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Neutron detectors based

on MICRO-Mesh Gaseous Structure (MICROMEGAS)

//_ Micro-mesh (cathode) \

The metallic micro-mesh must be 5 to 30 pm thick with
needed equivalent wires densities ranging from 500 to
2000 Lines Per Inch (LPI). Stainless steel woven meshes,
electroformed Nickel meshes, or chemically etched copper
meshes are used.

New products are needed for high LPI thin meshes.

500 LPI Electroformed
Mi meash [ 500 LPI 304Lwoven mesh ] [Chemicaayemed Copper mesh ]

/Printed Circuit Board (anode PCB)

v'It can be up to 1- 3 m2 and down to 100 pm thin.
v'Copper strips or pads can be =100 ym to few mm large and
insulation between them as low as 50 pm.
v'Copper is usually covered by a Ni/Au layer for a total
thickness which must be kept as low as possible (down to 5
m) with a « smooth » surface.

\A & 30 cm 12 layers PCB with 4000 x 4 mm : pads for the MINOS TPC (18000 blind vias)

Patented technology (CEA — EQS imaging)
G. Charpak, Y. Giomatans, Ph. Rebourgeard, J-P Robert
Y. Giomataris ef al., NIM A 376 (1998) 29

MICROMEGAS is a parallel plate gaseous structure which uses a thin metallic
micromesh to define the high electric field region in which primary electrons are
amplified by avalanche and collected on a micre-segmented Printed Circuit Board

HW g = -1000 V

neutrons

-

Drift electrode + neutron converter
v'For thermal neutrons, it can be a thin
aluminum foil or a metallic mesh covered by
a 1-2 ym thick layer containing '°B (such as
B,C) or by a =100 um thick 5Li layer. Low
cost industriallized processes needed

An electroformed Mi
mesh covered by a 2

p m thick B4C layer
(Linkoping Univ.)

Neutron to ionizing
particles converter

( "B, *Li, Gd, CH;)

Bulk-micromegas

Micromegas technologies
to realize the micro-mesh + anode PCB assembly

micro-bulk micromegas

Technology transfer o be done

t e Drift region On-going technology transfer
up to 10 mm
(E= 1 kViem) Embedding of the mesh between

two layers of insulating pillars by

use of photolithography technics

e avalanche region

(E>s0kwem) | T T -

25-200 pm Base Material _. Copper segmented anode

HV e = -500 V
(gain tuning)

To front-end
pre-amplier
{ground})

Spacing pillars

Strip signal

Performances
v'Intrinsic low sensitivity to y photons (gas)
v'High spatial resolution (down to 100 pm)
v'Fast signals (< 1 ns)
v'Short recovery time (~150 ns)
v'High rate capabilities (> MHz)
v"High gain (up to 108)

Lamination of Vacrel

L

Positioning of Mesh _

T T,

Encapsulation

Dm'gl_pj}mcnt -

Photo-imageable
polvamide film
~ Stainless steel
woven mesh
Selective UV
exposure
Border frame
. Spacer

_ Comtact to Mesh

A 4 ooy’ bulmicmeges (T2KTRC)

Micromegas is built from a double
sidded copper clad kapton foil by
selective chemical etching of copper
(mesh and anode strips) and kapton
(insulating pillars).

Mesh with ypical & 40
pm hole with 100 um

2nd ATTRACT TWD Symposium in Detection and Imaging (Strasbourg), 4-5 November 2016
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XY - micromegas detector

incoming neutron beam,
typical diameter between 1 and 10 cm

PYVIVVLVLLL bbb L)Y m Microbulk segmented mesh
development

(n,lcp) reaction drift cathode with deposit

BLi(n,o)*H, 19B(n,0)Li, 233U(n.f)

variable drift
gap, typically

1-100 mm L ionization
e e | e .
Y A A ® Minimize in beam material
o, ALl e budget (only 5um Cu - 50pm

Kapton — 5um Cu in beam)

Fig. 2. (Colour online) Photo of the first 6 x 6 cm® segmented mesh microbulk
detector produced, mounted on the thick PCB.

m Real XY scheme

Drift H\/

‘L m Use as neutron beam profile L
g
g
m Aimed to be used as a TPC for \Eﬁ‘ -
fission studies ™
strips

strips

m Coupled to GET electronics -
teSt alternatlve eIeCtronIC (VM M3 Fig. 1. (Colour online) Schematic view of the segmented mesh microbulk

based) detector. The holes of the micromesh are arranged in matrices with a fixed
number of holes/column in the overlapping region of mesh and anode strips.

— 60 x 60 strips (6x6 cm?)

, ” - Mesh hole ~ 60 pm
Development of a novel segmented mesh MicroMegas detector for neutron beam profiling, i
https://doi.org/10.1016/j.nima.2018.06.019, Nuclear Inst. and Methods in Physics Research, A 903 (2018) 46-55 — Pitch: 100 pm
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XY - micromegas detector at CERN | in Orphée reactor (LLB)

|
Incoming neutron beam { H l H J 900 T T T T T T T T T =
TYITETTRTARTITL AT = 5 E
= - - drift electrode 3800 Anodo - No critoras =
neutron converter (5Li) 5] Anade - All criterias applied 3
6 x 6 cm? 700 E
| 600 =
—_——_—,—,—,e—ee e e e — e ———— mesh strips E
T anode strips 500 3
400 -
EETOT O §2 o 300 =
IREAERY Lt ERERE E
5 DT --*’ 200 =
g = VN 3
= \ 100 E
.5 \ 0 el 31 03
il \ o 05 1 1.5 25 3 35 4 45 5
H] Total Amplitude (ADC unitsj
=
B .
o
Egoc I I T I 1 1 T 1 i -
1 = " ]
....... e P 3800 esh - No criterias =
Time bucket index (3 Mash - ANl criterias applied E
700 =
o E E
i 600 =
O 800 | —— Expenimental =
g 55Fe 500 |
?UUE_ ——— Fitted dominant “Fa paak 400 —:
= ~ 0 =
BOOE ——— Fitted K, and K, peaks 13 A) 300 =
S00E- 200 =
4002— 100 _
300 0 . AT R , 3107
= 0 05 1 15 26 3 35 4 45 5
200 Total Amplitude (ADC units)
1005— Fig. 11. Reconstrueted total amplitude distribution histogram, by adding the
- 1 1 . - + a3
IJ0 500 000 1500 5000 5500 3000 amplitudes of all the strip signals in each event, for the anode (up) and the

mesh (down), from all the events (black) and only from the selected ones with
the criteria applied (grey).

Total amplitude (ADC channel)

_ . -~ Simulate the experiment
Development of a novel segmented mesh MicroMegas detector for neutron beam profiling, < : : - >
https://doi.org/10.1016/j.nima.2018.06.019, Nuclear Inst. and Methods in Physics Research, A 903 (2018) 46-55 | — Re P roduce the am pl itude distribution h |Stog rams
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— 100 x 100 strips (10x10 cm?)
— Mesh hole ~ 60 pm

10 x 10 cn? Ar-iCaHio0 (5%), 1 Atm — Pitch: 100 ym

New XY-mmegas design

Micromegas chamber drift, ring Al 1 mm thick, 1°8 deposit on mylar 10 um

* Larger detector

* VMMS3 electronics to
replace AGET

* n_TOF facility
(CERN)
(thermal-GeV)

« GELINA (IRMM)
(1meV-20MeV)
* 132 . ‘ 100 ' « NFS (GANIL)
i 188 J i 120 g (1-4OMeV)
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Microbulk segmented mesh detector : simulations

Aim to have a full understanding on how a segmented mesh microbulk MicroMegas behave

m Electric Field calculation using gmesh / COMSOL and/or neBEM

m Particle Energy loss using SRIM and FLUKA/GEANT4 ==> Energy deposition spectra

m Gas optimization (speed, energy and spatial resolution, ...) using Garfield/Magboltz

m Full microscopic MC using Garfield++ (very time consuming) — extract useful infos to perform
simplified calculation ==> Deposited charge spectra

m Main objective is to retrieve signal output (knowing electronic transfer signal [fC] function)

m Testing a simplified simulation scheme where thermal neutrons hit a °LiF target

SDTrimSP: Projectile energy loss

:" 3 alpha / triton in LiF — N B e e e LA B e
45 T T T T T T T T T T : :
wz MeV .m.- eV - | | | | | T — ——— *H2.73MeV in Ar5%IC H,, |
‘ To— 40 — alpha of 2.050 MeV | I “He 2.05 MeV in Ar+5%IC,H, |
. *ﬂﬁﬂffﬂr - — witon of2.730 MeV =10 —— %1100 MeV in Ar+5%IC,H,{ =
-'?3 MeV . E Xe 70 MeV in Ar+5%iC,H,{
Neutron © 2T i ? I 1
Ve Z L i

| sl - S SRIM

2 | v 1 —
Em, — E E
g O c "a o 3 e b 3 -
2,73 MeV i 2.05 MeV R 5 1
10} - 107 =
sE . - .
L - L | L | P IR ST S MR S MNVHNTSNT R N 'R

https://doi.org/10.1016/S0168-9002(02)02078-8 L e T R T 0 10 20 30 40 50 60

Ion Penetration Distance (in microns) depth [mm]
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FLUKA simulations vs experimental data

FLUKA simulations

triton
alpha
total

®LiF: 0.35 um Cu: 5 um
Beam: thermal neutrons
6 T T T T 1 T
4 2 —
6x6cm 1400
2 rthermal n 7] 1200
0 C
T T ok
So - - S 1000
Ar-CO; (10%), 1 Atm o
2 - O 800[—
4 Drift: 1 cm - 8001~
400[—
i 1 1 1 1 1 1 -
02 0 0.2 0.4 0.6 0.8 1 1.2 C
Z [cm] 2{?0_—
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6 0.001 6
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. i 0.0001 . L |
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0.0001000
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Energy [GeV]

1
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Frontiers in Physics 9, 788253 (2022).
Annals of Nuclear Energy 82, 10-18 (2015).
https://fluka.cern, https://flair.cern/

Experimental data

= Anode - No criterias

Anode - Al criterias applied

\

0 05 1 15
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25 3 35 4 45 5
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w
=
=1

Mesh - No crilerias
Mash - Al criterias applied

%107

a4

0 05 1 15 2 25 3 b 45
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o
~—n

Fig. 11. Reconstructed total amplitude distribution histogram, by adding the
amplitudes of all the strip signals in each event, for the anode (up) and the
mesh (down), from all the events (black) and only from the selected ones with
the criteria applied (grey).

Development of a novel segmented mesh MicroMegas
detector for neutron beam profiling,
https://doi.org/10.1016/j.nima.2018.06.019, Nuclear Inst.
and Methods in Physics Research, A 903 (2018) 46-55
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Experimental set-up and first tests with the new XY micromegas

10 x 10 cn?

-------

1800

1600

s)
N
8

1200

channel

1000

counts/(25

400

II\l\III\IIlII\lII\l\II‘\IIlII\lI\Il\

1 dl | 111 | ‘ | N ‘ I ‘ | ‘ | I ‘ I T | I
1000 2000 3000 4000 5000 6000 7000 8000
total amplitude (ADC channels)

o
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Energy deposition spectra - FLUKA simulations 10 x 10 cn?’?
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Garfield++ simulation of micromegas

In Ar, for creation of 1 pair e-/ion
. : _ - W=26 eV (work function)
alpha or triton particle of Ekin ~ 2-3 MeV Alpha of 2 MeV — 2 MeV/ 26 eV = 7.7E+4 pairs
C =¢A/d = 8.85 pF
. A =100 cm?
C Vdrift = -600 V d=i
Ar-iCsHio (5% N
4H10 (5%) e = 8.85E-12 F/m
Drift gap V =7.7E+4 ions x 1.6E-19 Cb/ion / 8.85E-12 F ~ 1.4 mV
1 Cm - - - - -
e- Approximation: Simplified geometry 2 || plate
Micromesh _ configurations (no mesh geometry implementation)
Y Vmesh =0V
Amplification gap I":::'q”a"““ -
0.005 cm oy -
Vpad = +350 V ?emeperature K5
electric potential  V
electric charge fC
energy eV
Davis, M., Diakaki, M., Kokkoris, M., Michalopoulou- pressure Torr
Petropoulou, V., & Vlastou, R. (2022). Simulation of a electric field V/cm
p p MicroMegas detector for low-energy a-particle tracking magnetic field ~ Tesla
https.//garfieldpp.web.cern.ch/garfieldpp/ using Garfield++. HNPS Advances in Nuclear Physics, electric current  fC / ns
28, 251-256. https://doi.org/10.12681/hnps.3715 angle rad

Georgios Tsiledakis, CEA Irfu, University Paris-Saclay
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Garfield++: methods to be used

1

amm

z [em]
z [em]

08

0.6 0.6

04 0.4

0.2 0.2

[T TN S T R T S T T T S T R T S T

0.2 : 3 : 90.2 0.1 0 0.1 0.2

10 alpha vertical tracks with energy of 2 MeV

RFK MC no diffusion MC with diffusion

alpha

- DriftLineRKF (RKF) calculates the path of an electron or ion by
numerical integration of the drift velocity vector. In the absence of
a magnetic field, the drift lines will follow the electric field lines

(using the previously computed tables of transport parameters to
calculate drift lines and multiplication). The method is well adapted to
fields that are smooth, such as analytic potentials.

- AvalancheMicroscopic (MC) simulates electron trajectories
using a “microscopic” Monte Carlo simulation based on the electron-
atom/molecule scattering cross-sections where the electron is
followed from collision to collision. Provides an accurate simulation of
event-by-event fluctuations of the electron signal (very time
consuming).

m Use of the MC method for evaluation of the spread of the arrival
points of the electrons in the mesh and estimation of the magnitude
of the diffusion but tracking only the primary electrons without the
tracking of the secondaries.

Method RKF MC no diffusion MC with diffusion

Talpha (mm)  0.46 0.46 0.57
Tiriton (mm)  0.70 0.70 0.77

The standard deviations of the 2D distributions of the arrival positions of
the primary electrons that are produced from 10000 vertical alpha / triton
tracks with RKF and MC methods.

Georgios Tsiledakis, CEA Irfu, University Paris-Saclay

SANDA Final workshop, CIEMAT Madrid, 03/07/2024 12



Pulse after convolution with a GET transfer function
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FLUKA energy deposition spectrum

vs RKF deposited charge

1 ¥ 0.000100000 - £.000106000 0.8:— —: . .
| . [abnm ] * Insert Exn and direction of
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-0.2 0 0.2 0.4 0.6 0.8 1 1.2 -G-D,Z o 0.2 0.4 0.6 0.8 1 1.2 | E 1 L L -‘ Generate a SimUIated
N ’ e spectrum of a-particle and
- - triton tracks as exited from
e FLUKA = “*F GARFIELD++ o the °LiF target, having
amf- i a0} i trajectories distributed within
@1000F triton g1000f- triton the_: whole (_jetector volume,
3 F S ik using Garfield++
o : V) E
600[— “-LL s00f— . 7 /
: C Compare it qualitatively with
.‘w-_ 400 p— g
S LN : the simulated total energy
200}~ o N 200}~ ‘ ﬂ deposition histogram as
G i A - 1 | ?"T_.“ w1 s Loaa g
P SR~ . =SS s rarii PO Y e s e e i s o AT S calculated by FLUKA.
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Summary

A solid simulation framework for the XY micromegas detector has been established using
the current state-of-the-art MC computer codes FLUKA, GEANT4 and Garfield++, SRIM

Extract at first with a transport MC code (FLUKA, GEANT4) the energies and direction
cosines of the neutron reaction products and then use Garfield++ to transport them in the
drift region and record all the primary electrons that arrive on the micromesh, using the
full MC microscopic model enabling only the tracking of primary electrons

Following this scheme of analysis, we plan to address and carry out studies using other
type of converters and fission fragments

The work for SANDA is done concerning the study and construction of new devices for
precise fission cross section measurements

Our ANR project to build a real device is a follow-up of the SANDA simulation work

Georgios Tsiledakis, CEA Irfu, University Paris-Saclay SANDA Final workshop, CIEMAT Madrid, 03/07/2024

15



Outlook

Georgios Tsiledakis, CEA Irfu, University Paris-Saclay

SANDA Final workshop, CIEMAT Madrid, 03/07/2024

16



Characterizing various segmented mesh microbulk MicroMegas

1 mm pitch

30 ym gap 30 ym gap

48x48 mm area || 50x50 mm area
64+64 strips 50+50 strips

0.5 mm pitch 2 mm pitch
Hm gap 30 ym gap
32x32 mm area|| 50x50 mm area
25+25 strips

Georgios Tsiledakis, CEA Irfu, University Paris-Saclay SANDA Final workshop, CIEMAT Madrid, 03/07/2024
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Preliminary results : Garfield+neBEM for gain evaluation

Layout of the cell

-120

[wrl] sxy-£

S

-é;%"

£

-Axis [um)

_, Layout of the cell

*10

_

g

O

S,

z 7

5]

<

o 6
5
4

=
-]

Layout of the cell
Layout of the cell

=
H
g
#
g
B
£
120 T H
—108 £
-80 3
—60 H
—a0 ¢
£
-20 g
«
DI> < © g
% |20 N
z > &
2 g e
= 7]
= H
kR
v,
©
74;, N
NS
o, 0%
0N
2
K

O 7-Axis [p‘ml

g G281 1C.Hy, 5%, Ar95%, T=300 K. p=1 atm

Viewing planc: y=0

’ 3
7 Axis Lum
Layout of the cell

win” Y _sayout of the cell R
10 Gas: iC,H,, 5%. Ar95%, T=300 K. p=1 aim %10 g
T T — 8 T T T T T T T T T 8 Gos! iCiHio 5%, Ar 95%, T=300 K, p=1 atm g
=) — . T : : : . . . . H
2 E 3
1 s 7 1 =2, ]z
2 B
z o :
x <
1 &0 T < oe 1 3
[ [ h | | :
1 5 1 5 e {1 ¢
4
H
1 4 g 4 g §

1 3 J 3 J

i 2 i 2 1

B J

J | J
° J
0
1 J
4 E 4
1 i 1 L 1 1 i 1 i *
7 D ] x
ES EJ & 7 Py - N o = = S Ea— X e 0w . <
o o x Viewing plane: y=0 —x Axis [em] o
x Axisfem] . o x Axis[em] .

5 electrons to bottom

*
O,

Under: 0, in: 49007, over:

Sum: 49083, M

1 76
lean: 0.00040352, RMS: 0.00006759

1.7F

1.5F
145
1.3F
121
TR

Entries or probability

Doicl o
0.8
0.71
0.6
0.5
.41
0.3F
0.2

0sL
002 -

Layout of the cell

0S¢
00¢
0S¢
00

Gos: iCHis 5%, Ar 957%, T=300 K, p=1 atm

~ Avie Tuml

(04

@ o @
S o ]

8 8 8
Time [usec]

Georgios Tsiledakis, CEA Irfu, University Paris-Saclay SANDA Final workshop, CIEMAT Madrid, 03/07/2024

19

Ol*

‘S UOISIA PROILIDD K ¥2/90/4Z U0 €581V 10 Biioid

@




back-up
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Microstrips

Two-region gaseous detector
separated by a Micromesh :

: Conversion region
» Primary ionization
» Charge drift towards A.R.

*  Amplification region

.,

» Charge multiplication

Micromegas concept

MICROMEGAS ‘ IONIZING
PARTICLE
Principle of operation | f

"

v

}

Readout layout
Strips (1/2 D)
Pixels

Drifi space o ————

DETECTOR CURRENT

==>Very strong and uniform E.F.

-

* simplicity

Current (a.u.)

"

* single stage of _
amplification J

* fast and natural ion
collection

* discharges non
destructive

electrons

keeping the gap constant ~100 pum gap
# Ni or Cu micromesh + pillars on PCB
e * Self-supported copper micromesh
700 200 ~ «bulk» and « micro-bulk » technologies
Time (ns) =

Recent InGrid techniques : mesh over Si pixel
chip

Micro Mesh Gaseous Structure, Y. Giomataris, Ph. Rebourgeard,
J-P Robert and G. Charpak, NIM A376, 1996, p29 (CEA-biospace patent)
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Micromegas applications

n_TOF Neutron beam profiler

W i e i T T i

. * Bxb cm2 (2x106 strips, 0.5 mm pitch)
Low mass online neutron flux « drift gap = 4 mm
mohitor: % * converter: 10B4C enriched in 10B, 2 mm|
* Ar+ (10%)CF4 + (2%) iC4H10
»  Minimize beam perturbation and inducg' o ,>‘
background (::p
image2D_beam |

Enfries 1830424 |

F Cover a wide energy range Meanx -0.1012

B 2 Mean ¥ 005652 |
Drift Cathode (1)- £ | il
25 um coppered (1 um) Kapton B
+ 1.5 um of B-10 E L i
Drift Cathode (2) : g )
10

1.5 pm aluminised (~ nm) mylar
+ 1 mg U-235 (99.94%)
Micromesh + Anode strip:
Micro-Bulk (5 pm Cu)
+ 50 pm Kapton (with 70500 holes )
+5um Cu)

7 LR, R | -
harizaral pasition {om)

alumrsed myke
(1.5 ym + 1 nmj

wawn of Mic
for fdurinae béar mastbanng . [£ ==

G + caplon

BeEimta

Rl -

£ diamesics 15 mim
E .
E L= Flux i *."-‘"-'E
EF MGAS (L) * ST
5 —— MGAS ("B} Tl ;',
E B 1#’:‘ '
EBES T |, R
; i . T
i: / 1 H F==
L I| ':n i |llh‘ w il 1:5'
Einj uv]
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Neutron detection with Micromegas

Due to the so-called 3He shortage crisis, many detection techniques used nowadays for thermal neutrons are based on alternative converters. Thin
films of *°B or °B,C are used to convert neutrons into ionizing particles which are subsequently detected in gas proportional counters, but only for small

or medium sensitive areas so far.

Neutron detection = neutron to charge converter

»  Solid converter: thin layers deposited on the drift or mesh electrode (B, B,C, °Li, *LiF, U, actinides...)

v Sample availability ¢ handling Neutron detection with high efficiency
v . . (~50%):
Efficiency estimation
fictency > 3He crisis
X Limitation on sample thickness from fragment range »  Increased demantio i CRIHE
“ limited efficiency L 02 Mev 840 kev detectors
X Mot easy to record all fragments 48 > keV = Science
, 8 = Homeland security
78 MeV = Industr
»  Detector gas (*He, BF,...) Neutron O 1 47 MeV 4
V' Record all fragments
No energy loss for fragments ® reaction Kinematics v @ ‘ C
No limitation on the size ™ high efficiency . S B
X Gas availability
X Handling (highly toxic or radioactive gasses) Micromegas for neutrons
> Micro-Pattern Gaseous Detector (gain, fast timing, figh rate,
ranularity, radiation hardness, simplicity. ..
> Neutron elastic scattering g Y plicity...)
> > Low mass budget
gas (H, He) >
> i ( ) Transparent to neutrons
o v pamﬂ.i 4 e.c.. >  Large area detectors cheap & robust
Availability
v High energies
X Efficiency estimation & reaction kinematics
@ Georgios Tsiledakis, CEA Irfu, University Paris-Saclay SANDA Final workshop, CIEMAT Madrid, 03/07/2024 23




C2A ELECTRONICS

Challenge:
No global trigger signal => AGET electronics* + Reduced CoBo configuration

Self triggering mode / timing difference between strips.

« 64 analog channels /chip.

« Auto trigger: discriminator and threshold

« Multiplicity signal: analog OR of 6discriminators
« Address of the hitted channels

« SCA readout mode (all/hitted/selected channels)

« Max sampling rate: 100 MHz.

+ 16 peaking time values: 50 ns-1us.

* 4 charge ranges/channel: 120fC/ 240fC/
1pC/ 10 pC.

*GET, General electronics for TPC, ANR proposal / GET-QA-000-0005, AGET Data Sheet.
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C22) NEUTRON BEAM MONITOR + PROFILER

Accurate neutron cross section measurements require:
* Neutron fluence/Beam interception factor 5
Number/fraction of neutrons hitting the area covered by the sample. —2

+ Shape of the beam profile — ) E:
Beam optics misalignment => Beam fluence variations. sample
For non-monoenergetic neutron sources:
Neutron production point Neutron flight path Neutron interaction point
> —_— « n_TOF facility (CERN)
pulsed — (thermal-GeV)
’;‘f)‘;tr’;’;‘ — —> » GELINA (IRMM)
— (1meV-20MeV)
’ P * NFS (GANIL)

<«—TOF = neutron energy ——>»

=>Dependence of profile on the neutron energy

Requirements:
» Quasi-online neutron flux + beam profiler as well

* Minimal perturbation of the neutron beam / Minimal induced background
« Stay permanently in the beam

Georgios Tsiledakis, CEA Irfu, University Paris-Saclay SANDA Final workshop, CIEMAT Madrid, 03/07/2024



PRINCIPLE OF NEUTRON BEAM PROFILER + p
I

MONITOR OPERATION

The longest electron
drift time corresponds

to the point of the
interaction of the neutron
with the target.

.| consecutive strips

| .
CoBo_20150123-01_0000 - Frame no. 15 - Event no. 15} CoBo_20150123-01_0000 - Frame no. 15 - ["Z-!M_!ln_ 15
CoBo no, 0 - AsAd no, O - AGET no, 0 1 CoBo noe 0 - AsAd no. 0 - AGET no. 3 o Sy
3500 T I T i =l i i i
n - l
soo |
3450 I. H
= i
: s 1 A anode
= T | SRS SRS S SO U 08 L0 MO SO 8 IS ISR 5 A RS O B N 5 O
CRE " H | L)
E B 1 [ ]
3 kB i 1
i g i | |I ".1|
E.{ 17} 2] R O St R R 0 o A i l? ............................................................
=) ! i | Ny
2 i i
H |
330 | i}
400 b e . .:j' .......................................................................................
i |
T s
e g ik n L] 1 150 ]
H Tima Bucket Index

Time & I: Iy

The neutron flux will be smultaneously extracted from the SUM SIGNAL.
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5LiF: 0.35 um

goffﬂzﬂ’ ]

Basic set-up: approximation - alpha / triton yield

FLUKA simulations

Cu: 5 um

Beam: thermal neutrons

2l Ar-C0,(10%), 1 Atm -

Z [em]

EE

[ S R
L R

5LiF: 0.35 pxm

WOI0

¥OID 4

Drift: 1 cm

]

Size: 6 c 6 cm?

- s i
=5 -4 -3 -2 -1 0 1 2 3 4 5 6 ZF|-8 6 5 4 3 2 1 0 -1 -2-3-4-5-6 -7
o e T et

Frontiers in Physics 9, 788253 (2022).
Annals of Nuclear Energy 82, 10-18 (2015).
https.//fluka.cern, https://flair.cern/
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i
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———
H L

T
triton ——
alpha ——

I L L L
0 10 20 30 40 50 60 70 80
Angle [degrees]

i
90

100

6 X 6 cm?

* Differential yield = solid angle in
steradian

* Angles with respect of the beam
direction (polar angles in degrees)
and results normalized as double
differential, expressed in [particles
GeV-'srl/primary]

— For a given neutron interaction
point the direction the two capture
fragments are emitted is isotropically
distributed.

— The detector response, depending
on its geometry, will be different
according to the particle ejection
direction.

- What is measured, when the
detector is exposed to a point source,
Is an average over all the possibilities
that results into a distribution with its
own FWHM that defines the
resolution due to the gas.
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alpha / triton fluence FLUKA vs GEANT4 : Energy

FLUKA MC depositi t 6 x 6 cm?
alpha
6 0.001 1400 mphist2
. E Ethr > 10 keV Emricsmp : 20717
triton - 1l a0 o, G
i . 1x10 ..2 1000 } F L U KA tmphist
. = GEANT4 e
5o . B Q 8o Std Dev 0.0006664
- 1x10 O -
2 - [ 1x10°® 800 =
soF 10M events
1x10?
_4 _ B
1x1010 200 :_
N | | | | |
_02 0 02 04 06 0.8 1 1-2 0 1 Il 1 1 1 1 1 1 1 1 1 1 1 1 B I | L 1 1 1
o https.'//geant4.web. cern.ch/ 0 0.0005 0.001 0.0015 0.002 0.0025 0.003
o 1 Energy [GeV]
_ 1400~
. triton E :
0.0010000 © os L i 1200 ]
4l i » triton
1000 —
alpha 5 0.0001000 1 _.(.B C alpha
B 4 o b _ L
| | S5 total FLUKA
x 0.0000100 QO sl
<5 - Neutron beam 1/40 eV - C
2 - e >_ -
400 —
0.0000010 r
_4 .- = [
1 | | | 200 —
1 X 0.5 0 0.5 1 C ’[
%
02 0 02 04 06 08 1 1.2 cm 0 L l L |

1 1 1 1 L L Il 1 1 1 1 1 1 1
0.0005 0.001 0.0015 0.002 0.0025 0.003

~. Track-length density in particles/cm? per primary Energy [GeV]

=
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MGDRAW: Energy deposition hits - FLUKA simulations
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MC vs RKF in Garfield++

2D x-z projection of 100 tracks — RKF

Alpha 2 MeV Triton 2.7 MeV

Z [cm]

0.8

0.6

0.4

0.2

=

X [em]

Generation of 200 vertical 2 MeV a-particles and 2.7
MeV tritons with Garfield++ with both methods
Collection of simulated data for the deposited charge
in the anode electrode (pad) using the RKF method
The information for the energy loss for both ionizing
particles is obtained by using the SRIM code
(version: SRIM-2013.00)

Load a file with the mobility of the ions in argon
Then, retrieving the "clusters” along the track, the
drift is simulated for each of the primary electrons
The drift lines of the electrons released in the drift
gap will stop once they hit the mesh plane

Use of the MC method for evaluation of the spread of
the arrival points of the electrons in the mesh and
estimation of the magnitude of the diffusion

» 200 vertical tracks of 2 MeV a-particles and 2.7 MeV tritons were tested using both methods
* Both methods produce the same number of primary electrons that are ~ 152 / alpha track and ~ 24 / triton track, while The

secondary electrons produced by the miscroscopic MC method are ~ 75.3 K/ alpha track and ~ 11.6 K/ triton track
* Are in perfect agreement with the expected quantities of electron—ion pair
* The standard deviations of the distributions of the arrival positions in the XY end plane of the primary electrons as well as of all
electrons are almost equal
- Using the MC method but tracking only the primary electrons without the tracking of the secondaries
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