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Mismatched Beams and Beam Halo

Envelope modes of beams in continuous 
focusing

Envelope modes of bunched beams in 
continuous focusing

Halos from mismatched beams 





Single	particle	equation	for	uniform	density	beam:

For	the	equilibrium	rx = ry,=rb so:	

so	

And	the	condition	on	equilibrium	beam	radius	becomes:

rb
4



(s1)



What	are	the	eigenvectors	(i.e.	x/h)	for	each	frequency?
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The Heavy Ion Fusion Virtual National Laboratory!

Continuous focusing:  breathing mode and
 quadrupole mode 

Breathing mode:!

Quadrupole mode:!

Note that in the quadrupole mode the beam area is nearly constant,!

whereas in the breathing mode, density increases increasing restoring!
force; hence breathing mode has the higher frequency of the two modes.!
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The Heavy Ion Fusion Virtual National Laboratory!

Bunched beams with continuous focusing:  low
 frequency and high frequency modes 

Low frequency mode (primarily longitudinal):!

z!

r!

High frequency mode (primarily transverse):!

(A second high frequency mode (primarily transverse)!

corresponds to the quadrupole mode of unbunched beam). !

Mode  motion!

Mode  motion!

















Particle	frequency	=		(1/2)	Envelope	frequency	

As	particle	dives	in	and	out	of	envelope,	particle	is	at	
same	phase	of	envelope	oscillation.

Those	particles	that	are	exiting	the	beam	when	beam
radius	is	small,	and	entering	beam	when	beam	radius
is	large,	get	larger	"kick"	going	out	and	smaller	kick
coming	in,	so	are	driven	to	large	amplitude.





(or	kb0)

(or	kenv/2)

(or	kb)

(or	kenv)
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Simplified	core-particle	model	(~xcos(kbs)	for	the	oscillating	
core	and	~x3 for	the	non-linear	space	charge	field	external	
to	the	core.



Full	core-particle	model	using	theta	functions	to	model	the	
oscillating	core	and	the	non-linear	space	charge	field	
external	to	the	core.





Transforming	from	w,	Y coordinates	back	to	x,	x'	coordinates	reveals	
the	peanut	diagram.	












