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A) Apparatus of cERL injector
& main linac cryomodule

Input Coupler

HOM Coupler &
RF Feedthrough

2-cell Cavity Tuner

E

E



Performance of Injector cryomodule (2013.Apr. June)

Vc = 5 MeV operation
(3 cavities)



Performance of main linac cryomodule before beam operation (2012.Dec)
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B) Progress from ERL2013



Due to the large field emission, we set the total beam energy to 20MeV
Energy 20MeV (ML:17.14MeV(8.57MV+8.57MV)+Inj 2.9MeV)
Beam current 1.3GHz 10uA current (CW) with Energy recovoery

Beam operation was started with return loop by using injector and main linac cryomodule

Normal operation of beam and/or high power test
start cooling (9:00 12:00) to 2K 13:00 22:00(or24:00) ,2Kkeep study, midnight & weekend 4K keep

He inlet

Gas He outlineGas He out for
precooling

Lower LBP absorber Upper LBP absorberSBP absorber

#3 cavity #4 cavity

Green 80K line
Blue 2K line
Light bule 5K line



First beam operation in 2013 Dec.
(Screen shot of field emission and this effect)



Power & LLRF stability in beam operation

SC Cavity Inj1(2cell) Inj2(2cell) Inj3(2cell) ML1(9cell) ML2(9cell)
Acc. Field 3.2MV/m 3.3MV/m 3.0MV/m 8.3MV/m 8.3MV/m
power 0.53kW 1.4kW 1.0kW 1.6kW 2kW
QL 1.2e6 5.8e5 4.8e5 1.3e7 1.0e7
A/A(% rms) 0.006% 0.007% 0.003% 0.003%
(deg rms) 0.009deg 0.025deg 0.010deg 0.007deg



Microphonics (ML)



One day profiles of both injector & main linac cryomodule operation (2015.Apr.1)
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What happened during long term beam operation to ML cavities (radiation & cavity performance)

#4 cavity
upper ML1

#3 cavity
lower ML2



Apply pulse processing
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Q value history (from Dec.2012 to Mar. 2015)



Long term operation of ML cavities with radiation



Quenched by unwanted CW beam (injector) (for safety operation)

3MV/m operation

He return gas
increaseCav. Vac

worse

He jacket
temperatureCAV#1 3.37 K > 3.41 K

CAV#2 3.17 K > 4.00 K
CAV#3 3.32 K > 3.38 K



Statistics of trip ratio (ITL)
2014.May.22 ~ Jun.20 : 4.5 weeks cavity operation time 10:00 22:00 or 23:00

Injector ITL 0 times
Main linac ITL 19 times

Main reason is LLRF gain is too high (severe from the fluctuation and beam loading
on pulse operation)

2015.Jan.29 ~ Apr.3 : 9.5 weeks cavity operation time 10:00 22:00 or 23:00
Injector ITL 18 times

INJ #1 : 10 times
INJ # 2 #3 8 times

after quench by beam shown in previous page RF threshold was changed to lower.
That would affect the ITL increase (tend to hit Klystron noise). We need to optimize.

Main linac ITL 8 times
ML #1 : 7 times
ML #2 : 8 times

By changing the LLRF gain, number of ITL drastically reduced. Main reason is
earthquake & vacuum ITL from outside of cavity & warm window arc ITL.
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Confirmation of Energy Recovery (I0 = 30 A)



Summary
From ERL2013, we construct the return loop and start the beam operation with
ERL.
Due to the heavy field emission, circulated beam energy reduced to 20MeV.
However, Energy recovery with CW 80uA beam was done at present.
In beam operation, we kept stable operation by using digital feedback system
and suppressed the microphonics.
Several trips were observed on a year. No crucial hardware trouble ,for
example, come from miss operation of CW beam & or quench was met by fast
& sophisticated ITL system to beam and RF.
We met the Q degradation & radiation increase during beam operation on ML.
We can apply pulse processing pragmatically. Now we keep stopping the cavity
degradation.

We continue to see the cavity performance during the CW beam operation with
higher current up to more than 10mA. (check the HOM damper performance)
We also plan to make the new cryomodule with four 9cell cavities to overcome
field emission problem with higher gradient and prepare the mass production.



Discussion items (My interest)
What parameters are to be cared in designing cavity and cryomodule for stable
beam operation ? (What is the present status for high current ERL ?)

HOM suppression is essential for high current beam. How much current can
be circulated in design ? HOM damper/couple limit at present ?
Epk/Eacc is to be lower for field emission suppression.
QL vs michrophonics discuss in LLRF session ?
How much high power can feed to the beam of high current especially
injector cryomodule power coupler. (Cornell works on 75mA, 50kW/coupler)

What is the optimum CW operation field with High Q for a long time ?
At present, 15 20MV/m and Q0=(1 3)*10^10 desired
(LCLS II : 1.3GHz, 9cell, 16MV/m, Q0=2.7*10^10 (N2 dop), 300uA)
(CEBAF : 1.497GHz, 7cell, 19.2MV/m, Q0=8*10^9. more than 10 uA)
How long high Q was kept and how much degradation ratio?
Q0 degradation was stopped or not during beam operation ?
What is the real performance of cryomodule not the V.T especially including
the mass production phase ?
(Comparison between V.T and cryomodule performance)
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Eccentric Fluted Beampipe(EFB) HOM absorber

Design based on TESLA cavity

TESLA cavity

Model 1

Quad HOMs EFB

Extract Quad HOMs by changing
dipole mode thanks to EFB.

HOM absorber

22
M. Sawamura et al., Phys. Rev. ST 
Accel. Beams 13, 022003(2010).



HOM BBU threshold current(dipole)
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Compact ERL main linac cryomodule configuration
HOM absorber
HIP ferrite on Copper beampipe
Operation at 80K. (expected 150W HOM power)
Check enough absorption ability of ferrite at 80K

Input coupler
20kW CW (standing wave)
Cold and warm window
HA997 ceramic is used
QL=(1 4)*10^7(variable)

9cell superconducting
cavity
Q0 > 1*10^10 @15MV/m

e

e

80K

80K

80K

80K
80K 2K

2K

ERL model 2 9cell Nb cavities

5K frame

Frequency Tuner
Slide jack tuner (mechanical)
piezo tuner(fine tuning)

Frequency :      1.3 GHz
Input power :  20kW CW (SW) 
Gradient: 15MV/m
Q0: >1*10^10
Beam current : max 100mA 
(against HOM-BBU instability)

(Compact) ERL target



Preparation for Vertical test



ML Cavity aging (2015.May.25)
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Recent status of 10MV operation of ML1
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Eiji Kako (KEK, Japan) at TRIUMF, 2014 February 19 28

e- beam
0.5 5.5 MeV
10 mA

Completed in 2012, June.
After low and high power
rf tests, beam operation 
started in 2013, April. 

cERL Injector Cryomdule



Eiji Kako (KEK, Japan) at TRIUMF, 2014 February 19 2929

Vacuum Vessel

5K Panel

2K He Jacket

5K Support

80K Base-plate

80K 
Shield

2K Gas 
Return Pipe

5K Panel

5K Duct

e-
Input Coupler

2-cell Cavity
HOM Coupler &
RF Feedthrough

10 mA
0.5 5.5 MeV

Magnetic shield

cERL Injector Cryomdule (2)



Eiji Kako (KEK, Japan) at TRIUMF, 2014 February 19 30

Cavity - 1 Cavity - 2 Cavity - 3

Vc 1.5 MV 1.75 MV 1.75 MV

Eacc 6.5 MV/m 7.6 MV/m 7.6 MV/m

QL (10mA) 7.2 x 105 8.4 x 105 8.4 x 105

PRF (10mA) 15 kW /2 17.5 kW /2 17.5 kW /2

RF Source Klystron – 1
30kW, CW

Klystron
300kW,

– 2
CW

(cERL injector ; Ibeam = 10 mA,  Ebeam = 5 MeV)

Final target of required RF power = CW 100 kW, (5 cavities)
Ibeam = 100 mA, Ebeam = 10 MeV   for future 3GeV-ERL

Main Specification for Injector Cryomodule



First aging of injector cryomodule
7MV/m
4.8MV

~20 Sv/h

Xray was appeared up to 5MV/m

Eacc

Xray

HOM power

Quench at HOM coupler

Manually operated of piezo
feedback during aging

Piezo & Tuner

Sometimes vacuum works.

He flow:~55m3/h



System for He processing
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