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The project goal

To setup a facility based on commercial Linac to provide qualified neutron
sources differentiated in energy Thermal, EpiThermal (0.4 eV- 10 keV) and Fast
>100 KeV).

=>» Bio-medical app, Cultural Heritage, Space, Neutron Diagnostic

In @ medium intense field ($,> 108 cm= s!) easily accessible, reproducible and
relatively cheap

Neutron Energy Applications
—10 MeV
-+ Space
Energetic -1 MeV + Radiography
—100 keV
—10keV —— + BNCT (25 meV-10KeV)
Epithermal —1 keV
—100 eV
—-10eV
—iev - Cultural Heritage
~100 meV - Condensed Matter Physics
/ + Materials Sciences
Thermal —10 meV  Molecular Compounds
» Biology . h b .
Cold -1 meV \ . Engineer_ing Analysis we are JUSt at the eqlnng---
| parth Sciences In the following | will speak only on

Thermal neutron source



The contest...

INFN-PhoNeS : In the past years the Photo Neutron
Source project, funded by INFN and MIUR, demonstrated
the possibility of producing a relatively intense thermal
neutron self-shielded source cavity by coupling a
dedicated photo-neutron converter to a commercial Linac
ELEKTA spa: An agreement has been found with the
company that is being providing us a 18 MV LINAC as
those used in radiotherapy units, that will be 100% to

research (summer 2015).
INFN & University of Torino: ——— =
Agreed to install the LINACina -+ l-L

150 m? existing bunker in Turin == =
Physics Department that in the -
past was used for a 100MeV
electron sincrotron.
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Photo-neutron production @ LINAC

Linac Target High Z material
Electrons ol o © photo-nuclear o by Levinger and Bethe :
~20 MeV /\/\/\ °° . L
. . ° p 2 h
© — . X-ray emission . ®e o * fa(E)dE = ”—e@= 60NZ/ A
by Bremsstrahlung o © 0 Mc A4
- neutrons

Neutrons are produced by (y,n) reaction (photodisintegration) mainly
on high@material when Ey > reaction energy threshold (W: 7.42MeV, Fe: 10.9MeV, Pb: 7.41 MeV)

http://t2.lanl.gov/nis/data/endf/endfvii-g.html
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Photoconverter design

The study of the photoconverter materials and geometries has been carried
in order to:

* increase the photoneutron production;

* maximize the hyperthermal neutron component of the beam (E < 10 keV);
* minimize the fast neutron component and y undesired dose.

The main components of the photonconverter are:

Moderator:
Core .
. Slow down neutron energy up to thermal/epithermal
Increase (y,n) production range, minimizing fast neutron component
(High Z elements: Pb, W) BS & P

(Graphite, D,0, Polyethylene)

Neutron reflector

increase neutron flux
(Graphite, Pb)

Gamma shielding
minimize gamma (Pb e Bi)

Graphite

Polyethylene, B,C, Lead




Summary of previous results
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Transportable PhoNeS prototype

Neutron fluence rate (cm?s™)
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PhoNeS “Bianco”prototype

First in-hospital neutron
source for BNCT trials

Phones+Elekta precise 25MV

®, =110" cm?s? +20%

Thermal neutron field of
suitable intensity and energy
spectral distribution for
BNCT research and
experiments on cells and
biological samples
Irradiation time ~ 3hrs
® ~ 101 cm>?



Work ongoing

Investigate possible modification of:
- linac working parameters

- linac accelerator head components

Monte Carlo approach to optimize the photoconverter
geometry

- MCN P4B—GN (NEA-1733) http://www.oecd-nea.org/tools/abstract/detail/nea-1733/
- MCNP 6
- GEANT 4



Elekta Precise 18MV working parameters

modification

Photon mode 25MV [ 18 MV | 1I5MV | 10 MV | 6 MV | 18 MV modified
Dose rate (MU/min) 400 400 400 400 400 400
Electron energy (MeV) 20 15.7 12.3 8.9 6 20.39

T (us) 1.6 2.4 3.2 3.2 3.2 2.8

I (mA) 20 35 60 60 180 50

v (Hz) 200 200 200 200 400 200
Power (W) 128 264 472 513 | 1328 571

K (x10% e s'%) 0.4 1.05 2.4 3.6 | 14.4 1.74

Elekta manufacturer provided

= MCNP : Average neutron fluence rate cross a surface (cm?/e’)

= Conversion factor cm?/ec —— cm?/s depends on LINAC duty cycle

Elekta Precise 18 MV modified: | =50 mA; v =200 Hz; T = 2.8 us
Electrons rate = 1/1.602x10 x I x v x T =1.74 10'%e- s'1



EIekta Premse 18MV filters’ removal

X-ray target

.
f’flf.\ h

Flattening filter | A

. I - Secondary collimator . Lo

Effect of the flattening filter on
the photon beam intensity

Photon fluence rate increases
~2 times

(from 4.4 10'° cm2s1 to 8.8 10'° cm2s°%)
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Effects on a “PhoNeS” geometry

To increase the neutron fluence rate in the

cavity, with some modifications in the
structure of the accelerator head and in its
working parameters:

- removal of the flattening filter

- increase the electron energy up to 20 MeV
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Work in progress (MCNP4B-GN, MCNP6)



E dd/dE (cm™ per source particle)

New photo-converters study

“Montezuma” scheme Cavity:
22x22x5cm3
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Summary table

Hyperthermal n means E <10keV

Elekta Precise Hyperhermal Hyperhermal Gan}ma. Fast n(?utrqn
with “Phones neutron fluence per Electron rate neutron flux contamination contamination
i ” souree particle Ne (S_l) 2 ¢l DY/ (I)th/e ith Dy/ (I)th/ ith

Bianco 2 (cm™~s™) pi epif
(cm™) (Gy em”) (Gy cm”)

;igfev with (9.35% 0.18) 10° 10510 | (98320.19)10° | (1.132003) 10" |  (8.6+0.5) 10"

\lﬁtﬁﬁ]fﬂm (1.99+0.03) 107 1.05 10" (2.09+0.03) 107 | (1.64+0.03) 10™"° (8.7£0.3) 103

20 MeV

Withoit filter (2.96+ 0.05) 10”7 1.75 10" (5.19+0.08) 107 | (1.35+0.02) 10" | (1.00+0.04) 1072

Elekta Precise

with

“Montezuma’

20 MeV (3.36+ 0.03) 107 1.75 10 (5.89+0.05) 10’ | (5.07+0.09) 10" (3.2+0.1) 1072

without filter

an

/

Almost factor 6 better

A factor 2 better

<

A factor 3 worse

Some promising results for hyperthermal neutrons and gamma’s
More work is needed especially on fast neutron component







Radioprotection issue

Collimators of a normal radiotherapy LINAC are made of Pb or W = fast neutron are produced

.'—'—”"'_'_H_H_P‘_F
.‘ _____neutrons A medical LINAC dedicated to research

is interesting also to:

- to study and measure the undesired neutron
dose

As a facility to test new active diagnostics
(see LATND-Neurapid project) at variable
fluence and energy




716 . .
Correlated question: what does it change
0720 |n the bunker with PhoNeS coupled to LINAC?
S AP Torino bunker has been included in the simulation
NS o
QQ S Cell (A) Neutron Fluence (B) Neutron Fluence Ratio A/B
\\0 g with photoconverter without photoconverter
&fb o 2 2
< « cm cm
) 4_<>?J :I 7%7 8 per source particle per source particle
Q}\\ T / 7001 (3,52 +£0,04)E-08 (3,41 £ 0,04)E-08 1,03 £ 0,02
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1 1 B
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— 70 7006 (2,44 + 0,03)E-08 (2,37 + 0,03)E-08 1,03+ 0,02
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Conclusions

The study of a new facility in Torino (INFN&UNITO) based on a linear accelerator and a
new photoconverter is being carried on. Results have been shown for thermal source

A dedicated facility allows to modify LINAC working parameters and the accelerator
head components in order to increase the photon production. Simulations
demonstrated that without flattening filter and rising the electron energy the photon
fluence rate useful for (y,n) reaction increases by a factor 6 and is “tunable”.

Different photoconverters were simulated. The “Montezuma”configuration with closed
cavity, provides a max neutron fluence rate (E < 10 keV) of (5.89+0.05)107 cm2 s!

With the “Montezuma” geometry the gamma dose is much reduced, while the fast
neutron component gets higher. Further work is needed

With a medical Linac dedicated to research radioprotection issues can be addressed
and new diagnostics can be tested

The proposed photo converter coupled to the LINAC does not increase the neutron
dose in the bunker. Side comment: it can be coupled to “any” LINAC
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ThaIesAIen7a

S pace Torino, 16/7/2014

Thales Alenia Space ttalia SpA. g

Stada Antca dl Collegno, 253 Prot. SFEH/14/CL/002

10146 Torino A: Prof. Marco Costa, Dipartimento di
Tel.: +39.011 71801 Fisica, Universita' di Torino
Fax: + 30 011 7180989

arleniale
“Prof Lugi Panza’

Novara, 16/07/2014
Profissa Alba Zanini
Via Pietro Giuria 1
10125 Torino
cc: Prof. Marco Costa, Universita’ degli studi Torino

Subject: perlip utllizzo di una sorgente di neutronl
termicl, epltermlcl e velocl da Installare presso Il Dipartimento di Fisica
dell'Universita dl Torino

Con questa lettera Thales Alenia Space Italia vuole esprimere il suo interesse per il potenziale
utilizzo di una sorgente di radiazione basata su un acceleratore Elekta Precise 18 MV,
installato presso il bunker del Dipartimento di Fisica di Torino che, oltre a fasci di elettroni e
fotoni, tramite nuovi fotoconvertitori e-Libans, sara’ in grado di produrre fotoneutroni di
energie termiche, epitermiche e veloci.

Gentile Dott.ssa Zanini
come gia’ discusso a Helsinki, durante il recente congresso ICNCT 16 tenutosi dal 19 al 24
Giugno, confermo il mio interesse per il progetto dei nuovi fotoconvertitori e-Libans in grado di
produrre fotoneutroni di energie termiche, epi iche e veloci, iati ad un Elekta
18 MV installato presso il bunker del Dipartimento di Fisica di Torino. Dal momento che nella mia
attivita' di ricerca continuo ad occuparmi della sintesi di prodotti boronati per applicazioni nella
terapia a cattura neutronica, sono molto stimolato dalla notizia, in quanto prevedo di avere a breve
dei prodotti boronati per la BNCT, pa:thnmesunpreﬁuha\mhposmbxhud\eﬁemme
dei test, e credo che la facility che prevedete di - -

disponibili per questo tipo di misure . La prego
poter usufruire della apparecchiatura non appena

Per le applicazioni spaziali in ambito industriale delle quali la nostra azienda & leader nel
settore, lo studio del comportamento dei materiali € dei componenti elettronici esposti alla
radiazione cosmica & cruciale. Inoltre, lo studio degli effetti della radiazione cosmica
sull'uomo & fondamentale per la progettazione di futuri habitat per missioni interplanetarie.

L'utilizzo di una sorgente di neutroni termici e fotoni e” quindi di potenziale interesse di Thales
Alenia Space Italia per studiare la perdita di prestazioni dei materiali (€.g. polimeri) esposti ad
altadosi di radiazioni e, in previsione dello sviluppo dei fotoconvertitori per neutroni ad alta
gia, anche nella ricerca riguardante gli effetti sui componenti elettronici.

bnclusione, Thales Alenia Space Italia considera positivamente linstallazione della
ichina radiogena in oggetto presso il Dipartimento di Fisica della facolta di scienze
dell'Universita di Torino ed & interessata al suo potenziale utilizzo.

Grazie per l'attenzione e cordiali saluti.
CENTRO
NACIONAL

DE AC ERADORES

Are Lobascio %“""

ADDRESS:

d id of Space Flight, Environment & Habitat, Parque Tecnolégico Cartuja ‘93
\lu Dot 1% dky 2014 Unted s Jrain Exploration & Science Htaly, Thales Aleni: A T 02, S Span
Twirow  JAntica di Collegno 253, 10146 Torino (italy) Prone: 434544853
Dr Roberto - Suitchboard 020 8977 3222 re.lot i iaspace.com o-mal cna@us.s

Bedog
INFN — LNF, Via E. Fermi 40 wvow.npl.co.uk/contact-us -39 011 7180 234; Cell +39 333 2110069

Frascati (Rome) Seville, 30" of June 2014
Ce: Professor Marco Costa (Universita degl Studi di Torino)
Dear Ric. Roberto Bedogni:
Dear Roberto, We heard with interest about the INFN projects where you are involved, especially for

the development of the single moderator multi-detector neutron spectrometer CYSP,
We were extremely interes hear about s g
o oly Interested o the projoct proposel for the dovelopment able to measure in a single exposure the whole neutron spectrum along a given

of e-LIBANS, an eplthermal neutron fleld based upon a *'Am-Be radionuclide neutron direction
source. This is an extremely important energy region for many fields of science and it has

been overiooked In terms of experimental facikties for 0o long. The Centro Nacional de Aceleradores (CNA) de Sevilla recently commissioned few well

Just @s your new source-based thermal neutron field faciity (ETHERNES)
compiements our accelerator-based thermal neutron field faciity here at NPL, we envisage
that your source-based epithermal neutron fleld facility wil complement our accelerator-based
‘epithermal / 1/E neutron fie facilty, which is due for completion by the end of 2014,

The NPL Neutron Metrology Group has folowed the output from NESCOFI @ BTF
with great interest and s following progress in the NEURAPID project just as ciosely. Given
the degree of synergy between our research projects, we look forward to continuing our
of our work.

We wish you every success with your proposal,
Best 3
oy
Giaw
Graeme Taylor

Principal Research Scientist
Neutron Metrology Group
NPL

Tot: +44 208 043 7067
Emai Grasme layiorGrpt couk

NPL Management Lid - Commercial

characterized neutron beam lines by means of the "Li(p,n) and D(d,n) reactions and
plans to qualify them as reference radiation fields for the epithermal and fast neutron
domains.

Given the degree of synergy between our researches, we agree with you to start a
collaboration between our two groups. From our side, we offer access free of charge
1o our epithermal and fast neutron beams, subject to approval by CNA scientific
committee, for testing the new diagnostics you are developing in NEURAPID and E-
LIBANS projects. In exchange, you will contribute to characterize the neutron fields at
CNA using your CYSP spectrometer.

Wishing you every success,

Researcher in charge neutron beam lines

Centrd Nacional de Aceleradores. Centro Nacional de Aceleradores

Javier Praena___



&

o cell 738_SENZA
«  cell 738_CON

E d&/dE (cm? per source particle)

o 4 N
= o S o
TTTT [T

#738

ifuﬁkzﬁﬁfk#&.&sémuﬁ

H onse,

S,
>

FRTT MTTT NIRRT R RTITT MR RTTT RRTTIT I ETRTITI
7 6 5 4 3 2 1
10 10 10 10 10 10 10 Erlargy(bleq/)

Neutron spectrain
spheres of 20 cm radius
with and without
photoconverter

spettro neutroni

Sala controllo

@

*  cell 717_SENZA

*  cell 717_CON

2

I
r004

P 1
7003

7002

2% 740

1ot

N
e

#717

E deb/dE (cm per source particle)

lllll TTTT T T T T[T T TITT[TTTT[TTTT[T

LY
.

E dw/dE (cm'2 per source particle)

Cell 740 davanti alla Fotola

spettro neutroni

wl vl vl vl v v el v vl 1l
8 7 6 5 4 -3 2 1
10 10 10 10 10 10 10 10 EAS!QY(IA&/)

The photo-converter is
either not increasing
the neutron flux in the

@
TTTIX

»
12

)
TTTTTT[TTT

~=m=m=a | hunker oris also

*  cell 724_CON

beneficial in the

E de/dE (cm per source particle)

N
D

i forward direction

- @0
TTTTTTTTT

o

.
o

=) o
TTTT[TTT

109 spettro neutroni
25 ; i H
E ; «  cell 740_SENZA
- # +  cell 740_CON
2 ts
C 3
o #740
FEd
e
C i .
]
05
- L. o 254" 900 0ut e g2t RSN
obatttul 1 ol S

sl ol vl ol ol ol o i foosd
10* 107 10® 10° 10t 10® 102 107 1
Energy MEV)

vl vvvd vl ] el vl ol crnd vl 350
-8 7 6 5 4 3 2 1
10 10 10 10 10 10 10 10 Erlergy(h]gv)



«40° spettro neutroni
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(A) Cell 717 con  [(2,36 £ 0,02)E-06 |3,72 E-03 5,58 E-01
fotoconvertitore 1,01 £0,01
(B) Cell 717 senza | (2,34 + 0,02)E-06 | 3,69 E-03 5,53 E-01
fotoconvertitore

Fig 4 Spettro di neutroni e dose in una sfera di raggio 20 cm posta

all'uscita della chicane di accesso alla sala di irraggiamento

Non si osservano apprezzabili differenze fra le configurazioni "con”

e "senza" fotoconvertitore
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fotoconvertitore

Fig 7 Spettro di neutroni e dose in una sfera di raggio 20 cm posta
di fronte alla botola di uscita verso il giardino
Nella configurazione "con" il fotoconvertitore si osserva

un'apprezzabile riduzione del flusso neutronico, in particolare nella

componente ad

alta energia



..... next future

2- Epithermal neutron source
Linee guida: (esperienza pregressa per sorgente da fusione D-D)
core per la produzione di neutroni (al vaglio Pb, W, Be);

moderatore per il rallentamento dei neutroni fino all’energia desiderata (al vaglio
trifluoruro di alluminio, floruro di magnesio o Fluental);

riflettore/collimatore per incrementare il flusso di neutroni (al vaglio Pb e W).
Eventuale linea di estrazione ;

Rimozione componente y indesiderata (al vaglio fluoruro di litio arricchito in 6L .

3- Fast neutron

Prodotti da conversione dei gamma su un bersaglio di piombo : componente
evaporativa con uno spettro di energia piccato a 700 keV e anche una
componente diretta di minore intensitafra2 e 7 MeV.

Per massimizzare il flusso si prevede di circondare core di Pb con materiali
riflettenti con valori di albedo > 0.8 (anche leghe particolari quali Densalloy o
“Tungsten carbide “)



