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Why Proton Driver is needed?

As Intense Source of Secondary Particles
• Neutron 
- Spallation Neutron Source, ADSR, BNCT

• Pion/Muon/Neutrino, Kaon, Anti-proton
- Neutrino Factory, Kaon/p-bar Factory

• Radio Isotope(Unstable Nuclei)
- Nuclear Physics for proton/neutron 

riched nuclei



How we can produce seconadry particles?

Proton Beam with External Target
• Large beam current
- Beam loss concern (<1W/m)
- Beam loading, space charge, radiation safety, 

maintenance ability
• Target 
- cooling, shockwave, radiation damege

Proton Beam with Internal Target
• Ordinary scheme   poor efficiency
- multiple(Rutherford) scattering, Straggling  

Emittance growth
• New idea: ERIT(Emittance/Energy Recovery 

Internal Target)  
- ionization (ring) cooling  



Presentations
FFAG for Proton Driver

High Power Proton Driver with External Target
• T.Roser (BNL)
• Y.Mori(Kyoto Univ.)
• G.Rees(CCLRC/ASTeC)
• A.G.Ruggiero(BNL)

High Power Proton Driver with Internal Target
• Y.Mori(Kyoto Univ.)
• K.Okabe(Kyoto Univ.)



Presentations
various issues (rf-gymnastics, optics, 

beam dynamics)

Fast Bunching Experiment at 150MeV FFAG
• M.Aiba(Kyoto Univ.)

Multiple Resonance Crossing in Non-Scaling 
FFAG
• S.Y.Lee(S.Machida)(CCLRC/AsTeC)

Electron Mode for Proton Acceleration
• A.G.Ruggiero(BNL)



Needs for High-Intensity Hadron Drivers
      T.Roser (BNL)







FFAG Work in Japan for Hadron Beams 
-Proton Driver with FFAG for ADS
Y.Mori(Kyoto Univ.)





NFFAGI and IFFAGI Loss Collectors
G.Rees(CCLRC/ASTeC)



Beam 
Collimation



dynamic
aperture?



IFFAGI  muon(+-) ring



BNL NonScaling FFAG Works for 
Hadron Beams     A.G.Ruggiero(BNL)



Harmonic jump rf acceleration

3.  f1 &  f2  mixed : Palmer(Kolomenski)







cavity voltage/ 
position

@constant phase

acceleration
by HNJ



Longitudinal acceptance has to be looked at by 
beam tracking!



Development of FFAG-ERIT
K.Okabe,Y.Mori(Kyoto Univ.)

Beam Power 
~0.5MW





Fast Bunching Experiment at 150MeV 
FFAG
M.Aiba(Kyoto Univ.)



Fast Bunching 
Experiment at 
150MeV FFAG

beam capture  
̃20% increaed.



Multiple resonance Crossing in Non-
Scaling FFAG
S.Y.Lee(S.Machida)(CCLRC/AsTeC)

Space charge tune spread affects 
resonance crossing.



Electron Mode for Proton Acceleration
A.G.Ruggiero(BNL)



Conclusion

New schemes come to be reality!
• HNJ acceleration
- harmonic number jump acceleration

• ERIT new protondriver w. internal target
- Emittance/Energy recovery internal 

target
• NFFAGI lattice
- non-isochronous, zero-chromatic non-

scaling & nonlinear lattice

We will hear more at next 
workshop in Osaka!


