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Injectors and longitudinal physics -- II

1. Acceleration - introduction
2. Space charge of short bunches (rf)   
3. Space charge of long bunches
4. Longitudinal space charge waves
5. Longitudinal rarefaction waves and 

bunch ends



v(x,t)	=	0





E	=	Epeakcos wt





Ep(-1)ncoswt
Epcoswt					

Ep



Note	that	Eo =	the	electric	field	averaged	over	the	distance
between	accelerating	gaps	times	the	“transit	time	factor”.
The	transit	time	factor	accounts	for	the	change	of	the	field
during	the	transit	of	the	beam	through	the	gap	of	width	d.
Eo ≅ Ep (d/Ln)	T		where	Ep is	the	peak	field	and	
where	T	≅ ∫ 𝐸$%&'

(/*
+(/* cos(2pz/bl)dz/ ∫ 𝐸$%&'

(/*
+(/* dz

=	sin(pd/bl)/(pd/bl)					-->	1	if	pd/bl << 1
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fs= -p

fs= 0

fs= -p/4fs= -p/2

fs= -3p/4

fs= p/2

For	there	to	be	a	region	of	focusing	around	the	synchronous	
phase,	-p <	fs <	0.

(no	focusing	around
synchronous	phase)









Check:	for	a	spherical	bunch



(and	z >	rz)
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For	space	charge	dom.	beam:
kb02 rb=	Q/rb
kb02 ~	l/rb2 ~r ~const



(with	constant	emittance	and	radius)


















