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Imost half a century ago, the prominent Russian

physicist Gersh I. Budker, the founder of the

Institute of Nuclear Physics (Novosibirsk),

who pioneered and implemented the idea
of increasing the energy of particle interactions by the
colliding-beam method, called the charged particle
accelerators the microscopes of modern physics.
Indeed, these devices allow scientists to infer the
structure of an object being observed from the way
a particle flux is scattered on the object, the difference
being that the scattered particles are not the quanta
of light as in a microscope, but high-energy particles.
The increase in the accelerators’ limiting energy has
revolutionized the theory of elementary particles
and intranuclear interactions, and one can hardly
overestimate the importance of this invention for
science and technology.

At first, synchrotron radiation, which is emitted
by ‘charged particles moving with relativistic
velocjties in the.magnetic field of accelerators,
seemed an unfortunate by-product of the accelerating
process because it meant large energy losses that had
to be compensated. Since this radiation first occurred
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in synchrotron, i.e., a cyclic resonance accelerator, it was
called synchrotron radiation (SR), although its source can
be any device that bends charged particles.

However, SR has surprisingly quickly made its way “from
Cinderella to a princess” thanks to such “character traits”
as a large width of the emission spectrum from infrared to
hard X-rays, high directivity and polarization, periodicity
on a nanosecond scale, and, finally, high power (although
the latter traits are the merit of the special devices that
generate SR). The idea of using the radiation of relativistic
particles was proposed by the Russian theoretical physicist
and future Nobel Prize winner Vitaly Ginzburg in 1947.
Over the next half a century, SR became a very versatile
and effective instrument for exploring the world.

There are three generations of SR sources. The first
are the synchrotrons and storage rings designed for high
energy physics. The second-generation sources are the
accumulator rings that were designed specifically as SR
sources. These sources generate SR with the help of bending
magnets; since the radiation is directed tangentially to the
particle path, like the light of car headlights when the car
makes a turn, the beam has the shape of a fan with a large
scattering angle.
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Participants of the roundtable “New Horizons

of Accelerator Physics: Present and Future of Bright

Synchrotron Radiation Sources”: Prof. A. Seryi
(John Adams Institute), Profs. A. Harrison and
R. Walker (Diamond Light Source), Academician
G.N. Kulipanov (BINP SB RAS), and the British
Consul General J. Sharp.

Photo by the SIN-Russia, British Embassy

in Russia
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Judging by ancient chronicles, the mankind first encountered
synchrotron radiation in 1054, when a bright “star”—
the Crab Nebula, the result of a supernova explosion—lit up
in the sky in broad daylight. The “inventor” of SR is the French
physicist Alfred-Marie Liénard, who was the first to show,
at the end of the 19th century, that an electron moving
in a circular path intensively radiates electromagnetic
waves. The first manmade synchrotron radiation was
obtained in 1947 at the synchrotron of the company General
Electric (United States); a few years later, synchrotron
radiation was obtained at the synchrotrons of the Lebedev
Physical Institute, Russian Academy of Sciences (Moscow,
Soviet Union)

RUSSIA AND BRITAIN AT A ROUNDTABLE

The SIN-Russia, based in the British Embassy in Moscow,
is a part of the UK Science and Innovation Network, which
is supported by the British government. With offices
in 29 countries around the globe, this network contributes
to the development of research and knowledge exchange,
creates opportunities for cooperation between leading
scientists and science organizations at the international level,
and provides access to the large-scale international science
infrastructure.

One of the SIN Russia’s long term goals is for Russia to be more
strongly aware of the UK’s offer as a world-class place to carry
out R&D in space science, composites, accelerator science,
and arctic/polar research and innovation. Also, the SIN Russia
works to encourage Russia to publish more of its research
in international peer reviewed journals.

The third-generation SR sources include storage rings
with long straight intervals and integrated magnetic
structures of alternating polarity that generate SR with
a smaller beam size, higher intensity, and much higher
spectral brightness. The last parameter is the most
important because it determines the magnitude of the useful
photon flux. Thanks to the targeted effort of accelerator

The SIN Russia organizes UK-Russian roundtables, science
cafés, and lectures by leading British scientists in the major
Russian cities, and takes part in science festivals and workshops.
In 2014, the SIN-Russia worked closely with the UK Royal
Society of Chemistry (RSC) to facilitate the first UK-Russia
Chemistry Week in Moscow. One of the key issues of the event
was the publication of research papers in the leading journals
and open access to research publications. In 2014-2015,
the SIN-Russia supported two UK-Russia science roundtables:
Antarctic and Arctic in Focus of Science Research (together
with Arctic and Antarctic Research Institute (St. Petersburg))
and New Horizons of Accelerator Technology.
In 2015, we plan to organize events devoted to the problem
of antimicrobial resistance, which is one of the priority issues
for the UK Government.
Science and Innovation Network
(SIN)-Russia, British Embassy in Russia

physicists, the brightness of X-ray SR sources has been
growing by three orders of magnitude every decade!
Nevertheless, even in the most modern SR sources, the
quantity of “useful” photons is only one thousandth of the
full light flux; therefore, over the last decade, the world
physical community has been working intensively to design
SR sources of the next, fourth generation.

Roundtable participants Profs. A. Harrison

and R. Walker (Diamond Light Source)

and T. Yakovleva (SIN-Russia, British Embassy
in Russia) speaking to editors

of SCIENCE First Hand. Novosibirsk, 2015

1 - * = The Crab Nebula.
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Excursion {o the INP Worlo:
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= ! P ey ) More than nine years ago, the staff of SCIENCE First Hand visited the Budker Institute of Nuclear
Physics (INP), one of the largest national academic institutions and the internationally recognized
science center. The fledgling editors of the newly organized journal, who were far from the world
of high-level physics, were greatly impressed by seemingly endless labyrinths of accelerators
underground, by amazing tangles of wires and obscure constructions, and by historical “round
tables” established by Gersh I. Budker, the first director of the Institute.
! : Anyone interested could easily approach the Institute administration and attend the meetings
L : E . ‘s of scientific councils. And of course, we could not but remember an amazingly great number
' : ' of intelligent, interesting, and memorable men’s faces (sorry for chauvinism). Now, having got
familiar with physical terms, we can say that here, in a relatively small area, it became possible
to achieve a strikingly high concentration of high-energy intellectual particles. These impressions
resulted in a series of reports about excursions to the INP world, where young physicists,
postgraduates, and personnel of the Institute were our guides.
...Almost a decade later, we saw the same shiny old-fashioned coffee pots on the same round
tables, the same hospitality, and many familiar faces of all different ages, who practically had
not aged: being engaged in high-level physics seems to be beneficial not only to intellectual
longevity.
p ! However, tangles of wires have grown larger in already familiar underground “caves”, while the fully
: i equipped experimental bunker for SR studies on the “ancient’ VEPP-3 storage ring suggests
stable associations with Herbert Wells’ underground world of Morlocks... Stability is appreciated
when we consider traditions, continuity in research, and scientific creativity; however, on our next
excursion to the national leader in high-energy physics, we hope to see the implementation of long
desired plans for the radical reconstruction of the accelerating complex

SCIENCE First Hand, V. 3(42) -. , i v
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Pavel A. PIMINOV, Candidate of Physics
and Mathematics, Director of the VEPP-
3/VEPP-4 storage ring system

at the Budker Institute of Nuclear Physics,
Siberian Branch, Russian Academy

of Sciences (Novosibirsk); author and
coauthor of 103 scientific publications

Konstantin V. ZOLOTAREV, Candidate
of Physics and Mathematics, Head

of Division at the Budker Institute

of Nuclear Physics, Siberian Branch,
Russian Academy of Sciences
(Novosibirsk); Associate Professor

at the Accelerator Physics Division,
Novosibirsk State University; author and
coauthor of 93 scientific publications

. On December 1, 1981, the Siberian Genter for Synchrotron
SR at the INP:
formu |a Of SUCCEeSS Radiation was organized in order to coordinate the efforts

directed to developing SR studies, using SR sources
It is known that synchrotron radiation (SR) is the daily ~  efficiently, and improving the quality of research. The center
was based on the acceleration equipment and laboratories
of the Budker Institute of Nuclear Physics SB RAS. In 1991,
it was reorganized into the Siberian International Center

for Synchrotron Radiation, an open laboratory for Russian

bread for many users; for accelerator physicists, it is
a parasite because it takes away a large part of energy
pumped with great effort into the beam of charged particles
accelerated nearly to the speed of light. Besides, it is hard

work, though the end results are sometimes less than the  and foreign organizations and individuals. In 2003, the first
t‘ff()l‘tS Spellt to aChith‘ thenL The p()int is that now the Iine of a free electro“ Iaser was put in operationl In 2005!

SR sources at the Institute of Nuclear Physics (INP) are  the Genter was renamed the Siberian Center for Synchrotron
VEPP-3 (created in 1972) and VEPP-4M (putinoperation .4 Terahertz Radiation

in the early 1980s and later modernized), on which studies
in the field of elementary particle physics are conducted.
Consequently, SR experiments take only 15 % of the total
time of accelerator operation. _ _

Thus, although SR experiments have been carried out at At the INP, VEPP-3/VEPP-4 are'used in the acgelerahon
the INP ever since 1973, they still use VEPP-3/VEPP-4,  Storage complex for SR generation, VEPP-3 being
which are not sufficiently bl‘igilt first-generation SR sources & e .(Intermedlate) e B SR S

NN - B T collider (diagram on the right). : ISynchrotron 7

operating in the X-ray range (the wavelength varying from A ~coleration occurs in the range of energy from 360 MeV " -
0.01 to 1 nm) and a beam energy of 2 or 4 GeV. to 2 GeV; in the storage mode the accelerator can 1 NS Sledionaun

It is worth mentioning that the 2003 commissioning hold beams with an energy of 2 GeV and a current I | W am. BY =
of the first line of a free electron laser system (a source of  of about 100 mA for a long time (5—6 h). It is in this mode VEPP-4M
powerful terahertz radiation beams) principally expanded  that the work using SR is conducted.
the INP’s research potential; however, it is still necessary  Upper right: the rectilinear part of the VEPP-3 storage
to develop a more powerful new generation SR source that  ring; lower right: the experimental chamber for SR

will operate in the X-ray range. on the VEPP-4 storage ring

KEDR detector
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Today, several tens of large research centers with third-generation SR
sources, such as Diamond Light Source (United Kingdom), Swiss Light Source
(Switzerland), Soleil (France) and others are in operation; yet another two
“brighter” sources—NSLS-2 (United States) and MAX-IV (Sweden))—are
being commissioned. All the centers are in high demand and work at maximum
capacity; there are expert systems to allocate the “beam time”: on a competitive
basis, for researchers, and for a fee, for other users. Typical fee-paying users are
large pharmaceutical companies that invent and test new drugs, which is hard
and costly work that never ends.

The INP cannot compete with the large centers on these “highways” because
of the beam characteristics of the available sources. So, if our scientists or
technologists have a particular problem, e.g. testing a new drug, it is easier for
them to go to England or to France, to the European Synchrotron Radiation
Facility (ESRF), in which our country participates.

Nonetheless, our sources have been heavily exploited for both research and
routine technological aims. For instance, the researchers from the Institute
of Catalysis SB RAS (Novosibirsk) are constantly analyzing samples of novel
catalysts intended for industrial applications. Our main advantage is that SR
at the INP has largely maintained its initially unrestricted status of a research
tool; so, practically any scientist can use it to verify his/her idea (however crazy
it may be).

In this respect, it is very important that our SR sources are located in
such an unusual infrastructure as Novosibirsk Akademgorodok, i.e. in a vast
multidisciplinary environment. For instance, archaeologists, who work in the
same neighborhood, can ask physicists to analyze any artifact they are interested
in. Indeed, new knowledge is gained, as a rule, by combining unique samples
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In the bunker for SR

from the VEPP-3 storage
ring, the work is organized
as in a famous Russian fairy "
tale: the more, the merrier.

In an experimental hall there "

are ten user stations located
in an area that is only 90 m?;
s0, the room is overflowing .

with equipment. -
Upper right: the unique

first station Detonation, which

consists of an explosion

chamber and a detecting unit,

where it is possible to operate

with explosives weighing

upto 509

™

This is the living history

of accelerator physics: the B-4
booster synchrotron in which
there occurs initial acceleration
of electron (positron) beams

to the injection energy (360 MeV)
into the VEPP-3 storage ring.

It is likely to be the only “antique”
working synchrotron in the world
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At present, the Siberian Genter for Synchrotron and
Terahertz Radiation has 12 SR stations and 4 terahertz
radiation stations. The major aims and tasks of the center
are fundamental and applied studies in physics, chemistry
(including catalysis), biology, medicine, ecology, geology,
materials science, and also the development of new
methods and technologies as well as the creation of new
specialized radiation sources and experimental stations

provided by users and adequate research tools which can
be realized with the use of SR.

Moreover, we elaborate the procedures which in principle
are difficult to develop at large SR centers, which, to
some extent, is due to administrative restrictions. A
good example is the study of detonation processes with
a submillisecond time resolution in a special explosion
chamber located at the SR output channel. Since SR has
the form of short flashes resembling the time structure
of short electron bunches rather than a continuous flux
(in our case, the duration of these flashes is 1 ns, and the
recurrence period is about 100 ns), by studying the features
of the interaction between radiation and the substance
we can determine the current state of the substance with
a corresponding time resolution. It means that during
detonation it is possible to examine the character of
chemical processes occurring in the moving detonation
front, the growth dynamics of detonation nanodiamonds,
and other effects that interest the specialists.

The first experimental station, named Detonation, was
set on the VEPP-3 storage ring, and later a second station
started its work on the VEPP-4 storage ring: the new
chamber made it possible to investigate the detonation
of charges weighing up to 200 g. Now this station is being
modernized in order to study the effect of powerful laser
plasma pulses on construction materials. The knowledge
of these processes will be necessary for designing future
thermonuclear reactors.

Other user stations are regularly updated as well.
Thus, the application of new focusing lenses provided
the improvement of the spatial resolution of X-ray
fluorescent elemental analysis, which helps to determine
not only the chemical composition of a sample but also
the spatial arrangement of separate elements. Although
we cannot compete with other SR centers in this field,
we have succeeded in obtaining some interesting results.
For instance, researchers from the Limnological Institute
SB RAS (Irkutsk) detected a response of the elemental
composition of bottom sediments to a change in the climate,

such as Milankovich cycles, which allows researchers to use
SR to investigate paleoclimate. Similar work is in progress
now with bottom sediments from Altai lakes, in particular,
Lake Teletskoye.

Yet another method of studying the state of matter
under extreme conditions (at ultrahigh pressures of several
GPa and temperatures up to 1000°C) is the diamond
anvil technique, in which a sample is squeezed between
two diamond nibs. Thereby it is possible to reach ultrahigh
pressures in a small volume, thus modeling the behavior of
matter at large depths, i.e. in the Earth’s mantel or even at
the center of the planet. This station belongs to the Institute
of Solid State Chemistry SB RAS (Novosibirsk).

Our latest developments include the COSMOS
metrological station, designed for testing satellite devices,
and PLAMYA, planned for studying rapid reactions such
as combustion. The latter is being created in collaboration
with the Institute of Chemical Kinetics and Combustion
SB RAS (Novosibirsk).

However, the INP in the SR world is not just a participant:
the Institute is also an active developer. The INP is
practically a monopolist in producing superconducting
wigglers (multipolar magnets generating a sign-variable
periodic magnetic field), which are installed in rectilinear
spaces of electron storage rings to increase radiation
intensity. Novosibirsk physicists and engineers control
the whole production cycle of these complex devices: from
designing and manufacturing to testing and assembly on
site. All over the world, from Australia to Brazil and North
America, more than 20 wigglers made in Novosibirsk are
currently in use. The INP researchers have developed,
produced, and installed superconducting devices practically
in all world SR centers, including Spring-8 (Japan),
ELETTRA (Italy), CLS (Canada), synchrotrons in Brazil
and Australia, and the only Russian specialized SR source
at the Kurchatov Institute in Moscow.

At present, the research group dealing with wigglers is
engaged in producing undulators, i.e. superconducting
devices with alarge number of poles and alow magnetic field.
In contrast to wigglers, in undulators the radiation from
separate poles is coherent, which provides monochromatic
radiation with a substantially higher spectral brightness.
All modern centers are interested in these devices. For
instance, there is a tentative agreement on collaboration
in this field with DLS (United Kingdom).

The main problem of the Siberian Center for Synchrotron
and Terahertz Radiation has been the absence of its own
specialized SR source, although at least five different ways
to create it have been proposed in the last decade. The INP
has the necessary experience, technologies, and production
facilities; the only thing missing is financing.
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New station for studying detonation
processes, planned for explosives
weighing up to 200 g, in the VEPP-4
SR hall

Radiation box of the X-Ray

Phase Contrast Microscopy and
Microtomography station operating
with SR beams from the VEPP-4
storage ring; at present, it is used
for experiments on microbeam
therapy of carcinomas. Specialists
from the Institute of Cytology and
Genetics SB RAS (Novosibirsk)
are also participating in this work.
At the current stage, the experiments 75
are carried out with laboratory
animals
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The latest version of the new source differs from all
the previous (and rejected) ones in that it is the most
cost-effective. The project plans to use the tunnel in
which VEPP-3 is currently located. It is also planned to
extend the existing experimental chamber and to place
new user stations there. A superconducting wiggler and
a pair of superconducting dipole magnets will be used as
radiation sources. A special magnetic structure of the ring
will combine extreme compactness with a possibility for

optimizing the beam brightness.

In conclusion, it is worth noting that in the last
decades interest in the studies at the interface of sciences
has greatly increased worldwide. In our academic
center, a multidisciplinary scientific community that
unites researchers from the institutes of Novosibirsk
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This superconducting wiggler with a magnetic field
of up to 3 T and a cost of about 1.4 million euro was
manufactured at the INP for the ANKASR source
(Germany). The work took about one and a half years.
This device, for the first time, used a cryostat with indirect
cooling of the magnetic system that provided the safety,
efficiency, and simplicity of the cryogen service.

It is planned to use similar wigglers in the CLIC linear
collider in CERN

Akademgorodok and from other science centers has formed.
The sincere interest of these specialists in SR studies
guarantees a flood of research materials and publications, as
well as extremely efficient use of all available methods and
instruments. Novosibirsk National Research University
must also be interested in a new SR source: our SR Center
can train the students of all natural science departments,
as is done at many other universities worldwide.

The INP haslongdeserved theright not tobea shoemaker’s
child without shoes: it must have its own specialized
SR source at the Siberian Center for Synchrotron and
Terahertz Radiation. The only things lacking are federal
financing and political will. Against all odds, we remain
optimistic and believe in the future.
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