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CEMECON 3-axis planetary  

rotation PVD magnetron sputtering 

- Production engineer 

- Boron targets: RHP technology, Austria 

- enriched material: Ceradyne, US 
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Dorothea Pfeiffer on behalf of the ESS detector group 17.06.2014 



Boron GEM3: detector and support 
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Spectrum 241Am Be source: 1 cm lead, gain ~200 
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Peak position: 5200 

Rate in peak: 4.1 Hz 

Peak position: 2650 

Rate in peak: 3.9 Hz 
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241 AmBe spectrum, drift gap 8 mm, gain ~ 200 
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7Li a 

Capture of thermal neutrons in Boron-10: 

n + 10B     7Li* (0.84 MeV) + a (1.47 MeV) + g (0.48 MeV)   



Boron GEMs 

 It is quite straightforward to create a thermal neutron detector with 

a 10B4C coated cathode that has an efficiency of about 2% 

 The bGEM of the Milano group has already been used at a neutron 

scattering experiment at ISIS and was able to reconstruct the TOF 

spectrum in similar quality as the He3 tubes (G. Croci et al.: GEM-

based thermal neutron beam monitors for spallation sources, NIM A, 

Volume 732, 21 December 2013, Pages 217–22, 

http://dx.doi.org/10.1016/j.nima.2013.05.111) 

 For higher efficiencies, different geometries or materials required 

 A promising approach is the “lamella detector” of the Milano 

group. Detector uses inclined 10B4C coated lamellas and will have 

50% efficiency and a spatial resolution in the mm range 
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uTPC 

 Raw SRS data stored on disk contains timing information. 

Granularity depends on the read-out chip: APV25 (25 ns), 

VMM (1 ns) 

 ATLAS team among George Iakovidis developed uTPC type 

analysis using this timing information and fitting algorithms to 

determine start, center and end of track 

 So far this analysis if offline, but an online implementation in 

the FPGA of the SRS FEC card should be possible 

 A quick analysis of the data of the Boron-GEM (done by 

Filippo Resnati) shows the potential of this method. First time 

such type of analysis has been done for neutrons 
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uTPC – alpha particle 
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uTPC – large potential 

 As we have seen, this method has a large 
potential to increase the spatial resolution 
compared to a centroid approach 

 Method offers potentially both pattern 
discrimination and enhancement of position 
resolution 

 With the Boron data it was also easy to 
distinguish between tracks created by gammas 
and alphas (amplitude AND shape) 

 Real test case will be the Gd data and the 
discrimination between gammas and electrons 
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Converters for thermal neutrons 
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Isotop

e 

Crosssection 

[barns] 

Reaction Range 

3He 5333 n + 3He -> 3H (191 keV) + 1H (573 keV)  Q= 0.76MeV Rp = 5.7 bar cm 

6Li 940 n + 6Li -> a (2.06 MeV) + 3H (2.73 MeV)  Q = 4.79 MeV Rt=130 mm 

10B 3835 n + 10B  

-> 7Li*(0.84 MeV) + a (1.47 MeV) + g (0.48 MeV)  (93%)   

Q=2.3 MeV 

-> 7Li (1.16 MeV) + a (1.78 MeV) (7%) Q=2.79 MeV 

Ra = 3.14 mm 

155Gd 64000 n + 155Gd -> 156Gd + g (89, 199 keV) + conversion electron 

spectrum (39-198 keV) Q=8.5 MeV 

157Gd 255000 n + 157Gd -> 158Gd + g (79, 181,  944 keV) + conversion 

electron spectrum (29-182 keV) Q=7.94 MeV 

lce = 11.6 mm 
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Gd-GEM 

 For ESS macromolecular crystallography instrument (NMX) at 

least three movable detectors of 60 cm x 60 cm with100 um 

spatial resolution and ~30 % detection efficiency required 

 Parameters difficult to achieve with 10B4C assuming normal 

neutron incidence 

 Started investigating Gd GEM option 
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Gadolinium Simulation Setup 
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Drift backwards 

1 – 30 um 
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Converter efficiencies (25 meV neutron) 
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Electrons in drift 
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Conversion electrons 155 Gd 
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Conversion electrons 157 Gd 
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Conversion electrons natural Gd 
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Gd GEM – first simulation results 

 Simulations carried out with Geant4.10, G4NDL4.4 and flag 
G4NEUTRONHP_USE_ONLY_PHOTONEVAPORATION (final state 
data for gammas is not used) 

 Oxides lead to comparable results for number of captured 
neutrons and conversion electrons created, but might be 
problematic due to charging up since they are not conductive 

 Contrary to what is found in the literature, 155 Gd has a higher 
percentage of conversion electrons per captured neutron than 157 
Gd 

 The capture crosssection of 155 Gd is smaller than that of 157 Gd, 
therefore a thicker converter is needed. But since the spectrum of 
155Gd (mean 83 keV) is considerably harder than that of 157 Gd 
(mean 61 keV), the conversion electrons can exit the converter 
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Geant4 simulation framework 

Thomas Kittelmann et al., http://arxiv.org/abs/1311.1009 
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Geant4 simulation framework 

 Includes description of neutron 

diffraction in polycrystals  

 Plugin freely available for 

noncommercial purposes at 

http://cern.ch/nxsg4 

 For simulations of neutron gas 

detectors it is desirable to use 

Geant4 and Garfield in the 

same simulation 

 Discussions with Heinrich 

Schindler and Rob Veenhof 

resulted in a strategy to achieve 

a Geant4/Garfield++ 

interface 
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Geant4/Garfield++ interface 

 The idea is to use Geant4 for the neutron capture and the creation of the 

prompt gammas and conversion electrons in Gadolinium and for the 

secondary electron creation in CsI 

 The secondary electrons that arrive in the gas are then treated with 

Garfield/Heed. First Heed is used to create ionization clusters, then 

subsequently Garfield for the avalanches and the signal in the read-out 

 With Gd and conversion electrons > 50 keV this approach should work 

well, but for Boron10 and the resulting alpha particles it is not so easy 

 The alpha particles from the neutron capture have an energy < 1.47 MeV 

and are thus not relativistic. Heed works only for relativistic charged 

particles, the PAI is not applicable for slower particles. Geant4 is also not 

able to simulate the ionization of the gas by alpha particles 

 Solution: Get the deposited energy in each step in Geant4, then create 

delta electrons in Heed 
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Geant4/Garfield++ interface 

 Technical implementation: 

 Create region or parallel world with region in Geant4. In our case the 

region is the GEM detector below the cathode with the neutron 

converter 

 Create Garfield model class derived from G4VFastSimulationModel. 

The Garfield model is applicable for e.g. conversion electrons, kills the 

Geant4 primary track and uses the position, momentum and momentum 

direction to create a heed track (ionisation clusters). Subsequent steps 

are like in normal Garfield++ simulation 

 Attach the Garfield Model to the region 

 Add parametrisation to physics list. Create 

G4FastSimulationManagerProcess for the G4VFastSimulationModel 

 Update CMakeLists.txt to include Garfield++ sources and includes and 

link against library 
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