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Outline 
•  Recent Progress 

–  6-D: Helical Cooling Channel 
–  6-D: Guggenheim Cooling Channel 
–  6-D: FOFO Snake Cooling Channel 
–  Final Cooling 
–  Auxiliary Components 
–  New Ideas 

•  Rectilinear snake, Half-Flip lattice(s), Planar Snake 
–  Missing Physics Processes 

•  Future Work 
–  Simulations: Front-end to Acceleration 
–  Engineering Studies 
–  Missing Physics Processes 
–  Selecting a Baseline 

•  Summary 
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6-D: Helical Cooling Channel 
•  Improved matching 

between segments 

•  See Cary’s talk 
tomorrow 
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6-D: Guggenheim Cooling 
Channel 

•  Simulated as 17 rings. 

•  See Diktys’s talk tomorrow. 
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6-D: Guggenheim Cooling 
Channel 

•  17 Ring details and tracking results. 
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6-D: Guggenheim Cooling 
Channel 

•  Non-Flip (Fernow) Lattice 

•  Keep longitudinal emittance > 2mm (space charge) 
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Final Cooling – Li Lenses 
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•  Li Lenses with Solenoid matching 

V. Balbekov 



Final Cooling - PIC 
•  Progress in simulating Parametric-resonance Ionization 

Cooling (PIC) 
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Final Cooling - PIC 
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(Note  
different 
horizontal 
scales.) 



Auxiliary Components 
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•  6-D Bunch Merge 

•  Charge Separation 
(see Cary’s talk tomorrow) 

R. Palmer 



New Ideas 
•  Rectilinear Snake 

June 20, 2013  TJR Cooling - MAP 2013 Collaboration Meeting 
(MAP13) 

11 

V. Balbekov 



New Ideas 
•  Rectilinear Snake 

•  High dispersion occurs at 
different place than low beta 

•  Use short wedges at high-
dispersion points to provide 
emittance exchange; longer 
absorbers at low-beta points 
for cooling. 
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New Ideas 
•  Half-Flip Planar Snake 
•  See Bob’s and Diktys’s talks tomorrow 
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New Ideas 
•  Half-Flip Planar Snake 
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New Ideas 
•  Half-Flip Planar Snake (early stage) 
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New Ideas 
•  Half-Flip Planar Snake (late stage) 
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D. Stratakis et al 



New Ideas 

Remember, none of these new ideas have been 
optimized, or even fully simulated.  

 

All are still works in progress. 
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Missing Physics Processes 
•  Space charge (next few slides) 

•  Multiple Scattering in high-field solenoid magnets 
–  G4beamline code to limit step length to improve accuracy 

The list of missing physics processes is large and 
diverse. 

 
This effort needs more funding and more people 

(we need to involve non-MAP experts). 
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Missing Physics Processes: 
Space Charge (Warp) 

•  Last stages of the final 6D cooling: 
–  Beam rms bunch length is short (~2 cm) 
–  ~4x1012 muons per bunch → large currents 
–  Space-charge may harm the beam emittance 
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Space-Charge studies with 
WARP 

•  Transverse emittance is not affected by space-charge. 
•  But SC opposes longitudinal cooling below 1.5 mm 
•  Transmission drops by ~20%! 
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Space-Charge studies with 
WARP 

•  Increase of rf gradient may compensate the particle loss  

•  Longitudinal cooling below 1.5 mm is not possible. 
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Future Work 
•  Simulations: Front-end to Acceleration 

–  Guggenheim 
–  Helical Cooling Channel 
–  FOFO Snake may be involved at the start 
–  Rectilinear Snake / Planar Snake, … 

•  Engineering Studies 
–  End of the Guggenheim looks to be more difficult than the HCC 
–  HCC 
–  Snakes… 

•  Missing Physics Processes 
–  Lots to do… 

•  Selecting a Baseline 
–  Discussion tomorrow, 8am in the Comitium (WH 2SE) 
–  Have to deal with staging 
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Becomes our current primary goal 



Summary 

•  There has been considerable progress. 

•  New ideas are still being generated 

•  We must focus our effort on preparing for the baseline 
selection. 

•  There is much to do… 
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