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Fundamental Ion Acceleration

Current status: 

(a) Peak Energy - “nearly” 100MeV…
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Fundamental Ion Acceleration

Current status:  

(c) Proton energy stability

Kraft et al. New J. Phys. (2010)

±28% dose 
stability 

±5% dose 
uniformity 

required for any 
given voxel*

*Linz & Alonso PRAB (2007)



Requirements for laser-driven ion beams 

i. Fundamental ion acceleration 

-Energies steadily increasing - nearly achieving the 
100MeV milestone 

-Already demonstrated few % energy spreads 

-Stability is improving, but needs significant 

ii. Beam capture and transport systems 

iii. Effect of unique ion source properties



Requirements for laser-driven ion beams 

i. Fundamental ion acceleration 

ii. Beam capture and transport systems 

iii. Effect of unique ion source properties



• Challenging because: 

• ion beams can have high spatial divergence and poor 
spatial uniformity

Beam Capture and Transport
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• Challenging because: 

• ion beams can have high spatial divergence 
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• Challenging because: 

• ion beams can have high spatial divergence 

• energy distribution is broad 

• often multi-species (protons, carbon, oxygen etc.)

Beam Capture and Transport

G. Hicks Thesis (2015)



Luo et al. Med Phys. 32 (2005)

Beam Capture and Transport

• A number of proposed solutions 

•

Masood et al. Appl. Phys. B (2014)

Pozimski et al. Laser and 
Particle Beams (2013), 
Posocco et al. Proc. 

IPAC (2016)



Beam Capture and Transport

• A number of proposed solutions 

• Luo et al. propose using 4 superconducting magnetic 
dipoles with a moveable aperture 

-  mono-energetic pencil beam 

- <0.1% of beam used  

- high secondary radiation

Luo et al. Med Phys. 32 (2005)



Beam Capture and Transport

• A number of proposed solutions 

• Masood et al. (Appl. Phys. B (2014), Phys. Med. Biol. 
(2017)) have proposed a number of designs based on 
pulsed solenoids 

- exploits the broadband nature of laser accelerated 
beams to generate beams with variable mean 
energy, and ~20% energy spread 
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Beam Capture and Transport

• A number of proposed solutions 

- Other authors have already experimentally exploited 
pulsed solenoids

Busold et al. PRSTAB (2013) 
Busold et al. Nuclear Instr. and Methods A (2014)



Requirements for laser-driven ion beams 

i. Fundamental ion acceleration 

ii. Beam capture and transport systems 

-a range of possible solutions, with a number already 
having been demonstrated in some capacity 

iii. Effect of unique ion source properties



Requirements for laser-driven ion beams 

i. Fundamental ion acceleration 

ii. Beam capture and transport systems 

iii. Effect of unique ion source properties 

-What effect do these potential ultra-high dose rates have on 
the biology? 

-Do doses of ~109Gy/s have biological benefits (compared 
to 100 - 103Gy/s conventionally)? 

-Are laser sources at least “as-good” as conventional 
sources?



RBE and Laser Sources

• Some of the earliest work by Yogo et al. at J-KAREN 
laser system in Japan 

• in vivo studies with a 2.25MeV proton beam and 
energy width ∆E/E ~ 30% (4MV reference x-rays)

Yogo et al. Appl. Phys. Lett. (2011)



RBE and Laser Sources

• A large amount of subsequent interest from various 
groups

Bin et al. Appl. Phys. Lett. (2012) >109Gy/s over single ns fractionation for protons 
equivalent dose given with 200kV x-rays



• A large amount of subsequent interest from various 
groups

RBE and Laser Sources

Kraft et al. New J. Phys. (2010) 
Zeil et al. Appl. Phys. B (2013)

>107Gy/s over multiple fractionations (for beam homogeneity) 
compared with 1.1Gy/min for conventional source



Manti et al. JINST (2017)

RBE and Laser Sources

• A large amount of subsequent interest from various 
groups

Doria et al. AIP Advances (2012) Pommarel et al. PRAB (2017)



• A large amount of subsequent interest from various 
groups 

• Studies using research accelerators which can mimic 
these high dose rates have also been conducted
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• A large amount of subsequent interest from various 
groups 

• Studies using research accelerators which can mimic 
these high dose rates have also been conducted 

• Lots of ongoing research to better understand the effect 
of these ion sources

RBE and Laser Sources
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• Lots of work ongoing in:


i. fundamental ion acceleration 
to obtain higher energies, and 
favourable beam properties


ii. work in capture and 
transport of beams


iii. biological effects of the 
unique source properties

Summary

Further reading: 
• Linz and Alonso, PRSTAB 10, (2007) 
• Linz and Alonso, PRAB 19, (2016) 
• Karsch et al. Acta Oncologica, (2017) 
• Ledingham et al. Appl. Sci. (2014) 


