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History of Cans at Brookhaven

1951 The first clinical trial of BNCT using Graphite Research Reactor at BNL

1995 NIFTI and DISCOS,  conceptual design of targets

1996 LDRD (internal fund) proposal, The development and demonstration of 
accelerator based BNCT capability

1998 Accelerator Based Neutron Source (ABNS) for BNCT, Preliminary Proposal

1999 Experimental and theoretical evaluation of accelerator based epithermal 
neutron yields for BNCT, AIP Conference Proceedings 475, 1033 (1999) 

1999 A New Accelerator based Cancer Treatment (BNCT) Test & Demonstration 

Facility, Proposal by BNL and AES

FY 2022 High repetition rate Lithium Laser Ion Source for neutron beam production

       ($0.37M)

 

FY 2024 Development of a lithium beam driver for Boron Neutron Capture Therapy

       ($1.15M)
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NIFTI, Neutron Intensification by Filtered Transmission through Iron

Neutrons with energies above 25 keV are strongly impeded from transmission through a 

thick iron layer, but readily pass through once their energy drops below 25keV.

Fluorine compound to inelastically degraded high energy neutrons.
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DISCOS, Discs Incorporating Sector Configured Orbiting Sources
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It propose to test using a second hand RFQ to verify required beam current level.



12

Preparation for testing RFQ beam



13

This is for proposing to build a real accelerator for BNCT.

The total cost was estimated at 5 M USD.
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Tested neutron yield with a Van de Graaf at Columbia University.
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Another proposal teamed with a private company.

It uses an electrostatic accelerator, 1.9 ï 2.3 MeV

Since then, no activity has not been found before we start.



ÅKinematic focusing of neutron is very effective for a compact generator.

  -use lithium beam instead of proton beam

Å CAD/BNL has developed high current highly charged ion source.

  -direct plasma injection scheme (DPIS) ,
   comparable peak current to proton accelerators

  -laser ion source has provided stable beams for more than 9 years

Å By combining kinematic focusing and laser ion source,

 a novel compact neutron generator can be realized.

Background



Neutron yield and driver beam energy

Yubin Zuo et al. / Physics Procedia 60 (2014) 220 ï 227 

Endothermic reaction (negative energy emission)

Why lithium or beryllium?



Neutron production with proton beam

Isotropic neutron production

Å These reactions are endothermic and undesired radiations could be reduced if beam energy  is 
near the thresholds.

ÅHowever, since the proton is lighter than target atoms, the neutrons are produced almost 
isotoropically and only small fraction can be used.

Å Therefore, higher beam energy is used to increase neutron flux. (causing undesired radiations)
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Neutron source with heavy ion driver

High directivity neutron

ÅWhen heavy ions are delivered, neutrons are directed to forward because 

of the high  gravity center velocity.

ÅNeutron flux can be increased while beam energy is kept near the 

threshold.

Isotropic neutron production
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Å Advantage

Å Disadvantage



Laser Ion Source development at BNL

Å The first beam in 2014 (since then no major maintenances on beam extractors) 

Å Pressure < 10-4 Pa
Å Species switching within a few second, more than 20 species.
Å No coupling between beam for RHIC and NSRL

Nd:YAG laser (1064 nm, 200~500 mJ/6ns) 

BNL has a long experience for providing stable beams from a laser ion source.

Upgraded to LION2 several weeks ago



Advantages of laser ion source (LIS)

~ns

Laser

Target

~ a few ns

~20 deg.

~ms

z

x

z

x

z

Plasma formed Plasma expands

Extraction field

Ion beam

Drift  length

x

ÅHigh density plasma created from a solid. 

ÅFast switching target materials.

ÅLow temperature after adiabatic expansion.

ÅUniform density of beams.

Scheme of laser ion source



We have demonstrated that 1.2x1011 of C4+ can be provided by a single laser shot.

Solenoid plasma guide plus DPIS



Electrodes were designed for Li3+

To demonstrate acceleration of high current lithium beam, we developed RFQ electrodes.

It was predicted that the RFQ accelerates 40 mA of 7Li3+ beam.

Parameter Value

Structure 4 Rod

Frequency 100 MHz

Input energy 22 keV/n

Output energy 204 keV/n

Input beam current 50 mA

Transmission 80 %

RFQ length 1977 mm

Basic parameters of RFQ
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Analyzing beam line with the RFQ
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