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Characteristics of the linear accelerator at Hiroshima University
By

Kenji Takeshita, Shigetoshi Antoku and Tadashi Sunayashiki
Research Institute for Nuclear Medicine and Biology, Hiroshima University
and
Shiro Otani and Chudo Kazusa

Nippon Electric Company Limited

The NEC-Varian linear accelerato:r installed at Hiroshima Univeristy in February 1969 is used
for studies on the biological effects of radiation and for radiation therapy of malignant turors.
In order to obtain an extremely high dose rate for radiobiological studies to simulate the radiation
released by the atomic bomb and also a low dose rate for radiation therapy, the operation of unit
is divided into two systems, “‘research mode” and “therapy mode”).

In the research mode, electron energy can be changed continuously bhetween 5 MeV and 3
MeV. Beam current is 320 mA at peak with an average of 90 pA and beam power is 2.25 kW at
nominal operation (25 MeV). At this level of operation, X-ray output is 14,500 rad/min at a
distance of 100 cm from the X-ray target. Radiation output is adjustable by changing the pulse
repetition rate (15, 60, 120 pps) and the beam current.

In the therapy mode, the attachments and accessories necessary for radiation therapy are con-
nected to the unit. For electrons, six specific energies are programmed over the range of 5 to 30
MeV by 5 MeV interval. For X-ray, an energy of 8 MeV is programmed. Radiation output in
the therapy mode is less than 500 rad/min and dose distribution in the exposure field can be
made very uniform by the use of appropriate scatterer and flattening filter.

To shield high energy X-rays and neutrons, the room housing the linear accelerator was built
below ground level. The stray radiations outside the building are well within the maximum

permissible dose prescribed by Japanese Government regulations.
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Fig. 1. Energy spectra of 57° bent beam
through 224 slits analysed by the spectrum
analyser: (a) 6 MeV and (b) 25.5 MeV

F e A7 bk Fig. 1 RTIL, S7°RAYE
—ARDNWTE=RZLF « ARZ b ASHBECHIE
SRcHER, 25.5MeV W\ TEE5%D =51
FHACE - 20585 EngEh Tl b, FE
Mk 2.5%THot. hkE5MeV kit d =%
AFREM L8 HTHRK &Veh. Fhv—a
TFIEMOLEE)FRIT25 MeV 1 R EffER T+
8.5% CHh iz,

BIfE ¥ CROMERR F i3 JIE S iz pkgBic o T
1% Table 1 ICRIML TH B, h bIXIZER
DHEMFCIT LA LE—HKLTE D, EOTHED

Table 1. General performance of the
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MR B TH 5.

[BigEe — V| CREWESM &\ B\ bk
LTRSMDENRSDH, BFE—2 - =2 0F T
5MeV 58 39 MeV = THEFIZE 2 52 LT
E, SAUAEBELL15 60, 120 pps OWFhT
LARETH B, JWEIT L ORFOMIBE &I L DE
ERELACTTR A, XBTRIEROM
®FE LT, FRBETH T Toroidal coil % =
=2 & LT =TS,

25MV XTIk X h Lz v—>
TEMF&UDREBRNCHRE SR B2, = OEES)
TR D RS R RIS R TR D KR,
1 mDPEEEC14,500rad/min “TH2>T, = it
NADNTH DB E T x10radfsec L\~ 5 FiEER
i,

Mk — V1T, BfEffFoBE+~T7
753 vyEh T YEBREIShS. HEE
HICIS CTX#R 3 L U'E T4 ##0°, Flattening
filter % f-{% Scatterer ZfHA L., ﬁu;g{ﬁ;@;, X
B BTRCOWTER LR 555K 0BT
SERE R X o0, R R, BERE S J0R
HENOB—EXHRTHZ LNTES, XHILS
MV, EF#HE 5 MeV <30 MeV % T 6 Bijg
ICHREZ LT\ 5, BTFEHRESIT5 MeV T

NEC-Varian linear accelerator

X-rays Research mode Therapy mode
Energy (MV) 25%, 5—39 3*
Pulse repetition rate (pps) 15, 60, 120 15, 60, 120
Beam spot size (mm) 4x4 (256 MV) 4x2
Max. dose rate (rad/min/m) 14500 (25 MV) 250
Gantry position 180° fixed 0— 360°
Field (cm) at the isocenter — 0 —27x30
Electrons Research mode Therapy mode
Energy (MeV) 5--39 5% 10% 15% 20% 2o% 30%
Pulse repetition rate (pps) 15, 60, 120 15
Beam power (kW) 2.25 (25 MeV) —
Dose rate (rad/min/m) 4.5x10%* (25 MeV, 15 pps) 0— 300
Gantry position 180° fixed 0— 360°

* Set up by programming

#% Measured by Fe*-Cu* chemical dosimeter at beam center
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Fig. 2. Diagram of unit: (A) Accelerator sys-
tem({Gantry), (B) Transmitter system (Kly-
stron pulser), (C) Auxiliary control rack,
(D) Control console, (E) Klystron, (F) Aux-
iliary transformer and (G) Pendant

Fig. 3. Block diagram of gantry system: (A)
Electron injection system, (B) Accelerator
wave guide, (C) Achromatic bending sys-
tem, (D) X-ray head, (E)X-ray and electron
ionization chamber, (F) X-ray jaw system,
(G) Electron applicator, (H) Electron sym-
metry monitor ionization split-chamber, (I)
Cone guide, (J) Electron gun modulator,
(K) Power supply of accelerator wave guide
focus coil, (L) Energy servo amplifier, (M)
Bending magnet power supply, (N) Gantry
rotation motor driver and (O) RF power
input

& 530rad/min/m, 8MV X#p#HE 3T 250rad/
min/m TH%.

Isocenter (3 X Target J h 100cmdFREET,
Gantry 3454 360°—72° OME CEEET & 5.
360°ElEzICxf 35 Isocenter MZZEMEIL L 1.5m
THB, TiXiE Head 137 DMBEIFE L 180°
[H#ET % %.

A ES; ¢, 6MeV Linac (NELAC

HAEZEHRESMER H30%E HeE

1006) @& O & @ERET, K E50cns s 160 cn ¥ T
#ETFT5.

PIF e384 ol 2 i+ 5.

ML Fig. 2 /RN TH B, HEPE T
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Wl s WIBARHEDNC EE 2 T5 X 51 @)
&, B, S EEeTiobh s acis
DTD,

1) HitaRai (Gantry)

Gantry P ofpLoREH % Fig. 3 12/R9.
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B INEAS T Buncher #1E Regular {idsB7c
h, EATFTC2l MeV ECTEFLRIEL, FIZEAL
T, 82k (Uniformif) offffiZx
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UHERI 5= ARDIEND D, BTHHEED
R, Z O IcBFHiE %Y € = 27 % loni-
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SLAC S-band klystron {1 X
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sec AN ANTHEERT2 Z LAMREIh TV 5,
6) HIHAERNS vA

45 kVA HEiE#HERT, —k 480V % 4-Y BT
WAl 208V, 120V IEE#RT 5.

7)  FABIERA I X OV

a) M ZE R

X#f Head PIz, XigefRBHHESR, 100
cm Range finder 35223 Front pointer, Rear
pointer, BAHIFIRRIERMBE TR T3,

b) [ElEREZEHR v
FEIEA, BRI RL TR, g0k
CEVER BB ZEE C10 ® Torr WET 5 &, 15
VERVTGM®E bhb.,

Fig. 4 (a)

&
SECERERRY

S

AANANRRRNRRANS

ANRANAY

Fig. 4. Floor plane (a) and cross section dia-
gram (b) of the linear accelerator room:
(A) Accelerator, (B) Transmitter, (C) Aux-
iliary control rack, (D) Control console,
(E) Klystron, (F) Auxiliary transformer,
(G) Air conditioning unit, (H) Preparation
room, (I} Shower, (J) Cooling system and
(K) Transformer
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) Btk

7 Linac %03 2 @4, Fig. 4 i< #Hfe
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T ORAE I L OBEHMER DT, EhlE
CBiTad oL, MEBAEOHECLS DL
R TES,
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5 (rm) FIEEEGHD BN X 00 D4R
TH5H., ©—EHi80uA LT SiO, wFHET
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= L Ao,
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SEH MO B Th BT LATE DR, BEE
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1) KE- 28K

K Ehiz7 A 3 =17 4 Collector % X Head
o Collimator KIZEHE L, @i+ — 7 T
Synchroscope VZ $#§t L, & —A®D LA LHR

Table 2. Maximum beam currents of
the 90 bent beam

Energy Peak value | Average value
(MeV) (mA) (HA)

5 200 13

10 300 53

15 250 32

20 325 80

25 320 a0

30 260 T4

AARES M AZEEME #30% M8 &

MeV
Fig. 5. Pulse wave form of the 90° bent bearn
outside the beryllium window using the al-
uminum beam collector connected to a syn-

chroscope

B LA AR, FlopA 2 =212 L2
TEEERYNE LickEi % Table 2177, &
T RAFTDSANAHEIBILFig. 5 O THhAH.
= B HE I3 Tk, Toroidal coil iné 0
- A BEEY £ = 5 LCHREL T 5.
2D X#R

a ) Spot size

8 % L U25MV O X S & iiEEc Target |
TRDBZ LR LVY, FrAFOBEFE—
LAEBOMBETHEH LIcE 0 Fig. 6 THS.
by = — A FieBEE o bhich OTH
5.

b)) MBS PISFIHEE

s — V] 0 8MVXHICOWT, Xk X
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SPOT SIZE

Fig. 6. Spot size of the electron beam outside
theZberyllium window using polyvinyl chlo-
ride sheet

Fig. ?(!I_: el

| wiTHOUT FILTER - ||
“-FIELD 2525 cm X

Fig. 7 (b) 7

ITH FILTER-
ELD 25X 25

st
e

s U
ey

Fig. 7. Field homogeneity of 8 MV X-rays in
the therapy mode, with or without a stainless
steel flattening filter, 10cm depth 1n water,
field at the isocenter 25x25 cm: (a)parallel
to the gun-target plane (X-X’) and (h)
perpendicular to the gun-target plane (Y-
Y
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allel to the gun-to-target plane (X-X")
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Fig. 9. Field homogeneity of electron bearns in the therapy mode, with scatterers
of 0.01, 0.036 and 0.051 cm Pb for 5-10, 15-20 and 25-30 MeV respectively, at
peak depth in water, field at the isocenter 15x15 em, X-X’ and Y-Y’ (scanning
speeds were not same): (a) 10 MeV, (b) 20 MeV and (c) 30 MeV

Table 3. Electron dose rates in the therapy
mode, at the peak depth in water at the
isocenter; rad/min/m

Injection voltage
Energy (MeV)
1.0 kV 1.3 kV

5 22 55
10 67 160
15 73 . 140
20 220 320
25 300 530
30 230 170

BT, £ ORLERS D802 LIPI D IRSTE T
EPO R, 10MeV TIx+4%, =+ 3.5%,
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