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Envelope Equations derived in course:
|. Statistical rms envelope equations (envelopes defined in
terms of rms quantities; emittance not guaranteed to be
a conserved quantity).
1. Paraxial: r,; azimuthal symmetry; p(r)
2. Cartesian; r,, r,; elliptical symmetry p(x*/r,? + y*/r ?)

3. Longitudinal: r_ for
8 . E =-—8 @ocz; Ao (1-4Z22/r2); vezlr,

4. Ellipsoidal (rf) bunches: 1, r(Also r, r, r,; cf Wangler sec9.9)
5. Cartesian with images: r, r,;

~ ~

6. Larmor frame: periodic solenoids: 1, 1,
7. Cartesian including scattering: r,, ry, emittance evolves (
de?
) dx =4cscrx2
S

ll. Kinetic envelope equations (constraint equations governing the
parameters of the distribution function.
Emittance conserved.)
1. KV distribution elliptical uniform density beam
flxxtyy')~ o1-C-Cy);  E,~x; E ~y;
(Identical envelope equation to #2 above).
2. Neuffer distribution for 1D (longitudinal projections of
phase space) parabolic line charge density profiles
Mz )~ (1-C)M% E ~ z;
(Identical envelope equation to #3 above).

lIl. Moment equations
1. Transverse with chromatic effects

<x2>,<xx'>,<x'2>,<x2(3>,<xx'5>,<x'2 5>,...
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Instabilities

1. Longitudinal (resistive wall) instability
(fluid instability)

2. Electron-ion instability
(centroid instability)

Steve talked about:
3. Envelope instabilities

Steve talked about:
4. Kinetic instabilities

(distribution function dependent)

5. Single particle resonant instabilities
-- Halo
-- Ring resonances (covered by Steve)
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+
‘ Heavy ion Residual gas | € glectron
molecule
Processes:

1. Coulomb collisions (intra-beam)
+ + di__ldn__(TL_]ﬂ)

‘ ‘ dt 2 dt T
~ -1
‘/\‘ Ve

2. Coulomb collisions with residual gas ‘

" '%/

2

64 22, 21 204773y
3. Charge exchange d—s~ T Gmeme n(204Z;'")r;
++
. ‘ 01 Charge
‘ ‘ changing
collisions:
4. Stripping N o +t
‘ Beam
‘ loss;
’ LAY
5. Neutralization molecules
+ ‘O J from wall
‘ + \ e _ne
’ dt 7 Dy

6. Gas lonization /e‘

+ + > ng
‘ molecules
’*‘ ; from wall




7. Wall interactions _
desorption &

sputtering

electron emission ~“

+ e +
'\ % ‘ reflection
desorption &

e_

+

o
/\ky\%“ desorption

v synchrotron photon

e-

19
John Barnard and Steven Lund USPAS 2011



Summary of electron, gas, pressure, and scattering effects

1. Coulomb collisions within beam can transfer energy from
_| to || and provide lower limit on T,,, higher than from
accelerative cooling.

2. Coulomb interactions with residual gas nuclei provide a
source of emittance growth (but not important for higher
mass and linac residence times.)

3. Pressure instability from desorption of residual gas by
stripped beam ions hitting wall or beam ionized residual gas
atoms, forced to wall by E-field of beam. Limits current in
rings or high repetition rate linac.

4. Electron can cascade and reach a "quasi" equilibrium
population of similar line charge to the ion beam electron-
ion two stream instability is unstable, and can lead to
transverse instability, similar to what is observed in some
proton rings.
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