
R.M. Jones, EuCARD2, CERN, 20R.M. Jones, EuCARD2, CERN, 20thth April 2011April 2011 1

Detuned and ManifoldDetuned and Manifold--Damped HGDamped HG

LinacsLinacs for CLICfor CLIC
Roger M. Jones

Cockcroft Institute and

The University of Manchester

b

a

a+a1

R

a1

t/2

L

Rc

a

a

R.M. Jones, EuCARD2, CERN, 20R.M. Jones, EuCARD2, CERN, 20thth April 2011April 2011

http://www.google.co.uk/imgres?imgurl=http://gravitasfreezone.files.wordpress.com/2008/04/cern_globe.jpg&imgrefurl=http://gravitasfreezone.wordpress.com/2008/04/08/&usg=__F8OZD5hOHJRXn_WWT3RWl4dbVNo=&h=385&w=557&sz=38&hl=en&start=30&zoom=1&tbnid=Prp8y2O-QcphBM:&tbnh=92&tbnw=133&ei=24SuTdThAcnbtAaD4J3XDA&prev=/search?q=CERN&start=20&um=1&hl=en&sa=N&rlz=1T4GZEZ_en-GBGB338GB338&tbm=isch&um=1&itbs=1


R.M. Jones, EuCARD2, CERN, 20R.M. Jones, EuCARD2, CERN, 20thth April 2011April 2011 2

Overview

1. Past experience in X-Band Linear Accelerating 

Structure Design:  NLC /GLC (Next Linear 

Collider/Global Linear Collider).

-Vast (more than 15 years) experience obtained in a 

collaborative (SLAC/KEK/FNL)  design and 

fabrication of a host of test structures.

-Principles of wakefield suppression and built-in 

structure diagnostic discussed

2. Alternate Design for Wakefield Suppression for 

CLIC:  Initial studies at Cockcroft Inst./Univ. 

Manchester

-Method described in 1 applied to CLIC
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1. Review of General Methods of 1. Review of General Methods of 

WakeWake--Field DampingField Damping
1. Strong Damping (Q~10) => loss in the shunt impedance of the monopole mode.

a) Magnetic coupling –azimithal slots (kidney slots)

b) Electric coupling – longitudinal slots

2.  Resonant suppression

a) single frequency: fdipole = (n/2) fbunch (zero-mode crossing)

b) multiple frequency, beat-note: fdipole1 – fdipole2 = n fbunch

3.  Non-resonant suppression –Detuning

a) Rectangular Kdn/df (kick factor weighted mode density) => sinc function wake

b) Gaussian Kdn/df => Gaussian wake function

c) Truncation of Gaussian necessitates light damping in addition to detuning

d) Less sensitivity to frequency errors

e) Less impact on fundamental mode shunt impedance
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1. DDS Accelerators Installed

in NLCTA at SLAC
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1.(R)DDS HIGHLIGHTS:

Features and 

Achievements/Lessons

Many involved in the NLC/JLC programme (SLAC, KEK, FNAL, LLNL).
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DS

Qcu

RDDS1

ASSET

Data

Conspectus of GLC/NLC Wake Function Prediction

and Exp. Measurement (ASSET dots)

DDS3 

(inc 10MHz rms errors)DDS1

RDDS1
H60VG4SL17A/B

-2 structure interleaved

Refs: 1. R.M. Jones,et al, New J.Phys.11:033013,2009.  

2. R.M. Jones et al., Phys.Rev.ST Accel. Beams 9:102001, 2006.

3. R.M. Jones, Phys.Rev.ST Accel. Beams, Oct.,2009.

1.  GLC/NLC Exp vs Cct Model Wake
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1. Measurement of Wakefields/HOMs

Electron bunch serves as the witness 

bunch

In traversing the DUT, the witness 

bunch is deflected by the wake 

function generated by the positron 

drive bunch. 

Witness bunch passes though chicane 

and down linac where trajectory is 

recorded by BPMs

 The transverse wake function is 

determined by measuring the change 

in the witness bunch deflection per 

unit change in the drive bunch offset in 

the structure. W┴ is the transverse wake function at time t 

behind the drive bunch, Ew (~ 1.2 GeV) is the 

witness  bunch energy and yd is the offset in the 

drive bunch from the electrical centre of the 

accelerating structure.  

Wake function units are transverse voltage  per 

drive charge (end), drive offset and structure 

length (Ls), and 

 y d w
W t y / E


   

2 2 2 2

s d
e L n exp( / c )   

Angular kick imparted to the 

witness bunch is found from  ratio 

of the transverse to longitudinal 

energy:

Ref: R. M. Jones, Wake field Suppression in High Gradient Linacs 

for Lepton Linear Colliders, Phys. Rev. ST Accel. Beams 12, 

104801, 2009
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1. Determination of HOMs in Structure via 

Stretched Wire Measurement

Illustrated is an X-band Set-up at SLAC.

Designed as part of the GLC/NLC programme.

Able to accommodate 1.8m structures.

Several other configurations in use internationally.

Ref: F. Caspers, Bench methods for beam-coupling 

impedance measurement (Lecture notes in beams: 

intensity limitations vol 400) (Berlin, Springer, 

1992)
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1. Determination of Cell Offset From Energy 

Radiated Through Manifolds

CMM

RF (Power min)
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1. Verification of Synchronous Frequencies from 

Measurement of Cell Stacks
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1. Summary of Manifold Suppression of Wakefields 

in Detuned Structures
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2. X-Band Wake-field 

Suppression for CLIC
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Introduction –Present CLIC baseline vs. 

alternate DDS design

The present CLIC structure relies on linear tapering of cell

parameters and heavy damping with a Q of ~10.

Wake suppression is effected through waveguides and dielectric

damping materials in relatively close proximity to accelerating cells.

Choke mode suppression provides an alternative, but as shown for

SW (V. Dolgashev et al), it will negatively impact Rsh -planned TW

structures are worth investigating though

 A viable alternative is presented by our CLIC_DDS design -

parallels the DDS developed for the GLC/NLC, and entails:

1. Detuning the dipole bands by forcing the cell parameters to

have a precise spread in the frequencies –presently Gaussian

Kdn/df- and interleaving the frequencies of adjacent

structures.

2. Moderate damping Q ~ 500-1000
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EPAC, 26 June 2008 W. Wuensch, CERN

HOM damping waveguides

Magnetic field concentration –
pulsed surface heating

High electric field and power
flow region - breakdown

Short range wakefields

Cooling Vacuum pumping

Alignment

Beam and RF

11.9942 GHz, 
2π/3 with a 
8.332 mm 
period

Current CLIC Baseline 

Accelerating Structure
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1) RF breakdown constraint

2) Pulsed surface temperature 

heating

3) Cost factor

Beam dynamics constraints

1) For a given structure, no. of 

particles per bunch N is decided by the 

<a>/λ and Δa/<a>

2) Maximum allowed wake on the first 

trailing bunch

Wake experienced by successive 

bunches must also be below this 

criterion 

260
m ax

/
sur

E M V m

56
m ax

T K 

3
3 18

in p in
P C M W ns m m 

9

1

6.667 4 10
( /[ . . ])

 


t
W V pC m m m

N

Ref:  A. Grudiev and W. Wuensch, Design of an x-band accelerating structure for the CLIC main linacs, LINAC08

CLIC Design Constraints
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Initial CLIC_DDS Designs

Two initial approaches.   Final method adopted which entails:

• Relaxed parameters, modify bunch spacing from 6 to 8 rf cycles 

and modify bunch population.   

• Wake well-suppressed for interleaved structures and  satisfies 

surface field constraints. CLIC_DDS_C (f  ~  3.6, 13.75%) 

• SUCCESS (on suppressing wakes and meeting breakdown 

criteria)  -from theoretical viewpoint!

• Need to Investigate: 

1. Ability of structure to cope with high power/gradients

2. Experimental verification of wakefield suppresssion
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Structure CLIC

_G

Frequency (GHz) 12

Avg. Iris 

radius/wavelength 

<a>/λ

0.11

Input / Output iris radii 

(mm)

3.15, 

2.35

Input / Output iris 

thickness (mm)

1.67, 

1.0

Group velocity (% c) 1.66, 

0.83

No. of cells per cavity 24

Bunch separation (rf 

cycles)

6

No. of bunches in a 

train

312

Lowest dipole

∆f ~ 1GHz

Q~ 10

2.1 Initial CLIC_DDS Design –f determination

CLIC_DDS Uncoupled Design
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b

Rc

a

a+a1

R
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Structure Geometry
Cell parameters

a1

t/2

a

L

Iris radius
Iris radius

Cavity radius Cavity radius

Sparse Sampled HPT 

(High Power Test)

Fully Interleaved

8-structures

amin, amax=  4.0, 2.13

bmin, bmax=  10.5, 9.53

Structure Geometry:

Cell Parameters
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192 cells

8-fold interleaving

24 cells

No interleaving
192 cells

8-fold interleaving

Manifold

Coupling slot

Dipole mode Manifold mode

∆fmin = 65 MHz

∆tmax =15.38 ns

∆s = 4.61 m

∆fmin = 8.12 MHz

∆tmax =123 ns

∆s = 36.92 m

∆f=3.6 σ 

=2.3 GHz

∆f/fc=13.75%

Summary of CLIC_DDS_C 

Meets 

design 

Criterion?
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CLIC_DDS_E

Enhanced H-field on various cavity contours 

results in unacceptable T (~65° K).

Can the fields be redistributed such that a 

~20% rise in the slot region is within acceptable 

bounds?

Modify cavity wall

Explore various ellipticities (R. Zennaro, A. 

D’Elia, V. Khan)
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14.4ε  2.07ε 

Circular Square

ε=-8.28
ε=-4.14

ε=-2.07

Convex ellipticity

Concave ellipticity

Single undamped cell 

Iris radius=4.0 mm

CLIC_DDS_E  Elliptical Design –E Fields 

1ε  ε

1.38ε 
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Rounding necessitates 

reducing this length 

(moves up) 

Rounding

To facilitate machining of indicated sections, roundings are introduced (A. 

Grudiev, A. D’Elia).

In order to accommodate this, Rc needs to be increased  DDS2_ER.

Coupling of dipole modes is reduced and wake-suppression is degraded.  How 

much?

DDS2_E DDS2_ER

Rc

4. CLIC_DDS_E: Modified Design 

Based on Engineering Considerations
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CLIC_DDS_E :Rc=6.2 - 6.8 mm (optimised penetration)

CLIC_DDS_ER : Rc=6.8 mm const  (a single one of these structures constitutes 

CLIC_DDS_A, being built for HP testing)

Wakefield suppression is degraded but still within acceptable limits.

4. CLIC_DDS_E vs CLIC_DDS_ER Wakefield

Spectral Function Wakefunction
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Info. on the ability of the 8-fold interleaved 

structure to sustain high e.m. fields and 

sufficient T can be assessed with a single 

structure.

Single structure fabricated in 2011, 

CLIC_DDS_A, to fit into the schedule of 

breakdown tests at CERN.

4. CLIC_DDS_A:  

Structure Suitable for High Power Testing

Design is based on CLIC_DDS_ER

To facilitate a rapid design, the HOM couplers have been dispensed 

with in this prototype.

Mode launcher design utilised

SRF design complete!

Mechanical drawings, full engineering design completed!

Qualification end cells fabricated. Recently received (Oct 15 2010!)!
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Max. Values

Esur=220 MV/m

∆T = 51 K

Pin= 70.8

Eacc_UL=131 MV/m

Sc=6.75 W/μm2

RF-beam-eff=23.5%

∆T

35*Sc

Esur

Eacc

Pin

Dashed curves : Unloaded condition

Solid curves:  Beam loaded condition

CLIC_G Values

Esur=240 MV/m

∆T = 51 deg.

Pin= 63.8

Eacc_UL=128 MV/m

Sc=5.4 W/μm2

RF-beam-eff=27.7%

4. CLIC_DDS_A Parameters
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24 cells

No 

interleaving

24 cells

No interleaving

Undamped

Damped

Qavg ~1700

4. CLIC_DDS_A Wake

Wake of a non-interleaved 24 cell structure 

–first structure of 8-fold interleaved structure 

chosen.

Motivated by high gradient  testing

Wake is measurable and provides a useful 

comparison to simulations (but will not, of 

course, meet beam dynamics criteria)

FACET tests of wake at SLAC?
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GdfidL vs Circuit model

4. CLIC_DDS_A Wake

Recent simulations with 

GdfidL (finite difference 

based code)

Single structure 

simulated

GdfidL simulations 

do not include the 

loading of the dipole 

mode by the 

fundaments, coupler 

(Q~36)

Nonetheless, reasonable 

agreement with circuit 

model and damping is 

expected to be sufficient

GdfidL

Cct model
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4. Matching CLIC_DDS_A

 Firstly, match-out either end of structure  with regular cells:

 Structure for test will utilise a mode launcher

 Initially, simulate a structure with one regular cell and two matching cells at 

either end and we study the minima in S11 as a function of the geometrical 

parameters of the matching cells (a, L –adopt L variation, rather than b, from 

space considerations)

 Add additional (2, then 3) identical standard cells (const. imp)  and follow the 

same procedure and modify parameters of matching cells to minimise S11

 The matching condition (on a, L) is that which coincident with all 3 simulations.

 Secondly, once complete, match-out the full, tapered structure based on this 

match.

I/P
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Beam

Port11
Port 2

E-field

4. CLIC_DDS_A

 Match-out the full, tapered structure

 E-field and S11 shown

~198.6mm

Matching cell

Surface E-Field Axial E-Field

5.0

7.5

E
s
(V

/m
 x

1
0

4
)

E
z

(V
/m

 x
1

0
4
)

z (mm) 
0 300

7

z (mm) 0 225
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Water pipes for cooling

Vacuum flange

Power input

Power output

Tuning holes

Cutaway-view

V.Soldatov, CERN

2. Mechanical Eng. Design of DDS_A

Non-interleaved 24 cell 

structure –first structure of 

8-fold interleaved structure 

chosen.

High power (~71MW I/P) 

and high gradient  testing

To simplify mechanical 

fabrication, uniform 

manifold penetration chosen
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2. Cell Qualification of CLIC_DDS_A

 VDL (Netherlands) have machined and measured several cells –end cells. (recvd 
by CERN Oct 2010)

 Global profiles made with optical Zygo machine are illustrated for disk 24

 Design, tolerance bounds and achieved profile shown

 Morikawa (Japan) will fabricate cells –rf test at KEK

 Fabrication and bonding of complete structure by last quarter of 2011

 HP test of structure in 2012?

G. Riddone, CERN

Quarter cell 

contours

Cell edge 

contours

-1.60.3
x (mm)

0.5 mm

1.5mm

Measured

Measured

Specified

Specified
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2. Cell Qualification of CLIC_DDS_A

 Local profile made 
with an optical Zygo 
machine

 Local profiles indicate 
< 50nm variation in 
surface roughness

 Cell 24 displayed

G. Riddone, CERN

-40 nm

+40 nm
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I/P at

/2=15.9GHz

2. Work in Progress +Future Plans

 CLIC_DDS_A is equipped with mode launchers 

–aim is to demonstrate ability to sustain HP

 CLIC_DDS_B includes full HOM ports

 Matching the HOM coupler for CLIC_DDS_B 

(dipole band ~ 15.9 GHz – 18 GHz)

Sic

Sic

 Construct pair of structures with full 

damping features

 Moving to a high phase advance (HPA) 

structure allows other parameters to be 

optimised 

 5/6 phase advance structure design in 

progress 

 In the HPA design further features being 

explored

 Additional manifold (8), add SiC?

Enhanced

Coupling

Standard 

DDS Manifold

Additional 

Manifold
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2. Main Linac Future Plans –EuCARD2

 CLIC_DDS_B includes full HOM ports

 Matching the HOM coupler for CLIC_DDS_B (dipole band ~ 

15.9 GHz – 18 GHz)
 Construct pair of structures with full damping and HP features

 Structures will be built in collaboration with CERN, SLAC and 

KEK?

 High power tested at CERN

 Coarse wakefield features tested at CTF3?

 Precision wakefield tested at SLAC: ASSET/FACET?

• Total ~£570k: Materials -£100k (£50k/structure), Manpower -

£300k (4.5 FTE), travel £20k 
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2. Main Linac Future Plans –EuCARD2

 Consolidate proposals into one main proposal

 Eu Partners/Collaborators: CERN (Structures group –

Wuensch, Riddone, et al), PSI (Dehler, Seidel)
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 I am pleased to acknowledge a strong and fruitful collaboration between many 

colleagues and in particular, from those at CERN, University of Manchester, 

Cockcroft Inst., SLAC and KEK.

 Several at CERN and KEK within the CLIC programme, have made critical 

contributions: W. Wuensch, A. Grudiev, I. Syrachev, R. Zennaro, G. Riddone 

(CERN), T. Higo Y. Higashi (KEK).
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CLIC_DDS_A Mechanical Eng. Design
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3. SC Proposals –EuCARD2

1. HOMs in SC cavities –continuation of work at FLASH -> 

XFEL.  Eu Partners/Collaborators: University of Manchester 

(Jones et al), DESY (Baboi et al), University of Rostock (Van 

Rienen, Hans-Walter Gloch et al)

2. SC spoke mode cavities. Eu Partners/Collaborators: University of 

Manchester (Jones et al), ESS (Lindroos, Peggs et al).  Simulation 

design, (test at Max-Lab, Lund).

3. Sputtering thin films on Cu substrate 100 MHz quarter wave 

cavities. Eu Partners/Collaborators: University of Manchester 

(Jones et al), CERN (Pasini et al),  University of Lancaster 

(Seviour et al)

N.B.  The above SC proposals are in early stage of interest.  Expect 

further  developments over the next week or so.
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For comparison: dipole band in TESLA cavity

3.1 ACC39 Spectra Measured in CMTB:3.1 ACC39 Spectra Measured in CMTB:

Focused on Dipole and Other BandsFocused on Dipole and Other Bands

• Transmission matrix 

measurements made 

on all 4 cavities 

within ACC39.
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Transmission from ACC1 

c.f. HOM Coupler SpectraDipole spectra comparison

Outlook
• Detailed beam-excited mode 

study

• Find suitable mode(s) for 

diagnostic electronics design

ACC39 HOM Panel

MATLAB®

3.1 Beam3.1 Beam--Excited Spectra of HOMsExcited Spectra of HOMs
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S21 Simulation in ACC39S21 Simulation in ACC39

Measurement

Simulation

/2 (Hz)

S21 (dB)

/2 (Hz)

S21 (dB)

Transmission through a single non-isolated cavity (C3) in chain of 4 cavities

Transmission, through complete chain (C1 to C4), HOM to HOM coupler

3.1 S21 Simulation in ACC393.1 S21 Simulation in ACC39

Measurement

Simulation

/2 (Hz)

S21 (dB)

/2 (Hz)

S21 (dB)

Transmission through a single non-isolated cavity (C3) in chain of 4 cavities

Transmission, through complete chain (C1 to C4), HOM to HOM coupler
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Extra Slides!
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1. Physics of Manifold Mode Coupling to Dipole 

Modes
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1. Coupling Along Complete Structure
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1. Circuit Model of DDS

**Wakefield damping in a pair of X-band accelerators for linear colliders.R.M. Jones , et al, Phys.Rev.ST Accel.Beams 9:102001,2006.
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1. Circuit Model Equations
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1. Determination of Parameters
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1. Fabrication Tolerances from a Beam 

Dynamics/Wakefield Suppression Perspective
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1. New High Phase Advance Structures
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4. CLIC_DDS_A Fundamental Mode 

Parameters
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V26 [V]@Pin = 1 W 2678

G26 [V/m]@Pin = 1 W 13481

Pin

[MW]@<G26=100MV/m

>

55.03

2. CLIC_DDS_A S Params

S12

S22

S11

-48.2dB@

11.9944GHz

1211.988

6165

@

11.9944G

Hz

Q

-50dB

0dB

/2 (GHz)
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1. Tapering (Effects Detuning) 

of RDDS Accelerator


