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The effect of dipole and quadrupole HOMs on 
the performance of the Phase II ERL

Outline:

• Beam induced voltage: losses and kicks
• Beam breakup for quadrupole HOMs
• BBU statistics for “ERL in CESR tunnel”
• Discussion
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Introduction

• Superposition
• Concept of normal modes

• Conservation of energy
• Causality

The “Big Four”
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Wake formalism for point charge
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Wake function for resonant mode
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Beam breakup
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Transient and steady case parts of induced voltage
• Equation for transient part reproduces integral equation for 

BBU for aligned cavity

• Steady case part of beam induced voltage generates displaced 
orbit
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Resonance function
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Beam induced voltages
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Dipole HOMs from TESLA TDR for 100 mA ERL
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Transverse multipass beam breakup
dipole mode quadrupole mode
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Quadrupole HOM induced voltage for 100 mA ERL
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Beam breakup due to quadrupole HOMs
a) aligned cavity dyx >>,σ
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bi - numeric tool for transverse BBU

Features:
• written in C++
• cleaner algorithm than TDBBU
• faster than TDBBU (a single 5 GeV ERL run takes less 

than a minute; execution time is estimated to be 7-9 times 
faster when no coupling is present; with coupling it is 
estimated to be at least 4 times faster)

• allows any ERL topology
• easier to use
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Linac optics (DCS, 04/01/03)

linac optics "erl in cesr tunnel" DCS 04/01/03
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Worst 14 dipole modes from TESLA TDR

th
re

sh
ol

d 
cu

rr
en

t [
m

A
]

same frequency for all cavities

]/GHz/cm[  f/)/( 2ΩQQR

103

102

10
106 105 104 103

931.061088.1 −⋅= xy



Ivan Bazarov, The effect of dipole and quadrupole HOMs on the performance of the Phase II ERL, ERL mtg, 23 June 2003  18CHESS / LEPPCHESS / LEPP

Uniform frequency spread of 10 MHz

th
re

sh
ol

d 
cu

rr
en

t [
m

A
]

same seed for all modes

]/GHz/cm[  f/)/( 2ΩQQR

104

103

106 105 104 103

944.071059.2 −⋅= xy

102



Ivan Bazarov, The effect of dipole and quadrupole HOMs on the performance of the Phase II ERL, ERL mtg, 23 June 2003  19CHESS / LEPPCHESS / LEPP

Fixed current (30 mA)
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Stabilizing effect of HOM frequency spread

• Effectively decreases Q of the mode: Q ~ ω/∆ω½

• Limited in its effect by ~ ω / Q of the HOM
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Threshold vs. frequency spread
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Threshold for different seeds (10 MHz uniform)
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Direction we are heading to?

• Refrigerator    
16.4 MW

• RF power        
1.1 MW

• Dumped power       
1 MW

• 7 undulators in 
the current design

unstable?
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Two-recirculation option

• Need half the linac
� linac cost
� refrigeration

• BBU is currently limited to ~ 20 mA

• Current in linac is now 400 mA (difficult even for 
storage rings), e.g. beam induced effects go up by a 
factor of 4



Ivan Bazarov, The effect of dipole and quadrupole HOMs on the performance of the Phase II ERL, ERL mtg, 23 June 2003  26CHESS / LEPPCHESS / LEPP

BBU in two-pass ERL: gruesome look [from ERL memo 02-4]
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Table 1. 
Results of TDBBU runs for 1-pass and 2-pass 5 GeV ERL. 
HOM table (TESLA TDR 03/2001)       
     1-pass 5 GeV ERL 2-pass 5 GeV ERL Improved by 
f (MHz) R/Q (Ohm) Q (R/Q)*Q  BBU (mA)  BBU (mA) Q* a factor of 

1699 88.40 5.00E+04 4.42E+06  160  20 8.00E+02 62.5
1873 56.39 7.00E+04 3.95E+06  190  25 1.30E+03 53.8
2575 51.50 5.00E+04 2.57E+06  115  15 9.00E+02 55.6
1725 118.64 2.00E+04 2.37E+06  135  15 5.00E+02 40.0
1864 42.84 5.00E+04 2.14E+06  > 200  40 2.00E+03 25.0
1880 11.08 1.00E+05 1.11E+06  > 200  90 8.00E+04 1.3

… … … …  > 200  > 100   
        * BBU th >=100 mA 
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Trapped in the ~ 20 MW ERL?

Suggestion: drop the average current (~ 30 mA)
and do two-recirculations

Pros: real savings (both construction & operation)
higher injection energy (~ 20 MeV)
lower space charge (improved brilliance)
more room for undulators

Cons: lower flux per meter of insertion device
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Maxim time

Never trade flux for brilliancesay “never”
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How many University Graduates does it 
take to change a light bulb?

One, but it may take up to seven years!

Flux: how many bulbs does it takes?

FLUX BRILLIANCEN××××

N
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How much flux do people really care for?

• At 100 mA one has ~ 1 kW of X-ray flux per meter of 
undulator

• At 30 mA, one would still have ~ 300 W per meter

• Flux-driven experiments don’t need small size and parallel 
beam – they need to be identified and dedicated IDs 
should be used for such applications

FLUX × (∆ω/ω) × (εph/ ε⊥)2

spatial filtering with pin-hole for undulator does both
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Brightness degradation due electron angular spread
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ERL in CESR tunnel II
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Explaining tracking curve
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