPEROXIDE DISMUTASE AT PH 5.0

!COMPND    MOL_ID: 1;

!COMPND   2 MOLECULE: CU, ZN SUPEROXIDE DISMUTASE;

!COMPND   3 CHAIN: A, B;

!AUTHOR    M.FERRARONI,W.R.RYPNIEWSKI,B.BRUNI,P.ORIOLI,K.S.WILSON,

!REMARK   2 RESOLUTION. 1.9  ANGSTROMS.

!   iz       x        y        z   ilig    d    -- comm -----

   30   .00000   .00000   .00000    0   .00000   ZN___ZN_A_153

    8 -1.41400   .21700 -1.22200    1  1.88143   OD1_ASP_A__81

3) Coordinates.

A maximum of 90 atoms can be introduced in free format as atomic number iz, atomic coordinates x,y,z, ligand identity ilig, distance d, and a comment. Note that ilig is an increasing positive number for each first ligand. Ligands are not necessarily the first neighboring atoms. A maximum value of ilig is 12. Atoms can be linked to move rigidly by the parameters ilig. This means that the linked atoms move all together during the minimization procedure without changing the relative position. Atoms linked to a first ligand have the same value as the first ligand, but with negative sign. The central atom and other atoms not linked to first ligands have ilig = 0. 

Distance d is a parameter that can be put to zero for commodity, but can be useful to realize the cluster size. A prototypical line is formed by iz, xyz coordinates, ilig, d and a comment. Comment is a 13-character string. MXAN uses the first two and the last three characters to comment the parameters in output files. A line of zero must sign the end of data.

Additional comments, (e.g. ligand angles, comments) can be added at the end of file.
  iz       x        y        z   ilig    d    -- comm -----

   30   .00000   .00000   .00000    0   .00000   ZN___ZN_A_153

    8 -1.41400   .21700 -1.22200    1  1.88143   OD1_ASP_A__81

    6  2.93500  -.29000  -.22200   -2  2.95764   CE1_HIS_A__78

    6 -1.60000  2.20800  1.18400   -4  2.97273   CE1_HIS_A__69

 ....................................................

    0   .00000   .00000   .00000    0   .00000    000000000000

4) IMPORTANT: Dealing data symmetry.

As the main goal of the program is to fit structural data, calculations are done from the CONTINUUM code without using symmetry. However the symmetry for cubic groups can be used using external intermediate file name.SYMM containing the right combination of spherical harmonics that transforms according the right irreducible representation for dipole transitions. A further program that can be obtained by the authors of MXAN must generate this file. In the input coordinate file, the option symcalc must be set to ‘N’. The potential with the right symmetry can be generated internally by MXAN but the user need to generate again the executable code after changing the flag thrpp in the vgen.inc file from negative to an opportune positive value. This allows the generation of symmetrized potentials. In this case the order of atoms in the input coordinate files must be the same as the order of atoms in the potential file name.XALP, name.COUL, name.RHOD generated by MXAN. 

___________The input file COMMAND.MIN (search mode: 1SHE)_______________

-------------------------------------------------------------                   

--------- Free for comments.....                    ---------                   

-------------------------------------------------------------  

1SXN9     parameter   start_displ  err.     physical limits                                                                                                                                                                                                                                                   

 1        r001          0.0000    0.1400   -0.1500    0.3500                                                                                                                                                                                                   

 2        f001          0.0000    6.0000  -10.0000   10.0000                                                                                                                                                                                                   

 3        t001          0.0000    6.0000  -10.0000   10.0000                                                                                                                                                                                                   

 4        r002          0.0000    0.1400   -0.1500    0.3500                                                                                                                                                                                                   

 5        f002          0.0000    0.0000  -10.0000   10.0000                                                                                                                                                                                                   

 6        t002          0.0000    0.0000  -10.0000   10.0000                                                                                                                                                                                                   

 7        r003          0.0000    0.1400   -0.1500    0.2500                                                                                                                                                                                                   

 8        f003          0.0000    0.0000  -10.0000   10.0000                                                                                                                                                                                                   

 9        t003          0.0000    0.0000  -15.0000   15.0000                                                                                                                                                                                                   

 10       r004          0.0000    0.1400   -0.1500    0.2500                                                                                                                                                                                                   

 11       f004          0.0000    0.0000  -15.0000   15.0000                                                                                                                                                                                                   

 12       t004          0.0000    0.0000  -15.0000   15.0000                                                                                                                                                                                                   

 ...........
 36       t012          0.0000    0.0000  -15.0000   15.0000                                                                                                                                                                                                                   

 --------- Control options ---------                                                                                                                                                                                                                           

   36                   ! n of parameters (fixed + variable)                                                                                                                                                                                                  

NORM    1SHE            ! Run(NORM,TEST,RECO),Search mode(1SHE,OPTN,CXYZ)                                                                                                                                                                                                

U                       ! U (Unpol)  XY (PolarXY)  Z (Pol.z)  P(Pol.)                                                                                                                                                                                                  

1                       ! not active...                                                                                                                                                                                                                        

 --------- INPUT files -------------                                                                                                                                                                                                                           

exp_134.sod             ! EXP. file                                                                                                                                                                                                                                      

  0.01200               ! Statistical ERROR in the experimental spectrum                                                                                                                                                                                                                          

DATA.1SXN               ! INPUT COORDINATE FILE                                                                                                                                                                                                                                      

N   1                   ! Other theoretically. calc. sites? How many?                                                                                                                                                                                                     

0.0  XXXX.XXXXXX        ! Percent., Th. calc. of other site as input                                                                                                                                                                                                      

 --------  INTERMEDIATE files -------------                                                                                                                                                                                                                    

1SXN9.PARM              ! Parameters for CONTINUUM (see CONTINUUM doc.)                                                                                                                                                                                                                                                

1SXN9.SYMM              ! Symmetry Parm. for CONTINUUM                                                                                                                                                                                                                                        

1SXN9.XALP              ! X-alpha Potential                                                                                                                                                                                                                                        

1SXN9.COUL              ! Coulomb Potential                                                                                                                                                                                                                                       

1SXN9.RHOD              ! Rho density                                                                                                                                                                                                                                       

 --------- OUTPUT Prefix  ------------                                                                                                                                                                                                                          

1SXN9                   ! Max 8 characters

-------- ALIGNMENT PARAMETERS --------------                                                                                                                                                                                                         

   0.02500  00.01000  0.000   6.000   !Norm, +/-, en.shift, +/-                                                                                                                                                                                                                    

  N   1000                            ! Broad function?  trials                                                                                                                                                                                                         

  -1.500     1.500                    ! E.Fermi -- +/-                                                                                                                                                                                                         

   1.700     0.300                    ! Energy indep. broad   -- +/-                                                                                                                                                                                                         

  N                                   ! Energy dep. broad (mfp-like) ?                                                                                                                                                                                                                   

    1                                 ! Number of plasmons                                                                                                                                                                                                             

  11.000     4.000    10.000    3.500    ! En. +/- , Ampl. +/-                                                                                                                                                                                                  

------- OTHER OPTIONS --------------  

  N     2                      ! Correlation links? How many?

4 7                   ! Between which params?

      4   10                                                                                                                                                                                                                         

 N N                           !Slope?,concerted motions?                                                                                                                                                                                                    

 N        0.000   0.000        !Weight?(No,Arctg,Teta) xcentr, width                                                                                                                                                                                                   

 SET PRINT    3        --> MINUIT printout level                                                                                                                                                                                                                             

 SEEK         40       --> Montecarlo search (stop after 80 unsuccesful trials) 

! SCAN       1   4  -.1  .1  scan parameter 1, 4 times, from –.1 to .1                                                                                                                                                                                                                              

!FIX          2.       --> Fix parameter 2. to its best value

 SIMPLEX      100     0.03 --> Minimization with simplex, numb. of call, 

    



       tolerance                               

 CALL FCN   -2         --> Fix the non-structural parameters during the 

                                 calculation of the statistical errors.                                                                                                                                                                                                                                     

 MIGRAD                --> Gradient search of minimum                                                                                                                                                                                                                                                  

 SET OUT 70            --> Prepare file 70 to record results                                                                                                                                                                                                                                         

 HESSE                 --> Print Results and Correlation matrix                                                                                                                                                                                                                                              

 SET OUT 8                                                                                                                                                                                                                                                      

 SAVE                   --> Save internal MINUIT data for a new search                                                                                                                                                                                                                                         

 CALL FCN      3        --> End of minimum search.                                                                                                                                                                                                                                          

!CONTOUR      1   4    3    --> Contour plot of variable 1-4 until 3 sigma                                                                                                                                                                                                                                  

___________The input file COMMAND.MIN (search mode: OPTN)_______________

-------------------------------------------------------------                   

--------- Free for comments.....                    ---------                   

-------------------------------------------------------------                   

 prov  --parameter- in.deviat. - init.err. --- phys.limits ---

 1        Nsca          0.0000    0.0000    0.0000   35.0000                    

 2        Lmax          0.0000    0.0000    2.0000    6.0000                    

 3        Pot           0.0000    0.0000    1.0000    3.0000                    

 4        Ovlp          0.0000    0.0000    0.0000    0.1000                    

 5        V0imp         0.0000    0.0000    0.0000    0.0000                    

 6        Rhoim         0.0000    0.0000    0.0000    0.0000                    

 7        Natp          0.0000    0.0000    0.0000   90.0000                    

 8        Fermi       -1.50000   1.50000  -6.00000   3.00000                    

 9        Broad        1.00000    .40000   -.20000   2.20000                    

 10       Epl1        14.00000   4.00000   2.00000  26.00000                    

 11       Apl1        10.00000   4.00000  -2.00000  22.00000                    

 12       Epl2          .00000    .00000    .00000    .00000                    

 13       Apl2          .00000    .00000    .00000    .00000                    

 14       Slope         .00000    .00050   -.00150    .00150                    

 15       Norm         1.00000    .00000   1.00000   1.00000                    

 16       Ensh          .00000    .00000    .00000    .00000                    

--------- Control options ---------                                             

   16                    ! n of parameters (fixed + variable)

NORM    OPTN     ! Run(NORM,TEST,RECO),Search mode(1SHE,CXYZ)                   

U                ! U (Unpol)  XY (PolarXY)  Z (Pol.z)  P (Pol.)                 

1                ! not active...                                                

 --------- INPUT files -------------                                            

prov.TETA               ! EXP. FILE  to fit                                     

  0.01200               ! EXP. ERROR                                            

DATA.prov               ! Coords and options for potential                      

N   1                   ! Other th. calc. sites? How many?                      

  0.0  XXXX.XXXXXX      ! Fract,Input calc.othersite, Broadnd?                  

 --------  INTERMEDIATE files -------------                                     

prov.PARM               ! params for MS                                         

prov.SYMM               ! File with symmetry info and lmax                      

prov.XALP               ! X-alpha potential                                     

prov.COUL               ! Coulomb potential                                     

prov.RHOD               ! Charge densities                                      

 --------- OUTPUT PREFIX  ------------                                          

prov                    ! Output files prefix (MAX 8 CHAR)                      

-------- OTHER OPTIONS --------------                                           

  N   2                         ! Correlation links? How many?                  

    4   7                       ! between which params ?                        

    4  10                                                                       

  N N                           !Slope?,Concerted motions?                      

  N        30.000   10.000      !weight?(N,A,T,G) xcentr, width                 

 SET PRINT    3        --> MINUIT printout level                                                                                                                                                                                                                             

 SEEK         40       --> Montecarlo search (stop after 80 unsuccesful trials)

! SCAN       1   4  -.1  .1  scan parameter 1, 4 times, from –.1 to .1                                                                                                                                                                                                                              

!FIX          2.       --> Fix parameter 2. to its best value

  SIMPLEX      100     0.03 --> Minimization with simplex, numb. of call, 

  tolerance                                                                                                                                                                                                                                                                                                                                                  

 MIGRAD                     --> Gradient search of minimum                                                                                                                                                                                                                                                  

 SET OUT 70                 --> Prepare file 70 to record results                                                                                                                                                                                                                                         

 HESSE                      --> Print Results and Correlation matrix                                                                                                                                                                                                                                              

 SET OUT 8                                                                                                                                                                                                                                                      

 SAVE                       --> Save internal MINUIT data for a new search                                                                                                                                                                                                                                         

 CALL FCN      3            --> End of minimum search.                                                                                                                                                                                                                                          

 CONTOUR      1   4    3    --> Contour plot of variable 1-4 until 3 sigma                                                                                                                                                                                                                                  

___________The input file COMMAND.MIN (search mode: CXYZ)_______________

-------------------------------------------------------------                   

--------- Free for comments.....                    ---------                   

-------------------------------------------------------------  

prov  --parameter- in.deviat. - init.err. --- phys.limits ---

 1        x001          0.0000    0.0000   -0.2000    0.2000                    

 2        y001          0.0000    0.0000   -0.2000    0.2000                    

 3        z001          0.0000    0.0000   -0.2000    0.2000                    

 4        x002          0.0000    0.0000   -0.2000    0.2000                    

…………………

36        z012          0.0000    0.0000   -0.2000    0.2000                    

--------- Control options ---------                                             

   36                    ! n of parameters (fixed + variable)

NORM    CXYZ      ! Run(NORM,TEST,RECO),Search mode(1SHE,CXYZ)                  

U                 ! U (Unpol)  XY (PolarXY)  Z (Pol.z) P (Pol.)                         

1                 ! not active...                                               

 --------- INPUT files -------------                                            

prov.TETA               ! EXP. FILE  to fit                                     

  0.01200               ! EXP. ERROR                                            

DATA.prov               ! Coords and options for potential                      

N   1                   ! Other th. calc. sites? How many?                      

  0.0  XXXX.XXXXXX      ! Fract,Input calc.othersite, Broadnd?                  

 --------  INTERMEDIATE files -------------                                     

prov.PARM               ! params for MS                                         

prov.SYMM               ! File with symmetry info and lmax                      

prov.XALP               ! X-alpha potential                                     

prov.COUL               ! Coulomb potential                                     

prov.RHOD               ! Charge densities                                      

 --------- OUTPUT PREFIX  ------------                                          

prov                    ! Output files prefix (MAX 8 CHAR)                      

 -------- PARAMETERS align, norm, broad --------------                          

   1.00000  00.00000  0.00000  0.00000 !norm,+/-%,Exp.shift,+/-                 

  N    040                            ! Broad?  trials                          

  -1.50000   1.50000                  ! E.Fermi -- +/-                          

   1.00000   1.00000                  ! Broad   -- +/-                          

  N                                   ! mf ?                                    

    2                                 ! # plasmons                              

  14.00000   6.00000  7.00000  6.50000  ! En. +/- , Ampl. +/-                   

  22.00000   6.00000  7.00000  6.50000                                          

-------- OTHER OPTIONS --------------                                           

  N   2                         ! Correlation links? How many?                  

    4   7                       ! between which params ?                        

    4  10                                                                       

  N N                           !Slope?,Concerted motions?                      

  N        102.00000 102.00000  !weight?(N,A,T,G) xcentr, width                 

SET PRINT    3                                                                  

  SEEK         80                                                               

! SCAN       1   4  -.1  .1  scan parameter 1, 4 times, from –.1 to .1                                                                                                                                                                                                                              

!FIX          2.       --> Fix parameter 2. to its best value

  SIMPLEX      100     0.03 --> Minimization with simplex, numb. of call, 

  




   tolerance

! CALL FCN   -2                                                                 

  MIGRAD                                                                        

  SET OUT 70                                                                    

  HESSE                                                                         

  SET OUT 8                                                                     

  SAVE                                                                          

CALL FCN      3                                                                 

! CONTOUR 1   4    3           

Description of file COMMAND.MIN. At the beginning of the file there are three lines to be used as comment, the third line must contain at least ten “-“ characters. Note that the first lines containing the parameters have to be introduced in FORMATTED way to be read from MINUIT, while the other lines are not formatted. If the file COMMAND.MIN is not already present in the current directory, MXAN creates a sample copy of it.

Meaning of parameters (search mode 1SHE). 

Parameters have normally to be ordered as R1, phi1, theta1, R2, phi2, theta2,.... start_displ is the starting value of displacement, set by the user, from the value of R1, phi1, theta1,... as calculated from the input coordinate file. So if all the start_displ’s are = 0.0 the starting values of R1, phi1, theta1, etc. are given directly from the input coordinate file. err is the estimated error. The physical limits for each parameter have to be given as well.

1SXN9     parameter   start_displ  err.     physical limits                                                                                                                                                                                                                                                   

 1        r001          0.0000    0.1000   -0.1500    0.3500                                                                                                                                                                                                   

 2        f001          0.0000    5.0000  -15.0000   15.0000                                                                                                                                                                                                   

 3        t001          0.0000    5.0000  -15.0000   15.0000                                                                                                                                                                                                   

 4        r002          0.0000    0.1000   -0.1500    0.3500                                                                                                                                                                                                   

........

Control options. 

1) Run type (NORM/TEST/RECO. Normal running corresponds to option NORM. Using TEST option the potential and the XANES spectrum are not calculated, and the sq.res. is displayed is the Sum of params**2, so use this option only to be sure that MINUIT are moving the right parameters, or to get pictures of the cluster. Moreover, you can use the RECO option if you want to restart an interrupted procedure avoiding the same steps already done by MINUIT. To do this, you have to 1) Copy the file name_PAR.OUT as RECO.IN. 2) Put the option RECO in COMMAND.MIN. 3) Restart MXAN

--------- Control options ---------                                                                                                                                                                                                                           

   36                   ! n of parameters (fixed + variable)                                                                                                                                                                                                  

NORM    1SHE            ! Run(NORM,TEST,RECO),Search mode(1SHE,OPTN)                                                                                                                                                                                                

2) Search mode (1SHE/CXYZ/OPTN). Normal running for structural optimizations corresponds to option 1SHE. 

--------- Control options ---------                                                                                                                                                                                                                           

   36                   ! n of parameters (fixed + variable)                                                                                                                                                                                                  

NORM    1SHE            ! Run(NORM,TEST,RECO),Search mode(1SHE,OPTN)                                                                                                                                                                                                

The parameters handled by option 1SHE are the polar coordinates (distances and polar angles) of the first ligands to the absorbing atom, put in the center of the coordinate system. Atoms linked to first ligands through the parameter ilig in the input coordinate file rigidly follow the movements of the ligands.  


3) Polarisation (U,Z,XY,P). 1) U unpolarised calculation; 2) Z, Calculation polarized along the z axis. 3) XY, The calculated spectrum is the average sum of the x-polarised + y-polarised spectrum. 4) P, The polarized spectrum is calculated with the polarization vector oriented along the theta (degrees) and phi (degrees) polar coordinates written in the same line (in the example, theta=30 degrees and phi=60 degrees)

Examples:

--------- Control options ---------                                                                                                                                                                                                                           

   36                   ! n of parameters (fixed + variable)                                                                                                                                                                                                  

NORM    1SHE            ! Run(NORM,TEST,RECO),Search mode(1SHE,OPTN)                                                                                                                                                                                                

XY                      ! U (Unpol)  XY (PolarXY)  Z (Pol.z)  P (Pol.)
--------- Control options ---------                                                                                                                                                                                                                           

   36                   ! n of parameters (fixed + variable)                                                                                                                                                                                                  

NORM    1SHE            ! Run(NORM,TEST,RECO),Search mode(1SHE,OPTN)                                                                                                                                                                                                

P  30  60               ! U (Unpol)  XY (PolarXY)  Z (Pol.z)  P (Pol.)
OUTPUT PREFIX.

It is the prefix of all the output files. If for example the prefix is 1SXN9
--------- OUTPUT Prefix  ------------                                                                                                                                                                                                                          

1SXN9                   ! Max 8 charachters

MXAN will write the following files:

1SXN9.BEST             Best fit file and more important info                                                                                                                                                                                                                                            

1SXN9_INFO.OUT         All info                                                                                                                                                                                                                                       

1SXN9_PAR.OUT          List of trials (Sq.res and params. value)                                                                                                                                                                                                                                         

1SXN9_MINUI.OUT        MINUIT output                                                                                                                                                                                                                                       

1SXN9_DATA.BEST        Best COORDS (format identical to INPUT COORDS FILE)                                                                                                                                                                                                                                               

1SXN9_PDB.BEST         Best COORDS (format for RASMOL graphic)                                                                                                                                                                                                                                               

1SXN9_SPEC.OUT         First 20 calculates spectra                                                                                                                                                                                                                                      

1SXN9_SAVE.OUT         Corr. matrix and Error matrix to restart MINUIT

NON-STRUCTURAL PARAMETERS. 

Non-structural parameters are not handled by MINUIT, and are refined by Monte Carlo search at each step. In the final minimization cycle, to get parameter errors, they should be fixed. 

1) Normalization.

Set this value approximately to the estimated ratio between the theoretical and experimental edge jump, and set the percentage of error you estimate. In the following example MXAN will search the best value in the range 0.025 +/ 20%. MXAN will provide a suggestion of this value at first step of the procedure. 

-------- PARAMETERS align, norm, broad --------------                                                                                                                                                                                                         

   0.02500  20.00000  0.000    6.000    ! Norm, +/-percent, en.shift, +/-                                                                                                                                                                                                                    

  N    030                              ! Broad function?  trials                                                                                                                                                                                                         

2) Alignment.

Set this value approximately to the estimated shift from the theoretical to the experimental edge energy (in eV), and set the error you estimate in the same energy units. In the following example MXAN will search the best value in the range 0.0 +/- 6.0 eV. 

-------- PARAMETERS align, norm, broad --------------                                                                                                                                                                                                         

   0.02500  20.00000  0.000    6.000     !Norm, +/-percent, en.shift, +/-                                                                                                                                                                                                                    

  N    030                            ! Broad function?  trials                                                                                                                                                                                                         

3) Energy independent broadening.

MXAN can convolute each calculated spectrum with a lorentzian function which width can be set by the user. The energy independent broadening value c accounts for the core-hole width and the experimental resolution. If option Y is used, MXAN will make random trials to get the best value. The spectrum is first cut at the Fermi energy, i.e. the photoabsorption cross section is zero below this value. Then the convolution integral between the spectrum and the lorentzian function is evaluated to get the convoluted spectrum to be compared with the experimental data. In the following example MXAN will search the best value of the energy independent broadening with 30 trials, with Fermi energy of -1.5 +/- 1.5 eV, and a lorentian width of 1.7 +/- 0.3 eV. 

-------- PARAMETERS align, norm, broad --------------                                                                                                                                                                                                         

   0.02500  20.00000  0.00000  6.00000     !Norm, +/-percent, en.shift, +/-                                                                                                                                                                                                                    

  Y    030                            ! Broad function?  trials                                                                                                                                                                                                         

  -1.500     1.500                    ! E.Fermi -- +/-                                                                                                                                                                                                         

   1.700     0.300                    ! Energy indep. broad   -- +/-                                                                                                                                                                                                         

  N                                   ! Energy dep. broad (mfp-like) ?                                                                                                                                                                                                                   

    1                                 ! Number of plasmons                                                                                                                                                                                                             

  11.000   4.000  10.000  3.500       ! En. +/- , Ampl. +/-                                                                                                                                                                                                  

4) Energy dependent broadening.

An energy dependent broadening can simulate the effect of finite electron mean free path due to the inelastic losses of any type suffered by the photoelectron in its way out in the system. We have already given some information in the introduction.  If option Y is used, MXAN will add this value to the width of the lorentian function used in the convolution. In the following example MXAN use 1 plasmon frequency at 11 +/- 4 eV, with an enlargement of the lorentian width of 10.0 +/- 3.5 eV. We note that it is possible to use two plasmons, one for the xy polarizations, and the other for the z component. This option can be used in the case of strong anisotropy of the system. In this case, the idea is to account for the anisotropy of the dielectric function via a phenomenological approach by two components in the inelastic losses. 

-------- PARAMETERS align, norm, broad --------------                                                                                                                                                                                                         

   0.02500  20.00000  0.00000  6.00000     !Norm, +/-percent, en.shift, +/-                                                                                                                                                                                                                    

  Y    030                            ! Broad function?  trials                                                                                                                                                                                                         

  -1.500     1.500                    ! E.Fermi -- +/-                                                                                                                                                                                                         

   1.700     0.300                    ! Energy indep. broad   -- +/-                                                                                                                                                                                                         

  Y                                   ! Energy dep. broad (mfp-like) ?                                                                                                                                                                                                                   

    1                                 ! Number of plasmons                                                                                                                                                                                                             

  11.00000   4.00000  10.00000  3.50000  ! En. +/- , Ampl. +/-                                                                                                                                                                                                  

OTHER OPTIONS.

1) Correlation between variables.

Suppose you want to correlate R2, R3 and R4 in your cluster. It corresponds to link the parameters 4,7 and 10 of MINUIT. 

First, put the errors err. of parameters 7 and 10 equal to zero. Note that if the starting values of of R1, R2 and R3 are different, they will remain different all along the simulation.

Then, use the following options in COMMAND.MIN:

------- OTHER OPTIONS --------------  

  Y     2                             ! Correlation links? How many?

      4    7                          ! Between which params?

      4   10                                                                                                                                                                                                                         

2) Statistical weight.

Options for the statistical weight w(i) are N (no weight) ,A (arctg function), and T (theta function).  

------- OTHER OPTIONS --------------  

…………… 

 N N                           !Slope?,Concerted motions?                                                                                                                                                                                                    

 N         0.000  0.000        !weight?(No,Arctg,Teta) xcentr, width                                                                                                                                                                                                   

with the N option, w(i)=1

with the A option, w(i) is calculated as 

w(i)=0.5 + -1 arctg [(Ei-xcentr)/width]

with the T option, w(i) is calculated as

w(i)=0 (Ei <  xcentr)


w(i)=1 (Ei >= xcentr)

Meaning of parameters (search mode OPTN). 

In this case the fitting procedure is made on the space of some non-structural parameters that are important in the potential definition. Essentially this mode is used to find the best-fit value of the 4 non-structural parameters present in this phenomenological approach based on the full multiple scattering theory. They are:

1) Muffin-tin radii – they are calculated on the basis of Norman criterion with some overlapping that can be optimized by fitting the ovlp parameters. The choice of muffin-tin radii fixes the constant muffin-tin potential and charge density.

2) Broadening parameters – see in the introduction and in the previous paragraph for comments. Here they can be optimized on the basis of fitting method. 

nsca,lmax must be chosen on the basis of convergence criterion although the program can also fit them. v0imp and rhoim are the values of the muffin-tin potential and charge density respectively, and they can be objects of a fitted procedure. Vgen normally calculates them automatically.  It is convenient to choice only the ovlp as parameters to be fitted because it is the only free parameters present the multiple scattering theory with the muffin-tin approximation. Different values of ovlp, within reasonable values (0-12%), can change the goodness of the fitted spectrum respect to the experimental data but without any relevant changes in the structural parameters determination. The effects of those non-structural parameters mainly results to an increase on the error bars in the structural numbers. The others names have the same meaning than in the previous search mode.

Meaning of parameters (search mode CXYZ). 

In this mode the Cartesian coordinated of the first 12 ligands are fitted on the experimental data. The other symbols are the same than in the 1SHE mode, they have to be set using the same criteria. 

_________________THE INPUT EXPER. FILE ________________

       ENERGY(eV)      Spectrum                                                                

       -2.006500    4.354392E-03

   -9.964500E-01    1.298350E-02

    1.365000E-02    2.480334E-02

        1.023800    2.811239E-02

        2.033800    2.584082E-02

        3.044000    2.692178E-02

        4.054000    3.016572E-02

        5.064100    3.137153E-02

        6.074200    3.394592E-02

        7.084300    3.631661E-02

        8.094400    3.652252E-02

        .....         .....

      139.410000    2.495382E-02

      140.420000    2.503816E-02

      141.430000    2.480918E-02

      142.440000    2.481887E-02

      143.450000    2.450754E-02

      144.460000    2.473861E-02

      145.470000    2.440725E-02

      146.480000    2.502433E-02

      147.490000    2.506029E-02

      148.500000    2.506608E-02

      149.510000    2.493344E-02

      150.520000    2.491038E-02

ADDITIONAL NOTES ON FILE exper.

The experimental file is an ASCII, 2-column data in free format file with a first comment line.

The experimental data are interpolated to the theoretical data if the scales are not coincident. In this case be careful to avoid too large difference between th. and exp. scales, that can give artificial features to the exp. spectrum due to interpolation/extrapolation algorithm.  

____________ EXAMPLE of OUTPUT FILE name.BEST _________________

# Best fit proc.......: IMID01      idum =   4242

# Starting coords file: DATA.EMIMID

# Best fit coords file: IMID01_DATA.BEST

# Starting at      12-04-2001     h. 15:42:21

# Minimum found at 12-04-2001     h. 17:08:48

# End of search at 12-04-2001     h. 19:54:59      after   91 trials

#

#    n     Sq.res.   rN00   fN00   tN00   rN00   fN00   tN00   rN00   fN00   

#    1 0.55033E+01   2.03  90.02   0.00   2.03  90.02  90.02   2.03  90.02 

#   41 0.42455E+01   1.99  90.02   0.00   1.99  90.02  90.02   1.99  90.02 

#        Rel.dev:   -0.03   0.00   0.00  -0.03   0.00   0.00  -0.03   0.00   

#

#    n  Norm    Ensh Fermi Broad   Slope  Epl1  Apl1  Epl2  Apl2

#    1 0.032    6.30 -2.07  1.78 0.00000 14.41 12.82 10.06  9.63

#   41 0.032    6.30 -0.56  1.83 0.00000 15.85 10.03  9.06  9.08#

#

#---------------FILE name_SAVE.OUT

# ..............................

# ------------ Important MINUIT output

# ..............................

# ------------ INPUT FILE COMMAND.MIN

# ..............................

# ------------ INPUT FILE DATA.name

# ..............................

# ------------ BEST FILE name_DATA.BEST

# ..............................

# --------------------------------

#

#  Energy     vavfp     sigmaa       sigmaz     sigmax      sigmay        best_fit     exper      broad      1st_Trial   sigmatnonorm   weight*step_en

   -2.006550    5.953801    1.280522    0.668838    0.458460    0.175743    0.634896    0.549066    1.992539    0.534116    0.009990    0.086840

.......................................

118.136620    5.954381    1.067459    1.059538    1.066317    1.069770    1.071705    1.082150    1.992539    1.074180    0.024500    2.351719

​​​​​​​​​​​​​_________________________________________________________________________

Output columns:

Energy: Energy points expressed in eV

vavfp : mfp (angst) for hlcmp potential, or gamma (eV) for real potential

sigmaa: calculated atomic cross section

sigmaz: calculated z-polarised cross section

sigmax: calculated x-polarised cross section

sigmay: calculated y-polarised cross section

best_fit: calculated best fitted cross section of the entire searching cycle (i.e. unpolarised or polarised spectrum with eventually added normalization and broadening to fit the experimental data)

exper: experimental data eventually shifted in energy, and interpolated on the theoretical grid

broad: width of the convoluting lorentian function (in eV) 

1st_trial: calculated best fitted cross section of the first trial (i.e. unpolarised or polarised spectrum with eventually added normalization and broadening to fit the experimental data)

sigmatnonorm: unpolarised or polarised spectrum of the best fitting trial without adding normalization and broadening to fit the experimental data). It is useful when calculating absorption from multiple sites.

weight*step_en: statistical weight w(i), multiplied by the energy step. It is applied to the calculation of the square residue. If the energy step is constant (xscale=1.0), and the option N is used for the statistical weight in file COMMAND.MIN, then w(i)=1 and the calculated square residue leads to the statistical chi-square function. 

Note: The output file name.BEST can be easily read and the results plotted by KALEIDAGRAPH, or similar packages able to handle files with multiple column format. The file is written every time the fit is improved, and can be accessed by the user when the procedure is running.
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