BRIKEN design, The UPC approach with MCNPX

Guillem Cortes-Rossell & Albert Riego
July 30st, 2013
Universitat Politecnica de Catalunya, Barcelona (Spain)

E-mail: guillem.cortes@upc.edu
http://greener.upc.edu/greter UNIVERSITAT POLITECNICA
DE CATALUNYA

BARCELONATECH



mailto:guillem.cortes@upc.edu�

Contents

1. Geometry proposed
2. Counters employed
3. Simulations

4. Results

5. Conclusions




2" BRIKEN WORKSHOP - RIKEN Nishina Center (Japan) / July 30-31, 2013

1. Geometry proposed

Polyethylene matrix :

[ Ring 5 ] [ Ring 4 ]
Section: 90 cm x 90 cm
Length: 80 cm

Beam hole: 16 cm diameter
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5 Concentric rings centered to the
beam hole axis
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2. Counters employed for the detector design

DIMENSIONS
FILLING | PRESSURE -~ | NUMBER OF
INSTITUTE : Effective
STITY GAS (atm) Diameter | - o gth | COUNTERS
inch :
(inch/em) (inch/mm)
GSI He-3 10 1/2.54 23.62/600 10
JINR He-3 4 1.18/3.0 19.69/500 20
He-3 10 2/5.08 24/609.6 58
ORNL
He-3 10 1/2.54 24/609.6 16
RIKEN He-3 5.13 1/2.54 118.1/300 26
UPC He-3 8 1/2.54 23.62/600 42
TOTAL 172
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3. Simulations

Neutron source e S =
- Point source e T
- Inside the beam hole
- Centered in the matrix @
- Neutrons emitted in all directions ".,.:: ___________ : ;]
(isotropic distribution)

Neutron energies simulated
- 0.0001 MeV

- 0.001 MeV

- 0.01 MeV

- 0.1 MeV

- 1 MeV ’D
_ 2 MeV @,

- 3 MeV

- 4MeV _—

- 5 MeV
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3. Simulations

Analysis done
- Study of efficiency vs ring radii, for 1 inch diameter counters at 8 atm

- 3 matrix configurations to obtain a flat efficiency. One configuration for each
maximum neutron energy of :

- 1 MeV --- Efficiency for 1-neutron emission and 2-neutron emission
- 3 MeV --- Efficiency for 1-neutron emission and 2-neutron emission

- 5 MeV ---- Efficiency for 1-neutron emission and 2-neutron emission
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3. Simulations

Parameter used to define the planarity of neutron detection efficiency

Efficiency factor, F: The relation between the maximum efficiency, 7.,
and the minimum efficiency, 7., ,at a defined
interval of neutron energies
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4. Results

4.1. Analysis of ring radii for 1” diameter counters at 8 atm

This analysis consist on a single ring filled with 3He counters at 8 atm and 1” diameter

Each curve is related with a ring radii
Ring radii variation from 11 cm (simulation 90F8) to 30 cm (simulation 110F8)
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Minimum distance between counters is 4 mm

As the ring radii increases, the efficiency
decreases and the neutron energy at which the
efficiency is maximum increases

-8-00F8||11(24[1)[EMeV|e:39,M:61,m:17,r:356]
-8-91F8||12(26|1)[5MeV|e:38,M:51,m:19,r:262]
-8-92F8||13(28|1)[5MeV|e:34,M:43,m:21,1:204]
#-93F8||14(30|1)[5MeV]e:30,M:36,m:22,1:163] OOOOOOOO
-8-94F8||15(33|1)[5MeV|e:25,M:31,m:18,1:175] o° 0]
95F8||16(35|1)[5MeV|e:21,M:27,m: 12,1:227]
-8-96F8||17(37|1)[5MeV|e:17,M:24,m:8,r:307]
-8-07F8||18(39|1)[5MeV|e:14,M:21,m:5,r:394]
-8-08F8||19(42|1)[5MeV|e:12,M:19,m:4,r.509]
-8 -09F8|[20(44|1)[5MeV|e:10,M:17,m:2, 1. 769]
® - 100F8||21(46|1)[5MeV]e:8,M: 16,m:1,r1092]
-8- 101F8|[22(48|1)[5MeV|e:7,M: 14,m:1,r:1472] o 0
102F8||22(47|1)[5MeV]e:7,M: 14,m:1,r:1441] 0o 0
-8 - 103F8|[23(50|1)[5MeV|e:5,M: 12,m:1,r: 1966] OOOOOOO
-8 = 104F8|[24(52|1)[5MeV|e:4,M:11,m:0,r: 2782]
-8 - 105F8|[25(54|1)[5MeV|e:4,M:10,m:0, . 4092]
-8 - 106F8|[26(56|1)[5MeV|e:3,M:8,m:0, r:5493]
-8 - 107F8||27(58|1)[5MeV|e:2,M:5,m:0,r: 11625]
-8 - 108F8|[28(60|1)[5MeV|e:1,M:4,m:0,r:11667]
109F8||29(63|1)[5MeV]e: 1,M:2,m:0,r:24500]
-8 - 110F8||30(65|1)[5MeV|e:1,M:2,m:0,r:Inf]
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(@) OO
o
©06000°

BARCELONATECH

@ DE CATALUNYA o Department of Physics and Nuclear Engineering/ Institut de Técniques Energétiques 8/21



4. Results
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4.1. Analysis of ring radii for 1”” diameter counters at 8 atm

This analysis consist on a single ring filled with 3He counters at 8 atm and 1” diameter

Each curve is related with a ring radii

Ring radii variation from 11 cm (simulation 90F8) to 30 cm (simulation 110F8)

As the ring radii increases, the efficiency
decreases and the neutron energy at which the
efficiency is maximum increases

O~ : R B R O O B 7 57 118!

------ .--h-ﬂl---._ 2 5 0 H
=@=00F35||11(24|1)[5MeV|e:39,M:61,m:17,r.356] : D "'f'---.'......:.: : :
-8-91F8|[12(26]1)[5MeV|e:38,M:51,m:19,r.262] 5 b ;-------_-_-_-u--....._.;.-.....-. B et : .
-8 -02F8|[13(28|1)[5MeV|e:34,M:43,m:21,r.204] IEEEE N
-8 -93F8||14(30|1)[5MeV|e:30,M:36,m:22,r: 163] h T

=@=-94F8||15(33|1)[5MeV|e:25,M:31,m:18,r:175]
05F8||16(35|1)[5MeV|e:21,M:27,m:12,r227]
=-@=-96F8||17(37|1)[5MeV|e:17,M:24,m:8,1:307]
=@=07F8||18(39|1)[5MeV|e:14,M:21,m:5,1:394]
=8=08F8||19(42|1)[5MeV|e:12,M:19,m:4,1:502]
=@=00F8||20(44|1)[5MeV|e: 10,M:17,m: 2,1 769]
=8=100F8||21(46|1)[5MeV|e:8,M:16,m:1,1:1092]
=8=-101F3||22(48|1)[5MeV|e:7,M: 14, m:1,1:1472]
102F8||122(47|1)[5MeV|e:7,M:14,m:1,r:1441]
=8=-103F3||23(50|1)[5MeV|e:5,M:12,m:1,1: 1966]
-8-104F38||24(52|1)[5MeV|e:4,M:11,m:0,r:2782]
=8=-105F8||25(54|1)[5MeV|e:4,M:10,m:0,r: 4092]
=8-106F8||26(56|1)[5MeV|e:3,M:8,m:0,r:5493] 1
=@=107F8||27(58|1)[5MeV|e:2,M:5,m:0,r: 11625]
=8=-108F3||28(60|1)[5MeV|e:1,M:4,m:0,r: 11667]
109F8||29(63|1)[5MeV|e:1,M:2,m:0,r:24500]
-@=110F8||30(65|1)[5MeV|e: 1,M:2,m:0,r:Inf]

Neutron detection efficiency (%)
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4. Results

4.1. Analysis of ring radii for 1”” diameter counters at 8 atm

- This analysis consist on a single ring filled with 3He counters at 8 atm and 1” diameter
- Each curve is related with a ring radii
- Ring radii variation from 11 cm (simulation 90F8) to 30 cm (simulation 110F8)

As the ring radii increases, the efficiency
decreases and the neutron energy at which the
efficiency is maximum increases
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4. Results
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4.2 1-neutron emission. Configuration for max. neutron energies of 1 MeV

Rin Radii Number of Pressure Diameter Institute
g (cm) counters (atm) (inch)
1 11 8 10 2 ORNL 143 3He
2 15.2 10+13x2+9 8/5.13/4 1/1.18 GSI+RIKEN+JINR counters
3 19.5 42 8 1 UPC
4 25 20 10 2 ORNL
5 30.5 28 10 2 ORNL
80 = o 75.
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é Baaee = \\ ,f"
2 L1 DR ’
T g
.'"-u._- = s Ppd i = ] - :
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4.2 1-neutron emission. Configuration for max. neutron energies of 1 MeV

Neutron energy interval . -
9y Maximum | Minimum Mean -
. - .. Efficiency
efficiency | efficiency | efficiency factor E
Minimum neutron | Maximum neutron (%) (%) (%) '
energy energy
0.1 keV 1 MeV 76.4 72.0 74.5 1.061
1 keV 1 MeV 75.6 72.0 74.1 1.050
0.1 keV 0.5 MeV 75.5 73.1 74.9 1.033
80 = o 75. .
® A,
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o M., e -8 - 150F8||11(8|3)15.2(32[2)19.5(42|1)25(20|3)30.5(28|3){ 1MeV|e: 74,M:76,m:72,r:106]
5 40 e = 5 73,55 - T T 3 e A
] "-q..n ° A
Y L A
% ~‘\ § ‘\
T L [}
- 0 ""\.,‘ : g 13 h =
2 ‘s I 3
5 Sy 5 )
o o s‘ g “
= e b, dtwhetel ol AL : 'y
20— --.--..___'._...----r----' -8 - --.: 72.5 ;‘
m_-.---- ---__.----d ‘\
o] DR R I 0 IO O 000 B o === | 79 “\
' S NN S R e Tl % i i \
................ - | {
-------------- wir= SR o i
(I ““““““““““““““ E: """" oo b -!‘: --F-!-P!!-.W.'T """ i 7155 il . i i
10" 10 10° 10" 10° 10° 10° 10 10°
Energy (MeV) Energy (MeV)

UNIVERSITAT POLITECNICA
DE CATALUNYA
BARCELONATECH

8

Department of Physics and Nuclear Engineering/ Institut de Técniques Energétiques

12/21



4. Results 2nd BRIKEN WORKSHOP - RIKEN Nishina Center (Japan) / July 30-31, 2013

4.3 1-neutron emission. Configuration for max. neutron energies of 3 MeV

. .. Number of Pressure Diameter .
Ring Radii (cm) - Institute
counters (atm) (inch)
1 12.0 10 10 2 ORNL
2 19.5 42 8 1 UPC
3 25.0 10+13x2+15 8/5.13/4 1/1.18 GSI+RIKEN+JINR
4 30.5 22 10 2 ORNL
5 36.0 24 10 2 ORNL
66 : e : ; = S
70 . -8-222F 8| 12(10]3)19.5(42|1)25(38/2)30.5(22|3)36(24|3)[3MeV|e:64,M:65, m:60,r:109] |
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2nd BRIKEN WORKSHOP — RIKEN Nishina Center (Japan) / July 30-31, 2013

4.3 1-neutron emission. Configuration for max. neutron energies of 3 MeV

Neutron energy interval . .
9y Maximum | Minimum Mean -
. - .. Efficiency
efficiency | efficiency | efficiency factor. F
Minimum neutron | Maximum neutron (%) (%) (%) '
energy energy
0.1 keV 3 MeV 65.4 60.0 63.8 1.090
0.1 keV 2 MeV 65.4 62.5 64.3 1.047
0.1 keV 1 MeV 65.4 64.1 64.6 1.022
66 - T - T : T
?0; " T i T | -m-222F8||12(10]3)19.5(42]1)25(38|2)30.5(22|3)36(24|3)[3MeV|e:64,M:65,m:60,r:109] |
Grovmse - S - @l
S T e P
B0 T [ oL T 0 65 ."0 i ‘*\,.. 4
...... .""--...__ ¢“ '.‘.‘.
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4.4 1-neutron emission. Configuration for max. neutron energies of 5 MeV

Ring Radii (cm) Number of Pressure Dl_ameter Institute
counters (atm) (inch) -
1 12,5 10 10 2 ORNL 149 3He .' 5
®
2 19.5 42 8 1 UPC counters ®:
[
3 25.0 10+13x2+15 8/5.13/4 1/1.18 GSI+RIKEN+JINR ® o
(]
4 30.5 22 10 2 ORNL
5 36.0 24 10 2 ORNL
70 ; : o 8- 225F8][12.5(10[2)19.5(421)25(38]2)20.5(223)36(24[2)| SMeV|e:60,M:63,m:86,:115]
63 JBmeeg
- i O mmmmmmme" et ."""“l..“ ".,."' ‘\‘\
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s | R TR e e el T S a .S ’,“‘ . “
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g -a-Ring 2 by g60- e el b
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4. Results 2nd BRIKEN WORKSHOP — RIKEN Nishina Center (Japan) / July 30-31, 2013

4.4 1-neutron emission. Configuration for max. neutron energies of 5 MeV

Neutron energy interval . _
9y Maximum | Minimum Mean -
. - .. Efficiency
efficiency | efficiency | efficiency factor. E
Minimum neutron | Maximum neutron (%) (%) (%) '
energy energy
0.1 keV 5 MeV 63.0 58.3 60.9 1.080
0.1 keV 4 MeV 63.0 58.3 60.7 1.080
0.1 keV 3 MeV 63.0 58.3 60.9 1.080
0.1 keV 2 MeV 63.0 58.3 61.0 1.080
6 x ————————. 1 — === T e S S 1 —
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4. Results 2nd BRIKEN WORKSHOP — RIKEN Nishina Center (Japan) / July 30-31, 2013

4.5 2-neutron emission. Configuration for max. neutron energies of 1 MeV

Neutron energy interval Maximum | Minimum Mean N
. _ . Efficiency
efficiency | efficiency | efficiency factor. F
Minimum neutron Maximum neutron (%) (%) (%) '
energy energy

0.1 keV 1 MeV 58.3 51.8 55.5 1.125

1 keV 1 MeV 57.1 51.8 549 1.102

0.1 keV 0.5 MeV 58.3 53.4 56.2 1.092
90 2 90 2
80k . 80 F .
p-= FT it T S =< i N " —_ C u
s 7k o £ 70k '
s f : 5k :
o 60F i RERRLELP ey o g i W
o [ i 2 T TN - -r - N
= [ 7 = [ = ol
5 50F - ? 50 F i
; wf ] ; H0F .
T [ n -3 [ n
= 30f Y 1 = 30 R :
= 1-neutron emissionJ E £ : 2-neutron emlssan 1
5 n E n 3 O E ]
% 20 3 ' 2 20 : :
10F . 10F '
ot . ok N
0.0001 0.001 0.01 0.1 1 0.0001 0.001 0.01 0.1 1

Neutron energy (MeV) Neutron energy (MeV)
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4. Results 2nd BRIKEN WORKSHOP — RIKEN Nishina Center (Japan) / July 30-31, 2013

4.6 2-neutron emission. Configuration for max. neutron energies of 3 MeV

Neutron energy inter\al Maximum | Minimum Mean -
. - . Efficiency
efficiency | efficiency | efficiency factor. F
Minimum neutron | Maximum neutron (%) (%) (%) '
energy energy
0.1 keV 3 MeV 42.8 36.0 40.7 1.189
0.1 keV 2 MeV 42.8 39.0 41.4 1.097
0.1 keV 1 MeV 42.8 41.0 41.8 1.044
70 . 0 .
o= TTIT®=—1r o o o o= = = =9*r ] L ]
I N . 5
60 60
g 1 = | ]
5 s0f . 5 s0f .
3 ] 5 f ]
= F ] R 4 b [ R ~<=Llle Ll ]
5 40 . 3 40f - F_--_-_". -
g ] g - R
2 30f ] 2 30f ]
L [ ] L [ ]
é 20F {l—neutron emission ] é 20 F [2—neut1‘0n emission ]
5 [ / ] B [ / ]
< ] <0 ]
10 | . 10 .
ol . oL 1
0.0001 0.001 0.01 0.1 0.0001 0.001 0.01 0.1 1
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4. Results 2nd BRIKEN WORKSHOP — RIKEN Nishina Center (Japan) / July 30-31, 2013

4.7 2-neutron emission. Configuration for max. neutron energies of 5 MeV

Neutron energy interval . .
gy Maximum Minimum Mean

efficiency | efficiency | efficiency
Minimum neutron | Maximum neutron (%) (%) (%)
energy energy

Efficiency
factor, F

0.1 keV 5 MeV 39.7 30.1 36.2 1.319

0.1 keV 4 MeV 39.7 34.0 36.8 1.168
0.1 keV 3 MeV 39.7 34.0 37.1 1.168
0.1 keV 2 MeV 39.7 34.0 37.2 1.168
0.1 keV 1 MeV 39.7 34.0 37.0 1.168
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2nd BRIKEN WORKSHOP — RIKEN Nishina Center (Japan) / July 30-31, 2013

5. Conclusions

- Polyethylene matrix of 90 cm x 90 cm and 80 cm length for neutron moderation
- We have employed 143 to 149 He-3 counters at different pressures, diameters and length
- He-3 counters distributed in 5 concentric rings
- Optimization of the neutron detection efficiency to obtain a high and flat efficiency
- 3 geometries for 3 maximum neutron energies: 1 MeV, 3 MeV and 5 MeV
- The mean efficiencies and efficiency factors for 1-n emission are:
- Max neutron energy of 1 MeV: n=74.5% & F=1.061
- Max neutron energy of 3 MeV:n1=63.8% & F=1.090
- Max neutron energy of 5 MeV: n1=60.9 % & F=1.080
- The mean efficiencies and efficiency factors for 2-n emission are:
- Max neutron energy of 1 MeV: n=555% & F=1.125
- Max neutron energy of 3 MeV: n1=40.7% & F=1.189
- Max neutron energy of 5 MeV: n1=36.2% & F=1.319

- Possibility to define new geometries to optimize the neutron detection efficiency for higher
neutron energies than 5 MeV

- Possibility to optimize the geometries shown in this presentation to increase the mean efficiency
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Thank you for your attention




	スライド番号 1
	スライド番号 2
	スライド番号 3
	スライド番号 4
	スライド番号 5
	スライド番号 6
	スライド番号 7
	スライド番号 8
	スライド番号 9
	スライド番号 10
	スライド番号 11
	スライド番号 12
	スライド番号 13
	スライド番号 14
	スライド番号 15
	スライド番号 16
	スライド番号 17
	スライド番号 18
	スライド番号 19
	スライド番号 20
	スライド番号 21

