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XFEL Power Couplers 

FJPPL Workshop at Bordeaux, 2014' May 26 Walid KAABI (LAL/IN2P3/FRANCE) 

The European XFEL is a facility that will generate ultra-short X-ray flashes, based on the free electron 
laser technology. 

Linac composed of 100 Cryomodules, equipped with 8 
couplers each  800 Couplers needed  

Electrons are accelerated in a 1.3 Km cold linac 
reaching up to 17GeV. 



Production Monitoring at Companies 

Cleaning, 
drying, 

 

 particles 
counting 

Brazing Copper 
plating 

Ceramics TiN coating 

Ceramics EB welding 
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5.1. Preparing of the mounting kit 

Before any installation is to ensure that the following components are present in the specified 
quantity. The components are put together before the start of operations in accordance with 
the following parts lists (in accordance with Annex), which are also in plasticized form in the 
clean room: 
 

· Cold Part Assemblies mounting kit 

· Test Frame mounting kit 

· Test Wave Guide mounting kit 

· Warm Part Assemblies mounting kit 

· Movement / function test mounting kit 
 
1 mounting kit includes parts for 1 coupler pair, 2 couplers. 
 
Generally, the main components are provided individually for each installation from the 
warehouse or the nitrogen cabinets. The small parts and standard parts such as gaskets and 
bolts are normally kept in the clean room. 

5.2. Cold Part Assemblies with Test Wave Guide und Test Frame 

5.2.1. Parts cleaning in ISO6-Room 

Before any installation is to ensure that the components are ready in the specified number of 
units and were assigned according to the assignment list. 
 Attention: the valve must NOT be cleaned with water! 
 
First, the bellow clamps be dismantled from the two Cold Part Assemblies. Then the Cold 
Part Assemblies and the Test Wave Guide are to be put in the tank, as described in previous 
chapter. It is important to make sure that all the air from the components come out upon 
insertion by moving. The parts may not touch and must be rotated from time to time in order 
to eliminate air pockets being formed. 
 

 
 

After degreasing, the parts are individually cleaned under ultra-pure water until the resistance 
value reached 14 MOhm. It should proceed as follows: 
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5.3. Warm Part Assemblies with Push Rods 

5.3.1. Parts cleaning in the ISO6-Room 

Before any installation is to ensure that the components are ready in the specified quantities 
and in accordance with the assignment list, if any, were associated with the FPP. 
 
The two warm part assemblies and push rods (including CuBe springs) are set into the 
prepared tank, as described above. It is important to make sure that all the air comes out of 
the components by moving when inserting. The parts may not touch and must be rotated 
from time to time in order to eliminate air pockets being formed. 
 

 
 

After degreasing, the parts are individually cleaned under ultra-pure water until the resistivity 
reached 14 MOhms. It should proceed as follows: 
 

· Coarse Rinse to remove soap residue as soon as possible, recognizable by the 
decrease in the foaming 

· Multiple flushing of all surfaces and bores of all sides and angles until the resistivity 
reached, occasionally back and forth moving part in order to achieve a better rinsing 

· With bellows, make sure that all areas are rinsed at least 6x, as this area has a very 
complex surface 
 

  
 

  

Assembly 
by pair  
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Mounting of the Warm Part Assemblies: 
 

· The copper gasket is set on the Cold Part Assembly. 

· The inner conductor screw is inserted fully in the Warm Part Assembly using the 
special long Allen key. 
 

  
 

· The Warm Part Assembly is slowly lowered, the CF40-Flange points to outside. At 
having approximately 4 mm distance between the flanges the inner conductor screw 
is screwed in and tightened. Immediately after the screw is loosed by ¼-turn. 

· By slightly pulling on the Warm Part Assembly it is to be proofed, whether both parts 
are connected. 

· The CF100-Flange is secured with 2 screws tightened by hand only. 

· The inner conductor screw is tightened. 

· Repeat the steps with a second Warm Part Assembly. 

· Parts alignment: The CF40-Ports are outside. 
 

  
 

· 4 e- probes (Electrical Feedthroughs) are mounted using the CF16-gaskets, at the 
moment with 4 screws and hand-tight. 

· The valve assemblies are mounted on the CF40-Ports and secured each with 2 
screws tightened by hand. The valve must point in the same direction the test wave 
guide valve points. 
 

  

Inspection then 
Shipment 

Manufacturer #2 
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Particle counting for the Warm Part Assemblies (with measurement document): 
 

· Cleaning here also needs blowing several times through each opening again. The 
bellow needs special attention. 
 

 
 

Push Rod preparation (Springs and PEEK-Axle mounting): 
 

· In preparation for the final assembly of the two push rods must be completed. 

· For this the PEEK-axle is installed on the push rod and carefully, the small cylinder 
pin is inserted. For this, the bellows of the CF25 flange has to be compressed as the 
connection is located below it. 
 

  
 

· For the assembly of the springs they have to be made first. One spring is fully 
straightened, this wire is used later for the fixation of the spring on the push rod. The 
wire is drawn through a spring. 
 

  
  

Manufacturer #1: 
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· Coarse Rinse to remove soap residue as soon as possible, recognizable by the 
decrease in the foaming 

· Multiple rinsing all surfaces and holes from all sides and angles, until the resistance is 
reached, thereby pivoting the device back and forth in order to achieve a better 
washing effect 

· With bellows, make sure that all areas are rinsed at least 6x, as this area has a very 
complex surface 

 

  
 

· Dry parts thoroughly with nitrogen blow, especially in the bellows to accelerate drying 
and to avoid dry spots 

· Put in the drying area as described above 

5.2.2. Cleaning and assembly in ISO4-Room 

The components to be assembled are checked for particles and blown out by ionized 
nitrogen flow. The documentation of the process is provided with the serial number of the 
component and added to the FPP outside the clean room. For the following components, the 
number of particles must also be additionally documented in several cleaning cycles: 
 

· Test Wave Guide, at 2 locations each with 3 cycles 

· Cold Part Assemblies, at 4 locations each with 3 cycles 
 
Within these cycles a particle count <5 Particle >0,3 µm/ft³ must be reached! 
 

The respective serial numbers and values must be recorded and signed off on pages 2 to 4 
of the test report. The respective positions and blowing directions are listed on page 4 of the 
test report. 
 
Cleaning the standard parts (screws, gaskets, valve and antennae): 
The nuts and bolts are individually blown off and provided on a cloth to clean room assembly. 
It is to make sure that the parts are arranged so that one can take this from front to back and 
not have to overlap. This also applies to all other preparatory steps described in the 
statement and will not be mentioned every time. 
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Power Couplers Preparation at LAL 

75h baking cycle at 130°C Leak test after reception  

Antenna tuning  

RGA spectrum recording  
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5.4. Movement / function test with a leak test 

5.4.1. Waveguide Box, Capacitor und Actuator Assemblies mounting 

Before any installation is to ensure that the components are ready in the specified quantities 
and in accordance with the assignment list, if any, were associated with the FPP. 
 
The Waveguide Box Assemblies are not treated with water because otherwise they corrode 
and stop working correctly. They are merely blown off with nitrogen, particles counting is 
omitted here, since these components later is not in a vacuum. During the assembly 
procedure is as follows, where two waveguide box assemblies can be done in parallel: 
 

· Of the waveguide Box Assembly, the lower flanges are disassembled and positioned 
the assembly on the hot part assembly. Only For this the protection of the ceramic 
cap must be removed, the Kapton foil remains in place. Caution: the Waveguide 
box is front heavy and must be supported by a second person 
 

  
 

· The collars are assembled. The Waveguide box must be raised again shortly to 
mount the Pick-Ups. The screws are tightened only slightly, so that the wave guide 
box assembly can be rotated. The second wave guide box assembly is also mounted. 
To align the distance on both sides of the waveguide assemblies box is set equal size 
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· Subsequently, the capacitor is inserted into the wave guide box assembly, where one 
may not simply let it fall inside. The capacitor is bolted to the warm part the 
waveguide assembly and waveguide box assembly. 
 

  
 

· For the movement / function test at RI same actuator assemblies are always used, as 
these have been modified for the test mode (smaller axles, all unnecessary cables 
put away). The aluminum coupling ring is pushed over the PEEK-axis and the motor 
inserted gently until the bores of all parts are on a level. Now the M3 screw is inserted 
and screwed. The actuator is secured to the waveguide box assembly with a coupling 
ring. The motors are so arranged that a good access to the M3 screws is guaranteed. 
 

  
 

· After assembling the two motors bellow clamps can be dismantled from the Cold Part 
assemblies. 
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· Subsequently, the capacitor is inserted into the wave guide box assembly, where one 
may not simply let it fall inside. The capacitor is bolted to the warm part the 
waveguide assembly and waveguide box assembly. 
 

  
 

· For the movement / function test at RI same actuator assemblies are always used, as 
these have been modified for the test mode (smaller axles, all unnecessary cables 
put away). The aluminum coupling ring is pushed over the PEEK-axis and the motor 
inserted gently until the bores of all parts are on a level. Now the M3 screw is inserted 
and screwed. The actuator is secured to the waveguide box assembly with a coupling 
ring. The motors are so arranged that a good access to the M3 screws is guaranteed. 
 

  
 

· After assembling the two motors bellow clamps can be dismantled from the Cold Part 
assemblies. 
 

 
 

  

WGBs assembly  Capacitors assembly  Actuators 
assembly  
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Power Couplers RF Conditioning at LAL 

The ISO5 clean room, the RF facility and all the diagnostics are optimized to allow the conditioning of 8 

couplers in parallel every week.  

6 FJPPL Workshop at Bordeaux, 2014' May 26 

Validation Power:  
 Up to 1 MW for 400µs pulses (TW) 
 Up to 500 kW for 1.3 ms pulses (TW) 

Walid KAABI (LAL/IN2P3/FRANCE) 



Status of the XFEL couplers production   

 136 XFEL couplers were already delivered to IRFU/CEA (17% of the need). 

 The nominal rate of 8 coupler/week delivered from LAL to IRFU was reached beginning March 2014 

(Week 10).  

 According to the current delivery rate, the last couplers will be delivered at last mid 2016. 

 The copper plating quality still the real challenge to be closely and continuously controlled. 
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Power Couplers for LIPAc 

Power Specifications: 
 
 Maximum nominal operating RF power 70 kW CW 
 RF power validation needs for the Power Coupler: 100 kW CW in Travelling Wave (TW) and Standing Wave (SW) 

SRF-Linac 

SRF-Linac : 8 Power Couplers are needed 

To Accelerate a 125 mA D+ beam in 
CW operation from 5 to 9 MeV 

IFMIF Power Coupler 

Linear IFMIF Prototype Accelerator to be tested in Rokkasho - Japan 

SRF-Linac Power Couplers 
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Prototypes Manufacturing Control and Preparation 
Manufacturing of representative parts for 
processes validation and RF measurements 

Coupler Prototype pair reception 

Power Coupler parts control 

Power Couplers cleaning and assembly 
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RF Power Validation 

RF Power Validation Test Stages : 
 
 Pulsed RF processing (0  100 kW) TW:  

from 20µs (2 Hz) to 400 ms (2Hz)  
 

 CW RF processing up to 100 kW TW 
 

 (Pulsed/CW) RF processing in SW mode 
with max E filed on ceramic  windows  
0  100 kW 

 
Test Results: 
 
 Power validation objective has been 

reached 
 

 Power Coupler behavior satisfactory 
 

 For the operating power ranges: Low 
vacuum and no e-current measured at the 
end of the RF processing. 

LIPAC Power Coupler Operating Range 

RF Power Test Stand : RF 
processing of a pair of input 
power @ RT (Thanks to 
collaboration with CIEMAT) 

Low Vacuum  Low Vacuum  

TW RF Power Validation Test 

SW RF Power Validation Test 
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Status and Next Stages 

Current Situation:  
 
Two LIPAc Power Coupler Prototypes were manufactured and RF power tested  @ RT 
 Approval for RF power operation up to 100 kW CW in TW and SW configurations: April 
2014 

Next stages:   
 

 Complementary tests up to 200 kW (in pulsed 
mode): June 2014 
 

 Manufacturing of 8 Series Power Couplers for 
LIPAc: Starting in June 2014 
 

 Cold test of one LIPAc Prototype Coupler + HWR 
cavity  (Extension of an existing cryomodule 
(CRYHOLAB) to make the test possible) ): May 
2015 
 

 First pair of the Series Power Couplers is 
expected for June 2015 

CRYHOLAB 
Cryomodule @CEA 

CRYHOLAB Cryomodule 
Extension 

Prototype Power 
Coupler 

HWR Cavity 
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CW RF Input Couplers for ERL at KEK 
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Compact-ERL and 3GeV-ERL Project at KEK 

Injection energy : 5 MeV 
Beam current :  10 mA 
35 MeV single-loop ERL 

Injection energy :  10 MeV 
Beam current :  100 mA 
1st  stage : 3 GeV single-loop ERL 
2nd  stage : 6 GeV double-loop ERL 

Compact-ERL 

(cERL)  

13 FJPPL Workshop at Bordeaux, 2014' May 26 Eiji Kako (KEK, Japan) 



Injector Cryomodule for Compact-ERL 

2-cell cavity with 
2 input couplers 
and 5 HOM couplers  
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CW Input Couplers for cERL and 3GeV-ERL 

cERL 3GeV-ERL 3GeV-ERL 

Beam current 10 mA 100 mA 100 mA 

Injection energy 5 MeV 10 MeV 10 MeV 

No. of 2-cell cavity 3 3 5 

No. of input coupler 6 6 10 

Operational  
accelerating gradient 

7.3 MV/m 14.5 MV/m 8.7 MV/m 

Required RF Power 8.3 kW/coupler 167 kW/coupler 100 kW/coupler 

Loaded Q, (QL) 1.7 x 106 3.3 x 105 2.0 x 105 
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Assembly of cERL Input Couplers in Cryomodule 

Two input couplers Inner conductors Outer conductors 

Warm RF window Coaxial RF line Doorknob RF transition 
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at Test-Stand 
200 kW, <2ms, 5Hz (1%) 
40 kW, CW 

Conditioning of cERL Input Couplers 

in Cryomodule at RT 
70 kW, <0.2s, 1Hz (20%) 
20 kW, CW 
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  KEK injector CW couplers were conditioned; 

         Test stand : 200 kW (pulse, 1%), 40 kW (CW) 

         Cryomodule : 70 kW (pulse, 20%), 20 kW (CW) 

         with beam :  stable operation at  5 kW (CW) 

  For the future 3-GeV ERL project; 

          Fabrication and conditioning at test-stand of 

          CW 100 kW level couplers with improved  

          cooling capability are scheduled in this year. 

Status and Proposal of CW input couplers 
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