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Outline and Beam Output Characteristics of 3MeV,25mA

Electron Accelerator of TRCRE,JAERT

+
Hiromi SUNAGA, Kiyoshi MIZUHASHI , Keiichi YOTSUMOTO,

Ryuichi TANAKA and Naoyuki TAMURA

Division of Development,
Takasaki Radiation Chemistry Research Establishment, JAERI

(Received September 25, 1982)

The outline and the beam output characteristics of 3MeV,25mA
Dynamitron electron accelerator installed in TRCRE,JAERI on March
1978 are summarized. It equips parallel coupled cascade high
voltage generation circuit with excellent load characteristics
for power supply. The accelerator is specified with following
parameters:acceleration voltage—1-3MV, electron beam current—0-25
mA and maximum width of scanning beam on the beam window--60cm.

Electron energy was calibrated with three different methods
and electron current density distribution in radiation field
and dose distribution in irradiated material were mecasured as
the beam ocutput characteristics. Based on the results,the
operating condition of the accelerator was decided and the output
data—dose rate,dose rate distribution,product throughput etc. were

summarized as the irradiation parameters.

Reywords: Electron Accelerator, Dynamitron, Parallel Coupled
Cascade Circuit, Electron Energy Calibration, Beam
Current Density, CTA Dose Meter, Depth Dose Curve,

Radiation Processing , Cutline
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Table 1 Output Characteristics of the Accelerator
acceleration voltage (MV) 1.0 1.5 2.0 2.5 3.0
maximum beam current (i) 13 25 25 25 25
extrapolated range (g/cm2 in
cTA)Y  0.39 0.64 0.87 1.14 1.51
effective range (g/cm2 in
cTa) 0.25 0.43 0.63 0.84 1.06
dose rate at reference
position* (in CTA) (Mrad/sec)
beam current 1mAa 0.29 0.37 D.45 0.51 0.60
beam current : max. 3.77 9.25 11.25 12.75 15.0
line speed,giving
1 Mrad (CTA) fm/min)
beam current 1ma 2.42 2.30 2.26 2.21 2.17
beam current : max. 31.46 57.50 56.50 55.25 54 25
product throughput in
max. beam current
operation
dose 1Mrad (CTA} {(toen/h) 2.83 11.6 12.8 16.7 20.7
electron flux density > _
at reference position¥* (cm™.gec)
beam current 1maAa 5.81 §.18 1.07 1.25 1.47
xlO12 xlO12 xlO13 xlO13 X1013
beam current : max. 7.55 2.04 2.65 3.12 3.67
xlO13 xlO14 xlO14 xlO14 xlO14
integral flux density
received by sample on
conveyor,conveyor 5 _
speed 1 m/min (cm™ .pass)
beam current : 1lmA 4.80 5.02 5.32 5.39 5.32
%1013 “x10t3 Tx1013 Tx10ld Tx10ld
beam current : max. 6.24 1.26 1.33 1.35 1.33
x10Y% “x101® Tx10'® x10%® x10%°

* reference position

20 cm under the beam window
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Fig.3 Parallel coupled cascade circuit,

Fig.4 Series coupled cascade circuit.
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Fig.5 Dynamitron cascade circuit.
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ressure vessel

gas cooler

H.V. junction box

R.P. transformer
coil (toroid)

—~corona electrode

. ———H.V. dome
electron gun power

control

H - ————generator

electron gun

R.F. electrode

=

=ESs

== ==

=== | 1
=

= e

«’:.—;1_‘ Pt

= ==
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—_— ,
corona ring

grid plate

solid state rectifier
_,-/ .

__acceleration tube

motor

SFG

junction box

steering coil

o beam

scan chamber
vacuum valve

oil diffusion pump
scan horn )

window cooling air inlet

shutter

Fig.,7 Sectional view of accelerator

_ 21 ——

vessel and scanning system.

gas inlet/outlet
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Fig.8 Picture of the accelerator vessel

and oscillator console.

Fig.10 Picture of the control

conscle.

Fig.9 Picture of the scanning system.
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scan
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' v

beam window ( Ti 43u)

éustarget

502

—beryllium {2 mm )
—polyethylene { 20mm)
silver foil (6.3mm)

Fig.l2 Experimental arrangement of detecting
the threshold for photo nuclear reaction

of beryllium giving l.667MeV.
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Fig.13 Relationship between

HVD current and
detected counts of

beta particles
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Fig.l14 The edges of energy spectra on:

- 24_

the high energy part of
Bremsstrahlung x-~rays emitted
from the beam window and the

beam shutter.
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Fig.1l5 Sectional view of the charge collector.

PET {ilm (0.012 mm)
absorber (C or Al)

| 202
PET film (0,27 mm) guard
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g o |
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Fig.1l6 Sectional view of the calorimeter.
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3} temperature {calorimeter )

2} charge fluence

1) current density

—3 time

Fig.1l7 An example of recorded trace of electron
current density and its integrated charge
density measured by the charge collector

and temperature rise in the calorimeter.
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Fig.1l8 Relationship between HVD current and electron

0 200

energy, determind by the experiment.
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Fig.19 Wedge-shaped aluminum absorber ,graded
stepwise with a slight gradient for
depth dose measurement with CTA dose meter.

10k -—— Experimental result

---- LV. Spencer

g ! (Moments method )
®) / — — MJ.Berger, SMSeltzer
O ! (Monte Carlo method)
.
y
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=
O
@
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~
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Depth in Aluminum (g/cmz)

Fig.20 Comparison of measured depth dose profiles in aluminum

with theoretical results.

present experiment

___________ moment method

- Monte Carlo method
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1MV, 1.0 mA

tMV . 1.0 mA

16 12 8 4 Y 4 8 12 16 (cm)

Fig.21 Beam current density distribution under the beam window.
(A} beam scanning direction (X)
(B) the normal direction to beam scanning (Y)
acceleration voltage : 1.0 MV
beam current : 1 mA
distance from the beam window : a) 16 cm b) 20 cm

¢y 25 cm d) 30 em e) 35 om f) 39.5 cm
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T25

ZMV, 1.0maA
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2MV, 1.0 mA

12 {cm)
B

Fig. 22 Beam current density distribution under the beam window.
(A) beam scanning direction (X}

{(B) the normal direction to beam scanning (Y)
acceleration voltage : 2.0 MV

beam current : 1maA
distance from the beam window : a) 16 cm b) 20 cm

c) 25 cm d) 30 cm e) 35cm f) 39.5 cm
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Fig.23 Beam current density distribution under the beam window.
(A) beam scanning direction (X)
(B) the normal direction to beam scanning (Y)
acceleration voltage : 3.0 MV

beam current : 1 ma
distance from the beam window : a) 16 cm b) 20 cm
c) 25 cm 4d) 30 cm e) 35 ecm f) 39.5 cm
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Relationship between beam current density and distance

from the beam window.

acceleration voltage : 1.0 1.5 2.0 2.5 3.0 MV
beam current 1 mA
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Depth dose curve in CTA in several acceleration voltage
conditions.
acceleration voltage : 1.0 1.5 2.0 2.5 3.0 MV
2 mA

2 m/min x 3 pass

beam current
conveyor speed

sample position : 20 cm under the beam window
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Fig.26 Records of acceleration voltage,beam current and the

degree of vacuum in acceleration tube at 3 MV 25 mA.
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Fig.27 Records of acceleration voltage and beam current at

1 MV 1 mA.



