	[image: image2.png]Imperial College
London




	WP500 USER REQUIREMENTS DOCUMENT


	[image: image1.png]Imperial College
London




	WP500 URD
	Doc. N0:


	WP500-URD-ICL-001

	
	
	Page:


	2
	of


	12

	
	Simulation of Test-Mass Charging in the LISA Mission
	
	
	
	



	Doc. Type:
	URD
	DRD No:


	NA

	Doc. No:


	WP500-URD-ICL-001
	Issue:


	1.0
	Date:


	05/01/2004
	Page


	1
	Of


	12

	Title:


	Simulation of Test-Mass Charging in the LISA Mission


	
	Name & Function
	Signature
	Date
	
	Distribution List
	

	Prepared by:


	Araújo H.

Wass P.

Sumner T.

	
	
	
	Internal
Araújo H.

Wass P.

Sumner T.
	

	Approved by:


	Araújo H.

Wass P.

Sumner T.

	
	
	
	
	

	Application authorised by:


	
	
	
	
	External
Lei F. (QinetiQ)


	

	Customer / Higher Level Contractor
	
	
	

	Accepted by:


	
	
	
	
	
	

	Approved by:


	
	
	
	
	
	


	Data Management:


	---------------------------------------------------------
     Signature                       Date
	File:
	 WP500_URD_ICL_001_v1.0.doc


	Change Record 

	ISSUE
	DATE
	Change Authority
	REASON FOR CHANGE AND AFFECTED SECTIONS

	1.0
	05/01/2004
	
	Draft Issue

	
	
	
	

	
	
	
	


	LIST OF VALID PAGES 

	PAGE 
	ISSUE 
	PAGE 
	ISSUE 
	PAGE 
	ISSUE 
	PAGE 
	ISSUE 
	PAGE 
	ISSUE 

	1-12
	1.0
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	


TABLE OF CONTENTS

61
Introduction

1.1
Contractual
6
1.2
Purpose of the Document
6
1.3
Scope of the Software
6
1.4
Applicable Documents and References
6
1.5
Acronyms
6
2
General Description
8
2.1
Product Perspective
8
2.2
General Capabilities
8
2.2.1
Definition of primary spectra by User Interface (UR 1)
8
2.2.2
Unique output file naming for parallel running (UR 2)
8
2.2.3
Seed management for parallel running (UR 3)
8
2.2.4
Ability to reproduce charging event from seeds (UR 4)
8
2.2.5
Output charge entering and leaving both test masses (UR 5)
8
2.2.6
Interactive visualisation of geometry and tracks (UR 6)
8
2.2.7
Output using HBOOK and ASCII files (UR 7)
9
2.2.8
Recovery of output (UR 8)
9
2.2.9
Survey of primary spectrum (UR 9)
9
2.2.10
Survey of particles in the geometry (UR 10)
9
2.2.11
Survey of energy spectra crossing TM boundary (UR 11)
9
2.3
General Constraints
9
2.3.1
Geant4 release (UR 12)
9
2.3.2
Geant4 development and debugging
9
2.3.3
Geometry implementation (UR 13)
9
2.3.4
Consistency with Geant4 code (UR 14)
9
2.3.5
Quality requirements (UR 15)
10
2.4
User Characteristics
10
2.5
Operational Environment (UR 16)
10
3
Specific Requirements
10
3.1
Definition of primary spectra by User Interface (UR 1)
10
3.2
Unique output file naming for parallel running (UR 2)
10
3.3
Seed management for parallel running (UR 3)
10
3.4
Ability to reproduce charging event from seeds (UR 4)
11
3.5
Output for charge entering and leaving both test masses (UR 5)
11
3.6
Visualisation of geometry and tracks (UR 6)
11
3.7
Output using HBOOK or ASCII files (UR 7)
11
3.8
Recovery of output (UR 8)
11
3.9
Survey of primary spectrum (UR 9)
11
3.10
Survey of particles in the geometry (UR 10)
12
3.11
Survey of energies crossing TM boundaries (UR 11)
12
4
User-defined inputs
12


1 Introduction

1.1 Contractual

This document has been issued by the Astrophysics Group at Imperial College London for QinetiQ, under contract CU009-0000028631, for the SEPTIMESS Project (Space Energetic Particle Transport and Interaction Modelling for ESA Science Studies). It describes work undertaken in Work Package 500 – Simulation of Test-Mass Charging in the LISA Mission.
1.2 Purpose of the Document

This document describes user requirements for the simulation code aimed at modelling the electrostatic charging of the test masses onboard the LISA Science Modules using the GEANT4 radiation transport Monte Carlo toolkit. These requirements will be used to specify the software requirements in the Software Specification Document.
1.3 Scope of the Software

This software is exclusively intended for use with the GEANT4 toolkit for the simulation of the stochastic charging of the LISA test masses due to energetic protons and helium nuclei from galactic and solar origin. When compiled and linked into the GEANT4 toolkit, the code will track the primary cosmic rays and any secondary particles produced in the spacecraft geometry, in particular those entering or leaving the test masses. The version of the code delivered as Work Package 500 will be compatible with the 2nd full GEANT4 release in 2003 (geant4-06-00).
1.4 Applicable Documents and References

	[AD 1]
	WP500-TN-ICL-001

	[AD 2]
	WP500-SUM-ICL-001

	[AD 3]
	WP500-SSD-ICL-001

	[AD 4]
	WP500-SVVP-ICL-001

	[AD 5]
	http://cern.ch/geant4 and documentation therein

	[AD 6]
	ESA BSSC(96)2 Issue 1, May 1996


1.5 Acronyms

	AIDA
	Abstract Interfaces for Data Analysis

	CAD
	Computer Aided Design

	CMS
	Charge Management System

	DRS
	Disturbance Reduction System onboard SMART-2

	ESA
	European Space Agency

	G4
	Geant4

	GPS
	G4 General Particle Source module

	GUI
	Graphical User Interface

	HBOOK
	CERN Data Presentation and Analysis Package

	IA
	Interactive Analysis

	ICL
	Imperial College London

	LISA
	Laser Interferometer Space Antenna

	LTP
	LISA Technology Package onboard SMART-2

	OpenGL
	Graphical rendering and acceleration software libraries

	SMART
	ESA Missions for Advanced Research in Technology

	UI
	User Interface


2 General Description

2.1 Product Perspective

The LISA mission will perform some of the most accurate Physics measurements ever attempted. Several disturbance factors being studied by the LISA collaboration have the potential to jeopardise the interferometric measurement. The charging of the LISA test masses by exposure of the spacecraft to galactic cosmic rays and solar particles has been identified as a major concern. The simulation of the average charging rates and associated fluctuations is therefore mandatory. GEANT4 offers the most comprehensive treatment of Physics processes, as well as the most powerful capabilities for geometry implementation, tracking and analysis.
2.2 General Capabilities

The software shall allow the following operations in normal usage. The headings used for the listing of these operations are also used in Section 3 for the classification of detailed user requirements.

2.2.1 Definition of primary spectra by User Interface (UR 1)

The user shall be able to specify the primary particle and its spectrum through the UI in the form of GPS macros. Several macros shall be available to cover the most common space environment components.
2.2.2 Unique output file naming for parallel running (UR 2)

The user shall have the ability to specify unique filenames for each run which allow parallel running of the code without confusion of outputs.

2.2.3 Seed management for parallel running (UR 3)

The user shall have the ability to manage the random seeds used for a particular run. The seeds shall be uniquely specified for running the code in parallel in several machines.

2.2.4 Ability to reproduce charging event from seeds (UR 4)

The user shall be able to reproduce an event in which charging has occurred by specifying the respective event seeds. The code shall have the ability to store the pair of random seeds used in each event.
2.2.5 Output charge entering and leaving both test masses (UR 5)

The output shall discriminate between charges entering and leaving each TM.
2.2.6 Interactive visualisation of geometry and tracks (UR 6)

The user shall be able to visualise the implemented geometry and event tracks using a widespread visualisation tool. Track colours shall be assigned according to particle types in addition to the charge-based colours provided by default in G4.

2.2.7 Output using HBOOK and ASCII files (UR 7)

The user shall be able to access output information in the form of ASCII files or as HBOOK ntuple data structures written through the AIDA 3.0 abstract interface.

2.2.8 Recovery of output (UR 8)

The output of an aborted run should not be lost. The output of a run should not replace that of a previous run.
2.2.9 Survey of primary spectrum (UR 9)

The user shall be able to inspect the energy spectra for generated primary particles by use of a UI command, a run-time environment variable or a compilation flag.
2.2.10 Survey of particles in the geometry (UR 10)

It shall be possible to obtain energy spectra for all categories of particles being produced in the geometry by use of a UI command, a run-time environment variable or a compilation flag.
2.2.11 Survey of energy spectra crossing TM boundary (UR 11)

The user shall be able to obtain energy spectra for particles entering or leaving the test masses by use of a UI command, a run-time environment variable or a compilation flag.
2.3 General Constraints

2.3.1 Geant4 release (UR 12)

The LISA simulation code shall be able to operate with Geant4-06-00 if available by end of December 2003, or with the previous public release otherwise. In this context, public release specifies a full, major G4 release (e.g. geant4-05-02) or the latter plus a public correction patch (e.g. geant4-05-02-p01).

2.3.2 Geant4 development and debugging

Development, debugging and validation of Geant4 classes are outside the scope of this Work Package. If incorrect behaviour (physics or other) is identified, the relevant Working Group within the GEANT4 collaboration will be alerted.
2.3.3 Geometry implementation (UR 13)

The LISA geometry shall be implemented according to the latest information available. The geometry shall be based on approved design documents or CAD files related to the LISA mission.

2.3.4 Consistency with Geant4 code (UR 14)

The LISA simulation code shall be consistent with existing G4 code in terms of modularization and coding approaches.

2.3.5 Quality requirements (UR 15)

The LISA simulation code shall be developed to ESA PSS-05 standards [AD 6] for small software projects.
2.4 User Characteristics

In the first instance, the user of this software is expected to be an engineer or physicist involved in the study of the effects of space environment in spacecraft systems. The user is expected to be familiar with Monte Carlo simulations using Geant4 and with the C++ programming language. Background knowledge in the interaction of radiation with matter is desirable.
2.5 Operational Environment (UR 16)

The code will be compiled and executed in the following environment:


IBM-compatible PC


Pentium III 1 GHz processor or better

512 MB memory


HD space > 400 MB


Linux Operating System (RedHat 8)


GNU gcc-3.2 compiler

3 Specific Requirements
3.1 Definition of primary spectra by User Interface (UR 1)

	UR ID
	Description

	UR 1.1
	The user shall be able to specify the primary particle and its energy spectrum using General Particle Source UI commands gathered in macro files.

	UR 1.2
	Macros shall be available for most common space environment components, namely protons, 3He and 4He nuclei at solar minimum and solar maximum fluxes.


3.2 Unique output file naming for parallel running (UR 2)

	UR ID
	Description

	UR 2.1
	The user shall have the ability to specify different filenames for each run which allow parallel running of the code without confusion of outputs.

	UR 2.2
	The user shall have the ability to generate unique output filenames automatically for each run.


3.3 Seed management for parallel running (UR 3)

	UR ID
	Description

	UR 3.1
	The user shall be able to specify the random seeds used in a particular run.

	UR 3.2
	The code should provide automatic seed generation for running the code in parallel in several machines.


3.4 Ability to reproduce charging event from seeds (UR 4)

	UR ID
	Description

	UR 4.1
	The user shall be able to reproduce an event in which charging has occurred by specifying the respective event seeds.

	UR 4.2
	The code shall be able to store the pair of random seeds used in each event.


3.5 Output for charge entering and leaving both test masses (UR 5)

	UR ID
	Description

	UR 5.1
	The output shall discriminate between charges entering and leaving each of the two TMs.


3.6 Visualisation of geometry and tracks (UR 6)

	UR ID
	Description

	UR 6.1
	The user shall be able to visualise the implemented geometry and event tracks using a widespread visualisation tool.

	UR 6.2
	Track colours shall be assigned according to particle types in addition to the charge-based colours provided by default in G4.


3.7 Output using HBOOK or ASCII files (UR 7)

	UR ID
	Description

	UR 7.1
	The code shall output HBOOK ntuples through the AIDA 3.0 abstract interface.

	UR 7.2
	The code shall also output ASCII files.


3.8 Recovery of output (UR 8)

	UR ID
	Description

	UR 8.1
	The output of a run should not be lost upon forced or crashed termination.

	UR 8.2
	The application shall not overwrite the output of previous runs.


3.9 Survey of primary spectrum (UR 9)

	UR ID
	Description

	UR 9.1
	The user shall be able to quickly inspect the energy spectrum of primary particles being generated by use of a UI command, a run-time environment variable or a compilation flag.


3.10 Survey of particles in the geometry (UR 10)

	UR ID
	Description

	UR 10.1
	It shall be possible to obtain energy spectra for all categories of particles being produced in the geometry by use of a UI command, a run-time environment variable or a compilation flag.


3.11 Survey of energies crossing TM boundaries (UR 11)

	UR ID
	Description

	UR 11.1
	The user shall be able to obtain energy spectra for particles entering or leaving the test masses by use of a UI command, a run-time environment variable or a compilation flag.


4 User-defined inputs
The user shall be able to provide input and control the operation of the LISA code in the following ways:

1. Manipulation of the C++ code (open source).

2. Compilation subject to specific environment variables.

3. The standard G4 UI commands (described in [AD 5]).

4. Using application-specific UI commands.

5. Choosing between input command macros provided.
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