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The paper deals with processes during injection of continuous electron beam into a standing wave accelerating
structure. Not all the electrons of the beam are captured into the process of acceleration. Some of them are scattered
on the accelerating structure walls or return to the cathode. At short beam current pulses, it is possible to place a
cathode on the system axis. In a case of high average beam power, it is necessary to inject a beam angularly to ex-

clude hitting the cathode by returned electrons.
PACS: 29.17 +w

1. INTRODUCTION

Synchrotron radiation sources at RRC Kurchatov In-
stitute and TNK (Lukin State Research Institute for
Problems in Physics, Zelenograd) have been developed
in BINP SB RAS [1,2]. They include the main ring for
the energy of 2.5 GeV and booster ring for the energy of
450 MeV. 100 MeV linear accelerator is used as an
electron source. Disk-and-washer (DAW) accelerating
structure has 30000 Q-factor at the coupling constant
higher than 40% that provides RF storage energy oper-
ating regime in 112 regular cells which form a single
resonator. A low-voltage electron injection from a
pulsed diode gun with no beam pre-bunching is used.
The beam is divided into bunches directly in the accel-
erating structure under the action of the RF field. At the
LU output, the beam consists of 40 bunches which were
formed by the linear accelerator 2.8 GHz RF field. The
beam dynamics and output energy are determined by the
RF power level from the klystron station. At power of
16 MW and RF pulse duration of 8 Us, the beam is ac-
celerated up to 80 MeV. The injection time is defined
by the arriving time of the negative 40 kV voltage pulse
of 15...20 ns duration at the gun cathode. The electron
current source is a 17 mm diameter LaBg hot cathode.
The gun microperveance is about 0.5 pHA/V*? it pro-
vides the cathode pulse current of 3.8 A.

2. LU INJECTION CHANNEL

Fig.1 presents the LU injection channel scheme. The
beam is injected into LU from the diode gun 1 in
maximum of the accelerating structure field. The beam
injection moment should take place at the minima
magnetic field produced by the heater helix. The valve 2
is installed to separate the gun volume from the
accelerating structure during cathode unit replacement.
x/z corrector 3 serves to correct the beam axis position
at the accelerating structure input. The focusing lens 4
provides the needed electron angular convergence at the
entrance of the accelerating structure first cavity. The
Faraday cup 5 made as lamellar probe is used for beam
charge measuring at the LU input. By shifting the
Faraday cup, the aperture hole may be set to 4 mm or
14 mm that is required to tune the current passing and
indicate the beam in the operating regime. The
molybdenum grid 6 is installed at the accelerator input
to decrease the transverse RF field in the first
accelerating gap. The input accelerating gap is formed
by DAW structure regular half-cell. Then there is a
regular structure 7 with 112 accelerating cells [3,4].
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Fig. 1. Injection channel
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3. FORMING THE “BUNCH”
LONGITUDINAL SIZE IN THE
ACCELERATING FIELD OF A STANDING
WAVE LU

The beam accelerating regime in LU of SIBERIA
facility in RRC Kurchatov Institute is realized at the
field strength on the axis of about 280...300 kV/cm.
During acceleration, RF energy is extracted from every
cavity that leads to accelerating voltage decreasing in
the gap, so the beam dynamics slightly varies for every
next bunch. In accelerating gaps of a linear accelerator,
the prevalent force is the accelerating Lorenz force
rather than Coulomb forces of the bunch space charge.
The microbunches are formed in the initial part of the
linear accelerator first section.

Curves on Figs.2—5 present the main simulation re-
sults for the longitudinal beam dynamics of the first
bunch macroparticles. It is clear that some particles are
reflected. During RF period, about half beam electrons
pass the first gap. The charge of the returned electrons is
indicated on the probe 5 (Fig.1). Fig.4 presents the ener-
gy spread in the head of bunches after 5, 10, 15, and 20
accelerating gaps in the first part of LU. During accelera-
tion, the energy spread decreases. The bunches become
less extensive due to the accelerating structure body cur-
rent, it leads to the background radiation increase.
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Fig.2. Bunch dynamics in initial LU section after 1, 2,
3, and 4" accelerating gaps
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Fig.3. Particle transit angles for accelerating gaps

6+ dE/E[ %]
4
20
2 v
01 15 .ll|..
2 aoeg Ta,
10 possonsia, a¥e, Ty
4 — .:f“;_ “rv;;-..l:.
L p 4 T |
6 ( Sj I-:-..l.
-8 ~ L,
* a
-10 ‘;. .
12 L =
- 1
-10 20 30

0 [degree] 10

Fig.4. Energy spread of the bunch head after 5, 10, 15,
and 20 accelerating gap

Fig.5 presents the field strength in the accelerating
structure surface and axis versus KIU-53 power. It is
clear that at power losses in the structure higher than
10 MW the electron energy grows almost linearly with
the field strength increase. It is also proved by graphs in
Fig.6 which presents the accelerated electron energy
spectrum obtained at SIBERIA facility in RRC Kurcha-
tov Institute (the facility was commissioned in 1992).
With the power increase, LU output energy grows, ener-
gy spread decreases, and accelerated current increases.
A simple injection scheme with no considerable bunch-
ing along LU may be realized only at high accelerating
field strength in pulsed linear accelerators. In our case,
the use of a diode gun is justified because of the beam
duration of 18 ns is rather low at the repetition rate of
1 Hz. In that regime, the cathode unit has been working
for about 10 thousand hours. It the case of high beam
average power, installation of a diode gun on the axis is
inadmissible. So, a triode RF gun is installed in ILU-6
accelerator [5] with applying the negative voltage to the
grid to eliminate emission of the electrons which return
to the cathode. Otherwise, the cathode is destroyed.
There is a pulsed accelerator [6] for high average beam
power (higher than 100 kW) with angularly injection
from a diode gun to prevent the cathode hitting by re-
turned electrons.
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Fig.5. 1 — accelerated electron energy;,
2 — accelerating field on the axis; 3 — maximal surface
field versus the klystron power
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uous electron beam injection into a standing-wave ac-
celerating structure has been realized. Beam dynamics
has been simulated, the following injection features
have been revealed: presence of reflected electrons, in-
creased background radiation, large energy spread, ne-
cessity of high accelerating rate. Injection applicability
on the axis has been proved for low-duration beams,
when backward electrons do not destroy the cathode and
cavity body current does not produce over-background
radiation.

OCOBEHHOCTHU UHXEKIINUU HECTPYIIIIUPOBAHHOI'O ITYYKA 2JIEKTPOHOB B YCKOPAIO-
IYIO CTPYKTYPY HA CTOSTYUEN BOJIHE

K.H. Yepnos, B.H. Kopuyzanos, I U. Ky3neyos, H.I. Maxapoes, I.H. Ocmpeiixo, C.H. Pysunckuii, I.B. Cepoo-
ounues, B.B. Tapneuxuii, M.A. Tuynoe

PaccmoTpeHsl mpoliecchbl, BOSHUKAOUIME NPU HHXKEKIMY HU3KOBOJIBTHOIO HECTPYNIMPOBAHHOIO IIydKa 3JIEK-
TPOHOB B YCKOPSIOLIYIO CTPYKTYpY Ha cTosiuell BosiHe. He Bce a/eKTpoHBI ITyuka 3aXBaThIBAIOTCA B PEXKHM yCKOpe-
HUSL, 9aCTh JIEKTPOHOB PAacCEMBAETCs HA CTEHKAaX YCKOPSIOIIEH CTPYKTYpHI, a 4acTh Bo3BpaIaeTcs Ha katof. [lpu
MaJIOH JJTUTENILHOCTH UMITYJIbCa TOKa Iy4Ka BO3MOXKHA IIOCTAaHOBKA KaToJla Ha OCH CTPYKTYpbI. B ciydae Oomnbiioi
CpeAHEH MOIIHOCTH IMydYKa HEOOXOANMO MHXEKTUPOBATH €r0 IOJ YIJIOM, HCKIIFOYAIOIINM MTONalaHue BO3BPAIICH-
HBIX 3JIEKTPOHOB Ha KaToJl.

OCOBJMBOCTI IHXKEKIIIi HE3rPYIIOBAHOI'O ITYUKA EJEKTPOHIB
Y IPUCKOPIOBAJIBHY CTPYKTYPY HA CTOSYTIA XBHJIT

K.H. Yepnos, B.M. Kopuyzanoes, I'.1. Ky3ueyos, 1.I. Maxapos, I .M. Ocmpeiixo, C.1. Pysuncokuii,
I'.B. Cepooounues, B.B. Tapneywvxuii, M.A. Tuynoe

PosrisiHyTO TpolecH, 0 BHHHUKAIOTH MPU 1HXKEKNii HU3bKOBOJIBTHOTO HE3TPYIOBAHOTO ITyYKa €JIEKTPOHIB Y
TIPUCKOPIOBAJIBHY CTPYKTYPY Ha CTOsUill xBHil. He Bci eNeKTpoHM IMydKa 3aXOIUTIOIOTHECS B PEXKHM NPHUCKOPEHHS,
YaCTHHA EJIEKTPOHIB PO3CIIOETHCS HAa CTIHKaX MPHCKOPIOBAIBLHOI CTPYKTYpH, a YaCTHHA TOBEPTAETHCS HA KaTOI.
[Ipu Mmaniit TpUBajOCTI IMIYJIBCY CTPyMy ITydKa MOXIIMBA ITOCTAHOBKAa KaToja Ha OCi CTPYKTypu. Y BHIIQJIKY
BEJIMKOI CEpeAHbOI TOTYXKHOCTI IydKa HEOOXiTHO IHXKEKTyBaTH WOTO i KyTOM, IO BHKIIOYAa€ BIYYCHHS
MOBEPHYTHUX €JICKTPOHIB Ha KATO/I.
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