Simulations for micromegas used as BLM based
on FLUKA MC / GEANT

Detector design: 2 detector modules: MM + polyethylene, MM + B C

 FLUKA MC is used to model the BLM set-up and calculate the energy

deposited in the gas by the incident particles (n and Yy)

e Response to neutrons of energy: (107 — 10%) MeV

e Optimizing geometrical parameters for maximum neutron detection

efficiency
* Response to thermal neutrons / Estimation of the gamma contamination
e Validation + crosscheck using GEANT4
e Repetition of simulations and comparison with FLUKA

e Time response of the detector

A. Delbart, J. Marroncle, T. Papaevangelou, L. Sequi, G. Tsiledakis



MM + polyethylene: A module for very high
En& very high flux
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» 1 aluminum plate (1 mm) for the detector body

> 2 mm of polyethylene for “neutron conversion” to proton
recoils

> 50 nm aluminum foil or deposition on the Polyethylene,
Adjusting the thickness —» set the neutron energy threshold

> 0.1-10 mm gas (neon/helium) to produce electrons by
ionization processes induced by the recoil proton.

=> Directional detection of fast neutrons (En > ~0.5 MeV)
=>» Strong gamma rejection
=> High rate capability



Simulated response
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0 0 Neutrons of energy (107 — 10%) MeV
Cadmium (1mm) to eliminate incoming thermal neutrons
Polyethylene (2, 4, 6 cm) to thermalize beam neutrons
2 layers of a B,C converter (2 ym thick) to capture thermal neutrons
A double micromegas detector filled with Helium
Detector size (4 cm thick Poly.) ~ 20 x 20 x 10 cm? 4
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Varying the Polyethylene thickness

Efficiency
10p
9 = Polyethylene 100 — ~
- - thickness - Beam energy Enties 1000000
8 2 cm - Mean 4.829
E 10 RMS 14.77
- 4 cm -
6F- -
= 6 cm - h2
°E 107 Enties 38290
4 >, = Mean 0.5762
S - RMS 4.221
3 o
SE 'S 10 =
15_ E - Recorded events in gas (4cm of Poly.)
Ug Lol | IIIIII | |||||||| | |||||II| | |||||||| | |||||||| | IIIIIII| | |||||||| L LI (R | IIIIIII|-6I IIIIIII| | IIIIIII| | Illllllldl IIIIIII| | IIIIIII| | IIIIIII| | IIIIIII| L1110
107 10° 10° 10% 10° 102 107 1 10 102 107 10 10° 10" 10 107 107 1 10 10°
Neutron Energy [MeV] Neutron Energy [MeV]
energy deposition
4500
= hedep
4000 f_ Entries 3,32?0 )
ook wean 02k * For neutrons with energy: (1 eV — 1 MeV),
- the recorded efficiency for a 2xB C layer
3000 — _ i )
E Overall Eff. = 3.8% (4%'2" of Poly.) double micromegas detector is > 5% (4
- For neutrons (10" - 10°) MeV of Poly.,).
2000 —
1500 Threshold > 10 keV
1000 &
500 Energy [MeV] 6
1:'l: l Loy e o Ly ]

[=]
[=]
M2
[=]
fu
[=]
[=F]
=
w
-
-
P
-
s
-
[= 1]
-
]
P



Response to thermal neutrons (E = 0.025 eV)
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Response to neutrons with Energy: (10° — 10°) MeV 4cm POLY
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Response to neutrons with Energy: (10° — 10°) MeV 4cm POLY
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Response to photons with Energy: (10° — 10°) MeV 4cm POLY
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Energy deposition Total
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Response to Thermal neutrons — 0.025 eV (1M events)

In Cd (thermal n capture)
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Response to Thermal neutrons — 0.025 eV (1M events)
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+4cm POLY
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Run 26 (100 events)

b
rll

NN V7 ® 100 gamma ~ 1GeV
) | random Isotropic
for visualization — test!

100 events) Jed Ma

double x=

double sourcel= -¢
double zdist = - B1%*mm;

{G4UniformRand()-
{G4UniformRand()-
z= zdist;

X

* ®

. e’ Source position

GAThreeVector position = G4ThreeVector(x,y,z);
particleGun-=SetParticlePosition(position];

Gddouble phi = GAUniformRand() * 2.*CLHEP::pi;

Gddouble sintheta = 2. *(G4UniformRand()-0.5);

double px = sintheta*cos{phi); qu()r11. (1If€3(:t|()r1
double py = sintheta*sin{phi};

double pz = sqrt(l.-sintheta*sinthetal;

20

particleGun-=SetParticleMomentumDirection(GAThreeVector(px,py,pz));
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Summary

A new type of BLM based on a double Micromegas readout is

proposed equipped with 2 x B,C layers, 2 gas drift volumes (Helium)

Simulations show that we could record detection efficiencies ~ 5-6%
for neutrons (1 eV — 1 MeV)

This detection set-up, iIs completely insensitive to thermal neutrons
and gammas (10 keV — 10 MeV)

Both codes FLUKA / Geant4 agree...

Time response of this BLM is estimated: ~20us at low energies
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Model with 4 x B C layers + 4cm POLY

A double micromegas detector
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Model with 4 x B C layers + 4cm POLY

Initial Energy
B e e e ) A e e, g
B h1
10000 — Eniries 1000000 | DEaM energy 7
L Mean 4.839
- RMS 14.8 6
8000 —
B 5
6000 —
B 4
4000 3
B . 5
2000 — Recorded events in gas (4cm of Poly.)
- 1
D_I LLLLIL | mlﬂm
107 10°  10° 10 10* 107 107 1 10  10° 0
Neutron Energy [MeV]
energy deposition
: hedep
6000 — Entries 55354
- Mean 0.2772
- RMS 0.1761
51}[)0_—
4000 Overall Eff. = 5.5%
EI-DIIID:—
= Threshold > 10 keV
2000 —
1000 —
- [MeV]
0 _I 1 1 I 1 ] L ] b | 1 I 1 1 1 I 1 1 1 I 11 1 I
0 0.z 1 12 14 1.8 1.8 2

Efficiency
RS
= 3
- C
)
— O
C =
- W
:I IIIIIII| I|_I'_IIIIII 1 IIIIIII| | IIIIIII| 1 IIIIIII| | IIIIIII| 1 IIIIIII| L1111l | 1 IIIIIII| L1 1111l
10" 1q®  10° 10t 10t 10?7 107 ( 10 10°
Nedtron Energy [MeV]

» For neutrons with energy: (1 eV — 1 MeV),
the recorded efficiency for a 4xB C layer

double micromegas detector is 7-8% (4
of Poly.).
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Model with 4 x B C layers + 4cm POLY + 30/60 deg. tilt of beam

Efficiency
'1[]: ‘QQ
USRBIN BLMtestsSRCaPoly4cm4l30deg 44 1 9 f_
T T . T T 1 1 =
0.1 0.1 3
30 deg. e = No tilt
0.001 0.001 TE
0.0001 0.0001 - 30 deg. tilt
LE08 1e-05 61— 8‘ .
1600 1e-06 sE. S 60 deg tilt
le-07 — q_)
1le-08 le-07 E G
R 1e-09 le-08 4__ E
g0 L1 TOEATINS le-10 1e-09 = W
8 6 4 2 0 2 4 6 8 3:—
2E
=Neutrgh| Energy Lo [MeV]
Ll LLLLL Il L1 11ul L1111l 11 11 ||||.|j_|_|_|_|_|_|.|_|.|_|_|_|_LLL|.L|_
107 10% 10° 10* 10° 102 10" 1 10 10?

. For neutrons with energy: (1 eV — 1 MeV), the recorded efficiency for a 4x

layer double micromegas detector is 7-8% (4cm of Poly.) for a perpendi
n beam
* 6-7% for a perpendicular n beam at 30 degrees direction

* 4-5% for a perpendicular n beam at 60 degrees direction 57



Tests at CEA — simplified reference geometry
Benchmark for simulations

Ne-C_H_ (90-10%)

 Anode Voltage: +480V - Drift (B,C plate) Voltage: at ground

 Mesh Voltage: +200V

28
« Seal mode operation > 2months! (No gas circulation...)



Simulation vs Data

- With the calibrated window (1in.x1in.)
made of Boron, the efficiency of micromegas
compared to He3 tube is : 5.05% (AmBe
source).
- With micromegas directly in a neutron
generator, the efficiency of micromegas
compared to He3 tube is : 4.3% (At
Schumberger lab).

- Good agreement with simulations
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Efficiency

S

= B4C

= thickness

é_ 15U

- O 2

-9 .

;_E Beam Energy [MeV]

:I IIIIIIII |£IIIII| 1 IIIIIII| 1 IIIIIII| 1 IIIIIIII 1 IIIIIII| 1 IIIIIII| 1 IIIIIII| 1 IIIIIIII L 111

107 10° 10° 10* 107 102 107 1 10 10°

4 B,C layers
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FLUKA geometry

@ SPH blkbody <0.0 0.0
R:100000.0

@ SPH void <0.0 0.0

R:10000.0
(min:-9.10 ©9.10
©9.10
4.6
2x:9.00

fPrPP Cadmi - .
min:-9.10 -
Sy ,
fPrPP Poly mir-9.00 .
fmin:-9.00 max:9.00
n:-4.5 Zmax: 4.5
rPP Alum1 Xmin:-5.10 Xmax: 5,10
fmin:-5.10 max:5.10
Zmin:-0.6502 max: 0.6502
fPrPP Convl (min:-5.00 max:5.00
fmin:-5.00 max:5.00
Zmin:-0.5502 Zmax: 40.55
fPRrRPP Gas] min-5.00 Xmax:5.00
fmin:-5.00 max:5.00
Zmin:-0.55 Zmax: 0,05
f#RrRPP Alum2 min:-5.00 (max: 5,00
nin:-5.00 Ymax: 5.00
n-0.05 max: 0.05
fPrRPP Gas2 Xmin:-5.00 {max:5.00
fmin:-5.00 ‘max:5.00
Zmin: 0,05 Zmax: 0,55
fPrRPP Conv2 (min:-5.00 (max:5.00
fmin:-5.00 ‘max:5.00
Zmin: .55 Zmax: 0.5502




Initial Energy

energy deposition

B 4500 —
. h1 : Entries 37688
100001 Entries 1000000 | || 4990 Mean  0.2795
- Mean 4.845 - RMS 0.177
BDUD_ Beam energy RMS 14.8 35'30:—
- 3000 Total Eff. = 3.8%
6000 — 2500F—
N = Threshold > 10 keV
B 20
4000—
B 00
2900__ 1000
- Recorded ener =
. qy [MeV] || sooE- [MeV]
D_I L IIIII| 1 IIIIIII| 1 IIIIIII| 1 IIIIIII| 1 IIIIIII| | AR 1 IIIIIII| Lt :
10—? 10‘3 1n—2 10 _I 11 | | 11 | 1 11 | | 1 I 1 | L | - | | | | | 1 11 | | | | |
o 1 12 14 16 18 2
Efficiency + ; >Q pOLy
o energy deposition vs E
- Eﬂntnes 0 2286 SF hEvedep I
8 ean - - Entries 37688
F R RMS 3.104 || 45F Meanx 02273 120
B 4:_ Meany 0.2796
- - RMSx 3079 _| o
oF ssE RMSy  0.1768
5 3;— —180
45 S 25F
— - —160
- U o
3£ S =
- .0 1.5
- O -
2 £
1:—""I 055—
- h Beam Energy [MeV]| ™°E
_I L1l 1 IIIIIII| 1 IIIIIII| 1 IIIIIII| 1 IIIIIII| 1 IIIIIII| 1 IIIIIII| 1 IIIIIII| L 11111 D_ -
D 10—? 10—5 10—5 10—4 10—3 10—2 10—1 1 10 102 10’7 10_3 10_5 10_4 10_3 10’2 10-1 1 10 102



Initial Energy

[ h1
00001 Beam energy Entries 1000001
B Mean 4.804
8000 — RMS 14.72
6000|—
4000|—
2000[— Recorded energy [MeV]
D_I LLLLLLL 1 WTMI II|||II| Ll LUl
107 10 10" 10t 10® 107 107 1 1; 10°
Efficiency
?E_ h3
= Entri 3
Z°\° MZQE"S 0.2848
6 RMS 3.459
-
3
£
-3
2;-§
1:":|=
- U Beam Energy
D:I IIIIIII| 1 IIIIII| 1 IIIIIII| 1 IIIIIII| 1 IIIIIII| 1 IIIIIII| 1 IIIIILI] 1 IIIIIII| L1
107 10° 10 10t 10 10 107 1 10 10°

energy deposition

3500

3000

2500

200

1000

500

hedep
Entries 30709
Mean 0.3124
RMS 0.1802
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12000

10000

8000

6000

4000

2000

Energy deposition Total

O detection threshold

Energy deposition Total
Energy deposition a
Energy deposition Li
Energy deposition y
Energy deposition e

EDEPFO
Entries 43516
Mean 0.2172
EMS 0.1816
Underflow 0
Overflow 0
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Time of hit

1600 —_ TIME
Entries 31000
14001 — Mean 3.02%9e+04
— RMS 2.78Be+04
= Underflow 0
1000 :—
800 — 10 keV threshold
600 :—
400 :—
200—
. Time [ns]
D B 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 I"T‘-"!—-—l- J— L L | | 1 }(103
0 20 40 60 80 100 120 140 160 180 200
REvedep Time responce vs E
Entries 31000 !

0.4237

107 107

Beam energy [MeV]

12034
1003}

204

60

40

oo

» Threshold > 10 keV

Time responce vs Ed

ep hEvedepZ
Entries —
Mean x o0
Mean y s
RMS x o

RMS i

50 |

| Dl?

100 150 200 03 Dld 05 Dlﬁ
300

Time [us] ™« * “Edep [MeV]
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e Threshold > 10 keV

Time responce vs E

Time [us]
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