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Requirements 

•  Focus the beams on targets 
•  Shield the accelerator and final focus system from 

debris, radiation and neutrons 
•  Pump down to accelerator pressure 
•  Reestablish chamber conditions for the next shot 
•  Capture and transfer power to power conversion 

system. 
•  Breed, recover and recycle tritium. 
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Status of the Chamber Design 

•  Based on 2001-2003 Robust Point Design 
•  Liquid jets, oscillating jets and vortices 
•  Super conductor final focus magnets with 

cryogenic cooling 
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An isometric view illustrating the configuration 
arrangement of the Robust Point Design (RPD-2002) 

for a Heavy Ion Power Plant  
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Overall Design Philosophy 
•  Quadrupole magnets are located in common cryostats. 

One cryostat structure houses magnet 1 quadrupole 
and a second cryostat contains magnets 2 and 3 
quadrupole assemblies and another magnet 4.  

•  Intermagnet supporting structure is used to align and 
support magnets 1, 2, 3 and 4 plus add to the overall 
shielding requirements 

•  The current design assumes that a complete final 
focus magnet section is replaced if maintenance is 
required.  



6 6 

The Robust Point Design (RPD) beam line 
(Wayne Meier,  LLNL - ARIES Meeting, Jan. 8-9, 2003 UC San Diego) 
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Magnet 1 Build Dimensions 

Space for Leads 

End Plate  End Can 

Coil winding 
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Laminated collars 
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The magnet 1 
build dimension 
shown is typical 
for magnets 2,3 
and 4 except for 
the bore inner 
radius dimension 
and the coil 
support shell 
(laminated collar) 
thickness. 
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RPD-2002 Power Plant Located in the ITER Building 
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Outstanding Issues – still the same 
•  The RPD-2002 configuration was in a early stage of 

development with more design details, machine options and 
system trade-offs needed to make a full assessment.   

•  Maintainability issues need to be fully understood from the 
standpoint of component activation and personnel access. 

•  Design details of the beam tube pumping chambers need to 
be developed to assure pumping requirements are met and 
beam tube connections can be made.  

•  The details of the matching magnets will affect the assembly 
process; consequently  their integration into the design is 
needed. 

•  The interfacing issues identified on the next slide still need to 
be addressed. 
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Interface Issues 
 Thermal 

•  4 K magnets must be insulated from 4000 C Flinabe. 

 Vacuum 

•   10-3 Torr target chamber needs to be isolated from 10-9 
Torr beam lines.  

•   Debris from target must be kept out of beam lines. 

Solution is  mechanical shutter! 

Electromagnetic Loads 

•  Forces between quadrupole magnets must be reacted by 
structures between the magnets. 
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Interface Issues 
Radiation 

•  Magnets must be shielded for 30 yr. life.  

•  Nuclear heating of the superconducting magnets must be 
as low as possible. 

Alignment 

•  Beam alignment must be maintained within  ~1mm. 

Maintenance & Assembly 

•   Array should be capable of tolerating the loss of a few 
beam lines (to be able to replace failed in <6 months). 

Utility Feeds 

 Cryogenic feed, power, instrumentation lines, Flinabe lines 
from all of the 104 beam lines must all be accommodated.
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Recommendations 
•  Need for a program on chamber and chamber 

driver interface R&D including new facilities  
•  Need new MULTIDISIPLINARY HIF design 

study of an integrated HIF power plant based on 
RPD. 

•  Complete development of baseline scenario (focus 
to target) including resolution of uncertainties, 
optimization,… including attention to stripping, 
imperfect neutralization, behavior of foot pulse at 
target—Plasma density should be 10X higher than 
the beam particle density. 



Recommendations (cont) 
•  Comprehensive survey of estimated 

chamber conditions, neutralization sources, 
beam neutralization requirements, tolerable 
momentum spread of beam 

•  Consideration of Electrostatic/Magnetic 
quadrupole combinations for achromatic 
focusing 

•  Robust support for simulation, including 
code development, benchmarking, 
maintenance, and user support 
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New design should include: 
•  Driver final focus design optimization 
•  Thick liquid walls emphasize vortex for no 

moving parts, 50-year lifetime, reduced 
pumping power-fluid dynamic experiments.  

•  Rotating Shutters to keep debris out. 
•  Specific Plasma Sources for neutralization  
•  Dipoles to steer the beam to the target 
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Driver final focus design optimization 
•  Make up beam pulse shape with separate beams 
•  Target with larger beam size allow smaller beam aperture 
•  Higher kinetic energy reduced beam number 
•  Elliptical hole in a shield for the focal magnet instead of 

circular. 
•  Flux sharing for packed array 
•  Make compact array by reducing shielding 
•  Optimizing final focus by varying focal lengths and  reduced 

hole size can lead to shielding improvements 
•  Last magnet normal conducting, dipole to give more space for 

focal array 



More recommendations 

•  Although much of the discussion related to 
past and current VNL projects, care should 
be taken in crafting the report to broaden the 
opportunities for other US institutions to 
participate in the recommended programs. 
Programs should be broad to enable 
cooperation with international partners 
where different systems approaches (e.g., 
RF systems) exist. 
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