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Abstract

SILUND-21 linear induction accelerator (energy up to
10 MeV, peak current about of 1 kA, pulse duration 50 —
70 ns) is constructed at JNR in the framework of experi-
mental program to study free electron laser physics, a prob-
lem of two-beam acceleration and microwave electronics.
In this paper we present project of an experiment to adopt
the FEL bunching technique for generation of the CLIC
driving beam.

1 INTRODUCTION

A study of the technical feasibility of building a 500 GeV
to 2 TeV linear eectron positron collider is underway at
CERN. The CERN Linear Collider, CLIC, uses classi-
ca copper travelling wave accelerating sections operat-
ing at 30 GHz freguency with an accelerating gradient of
80 MV/m. 30 GHz RF power is generated in special low
impedance transfer structures by a driving beam travelling
parallel to the main beam but with a lower energy — about
3 GeV —ahigher current and bunched withan 1 cm spacing
[1]. The CLIC driving beam pulseisarranged in four trains
spaced by 2.84 ns. Each train consists of 22 bunches spaced
by 1 cm. The bunch length should be ¢, < 0.6 mm to
ensure efficient energy transfer. The total charge per drive
passis 2.6 C and thiswill be repeated at 2.5 kHz [2, 3].

One of the possible ways to generate the CLIC drive
beam isthe application of afree electron laser (FEL) tech-
nique [4, 5]. In this case the driving beam is produced in
an FEL amplifier constructed on the base of linear induc-
tion accelerator (LIA). One of themain problemsto realize
such away of thedrivingbeam generationisthat of LIA. To
achieve the required parameters, LIA should provide elec-
tron beam with the energy about of 10 MeV and peak cur-
rent about of 1 kA at a high repetition rate.

The SILUND-21 linear induction accel erator will serve
as a base of experimental facility to study microwave elec-
tronics, FEL techniqueand two-beam acceleration. Itisas
sumed al so to perform experimentsto adopt the FEL bunch-
ing technique for generation of the CLIC driving beam and
to study the problems of the beam bunching preservation at
further acceleration of the driving beam.

Linear induction accelerator SILUND-21 is constructed
using the equipment of LUEK-20 accel erator devel oped for
experimental investigationsof the collective method of ac-
celeration [6, 7]. It isassumed to upgrade the main pieces
of the LUEK-20 equipment using the experience of con-

structionand operation of SILUND, SILUND-II, SILUND-
20 and LUEK-20 linear induction accel erators devel oped at
JNR[8].

2 LINEAR INDUCTION ACCELERATOR
SILUND-21

The accelerator consists of seven accel erating modul es (see
Fig.1). Each moduleis 1.8 m long and provides 1.5 MeV
accelerating voltage at 1 kA beam load. Induction section
(2) consistsof 36 permalloy cores. The core exciting wind-
ings are commutated in parallel and the input impedance of
the sectionisequal t0 0.5 €2 at nominal beam load. Pul sesof
accelerating voltage with 42 kV amplitude and 50 — 70 ns
duration are formed by modulator (2) with 0.5 2 internal
resistance. The modulator scheme is based on the applica
tion of the nonlinear power compression technique[11]. It
is charged within the time period 1 is and produces high-
voltagepulse (U =42kV, I =84 kA, pulseduration 50— 70
ns, rise time about of 5 ns).

Vacuum pumping of the accelerator volume is provided
by sputter-ion pumps (3) viachannels placed inthegap (4).
Electron beam diagnostic devices are a so placed there.

Focusing of the electron beam is provided by guiding
field of solenoid. Parameters of the solenoid power supply
allow oneto providetheguidingmagneticfield withtheam-
plitudeup to 1.4 T and pul se duration about of 0.8 ms.

Thefirst accelerating module is combined with the el ec-
tron source. The eectron gun with graphite cathode and
gridded anode will be used at the low repetition rate (~ 1
cycle per second) and a plasma el ectron source without an-
ode grid — at the high repetition rate (~ 50 cycles per sec-
ond) [9, 10].

Figure 1: Accelerating module.



3 ELECTRON BEAM PARAMETERS

SILUND-21 will provide the eectron beam with the fol-
lowing parameters. energy about of 10 MeV, peak current
~ 1 kA and pulse duration ~ 50 — 70 ns. Instant energy
spread of e ectronsin thebeam will be about of afraction of
per cent and the energy spread averaged over pulseduration
will be ~ 2 —3%. We expect to obtain theva ues of thenor-
malized emittanceto be equal to 0.4x cm-rad, 0.157cm-rad
and 0.17 cm-rad a 90 %, 70 % and 50 % of the nominal
value of the beam current [7].

4 FEL AMPLIFIER

We assume to construct the FEL amplifier with the circu-
lar waveguide, helical undulator and axia guide magnetic
field.

4.1 Magnetic system

Magnetic system of the FEL amplifier consists of the heli-
cal undulator withtheperiod A,, = 12 cm placed insidethe
solenoid. The windings of the undulator and solenoid are
powered by the pul sed suppliesand providethe peak undu-
lator field H,, upto 0.4 T and the axial guide magnetic field
| H, | upto 1 T. To match the beam to the constrained un-
dulator trajectory, the undulator field is increased smoothly
over the first six periods. The possibility of the undulator
field tapering for the FEL efficiency increase is put in the
undulator construction, too.

4.2 Microwave system

TEy; wave from the pulsed magnetron (f = 35 GHz,
P = 50 kW) is transformed to TE;; linearly polarized
wave and is fed to the stainless steel circular waveguide
(R = 1.45 cm) with the tungsten mesh which istransparent
for the electron beam. At nomina parameters of the FEL
amplifier the radiation mode of the amplifier is close (with
theaccuracy better than 1 %) to theclockwiserotating TE;
mode of the passive waveguide.

5 CLIC TRANSFER STRUCTURE

To perform demonstration experiment on generation of RF
power, CLIC transfer structure operating at a frequency
35 GHz isunder construction at CERN.

6 FEL OPERATION

We assume to begin experiments with 3 MeV and 500 A
electron beam. The FEL amplifier with a helical undula
tor and axial guide magnetic field is a somewhat compli-
cated system with respect to the variety of the possiblein-
stabilities which could take place in this system. First, we
should detune far enough from the resonances (cyclotron,
anticyclotron, etc) connected with the resonance influence
of the axial guide magnetic field on the transverse electron
motion. As the anticyclotron resonance is not so powerful
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Figure 2: Histogram of the FEL bunching at saturation
(regime with positive longitudinal mass parameter).
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Figure 3: Histogram of the FEL bunching at saturation
(regime with negative longitudinal mass parameter).

as the cyclotron one, for thefirst run of experiments we as-
sume to choose the working point with the reversed axial
guidemagnetic field, when thedirection of thecyclotronro-
tation is opposite to the undulator helicity.

The goal of experiments is to verify an idea to obtain
CLIC driving beam using FEL technique. In Fig.2 we
present histogram of eectron bunching at = = 120 cm.
During thefirst run of experiments we plan to measure the
beam bunchingin theundul ator by means of the streak cam-
era technique.

The main problem to be solved during the second run of
experiments is to study the ways of preserving the beam
bunchingin thetransition space between FEL amplifier and
the CLIC transfer structure. Final step of thisrunisto mea
sure RF power generated by bunched beam in the transfer
structure.

When considering the further development of investiga
tions, we should remember the final goal, namely generat-
ing of the CLIC driving beam withdesign parameters|2, 3].
This requires beam current of the order of 1 kA. At the cur-
rent increase, the space charge forces are increasing, too.



Asaresult, to achieve the required bunching, the energy of
the accelerator should be as large as severa tens of MeV
and all the facility seems to be bulky and expensive [5].
Hereit isrelevant to mention that the use of the FEL ampli-
fier with helical undulator and guiding magnetic field pro-
vides a possibility to operate in the regime with negative
dispersion of longitudinal velocity on the energy deviation
dv, /d€ < 0 (theregimewith“negative’ mass of longitudi-
nal motion). This regime could be realized when direction
of cyclotron rotation of electron in the guiding field coin-
cides with the helicity of the undulator [12]. In this case,
in the presence of strong space charge field, the “negative
mass’ instability influences very strong on the FEL ampli-
fier operation at the nonlinear stage, hel ping the bunching of
the beam and keeping the beam in the bunched state [13].

In Fig.3 we present histogram of electron bunching at
z = 85 cm when FEL amplifier operates in aregime with
“negative mass’ of longitudinal motion. Comparison with
Fig.2 shows that the use of the regime with the “negative
mass’ seems to be more preferable with respect to the FEL
bunching. Simulations shows that at the increase of the
beam current the bunching isincreasing, too.

There could be another positiveside of the FEL operation
in this regime. We should remember that for the purpose
of the beam bunching the FEL radiation is of no use. On
the other hand, at a project parameters of the FEL buncher
radiation power achieves multi-megawatt level and its han-
dling and utilizing could be a problem. The operation with
the "negative mass’ reved s a possibility to overcome this
problem. Here we should remember that the FEL interac-
tionisaresonant one while” negative mass’ instability has
Coulomb nature and is extremely broadband [12]. So, op-
eration of the FEL buncher could be organized as follows.
At theinitia stage of the undulator we organize FEL syn-
chronism of the beam with the radiation which providesthe
modul ation of the beam density with the wavel ength of the
radiation. When modul ation achieves sufficient value, we
detune the FEL off the synchronism, so in the rest of the
undulator the beam modulation will be enhanced only due
to the “negative mass’ instability without amplification of
radiation. As aresult, a high value of the beam bunching
could be achieved while the value of the radiation power
will be very small with respect to the buncher operating
with the FEL mechanism.

In conclusion we should emphasize that despite FEL
technique provides a possibility to achieve the required
value of the beam bunching, the problem of its preserving
during accel eration requires a more detailed investigation.

7 PRESENT STATUS

We have seven accel erating modules today. Three of them
are mounted in the site of the SILUND-21 accelerator. At
theexit of the second section we obtained the el ectron beam
with the energy of 2.5 MeV and current of 850 A. After
measuring the beam parameters we plan to perform FEL
amplifier experiments with the short (1.5 m) undulator to

study the beam dynamics in the undulator. We aso study
the ways to solve the problem of the frequency and phase
stability of the input radiation and the ways to preserve the
beam bunching in thetransition space between the FEL and
transfer structure.
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