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This paper presents a project on a CW high-power electron accelerator. The main part of the accelerator consists
of half-wave coaxial cavity resonator. The increment of electron energy is reached by repeated passing of an elec-
tron beam via full diameter of the cavity in median plain dividing its bulk into halves. Successive redirection of the
electron beam into the cavity is performed by means of two rotary magnets. These magnets are placed outside the
cavity. Main parameters of the accelerator are as follows: electron beam energy 1.5...7.5 MeV, average beam power
above 300 kW, operating frequency 100 MHz.
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1. INTRODUCTION calculated. The value of resonance eigenfrequency for

chosen cavity geometry is 99.9 MHz.
High-power radiation complex based on an electron ve v

accelerator with wide range of accelerated electrons en- e
ergy is developed in RFNC-VNIIEF. The main con- sisd
stituent of this projectible facility is A/2 coaxial cavity - 0
where a standings wave of TEM type is excited. The op- i
erating principle of the accelerator is based on consecu-
tive (step-by-step) electron beam passages via full diam-
eter of the coaxial cavity in median plain dividing its
bulk into halves. The traveling direction and electron
velocity are synchronized with accelerating phase of HF
electromagnetic field inside accelerating part of the cav- 1059
ity. The acceleration scheme, in which an electron beam
is subjected to N passes through the cavity at an acceler- e - o
ating voltage U, is proposed. This allows increasing an [ ] l
electron energy pro rata U-N. The successive redirection e g
of electron beam into the cavity is performed by two ro- |

tary magnets. These magnets are situated outside the — ’ ’ T
cavity. The similar electron accelerators based on coaxi-  Fig.1. Longitudinal cross-section of the coaxial cavity
al resonators and operated on an identical acceleration

mode have been manufactured by IBA Company (Bel- Fig.2 presents calculated distribution diagram for
gium). The type of these accelerators is RHODOTRON electric field lines within the cavity.

The output parameters of the project accelerator are ] Lo
as follows: ] Lo

energy — 1.5...7.5 MeV;

average beam power — above 300 kW;

operating frequency — 100 MHz;

max. number of electron beam passes via full diame- w ™

ter of coaxial cavity — 5.

2. ACCELERATING COAXIAL CAVITY
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2.1. ELECTRODYNAMIC CHARACTERISTICS 7 La
OF THE CAVITY = L

Fig.1 shows the geometry of cavity interior surface. 7 ™
This geometry is a result of successive approximations
obtained by numerical simulations. These computations ; . T = o -
are performed with the SUPERFISH program. The main Fig.2. Distribution diagram of the electric field lines
criterion for the cavity geometry selection is a resonance within the cavity
eigenfrequency. The scheme for the electron beam ac-

celeration at operating frequency 100 MHz has been
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These are the computational electrodynamic charac-
teristics of the cavity:
Operating frequency, MHz . . . . .

. 99.9

Power dissipation, kW. ........ 160

Quality factor . ............... 39270

Maximum E, MV/m. .......... 3,5
2.2. CAVITY DESIGN

The cavity body (Fig.3) is modular and consists of
three parts. Two parts are cup-shaped. Being in an as-
sembly they constitute the exterior part of the cavity
body, while the third part, a central insertion, is located
inside.

Fig.3. The cavity (isometry, disassembled view):
1—upper half-body, 2 — central ring;
3 — lower half-body

All three parts of the body are made of steel sheets
(material — low-carbon steel, St.10 grade) by welding
and shaped in an appropriate manner by metal forming
or machining. The thickness of cavity body and its sepa-
rate constituents meet necessary strength and thermal
requirements. The internal surface of cavity body is
electroplated with copper. The copper layer thickness is
50 microns. In the upper part of cavity body there are
several nodes for HF power input and one node provid-
ing connection with a gagging sensor. In the lower part
of cavity body there are nodes for the connection with
the vacuum system and system for electron beam ex-
traction from the cavity. For body cooling a water jacket
is used providing direct contact of a refrigerant with the
body exterior surface. The refrigerant is distilled water
that circulates in the closed loop of cooling system.

3. THE SYSTEM OF BEAM TRANSPORTA-
TION

The system of electron beam transportation consists
of initial and two rotary constant electromagnets located
on the exterior cavity wall. These magnets change a mo-
tion path of charged particles so that they perform 5
consecutive passings of full cavity diameter (Fig.4).

Staring

2”d magnet InjeCtOV

Fig.4. The cross-section of the cavity magnet system

In this case electrons are injected into the cavity by
an electron gun (with initial energy 50 keV), pass along
full exterior diameter of the cavity, and fall into the sup-
plementary starting magnet. The field induction of given
magnet is Bo= 0.073 T. So, when straightforward elec-
trons are falling into perpendicular magnetic field B,,
they start orbiting up to output edge of initial magnet.
Here they are influenced by the field of one of the first
rotary magnet parts (B;' =0.029 T) that changes their
motion path so that the beam enters the cavity again.
After the next passing through the cavity, the electrons
get into the first part of the 2™ rotary magnet (B,' =0.15
T) that reverses their trajectory and turns electrons back
into the cavity. Then electrons pass sequentially the first
and second part of the first rotary magnet (B1>=0.079 T),
return to the cavity, then pass through the first and sec-
ond part of the second rotary magnet (B,>=0.2 T), come
back to the cavity again, pass through it, then pass
through the first rotary magnet, and fall into the system
of electron beam extraction. Both rotary magnets are
identical. Fig.5 presents the design variant for the sec-
ond rotary magnet.

Inside the magnet there is a vacuum chamber joined
with the lower half-body of the cavity by two sockets.
The magnet consists of a basic coil (two windings top
and bottom ones) and an alignment coil (two windings
top and bottom ones). The magnet core consists of four
sides: left-hand, right-hand, top and bottom ones. Top
and bottom sides have variable geometry in their thick-
ness. These swells provide the possibility of stepwise
regulation of magnetic induction level. With each pas-
sage through the cavity, the electron energy increment is
1.5 MeV. After five full passages through the cavity, the
electron energy becomes 7.5 MeV. The disconnection of
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1 —vacuum chamber, 2 — winding 1; 3 — core I;
4 — compensating winding 1; 5 — winding 2; 6 — core 2;
7 — compensating winding 2; 8 — side 1; 9 — side 2
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Fig.5. 2" rotary magnet

various parts of the first rotary magnet makes it possible
to extract from the accelerator electron beams with dif-
ferent output energy (from 1.5 up to 7.5 MeV) in one di-
rection.

4. RF POWER SOURCE

RF power supply design is made by “TIRA” corpo-

ration (Saint-Petersburg city, Russia). According to re-
quirements’ specification, the necessary basic parame-
ters of RF-generator are:

frequency range..................... 95...105 MHz;

frequency fluctuation............... 5-10°;

RF output coaxial feeder (wave
impedance 50 Ohm);

min. value of traveling-wave ratio.............. 0.7,

output power under optimum load.............. 500 kW;

operating mode of the RF power supply:
general mode — CW, training — pulsed with repeti-
tion rate 50...100 Hz and pulse width 0.1...2.0 ms;

harmonics level of output signal not above 30 dB;
amplitude instability at load equivalent +£0.1%;
feeding at 380 V three-phase electrical network.

A few high-power tetrodes GU-101A are intended to
be used at the final stage of RF power supply. The input
of RF power into the cavity is performed by a quarter-
wave loop.

5. CONCLUSION

This paper presents the project on the CW high-
power electron accelerator. The main part of accelerator
is the half-wave coaxial cavity resonator. The cavity de-
sign and accelerating scheme are described. The main
output parameters of the project accelerator are as fol-
lows: adjustable output energy of accelerated electrons
—1.5...7.5 MeV, average beam power — above 300 kW,
operating resonance frequency — 100 MHz.
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3JEKTPOHHBII YCKOPUTEJIb HEIPEPBIBHOI'O JIEMCTBUSI.
IMPOEKTHBIE, KOHCTPYKTUBHBIE U JIEKTPO®PU3NYECKUE XAPAKTEPUCTUKHU

H.B. 3asvanos, C.A. Kenesos, C.T. Hazapenxo, B.B. Ilopxaes, B.T. Ilynun, C.A. Ilymeeckoii, M.JI. Cmemanumn,
A.B. Tenvnoe

[IpencTaBneH MPOEKT BBICOKOMOIIIHOTO YCKOPUTENS AJIEKTPOHOB HEMPEPHIBHOTO AeiicTBUA. OCHOBHON YacThIO
YCKOPHTEJNS SIBJIIETCS TTOJTyBOJIHOBOW KOAKCHAIBHBIN PE30HATOP. YBEINUEHHE SHEPTHH IEKTPOHOB OCYIIIECTBIISIET-
Csl TIPU TIOCJIEZI0BATEIHHOM MPOXOKACHUN ITyYKOM ITOJTHOTO AMaMETpa KOAKCHAIbHOIO PE30HATOpa B JIEIAIIEH €ro
00beM IoronaM NoNepeyHoil MeanaHHo! mIockocTH. [lepenanpasnenne IBIKEHNS 3JIEKTPOHHOTO My4Ka B Pe30Ha-
TOp MPOUCXOJUT MPH MOMOIIY ABYX MOBOPOTHBIX MarHUTOB, KOTOPBIE Pa3MELIEHbI BHE pe3oHaTopa. OCHOBHBIE Ma-
paMeTpsl YCKOPHUTENS: SHEPTUs 3JIeKTPOHHOTO Tyuka 1.5...7.5 M»1B, cpennss momHocTh myuka 300 kBT, pabouas
gactora 100 MI'1.

EJIEKTPOHHUI NPUCKOPIOBAY BE3IEPEPBHOI JIi.
IMPOEKTHI, KOHCTPYKTHUBHI I EJIEKTPO®I3UYHI XAPAKTEPUCTUKHA

M.B. 3asvanos, C.A. Kenezos, C.T. Hazapenxo, B.B. Ilopxacs, B.T. Ilynin, C.A. Ilymeecvxoii, M.J1. Cmemanin,
A.B. Tenvnos

[TpescTaBneHO MPOEKT BHCOKOMOTY)KHOI'O IPUCKOPIOBaya €JIeKTPOHIB Oe3nepepBHOI 11ii. OCHOBHOIO YaCTHHOO
MPUCKOpPIOBada € MiBXBWJIBOBHHA KOAKCiadbHHN pe3oHaTop. 30UTBIICHHS €Heprii eJIeKTPOHIB 3AiHCHIOETHCS NpH
MTOCTIITOBHOMY TPOXOKEHHI €JIeKTPOHHUM ITyYKOM IOBHOTO [iaMeTpa pe30HaTopa B CEpelHii IUIOMMHI, IO
JimuTh Horo 06’eM Hapmil. IlepeHanpsMOK pyXy €JIEKTPOHHOTO ITyYKa B PE30HATOp BifOYyBa€eThCS 33 HOMOMOTOO
JBOX TIOBOPOTHMUX MATHITIB, fKi pO3MiIIeHiI mo3a pe3oHatopoMm. OCHOBHI MapaMeTpH IPHUCKOPIOBAYA: CHEpTisd
eJIEKTpOHHOT O Iyyka 1.5...7.5 MeB, cepennst notyxHicts myuka 300 kBT, poboya yactora 100 MI'11.
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