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In the paper the results of the experimental study on forming the electron bunches in the injector of a high cur-
rent S- band linac are presented. The injector consists of a low voltage electron gun, bunching cavity and accelerat-
ing cavity. The influence of different factors on the beam spatial and energy characteristics is analyzed.
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1 INTRODUCTION

Injectors of powerful linear resonance electron ac-
celerators for technological applications should be easy
serviced and reliable. Therefore the injector systems
based on the low-voltage (U, =20...30 kV) electron guns
are promising. Usage of the injector consisting of a
bunching cavity and an accelerating cavity with a strong
field can reduce influences of a space charge on bunch
formation. In the accelerating cavity besides of continu-
ation of bunch formation there is an acceleration of par-
ticles up to the energy, which provides their capture in
the accelerating section with a phase velocity equal to
the velocity of the light. The injector system, which im-
plements this principle, was created in the NSC KIPT
and has performed itself well during long term service
of the technological linac KUT [1]. Therewith the expe-
rience of the service indicated the ways of improving
the injector. To do these improvements the research of
beam dynamics in the injector was carried out with
more perfect codes than these used for development of
the injector system of the linac KUT. According to re-
search results [2], the configuration of the injector was
optimized. First of all it differs from the prototype by an
improved electron gun [3]. This gun provides a current
behind an anode of 2.3 A at a cathode voltage of —
25 kV. Besides, in the new injector the position of mag-
net gaps in focusing lenses was changed as well as the
length and geometry of a drift pipe between the second
lens and the accelerating resonator were changed to im-
prove beam transportation in the injector.

The paper presents the experimental study of beam
performance at the exit of the upgraded injector.

2. EXPERIMENTAL RESULTS

Experimental study of the injector was carried out on
a special test bench, providing RF power supply of the
resonators and power supply of the electron gun as well
as measurement of the beam characteristics. Experi-
ments consisted of two stages and included measuring
the energy spectrum and the emittance evaluating the
phase length of bunches.

At the first stage the above-mention measurements
were carried out when the bunching cavity was detuned
to decrease substantially the influence of the feedback
on a beam on bunching [4]. At the second stage the
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bunching cavity was tuned more precisely on the operat-
ing frequency.

The method of evaluating the phase length of bunch-
es was based on a supposition that the phase portrait of
particles at the phase-energy plane can be represented in
the form of a line. The phase spread of particles at a giv-
en energy is substantially less than the phase length of
the bunch. The line thickness depends, in our case, only
on the energy spread that occurs due to the action of the
space charge force and the electric field force in the
bunching cavity. As it follows from the simulation re-
sults this spread is rather insignificant.

To evaluate the phase length of bunches we have
used a Eqy cavity at the exit of the magnetic analyzer. It
permitted to measure the phases of the centers of parti-
cle bunches that passed through the magnetic analyzer
aperture at different magnetic field values, and thus to
plot the phase-energy relation of particles. Fig.2 shows
the measured phase-energy relation and the beam ener-
gy spectrum for one of realizations of injector perfor-
mances. The data for the plot were taken in the time
point corresponding to the middle of the current pulse.
In this case the microwave power supply was 1.26 MW,
the current at the injector output was 1.25 A.

As is seen from Fig.1, the beam has a core. The
FWHM energy spectrum is 13%, the phase length of
bunches is near 25°. Nevertheless, the beam contains the
particles with sufficiently lower energy than energy of
the core and their phases differs, at least, by 150°. Since
the accelerator is not large and the field strength in the
beginning of sections is high enough, the particle from
the bunch “tail” can lead to forming the low-energy halo
at the linac exit.

The energy spectrum width at the injector output de-
pends on the phase shift between the bunching and ac-
celerating cavities, while the output current depends
slightly on changing this parameter in wide ranges (see
Fig.2). The value of the integral energy spectrum width
was determined with taking into account the particle en-
ergy changing during transitional processes in the injec-
tor cavities.

The transversal emittance was measured by the three
gradients method. The result of quadruple scan is pre-
sented in Fig.3. A beam current at the injector output
was equal to 0.8 A in this case.
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Fig.1. The phase-energy distribution of particles at
the injector output and the energy spectrum
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Fig.2. The beam current and the integral energy
spectrum width as a function of the phase shift between
the bunching and accelerating cavities
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Fig.3. The half-width of the vertical particle density
distribution as a function of the quadrupole current

The normalized emittance evaluated from the curve
in Fig.4 was 22 mithm[thrad. It should be noted, that
with increasing the current at the injector output the
transversal emittance increases insignificantly and
equals to 30 rithmbhrad at output current of 1.4 A. In
the course of injector testing, a beam self-bunching was
observed. The RF field in the bunching cavity was ex-
cited even if the RF power was not supplied into the
cavity from an outside source. For example for the tun-
ing condition of the bunching cavity being characteristic
for the first stage of measurement the RF power radiated
from the cavity into the RF feeding system was 0.6 W
for the injected current of 2.2 A. In this case the current
at the injector exit was only 0.88 A. To get 1.4 A of the
output current it was necessary to supply the bunching
cavity with 2.2 kW of RF power. At the next stage of re-
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searches the bunching cavity was tuned closely to the
operating frequency. At this tuning condition the radiat-
ed RF power was 34 W when the supplying power from
the outside source was at last 180 W. It is obviously that
the bunching voltage excited by electrons accelerated in
the reverse direction was negligible as compared with
the bunching voltage excited by the outside source in
the both cases.

The Fig.4 and 5 show the dependences of the output
beam current and the width of the integral energy spec-
trum, respectively, as a function of the phase shift
between the bunching and accelerating cavities.
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Fig.4. The output beam current v.s. the phase shift
between the bunching and accelerating cavities
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Fig. 5. The width of the integral energy spectrum v.s.
the phase shift between the bunching and accelerating
cavities

One can see that there is the sharp current depen-
dence on the phase shift between the bunching and ac-
celerating cavities unlike the case of the detuned cavity.
Herein, in the case of a maximum current the energy
spread width does not differ considerably from that ob-
served under the buncher detuning. Thus, the energy
spread formation is defined mainly by the particle dy-
namics in the accelerating cavity. The beam emittance
measurements showed that for the beam current of 1.4 A
the emittance does not exceed 21 Tithmbhrad.

Fig. 6 shows the energy spread and the phase-energy
distribution of particles in the case of the accurate tun-
ing-on of the buncher. One can see that the accurate tun-
ing-on of the buncher improves the beam phase per-
formances — the interval of phases corresponding to the
FWHM energy spread of 11% is 15°.

The analysis of behaviour of an output current of the
injector within a RF pulse has not found out spurious
oscillations. Dependences of beam characteristics versus



a phase shift between bunching and accelerating res-
onators are rather smooth, that indicates on the absence
of instability, which could be caused by the influence of
feedback on the beam in the injector.
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Fig.6. The phase-energy distribution of particles at
the injector output and the energy spectrum

After finishing the experimental investigations the
injector was installed at the accelerator [5]. The view of
the injector joined with the accelerator is shown in
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Fig. 7. View of the injector joined with the accelerator

The numbers in Fig. 7 denote the following: 1 - ac-
celerating section, 2 — beam current transformer, 3 — ac-
celerating resonator, 4 — second magnetic lens, 5 —
bunching resonator, 6 — first magnetic lens, 7 - ion

pump.
3. CONCLUSION

Experimental researches of the injector on the spe-
cial bench have shown that the parameters of a beam
met the requirements, specified at development and
were improved as compared to that of the prototype.
The measured and calculated data correspond to each
other.
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NHXEKTOP MOIIIHOT'O TEXHOJIOT'HYECKOI'O JIY2D

H.U. Aiizaykuii, E.3. bunnep, A.H. /loéons, B.D. Kuzno, B.A. Kywnup, B.B. Mumpouenxo, /I.JI. Cmenun,
HU.B. Xooax

[IpuBeneHbl pe3ynbTaThl 3KCHEPUMEHTAJIBHOIO HCCIEIOBaHMs mpouecca (OPMUPOBAHUS IJIEKTPOHHBIX
CT'YCTKOB B MH)KEKTOPHOU CHCTEME CUIBHOTOYHOIO TE€XHOJIOTHYECKOI0 YCKOPHUTENS SIEKTPOHOB JIECSTUCAaHTHMET-
pOBOTO nuana3oHa. MHXKEKTOp COCTOUT U3 HU3KOBOJIBTHOM 3IEKTPOHHON MYIIKH, TPYHIUPYIOIIETO U YCKOPSIONIETO
pe3onaropoB. [IpuBeneH aHanu3 BIUSHUS pa3IMnYHbIX (PAKTOPOB HA MPOCTPAHCTBEHHBIE U SHEPIeTHYECKUE XapaKTe-
PHUCTHKH ITy4Ka.

IH)KEKTOP ITOTY>KHOI'O TEXHOJIOT'TYHOT' O JIIIE

M.I Auzayvkui, E.3. binep, A.M. /loéons, B.®. Kuzno, B.A. Kywinip, B.B. Mumpouenxo, /[.J1. Cmoonin,
L.B. Xooax

[lpuBeneHo pe3ynbTaTH EKCIIEPUMEHTAIBHOI0 NOCIIDKEHHS Hpolecy (popMyBaHHS €JIEKTPOHHHX 3TYCTKIB B
IH)KEKTOpHIN CHCTEMi CHIIBHOCTPYMOBOTO TEXHOJIOTIYHOTO IPHCKOPIOBada EJIEKTPOHIB IUCITHCAHTHMETPOBOIO
niana3oHy. [H)XEKTOp CKJIaIa€eThCs 3 HU3bKOBOJIBTHOI €ICSKTPOHHOT rapMaTH, FPYIyBaJbHOTO Ta IPUCKOPIOBAIBHOTO
pe3onaropis. [IpuBeneHo aHami3 BIUIMBY pi3HUX (PaKTOPIB HAa POCTOPOBI Ta CHEPTETHYHI XapaKTEPUCTHKH ITydKa.
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