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‘ "FLU.KA, Gear%M@NPX(PHWS>rabriefdescripﬂonaﬁd comprison

,’V'Example of neutren eletecter dee|gn anel epﬂmeaﬂen by I\/IG eedee the Gem—
1 A,'kf_'!‘*._;SrdeOn eleteeter developed n the frame of the reeeareh anel develepment ef

| Benehmark 'tee't’ Qase; Firstpreliminaryeempari’eenfl\/IG versus experimental results




‘ He is a by produot @t Tnt um preducﬁon f@r use in nuctear W@&D@ﬂS by Tﬁum B- decay mto He with a
hah‘ life Ot 12 8 years ‘

2 Oniy the US and Russ a are prevrdmg Sigmﬁcant amounts of He Wrth the end of the Cold War the
He pr@ductien from Tr|t1um decay has been reduced significantly and since September 2001 the
demand of He has moreased drasthaHy due to seﬁunty program launched in US and other ceuntrles

= 1 - severe d@pjetion of the existiﬂg He Stockp;ile aﬂd ShOF?Eag_e =

ZCost iﬂerease ‘by a factor Qf 25 , from 80 €/l up to QOOO €./:I‘

" He demand f@r neutron scattering in 2009 - 2015 is estfmated 0 126 kl and the proj ected demand
for us secuﬂty apphcatlons is 100 kI ‘
for a =20 kl/year avauab (US#RQSS!&)

In thls frame |t is easy to understand the strong |mportance of MC simulations as a
o valuable and “costless” tool to address the research toward new neutron detector in
- “,'ralternatlve to the 3He




'Determ|n|st|e metheds pre\nde more exaet solutrens of approxmate medels vvhereas
- Monte Carlo methods prewele apprexmate seluhoms ef more exact models
f (steehastle events) = | =

I\/IC metheel IS emmently suﬁeel to study steehashe processes particularly radiation
,transport sueh as moﬂen ef photons and neutrens and eharged parueles threugh
= matter ' | = = | .

"" Q_:,l\/lonte Carlo s|mu|at|ons play an mpertamt rele n epﬂmsmg deteeters 1he methed

f__"-,'uses prebabllmes and random sampling instead to give an accurate picture of vvhat
can happen Staﬂsﬂeally the random samplmgs Wil most often demenstrate the most

= | »f||ke|y DOSS|b|I|t|es

i "Expenmental verlﬂeanon vvould net enly be d|fﬁeu|t to aeeompllsh but expemswe 25
f well. I\/lonte Carlo allevvs us te simulate an actual physleal experiment and look at
= what most ikely will happen Th|s mfermatlon helps us te epﬂmnze the deteeter
’.:WiJ[hOUJ[ aetually bundmg ke S | —




Since neutrons are neutral, the only way to detect the presence of one is if it either collides with an
atom or gets captured by an atom. These coII|S|ons and captures excite the particles and eventually
- :glve off photons or charged partlcles whose SIgnaI are directly reglstered

It rsn’t the neutron ltself but the photons or charged partlcles from the coIIrsrons which can be picked
up and that which tell us that a neutron was even present. Efficiency is determined by: Efficiency =
Nc/N, where N is the total number of neutrons that enter a cell and Nc is the number of neutrons that
,,got captured (the |mportance |n well tracking also secondary charged particles,as well).

: The possrble types of |nteract|ons of a neutron W|th a nucleus |ncIude elastlc scattering, |nelast|c
= scatterlng, absorptron and fission.

: ,Whether-fan interaction results in a neutron’s being absorbed or 3cattered can be predicted only |
= probabﬂi,listically—(cross sections).Those probabilities, or cross sections, for the nuclei of the medium
through which neutron passes are necessary input to solving the problem at hand. t

2 Also needed is the probablllty denS|ty functlon for the dlstance a neutron travels without undergoing
an interaction W|th a nucIeus (in other words the probablllty densrty functlon for the Iengths of the
straight-line paths composmg the neutron s trajectory) o




Fvaluated Nuclear Data Libraries Files |
ENDF (USA), JEFF (Europe) JENDL(Japan) BROND (Rus3|a) CENDL(C ina).

- Neutron cross sections are isotope, energy G
reaction channel dependent, and cannot be | Typical neutron cross section
predicted by any nuclear model with the required Resonances = energy levels in compound
accuracy all over the extended energy range

Provide neutron cross sections typrcally for
E<20MeV for all channels

| i . unresolved
Are stored as continuum + resonance parameters ——resoRanceTegion

regron R

1 keV 1MeV Ekin incident neutron

10 orders of magnitude E | resonance | R ing too d
i | ; spacmg ; €sonance spacing too aense =

| few eV i overlapping resonances

—_
o

12 orders of = | Data Libral‘ieS

magnitude

Cross Section (barn)

| * There can exist discrepancies among them
Thermal (1/v)  RRR-UR _ High Energy

107100110 10 107 10 1o 19009 - * Not all the distributions do release the same

iNnformation and in the same wayv

In addltlon to the Cross sectlons also the secondary pvartlcles produced in a neutron
reaction are tabulated: (n, gamma), (n fletc

= It IS convenlent that the end user could choose among various Cross sect|on f|Ies




Eﬁ|e|eney (dependmg ueon majer parameters neutren energy, neutron
- |ne|denee angle) e f =

e .' S Nt e e «REALITY is just a
* Response Function and how it changes with major parameters ¢~ peeitean

P. Valéry (1871 — 1945)

J_ff;" but more mtngumg Separate un separable eﬁects

Simulations can only give you back ' Separate un-separable effects
the physics that YOU HAVE PUT

YOURSELF IN them.

A SR i b ]

You can create unrealistic cases to
help you better understanding your

You will not discover «something problem

new»,

T AT NI AP AT TN
cl bt Sa E S LB LA LA L L




;,I\/IC simulations always have some errors which arise from‘ the nature |tse|f of the calculations.
~ The Monte Carlo method rnvolves calculatlng the average or probable behaviour of a system
by observmg the outeomes of a Iarge number of trials (hrstorres) after smulatrng the physm:alj :

| events respor1S|bIe for the behavrour These errors are
rsransncar U meertamty (rnan ar ogue moo‘e r]/JN).

l\/lereever there are errers elue to

l"?‘,z.‘diéCrépangi__és n materiarco_mpositbﬂ and geometry

P errors in nulear data lioraries and theoretical models

Qrten varranee reduetren teehnlques are requrred te rmpreve the result aceuraey (mereasmg statlshcs
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* They are general-‘burpoée* Monte Cerlo codes

-8 AII these codes oan reproduce geornetrro 8D oontrguratrons ot rnaterrals and srrnulate partrole transport
| through thern e = , =

_*_“” The extensrve output |no|udes alt ot th|s rntormatron and allovvs oaloulatrng the etﬂorenoy of neutron
' oapture |ns|de the deteotor = | , ,

— * These sottvvares enable us to aoourately predrot the etteotrveness of drtferent pararneter varratrons on
the deteotor pertormanoes = |

. Usmg probabllltles from known cross sectlons and/or models they can count: partlcle
' qux part|cle coII|S|ons partlcle captures and much more.. |

* The data are not bullt |nto modern Monte Carlo radiation transport codes but rather are

. avallable as separate data I|brar|es That stratagem permlts the data I|brar|es to be upgraded
mdependently of the operatlonal portlon of the code - =~




Mc codes Comparlson
MNPX __

MCNP6

General

Version

B ﬁ_--__--+__,w

Fortran 90/C

about 800 USD

Lab. Affiliation

Language

1
e e e -

Cost

Source & blnary

R,

Release Format

2000

RSICC

Users ~200

i
———— —

Availability

T N o P A e g A

User Manual 470 pages }

Web Site mo‘npx.lanl.gov =

Workshops

‘-'-'-"_~'7v_/year |

Input Cards o ~120

5 -+
s S

St e s ..._.___T_ ST A e

Parallel Execution | : A'—'Ye's'.’f S

GEANT
Geant4 9

CERN ESA IN2P3PPARC I
Z : NENEIE—-——
~ _KFKSIAC TRIIIMF =

= : -Free.

Source & blnary

Open Web
280 pages

cern.ch/geant4

~4/year

(ref G McKmney et aI proc Smence)
FLUKA PHITS

Fluka 201 3 PHITSZ 64

}
———— e — ————e

JAEARIST

. Fortran 95/C

Free Free

Blnary

~1000

Binary

120

e e

s = —_— -

e Ea e e

Open Web
_after registration

~ Open web |
after registration

e ZF SRS SO0

150 pages =

387 pages

~ www.fluka.org

phlts jaea go jp

~1 /year

CCE RS EIN S a0 £




~ Physics Capabilities (. 6. mckinney et al. proc Science)
Physics MCNPX GEANT FLUKA PHITS

Particles . - = =

e e e b e e e 2 S - e sy e

2 Neutron

i ~ Cont®NDH  Cont(eNDA  ( Multigroup@60) ) CGont. (ENDF)
High - Models: ~ Models - Models - Modells

—— ————— e e s —

Proton T e oo ~ =k = = e
Low ~ Cont. (ENDF) Models == Models e - Models
-~ Models £ Nogels-——— Models = Models

High

R N L et e e ———— e —————— 4 ——e ——

= Leptons e e S , _ | |
SEMIGHEEE = ITS3.0 Models/EEDL, EADL Custom 1S3

Muon = CSDA/de-cayA,* - Models e . Models ' CSDA/decay
Neutrino - Production ~ Production Models .~ Models
Other Decay | — Pecay = Decay Models

AL AR T TN e s e T e e T e e e e s e ol e et

Photons Optical § | Yes - Yes :

x-ray/g \ ~ Models or EPDL97,  Custom+EPDL97
OTGHITACETE  Libraries(IAEA) = EADL PEANUT
- CEM -~ - CHIPS VMDM

T o B L N L e e SOTRNEE S eet a e e e s e DS Tl N e e e S et S S A R S e S i L

SRS . s6D L Yes . | Ves







Physics: thin target example

PRI 0

In FLUKA neutrons below 20 MeV are
defined as low energy neutrons

Angle-integrated *Zr(p,xn) at 80.5 MeV
The various lines show contributions from

| *evaporation

*INC

* pre-equilibrium

* total

Neutron interactions at higher energy are
nandled by FLUKA nuclear models

A T G T A S AT

Experimental data:
M. Trabandt &t al., Phys. Rev. C39, 452 (1983)

Transport and interactions of neutrons with

energies below 20 MeV are handled by a

dedicated library (Number of groups: 260 of

approximately equal logarithmic width, whose

371 thermal)

Why are low Energy Neutrons special?

® Neutron has No charge so 1t can interact
with nucler at low energies, e.g. meV
(thermal)

® neutron cross sections are complicated

e cannot be calculated by models so that it
S preferred to rely on data files

T A R B T MRSV

e
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=
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e e e e

ARRTERIN:

. 3 2 ’
L, .., e

Neutron double-differential distributions from protons on
stopping-length targets

Exp. data: Meler et al., Nucl. Sci. Eng. 110, 299 (1992) and Meigo et al., JAERI-Conf. 95-008

R Y YN AN

PRI vy ey

— _'-fj‘"f’The default FLUKA neutron erose Sectlen Ilbrary (orlglnally prepared by G Panlnl of ENEA) eentame more
~ than 250 different materials (natural elements or single nuclides), selected for their interest in phyem:s
~ dosimetry and accelerator engineering. This library has a Iarger number of groups and a better reeoluhon n
- & ;;the thermal energy range in respeet te the ergmalene - .




e R A e e RN e e

Below 20 MeV incident energy, Geant4 provides
several models for treating neutron interactions in detall

The high precision neutron models (NeutronHP) are
data-driven and depend on a large database of cross
sections:

e the G4NDL database is available for download from
the Geant4 web site

e clastic, inelastic, capture and fission models all use
this isotope-dependent data

There are also models to handle thermal scattering
from chemically bound atoms:

e G4HPThermalScatteringData,

e G4HPThermalScattering

(At thermal neutron energies, atomic motion, vibration and
rotation of bound atoms affect the neutron scattering cross
section, as well as the angular distribution of secondary
neutrons .

The energy loss (or gain) of such scattered neutrons may be
different from those from interactions with unbound atoms )

R aT

T
Sh
=
O
D
28
©
=0
S

Geant4 Neutron Data L|brary -

(G4N DL)

Contains the data files for the high precision neutron
models: includes both cross sections and final states:

Data are derived from the following evaluated data
libraries: ENDF/B_VII.O, JEFF-3.1, JENDL-4.0,

The format of GANDL is similar but not identical to that

of ENDF evaluated libraries:difficult job to combine
data from all the above libraries into one format
4.5E-07

Gdi 54 (n.inI channel
4 0E-07

35E-07 |
3.0E-07 |

25E-07 : = ENDF

20E-07 F ' % G4 result
1.5E-07 X — :

1.0E-07
5.0E-08
0.0E+00

0] 2E+06 4E+06 BE+06 S8E+06 1E+07 1E+07
secondary neutron energy [eV]




— 34 particle types (n,p,e,5 Leptons, 11 Baryons, 11
Mesons, 4 Light lons)

— Continuous energy (roughly 0-0.1 TeV)

— Data libraries below ~ 150 MeV (n,p,e,h) and models
otherwise

Pointwise cross-section data typically are used, although
group-wise data also are available.

For neutrons, all reactions given in a particular cross-
section evaluation (such as ENDF/B-VI) are accounted
for.

Thermal neutrons are described by both the free gas and
S(a,B) models.

The default continuous energy neutron transport
data with 389 isotopes and 3 elements are from the
ENDF70 library (based upon the ENDF/B-VII.O
evaluations).

LA--12212
DE92 004710

MCNP: Neutron Benchmark Problems

Daniel |. Whalen
David A. Cardon
Jennifer L. Uhle

John S. Hendricks

ASTER

S %
PSS e e DU INT IS UNLIMITED
Los Al National Lab
Los Almos i NN s

neutron shielding
experiments ?

@ ~neutron transport
xperiments

neutron multiplication
experiments




“MC optimisation of Gem SideOn
Detector Design”

Ar-CO2 Ar-CO2

\ 4

Glass

Results of simulations by Geant4 shown in figure refer to a primary neutron beam,
perpendicular to the wider sheet surface, zero divergence, uniform in energy (25 meV

kinetic energy without any energy spread),

Please Refer to the G.Claps talk for other details of this work -
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A new >He-free thermal neutrons detector concept based @CmssMark
on the GEM technology

A. Pietropaolo **, F. Murtas®, G. Claps®, L. Quintieri ™', D. Raspino ¢, G. Celentano ¢
A. Vannozzi ¢, O. Frasciello”

@ Consiglio Nazionale delle Ricerche, Istituto di Fisica del Plasma “P. Caldirola”, Milano, Italy
b Istituto Nazionale di Fisica Nucleare, Laboratori Nazionali di Frascati, Frascati, Italy

¢ Science and technology Facility Council, ISISI Facility, Chilton, Didicot, United Kingdom

4 ENEA Centro Ricerche Frascati, Frascati, Italy

ARTICLE INFO ABSTRACT

Article history: A thermal neutron detector based on the Gas Electron Multiplier technology is presented. It is configured
Received 20 November 2012 to let a neutron beam interact with a series of borated glass layers placed in sequence along the neutron
Received in revised form path inside the device. The detector has been tested on beam both at the ISIS (UK) spallation neutron
29 May 2013 source and at the TRIGA reactor of ENEA, at the Casaccia Research Center, near Rome in Italy. For a
Accepted 12 June 2013 o . . . . X
Available online 5 July 2013 complete characterization and description of the physical mechanism underlying the detector operation,
several Monte Carlo simulations were performed using both Fluka and Geant4 code. These simulations
Keywords: are intended to help in seeking the optimal geometrical set-up and material thickness (converter layer,

GIEM deltector d gas gap, sheet substrate) to improve the final detector design in terms of achieving the best detector
Thermal neutrons detectors efficiency possible.

Neutron instrumentation

© 2013 Elsevier B.V. All rights reserved.
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Aﬁperpendmular to the vvlder eheet Surface zero divergenee unlform in energy (25 meV
kmeﬂe energy vvlthout any energy epread)

Please Refer to the G Claps talk for other detalls of this work




. We took a Sl m|ole geometry to oueh the phyeroe a 7

= -"-_errrgle eheet vvrth thrn tvvo erde converter layer.

= V\/e defined the oon\/ereron eﬁrorenoy oharged
.partrole that enter rnto the gas oer unrt abeorbed

/ neutrgm :-Vf < :'.. -i-:‘-u Sy

;|ﬂ thre oaee the theoretro oonvereron eﬁrorenoy aﬂd

eeoondary |oartro|e distribution could be easly
= -f‘f;_v;eetrmated (all the charged oartrolee enter rnto the
F = '

= ~T_.“L;"A“e' the B 'VT-G thickness inoreaeee the number of

: -f_'oharged partrolee produoed drﬁere from the number
of oharged parirolee that reaoh the gae regron and

! Ar/coz gas borated sheets
rift

' t"f’thre effect beoomee aporeorable for B- TO throkneee -
- muoh lower than the alpha and 7Lr range valuee the
- ) 5 _,range of 1 47 l\/le\/ alphae and O 84 I\/Ie\/ 7Lr rone |n

Startrng pornt valrdatron of the Srngle eheet
(SOOnm B TO) =

| goalzeto' _ootimi'ze the mUItipIe e’heet final de'e-ign;— -

cathode

ioniz anon electrons

<—GEMfoils ==
4 ;

readout




.+ Predicted energy deposition by the charged particles in the gas, for — &=
= different converter thickness values (from 300 up to 1200 nm). ‘

iff"f_f}f-' » Good agreement between the Geant4 and Fluka predictions.

* o highlight: increasing the B-10 thickness by a factor of 4 (from

. 300 nm to 1200 nm) the energy deposited in the gas increase

only by a factor of 2.




i_f}Ar/COQ m|><ture (7@%/80%) at 1 atm the Imaar
| energy deposition features as a broadened Bragg

| peak whose maximum for 1.47 MeV alpha is

- around 3 mm (6 mm for 1.78 alpha) and extends

L Uptoabout9mm (11 mmfor 1.78 I\/le\A (n %;
‘-‘_f_ffaccordanoe vv|th SRIM cade tao) -

=} ‘Aj__;ﬂ}n Sptte of bemg mono @Itractlor’ral and mono—- |

- 1 @B Iayars and entar the gas have angular - j_

| ;_-f}??.tsotrop|c d|str|but|©n S -~
¢ Moreover partto!es entarlng mto tha gas hava a -' =
~— B Contmuous enargy Spectrum | = = =

‘,_‘_'_AH thasa aspects ara vvell taken mt@ account m l\/IC

- };@btamed by Cumulat ng the can’mbutlons of aH _th“'
,__;--_}'}parhcles e e

OE,, (Gev/cm3/pr )

—1.47 MeV a
=178 MeV a




'f‘ff,—iAr/COQ m|><ture (7@%/80%) at 1 atm the Ilnear . e . b vy
= cnergy dep@smon features as a broadened Bragg o] | ~ o
| peakwhose maximum for 1.47 MeValphais | o i oot
= around 3mm (6 mm for 1.78 alpha) and extends “Tf’ifif | |

L uptoabout 9 mm (11 mm for 1.78 I\/le\A (m
‘-_f_ffaccordanoe vv|th SRIM code, t@@) -

dN/de [1/sr]

\ 3L (900nm)

=} :‘.-'__;';}n sptte of bemg mono @Itrectlonal and mono—- '

Z7 “_/1 OB |ayerS and er’l‘ter ‘l:he gaS have angu|ar | i : 3 0 02 04 06 08 10 12 14 e‘:a.g) 18 20 22 24 26 28 3.0 E
: :;.tsotropm d|str|but|©n Se s e ,

1 #ifil\/lore@ver partto!es entermg mto the gas have a = 5 5 5
CODUHUQUS energy SpeCtrum 5 = ikﬂg,s(rm 8

‘,_<‘_'_AH these aspects are vvell taken mt@ account m l\/IC

, £;ﬁ»-i{é;@btamed by Cumulat ng the cen’mbutlons of aH th”' - 3 ()
_}}parhcles S R e




Energv dePOSItlonand angulardlstrlbutlon

{ff;:Ar/COQ m|><ture (7@%/80%} at 1 atm the Ilnear ' | . Boron ks

energy dep@smn features as a br@adened Bragg . ~ Goomn

—e— 900 nm
—— 1200 nm

Ij?_f_fpeak whose maximum for 1.47 MeV alpha ls - = o

= around 8 mm (6 mm for 1,78 alpha) and extends
| uptoabout 9 mm (11 mmfor 1.78 I\/Ie\A—(ln .

‘j‘»_ffaocordance vv|th SRIM cade t@@) -

;_‘l‘.{__;';}n sptte of bemg mOno @Itrectlor’ral amd meno—- |

| ":.»"-?rlSOJ[rODIC d|stnbut|©n [ T
~ Moreover particles entermg mto the gas have a |
B Contmuous energy speotrum — =

,»._.;'_AH these aspects are vvell taken mt@ account m l\/iC

,;;33{1_from atphas and 7|_1 xens respecttvely) m the

?'{if'zgsmulated region (scahd shee’t and gas arcaund) |s =y
- obtained by cumulat ing: the cantrlbutlens of all th - R
fparhcles -~ S =




+1°B 1 7Lz(1 47MeV)+ a( 84MeV)+fy(O 48MeV)7;~_..; | e

+ Fluka a prod.in B10

n+1OB - TLi(1. 78MeV)+ a(l OlMeV) (6%) e R eyttt

o
N
!

RR [#reactzons/cmB/s] E <I> Where E Na

©
-
1

€= No' (1 +P1) 5 P1 |s the frachon of neutrons =
, SUI’\/I\/IHQ at depthx (those that do» _‘
not mteraot up to x depth). o

, Table I B10 layer conversion efﬁmency as a functlon of thlckness =
BlO—Tthness [nm] Theoretlcal FLUKA | Geant4 | MCNPX
= *73007— e R e e
205 a3 AR Tawr ] t T
2 ey : o 1000 1500 2000 2500 3000 3500
960 S 52 984 — = B10 Single Layer Thickness [nm]

= "_E‘tot

o

o

a
]

Neutron to charged particle conversion

As the 10B thickness increases, the number of charged particles Estimated values of alphas produced per incident neutron
produced differs from the number of charged particles that reach inside the converter layers compared 1o eharged partleles ,' >

the gas region. This effect becomes appreciable for OB thickness (alphas and 7L lons) leaving the 108 iayers and entermg
much thiner than the alpha and 7Li range values into the gas 1 SQIOD (FLUKA GEANT ahghE T

This is explained considering that the reaction products are emitted .Anatytle esﬂmahon conservahve approach the dependenee_ =
quite isotropically, so that the charged particles that are traveling in _of the probablhty of neutr@n interaction upOﬂ the depth of .
a solid angle larger than a certain angle have a higher probability to —,Converter |ayer has been neglected This assum DTIOH could £ =

be absorbed inside the solid converter. 'vvork vvell onIy for thm converter th|ckness




. ; yar Al % el ' ot 3 - ; v s Energy Spectrum of alphas from B-10 layer2 toward Moutgas
n +10 B =y 7L’l(1 47M€V) —|— OA(O 84M6V) —|— ")/(0 48M€V) - ' Interan it (1 = e 0/1350 . ;; —
Ly +10 B 7Lz(1 78MeV) + a(l OlMeV) (6%) i = '

~'RR [#reactzons/cmS/s] E (I> WhereZ} NU

s NO' (1 +P1) 5 P1 IS the fracnon of neutrons
- _survvmg at depthx (these that do _‘
not mteract up to x depth). |

alpha/GeVipr

£ "_E‘tot

- Table I B10 layer conversmn efﬁmency as a functlon of thlckness o
B10-Th1cness [nm] Theoretical | FLUKA | Geantd | MCNPX | |
e = e b o B || h\lui
"v,;"-300‘.‘_ LR 232 | 33 | 337 | inprog | ' ‘ || i”“l
== i e s e e e e
BT 62 e | s b Eneray
ces 9 Oy bane s F

As the 1B thickness increases, the number of charged particles
produced differs from the number of charged particles that reach The continuous tail at lower energy and the broadened
peaks in the spectra are due to the energy straggling that
particles experience in passing through different
thickness of boron before reaching the gas region:

This is explained considering that the reaction products are emitted indeed, particles emitted at large angles travel over longer

quite isotropically, so that the charged particles that are traveling in o 10 .
a solid angle larger than a certain angle have a higher probability to tracks inside the '“B layer, thus loosing much more

be absorbed inside the solid converter.

the gas region. This effect becomes appreciable for 10B thickness

much thiner than the alpha and TLi range values
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from y=-0.00cm to y=-0.40cm

Electron Spatial distribution (elec/cm2/pr) has been
derived from the energy deposition density (GeV/
cm3/pr) of charged particles dividing by w=28 eV and
integrating on the y coordinate.

An energy threshold condition has been set in such a
way that the energy deposition has been taken into
account only for alphas with kinetic energy greater
than 104 eV (lonization potential).

Finally the spatial binning used for the estimation of the
energy deposition spatial bin 8y=0.02 for y[-0.1;0.1]

Alpha ionization electron density (elec/cm2/pr) from -0.5¢m to -0.4cm
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Electron Spatial distribution (elec/cm2/pr) has been
derived from the energy deposition density (GeV/
cm3/pr) of charged particles dividing by w=28 eV and
integrating on the y coordinate.

An energy threshold condition has been set in such a
way that the energy deposition has been taken into
account only for alphas with kinetic energy greater
than 104 eV (lonization potential).

Finally the spatial binning used for the estimation of the
energy deposition spatial bin 8y=0.02 for y[-0.1;0.1]

from y=-0.00cm to y=-0.40cm
from y=-040cm to y=-0.30cm
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from y=-0.00cm to y=-0.40cm

from y=-040cm to y=-0.30cm
from y=-0.30cm to y=-0.20cm

Electron Spatial distribution (elec/cm2/pr) has been
derived from the energy deposition density (GeV/

cm3/pr) of charged particles dividing by w=28 eV and Semneasan e s
integrating on the y coordinate. ) B I
An energy threshold condition has been set in such a v :,Q?'" ,,,,,,,, N, 2 11
s : i 3 i 3 - o WL
way that the energy deposition has been taken into = ; T T Y
: : ' [ f | | | A
account only for alphas with kinetic energy greater § Sro T 4 - S T
than 104 eV (lonization potential). 21 '?‘n ,,,,,,,,,,,, ,,,,,,,,,,,,,, 77777777777777 7777777777777 £ .
e || R ot
Finally the spatial binning used for the estimation of the S e S e 1ege
energy deposition spatial bin 8y=0.02 for y[-0.1;0.1] R ol =
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Electron Spatial distribution (elec/cm2/pr) has been
derived from the energy deposition density (GeV/
cm3/pr) of charged particles dividing by w=28 eV and
integrating on the y coordinate.

An energy threshold condition has been set in such a
way that the energy deposition has been taken into
account only for alphas with kinetic energy greater
than 104 eV (lonization potential).

Finally the spatial binning used for the estimation of the
energy deposition spatial bin 8y=0.02 for y[-0.1;0.1]
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from y=-0.00cm to y=-0.40cm

from y=-040cm to y=-0.30cm
from y=-0.30cm to y=-0.20cm

from y=-0.10cm to y=-0.08cm
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Electron Spatial distribution (elec/cm2/pr) has been
derived from the energy deposition density (GeV/
cm3/pr) of charged particles dividing by w=28 eV and
integrating on the y coordinate.

An energy threshold condition has been set in such a
way that the energy deposition has been taken into
account only for alphas with kinetic energy greater
than 104 eV (lonization potential).

Finally the spatial binning used for the estimation of the
energy deposition spatial bin 8y=0.02 for y[-0.1;0.1]

from y=-0.00cm to y=-0.40cm
from y=-040cm to y=-0.30cm

from y=-0.30cm to y=-0.20cm

from y=-0.10cm to y=-0.08cm
from y=-0.06cm to y=-0.04cm
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from y=-0.00cm to y=-0.40cm

from y=-040cm to y=-0.30cm
from y=-0.30cm to y=-0.20cm

from y=-0.10cm to y=-0.08cm

from y=-0.06cm to y=-0.04cm

Electron Spatial distribution (elec/cm2/pr) has been
derived from the energy deposition density (GeV/ from >/__O OZCm : J[O Y-OOOCI’T\

cm3/pr) of charged particles dividing by w=28 eV and
integrating on the y coordinate.

An energy threshold condition has been set in such a
way that the energy deposition has been taken into
account only for alphas with kinetic energy greater
than 104 eV (lonization potential).

Finally the spatial binning used for the estimation of the
energy deposition spatial bin 6y=0.02 for y[-0.1;0.1]




Multlple sheet detector geometrlc conflguratlon optlmlzatlon«-:

Optimal oont|gurat|oh vv|th respect to ma><|m|se the humloer of charged partroles that oah jonise the gae ‘
reg|Oh - : = — = _ A | |

‘ A. Optlmal dlstanoe among sheets (flxmg the ooatlng thlokness and the volume)

Ehergy deposited by the oharged parholee in the gas as a function - B. Optimal thlokness of the ooatlng (flxmg the
- of the number of sheets in a tlxed votume vv|th two-side BOOhm ~ number Of sheets and the relative distance)
B0 th|ot<heee o = *

| Four cases have beeh e|mulateo| 5 10 ‘15 18

'(gas gap, respectwely, 1om .5~cm., 0.3125cm and 0.25cm )

O Volume: 10x10x6.5cm

N
o
B E @ % e )

Conversion of neutron in charged particles into gas: (a+Li7)/n

i i i i i i i i y i 7 7 i 7 . i
200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400 2600 2800 3000 3200 3400
B10 Single Layer Thicness [nm]

Energy deposited in the gas region (GeV)

300 nm B10 layers

"5 10 11 12 18 14 15 16 17 18 19 This analysis shows that an optimum 10
Number of Sheets |

thickness exists for a given volume and humber of
eheete in case of 5 sheets it is around 1900 nm.

fThe total ehergy deooanon in the ooneiolered ﬂxed volume is

- expected to increase of about 70% oloublrhg the humber o
plates from 5 to 10 {i.e. reoluolhg the gap from 1 to 0.5 cm), but

- less than 20% going trom TO to 18 (| e. reduolhg the gap trom

0.5 cm to 0.25 om) > ~ ~




Conversion Probability (charged par/neutron)

® (B10: 300nm)
-0 (B10: 300->400nm)

n

' - 10 sheets
HHHHHHHHHH

Detector Depth

- » Estimated conversion efficiency in"the'éase.of 10 and 20
— —sheefsdelecior (1 cm apart SOOnm B- TO thickness 2-

 side coated)

l\/lonochromanc: Thermal neutron (25 me\/)

f’ ‘-}The shadovvmg effect oan be m1t|gated by using a non-
- constant 10B coatmg along the neutron path inside the

- '   detector (Open dot in: the plots)

Th|s eﬁeot has been measured by ESS team (see |

= reference) in a 81m|lar detector conﬂguraﬂon

.f workshop ILL - 2012-03-13/
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Conversion Probability (charged par/neutron)

® B10:300nm
-0+:-B10:.300->1000nm

20 sheets

I ' I
10 12
Detector Depth (cm)

- » Estimated conversion efficiency in"the'éase.of 10 and 20
— —sheefsdelecior (1 cm apart SOOnm B- TO thickness 2-

 side coated)

l\/lonochromanc: Thermal neutron (25 me\/)

f’ ‘-}The shadovvmg effect oan be m1t|gated by using a non-
 constant 10B coatmg along the neutron path |n8|de the

- '   detector (Open dot in: the plots)

Th|s eﬁeot has been measured by ESS team (see |

= reference) in a 81m|lar detector conﬂguraﬂon

.f workshop ILL - 2012-03-13/
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_:f;TBIGA reactor at the ENEA Centre Rleerche CasaCCIa
P sean s - -
= ~ The reactor can be operated at dn‘ferent pevvere frem a
L fowWattto 1 MW with a neutron flux of about 2 10 e
= om/satthe maXJmum povver vvhoee epeotrum e ehovvnf;i't,‘,_*'_,i =
f-fjm the pleture e :

1.0E+08

1.0E+07

1.0E+06

1.0E+05

1.0E+04

1.0E+03 ——

[n/cm2/eV]

1.0E+01

1.0E+00

1.00E-05

1.00E-04  1.00E-03

1.00E-02 1.00E-01  1.00E+00  1.00E+01
E(eV)

V",Difference betvveen I\/IC pred|et|on and the meaeuremeﬂt ||kely due to A E

i, ',"'V'(T) the overall oharge productlon/ampl|f|cat|on/threehold in the detector;‘

Stages that |e net meluded in the I\/IG model

_f-(2) a poeelble contammaﬂon of BZOS and the reduced densﬁy of the "

ﬂime with respeet to the bulk value N the eonvereon ﬂlm
(mportance ef the epeotremetnc analysrs of the Iayer) |

= -?fif.-. IS‘IOSJ[ vvhr[et |t has been taken lnte aeeount in the SLmulaUen




EtﬁCi‘ency 've_reus n‘eutre_,rj, | “ehergy, - angular inoidenee an other major, p'a'remleters -

» l\/loolelhng the gas |en|sat|on more accurately (mterfacmg W|th spemahsed gas detector code as
Garfleld) : | | = s ,

* Eﬂs‘timate _hoW _'eeuld change the etf_i'eieney using Li -6 or Gd+1‘55, .G‘d-t57» in-spite of B-10

= _‘PHIT_:_S-ies. ir)te,resting_ etternative to FLUKA for the.trahsport_ eteome heavy ion,

I factin FLUKA, recoil protons and orotons from N(n,p) reaction are produced and
transported e><|o||C|t|y, taking into account the detailed kinematics of elastic scattering,

- ’-"Contmueus energy loss with energy straggling, delta ray production, multiple and single scattermg The

~ same applies to light fragments (alpha,3-H) from neutron capture in 6-Li and 10-B, if pointwise

transport has been requested by the user. All other charged secondaries, including fission - &
~ fragments, are not transported but thelr energy IS depOSIted at the point of mteractlon (kerma .

-iapprOX|mat|on) ‘







