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[bookmark: _Toc334699170]REPRODUCING DOSE RESPONSE FUNCTIONS 
Question 1. 
Why are our Shieldose results so different to those in the technical note?
Question 2. 
How do we interpret the dose data for the Si sphere? 
The statistics are clearly poor even with 10,000,000 particles in the simulation, and the results do not appear to match those of Santin & Ansart. Is this a statistical limitation, or is there something more fundamental that we are doing wrong?

For the low statistics and computational efficiency:
see answers and tips below

The fact that the GRAS results almost coincide with SHD-2Q hints at different input e spectrum. The ESA TN was based on electron spectra for Ganymede produced in early 2011 with the version of the JOSE model that was available at that time. The JOSE model has since been refined, and it is now producing rather different spectra. Apologies for the missing details in the TN. 
References for spectra comparison: reported JOSE output: jorem_fluxes.html, ESA Tech Note e spectrum internal macro name: “e_JOSE_thr_1MeV_log”. See Figures 1 and 2 for details.

The output total dose as provided and as produced in the ESA TN are is reported in Figure 3. The ratio between the values (highlighted in green) is compatible with the difference between the input spectra in the energy range which most contribute to the total dose for this shield thickness range (also highlighted in green in Figure 2).

By the way, the purpose of the TN was to show the importance of 
- different components of the electron spectrum, depending on the shielding involved.
- 3D geometry modelling effects.
The TN did not intend to produce reference absolute values for the JUICE mission. This was not  explicitly mentioned in the TN, and therefore generated confusion in the readers.

[image: ]
Figure 1 JOSE input spectra as attached to the report (2012) and as used for the ESA TN (2011)

[image: ]
Figure 2 Reported integral and differential spectra and comparison. Green highlighted sections refer to the answer to Questions 1 and 2. Light blue cells are used (as an example) for the input spectrum, dark blue cells for the normalisation commands in the GRAS macro

 [image: ]
Figure 3 Doses for Ganymede as given in the report and in the ESA TN, and comparison

Question 3 
In the dose file, there is a spread of events in the DOSE vs PRIMARY KINETIC ENERGY table.

OK

But why do all of these events occupy the first bin in the DOSE SPECTRUM table? Would we not expect a small spread in the dose energies?

Yes, we do expect a spread. For some reason all event-by-event contributions to the total dose are extremely small and therefore falling all into the first bin (0-1 MeV). An analysis of the output histogram in the CSV file reveals that all recorded events fall in the extra “UNDERFLOW” bin, with a mean value of ~10-13 rad. One can observe the event-by-event spread in the dose output by with an appropriate setting of the histogram binning, e.g. 
/gras/histo/setHistoByName dose1_dose 60 1.E-14 1.E-8 none log
/gras/histo/setHistoByName dose2_dose 60 1.E-14 1.E-8 none log

Thanks to this analysis we actually just discovered a bug in the “DOSE SPECTRUM” histogram filling: when expressed in units per unit mass (e.g. “rad”, “Gy”) the dose is actually not divided by the mass of the volumes. When using a fixed version of GRAS, the mean value for e.g. the specific case of dose2 (dose in the Silicon sphere, with a mass of 0.0007 kg) consistently goes up by ~3 orders of magnitude on the x axis, to an average value of ~10-10. An updated version of GRAS will be made available as soon as possible. Meanwhile, please take this bug report into account when using the “DOSE SPECTRUM” histogram output. For extra clarity, the total dose (scalar) result as reported in the CSV block named “TOTAL DOSE” is not affected by this bug.





Question 4.
What is the most appropriate source geometry to use in this case? 
We find that the results are extremely sensitive to the position and type of source used in the simulation.
The source spectrum is discussed by Santin & Ansart, but the authors do not state what source geometry they used.

For 3D geometries, we suggest to use  spherical sources slightly bigger than the geometry model, as also defined in your macro:
/gps/ang/maxtheta   9.000000E+01 deg
/gps/pos/type Surface
/gps/pos/shape Sphere
/gps/pos/centre   0.000000E+00   0.000000E+00   0.000000E+00 m
/gps/pos/radius   2.000000E+00 m

However, I do spot a mistake in the SPENVIS generated macro: the angular distribution should be cosine-biased, and not isotropic:
/gps/ang/type iso	
should read:
/gps/ang/type cos

The normalisation part of the source macro commands (intended for GRAS 2.X) is now obsolete, as GRAS 3.1 now includes a semi-automatic normalisation of the results that only need as input the total integrated fluence (unit of e.g. 1/cm2). The geometry component of the normalisation factor in now computed internally. Detailed instructions are given at http://spitfire.estec.esa.int/trac/GRAS/wiki/GRAS/UserGuide#normalisation and an example is given in Section 2.1 in the Appendix.




Question 5.
Is it necessary to use the standalone version of GRAS to reproduce the calculations in the Santin & Ansart note?

Even though GRAS 2.X should also be able to produce similar results (when using the same input spectrum), I would highly recommend using GRAS 3.1 instead of the version used in SPENVIS. I believe the comments regarding the previous questions should give enough technical guidance.

When using GRAS 3.1 with modified macros and geometry model as provided, with the reported input spectrum I now obtain after 5mm spherical shell Al shielding a total dose of ~250krad, 65% of the value in the TN, which is compatible with the differences among the spectra used for the report and the ESA TN.



[bookmark: _Toc334699171]USING STAND-­‐ALONE GRAS INSTALLATION
Question 6.
Can you suggest a solution to the zero result problem for local GRAS runs?
This seems critical since we need to run locally to access the high particle numbers needed for accurate estimation of dose.

In this case the zero dose problem is related to GRAS (maybe new in GRAS 3.1, to be checked)
The model from the GDML file includes physical volumes (based on the logical volumes v1 and v2) that are automatically named as v1_PV and v2_PV. The dose analysis modules dose1 and dose2 look for dose deposition entries in volumes named respectively v1 and v2, and therefore return zero doses. One can avoid this problem by explicitly naming the physical volumes in the GDML file with the same name as the related logical volume as following
<physvol name="v1"> 
  <volumeref ref="v1"/>
  ...
<physvol name="v2"> 
  <volumeref ref="v2"/>
  ...
XML error messages such as the following one can be ignored:
Type:InvalidDatatypeValueException, Message:ID 'M1' is not unique . at line: 93

For information, if the GDML model makes use of the Geant4 built-in materials (e.g. “G4_Al”) the following type of error message in the definition of the material is also harmless: 
G4GDML: VALIDATION ERROR! ID attribute 'G4_Al' was referenced but never declared at line: 141
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Question 7.
We would appreciate your inspection of the model and macro; is there an error in our setup, or is there another explanation for the zero fluence indicated at V3?

In fact in this case the problem was not in the export but rather in the logic of the original model. 

The main problem is in the logic of the GDML file, the "V3" physical volume is wrongly placed:
- geometrically (and as it appears in the visualisation file) its position is in the "_sinside_BOX" 
- logically in the Geant4 hierarchy it is placed as a physical volume inside the "_sinside_STRUCTURE".
From the hierarchy point of view, that means that it is not inside the camera, but at the same logical level as the camera, parallel to it. The particles entering the camera will never "logically" see it, even though it is placed there. Therefore they never enter the V3 volume, and the value for fluence6 is always zero

Please note (!) that I haven't modified the rest of the models for other mistakes, inconsistencies, overlaps, hierarchy problems, etc. Other  volumes also seems suspicious, in fact. By adding a line in the g4mac macro requiring GRAS to perform a recursive test of the volume placement (/geometry/test/recursive_test), as I was suspecting, Geant4 now detects overlap problems with 2 more volumes, that still need to be corrected before running the simulations. Please check the GRAS execution log, which in case of errors might include text such as the following one:

GeomTest Error: Overshooting daughter volume
    The volume ELEMENT[0] appears to extend outside the mother volume _inside_STRUCTURE[0]
    at the following points in global coordinates: (list truncated)
  length (cm)    ---- start position (cm) -----------   ----- end position (cm) ------------
     0.916365           0         -19.8        -7.77    0.916365         -19.8        -7.776

For guidance on Geant4 geometry testing, a good and recent training reference is the following
http://kds.kek.jp/contributionDisplay.py?contribId=20&confId=8113 

Based on this model, I start to have some doubts on the appropriateness of using SPENVIS as GDML and macro model generator. As there is little time for a full validation of the SPENVIS module now, for such simple files and shapes I would recommend creating the file by hand, starting from the JUICE GRAS simple case that I provided. This is what I almost always do. This way one is in full control regarding macro, volume definitions and hierarchy. Otherwise I think FASTRAD or ESABASE2 could be used for the geometry. We encourage the teams to contact the tool developers and ask for license conditions for the purpose and time frame of the JUICE AO proposal preparation.

There are some other suggested modifications to the GRAS macro, in order to optimise the way you use GRAS 3.1 for JUICE:

1. Input source
- For the Geant4 gps spectrum interpolation, for the typical Jupiter trapped electron spectra  as given by the JOSE model, based on our experience the “Log” option seems more appropriate than “Lin”
- Based on the study performed in the ESA Technical Note (see e.g. Figure 1 therein), one can see that with e.g. 5 mm Al shielding the component of the spectrum below 1 MeV gives a negligible contribution to the total dose. The proposed spectrum in the modified macros in the Appendix therefore starts at 1 MeV. This gives a significant boost to the computation efficiency for doses after shielding. The higher energy component of the spectrum may be of importance when studying total dose at greater shielding depths and are also extremely important for the assessment of background levels, as both energetic electrons and their induced secondaries are difficult to shield against. 

2. Normalisation
In GRAS 3.1 the normalisation is now better implemented. Some guidance (for the normalisation option "FLUENCE") at 
http://spitfire.estec.esa.int/trac/GRAS/wiki/GRAS/UserGuide#Normalisationtoexternalfluxorcurrent 
One needs to replace the line "/analysis/normalise" with the new macro lines. In particular one needs to provide the integral fluence value in units e.g. of /cm2. The normalisation factor (see point 2 here below) should be set according to the used  differential spectrum.
As an example, for the specific spectra attached to your questions and also reported above, we highlighted in light blue in Figure 1 the section of the differential spectrum used to provide the spectral shape to GRAS, while the fluence figure to be used in the /gras/analysis/setSourceFluence command is given by the difference of the 2 integral spectrum values highlighted in dark blue: Phiint(Emin)-Phiint(Emax) in units of 1/cm2. Note: if your numbers are actually given per second, e.g. in units of 1/(cm2 s), please input 1/cm2 as unit, and interpret your results as “per second” (GRAS and Geant4 do not care about the input time span for the electron tracks)

3. EM physics
For JUICE, I would recommend the use of the electromagnetic physics list em_standard_opt3

4. Visualisation
Some GRAS visualisation utilities allow an easier use of colours, as in the modified macro, for easier visual debugging.

5. Production cuts
Depending on the goal of the simulations and on the dimensions of the volumes in the geometry model, one can probably "relax"  the cuts from 1 um to e.g. 10 um or even 100um. This should definitely speed up the simulation. (Please just note that special effects e.g. very close to the interfaces between high-Z and low-Z materials will then most probably not be correctly modelled)

6. Instrument response modelling – secondary particles
When modelling the instrument response, don’t forget to include at least gammas in your analysis. I added them to the fluence modules in the modified macro in the Appendix, with modified histogram binning in order to capture all of them. The output for 107 primary electrons is included in the file INSTRUMENT_fluence_107.csv.
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/control/verbose         1

#
#Physics scenario
#
/gras/physics/list 
/gras/physics/addPhysics em_standard
/gras/physics/addPhysics QGSP_BIC_HP
/gras/physics/addPhysics decay
/gras/physics/addPhysics binary_ion
/gras/physics/addPhysics gamma_nuc
/gras/physics/addPhysics stopping

#
#Global cuts-in-range
#
/gras/physics/setCuts   100.000000E+00 um


#
#Geometry definition
#
/gras/geometry/type gdml
/gdml/file spheres.gdml
/gdml/setup SSAT

#
#Initialisation
#
/run/initialize
/gras/geometry/util/listLogicalVolumes
/gras/geometry/util/listPhysicalVolumes
/vis/geometry/list

#
#Source definition
#
# =============================
# SPENVIS particle source
# Project: JUICE
# title: Project for testing analysis methods
# Particle: e-
# Mission Segment:   1   310.0 Days
# =============================
/gps/particle  e-
/gps/ene/type Arb
/gps/hist/type arb
#/gps/hist/point   2.000000E-02   2.134147E+09
#/gps/hist/point   3.000000E-02   2.843016E+09
#/gps/hist/point   5.000000E-02   2.044925E+09
#/gps/hist/point   7.000000E-02   1.181377E+09
#/gps/hist/point   1.000000E-01   6.489399E+08
#/gps/hist/point   2.000000E-01   2.105621E+08
#/gps/hist/point   3.000000E-01   1.027904E+08
#/gps/hist/point   5.000000E-01   4.971256E+07
#/gps/hist/point   7.000000E-01   3.436525E+07
/gps/hist/point   1.000000E+00   1.164928E+07
/gps/hist/point   2.000000E+00   1.372625E+06
/gps/hist/point   3.000000E+00   4.062959E+05
/gps/hist/point   5.000000E+00   9.492385E+04
/gps/hist/point   7.000000E+00   3.647138E+04
/gps/hist/point   1.000000E+01   1.324495E+04
/gps/hist/point   2.000000E+01   1.418618E+03
/gps/hist/point   3.000000E+01   2.492414E+02
/gps/hist/point   5.000000E+01   2.801044E+01
/gps/hist/point   7.000000E+01   6.656909E+00
/gps/hist/point   1.000000E+02   1.454683E+00
/gps/hist/point   2.000000E+02   7.618362E-02
/gps/hist/point   3.000000E+02   1.361692E-02
/gps/hist/point   5.000000E+02   1.561120E-03
/gps/hist/point   7.000000E+02   3.755209E-04
/gps/hist/point   1.000000E+03   8.304737E-05
/gps/hist/inter  Log
/gps/ang/type cos
/gps/ang/maxtheta   9.000000E+01 deg
/gps/pos/type Surface
/gps/pos/shape Sphere
/gps/pos/centre   0.000000E+00   0.000000E+00   0.000000E+00 m
/gps/pos/radius   2.000000E+00 m


#
#Normalisation
#
#/analysis/normalise    7.184E+20 cm2

/gras/analysis/setNormalisationType FLUENCE
# Normalisation factor computed from the integral spectrum at 1 MeV (1.20E+13) *4PI
/gras/analysis/setSourceFluence 1.50E+14 1/cm2 

#
#Region cuts-in-range
#

#No region cuts-in-range have been defined! 
#


#
#Analysis definition
#
/gras/analysis/dose/addModule   dose1
/gras/analysis/dose/dose1/addVolume   v01
/gras/analysis/dose/dose1/setUnit   rad
/gras/analysis/dose/dose1/initialise
/gras/histo/setHistoByName dose1_dose 60 1.E-15 1.E-9 none log
#
/gras/analysis/dose/addModule   dose2
/gras/analysis/dose/dose2/addVolume   v02
/gras/analysis/dose/dose2/setUnit   rad
/gras/analysis/dose/dose2/initialise
/gras/histo/setHistoByName dose2_dose 60 1.E-13 1.E-7 none log

#
#Histogramming
#
/gras/analysis/initialise
/gras/histo/fileName spheres_108
/gras/histo/AIDAFileType root

#
#Visualisation
#
/vis/open DAWNFILE
/vis/scene/create
/vis/viewer/zoom    20.00
/vis/viewer/set/viewpointThetaPhi 90. 180.
/vis/viewer/set/style s
/vis/drawVolume
/vis/scene/endOfEventAction accumulate
/vis/viewer/set/globalMarkerScale 0 
/vis/geometry/set/colour  v01   0.000000E+00   8.000000E-01   8.000000E-01   8.880000E-01
/vis/geometry/set/colour  v02   0.000000E+00   8.000000E-01   8.000000E-01   8.880000E-01
/vis/geometry/set/visibility  World   0.000000E+00         0

#
#Run
#
/gras/event/printModulo   10000000
/run/beamOn   100000000
# /run/cputime    3.591000E+03
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<?xml version="1.0" encoding="UTF-8" ?>

<gdml xmlns:gdml="http://cern.ch/2001/Schemas/GDML"
      xmlns:xsi="http://www.w3.org/2001/XMLSchema-instance"
      xsi:noNamespaceSchemaLocation="GDMLSchema/gdml.xsd">

<define>
  <constant name="PI" value="1.*pi" />
  <constant name="TWOPI" value="2.*pi" />
  <position name="center" />
  <position name="p01" x="0.000E+00" y="0.000E+00" z="0.000E+00" />
  <position name="t01" x="0.000E+00" y="0.000E+00" z="0.000E+00" />
  <rotation name="r01" x="0.000E+00" y="0.000E+00" z="-.000E+00"/>
  <position name="p02" x="0.000E+00" y="0.000E+00" z="0.000E+00" />
  <position name="t02" x="0.000E+00" y="0.000E+00" z="0.000E+00" />
  <rotation name="r02" x="0.000E+00" y="0.000E+00" z="-.000E+00"/>
  <rotation name="identity" />
</define>

<materials>
  <define>
    <quantity type="density" name="universe_mean_density" value="1.e-25" unit="g/cm3" />
  </define>
  <material name="Vacuum" Z="1.0">
    <T value="2.73"/>
    <P value="3.0E-18" unit="pascal" />
    <Dref ref="universe_mean_density" />
    <atom value="1.01" />
  </material>
</materials>

<solids>
  <box name="sWorld" x="6.000E+03" y="6.000E+03" z="6.000E+03" />
  <sphere name="s01_out" rmax="1.500E+03" deltaphi="TWOPI" deltatheta="PI"  lunit="mm" aunit="radian"/>
  <sphere name="s01_in"  rmax="1.495E+03" deltaphi="TWOPI" deltatheta="PI"  lunit="mm" aunit="radian"/>
  <subtraction name="s01">
    <first ref="s01_out" />
    <second ref="s01_in" />
    <positionref ref="p01" />
    <rotationref ref="identity" />
  </subtraction>
  <sphere name="s02_out" rmax="5.000E+01" deltaphi="TWOPI" deltatheta="PI" lunit="mm" aunit="radian"/>
  <sphere name="s02_in"  rmax="4.999E+01" deltaphi="TWOPI" deltatheta="PI" lunit="mm" aunit="radian"/>
  <subtraction name="s02">
    <first ref="s02_out" />
    <second ref="s02_in" />
    <positionref ref="p02" />
    <rotationref ref="identity" />
  </subtraction>
</solids>

<structure>
  <volume name="v01">
    <materialref ref="G4_Al" />
    <solidref ref="s01" />
  </volume>

  <volume name="v02">
    <materialref ref="G4_Si" />
    <solidref ref="s02" />
  </volume>

  <volume name="World">
    <materialref ref="Vacuum" />
    <solidref ref="sWorld" />
    <physvol name="v01">
      <volumeref ref="v01" />
      <positionref ref="t01" />
      <rotationref ref="r01" />
    </physvol>
    <physvol name="v02">
      <volumeref ref="v02" />
      <positionref ref="t02" />
      <rotationref ref="r02" />
    </physvol>
  </volume>
</structure>

<setup name="SSAT" version="1.0">
  <world ref="World" />
</setup>

</gdml>
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#File: INSTRUMENT_fluence.g4mac

/control/verbose         1

#
#Physics scenario
#
/gras/physics/list 
/gras/physics/addPhysics em_standard_opt3
/gras/physics/addPhysics binary_ion
/gras/physics/addPhysics QGSP_BIC_HP
/gras/physics/addPhysics decay
/gras/physics/addPhysics gamma_nuc
/gras/physics/addPhysics stopping

#
#Global cuts-in-range
#
/gras/physics/setCuts   100.000000E+00 um


#
#Geometry definition
#
/gras/geometry/type gdml
/gdml/file INSTRUMENT_V4.gdml
/gdml/setup SSAT

#
#Initialisation
#
/run/initialize

/gras/geometry/util/verbose 1
/gras/geometry/util/listLogicalVolumes
/gras/geometry/util/listPhysicalVolumes

#/geometry/test/run
/geometry/test/recursive_test


/vis/geometry/list

#
#Source definition
#
# =============================
# SPENVIS particle source
# Project: INSTRUMENT-GEANT4
# title: high inclination phase
# Particle: e-
# Mission Segment:   1    60.0 Days
# =============================
/gps/particle  e-
/gps/ene/type Arb
/gps/hist/type arb
#/gps/hist/point   2.000000E-02   3.915304E+08
#/gps/hist/point   3.000000E-02   4.077662E+08
#/gps/hist/point   5.000000E-02   2.284566E+08
#/gps/hist/point   7.000000E-02   1.355911E+08
#/gps/hist/point   1.000000E-01   7.184194E+07
#/gps/hist/point   2.000000E-01   2.069304E+07
#/gps/hist/point   3.000000E-01   9.990516E+06
#/gps/hist/point   5.000000E-01   4.796835E+06
#/gps/hist/point   7.000000E-01   3.290001E+06
/gps/hist/point   1.000000E+00   1.093438E+06
/gps/hist/point   2.000000E+00   1.295844E+05
/gps/hist/point   3.000000E+00   3.706954E+04
/gps/hist/point   5.000000E+00   7.676921E+03
/gps/hist/point   7.000000E+00   2.739092E+03
/gps/hist/point   1.000000E+01   9.240178E+02
/gps/hist/point   2.000000E+01   8.040969E+01
/gps/hist/point   3.000000E+01   1.271591E+01
/gps/hist/point   5.000000E+01   1.294588E+00
/gps/hist/point   7.000000E+01   2.941787E-01
/gps/hist/point   1.000000E+02   6.234176E-02
/gps/hist/point   2.000000E+02   3.219378E-03
/gps/hist/point   3.000000E+02   5.849520E-04
/gps/hist/point   5.000000E+02   6.996829E-05
/gps/hist/point   7.000000E+02   1.750621E-05
/gps/hist/point   1.000000E+03   4.070750E-06
/gps/hist/inter  Log
#/gps/ang/type iso
/gps/ang/type cos
/gps/ang/maxtheta   9.000000E+01 deg
/gps/pos/type Surface
/gps/pos/shape Sphere
/gps/pos/centre   0.000000E+00   0.000000E+00   0.000000E+00 mm
/gps/pos/radius   3.000000E+02 mm


#
#Normalisation
#
#/analysis/normalise    3.653E+17 cm2
/gras/analysis/setNormalisationType FLUENCE
# pelase put here the correct total fluence for the input spectrum
/gras/analysis/setSourceFluence 1.0E+00 1/cm2

#
#Region cuts-in-range
#

#No region cuts-in-range have been defined! 
#


#
#Analysis definition
#
/gras/analysis/fluence/addModule   fluence1
/gras/analysis/fluence/fluence1/addVolumeInterface * STRUCTURE
/gras/analysis/fluence/fluence1/insertParticle e-
/gras/analysis/fluence/fluence1/insertParticle gamma

/gras/analysis/fluence/addModule   fluence2
/gras/analysis/fluence/fluence2/addVolumeInterface * ELEMENT
/gras/analysis/fluence/fluence2/insertParticle e-
/gras/analysis/fluence/fluence2/insertParticle gamma

/gras/analysis/fluence/addModule   fluence3
/gras/analysis/fluence/fluence3/addVolumeInterface ELEMENT  *
/gras/analysis/fluence/fluence3/insertParticle e-
/gras/analysis/fluence/fluence3/insertParticle gamma

/gras/analysis/fluence/addModule   fluence4
/gras/analysis/fluence/fluence4/addVolumeInterface * V1
/gras/analysis/fluence/fluence4/insertParticle e-
/gras/analysis/fluence/fluence4/insertParticle gamma

/gras/analysis/fluence/addModule   fluence5
/gras/analysis/fluence/fluence5/addVolumeInterface * V2
/gras/analysis/fluence/fluence5/insertParticle e-
/gras/analysis/fluence/fluence5/insertParticle gamma

/gras/analysis/fluence/addModule   fluence6
/gras/analysis/fluence/fluence6/addVolumeInterface * V3
/gras/analysis/fluence/fluence6/insertParticle e-
/gras/analysis/fluence/fluence6/insertParticle gamma


#
#Histogramming
#

/gras/analysis/initialise

/gras/histo/setHistoByName fluence1_fluence_e- 60 1.E-4 1.E+2 none log
/gras/histo/setHistoByName fluence1_fluence_gamma 60 1.E-4 1.E+2 none log
/gras/histo/setHistoByName fluence2_fluence_e- 60 1.E-4 1.E+2 none log
/gras/histo/setHistoByName fluence2_fluence_gamma 60 1.E-4 1.E+2 none log
/gras/histo/setHistoByName fluence3_fluence_e- 60 1.E-4 1.E+2 none log
/gras/histo/setHistoByName fluence3_fluence_gamma 60 1.E-4 1.E+2 none log
/gras/histo/setHistoByName fluence4_fluence_e- 60 1.E-4 1.E+2 none log
/gras/histo/setHistoByName fluence4_fluence_gamma 60 1.E-4 1.E+2 none log
/gras/histo/setHistoByName fluence5_fluence_e- 60 1.E-4 1.E+2 none log
/gras/histo/setHistoByName fluence5_fluence_gamma 60 1.E-4 1.E+2 none log
/gras/histo/setHistoByName fluence6_fluence_e- 60 1.E-4 1.E+2 none log
/gras/histo/setHistoByName fluence6_fluence_gamma 60 1.E-4 1.E+2 none log

/gras/histo/fileName INSTRUMENT_fluence_107
/gras/histo/AIDAFileType root

#
#Visualisation
#
/vis/open VRML2FILE
/vis/scene/create
/vis/viewer/set/style wireframe
/vis/viewer/set/viewpointThetaPhi 90. 180.
/vis/drawVolume
/vis/scene/endOfEventAction accumulate
/vis/viewer/set/globalMarkerScale 0 
/vis/geometry/set/colour  STRUCTURE                                                                          0.000000E+00   8.000000E-01   8.000000E-01   8.880000E-01
/vis/geometry/set/colour  ELEMENT                                                                            0.000000E+00   8.000000E-01   8.000000E-01   8.880000E-01
/vis/geometry/set/colour  V1                                                                                 0.000000E+00   8.000000E-01   8.000000E-01   8.880000E-01
/vis/geometry/set/colour  V2                                                                                 0.000000E+00   8.000000E-01   8.000000E-01   8.880000E-01
/vis/geometry/set/colour  V3                                                                           0.000000E+00   8.000000E-01   8.000000E-01   8.880000E-01
/vis/geometry/set/visibility  World   0.000000E+00         0

/vis/viewer/set/auxiliaryEdge true
/control/execute colours.g4mac
/gras/vis/util/setVolumeProperty colour red   name V3
/gras/vis/util/setVolumeProperty colour green name STRUCTURE
/gras/vis/util/setVolumeProperty colour blue  name BOX

#
#Run
#
/gras/event/printModulo 1000000
/run/beamOn   10000000
# /run/cputime    1.791000E+03

[bookmark: _Toc334699177]Modified instrument geometry model
# File: INSTRUMENT_V4.gdml

<?xml version="1.0" encoding="UTF-8"?>

<gdml xmlns:xsi="http://www.w3.org/2001/XMLSchema-instance"
      xsi:noNamespaceSchemaLocation="http://service-spi.web.cern.ch/service-spi/app/releases/GDML/schema/gdml.xsd">

<define>
  <constant name="PI" value="3.141592653589793" />
  <position name="_center_" x="0.0" y="0.0" z="0.0" unit="m" />
  <rotation name="_identity_" x="0.0" y="0.0" z="0.0" />
  <position name="_pos_STRUCTURE" x="0.0" y="0.0" z="0.0" unit="m" />
  <rotation name="_rot_STRUCTURE" x="-0.000000*PI" y="0.000000*PI" z="-0.000000*PI" />
  <quantity type="density" name="universe_mean_density" value="1.e-25" unit="g/cm3" />
</define>

<materials>
  <material name="vacuum" Z="1.0">
    <T value="2.73" />
    <P value="3.0E-18" unit="pascal" />
    <Dref ref="universe_mean_density" />
    <atom value="1.01" />
  </material>
</materials>

<solids>
  <box name="_s_World" x="1.0" y="1.0" z="1.0" lunit="m" />
  <box name="_s_STRUCTURE" x="0.12" y="0.4" z="0.22" lunit="m" />
  <box name="_sinside_STRUCTURE" x="0.11599999999999999" y="0.396" z="0.216" lunit="m" />
  <tube name="_s_ELEMENT" rmax="0.025" z="0.0030" deltaphi="2*PI" lunit="m" />
  <tube name="_s_V1" rmax="0.047" z="0.02" deltaphi="2*PI" lunit="m" />
  <tube name="_s_V2" rmax="0.04" z="0.01" deltaphi="2*PI" lunit="m" />
  <tube name="_s_V3" rmax="0.02" z="0.0020" deltaphi="2*PI" lunit="m" />
  <box name="_s_BOX" x="0.05" y="0.1" z="0.045" lunit="m" />
  <box name="_sinside_BOX" x="0.049996" y="0.099996" z="0.044995999999999994" lunit="m" />
  <tube name="_s_BOX_ENTRANCE" rmax="0.02" z="0.0030" deltaphi="2*PI" lunit="m" />
</solids>

<structure>

  <volume name="BOX_ENTRANCE">
    <materialref ref="vacuum" />
    <solidref ref="_s_BOX_ENTRANCE" />
  </volume>

  <volume name="V3">
    <materialref ref="G4_Si" />
    <solidref ref="_s_V3" />
  </volume>

  <volume name="_inside_BOX">
    <materialref ref="vacuum" />
    <solidref ref="_sinside_BOX" />
    <physvol name="V3">
      <volumeref ref="V3" />
      <position name="_pos_V3" x="0.0" y="0.0" z="0.0" unit="m" />
      <rotation name="_rot_V3" x="0.500000*PI" y="0.000000*PI" z="-0.000000*PI" />
    </physvol>
    <physvol name="BOX_ENTRANCE">
      <volumeref ref="BOX_ENTRANCE" />
      <position name="_pos_BOX_ENTRANCE" x="0.0" y="-0.05" z="0.0" unit="m" />
      <rotation name="_rot_BOX_ENTRANCE" x="0.500000*PI" y="0.000000*PI" z="-0.000000*PI" />
    </physvol>
  </volume>

  <volume name="BOX">
    <materialref ref="G4_Al" />
    <solidref ref="_s_BOX" />
    <physvol name="_inside_BOX">
      <volumeref ref="_inside_BOX" />
      <position name="_pos_inside_BOX" x="0.0" y="0.0" z="0.0" unit="m" />
      <rotationref ref="_identity_" />
    </physvol>
  </volume>

  <volume name="V2">
    <materialref ref="G4_Al" />
    <solidref ref="_s_V2" />
  </volume>

  <volume name="V1">
    <materialref ref="G4_Al" />
    <solidref ref="_s_V1" />
  </volume>

  <volume name="ELEMENT">
    <materialref ref="vacuum" />
    <solidref ref="_s_ELEMENT" />
  </volume>

  <volume name="_inside_STRUCTURE">
    <materialref ref="vacuum" />
    <solidref ref="_sinside_STRUCTURE" />
    <physvol name="ELEMENT">
      <volumeref ref="ELEMENT" />
      <position name="_pos_ELEMENT" x="0.0" y="-0.199" z="-0.0545" unit="m" />
      <rotation name="_rot_ELEMENT" x="0.500000*PI" y="0.000000*PI" z="-0.000000*PI" />
    </physvol>
    <physvol name="V1">
      <volumeref ref="V1" />
      <position name="_pos_V1" x="0.0" y="0.142" z="-0.0545" unit="m" />
      <rotation name="_rot_V1" x="0.500000*PI" y="0.000000*PI" z="-0.000000*PI" />
    </physvol>
    <physvol name="V2">
      <volumeref ref="V2" />
      <position name="_pos_V2" x="0.0" y="-0.191" z="0.0271" unit="m" />
      <rotation name="_rot_V2" x="0.500000*PI" y="0.000000*PI" z="-0.000000*PI" />
    </physvol>
    <physvol name="BOX">
      <volumeref ref="BOX" />
      <position name="_pos_BOX" x="0.0" y="0.06756" z="0.0815" unit="m" />
      <rotationref ref="_identity_" />
    </physvol>
  </volume>

  <volume name="STRUCTURE">
    <materialref ref="G4_Al" />
    <solidref ref="_s_STRUCTURE" />
    <physvol name="_inside_STRUCTURE">
      <volumeref ref="_inside_STRUCTURE" />
      <position name="_pos_inside_STRUCTURE" x="0.0" y="0.0" z="0.0" unit="m" />
      <rotationref ref="_identity_" />
    </physvol>
  </volume>

  <volume name="World">
    <materialref ref="vacuum" />
    <solidref ref="_s_World" />
    <physvol name="STRUCTURE">
      <volumeref ref="STRUCTURE" />
      <positionref ref="_pos_STRUCTURE" />
      <rotationref ref="_rot_STRUCTURE" />
    </physvol>
  </volume>

</structure>

<setup name="SSAT" version="1.0">
  <world ref="World" />
</setup>

</gdml>
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