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The ESS detector challenge 

• Various detectors for various instruments at ESS 

• All with different designs, all have to be optimised 

for respective instrument requirements 
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Serious efforts made on 
detector simulations  

@ ESS DG 

SANS 

BandGEM (Milan/CNR/INFN/CERN/ESS) 

Molecular crystallography 



Scattered neutron background – 
simulation tools 

• Great progress in neutron scattering 
simulation 
– Improved modeling for neutron scattering on 

crystalline material (NXSG4, NCrystal) 
– Effective particle interchange (MCPL) 

• Easy to combine MC codes 

– ESS Coding Framework, where all tools are 
combined 

 

– Full-scale instrument simulation can be done 
with a single application 
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A powerful neutron 

simulation toolkit developed 

Detector 

Scattered neutron 

Realistic simulation 

See T. Kittelmann’s talk 
Tuesday 13:30 



Multi-Grid - Large area detector for 
chopper spectroscopy 

• Bla 

 

4 

• Large area Multi-Grid 
detector 

• Solid B4C converter 
• Ar/CO2 counting gas 
• Chopper spectroscopy: 

– Low background is 
essential 

A. Khaplanov et al. 
http://dx.doi.org/10.1016/j.nima.2012.12.021 

Geant4 simulation See A. Khaplanov’s talk 
Tuesday 14:30 

http://dx.doi.org/10.1016/j.nima.2012.12.021


Scattered neutron background study on 
CNCS prototype and C-SPEC design 

• Geant4 simulation study performed on  
2-column CNCS and C-SPEC detector modules  
– Scattering on  vessel window 
– Shielding study 
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Detector 

Sample environment 

3.3 m 

Isotropic scattering 

particles simulated from sample 

CNCS simulation geometry 
Prototype tested at CNCS@SNS 

 

Detector module design  
for C-SPEC instrument @ESS 

See A. Khaplanov’s talk 
Tuesday 14:30 



Validated Multi-Grid  
detector model – IN6 

• Geant4 model was validated: 
– IN6 measurement: ToF comparison 
– CNCS  measurement: ToF, energy transfer, etc 
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E. Dian et al. 
https://doi.org/10.1016/j.nima.2018.04.055 

ToF 

Backscatter from the unshielded 
rear wall of the detector at 4.6 Å 

measured simulated 

Validation 

https://doi.org/10.1016/j.nima.2018.04.055


Validated Multi-Grid  
detector model 

• Geant4 model was validated: 
– IN6 measurement: ToF comparison 
– CNCS  measurement: ToF, energy transfer, etc 
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E. Dian et al. 
https://doi.org/10.1016/j.nima.2018.04.055 

Etrf = Einitial - Efinal  

Elastic peak 

Scattered neutron background  

from sample environment 

Validation 

ToF 

Scattered neutron  

background  

from detector 

ToF peak 

4.6 Å incident neutrons on vanadium sample 

https://doi.org/10.1016/j.nima.2018.04.055


Scattered neutron background study on 
CNCS prototype and C-SPEC design 

• Geant4 simulation study performed on  
2-column CNCS and C-SPEC detector modules  
– Scattering on  vessel window 
– Shielding study 
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Detector 

Sample environment 

3.3 m 

Isotropic scattering 

particles simulated from sample 

CNCS simulation geometry 
Prototype tested at CNCS@SNS 

 

Detector module design  
for C-SPEC instrument @ESS 

See A. Khaplanov’s talk 
Tuesday 14:30 



Multi-Grid detector test at CNCS, SNS 
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Etrf = Einitial - Efinal  
Elastic peak 

Scattered neutron background  

from detector 

Scattered neutron background  

from sample environment 

• Distinguish 
different sources 
of background 

• Detailed analysis 
and quantification 
of background 
effects 

Energy transfer 
reproduced with 
simulation at 4.7 Å 

Validation 
Derived energy transfer at 4.7 Å  

from simulation, with mono-energetic beam 



Multi-Grid detector test at CNCS, SNS 
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Etrf = Einitial - Efinal  
Elastic peak 

Scattered neutron background  

from detector 

• Distinguish 
different sources 
of background 

• Detailed analysis 
and quantification 
of background 
effects 

Energy transfer 
reproduced with 
simulation at 4.7 Å 

Validation 
Derived energy transfer at 4.7 Å  

from simulation, with mono-energetic beam 



Multi-Grid detector test at CNCS, SNS 
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Etrf = Einitial - Efinal  
Elastic peak 

Scattered neutron background  

from detector 

Scattered neutron background  

from sample environment 

• Distinguish 
different sources 
of background 

• Detailed analysis 
and quantification 
of background 
effects 

Energy transfer 
reproduced with 
simulation at 4.7 Å 

Validation 
Derived energy transfer at 4.7 Å  

from simulation, with mono-energetic beam 
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E. Dian et al.  
10.1016/j.nima.2018.04.055 

https://doi.org/10.1016/j.nima.2018.04.055


Scattered neutron background study on 
CNCS prototype and C-SPEC design 

• Geant4 simulation study performed on  
2-column CNCS and C-SPEC detector modules  
– Scattering on  vessel window 
– Shielding study 
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Detector 

Sample environment 

3.3 m 

Isotropic scattering 

particles simulated from sample 

CNCS simulation geometry 

C-SPEC detector  
design 

See A. Khaplanov’s talk 
Tuesday 14:30 



Scattering on Multi-Grid detector 
vessel & window at CNCS 
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Derived energy transfer at 4.6 Å  
from simulation, with mono-energetic beam • Bare detector 

– 0.5 mm window 

 

Etrf = Einitial - Efinal  

Elastic peak 

Scattered neutron 

background  

from detector 

3 - 9 Å incident neutrons 



Multi-Grid - Large area detector for 
chopper spectroscopy 

• Bla 
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• Large area Multi-Grid 
detector 

• Solid B4C converter 
• Ar/CO2 counting gas 
• Chopper spectroscopy: 

– Low background is 
essential 

A. Khaplanov et al. 
http://dx.doi.org/10.1016/j.nima.2012.12.021 

Geant4 simulation See A. Khaplanov’s talk 
Tuesday 14:30 

http://dx.doi.org/10.1016/j.nima.2012.12.021


Scattering on Multi-Grid detector 
vessel & window at CNCS 
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Derived energy transfer at 4.6 Å  
from simulation, with mono-energetic beam • Bare detector 

– 0.5 mm window 

 

Etrf = Einitial - Efinal  

Elastic peak 

Scattered neutron 

background  

from detector 

3 - 9 Å incident neutrons 



Scattering on Multi-Grid detector 
vessel & window at CNCS 
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Derived energy transfer at 4.6 Å  
from simulation, with mono-energetic beam • Detector in vessel 

– 0.5 mm window 

– 3 mm vessel side 
walls 

 
Elastic peak 

Scattered neutron 

background  

from detector 

Etrf = Einitial - Efinal  

3 - 9 Å incident neutrons 



Scattering on Multi-Grid detector 
vessel & window at CNCS 
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Derived energy transfer at 4.6 Å  
from simulation, with mono-energetic beam • Detector in vessel 

– 3 mm side walls 

– 2 mm window 

 

 Elastic peak 

Scattered neutron 

background  

from detector 

Etrf = Einitial - Efinal  

3 - 9 Å incident neutrons 



Scattering on Multi-Grid detector 
vessel & window at CNCS 
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Derived energy transfer at 4.6 Å  
from simulation, with mono-energetic beam • Detector in vessel 

– 3 mm side walls 

– 3 + 2 mm window 

 

 Elastic peak 

Scattered neutron 

background  

from detector 

Etrf = Einitial - Efinal  

3 - 9 Å incident neutrons 



Scattering on Multi-Grid detector 
vessel & window at CNCS 
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Derived energy transfer at 4.6 Å  
from simulation, with mono-energetic beam • Detector in vessel 

– 3 mm side walls 

– 20+2 mm window 
 
  

 
 

Elastic peak 

Scattered neutron 

background  

from detector 

Etrf = Einitial - Efinal  

3 - 9 Å incident neutrons 



Scattering on Multi-Grid detector 
vessel & window at CNCS 
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Derived energy transfer at 4.6 Å 
from simulation, with mono-energetic beam • No significant change 

in background for 
reasonable window 
thicknesses (3 - 9 Å) 

• Significant scattering 
effect of unshielded 
vessel side 

 

 
 • Shielding study for 
scattered neutron 
background 

 
 

Etrf = Einitial - Efinal  



Shielding locations on  
C-SPEC module 
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Grid end  shielding 

Gird end  shielding 

• Common shielding materials 
tested at different locations: 
– B4C, Cd, LiF, Gd2O3 +PE 

– Ideal black shielding 

• 0.4 – 10 Å 

 



Shielding locations on  
C-SPEC module 
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Grid end  shielding 

Interstack  shielding 

Gird end  shielding 

• Common shielding materials 
tested at different locations: 
– B4C, Cd, LiF, Gd2O3 +PE 

– Ideal black shielding 

• 0.4 – 10 Å 

 



Shielding locations on  
C-SPEC module 
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Grid end  shielding 

Interstack  shielding 

Gird end  shielding 

• Common shielding materials 
tested at different locations: 
– B4C, Cd, LiF, Gd2O3 +PE 

– Ideal black shielding 

• 0.4 – 10 Å 

 

Side shielding 



Neutron absorption at different 
shielding locations – black materials 
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Grid end shielding 



Neutron absorption at different 
shielding locations – black materials 
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Grid end shielding 

Interstack  

shielding 



 

Neutron absorption at different 
shielding locations – black materials 
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Grid end shielding 

Interstack  

shielding 

Side 

shielding 



Neutron absorption at different 
shielding locations – black materials 
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• Grid end shielding has 
highest absorption 
– Significant below 4 Å 

• 5-10 % of neutrons 
absorbed in the vessel 
side 
– Even in presence of 

black grid end 
shielding 

 



Signal-to-Background Ratio 

• Signal-to-Background Ratio: 
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Scattered neutron 
background Scattered neutron 

background 

Non-scattered 
neutrons (Signal) 

Non-scattered 
neutrons (Signal) 

∆𝜃 

ToF [𝜇s] 



Signal-to-Noise Ratio with different  
grid end shielding materials 
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Grid end shielding 

Relative Signal-to-Noise Ratio 

  

Compared to  
unshielded detector 



• 1.5 x SBR can be 
reached for low 
wavelengths 

 

• 1 mm B4C or Cd is  
great approximation  
of total absorber 

 

• Gd2O3 is also good 
except low wavelengths 
– Impact of  filler mixture 

Signal-to-Noise Ratio with different  
grid end shielding materials 

31 Relative Signal-to-Noise Ratio 

Compared to  
unshielded detector 



Signal-to-Noise Ratio with different  
vessel side shielding materials 

32 Relative Signal-to-Noise Ratio 

Side 

shielding 



Signal-to-Noise Ratio with different  
vessel side shielding materials 
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• 10 -20 % > increase of 
SBR can be reached 
with shielding on the 
internal side of vessel 
at high wavelengths 

 

• 1 mm B4C or Cd is  
great approximation  
of total absorber 

 

 

 

Relative Signal-to-Noise Ratio 

Compared to  
unshielded detector 



Signal-to-Noise Ratio with 
combined shielding 
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• 50-91% > increase of 
SBR for 0.4-10 Å 
wavelengths 

 

• 1 mm B4C or Cd is  
great approximation  
of total absorber 

 

 

 

Relative Signal-to-Noise Ratio 

Compared to  
unshielded detector 



Summary 

• Great progress in neutron  
scattering simulation 

• A validated model used for  
design optimisation 

• Distinguish different sources of 
scattered neutron background 

 

 

 

 

• Shielding can be optimised in 
comparison with ideal, total absorber  
through realistic design and 
quantities 
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Instruments with better  

signal-to-background 

ratio by design 

• 50-91% > SBR increase with optimal 
combined shielding  
 

• 1 mm B4C or Cd quasi-equivalent for 
black shielding 
 

• With carefully chosen filler mixture, 
Gd2O3 is also good for shielding 
 

• Scattering on reasonable window 
thickness is negligible in 3 – 9 Å   
 

• Considerable effect of internal vessel 
side shielding 
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Upcoming submission 



11 September, 2018, ICANS XXII, Oxford 

676548 

 

 

 

 

Thank you for your 
attention! 



Multi-Grid detector test at CNCS, SNS 
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Derived energy transfer  at 3.678 meV  from simulation 

Etrf = Einitial - Efinal  

Elastic peak 

Scattered neutron 

background  

from detector 



Multi-Grid detector test at CNCS, SNS 
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Elastic peak 

Scattered neutron 

background  

from detector 

Etrf = Einitial - Efinal  

Derived energy transfer  at 3.678 meV  from simulation 



Multi-Grid detector test at CNCS, SNS 
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Elastic peak 

Scattered neutron 

background  

from detector 

Etrf = Einitial - Efinal  

Derived energy transfer  at 3.678 meV  from simulation 



Multi-Grid detector test at CNCS, SNS 
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Elastic peak 

Scattered neutron 

background  

from detector 

Etrf = Einitial - Efinal  

Derived energy transfer  at 3.678 meV  from simulation 



Multi-Grid detector test at CNCS, SNS 
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Elastic peak 

Scattered neutron 

background  

from detector 

Etrf = Einitial - Efinal  

Derived energy transfer  at 3.678 meV  from simulation 



Multi-Grid detector test at CNCS, SNS 
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Scattered neutron 

background  

from detector 

Etrf = Einitial - Efinal  

Derived energy transfer  at 3.678 meV  from simulation 



Multi-Grid detector test at CNCS, SNS 
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Etrf = Einitial - Efinal  

• Distinguish 
different sources 
of background 

• Detailed analysis 
and quantification 
of background 
effects 

Energy transfer 
reproduced with 
simulation at 3.678 meV 

Validation 

Derived energy transfer  at 3.678 meV  from simulation 


