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Institute for Nuclear Problems of Belarusian State University (INP BSU) was
founded in October 1986 and currently is one of the leading Belarusian research
organization in the area of nuclear physics and radiation-matter interactions.




PRE HISTORY with Stanislav Shushkevich

Professor Vladimir Baryshevsky is the founder (‘\
and first director (1986-2012) of the Institute | = | -
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INP BSU: Physics and technologies
of the radiation-matter interaction

« Radiation-matter interaction and nuclear physics:
 Nuclear optics
*\olume free-electron laser,
* Novel scintillator materials and detectors for high energy
physics and new methods of ionizing radiation control
» Magnetic explosion generator

« Particle and High Energy Physics:
 Collaboration with CERN and JINR,
« Participation in collaborations CMS, ATLAS, FCC, ...
* Novel detectors, readout electronics

 Electromagnetics of complex media:
» Nanoelectromagnetics
» Novel composite, nano- and micro- structured materials
» Microwave technologies in agriculture and medicine

 Control of small doze radiation and radioactive pollution:
» Belarusian-American study of thyroid cancer and other
thyroid diseases in Belarus caused by the Chernobyl disaster,
« Radioactive pollution control instrumentation

S. Maksimenko, INP BSU 4



WHISTORY: Nuclear weapon detection project

Scientific leader — V.G. Baryshevsky

In July 1989 the joint USSR-USA experiment was carried out.

It was proved that nuclear weapon onboard the ship can be
successfully detected using the specialized detector system.
INP BSU team was one of the leading developers of the system.
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t t ;_ President Larry D. Welch welcoming Vladimir
24 B 45 5 & 76 87 o4 107 Baryshevsky to the Institute for Defense Analyses.

BECTHVIK ATEHTCTBA TTEYATVI HOBOCTM

Ne 153 (6998) Y, 8 aBrycra 1989 rona

COELHAJTBHBMNHA BbHIIYCK
AJEPHOE OPYKHE HA BOPTY KOPABJIA: MOXHO JIU EI'O CKPbITh OT KOHTPOJIH?

HenaBro B flnte ObUl 1pOBeNeH COBMECTHBIH HeNpPaBUTEIbCTBEHHbI COBETCKO-
AMEPHKAHCKHH JKCMePHMEHT MO AWCTAHUMOHHOMY KOHTPOJIIO 32 HAJTHUHEM ANEePHOrO OpYKHA
Ha OOpTy BOeHHOro kopabid. B ero opraHu3auuy NMPUHAIH yyacTHe yueHble AKaJeMHH Hay K
CCCP n HaunonanibHOro coBeTa 1o 3aumTe NPUpOaHbIX pecypcos (HC3IIP) CIUA. 6



HISTORY: Radioactive contamination monitoring
after Chernobyl accident 1991-1995

Scientific leaders — S.A. Kuten, A.
INP BSU was the head executive organization on the Grubich
State Technical Program for development and | EEz

e
. . | "" Ht NPNN Ho wwl" ALEMELN (UMM N NIMUENE RUC A
iImplementation of methods and hardware tools for g S 0 R A v SAYE N Rokowh
radiation and environmental safety. | e
; | JJPJJJJPJJ_
'UJJ FANNIE

JAJJ IDHYECKOTO.
¢ MOHNI] J)JJ” b

S. Maksimenko, INP BSU



g

Radlioactive contamination monitoring
after Chernobyl accident

Vereamur ohaingmeee

Scientific leader — S.A. Kuten
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Map of Cs-131 contamination in Belarus in 1986 and 2016
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Expert examination of radiation safety
of X-ray sources

INP BSU was granted a special permit (license) to “
perform expert evaluations of organizations and
institutions for the work with ionizing radiation sources. |

Dr Sci i
The expert examination is organized in the Alexander Lobko i T e AT e
Laboratory of nuclear spectrometry and expert
evaluation of radiation safety. The five INP
BSU associates were certified for the security
expertise work.

Igor Shpakovskii & Leonid Rydlevskii

||||||||||||||||||||||

Permit No33134/615-4 issued in May
2nd, 2016 by the Department for
Nuclear and Radiation Safety of the
Ministry for Emergency Situations

S. Maksimenko, INP BSU



% Nuclear Optics of Polarized Media L aess

Nuclear Optics
of Polarized
Particles

The investigations of nuclear-optical activity of matter were initiated
by V. Baryshevsky and M. Podgoretsky (1965). Quasi-optical spin
rotation of the neutron moving in matter with polarized nuclei, which
Is a kinematic analog of optical Faradey effect (effect of light
polarization plane rotation), was predicted. For particles with spin 1
the quasi-optical birefringence effect could also be observed

Viadimir 6. Barnyshevsky

(Baryshevsky 1992)
°He - cell First observation of spin dichroism with deuterons up
Target to 20 MeV in a carbon target at Cologne tandem
Detectors accelerator

INP BSU,

Institut fier Kernphysik, Forschungszentrum Jiilich,
Institut fiir Kernphysik, Universitit zu Koln
Petersburg Nuclear Physics Institute
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LANL : hep-ex/0501045 Proc. SPIN2006, New York, Melville, 2007. Vol. 915. P. 777.



Volume Free Electron Laser (VFEL)

Generation of Volume Free Electron Laser on photonic
crystals was observed firstly in 2001

Grid resonator
with photonic
crystal

4

Scientific leader — V.G. Baryshevsky

S. Maksimenko, INP BSU 11



High-power radiation sources

Development of high-power radiation sources from X-ray and gamma range to optical and
microwave ones on the basis of high- current and high-voltage particle accelerators.
Experimental prototype of virtual cathode oscillator provides 200 MW peak output power in
frequency range from 2.5 to 5 GHz. Operating at voltage as low as 350-450 kV such a
microwave source Is unigue.
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Experimental prototype of virtual cathode oscillator provides 200 MW
peak output power in frequency range from 2.5 to 5 GHz

Scientific leader — V.G. Baryshevsky
S. Maksimenko, INP BSU 12



"\ STATE PRIZE in SCIENCE and TECHNOLOGY 2002

q el

Prof. V.G. Baryshevsky Prof. V.V. Tikhomirov ~ Prof. 1.D. Feranchuk, BSU,
INP Council Member

S. Maksimenko, INP BSU 13



Detectors of ionizing radiation for science,
medicine, and industry

Scientific leader — M.V. Korzhik

Lead tungstate scintillation crystals (PWQ) was
chosen as basic material for development of
electromagnetic calorimeters (ECAL) of
collaborations CMS and ALICE (CERN),
PANDA (GSI, Darmstadt)

The PWO crystal is a high density, fast and
radiation hard scintillation material.

CMS ECAL made of PWO in 2011 showed
promising results towards to discovery of the
Higgs boson

S. Maksimenko, INP BSU 14



CONGRATULATIONS!

INP BSU laboratory head Dr. Sci. Mikhail
Korzik won the RF Government megagrant
“New generation of scintillating materials
and detectors for the neutron registration in a
wide energy range”. Sept. 2016

IHO3IPABJISAEM !

3aB. maboparopueii HUU Il BI'Y Kop:xuka Mwuxaniaa BacuabeBuua c noOefoil B KOHKypce
«MmerarpanToBy» lIpaBurensctBa PD i1 rocnoaiepKu Hay4YHbIX HUCCIENOBAHUN, MPOBOAUMBIX IO
PYKOBOJACTBOM BEIYIIMX VYYEHBIX B POCCHUHCKMX O0Opa30BaTENIbHBIX OpraHM3alUsAX BBICIIETO
o0pa3oBaHusl, HAYYHBIX YUPEKICHUSAX U TOCYIapCTBEHHBIX HAy4HbIX LIeHTpax Poccuiickoit denepannu
Tema npoekra: Hosoe nokonerue cyuHmMuilayuoHHbIX Mamepuailos u 0emeKmopos8 Ha Ux OCHoge OJi
peaucmpayuu HeUmpOHO8 8 UUDOKOM SHepeemu4eckom ouanasone
[IpuHuMaromas  opraHu3anus:  geodepaivHoe  20Cy0apcmeenHoe  O10dCemHoe  YupexcoeHue
"Hayuonanvuwii uccnedosamenvckuu yenmp "Kypuamosckui uncmumym”

S. Maksimenko, INP BSU
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' CMS Experiment at CERN

Prof. Nikolai Shumeyko

T\" Yo

o | Tl N A TNRLOEe. ’ :
2002, CERN. Installation of CMS end-cap hadron calorimeter absorber

Dr. Juan Suarez, Representative of Belarus in CMS



BREAKTHROUGH
f the YEAR

The Higgs boson dlscovry publlcatlons in journals Science and Phy5|cs Letters B
S. Maksimenko, INP BSU
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Particles and high energy physics

In cooperation with Ferrara University and Istituto Nazionale di Fisica Nucleare (Italy),
effect of multiple volume reflection of high-energy particles by different bent planes

of a single crystal

experimentally observed at CERN.

INP scientists and

theoretically has been predlcted by

00

PRL 112, 135503 (2014)

PHYSICAL

REVIEW LETTERS

A. Mazzolan, E. Bagli, L

INFN Sezione di Ferrara, Dipartimento di Fisica ¢ Scienze della Terra,

Steering of a Sub-GeV Electron Beam through Planar Channeling
Enhanced by Rechanneling

Bandiera, and V, Guidi’
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PRL 115, 025504 (2015)

PHYSICAL REVIEW LETTERS
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V. Tikhomirov
for Nuclear Problems, Belarusian Sia
kkaya street, 11, Minsk 220030, Belary,

. Berra, D, Lietti, and M, Prest
egio 11, 22100 Como, Italy and INFN
1 della Scienza 3, 20126 Milano, laly)

E. Vallazza

di Trieste, Via Valerio 2, 34127 Trie,

D. De Salvador

Beam-off hackground hes heen soburaceed |

in a Bent Crystal

L. Bandiera, E. Bagli, G. Germogli, V. Guidi,” and A. Mazzolari
INFN Sezione di Ferrara and Dipartimento di Fisica ¢ Scienze della Terra,
Universita degli Studs di Ferrara Via Saragat 1, 44122 Ferrara, ltaly

H. Backe and W, Lauth
Institut flir Kernphysik der Universitdt Mainz, Fachbereich Physik,
Mathematik und Informarik, D-55099 Mainz, Germany

A. Berma, D. Lieni, and M. Prest
Universitd degli Studi dell’Insubria, Via Valleggio 11, 22100 Como, ltaly
and INFN Sezione di Milano Bicocea, Piazza della Scienza 3, 20126 Milano, Taly

D. De Salvador
INFN Laboratori Nazienali di Legnaro, viale dell’Universita 2, 35020 Legnaro, ltaly

and Dipartimento di Fisica, Universita Di

E. Vallazza
INFN Sezione di Triexte, Via Valerio 2, 34127 Triexte, htaly

V. Tikhomirov

Yadova, Via Marzolo 8, 35131 Padova, laly

Investigation of the Electromagnetic Radiation Emitted by Sub-GeV Electrons



Viadimir
Tchekhovski

» Development, manufacture support and
testing of application-specific analog and mixed-
signal IC for nuclear electronics, radio-electronic
and electronic measuring equipment

» Development of electronic components and
assemblies for the experimental equipment used ..
In modern particle physics experiments

» Development and prototyping of specialized
control and measurement electronics for testing

IC and modern element base.
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Electronic module for low voltage power supply system 32-channel plates installed in mini-drift tubes
of CMS muon detecror Active elements of the end-cap hadron calorimeter of the DO forward muon system
in the CMS experiment

S. Maksimenko, INP BSU 19



Single-Cell Superconducting niobium Cavities for
Linear Accelerators of Electrons and Positrons

Q-factor | ~ Joint Institute of Nuclear Research

F - 2 4:10%is reported | ~ NP BSU =
» Scientific And Practical Materials |
| Research Center, NAS Belarus

’ i > Physical-Technical Institute, NAS

ki !{TII
ww | Belarus
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INTERNATIONAL COOPERATION in HEP

According to the contract with State Committee on Science and Technology of the Republic
of Belarus (SCST) the Institute is responsible for the organizational support for
scientific research carried out in the Joint Institute for Nuclear Research (Dubna) with
the participation of organizations and institutions of the Republic of Belarus.

The institute takes active part in huge international experimental collaborations in the field
of high energy physics:

« CMS, ATLAS, FCC, CLICdp (CERN, Switzerland)
» JINR (Dubna Russia)

« EDM Collaboration (Brookhaven USA)
 PANDA (GSI Germany)

o COSY (Julich Germany)

 LAPP (Annecy France)

« FCAL (Europe)

S. Maksimenko, INP BSU



 Belarusian Nuclear Education and Training Portal -
BeINET

~

Dr. Svetlana
Sytova

SHeKTpOHHLlﬁ nopraa sifepHbIX 3HaHUH
yupexaenuu obpazosanusi Pecny6iuku Benapycse
Belarusian Nuclear Education and Training Portal - BeINET
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HF -systems and companen fs

Equipment for »
neutralization of the

dangerous medical waste

Dr. Victor Karpovich Microwave s
sterilization and

- drying of
_ foodstuff and

materials
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Design and fabrication of nanostructured
magnetic materials:

- NANO Research

multilayered 3d-metal — Pt, Pd/CoO, IrMn thin films with
patterned structure,

granular metal-insulator films 3d-metal -Al,O,, PZT, CaF,, Dr. Sci
core-shell” nanoparticles 3d-metal — Pt, Pd, Au, Ag, I
magnetic nanoparticles on graphene.

Julia Fedotova

Transport ladunkow | wlasciwodcl
strukturaine wybranych
anokompozytow metal-dielektryk

Mossbauer spectrometer_vvith
closed cycle refrigerator

S. Maksimenko, INP BSU 24



Propagation,
scattering and dissipation
of electromagnetic waves

A research discipline studying the behaviour of high-frequency
electromagnetic radiation on nanometer scale is currently emerging
as a synthesis of macroscopic electrodynamics and microscopic

theory of electronic properties of different nanostructures

N o
ANl A, S. Ilyinsky,
G, Ya. Slepyan
« Ya. Slepyan

Diffraction Theory

HANDBOOK OF
NANOPHYSICS

Nanotubes and Nanowires

NANOELECTROMAGNETICS ————

Prof. G. Slepyan, Prof. S. Maksimenko,

_ Pyatt Dr P. Kuzhir
Tel Aviv University SPIE Fellow

THE HANDBOOX OF NANOTECHNOLOGY

NANOMETER
STRUCTURES

Theory, Modeling, and Simulation




Graphene-like films being 100-1000
times thinner than skin depth provide
reasonably high EM absorptive
properties in microwaves

Fundamental and Applled

08+, A (Absorption)
ami T (Transmission)
| R (Reflection)

28 GHz

Graphene-like Thin Films in Microwaves
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Art. No 7191, 2014

OPEN

SUBJECT AREAS:

GRAPHENE

TECTRONC PROPERTIES AND

DEVICES

NANOSCALE MATERIALS
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Flexible transparent graphene/polymer
multilayers for efficient electromagnetic
field absorption

K. Batrakov', P, Kuzhir', S. Maksimenko', A. Poddubskoya', S. Voranovich', Ph Lambin®, T. Kaplas®
& Yu Svirko®
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APPLIED PHYSICS LETTERS 103, 073117 (2013)

2

Enhanced microwave shielding effectiveness of ultrathin pyrolytic

K. Batrakov”’)b P. Kuzhir,""®® S. Maksimenko,' A. Paddubskaya,’ S. Voronovich,’
i A Kaplas,? and Yu. Svirko







Institutional Develop-
ment of Applied
Nanoelectromagnetics:
Belarus in ERA Widening
FP7-266529 BY-NanoERA

Nanosized Cherenkov-type
THz light emitter based on
double-walled carbon,
CRDF # AF20-15-61804-1

ﬂanocarbon based com

ponents and materials for
high frequency electronics
FP7-247007 CACOMEL

Terahertz applications of
carbon-based nano-
structures

FP7-230778 TERACAN

Nanocarbon based com-
posite materials for electrot

magnetic Applications
%TC B-1708 /

(Collective Excitations In
Advanced Nanostructures
Horizon 2020 - 644076

\_ CoExAN )

lanoelectro
magneftics

international
brojects

Nano-Thin and Micro-
Sized Carbons: Toward
EMC Application

\_ FP7-610875 NAMICEMC

Graphene/polymer based
flexible transparent EM
shielding for GHz and

THz applications

_ GRAPHENE FLAGSHIF

FP7- 604391, H2020-649953

\ FP7-612285 CANTOR J

Carbon-nanotube-based
terahertz-to-optics
rectenna

Applied Electromagnetics

J

W‘.
Multifunctional Graphene-based Nanocomposites with
Robust Electromagnetic and Thermal Properties for

3D-printing Application

\ FP7-318617 FAEMCAR

Fundamental and

of Nano-Carbons

Horizon 2020 734164 Graphene 3D
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Parametric X-Ray
Radiation in Crystals
Theory, Expeniment
and Applications
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Gravity at All the Energy
Levels. The Contours of a
Future Building

Introduction to
Complex Mediums for
Optics and Electromagnetics

High-Energy
Nuclear Optics

of Polarized

Particles
OU3NKA
CUMHTUAANATOPOB
HA OCHOBE KMCAOPOAHbIX B\
MOHOKPHUCTAANOB = r
- I A. C Jlogso
TEE ELICTIOMAGNIT wavES stxirs » d =1
Viadimir G. Bargsheveky
Propagation,

KCIHEPHMEHTATHHBIE
HCCIIENOBAHHA
HAPAMETPHUECKOIO
= PEHTTEHORCKOIO
: H3IYUEHHA

scattering and dissipation
of electromagnetic waves

1ot Derype s

Optimisation des
parametres de
scintillation des
cristaux de PWO

Optimisation des paramiétres de
scintillation des cristauxs de

tungstate de plomb pour lewur
apphcation dans 2 calarimétnie
dlectromagnétgue

THE RANDBOOK OF NANDTECHNOLOGY

s ANOMETER HANDBOOK OF

i SSHBEE e - NANOPHYSICS

. Theory, Modeling, and Simuiation
Inorganic
Scintillators

for Detector Transport ladunkdw | wladciwodcl
SyStemS strukturaine wybranych

nanokompozytow metal-dielektryk
Physical Principles
and Crystal
Engineering

Nanotubes and Nanowires

Edied by

Klaus D. Sattler
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Gomel school-conferences:
Actual problems of microworld physics

: 1

‘_,._. J 1971-1977: International schools
) ‘& on high energy and relativistic
nuclear physics

1997-today: The tradition of
Gomel schools has been revived

every two
years in
collaboration /
with JINR, IP %
NASB, GSU, (s
GSTU and
Gomel branch
of NASB

b
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Fundamental and Applied

Nano-Electromagnetics

niversity, Minsk, Belarus, ay

EU FP7 Project Ne 266529 BY-NanoERA, ISTC project B-1708

&) Springer

" i peiiaen | The NATO Sciencr for Tac
N sty | el Sexmrity Programs

Fundamental and AppliedﬁanoElectroMagnetics
Belarusian State University,!jinsk, Belarus, May 25-27, 2015

p : — |
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g A Tr OTAN | issupported by: | and Security Programme




Panived 2011, 2013,2015....
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Engineering of Scintillation Materials
and Radiation Technologies (ISMART)

Conference is devoted to the studies of registration |
of ionizing radiation in various areas: from high-
energy physics to medical diagnostics and
radiation safety systems.

2014: Minsk, INP BSU
2016: Minsk, INP BSU

Fifth International Conference
ENGINEERING OF SCINTILLATION
MATERIALS AND RADIATION
TECHNOLOGIES

Hemepraﬁ MERAYHAPOAHAA xOHPepaHUMs

HHKEHEPHA s Lo
CHHHTHILISILHOHHBIX BOOR OF ABSTRACTS
MATEPHAJIOB W PAAHALIHOHHBIE
TN 26-10 § 016
TEXHOJIOTHH e
HCMAPT 2014 R T e O
Flsran Mencry sapoman sondepesins
HHAEHEPHA CHMHTIOLISHHONHLIX
MATEPHAJTOBR M PAJIMATIHOHHBIE
TEXHOIOr M
HOMAPT 2016
CROPIIK TESICOR A0ICIAROR

20-30 cemrubpn 2016 1.
Muwrs, b sapres




International
schools, seminars
and conferences

Workshop Belarus - CERN Minsk, NC PHEP, May l4 |996
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}
|
P
-~ .
I

Minsk 2014, International meeting on novel resonator technélogles for futur,élln QP
colliders.. ¥ ‘» ,. 35




W) Institute unskilled employees..

S. Maksimenko, INP BSU
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W) Institute unskilled employees..

S. Maksimenko, INP BSU
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