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Outline

➤ Some starting points:
● Simulation framework
● Geometry description
● Study of neutron detection probability in moderator

➤ Simulation of the construction proposal configuration

➤ Design of the BRIKEN non-hybrid detector

➤ Design of the BRIKEN hybrid detector

➤ Useful information from simulation output
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Simulation framework

> Simulation code
● Geant4 version 4.10.0.p02
● Neutron data file: built-in G4NDL4.4 (largely come from ENDF/B-VII.1)
● A bug concerning the extrapolation of the thermal cross-section has 

been fixed  (more details in models/neutron_hp/History file)
> Neutron source
● Point source centered in the 11x11x90 cm3 AIDA square hole
● Emission direction is in isotropic distribution
● Energy grid: 0.0001, 0.001, 0.01, 0.1, 0.5, 1.0, 2.0, 3.0, 4.0, 5.0 MeV

> Temperature: 25 oC
> Moderator: 
● Polyethylene  0.95 g/cm3 

● Size: 90  x 90 x 90 cm3 

> Some definitions for analysis:
● Average efficiency: <ε>=Σiε/10
● Flatness: F=εmax/εmin
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More realistic geometrical description for 3He tubes
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Available 3He tubes and current status

Owner Pressure 
(atm)

Mother diameter 
(inch/cm)

Active 
diameter (cm)

Active 
length (cm)

Mother 
Length (cm)

Offset (cm) Number of 
counters

UPC 8 1/2.54 2.438 60 63.72 0.36 42

GSI 10 1/2.54 2.438 60 63.72 0.36 10

ORNL 10 1/2.54 2.438 60.96 66.09 0 17

ORNL 10 2/5.08 4.978 60.96 66.09 0.61 67

RIKEN 5.13 1/2.54 2.438 30 35.21 0.54 26

JINR 4 1.18/3 2.9 50 55 0 20

Credit: A. Tarifeño, C. 
Domingo and J.L. Tain
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Study of neutron detection probability in moderator

>  Neutron flux inside moderator, weight on the detection efficiency for 3He 
(taken from 3He(n,p) cross section data ENDF/B-VII.1)

Beam view Side view
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Study of neutron detection probability in moderator

> Facts:
● The more packed counters, the larger efficiency but difficult to achieve flat 

efficiency
● Better flatness can be achieved by putting counters farther away from center
● Square configuration may give better efficiency than circle configuration

> Radial distribution of the neutron detection efficiency
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Simulation of the construction proposal design

> Moderator size: 110x110x90 cm3

> AIDA square hole: 11x11x90 cm3

> High Density PE: 0.95 g/cm3

> Some corrections have been made for 
geometrical parameters of 3He tubes 
using the available data sheet

ORNL 2 inch

ORNL 1 inch

GSI

UPC

RIKEN

JINR
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Simulation of the construction proposal design

Credit: A. Tarifeño, C. 
Domingo and J.L. Tain

RIKEN (GEANT4)

> Total efficiencies is closed to the construction 
proposal result (except slightly differences for low 
energy)

> There are large differences mainly for 2nd ring and 
3rd ring

> Our simulated average efficiency is lower than IFIC 
simulation (using Geant4) about 8%

<ε>=63.1 %
F=1.113

<ε>=68.9 %
F=1.162

<ε>=63.3 %
F=1.123
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Non-hybrid configuration: Design approach

> Variable parameters:
● First ring Radii h0
● Ring radii separation f

> Number of counters used: 136
> Give priority for long counters with high pressure to be placed closer to AIDA hole
> Start from 3 initial configurations with a fixed number of counters:

Owner Used counters/Total counters

ORNL 2 inch 64/67 64/67 56/67

ORNL 1 inch 16/17 16/17 16/17

GSI 10/10 10/10 10/10

UPC 38/42 38/42 38/42

RIKEN 8/26 8/26 16/26

Configuration 1 Configuration 2 Configuration 3
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Simulation results and proposed compact configurations

Configuration 1
h0=1.16
f=1.52

Configuration 2
h0=1.16
f=1.3

Configuration 3
h0=1.18
f=1.54

<ε>=65.01 ± 1.04 %
  F=1.124 ± 0.027

<ε>=66.00 ± 1.05 %
  F =1.124 ± 0.027

<ε>=64.47 ± 1.03 %
  F=1.122 ± 0.027

> Flatness value F at maximum 
neutron energy of 5 MeV was chosen 
to be comparable with the value from 
construction proposal design (around 
1.12)

> Configuration 3 is flatter than other 
configurations for lower energy range
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Non-hybrid Detector: Configuration for maximum efficiency

Owner Used 
counters/Total 

counters

ORNL 2 inch 64/67

ORNL 1 inch 16/17

GSI 10/10

UPC 38/42

RIKEN 21/26

Total 149/162

h0=1.08
f=1.48

<ε>=69.54 ± 1.09 %
  F=1.114 ± 0.026
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Hybrid Detector: proposed configurations 

Owner Used 
counters/Total 

counters

ORNL 2 inch 52/67

ORNL 1 inch 12/17

GSI 10/10

UPC 38/42

RIKEN 24/26

Total 136/162

> Configuration 4:  

Beam direction

Beam direction

AIDA

With 2 clovers

● Inclusion of the 
EXOGAM type clover 
detector

● Distance: 5.5 cm
● Efficiency @ 1MeV: ~1.

4 %

With 1 clover
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Hybrid Detector: Simulation results

Configuration with Flatness optimized for 2 clovers option

<ε>=60.05 ±  0.98 %

<ε>=61.18 ± 0.99 %

Beam direction

 F=1.123 ± 0.028

 F=1.217 ± 0.031

h0=1.04
f=1.6
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Hybrid Detector: Simulation results

Configuration with Flatness optimized for 1 clover option

<ε>=58.87 ±  0.97 %

<ε>=60.96 ± 0.99 %

 F=1.127 ± 0.028

 F=1.120 ± 0.028

h0=1.16
f=1.44
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Hybrid Detector: Another proposed configurations

Owner Used 
counters/Total 

counters

ORNL 2 inch 66/67

ORNL 1 inch 12/17

GSI 10/10

UPC 38/42

RIKEN 24/26

Total 150/162

> Configuration 5: 

With 2 clovers

With 1 clover

Beam direction

Beam direction

AIDA
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Hybrid Detector: Another proposed configurations

Flatness optimized for two clovers option

 F=1.121 ± 0.027
 F=1.206 ± 0.031

<ε>=63.28 ±  0.95 %

<ε>=62.92 ± 1.01 %

h0=1
f=1.5
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Hybrid Detector: Another proposed configurations

Optimum configuration for 1 clover option

<ε>=57.43 ±  0.95 %

<ε>=62.65 ± 1.01 %

 F=1.098 ± 0.027
 F=1.121 ± 0.027

h0=1.14
f=1.4
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Useful information from simulation output

> Each simulated event is stored in comprehensive 
TTree containing useful information such as: Detection 
time, Energy and Interaction Position
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Summary 

> After revising the geometry description, our simulated efficiency is closed 

to the construction proposal result.

> Optimization procedure for efficiency is well established 

> We proposed some possible configurations

> Some useful information can be extracted from simulation output

Without Clover With 2 Clovers
from side

With 1 Clover
from side

Number of tubes 136 150 136 150 136 150

Compatible with 
AIDA support

Yes No No No Yes Yes

Average efficiency 64.47 ± 1.03 % 69.54 ± 1.09 % 60.05 ±  0.98 % 63.28 ± 0.95 % 60.96 ± 0.99 % 62.65 ± 1.01 %

Flatness F 1.122 ± 0.027 1.114 ± 0.026 1.123 ± 0.028 1.121 ± 0.027 1.120 ± 0.028 1.121 ± 0.027
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Thank you for your attention!
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> From Construction proposal design

Temperature dependence of the efficiency (backup)



Vi H. Phong | 3rd BRIKEN meeting | July 22, 2015 | Page 23

Hybrid detector with one clover - backup

> One block of moderator in downstream
> Not suitable for the existing AIDA support structure 

> Optimized geometry (F ~ 1.12) using the same initial 
geometrical configuration with the non-hybrid case:

Configuration 1 Configuration 2 Configuration 3

With Clover Without Clover With Clover Without Clover With Clover Without Clover

h0=1.16; f=1.52
<ε>=64.72 ± 1.03 % 
F=1.119 ± 0.027

h0=1.16; f=1.52
<ε>=65.005 ± 1.03 %
F=1.123 ± 0.027

h0=1.16; f=1.44
<ε>=64.24 ± 1.03  %
F=1.126 ± 0.027

h0=1.16; f=1.44
<ε>=64.82 ± 1.03 %
F=1.146 ± 0.027

h0=1.16; f=1.46
 <ε>=66.25 ± 1.05 %
F=1.121 ± 0.027

h0=1.16; f=1.46
<ε>=66.52 ± 1.05 %
F=1.139 ± 0.028

⇒The inclusion of the clover detector does not alter so much the optimized efficiency
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Hybrid Detector: proposed configurations - backup

Configuration 1
h0=1.16
f=1.52

Configuration 2
h0=1.16
f=1.44

Configuration 3
h0=1.16
f=1.46 > Again, Configuration 3 give better 

flatness over low energy range.

<ε>=64.72 ± 1.03 % 
F=1.119 ± 0.027

<ε>=64.24 ± 1.03  %
F=1.126 ± 0.027

<ε>=66.25 ± 1.05 %
F=1.121 ± 0.027


