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Outline

➢Historic and generalities

➢Why developing a simulation for AGATA ?

➢Code repository structure



Historic

 ASC produced by E. Farnea and his team at 

the University of Padua & INFN Legnaro. 

   (from ~ 2000)

 

 For the Advanced GAmma Tracking Array.

 Crucial role in the feasibility study of the 

gamma-ray tracking technique & the design 

of the array.

 Since 2011, I’m lead of the SWG Enrico Farnea

(1970-2013)



ASC Generalities

➢ ASC is a Native GEANT4  simulation program

➢ Almost as old as GEANT4 

➢ Initially developed  & maintained by E. Farnea  (University of Padova)  

➢ Current ASC version compatible with Geant4.10.05

➢Distribution:

➢ SVN repository: http://npg.dl.ac.uk/svn/agata

➢ Schools/workshop

➢ Nov. 2013 – AGATA Simulation mini-school (Orsay)

➢ Slides:  http://npg.dl.ac.uk/AGATA/

http://npg.dl.ac.uk/svn/agata
http://npg.dl.ac.uk/AGATA/


ASC Generalities
➢ Most recent contributors of the ASC Working Group:

 

J. Ljungvall (CSNSM)  Event Gen. and Time-Stamped Simulated Data

C. Domingo-Pardo (IFIC Valencia) AGATA Double Cluster – Event Gen. (GSI)

M. Ciemala (Krakow)  PARIS & VAMOS

G. Jaworski (Warsaw)  EXOGAM & NEDA array 

B. Bruneels (CEA-IRFU)  FATIMA 

D. Bloor (Uni. Of York)  LYCCA detector + MOCADI external evt
    generator

M. Reese (TU Darmstadt)  External  Evt  Generator (plunger experiment )

A. Goasduff (INFN - LNL)  GALILEO, SPIDER, Plunger (gdml)

E. Gamba, S Bottoni, F. Crespi New LNL reaction Chamber (gdml)

J. Bordes (Uni of York)   PRISMA

M. Labiche (STFC Daresbury) Maintenance/Support  &  new G4 features (GPS, 
    GDML) , + ancillaries (FATIMA, AIDA,) .



Why tracking arrays ?
Tracking Arrays based on

Position Sensitive Ge Detectors

Large Gamma Arrays based on

Compton Suppressed Spectrometers

  40 — 20 %
     ( M=1 — M=30)

  10 — 5 %
   ( M=1 — M=30)

EUROBALL AGATA

Huge increase in sensitivity

GRETINAGammaSphere



Detector general requirements for  

spectroscopy ?

 We are looking for detectors with:

 Large solid angle coverage

 High photopeak efficiency at low and high  multiplicity, and 

good peak-to-total ratio

 Good energy resolution,  intrinsic & at high recoil velocity 

 Good granularity
 Reasonable number of HPGe crystals (cost !)

➢ Monte Carlo transport codes like GEANT4  can be  very cost effective 

solutions to  evaluate all of the above. 



Detector size matters
“Large” detectors Small detectors



Intermediate size detectors



Distance Detector-Source matters



Granularity matters



Benefits of -tracking:



-ray tracking process 



Pulse shape analysis concept



Pulse shape analysis concept



Pulse shape analysis concept



Pulse shape analysis concept



Pulse shape analysis concept



Pulse shape analysis concept



Pulse shape analysis concept



Simulation roles in the feasibility study:

Provide position 

interaction,
and energy deposition 
to test PSA & tracking 

algorithms



AGATA design & performance

 E. Farnea et al. / Nuclear Instruments and Methods in Physics 

Research A 621 (2010) 331–343 

A120

A180

For all configuration, single crystal

main characteristics are identical:

L= 90mm; R=40mm; 

 



AGATA design & performance

 E. Farnea et al. / Nuclear Instruments and Methods in Physics 

Research A 621 (2010) 331–343 

A120

A180

Response function for a 

monochromatic photon source

(no tracking involved here)



AGATA design & performance

 E. Farnea et al. / Nuclear Instruments and Methods in Physics 

Research A 621 (2010) 331–343 

A120

A180

Response, after tracking, 

to 30 photons emitted in 

coincidence by a source at 

rest



simulation + tracking
Response of  AGATA  for a rotational cascade of 30 photons emitted from 

a moving source (=50%) along z axis, after Doppler correction from the 

detectors position (top), the segments position (middle) and from the mgt 

1st interaction point (bottom) 



The use of AGATA Simulation code 

today:

 Prepare experimental campaigns:

 Physics proposals

 Still lots of development for realistic simulations needed.

 Realistic event generators

 Implementation of mechanical structure around detectors

  Experimental setup:

 Nominal/compact conf. (max. nb of crystals available) 

 Check performance of AGATA when coupled to ancillary.

 Effect of -ray attenuation, absorption, scattering by ancillary 

postioned nearby.

 Data analysis and interpretation

 Compare simulated and measured data



AGATA Code generalities

 AGATA Code is based fully on GEANT4 transport 
code.
 Subversion is used for the control version, so to check out type:

   svn co http://npg.dl.ac.uk/svn/agata  (for the full version)

   svn co http://npg.dl.ac.uk/svn/agata/trunk  (for the “original” version)

   svn co http://npg.dl.ac.uk/svn/agata/branches/GANIL/trunk (for GANIL version)

   svn co http://npg.dl.ac.uk/svn/agata/branches/GSI/trunk (for GSI version)

 Compile on different GEANT4 versions 

 From Geant4.7 up to Geant4.10.05.

 Still some issues to compile on Geant4.10.7 with the recent addition of the  

    PRISMA ancillary detector

http://npg.dl.ac.uk/svn/agata
http://npg.dl.ac.uk/svn/agata
http://npg.dl.ac.uk/svn/agata
http://npg.dl.ac.uk/svn/agata


AGATA repository structure

Agata/ trunk/

branches/

GSI/

GANIL/

trunk/

trunk/

a_event_generator/

b_event_builder/

c_event_reconstruction/

ext_generators/



Also distributed:

❖ The two tracking algorithms:

❖ OFT (contact: Araceli.Lopez-Martens@csnsm.in2p3.fr)

❖ MGT (INFN Legnaro)

❖ Both algorithms are in the directory: trunk/analysis

❖ Many examples to run basic simulation are available in: 

❖ …/trunk/macros/

❖ …/tunk/macros_ganil/

❖ …/trunk/macros_pespec/

❖ Many ancillary detectors 

 



The agata/branches/GANIL/trunk/ directory

Geant4-based AGATA core files (Leave it to the developers)

Compilation files for cmake (CMakeLists.txt, build/)

Incomplete documentation but still valid



The agata/branches/GANIL/trunk/src

Many files including:

 AgataGeneratorAction.cc  (common in GEANT4 application)

 AgataPhyciscList.cc 

 AgataDetectorConstruction.cc

  AgataDetectorArray.cc  (AGATA)

  AgataDetectorAncillary.cc

   AgataAncillaryNEDA.cc*

   AgataAncillaryFatima.cc*

   AgataAncillaryLNLChamb.cc

   AgataAncillarySPIDER.cc

   AgataAncillaryPrisma.cc …

   AgataAncillaryPrismaFP.cc …

 AgataSensitiveDetector.cc    

 AgataHitDetector.cc

 AgataSteppingAction.cc

 AgataEventAction.cc

 AgataRunAction.cc

 PrismaField.cc    

 G4Transportation.cc         (added for PRISMA)

 



The agata/branches/GANIL/trunk/include

And the corresponding header:

 AgataGeneratorAction.hh  (common in GEANT4 application)

 AgataPhyciscList.hh 

 AgataDetectorConstruction.hh

  AgataDetectorArray.hh  (AGATA)

  AgataDetectorAncillary.hh

   AgataAncillaryNEDA.hh

   AgataAncillaryFatima.hh

   AgataAncillaryLNLChamb.hh

   AgataAncillarySPIDER.hh

   AgataAncillaryPrisma.hh …

   AgataAncillaryPrismaFP.hh …

 AgataSensitiveDetector.hh    

 AgataHitDetector.hh

 AgataSteppingAction.hh

 AgataEventAction.hh

 AgataRunAction.hh

 PrismaField.hh    

 G4Transportation.hh      (added for PRISMA)

 



Geometry configuration files for AGATA  (.list files)

 - used in macros

 - no need to recompile after changes

For 180 and 120 crystal use file in A180/ & A120/, respectively.

For a symmetrical cluster use file in Symm/  

The agata/branches/GANIL/trunk/ directory



The geometry file A180/A180solid.list

 = description of the crystals 

 Intersect between a 6 side polyhedron and a cylinder 

# The 3 independent crystals of the clusters *** for AGATA-MC ***

#    Cylinder centered on z-axis and front face on z=0
#     cr  #s  p#         x y z of the Inner face                  x y z of the Outer face 

#

       0   6   0    33.906177    -0.000000     0.000000      48.844467    -0.070710    90.000000
       0   6   1    15.358631    30.461479     0.000000      22.153453    43.765160    90.000000

       0   6   2   -20.780862    27.320467    -0.000000     -28.562085    39.357292    90.000000
       0   6   3   -33.865099    -3.186191    -0.000000     -47.398084    -4.559934    90.000000

       0   6   4   -20.861304   -27.597830    -0.000000     -28.566730   -39.911479    90.000000

       0   6   5    15.586726   -29.970097    -0.000000      22.461366   -43.232708    90.000000
       0   0   0     5.000000    40.000000    90.000000       0.000000     0.000000     0.000000

       0   0   1    13.000000     1.000000     0.600000       0.400000     0.800000     1.300000
       0   0   2     1.000000     0.000000     0.000000       0.000000     0.000000     0.000000

Crystal 0

polyhedron

cylinder

coaxial hole

color code 

R.B.G:

1.0.0. = red
3 different 

crystal shapes

Passive Ge area 

thickness (mm):

   Back & Core



The geometry files: A180/A180clustxxx.list

 Description of the clusters

 Transformation parameters for positioning the crystal in the 

cluster:

  T(dx,dy,dz).Rz(phi).Ry(theta).Rz(psi)

 Ex: A180ClustS2p.list

# Euler angles (degree)  and shifts (mm) of the 1 independent cluster(s) *** for AGATA-MC ***

#  cl  cr cr#     psi(Rz)    theta(Ry)      phi(Rz)        dx           dy           dz
    0   0   0  -179.728796     9.424198    -2.941715     34.927900    -1.628323   -44.096715
    0   1   1   177.231534     9.424198   115.416685    -13.861478    32.994962   -44.227057

    0   2   2  -178.705246     9.424198  -120.418975    -17.286848   -30.890029   -44.167278
    1   1   1   177.231534     9.424198   115.416685    -13.861478    32.994962   -44.227057

    1   2   2  -178.705246     9.424198  -120.418975    -17.286848   -30.890029   -44.167278

ATC

ADC No need to change !



The geometry files A180/A180eulerxxx.list

 The only file you may want/need to copy and modify:

 To add new Triple clusters (ATC) or double clusters (ADC) in the 

geometry

 Transformation parameters: T(dx,dy,dz).Rz(phi).Ry(theta).Rz(psi)

 Note: For full array use: A180euler.list

Ex: A180/A180euler5D5T.list
# The Euler angles (degree)  and shifts (mm) of the 15 clusters

#  cl  cl#     psi(Rz)    theta(Ry)      phi(Rz)        dx           dy           dz
    0    0    344.30249    158.03214     43.94942      74.47046   71.78835 -256.43201

    1    0    344.30249    158.03214    115.94942     -45.26214   93.00944 -256.43201
    2    0    344.30249    158.03214    187.94942    -102.44400  -14.30536 -256.43201

    3    0    344.30249    158.03214    259.94942     -18.05173 -101.85064 -256.43201

    4    0    344.30249    158.03214    331.94942      91.28742  -48.64179 -256.43201
    5    1    203.78938    134.70689     17.72403     187.19053   59.82662 -194.51805

    6    1    111.58401    131.66388     54.86230     118.88858  168.92497 -183.81146
    7    1    203.78938    134.70689     89.72403          0.94655  196.51622 -194.51805

    8    1    111.58401    131.66388    126.86230    -123.91860  165.27045 -183.81146

    9    1    203.78938    134.70689    161.72403    -186.60553   61.62708 -194.51805

ATC

ADC



The files A180/A180walls.list

 Description of the cryostat walls

Ex: first walls# 2 & 3 of crystal shape 0:

# The external walls of cluster 0  (in the reference frame of the cluster)

# dum# cr# w# cf np p#         x y z of the Inner face                 x y z of the Outer face 
#
     0   0  3  2  4  0    18.285154   -33.910246   -46.681338     18.817882   -34.898816   -46.778066

     0   0  3  2  4  1    54.999505   -32.391967   -52.754328     55.633443   -33.376352   -52.867797
     0   0  3  2  4  2    82.885361   -49.178344    59.053586     83.519299   -50.162728    58.940117

     0   0  3  2  4  3    27.741811   -51.458741    68.174984     28.274539   -52.447311    68.078256
#
     0   0  4  3  4  0    55.016018   -32.380997   -52.756972     55.649956   -33.365381   -52.870441

     0   0  4  3  4  1    70.525636    -0.019671   -55.052248     71.629905    -0.022693   -55.235322
     0   0  4  3  4  2   106.453408    -0.026326    55.565538    107.557678    -0.029349    55.382464

     0   0  4  3  4  3    82.901875   -49.167373    59.050942     83.535813   -50.151758    58.937473
#  ……



The geometry file A180/A180slice.list

 Description of the segmentation

 Format=0 → identical nSlices

 Format=1 → segmentation based

         by E field calculations 

  

############ Segmentation ######

## format: 

## 0 --> all solids the same number of slices

## nSlices

####################################

#####

## alt. format:

## 1 --> keep reading!

## nsolid znext(inner) Znext(outer)

####################################

##

 1 

###########################

   0  20.50   8.00

   0   7.50  13.00

   0  15.50  15.00

   0  15.50  18.00

   0  15.50  18.00

#####

   1  20.50   8.00

   1   7.50  13.00

   1  15.50  15.00

   1  15.50  18.00

   1  15.50  18.00

#####

   2  20.50   8.00

   …

z

Zinner

Zouter



Geometry macros/

 Ex: macros/geom180.mac 

#

# Macro file to set the geometry to the A=180 polyhedron

#

/Agata/detector/solidFile ./A180/A180solid.list

/Agata/detector/angleFile ./A180/A180euler.list

/Agata/detector/wallsFile ./A180/A180walls.list

/Agata/detector/clustFile ./A180/A180clust.list

/Agata/detector/sliceFile ./A180/A180slice.list

/Agata/detector/enableCapsules

/Agata/detector/update

For a symmetrical cluster use the .list files in Symm/ instead of A180/



Geometry config files for AGATA Similar geometry files for other 

Detectors like GRETINA, Euroball,

Despec, Planar

(shape, clusters, position in lab) 

The agata/branches/GANIL/trunk/ directory



Geometry config files for AGATA 

EXOGAM input configuration file 

Geometry files for some ancillary det.

(shape, clusters, position in lab) 

The agata/branches/GANIL/trunk/ directory



The EXOGAM input file
….

# CONFIGURATION X

CONFIGURATION B

#

#       Id  Large/Small In/Out  T->Ge can       Theta   Phi

#             Clover            (cm)            (deg.)  (deg.)

#

#Flange 2:

         0      L       0       14.74           135.      0.

#Flange 4:

         1      L       0       14.74           135.     90.

#Flange 3:

         2      L       0       14.74           135.    180.

#Flange 5:

         3      L       0       14.74           135.    270.

#Flange 10:

         4      L       1       14.74            90.      0.

#Flange 11:

         5      L       1       14.74            90.     45.

#Flange 12:

         6      L       1       14.74            90.     90.

#Flange 13:

         7      L       1       14.74            90.    135.

#Flange 6:

         8      L       1       14.74            90.    180.

#Flange 7:

         9      L       1       14.74            90.    225.

#Flange 8:

        10      L       1       14.74            90.    270.

#Flange 9:

        11      L       1       14.74            90.    315.

#Flange 15:

        12      L       0       14.74            45.      0.

#Flange 1:

        13      L       0       14.74            45.     90.

…

In the file Exogam_input :



Macros : xxx.mac files

 (Example macros/, macros_GANIL/, macros_LNL/)

The agata/branches/GANIL/trunk/ directory



contains a version of MGT and OFT tracking codes as well as some basic 

Simulated data analysis codes 

The agata/branches/GANIL/trunk/ directory



Input event file examples

The agata/branches/GANIL/trunk/ directory

(Format discussed in session on external event generators)



End of Lecture #1



Geant4 Installation tips
 Download the G4 virtual machine (Geant4.10.05) from here:

  https://heberge.lp2ib.in2p3.fr/G4VM/index.html

 Follow installation instruction in readme file

 For PC running windows or linux, download the latest VMWare player from 
here: https://www.vmware.com/uk/products/workstation-player/workstation-

player-evaluation.html

 For Mac, download the VMWare Fusion: 

 Or you can also use Virtual Box from here: https://www.virtualbox.org/

   

 This virtual machine runs Scientific Centos 7 

 To login, the username is: local1 and the password is: local1

 To become superuser, the password is: centos7 

 It contains also: ROOT, QT, gsl, git, svn, and many other feature.

https://heberge.lp2ib.in2p3.fr/G4VM/index.html
https://www.vmware.com/uk/products/workstation-player/workstation-player-evaluation.html
https://www.vmware.com/uk/products/workstation-player/workstation-player-evaluation.html
https://www.virtualbox.org/


Some hints for the VM 

 To create a shared directory between your “real”  OS and the GEANT4 
virtual machine:

 Click “Player” on top of the VMWare player window

 Go to “Manage” → “Virtual Machine Settings” → “ Option”

 Select “Shared Folder” and click “Add” 

 Click “Browser” and select a folder of you real machine to share
 Click “FINISH”

 Select “Always Enabled” and click “OK”

 From the virtual machine, the shared folder is accessible here:

 From a terminal window:
 cd /mnt/hgfs/name_of_shared_folder/

 From the Desktop:
 Computer → Filesystem → mnt→ hgfs



Download gdml files

> mkdir gdml 
> cd gdml 
> git init  
> git remote add gdml-files/AGATA https://github.com/malabi/gdml-files 
> git fetch gdml-files/AGATA 
> git checkout gdml-files/AGATA/master – AGATA 
(AGATA folder contains LNL and vamos Chambers, etc…) 

> git remote add gdml-files/GALILEO https://github.com/malabi/gdml-files 
> git fetch gdml-files/GALILEO 
> git checkout gdml-files/GALILEO/master – GALILEO 
(GALILEO folder contains gdml file of SPIDER, TRACE, etc..) 



AGATA code installation:
> mkdir agata 
> cd agata 
> svn co http://npg.dl.ac.uk/svn/agata/branches/GANIL/trunk 
> svn co http://npg.dl.ac.uk/svn/agata/ext_generators 
This should create the 2 folders: trunk/ and ext_generators/ 
The AGATA code can be compiled in the trunk/ directory as follow: 
      First edit the CMakeFile.list: 
      - update the gdmlpath variable at the top of the file to point to the 
         gdml folder          
      - Check the G4V10xxx flags are set to true. 
      Then, in the trunk directory: 
      > mkdir build 
      > cd build 
      > cmake ../ 
      > make 
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