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Outline

 Wobbler fields control the centroid.

 Focusing lattice controls the envelope.

 Envelope and centroid dynamics are decoupled.

 Time modulation stabilizes RTI.

 Courant-Snyder theory for dynamics stabilization.

 Slower modulation is necessary. 

 What is the beam modulation form.

A bbl d i f NDCX II A wobbler design for NDCX-II.



Basic idea: scan the beam for better target performance

• Kawata 1993, 2009, 2012, reduce 

instability amplitude.

C th d t b

• Piriz et al, 2009, 2011, NO dynamic 

stabilization of ablative RTI.

Cathode ray tube• Friedman, 2012, mimi-wobbler.



Basic beam physics: envelope dynamics and centroid dynamics

 Wobbler fields control the centroid

 Focusing lattice controls the envelope

centroidcentroid

ldecoupled

envelope



 What are the second order effects?

o Are wobbler and envelope coupled?

o Does the space charge force affect the centorid?

o Do the wobbler fields change the envelope?

o Does the focusing lattice affect the centroid? (trivial)

 Is it practical in terms of engineering?

o Field strength

o Field frequency



Centriod and enevelope dynamics: starting from Vlasov-Maxwell Eqs.
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Envelope and emittance defined relative to the centroid
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Does the space-charge affect centroid dynamics?
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If the wall is faraway, then space-charge does not affect the centorid.
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Are the centroid and enevelope decoupled?
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Driver example : drift compression and final focus with wobbler

Qin  Da idson  Barnard and Lee 2004Qin, Davidson, Barnard and Lee 2004
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Dynamic Stabilization of RTI by wobbler

• Wolf, 1970, dynamic stabilization of classical RTI.

• Troyon & Gruber, 1971, need both viscosity & surface tension.

• Betti, McCrory, & Verdon, 1993, dynamic stabilization of ablative RTI.

• Piriz et al, 2009, 2011, NO dynamic stabilization of ablative RTI.
• Kawata 1993, 2009, 2012, reduce instability without change growth rate.

1 Sin( )F ta w= +



Dynamic Stabilization of an inverted pendulum

Easiest to implement

Most effective

Easiest to implement

• F is random

• F is feedback controlledF is feedback controlled

• F is pre-determined & time-dependent

• Kawata 1993, 2009, 2012, reduce instability without change 
growth rate by an analogy of feedback control.



Sharp boundary model for ablative RTI

e.g., ( ) 1 sin( )g t q tw= +( )
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Dynamic stabilization and ablative stabilization
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Growth-rate depends on the modulation in a complex way

• Piriz 2011, NO dynamic stabilization of ablative RTI for a 

sequence of delta-function modulations, therefore NO dynamic 

stabilization for all modulations. 

• Kawata 1993, 2009, 2012, reduce instability without change growth 
rate by an analogy of feedback control.

• The modulation can be designed to minimize the growth rate, with 
correct theoretical (mathematical) treatment of the problem.  



Floquet theory and its (incorrect) application

For  ( ) ,   where  is a vector, 
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For the 2D dynamic stabilization problem, need to solve 
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Courant-Snyder theory for dynamic stabilization
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Slower modulation is better

1~ 3 nsg - 
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What is the best modulation?

Complicated dependence on modulation forms 



Demonstration of wobbler concept on NDCX-II

2
pulse

7,  1, ( -1) 3MeV, 140nsA q mc lg= = = =

drift plate
5mm, 1m, 0.5mx D DD = = =

t li d

xD

Wobbler
neutralized

E=6000Volts/meter @ 7MHz 

drift
D

plate
D

Target
/    



Conclusions

 Wobbler fields control the centroid.

 Focusing lattice controls the envelope.

 Envelope and centroid dynamics are decoupled.

 Time modulation stabilizes RTI.

 Courant Snyder theory for dynamics stabilization Courant-Snyder theory for dynamics stabilization.

 Slower modulation is necessary. 

 Best modulation form is yet to be found.  Best modulation form is yet to be found. 

 A wobbler design for NDCX-II. g   


