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Introduction

• FM and HOM couplers at the end groups breaks 
the symmetry of the accelerating modethe symmetry of the accelerating mode.

• Dipole field content of the asymmetry field cause 
transverse deflection of the beam centroid andtransverse deflection of the beam centroid and 
bunch head-tail transverse kicks. 

• Important to understand effect on beam dynamics• Important to understand effect on beam dynamics.
• Mitigate the effects if effect larger than acceptable.
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Dohlus’s RF Kick Simulation
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Brandon Buckley 
Cornell- Cornell
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High Fidelity Geometry & Field Modeling In 
Omega3P & S3POmega3P & S3P

Fields in coupler regions are orders smaller than fields in 
the regular cells. High accuracy field modeling needed.

Complicated geometries in end groups

• High fidelity modeling of geometry 
using unstructured tet mesh

• High field accuracy using higher
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High field accuracy using higher 
order interpolation base function



End Group Modeling
• FM coupler nominal operation condition

– Average beam current: 0.011 Ag
– Gradient: 31.5 MV/m
– Beam loading matched coupling: Qext ~ 3.4E6

• Two ends modeled separately to study coupler• Two ends modeled separately to study coupler 
orientation combinations
– Upstream: only the HOM coupler

SW fi ld• SW fields.
• Fields obtained by Omega3P eigen mode calculation

– Downstream: FM coupler + HOM coupler
M t h d li b t 1 ith b l di• Matched coupling – beta=1 with beam loading

• TW fields in coupler region
• Fields obtained by port excitation using S3P
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Fields In Upstream End Group
E field B field
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• Standing wave field.
• Ex, Ey 3-orders of magnitude smaller than Eacc 



Fields In Downstream End Group
• FM coupler matched to nominal current
• No reflection when loaded by the beamNo reflection when loaded by the beam
• S3P to drive through the coupler to simulate 

nominal operation condition (beta=1 with beam 
loading)

Er Ei
TW wave in coupler
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Fields in Downstream End Group
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Multipole Analysis 
Beam dynamics
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TDR RF Kick
FM coupler: S11=0.013

TDR Cavity Coupler RF kick
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Y-kick: Coupler to cell center about half wave 
length, y-kick roughly “in” phase with crest

X-kick: upstream and downstream have 
different phase relative to the crest.
TW fi ld i l i lt d i lTW field in coupler region resulted in larger 
head-tail kick

Accelerating Gradient = 35MV/m; Head-tail: +- 1 sigma_z
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Kick unit: Volt X-centroid Y-centroid X-head-tail Y-head-tail
TDR -2106 -785 33 3.5



Igor: Coupler SW Kick v.s. Cavity SW 

TTF coupler 
orientation

RF kick=7.3V
(Eacc=15MV/m)orientation ( acc 5 / )

Igor & Martin

after coupler 
rotation
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Igor & Martin 



End-group Modification
• Rotate up-hom by 180 degree about z
• To minimize SW kick     (Karl’s talk)
• Effect on RF kick ?• Effect on RF kick ?

TDR TDRM
(TDR modified)

r35

r39r39
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TDRM RF Kick

TDRM = modified TDR
• Upstream HOM rotated 180 

degrees about z

TDRM Rf Kick
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Accelerating Gradient = 31.5MV/m; Head-tail: +- 1 sigma_z

Kick unit: Volt X centroid Y centroid X head tail Y head tail

Zenghai Li                                  WakeFest07 - Dec 11, 2007

Kick unit: Volt X-centroid Y-centroid X-head-tail Y-head-tail
TDRM 761 2621 24 4



Using Cavity Pairs To Cancel RF kicks (?)

Ultimate pair cancellation (same Ea): cavity + cavity_rotate_pi_aboutz

Has big impacts on module and power distribution configuration

Following cases all have FM coupler on the –x side to minimize impacts on 

• TDR + TDR-rotx

g p p
module and power distribution design

• TDRM + TDRM-rotx

• TDRM + TDRM-mirrorZ
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Pair Of Cavities Rotate About X&Z

TDR + TDR-rotx
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Accelerating Gradient = 31.5MV/m, Head-tail: +- 1 sigma_z
Kick unit: Volt X-centroid Y-centroid X-head-tail Y-head-tail
TDR,TDR-rotx 609 -739 20 0.3
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TDRM,TDRM-rotx 664 2606 11 ~0
TDRM,TDRM-mirrorZ 664 15 11 4



Summary OF RF Kicks
• Eacc = 31.5MV/m
• Ibeam = 0.011A
• Qext ~ 3.4E6

Accelerating Gradient = 31.5MV/mg
Head-tail: +- 1 sigma_z
Kick unit: Volt

X-centroid Y-centroid X-head-tail Y-head-tail
TDR -2106 -785 33 3.5
TDRM 761 2621 24 4
TDR,TDR-rotx 609 -739 20 0.3
TDRM,TDRM-rotx 664 2606 11 ~0

TDRM,TDRM-mirrorZ 664 15 11 4
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Summary
• SW and TW wave fields in coupler region are 

modeled using Omega3P and S3Pode ed us g O ega3 a d S3

• “Significant” beam centroid and head-tail kicks g
are found due to coupler asymmetry

• Redesign of end group to minimize RF kicks 
discussed

• Beam simulation needed to understand impact 
of RF kicks
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of RF kicks.


