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Guidance for Working Groups 
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Technology for HIF Drivers  
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Please join a working group! 
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Common themes for the working groups 

1.  Define the requirements. 
2.  Status of the HIF-specific research topic? 

Outstanding issues? 
3.  In light of new developments in the broader field, 

what is next? 
4.  Explore a specific design or approach, including its 

cost and reliability. 
5.  Report to the plenary session.   
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There are six time blocks for the working groups.  
Each will have one to visit other groups 

Sun May 22 – Sat May 28, 2011 (Pacif ic Time)Staggered working groups

Ion sources and 
injectors (free to 
r o a m )
1pm -  3pm

HIF targets ( free to 
r o a m )
1pm -  3pm

all working groups 
preparing for 
plenary 
presentat ions
3:30pm -  5pm

chamber and 
driver interface, RF 
accelerator groups 
( f ree to  roam)
3:30pm -  5pm

induction 
accelerators (free 
to  roam)
8:30am -  10:15am

all working groups 
in separate 
sessions
8:30am -  10:15am

Sun 5 /22 Mon 5 /23 Tue 5 /24 Wed  5 /25 Thu 5 /26 Fr i  5 /27 Sat  5 /28
7am

8am

9am

10am

11am

12pm

1pm

2pm

3pm

4pm

5pm

6pm

“roaming times” 

Working groups roaming schedule: 
 
Tue May 24, 2011 
8:30am - 10:15am     All working groups in separate sessions 
1pm - 3pm                  Ion sources and injectors (free to roam) 
3:30pm - 5pm            Chamber and driver interface,  

     RF accelerator groups (free to roam) 
 
Wed May 25, 2011 
8:30am - 10:15am    Induction accelerators (free to roam) 
1pm - 3pm                 HIF targets (free to roam) 
3:30pm - 5pm           All working groups preparing  

    for plenary presentations 
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The working group sessions are in different 
buildings. 

IFE Targets 

Sources, injectors 

RF accelerators 

Induction accelerators 

Chamber-driver  
interface 

http://www.lbl.gov/Workplace/lab-site-map.html 
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Working groups will report findings to the 
plenary session.   

These will be merged into a common report. 
•  A brief working group report (few pages) 

• Results of brainstorming 
• Recommended research 
• Opportunities for collaboration 
 
 On Wednesday evening, a group will draft an 

executive summary, to be presented to the rest of the 
Workshop on Thursday for discussion. 

 The purpose of the summary statement is to 
capture, at a broad level, the conclusions of the 
workshop, and recommendations for future accelerator 
research toward heavy ion fusion. 
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The accelerator driver must operate in a 
demanding regime 

•  Very high current and power 
•  low beam loss 

•  Very high reliability (>90% operation)  
•  redundant systems? 

• Spare acceleration modules built into the beamline? 
• Spare beamlines? 
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Accelerator reliability: The availability of 
high-repetition rate accelerators >90%. 

SNS: reliability >90% Henderson, SNS (2007) 
1 MW, 1 GeV protons, 60 pps for 24 hours (2010), 

no interruptions.   
Tevatron: !1000 magnets installed.  6 failures 

during 2003-08. Dixon (2008) 

LCLS (commissioning, 2008-09) average availability: >92% Wienands, 
SLAC (2009) 

Hardware availabilities of 70% - 90% have been reached at large 
energy frontier machines and as high as >98% at synchrotron 
light sources. S. Suhring, JLAB (2003) 

SNS Linac 

This is good news.   
A power plant requires at least this level of 

reliability. 
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Injector 

Emittance, current, charge state purity,  
Heat and power management,  
funneling the beams 
reliability 
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Accelerator technology   

Superconducting focusing magnets,  
Pulsed power for induction acceleration.  
RF power: SCRF, "  
Insulators: to enable reliable operation, high gradient 
Alignment:  
!  What are the allowable tolerances?   
!  How often must the beam centroid be corrected? 

Diagnostics must be very durable 
 

What can be learned from recent accomplishments 
at CERN, DARHT, GSI, LANCE, SNS, RHIC, 
RIKEN, etc? 
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Accelerator driver cost has long been a concern for HIF,  
but is amenable to value-engineering. 

To make the next big step, a an 
accelerator capable of heating targets 
to fusion-relevant temperatures, will 
need:  

•  value-engineering on component 
costs.   

•  Ultimately, factory-built truck-size 
accelerator modules that can be 
shipped and quickly installed. 

Multiple beamlets 
merge and form a 
high-current, low 
emittance beam"

Essential HIDIX engineering 
R&D: 
 
Injectors and sources: Extend 
to compact arrays of ion sources.  
Gas load, matching, reliability.   
 
Pulsed power and induction 
cores: low loss, high reliability. 
 
Insulators and accelerator 
modules for high-gradient, 
reliability. 
 
Superconducting magnet 
arrays: field quality, alignment, 
reliability. 
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There is an economic mandate to carry the most 
current / beam channel 

Gas desorption may limit the current / beam and the 
repetition rate.   

! This is true for RF and induction accelerators 
Opportunity to study at low kinetic energy where the cross 
sections are highest.   
Opportunity to study and learn at higher KE at the FAIR (GSI) 
project. 
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(fixed number of beams, initial pulse length, 
and quadrupole field strength)!

Robust Point!
Design (2.8 B$)!

Clearance!

range being explored 

~$1B 

Induction linac system studies show that 
driver cost is very sensitive to fill factor 
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Dynamic pressure control:  The first part of the first pulse goes through high 
vacuum.   How much is the tail of the bunch affected?  

How are succeeding bunches affected? 

The beam pulse will create a burst of 
pressure, which may affect the tail of 
the same pulse 

The decay time of the pressure burst 
will determine the effect on  the 
steady state vacuum pressure 

Sources and sinks determine the steady state pressure: 
Gas desorption from ionized gas, beam ions (halo) striking wall 

Eg:, Turner, 2006, J. Vac. Sci. Technol. A 14(4). 

A cold bore would help with pumping.  
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Halo formation in high perveance beam can be 
studied at UMER (U. Md).   

UMER slide 
 
 
 
 
 
 
 
 
 
SNS experiments also? 

halo,  
23 mA e- 

Transport of a coasting 
beam over many turns 
(lattice periods).  
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Chamber and chamber-driver interface 

What are the next steps in chamber wall and magnet 
protection? 

!  liquid wall experiments 
!  magnet design and radiation protection 
!  neutron dumps 

Other topics 
!  Dipoles for steering the beams onto the target (shot-to-shot 

variation) 
!  Plasma sources compatible with the chamber and drift line. 

These should have high plasma density, low gas pressure, and 
the ability to operate at the repetition rate of a reactor.    
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IFE targets 

•  One sided illumination would greatly simplify the reactor 
interface, final focus geometry, and compression section 
of the driver. 

•  Are there cost and environmental differences between 
target designs? 
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Go for it! “The Cyclotron, As Seen By”, (David L. Judd and Ron MacKenzie) 
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Go for it! “The Cyclotron, As Seen By”, (David L. Judd and Ron MacKenzie) 


