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Test stands in Uppsala University
I.FAST/AMICI/ETIAM workshop @ DESY
Akira Miyazaki on behalf of FREIA team
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• Introduction of the FREIA laboratory
• Test stand 1: vertical cryostat GERSEMI
• Test stand 2: horizontal cryostat HNOSS
• Test stand 3: vertical cryostat µGERSEMI
• Summary of test stands
• Potential needs of cavities (1.3 GHz) for our future
compact XFEL project
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magnetic flux quanta occupy all the potential pinning
centers, similar to an observation in an elliptical cavity [7].
In conclusion of this section, flux trapping happens
during quench and could be reversible. Several cycles of
quench are necessary to reach saturation. It is thus possible
to recover a degradation triggered by a quench event by requenching the cavity in a re-optimized magnetic environment instead of warming up a full cryomodule above
transition as reported in [7]. The degradation by quench (if
caused by flux trapping) is caused by a nonoptimal
magnetic shielding.
APPENDIX C: SURFACE BARRIER AND THE
FLUX ORIENTATION
When the fluxes are carefully trapped on purpose, our
hypothesis of preferential flux trapping normal to the
surface can reproduce experimental results reported in
[41]. However, their magnetic field measurement outside
the cavity apparently showed good agreement with a
homogeneous trapping scenario without any preferences
in flux orientation. In this section, we consider that the flux
can be trapped in parallel to the surface but does not
contribute to the power dissipation which happens at the
inner surface.

FIG. 14.

Flux line trapped in parallel to the surface.

with K 1 the modified Bessel function of the second kind.
The latter is a repulsive force per unit length from the
interaction to the external magnetic field
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with a constant H0 which satisfies continuity of the

The FREIA team: experts from different field
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Present main project: ESS double spoke modules
Test & assessment at FREIA laboratory in Uppsala

Assembly in IJCLab

9/13 modules approved à Installation in ESS
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Vertical cryostat GERSEMI
Test of SC cavities & magnets (<350kJ)
•3.2m x ø1.1m total volume
•2.65m x ø1.1m below lambda plate

Operation on liquid bath or pressurized (with a 2K heat exchanger)

Flexibly reduce the helium
volume by cryogenic foams
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Superconducting test programs for HL-LHC
Double Quarter-wave crab cavity

Analog PLL

LHC MCBC corrector magnet

The insert is
not shared!

2 x 2000 A
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Radiation shield and cavity insert
Radiation shield design

µSv/h

Mechanical design of the
supporting structure

http://www.divaportal.org/smash/record.jsf?pid=diva2%3
A1369361&dswid=-3059

Turbo Pump
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Cooling
down
curve
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First result of DQW testing
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arXiv:2011.05210
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Pressure
stability
at 2K

ü Cryogenics nicely worked for the cavity
ü The result met the project specification
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Magnetic field mapping after a magnet test
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Hold 3D axis fluxgate sensor (Bartington)
Helmholtz coils around to compensate the ambient field
Horizontal scan: -30 cm < x < 30 cm; -30 cm < y < 30 cm
Vertical scan: -400 cm < z < 0 (cavity center: -290 cm; top flange: 0 cm)
à Good to check the homogeneity of the magnetic field inside the cryostat
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Horizontal cryostat HNOSS for jacketed cavities
H. Li et al, NIMA 927, 63 (2019)
H. Li et al, LINAC 2018, THOP066

Inner diameter
1.2 m

Inside length
3.3

m

• For a cavity with a helium jacket
• Ideal for coupler testing: FPC, HOM
• Multiple cavities may be tested at the same time
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He-jacketed cavity testing at HNOSS
FREIA report
2016/01

• Our LLRF card is equipped with
Self-Excited-Loop (SEL) to lock
critically coupled cavities
• Q vs E and other standard
measurements can be performed
in HNOSS if the cavities are
equipped with He jackets
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Cavity testing with power couplers & tuners
Proceedings of SRF2013, Paris, France

THP065

DESIGN OF 352.21 MHz RF POWER INPUT COUPLER AND WINDOW
FOR THE EUROPEAN SPALLATION SOURCE PROJECT (ESS)
E. Rampnoux#, S. Bousson, S. Brault, P. Duchesne, P. Duthil, G. Olry, D. Reynet,
CNRS/IN2P3, IPN Orsay, France
Abstract

FREIA

The future European Spallation Source will be built to
Lund in Sweden and will consist of a superconducting
linac which will contain a SRF SPOKE cavities section
with its associated high power RF couplers. In this
framework, IPN Orsay is in charge of studying, designing
and 2017/10
of conditioning four power couplers at nominal
report
operations conditions by 2015. Studies and preliminary
design of the ESS Spoke cavity power coupler are
presented.

The design is based on the coupler developed for the
superconducting SPOKE cavities in the framework of the
EURISOL Design Study [2]. To adapt that design to the
ESS power coupler requirements, a water cooling system
is integrated in the inner antenna and the water cooling
system of the ceramic window has been modified to direct
FREIA
the water flow more effectively.
The window assembly (Figure 1) has three
instrumentation ports: one for ultra-high vacuum gauge, a
second for electron pick-up antenna and the last will be a
sapphire optical view port for arc detector.

report 2018/07

INTRODUCTION
The high-power RF coupler is the connecting part
between the RF transmission line and the RF cavity and
provides the electromagnetic power to the cavity and the
particle beam. In addition to this RF function it also has to
provide the vacuum barrier for the beam vacuum. Highpower couplers are one of the most critical parts of the RF
cavity system in an accelerator. A good RF and
mechanical design as well as high quality fabrication are
essential for efficient and reliable operation of an
accelerator.
ESS accelerator high-level technical objectives are:
• 5 MW of average beam power
• 125 MW of peak power
• Beam current of 50 mA
• A repetition rate of 14 Hz
• Pulse length of 2.86 ms
• High reliability, > 95%
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Cleanroom is available for SC activities
Class 10
equivalent

ü A pick-up antenna falling off during transport was fixed in the cleanroom
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µGERSEMI (aka “CoW”) cryostat

• Mobile cryostat (Cryostat on Wheel) for 4K 1 bar
operation newly commissioned
• Flexibly adapt different feedthroughs such as RF
coax
• Excellent for testing equipment
• For R&D of small cavities?
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FREIA Test stand 1 summary
GERSEMI
No

Property name

Value

Unit

Comment

1

LHe volume

3300

L

To be reduced

2

Operating temperature

1.8-2.0

K

4K not stable

3

Diameter / size

1.1 / 2.8

m

4

Number of inserts

1 (+1)

5

RF Frequency

352

MHz

6

Maximum Incident power

100

W

7

Additional instrumentation

3D fluxgate

8

Typical testing rate (Vts / year) 0.5-1

Per month

9

Possibility to test naked
cavities

YES

YES / NO

10

Infrastructure for small
intervention

YES

YES / NO

+Magnet insert
To be upgraded

Clean room
ISO10
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FREIA Test stand 2 summary
HNOSS (Horizontal)
No

Property name

Value

Unit

1

LHe volume

He jacket only

L

2

Operating temperature

1.8-2.0

K

3

Diameter / size

1.2 / 3.3

m

4

Number of inserts

5

RF Frequency

352

MHz

6

Maximum Incident power

100

W

7

Additional instrumentation

8

Typical testing rate (Vts / year) 0.5-1

Per month

9

Possibility to test naked
cavities

NO

YES / NO

10

Infrastructure for small
intervention

YES

YES / NO

Comment
4K not stable

To be upgraded

Clean room
ISO10
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FREIA Test stand 3 summary
µGERSEMI (Cow)

No

Property name

Value

Unit

1

LHe volume

47

L

2

Operating temperature

4.2

K

3

Diameter / size

0.26 / 0.635

m

4

Number of inserts

1

5

RF Frequency

352

MHz

6

Maximum Incident power

100

W

7

Additional instrumentation

3D fluxgate

8

Typical testing rate (Vts / year) 3-4

Per month

9

Possibility to test naked
cavities

YES

YES / NO

10

Infrastructure for small
intervention

YES

YES / NO

Comment

To be upgraded

Clean room
ISO10
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Funding to support user R&D
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Inverse Compton X-ray source “Ångström Laser”
arXiv:2105.07923

• CW SRF cavities + high-power short pulsed IR laser
• Short pulsed X-ray with high repetition rate
• Future stage for coherent X-ray source
• Seeding fine structure in a bunch by Grating + emittance exchange
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We need state-of-the-art cavities soon
Foreseen Projects
Project name
(not obligatory)

Frequency Amount of
cavities

Operating
temperature

Comment

Angstrom laser

1.3 GHz

1

1.8K - 2 K

3 cell, 40 MV/m

Angstrom laser

1.3 GHz

1

1.8K - 2 K

9 cell (TESLA), 40 MV/m
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