DESIGN OF LINEAR INDUCTION ELECTRON ACCELERATOR LIA-R
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A design of linear induction electron accelerator LIA-R meant for generation of bremsstrahlung pulse of dura-
tion ~ 50 ns at half maximum is presented. As well as a facility LIA-10M the accelerator consists of an injector and
16 standard acceleration modules. As an injector it is supposed to use a modification of STRAUS-R accelerator de-
veloped on the basis of five-cascade double stepped forming line (DSFL) of diameter 1.2 m with water insulation.
Inductors will be made on the basis of four-cascade DSFL of diameter 1 m. It is expected to accelerate the electron
beam up to the energy ~30 MeV at the acceleration rate ~1 MeV/m.

PACS: 29.17.+w; 84.70.+p

INTRODUCTION

Recently in many countries (the USA, Great Britain,
France, China, Russia) there have been conducted
works on developing of electron accelerators of differ-
ent type meant for X-ray imaging of fast processes and
capable to generate powerful bremsstrahlung radiation
pulses of length not more than 100 ns at focusing of
electron beam on the target to a spot with a diameter of
several mm and less. For this purpose accelerators of
various types are used. (LIA on the base of inductors
with ferromagnetic cores or metglass cores, accelerators
with employment of technology of inductive voltage
adder, linear high-frequency accelerators, direct-action
pulsed accelerators, ironless betatrons). The results of
works are covered in details in the scientific literature
(see, for example, review [1] and references presented).

One should pay attention to the fact that each labora-
tory participating in creation of such accelerators directs
its efforts, as a rule, to the facilities of special type. This
is explained by the fact that development of each such
accelerator is based upon employment of special tech-
nologies mastered in these laboratories whose practical
realization takes a lot of years and requires large materi-
al expenses.

For several decades RENC-VNIIEF has been accu-
mulating a large experience of development and opera-
tion of ironless linear induction accelerators with induc-
tors on the basis of transmission lines with water insula-
tion [2,3]. The main units of accelerating system of such
facilities are: an injector and a series of one-type accel-
eration modules (inductors) installed in turn, where an
electron beam is formed and accelerated, a beam trans-
portation track to the site of experiments, and, if neces-
sary, a focusing unit. To prevent the beam radial expan-
sion under the effect of volume charge forces in the
near-axial area along the whole length of the accelerator
a pulse uniform longitudinal magnetic field is created.

In the accelerators LIA-10, LIA-10M and LIA-30
there are formed annular electron beams of diameter
60...200 mm with current of 30...100 kA which at
boundary acceleration energy of 14...40 MeV generate
powerful pulses of bremsstrahlung radiation with rela-
tively short duration of 10...20 ns. Magnetic field in-
duction in the accelerating channel is 0.5...0.6 T.
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Accelerators of such a type can be used for the pur-

poses of fast processes studying. Below a design of
powerful X-ray accelerator LIA-R is briefly described.

1. INDUCTOR LIA-R

As a result of analysis of results of a large series of
calculations to form the pulses of accelerating voltage in
the facility LIA-R there were selected inductors on the
basis of stepped forming lines made with the use of
cylindrical coaxial lines with water insulation [2,4]. The
inductor is designed according to the circuit of four-cas-
cade double stepped forming line (DSFL) presented in
Fig.1.
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Fig.1. Circuit diagram of inductor LIA-R

When switch S; is closed at the output of inductor
charged up to the voltage U, beginning from the time
point T, there are formed voltage pulses of alternating
polarity of 2T, duration that have, ideally, a square
shape. Here T, is an electric length of individual cas-
cade. The second voltage pulse is a working one. At
correlation of impedances Z,:Z>:Z5:Zs~ 1:3:6:2 such a
circuit possesses, ideally, 100% efficiency and in the
matched mode of operation it provides a two-fold in-
crease of the output voltage as compared to the charging
voltage of the line and in the idle-running mode — a
four-fold increase. The given circuit was earlier success-
fully used at development of 16 inductors of accelerator
LIA-10M [4].

Fig.2 presents an inductor construction diagram.
DSFL is formed by the coaxial cylindrical lines 1...
4 with water insulation arranged subsequently over the
radius in the case @1 m and 1.3 m in length. The output
impedance of DSFL is 7 Ohm. On the outer diameter of
DSFL a triggered multi-channel switch is mounted
formed by 18 gas-filled spark gaps 5. Accelerating tube
8 is made as a polyethylene tube and a sectioned insula-
tor mounted inside, between them a tubular layer of wa-
ter solution NaCl is placed. The space between the ac-
celerating tube, polyethylene diaphragm 6 and metallic
cone 9 is filled by transformer oil. The full axial size of
inductor is ~1.8 m.
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Fig.2. Construction diagram of inductor LIA-R

The electron beam with diameter < 20 mm propa-
gates in the paraxial vacuum channel @60 mm. With the
aid of solenoid 7 in the vacuum channel when accelerat-
ing the beam there is formed a longitudinal field that is
rather uniform by length with induction of 1.5...2 T.
DSFL will be charged up to the voltage (500 kV by a
six-cascade Marx generator with output capacity 135 nF
using in every cascade two condensers IEPM-100-0.4.

2. INJECTOR LIA-R

Selection of circuit and construction diagrams for
the injector depended mostly on selection of corre-
sponding diagrams for inductors of facility LIA-R. As a
result of analysis of different variants for a high-voltage
pulse shaping in the injector there was selected a circuit
diagram of five-cascade DSFL (Fig.3) which possesses,
ideally, 100% efficiency at correlation of impedances
27,7374 75=1:3:3.75:1.25:15.

In the matched mode of operation the voltage at the
output of DSFL grows by a factor of three as compared
to the charging line voltage, and in the idle-running
mode — by a factor of six. The given circuit was earlier
successfully used when developing accelerators
STRAUS, STRAUS-2 and LIA-10M injector [4].
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Fig. 3. Circuit diagram of inductor LIA-R

The simplified injector construction diagram is giv-
en in Fig.4. DSFL is formed by cylindrical coaxial lines
with water insulation 1...5 placed in the case @1.2 m.
The output impedance of DSFL is 18 Ohm. On the outer
case diameter there was mounted a triggered multi-
channel switch formed by 20 gas-filled spark gaps 6.
Accelerating tube 9 is similar in design to the accelerat-
ing inductor tube. The space between the accelerating
tube, polyethylene diaphragm 7 and cone 12 is filled by

transformer oil.
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Fig. 4. Construction diagram of injector LIA-R

In the inner vacuum volume of the accelerating tube
there are located cathode support 10 and a cylindrical
cathode, whose emitting edge is placed in output cham-
ber 11. When triggering switch 6 at the output of DSFL
there are formed pulses of altering polarity voltage. The
second pulse is working and the first one is cut off from
the accelerating tube by one-channel triggered prepulse
gas-filled gap 8. The required distribution of the mag-
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netic field in the area of vacuum diode is developed
with the aid of pulse solenoids 12 and 13. The full axial
size of injector is 4.5 m.

DSFL will be charged up to the working voltage <
650 kV for the time 0.8 ps by 8-cascade Marx generator
with output capacity 100 nF using in every cascade two
condensers IEPM-100-0.4.

3. ACCELERATING SYSTEM LIA-R

In the developed design the accelerating system
LIA-R is to be made as a part of the injector, 16 stan-
dard accelerating modules, the electron beam trans-
portation track and the output focusing unit. By its ap-
pearance and composition the accelerating system LIA-
R will be closely similar to an analogous accelerator
LIA-10M system, but it differs in increased axial di-
mensions of the injector and inductors.

A specific feature of accelerator LIA-R as compared
to the earlier developed ironless LIA is the necessity to
focus the beam at the output of the facility to a small-
size spot. Taking into account a circuit (accepted in such
type facilities) of injection, acceleration and transport of
the beam in the uniform longitudinal magnetic field
such an operating condition imposes limits on the maxi-
mum diameter of the injected beam and requires obtain-
ing of electrons with minimum transverse impulse at the
facility output. In LIA-R the beam diameter should not
exceed 20 mm.

Besides, according to the terms of application LIA-R
can have a much higher (up to 100 ns) pulse duration. It
is shown that at accelerator implementation on the basis
of above-named circuit designs the optimal half-height
duration of bremsstrahlung radiation is 45...50 ns at
current pulse duration of [0 ns. This was a reason for
refuse to employ the radial lines in inductors. A signifi-
cant interest should be also paid to the growth of the fa-
cility operation reliability and to the accelerating system
precise adjustment.

According to the results of numerical simulation the
injector must provide formation of the electron beam
with current of 10...20 kA at the outer diameter 10...
20 mm and the boundary electron energy of 3...
3.3 MeV (Fig.5,a). Accelerating voltage pulse duration
on the level of 0.5 from the amplitude value is 60 ns, on
the level 0f 0.9...50 ns [5].

The beam formed in the injector will be accelerated
in the vacuum channel of diameter 60 mm at induction
of longitudinal magnetic field of 1.5...2 T. At the output
of each inductor there should be generated a pulse of ac-
celerating voltage of the amplitude of 1.75...1.65 MV
(at current of 10...20 kA) with duration on the level
0.5 from the amplitude value of 63 ns, on the level
0.9...43 ns (Fig.5,b). A possibility exists for changing
the amplitude of the accelerating voltage (within certain
limits) through varying the inductor charging voltage
and resistance of electrolytic load of the accelerating
tube.

At the accelerator output the diameter of the electron
beam with the maximum energy of particles of about
30 MeV will decrease ~4 times at the length of ~1 m
through the use of intensively growing magnetic field
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with maximum induction of ~30 T. According to the
calculations the bremsstrahlung dose at a distance of
1 m from the target should be from 2000 to 4000 R.

The advantage of the proposed variant of radiogra-
phy accelerator is a possibility to obtain rather large
pulse currents and bremsstrahlung doses and, what is
more important for installation of LIA-R, a weak depen-
dence of the sizes of focus spot on the electron energy at
the accelerator output. Disadvantages are a relatively
large energy store of the capacitor bank used for devel-
opment of pulsed magnetic field in the accelerator.
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Fig.5. Calculation pulse shapes of the accelerating volt-
age of injector (a) and inductor (b)

The developed design is realized by several stages.
At the first stage in 2003 an injector prototype —
STRAUS-R pulse electron accelerator was created [6].
It is used as an independent radiography accelerator and
provides for a focus spot <4 mm in diameter on the tar-
get at the maximum X-ray dose of 27 R at a distance of
Im from the output flange. The boundary electron ener-
gy is 3.0...3.5 MeV, the beam current is < 60 kA and
the bremsstrahlung radiation pulse duration is <50 ns.
Experimentally determined accelerator characteristics
correspond to the design parameters.

At present the development of LIA-R mock-up with
acceleration energy of ~10 MeV as a part of the injec-

tor, four acceleration modules, the beam transportation
track and the output focusing is being finished. Experi-
mental results obtained here will be taken into account
when creating a full-scale accelerator LIA-R with accel-
eration energy of ~30 MeV.
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IPOEKT JUHEMHOI'O HHIYKIIMOHHOI'O YCKOPUTEJS DJEKTPOHOB JINY-P
B.C. I'opoees, I A. Muickos, E.C. Muxaitnos

IIpencraBneH NpoeKT TUHEHHOrO MHAYKLIIMOHHOTO YCKOpUTENs AeKkTpoHoB JINY-P, npeanazHaueHHOro 114 re-
Hepalyy UMITyJIbca TOPMO3HOTO M3ITydeHus JumTenbHocThio [150 He. Kak n ycranoska JINY-10M yckopurens co-
CTOUT U3 MHXEKTOpa U 16 TUIOBBIX YCKOPUTEIBHBIX MOIyNIel. B kauecTBe HMHXKEKTOpa MpeaoIaraeTcs UCHoIb30-
BaTh Mojudukamo yckoputenast CTPAYC-P, paspaboraHHoro Ha 06asze ISITHKACKaJHOH JBOWHOM CTyneHYaToH
tdopmupyromeit auann (JACDJI) quamerpom 1.2 M ¢ BoasHoW m3omsanuent. MHAyKTOps! OyAyT BBINOJHEHBI Ha 6aze
gyetbipexkackaanoit JICDJI nuametpom 1 M. DNEKTPOHHBIN MydOK MpeAroiaraeTcs yekopsaTh 1o suepruu [B0 MsB
npu Temrie yckoperust U1 MaB/m.

IMPOEKT JIHIMHOI'O IHAYKIIMTHOI' O TPUCKOPIOBAYA EJIEKTPOHIB JIIII-P
B.C. I'opoces, I A. Muckos, €.C. Muxaiinos

IIpencraBmeHO TPOEKT IHIHHOTO IHAYKIIHHOTO TpucKoproBada enekTponiB JIIII-P, mpusHaueHoro s
reHeparii iIMIyJIbCy TalbMOBOTO BUIPOMiHIOBaHHS TpuBaiicTio [50 He. Sk 1 ycranoska JIIII-10M npuckoproBay
CKJIQZIA€ThCS 3 1HXKEKTopa i 16 THHOBMX HMPUCKOPIOBAIEHUX MOXYJIB. SIK IH)XKEKTOp IependadaeTbess BAKOPUCTATH
Momudikarito mnpuckoproBada CTPAYC-P, po3poOieHoro Ha 0a3i I’SITHKACKAagHOI MOJBIHHOI CXim4acToi
dopmyrouoi minii (IICDJI) miamerpom 1,2 M 3 BomsgHOW i3osmiero. [HaykTOpu OynyTh BUKOHaHI Ha 0Oasi
yotupboxkackanHoi [ICDJI nmiamerpom 1 M. EnexkTpoHHMH My4oK mnependavacTbcsi MPHCKOPIOBATH 0 EHepril
30 MeB nipu temni npuckopenss 1 MeB/m.
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