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Abstract
Since 2011 a research and development program is carried out at 

DESY to study the feasibility of a possible Continuous-Wave (CW) 

upgrade of the European X-ray Free Electron Laser (XFEL). Cryo-

Module Test Bench (CMTB) is a test facility at DESY used to perform 

tests with accelerating modules equipped with TESLA-type 

superconducting cavities. In this proceeding, the most recent tests at 

CMTB on module XM50.1 are presented. For the European XFEL 

upgrade, a key-importance question to answer is the cryomodules' 

heat load when driven in CW. Therefore, tests at accelerating 

gradients up to 19 MV/m per cavity at 2K were carried to determine 

the cavities' dissipated power. Operating at QLs > 107 is also 

challenging for the LLRF: the narrow RF bandwidths involved require 

active online detuning disturbances rejection techniques. Therefore a 

new detuning estimator was developed. The estimator is also capable 

of working as a quench/multipacting detector. Tests on XM50.1 show 

that it is possible to estimate detuning disturbances with a sub-hertz 

precision and to catch multipacting events. Finally, the maximum 

achieved gradients with the module  after RF conditioning are 

presented.
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Q0 measurements in CW

Online detuning estimation

Quench detection for CW

Pulsed performances after RF 
conditioning. Coupler heating

European XFEL upgrade CW/LP layout
To realize the EuXFEL CW mode of 
operation, multiple modifications have to be 
performed

Addition of a 120 kW Inductive Output Tube 
(IOT) for every two modules

Substitution of the cryomodules before the 
Beam Compressor 2 (BC2), with CW 
optimized modules. These modules feature 
higher Q0, higher heat removal capabilities, 
and the possibility  to reach QL > 3x107

Addition of a second CW injector that 
features a CW gun

Doubling of the facility cryogenic capacity to 
5 kW at 2K 

Unmatched flexibility

Ability to switch between CW (8 GeV), long pulse (duty factor 35%, 10 GeV) and short pulse 
(duty factor 1.4%, 17.5 GeV) mode of operation

Maximum possible separation between bunches of 10 us

Maximum average bunch repetition rate of 106 bunches/s in CW. Maximum instantaneous 
bunch repetition rate of 4.5 x 106 in short pulse.

When in CW and long-pulse mode, the RF heating of the main 
coupler will result in a temperature-dependent change in 
QL.Therefore it is necessary to characterize the accelerating 
modules to correct the RF cavity coupling.

Measurements of QL, temperature-dependent, variations. The measurements 
were performed on XM50.1 with a forward power of 4 kW

Q0 to Eacc curve measured in CW with XM50.1. 

To optimize the cryogenics requirements of the foreseen European 
XFEL CW upgrade, a characterization of the Q0 has to be 
performed. The tests were carried at 2K and 1.8K.

FPGA bandwidth and detuning estimator Estimated detuning

The European XFEL CW upgrade will require cavity Qls > 107

This will result in a cavity bandwidth of few tens of Hertz.
For such narrow bandwidth, few tens of nanometers deformations 
will make the cavities get out of resonance.
For this reason, an FPGA-based to estimate the cavity bandwidth 
and detuning in real time was developed. The characteristics of 
this component are

Parallel computation of multiple cavity signals. Such a 
characteristic is necessary to use the component with Vector-
Sum (VS) systems.

The beam loading current is considered in the computations and 
can be feed by an external signal.

Detuning estimation precision in the order of the Hertz

It is expected to use this estimator in pair with a piezoelectric-
based frequency tuner to precisely drive the superconducting 
cavities at resonance.
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Estimating the cavity bandwidth in real time enables also a 
faster reaction of the control system to quenches and other 
cavity faults that reduces the Q0

Estimating the cavity bandwidth in real time enables also a 
faster reaction of the control system to quenches and other 
cavity faults that reduces the Q0

The estimator-based quench detector has a delay of just 170 
us and can work in a continuous and pulsed mode of 
operation. A variation of QL of just 5x106 can be detected using 
this component.

Online detection of cavity multipacting. Due to the occurrence of this fault, the 
cavity bandwidth increases

Pulsed measurements performed at CMTB after the CW tests 
showed degraded performances at cavites 1 and 2. 
Investigations are ongoing to understand if the cause of 
degradation is due to transportation/installation issues or if the 
CW tests cause it

Maximum operating gradient measured at the Accelerator Module Test Facility 
(AMTF) and at CMTB before and after the CW tests. The maximum achievable 
gradients are also shown.


	Slide 1

