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Abstract used for beam charge measuring at the LU input. By shift-
The paper presents the electron injector for the linear a'grlrgltzem'?r;]iﬁscfg’Jnic?gsrg;z rt]r?éecrgfgr?te zeststi;) 4;2?
celerator of TNK facility (Zelenograd). The injector hasindicate the beam iﬂ the operating regime Thpe molgbde-
rather simple design because of realized injection scheme A P g regime. y
. : o . num grid 6 is installed at the accelerator input to decrease
with no prebunching. The beam is divided into bunches d%— S . .
. . . he transverse RF field in the first accelerating gap. The
rectly by the accelerating RF field of the linear accelerator. . .
7 ) . |qput accelerating gap is formed by DAW structure regu-
The injector block diagram is presented, the process . ;
) S . ar half-cell. Then there is a regular structure 7 with 112
electron beam bunching and acceleration is described. :
accelerating cells [3, 4].

INTRODUCTION FORMING THE “BUNCH”
Industrial storage facility TNK (Lukin State Research LONGITUDINAL SIZE IN THE

Institute for Problems in Physics, Zelenograd) have beenCCELERATING FIELD OF A STANDING
developed in BINP SB RAS [1, 2]. It includes the main

WAVE
ring for the energy of 2.0 GeV and booster ring for the en-

ergy of 450 MeV. The 100 MeV linear accelerator is used The beam accelerating regime in LU at TNK is realized
as an electron source. Disk-and-washer (DAW) accelerat the field strength on the axis of about 250 kV/cm. During
ing structure has 30000 Q-factor at the coupling constaatcceleration, RF energy is extracted from every cavity that
higher than 40% that provides RF storage energy operdéads to accelerating voltage decreasing in the gap, so the
ing regime in 112 regular cells which form a single resobeam dynamics slightly varies for every next bunch. In
nant cavity. A low-voltage electron injection from a pulsedaccelerating gaps of a linear accelerator, the prevalent force
diode gun with no beam pre-bunching is used. The beaisthe accelerating Lorenz force rather than Coulomb forces
is divided into bunches directly in the accelerating strucef the bunch space charge. The microbunches are formed

ture under the action of the RF field. At the LU output, then the initial part of the linear accelerator first section.
beam consists of 40 bunches which were formed by the lin-

ear accelerator 2.8 GHz RF field. The beam dynamics and 3.0

output energy are determined by the RF power level from

the klystron station. At power of 16 MW and RF pulse du- 2.5 4

ration of 8us, the beam is accelerated up to 80 MeV. The

injection time is defined by the arriving time of the nega- %2,0 A

tive 40 kV voltage pulse of 15-20 ns duration at the gun= ] \3 H

cathode. The electron current source is a 17 mm diame@ﬂ'5 ‘k :

ter LaB; hot cathode. The gun microperveance is about2 | 6\2 1 s

0.5AIV3/2 | it provides the cathode pulse currentof 3.8, ° 10 .
LU INJECTOR SCHEME " ANEERYEREE

~. .

' .Figure' 2 presents the LQ injector sgheme. Thg beamis ©° 0 100 200 300 400 500 600 700 800 900 1000

injected into LU from the diode gun 1 in the maximum of

the accelerating structure field. The beam injection mo- current phase [degree]

ment should take place at the minimal magnetic field pro-. ) . L .
. o igure 1: Electron microbunch dynamics in the LU begin-
duced by the heater helix. The valve 2 is installed to sepa- .
. . ning after 1-st, 2-nd, 3-rd, and 4-th accelerating gaps.
rate the gun volume from the accelerating structure during
cathode unit replacement. x/z corrector 3 serves to correct . L .

. - . . Curves on Figs. 1-4 present the main simulation re-
the beam axis position at the accelerating structure InputUlts for the longitudinal beam dynamics of the first bunch
The focusing lens 4 provides the needed electron angu r%racro articles gIt is clear that sgme articles are reflected
convergence at the entrance of the accelerating structttr)e -Top . P o
first cavity. A Faraday cup 5 made as lamellar probe is uring RF period, about half beam electrons pass the first

) gap. The charge of the returned electrons is indicated on
* ostreiko@inp.nsk.su the probe 5 (Fig.2). Figure 4 presents the energy spread
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Figure 2: LU injector.

in the head of bunches after 5, 10, 15, and 20 accelerating 64 dE/E [ %]
gaps in the first part of LU. During acceleration, the energy , |
spread decreases. The bunches become less extensive due 20

to the accelerating structure body current, it leads to the 2_
background radiation increase. o_%
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T 75 Figure 4: Energy spread of the microbunch head after 5-th,
1 10-th, 15-th, and 20-th accelerating gaps.
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current phase [degree] ing for about 10 thousand hours. It the case of high beam

. . . . . . average power, installation of a diode gun on the axis is
Figure 3: Particle transit angles in the accelerating gaps|'nadmissible. So, a triode RF gun is installed in ILU-6 ac-
Figure 5 presents the field strength in the acceleratin 'efat_or [5] W'th applylng the negative vo!tage to the grid

é eliminate emission of the electrons which return to the

structure surface and axis versus KIU-53 power. It is cle thode. Otherwise. th thode is dest d Th .
that at power losses in the structure higher than 10 MgAthode. erwise, the cathode 1S destroyed. There Is a

the electron energy grows almost linearly with the fiel ulsed accelera'tor [6] for high average beam power (higher
strength increase. It is also proved by graphs in Fig. an 100 kw) with angularly injection from a diode gun to

which presents the accelerated electron energy spectrt'%?vem the cathode hitting by retumed electrons.

obtained for the similar linear accelerator of SIBERIA fa-

cility in RRC Kurchatov Institute (the facility was commis- CONCLUSION

sioned in 1992). With the power increase, LU output en-

ergy grows, energy spread decreases, and accelerated cuA simple injection scheme for a low-voltage continuous
rent increases. A simple injection scheme with no considlectron beam injection into a standing-wave accelerating
erable bunching along LU may be realized only at high acstructure has been realized. Beam dynamics has been sim-
celerating field strength in pulsed linear accelerators. Ilalated, the following injection features have been rewkale
our case, the use of a diode gun is justified because of theesence of reflected electrons, increased background radi
beam duration of 18 ns is rather low at the repetition ratetion, large energy spread, necessity of high accelerating
of 1 Hz. In that regime, the cathode unit has been workate. Injection applicability on the axis has been proved fo
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Figure 5: 1 — accelerated electron energy, 2 — acceler-
ating field on the axis, 3 — maximal surface electric field
strength versus the klystron power.
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Figure 6: Electron energy spectrum.

low-duration beams, when backward electrons do not de-
stroy the cathode and cavity body current does not produce
over-background radiation.
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