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THE UNIFIED SERIES LINEAR ELECTRON ACCELERATORS DEVELOPMENT RESULTS
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I.A.Prudnikov, V.I.Shakhov
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Abszract., MNew lirnear electron accelera-
tors for &Hdlmtlj and medicine have been
developed on the basis of low-voltuge (5C-

55 kV) klystron with pulse power up to Liw .
Bewn therapy accelerators use biperio C

accelerating structures with on-axis coupling
ravities and ‘pe“‘11 unit lor significant
variation of accelersted electrons energy.
r erectron accelerators for non-dest-
ve testing employ hign-d spersion
ned waveguide acc OlPrYthh structu-
wish the average accelerating rate more
11 Blev/m. Linear electron accelerators
radiation processing provide an electmm
with power more than 15 kW to be produ-
in & sirgle-section accelervating device
due to employed klystron of high average
power,

Nowadeys new medels of linear resonance
clectron accelerators (LUB) to be applied to
irdustry and medicine have been developed
wnd are manufactured in scientific-industri-
el amalgamation "Electrofizika" (D.V.Lirumov
Institute). They mey be united into thre
groups of machines zccordir to the fields
of application:

- LUz for bean *hprupy1;

- LUS Zor nom-destructive testing of
articles and naterials and also for radeos-—
cople visual +nspecL181 of carges in con-
tainers and car-bodies<;

- LUZ for zadie
tion analysis and production of

520N processit acti
jhort—"Jvoa

isotopes (medical disgnostics) -

ithe objectives for now LUBE m\deis gqeve-
loping were the following: higher accelers—
ted electron beam parameiers uu&b ilizy,
improved becom parameters reproducibility
while changing the operation mode, possibi-

lity for progremmed change of ionizing radia-~
ticen parameters during treasiment session.

To resolve these provlems, klystron amplifier
should te used as RF-power source instead
ol nmagnetron generator. lndep@ndent gtabiii~
zed kiystron Lxc1ter would permit to rise

significantly R¥-frequency s*ubliltv, being
trne meln factor upon which the ac erated
electrons energy stability depern
Previcusly mmufactured powwr k1 y.”:m.
amplifiers required thre as igh
pulse anode »ult 5 es mugnotronu for their
,'anfJCL:tlJ enlarged pulse

: and cimensions. To overcome

+- 1 MO

: druwomck klystrons with low anode
voltage compgldble with *that of nagnetrons
developed.

LUE unified series uses klystron ampli-
fiers with pulse power 5 IW operating at
anode voltages less than 50-5% kV. They
offer Lhigh gain coefficlent opproximately

50 dB and efficiency about 40%. Their spe-
i feature is pacXeted Tchonnncc block
with permarient focusing nagnet system what

atus, 189631,
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made unnecessary focusing electromagnet

with 1ts power supplies. It should be noted
that anode voltage reducticn in some cases
mekes significantly more *imp’ mneasures on
maintenance personnel plot tlon against
X-ray radiation sppearing in klystron. There
are two modifications of such low-voltage
klystrons: for the averuge power 5 kW and
15 H".

Beveloped LUE-series for besum therapy
consists of two models: first-basic for
eccelerated electrons energy up to 20 MeV
and sccond ~ for energy up to 40 keV. In the
latter version electrons energy is doubled
due to their recirculation after being 180°-
bent by achromatic isochronous magnet
system.

LUER-20I1 for 20 MeV neets all present-
doy radiation therapy requirements. It pro-
vides fields with required parsmeters opera-—
ting with electrons of six different ener-
gies and X-ray radiation in the imode with 6
and 18 lleV, This accelerctor may be used
botih for multi-port irradiatior and that
with 3609-rotation.

for energy significant variation under
the photon irradiation mode trne device for
energy contrel in a standing wave biperiodi—
cal accelerscting structure with on-axis
coupling cavities was suggested and realized.
It permits to change the phuse of RF-field
interacting with the electron beam st the
accelerating structure exit. Keeping the
beamn dynamics practically unchanged in its
initial part, the electrons may be additio-
nally wmccelerated or retarded afteir their
passeage through this device. Typical energ
and spectrazl cheracteristics are given on
Fig.1.
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Fig.1. Spectral and ernergy cheracteristics
of LUER-~20M~-accelerator ot cnergies
6 and 18 lieV
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At given energy spectra 70-T75% of
electrons pass through the "slalcm" bending
system. In LUER-20M accelerating structurve
is mounted at 40° to the rotation axis. Tuae
beam is 130° bent by the magnet. At both
sbovesaid energies 3the focus spot on a
target isn't more then 2 mm. The specific
feature of these linear accelerators deve-
loped in "Electrofizika is po ssibility for
programned rotational and multi-port irra-
distion during the treastment session (mini-
computer tased sutomized irradiation system
is used).

LUE~-series for non-destructive control
consists cf three wodels covering the wide
range of X-ray rated energies from 6 to
16 MeV, Due to powerful RP—oource used In
these accelerators, rather high X-ruy dose
rate - 15 and 30 Gy/min at 1 m from the
target is attained. High intensities wake
pos31ble gignificart exposure time reduc-
tion at radiogr&phiﬂ control of large
thickness articles. In connection with use
of mnew radiation control methods, such as
real time introscopy and computerized tono-
graphy, the special atiention was puld 1o
rising of the dose rate stability from pulse
to pulse and long-term gtability. Higher
stebility iz achieved both due to klystron
employed instead of magnetron and hign-dis-
persion waveguide accelerati structures
with high acceleraticn rate, unfortunctely
being less frequency-dependent than resona-
tor structures.

The third group c¢f accelerators 1is
designed for radistion processing. It comp-
rises single-section accelerators for the
rated energy 8 and 15 KeV with the accele-
rated electrons power 15 and & kY, respec-
tively. 8 MeV-uccelerztors are applied for
nedicel articles and preparations sterilizo-
tion =nd food irrediation. Alsc they
fully may be used for ~activetion element
analysis of practically all the elements ov
Mendeleev table. Effective sources of ion
zing rediation for and neutron—uctiv&tion
analysis are 15 eV single-section accele-
rators and double-section accelerutors for
the rated energy 30 keV. Construction of
double-section zccelerator for higher
average power {up 3o 16 ) becomes pos-
sibie due to use of two klystron accele-
rators of average power 25 ki. Klysirons
application, contributing to higher opera-
tion stebility &nd better energy spectrunm
permits to reduce losses at beams transpor-
tation in output devices. Accelerator for
high energies at high beam power maﬁ be use

to producs short-lived isctope - - widely
applied ixn medicine for diagnostics.
Powerful LUE similar to the other acce-

lerators of unified series, are adapted to
be used in computer-based automized radia-
tion complexes.
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