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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 the verification and validation plan for the LISA software and satisfies the requirement in the software specification document (SSD) to record and deliver test results. It is intended as a plan and record for the technical reviews and tests carried out on the LISA software application. It shall be used to assess that the coding is of sufficient quality, contains sufficient internal documentation, responds correctly to commands provided by the user, carries out the mathematical calculations to the required accuracy, and meets the performance requirements.
1.3 Scope of the Software

The LISA 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-URD-ICL-001

	[AD 3]
	WP500-SSD-ICL-001

	[AD 4]
	WP500-SUM-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

	G4
	Geant4 Toolkit

	GCR
	Galactic Cosmic Rays

	GPS
	G4 General Particle Source module

	GUI
	Graphical User Interface

	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

	SVVP
	Software Validation and Verification Plan

	UI
	User Interface


2 Review
A limited set of tests was carried out on the LISA software package. These should ascertain that the geometry has been implemented correctly, existing Physics models are correctly assigned and that the primary fluxes are correctly generated [SR 15.1-5] [AD 3].

Validation of Geant4 models has been explicitly excluded from this work package. However, we have also assessed the correct implementation of some of the models chosen. A particularly important one for the LISA charging problem is G4MultipleScattering: one needs to ensure that the model parameters are tuned to correctly reproduce the fraction of electrons backscattered at the TM/electrode surfaces (Au, Au/Pt), which can be as high as 50%. One other test has been carried out to ensure that an error in the G4GeneralParticleSource class, discovered in previous G4 releases, had been properly corrected.
The tests described here have been carried out and assessed by the authors of the code, which are identified as the authors of this document. No external inspection or technical review was considered necessary.

3 Unit and Integration Tests

3.1 Test plan #1
3.1.1 Test items

Class LISADetectorConstruction.

3.1.2 Features to be tested

· Robustness of geometry implementation.
3.1.3 Test deliverables

1. Output of ASCIITree viewer showing hierarchy of physical volumes.
2. Output of full G4 recursive test showing no volume overlaps or other errors.

3.1.4 Test pass/fail criteria

If no application crashes can be attributed specifically to the geometry for a large number of events, if G4 UI geometry tests return no errors such as overlapping volumes, then the LISA code is considered to have passed this test.

3.1.5 Test

1. Run all tests in command directory /geometry/tests.
2. Run large number of isotropic geantino events.

3. Run large number of GCR events and identify causes for abnormal termination.

3.2 Test plan #2
3.2.1 Test items

Input macros delivered in directory /primaries: protons_solmin.mac, protons_solmax.mac, helium3_solmin.mac, helium3_solmax.mac, helium4_solmin.mac, helium4_solmax.mac
3.2.2 Features to be tested

· Generation of GCR proton flux spectrum at solar minimum

· Generation of GCR proton flux spectrum at solar maximum

· Generation of GCR Helium-3 flux spectrum at solar minimum

· Generation of GCR Helium-3 flux spectrum at solar maximum

· Generation of GCR Helium-4 flux spectrum at solar minimum

· Generation of GCR Helium-4 flux spectrum at solar maximum
3.2.3 Test deliverables

The test deliverables shall be a plot comparing the generated and measured differential energy spectra for the GCR flux in terms of spectral shape as well as absolute scaling.

3.2.4 Test pass/fail criteria

If the commands in the macro are entered without any errors, and the energy spectra of generated particles fit the above expectation, then the LISA code is considered to have passed this test.

3.2.5 Test

4. Activate primary survey in macro to test ( /surveys/surveyPrimaries 1)

5. Run a large number of primaries (eg /run/beamOn 100000)

6. Histogram energies in output file (primaries.out) as a differential energy spectrum

7. Convert number of MC primaries to cosmic-ray flux.

3.3 Test plan #3
3.3.1 Test items

Geant4 class G4GeneralParticleSource.
(After detection of error in GPS class concerning generation from spherical surfaces before release of Geant4-06-00)
3.3.2 Features to be tested

· Generation of uniform and isotropic particle flux inside a spherical surface [AD 1, 2]
3.3.3 Test deliverables

No deliverables
3.3.4 Test pass/fail criteria

If the number of hits registered in a detector sphere of arbitrary radius located anywhere inside a larger generator sphere is constant within statistics and equal to calculated value, then the LISA code is considered to have passed this test.

3.3.5 Test

8. Uncomment code labelled ‘probe volume’ in class LISADetectorConstruction and choose position and size of detector sphere.
9. Comment out code for remaining spacecraft geometry.

10. Uncomment code labelled ‘count particles hitting probe volume’ in class LISASteppingAction.

11. Compile and link.

12. Execute macro ang_test.mac.
13. Compare number of hits to that calculated.
3.4 Test plan #4
3.4.1 Test items

Class LISAPhysicsList
3.4.2 Features to be tested

· Assignment of physics models to all particles and all energies occurring in the simulation.
3.4.3 Test deliverables

The test deliverables shall be a plot comparing the energy spectra of particles generated in the LISA geometry and the energy range of application of physics models implemented.

3.4.4 Test pass/fail criteria

If all particles are covered by relevant physics models throughout the full generation spectrum.

3.4.5 Test

14. Activate particle survey in input macro ( /surveys/surveyParticles 1).

15. Run a large number of primaries (eg /run/beamOn 100000).

16. Histogram all output files into energy spectra.

17. Compare to recommended energy ranges for implemented models.

3.5 Test plan #5
3.5.1 Test items

Classes G4MultipleScattering, LISAPhysicsList
The G4MultipleScattering model contains several parameters which can be accessed by the user to tune the class behaviour for different applications. The default parameters in the current version of the model do not account correctly for the backscattering fraction of electrons incident on a surface. An optimum choice of parameters must therefore be tested.
3.5.2 Features to be tested

· Correct behaviour of G4MultipleScattering for electrons, in particular in reproducing the experimentally-observed fractions of backscattered electrons from Au and Pt.
3.5.3 Test deliverables

This test shall deliver a plot comparing the fraction of backscattered electrons from gold and platinum surfaces with experimental results.
3.5.4 Test pass/fail criteria

Experimental results for backscattering fraction are correctly reproduced.
3.5.5 Test

18. Set-up dedicated test code.
4 Unit and Integration test results

4.1 Test #1 (Geometry)
No inconsistencies in the geometry implementation were found in any of the tests performed for this effect. The outputs from the ASCIITree viewer (identifying the physical volume hierarchy) and of a full-depth recursive rest did not identify any problems in the LISA geometry, nor were there any application crashes which could be traced back to the LISA geometry in a large number of events. 
The recursive test errors marked in red in Figure 1 have been identified as minor G4 problems and should have no consequence for this simulation (G4 problem report #499).
This test is therefore successfully passed.

4.1.1 Output from ASCIITree viewer


[image: image1]
Figure 1: Output from ASCIIThree viewer (verboseLevel=0)

[image: image2]
Figure 1 (cont): Output from ASCIIThree viewer (verboseLevel=0)


[image: image3]
Figure 1 (cont): Output from ASCIIThree viewer (verboseLevel=0).

[image: image4]
Figure 1 (cont): Output from ASCIIThree viewer (verboseLevel=0).
4.1.2 Output of recursive test

[image: image5]
Figure 2:Output from G4 recursive_test.

[image: image6]
Figure 2 (cont): Output from G4 recursive_test.
4.2 Test #2 (Input macros)

The result of the GCR generation from the LISA input macros is shown in Figure 3, confirming that the differential energy spectra produced (coloured lines) agree in both shape and absolute normalisation with the functions used to generate them (black lines).

This test is therefore successfully passed.
4.2.1 Comparison plot
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Figure 3: Primary spectra (differential) for galactic cosmic rays.

4.3 Test #3 (GPS)

In release Geant4-06-00, the number of hits detected in a sphere of any size located anywhere inside the 1.5 m radius generator sphere is, within statistical fluctuations, correctly predicted by geometrical considerations.

This test is successfully passed.
4.3.1 No deliverables

4.4 Test #4 (Physics models)

The results of a particle survey produced by GCR protons at solar minimum are shown in Figure 4.

Electromagnetic and nuclear models can be identified in LISAPhysicsList to cover all the particles in their energy ranges.
This test is successfully passed.
4.4.1 Particles plot
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Figure 4: Energy spectra for particles produced in the geometry.
4.5 Test #5 (Electron backscattering)

Figure 5 shows the energy dependence of the total backscattering fraction for electrons in gold (red line) and platinum (blue line) for the parameter facrange=0.01, which is a good compromise between accuracy and speed (default facrange=0.199). The black markers are experimental results for Au compiled from several sources; the empty markers refer to Pt.

In our judgement, the G4 model reproduces experimental results with sufficient accuracy for both materials. The energy spectrum of the backscattered electrons is also in good agreement with experiment.

This test is successfully passed.
4.5.1 Backscattering fraction for electrons
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Figure 5: Energy-dependence of e- backscattering fraction from Au and Pt.
5 Acceptance test procedures

5.1 Description of the test

The acceptance tests shall comprise the Unit/Integration Test results performed on a computer satisfying SR 17 [AD 3].

5.2 Test deliverables

The test deliverables shall be the Unit/Integration Test deliverables and the results generated at acceptance.
5.3 Test case pass/fail criteria

The LISA software is considered to have passed the acceptance tests if it has passed all the Unit/Integration Tests.



















    "STarTrack4_phys_o", copy no. 1 (repeated logical volume)


    "STElec_phys_o", copy no. 0


      "STElec_phys_i", copy no. 0


    "STElec_phys_o", copy no. 1 (repeated logical volume)


    "STElec_phys_o", copy no. 2 (repeated logical volume)


    "STElec_phys_o", copy no. 3 (repeated logical volume)


    "TWT_phys_o", copy no. 0


      "TWT_phys_i", copy no. 0


    "TWT_phys_o", copy no. 1 (repeated logical volume)


    "UVBox_phys_o", copy no. 0


      "UVBox_phys_i", copy no. 0


    "UVBox_phys_o", copy no. 1 (repeated logical volume)


    "PCDU_phys_o", copy no. 0


      "PCDU_phys_i", copy no. 0


    "CentELCPS_phys_o", copy no. 0


      "CentELCPS_phys_i", copy no. 0


    "CentEL2_phys_o", copy no. 0


      "CentEL2_phys_i", copy no. 0


    "FEEPEL_phys_o", copy no. 0


      "FEEPEL_phys_i", copy no. 0


    "FEEPEL_phys_o", copy no. 1 (repeated logical volume)


    "HGADrive_phys_o", copy no. 0


      "HGADrive_phys_i", copy no. 0


    "HGADrive_phys_o", copy no. 1 (repeated logical volume)


    "InterfelEL_phys_o", copy no. 0


      "InterfelEL_phys_i", copy no. 0


    "InterfelEL_phys_o", copy no. 1 (repeated logical volume)


    "LaserEL_phys_o", copy no. 0


      "LaserEL_phys_i", copy no. 0


    "LaserEL_phys_o", copy no. 1 (repeated logical volume)


    "LaserHead_phys_o", copy no. 0


      "LaserHead_phys_i", copy no. 0


    "LaserHead_phys_o", copy no. 1 (repeated logical volume)


    "LaserHead_phys_o", copy no. 2 (repeated logical volume)


    "LaserHead_phys_o", copy no. 3 (repeated logical volume)


    "STarTrack_phys_o", copy no. 0


      "StarTrack_U_phys_i", copy no. 0


    "STarTrack_phys_o", copy no. 1 (repeated logical volume)


    "Transpond2_phys_o", copy no. 0


      "Transpond2_phys_i", copy no. 0


    "StarTracker_phys", copy no. 0


    "StarTracker_phys", copy no. 1 (repeated logical volume)


    "FEEP_phys", copy no. 0


    "FEEP_phys", copy no. 1 (repeated logical volume)


    "FEEP_phys", copy no. 2 (repeated logical volume)


    "Antenna_phys", copy no. 0


    "Antenna_phys", copy no. 1 (repeated logical volume)


    "AntennaMount_phys", copy no. 0


    "AntennaMount_phys", copy no. 1 (repeated logical volume)


G4ASCIITreeSceneHandler::EndModeling





Idle>





                "cag_mec_lo_lid_phys", copy no. 0


                "cag_mec_plgr_top_phys", copy no. 0


                "cag_mec_plgr_shft_phys", copy no. 0


                "cm_plgr_shft_cr_phys", copy no. 0


                "cm_plgr_shft_cr_phys", copy no. 1 (repeated logical volume)


                "cag_mec_plgr_pnt_phys", copy no. 0


                "cag_mec_up_fr_out_phys", copy no. 0


                "cag_mec_up_fr_in_phys", copy no. 0


                "cag_mec_up_fr_in_phys", copy no. 1 (repeated logical volume)


                "cag_mec_up_fr_cr1_phys", copy no. 0


                "cag_mec_up_fr_cr2_phys", copy no. 0


                "cag_mec_up_fr_cr2_phys", copy no. 1 (repeated logical volume)


                "cag_mec_up_lid_phys", copy no. 0


              "cag_mec_dum_phys", copy no. 1 (repeated logical volume)


              "cage_o_phys", copy no. 0


                "goldplating_phys", copy no. 0


                  "cage_i_phys", copy no. 0


                    "tmass_phys", copy no. 0


                "elecsupp_x_phys", copy no. 0


                "elecsupp_x_phys", copy no. 1 (repeated logical volume)


                "elecsupp_x_phys", copy no. 2 (repeated logical volume)


                "elecsupp_x_phys", copy no. 3 (repeated logical volume)


                "elecsupp_y_phys", copy no. 0


                "elecsupp_y_phys", copy no. 1 (repeated logical volume)


                "elecsupp_y_phys", copy no. 2 (repeated logical volume)


                "elecsupp_y_phys", copy no. 3 (repeated logical volume)


                "elecsupp_yi_phys", copy no. 0


                "elecsupp_yi_phys", copy no. 1 (repeated logical volume)


                "elecsupp_y_phys", copy no. 0


                "elecsupp_y_phys", copy no. 1 (repeated logical volume)


                "elecsupp_y_phys", copy no. 2 (repeated logical volume)


                "elecsupp_y_phys", copy no. 3 (repeated logical volume)


                "elecsupp_zi_phys", copy no. 0


                "elecsupp_zi_phys", copy no. 1 (repeated logical volume)


                "elecsupp_zi_phys", copy no. 2 (repeated logical volume)


                "elecsupp_zi_phys", copy no. 3 (repeated logical volume)


              "disk_phys", copy no. 0


              "disk_phys", copy no. 1 (repeated logical volume)


        "TelBox2_phys", copy no. 1 (repeated logical volume)


    "TelShield_phys", copy no. 0


      "TelMastTel_phys", copy no. 0


      "TelSecMir_phys", copy no. 0


      "TelSecHol_phys", copy no. 0


      "TelSecHolCap1_phys", copy no. 0


      "TelSecHolCap2_phys", copy no. 0


    "TelShield_phys", copy no. 1 (repeated logical volume)


    "EPC_phys_o", copy no. 0


      "EPC_phys_i", copy no. 0


    "EPC_phys_o", copy no. 1 (repeated logical volume)


    "GyroPack_phys_o", copy no. 0


      "GyroPack_phys_i", copy no. 0


    "InstConE_phys_o", copy no. 0


      "InstConE_phys_i", copy no. 0


    "InstConE_phys_o", copy no. 1 (repeated logical volume)


    "RFDU_phys_o", copy no. 0


      "RFDU_phys_i", copy no. 0


    "STarTrack3_phys_o", copy no. 0


      "StarTrack_L_phys_i", copy no. 0





          "SupportYoke_phys", copy no. 0


          "SupportYoke_phys", copy no. 1 (repeated logical volume)


          "SupportYoke_phys", copy no. 2 (repeated logical volume)


          "SupportYoke_phys", copy no. 3 (repeated logical volume)


          "SupportYoke_phys", copy no. 4 (repeated logical volume)


          "SupportYoke_phys", copy no. 5 (repeated logical volume)


          "SupportYoke_phys", copy no. 6 (repeated logical volume)


          "SupportYoke_phys", copy no. 7 (repeated logical volume)


          "ShieldTube_phys", copy no. 0


          "TelRing_phys", copy no. 0


          "TelRing_phys", copy no. 1 (repeated logical volume)


          "ShieldPlate_phys", copy no. 0


          "TelElecBox_phys", copy no. 0


            "TelElecBoxIn_i", copy no. 0


          "TelElecBox_phys", copy no. 1 (repeated logical volume)


          "FrontThermalShield_phys", copy no. 0


          "TelPriMirMount_phys", copy no. 0


          "TelPriMirCyl_phys", copy no. 0


          "TelPriMir_phys", copy no. 0


          "SensorHousing_o_phys", copy no. 0


            "SensorHousing_i_phys", copy no. 0


              "cag_mec_dum_phys", copy no. 0


                "cag_mec_bod_phys", copy no. 0


                "cag_mec_box_phys", copy no. 0


                "cag_mec_box_phys", copy no. 1 (repeated logical volume)


                "cag_mec_mtr_phys", copy no. 0


                "cag_mec_mtr_shft_phys", copy no. 0


                "cag_mec_mtr_con_phys", copy no. 0


                "cag_mec_sup_phys", copy no. 0


                "cag_mec_sup_phys", copy no. 1 (repeated logical volume)


                "cag_mec_sup_phys", copy no. 2 (repeated logical volume)


                "cag_mec_spr_phys", copy no. 0


                "cag_mec_spr_phys", copy no. 1 (repeated logical volume)


                "cag_mec_spr_phys", copy no. 2 (repeated logical volume)


                "cag_mec_spr_phys", copy no. 3 (repeated logical volume)


                "cag_mec_spr_phys", copy no. 4 (repeated logical volume)


                "cag_mec_spr_phys", copy no. 5 (repeated logical volume)


                "cag_mec_spr_phys", copy no. 5 (repeated logical volume)


                "cag_mec_spr_phys", copy no. 6 (repeated logical volume)


                "cag_mec_spr_phys", copy no. 6 (repeated logical volume)


                "cag_mec_spr_phys", copy no. 8 (repeated logical volume)


                "cag_mec_spr_phys", copy no. 9 (repeated logical volume)


                "cag_mec_spr_phys", copy no. 10 (repeated logical volume)


                "cag_mec_spr_phys", copy no. 10 (repeated logical volume)


                "cag_mec_spr_phys", copy no. 11 (repeated logical volume)


                "cag_mec_spr_phys", copy no. 12 (repeated logical volume)


                "cag_mec_spr_phys", copy no. 13 (repeated logical volume)


                "cag_mec_spr_phys", copy no. 14 (repeated logical volume)


                "cag_mec_spr_phys", copy no. 15 (repeated logical volume)


                "cag_mec_spr_phys", copy no. 15 (repeated logical volume)


                "cag_mec_spr_phys", copy no. 16 (repeated logical volume)


                "cag_mec_spr_phys", copy no. 16 (repeated logical volume)


                "cag_mec_spr_phys", copy no. 18 (repeated logical volume)


                "cag_mec_spr_phys", copy no. 19 (repeated logical volume)


                "cag_mec_spr_phys", copy no. 20 (repeated logical volume)


                "cag_mec_lo_fr_phys", copy no. 0


                "cag_mec_lo_fr_cr1_phys", copy no. 0


                "cag_mec_lo_fr_cr2_phys", copy no. 0


                "cag_mec_lo_fr_cr2_phys", copy no. 1 (repeated logical volume)








GeomTest Error: SolidProblem


    Unmatched intersection point


    Solid name = cag_mec_up_lid


    Local position =              0  -1.33227e-16       2.20898 cm


GeomTest: no daughter volume extending outside mother detected.


GeomTest: no overlapping daughters detected.


GeomTest: no daughter volume extending outside mother detected.


GeomTest: no overlapping daughters detected.


GeomTest: no daughter volume extending outside mother detected.


GeomTest: no overlapping daughters detected.


GeomTest: no daughter volume extending outside mother detected.


GeomTest: no overlapping daughters detected.


GeomTest: no daughter volume extending outside mother detected.


GeomTest: no overlapping daughters detected.


GeomTest: no daughter volume extending outside mother detected.


GeomTest: no overlapping daughters detected.


GeomTest: no daughter volume extending outside mother detected.


GeomTest: no overlapping daughters detected.


GeomTest: no daughter volume extending outside mother detected.


GeomTest: no overlapping daughters detected.


GeomTest: no daughter volume extending outside mother detected.


GeomTest: no overlapping daughters detected.


GeomTest: no daughter volume extending outside mother detected.


GeomTest: no overlapping daughters detected.


GeomTest: no daughter volume extending outside mother detected.


GeomTest: no overlapping daughters detected.


GeomTest: no daughter volume extending outside mother detected.


GeomTest: no overlapping daughters detected.


GeomTest: no daughter volume extending outside mother detected.


GeomTest: no overlapping daughters detected.


GeomTest: no daughter volume extending outside mother detected.


GeomTest: no overlapping daughters detected.


GeomTest: no daughter volume extending outside mother detected.


GeomTest: no overlapping daughters detected.


GeomTest: no daughter volume extending outside mother detected.


GeomTest: no overlapping daughters detected.


GeomTest: no daughter volume extending outside mother detected.


GeomTest: no overlapping daughters detected.


GeomTest: no daughter volume extending outside mother detected.


GeomTest: no overlapping daughters detected.


GeomTest: no daughter volume extending outside mother detected.


GeomTest: no overlapping daughters detected.


GeomTest: no daughter volume extending outside mother detected.


GeomTest: no overlapping daughters detected.


GeomTest: no daughter volume extending outside mother detected.


GeomTest: no overlapping daughters detected.


GeomTest: no daughter volume extending outside mother detected.


GeomTest: no overlapping daughters detected.


GeomTest: no daughter volume extending outside mother detected.


GeomTest: no overlapping daughters detected.


GeomTest: no daughter volume extending outside mother detected.


GeomTest: no overlapping daughters detected.





Idle>





Idle> vis/viewer/refresh     


/vis/viewer/refresh


G4ASCIITreeSceneHandler::BeginModeling:


  set verbosity with "/vis/ASCIITree/verbose <verbosity>":


  <  10: - does not print daughters of repeated logical volumes.


         - does not repeat replicas.


  >= 10: prints all physical volumes.


  For level of detail add:


  >=  0: prints physical volume name.


  >=  1: prints logical volume name.


  >=  2: prints solid name and type.


  Note: all culling, if any, is switched off so all volumes are seen.


  Now printing with verbosity 0


"truewld_phys", copy no. 0


  "wld_phys", copy no. 0


    "StructTube_phys", copy no. 0


    "StructTube_phys", copy no. 1 (repeated logical volume)


    "StructTube_phys", copy no. 2 (repeated logical volume)


    "StructTubeSpacer_phys", copy no. 0


    "StructTubeSpacer_phys", copy no. 1 (repeated logical volume)


    "StructTubeSpacer_phys", copy no. 2 (repeated logical volume)


    "DiagPanelCore_phys", copy no. 0


    "DiagPanelCore_phys", copy no. 1 (repeated logical volume)


    "DiagPanelCore_phys", copy no. 2 (repeated logical volume)


    "DiagPanelSkin_phys", copy no. 0


    "DiagPanelSkin_phys", copy no. 1 (repeated logical volume)


    "DiagPanelSkin_phys", copy no. 2 (repeated logical volume)


    "DiagPanelSkin_phys", copy no. 3 (repeated logical volume)


    "DiagPanelSkin_phys", copy no. 3 (repeated logical volume)


    "DiagPanelSkin_phys", copy no. 4 (repeated logical volume)


    "RadialPanelSkin_phys", copy no. 0


      "RadialPanelCore_phys", copy no. 0


    "RadialPanelSkin_phys", copy no. 1 (repeated logical volume)


    "RadialPanelSkin_phys", copy no. 2 (repeated logical volume)


    "UpperDeckSkin_phys", copy no. 0


      "UpperDeckCore_phys", copy no. 0


    "LowerDeckSkin_phys", copy no. 0


      "LowerDeckCore_phys", copy no. 0


    "MLIBlanket_phys", copy no. 0


    "ThermalShieldFacesheet_phys", copy no. 0


      "ThermalShieldCore_phys", copy no. 0


      "ThermalShieldFoam_phys", copy no. 0


    "SolarArray_phys", copy no. 0


    "OSRAssy_phys", copy no. 0


    "RadPanel_phys", copy no. 0


    "arms_o_phys", copy no. 0


      "arms_i_phys", copy no. 0


        "TelActuatorCyl_phys", copy no. 0


        "TelActuatorMount_phys", copy no. 0


        "TelActuatorCyl_phys", copy no. 1 (repeated logical volume)


        "TelActuatorMount_phys", copy no. 1 (repeated logical volume)


        "TelBox1_phys", copy no. 0


          "OpticalBench_phys", copy no. 0


          "SupportRing_phys", copy no. 0








Idle> geometry/test/recursive_test 


/geometry/test/recursive_test





GeomTest: no daughter volume extending outside mother detected.


GeomTest: no overlapping daughters detected.


GeomTest: no daughter volume extending outside mother detected.


GeomTest: no overlapping daughters detected.


GeomTest: no daughter volume extending outside mother detected.


GeomTest: no overlapping daughters detected.


GeomTest: no daughter volume extending outside mother detected.


GeomTest: no overlapping daughters detected.


GeomTest: no daughter volume extending outside mother detected.


GeomTest: no overlapping daughters detected.


GeomTest: no daughter volume extending outside mother detected.


GeomTest: no overlapping daughters detected.


GeomTest: no daughter volume extending outside mother detected.


GeomTest: no overlapping daughters detected.


GeomTest: no daughter volume extending outside mother detected.


GeomTest: no overlapping daughters detected.


GeomTest Error: SolidProblem


    Spurious exiting intersection point


    Solid name = TelPriMirMount_sol2


    Local position =              0           -22         -0.07 cm


GeomTest Error: SolidProblem


    Spurious exiting intersection point


    Solid name = TelPriMirMount_sol2


    Local position =              0           -22          0.55 cm


GeomTest Error: SolidProblem


    Spurious entering intersection point


    Solid name = TelPriMirMount_sol2


    Local position =   -2.66454e-16           -22         -0.07 cm


GeomTest Error: SolidProblem


    Spurious entering intersection point


    Solid name = TelPriMirMount_sol2


    Local position =   -2.66454e-16           -22          0.55 cm


GeomTest: no daughter volume extending outside mother detected.


GeomTest: no overlapping daughters detected.


GeomTest: no daughter volume extending outside mother detected.


GeomTest: no overlapping daughters detected.


GeomTest: no daughter volume extending outside mother detected.


GeomTest: no overlapping daughters detected.


GeomTest: no daughter volume extending outside mother detected.


GeomTest: no overlapping daughters detected.


GeomTest Error: SolidProblem


    Spurious exiting intersection point


    Solid name = cag_mec_up_lid


    Local position =              0  -1.33227e-16       0.00648 cm


GeomTest Error: SolidProblem


    Solid has odd number of intersection points


    Solid name = cag_mec_up_lid


    Local position =              0  -1.33227e-16       0.00648 cm
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