DEVELOPMENT OF MILLIMETER-WAVE FEM
FOR ELECTRON-POSITRON COLLIDERS "

A.A.Kaminsky, A.K.Kaminsky, S.N.Sedykh, A.P.Sergeev, JINR, Dubna, Russia
G.G.Denisov, N.S.Ginzburg, N.Yu.Peskov, A.S.Sergeev, IAP RAS, Nizhny Novgorod, Russia

Abstract _ Mo;t of our experiments were carried out using a linear
induction accelerator LIU-3000 (0,8 MeV, 200 A, 200
A free-electron maser (FEM) in oscillator configurationns). Because of the power of a beam was insufficient for
with a Bragg resonator was developed. It uses the electraghievement of required power of a microwave radiation,
beam of an induction linac LIU-3000 (0.8 MeV, 200 Amain efforts in ours researches were concentrated on
200 ns). The highest FEM-oscillator's efficiency of 26%mprovement of the FEM characteristics (in particular, on
was achieved at a frequency of 31 GHz. Computdicreasing of the efficiency), and also on quality of the
simulation showed the possibility of single-mode ofadiation. We develop both oscillator and amplifier

multi-mode operation regimes depending on the resonafefnfigurations of the FEM. N _
type and its Q-factor. Both regimes were realized FEM-amplifier is also a promising mean for bunching

. - - f intense electron beams with energies 1-10 MeV which
experimentally. The radiation spectrum dth of thé® . =19 .
xper y ' pectrum Wi an be used as drive beam of linear collider [4]. Our

oscillator in single-mode regime allows using it as a RE . . . X
) : nearest plans include also experimental registration of
source for electron-positron colliders.

A 36.4 GHz FEM amplifier with an original RF input electron beam bunching inside and outside the interaction

T . egion using streak-camera as it is already in use in
device is now at the stage of early beam experiments. Té‘gSTA [5]

operation of the input device is based on the wave

splitting in stepped waveguide. Its main features are the

high efficiency, on-line control of the input power and 2 FEM-OSCILLATOR WITH BRAGG

absence of any elements in electron beam aperture. RESONATOR

"Cold" measurements of the RF input efficiency are in The main features of developed oscillator are Bragg

good agreement with the simulation results. resonator and configuration with reversed guide field [6],
Our nearest plans include also experimental registratiavhen cyclotron rotation of the beam electrons and their

of electron beam bunching inside and outside theotation imposed by helical wiggler have opposite

interaction region using streak-camera. directions. In these configuration the efficiency on the
level of 26% - 27% was measured for both oscillator [7]
1 INTRODUCTION and amplifier [8] schemes.

Two applications of millimeter-wave FEM for linear 2 1 Computer Simulation
electron-positron colliders are studied by our team:

» as possible source of RF-power for high-gradient Dynamics of oscillation build-up in a FEM with a
accelerating structures; two-mirror Bragg resonator was studied theoretically.

» as possible drive-beam buncher in two-beanjime domain analysis taking into consideration the
dispersion properties of the Bragg reflectors was used

configuration of collider. ! . ) .
For an estimation of the required radiationvhich allows us to investigate the both the transient
jocess and stationary regime.

characteristics it is possible to be guided by parametersQf - ) o .
project CLIC (CERN) [1]. Power of the individual device At the first time stage large osc_lllat_lons of efficiency
must be about 200 MW at the frequency of 30 GHza”d output power occur. Such oscillations are caused by
spectrum widthMo /& <0.3% and the pulse duration not excitation of aII_IongitudinaI modes disposed at the zone
less than 20 ns. The additional requirement is a precigraB::agg relflect|ona derat fact ‘ t th
phase correlation between all RF sources of the collider, odr at ow an rr;othera N é? actor resonda or at the
For a long time it was considered, that only amplifyin ehcon sgge (c)jne ? e mol_es growsdan SuPptr.,?SSGS
configuration of FEM was suitable to ensure necessal e;] modes Thye 0 "ﬁ noniinear. mlo € czmpil]on
quality of the radiation [2]. However, some years ago echanism.. 1his results n a singie mode Dbeng
new scheme of two-beam accelerator was suggested,Sifaelished (Fig.1) and, consequently, stationary single
which the microwave power was produced by a chain ggequency operation.

oscillators (in particular, FEM-oscillators), mutually

synchronized by the phase of bunched drive beam [3]. Figure 1. Output radiation spectrum of the oscillator in

the single-mode operation regime.
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4.0 — In the experiments, radiation at the designed
d t>50ns . ! .
circularly polarized Tk 1 wave and separate frequencies

bands corresponding to all the feedback waves mentioned
above were detected. Changing both the wiggler and
2.0 — guide fields performed selection of the feedback regime.
Accordingly to theoretical predictions for the cavity
. configuration with a high Q factor, multi-mode operation
of the oscillator was detected by the modulation of the
0.0 — T | | output power in the frequency band of 31 and 38 GHz.
Modulation period coincides very well with the
calculated beating period taking into account the distance
between mirrors and the phase velocity of backward

Increasing the reflectivity of the Bragg mirrors aboviOde' The oscillator efficiency in this configuration was

0,
the optimal value led to lower electron efficiency and a omF5 rtohil(%m.fﬁ ien ration with optimal O-factor
increase in the width of the radiation spectrum. In thisb t04509 € Cg IC)t/' opefa ot ¢ 'opl al Q bC 0 Sd
case the excitation of several longitudinal resonat ou no modulation of output sighal was observed.

modes takes place (Fig.2), and beating between thepge highest radiation power as well as the narrowest
t

modes causes the modulation of the output power in nQW|dth were obtained at a frequency of 31 GHz.
final stage of evolution. aximum output power of 37 MW corresponding to a

record FEM-oscillators efficiency of 26% was achieved.
2.0 — d > 50 ns Diffraction spectrum width in this configuration (0.25%)

is small enough for using such radiation for feeding the
i accelerating structure of collider.

Field amplitude (a.u.)
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1.0 — 3 RF-INPUT FOR THE FEM-AMPLIFIER

Drawing of RF-input for the FEM-amplifier is
presented in Fig.3. The operating principle of the RF-
input is based on the effect of microwave beams
multiplication [9]. A narrowly directed monochromatic
-4.0 0.0 4.0 wave beam with cross-sectiof, when injected into a

Frequency difference (%) wide waveguide with its cross-sectioA > a, excites

such a set of eigenmodes with certain definite amplitudes

Flgure_ 2. Output rat_j|at|on _spectrum of the oscillator '%nd phases that at distankte= A2/ pA from the input
the multi-mode operation regime.

of the wide waveguide the field looks like a set pf

split wave beams with amplitude profiles identical to the
2.2 Experimental Results injected beam. The new unit makes it possible to separate
OI[;nicrowave and electron beams and to provides a high (up
Jo 100%) transformation of the input signal into the
erating wave of an oversized waveguide without any

Field amplitude (a.u.)

0.0 , i , |

An experimental study of the FEM was performed
the linac LIU-3000 (JINR, Dubna) which generate

electron beam with parameters (0.8 MeV, 200 A, 200 n ements on electron beam aperture. Moreover. this hiah
at a repetition rate up to 1 Hz. The helical wiggler witq perture. ver, this nig

. ; . . X 0
period of 6 cm and the transverse magnetic field up to 3f§23?;$a:§nng: possible in rather wide (about 10%)
kG was used to drive the electron transverse oscillations: The RF-input was designed with a 85% input signal

The wiggler was immersed in a uniform axial magneti ansformation into the operatin mode of a
field generated by a solenoid. The strength of this field, S : ! perating

could be varied from —7 to 7 kG (minus sign corresponddrcular waveguide in the frequency region from 32 to 37
to the configuration with reversed guide field). GHz. Results of “cold” microwave measurements are

In the oscillator a two-mirror Bragg resonator wadresented in Fig.4. Channel 1 corresponds to
used to provide a selective feedback loop. The resonatfnsformation into the interaction region and channel 2
was designed for TE] operating mode with three (the rest 15% of the input signal) is designed to use for

possible feedback modes: 7 , TM1, 1 and TMy 2 at on-line control.

the frequencies near 29 GHz, 31 GHz and 38 GHz
respectively.
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Figure 3. Scheme of the RF-input for the FEL-
amplifier.
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Figure 4. Results of «cold» microwave measurements of
the RF-input: transformation coefficient versus frequency.

and single-mode - were realized in the experiment by
means of proper choice of the Q-factor. In single-
mode regime the spectrum width of the radiation
(4w /o < 0.25%) allows using it as a RF source for
high-gradient accelerating structure of the electron-
positron colliders. Under optimal resonator
configuration at the frequency of 31 GHz the output
power of 37 MW and efficiency of 26% were
obtained.

A new original RF input device for FEL-amplifier
was designed and tested. The input efficiency of the
TE,; 1 mode is about 85% in frequency range from 32
to 37 GHz. The rest 15% of the input signal were
used for on-line control of input power.

Most preparation for experimental observation of
beam bunching inside- and outside of the FEM
interaction region using the Cherenkov radiation
registration by the streak-camera have been fulfilled.
This experimental technique can be used both for
FEM improvement and for investigation of possible
drive beam buncher for colliders.
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