
HOMs in the TESLA 9-cell cavity
HOMs in the XFEL and ILC

Rainer Wanzenberg
SPL HOM workshop
CERN, June 25 – 26, 2009



Rainer Wanzenberg |  HOMs in the TESLA 9-cell cavity  |  June 26, 2009  |  Page 2

Outline

> TESLA 9-cell cavity

> XFEL, FLASH, ILC

> Cavity shape

> Monopole and Dipole modes

> Long Range Wakefields, Multi-bunch Beam Dynamics

> RF Measurements

> Measurements with beam

> HOM coupler configuration

> 3rd harmonic cavity

> Summary



Rainer Wanzenberg |  HOMs in the TESLA 9-cell cavity  |  June 26, 2009  |  Page 3

Superconducting TESLA 9-cell cavity

Ref.: B. Aune et al. , Phys. Ref. ST Acc. Beams Vol 3 (2000) 092001

9-cell standing wave structure made from solid niobium

•length about 1 m
•operation mode 1300 MHz (π mode)
•one input coupler
•two HOM couplers
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XFEL

DESY construction side

web page: http://xfel.desy.de/ Hz10f_rep
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Flash

Module 6 during installation Module performance

webpage:   http://flash.desy.de/
Ref: S. Schreiber, B. Faatz, K. Honkavaara, Proceedings, EPAC 08, Genoa, Italy

1 module = 8 cavities Lasing at 6.5 nm (Sep. 2007)



Rainer Wanzenberg |  HOMs in the TESLA 9-cell cavity  |  June 26, 2009  |  Page 6

ILC  - Reference Design

Acc. gradient 31.5 MV/m
Number of 9-cell cavities       2 x 8000
(two linacs)

Ref: Reference Design Report, ILC-REPORT-2007-001, Aug. 2007

MV / 
m31.523.6Gradient

2 x 
8000800

Number of 
cavities

mA95
average 
current

ns369200
bunch 
spacing

mm
mrad

10 / 
0.041.4

Emittance
(normaliz-
ed)

101020.65

Bunch 
populat-
ion

26254000
Number of
bunches

GeV
2 x 
25017.5Energy

ILCXFEL



Rainer Wanzenberg |  HOMs in the TESLA 9-cell cavity  |  June 26, 2009  |  Page 7

Cavity shape

HOM coupler

Cutoff frequencies:  Midcup:  monopole 3.27 GHz;  dipole 2.51 GHz (TE)  (r = 35 mm)
Endcup: monopole 2.94 GHz;  dipole 2.25 GHz (TE)  (r = 39 mm)
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Monopole and Dipole Modes

MAFIA model of the TESLA cavity

Mainly, a 2D (rz) model is used to calculate the HOMs

Some 3D (rφz) calculations:

Monopole mode (1.3 GHz) Dipole mode (1.79 GHz)

Ref.: R.W.,  TESLA 2001-33, Sep. 2001
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Passbands

Passbands of the cavity midcell using periodic boundary conditions

solid:            monopole
dashed:        dipole
dash-dotted: quadrupole
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Solve Maxwell equation on a grid (MAFIA):
•Eigenmode (E,B field)
•frequency

Basic post processing
•voltage
•stored energy
•dissipated power, Q-value

Further parameters
•loss parameter

•kick parameter (dipole modes)

•R/Q     (R = V2 /2 P)

•G1

Loss and kick parameter, R/Q, G1
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Monopole Modes

Cutoff frequencies:  Midcup:  monopole 3.27 GHz (r = 35 mm)
Endcup: monopole 2.94 GHz  (r = 39 mm)
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Dipole Modes

Boundary conditions: EE   x  MM

< band 5

Cutoff frequencies:
Midcup:  dipole 2.51 GHz (TE)  (r = 35 mm)
Endcup: dipole 2.25 GHz (TE)  (r = 39 mm)
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Dipole Modes – Field Plots
1st passband (largest R/Q), MM-7, 1.71 GHz

2nd passband (largest R/Q), MM-14, 1.87 GHz

3rd passband (largest R/Q), MM-30, 2.57 GHz

5th passband, (trapped) MM-42, 3.08 GHz



Rainer Wanzenberg |  HOMs in the TESLA 9-cell cavity  |  June 26, 2009  |  Page 14

Estimation of external Q-values

Kroll, Yu  Method   (Part. Acc., 1990, Vol 34, pp 231-250)

3D (xyz) MAFIA Model of the cavity

Electric field of 1.73 GHz mode from the first passband:

Coaxial port with plunger:
From different plunger position the external
Q-value is fitted according to the theory by
Kroll and Yu.

Qext ~ 4 x 105 

for the mode from the first passband



Rainer Wanzenberg |  HOMs in the TESLA 9-cell cavity  |  June 26, 2009  |  Page 15

Long Range Wakefields
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Kick on bunch n
One dipole mode and a bunch train with constant offset:
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Asymptotic amplification of the kick:

Ref: P.B. Wilson, AIP Conf. Proceedings 87, New York (1982), p. 450-563
L. Bellantoni, H. Edwards, R.W., Internal report, DESY M 08-01, March 2008
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Asymptotic amplification of the kick
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Resonant excitation – modulated bunch train
One dipole mode and a bunch train with a modulated offset:
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Simulations

TESLA LC,
Technical Design Report, Part II, part 3.2.3
TESLA Report 2001-23, March 2001

Multi bunch beam simulations
(A. Mosnier)
0.5 mm rms cavity misalignment
Q-values:    2 x 104 ... 1 x 105

mode detuning

XFEL
beam dynamics working group

http://www.desy.de/xfel-beam/

N. Baboi, Y. Kot
Multi Bunch Beam Dynamics
Linac Review Meeting - 2007-03-26

0.1 % rms mode detuning 
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RF measurements

Qext of 1st dipole 
passband TE111

(50 cavities)

Measurement of external Q-values
using a spectrum analyzer

Ref.: J. Sekutowicz, ILC workshop, KEK, Nov. 2004

red bars: R/Q

Q = 105
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RF measurements (cont.)

Qext of 2nd dipole 
passband TM110

(50 cavities)

Qext of  3rd dipole 
passband TE121

(7 cavities measured in 
the horizontal cryostat 

CHECHIA)

Large difference in Qext  
of both polarization

Q = 105

Q = 105



Rainer Wanzenberg |  HOMs in the TESLA 9-cell cavity  |  June 26, 2009  |  Page 22

Measurements with Beam

Ref.
S. Fartough, et al., Proceedings, PAC 1999, New York,
C. Magne, et al. ,    Proceedings, PAC 2001, Chicago,
S. Fartough, CEA/DAPNIA/SEA-98-18

Measurements with beam at the TTF (now converted into the user facility FLASH)

Modulation of the bunch charge
( ))2sin(10 φπλ ++= bmn Tfnqq

m
b

HOM f
T

kf +=
1

Excited HOM

HOM signal
2.57 GHz
Q ~ 2.9 105



Rainer Wanzenberg |  HOMs in the TESLA 9-cell cavity  |  June 26, 2009  |  Page 23

Symmetries of the HOM couplers

Ref.:
M. Dohlus, V. Kaljuzhny, S.G.Wipf , TESLA 2002-05

Original Configuration

The HOM couplers
couple only weakly to
vertical polarized modes
of the 3rd passband

Field stimulated by HOM port, 2.5GHz
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Improved configuration of the HOM couplers

⇒

Modified Configuration

The HOM couplers couple to
vertical and horizontal
polarized modes

vertical

horizontal

horizontal
deg
ϕ

GHzf

B
1

B3B2

modified
upstream coupler

downstream coupler

65 deg

Modified upstream HOM coupler

Original
Configuration
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Cavity with modified upstream HOM coupler

> Calculations have been verified with Cu models

(M. Dohlus, V. Kaljuzhny, S.G.Wipf , TESLA 2002-12)

> No Measurements with beam

> RF – Measurements:   Qext of  3rd dipole passband

vert. and horz. polarized modes are damped (G. Kreps)
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3rd harmonic cavity

Goal: improve the longitudinal phase space properties of the XFEL / FLASH beam

Ref:
K. Flöttmann et al. TESLA-FEL 2001-06
J. Sekutowicz et. al. TESLA-FEL 2002-05, July 2002
N. Solyak, et al., Proceedings, EPAC 06, Edinburgh, UK

3.9 GHz 9-cell cavity, build at FERMILAB
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Summary

> FLASH is using s.c. TESLA 9-cell cavities (6 modules, 48 cavities)

> Good module performance, gradient above XFEL specifications

> The XFEL design is based also on TESLA 9-cell cavities (800 cavities)

> HOM’s of the TESLA 9-cell cavities have been calculated (MAFIA)
two dipole pass-bands  are below cutoff frequency

3rd dipole pass-band is close to the cutoff frequency, 5th band some trapped modes

> Beam Dynamics studies,  Qext < 105

> RF-Measurements, high Qext is found 3rd dipole pass-band 

> Measurement with beam

> Improved HOM coupler design, vert. and horz. polarized modes of the 
3rd dipole pass-band are damped
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