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Abstract
The commercial available cryomodules of the

ELBE/Rossendorf-type, produced by Research In-
struments (RI), found use in various superconducting
accelerators. Requirements for the cryomodules changed
in the last two decades. In particular, this was the case for
the Mainz Energy-Recovering Superconducting Accelerator
(MESA), so the so-called MESA Enhanced Elbe-type
Cryomodule (MEEC) was produced by RI to fulfil the
specific requirements for MESA. In addition, an ELBE-type
cryomodule from the decommissioned Accelerator and
Light In Combined Experiments (ALICE) from Daresbury,
United Kingdom1, was gifted to us. The ALICE module
needs a refurbishment to fulfill the requirements for MESA.
Therefore, the investigation of a possible use as a spare
cryomodule started as well as a study for using coated HOM
antennas. This includes a clean room treatment with a high
pressure rinse (HPR). The existing clean room structure at
the Helmholtz Institut Mainz (HIM) will be used for this
purpose. Through corona regulations it was not possible
to perform a HPR with the ALICE cavities till now, but an
injector cavity from the S-DALINAC could be refurbished
successfully in 2021.

INTRODUCTION
Currently, a cryomodule of ALICE [1] is under refur-

bishment at the Institut für Kernphysik at the Johannes
Gutenberg-Universität Mainz. This Module contains two
1.3 GHz TESLA/XFEL-type cavities like the MESA MEEC
[2] modules. It is planned to test Higher Order Mode (HOM)
antennas with a coating of better superconductors, like
Nb3Sn and NbTiN at a later stage. With further modification,
the ALICE module will finally become a spare cryomodule
for MESA. These modifications include an upgrade of the
tuner, HOM antennas and Helium port. It is expected that
coated HOM antennas allow better damping of HOMs and
thus enable the transport of more beam current.

MESA Layout
Figure 1 shows the lattice of MESA [3]. The injector

includes the Small Thermalised Electron Source at Mainz
(STEAM), MESA Low Energy Beam Apparatus (MELBA)
and MilliAMpere BOoster (MAMBO) and accelerates the
polarised and unpolarised electrons up to an energy of
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Figure 1: MESA lattice with a normal conducting injector 
and superconducting main accelerator. Two superconducting 
cryomodules prepare the electron beam for the experiments 
by MESA.

5 MeV. The two superconducting cryomodules drive the 
main accelerator and provide an energy gain of 100 MeV for 
MAGIX in the energy-recovering (ER) mode and 150 MeV 
for the P2 and BDX in the beam dump mode. Table 1 
compares the key parameters of ALICE and MESA. The 
cryomodules are similar as they are both based on the 
ELBE/Rossendorf design [4]. Since MESA is planned to run 
in the ER mode with a factor of 100 higher beam currents, 
it is necessary to refurbish the ALICE module and modify 
it for the use in MESA.

Table 1: Comparison of the Key Parameters of ALICE and 
MESA

Parameter MESA ALICE

𝑄0 1.25 × 1010 5 × 109

Field gradient 12.5 MV m−1 12.9 MV m−1

Beam current (ERL) 1(10) mA 13 µA
RF Frequency 1.3 GHz 1.3 GHz
Cavities 9-cell 9-cell

XFEL/TESLA XFEL/TESLA

REFURBISHMENT OF SRF CAVITIES
Clean Room Infrastructure at HIM

For the clean room treatment of the Niobium cavities the 
existing clean room infrastructure at HIM is used. It contains
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Figure 2: Sketch of the clean room infrastructure at HIM [5].

two clean rooms from different ISO classes (see Fig. 2). 
The first clean room fulfills the requirements for the ISO 6 
class. Here the cavities are cleaned from the outside in an 
ultrasonic bath and brought into the HPR. The cavity 
leaves the HPR from clean room 2 which fulfills the ISO 4 
requirements. In this room the cavity can dry after the 
HPR and be prepared for the next steps.

Clean Room Handling
For testing the the cleanroom handling and HPR perfor-

mance a 3 GHz 6-cell cavity from S-DALINAC accelerator 
[6] at TU Darmstadt, Germany, has been tested first. The cav-
ity from Darmstadt was brought into the clean room through
the material entrance where the outer surface got coarse
cleaning. The cavity was then brought through robot arms to
the ultra sonic bath system (USB), (see Fig. 3). Here the
outside of the cavity got cleaned in an ultrasonic bath, which
was heated up to 40 °C and contained Tickopur as a cleaning
solvent. After 30 minutes in the active ultra sonic bath the
cavity was brought into the ultra pure water rinse. Here was
measured the electric conductivity of the out flowing water
monitored. When a value between 0.055 − 0.1 µS cm−1 of the
electrical conductivity of the out flowing water was reached
one could state that the outer surface is particle free. Then the
cavity was ready for the inner surface treatment with the
HPR. The HPR receipt includes pre-rinse, scrub-rinse and
post-rinse. The pre-rinse and post-rinse cycles have a
pressure of 20 bar. The scrub-rinse uses a pressure of 95 bar
to clean the inside of the cavity. During the HPR the
conductivity of the out flowing water was monitored again to
identify when the surface was particle free. In the following
the cavity was brought in clean room 2 and dried there for 2
days. The cavity was then wrapped up in the clean room and
prepared for the transport back to Darmstadt. At
Darmstadt, the cavity was installed back into the accelerator.

Figure 3: 1. cavity on the robot arm of the USB system; 2. 
cavity in the active USB; 3. cavity in the ultra pure water 
rinse.

Results at the S-DALINAC

After cleaning and integration back into the accelerator. 
The quality factor 𝑄0 was measured in-situ. The perfor-
mance stability of the cavity increased compared to the mea-
surement before the HPR at the cost of a lower value of 
𝑄0. In Fig. 4 the results of both measurements are  shown. 
Before the HPR was performed, the accelerating field was 
limited to 2.3 MV m−1 through a quench of the cavity. The 
quality factor of the cavity reduced from (1.5 ± 0.2) × 108

to (4.6 ± 0.2) × 107 for unclear reasons after the HPR. The 
cavity reached the designed field gradient with an increased 
power dissipation into the cryostat. The HPR could remove 
the source of the field e mitter. The cavity is operating at 
S-DALINAC successfully since re-integration.
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Figure 4: In-situ measurements of the quality factor at dif-
ferent accelerating field g radients. The quality factor before 
HPR was stable till 2 MV m−1 and quenched afterwards. Af-
ter the HPR the quality factor was overall reduced, but higher 
field gradients were a chieved. The field emitter which caused 
the quench was removed through the HPR [7].

Status of the ALICE Module
Before the ALICE cavities can receive a clean room 

treat-ment, they need to be unmounted from the cryomodule 
(see Fig. 5). This process includes the following steps:

Table 2: Steps of Disassembling the ALICE Cryomodule

Step Description
1 The outer shell has to be freed from beam

guide accessories, Helium and Nitrogen port
and RF-power coupler

2 The end caps have to be removed
3 The shield has to be opened
4 The nitrogen shield has to be disassembled
5 Installation of the rail system to remove

the coldstring
6 Remove the bellow which connects the cavities
7 Remove the tuning system from the cavities

and install blind flanges by power coupler,
antennas and cavities

8 Installation of the transport cage for clean
room treatment

At the moment one cavity is at the last two steps, while the
other cavity needs an acetone treatment to clean oil residuals
from an oil leak into the Helium vessel.

HOM ANTENNA COATING STUDIES
In a later stage of MESA it is planned to have a beam cur-

rent of 10 mA in continuous wave mode. Nb HOM antennas
were tested at the CEBAF (Continous Electron Beam Accel-
erator Facility) [8] with XFEL/TESLA 1.5 GHz cavities and
showed that the critical temperature of Nb was reached by a
heat load of 43 mW. Since the cooling power for the HOM
antenna is limited to 1.25 W, simulations with CST of the

Figure 5: Steps of disassembling a cryomodule: 1. Fully 
equipped end cap; 2. Removed end cap and cut super iso-
lation foil; 3. Opened shield; 4. Installed rail system; 5. 
Coldstring on the mounting rag and covered with super iso-
lation foil; 6. Separated cavities.

heat distribution are ongoing. First result of the simulations 
are that the pure Nb HOM antennas can heat up over the 
critical temperature of Nb. If the antenna heats up above its 
critical temperature, a quench of the whole system would 
be triggered. A possible solution are coatings with higher 
𝑇𝐶 superconductors like Nb 3Sn [9] and NbTiN [10, 11]. 
They have higher critical field, currents and temperatures. 
Simulations of the coated HOM antennas can provide an esti-
mation of the performance gain of the coated antennas. The 
coating will be done with our research cooperation partners 
from University Hamburg and TU Darmstadt which both 
have the needed sputtering systems and experience which 
are necessary for the coatings.

CONCLUSION & OUTLOOK
With the cavity from Darmstadt, it could be shown that a 

surface refurbishment of SRF cavities with the existing clean 
room at HIM could be performed successfully. However, the 
drop of the quality factor cannot be explained right now and 
is part of ongoing research. A following HPR in the next 
maintenance phase could improve the quality factor but this 
would imply decommissioning of the successfully running 
S-DALINAC injector. The refurbishment of the ALICE
cavities is ongoing and the first HPR will be performed soon. 
The simulation for the HOM antennas show the need for 
coated antennas. The coated antennas will be tested first at 
the ALICE cavities after their refurbishment.

REFERENCES
[1] P. A. McIntosh et al., “SRF System Operation of the AL-

ICE ERL Facility at Daresbury,” in Proc. SRF’09, Berlin,
Germany, Sep. 2009, pp. 34–40, https://jacow.org/
SRF2009/papers/MOOBAU05.pdf

13th Int. Particle Acc. Conf. IPAC2022, Bangkok, Thailand JACoW Publishing
ISBN: 978-3-95450-227-1 ISSN: 2673-5490 doi:10.18429/JACoW-IPAC2022-TUPOTK014

TUPOTK014C
on

te
nt

fr
om

th
is

w
or

k
m

ay
be

us
ed

un
de

rt
he

te
rm

s
of

th
e

C
C

B
Y

4.
0

lic
en

ce
(©

20
22

).
A

ny
di

st
ri

bu
tio

n
of

th
is

w
or

k
m

us
tm

ai
nt

ai
n

at
tr

ib
ut

io
n

to
th

e
au

th
or

(s
),

tit
le

of
th

e
w

or
k,

pu
bl

is
he

r,
an

d
D

O
I

1228

MC7: Accelerator Technology

T07: Superconducting RF



[2] T. Stengler et al., “Modified ELBE Type Cryomodules for 
the Mainz Energy-Recovering Superconducting Accelera-
tor MESA,” in Proc. SRF’15, Whistler, Canada, Sep. 2015, 
pp. 1413–1416, https://jacow.org/SRF2015/papers/
THPB116.pdf

[3] F. Hug, K. Aulenbacher, R. G. Heine, B. Ledroit, and D. Si-
mon, “MESA - an ERL Project for Particle Physics Exper-
iments,” in Proc. LINAC’16, East Lansing, MI, USA, Sep. 
2016, pp. 313–315, doi:10.18429/JACoW-LINAC2016-
MOP106012

[4] J. Teichert et al., “Rf status of superconducting module de-
velopment suitable for cw operation: Elbe cryostats,” Nu-
clear Instruments and Methods in Physics Research Section 
A: Accelerators, Spectrometers, Detectors and Associated 
Equipment, vol. 557, no. 1, pp. 239–242, 2006, Energy Re-
covering Linacs 2005, doi:10.1016/j.nima.2005.10.077

[5] T. Kürzeder et al., “Commissioning of a Cleanroom for SRF 
Activities at the Helmholtz Institute Mainz,” in Proc. SRF’19, 
Dresden, Germany, Jun.-Jul. 2019, pp. 1162–1167, doi:10. 
18429/JACoW-SRF2019-THP101

[6] M. Arnold et al., “Construction and Status of the Thrice Recir-
culating S-DALINAC,” in Proc. IPAC’17, Copenhagen, Den-

mark, May 2017, pp. 1384–1387, doi:10.18429/JACoW-
IPAC2017-TUPAB030

[7] S. Weih, “Injector optimization at the superconducting darm-
stadt linear electron accelerator s-dalinac,” en, Ph.D. dis-
sertation, Technische Universität, 2022, p. 75, 
doi:10.26083/tuprints-00020632

[8] J. S. Sekutowicz, “HOM Damping and Power Extrac-
tion from Superconducting Cavities,” in Proc. LINAC’06, 
Knoxville, TN, USA, Aug. 2006, https://jacow.org/
l06/papers/WE2005.pdf

[9] A. Godeke, “A review of the properties of Nb3Sn and 
their variation with a15 composition, morphology and strain 
state,” Superconductor Science and Technology, vol. 19, 
no. 8, R68–R80, 2006, doi:10.1088/0953-2048/19/8/
r02

[10] Z. Charifoulline, “Residual resistivity ratio (rrr) measure-
ments of lhc superconducting nbti cable strands,” IEEE 
Transactions on Applied Superconductivity, vol. 16, no. 2, 
pp. 1188–1191, 2006, doi:10.1109/TASC.2006.873322

[11] H. Machhadani et al., “Improvement of the critical tempera-
ture of NbTiN films on III-nitride substrates,” Superconduc-
tor Science and Technology, vol. 32, no. 3, p. 035 008, 2019, 
doi:10.1088/1361-6668/aaf99d

13th Int. Particle Acc. Conf. IPAC2022, Bangkok, Thailand JACoW Publishing
ISBN: 978-3-95450-227-1 ISSN: 2673-5490 doi:10.18429/JACoW-IPAC2022-TUPOTK014

MC7: Accelerator Technology

T07: Superconducting RF

TUPOTK014

1229

C
on

te
nt

fr
om

th
is

w
or

k
m

ay
be

us
ed

un
de

rt
he

te
rm

s
of

th
e

C
C

B
Y

4.
0

lic
en

ce
(©

20
22

).
A

ny
di

st
ri

bu
tio

n
of

th
is

w
or

k
m

us
tm

ai
nt

ai
n

at
tr

ib
ut

io
n

to
th

e
au

th
or

(s
),

tit
le

of
th

e
w

or
k,

pu
bl

is
he

r,
an

d
D

O
I


