UNH GRO-Comptel

Compass

ID COM-RP-UNH-SIM-039 Issue 1 Date 22 June 1994 Page 1-1

1 Introduction

This document provides a summary description of the COMPTEL mass model, as it is encoded in the IDT (“Instrument Definition Table”) dataset. The IDT is a required input dataset to the SIMGAM, SIMTRK, and SIMENE tasks of the SIM subsystem of COMPASS. These tasks simulate the response of the COMPTEL detectors to incident fl radiation, using the GEANT Monte Carlo simulation code developed at CERN.

The SIM Development Group at UNH currently consists of Ben Hersh, Cheenu Kappadath, R. Marc Kippen, Mark McConnell, Dan Morris, Greg Stacy, and Xu Peng. George Simpson carried out early SIM studies at UNH. We thank Hans de Boer and Rob van Dijk of Leiden for catching several errors in earlier versions of the IDT tables.

UNH GRO-Comptel

Compass

ID COM-RP-UNH-SIM-039 Issue 1 Date 22 June 1994 Page 2-1

2 Reference List

1. GEANT Detector Description and Simulation Tool, CERN Application Software Group, Computing and Networks Division, CERN, Geneva, Switzerland (Edition of March, 1994, for GEANT version 3.21).

2. Monte Carlo Simulation of the COMPTEL Gamma-Ray Telescope, R. M. Kippen, Master’s Thesis, University of New Hampshire, May, 1991.

3. “Log of available IDT, ISS, and ISP Datasets for SIM Processing,” R. M. Kippen, M. McConnell, and J. G. Stacy, COM-RP-UNH-SIM-021, currently under revision.

4. “COMPTEL Requirements for the GRO Mass/Radiation Model,” D. J. Morris, COM-TN-UNH-F70-050, 6 March, 1990.

5. “Overview of COMPASS Simulation Tasks (SIM Subsystem),” J. G. Stacy, COM- RP-UNH-SIM-038, 18 February, 1994.

6. “Mass Estimation above and between D1 and D2 Detectors,” H. Wolter, COM-TN- MBB-L31-007, 25 November, 1983.

7. “Mass Properties Summary,” H. Wolter and M. Kratz, COM-TN-MBB-L31-008, 7 February, 1986.

8. The original of the present document is kept as the file

/home/gstacy/tex/sim/idt desc/sim idt desc.tex

on comptel.unh.edu at UNH.

UNH GRO-Comptel

Compass

ID COM-RP-UNH-SIM-039 Issue 1 Date 22 June 1994 Page 3-1

3 Description and Structure of the IDT Dataset

The IDT (“Instrument Definitions Table”) dataset consists of an encoded physical mass model of the COMPTEL instrument, and is a required input dataset to the SIMGAM, SIMTRK, and SIMENE tasks of the SIM subsystem of COMPASS. These tasks simulate the response of the COMPTEL detectors to incident fl radiation, using the GEANT Monte Carlo simulation code developed and maintained at CERN.

Simply put, the GEANT program simulates the passage of elementary particles through matter. In the COMPASS SIM tasks, incident fl-ray photons are propagated and tracked through a model of the COMPTEL instrument, along with any secondary particles and photons resulting from beam-photon interactions with the material of the instrument model. Energy deposits in sensitive detector volumes are recorded and written, along with associated event parameters, as records to an output event file.

Proper execution of the GEANT program requires that an experimental setup be defined at the time of GEANT initialisation. An experimental setup is composed of a structure of geometrical volumes specified by the user. Each volume element is characterized by a shape identifier (e.g., ‘TUBE’ or ‘CONE’), whose parameters give the dimensions of the volume. The physical properties of a given volume element are determined by the chemical composition of the homogeneous material, prescribed by the user, which uniformly fills that volume. Each volume is positioned in a local reference system, with origin and axes defined for each shape. A given volume may contain other volumes; “daughter” volumes are explicitly positioned inside a “mother” volume. Each volume is given a volume number by the user; multiple copies of the same volume may be defined and placed inside the same or different mother volumes, as long as each copy is assigned a unique copy number. The material contents of each copy of a given volume are identical. Tracking medium parameters are also assigned to each volume; these include such information as the material identifier, a flag indicating whether a particular volume should be considered a sensitive detector element, etc. Finally, certain additional attributes may be assigned to each volume; these are used primarily in the GEANT drawing routines, to aid in producing viewable figures of the experimental setup (such as those presented later in this document).

The ensemble of all user-specified volumes for an experimental setup defines a physical or geometry tree, usually made up of several levels. Note that the properties of a daughter volume positioned within a mother volume at a certain level in the tree replace those of the mother within the region of space occupied by the daughter. A volume is therefore fully defined not just by its own intrinsic characteristics, but also by those of all its descendants. A geometry tree can be defined with a maximum of 15 levels in the GEANT program. A 4-level tree is sufficient to define the COMPTEL instrument model used in SIM processing.

UNH GRO-Comptel

Compass

ID COM-RP-UNH-SIM-039 Issue 1 Date 22 June 1994 Page 3-2

The figures and tables presented in this document were produced “automatically” (more or less) by execution of the program idtchk, written by the author. (Well, actually, it’s an extensively modified version of a program originally written by Marc Kippen.) The non-COMPASS task idtchk, linked to the GEANT libraries, reads in a selected IDT dataset, fills the GEANT geometry and material databanks with the model information (as in a normal COMPASS SIM-processing job), and prints out summary information in tabular form. This program also provides an interface to the GEANT Draw routines to produce various standard views of the instrument model and its components.

The particular IDT dataset used to produce the figures and tables contained in this document is U1008.IDT (actually, the formatted version, which is U1008.FO.IDT). A listing of this dataset is provided in the appendix. Note that two “versions” of a given IDT dataset exist in the COMPASS ORACLE database: one for use in simulating the “in-flight” response of the instrument (this is currently U1008.IDT), and one for use in simulating pre-launch “calibration” measurements (currently U1009.IDT). The only difference between the two is that, for the in-flight case, the master “dummy” volumes are filled with vacuum, and for calibration simulations the dummy volumes are filled with air.

For those who really want to learn the details: the GEANT manual and miscellaneous related documentation are now available as compressed postscript files via anonymous ftp to CERN in Geneva, Switzerland (ftp to asis01.cern.ch, and cd to the directory cernlib/doc/ps.dir/geant). Information about CERN and the CERN program library is also available through the World Wide Web (natürlich!) and Mosaic on the Internet (the CERN Home Page can be found at the following URL:

http://www.cern.ch/).

A final note: the following figures and tables are intended to be as “selfexplanatory” as possible, with a minimum of descriptive text surrounding them. If certain details of the COMPTEL instrument model, represented in the IDT dataset, are still unclear after reading, let me know (stacy@unh.edu) which points still need amplification, and I will consider drafting a more detailed version of this document (at some future date TBD).

UNH GRO-Comptel

Compass

ID COM-RP-UNH-SIM-039 Issue 1 Date 22 June 1994 Page 4-1

4 List of Volume Names by IDT Volume Number

1 = SETU: The “setup” dummy volume (“The Mother of All Volumes”) filled with

either vacuum or air, for simulation of either the in-flight or calibration response of the instrument,

2 = DET1: The dummy volume for the upper detector assembly (vacuum or air),
3 = D1PT: The D1 platform,
4 = D1PH: The D1 platform holes below the D1 detector modules (vacuum or air),
5 = D1MD: The dummy volume for a D1 module (vacuum or air),
6 = D1SN: The D1 scintillator material (NE 213A),
7 = D1TP: The top of the D1 module housing,
8 = D1BT: The bottom of the D1 module housing,
9 = D1SD: The side of the D1 module housing,
10 = D1RS: The volume for a D1 reservoir,
11 = D1PM: The volume for a D1 PMT,
12 = DET2: The dummy volume for the lower detector assembly (vacuum or air),
13 = D2PT: The D2 platform,
14 = D2MD: The dummy volume for a D2 module (vacuum or air),
15 = D2SN: The D2 scintillator material (NaI),
16 = D2TP: The top of the D2 module housing,
17 = D2BT: The bottom of the D2 module housing,
18 = D2SD: The side of the D2 module housing,
19 = D2PM: The volume for a D2 PMT,
20 = STRC: The outer structure of the instrument,
21 = V1SD: The side of the V1 anticoincidence dome,
22 = V1TP: The top of the V1 anticoincidence dome,
23 = V2SD: The side of the V2 anticoincidence dome,
24 = V2TP: The top of the V2 anticoincidence dome,
25 = V3SD: The side of the V3 anticoincidence dome,
26 = V3TP: The top of the V3 anticoincidence dome,
27 = V4SD: The side of the V4 anticoincidence dome,
28 = V4TP: The top of the V4 anticoincidence dome,

UNH GRO-Comptel

Compass

ID COM-RP-UNH-SIM-039 Issue 1 Date 22 June 1994 Page 4-2

29 = DBCK: The dummy volume for the D1 backscatter detector (calibration runs

only),

30 = DBDT: The scintillator material in the D1 backscatter detector (NaI),
31 = MGOB: The magnesium oxide coating on the bottom of the housing of the D1

backscatter detector,

32 = MGOS: The magnesium oxide coating on the side of the housing of the D1

backscatter detector,

33 = CANB: The bottom of the housing of the D1 backscatter detector
34 = CANS: The side of the housing of the D1 backscatter detector
35 = D2RG: The “D2 Ring,” a conical ring of material just below the D2 platform

and surrounding the D2 modules which contains miscellaneous structural material not otherwise accounted for in the D2 detector assembly.

UNH GRO-Comptel

Compass

ID COM-RP-UNH-SIM-039 Issue 1 Date 22 June 1994 Page 5-1

5 The Geometry Tree

The following diagram illustrates the structure of the geometry tree used by GEANT in tracking photons and particles through the instrument model, and the “nesting” of the volumes defined within an IDT dataset. Refer to the previous section for a brief description of each volume.

UNH GRO-Comptel

Compass

ID COM-RP-UNH-SIM-039 Issue 1 Date 22 June 1994 Page 6-1

6 Figures

The following sets of figures and diagrams illustrate the various components of the COMPTEL instrument model defined by an IDT dataset and used in COMPASS SIM processing.

[Author’s Note: For the diagrams of section 6.3.2, a choice of human figure (to provide a reference scale to the diagram) is not available to the user of version 3.15 of GEANT. If desired, comments on this point can be directed to cernlib@cernvm.cern.ch. We also note that in the new version 3.21 of GEANT there are apparently three (?!) female figures to choose from when illustrating a diagram, and only a single male figure.]

UNH GRO-Comptel

Compass

ID COM-RP-UNH-SIM-039 Issue 1 Date 22 June 1994 Page 6-2

6.1 Full Instrument Views

6.1.1 “Three-dimensional” View (without DBCK)

UNH GRO-Comptel

Compass

ID COM-RP-UNH-SIM-039 Issue 1 Date 22 June 1994 Page 6-3

6.1.2 View of a Cut through the X-Z Plane

UNH GRO-Comptel

Compass

ID COM-RP-UNH-SIM-039 Issue 1 Date 22 June 1994 Page 6-4

6.2 Cuts through the Detector Planes

6.2.1 The Upper Detector Assembly

UNH GRO-Comptel

Compass

ID COM-RP-UNH-SIM-039 Issue 1 Date 22 June 1994 Page 6-5

6.2.2 The Lower Detector Assembly

UNH GRO-Comptel

Compass

ID COM-RP-UNH-SIM-039 Issue 1 Date 22 June 1994 Page 6-6

6.3 Module and Detector Specifications and Views

6.3.1 The D1 and D2 Modules

UNH GRO-Comptel

Compass

ID COM-RP-UNH-SIM-039 Issue 1 Date 22 June 1994 Page 6-7

6.3.2 The Upper and Lower Detector Assemblies

UNH GRO-Comptel

Compass

ID COM-RP-UNH-SIM-039 Issue 1 Date 22 June 1994 Page 7-1

7 Summary Tables

The following tables provide summary information describing the various volume elements which make up the COMPTEL instrument model, as defined in an IDT dataset. All were produced “automatically” by execution of the program idtchk, written by the author of this document. The non-COMPASS task idtchk, linked to the GEANT libraries, reads in a selected IDT dataset, fills the GEANT geometry and material databanks with the model information (as in a normal COMPASS SIM-processing job), and prints out summary information in tabular form. This program also provides an interface to the GEANT Draw routines to produce figures of the instrument model.

Tables 1 and 2 (“Volume Materials and Mixtures” and “Volume Rotation Matrices”) are produced by “standard” GEANT output routines available to the user. The remaining tables were produced as “special” summary tables within idtchk.

UNH GRO-Comptel

Compass

ID COM-RP-UNH-SIM-039 Issue 1 Date 22 June 1994 Page 7-2

7.1 Table 1: Volume Materials and Mixtures

UNH GRO-Comptel

Compass

ID COM-RP-UNH-SIM-039 Issue 1 Date 22 June 1994 Page 7-3

UNH GRO-Comptel

Compass

ID COM-RP-UNH-SIM-039 Issue 1 Date 22 June 1994 Page 7-4

7.2 Table 2: Volume Rotation Matrices

The relative position of a volume inside its mother is expressed in GEANT in terms of a translation vector (determined by the position information given in Table 3 in the next section) and a rotation matrix. The rotation matrix expresses the transformation from the “Mother Reference System” (MRS) to the “Daughter Reference System” (DRS). A rotation matrix is determined by giving the polar and azimuthal angles of the axes of the DRS with respect to the MRS. In the following table of rotation matrices THET1,2, and 3 are the polar angles of the x-, y-, and z-axes, respectively, of the DRS with respect to the MRS, and PHI1,2, and 3 are the azimuthal angles.

In the COMPTEL instrument model, the D1 PMTs are rotated to their proper positions surrounding the D1 module housing, and two of the D1 modules are rotated to fit in their proper positions on the D1 platform.

UNH GRO-Comptel

Compass

ID COM-RP-UNH-SIM-039 Issue 1 Date 22 June 1994 Page 7-5

7.3 Table 3: Volume/Position Summary Table

UNH GRO-Comptel

Compass

ID COM-RP-UNH-SIM-039 Issue 1 Date 22 June 1994 Page 7-6

UNH GRO-Comptel

Compass

ID COM-RP-UNH-SIM-039 Issue 1 Date 22 June 1994 Page 7-7

UNH GRO-Comptel

Compass

ID COM-RP-UNH-SIM-039 Issue 1 Date 22 June 1994 Page 7-8

7.4 Table 4: Volume/Mass Summary Table

UNH GRO-Comptel

Compass

ID COM-RP-UNH-SIM-039 Issue 1 Date 22 June 1994 Page 7-9

7.5 Table 5: Mass above D1 and between D1 and D2

UNH GRO-Comptel

Compass

ID COM-RP-UNH-SIM-039 Issue 1 Date 22 June 1994 Page 7-10

7.6 Table 6: Total Mass Summary Table

UNH GRO-Comptel

Compass

ID COM-RP-UNH-SIM-039 Issue 1 Date 22 June 1994 Page A-1

A Listing of U1008.FO.IDT

UNH GRO-Comptel

Compass

ID COM-RP-UNH-SIM-039 Issue 1 Date 22 June 1994 Page A-2

UNH GRO-Comptel

Compass

ID COM-RP-UNH-SIM-039 Issue 1 Date 22 June 1994 Page A-3

UNH GRO-Comptel

Compass

ID COM-RP-UNH-SIM-039 Issue 1 Date 22 June 1994 Page A-4

UNH GRO-Comptel

Compass

ID COM-RP-UNH-SIM-039 Issue 1 Date 22 June 1994 Page A-5

UNH GRO-Comptel

Compass

ID COM-RP-UNH-SIM-039 Issue 1 Date 22 June 1994 Page A-6

UNH GRO-Comptel

Compass

ID COM-RP-UNH-SIM-039 Issue 1 Date 22 June 1994 Page A-7

UNH GRO-Comptel

Compass

ID COM-RP-UNH-SIM-039 Issue 1 Date 22 June 1994 Page 0-1

Document Title Description of the COMPTEL SIM Mass Model (IDT Dataset)

Document ID COM-RP-UNH-SIM-039

Issue No 1

Issue Date 22 June 1994

Prepared by J. G. Stacy

Approved by

Authorized by

UNH GRO-Comptel

Compass

ID COM-RP-UNH-SIM-039 Issue 1 Date 22 June 1994 Page 0-2

Contents

1 Introduction

2 Reference List

3 Description and Structure of the IDT Dataset

4 List of Volume Names by IDT Volume Number

5 The Geometry Tree

6 Figures 6.1 Full Instrument Views 6.1.1 “Three-dimensional” View (without DBCK) 6.1.2 View of a Cut through the X-Z Plane 6.2 Cuts through the Detector Planes 6.2.1 The Upper Detector Assembly 6.2.2 The Lower Detector Assembly 6.3 Module and Detector Specifications and Views 6.3.1 The D1 and D2 Modules 6.3.2 The Upper and Lower Detector Assemblies

7 Summary Tables 7.1 Table 1: Volume Materials and Mixtures 7.2 Table 2: Volume Rotation Matrices 7.3 Table 3: Volume/Position Summary Table 7.4 Table 4: Volume/Mass Summary Table 7.5 Table 5: Mass above D1 and between D1 and D2 7.6 Table 6: Total Mass Summary Table

A Listing of U1008.FO.IDT