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Chapter 1

Introduction

1.1 Motivation

The full descriptions of relativistic hadronic and nuclear interactions from
the first principles of quantum chromodynamics (QCD) are very limited. As
a rule we are able to obtain the QCD predictions for the short distance pro-
cesses, when interaction takes place with large momentum transfer. However,
the processes with the relatively small transferred momenta play a dominant
role in hadronic and nuclear interactions. It is very important task to de-
velop and use the QCD motivated models for the predictions, analysis and
description of these soft processes. Besides, modern experiments related to
the high-energy physics are very complicated and very expensive. The detec-
tors design, their construction and their performance require careful numer-
ical simulations. This makes Monte Carlo hadronic models to be extremely
popular. As phenomenological models they have many parameters that are
fixed by comparison with experimental data. After parameter determination
one can apply the Monte Carlo model to predict the interaction results.

Thus, the MC hadronic models can be used as the hadronic event gen-
erators with the main goal to study hadronic collision phenomena as well as
the source of information about hadronic collision final states with the aim
to utilize this information [1].

The MC hadronic models are complicated physical models. A typical MC
event generator deals with numerous physical processes. They are based on
very complicated numerical algorithms. Thus, the essential efforts should be
done to formulate, program and test such a model.

There are also different problems faced with the model users in their every
day work on processing experimental data or preparing new experiment. The
most of existing model codes are very difficult in management and commonly



used only by their authors. Even for theorists with good understanding of the
hadronic models, it is not easy to apply foreign codes to solve their research
problems.

An object-oriented approach based on the C++ can be adopted to write
the hadronic MC event generators codes. Such approach has many advan-
tages as compared with traditional procedural coding (see, e.g., [2]). The
most important of them are the various facilities of the C++ language to
define new data types along with the operations that are used to manipulate
the types. These are native abstractions (e.g., particle 4-momentum) for MC
event generators domain and we can use them with the flexibility of the built-
in data types. We advocate the work on an object-oriented framework [3],
since we have observed many commonalities for the hadronic MC models as
well as for their usage and for their development. The framework approach
is more justified, when the list of models that chosen for development is very
large and potentially can be increased.

A typical framework [3] can be considered as well-documented thematic
collection of software to build related applications. It outlines the main ar-
chitecture for the application to be developed. The successful framework
should not only support needed features and provide default implementation
and built-in functionality as much as possible, but it should also allow an
easy modification and extension of the built-in functionality. A goal of any
framework is the reusability. The software developer should be able to reuse
written code, e.g., classes from the framework libraries, and the design of a
framework. A framework design is closely connected with the design pat-
terns are used to document certain elements of it. A design pattern is the
concise definition of a technique that demonstrates some successful solution
for particular coding problem. Particularly, the factories and proxies design
patterns (see book [4]) have been applied in our system version.

In this manual we advocate a component approach to the development,
assembling and use of numerical models in high-energy physics. The compo-
nent can represent a model of either single physical process, e.g., hadron
elastic scattering, or very complicated physical phenomenon, e.g., ultra-
relativistic heavy-ion collision.

Here we describe a software system that is designed and implemented
to support this approach as well as an application of this system for Monte
Carlo hadronic event generators. We refer it as the NiMax system. The
central system part is an object-oriented framework. We have in mind that
such system can be a base to build a library of the model components having
different numerical algorithms. It can allow us to extract model components
from the library pool and compose them into powerful physical models.

We assume that NiMax system will be useful for two categories: the



numerical model users and numerical model developers (advanced users). We
consider a model user as a person who interacts with the system by means of
a user interface without writing and modifying of the model codes. A model
developer is assumed to work with the system on the level of internal system
interfaces. A developer needs knowledge of the system concepts, system
structure and libraries as well as knowledge of C++ language.

In this manual we provide numerous examples of the system user session.
We describe also physics and numerical algorithms of the implemented model
components that are included into hadronic modules. These components are
developed to perform MC simulations of hadronic and nuclear collisions at
high energies. We would note that this list of components does not exhaust a
list of all developed components and components that are under development.
Of course, the NiMax system could be applied to find solutions of many other
tasks, where the development and use of complicated numerical models is
required. The chosen list of the MC hadronic components is connected with
professional activity of the system authors. In our opinion, it is complete
enough to demonstrate the most of system features and may help a reader
and potential system user to obtain right impression about the system goals.

1.2 Content of this manual

The manual consists of an introduction, three chapters, conclusion and ap-
pendix chapter.

In the introduction we stress the importance of problem, explain the sub-
ject of work, then we formulate main goals of the work and shortly describe
the structure of the manual.

In the first chapter we discuss commonalities of MC hadronic event gen-
erators, formulate user and developer requirements for a component-oriented
software system. Here we present and shortly discuss basic ideas of the
component-oriented NiMax software system.

In the second chapter we present more detailed description of the NiMax
system and explain its functionality. At first we give architectural overview
of the main parts of the system and then discuss each part in separate. We
discuss the component concept. We describe the component interfaces and
their views. We explain the packaging of components and related software
into application domain modules. We consider the development process of an
application module and component. In particular, we consider application
data type classes and some tools for the component development. Here, we
discuss the component documentation. Then we explain the NiMax data
model concept. We formulate a data event. Then we describe a data file and
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its views, library of the data transfer classes as well as pre-defined events
and channels. We provide some details of a component collaboration and
explain the data matching mechanism. Here we formulate the concept of
event-oriented component nets and describe net's view. At the end of this
chapter we present short description of the framework control and navigation
methods.

In the third chapter we describe a user session in more details. Here
we explain how to select a particular component from the list of available
components. We describe the component edition, i.e., an edition of their
inputs, parameters and sub-component substitution. We describe how to
reconfigure a component output. Then we discuss how to create a component
net from several components and edit an existing component net. We explain
the component net execution control. In this chapter we discuss in details
how to work on a data file, e.g., how to select data. We explain histogram
and plot facilities of our system. At the end of the chapter, we discuss how
to obtain needed help information.

In the conclusion we give the system and implemented component sum-
maries stressing their scientific importance and novelty.

In the appendix chapter we explain physics and numerical algorithms
of the several implemented model components that are included into de-
veloped hadronic modules. Some of the implemented components are' sub-
components of the implemented composite components. We avoid repeating
description of the sub-component physics and algorithms. We would like
to inform an interested reader that physics and numerical algorithms of the
implemented hadronic model components can also be found in the report [1].



Bibliography

[1] Amelin N., Physics and Algorithms of the Hadronic Monte-Carlo Event
Generators. Notes for a developer. CERN/IT/99/6.

[2] Wenaus T. et al., GEANT4: An Object-Oriented Toolkit for Simula-
tion in HEP, CERN/LHCC/97-40.

[3] Taligent's Guide: Building Object-Oriented Frameworks, http :
//www. ibm.com/java/education/oobuilding /index, html.

[4] Gamma E., Helm R., Johnson R., Vlissides J., Design Patterns. Ele-
ments of Reusable Object-Oriented Software, Eddison-Wesley, 1995.



Chapter 2

System requirements

2.1 Commonalities of the numerical models

Even taking a fast look at the MC hadronic models one can see that they have
much in common [1]. First of all they are phenomenological models having
large amount of model parameters. We can specify the parameters as the
physical parameters (hadronic model tuning constants) and hadronic model
configurators. The first type of the parameters gives a possibility to change
hadronic model results. They operate similarly as a physical input. This type
of parameters fulfils very important job to store physical information about
hadronic processes. The second type of parameters also offers a possibility to
change hadronic model results, but by the changing of an application logic
of a numerical algorithm.

Additionally to the parameters much more information should be pro-
vided for some hadronic models. For example, the information about phys-
ical properties of particles: quark contents, electric charges, masses, decay
branching, etc, is required. The information about physical properties of
stable and excited nuclei: binding energies, spins, level density parameters,
fission barrier heights, etc, is also required. Usually such information is
needed in the read-only mode.

The MC hadronic models act in a similar way. They convert an input
data into an output data answering on the user requests. An input can be the
characteristics of particles (hadrons, partons, gammas, etc) or characteristics
of nuclei (stable nuclei, excited fragments, etc). An output can be again the
characteristics of particles or characteristics of nuclei. Acting so any MC
hadronic model deals with four vectors (energy-momentum, time-position,
etc) and their transformations. Any hadronic model somehow handles the
n-body kinematics.
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The most of hadronic models are multi-component models. A multi-
component model includes other models as additional or alternative model
components and has a complicated execution flow. Especially for the ap-
plication purposes a user needs a set of hadronic models to obtain proper
description of the hadronic reaction final states [1].

Practically, all hadronic models are complicated numerical models. For
them it is not always trivial to separate "physics" from "algorithm", i.e., to
separate physical input, physical parameters, etc influence on the results of
a simulation from a chosen numerical algorithm influence. It is also often,
when the same numerical algorithm can be reused within several models
describing of different physical phenomena, e. g., the decay of resonances and
excited nuclei according to the relativistic phase space, the elastic scattering
of partons. hadrons and nuclei, the search collision and decay algorithm for
hadron transport model and parton transport model, etc.

Different kind of errors may be occurred during the initialization of a
hadronic model or model runtime. The source of errors may be due to the
inconsistent user input as well as due to the complexity of numerical algo-
rithms. The last situation is often unexpected situation.

Any hadronic model is required to produce different physical outputs,
which should be analyzed. An output can be only specific information about
hadronic reaction final states or complete information about the history of a
generated event.

The above list of commonalities can be extended more. For example, be-
sides of the kinematics all hadronic MC models deal with random sampling of
different variables according to the different probability distributions, i. e., a
large set of the random number generators is required. Different mathemat-
ical utilities: equation solvers, integrators, interpolators, etc, are needed to
perform numerical operations. However, it is already clear that the hadronic
model developers should take into account these commonalities by either
common code structure or common used methods or common implementa-
tions, etc.

2.2 Typical requirements from model users

The different usage strategies lead to different user requirements for a hadronic
model package. A user performing theoretical or experimental study of
hadronic collision needs a possibility to play with a chosen model, e.g., the
possibility to visualize and change model parameters, configure the model
or a model component, choose an alternative model component, customize
the model output. Thus, a mechanism to check consistency of the user al-
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terations should be provided. The run control requires runtime information
and an exception handling mechanism for this type of users.

Another type of users (applied users) is mostly interested in a generated
physical event itself. The model that is configured for a given type of hadronic
reactions with default values of parameters should be offered for the applied
user. The output information should be reduced until required minimum and
presented in the required form.

Of course, the both types of users need to have much more, e.g., a simple
and self-explanatory mechanism for hadronic reaction input preventing from
errors due to the inconsistent input, analysis and visualization tools are also
required to analyze a generated output, etc. Thus, for any kind of users their
user sessions should be convenient and productive.

2.3 Typical requirements from model devel-
opers

Model developers may want to rebuild an existing hadronic model with the
goals to extend a range of its applicability or to increase its predictive power.
They may want to incorporate an existing hadronic model for a cooperative
work with other existing models. Also they may want to build a new hadronic
model running standalone or in collaboration with other models.

The enumerated situations are primer tasks of a hadronic model devel-
oper that are directly connected with the improvements and extensions of
numerical algorithms. But in reality he or she should do much more. For
example, to satisfy user requirements a developer should realize a user inter-
face. The interfaces between created hadronic model code and the outside
world are also needed as well as different adapters, if one wants to use exter-
nal packages. A developer should have in mind a possibility for a hadronic
package to work within another package. A hadronic model developer should
facilitate the tasks of future developers as well.

In the conventional approach (see, e.g., [2]) for the developing of the
hadronic MC models a developer or several developers are working inde-
pendently on a particular model. Such approach, if even an object-oriented
language is used, has several drawbacks. First of all, the hadronic model
commonalities as well as designing and programming experiences are badly
exploited. For example, each new developer has usually started to develop
a particular hadronic model from scratch. As result of it each new model
developer starts from analysis and design stages. Design duplications are
manpower consuming. The different designs have different qualities and they
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provide different degrees of satisfaction for the user as well as for the future
model developer requirements. The design duplications lead also to duplica-
tions in code implementations. The quality of a particular hadronic model
code depends strongly from the coding experience of a model developer or
developers. It is also becomes more difficult to learn, maintain and extend a
set of hadronic models created by different developers as well as to connect
them for collaborative work. As a rule the hadronic model developers are not
software experts, they are physicists and experts in their subject domains.
For them it may be difficult to find a proper solution of the specific software
tasks.

Thus, as result of the analysis of MC generators and analysis of different
user and developer requirements it was decided to develop of an object-
oriented framework to take into account the hadronic model commonalities,
to facilitate user work and to increase the productivity of a developer work.
In the frame of a framework the hadronic model users and developers can be
more deeply concentrated on the solution of application domain problems.
The developer needs to write much less code since an essential part of the
program already exists. He or she does not need to be a software expert to
write a robust code. A new model code inherited from the framework could
also be much easily tested since it is already integrated with the rest of a
framework.

2.4 Basic ideas of the system

As it was already discussed the hadronic models as well as their usage and
their development- have a lot of commonalities. During the system devel-
opment we try to separate the observed commonalities from variabilities
in hadronic model interfaces and their numerical algorithms since common
means stable and can be developed only at once.

The central concept of our approach is the concept of a component. We
consider the model components as unit blocks to construct a composite nu-
merical model [3], [4], All such blocks can be stored as an extensible collection
of the model components.

Any model component can be structured into an interface part and the
part presenting its numerical algorithm. The interface part of a model com-
ponent allows component interactions with the outside world. By means of
this part a user can also handle model component parameters and its input-
output. We try to formalize the component concept. Such formalization
becomes visible, when we provide component interface standards. On the
other hand the interface standards, if they are required, dictate a model de-
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veloper to follow definite rules during the component implementation. The
interface standards facilitate the developing of model component interface
part, if these rules are taken into account by means of component genera-
tion tools. Similar tools we also provide to help the writing of component
documentation.

The component developer should mostly work on the implementation of
a particular application algorithm. To facilitate programming of application
algorithms for the MC event generators we have developed a library of classes
representing physical quantities and many operations on them from a given
application domain. We refer these classes as the application data type
classes. To simplify programming of component input and output we have
created a library of the data transfer classes.

Object-oriented programmers often use the inheritance mechanism to
modify existing software with minimal efforts. In our case any component is
extensible by the inheritance with adding new interface or algorithm func-
tions.

Besides of the inheritance mechanism we need another mechanism allow-
ing a component developer to use the codes (interfaces and algorithms) of
already implemented components. Such possibility should not create any
problem for the component developer to apply C++ programming technique
during the implementation of a complicated numerical model or a set of
numerical models. Such possibility should not create any problem for the
component user, e.g., for the access to a sub-component or substitution of a
sub-component. We offer such mechanism that is referred as the component
aggregation.

A component developer can share some data, functions and classes among
several components that belong to a particular application domain or com-
ponent category. We have suggested an application module idea for the
packaging of components and component related software. Such module (af-
ter its compilation) is loaded in memory as a dynamically linked library.
The application modules fulfil twofold function they offer useful software for
component developers and hide it from component users.

Either a component or several components can be loaded in memory and
each component is executed as a separate process. A user has a possibil-
ity to control execution processes, particularly, due to the different runtime
information messages.

Thus, we have defined a component model or formulated a standard com-
ponent [3], [4], [5] and suggested several mechanisms of its development and
offered different ways of its management. We have developed a set of classes
to support the component development and component management.

Any component deals with data. It may generate very large bulk of the
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data and store it in a disc. It may read the data from a disc and process
it. The collaborative work of several components requires a data exchange.
To fulfil these needs we have introduced an idea of the data event [3], [4],
[6]. It is a tree-structured portion of data that consists of only values of
the basic data types. Any data event has its definition that describes event
configuration and can be placed directly into memory or stored in a disc. To
support data streams we have offered a data file and the component may write
and read data in this file. We have also suggested a mechanism, to control
virtual data streams. We have suggested a component net concept that is
based on the virtual data streams. The component nets are collections of
different components that are collaborated through their standard interfaces
by sending and receiving data event-messages and connected in a sequence
to process numerical data.

Thus, we have defined the data model [6], [7] and developed a set of
classes, to support data management. The system user has obtained pos-
sibilities to configure a component for reliable input and output, navigate
through stored data, select and visualize data and assemble several compo-
nents into a component net.

We try to build a loose system, e.g., by decoupling of objects from their
view objects, by decoupling of different component development, by decou-
pling of the file and help sub-systems (see the next chapter).
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Chapter 3

System concepts

3.1 NiMax architectural overview

In this chapter we are going to discuss several important parts of the NiMax
system that are shown in Fig. 3.1 and their interactions as well.

At the beginning we would like to describe the component concept from
the software design point of view. Here we will explain different component
properties that facilitate component management and development.

We will explain the packaging of components that are related to a par-

r Win NT/98 GUI ~1

Framework

Component
Application module

Component net

l
rs.

Data file

Figure 3.1: NiMax system: an architectural overview.
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ticular application domain and some software that are shared by these com-
ponents into application modules. From the developers point of view these
modules are parts of component projects that include also the module and
component development tools. For system users the modules are prepared
as dynamically linked libraries (DLLs).

Then we would like to pay attention for the data management. Particu-
larly, we will explain a system data file. In spite of the data file importance
it is only a part of more extended concept that is referred as the data model
concept. The key point of this concept is the data event.

We will explain the idea of component nets and discuss some details of the
net assembling and execution as well as net peculiarities in the comparison
with composite component development.

At the end of this chapter we will give short description of the graphical
user interface (GUI). In the next chapter, where the system user sessions are
described, we will provide many more details about the GUI.

We have developed a large set of classes to support component man-
agement and development, data management and visualization. This set of
classes is thought as a framework. Its application programming interface
(API), i.e., public or protected methods (open arrows in Fig. 3.1), links to-
gether the components, application modules, data files, component nets and
GUI.

The NiMax system is written in pure C++ and only the GUI is based
on the Microsoft foundation classes (MFC) library [1]. Only the GUI is an
operational system-dependent part. Now our system with the GUI is working
on different Windows platforms. However, the NiMax system is portable (on
the level of source code), if it is applied in the command line mode.

We would note that we apply a document - view technology (see [1])
within our system. The main idea of this technology is a separation of doc-
ument objects that hold data from the objects that display data and allow
editing. The views show different facets (or several the same facets) of the
same data and, e.g., if a user edits an active view, then all other views must
be updated. Each document (component, component net, etc) is connected
with a file having unique extension. This technology allows a development of
different visualization and edition systems without changing of a data control
system.

The recent version of the NiMax system includes four types of documents.
The first type is referred as a workspace. The main information that is kept
in the workspace document is a list of registered components. The second
type is a component net file. It holds information about component states
(parameter values, data output configurations, description of component re-
lations, etc). The third type is a data file. The fourth type is a file for the
storage of graphical information.
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The document - view technology allows independent extensions of num-
bers of document's types and their views. For example, we have developed
a help system that uses html documents. These documents can be browsed
and edited by some standard tools that belong to an operational system.
Our help system could be used separately from the NiMax system for adver-
tisement and for studying of the implemented model components.

3.2 NiMax component
In this section we are going to discuss the component interfaces and their
views. Then we explain different properties of the components. The compo-
nent packaging is an important issue for component development and man-
agement will also be described. Finally, we shall discuss the component
documentation.

3.2.1 Component interfaces

We can consider any component as a set of standardized interfaces. By means
of the interfaces the component client (user, framework or another compo-
nent) can talk with the component asking a definite service. Only through
interfaces a component communicates with the outside world. An interface
includes several methods and some related data. Let us explain functionality
of the standardized NiMax component interfaces that are presented in Figs.
3.2 - 3.3.

By means of the input interface a user sends a request for a component
and provides necessary input data to fulfill this request. The request as well

Input . , Output
interface interface

Tuning
interface

Figure 3.2: Main component interfaces.
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as input data is provided in a form of an input map [2], [3]. The input map is
a list of simple data types and has linear structure of data. We can refer input
maps as user-friendly linearly structured data. If the component may start
to run from a request obtained by its input interface the system considers
such component as a main component.

The tuning interface gives a possibility to tune a component with aim to
obtain reliable result from its execution. By means of this interface a user
has access for model parameters and switches. The framework includes a
set of classes to support the parameter and input map management [2]. We
would note that the input interface and tuning interface have many similar-
ities from the developer's point of view (the same classes in use, the same
data structures in use). An input map data can be understood as a list of
mandatory parameters that must be specified by users before the component
execution.

The result of a component execution (output data) is obtained by means
of the output interface. This interface assists either to write the component
output data in a data file or to send the component output data for other
components. The output data are produced as configured data events and
have a tree structure [4], [5] in the common case (see the next section for
more details).

A component can also read its input from a data file or receive it from
other components. In these cases it starts to run from a request obtained by
the matching interface. The matching interface allows for the component to
select data from an input data flow according to a matching configuration [4],
[5]. A particular matching configuration is realized as a matching map. The
matching maps are different from the input maps. They do not include data
and include only data configurations (see the next section for more details).

Matching Output
interface interface

Tuning
interface

Figure 3.3: Component interfaces.
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The component user is not able to change these configurations, but he or she
can enable or disable a particular matching map for a chosen component.
We can refer the matching maps as developer-defined data configurations.

We have also developed a runtime information interface (it is not shown
in Figs. 3.2 - 3.3). It is used to obtain and control component runtime
messages (see the NiMax framework methods section for more details).

Besides of the outlined standard interfaces each particular component has
its API, i.e., a set of public and protected methods, which implements the
component functionality and can be called directly or indirectly by means of
the component standard interface methods.

We can classify different types of the components according to a presence
or absence of a particular interface or interfaces. For example, we distin-
guish runnable components that have input interfaces or matching interfaces
from general components that have neither input nor matching interfaces
and cannot be executed, but they are useful as sub-components.

The system allows an extension of existing interfaces as well as adding of
new ones. We can imagine a component that needs an external data interface
to receive the data having external format. For example, a component can
need an additional standard interface to manage data from a database. Thus,
by adding more standard component interfaces we can extend an application
area of the NiMax system and facilitate the work of a component developer
in this application area.

3.2.2 Component interface views

Each component interface is complemented by at least one view as it is
shown in Fig. 3.4. To obtain the component interface views the component
objects should be created (see below). These views allow a visualization of the
component input maps, component matching maps, component parameters,
its output configuration, a structure of a composite component as well as
component runtime information. These views help the component user to
perform many actions on the component state (see the next chapter). A
component interface can be connected with several views to realize different
ways of its data display and edition, but each view object is related to only
one interface. It is important to stress that changing of a view or adding of a
new view does not require a changing of its interface. It allows an independent
(from rest of the system) improvement and extension of the graphical user
interface. Besides the component interface views there are more views that
pertain a component, e.g., the component documentation view that helps a
user to learn this component.
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3.2.3 Component properties

Besides of the standardized interfaces and views, the system components
have other common elements (see Fig. 3.5). Each component has its own
component factory [6] to create the component objects. By means of the
component factory one can obtain static information about the component.
The term static points out that there are no created component objects. This
information is either used for a component object creation [6] or to navigate
through a component list. On the contrary dynamic information such as a
list of component parameter values, its input and output data configurations,
etc, requires that component objects should be created.

The main element of the component static information is its unique identi-
fier [7]. Knowledge of a component's identifier helps us to obtain full informa-
tion about the component. The attachment of unique component identifiers
allows us to develop a simple and efficient component control mechanism.
Particularly, a composite component that is aggregating (see below) other
components should include their proxies [6], which have the component iden-
tifiers as proxy's members.

Fig. 3.6 demonstrates an existence of the component inheritance that is
supported by the NiMax system. From any component one can derive a new
component. Thus, we distinguish base and derived components. Standard
interfaces of a base component and derived component are joined as well as
their public APIs (see Fig. 3.6).

Output
configuration

view

Figure 3.4: Component interface views.
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The NiMax system supports also the component aggregation. In Fig.
3.7 we show that a composite component may include several aggregated
components [4], [5].

Component factory

Sub-component
proxies

Parameter group

Input maps

Output data configurations

Matching maps

Figure 3.5: A schematic example of the component frame.
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Figure 3.6: Component inheritance.
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We would note that these components could belong to the different DLLs.
An aggregated component may aggregate other aggregated components. A
particular component may include a tree of the aggregated components or
sub-components. The tuning and output interfaces of an aggregated compo-
nent are simply joined to the relevant aggregating component interfaces (see
Fig. 3.7).

We would stress several important features of the suggested aggregation
mechanism. A component user is able to see a composite component struc-
ture and has access to any sub-components by means of the GUI.

The inheritance and aggregation mechanisms provide a unique possibility
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Figure 3.7: Component aggregation.
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Figure 3.8: Sub-component substitution.
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for the composite component users to change component algorithms without
touching of the component source codes and their recompilations. We refer
this possibility as the runtime substitution of sub-components in composite
components (see Fig. 3.8).

3.2.4 Application modules

Several implemented components may share common functions and classes
as well as common data that are related to a particular application domain.
The development of a component related software that does not belong to
particular components facilitates the work of component developers and in-
creases developer's productivity. Such development is also argued by more
efficient use of computer resources and gives a possibility to create scalable
system from independent blocks.

We suggest packaging of built components with some related software
into modules. We refer these modules as the application modules due to the
relation of their content with application domains. For example, they can
be the hadronic model modules (see below) or modules to predict electro-
magnetic processes or modules to describe a low-energy neutron transport in
fissile media, etc. An example of the module content is presented in Fig. 3.9.
Besides of the components, application data types (see the next section) and

Components

Application data types

Data transfer classes

Tables

Units and constants

Figure 3.9: An example of the application module content.

25



data transfer classes [2] are members of the application modules. It is impor-
tant to stress that application modules hide all software from the component
users excepting the components.

The application modules can be self-sufficient on the level of source codes,
i.e., no external methods, no external implementations, etc, are required to
compile and execute the module components. It allows us to use these mod-
ules as distribution or exchange units. However, the module independence
does not forbid use of components from other modules. It does not pose a lim-
itation for the inheritance and aggregation mechanism. For example, it does
not forbid the sub-component substitution in the case, when an aggregating
component and some alternative component belong to different dynamically
linked libraries (compiled modules). Thus, the application modules can ei-
ther be completely independent from each other or they connected with other
modules for some applications. In the last case they include lists of required
module references.

A large set of hadronic model components have been already implemented
and included into hadronic model modules (see the hadronic modules chap-
ter).

The MeV, GeV, barn, Plank constant and other units and constants are
included into the hadronic model modules. We have adopted a convenient
strategy to use the physical units and physical constants from the GEANT4
toolkit [8].

Physical tables that store information about physical properties of parti-
cles and nuclei may be parts of the modules. Table information is requested
in read-only mode. This fact opens a possibility to handle the tables by
external tools, e.g., by external databases. We have already created several
database tables containing particle and nuclear properties. Each of these
tables can be visualized, edited, extended, etc, separately by the Microsoft
database tools. We are working on a standard Structured Query Language
(SQL) interface for the components to provide their access to data tables
stored as database files.

We have included many special and utility functions and classes, e.g.,
3 and 4-vectors, random number generators, sorting methods, etc, into the
hadronic modules. A large number of such classes are borrowed from the
CLHEP library [3].

3.2.5 Component documentation
Each component is accompanied with its documentation. The component
documentation includes names of the component authors, copyright descrip-
tion and license agreements, description of the component applicability, its
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input maps, parameters, matching maps, output configurations, component's
API, sub-components in use, etc. The component documentation is realized
as a set of HTML files.

3.3 NiMax component project

In this section we are going to discuss several mechanisms and tools for the
component development as well as application data types. They are different
parts of a component development concept referred as the component project.
Within a component project the component developers are also able to use
data transfer classes (see the data model section).

3.3.1 Component wizards

The observation of many common component elements allow us to develop
component frames (see Fig. 3.5) [2], [3] with the aim to produce the so-called
skeleton components simply by editing of the particular component frame.
Such frame can be thought as a component template that is supporting a
correct programming style. Thus, a component developer needs to design
only a component application algorithm. To help component developers we
have designed component wizards that are similar to the Microsoft Visual
C++ 6.0 class wizard [1]. A component wizard is a code generator that
produces a component skeleton by means of the use of dialog windows. The
result of its work is a set of correctly related files with classes and interfaces.

3.3.2 Application data types

With the aims to increase a productivity of hadronic component developers
and provide a robustness of the component algorithms we have created an
application data types (ADT) library of classes. The library was developed
to represent key abstractions (application domain data types) and opera-
tions that are used to manipulate the types. The development of MC event
generators is our problem domain. Thus, the most of the ADT objects are
counterparts of real high-energy physics objects (particle, parton, nucleus,
string, etc).

We are extending our ADT library to help algorithm developers in their
work on the hadronic model components and on components for simulation of
electromagnetic processes of particle and nuclear interactions at wide energy
range. Our goal is to implement a large set of the ADT classes allowing an
algorithm development for a simulation of the particle and nucleus transport
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through composite media. We plan that new ADT libraries will include
already mentioned classes for a description of particles and nuclei, classes
for a description of particle transport, the so-called tracers, classes for a
description of materials and geometry of the media.

3.3.3 Component inheritance and aggregation

As we already said a component developer can extend the functionality of
an existing component by applying of the component inheritance mechanism
(see Fig. 3.6) that is supported by the NiMax system. For example, the
component inheritance is a convenient way to add either new input maps or
new matching maps. A new component can be developed by the aggregation
of existing components [4], [5] (see Fig. 3.7). There are no limitations for
component developers to create a large and efficient component code as com-
pared with the standard C++ coding, if they are applying the component
aggregation. In this case the component coding is even more simplified. For
example, no efforts are required to create and destroy sub-component ob-
jects. The framework fulfills a control of the sub-component objects (see the
NiMax framework methods section). Thus, C++ programmers can use the
components as usual C++ classes excepting of component object creation
and destroy.

3.3.4 Application module wizards

As we already explained built components are packed with some related
software into the application domain modules. We consider the application
modules as development's units. For a component developer it is more natu-
ral and more efficient to work on a component code within some component
related software environment than on an isolated component code. The work
on isolated codes leads to code and data duplications.

To support an implementation of the module structures we have devel-
oped application module frames. We are working on application module
generators (wizards) for component developers and a module navigator for
component users that is allowing of the use of the graphical user interface.

3.3.5 Component documentation wizard

The writing of component documentation is very important part of the com-
ponent development process. We have developed documentation frames and
documentation wizards (for the Windows platform only) for component devel-
opers. These tools help the developer to prepare and present information for
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a standard appearance. The documentation frames are different for different
types of model components. They are similar to the component frames dis-
cussed below and developed in a complement of the model component frames.
The documentation wizards scan source codes of the application modules (or
separate components) and generate initial versions of documentation files.
These files could be further edited and extended by the developer by means
of dialog windows coming one by one. After the developer has passed all
steps, it is possible to run the Windows HTML Help compiler with the aim
to create help topics files for a search of the necessary information by key-
words or contents. Obtained files are integrated into the help sub-system.

3.4 NiMax data model

In this section we are going to consider different mechanisms of the data
exchange, data storage, data visualization and data processing that are sup-
ported by the NiMax system. Here we shall also introduce the main concepts
that are used to describe the NiMax data model such as the data event, data
file and its views, pre-defined events and pre-defined channels and data trans-
fer classes.

3.4.1 Data events
The data event [4], [5] is an elementary data unit for the data exchange. It
is a portion of data that consists only of values of the simple data types (int,
float, double, etc). Any data event has its definition. The definition includes
a unique identifier (sometimes we refer it as a data event type) and describes
a data event configuration. The data event configuration is a set of data
channel definitions. The data channel definition includes a channel identifier,
channel type, channel name and more information can be added. We would
stress that the data channel is an elementary unit for data processing in the
NiMax system, since the most of the data operations can be fulfilled on a
separate channel. An example of the data event configuration is shown in
Fig. 3.10 in a comparison with C-structures. Any data event configuration
is bounded by external brackets. Inside of the external brackets there can
be separate channels, arrays of channels and groups of channels bounded
by inner brackets. The array of channels has a special flag in the channel
definition and the information about size of the array that is written in the
channel data part. Inside of the internal brackets there can be again separate
channels, arrays of channels and the group of channels bounded by the inner
brackets and so on. Thus, each data event configuration can include a tree
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of channel definitions. The basic or simple data types can be grouped inside
of the data event to represent more complicated data structures, e.g., to
represent C arrays, C structures as well as C array of arrays and array of
structures (see Fig. 3.10). We would note that the data event is not a C++
object, i.e., it is not an instance of the definite class.

The data event data can be placed directly into a memory or stored in a
disk according to the data event definition (see Fig. 3.11).

3.4.2 Data file and its views
A component my write and read some data in the data file. The simplified
structure of the data file is shortly explained in Fig. 3.12. Of course, the data
file has its header (it is not shown in Fig. 3.12), which is needed to identify the
file and facilitate navigation through it. The data file is separated into two
parts: the data event configuration part and data part. We would stress that
the presence of the data event configurations in the data file allows the system
user to perform a structural data analysis. The data event configuration part
has also its own header and includes a list of the event definitions with their
unique identifiers. The event configuration header keeps some statistical

Event definition C-types definition
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Figure 3.10: Data event configuration.
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information about the data events. The data part consists of data records,
where data are written in the correspondence with their configurations. Each
data record has its header showing of a record size and its position in the
file. We would stress that an essential feature of our data file is that it can
easily be read outside of the system.

For the system users we have created several views for the data file. The
most important of them are the data configuration view and data view (see
Fig. 3.13). The configuration view allows the system user to perform struc-
tural selection of the written data (see some examples in the next chapter).

3.4.3 Data transfer classes

Many of the implemented components (see the appendix) can be considered
as generators or converters of objects of the data transfer classes (DTC) [2],
[3]. The DTCs help the component developers to design and implement
component outputs. They give a possibility to obtain whole histories of the
data processing or data generation by composite components. The DTCs
help component developers to design and implement the component inputs
that can ether be read from the data file or received from other components
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Figure 3.11: Memory placement of the data event data.
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(see the component net section). Thus, the DTC library allows component
developers to pay more attention for the development of component algo-
rithms, because the developer does not need to think about details of the
input-output operations. The DTCs help component developers to design
and implement universal numerical algorithms. A degree of the universality

Event
header

IS Event
1 data

Figure 3.12: Data file structure.

Data
configuration

view

Figure 3.13: Data file views.
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of an algorithm is determined by the amount of needed input-output infor-
mation. Our DTC library has a hierarchical structure. The most universal
algorithms are those that use, as an input and output, the objects of node
data transfer classes.

We would note that data transport classes are essentially the same as the
application data types classes, which were discussed before. By introducing of
the data transfer term for a set of classes we would stress their importance for
the data exchange. Beside of the implementation of MC model components
it is necessary to develop similar sets of classes in other application domains.
Within our system we have no strict recommendations how to build such
classes. The most important thing is that any object of the application data
type class should support a serialization in the sense that it needs methods to
write to the data file and read from the data file (see the NiMax data model
section) its object states. Taking into account this fact we have created data
transfer class frames (they are similar as the component frames mentioned
above) with the aim to help the component developers.

3.4.4 Pre-defined data events and channels
We have suggested [4], [5] a concept of the pre-defined data events and chan-
nels within our system. These events and channels are associated with def-
inite services that are offered for the system users. The main idea of this
concept is to increase a productivity of the system users that belong to par-
ticular application domains. This concept allows an independent extension of
system service facilities, e.g., to create user interfaces adapted to particular
applications. For example, in the high-energy physics domain the users often
use histograms. The contents of one- and two-dimensional histograms and
two-dimensional plots can be written, read and visualized as the pre-defined
groups of channels as it is shown in Fig. 3.13 (see some histogram and plot
examples in the next chapter). To deal with such data events and channels
the framework needs to know only their identifiers. Thus, the framework
knows (due to the unique identifiers) how to display table and graphical
views for the pre-defined histogram and plot channels The component pa-
rameters, input maps and proxy sets are other examples of the pre-defined
events representing component states. Again, the framework knows how to
display and execute such data events.

We would mention that the pre-defined channels and pre-defined group of
channels have fixed configurations (similarity with C++ objects) and their
identificators can be considered as their types. The system user is not able
to change their configurations.

33



3.5 NiMax component net

In this section we are going to discuss the interaction between components,
when components exchange their data. They exchange data by means of
the data file or through the virtual data stream. In the second case some
of the interacting components are joined into a component net and a direct
data exchange takes place. Before to describe the component net concept we
would like to explain how a component is able to select needed input data
from the data produced by another component.

3.5.1 Matching of the data configuration
The idea of an input data selection for a component from the data produced
by another component [4], [5] is illustrated by the Figs. 3.15 - 3.16. Produced
data events have linear or tree structures. They are described by their event
configurations as it was explained above. The framework analyses event
configurations and searches a necessary sub-configuration for a component.
We refer this process as the matching of a data configuration. The necessary
data configurations for a given component are described by the component
matching configurations or matching maps. If the necessary configuration
is found we refer this situation as an observation of an entry point into the
data described by the configuration.

There are some peculiarities, when a component receives a data event
produced by another component. It either takes a part of the event data

One-
dimensional
histogram

views

Figure 3.14: Pre-defined data event views.
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according to its matching configuration or it absorbs the whole event data,
where such matching configuration was found. We consider components with
the second type of their behaviors as data event filters. The filtered data
events can be modified as well.

The component developers may offer several matching maps. Thus, there
is a room for the component users to tune such component with the aim
to recognize an event channel or several channels from sent or read data
events that it expects to receive. Any of the matching configurations can be
registered as a default one. It can be a situation, when the framework will
find several suitable (according to a matching map) sub-configurations in the
analyzed data event and several entry points into the data are obtained. It
is another room for the component users that is connected with a choice of
an entry point.

It is important to stress that working on a particular component im-
plementation component developers do not need to learn or use system or
component classes (objects) with the aim to support a component collabo-
ration [4]. The component developers do not need to learn configurations
of the data events that can be received by a component. The component
developers are not required to have knowledge about the source (the data
file, other components) of events that the component will receive. He or she
has to know how to write configurations of the required input data.

Kvent data
configuration

Matching data
configuration

Selected data
configuration

Figure 3.15: Selection of the linearly structured data.
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3.5.2 Component collaboration
The components collaboration is their interaction through standard output
and matching interfaces [4], [5]. We distinguish two different situations for
the component collaboration (see Figs. 3.17 - 3.18, where black arrows show
data flows).
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Figure 3.16: Selection of the tree structured data.
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Figure 3.17: Component collaboration through the data file.
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The first one is that a component writes its output in a data file and
another component reads data from the data file for further processing. We
demonstrate the first situation in Fig. 3.17. In the figure a component Cl
produces many data events having different configurations: CIEU C1B2, etc,
and writes these events in a data file. A component C2 reads the data file
and selects data according to matching configurations: C2MI, C2M2, etc.
We consider the shown situation as the component collaboration through a
data file bus having in mind a hardware analogy. For this type of interaction
component objects are completely isolated from each other.

We would stress that a reading component does not need to wait for when
a writing component finishes to write all events. It can start to read data
events immediately after the first event has been written. This feature is
particularly important for a data monitoring.

The second situation (see Fig. 3.18) is that one component produces a
data event output, which will be received by another component as an input.
We consider this situation as the component collaboration by a data event
bus. For this type of interaction several components are executed inside a
common process.

3.5.3 Event-oriented component nets
A set of components that collaborates through the standard output and match-
ing interfaces by sending and receiving data event messages is referred as an
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Figure 3.18: Event-oriented component net.
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event-oriented component net [4], [5]. Fig. 3.18 demonstrates an example
of a net. Here, a component C\ produces two events having configurations:
Clsi and C\E2, then components C2 and C3 receive some selected data of
these events. The data are selected in the accordance with matching config-
urations C2Mi and C3MI, respectively. The components C2 and C3 produce
new data events that are configured as C2EI and C3EI, respectively. The
last events are written in a data file.

There is a direct hardware analogy of the described component net ex-
ample and the matching mechanism of input data selection that is presented
in Fig. 3.19. In this figure different lines denote different wires that may
link components. Several wires can be screwed into a cable. A cable can
include sub-cables ("tree structure" of a cable) as well. The wire analogy is
a data event channel (simple data type) and the cable analogy is a group of
channels or a data event configuration. The analogy of a data configuration
matching is that only some wires or sub-cables from an outgoing cable are
chosen for component connections.

Following the hardware analogy we would like to provide more details
about component connections. Inside the output and matching interfaces
we can distinguish groups of methods that are referred by us as the output
and matching connectors. A component processes data through a connec-
tor. Components can be wired through the connectors. Any connector deals
with two important things: a data stream (a data file, memory) and data

Figure 3.19: Hardware analogy of the event-oriented component net.
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event configuration (an output configuration, matching configuration). The
connector concept allows the component users to redirect and reconfigure
component output and input data. The user can choose a particular stream
or tune a particular output configuration or choose a particular matching
map (see some examples in the next chapter).

We would note that a sub-component of an aggregating component can-
not be linked with some components or a data file through its matching
connector. All components in a component net deal with only one data file.

We consider only the nets, those component execution orders are defined
by data flows, i.e., we consider only pipeline nets. Thus, any net includes
the component that is executed at first. We refer this component as the
start or main component (it expects to receive the so-called start event).
It reads its input by the input or matching interface. We should note that
any component or sub-component from a net is able to write its output to a
data file. So far each component can have only one input connector and one
output connector and such components could be linked only into "linear"
pipeline nets.

Any event-oriented net needs an event control procedure should be writ-
ten besides the information about component connections. But, for pipeline
nets, such procedure can be written and compiled at once and hidden from
the system users.

3.5.4 Component net views

Any net is a NiMax system file that consists of two parts. As any file it
can be saved for later re-use, re-named, deleted, etc. The first part can
be considered as the net definition part. The second part includes a data
event control procedure. This first part is constructed by the framework on
the basis of the information obtained from a user through the net views.
The framework generates the second part by itself. The net definition part
includes the information about pairs of collaborated components. It notifies
also a start component and end-net components. Providing such information
one assembles a net through the net views. By the net views one can select
any net component and show its structure, parameters, output configuration
and matching maps as well as input maps for a main component of the net
(see the net editor examples). Very often a net includes only one component.
Thus, performing a component execution, we always deal with a net file. Any
component, which can be a net member, is referred as a runnable component.
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3.5.5 Component aggregation and collaboration

At the end of this net section we would like to stress the main differences
between the component aggregation, when a composite component includes
some sub-components, and the component collaboration, when several com-
ponents are working together within a net (see Fig. 3.20). The aggregated
sub-components interact through their APIs, i.e., by calling of their methods.
A developer writes the code of an aggregating component. This code should
be compiled before the component execution. In case of the component col-
laboration they interact through their standard interfaces. A user assembles
a component net by the graphical user interface. Any net is a system file that
is ready for execution, i.e., no compilation is required. It can be loaded into
a memory and executed as a standalone process having a good performance.

3.6 NiMax framework methods

The full description of the framework classes, data transfer classes and other
classes that belong to the NiMax system will require a separate manual. We
plan to write such manual with the aim to help component developers as
well as programmers, who wants to integrate our system into other packages,
e.g., the GEANT4 [8] toolkit or ROOT [10] framework. It is also a necessary
task for supporting of a further development of our system.

Here, we would like to explain shortly the basic functionality of the frame-
work API based on the application of control and navigation methods.

We would note that we separate data file control and navigation methods
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Figure 3.20: Component aggregation and collaboration.
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from the rest framework methods. Such separation makes sense, because the
data file, data file views and data file control and navigation methods are
joined into an independent data file system having its own applications.

Before to start the description of the control and navigation methods
we would like to say a few words about object identifiers. Any object of our
system has its unique identifier as well as any data event discussed above. The
knowledge of an object's identifier offers full information about the object.
At the moment for identifier's values we use integer numbers (unsigned type).
Thus, we have a possibility to assign more than 4 billion different values. The
integer numbers are very convenient for searching and navigation.

3.6.1 Control methods

There are many methods to control the component life cycle, i.e., a compo-
nent instance creation phase, edition phase, execution phase and destruction
phase.

In spite of the fact that the component life cycle consists mostly of internal
framework processes, which are hidden from the framework users we would
like to give an idea about it. There are many possibilities for the user to
influence the component life cycle.

Before to start an object creation procedure the framework creates an
environment for the component object. The content of this environment
defines creation mode, optional variables, which are set to default values,
and output and input files, if they will be used. The users are able to modify
default values of these optional variables by means of the user interface, e.
g., the users can either set their own default parameters and input map
or suppress some data event output or suppress some runtime information
output, etc.

There are two special modes of any component (excepting the virtual
one) for an instance creation. The first special mode is the instance creation
for only information purpose. This means that the user cannot make any
changes of a component object. This mode provides a possibility for the
user to learn the component structure by the user interface. The second
special mode is the debug mode. It gives a possibility of creating a general
component instance without the permission to execute it. This mode is added
in order to debug the component interfaces.

In the case of a composite component, the aggregating component in-
stance is created at first. Then the framework will create its aggregated
component or sub-component instances. The order of the aggregated in-
stance creation follows their definition order in the aggregating component.
In order to create any component object the framework needs to know only
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the component's identifier. It uses sub-component's identifiers to look for
their factories. If a factory is not found, the framework tries to find an al-
ternative sub-component according to the component proxy definitions and
component inheritance hierarchy. The user is able to control this process by
an enabling or disabling of a component substitution. The creation process
is repeated for each sub-component component and for their sub-components
until all component objects will be created.

The destruction phase for created component objects is fulfilled in a re-
verse order as compared to the construction phase without the user influence.

During the component edition phase the user is able to edit parame-
ters and input or matching maps as well as reconfigure component's output.
Check methods are called to control a consistency of the edition. In the case
of a non-consistency these methods send warning messages and set back to
the default values the values of edited variables.

The framework helps the system users to create, edit and execute net files
and controls these processes. During the execution phase the framework sup-
ports component runtime information output: information messages, warn-
ing messages and error messages (see some examples in the next chapter). In
the case of warning or error messages help information (see below) is offered
for the interested user.

The framework allows the user to execute several component nets as sep-
arate processes and control their executions. In the case of an error the
framework detects itself a place of the error and the component developers
do not need to make some special efforts to solve this task.

3.6.2 Navigation methods

The framework fulfills component librarian functions. It allows the user to
visualize a total list of the components are included into the system and
register a required component. Before a component registration the compo-
nent views show static information, because the component objects are not
created yet. The component registration means the creation of component
objects. The framework allows the user to look through net files, open them
for net editions and save the edited nets.

Tree structures are heavily used in our system, e.g., the tree structure of
composite components and tree structure of data events. Thus, the methods
to navigate through a composite component and through a data file are the
same.

Here we would like to mention that using file navigation methods the
model developers are also able to write adapter or driver tools to transform
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the format of a data written down to the system data file into data formats,
which are acceptable for the external packages.

Besides of runtime information and different information messages, which
can appear during a component life cycle, the system users are offered more
detailed help information. The users can navigate through the help docu-
mentation either by contents or by keywords.

As we already said any object in our system such as a component, pa-
rameter, error message, etc, has a unique identifier. It opens a possibility to
bind these identifiers with HTML files that are describing the objects. Thus,
the users may obtain a help from the "inside" of a code by means of a unique
identifier, e.g., by a parameter identifier the framework opens the HTML file
that describes the parameter.

3.7 NiMax graphical user interface

The NiMax GUI is developed in the accordance with the document - view
technology [3] that was shortly discussed at the beginning of this chapter.
This technology is very suitable to take into account the system user require-
ments.

After starting of the NiMax system, the main window will appear. This
window includes many views. These views can be thought as different navi-
gators and editors. All available components are displayed for system users.
The system user can launch any component and open any available compo-
nent net file for a further edition. By means of the component editor the user
can edit input maps, parameters and substitute sub-components. We would
stress that the system user sees the whole structure of a composite component
and can edit and perform substitution of any sub-components of this compo-
nent. The user can reconfigure the component and sub-component outputs.
By the net editor the user can assemble several components into a component
net and modify an existing net. The system user can perform controlled exe-
cutions of several nets as separate processes. The user can navigate through
a data event configuration and data event data in a data file performing the
structural data selection. The user can visualize the data produced by com-
ponents as one-dimensional histograms and two-dimensional histograms and
plots. The user can navigate through the help documentation looking for
necessary information about a particular component or the NiMax system
itself.
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Chapter 4

User session

4.1 Component and net navigations

The available model components and component nets are displayed for the
system users. There are three different possibilities to look through the
total component list (see Fig. 4.1): by categories (default view) to show
the components from different application categories, by modules (DLLs) to
show the DLL component contents, by hierarchies to show the component
inheritance relations. The component views show also the component types
that are defined by a presence or absence of particular standard interfaces
[1]. The icons mark the component types: runnable components, general
components, virtual components, etc). The file browser fulfills the function
of a net navigator. It offers access to component nets by the open command
from the file menu. The net user can also rename, copy and delete the net
files.

4.2 Working on the component states

The framework offers for the component users a possibility to change a com-
ponent state (see Figs. 4.2 - 4.3) by means of the component interface views.
The user can see, register (instead of a default input map) and edit compo-
nent input maps as well as see and edit component parameters. The frame-
work checks an inconsistency of the parameter edition (see, e.g., the warning
message in the bottom of Fig. 4.2). During input map and parameter edi-
tions the user always has a possibility to set back their default values. The
user has also access to any parameter of a sub-component inside a composite
component (see Fig. 4.3).

A sub-component can be substituted by another sub-component, if they
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have a common base component. To see that components have a common
base component the user can use the component hierarchy view. Thus, inside
the composite component an aggregated component can be substituted by
an alternative component without coding, i.e., by means of the user interface
as it is shown in Fig. 4.4. The component user can perform substitution
inside any sub-component, if it is a composite one. It is a way to change and
update the application algorithms of composite components.

If a component is expected to produce an output, the component user has
a possibility to control it. The total events or only some selected channels
can be disabled for the output. In the case of composite components, the
output reconfiguration can be performed for any sub-components (see Fig.
4.5).

If a component is expected to receive data either from another component
or from a data file, the component user has a possibility to choose and register
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Figure 4.1: Component category view.
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a suitable matching map among the matching maps offered by the component
developers (see Fig. 4.6).

There is also a possibility to check that a matched data configuration is
really exist in an attached data file (see Fig. 4.7) or it will be produced by
other collaborated components that belong to the same component net (see
the next section).

4.3 Assembling and edition of the component
nets

The system user can open a component net file for an edition. He or she can
create a new component net file as a starting point of the component net
assembling. The system provides an environment for the net assembling and
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execution, e.g., a named output file. All available components are displayed
and the user can launch several of them in a component net for a collaborative
work (see Fig. 4.8).

Then the user should connect them one by another by their output (on
the component right sides) and matching (on the component left sides) con-
nectors. Thus, the data stream for the pair of connected components flows
from the right side of the component that sends data to the left side of the
component that receives the data. Providing the links between component
connectors the user is able to reconfigure component outputs and to choose
(register) suitable matching maps. The user has also to choose some required
entry points, if several of them are found for a particular connection (see Fig.
4.9).

The component connections are marked by dashed lines (see Fig. 4.8).
If the component user activates a particular connection, e.g., to reconfigure
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a component output, then a dashed line marks such activated connection
with an additional shadowing (see Fig. 4.9). Solid lines point out the correct
connections between pairs of components. The start component has a red
color and rest (connected) of components have blue colors.

Some components can be removed from a net file as well. For a partic-
ular net its user is able to select one group or several groups of connected
components that do not include a start component. Thus, such group is not
a complete net and cannot be executed, but the user can save such group
and use it during the creation or edition of another net. Finally, the net user
can save the net file by attaching a particular file name.
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4.4 Control of the component net execution

The component user has a possibility to reset an execution environment for a
component net before its execution (see Fig. 4.10), e.g., to change the name
of file, where the output data will be written. After that he or she can begin
to run the chosen net or even several component nets as separate processes
(see Fig. 4.11). The component nets inform about their execution processes
during a run session by means of runtime messages. The runtime informa-
tion is simple text based information. There can be information messages,
warning messages and error messages. The information messages are used
to tell something about normal execution processes. The warning messages
inform the component user about potential errors or other situations, which
are able to destroy a normal execution process. The execution process will be
continued after the appearance of the warning messages. The error messages
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appear, when an execution process is aborted. The error messages inform
the user about a place and type of the error. Each warning or error message
has its own unique identifier. It allows the framework to help the users to
obtain the full information about the reason of a warning or error.

The user has a possibility to control the runtime information output.
Particularly, one can either totally suppress the information messages or
suppress the information messages from some component objects only.

As we already told the user can either execute many component nets as
different processes at the same time or have several execution processes of
one component net, e.g., different component parameters in a use, at the
same time as it is shown in Fig. 4.11. The user can obtain the information
about current states of the execution processes, select a process and perform
some actions on it, e.g., kill a selected process, save its runtime information.
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4.5 Working on the data files

The system user can look through the data event configuration (see Fig. 4.12)
and data (see Fig. 4.13) written in data files. The whole data events as well
as their separate channels can be selected through the data configuration
view. We refer it as a structural data selection. After the selection one
can perform different operations on data, e.g., copy, cut, protect against
component access, etc.

4.6 Working on the histograms and plots

One- and two-dimensional histograms with fixed partitions can be created
and visualized as well as two-dimensional plots (see Figs. 4.14 - 4.16). The
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histogram statistics is implemented as bin content statistics, i.e., average
and root mean square values are calculated using positions and values of
the histogram channels. Bin errors are always computed taking weights into
account.

All histogram objects can store bin values and errors as the values of
different types and the system user has a possibility to make a choice among
these types.

For any one-dimensional histogram object the user can work on its table
views as well as on its graphical views (see Fig. 4.14). Two-dimensional
histograms have their table views and cell graphical views (see Fig. 4.15).
The plots are presented by their table and scatter plot graphical views (see
Fig. 4.16).

The system user can apply different operations on the selected data of any
view. Selection methods are different for the different views. For example,

Figure 4.8: An example of the component net assembling.
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the user may use a mouse to select the content of bins for a table view of a
histogram object and for the graphical views we offer a brush tool.

We would like to make a remark concerning histogramming facilities that
provides by the NiMax system. Many of the facilities of the HBOOK package
[2] (de-facto a histogramming standard for high energy community) as well
as a number of useful extensions are offered for the NiMax users, if they are
dealing with the histogram pre-defined data events. It is important to un-
derstand that the histogramming facilities are offered through the histogram
views. Thus, some of the HBOOK functionalities such as a histogram re-
binning and histogram fitting are not discussed here. These facilities are
connected with new object creations that are a component privilege. We
have to develop a special component or several components for this purpose.
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4.7 Obtaining a help

Help sub-system has been developed for the Windows platforms by applying
the HTMLHelp Workshop [3]. Such sub-system is needed to help system
users and potential model developers. The help sub-system from a hadronic
model developer point of view can be considered as a platform to explain
how to develop model codes. There are two types of the help: the system
help, i.e., help information to assist in the system usage, and the component
help (see Fig. 4.17). The help topics related to the NiMax system describe
how to handle components, how to process data, etc. The help topics related
to a particular component include the information about the component
parameters, its input maps, its output events, etc (see Fig. 4.18).

The navigation through the help documentation and search of the needed
information can be done using contents and keywords.
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Chapter 5

Summary and
acknowledgments

5.1 Summary

We have described a new approach to the development and use of numer-
ical phenomenological models in high-energy physics. It is the component
approach, when a complex numerical model is composed from simpler model
components that are included into application modules.

We have formalized a standard component or a component model by the
separation of a component interface part and component algorithm part. Any
component is thought as a set of standard interfaces between its numerical
algorithm and the outside world.

We have described a unit of configured data: the data event. A compo-
nent may produce data events, write them in a data file for further analysis
and visualization, read data events from a data file and receive data events
from other components.

Within the approach we offer a possibility to compose several components
into a composite component or component net as well as different tools to
develop a new specific components. It provides a great flexibility for the
construction of powerful and realistic numerical models.

Each particular component can be tuned and different implementations
of the component algorithm can be interchanged at runtime enabling a model
user to obtain needed model properties without redesigning of a model and
writing the model code.

To support this approach we have developed the NiMax software system.
The NiMax system is an object-oriented software written in C++. It is
original and unique system. Its central part is a framework that controls
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all the system's internal processes and provides an interaction between the
graphical.user interface (GUI) and rest of parts.

The framework offers many GUI services to have a convenient and pro-
ductive user session. For example, the user is able to launch required com-
ponents and component nets. He or she is able to perform a controlled
edition of component and sub-component parameters, substitution of sub-
components within a composite component, re-organization of component,
and sub-component outputs. The user can assemble and edit different com-
ponent nets and execute them as separate processes. The user is able to
perform structural, analytical and graphical selections of the produced data
that have been written in the data files. He or she can build and visualize
histograms and plots.

The NiMax system offers many tools to. make a productive work of the
component developers. It includes different wizards of the component codes
and component documentation. It includes libraries of the application data
types and data transfer classes. These tools and libraries facilitate the de-
velopment of interface and algorithm parts of the components. Working
on them we assume that the model component developers should work on
component numerical algorithms and each component numerical algorithm
can be developed independently from other component numerical algorithms.
Component functionalities are extensible by the inheritance mechanism and
component codes are re-usable by the component aggregation.

Several concepts of our system have no analogies among the existing
software systems. One of them is the component aggregation mechanism.
It allows C++ developer to write a large size component code by re-using
of ready components without coding limitations. For the outside world an
aggregating component looks like a single component. However, its user has
the access to any sub-component and is able to modify the algorithm of the
composite component by a sub-component substitution. Another one is the
matching of data event configuration. It allows us to organize a collaboration
of independent components by transferring of complicated data structures
between these components. The component developer is not required to learn
or use the system or component classes with the aim to support component
collaboration. The matching of a data event configuration offers a possibility
of a structural selection of the data that is written in the data file.

An additional idea of pre-defined data events and pre-defined data chan-
nels facilitates data visualization and data analysis and opens a possibility
for an independent extension of the existing user interface and for the devel-
opment of special (for different application domains) user interfaces.

The format of the developed data file allows storage of a large bulk of
the differently structured data and fast navigation through these data. The
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data file, data file views and data file control and navigation methods may be
thought as an independent data file system for the processing of large date
volumes and having its own applications.

The html based help sub-system is a part of the NiMax system. Help
topics include descriptions that related to our system and implemented com-
ponents. The navigation through the help documentation can be done using
contents or by keywords. The help sub-system can be use for an information
exchange in a separate from the NiMax system.

We have applied the NiMax system for a particular class of the numerical
models: the Monte Carlo event generators for high-energy physics. With help
of the NiMax system we have developed hadronic modules. They include
many MC model components that allow their user to perform a simulation
of the particle and nuclear interactions at wide high-energy range and for a
large set of projectiles and targets.

The NiMax system can be used in different application domains. First of
all, it is suitable for the applications based on a use of complicated numerical
models that generate data. We have started the development of application
modules to perform computer simulations of the radiation transport in dif-
ferent media. Besides of the numerical simulations it can be applied for the
structural (based on the data event configurations), analytical (based on the
use of numerical models) and graphical (based on the data visualizations)
analysis of the data obtained from different sources.

5.2 Acknowledgments
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would like to thank our colleagues from the Physics Department of Jyvaskyla
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discussions about the system features.



Chapter 6

Hadronic modules

6.1 Particle structure components

6.1.1 Particle properties
Particle properties have been tabulated. These tables keep the properties of
light quarks and antiquarks (u,d and s) as well as the properties of diquarks
and antidiquarks that are consisting of light quarks and antiquarks. We
have tabulated the properties of a gluon, photon and leptons (e*, JJ^ and
ve,n)- We have also tabulated the properties of Jp = \+, | + baryons and
baryon resonances as well as JPC mesons states: (0"+),i.e., TT,K,T] and 77'
and (1 ),i-e-, P,K*,UJ and <j>. J, P and C denote a spin, parity and charge
conjugation, respectively. The full baryon-antibaryon symmetry is assumed.

In the case of a resonance production the resonance mass m is determined
according to the Breit-Wigner distribution:

The particle properties, pole masses m# and total decay widths T(mR) are
taken from the Review of Particle Properties [1], [2], [3], [4].

6.1.2 Baryon and meson splitting
To perform the simulation of a string excitation we need to split baryon (an-
tibaryon) and choose valence quark (antiquark) and diquark (antidiquark).
In the case of a meson we split it into valence quark and antiquark (for neutral
mixed mesons this splitting is performed according to the quark mixing prob-
abilities). We determine the probabilities of the baryon (antibaryon) state
(quark (antiquark) and diquark (antidiquark) with given spin and isospin)
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Baryon type
P
n

E°
£~

T:0

A°
A++
A+
A0

A"
E*+
£*°
£*-
H*°
7 7 * —

n-

l/3ud\\S -

1/Zudoos H

Quark content
l/3uund + l/6udnu + l/2udoou
\/£>udnd + l/2udood + l/3ddnu

- 1/I2usnd + l/4usood + 1/I2dsnu + l/4ds00u
l/3ddus + l/6dsnd + l/2ds00d
l/6dsns + l/2ds00s + l/3ssnd
l/6usns + 1/2USOQS + l/3ssnu

- l/4usnd + l/12us00d + l/4dsnu + 1/I2dsoou
UUuU

l/3uuud + 2/3udnu
2/3udnd+l/3dduu

dd\\d
\/3uuns + 2/3usnu

l/3udns + l/3usud + l/3dsnu
\/3dd\\s + 2/3dsi\d

2/3ds\\s + l/3ssnd
SSnS

Table 6.1: Baryon quark contents,
states.

Diquark indices indicate spin-isospin

from 5(7(6) symmetric baryon wave functions. These probabilities are given
below in the Table 6.1.

We can also use these probabilities to sample baryon or baryon resonance
in the course of a string fragmentation, assuming that a valence diquark
(antidiquark) keeps its spin and isospin values during the reaction.

6.1.3 Gamma conversion

To calculate high-energy interaction of the real or virtual photon with a
nucleon or a nucleus, we convert it into a vector meson or meson type system
[5].

We consider the following kinematics variables for 7-nucleon scattering:
the Bjorken's x variable is defined as x = Q2/2mu with Q2, v and m are
photon virtuality, photon energy and nucleon mass, respectively. The total
energy squared of the 7-nucleon system is given by s — Q2(l — x)/x + TO2.
We restrict our consideration to the range of small s-values and Q2 is much
less than s.
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The Generalized Vector Dominance Model (GVDM) [6] assumes that a
virtual photon fluctuates into intermediate qq-state V of mass M that may
subsequently interact with a nucleon N. Thus, the total photon-nucleon
cross section can be expressed by the relation [5]:

2 dM2D(M2) J Q ) ( j
(6.2)

where the integration over M2 is performed between M2 = 4m2. and M2 = s.
Here aem = e2/4n = 1/137 and ^-system mass squared distribution is given

and

R ( M }

where ê  is the squared charge of a quark with the flavor / . e is the ratio
between the fluxes of longitudinally and transversally polarized photons.

The Monte Carlo procedure of a gamma conversion can be outlined as
follows:

• At given s and virtuality Q2 sample the mass M2 for a hadron qq
fluctuation according to the Eq. (6.3);

• Sample its flavor according to the statistical weights: wufl = 1/2, wd^ =
1/4 and wsS = 1/4 that are derived from the Eq. (6.4).
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6.2 Hadronic cross section components

The hadron interaction cross sections are functions of the types of colliding
particles and their c. m. energy ^fsTj = J{Pi+Pj)2, where pi = (Ei, Pi)
and pj — (Ej, pj) denote four momenta of the projectile particle i with mass
rrii — JEf - p;2 and target particle j with mass rrij — JEj — Pj2, respec-
tively. The hadron interaction cross sections can either be tabulated or pa-
rameterized according to algebraic functions. The hadron interaction cross
sections can be estimated from the additive quark model and Regge the-
ory. We would note that some unknown cross sections can be extracted from
other cross sections via general principles, such as the isotopic invariance and
detailed balance [1].

6.2.1 Additive quark model

In the additive quark model (AQM) cross section depends only on the quark
content of colliding hadrons [2], [3], [4]:

4SM = 40( | ) n " (1 - 0.4a;J) (1 - 0.4*5) (6-5)

and 2

afM = 0.039^, (6.6)

where nM is the number of colliding mesons and xf is the ratio of strange
quarks to non-strange quarks in the i-th hadron. Thus, we can use the AQM
to obtain unknown cross sections by the scaling of known cross sections.

6.2.2 Pomeron eikonal model

The hadron-hadron cross sections at given cm. energy squared s can be
calculated from the interaction probabilities Pij{bfj,s) by integration over
impact parameter b. Particularly, the total and inelastic cross sections are
calculated according to

roo 7

atot = 2K bdbpf{bl,s) = oPjQ (6.7)

^ %l , (6.8)

where
s)A(s), (6.9)
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and

In the Regge-Gribov approach [5], [6] the probability for an inelastic col-
lision of hadrons i and j as a function of the squared impact parameter
difference b2j = (fej — bj)2 and s is given by

oo

Pij(k - bjt s) = c-l[l - exp {-2u(bl,s)}] = J2Pi?& ~ bj, s), (6.11)
n=l

where

p&>& - lh s) = c-1 exp {-2u(bl, s)}
[^fK (6.12)

is the probability to find n cut Pomerons or the probability for 2n strings
produced in the inelastic hadron-hadron collision, if we assume that each cut
Pomeron can be substituted by two strings. These probabilities are defined
in terms of the amplitude (eikonal) of hadron-hadron elastic scattering with
Pomeron exchange:

«(6?-,s) = ^ e x p [ - ^ / 4 A ( S ) ] . (6.13)

The quantities z(s) and A(s) are expressed through the parameters of Pomeron
trajectory aP = 0.25 GeV~2 and ap(0) = 1.0808, and the parameters of
Pomeron-hadron vertex F?P and jp:

z(s) - ^ ( ^ o ) 0 " ™ - 1 (6-14)

X(s) =RP + a'Pln{s/s0), (6.15)

respectively, where SQ is the dimensional parameter.
In the equations (6.11,6.12) the so-called shower enhancement coefficient

c was introduced to determine the contribution of diffractive dissociation [6].
Thus, the probability for diffractive dissociation in hadron collision can be
computed as

p%{bi - bj, s) = — [$*& - bjt s) - pijfa - bj, s)}, (6.16)
c

where
pf{bi - bj, s) = (2/c)[l - exp{-«(6*., s)}]. (6.17)
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The Pomeron vertex parameters are found from a global fit of the total,
elastic, differential elastic and diffractive cross sections of the hadron-nucleon
interaction at different energies.

For the nucleon-nucleon, pion-nucleon and kaon-nucleon collisions we have
obtained the next values of the Pomeron vertex parameters and shower en-
hancement coefficients: R%N = 3.56 GeV~2, 7 £ = 3.96 GeV~2, s$ = 3.0
GeV2, sg = 1.4; Rf = 2.36 GeV~2, i"P = 2.17 GeV~2, s% = 1.5 GeV2,
cn = 1.6; R2

P
K = 1.96 GeV-2, 7 £ = 1.92 GeV-2, sf = 2.3 GeV2, cw = 1.8.

These values can be used to describe properly the total, elastic and diffractive
cross sections.

6.2.3 Single diffraction cross section
The proton-proton single diffraction cross section was parameterized in paper
[7]

oSD{s) = (0.68 ± 0.05) (l + — ) In (0.6 + 0.1s), (6.18)
s

where s is the total cm. energy squared.

6.2.4 Baryon annihilation cross section
To calculate the baryon-antibaryon annihilation cross sections we follow the
approach [4]. In this approach the same initial energy dependence is used
for all baryon-antibaryon cross sections. The different baryon quark contents
are taken into account by scaling factor obtained from the AQM [2], [3]:

AQM

(6-19)
NN

where the antiproton-proton annihilation cross section <7?™n is parametrised
[8] by

and the antiproton-neutron cross annihilation cross section is treated identi-
cally. The parameter values are CTO = 120 mb, so = 4m^, A = 50 MeV and
B = 0.6.
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6.3 Particle decay components

6.3.1 Particle decay simulation

Particle decay channels are sampled using the partial decay widths T(m),
which depend on the masses m of particles. All particles are considered as
non-polarized particles. If a resonance is among of the outgoing particles,
its mass is determined according to the Breit-Wigner mass distribution. All
pole masses and partial decay widths are taken from the Review of Particle
Properties [1]. If an exit channel contains two, three or four particles, then
the respective TV-body phase-space is taken into account during the sampling
of particle momenta.

The Kopylov's algorithm [2] is used to sample product particle 4-momenta.
We would stress that the Kopylov's algorithm gives a possibility to take into
account resonance decay matrix elements.

6.3.2 N-body decay algorithm

We can write the n particles state probability as

- Pn)\M\\ (6.21)
t = l

where Pn = (P n , En) is the decaying particle 4-momentum and M(p\,p2, •••,pn)
is the reaction amplitude, which depends on the 4-momenta pi of products.

We know the sum of produced particle masses

Mn = E m i (6.22)
i=l

and cm. system kinetic energy

Tn = Mn- txn, (6.23)

where Mn = \JE%, — P% is the invariant mass of the system.
Performing integration of the probability expressed by the (6.21), one

can obtain different particle distributions. The integration over all set of
variables S can shortly be written as follows

W= f §(S)dS, (6.24)
JD

where $(S) can be considered as the weight of n-particles production event.
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The Kopylov's algorithm is based on the choice of a set of variables S\:
Tk, rjk and (frk instead of particle 4-momenta to perform the integration of
dW. The integration range Dx over these new variables is simple. Angular
variables are inside 1 > % > — 1 and 2-K<f>k > 0, where k = n, n — 1,..., 2, and
kinetic energies of the systems with some numbers of particles are ordered
according to Tn > Tn_i > ... > T2 > 7\ - 0. Further substitution of the
variables Tk, r]k and <pk by the set variables S2: £k, Ik and (5k that are limited
between 0 and 1, creates an unit hypercube from the integration range D2:

(6.25)
2 2

Two sets of variables Si and S2 are related to each other:

rjk = 2f3k — 1, k — n,..., 2 (6.26)

The event weight $(Si) [2] is

{^{n — i)) k=2 \/lk - ifc_!

where F(:r) is the gamma function and pk is the 4-momentum of k-th particle
in the rest frame, 0k, where Tk = 0.

As one can see from the Eq. (6.25) the variables £/;, 7^ and /?£ can
be considered as random numbers distributed between 0 and 1. Thus, to
generate particle momenta we can apply the next recursive procedure [2].

1. Sample ^ _ i according to the distribution

where functions F(£k) have maxima Fmax — F((3k — 5)/(3fc — 4)), and
compute Tk-\ = Tk£k-i- If & = 2, then Tk-\ should be set to 0 in
accordance with the definition of the rest frame Ok-i-

The functions F{x) are sharp functions at large values of k. At the
large k we can use another method of the sampling with a tabulation
[2]. In this case for uniformly distributed between 0 and 1 random
numbers at-i we have to solve the equation

C f c-i(^-i) = a*_i, (6.29)
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where
Jt-5

f U WA (: 2 . /T _ £.
(6.30)

and find the value of £*_i. Ck(^k) are tabulated smooth functions. A
linear interpolation can be applied to find the function values at the
intermediate points.

2. Compute the total energy

Qk = {Ml + m2
k- Ml_x)l1Mk (6.31)

and absolute value of 3-momentum

p* = V^I - ml (6.32)

for fc-th particle in the rest frame, 0k, where

ptk—i = /ifc — vn,k (6.33)

and
Mk-i = /;*_! - TA_X. (6.34)

3. Sample the direction of ft-th momentum p^, i.e., sample the azimuthal
and polar angles according to <pk = 2ix"fk and cos 9k = 2/3^ — 1, re-
spectively. The 7^ and /3k are uniformly distributed between 0 and 1
random numbers.

4. Calculate the A;-th particle energy

uik = fc
a,——k- (6.35)

and its 3-momentum

in the observer frame.

5. Calculate the total energy Ek_\ and 3-momentum Pfc_i of the system
with k — 1 particles:

Ek—\ = Ek — uik, (6.37)

Fk-x = Pfc - p*. (6.38)
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If k = 2, then we can check that mx = ^jE2 - P\, where pi = P i and

As result of the outlined recursive procedure we know the momenta of all
products and can calculate the event weight (6.27).

Finally, if <3?(Si) < ^max, where £ is a uniformly distributed between 0
and 1 random number and §max is a maximal value from the <&{Si) set of
values, we will accept the event.

We should note that in the non-relativistic case and for |M|2 = 1 the last
step, i.e., the test $(5i) < £,<fcmaX) is not needed [2].

We also should note that the outlined procedure can be used to calculate
the relativistic phase space volume W, i.e., to perform an integration over
the event weight (6.24) at \M\2 = 1. To perform this integration we need to
find an average value of the event weights for N events, where N —> oo. This
method to perform the integration is also efficient at \M\2 /= 1, if \M\2 has
no pole behavior. Thus, the Kopylov's algorithm can be used to calculate
decay widths and different particle distributions.

It also allows us to simulate the nuclear fragment production as result of
the decay of excited nuclei.
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6.4 String decay components

A colored string is stretched between flying away partons having color charges:
a quark and antiquark or quark and diquark or diquark and antidiquark
or antiquark and antidiquark. From knowledge of the parton longitudinal
P3i — Pzi and transversal pu — pxi, p2i — Pyi momenta as well as their ener-
gies pOi = Ei, where i — 1, 2, we can calculate the string (string with parton
ends) mass squared:

M2
S = p"pM =pl-p\-pl-pl (6.39)

where p^ — p^\ + p^ is the string four momentum and \x = 0,1,2,3.
The string decay model components can be used to simulate decays of

the longitudinal q — q, qq — qq, q — qq and q — qq strings or kinky q — g — q,
qq — g — qq, q — g — qq and q — g — qq strings.

It is convenient to perform a simulation of the string decay in the string
rest frame, with string end partons are moving along z-axis. Finally, after the
string decay we have to perform a backward Lorentz boost with the velocity
—fin of hadron 4-momenta and their 4-coordinates and a backward rotation
of hadron 3-momenta and 3-coordinates with the matrix R^1 (see below).

6.4.1 Cluster decay simulation

The procedure to model a cluster (small mass string) decay is suggested in
the papers [1], [2]. It is assumed that each cluster with mass Mc decays
isotropically in its rest frame into a hadron pair with masses M\ and M2 and
spins J\ and J2 by pulling a quark-antiquark or diquark-antidiquark pair
with the quark (diquark) mass rnq. For a hadron, which is containing u, d
and s quarks, the Jp = 0", I* meson and Jp — I"1", | baryon states are
allowed. A decay channel is selected according to the probability:

Pdecay = Pflavor{Mc, mq)Pspin{Ju J2)Pps{Mc, MUM2), (6.40)

where the flavor factor is

n (M m ) _ j , ^ |

spin factor is
PsPin{Ju Js) = (2Ji + 1)(2J2 + 1) (6.42)

and phase space factor is

+ M* + M* - 2(M*M? + MIMl + M\M\Ml)
(6.43)
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6.4.2 Longitudinal string decay

The decay of a string follows an iterative scheme:

string => hadron + new string, (6.44)

i. e., the string decay into a new string and hadron is modeled by means
of the vacuum quark-antiquark (or diquark-antidiquark) pair creation. The
values of strangeness suppression and diquark suppression factors are

u:d: s : qq = 1 : 1 : 0.35 : 0.1. (6.45)

Optionally, a possibility of a diquark breaking during the string fragmen-
tation can be considered.

A hadron is formed randomly on one of the end-point of the string. A
quark content of the hadrons determines its species and charges. In the
chosen fragmentation scheme we can produce not only the ground states of
baryons and mesons, but also their lower excited states. If for baryons, the
quark content does not determine whether the state belongs to the lowest
octet or to the lowest decuplet, then the octet or decuplet is chosen with
the probability that defined by spin and isospin of the diquark (antidiquark).
In the case of mesons the multiplet must be also determined before a type
of hadron can be assigned. The probability to choose a certain multipiet
depends on the spin of the multiplet. In the case of resonances their masses
m are determined according to the Breit-Wigner distributions, where all
pole masses and total decay widths are taken from the Review of Particle
Properties [3].

Zero transverse momentum of the created quark-antiquark (or diquark-
antidiquark) pair is obtained by summing of equal and opposite directed
transverse momenta of the quark and antiquark. A transverse momentum of
the quark is randomly sampled according to the probability (6.85) with the
parameter a = 0.55 GeV""2. The produced hadron transverse momentum p t

is a sum of the transverse momenta of its constituents.
The fragmentation function fh(z,pt) represents a probability distribution

for hadrons with the transverse momenta pt to carry a light cone momentum
fraction z = z± = (Eh ± ph

z)/(E
(> ± p«), where Eh and Eq are the hadron

and fragmented quark energies, respectively. pz and pq
z are the hadron and

fragmented quark longitudinal momenta, respectively. The values of z are
limited between z^in and z^ax. z^inmax are determined by the hadron mass
rrih, constituent transverse masses and available string mass. One of the most
commonly used fragmentation function is taken from the LUND model [4]:

] . (6.46)
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One can use this fragmentation function for the decay of an excited string.
One can also use fragmentation functions are derived in [5]:

f'^Pt) = [1 + <*£(< Vt >)](! - * ) ° J « * » . (6.47)

An advantage of these functions as compared to the LUND fragmentation
function is that they have a correct three-reggeon behavior at z —> 1 [5].

To calculate produced hadron formation times and longitudinal coordi-
nates we consider (1 + l)-string with the mass Ms and string tension K that
decays into hadrons in its rest frame. The i-th produced hadron has the
energy Ei and its longitudinal momentum pzi, respectively. By introducing
the light cone variables pf = Ei± Piz and numerating string breaking points
consecutively from the right to the left we obtain p j = Ms, p? = K^zf-i ~'zt)
and pj = KX~ .

We can identify a hadron formation point coordinate and time as the point
in space-time, where quark lines of a quark-antiquark pair that is forming
the hadron meet for the first time (the so-called "yo-yo" formation point [4]):

U = ^- [Ms - 2 £ pzj + Ei- Pzi] (6.48)

and coordinate

Zi = ~[Ms - 2 ]T Ej + pzl - Ei]. (6.49)
2K 3 = 1

6.4.3 Kinky string decay simulation

For the kinky string decay simulation we have assumed a two steps process
[6]:

1. Split the gluon g —¥ qiq~i and create two longitudinal strings;

2. Decay of the longitudunal strings qq~i —> h and qq\ —> h into hadrons
h.

The production of q-^qi is considered similarly (the same sampling of quark
flavors and the same prdistribution for the quarks) as the production of qq-
pairs during a longitudinal string decay. The g —> q\q~\ splitting function

fl{z) = z2 + (1 - z)\ (6.50)

where z = E
q

+
Pl, have been derived by Altarelli and Parisi [7].
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6.4.4 Transformation of a string
The simulation of string decay is considered in the frame of a string rest.
The string end partons are moving along 2-axis in the opposite directions,
We can perform Lorentz transformation of the parton momenta to the cm.
of the string:

P/j.l,fi2 ~^ •^/^P/il,/i2) (6.51)

where

and

Lo =

1=1
, * I
1 + P

is defined as follows:

Ms

(6.52)

(6.53)

(6.54)

The string orientation respecting to z-axis is determined by two Euler angles
a and 0, which can be calculated according to

cos a =
P32 (6.55)

and

cos/? =
\JPl2+P22+P32

(6.56)

Then, by a string rotation:

Pki,k2 -> RkiPn,i2, (6-57)

we can^obtain a motion of the constituents along z-axis. Here the matrix .
is given by

cos 0 — sin a cos 0 — cos a sin 0

and k,l = 1,2,3.

0 cos a — sin a
sin 0 — sin a cos 0 — cos a cos 0

(6.58)
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6.5 Elastic scattering components

6.5.1 Hadron elastic scattering

The hadron elastic scattering model is capable to predict final states of the
hadron elastic collisions.

An elastic angular distribution can be obtained from the Pomeron eikonal
model [1]. It gives a possibility to sample scattering angles at initial energies
y/s > 2 GeV. At lower energies the sampling of scattering angles are based
on a parameterization of experimental data for nucleon-nucleon interactions.

Angular distributions of the two-body hadron elastic scatterings at high
energies are well described by

^f = Bel(s)exp[Bel(s)tl (6.59)

where t — —2p2
cm{l — cos#) is the four momentum transfer that is expressed

through the particle center of masses momentum pcm and particle center
of masses scattering angle 9. The values of t are limited in the interval
train < t < tmax, where tmax - 0 and tmin = -4p^m. The energy dependence
of the slope parameter Bei(s) is defined in the Regge-Gribov approach [1] as
follows

Bel(s) = 2A(s), (6.60)

where
X(s) = R2

P + dp ln(s/s0). (6.61)

As it was explained (see the hadron cross section section) the Pomeron pa-
rameters Rp, aP and so can be found from a global fit of the total, elastic,
differential elastic and diffractive cross sections for nucleon-nucleon, pion-
nucleon and kaon-nucleon interactions at the different values of s.

To perform elastic scattering simulations we use the Eq. (6.59) to sample
t. Then we calculate the scattering angle 8. The Eq. (6.60) is used, when
the initial energy y/s > y/sth, where the threshold energy yfsth = 1.6 GeV
for pion-nucleon collisions, y/sth — 2.0 GeV for kaon-nucleon collisions and

= 2.5 GeV for nucleon-nucleon collisions, respectively.
To sample cos 6 at lower energies we use the parameterization:

2.15i%[3.65(y/i - m i - m2)]
6

B ( s ) =

where m,\ and m^ are masses of colliding particles. This form of the angular
distribution was obtained by a modification of the parameterization [2] to
make a smooth transition to the high energy region described by the Regge
motivated slopes.

87



6.5.2 Gluon elastic scattering
The gluon-gluon elastic scattering model is used to simulate hadron jets or
kinky strings production in inelastic hadron and nuclear collisions.

The generation of the scattered gluon angles 6 for the center of masses of
a parton-parton system is based on the QCD gluon-gluon interaction cross
section that is

dogg(§) toctm (3 + cos2 9)3

dcos9 32s ( 1 - cos2 Of { '
calculated in the Born approximation [3], where as{Q2) is the QCD running
coupling constant. The value of s — Q2 should be large enough to produce
gluons with a transverse momentum squared above the chosen cutoff Q\ =
2 GeV2. Due to this condition we have —z0 < cos 9 < z0, where

P-. (6.64)

A scattering angle can be expressed through the transferred momentum
squared t:

2si
[s - (mi + mj)2)(s - (mt - rrij)2)]'

where TO» and rrij refer initial parton masses. As a rule, a sampling of i is
much more simple than sampling of the cos 0.

6.5.3 Elastic scattering MC procedure
We use the following MC procedure to sample elastic scattering angles cos 9:

1. Sample transferred momentum squared according to

* — o / \ m?> (6.66)

where £ are random numbers that are uniformly distributed between 0
and I, t7nin ^ t 2^ Irnax]

2. Calculate

cos(9 = l %-. (6.67)
2P
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6.6 Particle annihilation components

The particle annihilation components allow their users to model a special
hadron-hadron inelastic process, when an antiquark (antdiquark) from one
colliding hadron annihilates with a suitable quark (diquark) from another
colliding hadron. In this case the excitation of a baryon (a string with quark
and diquark ends) or antibaryon (a string with antiquark and antidiquark
ends) or meson (a string with quark and antiquark ends) string is occurred.
Particularly, the baryon annihilation model component is able to predict
final states (produced hadrons) with zero net baryon number in a baryon-
antibaryon collision at different energies. Here, a baryon annihilation process
is considered in the diquark-antidiquark annihilation approximation. The
produced hadrons belong to the scalar and vector meson nonets and the
baryon (antibaryon) octet and decuplet.

6.6.1 String excitation by a quark annihilation

These processes in the Regge theory correspond to the cut reggeon exchange
diagrams. The initial energy yfs dependences of process cross sections are
defined by the intercepts of reggeon exchange trajectories. For example,
<7TT+P->S(S) ~ s"^0)"1, S denotes a string and 0 ,̂(0) is the intercept of p reggeon
trajectory. Thus, o1T+v^s(s) decreases with the energy rise. By an analysis
of other similar diagrams we can show that the quark annihilation processes
are important at relatively low initial energies.

A simulation of these processes is rather simple. We should randomly
(according to the weights that are calculated using hadron wave functions)
choose a quark (antiquark) from the projectile and find a suitable (with the
same flavor content) partner for the annihilation from the target. The created
string four-momentum

p = P1 + P2 (6.68)

is approximated by the total reaction four-momentum.

6.6.2 Quark annihilation weight

To determine statistical weights for the quark annihilation processes followed
by a string production and separate them from the processes, when two or
more strings can be produced, we can use the Regge motivated expression
for the hadronic total cross section:

= £°i(a)> (6-69)
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where (7j(s) is the cross section of i-th subprocess. It can be either the elastic
cross section <Jei{s) or annihilation cross section with one string production
as(s) or single diffraction cross section OD{S) or multi-string production cross
section CTMS(S)-

From experimental knowledge of the vtotal and elastic cross sections we
can calculate the inelastic cross section:

<?in{s) - crtot{s) - oel(s) = as{s) + aD(s) + aMs(s). (6.70)

The diffraction and multi-string cross sections are calculated according to
the Regge eikonal model as it was described above in the chapter devoted
to the hadronic cross sections. Thus, the statistical weight for the quark
annihilation process can be calculated as follows

Ws(s) = ̂ (s) - <rD(s)-aMS(s) ^

6.6.3 Baryon annihilation weight

The baryon annihilation cross section aann{s) is used to determine statistical
weights for the diquark annihilation process:

Wann(s) = ̂ 4 , (6.72)
O'tot(S)

where atot(s) is the total baryon-antibaryon interaction cross section as a
function of the total cm. energy squared.

The baryon annihilation model can be improved by adding another com-
peting sub-processes like the string junction annihilation, when three meson
strings can be produced (see papers [1], [2]).
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6.7 Particle inelastic collision components

Here we describe a composite model component that is referred as the Reggeon
based Parton String Model (RPSM). This model is devoted to predict hadron-
hadron collisions at high energies. It is originated from the approaches de-
scribed in papers [1], [2], [3]. The hadrons that produced in the course
collisions belong to the scalar and vector meson nonets and the baryon (an-
tibaryon) octet and decuplet.

The model can be applied to describe photon-nucleon inelastic collisions.
The allowed bombarding energy in hadron-nucleon and photon-nucleon

collisions should be above 2-pions production threshold.
This model can also be used to predict elastic and annihilation hadron-

nucleon collisions described in the previous sections.

6.7.1 Particle inelastic collision algorithm
The RPSM algorithm includes a set of the steps should be performed:

• Create projectile and target particles: assign the initial projectile and
target particle types, their coordinates in the impact parameter space
and momenta.

• Sample a type of the collision: an elastic, annihilation or inelastic.

• In the cases of elastic and annihilation collisions they are modelled as
it was described in the corresponding sections.

• In the case of an inelastic collision sample an impact parameter and
define a type of the inelastic collision(a diffractive or non-diffractive).
Store the total 4-momentum of the collision participants.

• For the non-diffractive inelastic collisions sample a number of longitu-
dinal and kinky strings can be produced.

• Perform the longitudinal and kinky string excitations.

• Perform the simulation of string decays (see string decay component
section).

• Correct energies and momenta of produced particles (see utility com-
ponent section), if it is necessary.
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6.7.2 Sampling of the longitudinal strings
For an each pair of hadrons i and j with the chosen impact parameters 6j and
bj and total cm. energy squared s one should check whether they interact
inelastically or not using the probability:

pV?$ - bj,s) = pij(bi - bj, s) + 4 ( £ - bj, s). (6.73)

If the interaction will take place, then one has to decide that it is diffractive
or nondiffractive with the probabilities:

J-^ £-!- (6.74)

and

^44 (6-75)

In the Regge-Gribov approach [4] the probability to find n cut Pomerons
[5] or probability for In strings produced in an inelastic collision of the nu-
cleons is given by

- bt,s) = c^exP{-2u(bls)}[2u{bl's)]. (6.76)

It is assumed that two strings substitute an each cut Pomeron. By summing
of the p\]\h — bj, s) we obtain the non-diffractive probability:

oo

Pijfa - bj,s) = 2 > & W - bf,s). (6.77)
7 1 = 1

This probability and other hadron interaction probabilities are defined in
terms of the amplitude (eikonal) for the nucleon-nucleon elastic scattering
with Pomeron exchange u(bjj,s). The so-called shower enhancement coeffi-
cient c is introduced to determine a contribution of the diffractive dissociation
[4] (see hadron cross section section).

6.7.3 Sampling of the kinky strings
To estimate the number of kinky strings produced in hard hadron collisions
we assume [6], [7] that each cut Pomeron can be substituted either by the
two longitudinal strings as result of soft hadron interaction or by the two
kinky strings as result of hard hadron interactions.
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At the moment it is not completely clear how to make definite choice
between the longitudinal and kinky strings to substitute cut Pomerons. One
recipe is based on the eikonal model [8], [7], where we sum the soft and hard
eikonal parts:

u{b%,s) = usoft(bl, s) + uhard(b%,s). (6.78)

The soft eikonal part is defined as

l, s) = - M ^ ( s / S o ) A w * exp[-^./4A.o/t(s)]. (6.79)

The hard part is calculated according to

°it
 rd(S)}. (6.80)

The ffjet = 0.027 mb and Akard — 0.47 have been found [8] from the fit of
the two-jets experimental cross section [9]. Then from the global fit of the
total and elastic cross sections for pp collisions the values of jSOft — 35.5 mb,
&sojt = 0.07 and R2

hard = R2
soft = 3.56 GeV"2 have been found.

Thus, we can examine each cut Pomeron and substitute it by two kinky
strings with the probability

}?
3

6.7.4 Longitudinal string excitation

Let us consider a collision of two hadrons with their c. m. momenta P\ =
{Ei , m?/.Ei",0} and P2 = {E% ,m\/E2,0}, where the light-cone variables

E^2 = -Ei,2 i-Pzi,2 are defined through hadron energies £^2 = \frn'i,2 + -f?i,2>
hadron longitudinal momenta Pzi i2 and hadron masses mi |2, respectively. We
assume that two hadrons collide by means of two partons with the momenta
p1 = {x+Ei,0,0} and p2 = {0,x~E2,0}, respectively.

DifFractive string excitation

In the diffractive string excitation (Fritiof approach [10]) only momentum
can be transferred:

P{ = Pi + q
Pi = P2 - q,

where
Q - {-q2

tl{x-E2-lq
2
tl{x+Et),<lt} (6.83)

is parton momentum transferred and qt is its transverse component.
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String excitation by a parton exchange

For this case (the QGSM approach [1]) the parton exchange (rearrangement)
and momentum exchange are allowed [1],[2],[3]:

where q = {0,0, q t} is parton momentum transferred.

Transversal and longitudinal momenta generation

The transverse component of a parton momentum transferred is sampled
according to the probability

P(c[t)dcit = \— exp (—aq,)dqt, (6.85)
V n

where the parameter a = 0.6 GeV~2.
The light cone parton quantities x+ and x~ are generated independently

and according to the distribution:

u(x) ~xa{l-xY, (6.86)

where x — x+ > xTO,n or x = x~ > xmin. The parameters a — — 1 and
13 = 0 are chosen for the FRITIOF approach [10]. In the case of the QGSM
approach [1] the parameters a and /? are explained below. Masses of the
excited strings should satisfy the kinematics constraints:

>mll + ql (6.87)

and
P?K > <2 + il (6-88)

where the hadronic masses rrihi and m^ are defined by string quark contents.
Thus, a random selection of the values x+ and x~ is limited by the above
constraints.

Parton exchange and hadron structure functions

In the QGSM approach [3] strings (as result of a parton rearrangement)
should be spanned not only between valence quarks of the colliding hadrons,
but also between valence and sea quarks and between sea quarks. Each par-
ticipating hadron should be split into a set of partons: valence quark and
antiquark for meson or valence quark (antiquark) and diquark (antidiquark)
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for baryon (antibaryon) as it was explained in the particle structure compo-
nent section, and, additionally, into (n — 1) sea quark-antiquark pairs (their
flavours are selected according to the probability ratios u : d : s — 1 : 1 :
0.35), if a hadron is participating in n inelastic collisions. As an option the
possibility to split a hadron into sea diquark-antidiquark pairs is included.
Such assumption enhances the antibaryon production in the central rapidity
region.

Thus, for each participating hadron we have to generate a set of the
light cone variables X2n, where X2n = x\n or X2n = ^2n according to the
distribution:

2n 2n

fk(xl,X2, ...,X2n) = /o I K f o W l - £**). (6-89)
2=1 j = l

where /o is a normalization constant. In the last expression u^. (xt) denote
the hadron structure functions for valence quark (antiquark) qv, sea quark
and antiquark qs and valence diquark (antidiquark) qq:

<(xv) = x?, <(xs) = x?, uh
qq{xqq) = xfc, (6.90)

where av = —0.5 and as = -0.5 [1] for the non-strange quarks (antiquarks)
and av = 0 and as — 0 for strange quarks (antiquarks), puu — 1.5 and
(5ud = 2.5 in the case of proton (antiproton) and (3dct — 1.5 and j3ud = 2.5 in the
case of neutron (antineutron). Usually Xj is selected between xfm < X{ < 1,
where the model parameter xmm = 0.3/y^ is a function of initial energy i/s.
It prevents the production of strings with low masses (smaller than hadron
masses), while the whole selection procedure should be repeated.

The transversal momenta of partons qit are generated according to the
Gaussian probability Eq. (6.85) with a — l/4A(s), where X(s) is calculated
according to the Eq. (6.15), and under the constraint: X^iQit = 0. Thus,
the partons are considered as the off-shell or virtual partons.

6.7.5 Kinky string excitation

Having sampled configuration of the kinky strings we perform kinky string
excitations.

It is performed by means of two steps for each pair of kinky strings.
At first step we determine the total 4-momentum of each kinky string from
the chosen pair. Then we generate 4-momentuma of the gluon-kinks. The
first step is fulfilled in the same way as it was described for a pair of the
longitudinal strings. To fulfill the second step we assume that kinky strings
are produced as the result of gg —>• gg hard interactions. Our consideration
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of the outgoing gluons (kinks) momenta is based on the two-jets inclusive
production cross section:

where we take s = Q2 = x£x~s and 5 is the total center of mass energy
squared for the colliding system that is calculated using x; and qti and mf of
the string end partons. The value of s should be large enough to produce
gluons with the transverse momentum above the chosen cutoff Ql = 2 GeV2.
f(x,Q2) is the momentum fraction distribution of gluons in the hadron. It
can be chosen from [11]. The QCD gluon-gluon interaction cross section
J"s ^, where 9 is the scattering angle in the center of mass of the parton-

parton system and it was calculated in the Born approximation [12]. Simula-
tion of an elastic gluon-gluon scattering is described in the elastic scattering
components section.

Thus, the MC procedure to build kinky strings can be outlined as follows:

• Sample Xi, qit and m|, where i = 1,2, ...,2n, for the partons, which
will be on the In string ends for both soft and kinky strings.

• For each pair of the kinky strings calculate the total center of mass
energy s and sample x+ > x+in and x~ > x^in, where xmin = 2Q0/\/s,
using the gluon distribution.

• Sample the center of mass scattering angle 9 for outgoing gluons and
calculate their 4-momenta.

• For each kinky string recalculate the energies and momenta of parton
string ends.

This procedure should be improved taking into account gluon radiation.
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6.8 Nuclear model components

6.8.1 Nuclear properties

We have tabulated the experimental values [1] of nuclear masses and binding
energies. There is a possibility to calculate nuclear masses as well as binding
energies applying the liquid drop model formulas.

Bethe-Weizsacker's formula

In this approach [2] the nucleus binding energy B(A, Z) is given by the sum
of volume, surface and Coulomb energy terms, respectively:

B{A,Z) =

= -0.01587A + 0.01834A2/3 + 0.09286 (z - ^ + 0.00071-^, ^'92'

where A is the number of nuclear nucleons and Z is the number of nuclear
protons.

Nucleon potential

For i-th nucleon with radius r* this potential is defined by a sum of the
Fermi-potential

Tf\n) = & ^ , (6.93)

binding energy B(A, Z) and Coulomb (for protons only) potential Vc{Z,ri):

V(A, Z, n) = TF(n) + B(A, Z) + VC(Z, n). (6.94)

The Fermi-momentum in the local Thomas-Fermi approximation [3] de-
pends on proton or neutron density PZ,N{T) as follows

pF(r) = h{Zv2pz>Nyi\ (6.95)

were h = 197.327 MeVfm.
The Coulomb barrier (in MeV) is given by

( 6" 9 6 )

where C = 1.44 MeVfm and r0 = 1.3 fm.
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6.8.2 Nucleus initial state simulation
The initialization of colliding nucleus, consisting of A nucleons and Z protons
(N = A — Z neutrons) with coordinates rt- and momenta p,, where i —
1,2,..., A, should be performed in the case of nuclear collision simulation by
different models (see, e.g., the inelastic nuclear collision component section).

The MC initialization procedure can be outlined as follows:

1. Nucleon radii ri are selected randomly at the rest of nucleus according
to proton or neutron density pin). The normalized nucleon density for
heavy nuclei with A > 16 [4] is

HVtl l + expKn-R)/^

where
—1

Here R = r0A^3 fm and r0 = 1.16(1 - 1.16A~2/3) fm and a « 0.545
fm. The normalized density of light nuclei with A < 17 is given by the
harmonic oscillator shell model [5], i. e.,

pin) - (nR2y3/2 exp (-r2/R2), (6.99)

where R2 = 2/3 < r2 >= 0.8133.42/3 fm2 or

where

Q Y' (< ̂  >A - < r\ >p). (6.101)
The mean charge radii squared for nucleus < r2

h >& and proton <
rch >P a r e taken from the lepton-nucleus scattering experiments [6]. To
take into account the nucleon repulsive core it is assumed that inter-
nucleon distance d > 0.8 fm;

2. The nuclear radius with counting of diffuseness is determined from the
condition:

g | (6.102)

3. The momenta of the nucleons are randomly chosen between 0 and
Pmaxir) with equal probabilities, where Pmax(r) 1S calculated accord-
ing to the Eq. (6.95).
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4. To obtain coordinate and momentum vector components, it is assumed
that nucleons are distributed isotropically in the configuration and mo-
mentum spaces;

5. The nucleus must be centered in configuration space around 0, i. e.
Yli^i = 0 and it must be at rest, i. e., S i Pi = 0 and S i r i x p; = 0.
To provide the first two conditions we can perform shifts of nucleon
coordinates v[ = r*i — I/A J2i r i ar>d momenta p[ — p; — I/A £}» p;.

6. There is a possibility to unpack a nucleus into free streaming nucleons
having effective masses by computing the energy per nucleon as e —
E/A — mjv + B(A,Z)/A, where m# is the nucleon mass and nucleus
binding energy B(A,Z) given by the Bethe-Weizsacker formula (Eq.
(6.92)), and assigning the effective mass ntf = \J{E/A)2 — pf for
each nucleon.
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6.9 Inelastic nuclear collision components

Here we describe a composite model component that is referred as the Pomeron
based Parton String Model (PPSM). This model is devoted to predict in-
elastic collisions of a large variety of hadron (the same types as final state
hadrons) and nuclear projectiles with nucleon and nuclear targets. The
produced hadrons belong to the scalar and vector meson nonets and the
baryon (antibaryon) octet and decuplet. The allowed bombarding energies
in a hadron-nucleon collision should be above 2-pions production threshold.
In the case of hadron-nucleus or nucleus-nucleus collisions the initial energies
•>/s > 5 AGeV are recommended. This model is also able to predict final
states (produced hadrons) in photon-nucleon and photon-nucleus inelastic
collisions at the initial energies y/s > 5 AGeV.

6.9.1 Nuclear inelastic collision algorithm

The PPSM algorithm includes a following set of the steps should be per-
formed:

» Create two vectors (a projectile and target) of particles. Assign the
initial projectile and target particle types, their coordinates and mo-
menta. In the case of a hadron-nucleus (or nucleus-nucleus) interaction
one should perform the target nucleus (or projectile and target nuclei)
initial state simulation (see the nuclear model component section) and
sample an impact parameter;

» Sample collision participants and separated them into a diffractive and
non-diffractive. Store the total interaction four momentum for the
participants;

• For each non-diffractive inelastic collisions sample the numbers of lon-
gitudinal and kinky string can be produced;

• Excite and re-excite colliding particles in the case of diffractive col-
lisions and create diffractive longitudinal strings, if particles are not
participate in the further soft or hard collisions;

• Perform the longitudinal and kinky string excitations;

• Perform the simulation of string decays (see the string decay component
section);

• Correct energies and momenta of produced particles (see the utility
components section), if it is necessary.
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6.9.2 Initial state simulation

An impact parameter value (0 < b < Rp + Rt) is randomly selected according
to the distribution:

P(b) = b. • (6.103)

Then one should update the transversal components of projectile coordinates:

rxi -» rxi + bx (6.104)

and
ryi -+ ryi + by. (6.105)

For the target nucleus, if a projectile is centered on the origin of coordinate
system, one should perform a shift of nucleon longitudinal coordinates:

TZi —>• rzi + Arz/ji, (6.106)

where Arz = Rp + 1.5 fm + Rt + 1.5 fm can be taken.
The chosen working frames, where an interaction process is simulated,

are the c. m. frame of colliding particles and particle equal velocities frame,
respectively, in the case of particle and nuclear interactions.

In the case of a fast moving nucleus with the initial momentum per nu-
cleon P o = {0,0, PZQ} one should perform Lorentz transformation of the
nucleon longitudinal momenta

Pzi -> 7i(Pzi ~ AeO (6.107)

and the nucleon energies

ei ->• 7i(e, - PiPzi), (6.108)

where /?; is denned as

A = 2
P z 0

 gff2 (6.109)

and 7$ is given by

•"^nt (6-no>

The ml ' denotes an effective i-th nucleon mass.
For a fast moving nucleus one needs also to perform its Lorentz contrac-

tion, i. e.,
ri = r, - - f - v ( v r i ) , (6.111)
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where v is the nuclear velocity and 7 — 1/Vl — v2. The nucleus initialization
can be performed at once, even if one needs to simulate multiple nuclear
interactions, when the same nucleus is participating. The nucleus is randomly
rotated in coordinate and momentum spaces before repeated interaction. To
perform this rotation three Euler angles: 0 < 81 < 2ir, 0 < 82 < 2TT and
0 < #3 < 2n are selected (with the uniform probabilities) randomly. Then
the nucleon coordinates r; = {r
are rotated sequentially:

r ;

and

xi,ryi,rzi} and momenta p ; = {pxi,pyi,Pzi}

(6.112)

(6.113)Pi —̂  Pi^M —y Pi-^2 —̂  Pi^sJi

where the rotation matrices are determined as follows

cos #! - sin 9\ 0
sin 9\ cos 8\ 0

0 0 1

and

and

R2 =
cos 82 0 — sin 82

0 1 0
sin 82 0 cos 82

cos #3 - sin #3 0
sin 9s cos #3 0

0 0 1

(6.114)

(6.115)

(6.116)

6.9.3 Nuclear collision participants

The ultra-relativistic inelastic hadron-nucleus and nucleus-nucleus collisions
are considered as independent hadron-nucleon and nucleon-nucleon inelastic
collisions. It was shown long time ago [1] for the hadron-nucleus collision that
such picture can be obtained starting from the Regge-Gribov approach [2],
where the hadron-nucleus elastic scattering amplitude is a result of reggeon
exchanges between initial hadron and nucleons from a target-nucleus. This
result can be extended for the nucleus-nucleus collision case and leads to
a simple and efficient MC procedure [3] to define interaction cross sections
and number of the nucleons participating in the inelastic nucleus-nucleus
collision:

106



1. We randomly distribute A nucleons from the projectile-nucleus and B
nucleons from the target-nucleus inside the impact parameter plane ac-
cording to the weight functions T([bf ]) and T([bf]), respectively. These .
functions represent probability densities to find sets of nucleon impact
parameters [bf] and [bf], where i — 1,2,...,A and j = 1,2,..., 5 , re-
spectively.

2. For each pair of nucleons i and j with chosen impact parameters bf and
bf we check whether they interact inelastic or not using the probability
Pij{bf — bf,s), where sy- = (p; +Pj)2 is the total cm. energy squared
of the given nucleons with the 4-momenta p, and pj, respectively.

The described MC procedure is based on the probability P(B, s) of a such
configuration, when several pairs of nucleons from the projectile and target
nuclei interact inelastically and the rest of the nucleons do not participate in
collisions:

P(B, *) = ( II Pv(% - bf, s) II [1 - rf - %,s)}\ , (6.117)
\i,j=l k,l=l I

where B is an impact parameter for the colliding nuclei and s is total cm.
nucleon-nucleon energy squared. To simplify notations, we assume, that all
interacting nucleon pairs have the same s. The last equation can be rewritten
more explicitly as follows

P(B, s) = J n ViSt - bf, s) n [1 - P J U $ - bf, s)]x
M = I *>i=i (6.118)

xTA(b?)TA(b£)...TA(B - b*)dUtdbB

The probability for an inelastic collision of the nucleons i and j as a
function of the squared impact parameter difference &?• = (bf — b^)2 and 5
can be calculated within the Regge-Gribov approach [4], [2] (see the hadron
cross section section).

We would stress that in the Pomeron eikonal model [2] we count only
Pomeron exchanges for the hadron elastic scattering amplitude. With such
amplitude we are not able to predict properly the experimental values of
hadron interaction cross sections and also the corresponding interaction prob-
abilities in the whole energy range under consideration. We will strongly
underestimate low energy parts of the cross sections and the corresponding
interaction probabilities.

At this energy region neglecting by the real part of a hadron scattering
amplitude we can correct the eikonal variables (see the hadron cross section
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section) expressing them through experimental values of the total atot(s),
elastic aei{s) and single diffraction a^(s) cross sections:

\{s) = 2^(3) , (6.120)

where
T> f \ tot\ I (n -t cy-\ \

elK >~ 87r[<jel(s)+ ad{s)Y K • '
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6.10 Utility components

We have developed a set of the components to fulfill utility functions in the
course of particle and nuclear collisions modeling. As a rule these components
deal with particle 4-momenta [1].

6.10.1 Energy-momentum correction

Sometimes we need to correct the energy and momentum of each produced
particle to guarantee the energy-momentum conservation law for a colliding
system. The correction procedure consists of three steps:

» We boost 4-momenta of the produced particles into their center of mass
frame using the total velocity of produced particles.

• We scale 3-momentum of each produced particle until their summary
mass is close to the effective mass of the colliding system. The scaling
procedure is controlled by a difference of a scale factor from the unit.

• We perform the reverse boost of 4-momenta of the produced particles
into the initial colliding frame using the velocity of the colliding system.

6.10.2 Particle distributions

As result of a particle or nuclear collision simulation we obtain the values of
particle 3-momenta (px>Py>Pz) > their energies (E), their quantum numbers,
i.e., the particle types. This information allows us a possibility to build differ-
ent particle distributions. The particle rapidity y ~ —0.5 In j ^ 2 ^ distribution
is calculated according to the equation:

|5 = ̂  ££<%*-*/) . (6-122)
where n is the mean multiplicity of particles of the required type, Nevt is the
number of generated collision events, nk is the number of particles of required
type in k-th event. Similarly we can build other particle distributions, e.g.,
transversal momentum pt distribution:

,/fj 1 Nevt nh

- T7— 2_j 2—i° \Ptj Pt)- {o.i^oj
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The particle multiplicity n distribution P(n) is calculated according to

where ri1 is the multiplicity of required particles in i-th event.
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Амелин Н. С , Комогоров M. Э. Д11-2001-175
Компонентно-ориентированный подход
к разработке и использованию численных моделей
в физике высоких энергий

Обсуждаются основные концепции компонентного подхода к разработке
и применению численных моделей в физике высоких энергий. Данный подход
реализован в виде системы программ NiMax. Обсуждаемые концепции иллю-
стрируются многочисленными примерами работы пользователя системы.
В приложении описаны физика и численные алгоритмы компонентов для мо-
делирования событий взаимодействия частиц и ядер при высоких энергиях.
Эти компоненты входят в состав прикладных модулей адронных моделей, со-
зданных в рамках данной системы. Данное описание может рассматриваться
как предварительная версия руководства для пользователей моделирующих
компонентов, работающих с системой NiMax.

Работа выполнена в Лаборатории высоких энергий ОИЯИ.

Сообщение Объединенного института ядерных исследований. Дубна, 2001

Amelin N. S., Komogorov M. E. Dl 1-2001-175
Component-Oriented Approach to the Development
and Use of Numerical Models in High Energy Physics

We discuss the main concepts of a component approach to the development
and use of numerical models in high energy physics. This approach is realized as
the NiMax software system. The discussed concepts are illustrated by numerous
examples of the system user session. In appendix chapter we describe physics
and numerical algorithms of the model components to perform simulation
of hadronic and nuclear collisions at high energies. These components are mem-
bers of hadronic application modules that have been developed with the help
of the NiMax system. Given report is served as an early release of the NiMax man-
ual in the main for model component users.

The investigation has been performed at the Laboratory of High Energies,
JINR.
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