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Abstract 
A 35 MeV/2 mA S-band electron linear accelerator 

(Linac) used to interact with solid targets to generate neu-
trons, gamma rays, and X-rays has been proposed. Besides 
other industrial applications, it provides a scientific re-
search platform for nuclear energy development, material 
development, biomedicine, and deep space exploration. 
The accelerator has a three-stage accelerating structure. Af-
ter first-stage of the structure, the beam energy can reach 
10 MeV, and then completes 270° vertical bend and 45° 
horizontal bend, respectively, for industrial applications 
and material irradiation effect research. This paper presents 
the first-stage acceleration of the Linac and its bend branch, 
including a pre-buncher, an acceleration structure (provid-
ing beam energy 10 MeV and average current 2 mA), 270° 
and 45° bending magnets, with beam loss rate less than 
15%. A detailed physical design and dynamic simulation 
results are presented and discussed.  

 INTRODUCTION 
A 20 kW/10 MeV electron linear accelerator is being de-

veloped, which is the first stage accelerating structure and 
the subsequent deflection beamline section of a 35 MeV 
electron accelerator. The main parameters of the accelera-
tor are given in Table 1, and Fig. 1 shows the layout of the 
10 MeV accelerator. The accelerator can achieve a high av-
erage current and a low beam loss rate with long duration 
of the pulse beam (the accelerator structure initially uses 
many low-β cavities to match the electron velocity, and the 
final beam loss rate is less than 10%). In this paper, detailed 
physical design and dynamic calculations from electron 
gun to the deflection beamlines are given [1]. 
Table 1: The Main Parameters of the 10 MeV Accelerator 

Parameters  Values 
Beam energy (MeV) 10 
Pulse current (mA) 300 
Beam pulse duration (μs) 16 
Repetition frequency (Hz) 500 
Beam energy spread (%) <5 
Beam loss rate (%) <15 

 

 
Figure 1: Layout of 10 MeV electron accelerator. 

PHYSICAL DESIGN AND DYNAMIC SI-
MULATION 

The 10 MeV electron accelerator is mainly composed of 
an electron gun, accelerating structure, 270° vertical de-
flection beamline and 45° horizontal deflection beamline. 
The structural design and simulation of each part is com-
pleted by EGUN, PARMELA and ELEGANT respectively, 
and the details are given below.  

Electron Gun 
We use the EGUN program to evaluate the dynamic per-

formance of the beam emitted by the electron gun, design 
and optimize the shape and size of the focusing electrode 
as well as the anode. The result of 16 us/300 mA pulse 
beam at 60 kV high voltage is shown in Fig. 2, and Table 2 
shows the parameters of the beam at electron gun exit with 
small beam envelope and emittance. 

 
Figure 2: The result of 300 mA pulse beam in EGUN. 
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Table 2: The Results of Beam Parameters 

Parameters  300 mA 
Average current density (A/cm²) 0.776 
Beam diameter at exit (mm) 6.986 
Perveance (μP) 0.0204 
Emittance(4𝝈) (mm·mrad) 17.81 

Pre-buncher and Accelerating Structure 
To improve the acceleration efficiency of long-pulse 

beam, a pre-buncher is introduced to bunch the beam. The 
pre-buncher adopts a single window-coupled standing 
wave cavity [2], and the accelerating structure adopts the 
variable-β traveling wave cavity, with 71 cells and a total 
length of about 2.43m. The RF power of the pre-buncher 
and accelerating structure is provided by a 5.5 MW klys-
tron. It is calculated when the electric field gradient in the 
pre-buncher is about 0.35 MV/m, the bunching effect is 
better, and the corresponding input power is 13 kW; when 
the input power of the accelerating structure is 5 MW, the 
average electric field gradient is about 5MV/m (the beam 
loading effect at 300 mA has been considered) [3]. There-
fore, the accelerating structure can actually be fed with 
more than 5 MW of RF power to ensure the energy gain 
requirement. 

A total of 9 solenoids from SOL1-SOL3 are used to com-
plete the transverse focusing of the beam and reduce the 
beam loss. The beam transverse envelope before and dur-
ing the acceleration is given by Fig. 3.  Mostly beam passes 
through the accelerating structure very well and only a few 
particles are  being lost. 

 
Figure 3: The beam transverse envelope. 

The dynamics of beam accelerating (the number of ini-
tial particles are 50001) is calculated using the PARMELA 
program. The beam distribution before entering the accel-
erating structure after passing through the pre-buncher is 
given in Fig. 4. As can be seen from the figure, the pulse 
beam is bunched into bunchers, each at the same phase of 
the accelerating electric field. 

The result of the beam at the exit of the accelerating 
structure is shown in Fig. 5, the central particle energy is 
10.95 MeV, the average energy is 10.57 MeV, the transmis-
sion efficiency is 48843/50001≈97.7%, the average cur-
rent is 300 mA ×500 Hz ×16 us × 97.5%≈ 2.34 mA, 
and the energy spread is 6.53%. While ensuring a low beam 
loss rate, the energy spread is also low. 

  

 
Figure 4: Beam distribution at accelerating structure en-
trance. 

 
Figure 5: Beam distribution at accelerating structure exit. 

Beamline 
The 10 MeV accelerator has two deflection optical paths 

(Fig. 1). After the accelerating structure, a 270° magnet de-
flecting the beam vertically to the irradiation chamber. 
While a 45° magnet deflecting the beam horizontally to the 
materials effects laboratory after the 270° magnet. Two 
quadrupoles (Q1 and Q2) are placed between the exit of the 
accelerating structure and the 270° magnet to match the 
beamline, three quadrupoles (Q3-Q5) are placed on the 270° 
vertical beamline and three (Q6-Q8) on the 45° horizontal 
beamline to constrain the beam envelope and reduce beam 
loss. 

Due to the energy spread of the beam, the deflection 
magnet causes a dispersion effect: particles of different en-
ergy are deflected to different positions by the magnetic 
field, resulting in an increase of the beam spot and emit-
tance. However, the electron irradiation accelerator can al-
low the growth of beam spot and emittance with a certain 
range, and is more concerned about the irradiation power 
(reducing the beam loss rate) and uniformity (the suitabil-
ity of the scanning system). So, considering the simplicity 
and convenience of the component, we choose a dipole 
magnet as the deflection magnet. The transmission matrix 
is given by Eqs. (1) and (2) (taking the deflection of the 
beam in the horizontal direction as an example), where r is 
the deflection radius, φ is the deflection angle, e1 is the in-
cident edge angle, e2 is the exit edge angle (the edge angle 
plays a focusing role on the beam), δP/P is the momentum 
deviation, and L is the magnetic effective length [4]. 
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From the above equations, the deflected x, x', y, y' are 
obtained by Eqs. (3) and (4). According to different deflec-
tion angles, the appropriate deflection radius and edge an-
gle are designed to ensure the normal transmission of the 
beam. 
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The requirement of this accelerator is the beam average 
current of the vertically irradiation at 10 MeV is not less 
than 1.8 mA. From Eqs. (3) and (4), the growth of the beam 
size is larger after the 270° dipole magnet. Therefore, it is 
necessary to focus on optimizing the edge angle of   270° 
magnet, as well as the layout and magnetic field strength 
of quadrupoles (Q3-Q5) to control the beam envelope and 
reduce beam loss. With an average energy of 10.57 MeV 
as the deflection center, the design parameters of the verti-
cal deflection are: the deflection radius r ≈ 0.074 m, the 
magnetic field gradient B ≈ 0.5 T, e1 = e2 ≈ 25.21°. 
The optical path matching is performed using the ELE-
GANT program to complete the dynamic calculation, and 
the transmission efficiency and energy spread of the beam 
on the beamline are given in Fig.  6, respectively. From the 
figure, it is known that the final beam transmission effi-
ciency is about 92.9%, and the energy spread is about 2.2%. 

 
Figure 6: Transmission efficiency and energy spread in 
270° beamline. 

The beam average current of the horizontal deflection 
only needs to be not less than 0.2 mA. The requirement is 
not high, and the emission current of the electron gun can 
appropriately be reduced. The horizontal deflection magnet 
has a deflection radius r ≈ 0.148 m, a magnetic field gra-
dient B ≈ 0.25 T, e1=0, e2 ≈ 17.19°. Figure 7 shows the 
transmission efficiency and energy spread (the simulation 
result is based on 300 mA pulse beam), where the transmis-
sion efficiency is about 90.6% and the energy spread is 
about 1.69%. 

 
Figure 7: Transmission efficiency and energy spread in 45° 
beamline. 

SUMMARY 
We have completed the first half of the physical design 

of an S-band 35 MeV/2 mA electron Linac for targeting to 
produce various rays: electron gun to 10 MeV accelerating 
structure and deflected beamline, and verified it through 
beam dynamic calculations. The transmission efficiency of 
traditional irradiation accelerator is between 65% and 80%, 
and in order to achieve high-power irradiation beam, it is 
necessary to increase the repetition rate (generally greater 
than 550 Hz) [5] and pulse current (proportional to the 
beam loading effect) [6]. In this paper, it is proposed that 
when the repetition rate is 500 Hz and the pulse is 300 mA 
or less (it has shown that there is a certain surplus when the 
current is 300 mA), the capture efficiency during accelera-
tion can be improved by increasing the number of low- β 
cavities. The final particle loss rate at the outlet of the ac-
celerating structure is less than 3%, and at the irradiation 
site is less than 8%, which is a relatively good result. How-
ever, completing this type of accelerating structure is not 
easy and we will verify its feasibility from various aspects 
such as production and processing. 

REFERENCES 
[1] S. Zhang et al., “Physical Design of a 10 MeV High Scanning 

Frequency Irradiation Electron Linear Accelerator”, in Proc. 
IPAC’22, Bangkok, Thailand, Jun. 2022, pp. 2476-2478. 
doi:10.18429/JACoW­IPAC2022­THPOST017 

[2] He Xiang et al., “Design of a beam phase cavity and a wave-
guide coupled eccentric circle structure prebuncher in S-
band”, High Power Laser Part. Beams, vol. 27, no. 7, 
p. 075102, 2015. doi:10.11884/HPLPB201527.075102 

[3] PEI Yuanji, Electron Linear Accelerator Design Basis, Bei-
jing, China, Science Press, 2013. 

[4] T. P. Wangler, RF Linear Accelerators, WILEY-VCH Verlag 
GmbH & Co. KGaA. doi:10.1002/9783527623426 

[5] Y. Kamino, “10 MeV 25 KW industrial electron LINAC”, 
Rad. Phys. Chem., vol. 52, no. 1-6, pp. 469-473, 1998. 

[6] Y. J. Pei et al., “High power 10 MeV, 25 kW electron linac 
for irradiation applications”, in Proc. IPAC’12, New Orleans, 
Louisiana, USA, May 2012, paper THPPR072, pp. 4142-
4144. 



14th International Particle Accelerator Conference,Venice, Italy

JACoW Publishing

ISBN: 978-3-95450-231-8

ISSN: 2673-5490

doi: 10.18429/JACoW-IPAC2023-TUPL125

2022

MC2.A08: Linear Accelerators

TUPL125

TUPL: Tuesday Poster Session: TUPL

Content from this work may be used under the terms of the CC BY 4.0 licence (© 2022). 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 1.5
  /CompressObjects /All
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /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 /Remove
  /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 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /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 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /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 ()
  /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 false
      /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 [595.000 791.000]
>> setpagedevice


