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Code on the basis of coupled resonators model was developed for beam transient dynamics simulation in linac
injector sections. This code gives possibility to study electron multiflow movement that arises after stopping of
some particles in the RF accelerating fields. Motion equations are solved under assumption that field amplitudes in
resonators change slow during one oscillation period of RF accelerating field. Beam transient dynamics simulation
in linac injector sections was conducted and results are presented in the article.

PACS: 29.20.Ej

INTRODUCTION

Electron linacs with initial beam that is continues
during RF period have one peculiarity. If RF electric
field amplitude is high enough in initial cells, some frac-
tion of injected particles do not trap into acceleration
process. These particles can be decelerated and fall on
camera walls or start to move in backward direction.
Back-streaming electrons are absorbing by walls or fall
onto cathode [1 - 3]. Walls bombardment by electrons
can lead to worsen vacuum conditions and, as sequence,
to cathode poisoning [2, 3]. Cathode bombardment by
electrons change not only cathode emission (see, for
example, [4 - 8]), but can lead to its melting [9]. In RF
sources back-streaming flow can stimulate an excitation
of spurious oscillation [10]. Experimental investigation
of processes that are connected with back-streaming
electrons is complicated [1]. So, simulation of 3D self-
consistent electron dynamics obtained the great impor-
tance. Such simulation gives characteristics of back-
streaming flows and help to decrease their intensity by
optimizing RF field distribution and using additional
external influence [1 - 8].

During long time for simulation of electron beam
dynamics we are developing method and codes in which
the field description is based on the coupled resonators
approach [11, 12]. In this paper results that were ob-
tained on the basis of 3D self-consistent code are pre-
sented. On the basis of this code we can simulate beam
dynamics in the chain of coupled and uncoupled cavi-
ties. This code does not take into account quasi-coulomb
fields. These fields can slightly change some quantitative
characteristics of bunching and accelerating processes.
But we think that under injection beam currents that are
smaller than several amperes these field cannot to change
drastically transient beam dynamics. Taking into account
these fields in a model with back-streaming flows can
greatly complexify simulation as the number of particles
that are moving in the considered region can reach value
of several hundred thousands.

1. TRANSIENT DYNAMICS SIMULATION
IN INJECTOR SECTIONS OF HIGH
CURRENT LINACS

We have made dynamics simulation for three type
injectors that consist of:

- two resonators (a prebuncher, a buncher) and an
inhomogeneous accelerating section with £,=1 (KUT
linacs [13], Fig. 1);
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Fig. 1. Linac scheme with a prebuncher, a buncher
and an inhomogeneous accelerating section (3, =1)
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Fig. 2. Linac scheme with a prebuncher, a travelling
wave buncher and an inhomogeneous accelerating

section (B,=1)
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Fig. 3. Linac scheme with a prebuncher and an
inhomogeneous accelerating section (3, =0.6...1)

- a prebuncher, a short travelling wave buncher with
Bor=0.75 and an inhomogeneous accelerating section
(Bx=1) (an old SLAC injector, an injector for a
Kharkov neutron source [14, 15], Fig. 2);

ISSN 1562-6016. BAHT. 2013. Ne6(88)




- a prebuncher and an inhomogeneous accelerating
section with £,,=0.6...1 (new linac LUE-10 [16], Fig. 3).

1.1. TRANSIENT DYNAMICS IN LINAC WITH
TWO RESONATORS AND ACCELERATING
SECTION

In this scheme (see Fig. 1) the first resonator and a
drift tube realizes klystron bunching, whereas the sec-
ond resonator accelerates particles for increasing the
capture coefficient (ratio of output current to the input
one) during acceleration in section with f,,=1. The
transient process is defined basically by three parame-
ters: settling times in the first resonator (Q,,, = 2500), in
the second one (Q,,= 10000) and the filling section time
(t;~ 0.5 ps). Dependences of voltages' on the first and
second resonators, and also on the resonator of the sec-
tion output coupler are presented in Fig. 4 (rectangular
current pulse with /7 =1.6 A that is shifted in time on
At ] 1 ps). These dependencies were received without
taking into account the back-streaming flow? and choos-
ing optimal phasing when the output current reaches
maximum value. Note that electric field strength in the
second resonator can achieve 300 kV/cm.

Under simulation we suppose that input RF pulses
for all devices have the same shape (square-law of a
pulse rise with duration #zr~ 0.35 ps and a flat top) and

have such  steady-state  values:  P,;=200 W,
P,=15MW, P, =10MW. Injection beam energy
equals 20 keV.

RF signal phase changing in prebuncher leads to
changing all dependencies except prebuncher voltage as
nonbunched beam enters into this resonator.

Taking into account the back-streaming electrons
changes beam dynamics. The back-streaming flow
arises in the second resonator. But the most significant

influence it makes in the first prebunching resonator.
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Fig. 4. Dependences of voltages on the resonators with-
out taking into account the back-streaming electrons

First of all we consider the influence of the back-
streaming flow on the acceleration characteristics with-
out klystron bunching (P,»= 0). From Fig. 5 it follows
that the back-streaming flow in the considered geometry

'Under voltage we understand such value
dy
U, = jdz E (2) with motion equations
0
dp.

s —e2Re{E_(z)exp(—iwr)} . Average electric field
t

strength equals Ez,k =2U,/d,.

?We have possibility to turn off the influence of the
backward electrons
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decreases both the capture coefficient and acceleration
efficiency. It is determined by the fact that the back-
streaming flow is modulated on the working frequency
and its power is large enough (Fig. 6). In the prebuncher
this flow excites field that has no optimal amplitude
(voltage is two times larger that the optimal value) and
no optimal phase (90° degree shift).
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Fig. 5. Time dependence of current and beam power
at the section exit under P,.,=0: (1) — without the
back-streaming flow, (2) — with the back-streaming flow

If P,,;, # 0 then electric field in the prebuncher is de-
termined by the superposition of the two fields: field
that is exited by the external RF source and one that is
exited by the back-streaming flow.

Simulation results show that under constant value of
the prebuncher input RF power and different RF signal
phase shifts we can excite in the prebuncher RF signal
with optimal amplitude or optimal phase. Current value
is maximum when field with optimum phase is realized
and reaches values up to 1 A under injection current
1.6 A (10% less when field with optimum phase and
amplitude is realized). Back-streaming current reaches
10% from output current under such condition. But the
transient time is much longer then in the case when
back-streaming current equals to zero.

For gaining perspective of decreasing of beam en-
ergy spread we conducted simulation of transient proc-
esses for different values of delay of current pulse with
respect to RF pulse. Results of simulations are presented
in Figs. 7, 8.
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Fig. 6. Time dependence of current and beam power
of the back-streaming flow at the prebuncher entrance
under P, =0
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It can be seen that for different delay different steady
regimes can be realized. These regimes are character-
ized by different values of current at the section exit.
Transition to the new regime occurs under small change
of the delay time (near 30 ns). Regime with reduced
current has enhanced value of the back-streaming cur-
rent (see Fig.8), especially in the transient process.
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When the injection current is decreased, the described
above regime change disappears.
A
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Fig. 7. Time dependence of the current at the section

exit under different values of the shift of current pulse
with respect to RF pulse: 1 —0.017 us; 2 — 0.35 us;
3-0.385 us

So, taking into account back-streaming flows gives a
new result, namely, in injector can be realized two sta-
tionary regimes. What regime will be realized is deter-
mined by current pulse delay time.

Presented above results obtained for the case of con-
stant injection current. But under presence of the back-
streaming flow with high power it is impossible to
maintain cathode temperature at the same level and
therefore the beam pulse current. This effect will give
the additional slow transient process. Uncontrolled in-
jection current changes, from our point of view, is the
main difficulty in research the influence of back-
streaming flows on grouping and accelerating processes
as the injection current depends on the prehistory of
accelerator tuning.

In linac KUT-1 at decreasing the time delay less
then the threshold one fast disruption of acceleration
process take place. After that there is a slow decreasing
of current in the cathode circuit’. At subsequent increas-
ing the time delay more then the threshold one there is a
more faster increasing of current in the cathode circuit
then under decreasing the time delay.
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Fig. 8. Time dependence of the back-streaming current
at the section entry under different values of the shift of
current pulse with respect to RF pulse: 1 —0.017 us;
2-0.35us; 3—0.385 us

1.2. TRANSIENT DYNAMICS IN LINAC WITH
PREBUNCHER, TRAWELLING WAVE
BUNCHER AND ACCELERATOR SECTION

Described above processes are connected with aris-
ing the intense back-streaming flows. In the prebuncher

? Current in the cathode circuit equals difference be-
tween emission current and backward current.
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these flows excite RF field with amplitude that is com-
parative (or even greater) with one that is exited by the
external RF source. Such flows arise in the accelerating
cavity when electrons are injected in RF field with large

amplitude during retarding phase.
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Fig. 9. Time dependence of the current at the section

exit and the back-streaming current at the prebuncher
entry: 1 —Ppp=0; 2— Pyyp=5 kW

If amplitude of RF field is smaller, the intensity of
back-streaming flows will be lower. But in this case the
number of particles accelerated in the section with
vy=c will be lower as the injection energy will be
smaller. There is possibility to increase the accelerated
current by using a buncher with several cavities. In each
cavity electric field amplitude will be smaller, but the
injection energy will be the same. It has been proposed
to use short disk-loaded waveguide with v,,=const < ¢
that work in travelling wave regime (see, for example,
[14, 15]).

We have made simulation of 3-D beam dynamic
simulation in high current injector (see Fig. 2) that in-
cludes the five cavity buncher with v,;= 0.75 ¢ and in-
homogeneous section with v,,= ¢ [15]. It was supposed
that input RF pulses have the same shape (square-law of
the pulse rise with duration gz~ 0.35 psec and the flat
top) and have such steady-state values: P,;=5 kW,
P,;=3 MW, Py, =15 MW. Injection beam energy equals
120 keV, injection current - 1 A.

Presented in Fig. 9 results show that value of the
back-streaming current reduced by an order of magni-
tude as the capture coefficient became greater (0.7 at
P,,=0 and 0.85 at P,;,=5 kW; for scheme considered
in subsection 2.1...0.2 u 0.66, respectively).

1.3. TRANSIENT DYNAMICS IN LINAC WITH
PREBUNCHER AND ACCELERATING SECTION
WITH VARIABLE PHASE VELOCITY

Much simplification of the scheme considered in
subsection 2.2 can be realized in the case of combining
waveguide buncher with v,,< ¢ and accelerating section
with v,= c.

We have made simulation of 3-D beam dynamic
simulation in high current injector (see Fig. 3) with 18
cells with variable sizes that give elevation of phase
velocity from v,,= 0.6 ¢ to v,;= ¢ [16]. It was supposed
that input RF pulses have the same shape (square-law of
the pulse rise with duration gz~ 0.35 psec and the flat
top) and have such steady-state values: P,,= 1.6 kW,
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Py. =4.6 MW. Injection beam energy equals 80 keV,
injection current 0.44 A.

From Fig. 10 it follows that the value of the back-
streaming current reduced again by a factor of 10. The
capture coefficient increased, too (0.8 at P,,=0 and
0.93 at P,,,= 1.6 kW).
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Fig. 10. Time dependence of the current at the section
exit and the back-streaming current at the prebuncher
entry: 1 —P,,=0; 2Py = 1.6 kW

SUMMARY

Results of simulations show that electron back-
streaming flows can make significant influence on the
characteristics of the accelerated beams in linacs. But
there are schemes of injectors that give possibility to
decrease this influence practically to zero.
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MO/JIEJIMPOBAHUE HA OCHOBE METOJIA CBSI3AHHBIX PE3OHATOPOB HECTALIMOHAPHOM
JUHAMUKU ITYUYKA B UHKEKTOPHBIX CEKIIUAX CUWJIBHOTOYHbBIX JIYD
H.U. Auzaykuii, B.A. Kywnup, E.I0. Kpamapenko, B.B. Mumpouenko

Ha ocHOBe MoJieny CBSI3aHHBIX PE30HATOPOB pa3paboTaHa MporpamMma Juisi MOJCIHPOBAHUS MEPEXOIHBIX MPO-

L[ECCOB B MHXKEKTOPHBIX cekumsx JIYD. Dra mporpamMma JaeT BO3MOXKHOCTh U3y4aTh MHOTOIMOTOKOBOE JIBHIKEHUE

3JIEKTPOHOB, KOTOPOE BO3HUKAET B MHIKEKTOPE TOCIIC OCTAHOBKH HEKOTOPHIX dacThll B CBY-yCcKOpSFONIX MOJISIX.

YpaBHEeHUs IBHXKEHUsI PEIIAIOTCS B MPEANOI0KEHHH, YTO aMIUIUTY/Ia MOJIsl B pe30HaTopax ciabo MeHseTcs 3a Te-

puon xonebaHwii ycKopsromero moist. [IpecTaBneHbl pe3yabTaThl MOISIUPOBAHMS MTEPEXOIHBIX TPOIECCOB B MH-
JKEKTOPHBIX cekmsx JIYD.

MO/IEJIIOBAHHSI HA OCHOBI METO/TY 3B’SI3AHUX PE3OHATOPIB HECTAIIIOHAPHOI
JUHAMIKH TYYKA B IHHKEKTOPHUX CEKIISIX NIOTYKHOCTPYMOBUX JIIIE
M.1. Aiizayvkuii, B.A. Kywnip, K.JO. Kpamapenko, B.B. Mumpouenko
Ha ocHoOBI Mozedi 3B’s13aHIX pe30HATOPIB po3po0IeHa porpaMa Tl MOJICITIOBAHHS NepeXiTHIX MPOIECiB B iH-
xekropHux cekuisx JIITE. L{s mporpama gae MOXJIMBICTh BUBYATH 0araTOMOTOKOBUIM PyX €JIEKTPOHIB, SKHH BUHH-
Ka€ B IHKEKTOPIi MICIs 3yIMMHKHU JeskuX 9acTHHOK B HBU-nprckoprorounx moisix. PIBHSHHS pyXy BHPIIIYIOTBCS B
NPUIYILEHH], [0 aMIUITyIa IoJIsl B Pe30HATOpax cinabo 3MIHOETHCS 3a Mepio]] KOJIMBAaHb MPHUCKOPIOIOYOTO TIOJIS.
[IpencraBneHo pe3ynbTaTH MOJCITIOBAHHS IIEPEXiTHNX MPoIieciB B imkekTopHUX cekisx JIITE.

ISSN 1562-6016. BAHT. 2013. Ne6(88) 153



