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Abstract

This work describes a C-band RF system for the SAPS
(Southern Advanced Photon Source of China) test bench
linear accelerator. SAPS' RF testing system comprises of a
photocathode electron gun and a 2-metre-long equal gradi-
ent acceleration device. The klystron power source delivers
energy to the photocathode electron gun and the travelling
wave acceleration structure, respectively. Test the photo-
cathode electron gun first, followed by the travelling wave
acceleration structure. We investigated a short-pulse C-
band spherical pulse compressor. The photocathode elec-
tron gun's preliminary high-power testing is now complete.

INTRODUCTION

To improve the beam quality of photocathode micro-
wave electron guns, increase the gradient inside the elec-
tron gun to lower heat and space charge emissivity. The
photocathode electron gun cavity is designed to achieve an
acceleration gradient of 150 MV/m.A 2-meter-long travel-
ling wave acceleration structure is put at the back end of
the photocathode electron gun to increase the energy and
stabilise the emissivity of the electron beam emitted by the
gun.

The RF system's function is to deliver enough power to
the electron gun cavity to achieve a gradient of 150 MV/m,
as well as RF power to the travelling wave acceleration
structure to ensure that its gradient satisfies the design cri-
teria. Figure 1 shows the layout design for the electron gun
and accelerator tube.

Coil 1m

solenoid -

- - / CARAAAAAAAAAAAA

AAAAAAAAAAAAALALD
N

12m Triplets

structure 2m

35m

Figure 1: Layout of electron gun and accelerator tube.

RF SYSTEM

The components of the C-band RF system include a cir-
culator, directional couplers, rectangular waveguides, a
spherical pulse compressor, and more. Figure 2 display the
C-band RF power source system's composition diagram.
The klystron, circulator, and pulse compressor which are
positioned in the system as seen in Fig. 3 are the most im-
portant parts of the RF power system.
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Figure 2: Composition of C-band RF power source.

Figure 3: RF system schematic diagram.

Klystron

The traveling wave acceleration structure and the photo-
cathode electron gun in the SAPS experimental device will
each require one klystron with a 20 MW output power.
High throughput electron optical system, highly dependa-
ble microwave output system, and high-efficiency beam
wave interaction system are all features of C-band klystron.
The klystron mainly comprises an electron optics system,
a beam-wave interaction section, and a collector [1]. The
designed klystron, with a working frequency of 5712 MHz,
peak power of 50 MW, repetition rate of 50 Hz, and pulse
width of 2.5 ps, satisfies the performance criteria of high
gradient acceleration devices. Operational stability was
taken into account when testing the klystron, and an RF
pulse width of 1.2 us was employed.

When the klystron was tested with an RF pulse width of
1.2 ps and a repetition rate of 5 Hz, the output power
reached 45 MW. Figure 4 shows the power display.
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Circulator

Before the field is established, there will be a substantial
amount of reflection since the electron gun's microwave
structure is a standing wave field. A ciculator is positioned
between the cavity and the klystron to lessen the maximum
reflection between the structure and the klystron, protect-
ing the important component klystron. The magic T, phase-
shifting section, and 3 dB bridge are the three main com-
ponents that make up the circulator, which is essentially a
four port device. Magic T primarily divides input signals
into equal amplitude power divisions (3dB power divi-
sions),which lowers the power entering the circulator and
lowers the likelihood that the circulator would strike an arc.
Two sets of differential phase shift make up the phase shift-
ing portion, and they combine to provide a fixed 90-degree
phase difference. Two sets of differential phase shifters
make up the phase shifting section, and between the two
differential phase shifts, a fixed 90 degree phase difference
is generated. The synthesis and breakdown functions of mi-
crowave signals are primarily realized by the 3 dB bridge.
Figure 5 displays the diagram illustrating the functioning
concept.
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Figure 5: Working principle diagram of the circulator.

Test results of the differential phase-shifting ciculator are
shown in Fig. 6. Test results of the ciculator when input

from port 1: Voltage standing wave ratio (VSWR) of Port 1:

1.05, VSWR of Port 2:1.04. Insertion loss S21 of port
1—2: -0.12 dB. Isolation of Port 2—1 S12: -34.7 dB.
Working bandwidth: + 50 MHz.
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Figure 6: Circulator test results.

Pulse Compressor

SAPS was designed with a spherical pulse compressor.
The wide pulse width and low power output of the klystron
will be passed through the spherical pulse compressor to
produce a narrow pulse width and high power RF wave.
This RF wave will be fed into the traveling wave accelera-
tion structure [2]. Using the theory, designed a spherical
pulse compressor. Table 1 shows the technical parameters
of the traveling wave acceleration structure, which were
taken into account during the design process. When the
traveling wave acceleration structure runs at a gradient of
40 MV/m, it requires 64 MW of input power. The pulse
compressor's charge time is 2 s, indicating a phase rever-
sal. Reversed 0.5 ps is utilized to fill the acceleration tube
with energy.

Table 1: Traveling Wave Acceleration Structure Design
Parameters

Parameter Value UNIT
Frequency 5712 MHz
Mode 2Pi/3
Length 2 m
Qo0 10371
tF 372 ns
T 0.645
Gradient 40 MV/m
Power 64 MW

Determine the greatest energy multiplication factor that
may be attained using the relationship between the pulse
compressor's coupling factor fand the energy multiplica-
tion factor M. When $=3.5, M reaches the maximum of
1.74. To reach a power output of 64 MW, a 10% transmis-
sion loss must be included, and the pulse compressor must
produce at least 72 MW. So, when the output power of the
klystron is 20 MW, the power gain of the pulse compressor
reaches at least 3.6. Select TE112 as the pulse compressor's
working mode.

Substitute the input signal into the partial differential
equation, as stated in Eq. (1) and Eq. (2). Simulate the out-
put waveform of a spherical pulse compressor in this oper-
ating condition, and following phase reversal, the energy
multiplier's output power achieves its maximum, with a

peak power gain of around 5.6 times, as illustrated in Fig. 7.
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1 0<t<t,
Ej = ;—1 t, <t<t, (1)
0 t>t,
Tc 2 + E, = —aky. )

There, Ex is the pulse compresor input signal, Tc is the
cavity filling time, E. is the cavity radiation field, and a =
(2B)/(1 + B),B is the cavity coupling factor.
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Figure 7: Output waveform of spherical pulse compressor.

The RF design for the C-band Spherical Pulse Compres-
sor was created using 3D electromagnetic simulation soft-
ware. The simulation results are given in Fig. 8.The oper-
ating mode's resonant frequency is 5711.9 MHz, and the
coupling condition is overcoupled (coupling factor = 4).
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Figure 8: Simulation results of pulse compressor.

HIGH POWER TESTING

Because the test bench only has one RF power source,
we can only test the photocathode electron gun first, fol-
lowed by the traveling wave acceleration structure. Cur-
rently, the high-power preliminary test of the photocathode
electron gun has completed. Under the parameters of high
voltage pulse width of 3 ps, repetition rate of 5 Hz, and
voltage of 335 kV in the klystron's cathode modulator, the
output power of the klystron is 18 MW, and the RF power
input into the electron gun is 14 MW. The power and wave-
form displays are displayed in Fig. 9.
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Figure 9: Power display and waveform display.

The photocathode electron gun is prone to arcing at high
power, as illustrated in Fig. 10. When the breakdowns oc-
curs, it also removes the amplitude signal transmitted by
the pick up. The photocathode electron gun's amplitude
signal is represented by the red curve, the phase signal by
the green curve, and the vacuum by the blue curve. It can
be seen that the vacuum change inside the photocathode
electron gun corresponds to the pickup signal change. The
input power is 14 MW, the gradient is 150 MV/m, and the
acceleration gradient of the photocathode electron gun ful-
fills design specifications.
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Figure 10: Test curve of photocathode electron gun.

CONCLUSION

Preliminary testing for the C-band RF system yielded
some critical data and findings. The klystron's output
power meets system requirements, and there is no break-
down in the circulator at 18 MW of RF power. The photo-
cathode electron gun has met its operating aim, but at this
power, there is more arcing, therefore the next step is to
proceed with the aging test.

REFERENCES

[17 Y. Yu, Y. Jinghe, et al.,“Physical Design of High Power Klys-
tron for C-band Industrial Linear Accelerator”, Atomic En-
ergy Science and Technology , vol. 57, issue z1, pp.289-296,
2023.

[2] W. Fang et al., “RF System for SXFEL: C-band, X-band and
S-band”, in Proc. IPAC'I8, Vancouver, Canada, Apr.-May
2018, pp. 4446-4448. doi:10.18429/JACoW-IPAC2018-
THPMK0O64

MOPB: Monday Poster Session

MC4.6 RF power sources and power couplers




32nd Linear Accelerator Conference (LINAC2024),Chicago, IL, USA

JACoW Publishing

ISBN: 978-3-95450-219-6

ISSN: 2226-0366

doi: 10.18429/JACoW-LINAC2024-MOPB028

100

MC4.6 RF power sources and power couplers

MOPB028

MOPB: Monday Poster Session

Content from this work may be used under the terms of the CC BY 4.0 licence (© 2024). Any distribution of this work must maintain attribution to the author(s), title of the work, publisher, and DOI.



<<
  /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


