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Abstract—Variable period undulators (VPUs) have a number of advantages over conventional undulators, but
until recently they have not been used in free electron lasers (FELs). In the summer of 2021, such an undu-
lator was installed on the second track of the Novosibirsk free electron laser, and lasing in the spectral range
of 15—120 um was obtained. This article describes the design of this undulator and presents the results of mea-

surements of the radiation parameters.
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INTRODUCTION

Undulators have found wide application both in
free electron lasers (FELs) and in modern sources of
synchrotron radiation (SR) [1, 2]. One important
characteristic of these sources is the wavelength tuning
range. The wavelength of the first harmonic of the
undulator radiation is given by the formula [1, 2]
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where A, is the undulator period,
K =93V(Tl)A, (m) is the undulator parameter, and
v is the relativistic factor of electrons. It can be seen
from (1) that the wavelength depends on the electron
energy, the amplitude of the magnetic field, and the
period. The idea for the variable period undulator
(VPU) implemented in the Novosibirsk FEL undula-
tor was proposed in [3]. An original modification of
this design, a helical VPU, was created and experi-
mentally studied at the Korea Atomic Energy
Research Institute [4].

Tuning the wavelength by changing the period has
a number of advantages. In particular, a decrease in
the period in the VPU does not lead to a strong
decrease in the field amplitude; therefore, using such
an undulator, one can obtain a larger wavelength tun-
ing range than in a conventional undulator. Undula-
tors with a continuously variable period have not pre-
viously been used in existing installations. The Novo-
sibirsk FEL [5] is the world’s first example of the
successful use of an undulator of this type. The undu-

lator was installed on the bypass of the second track of
the Novosibirsk FEL accelerator in the summer of
2021; in September of the same year, generation was
obtained and a record wavelength tuning range of 15—
120 wm was reached.

DESIGN OF THE UNDULATOR

In the design that was used for the Novosibirsk
FEL, the undulator is composed of separate identical
magnetic blocks (see Fig. 1a), which are mounted on
a guide and can move freely in the longitudinal direc-
tion. Each block consists of a permanent magnet / and
iron pole pads 2 attached to it. As can be seen from the
figure, such an undulator is a conventional hybrid
undulator [2], the poles of which consist of two iden-
tical parts (pole plates) separated by an air gap. A
repulsive force (magnetic field pressure) acts between
adjacent blocks, which, in the absence of friction,
leads to the uniform longitudinal distribution of blocks
in the middle part of the undulator.

The body of the undulator is made of 6061-T6 alu-
minum alloy (see Fig. 2). There are grooves inside the
case, along which cassettes with magnets installed in
them can move freely (Fig. 1b). Cassettes are based on
bearings. Each cassette contains two magnets 40 X 40 X
20 mm in size based on NdFeB alloy with a coercive
force of 13 kOe. Steel pole plates 2 mm in thickness are
installed on the magnets. A detailed description of the
magnetic field calculations and optimization of the
undulator geometry is presented in [6].
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Fig. 1. (a) General scheme of an undulator with a variable period for two different periods: (1) permanent magnet and (2) iron
plate. Blue arrows show the direction of magnetic induction. (b) 3D model and arrangement of cassettes. Blue shows permanent
magnets, green shows iron pole strips, yellow shows ball bearings, and gray shows aluminum cassette housings.

Fig. 2. Photo of the undulator installed on the stand for magnetic measurements. Magnetic field correction windings are visible
in the middle and at the ends of the undulator.

At the edges of the undulator, the cassettes are held The design of the undulator makes it possible to
by pushers, which are driven by drives mounted on the  relatively quickly change the number of periods by
top and bottom covers of the undulator. adding or removing cassettes. With a minimum
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Fig. 3. Measured emission spectra in different regions of the tuning range (a) and measured dependence of the wavelength on the
period of the undulator (b). The solid line shows the theoretical dependence of the wavelength on the period for two different

electron energies.

period, the maximum allowable number of periods is
70, which makes it possible to have a sufficiently high
gain of the FEL; this is necessary to obtain generation
in the short-wavelength region of the spectrum.

OBTAINING GENERATION
AND MEASUREMENT
OF RADIATION PARAMETERS

The undulator was installed on the bypass of the
second track of the Novosibirsk FEL in the summer of
2021, and the first generation with a wavelength of 26
Wwm was obtained on September 14 of the same year.
Within a relatively short period of time, modes were
tuned for the generation in the short and long wave-
length regions of the spectrum and, in the end, the
wavelength tuning range was 15—120 um, which
turned out to be better than the expected range of 15—
85 um.

Figure 3a shows the emission spectra measured in
different regions of the tuning range. Accurate mea-
surements of the absolute radiation power have not yet
been carried out, so the spectra are normalized to the
maximum. Figure 3b shows the measured dependence
of the wavelength on the period of the undulator,
which agrees well with theoretical formula (1).

In addition to the spectral characteristics at the
minimum-obtained wavelength of 15 wm, the gain of
the FEL (7.2%) and the radiation loss per pass in the
optical cavity (3.8%) were measured. The measure-
ments were carried out in the power modulation mode
[7] using a fast detector. The gains and losses were
determined from the rise and fall times of the radiation
power measured by the detector.

PHYSICS OF PARTICLES AND NUCLEI LETTERS

Vol. 20

CONCLUSIONS

Obtaining generation on an undulator with a vari-
able period is an important achievement in terms of
improving the parameters of the Novosibirsk FEL
installation; expanding the wavelength tuning range
opens up new opportunities for users. At the same
time, this achievement is of great importance from the
point of view of prospects for creating new undulators
of this type, because it demonstrates the operability of
these devices.

It should be noted that the minimum period of the
described undulator (48 mm) is less than its aperture
(50 mm). Because the amplitude of the magnetic field
does not change with a change in all dimensions of the
system with permanent magnets, for modern synchro-
tron radiation sources with apertures of less than
10 mm, it is possible to use a VPU of a similar design
with a period of less than 10 mm.

CONFLICT OF INTEREST

The authors declare that they have no conflicts of interest.

REFERENCES

1. J. A. Clarke, The Science and Technology of Undulators
and Wigglers (Oxford University Press, New York,
2004).

2. N. A. Vinokurov and E. B. Levichev, “Undulators and
wigglers for production of radiation and other applica-
tions” Phys. Usp. 58, 850—871 (2015).

3. N. A. Vinokurov, O. A. Shevchenko, and V. G. Tches-
kidov, “Variable-period permanent magnet undula-
tors,” Phys. Rev. Spec. Top.—Accel. Beams 14, 040701
(2011).

No.4 2023



900

4.

SHEVCHENKO et al.

J. Mun, Y. U. Jeong, N. A. Vinokurov, K. Lee,
K. H. Jang, S. H. Park, M. Y. Jeon, and S. 1. Shin,
“Variable-period permanent-magnet helical undula-
tor,” Phys. Rev. Spec. Topic—Accel. Beams 17, 080701
(2014).

O. A. Shevchenko, N. A. Vinokurov, V. S. Arbuzov,
K. N. Chernov, O. I. Deichuly, E. N. Dementyev,
B. A. Dovzhenko, Ya. V. Getmanov, Ya. I. Gorbacheyv,
B. A. Knyazev, A. A. Kondakov, V. R. Kozak,
E. V. Kozyrev, S. A. Krutikhin, V. V. Kubarev,
G. N. Kulipanov, E. A. Kuper, I. V. Kuptsov,
G. Ya. Kurkin, L. E. Medvedev, S. V. Motygin,
V. K. Ovchar, V. N. Osipov, V. M. Petrov, A. M. Pilan,
V. M. Popik, V. V. Repkov, T. V. Salikova, M. A. Sche-
glov, I. K. Sedlyarov, S. S. Serednyakov, A. N. Skrin-

PHYSICS OF PARTICLES AND NUCLEI LETTERS

sky, S. V. Tararyshkin, A. G. Tribendis, V. G. Tcheskidov,
and V. N. Volkov, “The Novosibirsk free electron laser
facility,” AIP Conf. Proc. 2299, 20001 (2020).

. 1. V. Davidyuk, O. A. Shevchenko, V. G. Tcheskidov,

and N. A. Vinokurov, “Modeling and designing of vari-
able-period and variable-pole-number undulator,”
Phys. Rev. Accel. Beams 19, 20701 (2016).

. O. A. Shevchenko, A. R. Melnikov, S. V. Tararyshkin,

Ya. V. Getmanov, S. S. Serednyakov, E. V. Bykov,
V. V. Kubarev, M. V. Fedin, and S. L. Veber, “Elec-
tronic modulation of THz radiation at NovoFEL.: tech-
nical aspects and possible applications,” Materials 12,
3063 (2019).

Vol. 20 No.4 2023



	INTRODUCTION
	DESIGN OF THE UNDULATOR
	OBTAINING GENERATION AND MEASUREMENT OF RADIATION PARAMETERS
	CONCLUSIONS
	REFERENCES

		2023-07-29T17:09:08+0300
	Preflight Ticket Signature




