
compensation of rf coupler kicks
1st attempt

previous investigations

calculation of coupler kicks

local compensation

not quite local compensation

global compensation

beam dynamics

summary and remarks



s2e-meeting 21.May 2007: Emittance Growth by RF Coupler Kicks

2005

h=17%
v= 1%

previous investigations



s2e-meeting 21.May 2007: Beam Dynamics in Low Energy Part of XFEL Acc.
V. Tsakanov



calculation of coupler kicks

the old MAFIA method
see: http://adweb.desy.de/~mpymax/mafia/HOM_Coupler/index.html

a lengthy procedure:
about 10 MAFIA runs
intermediate processing with fortran program
final post processing with mathcad



calculation of coupler kicks

the old main and HOM coupler geometry

mode of operation: steady state, pure forward wave, zpen=6mm → Qe ≈ 3.5E6
kick from input coupler depends
on forward and backward waves!

comparison with FNAL geometry (report Lunin, Solyak, Yakolev)
the actual DESY geometry is probably similar

everything could be done better
discretization
field calculation but more time consuming!

old / FNAL



calculation of coupler kicks

existing version



calculation of coupler kicks

existing version (all couplers together)
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local compensation

(upstream with compensation)(downstream = unchanged)

not perfect due to
numerical errors!

real or virtual
2nd HOM coupler

version u1

E
sensor



local compensation

(upstream with compensation)(downstream = unchanged)

virtual 2nd HOM coupler
reduced length

version u2



local compensation

(upstream with compensation)(downstream = unchanged)

version u3

10 mm
penetration !



not quite local compensation

(upstream with compensation)(downstream = unchanged)

reduce real part of sum
version 1

10 mm
penetration !



(upstream with compensation)(downstream = unchanged)

not quite local compensation version 1
reduce real part of sum



not quite local compensation

(upstream with compensation)(downstream = unchanged)

version 2
reduce imaginary part of sum



(upstream with compensation)(downstream = unchanged)

not quite local compensation version 2
reduce imaginary part of sum



global compensation

simple geometry transformations: rotation- or mirror-transformation

redesign of distribution
network and cryostat

general discussion in: http://www.desy.de/~dohlus/2007/2007.07.ckick/

same or similar arguments for rf-fields and wake-fields 

one side distribution network

two side distribution network 

different energy at kick and compensating kick 

→ is global compensation possible at the very low energy of ACC1?



global compensation

general discussion (standard modules / 3rd harm. modules)
see: http://www.desy.de/~dohlus/2007/2007.07.ckick/

no on crest kick
phase dep. kick,
position dep.

no kick on axis
position dep.

systematic kick
no phase dep. kick
position dep.



beam dynamics

complicated mechanism of emittance growth
emittance compensation schema
strong variation of energy and transverse beam size
spatial and temporal dependency of coupler fields

steering effects of coupler fields

further ASTRA calculations are required
procedure is lengthy, the risk of mistakes is considerable
simplified and/or standardized procedure desirable

1st order Taylor expansion of kick parameter → analytic theory
1st order Taylor expansion of kick parameter → generic coupler field → efficient BD simulation

use of glue-track?
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it is not clear what type of compensation is needed
is the emittance growth driven by spatial or temporal dependency? … 



summary and remarks

strong geometrical constraints: tuner (local)
cryostat (in general)
E sensor

optimal geometry for rf induced kicks is not necessarily identical  
with geometry for minimal wake field effects → simultaneous investigation

local- or quasi-local compensation: fixed (not tunable) reactive element
partial compensation of some effects

global compensation: does it work in principle?

further BD simulations required: lengthy
improved or simplified method
driving terms of emittance growth

clarify operational conditions, limitation of tuning ranges bunch currents
and bunch charges


