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The first lasing near the wavelength of 140 um was achieved in April 2003 using a high-power free electron laser (FEL) con-
structed at the Siberian Center for Photochemical Research. In this paper we briefly describe the design of the FEL driven by an
accelerator—recuperator. Characteristics of the electron beam and terahertz laser radiation, obtained in the first experiments, are

also presented in the paper.
PACS: 41.60.Cr

1. INTRODUCTION

A new source of terahertz radiation was commis-
sioned recently in Novosibirsk. It is the CW FEL based
on an accelerator-recuperator, or an energy recovery
linac. The terahertz FEL is the first stage of a bigger in-
stallation, which will be built in three years and will
provide shorter wavelengths and higher power. The fa-
cility will be available for users in 2004. The first radia-
tion study results are discussed in this paper

2. ACCELERATOR - RECUPERATOR

Full-scale Novosibirsk free electron laser is to be
based on the multi-orbit 50 MeV electron accelerator-
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Fig.1. Layout of the first stage of the Novosibirsk high-
power free electron laser

The FEL is installed in a long straight section of a
single-orbit accelerator-recuperator. It consists of two
undulators, a magnetic buncher, two mirrors of the opti-
cal resonator, and an outcoupling system. The both elec-
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recuperator. It is designed to generate radiation in the
range from 3 um to 0.3 mm [1,2]. The first stage of the
machine contains a full-scale RF system, but has only
one orbit. Layout of the accelerator—recuperator is
shown in Fig.1. The 2 MeV electron beam from an in-
jector passes through the accelerating structure, acquir-
ing 12 MeV energy, and comes to the FEL, installed in
the straight section. After interaction with radiation in
the FEL the beam passes once more through the acceler-
ating structure, returning the power, and comes to the
beam dump at the injection energy. Main parameters of
the accelerator are listed in Table 1.
Table 1. Accelerator parameters (the first stage)
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Undulator Mirror Electron qun
RF wavelength, m 1.66
Number of RF cavities 16
Amplitude of accelerating voltage at one 0.7
cavity, MV
Injection energy, MeV 2
Final electron energy, MeV 12
Bunch repetition rate, MHz 1.4...22.5
Average current, mA 2...40
Beam emittance, mm-mrad 1
Final electron energy spread, % 1
Final electron bunch length, ns 0.02...0.1
Final peak electron current, A 40...10



mailto:kairan@inp.nsk.su

tromagnetic planar undulators are identical. The length
of the undulator is 4 m, period is 120 mm, gap is
80 mm, and deflection parameter K is up to 1.2. One
can use one or both undulators with or without a mag-
netic buncher. The buncher is simply a three-pole
electromagnetic wiggler. It is necessary to optimize the
relative phasing of undulators. The both laser resonator
mirrors are identical, spherical, 15 m curvature radius
made of gold plated copper, and water-cooled. There is
a 35 mm diameter hole in the center of each mirror. The
hole serves for mirror alignment (using He-Ne laser
beam) and output of a small amount of radiation. The
distance between mirrors is 26.6 m. The outcoupling
system contains four adjustable planar 45 copper
mirrors (scrapers). These mirrors cut the tails of Gaus-
sian eigenmode of the optical resonator and redirect ra-
diation to the calorimeters. This scheme preserves the
main mode of the optical resonator well and reduces
amplification of higher modes effectively.

3. FEL COMMISSIONING

For FEL commissioning we used the both undula-
tors. The beam average current was typically 5 mA at a
repetition rate of 5.6 MHz, which is the round-trip fre-
quency of the optical resonator and 32-th subharmonics
of the RF frequency f = 180 MHz. Most of measure-
ments were performed without scrapers recording the
radiation flux from one of the mirror apertures. Instead
of fine tuning of the optical resonator length we tuned
the RF frequency. The tuning curve is shown in Fig.2.

Typical results of spectrum measurements with ro-
tating Fabri-Perot interferometer [3] are shown in Fig.3.
They were used to find both the wavelength and the
linewidth of radiation. Radiation wavelengths were in
the range from 120 to 180 um depending on the undula-
tor field amplitude. The shortest wavelength is limited
by the gain decrease at a low undulator field, and the
longest one — by the optical resonator diffraction loss in-
crease. Relative linewidth (FWHM) was near 3-107.
The corresponding coherence length A%2AA =2 c¢m is
close to the electron bunch length, therefore we, proba-
bly, achieved the Fourier-transform limit.
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Fig.2. Laser intensity vs RF frequency detuning
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Fig.3. Results of the Fabri-Perot interferometer rota-
tion angle scanning (laser wavelength A = 136Lm)

The loss of the optical resonator was measured with
a fast Schottky diode detector [4]. Its typical output is
the pulse sequence with the 5.6 MHz repetition rate.
Switching off the electron beam, we measured the decay
time (see Fig.4). The typical round-trip loss values were
from 5% to 8%.

The FEL oscillation was obtained not only at a
bunch repetition rate f; = 5.6 MHz, but at fo/2, fi/3, fo/4
and 2[fi/3. The time dependence of the intensity at a
bunch repetition rate f;/4 is shown in Fig.5.The radiation
decay time (and, therefore, resonator loss) can be mea-
sured from this dependence too. In Fig. 6 the power as a
function of the loss is shown. For example, the opera-
tion at bunch repetition rate fy/4 corresponds to four
times more loss per one amplification. It indicates that
our maximum gain is about 30%.
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Fig.4. Time dependence of the output radiation power
after switching the electron beam off
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Fig.5. Ttime dependence of the output radiation.
The electron bunch repetition rate of 1.4 MHz is less by
a factor of 4 then the optical resonator round-trip fre-
quency of 5.6 MHz
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Fig.6. Average intra-cavity power vs loss per one am-
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B Cubupckom nenTpe HoToXuMU4eckux uccienoBannii BecHoit 2003 roga momydeHa reHepanus U3IydeHHs ¢ JITHHOW BOJI-
HbI 140 MKM Ha MOIIIHOM Jla3epe Ha cBOOOAHBIX anekTpoHax (JICD). B pabote kpatko onmcana kocTpykuus JICD Ha 6a3e ycko-
puTeIst peKyneparopa U IpeacTaBIeHb! pe3yIbTaThl U3MEPEHHsT HEKOTOPBIX ITapaMeTPOB IEKTPOHHOTO ITydKa M TepareproBoro
U3ITyYCHUS.

HNEPILUI PE3YJIBTATU POBOTH ITOTYKHOI'O JIABEPA HA BIVIBHUX EJIEKTPOHAX CUBIPCBKOI'O
HEHTPY ®OTOXIMIYHUX JOCJIIXXEHb
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V Cubipcbkomy HeHTpi GpoToxXiMidHuX HocimkeHb HaBecHi 2003 poky oTprMaHa reHepaisi BUIIPOMiHIOBaHHS 3 JOBKHHOIO
xBuii 140 MKM Ha MOTy)XHOMY Jlazepi Ha BinbHHX enekTpoHax (JIBE). V pobori kopotko omucana xoHctpykuis JIBE na 0asi
MIPHUCKOPIOBaYa peKyneparopa i MPENCTaBICHI pe3yibTaTH BHMIPIOBAHHS NESIKHX MapaMETPiB EICKTPOHHOTO IydKa i
TEeparepIoBOro BUIPOMiHIOBAHHS.
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