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Multi-Grid Publications

2 articles published in NIM-A
● Test of VMM3A readout of MG
● Neutron interactions in MG structural materials

1 Publication in preparation, possibly JINST
● Alpha background from grid materials

2 further publications planned
● Description of the Geant4 and Garfield++ simulations of T-REX
● Report of the 2025 Runs at EMMA...test effect of Al/B4C composite 

radial blades on internal scattering.
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Published Articles Nucl. Instr. Meth. A
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Alpha Background in Multi-Grid Neutron Detectors

● Follows on from:
J.Birch et al., JINST 10, 2015, 10019

● Comparison alpha emission from 
radio-pure Al, Al/B4C composite and 
NiP-plated Al/B4C

● Measurements at large-area ionisation 
drift chamber in Krakow.

● Geant4 simulation of effect of NiP-
plating thickness.

● Background measurements T-REX 
prototypes at Utgård. RP-Al or 
Ni-Al/B4C radial blades
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Measurement Al-2

U, RP-Al238G4: 

Th, RP-Al232G4: 

Comparison Measurement and Simulation
G4 Model of 
Krakow Detector

Ar Gas

Sample Sheet

Detector threshold 
nominal 1.5 MeV

Background Subtracted
RP-Al ~300 a/day/m2

NiP-Al/B4C ~60 a/day/m2

Al/B4C ~79000 a/day/m2
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Simulation of Alpha Background
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Radon in NiP Plating

Measurement NiP-BA
Rn in NiP220G4: 
Rn in NiP222G4: 

G4RadioActiveDecay
● Alpha emission: input Z and A primary isotope. 
● Assume 238U and 232Th primary emitters
● Decay chains from ENDF
● Record energy loss of alphas and electrons in 

sample & detector gas

● Alpha cannot escape 25 μm NiP plating if decay 
happens inside sample.

● Radon can diffuse out of Al/B4C into NiP or Surface 
or Gas

Radon effect
NiP-Al/B4C
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Alpha Background: Utgård Tests
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2D projection of wire/grid counts

TRP-3B
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● Two prototypes tested: TRP-1, TRP-3
● TRP-1 RP-Al radial blades
● TRP-3A Ni electroplated Al/B4C

Ni plate thinner at middle of blade
● TRP-3B NiP electroless Al/B4C

NiP thickness uniform
● Small cosmic neutron component of 

TRP-3B background

Horizontal           Vertical
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T-REX Simulation Update

● Extension of Ncrystal description of materials (for EMMA tests)
● T-REX geometry derived from CAD drawings of T-REX
● More realistic model of T-REX boxes which contain the Multi-Grid columns
● More realistic model of support structures which hold the MG columns in place
● 1st approximation of cryostat structures around the sample
● McStas calculation of TOF structure of chopped beam (from Mo Aouane)
● Effect of extra shielding Vanes

To Do…
● Outer vacuum tank
● Specification of the beam monitors to be used at T-REX ?
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T-REX Single Box

CAD Model of Box Geant-4 Model of Box

Conversion stp to gdml not practical at this level of
complexity. Overlapping volumes (confuse tracking algorithms).
Even if geometry perfect, tracking would be extremely slow.

● Dimensions from CAD
● Multi-Grids modeled “exactly”
● Box and MG support structures 

approximations of CAD
● Model location and amount of 

bulk material as accurately as 
possible (in progress)

PRELIMINARY
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TREX 10 Box Version
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Vanes protrude around 400mm beyond front face of
Box. Does this fit mechanically??
Material either: 4mm Al/B4C or Cd sheet. 
Attenuation factor 4mm Al/B4C is 99.8% @ 1 Å
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Sample Cryostat
PRELIMINARY

1.5mm Al

0.5mm Al

Neutron beam 
10 x 30mm
l = 1.65 Å V cylinder 

5mm radius

Detail of Cryostat
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Contribution of cryostat 
walls to neutron energy 
spectrum0.5mm sections of 

cryostat walls span 
out-of-plane coverage  
-45 to +45 deg.
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Neutron Time Structure

Beam time structure
● McStas calculations (Mo Aouane)
● 2 chopper settings provided
● ToF @ sample position
● Start with ToF peak at ~70 ms or   

30 meV
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True Scattered Neutron Vector
Vector from detector hit pos
δθ < 0.2∘  Direct Scatter
δθ > 0.2∘  Multiple Scatter
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Neutron interaction in 
cryostat Al walls

● Select events: 
single neutron 
scatter in V sample

● Vanes are 4mm 
thick

● No vane support 
structures

MG Radial Blades NiP-Al/B4C 
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Summary

● Work on publications continues, alpha-background article 
well advanced, probably submit to JINST.

● Geant-4 T-REX model updated
● McStas chopped beam ToF structure (start with peak at 30 

meV, 1.65 Å)
● MG box geometry based on CAD drawings
● Simple model of cryostat added (optional inclusion)
● Calculating effect of shielding vanes between boxes in 

progress (preliminary calculations suggest very small effect)
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