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          Chapter 1

          INTRODUCTION
          ____________________________________________________________

This manual contains information necessary to operate MMS

V2.9., a general purpose Mossbauer data handling and least squares fit program written by Laszlo Bottyan, Gyula Fodor, Katalin Kulcsar and Denes L. Nagy, Central Research Institute for Physics, Budapest, P.O.B. 49. H-1525, Hungary.

Information in this document is subject to change by the authors without notice. An effort has been made to minimize inconsistency within the text itself and between the text and version 2.9. of MMS. However, this is the first full documentation of the program, therefore errors have probably crept in. The user is encouraged to make comments on the program or this document either by writing directly to the authors or via the distributors.

The program is distributed by

Modular Mossbauer Systems,

Central Research Institute for Physics, Budapest, P.O.B. 49.

H-1525, Hungary

And 

Wissenschaftliche Elektronik GmbH,

Pilotystr. 3, D-8130 Starnberg, FRG.

The software described in this document is furnished under a licence agreement. According to this agreement, the customer(who's name and address is displayed at startup of MMS) is encouraged to make copies for backup purposes and for local use of the program at the above location. It is against the law, however, to supply other groups with a copy of any part of the MM/Sirius distribution diskette.

The program and documentation is updated from time to time. A maximum effort will be made to supply the costumers with the most up to date version of MM/Sirius and this manual. Updates of versions 3.0 and earlier will be supplied at no extra cost.

MM/Sirius User's Guide describes the mathematical background and practical use of MMS V2.9.
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This manual is organized as follows:

Chapter 2 "Least squares fit of Mossbauer spectra" introduces the reader into the T-matrix technique, the basic mathematical feature of MM/Sirius. Understanding is helped by examples of T-matrices for the 57-Fe case. Reliability of the fitted parameters and different convergence criteria are discussed.

Chapter 3 "MMS V2.9. Operator's Guide" guides through all

items of the five menus.
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          Chapter 2

          LEAST SQUARES FIT OF MOSSBAUER SPECTRA
          ____________________________________________________________
2.1.   Overview

2.2.   Fit with independent lines

2.3.   Introducing constraints

2.4.   The linear constraints approach - T-matrices

2.4.1. Definitions

2.4.2. Parameter types

2.4.3. Line amplitudes and line intensities

2.4.4. T-matrices and velocity scale calibration

2.4.5. Examples of T-matrices - 57-Fe case

2.4.6. Standard T-matrix format

2.5.   Reliability criteria

2.6.   Convergence criteria

2.7.   References

          2.1. Overview

Evaluation of each Mossbauer spectrum presents a new least squares fit problem. The Mossbauer spectrum of a thin absorber consists of a sum of Lorentzians. Lorentzians have long tails, therefore peaks of the spectrum can not be fitted independently. A simultaneous fit of n peaks is an iteration for 3*n+1 parameters (additional two, if the base line has slope and curvature). Every iteration step involves the calculation and inversion of a matrix of order 3*n+1 which is rather time-consuming if n is big.
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In most cases, however, only a few of the 3*n+1 parameters are physically independent. E.g. in the case of the 57-Fe containing powder samples with quadrupole interaction, weak compared to the magnetic one, only 6 of the 19 parameters (base line, amplitude, magnetic field, quadrupole splitting, isomer shift and line width are independent. The corresponding constraints should be imposed on the 3*n+1 dependent line parameters.

The constraints result in a new function which is to be fitted to the measured spectrum instead of the sum of independent Lorentzians. There are several ways to solve this problem. One can establish new programs, new subroutines for every new physical problem, so that the program determines the independent parameters directly. On the other hand, more general programs can be written so that the order of the matrix to be inverted may always be kept 3*n+1 and the constraints are taken into account in each iteration before the calculation of the matrix and after the inversion.

The first method is rather inconvenient to use but the programs are fast. The second one is simple, general and slow.

MM/Sirius (MMS) attempts to unify the advantages of the above two methods. The basic idea used in MM/Sirius is that almost all constraints that occur in the evaluation of Mossbauer spectra can be described in terms of an inhomogeneous linear transformation of the parameters by which the iteration needs only be carried out for the independent parameters. This is called the "T-matrix technique" [1] which will be described in more detail later on. MM/Sirius enables the user to take general constraints into account and, in spite of this fact, it is relatively fast.

              2.2.   Fit with independent lines

Theoretically, the Mossbauer spectrum of a thin absorber (in a great majority of cases) consists of a sum of Lorentzians with negative amplitudes on a more or less constant background:

               
    q     4               A(r)

f(i) = C*(i**2)+S*i+B - Σ  ------- * ----------------------  (1)

             

   r=1  W(r)**2  (i-p(r))**2+(W(r)/2)**2

Here, i is the channel number, B is the background. S and C takes slope and curvature of the background into account, which, for modern spectrometers, can often be neglected. In the relevant fourth term of (1) q is the number of peaks
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A(r) the amplitude, p(r) the position and W(r) the width of the r-th peak.

Now, we want the best values of the peak parameters. Therefore a least squares fit of f(i) to the experimental data y(i) is performed:

                          n

          (chi-square) =  Σ w(i) * (f(i,{a})-y(i))**2 = min. (2)

                         i=1

In equation (2) and from now on, the parameters C, S, B, A(r), p(r) and W(r) are symbolized by the vector {a}. The weight of the i-th term w(i) may be chosen to be 1/y(i).
A Newton iteration is almost always suitable for Mossbauer data fitting in its simplest form. One should, however, protect the algorithm from going to false minimum of the chi-square surface. This may happen if the initial parameters have been estimated very inaccurately. A protection is made by introducing a cage for the correction vector delta(a). If delta(a) is larger than the cage it will be multiplied by cf<1 so that cf*delta(a) will point to the border of the cage. There is an algorithm in MM/Sirius for a safe determination of the cage.

              2.3.   Introducing constraints

Suppose, all elements of vector {a} should be completely extracted from the experimental data. In such a case, the number of free parameters is p=3*q+1 (to 3*q+3, if a slope and/or a curvature of the baseline is to be taken into account). From complex spectra with many overlapping peaks it is, however, impossible to extract all of these parameters independently. In fact, in most cases the elements of vector {a} are not independent of one another. In general, there are constraints among these parameters known from theory or from another experiment. Such constraints are e.g.:

                       - certain line widths are equal,

                   - certain amplitudes have a known ratio,

                   - certain positions can be expressed in

                       – terms of a few parameters (isomer shift,

                   – quadrupole splitting, magnetic field, etc.)

                   - certain parameters have fixed values.

Let the number of the independent parameters be m<p. Furthermore, let the independent parameters  be symbolized by a vector {b} of m elements:

                        {b} = (b(1), b(2), ... b(m))          (3)
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              2.4.   T-matrices - the linear constraints approach

              2.4.1. Definitions

Now, most constraints in Mossbauer spectrometry can be described as an inhomogeneous linear transformation of these parameters:

                              m

                       a(j) = Σ T(j,k) * b(k) + C(j)        (4)

                             k=1

The elements T(j,k) of the transformation matrix T and vector C(j) are constants and characteristic for the actual set of constraints. For each set of constraint there is a corresponding matrix T and vector C (From now on T-matrix and C-vector).

The above method enables one to carry out the whole iteration procedure in the space of the {b}-parameters. Since these are the physical parameters of interest, the method directly yields the values, the standard deviations and the correlation coefficients of the physically relevant parameters.

              2.4.2. Parameter types

It may not be necessary to perform the complete transformation (4). In practice, many elements of T(j,k) vanish. At this point one should consider 6 different types of parameters: curvature, slope, baseline, amplitude, position and width type parameters.

The former three types describe the background, the latter three types characterize the absorption lines. An example for an amplitude type parameter is the total intensity of a certain constituent; an example of a position type parameter is the hyperfine magnetic field.

Constraints are almost always so that T(j,k) is block diagonal, i. e. parameters are transformed within one group only. The corresponding transformation matrices will be denoted by TC, TS, TB, TA, Tp and TW. The first three matrices are 1x1, i.e., simple real numbers. The transformation matrices of physical interest are TA, Tp and TW. Specific examples for these matrices will be shown in Section 2.4.5.
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              2.4.3. Line amplitudes and line intensities

The functional form of a Mossbauer spectrum can also be written as:

           

   q        8                  I(r)

f(i)= C*(i**2)+S*i+B- Σ   ----------- * ------------------- (10)

       
            r=1  Π * W(r)**3 (i-p(r))**2+(W(r)/2)**2

Here, I(r) denotes the intensity (area) of the r-th line while the other symbols have the same meaning as in equation (1). It is, therefore, possible to describe a line by its intensity, position and width rather than by its amplitude, position and width. This form is more convenient when constraints are formulated because the physical constraints hold for the intensities rather than for the amplitudes. MMS V2.9. has amplitude and intensity modes. The independent parameters are amplitude, position and width, in the first regime and intensity, position and width in the second regime.

              2.4.4. T-matrices and velocity scale calibration

The position an width type parameters are used in channel units in the numerical calculations. For the independent position width type parameters it is, however, more convenient to choose some other units (e.g. mm/s or T) which depend on the calibration belonging to the spectrum. One can, of course, write new T-matrices and C-vectors for every calibration. A calibration is characterized by channel i0, the centre of some reference spectrum (alpha-Fe at 295 K for the 57-Fe case) and the calibration factor k [mm/s/channel]. It is, however, much more convenient to use T-matrices and C-vectors which belong to i0=0 and k=1 and to calculate the T-matrices and C-vectors corresponding to the actual calibration automatically. This feature is also supported by MMS V2.9.

              2.4.5. Examples of T-matrices - 57-Fe case

In this section some typical transformation matrices will be constructed for the 57-Fe case to elucidate the method. The rows of the matrices belong to the peaks, the columns to the independent parameters.
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                2.4.5.1. Two independent lines (no constraints)

                       I       I           I   I

                       I 1   0 I           I 0 I

                 TA =  I       I      CA = I   I

                       I 0   1 I           I 0 I

                       I       I           I   I

                       I       I           I   I

                       I 1   0 I           I 0 I

                 Tp =  I       I      Cp = I   I        (11)

                       I 0   1 I           I 0 I

                       I       I           I   I

                       I       I           I   I

                       I 1   0 I           I 0 I

                 TW =  I       I      CW = I   I

                       I 0   1 I           I 0 I

                       I       I           I   I

As a rule, if no constraints should be taken into account 

all transformation matrices are unity matrices and all transformation vectors vanish.

                 2.4.5.2. Hyperfine magnetic splitting with small

                          quadrupole interaction - powder case

                         I   I                 I   I

                         I 3 I                 I 0 I

                         I   I                 I   I

                         I 2 I                 I 0 I

                         I   I                 I   I

                    TA = I 1 I            CA = I 0 I

                         I   I                 I   I

                         I 1 I                 I 0 I

                         I   I                 I   I

                         I 2 I                 I 0 I

                         I   I                 I   I

                         I 3 I                 I 0 I

                         I   I                 I   I

                 I                    I        I   I

                 I 1   0.5   -0.16066 I        I 0 I

                 I                    I        I   I

                 I 1  -0.5   -0.09298 I        I 0 I

                 I                    I        I   I

            Tp = I 1  -0.5   -0.02536 I   Cp = I 0 I    (12)

                 I                    I        I   I

                 I 1  -0.5    0.02536 I        I 0 I

                 I                    I        I   I

                 I 1  -0.5    0.09298 I        I 0 I

                 I                    I        I   I

                 I 1   0.5    0.16066 I        I 0 I

                 I                    I        I   I
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                         I   I                 I   I

                         I 1 I                 I 0 I

                         I   I                 I   I

                         I 1 I                 I 0 I

                         I   I                 I   I

                    TW = I 1 I            CW = I 0 I

                         I   I                 I   I

                         I 1 I                 I 0 I

                         I   I                 I   I

                         I 1 I                 I 0 I

                         I   I                 I   I

                         I 1 I                 I 0 I

                         I   I                 I   I

The independent parameters are the amplitude (or intensity) of the third line of the Zeeman subset, isomer shift, quadrupole splitting ((e**2)*q*Q/2), hyperfine magnetic field (in T) and a common width for all lines. The components of Tp belonging to the magnetic field correspond to the data reported by Violet and Pipkorn [2].

                2.4.5.3. The same as 2.4.5.2. but with a fixed

                         quadrupole splitting 0.4 mm/s

                         I   I                 I   I

                         I 3 I                 I 0 I

                         I   I                 I   I

                         I 2 I                 I 0 I

                         I   I                 I   I

                    TA = I 1 I            CA = I 0 I

                         I   I                 I   I

                         I 1 I                 I 0 I

                         I   I                 I   I

                         I 2 I                 I 0 I

                         I   I                 I   I

                         I 3 I                 I 0 I

                         I   I                 I   I

                  I                I         I      I

                  I 1     -0.16066 I         I  0.2 I

                  I                I         I      I

                  I 1     -0.09298 I         I -0.2 I

                  I                I         I      I

             Tp = I 1     -0.02536 I    Cp = I -0.2 I   (13)

                  I                I         I      I

                  I 1      0.02536 I         I -0.2 I

                  I                I         I      I

                  I 1      0.09298 I         I -0.2 I

                  I                I         I      I

                  I 1      0.16066 I         I  0.2 I

                  I                I         I      I
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                         I   I                 I   I

                         I 1 I                 I 0 I

                         I   I                 I   I

                         I 1 I                 I 0 I

                         I   I                 I   I

                    TW = I 1 I            CW = I 0 I

                         I   I                 I   I

                         I 1 I                 I 0 I

                         I   I                 I   I

                         I 1 I                 I 0 I

                         I   I                 I   I

                         I 1 I                 I 0 I

                         I   I                 I   I

Now the quadrupole splitting is missing from the independent parameters, instead, the fixed quadrupole shifts appear in Cp. The C-vector does not appear, in fact, in the user surface of MMS V2.9. Case 2.4.5.3. can be generated in the program by calling the T-matrix of case 2.4.5.2. and fixing the quadrupole splitting to 0.4. The program automatically generates the above T-matrix and the C-vector for case 2.4.5.3..

               2.4.5.4. Alpha-iron calibration

                       I           I           I   I

                       I 1   0   0 I           I 0 I

                       I           I           I   I

                       I 0   1   0 I           I 0 I

                       I           I           I   I

                       I 0   0   1 I           I 0 I

                  TA = I           I      CA = I   I

                       I 0   0   1 I           I 0 I

                       I           I           I   I

                       I 0   1   0 I           I 0 I

                       I           I           I   I

                       I 1   0   0 I           I 0 I

                       I           I           I   I
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                      I             I          I   I

                      I 1    -5.312 I          I 0 I

                      I             I          I   I

                      I 1    -3.077 I          I 0 I

                      I             I          I   I

                 Tp = I 1    -0.840 I     Cp = I 0 I    (14)

                      I             I          I   I

                      I 1     0.840 I          I 0 I

                      I             I          I   I

                      I 1     3.077 I          I 0 I

                      I             I          I   I

                      I 1     5.312 I          I 0 I

                      I             I          I   I

                       I           I           I   I

                       I 1   0   0 I           I 0 I

                       I           I           I   I

                       I 0   1   0 I           I 0 I

                       I           I           I   I

                       I 0   0   1 I           I 0 I

                 TW =  I           I      CW = I   I

                       I 0   0   1 I           I 0 I

                       I           I           I   I

                       I 0   1   0 I           I 0 I

                       I           I           I   I

                       I 1   0   0 I           I 0 I

                       I           I           I   I

The independent parameters are the amplitude (or intensity) of the first and the sixth, of the second and fifth and of the third and fourth lines, the centre of the spectrum, the inverse calibration factor (in channel/(mm/s)) and the width of the first and the sixth, of the second and fifth and of the third and fourth line, respectively.
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              2.4.6. Standard T-matrix format

MM/Sirius stores and reads in T-matrices in a standard format. For example, the T-matrix corresponding to case 2.4.5.2. is the following:

           T-matrix                      Explanation

               6            No. of Lorentzians

               0            No. of curvature-type parameters

               0            No. of slope-type parameters

               1            No. of base line-type parameters

               1            No. of amplitude-type parameters

               3            No. of position-type parameters

               1            No. of width-type parameters

               Iron sextet + Q.S. title of the T-matrix

             Base line          name of the base line-type param.

               1                  TA

             Amplitude 3,4      name of the amplitude-type param.

               3

               2

               1                          elements of TA

               1

               2

               3

             Isomer shift       name of the first pos.type param.

               1

               1

               1                          first column of Tp

               1

               1

               1

            Quadr. spl.        name of the second pos.type param.

               0.5

              -0.5

              -0.5                       second column of Tp

              -0.5

              -0.5

               0.5

            Width              name of the width-type param.

               1

               1

               1                            elements of TW

               1

               1

               1

               ETM                          end-of-T-matrix mark

This format should be used if one wants to create a T-matrix by a text editor for a particular physical problem.
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              2.5.   Reliability criteria

The reliability of a fit is usually characterized by the socalled relaive chi-square: (chi-square)/ <chi-square>, where < > denotes the expectation value. It is known from mathematical statistics, that

                        <chi-square> = n - m                  (5)

Two further characteristic quantities are used in the literature and calculated by MM/Sirius. One is the deviation of chi-square from its expectation value in units of its standard deviation:

                           (chi-square) - <chi-square>

                    RCHI = ---------------------------        (6)

                                sigma(chi-square)

For a proper fit -3<RCHI<3 is expected.

The second quantity is Misfit along with its error introduced by Ruby [3]. Misfit is the actual chi-square minus its expectation value divided by the chi-square minus its expectation value which would be obtained in the case of a straight line fit (actually the baseline only). Misfit is therefore zero (within its error) for a good fit and unity for a really bad fit. Misfit does not depend on the measurement statistics, therefore the adequacy of fits of two spectra can be compared on the basis of the misfit, unlike the chi-square, which is dependent on the statistical error of the measured points.

              2.6.   Convergence criteria

The iteration procedure is, in principle, infinite. There are no general rules to construct the convergence criteria for a data fitting program. For different purposes different convergence criteria should be formulated. One can hardly say that one of them is better than others. Moreover, different convergence criteria can be formulated for the same procedure. These conditions should be chosen so that under normal circumstances all should be fulfilled at the same iteration step.

MM/Sirius uses the following convergence criteria, based on long term experience:

                               |Δb(k)|

                         max --------------- < 0.2         (7)

                          k      sigma(k)

                            |Δb(k)|

                     max -------------------- < 0.01       (8)

                      k   |b(k)| + cage(k)

and
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                            Δ(chi-square)

                          ----------------- < 0.02         (9)

                             <chi-square>

sigma(k) being the statistical error of b(k) in the last iteration and  <    > denotes the expectation value.
              2.7.   References
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[2] C.E. Violet, D.N. Pipkorn, J.Appl.Phys. 42, 4339 (1971)

[3] S.L. Ruby, in Mossbauer Effect Methodology, Vol.8, ed. I.J. Gruverman, Plenum Press, New York - London, 1973, p. 263
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          Chapter 3

          MM/SIRIUS V2.9. OPERATOR'S GUIDE
          ____________________________________________________________

               3.1. Using menu selections

               3.2. Using the main menu

               3.3. Using the transfer menu

               3.4. Using the spectrum editor menu

               3.5. Using the fit menu

               3.6. Using the acquisition menu

               3.7. Using the options menu

               3.8. DOS shell facility

               3.1 Using menu selections

MMS V2.9. runs on IBM/XT/AT compatible computers under the operating system DOS 3.0 or later. It is fully menu-driven and provides a considerable comfort.

Within a menu, one can alternatively select an item by the arrow, the PgUp/PgDn keys or the space bar and initiate the corresponding action by pushing the Enter key. One keystroke select-and-execute facility is offered by the function keys Item 1 corresponds to function key F1, etc. A natural offer scheme is used throughout, so that one can often execute considerable part of the task just by pushing the Enter key. The Escape key transfers control to the menu one level higher.
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               3.2. Using the main menu

                         F1: TRANSFER MENU

                         F2: EDITOR MENU

                         F3: FIT MENU

                         F4: ACQUISITION MENU

                         F5: OPTIONS MENU

                         F6: DOS SHELL

F1, F2 and F3 transfer control to the transfer, editor and fit menus, respectively. F4 transfers control to the data acquisition program (CMCA for WissEl customers). F5 calls the options menu for setting the program profile. Finally, F6 ensures the DOS transparency of MMS V2.9.

               3.3. Using the transfer menu

                         F1: SPECTRUM from FILE

                         F2: SPECTRUM via COM

                         F3: SAVE SPECTRUM

                         F4: SAVE FITTED CURVE

                         F5: SAVE CURRENT STATUS

                         F6: RESTORE LAST STATUS

                    3.3.1. SPECTRUM from FILE

Two spectrum file formats are supported by MMS V2.9.: ASCII and unformatted. The default extension for ASCII files is .ASC while for unformatted files is .UNF. Any other or no extension is also catered, but in those cases the user should ensure the right format option. (cf. "Spectrum format" in options menu) ASCII files contain the channel contents and can easily be generated or read by any other program. On the other hand, those files are rather long and I/O is quite time-consuming. Typical unformatted files are over a factor of two shorter and I/O is a factor of four faster but they can only be read by MM/Sirius itself.

When a spectrum filename is being asked, you need not give the extension of the filename. The program looks for the spectrum with any extension of the above two on the current spectrum drive and directory given in the options menu (item 21). The first attempt is made with no extension then the valid extension as set in the options menu (item 4). If the spectrum is found with the other extension that will be set the new default extension. If a blank filename is given, the program lists the current directory for the first time, and a "FILE NOT FOUND ERROR" is displayed for the second time.
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                    3.3.2. SPECTRUM via COM

With a number of stand alone MCAs with RS232C serial output, you can use MM/Sirius with no acquisition software module. MM/Sirius version 2.9 explicitly supports the analyzers IMA, ICA (products of the Central Research Institute for Physics, Budapest). For other analyzers option "USER" can also be used by setting appropriate numbe rs 6-8 in the options menu.

The spectrum will be read on the current communication port (item 5 of the options menu) and will be stored with the given filename and default extension in the current spectrum directory prior to offering the spectrum display option.

                    3.3.3. SAVE SPECTRUM

You may edit (fold, reverse, strip, etc.) your spectrum after which you may want to save the edited version. If the filename with the current extension already exists, the program asks whether you want to use another filename or you want to overwrite the old one. The spectrum is saved in the current spectrum drive and directory. A different drive and path specification may also be given here, which does not effect the default setting.

                    3.3.4. SAVE FITTED CURVE

The theoretical curve represented by the current set of peak parameters (fitted or simulated curve) can also be saved (e.g. for plotting). It will be saved on the current spectrum drive in the default spectrum directory. The default extension of the filename of the fitted (or simulated) spectrum is FIT. Spectrum filename with .FIT extension is offered. Spectrum title is not effected.

                    3.3.5. SAVE CURRENT STATUS

The current status (spectrum, T-matrix, fit parameters and all settings of the program) can be saved for later use in a file of fixed name: COMMON.DAT. The status will be saved in the current directory. If you want to save different evaluation types/states from MMS V2.9., use the DOS shell facility to change directory or rename the COMMON.DAT file.

Before leaving MMS V2.9., saving current status will explicitly be offered again.
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                    3.3.6. RESTORE LAST STATUS

The last status of the program and data will be restored from the current directory. If no status has been saved, a "COMMON.DAT not found" message appears and no action is taken.

               3.4. Using the spectrum editor menu

                         F1: DISPLAY SPECTRUM

                         F2: SPECTRUM TITLE

                         F3: OVERFLOW CORRECTION

                         F4: SPECTRUM INTERVAL ZEROed

                         F5: FOLD SPECTRA

                         F6: REVERSE SPECTRUM

                         F7: STRIP SPECTRA

                         F8: CUT OFF END

                         F9: SAVE SPECTRUM
                    3.4.1. DISPLAY SPECTRUM

The spectrum will be displayed with no fitted curve even if there is one. Channels of zero content are not displayed. An autorange facility ensures that the spectrum stretches over a suitable area of the screen. The horizontal scale is given in channels. If the spectrum has already been calibrated yet (see FIT MENU, item 1) horizontal scale is given in mm/s. The file name, current date and time and spectrum title are displayed in the first two text lines.

The second line from the bottom shows the position of the cursor and the contents of the corresponding channel. The last number of this line (in parentheses) is the deviation of the channel contents from the base line (useful when estimating line amplitudes).

The cursor can be moved with the left/right arrow keys. Fast positioning is possible by the SHIFT/arrow and CTRL/arrow keys.

The spectrum can be zoomed in and out around the cursor position by pressing the up and down arrow keys.

The channel content at the cursor position can be changed by pressing the E key. You may replace any channel contents by any positive number or zero. If a channel is to be omitted its contents should be zeroed. (In fact, w(i) of eqn. (2) is 1/y(i) unless y(i) is zero, in which case w(i) = 0.)
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If your system enables a graphics screen dump to a printer, a hardcopy of the displayed spectrum can be obtained by pressing the D or * key. The screen dump will be identical to the displayed spectrum but the cursor will be removed and the last two lines will be replaced by "Velocity in channels" for noncalibrated and "Velocity in mm/s" for a calibrated spectrum.

                    3.4.2. SPECTRUM TITLE

The title of the spectrum can be displayed and changed if desired by typing the new title, or kept as it is by pressing ENTER.

                    3.4.3. OVERFLOW CORRECTION

If there has happened an overflow in the MCA (this may occur in case of two bytes representation of the channel content) you may add n times the maximum channel contents to the whole spectrum. In case of a partial overflow (some parts of the spectrum have overflowed n+1 times while other parts n times only) an automatic correction can be attempted. This procedure is usually successful unless the peaks are very steep. Even many times partially overflowed spectra can be corrected this way. If automatic correction is not successful the correction should be made manually. As a rule of thumb, partial overflow should be avoided if possible.

                    3.4.4. SPECTRUM INTERVAL ZEROED

If certain regions of the spectrum are to be omitted those channel contents should be zeroed. You may discard one or more intervals of your spectrum. MMS V2.9. ignores channels of zero content both in display and fit.

                    3.4.5. FOLD SPECTRUM

If a mirror pair of spectra is measured you may evaluate it in three ways:

· you may fit both spectra independently and may average the fitted parameters;
· you may write a T-matrix which fits both spectra simultaneously with the independent parameters of one spectrum (some of them, e.g. curvature may be different for the two spectra because of geometric effects) and with the folding point which may or may not be known from some previous measurements;
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· you may fold the spectrum around some (already known) folding point. If doing so, one  should verify if one spectrum is a proper mirror image of the other by checking the fitted line width.

Version 2.9 enables folding the spectrum around some given folding point.

                    3.4.6. REVERSE SPECTRUM

Sometimes it may be useful to reverse the full spectrum (e.g. to compare emission spectra with absorption ones or if you use both ends of a velocity transducers). The first and last, the second and the last but one, etc. Channels will be interchanged.

                    3.4.7. STRIP SPECTRA

An additive constant and a second spectrum read from the current spectrum drive and directory multiplied with a number will be subtracted from or added to the current spectrum which will be replaced by the resultant spectrum.

                    3.4.8. CUT OFF END

You may want to use only part of your spectrum (e.g. uprange mirror spectrum). The program asks for the last channel to keep. The rest of the spectrum will be discarded. If you want to use the second half of spectrum, you have to reverse first and cut off the end afterwards.

                    3.4.9. SAVE SPECTRUM

The same as the corresponding item in the transfer menu.

               3.5. Using the fit menu

                         F1: CALIBRATION

                         F2: T-MX from FILE

                         F3: INPUT / DISPLAY PARAMS

                         F4: DISPLAY DATA / FIT

                         F5: START FIT

                         F6: PRINT PARAMS

                         F7: FIT BOUNDS

                         F8: DISPLAY T-MX

                         F9: SAVE T-MX

                         F0: OPTIONS MENU
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                    3.5.1. CALIBRATION

The calibration factor (in (mm/s)/channel) and the zero velocity channel will be set. If you press the ENTER key instead of giving the calibration factor, a possibility for giving the reciprocal calibration factor (in channel/(mm/s)) will be offered. This feature may be used if the calibration spectrum has been evaluated using the T-matrix of eqn. (14).

The calibration transforms, internally, the T-matrix itself. Therefore, the new calibration factor resets the T-matrix flag. (If you have inadvertently reset the T-matrix and you enter the parameter input routine, the T-matrix is validated again.)

                    3.5.2. T-MX from FILE / ( KEYBOARD )

MM/Sirius system includes a T-matrix library which can be extended by the user. Each T-matrix is a file in the current T-matrix drive and directory. There is no default extension of the T-matrix files. The supplied T-matrices, however, follow a filename convention: Tnmopr.MAT, where n is the number of Lorentzians, m,o,p are the numbers of intensity, position and width type parameters, r is the version number. (There might be different types of e.g. six line spectra with the same number of parameters.)

The T-matrix of the given name will be read from the current T-matrix drive and directory (cf. item 22 of the options menu). If no filename is given, the program lists the current directory.

The new T-matrix resets the parameters.

If the current T-matrix input device is the keyboard rather than a disc (cf. item 18 of the options menu) the present item will be replaced by "T-MX from KEYBOARD". This feature assists to enter a new T-matrix from the keyboard. To modify or correct T-matrices you can use a text editor.

                    3.5.3. INPUT / DISPLAY PARAMS

The fit parameters will be displayed one after the other and an option to change them will be offered. You may leave a parameter value unchanged by pressing the ENTER key.
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Having given all parameters, you may fix any of them and you also may change the fixed values. The serial number of the parameters to fix should be entered in increasing order. If you want to make a fixed parameter free again you simply reenter the present option.

                    3.5.4. START FIT

Fitting will be started using the last parameter values. At the beginning of the fit you may want to have base line and amplitudes (intensities) renormalized (cf. item 2 of the options menu). This means that the base line will be recalculated from the spectrum and the amplitude- (or intensity-) type parameters will be renormalized accordingly. This feature may be advantageous if you evaluate a series of spectra which have similar shifts and splittings but differ from each other in the count rate.

The fit can be interrupted after each iteration (cf. item 1 of the options menu). Then you may answer the question "STOP FIT? (Y/N)" by answering "Y" or "N".Any other keystroke than "Y" or "y" is equivalent to the answer "N". The parameters may be continuously displayed on the screen or on the printer (cf. items 14 and 16 of the options menu) along with their last corrections and with three further numbers corresponding to eqns. (7), (8) and (9). The numbers in parentheses are the respective convergence criteria. The fourth number followed by "(1.0)" is the cage factor cf.

You may switch off the cage control at your own risk (cf. item 13 in the options menu). This may speed up convergence but the chance to land in a false minimum of the chi-square is high.
The maximum number of iterations may be set to 15 or uncontrolled (cf. item 15 of the options menu).

                    3.5.6. PRINT PARAMS

Whether the evaluation has been successful or not, you may print out the current values of the parameters along with their errors. First the title of the spectrum and that of the T-matrix will be output. Also the status of the fit (convergent or interrupted) and the number of iterations will be reported.

The quality of the fit is characterized by the absolute and relative chi-square and the deviation of chi-square from its expectation value (cf. eqn. (6)). In the next line misfit and its error will be reported.
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This is followed by the parameters and their errors. (Fixed parameters, however, do not have an error.) Afterwards (if item 11 of the options menu is set accordingly) the normalized correlation (covariance) matrix will be printed out. Matrix elements which describe a strong correlation of some parameters (i.e. the absolute value of which is greater than 0.5) will always be printed in the fit report along with the names of the two parameters concerned.
                    3.5.7. FIT BOUNDS

The program automatically sets the first and last channel to consider in fit to 6 and N-5, respectively, where N is the number of channels in the spectrum. This setting may be changed here. If more than one part of the spectrum is to be fitted counts in the regions to be ignored should be zeroed. (Item 4 in editor menu).

                    3.5.8. DISPLAY T-MX

The current T-matrix will be listed on the screen.

                    3.5.9. SAVE T-MX

The current T-matrix will be saved on the current T-matrix drive and directory (cf. item 22 of the options menu). You will be prompted with a question of the filename of the T-matrix to be saved.

                    3.5.10. OPTIONS MENU

The same option as item 5 in the main menu. See paragraph 5.

               3.6. Using the acquisition menu

Via this option, MMS V2.9. calls the data acquisition program which may be different for different MCAs. WissEl customers are supplied with the acquisition program CMCA which controls WissEl's CMCA multichannel scaler module.

The acquisition program CMCA has its own help facility, that is why this program will not be detailed here.

In the main menu of CMCA there is an option of transferring control to MMSV2.9. Ones MMS V2.9. is called, the complete setup of CMCA is saved and the current spectrum file and directory is transferred to MMS V2.9. which attempts to read it. When leaving MMS V2.9., no spectrum is transferred to
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CMCA. CMCA starts up with its previous setup. If you want to come back to the same point of evaluation in MMS V2.9., you can save the status prior to calling the acquisition module by the current menu item.

If item 10 of the options menu has been set accordingly, MMS V2.9. transfers control to CMCA at startup.

               3.7. Using the options menu

This menu is rarely used during the evaluations. The settings of MMS V2.9. are stored in a program information- (setup-) file MMS.PIF on the distribution diskette. The current setup can be saved in MMS.PIF by pressing the S key. The C key enables changing any profile item. To quit options menu press the ENTER or ESC key. If the directory you start MMS V2.9. from does not contain a proper MMS.PIF file default values will be taken which do not necessarily fit to your demands and configurations. A warning message will be displayed in such a case.

The meaning of the profile items:

· Option 1: If 1, fit will be interrupted after each iteration. If 0, the fit runs until the convergence criteria have been fulfilled or the maximum number of iterations has been reached (cf. "START FIT" of the fit menu).

· Option 2: If 1, the base line and the amplitudes/intensities will be renormalized at the beginning of the fit, if 0 then not (cf. "START FIT" of the fit menu). 

· Option 3: If 0, MMS V2.9. operates in amplitude mode (cf. eqn. (1)), if 1, in intensity mode (cf eqn.(10)).

· Option 4: If 0, the primary spectrum format is unformatted, if 1, it is ASCII (cf. "SPECTRUM from FILE" in the transfer menu).

· Option 5: If 1, the active communication port is COM1, if 2, it is COM2. This setting is only valid for spectrum transfer in the transfer menu ("SPECTRUM via COM") and not for the data acquisition program (e.g. CMCA) which may have its own communication port setting.
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· Option 6: Decimal value of the current communication port initialization byte for setting baud rate, parity, number of stop and word bits. In case of difficulty consult your IBM XT or AT Technical Reference Manual (Int 14 BIOS ROM listing).

· Option 7: A number made up of three two digit parts. The first two digits mean the number of digits per channel as it is sent from the analyzer via the comm port. The second two digits stand for decimal ASCII for the NL identifier (normally 12) until which digits should be discarded. The third two digits stand for decimal ASCII of the the block identifier of first kind (dependent on the make of the analyzer).

· Option 8: A number made up of three two digit parts. The first two digits mean decimal ASCII for the end of record identifier, the second two stand for that of the block identifier of second kind and the third two for that of the carriage return (normally 13)

· Option 9: Channel number to automatically zero the content of. In some analizers in particalar channels information other than counts is stored. This facility helps to get rid of this false information.

· Option 10: If 0, control is transferred at startup to MMS V2.9., if 1, to CMCA (cf. acquisition menu).

· Option 11: If 1, the full correlation (covariance) matrix will be printed when results are output, if 0, it will not be printed (cf. "START FIT" of the fit menu).

· Option 12: Number of data points, ns, to skip in fit. Contents of channel ns, 2*ns, 3*ns, etc. are only taken into account in fit. Slightly incorrect but fast initial fit can be achived.

· Option 13: If 1, the cage control during the iteration is on, if 0, it is off (cf. "START FIT" of the fit menu).

· Option 14: If 0, the parameters, their standard deviations and the status of the stop conditions will be output after each iteration, if 1, there is no such output during iteration. (cf. "START FIT" of the fit menu).

· Option 15: If 0, the maximum number of iterations is 15. If 1, there is no limitation on the number of iterations. (cf. "START FIT" of the fit menu)
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· Option 16: If 0, the display device for the parameters output after each iteration is the screen. If 1, the display device is the printer (cf. "START FIT" of the fit menu)

· Option 17: If 0, drive motion in linear, as a function of time, if 1, drive motion is sinusoidal. Version 2.9 of MM/Sirius supports sinusoidal calibration

· Option 18: If 0, the T-matrix input device is the current T- matrix drive and directory, if 1, it is the keyboard (cf. "T-MX from FILE / KEYBOARD" of the fit menu).

· Option 19: The supported graphics adapter can be selected. If 0, the IBM Color Graphics Adapter (CGA), if 1, the Hercules Monochrome Graphics Card, (HGC) if 2, the Olivetti Enhanced Graphics Adapter will be supported. MM/Sirius can also be used in an IBM Enhanced Graphics Adapter (EGA) environment. MMS V2.9 configures the EGA to resolution 640x200, (4 colors). EGA colors can be selected by a submenu.

· Option 20: Palette color code (0 to 15). Selects the CGA graphics screen's foreground color.

· Option 21: Default spectrum drive and directory (cf. "SPECTRUM from FILE" and "SAVE SPECTRUM" of the transfer menu) If no other path is specified, spectra are written to and read from this drive directory.

· Option 22: Default T-matrix drive and directory (cf. "T-MX from FILE /KEYBOARD" and "SAVE T-MX" of the fit menu). Same applies as for Option 21.

               3.8. DOS shell facility

MMS V2.9 ensures full DOS transparency. Having chosen this option a second DOS shell is activated in the computers memory, and a DOS prompt appears on the screen. You may then enter any sequence of DOS commands or call other programs (e.g. editors, communication programs, etc.) provided that those fit into the rest of the memory. You leave DOS and resume MMS V2.9. in its last status by entering the EXIT command after the DOS prompt.

