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Abstract

The European XFEL is in operation since 2017. The de-
sign projected energy of 17.5 GeV was reached, even with
the last 4 main linac accelerating modules not yet installed.
2 out of 4 not installed modules did suffer from strong cav-
ity performance degradation, namely increased field emis-
sion, and required surface processing. The first of two
modules is reassembled and tested. The module test results
confirm a successful repair action. The module repair and
test steps are described together with cavities performance
evolution.

INTRODUCTION

The European XFEL linac is based on the TESLA SRF
technology [1, 2] and is built with accelerating Cryo-Mod-
ules (CM) having 8 SRF cavities each. Currently 97 CM
are installed in the machine and 4 CM will be installed
later, after 2 CM are repaired. Before the CM assembly
SRF cavities were tested in the Vertical Cryostat Test (VT)
in the Accelerating Module Test Facility (AMTF) at DESY
[3]. Each CM after the assembly at CEA (Saclay, France)
was tested in AMTF on the XFEL accelerating module test
bench (XATB, Fig. 1) [4, 5].

MODULE HISTORY

Module XM50 was delivered to DESY in January 2016
after the assembly at CEA (Saclay). In the Table 1 CM SRF
cavities are listed. During the CM assembly following
problems were identified:

o Lcak at the angle valve;

e Beam line leak;

e Beam line was pumped accidentally before warm cou-

pler parts were installed.

Module XMS50 first test in February 2016 showed a deg-
radation of the cavities’ performance compared with VT
results — mostly with strong gamma radiation — dark cur-
rent caused by field emission (see Fig. 2, 3). Decision was
taken not to install and use the module XM50 in the E-
XFEL machine and re-assemble it after cavities’ re-treat-
ment [6].

After disassembly XMS50 the cavities underwent a High
Pressure Rinse (HPR) at DESY: 7 cavities after HPR and
VT were accepted for XM50.1 assembly, CAV00207 had a
cold leak during second VT and was accepted after the re-
assembly of the flanges, another HPR and VT.

XMS50 was re-assembled at DESY to XMS50.1 and tested
in AMTF (on XATB2) in April 2019. Only one cavity (#2)
is degraded, without FE and with a still useful accelerating
gradient.
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Figure 1: Module XM50.1 on the Module Test Stand XATB2 in AMTF.
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A

E Table 1: Module XM50 SRF Cavities

g position cavity name company

= 1 CAV00207 RI

o 2 CAV00789 Zanon

S 3 CAV00253 RI

£ 4 CAV00256 RI

e 5 CAV00257 RI

= 6 CAV00260 RI

> 7 CAV00265 RI

£ 8 CAV00267 RI

2

2 MODULE TEST RESULTS

‘E During the CM tests in AMTE, the operational gradient
% limit on individual cavities was in general limited by either

2 hard quench (breakdown, BD), field emission (measured
% X-ray threshold of 10> mGy/min) or to 31 MV/m (admin-
£ istrative power limit).

Table 2: CM Test Data After First Assembly (XM50)

# Eacc.max limit Eacc.oper limit Xgun dep
[MV/m] [MV/m] [mGy/min]
1 29.6 BD 20.0 FE 0.8 1E-2
2 24.1 BD 16.4 FE 1.2 3.0
3 29.6 BD 29.1 BD 2E4 3E4
4 31.0 PWR 31.0 PWR 2E-5 1E-5
5 31.0 PWR 31.0 PWR 9E-3 3E-3
6 31.0 PWR 25.6 FE SE-3  7E-2
7 31.0 PWR 23.1 FE 0.8 1E-2
8 20.8 BD 20.3 BD 0.0 0.0

Table 3: CM Test Data After Re-Assembly (XM50.1)

# Eacc.max limit Eacc.oper limit Xgun dep
[MV/m] [MV/m] [mGy/min]
1 31.0 PWR 31.0 PWR 0.0 0.0
2 24.9 BD 24.4 BD 0.0 0.0
3 31.0 PWR 31.0 PWR 3E4 0.0
4 31.0 PWR 31.0 PWR 0.0 0.0
5 31.0 PWR 31.0 PWR 0.0 0.0
6 31.0 PWR 31.0 PWR 8E-5 1E-4
7 31.0 PWR 31.0 PWR 0.0 0.0
8 31.0 PWR 31.0 PWR 0.0 2E-5
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Tables 2 and 3 are summarizing the XM50 and XM50.1
2 CM test results — accelerating gradients and gamma radia-
g tion data together with single cavities limits. Figure 2 pre-
% sents XM50 gamma radiation measurements results com-
28 pared with VT data. In Figure 3 the XM50 CM dark current
% and gamma radiation measurement is shown, this measure-
 ment is done with all 8 cavities tuned to the resonance and
operated at average gradient of 21 MV/m. A very high
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gamma radiation level was measured (12/39 mGy/min
gun/dump sides) with corresponding high dark current
(~1.1 pA). Thus, operating the CM at this gradient is not
possible and a lower gradient of ~10 MV/m is not effective
in the machine operation. In Figure 4 the operational gra-
dients are compared between the VT and CM tests. Figure
5 compares the BD gradients of the tested CM cavities —
CM tests are limited at 31 MV/m (administrative RF power
limit).
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Figure 2: CM XM50 cavities X-rays measurements.

The test results show mostly FE related degradation of
the XM50 after the CM assembly. CM cavities re-treatment
described in details in [6] restored the cavities perfor-
mance, as is seen from VT results (Fig. 4) before the
XM50.1 assembly at DESY. XM50.1 CM test did show al-
most no gamma radiation and hence no FE related degra-
dation after the re-assembly. Cavity 2 (CAV00789) is the
only one degraded this time to lower BD gradient value
compared to VT, but without FE.

Cryogenic losses based Qp measurements on XATB2
(see Fig. 6, two last points are taken with cavity 2 detuned)
confirming the restored cavities performance in XM50.1.
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Figure 3: CM XMS50 operational test with <Eacc> = 21 MV/m: corresponding gamma radiation values on the left and
dark current measurement panel on the right, 1.1 uA peak value was measured.
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Operating gradient comparison VTs, XM50, XM50.1 (AMTF cryomodule tests have the administrative limit of 31 MV/m)
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Figure 4: CM cavities vertical and module tests: operating gradient comparison.
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e CM test after the re-assembly showed a good perfor-

mance: only one cavity out of 8 did degrade after the
CM assembly, but without FE and with a still usable
gradient.

e Successful CM repair means a feasibility of such ac-

tion to restore the CM performance.
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g Figure 5: CM cavities BD limits comparison.
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