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Neutron sources for BNCT

Nuclear 
Reactors

until now
Not the best environment for the patient
Usually far from the hospital
BNCT not the main activity of the 
reactor
Change reactor channel to create a 
BNCT beam 



Neutron sources for BNCT

Nuclear 
Reactors

until now

Finally proton accelerators



From reactor to ABNCT 

MUNES
MUltidisciplinar NEutron Source

National Institute for Nuclear 
Phisycs  (INFN)

Legnaro National 
Laboratory  (LNL)

and
Section of Pavia



The RadioFrequency Quadrupole RFQ 
Protons are accelerated by a radiofrequency  quadrupole

Layout of the 7.13 m long
accelerating structure on the 
support system, 

the main cooling pipes 
connections,

quadrupole cross section 

and view of the first module 
constructed



The RadioFrequency Quadrupole RFQ 
Protons are accelerated by a radiofrequency  quadrupole

Accelerator type: RFQ
Proton energy: 5 MeV
Proton current: up to 50 mA
Beam power:   150 kW
Time structure: up to CW 
Neutron converter: Be
Operative power density 
on Be target: 700 Watt/cm2

Neutron source intensity: 1014 s-1



From the reactor to the ABNCT 

The accelerator is made of 3 segments 



From the reactor to the ABNCT 

The accelerator is made of 3 segments 



The RadioFrequency Quadrupole RFQ 

Waveguid
es

Coupler 
2

Coupler 
1

RF 
Power

Two waveguides transport the radio frequency into the cavity through 
two couplers



The power supplies  

No klystron but 8 independent solid state 125 kW amplifiers  

4.2 m

     Advantages with respect to a klystron:

-  Lower operating costs (cost and duration of components)
-  Availability e reliability (no stop operation in case of 
components failure)
-  Absence of high voltages (important for the operation in an 
hospital)

4.2 m



Berillium target 

proton beam 

Be has high melting point 1278 °C and high heat conductivity, but gas permeability is extremely low (9 order 
lower than average materials). H bubbles can be trapped in bulk beryllium and cause fractures. 



BSA study 



BSA study 

on a point-like Be target



From the reactor to the ABNCT 

5 MeV
protons



From the reactor to the ABNCT 

LEAD

TEFLON

5 MeV
protons



From the reactor to the ABNCT 



Tailoring of a neutron beam around 1 keV

p+

FIGURES OF MERIT

Flux                 2.8 ∙109  cm-2 s-1

Fast cont          8.9∙10-13 Gy cm2 
Gamma cont    3.7∙10-13 Gy cm2 

 

IAEA GUIDELINE VALUSE

Flux               > 109  cm-2 s-1

Fast cont        <  2.5∙10-13 Gy cm2 
Gamma cont  <  2.0∙10-13 Gy cm2 



Validation of the beam with a TPS

Limb 
Osteosarcoma
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The prescription of 22 GyEq to skin, 
leads to a tumour dose of 99.3 – 129 Gy_Eq 
with a good uniformity in all the tumour volume 



density 99% 50x50x10 mm density 82%

Powd
er

Pressure + 
temperature

Design and construction of a prototype of syntherization machine 
@INFN workshop in collabration with Chemistry Department of Pavia

Solid AlF3 



Characterization of 
AlF3  

Neutron 
activation

Activation 
dose



BNCT treatment 
room

Absorbed dose MESH in the room air with walls of ordinary concrete due to thermal neutrons



Dose to 
patient



Patient 
activation



Where we can install the BNCT accelerator?



National Hadron Therapy Center in Pavia 
(CNAO) 



The INFN BNCT accelerator 



The INFN BNCT accelerator 



The INFN BNCT accelerator 

BNCT





Italian collaboration

❑ University of PAVIA
Department of Physics
Department of Clinical-Surgical, Diagnostic and Pediatric Sciences 
Department of Chemistry, University of Pavia
Department of Molecular Medicine, University of Pavia
IRCCS S. Matteo Foundation, Pavia
CNAO, Pavia
INFN, Pavia
INFN - LNL, Legnaro

◻ University of TORINO

◻ University of NOVARA

◻ University of Palermo

◻ IMEM-CNR Parma

◻ Due2lab s.r.l. Parma

◻ INAF-OAS, Bologna



International collaborations

❑  CNEA, Argentina: very active researchers exchange for computational 
dosimetry,  treatment planning, beam design, B concentration 
measurement methods inter-comparison, BNCT efficacy and toxicity on 
animal models,

❑  INL, Idaho, USA: neutron spectrometry in irradiation facilities 
❑  HUCH, Helsinki University Central Hospital and FIR 1, Finland
❑  QEH,University Hospital, Birmingham
❑  Okayama University (Y. Ichikawa)
❑  Nagoya University (Tsuchida)
❑  China  Funded project in the frame of the Executive Programme of 

Scientific and Technological Cooperation between Italy and China for 
the years 2016-2018. Italian Ministry of Foreign Affairs and International Cooperation 
(MAECI). Project: NEU_BEAT (Neutron Beams for Cancer Treatment). Collaboration 
on:

-New materials for neutron beams design
-Treatment Planning calculations
-Computational dosimetry
-Integration of BNCT and heavy ion therapy



http://www.bnct.it
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