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Abstract

The quarter wave resonator (QWR, a.k.a. A/4 resonator)
for the new ISIS MEBT is a bunching cavity that longitu-
dinally compresses the H" beam into smaller bunches. It
has two gaps with a distance of BA/2 between mid-gaps,
and works in m mode at the resonant frequency of
202.5 MHz, with a phase angle of -90 degrees, and a max-
imum voltage per gap (EoL) of 55 kV. The detailed RF and
thermal design were developed, followed by the manufac-
turing and testing of a prototype, all presented elsewhere.
Parts for 5 new cavities were later manufactured, whose
details were also presented elsewhere. This paper discusses
how these new cavities were assembled, tuned and tested.
The assembly was done in the metrology lab to ensure the
correct alignment of the nose cones to the stem ring, with
the subsequent doweling. Unexpected problems were also
found, including the installation of the automatic tuner fin-
ger-strips, how to achieve the expected quality factor and
the conditioning of the cavities to cope with multipacting.

MANUFACTURING, ASSEMBLY
AND TUNING

The current ISIS LINAC directly connects the RFQ to
the first DTL tank at an energy of 665 keV. A MEBT was
designed to improve the beam matching and to add other
beam chopping features. The new MEBT consists of four
QWRs, a beam chopper and eight quadrupole magnets.

The electromagnetic, thermal and mechanical designs,
including the manufacturing, of a first prototype for the
new QWR cavity were previously presented [1, 2]. A first
prototype was assembled, tuned and successfully tested
[3], which led to the manufacturing of the remaining parts
for the series production of 5 additional cavities.

All production tanks for the cavities followed the same
manufacturing method as in the prototype cavity, which in-
volved machining from a solid billet to minimise welding.

The brazing jig was optimised to improve the disassem-
bly process. Key changes included reducing the contact
area for sliding parts and modifying the tapered section to
have 3 points of contact rather than a full ring. Pushing
screws were added for all parts to aid disassembly.

New stems and lids were ordered after the success of the
prototype. The manufacturer proposed to use C110 rather
than the specified C103 copper. The grade is a purer grade
with better electrical properties, so the material change was
agreed after discussing with the brazing company. When
brazing the first of the production cavities, the brazing re-
sult did not follow the prototype result of the C103 lids and
stems, which was identified as a wetting problem with the
purer C110 copper when brazed in vacuum. At this point,
it was decided to manufacture new C103 lids but continue
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to use the C110 stems due to cost and complexity of that
part. Further to this, it was found that the diameter of the
lip at the top of the stainless-steel tanks, which is a location
feature for the lid, varied by up to 40 pm between cavities.
Each lid needed to be machined to match each cavity.

To check the suitability of C103 lids with C110 stems,
several test pieces were brazed which passed visual inspec-
tion and leak checks to give confidence. The production
brazes were an improvement on the C110 set but did not
completely replicate the success of the trial pieces.

In fact, the outcome of different brazes varied signifi-
cantly between each tank. Examples included excess flow,
partial flow and no flow through the joint (Fig. 1), all with
the same parameters.

Figure 1: Braze joint problems.

Many of the cavities were brazed multiple times to im-
prove the joint (Fig. 2). Eventually, only 4 out of the 5 cav-
ities passed the vacuum leak test. It was decided to braze
the failed one in an air oven rather than a vacuum oven, to
allow the use of soldering flux. This was successful, alt-
hough it needed thorough cleaning to remove the flux and
polishing of the tarnished surfaces.
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Figure 2: Cavity braze parameters.

The main problem later identified was the reduced silver
content of C110 copper and the variability of the outcome
due to the low temperature of the braze (275 °C). The water
channel joint, brazed at higher temperature (1000 °C), pro-
duced consistent results each time without any problems.

After brazing, the stem and lids were aligned inside each
final tank in metrology, where the cavity and stem offset
were measured. They were finally dowelled to allow for
repeatable assembly and fix the rotation of the lid.



The top lid finger-strips were initially installed in the
first new tank with a copper shim (as in the prototype), to
account for the larger groove size in the already manufac-
tured tanks. However, a poor quality factor was measured
in the VNA. It was decided to remove the shim and use the
next standard size for finger-strips, to increase the pressure
on the lid while avoiding the interface contact between the
shim and the copper plated tank (Fig. 3). This change in-
creased the quality factor from 77% to 83% of the theoret-
ical one, still lower than the prototype but within the ex-
pectations. The lower quality factor was most likely due to
the new tanks’ dimensions of the finger-strip groove in the
power coupler port, even with a 0.5 mm shim installed.
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Figure 3: Top lid finger-strips.

Another problem was found when installing the finger-
strips for the automatic tuner ports. The grooves in the new
manufactured tanks showed a large variability, which re-
quired the use (trial and error) of different size copper wires
to lock the finger-strips in the groove. The smaller diameter
of the hole also required to slightly reduce the diameter of
the automatic tuner plugs (-0.3 mm) to reduce friction,
which slightly reduced the tuning range of the tuners.

During the tuning of the pickup loops it was found that
they were mainly picking on the electric fields (too much
signal when rotated 90° against the B field). It was decided
to use simpler electric pickups, with just a bit of straight
wire (rounded tip) inserted in the feedthrough pin.

Each QWR was measured (in atmospheric pressure)
with a range of manual tuner insertion depths by shimming
the port flange, with the automatic tuner located at a posi-
tion that left most of the tuning range in the direction of the
cavity heating. The final dimension for each manual tuner
plug was interpolated in a spreadsheet, taking into account
the temperature and the effect of the air in the measure-
ments, so the final resonant frequency at 20 °C when in
vacuum would be 202.5 MHz.

VACUUM MEASUREMENTS AND
WATER FITTINGS

The cavities were tested for vacuum leaks (Fig. 4). Each
one was measured with a VNA to check the tuning of the
resonant frequency, which showed a successful manual
tuner setting in all of them (minor adjustments of the auto-
matic tuner were needed to achieve 202.5 MHz depending
on the ambient temperature). The two central pickup ports
were individually calibrated for the signal output in reso-
nance (Table 1), to measure the power inside the cavity.

Table 1: QWR Parameters

# Measured RF peak power Pickup Pickup

QL for nominal Vgap 1 loss 2 loss

[kW] [dB] [dB]

1 1916 5.341 -40.35  -37.57
2 1900 5.386 -41.20  -37.95
3 2000 5.116 -41.68  -39.08
4 1980 5.168 -41.25  -38.62
5 2025 5.053 -41.77  -38.47

The water fittings for the cooling system were assembled
and pressure tested up to 8 bar for 30 minutes to check for
leaks (Fig. 4). The tightening of the fittings was done while
the cavities were connected to a VNA to ensure that the
resonant frequency was not being too a@ted.

Figure 4: Water assembly and vacuum testing.

HIGH POWER TESTING

The cavities were connected to the 10 kW solid state am-
plifiers for the initial testing and conditioning. Their initial
behaviour was very consistent; all showed a very fast
breakdown conditioning (almost no breakdown events at
peak power), much better than the prototype, with little to
no x-ray external radiation measured by a Geiger counter,
and very small vacuum degradation. This was most likely
due to the mirror polishing of the critical copper surfaces
inside the cavities, something that was not previously done
with the prototype.
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Figure 5: Initial pulses into QWR 1.



The initial pulses after first powering QWR 1 are shown
in Fig. 5, where the reflected power (green) increases dur-
ing the pulse as the RF fields collapse inside the cavity (or-
ange). This behaviour happened for a few minutes before
QWR 1 was able to absorb all RF pulses.

Multipacting

Multipacting was expected in the new cavities, as was
seen in the prototype [3], hence a permanent magnet was
installed by default in all of them. However, multipacting
was much stronger than predicted during the conditioning
phase, which was a surprise in the first tested cavity
(QWR 1). During the conditioning process, the power in
QWR 1 was temporarily increased to 9 kW to discern be-
tween breakdown conditioning and multipacting. The Gei-
ger counter was able to record x-ray counts above back-
ground while no reflected pulses were observed at that
power, which confirmed that the problems at lower power
levels were due to multipacting. However, the multipacting
was happening below 2 kW, which was a much higher level
than in the prototype.

A second magnet was tested on top of the cavity to im-
prove the multipacting behaviour, which worked well, but
still not good enough for operation. However, after a few
hours powering the cavity and investigating the problem, it
was found that the cavity had reduced the multipacting
power level from 2 kW to 1 kW. The cavity was left heavily
multipacting with a single magnet at 500 W for a few hours
and the multipacting limit further reduced to 700 W. This
process was confirmed and consistent in the other cavities.

Thermal Tests

All cavities were run initially with thermocouples at-
tached to several critical surfaces. None of them showed
anomalous temperatures during the short runs at nominal
power (up to 5h). It was decided that only one of them
needed to be tested to check that the steady-state FEM pre-
dicted temperatures were correct. QWR 3 was left running
overnight at 5.2 kW with a safety trip temperature setting
of 37 °C and the nominal water-cooling flow rate.

T,:20.4°C

Figure 6: Temperature at 4 surface points (°C).

The steady state temperature of the power coupler flange
(hot spot in the cavity) was 28.5 °C after 18 h (Fig. 6), to-
tally in agreement with the FEM thermal models [1].

Gap Voltage Measurements

One of the new cavities (QWR 3) was also measured
with an x-ray spectrometer to indirectly work out the gap
voltage vs. input power from the x-ray emission spectrum.
The idea was to measure the spectrum at 3 power levels
around the nominal one (5 kW), but it was soon observed
that the count rate of the spectrometer was extremely slow
compared to the prototype QWR, which was not enough to
get sensible data given the limited time to do the measure-
ments. This had to do with the much better conditioning
and surface finish in these new cavities, which produced a
very low dose rate of x-rays (and most were anyway
shielded by the cavity body).

Several spectra were still recorded at much higher pow-
ers than nominal, trying to increase the x-ray emission to
get a sensible data point for comparison with FEM results.
Those spectra were taken at about 7.24 kW (Fig. 7) and
7.94 kW, while limited to about lh recording time, and
looked similar in shape to the ones presented in [3].
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Figure 7: X-ray spectrum at 7.24 kW.

The maximum x-ray energy values were not sharply de-
fined in the spectra due to the lack of an automatic loop
control in the tuner, the lack of a low-level RF closed loop
in the amplifier control and the short measurement time,
but they could be roughly estimated to 81.5kV and
86.6 kV respectively.

The measured quality factor vs. the theoretical one was
used to calculate the actual shunt impedance for the real
cavity, which was then used to calculate the voltage in the
gaps. By using the ratio of peak voltage vs. gap voltage
from FEM simulations, the peak electron voltages were
calculated as 81 kV and 84.9 kV at the measurement power
levels respectively, not too far from the spectra values.

CONCLUSION

The presented manufacturing and testing of the series
QWR cavities for the ISIS MEBT confirmed a successful
design and development work during the previous years.

Some unexpected manufacturing problems were solved
(brazed joints and finger-strip contacts), while all cavities
showed a good conditioning behaviour. The additional
multipacting problem was controlled by conditioning the
RF surfaces under their own electron bombardment. The
thermal tests also showed a robust cooling design. The x-
ray results gave confidence that the new cavities were be-
having as expected, while their final power settings should
be fine-tuned using the beamline diagnostics during the
commissioning phase.



REFERENCES

[1] I. Rodriguez and A. Letchford, “Design of a QWR cavity for
the new ISIS MEBT?”, in Proc. 14th Int. Particle Accelerator
Conf. (IPAC’23), Venice, Italy, May 2023, pp. 2227-2229.
doi:10.18429/JACoW-IPAC2023-TUPMO17

[2] J. Cawley, I. Rodriguez and J. Speed, “Mechanical design of
a QWR cavity for the new ISIS MEBT?”, in Proc. 15th Int.
Particle Accelerator Conf. (IPAC’24), Nashville, TN, USA,
May 2024, pp. 3528-3531.
doi:10.18429/JACoW-IPAC2024-THPR18

[3] I. Rodriguez, J. Cawley, and A. Letchford, “Assembly and
testing of a QWR for the new ISIS MEBT”, in Proc. 16th Int.
Particle Accelerator Conf. (IPAC’25), Taipei, Taiwan, June
2025, pp. 3528-3531
do0i:10.18429/JACoW-IPAC2025-TUPS047


https://doi.org/10.18429/JACoW-IPAC2023-TUPM017
https://doi.org/10.18429/JACoW-IPAC2024-THPR18
https://doi.org/10.18429/JACoW-IPAC2025-TUPS047

	MANUFACTURING, ASSEMBLY  AND TUNING
	VACUUM MEASUREMENTS AND  WATER FITTINGS
	HIGH POWER TESTING
	Multipacting
	Thermal Tests
	Gap Voltage Measurements

	CONCLUSION
	REFERENCES


<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /All

  /Binding /Left

  /CalGrayProfile (Gray Gamma 2.2)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Warning

  /CompatibilityLevel 1.6

  /CompressObjects /All

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.1000

  /ColorConversionStrategy /LeaveColorUnchanged

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType true

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams true

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo false

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo false

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments false

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages true

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 1.30

    /HSamples [2 1 1 2] /VSamples [2 1 1 2]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 40

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 40

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages true

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages true

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /GrayImageDict <<

    /QFactor 1.30

    /HSamples [2 1 1 2] /VSamples [2 1 1 2]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 40

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 40

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects true

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile (None)

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<

    /ENG ()

    /ENU (Setup for JACoW - paper size, embed all fonts, compression, Acrobat 7 compatibility.)

  >>

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /ConvertColors /ConvertToRGB

      /DestinationProfileName (sRGB IEC61966-2.1)

      /DestinationProfileSelector /UseName

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure true

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles true

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /NA

      /PreserveEditing false

      /UntaggedCMYKHandling /UseDocumentProfile

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [600 600]

  /PageSize [595.000 792.000]

>> setpagedevice



