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• At PCELL, We are developing the FLASH radiotherapy experiment.

• The new pathway to future treatment: FLASH-RT utilizes mean high dose 
rate at over 40 [Gy/s]. CONV-RT utilizes dose rate under 1 [Gy/min] 

• This work models the electron beam through a linear accelerator, 
increasing particles energy within the range of 10-25 MeV. For this study, 
the maximum energy of 10 MeV is used, applying  beam dynamics and 
Monte Carlo simulation techniques.
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OBJECTIVES OF THE STUDY
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the irradiation station 
Beam energy: 10 MeV 

Pulse length: 1-6 µs

@ PCELL’s accelerator hall, there is a electron linear accelerator system (e-linac). 

INTRODUCTION & METHODOLOGY

Thermionic RF 
electron Gun

Alpha Magnet

RF Linac

Beam Dump

Dipole MagnetBeam dynamic using ASTRA

Monte Carlo using GEANT4

Bunch compressor
& energy filter

Produce electron 
at 2.5 MeV (max)

to accelerate beam 
up to range 10-25 MeVBend the beam to turn 

into another beamline.

The experimental area conducts FLASH-RT

absorbs and dissipates 
beam energy safely.

Irradiation Station

• Magnetic fields from CST
• Track electrons in 

accelerator system
• Calculate space charge

• Interaction of particle with 
matter
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PART 1 : Thermionic RF Gun

Ek mean = 2.14 [MeV]
Ek rms = 423.25 [keV]
Bunch charge      = 169.14 [pC]
Bunch length       = 68.36 [ps]

THEORY & RESULT

1 single 
electron 
bunch 

2856

1 2 3 10

350 [ps]

0.35 [ps]

1 2 3

1 macro pulse

Repetition rate = 10 Hz In 1 second

a single electron bunch @ electron gun exit
f = 2856 MHz

Xrms = 1.8 [mm]
Yrms = 3.2 [mm]
Emittance X = 10.99 [mm.mrad]
Emittance Y = 13.35 [mm.mrad]

You’re here

electron generator

Macro pulse duration = 1 µs

1 second has 10 macro pulse 
So, there are 28,560 electron bunch / sec 
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Low 
energy 

slit

High 
energy 

slit

PART 2 : Alpha Magnet 𝛼

Alpha 
Magnet

RF wave

Trajectory of electron path

Cathode

Entrance

Xrms = 0.52 [mm]
Yrms = 0.53 [mm]
Emittance X = 13.62 [mm.mrad]
Emittance Y  = 1.13 [mm.mrad]

THEORY & RESULT

Electron bunch @ alpha magnet exit

High 
energy e-

Low 
energy e-

Exit

Ek mean = 2.50 [MeV]
Ek rms = 23.60 [keV]
Bunch charge      = 50.27 [pC]
Bunch length       = 1.18 [ps]

bunch compressor and energy filter
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THEORY & RESULT

Linear accelerator

Linac exit

Xrms = 2.1 [mm]
Yrms = 2.3 [mm]
Emittance X = 0.25 [mm.mrad]
Emittance Y = 0.27 [mm.mrad]

RF wave

PART 3 : Linear Accelerator Electron bunch @ the linac exit

Ek mean = 10.01 [MeV]
Ek rms = 18.13 [keV]
Bunch charge      = 50.23 [pC]
Bunch length       = 0.35 [ps]

You’re here

energy beam booster

PART 3
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FUTURE WORK 

SUMMARY

• Design a filter to achieve a flat-top dose distribution 
and enable dose absorption in a water phantom.

GEANT4
Ek mean = 10.01 [MeV]
Ek rms = 28.13 [keV]
Bunch charge      = 50.21 [pC]
Bunch length       = 0.44 [ps]

17
 m

m

7 mm

ASTRA

Electron bunch @ 4.37 m after the linac exit

ASTRA

• Optimize the beam size parameters to be suitable 
for the FLASH-RT experiment.

Xrms =  1.6 [mm]
Yrms = 3.3 [mm]
Emittance X = 0.29 [mm.mrad]
Emittance Y = 0.29 [mm.mrad]

Vacuum tube

Water phantom
As sample

10 cm

Titanium window
@ 4.374 m from the linac.

Irradiation Station

You’re here
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few electron bunch a single electron bunch

1st bunch

2nd bunch High energy
Low energy
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Alpha magnet model from CST program

High energy slit

Low energy slit

Energy slit made by copper


