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1 Introduction

The goal of the SSSM (SRIM Supporting Software Module) application is to provide a comprehensive means for the statistical analysis and presentation of the stopping, range, position, momentum and angular distributions of ions escaping a target material. The program processes a TRANSMIT.TXT output file generated by the underlying SRIM program. 

Besides this basic functionality, SSSM features some advanced functions such as phase space representation of the particle set or σ-matrix calculation. It is also possible to change a set of ion coordinates by employing a transformation matrix (also known as transfer matrix in the field of ion optics), which, in turn enables beam-transport simulation. Another useful feature of SSSM is the possibility to generate an ion beam with specified characteristic parameters that may be used by SSSM itself or in co-operation with other applications such as SRIM and WinAGILE.

This user’s guide treats four main modules constituting SSSM:

· Statistical module – focused on the statistical evaluation of data contained in the TRANSMIT.TXT output file;
· Emittance module – displays ion beam representations in phase-space or real-space and calculates the σ-matrix of the beam;

· Transform Module – performs particle coordinates transformation according to the transfer matrix specified by user;

· Generate module – generates an ion beam with desired statistical parameters related to the transverse dimensions, energy, position and angular distributions as described in ion optics formalisms.

Throughout this guide, mathematical relationships are omitted since their comprehension is not a necessary requirement for mastering the program’s GUI. However, the most important expressions are presented in separate Mathematical Appendix that is intended to serve as a reference.

2 SRIM – The Stopping and Range of Ions in Matter

This section provides a brief review of basic SRIM functionality and the most commonly used components of SRIM's GUI. For further comprehension of program’s advanced functions and internal workings, refer to the official SRIM Instruction Manual located at www.srim.org. Alternatively, even more detailed information can be found in book The Stopping and Range of Ions in Solids by Ziegler, Biersack and Littmark. 

2.1 Basic Structure and features of SRIM

SRIM consists of two main program modules and several dedicated auxiliary programs for specialised tasks (see fig. 2.1). The core modules are:

· Tables of Stopping and Ranges – evaluates the table of stopping and range values for individual ions in monolayer target volume;

· Monte Carlo Transport Calculation – simulates the transport of ions in matter employing a full quantum mechanical treatment of ion-atom collisions while providing the possibility of multilayer and composite targets.
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Fig. 2.1 The main menu of SRIM program

Prior to launching the simulation, Monte Carlo Transport Calculation allows the user to specify (among other parameters) number of ions, their initial energy before entering the target as well as the thickness and structure of the target that may be composed of multiple different layers. At this point, it is also possible to select the output files generated by SRIM.

If the thickness of target is greater than the ion range, ions become stopped (implanted) in the target volume and SRIM proceeds to calculation of the stopping and range distributions. Fig. 2.2 shows an example of SRIM simulation window matching the situation of implanted ions. 
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Fig. 2.2 An example of SRIM simulation in the case of implanted ions
However, if the target thickness is less than the ion range, hence a thin-target, ions are capable of traversing the target. This kind of ion is termed a transmitted ion. An example of ion trajectories in matter corresponding to the thin-layer configuration is depicted in fig. 2.3. Since the stopping and range parameters are not well-defined for the thin-layer transmission, instead of evaluating their values SRIM uses output file TRANSMIT.TXT to write and store other ion parameters regarding ion’s position and velocity vectors just upon traversing the target volume. 

One rather limiting feature of SRIM is its inability to allow for different initial position vectors and energies of ions comprising the ion beam. By default, all ions enter the target material at the same angle to its surface (angle of incidence, typically zero corresponding to the ion beam entering the target normally to its surface), with the same chosen initial energy and at the same position (a point-like, zero-emittance beam). In fact, this simplified treatment represents a sequence of ions rather than a beam-model.
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Fig. 2.3 An example of SRIM simulation in the case of transmitted ions
2.2 Output file TRANSMIT.TXT

TRANSMIT.TXT serves as an output file containing selected attributes of transmitted ions in respective positions where they escape the target. Data is written in a specified format, as can be seen in fig. 2.4.

ÛÛÛÛÛÛÛÛÛÛÛÛÛÛÛÛÛÛÛÛÛÛÛÛÛÛÛÛÛÛ SRIM-2003.10 ÛÛÛÛÛÛÛÛÛÛÛÛÛÛÛÛÛÛÛÛÛÛÛÛÛÛÛÛÛÛ

ßßßßßßßßßßßßßßßßßßßßßßßßßßßßßßßßßßßßßßßßßßßßßßßßßßßßßßßßßßßßßßßßßßßßßßßßßßßßßß

=================  TRANSMIT.txt : File of Transmitted Ions  ==================

=  This file tabulates the kinetics of ions or atoms leaving the target.     =

=  Column #1: S= Sputtered Atom, B= Backscattered Ion, T= Transmitted Ion.   =

=  Col.#2: Ion Number, Col.#3: Z of atom leaving, Col.#4: Atom energy (eV).  =

=  Col.#5-7: Last location:  X= Depth into target, Y,Z= Transverse axes.     =

=  Col.#8-10: Cosines of final trajectory.  NOTE: Use hotkey  C  for details.=

= *** This data file is in the same format as TRIM.DAT (see manual for uses).=

ßßßßßß TRIM Calc.=  H(1 MeV) ==> Layer 1(  1 um) ßßßßßßßßßßßßßßßßßßßßßßßßßßßßß

Ion  Atom   Energy        Depth       Lateral-Position        Atom Direction

Numb Numb    (eV)          X(A)        Y(A)       Z(A)      Cos(X)  Cos(Y) Cos(Z)

T    1  1 .9541085E+06   1007870E-02 -.3137E+02 -.3444E+02   .9998783 -.0085006 -.0130790

T    2  1 .9523620E+06   1000676E-02  .1490E+02 -.1222E+02   .9999327  .0076638  .0087092

T    3  1 .9509917E+06   1001798E-02  .1176E+02 -.7269E+02   .9999090  .0021484 -.0133213

T    4  1 .9518229E+06   1003199E-02 -.5298E+01  .3942E+02   .9998672 -.0064730  .0149578

T    5  1 .9474760E+06   1006954E-02 -.1165E+03  .9188E+02   .9997635 -.0086139  .0199691

T    6  1 .9533920E+06   1002808E-02 -.7913E+01 -.5105E+02   .9999547 -.0008073 -.0094860

T    7  1 .9523650E+06   1000153E-02 -.4164E+01 -.5734E+02   .9999214 -.0022998 -.0123277

T    8  1 .9505030E+06   1002771E-02  .1374E+03 -.1805E+03   .9977275  .0432675 -.0516508

T    9  1 .9556009E+06   1000623E-02  .4087E+02 -.3730E+02   .9999085  .0128088 -.0043577

T   10  1 .9535986E+06   1003808E-02  .4769E+02  .2516E+02   .9999426  .0094230  .0050992

T   11  1 .9571514E+06   1007644E-02  .2314E+02 -.4946E+02   .9999222  .0008801 -.0124459

T   12  1 .9581482E+06   1000944E-02 -.1609E+02 -.4926E+02   .9999688 -.0078558 -.0008751

T   13  1 .9541666E+06   1001990E-02 -.1191E+03  .6333E+02   .9995868 -.0215802  .0189895

T   14  1 .9471504E+06   1003592E-02  .3453E+02  .1063E+02   .9999357  .0074814  .0085250

T   15  1 .9562637E+06   1006881E-02 -.5671E+02  .7784E+01   .9998245 -.0181451  .0046668

T   16  1 .9496306E+06   1002314E-02  .4556E+02 -.3235E+01   .9999900  .0018674  .0038336

T   17  1 .9497983E+06   1000352E-02  .1185E+03  .1643E+03   .9993906  .0176655  .0301042

T   18  1 .9558494E+06   1000630E-02 -.2139E+02 -.2817E+02   .9998851 -.0065470 -.0136718

T   19  1 .9552256E+06   1000961E-02  .1072E+03 -.9622E+02   .9996439  .0172181 -.0203848

T   20  1 .9513440E+06   1002311E-02 -.1926E+02  .3001E+02   .9999166 -.0014720  .0128308

Fig. 2.4 TRANSMIT.TXT structure


This file format consists of the header showing current version of SRIM program, identification parameters of the ion beam, initial energy, number of target layers and their respective thickness and material composition. The following quantities characterising individual ions are also found in the file:

· T-index - identifies the Transmitted particle;

· Ion Number – particle sequence number;

· Atom Number – proton number of the particle;

· Energy [eV] – particle energy;

· Depth X [A = 10-10 m] – X-axis coordinate of the particle (depth in the target, measured normally to the target surface);

· Horizontal Lateral Position Y [A] – particle position relative to Y-axis (perpendicular to X-axis);

· Vertical Lateral Position Z [A] – particle position relative to Z-axis (perpendicular to X-axis);

· Atom Direction Cos (X) – directional cosine relative to X-axis;

· Atom Direction Cos (Y) – directional cosine relative to Y-axis;

· Atom Direction Cos (Z) – directional cosine relative to Z-axis.

A Cartesian coordinate system is used to describe the particle motion (its position and direction of motion). The directional cosine of the angle formed by the instant velocity vector and corresponding coordinate axis (see fig. 2.5) is expressed by eq. 1 in Mathematical Appendix at the end of this guide.
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Fig. 2.5 Cartesian coordinate system used by SRIM

3 SSSM installation and hardware requirements

SSSM does not require an installation process. Copying the supplied files to the folder of your choice renders the program fully operational. The program has been tested and works under Windows 98/2000/XP. However, a minimum configuration of 1.6 GHz CPU, 512 MB RAM (or superior depending on the type and extent of application) is recommended due to implicit memory and processing power demands.

4 SSSM Features

In order to evaluate data it is necessary to load a TRANSMIT.TXT file after starting the program. Use the standard main menu command File/Open to display the Open File dialog box and choose desired file. Successful file loading is confirmed by the Data available message.

4.1 Data Processing

Selecting a tab labelled Data Processing enables the user viewing the listed particle parameters. The number of particles is also shown in the correspondingly named field located in the upper right corner of active window. There are six other controls arranged below the Number of particles field: Preview, Header, Relativistic Parameters, Position, Angle and View co-ordinate system. Clicking the Preview button displays data from the TRANSMIT.TXT output file (treated in section 2.2) in the main window as shown in fig. 4.1.
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Fig. 4.1 The main window displaying the particle parameters

Clicking the Header button displays TRANSMIT.TXT file header similar to the one shown in fig. 2.4 .

The Relativistic Parameters button displays dialog box that allows the user to specify which relativistic parameters associated with high-energy particles are to be calculated (fig. 4.2). Definitions of these parameters are presented in Mathematical Appendix as well and they are as follows:

· E – Kinetic energy [eV];

· E/A – Kinetic energy per nucleon [eV];

· E/amu – Kinetic energy per atomic mass unit [eV];

· Gamma parameter;

· Beta parameter;

· Beta-gamma parameter;

· Relativistic mass [kg];

· Velocity [m/s];

· Momentum [eV/c];

· Magnetic rigidity [Tm].

In order to select all the supported relativistic parameters simply choose the Select All option, the Deselect All option clears your selection. SSSM enables you to choose various units for E, E/A and E/amu calculations. At this point, it is necessary to enter values for the number of nucleons, relative particle mass in atomic mass unit and particle’s charge-state. For simplicity, Periodic Table of Elements is integrated in the program and can be displayed by clicking the Periodic Table of Elements button. If you select the element you wish to use from the table, corresponding parameter values are inserted automatically. 


Note: The Ion type parameters must be entered in order to perform momentum and magnetic rigidity calculations (see section 4.3).
[image: image7.png]58 Relativistic Parameters

Kineticenergy & [v] © [aV] © [Mev] © [GeV]
Energy/A F V] ClkeV] ©[Mev] O [GeV]
Energyfamu & (V] O [keV] O [Mev] © [GeV]

<l

gamma

<l

beta

<l

betagamma

<l

Relativistic mass [ka]
Velocity [m/s]

<

Momentum  © [ev/e] © [keV/e]  [Mevic]
Magnetic regidity [Trr]

<l

SelectAll Deselect All

Calculation

< [Gev/g

Cancel

Afpumber of nucleans)
1

amu (ion mass in
atornic mass unit)

1.00727646688

 (charge stete)
1

Periodic Table of Elements





Fig. 4.1: The Relativistic Parameters dialog menu

Pressing the Calculation button performs calculation of values of requested relativistic parameters and displays them in a table. 

The purpose of the Position button is to calculate and display following parameters relating to particle’s position:

· Y [A] – coordinate along Y-axis;

· Z [A] – coordinate along Z-axis;

· │Y│[A] – absolute value (magnitude) of coordinate along Y-axis;

· │Z│[A] – absolute value (magnitude) of coordinate along Z-axis;

· 
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[A] – radial distance from X-axis.

In a similar fashion to the Position button, the Angles button launches calculation of angular parameters:

· angle X – angle formed by particle’s instant velocity vector and the positive direction of X-axis;

· angle Y – angle formed by particle’s instant velocity vector and the positive direction of Y-axis;

· angle Z – angle formed by particle’s instant velocity vector and the positive direction of Z-axis;

· 
[image: image9.wmf]dX
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 – tangent of angle formed by the projection of instant velocity vector on the horizontal plane and the positive direction of X-axis;

· 
[image: image10.wmf]dX

dZ

 – tangent of angle formed by the projection of instant velocity vector on the vertical plane and the positive direction of Y-axis.

These parameters are recorded together with the sequence number of the particle in the table. Again, it is possible to work with physical units that you prefer. The last button of the panel is labelled View co-ordinate system and pictures the coordinate system used in the parameters definition as seen in fig 2.5.

The rest of tabs serve for statistical evaluation of data and their description is dealt with in separate sections of this guide.

Note: Warning message similar to the one depicted in fig. 4.3 may be displayed. The trouble might be a mistyped the value, i.e. entering a negative number. However, this is more often caused by incompatible decimal point setting (comma or period) of the operating system. This can be rectified in two ways: either you rewrite the decimal point symbol in amu field or you can globally change the decimal point setting of your OS. The latter is accomplished by accessing the Control Panel options named Date, Time, Language and Regional options, selecting the Regional and Language options item and clicking the Customize button. A dialog box is displayed. Simply replace comma by period in the Decimal Symbol field and confirm by clicking the Apply button.
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Fig. 4.3: Error message due to incompatible decimal symbol setting
4.2 Energy Statistics

The Energy Statistics tab includes options for the energy treatment, filter configuration and spectrum presentation. In the Energy menu, you can choose which energy quantity you would like to evaluate: E, E/A or E/amu. Click the Basic Analysis button to display the basic statistical parameters characterising the energy spectrum of the particle set (fig. 4.4):
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Fig. 4.4 Statistical parameters of the energy spectrum

· E(min) [eV] – minimum value of energy in the set;

· E(max) [eV] – maximum value of energy in the set;

· E(str)[eV] – mean value of energy;

· E(max) – E(min) [eV] – difference between the maximum and minimum energy;

· Dispersion [(eV)2] – energy dispersion of the particle set;

· sigma [eV] – 1 standard deviation (1(, RMS value)

· 3x sigma – standard deviation multiplied by the factor of three

Calculated parameter values in Data Processing retain their respective units as selected in the Relativistic Parameters dialog box.

As a result of the random nature of particle interaction with matter, a portion of the particle set under consideration can undergo significantly larger energy loss than the mean value and therefore their energy differs strongly from E(str). The Filter Spectrum function performs filtering of this kind of particles. By default, No Filter option is set which means that all particles are included in the statistical analysis. On the other hand, if the f x sigma option is selected, f being an arbitrary real positive number of your choice, particles whose energy is out of the range <E(str) – f x sigma, E(str) + f x sigma> will be omitted from the statistical parameters calculation and labelled as rejected. Having performed the previous steps, click the Filter Spectrum button to display a window containing statistical parameters values of the filtered spectrum. 

The Display Spectrum menu serves to display the resulting spectrum of values which can have form of a table or a graphic chart. Firstly, a type of spectrum to display needs to be chosen. The Whole Spectrum option displays the complete energy spectrum of all particles whereas the Filtered Spectrum option displays the filtered energy spectrum with rejected particles being excluded. Setting the f x Zoom option enables you to display only a part of the whole spectrum with the width defined by the value of f which is a multiple of the standard deviation of the filtered spectrum. It is possible to use the Range of Interval field to explicitly state the preferred horizontal grid spacing or press the Default button that divides the energy axis into 101 equal-length intervals.

By clicking the Data button a table containing the resulting numerical values is displayed. In order to display plot of Number of Ions vs. Kinetic Energy press the Graph button (fig. 4.5). The Graph Scale menu provides you with the possibility of selecting either linear or semi-logarithmic scale presentation.

[image: image13.png]BB S5SM - C:\Program Files\SSSMTRANSMIT. txt [B=%]
Fle Edt Hep
DataProcessing  EnergyStaisies | Momertum Stastcs | Posiion Sttt | Angle Stastes T || o |
Energy
250
@ Kinelc e
s Kineic Energy
200 € Enegyit
20 € Enegy/amu
20 e
b s Analsis
2
s Fiter Spectium
e  NoFier
170 G sama
180
2150 FiterStatus: 3. sigma
S
5130 Fiter Spectrum
g1,
210 Display Spectum
100  Whole Spectum
@  FscdSpectin
E [ wZeom
0 Range of Interval (V]
E sz
2832276603 Do
o Defaut
a Displey Optons
x -
by vas | [CEen
o Graph Scale
SSGEWD SSIEWS SEEWB SESEMS SGUEMS  STUEMB  STEEMS SAIEME  SEIENS
KinetcEneray [6V] @ Linear (* Logarthmic





Fig. 4.5  An example of filtered energy spectrum

4.3 Momentum statistics

Besides the energy analysis, SSSM is able to perform the momentum analysis as well. Functions related to this task are activated by selecting the Momentum Analysis tab in the main window. Clicking the Basic Analysis button opens a window displaying basic statistical parameters characterizing the momentum spectrum of transmitted ions (fig. 4.6). The Filter Spectrum menu provides functions analogous to the ones for the energy analysis including the spectrum filtering and display area narrowing options. This analysis is foreseen for ion-optical applications, where momentum spread is used more frequently than the energy spread. 
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Fig. 4.6 Statistical parameters characterizing the momentum spectrum

An example of filtered momentum spectrum is shown in fig. 4.7.

[image: image15.png]58 SS5M - C:\Program Files\SSSMTRANSMIT. txt m=

He £ tob
DataProcessng | Energy Saics  omertum St | Posion Saiies | Angle Stattcs Eme [ vmeen |

Momentum

=y
Basic Analsis

Filler Spectum
 NoFiter

@[3 xsama

Filer Status: 3 sicma

Filler Spectium

Display Spectum
 Whole Spectum
 Fitered Spectum
CI xZeam

Range ofInterval [¥/c]

2686526E+04 | Default

Display Options

Number of ans

vas | [CEen

Graph Scale
& Linear © Logarthic

1029408 1025406 10296408 1036408 1.03E+08 10GBE0B 10426408 1D04SEADS 1.O4ES08
Momertum [sVic]





Fig. 4.7 Filtered momentum spectrum

4.4 Position Statistics

The purpose of Position Statistics main menu tab is to display statistical distributions of the lateral particle coordinates (fig. 4.8).
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Fig. 4.8 Statistical parameters associated with the position distribution in the lateral direction


The position analysis utilizes the same functions as the energy analysis and their description can be found in the corresponding section. Fig. 4.9 depicts an example of a typical Gaussian-like Y-coordinate distribution (beam profile).
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Fig. 4.9 Position distribution (beam profile) in the horizontal plane

4.5 Angle Statistics

Angular distributions, as defined in section 2.2, characterising transmitted ion beam are accessed through the Angular Statistics tab (fig. 4.10). 
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Fig. 4.10 Statistical parameters associated with the angular distribution corresponding to Y-axis

Again, the angular analysis uses the same functions as the other analyses and therefore the section dealing with energy analysis can be seen for their description. Fig. 4.11 shows an example of angular distribution.
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Fig. 4.11 Angular distribution with respect to Y-axis

4.6 Emittance

The Emittance module is opened by clicking the Emittance tab in program’s main menu. It contains means for displaying the particle set in the phase-space or real-space, also called the phase portrait or the beam’s emittance diagram in the case of phase-space (fig. 4. 12- 4.14). Use the choices in the Emittance panel to select appropriate mode:

· Horizontal phase space – phase portrait in the horizontal plane [Y, dY/dX]);
· Vertical phase space – phase portrait in the vertical plane [Z, dZ/dX];

· Real space – real portrait in YZ-plane;

· Sigma matrix – beam’s σ-matrix.

The selected portrait is displayed by clicking the Display button. The Scales menu allows the user to customize the phase portrait display by specifying the interval length to be used for portrait. Click the Display button again to see phase portrait with the new scale.
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Fig. 4.12 Phase portrait (emittance diagram) in the horizontal plane
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Fig. 4.13 Phase portrait (emittance diagram) in the vertical plane
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Fig. 4.14 Real-space portrait of transmitted ions


The last item in the Emittance panel is Sigma matrix (see eqn. 5) and is useful when a fusion of SRIM simulation results with other programs employing the sigma-matrix representation of the beam-envelope is needed (fig. 4.15).
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Fig. 4.15: Sigma matrix of the ion beam

4.7 Transform

The Transform tab makes use of a general transformation matrix (see eqn. 6) to perform a transformation of the particle set’s coordinates (fig. 4.16). However, it is expected that the general transformation matrix describes an optical action of an ion-optical element, thus being its transfer matrix,
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Fig. 4.16: Transformation matrix

4.8 Generate

A unique feature of SSSM is its ability to generate a file describing incoming beam that can be used as an input file for SRIM. Select the Generate item of the File submenu to create this file called TRIM.DAT. In this way, it is possible to simulate realistic ion beams involved in experiments, i.e. ion beams of finite transverse dimensions, possessing particular energy, position and angular distributions, by entering values of the beam‘s statistical parameters in the dialog box shown in fig. 4.17. 
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Fig. 4.17 Generate TRIM.DAT dialog box

Most of the Generate TRIM.DAT dialog box items are self-explanatory. A brief account of these follows:

· Description of Experiment – experiment description serving the documentation purposes: [atomic number of the ions constituting the ion beam], [symbol or name of the ion beam constituents], [symbol or name of the target element], [target thickness], [beam particles‘ energy changes], [beam particles‘ positions and angles], etc. The content depends on the user; 

· Number of Particles – the total number of particles to be generated;
· Atomic Number – atomic number of ions constituting the ion beam;

· Amu (ion mass in atomic mass unit) – atomic mass of ions constituting the ion beam;

· Angle of Incidence [deg] – angle formed by the beam-axis (central ray) and the normal to the target surface;

· E [keV] – mean kinetic energy of the particles;

· (delta E)/E [%] – maximum relative (in percentage) energy difference from the mean prior to entering the target, a so-called energy-spread of the beam;

· n (delta E = n . sigma) – number of standard deviations corresponding to the maximum energy-deviation delta E;

· Y (total) [mm] – total beam-size in the horizontal plane, i.e. maximum possible distance of particles from the beam-axis in the horizontal plane;

· Y (RMS) [mm] – mean square variance of particles‘ Y-coordinate

· dY/dX (total) [mrad]  – maximum possible value of  tangent of the angle formed by projection of the momentum vector into the horizontal plane and X-axis;

· dY/dX (RMS) [mrad] - mean square variance of dY/dX Gaussian distribution

· EPS_Y (total) [PI.mm.mrad] – total beam-emittance, i.e. the area of an ellipse to be drawn in the horizontal phase space divided by (; 

· sign_alpha_Y – sign of the (-parameter of the ellipse in the horizontal phase space;

· D_Y [m] – dispersion of the beam-line in the horizontal plane;

· dD/dX_Y – derivative of the dispersion function in the horizontal plane;

· Z (total) [mm] – total beam-size in the vertical plane;

· Z (RMS) [mm] – mean square variance of particles‘ Z-coordinate;
· dZ/dX (total) [mrad] – maximum possible value of  tangent of the angle formed by projection of the momentum vector into the vertical plane and X-axis;

· dZ/dX (RMS) [mrad] – mean square variance of dZ/dX Gaussian distribution;

· EPS_Z (total) [PI.mm.mrad] – total beam-emittance, i.e. the area of an ellipse to be drawn in the vertical phase space divided by (;

· sign_alpha_Z – sign of the (-parameter of the ellipse in the vertical phase space;

· D_Z [m] – dispersion of the beam-line in the vertical plane;

· dD/dX_Z – derivative of the dispersion function in the vertical plane.

Note: Dispersion defined in the mathematical statistics (see eq. 3 of Mathematical Appendix) is NOT identical to the dispersion function as defined in ion optics.

Click the Show Twiss Parameters button to display a dialog box containing the ((Y), ((Y), ((Y), ((Z), ((Z) and ((Z) parameters values (see eq. 4) for check-purposes.

Statistical distribution type selection (Gaussian or uniform) is accessed by pressing the Distributions button. If the uniform distribution is selected then the values for the RMS quantities need not be entered.

Having entered all necessary parameters, click the Generate button in the lower right corner to obtain TRIM.DAT file. The Save As dialog box is shown that prompts you to select file’s location. As already mentioned, this file can be used as an input file for SRIM. You can also import this file into SSSM through the Import item of the File submenu and work with it just as you would work with TRANSMIT.TXT file.

4.9 Import/Export

SSSM allows the user to read output data of programs such as SRIM and WinAGILE and convert the files to a different type so that data may be exchanged between these applications. All changes due to the transformation or filtration can be saved which allows you to later edit the resulting file or use it for further simulation or calculation.

Selecting the TRANSMIT.TXT to TRIM.DAT item of the File/Export submenu displays a dialog box prompting you to specify whether to join X-coordinates in TRIM.DAT output file with values from TRANSMIT.TXT. Alternatively, you can apply an offset (a new local co-ordinate system origin) expressed in Å. A file created this way may be used as an input file of SRIM.

In order to transform the TRANSMIT.TXT file into a form suitable for WinAGILE, select the TRANSMIT.TXT to WinAGILE Point File item of the File/Export submenu.

Transformed and filtered spectra can be saved for later use by selecting the Filtered File or the Transformed File option of the File/Save submenu.

To import TRIM.DAT file, whose description was introduced in the previous section, select the TRIM.DAT item in the File/Import submenu.

The last importing feature of SSSM is related to the WinAGILE output file format standard. Select the WinAGILE Point File option of the File/Import menu and specify the filename in the dialog box displayed. Then the file is readily available to work with.

4.10 Menu Edit

Besides all advanced features, SSSM is equipped with the standard Windows Edit menu which allows you to select data and also to copy and paste structures such as text strings and table columns to facilitate your work in the program environment.

5 Maths Appendix

Equation 1
Direction Cosines
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Equation 2
Relations for relativistic parameters
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Equation 3
Statistical definitions
Definition:

Let X be a random variable whose values x1, ..., xn are associated with respective probabilities pi, ..., pn, i.e. 


[image: image39.wmf](

)

, 1,...,

ii

PXxpin

===


Then quantity


[image: image40.wmf]å

=

=

=

n

i

i

i

p

x

X

X

E

1

)

(


will be termed the mean value of X and the quantity
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will be termed the dispersion of X.
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is termed the variance or mean quadratic value.

Equation 4
The Twiss parameters alpha, beta and gamma
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Equation 5
σ-matrix
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Equation 6
Transfer matrix
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[X, Z] – vertical plane





[X, Y] – horizontal plane
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