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Scientific motivation for neutron beams

/Study the neutron-induced radiatio

effects in electronics for:

* Space;
* Avionics;
* HEP;

\_

Radiation
damage in
electronics

Production of
guality nuclear

Ce e

* Information Technology (sea level). /

Shielding

Bio-medical
performance

* Exposure to secondary neutrons at
hadron therapy facilities;

* Space safety;
* Oncology.

Radiation
instrumentation

Cross-sections of neutron production and
neutron driven reactions for:
Nuclear Physics

Nuclear data

Nuclear physics applications

Benchmark experiments of innovative
materials for hadron therapy facilities
and for space missions.

Manufacturers/users instrumentation;
Dosimeters (energy response and calibration);
Development of novel neutron detection systems.
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Neutron sources @ LNL-INFN
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Neutrons @ SPES facility

NEutron and Proton PLIRRCY - : N
o . e ) ey ISOL 1§
IRradiation facility ISOL 2 B I R
(multidisciplinary project) % A 3
AN o 2% N
Fast neutron irradiation facility %
v : £ o o OII' -{.\‘. ‘.&m
o e \White neutron spectrum L)
y """kl).;
% 47{:‘34 » -
®
v A-og S 55 O\
S Atmospheric Neutron LR s B
b Emulator (AN EM) Main machine parameters
3 Type Cyclotron with 4 sectors, resistive i*
4 magnet : §
Quas.i MOHO-energetiC Particles Protons (H)
Neutron (QMN) Energy 35-70 MeV
\_Maximum current intensity 750 pA )
Extraction Double
Maximum magnetic field 1.6T(Bo=1T)
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Neutrons @ SPES facility

CoolGal
PRIN financed by MUR

PRIN: Projects of Significant National Interest
MUR: Ministry of University and Research

White neutron spectrum

(PRIN CoolGal)
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CoolGal concept: a GALinstan COOLed Be target

water coolant

Simplified prototype
No Galinstan

Be target

T W R WA TS

Compression
springs

Galinstan bath
230mm

protons

Separation Window

Goal:
*2' Measure the Be spectrum
% Test the separation window
" Verify thermal and activation calculations

Cooling
channels

Be target
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CoolGal
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CoolGal Wi

Material request

»Low density (low Z)

»High thermal conductivity

»Low thermal expansion coefficient
» Limited residual radioactivity
»Resistance to radiation damage
»Gas impermeability

» Cost & availability on the market

> Havar » 0.05 mm
»( Aluminum alloy 6061 » 0.1 mm
» Titanium alloy grade 5 » 0.03 mm
» Titanium alloy grade 9 » 0.03mm

protons

Temperature (10 pA — 35 MeV)
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CoolGal

MNCPX simulations
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CoolGal NN

Dose @ 1 meter after @ 10 pA with final setup
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Final layout of the Beam Line

» Aluminum chamber containing the Be Chain for quick Manual valve
target (26 mm thickness) with the Vacuum.valve Fiducializing target detachment (target side)
aluminum window. (acc. side) elements

» The target is electrically isolated from
the surrounding elements.

» Directly measure the number of
protons deposited and the actual
alignment of the target measuring the
current on target.

» Passive collimation system that, under
nominal conditions, should not
measure any beam current.

» Manual valve to safely close the target
after irradiation and a flange with a
chain for quick detachment of the
system after irradiation.

» Active 4-sector collimators to align Active 4-sector collimator Passive collimator Target chamber
proton beam (suppressed) (suppressed) (suppressed)
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Final deliverables of CoolGal PRIN

*» Experimental validation of target design
+* Experimental validation target diagnostic and beam diagnostic design

+»» Experimental validation target activation and beam line activation

s Experimental measurement of neutron beam spectra

Need of calibrated neutron detector:

* Development of new neutron detectors

neutron detector of University of Cape Town (UCT)

* Use of already available neutron detector: plastic scintillator-based
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iron collimator

i._

Detectors

Proton recoil telescope 2x Organic scintillator

Delta E-E telescope

T SSD

- ——nd

neutron \/X typically 20-45 deg.

o —— S ——— . | Ny The compact spectrometer. A 6 mm x 6 mm x 120 mm prism of EJ-276
_— scintillator is encased in an aluminium tube and coupled to a single SiPM housed in a
_— 3D-printed casing.
T polyethylene
‘ radiator, Tmm thick )
A compact scintillator-based detector for high energy neutron spectrometry e

Andy Buffler >, Tanya Hutton?, Erin Jarvie *, Richard Babut ®
3 Metrological and Applied Sciences University Research Unit (MeASURe), Department of Physics, University of Cape Town, Rondebasch, 7700, South Africa

Conventional PRT geometry. Mt de Redaproecion et de Sire tuclfui, Goderoche, 92260 France
High energy resolution * High efficiency
Easy particle identification * Low energy resolution
Low efficiency  Difficult particle identification
Easy background determination e Spectrum reconstruction based

on measured response matrix

Neutron monitor (fission chamber)

toward measurement system
HV +
o @
e

* Simple device

* No energy information

* Required for normalization

* Efficiency varies gently with
neutron energy from 20 to
70 MeV
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Proton recoil telescope with annular geometry

Proton Spectra [Count/ 1 C/MeVee]

thin lithium target
neutrons

PIPS

1.0

0.9

neutrons with 60 M eV peak i

—s— polyethylene
—o— graphite

10 20 30 40
Light Output of O rganic Liguid Scintillator M eV ee]

- @7 ()] I=
s 'I-
=0 ol
o »n
»
~ »
. -
- 05
§ w .
2 5
[ o
8 w 5
< 2
E -0 "
- -
» '9
» .
X0 :
‘ ‘ E [ADCChannel] i :
Muclear Instruments and Methods in Physics Research A G15 (2010) 211-219
[ lists available at Direct .
Nuclear Instruments and Methods in i,
Physics Research A -
journal h www.elsevier.com/locate/nima |
b
Development of highly efficient proton recoil counter telescope for absolute
measurement of neutron fluences in quasi-monoenergetic neutron
calibration fields of high energy
Yoshiaki Shikaze *, Yoshihiko Tanimura, Jun Saegusa, Masahiro Tsutsumi
Department of Radiation Prolection, Nuclear Science Research Instirute, Japan Artomic Energy Agency, Tokai-rura, Noka-gun, Tharaki 319-1195, japan

« Li thickness: 5 mm -
*  Epeam= 65 MeV
¢ Lheam 0.5-1.2 uA
* tyag- 1 -1.5h
«  Statistical uncertainty: 1.5 %
w ¢ Target to detector distance: 13 m N
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New idea for scintillator detector

Instead of the standard configuration =m) Segmented configuration (particle directionality — energy selection)

I ©/-325A=> 1.2 mm diameter

[ ] (Fl),

Proton distribution within the scintillator for a 70 MeV neutron beam

0.030
i Segmented scintillator (1.2 mm) - Tunsteng or Bi-W alloy
—— 6.8 mm diameter scintillator
0.025 + PROPERTIES
4 Light Qutput (% Anthracene) 62
. 0.020 - Scintillatiu: E:ﬁciencv (photons/1 MeV e”) 9,500
5 Wavelength of Maximum Emission (nm}) 425
g . : MINERAL OIL BASED WITH PSD
RS Decay Time, Short Component (ns) + 3.5
2 0.0154 Bulk Light Attenuation Length (m) -1
()]
S ] Specific Gravity 0.954
= Refractive Index 1.55
= 0.010+ ) i
Flash Point ('C) 146
T Boiling Point ("C) 290-300
0.005 4 Vapor Pressure (mm Hag, at 20°C) 0.002
No. of H Atoms per em? (x102%) 6.73
No. of C Atoms per cm? (x1022) 3,92
0.000 ! I ' | ! I ' I ! I ' I ! I ! 1 H:C Atomic Ratio 1.72
0 10 20 30 40 50 60 70 80
No. of Electrons per em? (x10%%) 3.02
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Stack Activation foil: ex. CoolGal test @ 70 MeV

Neutron spectrum to be determine Experiment (not in scale)
T T T T T T T
Ep =70 MeV
< n CoolGal target
“g — ] 4 | Stack of foils @ 10 cm & 100 cm
> O © | t_irrad =1h
- Proton Beam : — -
ﬁ g s
1
s —
Stack of different foils . -
Activity estimation (Bq)
1E+07 T T T T T T T
S 10 2 % 4 %0 e 70 CoolGal target Reaction R estimated A EOB(@10cm) A EOB(@100cm)
Energy (MeV) 197Au(n,2n)196Au  1.B85E-16 3.554E402 3.554E4+00
187Au(n,3n)195Au  1.574F-16 9.861FE+00 9.861E-02
T T ' T T — Aut97(n.2n) 197Au(n4n)194A0  1.164E-16 B.4BBE+02 8.4BBE+00
—— Aul197(n,3n) ) :
L 50E007 S(E) = o(E) - $(E) Autortnan 197Au{n.g)198Au B.411E-18 3.619E+01 3.619E-01
—— Au197(n,g) 209Bi(n,2n)208Bi 2.107E-16 1.B27E-05 1.B27E-07
—— Bi209(n,2n) 209Bi(n,3n)207Bi 1616E-16 1.634E-01 1.634E-03
g:gggg:i:g 208Bi(n,4n) 206Bi 1.434E-16 2 670E+02 2.670E+00
2 —— Bi209(n,5n) 209Bi(n,5n)2058i 1.213E-16 9.472E401 9.472E-01
2 1.00E-007 —gi2§§(n§n) 209Bi(n,6n) 204Bi 7.780E-17 1.881F+03 1.881E+01
8 _ Cgsggﬂ’?ﬂi 58Co(n,2n)58Co 1.082E-16 1.748E+01 1.748E-01
g —— Co59(n.p) 58Co(n,3n)57Co 4,146E-17 1.778E+00 1.778E-02
2 :Q:Zga; 58Co{n,p)59Fe 8.134E-18 2.130E+00 2.130E-02
»  n150ng) 27A(n,a)24Na 1.045E-17 1.910E+02 1.910E+00
5.00E-008 1 —— In115(n,) 27A(n,p)27Mg 1.198E-17 4.776E+03 4.776E+01
— m:gggzggn 115In(n,g)116ln 2 507E-17 5.415E+03 5.415F+01
: 116In{n,w)115min  2.553E-16 1.475E404 LAT5E02
58Ni(n,p)58C0 7.330E-17 1.205E401 1.205E-01
58Ni{n,2n)57Ni 1.458E-17 1.134E+02 1.134E+00
0.00E+000
% % ° Total Activity (Bq) 28770.99 287.71
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Final deliverables of CoolGal PRIN

» Experimental validation of target design
s Experimental validation target diagnostic and beam diagnostic design

% Experimental validation target activation and beam line activation

¢ Experimental measurement of neutron beam spectra

Need of calibrated neutron detector:

* Development of new neutron detectors

* Use of already available neutron detector: plastic scintillator-based neutron

detector of University of Cape Town (UCT)

Proposed experiments:
* 1St phase: test and calibration of new neutron detectors by using a QMN beams

« 2ndphase: measurement of CoolGal neutron spectrum
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15t phase: QMN beam - sketch of setup

Shielding

Proton beam

Dump

QMN beam

Thin lithium target

Detector

x

Neutron flux [n MeV? uC? Srl]

QMN production

7 -

Li(p,nx)
6 (]
10 Ep =70 MeV

i 0 deg
=i 30 deg

——Tail to be subtracted

0 T T T T
0 20 40 60 80
MNeutron energy [MeV]

Finanziato
dall'Unione europea

NextGenerationEU

. Ministero
2 dell'Universita
* edella Ricerca

Dr. Alberto Monetti, INFN,
on behalf of the CoolGal Team
May 139, 2025

PSS toN

UNIVERSITA
DEGLI STUDI
DI PADOVA

dil

DIPARTIMENTO
DI INGEGNERIA
INDUSTRIALE

I N F N Istituto Nazionale di Fisica Nucleare
LABORATORI IlZgNALI DI LEGNARD




15t phase: QMN beam - setup

o Thin lithium target (0.5-2 mm) along proton beam line

e

2500 9 Neutron yield at the beam port (7.23 m from target) for 70 MeV

o Already available hole along the concrete wall roton beam mpinain & 2 mm thick it (e,
thin target [B] .. . ¢ 2000 Total yield = 7:10° n/(s pA
h alion] o Accessible area Y otal yield = 7:10" n/(s uA)
R— cj"’:ZZ ;m
~ 2 [linear shift mech, Y o Low background 5
o O <, CI/"’% Y %
o " %, %, > o Neutron fluxes: = 10° ncm? pA1 @ 7.23 m g 10001
=< O R4 ‘% 5
o 4 “, 459 @ 35-40-50-60-70 MeV E
o XA 500 4
— O
pd
R ° 0 1IO 2I0 3b 4IO 5I0 8|0 7‘0 Eb
Energy (MeV)
1. Test of proton recoil telescope
_ New &
2. Test of new neutron monitor
15 o _ S Home made
3. Test and calibration of innovative scintillator detector
4. \Verification of spectra by using UCT scintillator neutron
detector (see Buffler et al.)
;,
Thin lithium target e Detector 5. Verification of nuclear cross section from activation

foils
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15t phase: QMN beam - setup

Setup for the 1%t phase: test of detectors
Proton Beam energies: 35, 40, 50, 60, 70 MeV
Proton Beam currents: 1-20 pA (depending on the Lithium target design)

Activation foils
Protons

QMN beam shadow bar proton recoil telescope

detector

Neutron
monitor

Polyethylene

UCT calibrated neutron detector
New scintillator detector
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Backup solution

00.: LLUIRLRRLLELRLRLLLLELRRLLLLRLLRLLRRRLLRRRLRRRRLLRRLLLLLLRLLLLRLUNRLE

< X Ny
R [

0z0s

) T0DA0D
4l NOMLOTOAD

Detector

Thin lithium target

otelele!
TS
KKK
e tete e e %%

Disadvantages:

o More difficult area to access

o Higher background
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25t test: CoolGal neutron spectra measurement

By using previous calibrated detectors the proton
CoolGal tareet on Berillum neutron spectra will be measured
g around zero degree:
HHHHHE .
% A K
Requested proton beam
— 35-40-50-60-70 MeV
1-4 pA (10 pA with water coolant)
£
5 3 /\
. P
& " é %
=z
i SN & Py =20 W eP, =70-150 W Py > 150 W
it RRAC R (RGPS *=01-03p =14 A e
) ?.\‘UI m
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25t test: setup for the CoolGal target

Energies to be used: * Proton Recoil telescope @ 0°
40-50-60-70 MeV * Neutron monitor @ 0°
1-4 pA (or higher with water) * South Africa scintillator neutron detector @ 0° & 30°

* New scintillator detector @ 0° & 30°

Activation foils e Activation foils @ 1 meters, 0° & 30°

-------- d Protons

Proton | Neutron beam proton recoil telescope
Beam shadow bar i

Neutron

monitor Polyethylene

 UCT calibrated neutron detector
* New scintillator detector
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Beam time request

15t phase tests, QMIN for detector tests and calibration:
e 5days, currents of 1-20 pA depending on the Lithium target design
* Beam energies: 35, 40, 50, 60, 70 MeV

25t phase tests, CoolGal test:
» 2 days, currents of 1-10 pA depending on beam energy and cooling system

* Beam energies: 35, 40, 50, 60, 70 MeV

Dr. Alberto Monetti, INFN,
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Possible achievements with available funds

+* Test the mechanical design of the CoolGal target and beam line for NEPIR.

+» Test and calibration of neutron detectors for LNL:
* Neutron monitors,
* |nnovative neutron scintillator detectors,
* Proton recoil telescope.

** Measure beryllium white spectrum for various beam energies.
** Measure of neutron cross section for some isotopes.
¢ Realization of a simple QMN facility.

¢ Ready to use new neutron source for users (academia and private companies).

I N F Istituto Nazionale di Fisica Nucleare
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Thank you for the attention!
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Extra Slides
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CoolGal

Designed to dissipate a power of 700 W with a water
flow rate of about 200 I/h, resulting in a maximum
temperature increase of 55°C at the point of contact
with the beryllium target.

1° channel
Pyiss =377 W

Ansys
NODAL SOLUTION 20032

gagp-io FEB 29 2024
TIME=5000 15:47:40
TEMP (AVGE)
RSYS=0

SMN =34.4481
SMX =75.1493

*P,.. > 1400 W
ol >20 pA

*Pyiss =20 W *P,=70-150 W *P > 150 W
¢|=0.1-0.3 pA ol =1-4 pA ol >2 pA

1 Liquid metal

Pyics =322 W

/ Natural
2° channel conve \/

34.4481 45 EL] 19 6 ‘
39
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COO I G a I Target diagnostic system

The crack made on the target under - ! - -
consideration is a lateral fissure, 0.5 mm —» P =700 W Without crac 5 mm N 10 mm mm mm
thick, with increasing length. . ey . i - .
“—o
protons

Temperature along the z axis

295 I - 285
—— Without crack
r_'_w.-o-o**
265 |— et —e— Crack of 5mm -
—*— Crack of 10 mm
—o— Crack of 14 mm
3= 245
—e— Crack of 16 mm :
W 2 i e
205 '_._.4-0—0"‘" Crack of 20 mm
2 el g sanl
= 175 ‘H,"‘F‘ o>
- ,.,-«"“‘" Hﬁmz‘* P
145 ﬂ::_fj J';;#ﬁjd
115 —
83 145
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 13 11 9 7 5 3 a1 1 3 5 7 9 1 13
[mm] y [mm]
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CoolGal

Hole for
thermocouples Temperature monitoring of the target

08 ®

>3 thermocouples at z = 13 mm from the base;
>3 thermocouples at z = 27 mm from the base;
»3 thermocouples in the shoulder (2.5 mm). Thermocouple

junction

Through Connection

thermocouple transition
Temperature along the circumference at different z heights
» T | T == 300 T T Tis 290
= \ - 280 =
% z=2.5mm —— z=13 mm - ]
260 \:‘ aet? |
. 240 \ 250 |
. ""'ut "‘/ z=27 mm
]
o % b{' & ""n..“ _.,.-ﬂ‘ gm —e— Without crack
;‘ c 200 =

/? { - 210 —a- Crack of 5 mm
e f 130

, P "n..ﬁ
.o ;’f 160 ? _....M\"h ,ﬁ 100 C —8— Crack of 10 mm

" I I::l“._,,..-- —e—Crack of 20 mm
6% s ﬁmmu | - 170 [

100 150
0 30 2] Ey 120 10 180 N0 M0 W 300 30 3D 0 3 & P o 1 10 M0 M0 10 0 330 340 0 30 0 90 120 150 180 210 240 270 300 330 360

Angle [] Angle [°]
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Procedure for Activation measurement

1- Foils selection, built the activation stack, and irradiation time:

o  Foil with energy-dependent threshold reactions — each foil is sensitive to a different neutron
energy range.

o Use thin foils (~10-100 um) to avoid neutron self-shielding.

o  From afew hours depending on irradiation time and activation buildup.

Fail

Gold

Bismuth

Cobaltum

Alurm inwm

Nickel

Reaction

187Au(n,2n) 186Au
197Au(n,3n) 1954
197Au(n,4n) 194Au
197Au(n,g) 198Au

208Bi(n,2n) 2088
209Bi(n,3n)2078i
209Bi(n,4n) 2068
208Bi(n,5n) 2068
209Bi(n,6n) 2048

59Co(n,2n)58Co
59Co(n,3n)57Co
58Co{n,p)59Fe

274(n,m)24Na
274(n,p)27Mg

115In({n,g)116In
115In{n,n"}115min

58Ni(n,p)58Co
5BMi(n,2n)57Ni

Threshold
(MeV)
B.1
14.8
233
0.0

7.5
14.4
226
29.6
38.2

10.6
19.4
0.8

3.2
19

0.0
0.3

0.0
12.4

Half-life

6.20 d
186.1 d
38.02 h

260 d

368000 v
3155 y
6.24 d
1491 d
11.22 h

70.86 d
217174 d
44.40 d

14.98 h
946 m

54.20 m
4.49 h

70.86 d
35.60 h

Cross Section (barn)

25

204

0.54

0.04

A saturation

Au197(n,2n)
Au197(n,3n)
— Au197(n,4n)
— Au197(n,g)
—— Bi209(n,2n)
= Bi209(n,3n)
— Bi209(n,4n)
— Bi209(n,5n)
— Bi209(n,6n) ||
—— C059(n,2n)
— C059(n,3n)
—— Co059(n,p)
— AlI27(n,a)
—AI27(n,p)
— In115(n,g)
~—In115(n,n")
— Ni58(n,p)
~——— Ni58(n,2n) | |

40 50 60 70

def.:é-); counting

\'\‘——-—-—_._

t

wait meas

2- Counting and Gamma Spectroscopy

o  After cooling, measure each foil's y-spectrum with an HPGe
detector. Identify peaks and calculate each product’s activity
using efficiency calibration and decay correction.

3- Activity Analysis and compute Reaction Rates

o Determine activity at end of bombardment (A.,;) using decay equations.

C-A

Agop = T

£ v (1 —_ E_MW) . E_;’itmul

Agos
R= N

4- Build Response-Matrix

C': Net peak counts (background-subtracted)

: — n2
A: Decay constant = T,

e: Detector efficiency at the gamma energy

I,: Gamma emission probability (branching ratio)

teool: Time between end of irradiation and start of counting
tmeas: Duration of the HPGe measurement

N = Number of target atoms in the foil

t;rr = Irradiation time (s)

o  Use known cross sections (from ENDF, TENDL, or IRDFF) to build the response matrix ai(Ej).

5- Unfold Flux

You have a set of reaction rates R; and want to reconstruct the neutron spectrum ¢;

This is done by solving:

R = oi(E))-¢;-AE;
j
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Activation foil: ex. for QMN (Ep=70MeV)

2500 9 Neutron yield at the beam port (7.23 m from target) for 70 MeV . .
| proton beam impinging a 2 mm thick lithium target. Experlment (nOt = scale)
"L 20004 Total yield = 7:10° n/(s pA) Ep =70 MeV
=t . .
o N Li = 2mm thickness
& 1500+ /' , Stack of foils @ 4.23 m & 2.00 m
[ .
PO |] — t_irrad = 5h
g 1000 - —> > =10 pA
Q . \
S protons | ; targ'e\
=
L 5004
Stack of different foils
2 )
W
0 T T T T T T T 1 HYH H H
0 20 % o % s o s Activity estimation (Bq)
Energy (MeV
oy (MeV) Reaction R estimated A EOB[@4.23m) A EOB(®200m)
- 187Au(n,2n) 196Au 7.667E-21 7.160E-01 3.203E+00
! | ! T T ! ! A97(020) 197Au(n,3n) 195Au 8.395E-21 2.629E-02 1.176E-01
1100 - 4l ' 187Au(n,4n) 18440 6.654E-21 2,339E+00 1.046E+01
Au197(n,3n)
1000 4 S(E)=0o(E)-¢(E) n 1 l——Au197(n4n) 197Au(n,g) 198AU 2.851E-23 6.003E-03 2,685E-02
—— Au197(n,g) 209Bi(n,2n)208Ei 8.163E-21 3.539E-08 1.583E-07
@ 9001 7 /——Bi209(n,2n) 200Bi(n,3n)207Bi  B.547E-21 4.3226-04 1.933E-03
S 8004 - [——8i209(n,3n) 200Bi(n,4n)206Bi 8.181E-21 7.548E-01 3.376E+00
2 5 1 _g!ggg("";") 200Bi(n,5n)205Bi  6.484E-21 2.526E-01 1.130E+00
= & | —
8 B:ZOQE:,S:; 208Bi(n,6n)204Bi 4.985E-21 5.345E+00 2.381E+01
£ —— Co59(n,2n) 59Co(n,2n)58C0  5.398E-21 4.361E-02 1.951E-01
2 —— Co59(n 3n) 59Cao(n,3n)57Co 2.5092E-21 5.557E-03 2.486E-02
% 1 l——Co59(n,p) 58Co(n,p)59Fe 3.254E-22 4.255E-03 1.803E-02
n 1 l=——A127(n,a) 27Al(n,0)24Na 3.406E-22 2.842E-01 1.271E+00
—AI27(n,p) 274l(n,p)27Mg 3.816E-22 1.540E+00 6.888E+00
| [——n115(n.0) 115In{n,g)116In 1.168E-22 4.509E-01 2,062E+00
I ::11';:35;(1”'“) 115In{n,n") 115min 5.258E-21 1.142E+01 5.108E+01
N:SBE n'gl) 58Ni(n,p)58Co 1.770E-21 1.454E-02 8.503E-02
’ 58Ni(n,2n)57Ni 9,160E-22 3.429E-01 1.534E+00
Total Activity (Bq) 23.55 105.36
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Neutron spectra for various angle (Be target)

a0[] aF[]
0.00 3.20
320 6.40
640 9.59
9.59 12.79
12.79 15.99
15.99 19.19
19.19 27.27
27.27 3356
33.56 38.94
38.94 43.76
43.76 48.19
4819 52.33
5233 56.25
56.25 60.00
60.00 63.61
63.61 67.11
67.11 70.53
70.53 73.87
73.87 77.16
77.16 80.41
80.41 83.62
83.62 86.82
86.82 90.00
90.00 93.18
93.18 96.38
96.38  99.59
99.59 102.84
102.84 106.13
106.13 109.47
109.47 112.89
112.89 116.39
116.39 120.00
120.00 123.75
123.75 127.67
E MeV] 127.67 131.81
131.81 136.24
136.24 141.06
141.06 146.44
146.44 152.73

10*

10°

10°

-
=]
T T

flux [n Gev' m‘z]

-
=]
=]

152.73 160.81
160.81 180.00
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Caso 2: spessore 2 mm non raffreddato

Ansys
NODAL SOLUTION 2024 R1
STEP=1 MAY 8 2025
SUB =113 09:17:22
TIME=1000
TEMP (AVG)
RSYS=
SMN =165.702 ini
SMX =177.309 Alluminio
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Caso 2: spessore 2 mm non raffreddato

R =10 mm - Andamento temperature

s=2mm —
E = 35 MeV =

Trus = 179°C

Piep = 4.26%
90
0 4 6 H] 10
R [mm]
R =15 mm - Andamento temperature R =20 mm - Andamento temperature
200 190

180 170

[

—_—i =1 A
—i=1pA
160 150
—i=2pA
—i =2 A
5 —_—i =4 A %)
2. 140 =130 —i=4pA
= =
120 10
100 920
80 70
0 3 6 9 12 15 0 5 10 15 20
R [mm] R [mm]

vy of o
ot Cang
5 y,
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Caso 3: spessore 2 mm raffreddato

Ansys
NODAL SOLUTION 2024 R1
STEP=1 MAY 8 2025
SUB =113 09:17:22
TIME=1000
TEMP (AVG)
RSYS=
SMN =165.702 ini
SMX =177.309 Alluminio
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Caso 3: spessore 2 mm raffreddato

R = 10 mm - Andamento temperature

80
—i=1pA
—_—i=5pA
70 —_—i =10 pA
s=2mm -
60 20 pA

E = 35 MeV

40

Paep = 4.26%

0 2 4 6 8 10
R [mm]
R =15 mm - Andamento temperature R =20 mm - Andamento temperature
90 100
—i =1 pA
—_—im 5 —i=1pA
. e 9% !
80 s
—_—i = 10 pA i=5pA
—_— 5 A ©0 —i =10 pA
70 —i=1s
=20 pA =15 pA
70 20 pA
—_ 60 —_
& 9]
g = 60
) =
50
50
40
40
30 30
20 20
0 3 6 9 12 15 0 H 10 15 20
R [mm] R [mm]
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Quasi mono-energetic neutrons (QMN)

oo Angular dependence at Eproton = 70 MeV The “good _ trgly mo‘no-e.nergetlc neutrons are
a produced mainly in the direction of the proton beam.
T T T T T T T T T =1 x10° 7:itp,;|;]M
] = eV
Neutron spectrum for Li (4.7 mm) ] 6 g
T 1ox0° | _— - ﬂ; 5 H
A et L I —tiodes
% mﬁﬁxiﬁ‘u_ﬁi_ e jlljhi ;f 1 .; . ——Li 30 deg
— é “7!-?.,7'{ - ro s ——Tail to be subtracted
= v'x'xﬁi?i!i . 1 £
c r 4 I)é Loxi0’ b ity lﬁiz_‘ixi * ?_ 4 é 34
Hall A9 i 3 L
Nbeams | | | |
for various R S T T S 3
‘ angles o 10 20 30 40 50 60 70
0 -
= B 0 20 40 c
eam eutron ener; - ross-section
magnet dump eut zvimev] data for basic
science
= = 0Odeg.
H “F 3l - 5 dgg. Radiation
U_Lw 4 30 deg. instrum.
X in lithi H _ i > v 45 deg. (detectors &
+** Thin lithium and beryllium targets (1-4 mm thick). : o et
= < 90 deg.
¢ Controllable neutron energy peak in the 35-70 MeV COE ; 110 deg, QMN
energy range. g applications
z
X i Electronics Slite B
% The protons that pass through the thin targets are b s oty benchmark
H H H a3 T ':._ g by T experiments
deflected by a bending magnet and guided to a heavily L e
shielded beam dump. Neurren Energy [MeV] Accelerators
in research &
Kamata S., Itoga T., Unno Y., Baba M. (CYRIC ANNUAL REPORT 2005) medicine

Journal of the Korean Physical Society, Vol. 59, No. 2, August 2011, pp. 1676-1680
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Atmospheric Neutron Emulator (ANEM)
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A coaxial rotating Be sector and W disk intercept the off-axis proton
beam; a stainless-steel rotating drum houses a helicoidal water cooling

Cu heat
sink

Thickness
W: 5 mm (beam stopping)
Be: 24 mm

circuit. ANEM applications
An intense source of fast neutrons (E > 1 MeV) with a continuous energy $

distribution.

at flight-altitudes and at sea-level.

Designed to handle 2.1 kW (30 pA @ 70 MeV). The maximum 10 pA
proton current is set by radioprotection constraints, A <1 Bg/g.
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+» Atmospheric-like energy distribution in the 1-65 MeV energy range, found

Study radiation damage effects of
atmospheric neutrons on material, in
particular electronic devices and systems at
sea level, but also at flight altitudes
(avionics) where the neutron flux is 300—
450 times higher.

neutron flux at 3 m for 70 MeV proton 3pA (MCNPX)

Differential neutron fllux (n cm? s* MeV#)
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