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Abstract

Superconducting RF (SRF) cavities have long been used
in particle accelerators. The 1.3 GHz niobium cavities de-
veloped in the TESLA collaboration will be the basis of the
European XFEL [1] and are the cavity of choice for the In-
ternational Linear Collider (ILC) [2]. The fabrication pro
cess of the cavities has been developed and optimised over
the past 15 years and will now be applied in large scale
industrial production of the 800 cavities foreseen for the
XFEL. The DESY ILC group is developing tools to moni-
tor those aspects of the production that affect the gradient
of these cavities. To date the main obstacle in achieving a
gradient exceeding 30 MV/m is the quench induced in sur-
face structures in the niobium, while field emission is still
under investigation. Such features are explored in an op-
tical inspection of the 9-cell cavity structures and supple
mented by temperature mapping [3] and measurements of
the Second Sound [4] that originates from the phase tran-
sition of the liquid helium at the position of the local ther- ~ Figure 1: Rotating T-Map system used at DESY
mal breakdown (“quench”) in superfluid helium. Oscillat-
ing Superleak Transducers (OST) are used to record the . _ .
signal of the Second Sound. The Second Sound measuf¥EVIEW of the_ various types (?f te_mpqature mapping (T-
ments are thought to replace the time consuming temp lap) systems in use at DESY is given in [3].
ature mapping on the outer cavity surface with a resistor

system [3]. Second Sound

The cryogenic measurements on 1.3 GHz SRF cavities
QUENCH DETECTION take place aK 2K in liquid Helium below theX-point.

While the occurrence of a quench in an SRF cavity ig’his leads to a mixture of He | and superfluid Helium

quickly evident from the RF operating parametersiitis moréHej Il) inside the cryostat. If energy is depositgq in the
cumbersome to locate the origin of the quench on the syf€lium vessel, e.g. by a quench, the phase transition of He

face. A long established system at DESY consists in hal.t0 He I propagates as an entropy wave, the so-called Sec-

nessing the outer cavity surface by a series of resistors afd Sound. The amplitude of the Second Sound signal and
to measure the change of resistance introduces by the hi} Propagation velocity of the Second Sound depend on

deposited at the origin of the quench. Rather newer Hi€ temperature of the helium bath. This wave can be ob-
DESY is the introduction of the Second Sound measurs€rved with Oscillating Superleak Transducers that operat

ment capability which registers the phase transition He {|k€ condenser microphones with a porous membrane to al-
to He I induced by the heat deposited. Iqw Hg Il flqw while He | will be blocked _because of its
viscosity. With a DC voltage of 120V applied to the trans-
ducers, special safety requirements had to be taken into ac-
count, such as special cabling and shielding of the amplifier
The most extensive temperature mapping system alectronics. With a set of eight OSTs, as shown in Fig. 2,
DESY senses the surface temperature on all 9cells ohe can cover the entire surface of a cavity and measure the
a complete cavity simultaneously at a cryogenic RF tegiropagation times. With the known propagation veloeity
at 2K. Two arms with 116 carbon resistors in total arén a range of 16-20m/s at 1.4-2K at least three measured
mounted on the cavity surface and can be rotated® 368ignals are needed to do triangulation. Measurement errors
azimuthally around the cavity, as shown in Fig. 1. Arusually lead to a quench position not located on the surface
of the cavity which is compensated with a constraint fit on
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erence and use this signal for pedestal subtraction. linitia
tests showed a significant noise reduction.

OPTICAL INSPECTION

In addition to the described methods for quench localisa-
tion a system for the optical inspection of the inner surface
of cavities is in use at DESY. The camera system has been
developed by KEK and the University of Kyoto [6] and is
in use at DESY since 2008 [7]. A schematic overview of
the system is depicted in Fig. 3. It consists of a high res-
olution camera combined with an illumination system that
is able to adapt to the topology of the surface. Since the
application of this optical inspection, the relevant scefa
effects can be observed. Currently the inspection of the in-
ner surface is done manually and takes about two days for
a full inspection of a 9-cell cavity. An automated setup is
under construction and will be brought into service soon.

The comparison of the optical inspection pictures and
known quench locations gives information about structures
on the inners surface that may cause such a quench. Cor-
relations between defects found in the optical inspection
and hotspots from the quench detected by T-Map or Second
Figure 2: Schematic overview of the OST setup applied ound ha\{e been found.in several cases [7]. .By ;tudying
DESY: a 9-cell cavity and 8 OSTS (red) t' e formatlon and evplutlon of defects via optical inspec-

tion in-between the different steps of surface treatmemt th
identification of possible limitations of the cavity perfor

EXPERIENCE WITH SECOND SOUND mance becomes feasible at early stages of the cavity pro-

) _duction and preparation process.
A first test of OSTs assembled at DESY took place in

March 2010 with four transducers mounted at one insert llumination

with a 9-cell cavity at the vertical cavity test stand. Atsthi

first test, only one of the transducers showed a signal, so no| Comeal--x ]

quench location could be calculated. W
Several tests in the temperature range of 1.4K to 2.1 K Mirror

showed the known propagation velocity dependence, but i .

also a temperature dependence of the amplitude on the sfggure 3: Schematic overview of the Kyoto Camera System
nal. The largest amplitude has been found at 1.6 K, but as a

compromise regarding the pumping time and the provided

temperature stability, future Second Sound measurements MEASUREMENTSAT CAVITY AC126

will be made at 1.8 K. This has several advantages com- . )
pared to 2K: One example of the first measurements using the Sec-

ond Sound system is a test of the superconducting 9-cell
e The Signa| amp"tude is increased due to the |arge¥3 GHz CaVity AC126. It has been tested recently with ro-
amount of He-Il and the Second Sound signal is cafating Temperature Map and a Second Sound setup. The
ried better in the Helium bath. guench locations have been successfully found with both
e The % -ratio is smaller by a factor of 4 compared toT-Map and Second Sound. In Fig. 4 the temperature map
2 K which results in a better determination of the propof cell 2 at the quench position in themode is shown.
agation velocityv. The red spot on the lower half cell has been identified in
this T-Map to be the quench spot. In addition there is an-
To date, the measurement is still hampered by electrdther heating source near the equator which also was a hot
cal noise injected on the the OST channels. Some sourceppt in another measurement. The position calculated with
such as the supply wires acting as antenna, have been elitme Oscillating Superleak Transducers shows a position be-
inated successfully. However, since the vertical testdstaiween both located heat spots, but the measured angular
shares the same building with the FLASH accelerator gosition is in very good agreement with the temperature
DESY there are more sources of electromagnetic perturbarap. The quench locations detected by Second Sound in
tions that cannot be eliminated easily. Future plans are the other fundamental passband modes have also been ver-
place one open ended wire inside the cryostat as a noise riéied by the temperature mapping system.



J— SUMMARY AND OUTLOOK

«- DESY is applying several diagnostic tools for supercon-
ducting 9-cell 1.3 GHz cavities for quality assessment fol-
lowing the sophisticated production process:

e Temperature mapping

i -
E:ﬂ e Measurement of Second Sound
;; e Optical inspection of the inner surface of the super-

conducting cavities is done with the Kyoto camera
system

Several simultaneous tests of the Second Sound setup with
TR the established T-Map system showed a good agreement of
e the quench location in the vertical cavity test. To reduee th
) ) _current uncertainties of the quench localisation, somesmor
Figure 4: Temperature Map image of cell 2 of cavitygrort jike more precise positioning of the OSTs and a bet-
AC126 in 7-mode with the red hot spot and the quenchg; (ime resolution of the DAQ has to be made to improve
location by Second Sound marked in yellow the accuracy. Future plans are an automated quench detec-
tion using Second Sound to avoid time consuming temper-
ature mapping, which is not practical for a large amount of

The optical inspection of A_ClZG after the_ vertical teStavities like for the European XFEL and the ILC-HiGrade
showed_ Fhat the quench Iocatlo_n m_easured-nmode and programme, combined with an automated optical inspec-
the position of the defect found in Fig. 5 agree. tion
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