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An S-band electron linac has been erected at the NSC KIPT to cover an energy range from 30 to about of
100 MeV. The linac consists of a couple of four-meter long piecewise homogeneous accelerating sections. Each sec-
tion is supplied with RF power from a separate klystron KIU-12AM. The feature of the linac is in the use of an in-
jector based on evanescent oscillations. Results of beam parameters’ measurement of at the linac exit are presented.

PACS: 41.75.Ht, 25.20.-x

1. INTRODUCTION

Studies into photonuclear reactions on light nuclei
require information on a photon flux with fixed value of
maximum energy. This photon flux can be obtained by
an electron linac. The research linac that will be used
for the above-mentioned purpose has been designed and
constructed at the NSC KIPT. The linac can be used also
for investigations into numerous physical phenomena
connected with interaction of relativistic electron beams
with electrodynamic systems and condensed media. De-
scription of the linac is given in Ref. [1]. The linac con-
sists of an injector, two piece-wise homogeneous accel-
erating sections and beam transport system. The injector
consists of a 25 keV diode electron gun and buncher on
a basis of a resonance system with evanescent oscilla-
tions [2]. The linac is now commissioning and the first
results of beam measurements have been obtained. Sim-
ulation results of self-consistent particle dynamics in the
linac obtained by using the PARMELA code [3] and
technique [4] are compared with the experimental re-
sults.

2. SIMULATIONS

The chain of five coupled Eqi cavities is used as a
resonant system of the injector. The cavities are coupled
through the central apertures for beam passing. For real-
ization of the required on-axis field distribution, the in-
jector operating frequency close to the eigenfrequency
of the last cavity was chosen higher than frequency of
the «T»-mode of a homogeneous part of the resonance
system (from the second to fourth cavities). For such sit-
uation the phase advance of the field per cell remains
equal T, while field amplitude drops rapidly from the
fifth cell to the first one.

The dispenser oxide cathode with a radius of 2.5 mm
and curvature radius of 7.5 mm is used in the electron
gun of the injector. The optical system of the gun was
designed with the EGUN code [5]. The final choice of
electrode shapes was made taking into account the beam
dynamics in the injector because the calculations
showed that both the beam size in a waist and the waist
position influence the bunching due to the space charge
forces.
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Simulation of particle dynamics in the injector was
performed with the PARMELA code. To study the self-
consistent task, the technique [4] was used. Example of
simulation results for a case, when duration of current
pulse was longer than that of the RF pulse is shown in
Fig.1.
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Fig. 1. On-axis field (1) and output current (2) (on the
left), pulses of incident and reflected powers in the RF

feeder of the injector (on the right)

The choice of a linac structure has been made by us-
ing simulation results of self-consistent transient dy-
namics of particles in traveling wave accelerating sec-
tions obtained with method [6]. Taking into account
simulation results and available resources, we stopped
our choice on a linac structure that includes two four-
meter long «Kharkov-85» sections [7]. The sections are
piece-wise homogeneous disc loaded waveguides con-
sisting of four pieces with a constant impedance. Each
piece matches with subsequent one through five transi-
tional cells. Total cell number per section is 162, phase
advance is 90° per cell, and operating frequency is
2797.15 MHz. Electrodynamic characteristics of these
sections were calculated both by data interpolation [8]
and using the method from Ref. [9]. Both methods gave
the similar results. Calculated values of series
impedance of the first, second, third and fourth pieces of
the sections are equal to 1082, 1430, 1943 and
2930 Ohm/cm?, accordingly. The values for filling time
and attenuation of the whole sections are 0.92 ps and
0.68 Neper, correspondently. Previously, these sections
had been used as a part of the LUE-2000 linac [7]. Be-
fore their usage in the designed linac, the electrodynam-
ic characteristics of these sections were tested. Having
obtained the refined data, numerical simulation of self-
consistent beam dynamics was performed with tech-
nique [4]. Between the injector and the first accelerating
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section an adjustable collimator is installed to cover a
wide range of accelerated currents preserving conditions
for bunching. Thus, a required output current of the
linac was obtained in simulations by using beam colli-
mations. Plots of mean particle energy W, energy spread
AW/W and phase extent A¢ of bunches versus time
within a current pulse duration are shown in Fig.3. Ac-
celerated current was 63 mA, RF power supply of the in-
jector and each accelerating section were 1.2 MW and
16 MW, respectively. RF pulses were flat-toped. One can
see the change of the mean energy by 3 MeV during the
pulse due to the beam loading at the accelerated current.

3. EXPERIMENTAL STUDY OF BEAM
CHARACTERISTICS

The experimental study of the injector with a beam
was carried out on the special stand that provides the RF
power supply to the resonance system, high voltage and
filament supplies to the electron gun as well as beam
characteristics’ measurements.

Measured dependence of a beam emittance €, beam
energy, and energy spread on feeding RF power is
shown in Fig.2. Beam emittance was evaluated from a
set of full width on a half of magnitude of beam trans-
verse spot size obtained under quadrupole scan. Energy
spread was determined by 90° bending magnet. The
measured and expected parameters of the injector are
presented in Table 1.
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Fig.2. Dependence of beam characteristics on feeding

RF power

Table 1. Specifications of the injector
Parameter Measured | Expected
Gun high voltage, kV -25 -25
Cathode radius, mm 2.5 2.5
Beam waist, mm 1.4 2.2
Gun current, A 0.22 0.22
Operating frequency, MHz 2797.15 2797.15
Unloaded quality factor 11000 12298
Shunt impedance, MOhm/m 15 18.6
Coupling with the feeder 4.6 -
Incident power, MW 1.2+0.1 0.75
Injector current, A 0.16 0.191
Enxy, Tthm(thrad 10 15
Ad, ° (70% of particles) - 22
W, keV 900 850
AW/W, % (FWHM) 2.6 2.3

Measured beam parameters are consistent with sim-
ulated ones. Discrepancy in measured and expected in-
cident power is due to some uncertainty in power mea-
surement, on the one hand, and some uncertainty of
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shunt impedance measured, on the other hand. For bead-
pull measurements of the on-axis field pattern with large
difference in field amplitude along the axis the bead
should be large enough. It results in overestimation of
the shunt impedance because of field integration over
the bead.

After the injector had been studied, it was joined
with the accelerating sections (see Fig.3).

Fig.3. The injector (top) joined wit the accele;ating sec-
tions (bottom)

For diminishing the change, the HV pulse of the
klystron feeding the second section was distorted to
have some rise of output power to the end of RF pulse.
The measured beam spectrum at the current is shown in
Fig.5. One can clearly notice that time and value of tran-
sitional process is diminished slightly.
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Fig.4. Simulated beam characteristics

At the first test of the linac the beam transversal
emittance was measured by the quadrupole scan
method. Fig.6 shows the dependence of a horizontal
beam profile width on a quadrupole current. Similar de-
pendence was measured for the vertical profile. Data
processing gave the values of normalized emittance that
are listed in Table 2. There are other measured and cal-
culated beam parameters at the exit of the linac enumer-
ated in Table 2 for comparison.
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Fig.5. Contour plot of measured energy spectrum
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Fig.6. Results of the quadrupole scan

Table 2. Beam parameters at the linac exit

Parameter Expected Measured
Pulsed current, MA 63 30...120
W, MeV 95 50...00
AW/W, % (FWHM) 1.4 1.5
AQ, ° (70% of particles) 15

Ax, Ay at the target | 0.1,0.1 0.44,0.68
(FWHM), mm

€nx,y, Tthm[hrad 6,6 63,72

The measured values of the transversal beam emit-
tance are much lower as compared to that of linacs with
conventional injector type. Therewith, the comparison
of the simulated results of particle dynamics with the
first experimental data on beam characteristics shows
reserve for the beam improvement. In particular, it con-
cerns the transversal beam emittance. Ongoing research
activities at the linac have an ultimate goal in develop-
ment of a reliable scheme for computer control of beam

energy as well as in equipment checkout and beam pa-
rameters improvement.

CONCLUSION

Two-sectional electron linac with beam energy of
100 MeV and current of 120 mA has been developed
and constructed at the NSC KIPT. Relatively low value
of the transversal beam emittance allows obtaining high
beam density on a target. We intend to conduct inten-
sive researches of bunch forming to diminish the
transversal emittance to the value predicted by calcula-
tions. At the same time it is planned to carry out re-
searches of photonuclear reactions on lights nuclei in
the nearest future.
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IAPAMETPBI ITYUKA JUHEMHOI'O YCKOPHUTEJA JIEKTPOHOB 10—cvm TUATIAZ0OHA
HA SHEPI'MIO 30...100 M>B

A.H. /losona, H H. Aiizauykuii, B.H. bopuckun, U.B. Xooak, B.A. Kywinup, B.B. Mumpouenko, A.H. Onanacenko,
C.A. Ilepescocun, JI.B. Penpunyes, A.H. Casuenxo, /I.J1. Cmenun, B.H. Tamanos, B.®. Kuzno

B HHIL X®TH co3naH TMHEWHBIN yCKOPUTENb 31eKTpoHOoB 10-cM auanaszona Ha sHepruto 30...100 MbB. Ycko-
pUTENIs COCTOUT M3 JABYX KyCOYHO-OJHOPOJIHBIX YETBIPEXMETPOBBIX ycKopstomux cekuuil. CBU-nuranne xaxmoin
cexnun ocymectsisiercs oT kimucTpona KUY-12AM. Oco0GeHHOCTBIO IMHEHHOTO YCKOPUTENS SBISETCS UCIIONB30-
BaHME MHXKEKTOPA, OCHOBAaHHOIO HAa HEPACIPOCTPAHSIOMMXCS KoneOaHusX. [IpuBeneHs! pe3ynbTraTsl H3MEpEHHS 1a-
paMeTpoB IMy4Ka Ha BBIXO/E YCKOPHUTEIS.

IMAPAMETPH ITYUKA JIHIMHOT O TPUCKOPIOBAYA EJEKTPOHIB 10-cm ITATTA30OHY
3 EHEI'I€IO 30...100 MeB

A.M. [osonua, M.1. Aiizauskuii, B.M. bopuckin, 1.B. Xooax, B.A. Kywnip, B.B. Mumpouenxo, A.M. Onanacenxo,
C.0. IIepescocin, JI.B. Penpunyes, A.M. Casuenxo, /I.JI1. Cmoonin, B.1. Tamanos, B.®. Kuzno

HaBeneHi pe3ysibTaTé BUMIpIOBaHHs mapaMerpiB mydka Ha Buxofi crBopenoro B HHI[ X®TI npuckoproBaya
eNeKTpoHiB. [IprckoproBad CKIagaeTbCd 3 JBOX KYCKOBO-OJHOPIIHHX YOTHPHOXMETPOBHUX IPUCKOPIOBATBEHHX
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cekitiii. JKuBneHHs KOXKHOI cekiii 3miiicHIOeThes Bim kmictpoHa KIY-12AM. OcoOnMBICTIO NMPHCKOPIOBaYa €
3aCTOCYBaHHS 1HKEKTOpA, 3aCHOBAHOI'0 Ha KOJIMBAHHSX, 1110 HE PO3IOBCIO/IKYIOTHCS.
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