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ABSTRACT

Eight SRF cavities assembled in an accelerating module represent a building block of the particle linear accelerator based on
TESLA SRF technology. DESY has two machines, European XFEL and FLASH. Both use almost same module and cavity types.
During the module assembly many factors can deteriorate the cavity performance and cause a need for a repair action. Currently
two European XFEL modules and two FLASH ones underwent reassembly procedures. The repair was not immediately successful
on every of these modules and re‐iterations did follow. The degradation causes were investigated. SRF modules were tested on
both test‐stands at DESY: AMTF and CMTB. The results of the described actions are presented and discussed.

XM46.1 testing history

Conclusions

FLASH / PXM2 and PXM3 Modules

• Four SRF accelerating modules with degraded cavities performance were disassembled, cavities were re‐treated with
HPR, tested and also partially exchanged against spare ones. Then re‐assembly followed with mixed results and need
of re‐iteration in some cases. Some degradations might be explained.

• Module XM46.1 showed good performance: the repair was immediately successful. Also transport from AMTF and
installation on CMTB did not change this. Module was stored and transported with cavities string under vacuum.

• Module XM50.1 successful repair was reported at SRF2019. After transport and installation on CMTB for CW test first
two cavities did suffer from some degradation. The cause is not exactly defined. But the module performance is still in
specs.

• Modules PXM2 and PXM3 planned for FLASH linac upgrade in 2022 both got degraded cavities after assembly.
Modules storage and transport under dry N2 pressure, compared to that under vacuum conditions, might explain
problems faced later, as contaminating particles may move in gas from string ends. For the first two cavities of PXM3
the fundamental power coupler antennae did touch the cavity surface through the accident during coupler cold parts
bellows adjustment, also coupler 6 cold part was exchanged in the clean room. Module PXM2.1 is being currently
assembled.

• Module PXM3.1 cavities re‐treatment and re‐assembly was successful: cavities did not degrade anymore. But the new
cold part of FPC, cavity 6, showed a degraded performance in the module test in AMTF with strong RF discharge.
Faulty FPC cold part must be exchanged, new module test will follow.

Module XM46.1

• Module XM46 was delivered to DESY in Sep.
2015 after the assembly at CEA (Saclay).

• Module XM46 1st test in Oct. 2015 showed a
degradation of the cavity performance with a
very high Field Emission.

• Decision was taken not to install/use the
module in the Eu‐XFEL and re‐assemble it after
cavities’ re‐treatment.

• After disassembly XM46 cavities underwent
HPR at DESY and after Vertical Test (VT) were
accepted for XM46.1 assembly.

• XM46 was re‐assembled at DESY to XM46.1
and successfully tested in Sep. 2020.

• The module was tested on two test‐stands at
DESY: AMTF and CMTB: successful module
repair is confirmed on both. Currently a CW
module test on CMTB is ongoing.

 

1
8.

8

18
.1

20
.9

5

27
.9

1

28
.5

31

19
.6

4 22
.1

2

17
.4

17
.6

20
.4

5

24
.3

3

24
.5

3

16
.6

7

15
.1

5

1
6.

6
9

CAV00831 CAV00869 CAV00051 CAV00860 CAV00279 CAV00261 CAV00850 CAV00818

10

20

30

40

B
D

B
D

B
D

B
D

B
D

B
D

X
ra

ys

X
ra

ysX
ra

ys

X
ra

ys

X
ra

ys

X
ra

ys

P
W

R

B
D

 E
ac

c 
[M

V
/m

]

 cavity name

 quench limit / power limit
 operating gradient
 XFEL goal (23.6 MV/m)

28.3 28.7

31.0 31.0 31.0
29.8

31.0

26.327.8 28.2
27.1

29.6
31.0

29.3
31.0

25.3

CAV00860 CAV00818 CAV00261 CAV00354 CAV00279 CAV00850 CAV00869 CAV00051
0

10

20

30

40

FE

BD
BD

17.09.2020

FE
FE

<E
acc

>=28.7MV/m
 WG distribution

29
.2

 B
D

29
.8

 P
W

R

34
.4

 B
D

35
.6

 B
D

35
.4

 F
E

38
.5

 F
E

33
.0

 B
D

 E
ac

c 
[M

V
/m

]

 VT
 BD/PWR limit
 operating gradient

Module XM46.1 on XATB2

31
.9

 B
D

cavity

BD

30.0
31.1

36.2

33.0
34.1

31.0

33.6

28.529.5
30.6

35.7

32.5
33.6

30.5

33.1

28.0

CAV00860 CAV00818 CAV00261 CAV00354 CAV00279 CAV00850 CAV00869 CAV00051
0

10

20

30

40
06.05.2021 <E

acc
>=30.3MV/m

 WG distribution

25.3X

31
29.33129.6X

27.1X
28.2

 E
ac

c [M
V

/m
]

 op.grad. AMTF
 BD limit
 operating gradient

Module XM46.1 on CMTB

27.8

cavity

XM46 / Sep.2015 / AMTF.XATB3

13 14 15 16 17 18 19
10-4

10-3

10-2

10-1

1

10

102

103

X
-r

ay
s 

[m
G

y/
m

in
], 

D
C

 [n
A

]

E
acc

 [MV/m]

 X-rays GUN
 X-rays DUMP
 DC GUN
 DC DUMP

XM46 / Sep.2015 / AMTF.XATB3
all 8 cavities on‐resonance

25.4

31.2

35.3
36.2

37.5

31.0
29.0 28.9

19.1

27.9

34.8
35.7

37.0

30.5
28.5

19.8

Z134 Z108 AC115 Z139 AC122 AC128 AC124 AC150
0

10

20

30

40

FE

FE

06.11.2020 <E
acc

>=27.3MV/m
 WG distribution

32.933.233.8

36.7

40.3

37.5

34

 E
a

cc
 [M

V
/m

]

 VT
 BD/PWR limit
 operating gradient

Module PXM2 on XATB2

35

cavity

FE

31.0
30.0

30.9 31.0 31.0

22.2

31.0
29.630.5

13.3

30.4

26.7

31.0

21.7

31.0

25.7

CAV00791 CAV00277 CAV00761 CAV00177 CAV00071 CAV00104 CAV00247 CAV00208
0

10

20

30

40

FE
FE

FE

15.01.2020 <E
acc

>=26.3MV/m
 WG distribution

31.1
33.1

42.8

37

33.6
31.7

30

 E
ac

c [M
V

/m
]

 VT
 BD/PWR limit
 operating gradient

Module PXM3 on XATB2

30

cavity

FE

• Modules PXM2 and PXM3 are planned
for the FLASH linac upgrade in 2022 and
will replace two older modules there.

• PXM2 suffered from C1, C2 and C8
degradation with increased FE. Module
PXM2 was stored and transported under
dry N2 gas pressure, not under vacuum.

• PXM3 C1/C2 coupler antennae did touch
the cavity through an incident, C6 cold
coupler part was exchanged in the clean
room. PXM3 cavities 2 and 6 degraded.

• It was decided to re‐assemble both
modules after re‐treatment (HPR) and
partial exchange of their cavities.
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Module XM50.1 case

cold part

• PXM3 cavities were re‐treated and partially
exchanged and installed in PXM3.1.

• Cavities test was successful: no degradation
between VT and module test.

• Coupler 6 (CAV00791) suffered from the cold
part problem: it degraded during test, still
under investigation.

• PXM3.1 re‐assembly will follow.
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• After test in AMTF (reported at SRF2019) it

was installed and tested on CMTB.

• C1/C2 suffered some degradation: C1 with
high FE and C2 with earlier breakdown.

P
X
M
3
.1
 c
o
u
p
le
r 
6


