S-BAND ELECTRON LINAC WITH BEAM ENERGY OF 30...100 MeV
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The S-band electron linac has been designed at NSC KIPT to cover an energy range from 30 to 100 MeV. The
linac consists of the injector based on evanescent oscillations and the two four-meter long piecewise homogeneous
accelerating sections. Each section is supplied with RF power from the KIU-12AM klystron. Variation of mean
energy of the beam over a wide range is produced by placing bunches out of the wave crest in the second
accelerating section. The report presents layout of the linac as well as simulation results of self-consistent particle

dynamics in the linac and its present status.
PACS: 41.75.Ht, 25.20.-x

1. INTRODUCTION

Recently, the growing interest to the researches
employing photonuclear reactions on light nuclei is
observed in the field of nuclear physics. To provide the
researches, in particular, to refine cross-sections in such
reactions, there it is required photon flux with fixed
value of maximum energy. High-energy photon flux can
be obtained with an electron accelerator whose beam
energy can be varied in wide range of magnitudes. In
this connection it has been decided to design research
electron linac with wide beam energy variation that will
be applied for the above purposes. The accelerator can
be used also in the researches of numerous physical
phenomena connected with interaction of relativistic
electron beams with electrodynamic systems and
condensed media. The results of the beam
characteristics simulations, description of elements of
the accelerator and its present status are given below.

2. SIMULATION

The choice of an accelerator structure was performed
with the use of simulation results of self-consistent non
stationary beam dynamics in traveling-wave accelerating
structures obtained on the base of the technique
described in [1]. Proceeding from the results of
simulation and taking into account the NSC KIPT
resources we decided to select the layout of the linac
comprising two four-meter sections of the “Kharkov-85”
type [2]. These sections are piecewise homogeneous
disk loaded waveguides, consisting of four parts with a
constant impedance. Each part is matched with the next

one with five matching cells. The total number of cells is
162, phase advance on the structure period is 90° and
operating frequency is 2797.15 MHz. The values of the
characteristics of the parts of the sections were
calculated both by interpolation of the data from [3] and
by the technique proposed in [4]. The both methods
gave close results. Fig. 1 presents the calculated
dependences of the group velocity related to the light
velocity and attenuation as a function of the distance
along the section. The calculated values of section
filling time and attenuation were 0.92 ps and 0.68 neper,
respectively. The series impedances are equal to 1082,
1430, 1943 and 2930 Ohm/cm’ for 1, 2, 3 and 4
subsections, respectively. Simulation has shown that
with a power of 16 MW at the section entrances and
100 mA beam injection at particle energy of about
0.7 MeV, in the case of optimum phasing of the
sections, the maximum energy gain will be 95 MeV
taking into account the transients due to the filling time
of the sections.

Changing the phase of the second section field
created by the RF generator with an optimum selection
of the injection moment, it is possible to obtain the
necessary set of beam energies. Fig. 2 presents the beam
energy spectrum plotted with taking into account the
transient processes for different values of field phases in
the second section.

The results obtained formed the basis of the method
applied for beam energy control that will be used at the
first stage of the investigations. The accelerator structure
(see Fig.3) was determined proceeding from the
simulation data.
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Fig. 1. Changing the group velocity related to the
light velocity of light (1), and the attenuation (2) along

the section
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Fig. 2. Beam energy spectrum for different values
of field phases in the second section (numerals at
curves denote some phase shift in radians)

Fig. 3. Structural layout of the accelerator. 1 — electron gun, 2 — resonator system of the injector, 3, 9, 13 —
current transformers, 4 — axial lens, 5, 10 — valves, 6 — adjustable collimator, 7, 11 — accelerating sections, 8,12 —
beam position monitors, 14, 15 — quadrupoles, 16 — beam pipe, 17 — unit of slot collimators and Faraday cup, 18 —
magnetic analyzer, 19 — Faraday cup with an exit window, 20 — Faraday cup of the magnetic analyzer, 21 —

tantalum converter

After finishing the injector tests [5] we have performed

the simulation of particle dynamics in the whole

accelerator by the technique, presented in [6]. This

technique enabled to take into account the influence of
space charge forces on the formation of bunches. The

energy spread width of 1.5% for 70% of beam particles

and the maximum energy at the exit of the second

accelerating section of 95 MeV, with optimum phasing

of sections, is in accordance with the data obtained by

another technique [1]. The transverse normalized root-

mean-square emittance (10) in this case is 15 Tithm[]
mrad. When bunch is accelerating in the second section

out of the wave crest, the FWHM energy spectrum is a

few of percents, but long low-energy tails appear

because the bunch phase length is not small.

The accelerator structure allows one to apply the
other methods of energy beam control too. In particular,
the preliminary calculations have shown that it is
possible to obtain the required particle energy values
due to the change of the injection current into the first
section. To approve applicability of this method, it is
necessary to carry out additional investigations since the
beam current, required for this case, lies above the
threshold current of the regenerative transverse
instability in such sections [7].
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The beam transport from the second section exit to
the converter was calculated wusing the codes
PARMELA [8] and TRACE3D [9].

3. DESCRIPTION OF THE ACCELERATOR

The accelerator comprises the following basic units

and systems: injector; piecewise homogeneous
accelerating sections; beam transport system; beam
diagnostics system; RF power supply system;

temperature control system; control system.

3.1. INJECTOR

The injector (see Fig. 3) consists of a 25 kV diode
gun and a bunching system based on evanescent
oscillations [5]. In the standard operating mode the
injector provides a current at the entrance into the first
accelerating section up to 200 mA with the electron
energy up to 1 MeV. The gun with a high perveance can
be installed. In this case the current at the injector
entrance can reach 1.2 A. The injector includes also a
collimator providing the current control at the entrance
into the accelerating section without changing
conditions of bunch formation in the injector.

3.2. ACCELERATING SECTIONS

The characteristics of accelerating sections are given
above. The sections were operating in the structure of



the accelerator LUE 2 GeV [10]. Before installation on
the accelerator being constructed the sections were
tested. The measurements of the phase advance showed
that at a mean phase wave velocity equal to the light
velocity ¢ the phase velocity in the first subsection of
one of sections is 0.9968¢, and this value in the other
section is 0.9992c¢. Root-mean-square spreads of an
error of phase advance per the cell of the sections were
4.3° and 3.1°. The measured and calculated values of
attenuations in the sections coincide with an accuracy of
10%. The section with a less phase velocity in the first
subsection was chosen as the first section.

3.3. BEAM TRANSPORT SYSTEM

The beam transport system includes an axial
magnetic lens at the injector exit, steering coils along the
sections, three quadrupoles and a steering magnet
between the second section exit and the magnetic
analyzer (the length of the drift is about 6 m). Magnetic
elements are energized from the commercial power
sources being controlled by the control system.

3.4. BEAM DIAGNOSTICS SYSTEM

The beam diagnostics system comprises the
inductive beam current transformers at the exits of the
injector and accelerating sections, the inductive four-
winding beam position monitors at the exit of sections,
the Faraday cup and the magnetic analyzer of beam
energy. The magnetic analyzer is provided with a dipole
magnet having the bending angle of 25°. The angles of
the magnet faces and the distance from the magnet to the
analyzing slit were chosen as a result of calculations
with the use of the code TRACE 3D. The energy
resolution of the analyzer is 0.2%.

3.5. RF POWER SUPPLY SYSTEM

The RF power supply system of the accelerator
consists of the two KIU12AM Kklystrons providing the
maximum pulse power up to 20 MW at a pulse duration
of 2.5 us and pulse repetition rate of 50 pps. The second
klystron is exited via the directional coupler installed in
the RF feeder of the first section and the fast phase
shifter. The phase shifter is controlled by the accelerator
control system that allows one to perform computer
controlling of the beam energy. In the same place the
directional coupler with a minimum attenuation of
10.3 dB is installed for power supply to the injector. The
first klystron works in the mode of a self-excited
oscillator with a stabilizing resonator in the feedback
circuit.

3.6. TEMPERATURE CONTROL SYSTEM

The temperature control system of the accelerator
provides thermal stabilization of the two accelerating
sections and the injector. The system comprises 7
temperature-sensitive elements, 8 transducers of water
flow through the objects being cooled and 2 water
pressure pickups. For analysis of signals from the
transducers and for temperature control the
microprocessor complex ADAM 5011 and the
commercial thyristor controllers are used. Information

of the process parameters is displayed on the local
control desk, as well as, via the RS-485 port is
transferred to the accelerator control room.

3.7. CONTROL SYSTEM

To control the accelerator operation the automatic
control system was developed providing the control of
the current, energy and electron beam position, control
of parameters of accelerator systems, interlocking of the
modulator and the klystron amplifier under
impermissible operating conditions, control of currents
in the power sources of the beam guide, control of phase
and power of RF-signal in the injection system. The
software-hardware complex comprises the PC with a
crate. KAMAK having the fast four-channel ADP,
synchronization unit, microprocessor control complexes
regulating the operation of the temperature control
system and the magnet current sources.

4. CURRENT STATUS

Currently the basic accelerator systems are installed
and adjusted. The injector is tested on the special stand
and in the near future it will be mounted on the
accelerator. In the accelerating sections and in the
electron guide the working vacuum is obtained.

5. CONCLUSIONS

The S-band electron linac has been designed at NSC
KIPT to cover an energy range from 30 to about of
100 MeV, the main purpose of which is generation of
photon fluxes with fixed maximum energy. The
accelerator structure allows one to apply different
schemes of beam energy variation. The calculated
characteristics of the beam in the mode with a maximum
energy gain, in particular, a normalized emittance not
exceeding 15 nlthmlthrad, make it possible to apply this
accelerator also for the researches of numerous physical
phenomena related to interaction of relativistic electron
beams with electrodynamic systems and condensed
media.
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JUHEWHBIN YCKOPUTEJD DJIEKTPOHOB 10 cm - TMAITIA3OHA
C DHEPTMEM IIYYKA 30...100 M>B

K.U. Aumunoe, H.H. Aiizaykuii, 10.U. Axuypun, B.A. I'ypun, B.H. bopuckun, B.U. benozna3zoes,
E.3. Bunnep, H.B. /lemuoos, A.H. /Joeona, P.H /[ponos, H.B. Xooak, A.U. Kocoii, B.A. Kywnup, B.A. Momom,
JIL.K. Makywko, B.B. Mumpouenko, T.®@. Huxumuna, A.H. Onanacenko, C.A. Illepexncozun, I'./]. Ilyzaueas,
O.A. Penuxog, J1.B. Penpunuyes, B.A. lllenopux, /I./1. Cmenun, I .E. Tapacos, 10./1. Typ, B.®. ’Kuzno

Jluneiinblit yckopurens 31eKTpoHoB 10 cM - quanazona Obu1 paspadoran B HHI] XDTU ¢ nenbio nepekpbiTust
nuanasona suepruit 30...100 MsB. Yckopurennb COCTOUT U3 HH)XXEKTOPa, OCHOBAHHOT'O HA HE PACIPOCTPAHSIONIIXCS
KOJIEOaHUAX M ABYX KyCOYHO-OJHOPOJHBIX YETBHIPEXMETPOBBIX YCKOPSIOIMX cekumil. Kaxnas cekmus muraercs
CBU-momHOCTRIO 0T KimcTpoHa KWVY-12AM. U3MmeHeHWe cpemHel HHEPTHM IMydka B IMUPOKUX IIpeenax
obecrieunBaeTCs YCKOPEHHEM CTYCTKOB HEe Ha TpeOHEe BOJHBI BO BTOPOH ycKopsromied cekimu. IIpencraBieHb
CTPYKTYpHasi CXeMa YCKOPHTEIs, pe3y/IbTaThl MOJEIMPOBAHUS JMHAMHUKHM YaCTHI[ B YCKOPUTEJE W €ro TeKyllee
COCTOSIHHE.

JTHIHHANT MTPUCKOPIOBAY EJJEKTPOHIB 10 cm - JITATTIA3OHY
3 EHEPI'IE€IO ITYYKA 30...100 MeB

K.I. Auminos, M.1. Aizayvkuii, F0.1. Axuypin, B.O. I'ypin, B.M. bopickin, B.1. benoznasos, E.3. binaep,
M.B. /lemioos, A.M. Joeons, P.M. /Iponos, 1.B. Xooaxk, A.1. Kocoii, B.A. Kywunup, B.O. Momom,
JLK. Ma’kywiko, B.B. Mumpouenxo, T.®. Hikimina, A.M. Onanacenxo, C.O. Ilepescozin, I'./]. Ilyzaues,
0.0. Penixoes, J1.B. Penpinues, B.A. lllendpix, /I.J1. Cmoonin, I.€. Tapacos, 10./1. Typ, B.®. Kuzno

JlinifiHnit npuckopioBau enekTpoHiB 10 cm - giamasony Oyno pospobneno B HHI[ X®TI 3 meroro nepekpuru
niamma3oH enepriii 30...100 MeB. IIpuckopioBad CKIamaeTbesi 3 iHKEKTOpa, OCHOBAHOTO Ha KOJNMBAaHHAX, IO HE
PO3HOBCIOKYIOTBCS, 1 TBOX MIMATKOBO-OJJHOPIJHUX YOTHPUMETPOBHX HPHCKOPIOBAIBHUX ceKUii. KoxkHa cexuis
3abe3neuyerbess HBU-noTysxHictio Bin kimicrpona KIV-12AM. 3MiHa cepesiHbOi eHeprii Mydka B MIMPOKUX MeXax
3a0e3neuyeThesl MPUCKOPEHHSIM 3TYCTKIB He Ha rpeOeHi XBWIIi B Jpyriid mpuckoproBanbHii cekuii. [IpencraBneno
CTPYKTYPHY CXEeMY INPHCKOpIOBaua, pe3yJbTaTH MOJEIIOBaHHsS JAWHAMIKM YAacTHHOK B MPHUCKOPIOBadi 1 #oro
MOTOYHHMH CTaH.
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