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Abstract 
Stationary CT is a novel CT technology to significantly 

improve scanning speed, by using distributed multiple ray 
sources instead of conventional helical rotation with single 
source. This work presents an S-band multi-beam 
accelerator as a multiple MV-level X-ray source for 
industrial stationary CT application. This accelerator 
consists of 7 parallel-distributed acceleration cavity and 6 
coupling cavity, operating in pi/2 standing-wave mode 
with a centre frequency of 2998 MHz. This structure can 
generate 0.7 MeV electrons with 100 mA peak current at 
each beamline according to the imaging requirement. The 
novel multiple high-energy X-ray source will fill in the 
blank of source requirements in industrial stationary CT 
application.  

INTRODUCTION 
In conventional spiral CT, X-ray tube rotates rapidly 

around the inspected object, which increases the effective 
focal spot of the source and produces motion artifacts in 
the image. Stationary CT replaces the mechanical rotating 
structure of spiral CT with distributed X-ray source, which 
is performed by electronically triggering to generate multi-
angle X-ray. This method improves the scanning efficiency 
of CT, eliminates the motion artifact of spiral CT, and 
reduces the dose for inspected object by optimizing the 
imaging algorithm. Therefore, distributed X-ray source 
have great application prospects in the fields of medical, 
security and industrial non-destructive testing [1].  

For stationary CT, nearly all design still applies X-ray 
tube as the light source. New technology includes the use 
of nano-carbon tube cathode and Photon-counting, but they 
all have the same downsides.  CT using X-ray tube is 
constrained by the poor radiation quality, especial for 
industrial detection. For most X-ray tubes, they have 
acceleration voltage at 100 KV, peak current at 10mA, the 
generated X-ray is hard to penetrate material with high Z. 
For industrial uses like the scanning of shipping container, 
we need new source to create more powerful X-ray [2]. 

To tackle this problem, we present a new design, which 
uses RF accelerator to create the X-ray needed. Using RF 
acceleration technology we can easily generate electron 
beam with energy at MeV scale. This can further produce 
much more powerful X-ray that can be used in many 
industrial environments [3]. We believe our design can 

provide a novel technological way for stationary CT 
development. 

ACCELERATOR DESIGN 
As a new acceleration structure, we adopt the form of 

side-by-side cavity chain to realize multiple acceleration 
paths. The traditional linear electron accelerating tube 
usually has only one electron accelerating beamline, and 
the accelerating cavity is arranged in series. In this new 
accelerating structure, the original series cavity is 
distributed side by side to form a plurality of electron 
accelerating beamlines. Through the acceleration of 
standing wave field, the beam output of multiple beamlines 
can be realized. 

Our acceleration design contains 7 single acceleration 
cells with 6 coupling cells. Through cavity and field 
distribution simulation, the axial field strength shown in 
Fig. 1 (b) is obtained. The field distribution of the 7 cavities 
is shown in Fig. 1 (c) is obtained by theoretical calculation. 
From the simulation results, the field distribution of each 
cavity is consistent. 

(a) Cell field (b) Intensity of axes

(c) Multi-cell field
Figure 1: Acceleration field simulation. 

The working frequency of the accelerator tube is set at 
2998 MHz, and it can output 7 X-ray channels with good 
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energy consistency. The input microwave power is set at 
about 2 MW. As a result, the accelerating electron beam 
energy is 0.7 MeV, and the instantaneous accelerating 
current intensity is 100 mA. The specific design parameters 
are shown in Table 1. 

Table 1: Design Parameters 
Name Value Unit 
Frequence 2998 MHz 
Cell number 7  
Input power 2 MW 
Beam energy 0.7 MeV 
Peak current 100 mA 

According to the above cavity design, the acceleration 
tube can realize the array beam output of 7 points. If there 
is a larger power source or higher application demand, the 
side-by-side cavity can continue to be increased. The 
designed acceleration tube outline structure is shown in 
Fig. 2 below. 

 
Figure 2: System schematic. 

In order to facilitate the processing and consistency, the 
7 cavities are processed separately, the 6 acceleration 
cavities are completely consistent in structure, and the 
tuning holes are left on the side to facilitate the adjustment 
of the working frequency consistency of each cavity, and 
the machining stop between the cavity and the cavity is 
convenient for subsequent welding. All the cells were 
machined by high-precision machine tools., which will 
take cold test and tunning in the next few weeks. The 
machined acceleration cells are shown in Fig. 3. 

 
Figure 3: Machined cells of accelerator tube. 

ACCELERATOR SYSTEM DESIGN 
The layout of the accelerator system based on the 

acceleration structure is shown in Fig. 4 below. The solid 
state pulse modulator generates -high voltage pulse, the 
primary high voltage drives the power source to generate 
microwave power after being boosted by the pulse 
transformer, and the standing wave field is established after 
the microwave power being fed into the coupling cavity of 
the accelerator tube. The system integrates 7 high voltage 
power supply components for each electron gun. By 
adjusting the timing of the high voltage of electron gun, the 
corresponding primary emission of electron is controlled. 
The emitted electrons further accelerated by standing wave 
field will interact with target, which can generate the 
0.7 MeV X-ray.  

 
Figure 4: Accelerator system block diagram. 

Based on the above system layout scheme, the 
accelerator system design is carried out around the multi-
beam accelerator. The accelerator tube in Fig. 5 is arranged 
with beam downwards, the S-band magnetron is connected 
with a four-terminal circulator, and microwave power is 
fed into the accelerator tube through the waveguide. The 
pulse transformer and RC matching structure are also 
displayed in the figure. In order to generate 7 independent 
X-ray beams, we designed an electron gun power supply 
component that can provide 7 independent high voltage 
pulses. For it is a prototype, the overall shielding is not 
displayed in the design. 

We only need one magnetron power source to drive the 
7 acceleration tubes, which greatly reduces the volume and 
the cost of the system the overall X-ray system integration 
can achieve miniaturization. 

 
Figure 5: Accelerator system design. 
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The schematic diagram of a 7-point light source 
accelerator system, designed based on the acceleration 
structure, is depicted in Fig. 6 below. In the illustration, the 
accelerator is positioned at the upper left corner. Upon 
entry of the detected object into the detection area, beams 
are emitted by the accelerator to generate X-rays. 
Subsequently, array detectors located on the lower and 
right sides capture penetrated X-rays, ultimately forming 
images. This system effectively caters to static CT ray 
sources with an energy level of approximately 0.7 MeV 
and finds extensive applications in security inspection and 
industrial non-destructive testing. 

 
Figure 6: System design and application scenarios. 

The number of light sources that the accelerator system 
can carry is limited, in order to meet the number 
requirements of more point sources and the spatial density 
of light sources for static CT imaging, we designed the 
following combined system scheme. Figure 7 shows the 
schematic diagram of 3 independently distributed 7 points 
light source accelerator systems, which can realize the 
imaging requirements of 21 points. 

 
Figure 7: Multi-accelerator system structure diagram. 

CONCLUSION 
In this article, a new acceleration structure is introduced, 

and a multi-beam accelerator design scheme is proposed. 
The feasibility of the scheme is verified by theoretical 
calculation and computer simulation. It can realize 7 or 
more points light sources output, and the operating 
frequency is set in S-band. Each beam can be 
independently accelerated to an energy of about 0.7 MeV, 
and the beam intensity can be achieved at 100 mA. Any 
combination of 7 points light sources can be achieved by 
controlling the high voltage of the electron gun. The 
accelerator system scheme proposed in this paper can 
provide an accelerator system with higher energy than the 
conventional static CT ray source, which can fill the gap in 
the energy range of 0.5~1 MeV for container inspection, 
non-destructive testing and medical fields [4-8]. In the 
future, we will weld the accelerator tube and test the beam 
quality, and the corresponding prototype will also be 
developed. 

REFERENCES 
[1] P.-Y. Wang et al., “Fitz-Hugh-Curtis syndrome: clinical 

diagnostic value of dynamic enhanced MSCT,” J. Phys. Ther. 
Sci., vol. 27, no. 6, pp. 1641–1644, 2015.   
doi:10.1589/jpts.27.1641 

[2] L. W. Goldman, “Principles of CT and CT 
Technology,” Journal of Nuclear Medicine Technology, 
vol. 35, no. 3, pp. 115–128, Sep. 2007.  
doi:10.2967/jnmt.107.042978 

[3] L. De Chiffre, S. Carmignato, J.-P. Kruth, R. Schmitt, and A. 
Weckenmann, “Industrial applications of computed 
tomography,” CIRP Ann., vol. 63, no. 2, pp. 655–677, 2014. 
doi:10.1016/j.cirp.2014.05.011 

[4] “Spiral CT: Principles, Techniques and Clinical Application,” 
E.  K. Fishman and R. B. Jeffrey, Eds. New York: Raven Press, 
1995. doi:10.1118/1.597589 

[5] W. A. Kalender, “Thin-section three-dimensional spiral CT: 
is isotropic imaging possible?,” Acad. Radiol., vol. 197, no. 3, 
pp. 578–580, Dec. 1995.   
doi:10.1148/radiology.197.3.7480719 

[6] J. A. Brink, J. P. Heiken, D. M. Balfe, S. S. Sagel, J. DiCroce, 
and M. W. Vannier, “Spiral CT: decreased spatial resolution 
in vivo due to broadening of section-sensitivity profile.,” 
Acad. Radiol., vol. 185, no. 2, pp. 469–474, Nov. 1992. 
doi:10.1148/radiology.185.2.1410356 

[7] J. Stöhr, The Nature of X-Rays and Their Interactions with 
Matter. Springer International Publishing, 2023.   
doi:10.1007/978-3-031-20744-0 

[8] T. Matsumoto and H. Mimura, “Point x-ray source using 
graphite nanofibers and its application to x-ray radiography,” 
Appl. Phys. Lett., vol. 82, no. 10, pp. 1637–1639, Mar. 2003. 
doi:10.1063/1.1558969 

 
 



15th International Particle Accelerator Conference,Nashville, TN

JACoW Publishing

ISBN: 978-3-95450-247-9

ISSN: 2673-5490

doi: 10.18429/JACoW-IPAC2024-MOPC57

MC1.A08 Linear Accelerators

197

MOPC: Monday Poster Session: MOPC

MOPC57

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




