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o .
HiSPANoS: an accelerator driven neutron source

HiSPANaS- Only accelerator-driven pd é”ﬂms up to MeV
neutron source in Spai. o Lpithermal neutrons:

Linear landem Pelletron sSMV

o fastneutrons:

£ =1312keV->"Li(p,n)->E,~1-100 keV

Lontinuous and pulsed X(p/d, n)->E ~0-20 MeV
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" HiSPANGS: an accelerator driven neutron source
| p, d beams up to GMeV

o [pithermal neutrons:

£ =1312keV-> "Li(p,n)->E,~1-100 keV

o [astneutrons:
X(p/d, n)->E_~0-20 MeV

e Thermal neutrons: E ~2a meV

pa—y

o
i =

o

Beam
currents up

to lls of /A

Neutipn Ind
radiography appli

reactors

Energy distribution
-
g
S

o

il ey
10° 00’ 10%40" 10° 10" 10” 1
Neutron energy

o
| 1

Jesis Bartolomé Sarsa, “Thermal neutrons in HiSPANoS: Proposal for a moderating system ”

XVI CPAN DAYS (November 20t 2024 @Madrid, Spain)

g “ :Ill:
i
»



http://www.google.ch/url?sa=i&source=images&cd=&cad=rja&docid=e8yrRIirUsEL4M&tbnid=FBwJ_plUBxmCrM:&ved=0CAgQjRwwAA&url=https://www.estiem.org/default.aspx?PageId%3D771&ei=35AkUp3wAZGf7Abk34HgCg&psig=AFQjCNHF6gdxSkhJhB_vHcQsVhEVtEVmnQ&ust=1378214495156181

" Thermal Neutrons in HiSPANGS

o [lesign of the moderating system

o Simulation validation
o [lptimization: Dimension and beam energy

Jesis Bartolomé Sarsa, “Thermal neutrons in HiSPANoS: Proposal for a moderating system ”

XVI CPAN DAYS (November 20t 2024 @Madrid, Spain)

% 4
5 |||||"
;z‘”| l’
iy
(i

3*>


http://www.google.ch/url?sa=i&source=images&cd=&cad=rja&docid=e8yrRIirUsEL4M&tbnid=FBwJ_plUBxmCrM:&ved=0CAgQjRwwAA&url=https://www.estiem.org/default.aspx?PageId%3D771&ei=35AkUp3wAZGf7Abk34HgCg&psig=AFQjCNHF6gdxSkhJhB_vHcQsVhEVtEVmnQ&ust=1378214495156181

- What is moderation?

-~ . .
Design of the moderating syste

Neutrons are neutral particles: Only nuclear forces
-Very penetrating
-Very hard to slow down 2
Scattering with the medium s 7
Neutrons transter energy to other nuclei
via elastic or inelastic interactions ”
‘v
Thermal equilibrium (ur big
N
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ulation Validation

" Desian of the pderating system: o
Geant4 Neutron Simulation Ne”t'"”” Production (o]

Neutron production X(*,n)
G4TENDLL4 library
Neutron transport/moderation X(n,n)

JEFF-3.3 library

Neutrun scatterlng [c,,]
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g Design of the

pderating syste

i

ulation Validation

Geant4 (G4TENDLL.4) vs Experiments
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g Design of the moderating system: Simulation Validation
Geant4 (JEFF-3.3) vs MENP (£ Mendoza, cievan
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ization

" Design of the moderating system: Opti
Moderating material: How well does each material slow
down neutrons?

* [Graphite (C)
* Heavy Water (D,0)

* Puolyethylene (CH,)_
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" Design of the
Moderating material:

— [Graphite (C)
= Heavy Water (D,0)
— Pulyethylene (CH,).
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4 . . . .
Design of the moderating system: Uptimization
Proposed geometry: Thermal BEAM o
 [Cubic design:
Cd absorber .
Easy to implement.
Different Geometries Polysthylene Eulllmgtur'.: |
Cylindrical opening for
/FBf/EI..‘lﬂI"S Thermal hEEm fUEUS.
. Target neutrons . .
Source placing 5| _|_Proton beam £ T .+ Line opening:
S; 8 \ :
: : eeded for centering
Lollimators
20 cm " 15cm the neutron source.
 [Ladmium lining:
Reduce emissions in
undesired directions.
\ 1T mm /
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" Design of the moderating system: Optimization
Proposed geometry: Thermal FIELD

Cd absorber

R * Higher neutron flux

 Higher thermal fraction

Target

£ Proton beam £1

Q g Plug
L :  Smaller irradiation
e >

20 cm 15¢cm 4cm
chamber
\ 1T mm
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" Design of the moderating system: Optimization

Fast neutrons Thermal neutrons
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" Thermal Neutrons in HiSPANGS

o [nermal beam and field performance
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ation

and field characteriz

" Thermal bea
Neutron BEAM characteristics:

Fixed geometry:

Thermal fraction & Flux
requlated by Proton Beam Energy

At ~80% thermal:
* Li(p,n)'Be (T,,=02 d): ~10* n/cm?/yC
Eveam Thermal Neutron Flux Neutron Flux
(keV) fraction 0 cm (n/em?/puC) 10 em (n/cm?/uC)
Li(pn) 2000  0.9944:0.001 (1.874£0.03)-10° (1.6320.05)-102
Li(p,n) |2350 0.917+0.004 (1.4410.02)-104| (1.24:&0.03)-103
Li(p,n) 3000 0.608+0.004 (5.1410.06)-105 (4.35i0.09)-103
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and field characterization

Fixed geometry:
Thermal fraction & Flux

requlated by Proton Beam Energy

2 “ (I

" Thermal b
Ermal bed
Neutron BEAM characteristics:
At ~30% thermal:
o NLi(p.n)Be (T,,=52 d): ~10% n/cm2/yC
« 9Be(p.n)8 (T, ,~0): : ~102 n/em?/,C
Eveam Thermal Neutron Flux Neutron Flux
(keV) fraction 0 cm (n/em?/puC) 10 em (n/cm?/uC)
Li(pn) 2000  0.9944:0.001 (1.874£0.03)-10° (1.6320.05)-102
Li(pn) 2350  0.917+0.004  (1.44+40.02)-10*]  (1.24:0.03)-103
Li(p,n) 3000  0.608+0.004  (5.1440.06)-105 (4.3540.09)-103
Be(pn) (2250  0.932 + 0.0047  (6.4+0.1)-10" | (5.740.2)-10°
Be(pn) 2500  0.869 £ 0.005 (5.7£0.1)-10% (4.940.1)-10?
Be(p,n) 4000  0.362 + 0.003  (2.27+0.03)-10* (1.95+0.04)-10?
i} Y
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" Ther

Fixed geometry:

3l bea

Neutron FIELD characteristics:

At ~30% thermal:
* Li(p.n)'Be (T, ;=02 d): ~3-10° n/cm?/yC

and field characterization

Thermal fraction & Flux

requlated by Proton Beam Energy

« 9Be(p,n)B (T, ,~0): : ~I05 n/em2/yC
Eveam Thermal P
(keV) fraction (n/cm?/1uC)
Li(p,n) 2000  0.997+0.001  (2.52+0.07)-10%
Li(pn) 2350  0.97140.004  (1.5440.04)-10°
| Li(p.n) 3000  0.909+0.008 | (6.14+0.03)-10°
Be(p,n) 2250  0.983 4 0.004 (7.0240.02)-10?
Be(p,n) 2500 0.968 + 0.005 (6.4440.02)-103
| Be(p.n) 4000  0.852 =+ 0.007| (2.92+0.01)-105
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