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WG4, scientific committee 

• Conveners: Frank Gerigk (CERN), Kexin Liu (Peking University), 


• Peter McIntosh (STFC), Axel Neumann (HZB), Bob Rimmer (JLAB), Hiroshi 
Sakai (KEK), Mathias Liepe (Cornell)


4 themes:  

i) ERL SRF systems specifications, development, fabrication, commissioning, 
and performance (excl. SRF guns), 5 talks


ii) High loaded Q cavity operation (including microphonic issues, LLRF, RF 
power systems, transient beam loading…), 6 talks


iii) HOMs, HOM damping, and high current operation, 3 talks


iv) High Q0 cavity performance (focus on ERL cavities, no repetition of 
performance pushing measures such a N-doping, etc), 2 talks



SRF talks, part I
Tuesday, 17 September 2019 Theme

14:00 KEK ERL SRF Operation Experience Hiroshi Sakai (KEK, Japan) i) SRF systems, 
comm./oper.

14:25 Superconducting Twin-Axis Cavity for ERL 
Applications HyeKyoung Park (ODU, USA) i) SRF systems, 

comm./oper.

14:50 Integration of the MESA modules to bERLinPro for 
high power beam tests Sebastian Thomas (KPH, Germany) i) SRF systems, 

comm./oper.

16:00 Cryomodules for the Mainz Energy-recovering 
Superconducting Accelerator (MESA) Florian Hug (KPH, Germany) i) SRF systems, 

comm./oper.

16:20 A ferroelectric Fast Reactive Tuner (FRT) to combat 
microphonics

Alick Macpherson (CERN, 
Switzerland)

ii) cavity 
operation

16:45 Characterization of Microphonics in the cERL main 
linac superconducting cavities Feng Qiu (KEK, Japan) ii) cavity 

operation

17:10 LLRF ERL experience at the S-DALINAC Manuel Steinhorst (TU Darmstadt, 
Germany)

ii) cavity 
operation

Wednesday, 18 September 2019 (mixed session)

16:00 Asymmetric SRF dual axis cavity for ERLs: studies and 
design for ultimate performance and applications

Yaroslav Shashkov (JAI, UK, 
MEPhI, Russia)

i) SRF systems, 
comm./oper.



SRF talks, part II
Thursday, 19 September 2019

09:00 System Identification Procedures for Resonance 
Frequency Control of SC Cavities

Sebastian Orth (TU Darmstadt, 
Germany)

ii) cavity 
operation

09:20 Passive and active control of microphonics at CBETA 
and elsewhere Nilanjan Banerjee (Cornell, USA) ii) cavity 

operation

09:45 The development of HOM-damped 166.6MHz SRF 
cavities for High Energy Photon Source in Beijing Pei Zhang (IHEP, China) ii) cavity 

operation

10:10 Beam breakup limit estimations and HOM 
characterisation for MESA Christian Stoll (KPH, Germany) iii) HOMs & 

high-current op.

10:45 Waveguide HOM loads for high current elliptical 
cavities Jiquan Guo (JLAB, USA) iii) HOMs & 

high-current op.

11:10 Development of HOM coupler with C-shaped 
waveguide for ERL operation Masaru Sawamura (QST, Japan) iii) HOMs & 

high-current op.

11:35 Degradation and Recovery of Cavity Performance in 
Compact-ERL Injector Cryomodule at KEK Eiji Kako (KEK, Japan) iv) high-Q 

cavities

12:00 High Q 704 MHz cavity tests at CERN Alick Macpherson (CERN, 
Switzerland)

iv) high-Q 
cavities



i) ERL SRF systems specifications, 
development, fabrication, commissioning, 

and performance (excl. SRF guns)



• Reported real-life operational difficulties. cERL start in 2013, 1 mA 
in 2015/16. Gradient reach declined from 2012 to 14, but could be 
recovered via high-power pulsed processing. 


• Phase and amplitude stability of < 0.01%, 0.01 deg could be 
achieved by reducing microphonics. E.g. rubber feet below rotary 
pump drastically reduced 50 Hz oscillations.


• Unexplained burst event in 2017 reduced gradient reach. Cavity 1 
could not be recovered by pulse processing and is now limited at 7 
MV (thermal breakdown). Presently total energy gain of 2-cavity 
module is limited to 19.5 MV. 


• Higher field emission after assembly, and increasing field emission 
during operation. Questions on particles getting into the module 
during operation.  


• Future plans: overcome field emission: i) move to Tesla shape with 
large cut-off tubes to reduce Ep/Eacc, and ii) improve clean 
assembly work and iii) modify HOM coupler design. 

Comact ERL (cERL) in KEK & cERL cryomodules

Injector-linac

Dump

Recirculation 
(return) loop

Merger

Compact ERL Layout

Photocathode 
DC gun
(Not SRF Gun)

Main linac module

Main-linac 

Input couplers

Cryostat

Tuner

HOM 
absorber

Two 9-cell SC cavities

e-

HOM damped  (for 100mA circulation 
to suppress HOM-BBU in design)

9-cell cavity (ERL-model2)× 2

Requirement was satisfied at V.T. Heavy F.E 
was met @9-10MV/m after string assembly. 

3MeV

20MeV

Input Coupler
HOM Coupler &
RF Feedthrough

2-cell Cavity Tuner

Cryostat

e-

Injector module
2-cell cavity × 3
Double coupler

RF frequency:  1.3 GHz
Input power : 
10kW/coupler (10mA, 5MeV)
180kW/coupler (100mA, 10MeV) 
Eacc:  7.6MV/m（5MeV）

15MV/m (10MeV)      
Unloaded-Q: Q0 > 1u1010

Target Energy : 35MeV
Æ Change 20MeV due 
to field emission

RF frequency:  1.3 GHz
Input power :   20kW CW (SW) 
Eacc:  15 MV/m（design）
Unloaded-Q: Q0 > 1u1010

Recent Injector performance is shown in E. Kako, “Degradation and Recovery of 
Cavity performance in Compact-ERL injector cryomodule at KEK” (Thu)
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Nominal beam energy 35 MeV Æ 20MeV

Nominal Injector energy 5 MeV  Æ2.9MeV

Beam current 10 mA (initial goal)
100mA (final)

Normalized emittance 0.1 ‒ 1 mm�mrad

Bunch length
(bunch compressed)

1-3ps (usual)
100fs (short bunch)

Design parameters of the cERL

We mainly talk about Main linac performance today. 

17.5 MeV

KEK ERL SRF Operation Experience, Hiroshi Sakai (KEK, 
Japan)



Cryomodules for the Mainz Energy-recovering Superconducting 
Accelerator (MESA), Florian Hug (KPH, Germany) 

Cryomodule based on ELBE module: 
• Piezo tuner added

• HOM antenna improvements:


• Sapphire window included

• Strip-line in HOM cable for cooling


Cryomodule performance: 
• SAT/FAT performed @ JGU

• CM2 with 2x12.5MV/m @ 𝑄o=1.2x1010, reached at 

DESY, presently re-test at Mainz.

• CM1 @ RI for refurbishment (cavity HPR, re-

installation, …) – FE limited

• Suspect due to undefined state of gate valve during 

transport 


Successful turn-key CM production by industry 
demonstrated

CM2

VT @ DESY AMTF

Variable Spec
energy gain / module > 25 MV

static losses < 15 W
dyn. losses @ 25 MV (CW) < 25 W

Q @ 12.5 MV/m > 1.25 x 1010



Integration of the MESA modules to bERLinPro for high 
power beam tests, Sebastian Thomas (KPH, Germany)

• MESA is waiting for construction to finish, but 
has a working cryomodule. bERLinPro will soon 
have infrastructure and beam lines ready but no 
CM. An early test of the module at bERLinPro 
will allow for first beam experience. Win-Win!


• ELBE type module with 2x9-cell 1.3 GHz 
cavities with modified HOM couplers. 
Performance goal: 12.5 MV/m @ 1.25x1010


• Cryogenics and cryo-safety systems in Berlin 
need to be adapted. Shipping to Berlin in June 
2020, cool-down Jan 2021.  

S. Thomas, MESA, 17.09.19 6

MESA Cryomodule

• ELBE Type Cryomodules with modifications:
• Added XFEL piezo tuners
• Modified HOM dampers and feedthrough

• 9-cell TESLA Nb Cavities, 1.3 GHz, Q = 1.25 ∗
1010 @ 12.5 MV/m

• Cavities tested at DESY vertical test stand
• Modules are currently tested at Mainz
• First module passed SAT

S. Thomas, MESA, 17.09.19 6
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Superconducting Twin-Axis Cavity for ERL 
Applications, HyeKoung Park (ODU/JLAB, USA)

• Aiming for 15 MV/m at 1497 MHz. Designed for: easy 
cleaning, maximum beam pipe separation, avoiding MP, 
HOM & wake-field analysis. 


• Fabrication via deep drawing of half cells, welding of end-
groups, bulk BCP, 800C, HPR, 120 bake. 


• RF test: cavity 1 reached 23 MV/m at 7x109, cavity 2 only 
just above 5 MV/m (welding defect, melt through), no MP.


• Proof of feasibility done, fabrication more straight 
forward than anticipated though some issues with old EP 
machine, non-uniform weld joint thickness. Chemistry and 
cleanliness can be handled. 


• Questions remain on BBU through mixed modes, beam 
coupling, mechanical tuning
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• Frequency without beam pipes is 1497 MHz
• Frequency with beam pipes is 1483.3 MHz
• Beam axis separation – 135.44 mm
• Operating gradient goal – Ep = 15 MV/m (Ep = 36 

MV/m & Bp = 82 mT)

Final RF Design

RF Properties

Ep/Eacc 2.42

Bp/Eacc [mT/(MV/m)] 5.49

[R/Q] [Ώ] 60.7

G [Ώ] 318

RtRs [Ώ2] 1.9×104

LOM [MHz] 1103

1st HOM [MHz] 1806

Beam aperture [mm] 60

kcc [%] 1.80

300 mm

190 mm

Subashini De Silva/ODU CAS



Asymmetric SRF dual axis cavity for ERLs: studies and design for 
ultimate performance and applications, Yaroslav Shashkov, MEPhI 

(Russia)/JAI (UK)

2 warm prototypes built and measured 
• 7-cell1.3 GHz Al model with one cell 

providing the coupling between the 2 
cavities.


• 11-cell Cu model.

• Bridge coupling optimisation resulted 

in similar shape than the ODU twin-
axis cavity. 


• Passband mode, HOM & bridge mode 
measurements, with good agreement 
between simulations and 
measurements.

Proof of the concept experimental studies  

14 first HOMs and the Bridge mode  

centre of the bridge  



ii) High loaded Q cavity operation 
(including microphonic issues, LLRF, RF 

power systems, transient beam loading…)



Characterisation of Microphonics in the cERL Main 
Linac Superconducting Cavities, Feng Qui (KEK, Japan) 
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RF stabilities (under FB)

2016 2019

ML1

ML2

0.015 deg rms 0.029 deg rms

¾ Performance of ML1 
becomes worse in the 
past 5 years, ML2 
performs well.

0.012 deg rms 0.015 deg rms

0.012 deg rms 0.012 deg rms

0.012 deg rms 0.012 deg rms

2015, 2016
2017, 2018
2019

Before 2016

After 2016
ML1

ML2

ERL2019, Berlin (HZB) . Sep. 15 ~ Sep. 20 8FFT Analysis
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ML1 Field Scanning (result)

Threshold Vc ≈ 3.1 MV

¾ High frequency component's suddenly appears @ ~3.1 MV (Threshold Vc).
¾ Detuning and RF phase stabilities becomes worse under higher Vc.

Frequency > 500 Hz 

Vc [MV] = 1.038 [m]×Eacc [MV/m]

Th
re

sh
ol

d 
V

c
≈ 

3.
1 

M
V

ERL2019, Berlin (HZB) . Sep. 15 ~ Sep. 20

RMS ∆ω

RMS ∠Vc

• RF stability of ML1 cavity getting worse due 
to the deteriorated microphonics in the past 
5 years. ML2 remains stable.


• A “field level dependency of microphonics” 
phenomenon is observed. 


• The Vc threshold for the deteriorated 
microphonics is ~3.1 MV, probably related 
with quench limits level.


• Have identified and validated the transfer 
function model of the piezo tuner system 
and plan to optimize the tuner control with 
this model. 



LLRF ERL Experience at the S-DALINAC 
Manuel Steinhorst (TU Darmstadt, Germany) 

• New LLRF control system: used for 
first successful ERL operation in 2017.


• Influence of the beam on RF stability 
negligible <1 μA. 


• Amplitude errors so far larger than 
expected and need further 
optimisation.


• For 6 out of 8 20-cell cavities ERL 
efficiency >90%.


• More study of beam disturbance at 52 
Hz is needed.


• New RF power measurement system 
is ready for usage.


• Extremum-seeking control as 
optimization algorithm for RF Control. 

17.9.2019  | Manuel Steinhorst | TU Darmstadt | AG Pietralla | S-DALINAC LLRF-Control 10

Injector Thermionic Gun

Main LINAC

R0F1-Cup

E0F1-Cup

S3F1-Cup

First ERL Operation at the S-DALINAC

  

● Single turn ERL operation in August 2017

● Beam current of 1 μA

● During ERL operation about 80-90% transmission on R0F1-Cup

● Stability of RF measured

M. Arnold et al.: 
First Operation of the S-DALINAC as an Energy Recovery Linac, 

In Preparation

17.9.2019  | Manuel Steinhorst | TU Darmstadt | AG Pietralla | S-DALINAC LLRF-Control 18

Broken Piezo-Tuner

First ERL Operation at the S-DALINAC

RF Stability

  

Beam induced (52 Hz)

17.9.2019  | Manuel Steinhorst | TU Darmstadt | AG Pietralla | S-DALINAC LLRF-Control 24

● Analog 65 dB true rms responding 

power detector (ADL 5902)

● Microcontroller (STM32) for 

connection with control system via 

CAN-bus

● 12-bit ADCs with 5 MS/s

● Setup actively cooled

● Radiation protected

Power 

Detectors

Micro- 

Controller

5 cm

Developments

RF Power Measurement

17.9.2019  | Manuel Steinhorst | TU Darmstadt | AG Pietralla | S-DALINAC LLRF-Control 23

First ERL Operation at the S-DALINAC

ERL Efficiency by RF Control

● Efficiencies for ALL cavities via RF Control:

Cavity Efficiency (+-10%)

A1SC01 92 %

A1SC02 73 %

A1SC03 92 %

A1SC04 98 %

A1SC05 96 %

A1SC06 100 %

A1SC07 100 %

A1SC08 60 %

17.9.2019  | Manuel Steinhorst | TU Darmstadt | AG Pietralla | S-DALINAC LLRF-Control 13

First ERL Operation at the S-DALINAC

RF Stability Measurement Steps

  

17.9.2019  | Manuel Steinhorst | TU Darmstadt | AG Pietralla | S-DALINAC LLRF-Control 13

First ERL Operation at the S-DALINAC

RF Stability Measurement Steps

  17.9.2019  | Manuel Steinhorst | TU Darmstadt | AG Pietralla | S-DALINAC LLRF-Control 13

First ERL Operation at the S-DALINAC

RF Stability Measurement Steps

  



System Identification Procedures for Resonance Frequency 
Control of SC Cavities, Sebastian Orth (TU Darmstadt, Germany) 

2	system	iden+fica+on	procedures	for	model	based	controller	
tuning	during	closed	loop	opera+on	presented:
•direct	method	(𝑢→𝑦)	predic+on	error	(least	squares)
•indirect	method	(𝑟→𝑦)	two	stage	(via	𝐺cl=𝑆0𝐺0)

motivation

success!



reminder that 
high QL reduces 
average power 
but increases 
the power 
needed to 
correct detuning

nb522@cornell.edu 2/17Passive and Active Control of Microphonics at CBETA and Elsewhere

Passive and Active Control of Microphonics at CBETA 
and Elsewhere

Nilanjan Banerjee (Cornell Univ, USA)High QL Cavities
Low beam loading in ERLs allow the use of high QL, however this makes the cavities very 
sensitive to microphonics.
Passive Control 

Active Control

We should analyze the mechanical eigenmodes of all components of the cryomodule and try 
looking for cryogenic instabilities which might be the major driving terms. 

Optimal Control

Tuner Model
+

Microphonics 
Model

Active Noise Control

LCLS - II

Adaptively apply notch filters to suppress 
narrow band microphonics noise.

CBETA



A Ferroelectric Fast Reactive Tuner (FRT) to Combat Micophonics 
Alick Macpherson (CERN, Switzerland) 

Euclid - BNL - CERN collaboration 

FE-FRT Prototype results (Euclid, BNL, CERN):

• SRF cavity response to FRT: extremely fast << 50 μs 

(material response times < 10 ns)

• Not limited by cavity time constant.

• Mechanical & RF design crucial to FRT performance.


FE-FRT Benefits

• FE-FRT ideal for low beam loading application.

• Eliminate microphonics => drastically reducing RF 

power.

• Tuner is outside of CM.


FE-FRT prototype with tuning loop under test at 
CERN

• Exploring potential use cases at CERN.

• Should be included at cavity/module design stage.

PERLE Application:
• X15 reduction in RF power!
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Ferro-electric material
• Development of ferro-electric ceramic 

• Material parameters developed sufficiently to consider application 
• May be further development for mechanical/RF considerations
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Our Prototype FE-FRT
• Prototype FE-FRT 

• RF design: S. Kazakov, FNAL. Fabrication:  Euclid Techlabs in USA 
• Testing and development program, now ongoing at CERN
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RF power from cavity

High Voltage 
Bias to set 
ferroelectric 
permittivity

Water to cool ferroelectric
RF short

DC Break

DC short/nitrogen injection

Ferroelectric (light blue) 
• Brazed to rings  
• Active cooling   
• Designed for 400 MHz 
• Mechanical design limits HV



The development of HOM-damped 166.6 MHz SRF cavities for 
High Energy Photon Source in Beĳing, Pei Zhang (IHEP, China) 

Improvements	needed:
• Longer	Nb	tube	of	FPC	port	to	

reduce	dynamic	loss
• Improve	FPC	outer	conductor	

cooling
• Larger	helium	vessel	for	stable	

4K	opera+on

Note: HEPS Phase-II has 40 x IDs and impedance too 
high for 14 x NC cavities → SRF preferred solution!

vertical test

CM test

12 W static load measured
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Enlarged beam-pipe for HOM 
damping



iii) HOMs, HOM damping, and 
high current operation



BBU limit estimations and HOM characterisation 
for MESA, Christian Stoll (KPH, Germany)

Comparison of HOM measurements on i) single cavity (VT, DESY) 
and ii) 2 cavities in CM (HIM). 
• Frequency deviation because of fundamental mode tuning.

• Frequency spread between cavities (fabrication tolerances).

• Larger Q-spread: deviation from elliptical shape.

• Higher Q-factor: difference in HOM coupler gap (simulation - reality).


Outlook 
• Study MESA beam current limits due to HOM coupler heating.

• HOM behaviour at bERLinPro

Bandwidth comparison

MESA BBU Threshold current, 13.38 mA



Waveguide HOM loads for high current elliptical 
cavities, Jiquan Guo, (JLAB, USA)

• JLAB - HZB collaboration

• Previous absorber materials 

(Ceradyne) no longer available. 
Alternatives from CoorsTek and 
Sienna were tested. 


• Brazing tests with old Ceradyne and 
old/new Sienna Tech materials 
succeeded. Final choice: high thermal 
conductivity Sienna AlN-SiC 
composite.


• Both loads now fully prototyped

• Both couplers high-power tested. 

HZB SRF Projects with Waveguide HOM Dampers

ERL2019, Berlin, Sept 2019 5

JLab is collaborating with HZB on the development of HOM loads for 
three variants of SRF cavities in two accelerator projects at HZB

bERLinpro cavity model
VSR 1.5 GHz cavity model

bERLinpro, 
• 100 mA 50 MeV single pass ERL 
• 1.3 GHz 7-cell TESLA shape cavities, 
• 5 waveguide HOM damper per cavity, 
• estimated HOM power ~27 W per load 

maximum

BESSY VSR (Variable pulse length Storage Ring) 
upgrade, 

• 300 mA storage ring light source with complicated 
bunch pattern

• 1.5 GHz (3rd harmonic) and 1.75 GHz (3.5th 
harmonic) cavities 

• 5 waveguide HOM damper per cavity, 
• estimated HOM power ~460 W per load 

maximum in the 1.5 GHz cavities

HZB SRF Projects with Waveguide HOM Dampers

ERL2019, Berlin, Sept 2019 5

JLab is collaborating with HZB on the development of HOM loads for 
three variants of SRF cavities in two accelerator projects at HZB

bERLinpro cavity model
VSR 1.5 GHz cavity model

bERLinpro, 
• 100 mA 50 MeV single pass ERL 
• 1.3 GHz 7-cell TESLA shape cavities, 
• 5 waveguide HOM damper per cavity, 
• estimated HOM power ~27 W per load 

maximum

BESSY VSR (Variable pulse length Storage Ring) 
upgrade, 

• 300 mA storage ring light source with complicated 
bunch pattern

• 1.5 GHz (3rd harmonic) and 1.75 GHz (3.5th 
harmonic) cavities 

• 5 waveguide HOM damper per cavity, 
• estimated HOM power ~460 W per load 

maximum in the 1.5 GHz cavities

bERLinPro 1.3 GHz cavity model

bERLinpro HOM Load Testing 

ERL2019, Berlin, Sept 2019 13
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NWA measurement results vs simulation
High power test setup
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Tested with single TE10 mode at 2.6 GHz, up to 50 W

IR image at equilibrium, with 50W 
incident power.
Tmax 64.9°C (not calibrated)
Tflange 43°C 
cooling water 0.07Gal/min, 31°C

Temperature lower than simulation, 
mainly due to different boundary 
and convection 

VSR 1.5 GHz Cavity HOM Load Prototype

ERL2019, Berlin, Sept 2019 16

1st braze the cooling channel 2nd braze the bottom assembly 3rd braze the ceramics to the pegboard
Positioned with egg crate shape retainer

Weld into the load

Although the prototype is considered successful, the currently adopted assembly (braze/weld) sequence is 
difficult to:  1. clean after weld; 2. keep the flange surface finishing to VAT seal specification; 3. keep the 
weld precision

VSR 1.5 GHz HOM Load Low Power Testing

ERL2019, Berlin, Sept 2019 18

• Broadband S11 measured with E5071C 
NWA using TDR gating to remove 
adapter reflection. 

• Measured up to 4.5GHz due to 
limitation of NWA with TDR function

• Use different adapters for different 
frequency range

• Satisfying the 10dB specification,

• SN02 results are quite similar to SN01
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Development of HOM coupler with C-shaped waveguide 
for ERL operation, Masaru Sawamura (QST, Japan)

• Cracks in ferrite of existing HOM coupler, together 
with excessive length and outgassing, triggered 
the development of an alternative design. 


• Coaxial waveguide converter type HOM is 
desirable but very bulky. 


• As alternative a compact c-shaped CWC was 
studied and developed: easy to cool inner 
conductor, adjustment free high-pass filter, 
compact and easy transition to coax-line. but 
needs a long pipe to not affect the accelerating 
mode.


• Fabrication is being studied.  

• Looking forward to first tests!
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iv) High Q0 cavity performance



Degradation and Recovery of Cavity Performance in Compact-
ERL Injector Cryomodule at KEK, Eĳi Kako (KEK, Japan)

• In VT cavities achieved > 20 MV/m, 
couplers were tested at 40 kW in CW and 
200 kW pulsed (10 kW CW needed for 
operation). 


• X-ray level increased with operation, jump 
observed in 2015. Degradation seems to 
start from “dirty” side of machine. 


• High-power pulse processing found to 
reduce radiation level and is now routinely 
carried out before beam operation.
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(by individual cavity operation)
(at 7 MV/m)

Change of x-ray radiation levels in 2013’ – 2019’ 

#1 Cavity

#2 Cavity #3 Cavity

Sudden increase of 
x-ray radiation

Two exlanations identified

1. Field emitted electrons hitting Faraday 

cup leading to vacuum discharge. 

2. FE electrons hitting the photocathode 

gun, being re-accelerated and creating 
X-rays at downstream part of injector. 

Performance before and 
after pulsed power 

processing



High Q 704 MHz cavity tests at CERN, Alick 
Macpherson (CERN, Switzerland)

• Detailed description of how CERN re-learned to do 
SRF bulk Nb cavity preparation & testing.


• Digital LLRF with SEL is replacing old analogue 
system. Comparison of Q-measurement methods. 


• Many lessons learned on clean assembly, power tests, 
HPR, vertical EP, …


• Improvement on cold-testing results for 704 MHz 5-cell 
cavities. Existing CM components may be adapted for 
1st PERLE 800 MHz module. 


• Effort was already highly beneficial for HL-LHC Crab 
program. Today’s results are comparable with state-of-
the-art measurements (e.g. JLAB 800 MHz FCC 
cavity). 


• Further effort foreseen to push towards Rs of ~5 nOhm.  

E
R

L2
01

9 
- H

ig
h 

G
ra

di
en

t 7
04

 M
H

z 
C

av
ity

 T
es

tin
g 

at
 C

E
R

N
. A

. M
ac

ph
er

so
n Cavity Performance: What we have managed to do

• Program of procedure and process refinement 
• Clear evolution of competence and experience
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so
n Performance evolution: lessons learnt

• 1    Contamination issues and corrosion on antenna:  
• Improve component cleaning. Improved material management & component control 

• 2    Unsatisfactory surface finish after electropolishing surface finish 
• Redesign of EP cathode 

• 3    HPR rinse quality control issues 
•  Procedural & quality control revision of HPR => Now based on monitoring data 

• 4    Post-chemistry residues & contaminants from cavity handling steps  
• Improved quality control and handling. Post chemistry ultra-sonic bath prior to HPR 

• 5    Field emission limited  
• Improved pumping line cleanliness: reduce surface contamination during cool down 

• 6    Cryostat feed through burnout at high power 
• Cavity not quench limited.  RS ~8nΩ => need to reduce RF surface pollution 
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It’s all in the process!

courtesy of Brewdog
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so
n Cavity Preparation & Testing Sequence
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Clean room

Dismount

Cold Test

Insert

Chemistry

courtesy A. Macpherson



Summing up
• ERL CM operation: 3 modules were presented in detail: cERL (KEK) injector & accelerating module and 

the MESA module. VT successful in all cases but the modules experienced problems with cleanliness/
contamination by surrounding environment (uncontrolled gate valve movements, field emission electrons 
hitting surrounding elements, vacuum burst event). In some cases high pulsed power processing can help 
but not always. Compared to larger SRF installations the transition area cold/warm or clean/dirty is 
much smaller and is probably not as rigorously managed as in case of a large machine. 


• Cavities: twin axis: 2 talks presenting comparisons between simulations and measurements and ODU 
demonstrated (in one cavity) high-field performance. Proof of principle that this cavity shape can be 
built, cleaned and made to work. 166 MHz 1/4 wave cavity as low-frequency option.


• HOM loads/couplers: Strong ERL damping needs triggered new development on i) damping materials 
and ii) C-shaped coaxial waveguide HOM coupler; interesting for other high-current applications. 


• Microphonics/LLRF: very active field, which shows that ERL LLRF systems need a specific effort and a 
“practical approach”, 1. apply mechanical damping of all parts that can vibrate or induce vibrations. 2. 
final compensation with LLRF. Promising test of a fast reactive tuner at CERN to combat microphonics 
without moving parts and without excessive RF power.  


