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Linear electron accelerator LINAC200 -
a new research facility of DLNP JINR

Construction of the setup for measurements with electron testbeams in
DLNP (LINAC-200)



1 — 25 Hz

0.1 — 3.5 us

1 ps bunches 
every 350 ps

The machine
 Based on refurbished 800 MeV MEA (NIKHEF)

 LINAC200 = Injector, buncher and 4 (of 12) accelerating stations

 Two beam lines are available
− 20 MeV (after the 1st station)
− 20 – 200 MeV (after the 4th station).

 The beam energy spread is about 1%

 The beam current in a pulse can be set in the range from practically
zero values (single electrons in a bunch) to 80 mA (up to 1014 e- / s)

 The maximum average current is 2.5 μA.



Timeline
 Renovation of Bldg. 118 is complete

 LINAC200 commissioning is under way and expected to be completed
by summer 2023

 The machine will continuously operate in 2024 - 2030

 Three projects are in preparation:

 Testzone for detector R&D and applied studies
 Controllable generation of EM radiation by relativistic 

electrons using functional materials
 Electron radiography



Test zone for detector R&D and applied studies
Goal: to construct an open access 
user facility for particle detector R&D 
and applied studies, including material 
science, radiobiology etc.
 Beam characterization
 Photon and neutron beam 

generation
 Precise dosimetry
 Infrastructure & Equipment

Setup for Alpide testing 
at Linac-200



Controllable generation of EM radiation by relativistic 
electrons using functional materials

Goal: study of the basics of electromagnetic interactions and new 
applications of controllable generation of electromagnetic radiation by 
relativistic electrons using functional materials

 Study of relaxation of EM response of materials based on topological 
insulators and Dirac semimetals with super-high electron mobility 
excited by bunched electron beam

 Explore the possibility of control of phonon response of 
metamaterials excited by bunched  electron beams

 Investigation of polarization radiation generation by electron beam on 
surface structures with high local electron density

 Generation of intense ultra-monochromatic THz and sub-THz 
radiation. Construction of the THz radiation source for radiobiological 
research 

 Application to the accelerator diagnostics R&D

FLAP 
Collaboration



Electron radiography
Goal: Implementation of electron radiography technique, 
construction of the electron microscope with an energy of 200 
MeV to measure the density distribution in dynamic and static
objects with a linear density of up to 10 g/cm2.
 Two radiography setups

− Fast processes, FOV 20 mm and resolution 100 um
− Static objects, FOV 10 mm and resolution 10 um

 Development of reconstruction methods and software
 Study of dynamic processes in porous materials and non-

ideal plasma of shock-compressed inert gases
 Development of new structural materials
 Flaw detection research.

National Research Center
"Kurchatov Institute"

Institute for Problems of Chemical Physics RAS



Education & training
LINAC200 is an excellent place to train
young scientists and engineers:

 Accelerator physics and technology

 Particle detector characterization

 Toy experiments (e.g. measurement of
nuclear form factors and GDR)

 Radiation material science, generation and
registration of synchrotron and THz
radiation, etc

Work together with the University Center



Accelerator R&D and upgrade plan
 Design and construction of the photoinjector

− Possible replacement of the electron gun

− R&D on generation of twisted electrons
(together with ITMO)

 Preparation of LINAC200 upgrade up to 800 
MeV

− Refurbishing old MEA parts

− Upgrade of control and vacuum system



Thanks for participating in the commissioning 
LINAC200 RUN



Cost estimate (kUSD)

2024 2025 2026 2027 2028 2029 2030 Total
LINAC200 
maintenance & 
operation

100 100 100 100 100 100 100 700

Research projects 400 400 400 400 400 400 400 2800

Total 500 500 500 500 500 500 500 3500



Dzhelepov Laboratory of Nuclear Problems
Project “Presicion laser metrology for accelerators and detector complexes”

M.V. Lyablin V.V. Glagolev



Dzhelepov Laboratory of Nuclear Problems
Project “Presicion laser metrology for accelerators and detector complexes”

Unique detector of angular oscillations of the Earth's 
surface in two orthogonal directions:

- frequency range - upper limit  about  15 Hz
- Sensitivity (laser reference beam stability) 10-9 rad

The device detects the angular inclinations of the 
Earth's surface, excited by the Moon, the Sun, 
remote earthquakes, microseismic peaks and 
sources of industrial origin

DEVELOPMENT OF DLNP SCIENTISTS



Dzhelepov Laboratory of Nuclear Problems
Project “Presicion laser metrology for accelerators and detector complexes”



Dzhelepov Laboratory of Nuclear Problems
Project “Presicion laser metrology for accelerators and detector complexes”

Monitoring of angular 
microseismic oscillations of 
the Earth to determine the 
possibilities of stabilization 

of elements of colliders 
NICA, LHC, etc.

Increasing sensitivity of the  VIRGO 
gravity antenna  using data from 

inclinometers Creation of a software and 
hardware complex based on PLI 

for earthquake prediction

VIRGO gravitational antenna - 2 PLIs have been 
operating for more than 1 year.
Two PLIs are used in the noise reduction system 
of the North Mirror of the IGA VIRGO.



Dzhelepov Laboratory of Nuclear Problems
Project “Presicion laser metrology for accelerators and detector complexes”

Petropavlovsk-
Kamchatskiy

CERN

Dubna 
(NICA)

Yerevan

Minsk

Virgo

Tashkent

placement of the inclinometers 



Angular microseismic activity monitoring in the MPD hall of the NICA collider

x
y

• Two Compact Precision Laser Inclinometers (CPLI) were installed in the MPD hall in spring 2022.
• Data on microseismic activity of an industrial nature have been obtained, and the amplitudes of the angles of floor

oscillations in the MPD hall have been determined.
• Monitoring of oscillations of the MPD hall base and supports of the magneto-optical elements of the NICA collider

will be continued with the installation of additional MPLs.
• In the future, the largest microseismic noises sources will be defined and the compensating feedbacks are going to

be implemented for the accelerator elements to stabilize the beam orbits and the region of their interactions.



Using CPLI for Long-Term Earthquake Prediction
• In Armenia, the International Geophysical Center "Garni Geophysical Observatory" hosts two PLIs. Angular microseismic

activity is being monitored in the Armenian Highlands. In 2022, it is planned to modernize one MPLI and in subsequent years
to create a network of several CPLIs in order to determine the zones of accumulation of seismic energy and predict
earthquakes.

• An agreement was signed between JINR and the Institute of Seismology of the Academy of Sciences of the Republic of
Uzbekistan on the creation of a network of several CPLIs for long-term monitoring of changes in the Earth's surface for
earthquake prediction.

• JINR signed an agreement with the Kamchatka Branch of the Federal Research Center "Unified Geophysical Service of the
Russian Academy of Sciences" and Kamchatka State University named after V.I. Vitus Bering on the start of work on
forecasting earthquakes and volcanic activity on the Kamchatka Peninsula. Delivery of CPLI to Kamchatka and joint
monitoring activities are planned.

• JINR is planning common works with the Center for Geophysical Monitoring of the National Academy of Sciences of the
Republic of Belarus on monitoring microseismic activity on the territory of the Republic of Belarus.



Dzhelepov Laboratory of Nuclear Problems
Project “Presicion laser metrology for accelerators and detector complexes”



FTE  12 Young colleagues  6

2024 2025 2026 2027 2028 2029 2030 Total

100 100 100 100 100 100 100 700

Estimated cost, kUSD

Project “Presicion laser metrology for accelerators and detector complexes”



Dzhelepov Laboratory of Nuclear Problems
Project "Development of experimental techniques and applied research with slow

monochromatic positron beams (PAS)" 

Leader: Sidorin A. A. 
Scientific Leader: akademitian Meshkov I. N.



Formation of slow positron flow

23

 

 

The most efficient and convenient radioactive isotope 22Na was chosen as a
source of positrons. The half-life of the isotope is 2.6 years, which makes it
suitable for long-term experiments. This isotope gives a relatively high
positron yield of ~ 90.5% of decays. In addition, the technology of its
manufacture is well developed, which ultimately affects the price of the
isotope. A source manufactured by iThemba LABS (Cape Town, RSA) is used.

Solid neon was chosen as the moderator of positrons - one of 
the most effective moderators.

Positron source 
scheme



Cryogenic source of slow monochromatic positrons
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In November 2016, a cryogenic source of slow monochromatic
positrons based on a cryocooler was put into operation. The
closed loop helium system allowed to solve the problem of
limited operating time due to lack of the liquid helium. Also,
this scheme made it possible to reduce the source preparation
time from 6-7 hours to 3 hours.

Typical slow positron spectrum from a cryogenic
source of slow monochromatic positrons. Full width at
a half magnitude is of 2 eV. The output of positrons is
3.3x106 positrons per second.

E, eV



Measurement Equipment for the Doppler Broadening of the Annihilation Line (DUAL) Method
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Annihilation gamma quanta are detected by the
HpGe detector of the company Ortec, which at a
quantum energy of 511 keV has a resolution of 1.2
keV. The detector signal is amplified and sent to a
multichannel analyzer connected to a computer,
where the spectrum of the annihilation process is
formed.

The test samples are placed on a holder, which is
placed on a movable insulated vacuum inlet into the
vacuum chamber on the axis of the direct flow of
positrons from a cryogenic source of slow
monochromatic positrons. An adjustable negative
potential of up to 35 kV is applied to the samples.

HpGe detector and control electronics unit

Holder and vacuum inlet



The PALS method on the monochromatic positron flow
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Along with the DUAL method, the PALS method is also developed by the classical
scheme. PALS spectroscopy is performed on positrons of a standalone 22Na source.
This isotope emits in 3.3 ps after positron emission a gamma quantum of an energy of
1274 keV, which is used as the "Start" signal of the spectrometer to measure the
lifetime. The "Stop" signal is the registration of coincidences of two annihilation
gamma quanta with an energy of 511 keV (a channel with the formation of
paraPositronium). The difference in the time of registration of the first and second
signals gives the value of the positron lifetime. The disadvantage of the classical PALS
method is the wide range of positron energies from the source and the difficulty of
determining the depth of the detected defects. To do this, it is necessary to reduce the
thickness of the sample in layers, repeating the measurements each time.

The disadvantages of classical PALS can be solved by creating an ordered flow of monochromatic positrons.
Monochromatizating is described above. Ordering occurs when positrons pass through a resonator (URF, Fig.1.) to which a
pulsed high-frequency voltage of special shape is applied. Then the positrons are accelerated in a static electric field (UA,
Fig.1.) and get the target. Due to special shape URF positrons come to the sample at the same time.

Isolators

E0

Channel 
+

Trap

URF UA
Utarget

LA

Lt

LU

e+ source

1 – sample and two photomultiplier
2 – lifetime spectrometer
3 – voltage source
4 – PC

1

Fig.1. Scheme of the channel for the formation of 
an ordered positron flow

1 2

3

4

The special resonator is
assembled and installed in a
vacuum chamber to obtain more
monochromatic positron spectra.



Sample preparation
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We have several devices to prepare samples in various ways:

Vacuum oven 1000 degrees Celsius for 
sample annealing

Press Sandblasting

Ion source

Studies of thin-layer or multilayer
samples can be effectively carried out
using reactive ion etching.



Consumers
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The development of photonic devices based on GeSiSn materials compatible with silicon technology in the infrared range of
about 2 microns and above opens the possibility of using these devices in such areas as sensorics (gas and biological sensors),
biomedical diagnostics and environmental monitoring, as well as astrophysics.

Rzhanov Institute of Semiconductor Physics Siberian Branch of Russian Academy of Sciences (Novosibirsk)

M. V. Lomonosov NARFU (Arkhangelsk)
Currently, diamonds are widely used in science and technology. However, the properties of diamond due to its defects have not
been fully studied. In addition to optical methods, positron annihilation spectroscopy (PAS) can be successfully used to study
defects in diamonds. Positrons can detect vacancies, small and large clusters of vacancies induced by irradiation, providing
information about their size, concentration and chemical environment.

Analysis of physical properties of metals and compounds W, WC, WC+6%Co, WC+10%Co under the action of ionizing
radiation. Investigation of defects caused by ionizing radiation, investigation of changes in structure and surface by various
spectroscopic methods.

Sector research

In nuclear power and space exploration, there are problems associated with the effect of radiation on structural materials and
with a reduction in their service life. To solve these problems, scientists propose to use a coating of zirconium and niobium
nanolayers.

Tomsk Polytechnic University (Tomsk)

Polymer nanocomposites are perspective materials for use in intelligent microelectronic devices, capacitors, high-voltage
electrical insulation, etc.

LNP



Publications
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Journal: Materials
Title: Investigation of Nitrogen and Vacancy Defects in Synthetic Diamond Plates by Positron
Annihilation Spectroscopy (in print)

Journal: Coatings
Title: The Microstructure of Zr/Nb Nanoscale Multilayer Coatings Irradiated with Helium Ions

Journal: Crystals
Title: Detection of defects in synthetic diamond plates by positron annihilation spectroscopy method

Journal: Journal of Applied Physics
Title: Point defect creation by proton and carbon irradiation of α-Ga2O3

Journal: Acta Metallurgica Sinica (English Letters)
Title: Surface and Subsurface Defects Studies of Dental Alloys Exposed to Sandblasting

A far from complete list of articles in the framework of the project:



FTE  5,5 -> 8         Young colleagues  3

I. Meshkov
Scientific Leader

A. Sidorin
Sector Leader

Cost estimate (kUSD)
2024 2025 2026 2027 2028 2029 2030 Total
50 40 35 35 35 30 50 275



Dzhelepov Laboratory of Nuclear Problems

Project "Novel semiconductor detectors for fundamental and applied research" 

One of the main goal is the creation of an independent detector for medical
radiography and tomography, which has new capabilities for measuring the energy of
each registered X-ray gamma-quantum.

Conducting scientific and methodological studies of high-resolution hybrid matrix 
detectors for high energy physics and the atomic nucleus, as well as semiconductor 
detectors with increased radiation resistance

Development of scientific cooperation with research institutes to explore the 
possibility of application developed detectors in other fields of science and technology.

Development of infrastructure for studying the properties of semiconductor 
detectors, including tests on beam particles for use by JINR groups and institutes of the 
Member States.

G.A. Shelkov,  V.A. Rozhkov



Experimental Microtomograph “Kalan”

Widepix detector:
• 15 Medipix 3RX in one row
• 256х3840 pixels
• Size of pixel - 55x55 mkm
• Si sensor

The prototype of an X-ray tomograph was created at DLNP



The main advantage of hybrid pixel semiconductor detectors is the ability to 
identify substances on roentgenogram using its ability to measure the energy of 

recorded γ-quanta.

Нybrid pixel semiconductor detector 
sketch

high resistivity semiconductor 

I = I0 e(- μρx)

μ~C*Z4/E3 - mass attenuation

Identification substances by the behavior of the 
absorption cross section in the region of the K-line 
energy 
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2D X-ray roentgenogram of three 
plastic tubes D = 5 mm with solutions 
of different substances. The 
concentration of the solutions was 
adjusted so that the absorption 
coefficients of X-ray in all samples 
were equal.

Same frame after application of three different pre-
calibrated criteria for identification of sample materials -
Gd, La and Iodine. The figures show the percentage of 
pixels selected by these criteria

2D-rentgenogramm 

Identification of substances on 2D radiograms due to the 
energy information.
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Identification of substances on 3D tomograms.

Reconstruction of 3D tomograms

Without the use of energy 
information Using spectroscopic information



Cost estimate (kUSD) 
2024 2025 2026 2027 2028 2029 2030 Total

Materials and equipment 130 110 100 80 80 60 60 620
Scientific trips 40 30 30 30 30 30 30 220
Sum 170 140 130 110 110 90 90 840

FTE  6,4 Young colleagues  3



“GDH & SPASCHARM” Project 

The Gerasimov Drell-Hearn, GDH, sum-rule
for polarized photoproduction from a
polarized nucleon within a polarized
nuclear target.

The GDH-Collaboration (A2) has chosen to perform the measurement of the integrand of the sum rule
at two accelerators: Elsa in Bonn and Mami in Mainz, Germany. The measurements at Mami are
dedicated to the lower energy part up to 800 MeV while, with an overlap, the measurements at Elsa
address photon energies of 600 MeV through 3 GeV.

Yu. A. Usov





Research and development for polarization equipment for MESA accelerator

Energy-Recovery-Linac (ERL) accelerator
technology, which enables very high
electron-beam luminosities on internal
targets at low energies. One of aims for the
new electron accelerator MESA is to
measure the weak mixing angle in electron-
proton scattering with a precision of 0.13%.
The beam polarization significantly
contributes to this measurement. The Möller
polarimeter proposed by V.Luppov and
E.Chudakov opens the way to reach a
sufficiently accurate determination of
polarization. Research and development for
polarization equipment for MESA is already
started. At the moment the polarized atomic
hydrogen target is under construction by
Mainz-JINR team. The important parts of
this “polarized atomic hydrogen target” is
Dilution Refrigerator) where JINR (Sector
of Low Temperature, DLNP) have a long-
term experience. GSI Helmholtzzentrum
asked DLNP to manufacturing (GSI –
Purchase order # 4500189093) main parts
of this Cryostat.
Here you can see any main part of this
Dilution Refrigerator after production
and tests at DLNP area.

DLNP colleagues create the Dilution
Refrigerator for polarized hydrogen
target - fundamental element for the
physics program at MESA



At the National Research Center
"Kurchatov Institute" - IHEP, an
experiment with a fixed target
"SPASCHARM" is being prepared for
the start of physical data acquisition
to systematically study polarization
phenomena in exclusive and
inclusive hadronic reactions in the
energy region of the U-70 accelerator
in Protvino. The SPASCHARM
universal facility will register dozens
of different resonances and stable
particles produced on a polarized
proton target. Measurements are
planned for various types of beams
(π±, K±, p, p-bar). In parallel with the
single-spin asymmetries A_N, the
polarization of hyperons and the
elements of the spin density matrix
of vector mesons will be measured.

The cryostat production for polarized proton target 
is the task for our colleagues



Dzhelepov Laboratory of Nuclear Problems

Biomedical and Radiation-Genetic Studies Using Different Types
of Ionizing Radiation 04-2-1132-2017/2023

Further 
development of 

methods,  
technologies, 

schedule modes  
and provision of 

radiotherapy 

RADIOGENE: 
Molecular genetics of 

radiation-induced 
changes at the gene, 

genome and 
transcriptome level  in 

Drosophila 
melanogaster 

Study of the 
radioprotective 

properties of the Damage 
suppressor (Dsup) 
protein on a model 

organism D.melanogaster
and the human cell 

culture HEK293 

Development of 
methods and programs  
for creating cyclotron-

type accelerators. 
Development and 

upgrade of cyclotrons  
for medical application 



Dzhelepov Laboratory of Nuclear Problems

Project  “Further development of methods,  technologies, schedule modes  and 
provision of radiotherapy “

The main goal of the Project is realization of medical-biological and clinical investigations at
the Medico-Technical Complex (MTC) based at the Phasotron of the DLNP, to study the effectiveness
of hadron radiotherapy, modernization of the equipment and devices and development of new
methods of radiotherapy and associated radiobiological accompaniment of cancer patients.

G.V. Mitsyn S.L. Yakovenko
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Milestones of activity:

1967 – the beginning of the research on proton therapy;

1968 –1974 – first 84 patients treated with protons;

1975 –1986 – upgrading of the accelerator and construction of a 
Medico-Technical Complex for hadron therapy;

1987-1996 – treating of 40 patients with protons, mostly with uterine 
cervix cancer;

1999, December – inauguration of a Radiological Department of the 
Dubna hospital;

1999-2019, June – about 1300 patients underwent proton radiothe-
rapy courses. Realization of the technique for 3D conformal proton 
radiotherapy.



Layer-stacking technique of irradiation is under 
development

A target volume is virtually divided into several thin layers in the
depth direction using a Multi-Leaf Collimator and a Dynamic
Range Shifter . These imaginary individual layers are irradiated
with the non-modified proton beam, different beam energies
(ranges), and conformal fields.

44
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Three-Dimensional Computer Treatment Planning
A 3D treatment planning software have been developed . A set of
dosimetric measurements utilizing heterogeneous “Alderson
phantom” and radiochromic films has been performed to verify
calculation algorithm with good coincidence of calculated and
measured dose distributions.
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For one of the diseases treated at the MTC, namely
intracranial arteriovenous malformation (AVM) a statistical
analysis of the treatment results was carried out earlier.
Over the past 3 years, we processed the results of proton
therapy of chordomas and chondrosarcomas of the skull
base for total of 28 patients. The average tumor volume
was 42 cm3 (3.9 cm3-154 cm3). The average total dose to
the tumour was equal to 73 Gy (63-80 Gy). Dose to critical
structures did not exceed tolerant values.

According to the statistical analysis, the following
conclusions can be drawn: proton radiosurgery
and radiotherapy conducted with the beams of the
JINR Phasotron is a highly effective and safe
method of treatment of AVM of the brain, including
AVM of large size, as well as the chordomas and
chondrosarcomas of the skull base, which, due to
the close location to the critical structures of the
brain, are the most complex of all intracranial
targets. The results obtained are close with the
data of other centers of proton therapy.



Studies in the Field of Radiation Biology
It was shown that both preliminary and subsequent, and simultaneous with
laser radiation irradiation of fibroblasts in mice leads to an increase in the
survival of cells exposed to gamma-radiation or protons. According to the
results of the research, 3 patents for inventions were obtained, several
compact devices for radiation protection of biological objects in the
experiment were designed, which have already shown high efficiency in
radiation protection of the skin and mucous membranes of patients
undergoing radiotherapy in the MTC.

Joint work is being carried out within the framework of the cooperation program with South
Africa (iThemba LABS) on the topic "Neurochemical studies of neurotransmitters in brain
tissues after exposure to neutrons, protons and gamma quanta".

Researches have also been started on the flash-irradiation of normal and
tumor cells, as well as mice, with the Phasotron proton beam of 660 MeV
with a dose rate of about 70 Gy/s. Radiobiological reactions (clonogenic
survival, cell proliferative activity, cytogenetic damage (micronuclear test,
γH2AX- foxy) are studied, the formation of reactive oxygen species is
investigated.



FTE  18          Young colleagues  4
MTC

Project   “Further development of methods,  technologies, schedule modes  and 
provision of radiotherapy“



Development of methods and programs  for creating cyclotron-type accelerators. 
Development and upgrade of cyclotrons  for medical application 

G.A. Karamysheva

- MSC 230 is cyclotron designed for biomedical and 
preclinical research in proton therapy and radiation 
biology

- MSC 230 is an isochronous cyclotron  with 
superconducting coils of the main magnet

- The maximum energy of the beam is 230 MeV, the 
weight of the magnet is about 100 tons 

- Designed for delivering high dose rate irradiation for 
FLASH therapy studies

- Аn agreement on  technical cooperation with NIIEFA 
(St. Petersburg) on the design of the  MSC 230 for the 
JINR Innovation Center is signed



Dzhelepov Laboratory of Nuclear Problems
Study of the radioprotective properties of the Damage suppressor (Dsup) protein on a 

model organism D.melanogaster and the human cell culture HEK293 
Project leader Kravchenko Elena

Tardigrades have a well-developed
nervous system, with the brain, muscle,
digestive and other systems, consisting of
differentiated tissues.

Found in all biomes from the Arctic to
the Antarctic, on mountain peaks, in deep-sea
springs and cold mud springs in the west of
Greenland.

Organism LD50 Author
Homo sapiens LD50/30d =2.5–4.5 

Gy
Bolus (2001)

Mouse LD50/30d = 4.5 Gy Bolus (2001)

Gold fish LD50/30d = 8 Gy Bolus (2001)
Cockroach LD50/30d = 50 Gy Bolus (2001)
Drosophila 
melanogaster 
(Insecta)

LD50/3 = 1238–1339 
Gy

Parashar et al. 
(2008)

Deinococcus
radiodurans
(Bacteria)

LD50 = 10000 Gy Makarova et al. 
(2001)

Escherichia coli 
(Bacteria)

LD50 = 600 Gy Krisko and Radman
(2010)

Tardigrades LD50 = 1270–5000 
Gy 

Hashimoto and 
Kunieda (2017)

Tardigrades belong to the group of the most radiation-resistant animals on 
Earth, able to survive after exposure to both rare and dense ionizing radiation



Tardigrades are a model organism for studying the influence of space conditions 
on living organisms
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TARDIS (Jönsson et al., 2008), RoTaRad (Persson et al., 
2011), TARSE (Rebecchi et al., 2011, 2009)

FOTON-M3 mission

TARDIS (Tardigrades in Space) tardigrades were exposed to space 
vacuum (10-6 Pa), space radiation (100 mGy) and UV radiation for 

10 days.

Exposure to vacuum and cosmic radiation did not significantly affect 
survival. (Jönsson et al., 2016, 2008). 

DLNP JINR Sector of Molecular Genetics of the Cell



Molecular mechanisms of radioresistance in tardigrades

In 2016, the genome of Ramazzottius varieornatus, one of the most radioresistant tardigrade 
species, was sequenced (Hashimoto et al., 2016).

After comparing R. varieornatus proteins with all known proteins from other organisms, a unique 
Damage suppressor (Dsup) protein was found, which is present only in tardigrades. This protein 
is responsible for the unique radioresistance.

The structure of Dsup protein
modeling with I-TASSER

DLNP JINR Sector of Molecular Genetics of the Cell



DLNP JINR Sector of Molecular Genetics of the Cell

MT-25, FLNR JINR, γ, 500 Gy Phasotron, DLNP JINR, p+, 4 Gy

Fruit fly Human cell culture

We created model lines of Drosophila and human cell cultures in which Dsup was expressed. After irradiation with gamma 
rays at a dose of 500 Gy, Drosophila with Dsup survived 40% better. After irradiation with protons at a dose of 4 Gy, human 
cells with Dsup survived 6 times better. Thus, the Dsup protein is able to work as a radioprotector in model objects.



Model of Dsup structure derived from experimental data (DAMMIF package)
Experiments in collaboration with FLNP JINR (SAXS and DLS) 

DLNP JINR Sector of Molecular Genetics of the Cell



DLNP JINR Sector of Molecular Genetics of the Cell

Dsup can be used in

• Biotechnology: for increasing of radiation resistance in agricultural and biotech organisms

• Astrobiology&Spaceflight biology: development of model organisms for non-human space studies and 
pharmacological support of cosmonauts and their microbiomes

• Pharmacy: stabilizer and cryoprotectant of vaccines and other DNA/RNA-containing pharmaceuticals for 
effective manufacturing, transportation and conservation

• Medicine: antidote agent for radiotherapy, chemotherapy and other harsh medical procedures or as 
capsule for radiopharmaceuticals

• Ecology: creation of biotechnological cultures for bioremediation of toxic solutions as wastes of nuclear 
industry



The main results of the project

-Dsup protein is an effective radioprotector that increases  radioresistance
of model organisms

-Dsup protein affects some other biological processes
-Dsup is rod-shaped DNA binding protein

Plans

-development of a system with controlled switching on and off activity of Dsup
in living model organism (D.melanogaster)

-ATAC sequencing for evaluation the effect of Dsup on DNA compaction
in the nucleus



FTE  10 Young colleagues  6

2024 2025 2026 2027 2028 2029 2030 Total

40 40 40 40 40 40 40 280

Estimated cost, kUSD

Study of the radioprotective properties of the Damage suppressor (Dsup) protein on a 
model organism D.melanogaster and the human cell culture HEK293 



Dzhelepov Laboratory of Nuclear Problems

RADIOGENE: Molecular genetics of radiation-induced changes at the gene, genome 
and transcriptome level  in Drosophila melanogaster 

Authors: : 

I.D. Alexandrov, M.V. Alexandrova, K.P. Afanasyeva, S.V. Korablinova, L.N. Korovina, N.V. Orlova, 
A.N. Rusakovich, O.P. Solodilova, N.E. Kharchenko



Stages of implementation of two approaches for sequence 
analysis of DNA changes at the gene and genome levels.

Problem:
Forecasting (prediction) de novo mutations in the progeny of irradiated 
parents.

Relevance:
The problem remains poorly studied so far, despite the growth of 
human contact with ionizing radiation on Earth and in space and the 
growing threat of nuclear catastrophes.

Goal of the project:
Investigation of the molecular nature and rate of de novo gene and 
genome mutations in the progeny of irradiated Drosophila 
melanogaster males.

Approaches:
1. Sanger’s sequencing of inherited  radiation-induced mutations of 

individual genes;
2. Genome-wide sequencing of progeny of irradiated parents 

(illumina).

Types of radiation used :
γ-rays 60Со (Е=1,3 МeV, LET=0,3keV/µm, 5-60 Gy)
monoenergetic reactor neutrons (E=0.85 МeV, LET=78 keV/µm, 
2.5-20 Gy).
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Comparative frequency of two main types of DNA changes (deletions and chromosomal 
exchanges), recovered by Sanger’s sequencing of 5 gene studied and genome-wide 
sequencing of the progeny genomes.

We analyzed irradiation results at the level of individual 
genes and  at the level of the whole genome.

The genomic approach makes it possible to obtain data 
on all heritable induced changes for several genomes in 
one experiment in a short time.

Among the detected changes, deletions and 
chromosomal exchanges predominate.

Their frequency per 1 Gy per genome is almost 4 orders 
of magnitude higher than per 1 Gy per gene.

These  data show that progeny can inherit many more 
changes at the genomic level than previously thought, 
when studied at the level of individual genes.



Outlook:

1. To continue the research on the molecular 
nature and frequency of inherited γ-ray- and 
neutron-induced mutations in other genes 
using Sanger’s sequencing.

2. Development of research on genomic 
sequencing of the progeny of Drosophila males 
in control and after exposure to sparsely and 
densely ionizing radiation of different types.

sparsely and densely 
ionizing radiation



Cost estimate (kUSD)
2024 2025 2026 2027 2028 2029 2030 Total
40 30 30 40 30 30 30 230

FTE  10 Young colleagues  4

RADIOGENE: Molecular genetics of radiation-induced changes at the gene, genome and transcriptome level  in 
Drosophila melanogaster 



Thank you for your attention



BACKUP
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Main fields of the researches:

• Development of the techniques for proton radiotherapy;

• Clinical research;

• Dosimetry of therapeutic hadron beams;

• Radiobiology.
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