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Intrabeam collisions, gas and electron effects in intense
beams

Beam/beam coulomb collisions
Beam/gas scattering

Charge changing processes
Gas pressure instability
Electron cloud processes
Electron-ion instability
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Gas and electron effects

-Effects are quite different depending on
g, m of species being accelerated

-Circular accelerators vs. Linacs
(t ~ ms to days vs. 10’s of us)

residence

-Long pulse vs. short pulse
(t ~ 10’s of us vs. 10’s of ns)

pulse
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How does scattering change the envelope equations?

We assume the scattering locally changes the transverse
momentum, without directly changing the position (thin lens).

So after an incremental distance os

T 1 xX—=>x, XxX'—x,+0x' 0
P 87 = (80 = x,%) = 2B+ (B6) = (86%) = € 00
> X

S(xx') = <(x0'+5x‘)x0 - xo'x0'> = <N> =0

0

6<x2> = <x§ - x02> =0

And the moment equations become:

%<x2> =2(xx") 0
"n__ _ ﬁ 1
i<xx'>=(xx”>+<x'2> For x'"=-K(s)x+ e and if energy loss

ds
di<X'2>=2<x'X">+CSC is negligible theenvelope equationbecomes:
S
" 8)%
. +K(S)’”x+7=0 (Envelope equation
) Y ’ unchanged, but e
d €
s _4r2C £ 2 0)

ds ds



For a beam undergoing acceleration or deceleration
or if both stopping and scattering are not negligible:

! 2

"+(Yﬁ) r'+ Q +K(s)r, + 28”5 =0
d 2

gn)c — 4y2/32rx2csx

ds

d stoppin,
me <L =gE (s) - ——"
) ds
Example:

g x 2
4me,mec” 3

2
de? 77 e’
‘L 4y2B22C. = 32m rz( ¢ ) In(204Z;"")
ds
n, =107 torr = 35x10” cm™ = 3.5x10” m™

r.=0.01 m Z, =7, Z=19; A=39; =001 ¢, =1x10"° m-rad

de’ 17
d”x =46x10" nf —-rad®/m
S

2

=2 /% 25 000 m
ds

So 22 km needed to equal original emittance! (So more
important for rings and/or low mass particles).
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Lbeam >

plpe rbeam
>
Lpipe
V., =m. L V. =m’ L A =m’
beam beam —beam pipe pipe " pipe P pipe
Gas evolution equation:
ionization stripping charge exchange
dn l- V, l— V l 1%
beam beam 2 beam
dt nGG V +T’H10svinbn +nGGce cm +
pipe pipe pipe
S |-
+g—-|—|n
A
|7\
outgassing pumping

Here S = effective linear pumping rate m3/s/m = m?/s
q = effective linear outgassing rate
= 27trpiperutgassing/(Tcrpipez) = onutgassing/rpipe

- 2
where Qqgassing = #/cm?/s

N = gas molecules desorbed per incident ionized gas molecule
Ny = 8as molecules desorbed per incident ionized heavy ion

Viean! Voipe 2 (Fpeam™ /T e )(ViepAt) for a rep rated linac
At = pulse duration; v, = repetition rate
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Figure 10.11. Plots of (a) normalized growth rate (Imw/wg, ), and
(b) normalized real frequency (Rew — w,)/wpy versus shifted axial
wavenumber (k; — kz0)V3/wp. obtained from the dispersion relation
(10.108) for the unstable branch With positive real frequency. System
parameters correspond t0 vr|, = 0 = Vg, Ts/me = 1836 (protons),

(7o—1)mpc® = 800 MeV, rp/r = 0 5, and f = 0.1. Curves are shown
for several values of normalized beam mtenmty ob /2'ybwﬁ | Tanging

from 0.05 to 0.5. el
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Figure 10.12. Plot of normalized growth rate (Imuw/wg} ), and nor-
malized real frequency (Rew—w,)/wp) versus positive real frequency.
System parameters correspond to @Z%/2viwj, = 0.07, vr|e = v,
mp/me = 1836 (protons), (15 — 1)mpc® = 800 MeV, rp/rw = 0.5,

and f = 0.1. Curves are shown for several values of normalized ion
thermal spread vpyp/ V5 ranging from 0 to 0.01. ,

velocity V; [Eq. (10.105)], it is expected that Landau_ damping by
parallel ion kinetic effects can have a strong stabilizing influence at
modest values of vryy/ V5. That this is indeed the case is evident from
Fig. 10.12, which shows a substantial reduction in maximum growth
rate and eradication of the instability over the instability bandwidth
as v/ Vs is increased from 0 to 0.01. .

‘We now mske use of the nonlinear particle perfurbative simula-
tion method [60,61] described in Sec. 8.5 to illustrate several impor-
tant properties of the two-stream instability in intense beam systems .
(Sec. 10.4.2).
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