Review report on scientific activities and
infrastructure of FLNP

Berikov Daniyar
PhD, Senior Researcher



\9‘ FRANK LABORATORY

JOINT INSTITUTE
OF NEUTRON PHYSICS

FOR NUCLEAR RESEARCH

= established on March 26,1956 by eleven founding States
1 956 =registered with the United Nations on February 1,1957

JOINT INSTITUTE FOR NUCLEAR RESEARCH

gia 0k ! i
International Intergovernmental Organiza®ion FHinls
7 i

Member States 2026
B Armenia [P= Cuba [[l|Kazakhstan g Slovakia Associate Members

Azerbaijan\ DPRK m Mongolia gUzbekistan E Germany

, - | | [ HuNgary Joint Coordinating Committee
Belarus o EQypt [I Romania Vietnam I] Italy Expert Working Group
iBulgaria Georgia E Russia The Republic of South Africa China Mexico Brazil

7

JINR comprises 7 Laboratories, each being comparable with a large

institute in the scale and scope of investigations performed ~1000 partner research organizations

and universities from ~70 countries

+ university center

UNC




JOINT INSTITUTE
FOR NUCLEAR RESEARCH

.\\&;,\ .
&\{I}-VFRANK LABORATORY

OF NEUTRON PHYSICS

FLNP staff breakdown:
Scientists 202 v N
Engineers and specialists 152 ‘\—:
Workers 171 ‘Q‘
Administrative Staff 32 Lychagin Egor Kopatch Yury Mukhametuly Bagdaulet ff‘fika>?°r'fe"

Average age —48.1 years

Women —-27 %
Doctors — 29 persons
PhD — 108 persons

Foreigners — 96 persons

THREE MAIN SCIENTIFIC DEPARTMENTS of FLNP:

* Department of nuclear physics (139 persons)

* Department of Neutron Investigations of Condensed Matter (99 persons)
* Department of Spectrometers Complex IBR-2 (51 persons)

* + Raman spectroscopy sector (10 persons)

» Sector of a new source and complex of moderators (26 persons)
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EG-5 - Van-de-Graaff Electrostatic accelerator

TANGRA - (TAgged Neutrons and Gamma RAys) is devoted to study

of neutron-nuclear interactions, using the tagged neutron method

IREN — Intense REsonance Neutron source

CARS - Multimodal platform for Raman and nonlinear optical microscopy

and microspectroscopy for condensed matter studies

ENGREN - Project Investigation of Prompt Fission Neutron Emission in Fission
XEUSS 3.0 - new X-ray scattering facility

NPD - Nuclear Physics Division
DNICM - Department of Neutron Investigations of Condensed Matter
DSC - Department of Spectrometers Complex IBR-2
SRS - Sector of Raman Spectroscopy
(Centre *“*Nanobiophotonics™)

SNSCM - Sector of the New Source and

Complex of Moderators & s el s : FILH : ¢ - v » % . b3 e % g X E~ 13 ;
Xl S I 0 IR . A P 0 ANGRA,
" - ] NPD B
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IBR-2

Diffraction: HRFD, RTD, DN-6,
SKAT-EPSILON, FSD, DN-12, FSS
Small-angle scattering: YuMO
Reflectometry: REMUR, REFLEX, GRAINS
Inelastic scattering: NERA

Neutron imaging: NRT

Nuclear Physics: ISOMER

Neutron Activation Analysis: REGATA
Irradiation Facility
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The building of the IBR-2 reactor Experimental hall at the IBR-2 reactor
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https://flnp.jinr.int/en-us/main/facilities/ibr-2 IBR-Z PUIsed Reactor

Operating since 1984

— . Average power, MW 2
oo\ '/ Fuel PuO,
) Pulse repetition rate, Hz 5
Pulse half-width, ps:
fast neutrons 200%*
thermal neutrons 340

Deep modernization was Rotation rate, rev/min

carried out in 2006-2011 * Main reflector 600
Operation days for experiment *_Auxiliary reflector 300
125 Background, % 7.5
100 Thermal neutron flux
:Z *October 16, 2021 - February 17, density from the surface of
B I | O S 2025 - reactor shutdown the moderator
: | || | *Resumption of operation was done |°* Time average ~10% n/cm? s
’1)0'0 q,oc’ 1,0\0( '1,0\0) '»0@ q,0<\ '),03) 'yoxo’ q,oq)o '],Oﬂ} in Ma I‘Ch 2025 * BurSt maximum ~1016 n/cmz S

* at reactor power of 2MW
prepared by Dr. D. Chudoba
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%imnu ibr-2.jinr.int Neutron Instruments M INSTRUMENTS INCLUDED IN USER PROGRAM
[=] BJN (project) Diffraction: o maII
% '\M R 4 RTD
e — HRFD X & \ DN'6
EPSILON = = ~
EPSILON
SKAT GRAINS
DN-12 REMUR
FSD REFLEX
Inelastic NAA:
/a/mm scattering: REGATA
REMUR v 5 ’ NERA
SRR P / Under construction:

* SANSARA — small angle + imaging (2026)
*  BJN —inelastic scattering (2027)

FSD DN-12
/ o GRA'NS
(projffct) ;

Length of neutron guides — up to ~30 m in the experimental halls and up to
~100 m in two pavilions.

INRT (neutron imaging) was included in the
User Programin the second half of 2025

Ib:ﬁ* The Instruments parameters could be found at
* Typical neutron flux density on the sample — ~10%cm2s! (up to 4 x 107 cm2s?) EpEss https://finp jinr.int/en-us/main/facilities/ibr-2
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FLNP User Program

Who can apply for beam time?

* Scientists from any country of the world
can apply for beam time.
e Scientists from member states of JINR

get additional financial support.

https://ibr-2.jinr.int
I. Regular access applications

Distribution of the beam time

In the FLNP JINR the neutron beam time at the high
flux pulsed IBR-2 reactor is distributed between
internal users (FLNP) and general science community
(GSC) in the ratio of

=35% (internal proposals)
»55% (external regular proposals)

=10% (external urgent beam time requests)

Il. Fast access applications

- NO DEADLINE
« Submission — via FLNP scientific

time

First round Second round
P(:SO:SZTr September 1 - March 1 —
. .. October 15 April 15
submission
EXPEHmERES 1 half-year 2 half-year

secretary
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% FLNP User Program y

Ine proposals are evaluated by Experts Committees
(technical and scientific) and beam time for
experiments is granted upon possibility of technical
implementation and scientific merit of the proposal.

Scientific Experts Committees:

* » Nanosystems and Soft Matter (YuMO, GRAINS, REFLEX, REMUR,
NRT)

U p » Atomic and Magnetic Structure
‘-Q (RTD, DN-6, DN-12, SKAT, EPSILON, FSD, HRFD)
‘ » Lattice and Molecular Dynamics (NERA)

» Neutron Activation Analysis (REGATA)

Detailed information could be found at:
Sidorov N.E., Chudoba D.M., Gorshkova Yu.E., Kochnev P.O., Sadovsky D.A. “User program for the neutron source

reactor IBR-2 (FLNP JINR)” Physics of Particles and Nuclei Letters, ISSN 1547-4771, 2024, Vol. 21, No. 3, pp. 553-559.
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Neutron scattering in condensed matter physics

Diffraction

Experimental facilities

Diffractometers equibped with Fourier cﬁoppers to achieve high
resolution at short beamlines with long pulse of the reactor

: /@ Diffraction
B DN-2, DN-12, DN-6, FSD, FSS, HRFD, SKAT
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Crystal and magnetic structure of novel materials

under ambient and extreme conditions
Real-time studies of Li-based accumulato%‘Sooa

Phase transitions of H-based storage alloys_|.".".
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Neutron scattering in condensed matter

Experimental facilities

L Small-angle scattering

Structural organization and
aggregation of nanoparticles and
composite systems

Interactions of nanoparticles
with bio-macromolecules

Determination of sizes, shapes, spatial correlations of Q-range: 7x103 - 0.5 A Characteristic particle size that can be identified: 1-500 nm
particles, agglomerates, pores, as well as fractal dimensionin ~ Temperature range: 10-180°C Minimum sample volume: 500 pl
nanomaterials, biological objects, polymers, colloidal Characteristic sample size is up to 1.4 cm in diameter

solutions
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Neutron scattering in condensed matter

Reflectometry Experimental facilities oo |
Thin films and surfaces siosmm) | 5.0,

Gd(d;)

Nb(25nm)

Surface adsorption of magnetic nanoparticles

Superconducting and magnetic properties of
the complex layered heterostructures

’Q Reflectometry

e I= 3
£ Uy —————
L

Spectromete Applications Basic parameters Specific features
r’
Instrument
REMUR Determination of parameters of magnetic and Q-range: 0.001 - 2 nm?, resolution AQ/Q ~1% Minimum surface area of the sample - 5x5 mm?,
superconducting heterostructures, nonmetallic thin Temperature range: 1.5 - 300 K thickness of layers accessible for research - 0.5-500
films Magnetic field on the sample: up to 1.5 T nm, roughness - ~1 nm
REFLEX Determination of structural parameters of thin-film Q-range: 0.01- 1.3 nm?, resolution AQ/Q = 1-15% Minimum surface area of the sample - 20x20 mm?,
nanostructures Temperature range: 1.5 - 300 K thickness of layers accessible for research - 2-500
Magpnetic field on the sample: up to 0.5 T nm, roughness - ~3 nm
GRAINS Determination of structural parameters of interfaces ~ Q-range: 0.05 - 1.0 nm*, resolution AQ/Q ~ 5 %. Minimum surface area of the sample - 5x5 cm,
with “soft” and liquid media Temperature range: 10 - 150°C maximum interface thickness - 100 nm,

roughness - up to 5 nm (at a thickness of 100 nm)
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Neutron scattering in condensed matter physics
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Inelastic Scattering ; e % | V‘Emﬂ

Molecular structure and dynamics

Isomeric forms of drugs

Drug delivery systems

GODOS farb.u]
]
L]
L]
]
4

- Inelastic scattering
/ @ DIN-2P1, NERA /MN

75 150 225 30 375 450 525 600 675 750
Neutrons Energy Loss fom]

Basm parameters Specific features .

Applications
‘ Investigation of atomic and molecular dynamics of Energy transfer range: 1 - 160 meV Sample volume is about 4-5 cm3
hydrogen-containing compounds, including Resolution AE/E ~ 2- 4%

pharmacological substances, analysis of the effect of =~ Temperature range: 4 - 300 K
phase polymorphism
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Neutron radiography and tomography station (NRT)

?im (project) JEEENEEH
{
/ ¥
Research of internal structure of

objects

Processes of water penetration
into materials
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Nuclear analytical method

Neutron Activation _ = @)
Experimental facilities UNECE

Analysis b4
United Nations Economic

Commission for Europe

UK Cortre e & *
@i o Pune

MOSSES AS BIOMONITORS OF AIR POLLUTION:
2015/ 2016 survey oa heavy metals,
nitregen 2ad POPs In Eurvge and beyond

<3 Neutron Activation Analysis

REGATA

Elemental composition analysis of air, water, and soil
or objects of cultural heritage
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N,ns'cm?Vv’

E, meV

Parameters of polarized neutron beam

100

200

Interactions of polarized neutrons with nuelei

Angle 0, (deg) 19 12 6 4 3
Wavelength A, (A) 1.15 0.74 |037 |[0.25 0.19
Energy E,, (eV) 0.062 | 0.15 | 0.6 1.3 2.3
The detector count rate after polarizer | 800 | 270 |65 33 22
ny, (sec™1),

Polarized beam intensity Iy, (n/ cmzsec) 430 200 80 60 50
The dletector count rate after analysis 12, | 70 23 3.1 0.6 0.2
(sec™!)
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FLNP offers a large suite of equipment for comprehensive
study of samples by complementary techniques

It includes:

Xeuss 3.0 X-ray scattering station;
X-ray Diffractometer EMPYREAN
(PANalytical);

Coherent Anti-Stokes Raman Spectrometer
Raman spectrometers;

IR and UV spectrometers;

RFA;

ICP-MS

Chromatography System

NGC Quest™ 10 Plus

AFMs

...etc.
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Joint Ihstitute for Nuclear Research
Frank La'bo/ratory of Neutron Physics

-}Dgpar.;tmen_t

B L

\of Neutron Inve'stigations
of Condensed Matter

https://fInp.jinr.int/images/box-slider/Laboratory_Equipment_DNICM_FLNP_JINR 2021.pdf



JOINT INSTITUTE \ \9‘ FRANK LABORATORY

FOR NUCLEAR RESEARCH OF NEUTRON PHYSICS

Source of resonance neutrons IREN based at lineal electron
accelerator

https://flnp.jinr.int/en-us/main/facilities/iren

The linear electron accelerator LUE-200 used as a driver for the intense resonance
neutron source IREN. The accelerator is positioned vertically. It consists of a
pulsed electron gun, an accelerating system, microwave power sources based on
10-cm klystrons with modulators, a focusing-beam transport system, a diagnostics
system with a broadband magnetic spectrometer and a vacuum system.

Peak current (A) 3
Repetition rate (Hz) 50
Electron pulse duration (ns) 100
Electron energy (MeV) 110
Beam power (kW) 1.5
Multiplication 1
Neutron intensity (n/s) ~3X10"

1200 hours/year
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Nuclear Physics research

Studying of rare modes nuclear fission
ENGREN project
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D-T generator for tagged neutron technique (TANGRA Project)

https://finp.jinr.int/en-us/main/facilities/tangra-project-en

Periodic table

2024

=N [*cu [*zn

"ps [ "R ["2cn | "N | R |"oMe | oLy | TS |10

ﬂ “pm [“sm | “Eu | “Gd | “Tb [*Dy | “Ho | “Er [®Tm | ®¥b | "'Lu
“1h | "Pa “Np |*Pu |®Am |*cm [ 7Bk | ct | “Es [%Fm [""'Md |"*No | "®Lr

N = In 2024 y-ray emission cross sections for light

yield up to 108¢c? elements was measured: B, C, N, O, F, Na, Mg,
Set of Nal(Tl) detectors Al Si,P, S, Cl, K, Ca, Ti, V, Cr, Mn, Fe, Co, Ni, Cu,
Zn, Sn.

Set of BGO detectors

Set of LaBr detectors Gamma-spectra and angular distributions of gamma ray
have been measured in inelastic neutron scattering

reactions for 20 nuclei. ) L .
HPGe detector M0 05 0 0.5 10

Set of detectors based on different plastics
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EG-5  https://fInp.jinr.int/en-us/main/facilities/eg-5
Electrostatic Van de Graaff accelerator, was built in 1965.
The installation remains in demand today.

collecting
comb

The characteristics of EG-5 Accelerator:
metal sphe_rs . o B

Energy region 0.9 -3.5 MeV
+ % Beam intensity for H+ 30 pA
+ A Beam intensity for He+ 10 pA
Energy spread <500 eV
conveyor Number of beam lines 6
belt
600 hours/year _
Plan of modernization 2023-2026:
Before modernization After modernization
Terminal voltage - 2,5 MV Terminal voltage - 4,1 MV
Beam current — 100nA Beam current — 50-100mkA
lon Energy — 2,5 MeV lon Energy — 4,1 MeV
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EG-5 activities

Fast neutron reactions

Gas Target D(d,n)*He

- Neutron flux - 5 10" n/s
sm?
-Max. neutrons energy - 5,5 £ 0,1 MeV

- Neutrons flux - 5 10
pat/s sm?
- Energy region - 20 - BQQIéeV

20keV 800keV  3.3MeV 5,1 MeV

- Quasi-monochromatic neutrons in a wide range of energies

| Solid-state target H+7Li-'Be+n
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' lon Beam Analysis &
- complementary methods

nelastic Elastic

Iegioont hong | Remerient Mckscimring |
— CREN resennd sateing
Nareeeq

o !.‘b...' o.o.;.)l (U
:.3,’-..:’3,'. .o;g!. 3..; PSR o8 1 H
/65008 650 %%s .\.":"o'o'o

knBeam | Abertec it VX !_,'! A~ y
Modification H‘\ &" . !

The elemental composition of multilayer

systems, isotopic composition, stoichiometry of
films.

- Optical, electronic and electrical properties using
- complementary methods (ellipsometry

snumber =
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Investigation of neutron-induced reactions with charge particles emission
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The cooperatlon between JINR-LNP, PKU started in 1990 and CIAE started in 2017 and
continues today. \

Systematic measurements on (n, a) reactions
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