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%ﬁ Nuclear Physics Institute of the CAS

www.ujf.cas.cz

major Czech institution in nuclear physics field

~ 250 employees ~ 80 scientists  ~ 30 PhD student
(195 FTE) (66 FTE)

»basis research in nuclear physics and related disciplines

» use of nuclear physics methods in interdisciplinary scientific and research areas

» participation in large-scale international projects (ALICE, STAR, HADES, CBM, KATRIN, ESS)

» employment of home facilities and equipment

JRC Info Day, Prague, June 9-10, 2016 2



E7

CANAM

Center of Accelerators and Nuclear Analytical Methods

Laboratory of
Cyclotron and Fast
Neutron Generators
(LC & FNG)

Operating the isochronus
cyclotron U-120M
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canam.ujf.cas.cz

Laboratory of
Tandetron (LT)

Operating an accelerator
Tandetron 4130 MC

Neutron Physics
Laboratory (NPL)

Providing facilities at the
reactor LVR-15




CANAM @ Czech roadmap for large infrastructures

S

operational costs supported from the MEYS program — enables open access
investment costs - project for European Structural and Investment Funds

Roadmap of Large Infrastructures e

for Research, Experimental Development

Center of Accelerators Background description

N . o The CANAM operates several different types of accelerators and
for the years 2016-2022 and Nuclear alvtical neutron fackties, which are used in awide range of scentiic and
tecnologial dsdpines. The ions are prepared at the isociro-

Methods nous oyclotron accelerator U-120M and at the electrogatic k-

Ministry of Eduation, Youth and Sports ear Tandetron 4130M aczeleratar. The faciities for studies with
thermal neutrons are installed at the iradation channels of the
LVR-15 research reactor aperated by the Re? Research Center.
Fast neutrons are obtained from production targets at the oy-
dotmon U-120M. The possibilities and scape in combination with
different techniguesusing the ion and neutron beams which can
be mplemented in synergic conbination in the CANAM Laborato-
ries) a nmmennlmnmmllﬂdm

matm mlummm mmwo«m

lows M&Hsmasnim materids sciences, chemistry,
bidogy, biomedicine, energetics, microdectronics, environmental
sciences, archacology, qultural heritage, etc.

Future development
Pem-leldhnsdmumﬂm mdumdm
emzng
erllgevmlsmmrmudm nmzuydufml which
substantially ingeases the possiblities in the research of ra-
dionudide production, with apglications mairly in medidne and
dobes@uif.cas.z Bfe sciences, and in fast neutron studies, with an impact on the
development of futur fission and fusion tecinologies. Other sig:
nificant dadnm\uul step is mnsidered, namely the purchase
anam.uf.as.cx of an Acderator Mass Spectrametry (AMS) system, presently
not avalatle n the Czech Republic.

Socio-economic impact
Both ion and
In various targeted applications, which nmﬂnmw
for the sdentific community, but also for the commercidl sec
tor, & the develbpment of new materids and techndogies,
nanostructure synthesis, on beam micromachining, radiation
hardness of dectronic élements, and nudlear data for fusion and
advanced fisson systems. Cooperation between CANAM and the
commerdal sector concentrates not only on solving common
RED pmjects and tasks, but dso on providing senices at the
CANAM faclities and expertice.

a0
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@;ﬁ CANAM — multidisciplinarity

Archeology, Anthhropology, Ethnology

Elementary Particles and High Energy Physics
Nuclear, Atomic and Molecular Physics, Accelerators
Solid Matter Physics and Magnetism

Astronomy and Astrophysics

Sthey)

Biophysics

Inorganic Chemistry

Analytical Chemistry

Organic Chemistry

Biochemistry

Electrochemistry

Geochemistry

Botany

Biotechnology

Nuclear and Quantum Chemistry
Electronics and Optoelectronics

Composite Materials

Other Materials
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Production routes to 23°U e

Joint Research Centre
JRE

JRC, Institute for Transuranium Elements - NPI CAS
Morgenstern, Phys. Rev. C 80, 054612; Anal. Chemistry 80, 8763

LC&FNG U120-M cyclotron

isochronous machine with K=40

accelerated ions energy  |extracted currents

[MeV] [wA]

H 6 - 38 15-35

H 6 - 38 3

d 11-20 3
e *He* 16 - 55 3
*He* 22 - 40 3
+ions AE/E ~ 5.10%
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230U (T 1,=20.8 d) > o + ?*Y -> cascade of o decays

novel therapeutic nuclide for targeted o therapy

production routes
(i) p+232Th - 230pa +3n - 230U + B~ (8.4 %)

(i) p+2%Pa - % +2n

(iii) d +231Pa > 230y +3n




targets, irradiations and measurements

Production routes to 23°U

e experimental data
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EMPIRE 2 ——Polyg. (experimental data)

232Pa(p,2n)
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26
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data one order of magnitude
lower than prediction of TALYS or ALICE

data agree with EMPIRE prediction
(p induced fission channel contribution)

thick — target yields (?3°U MBq/ pA . h)

(i) 0,24
(i) 0,25
(i) 0,12



certifications of measurement standards = B
JRC

JRC, Institute for Reference Materials and Measurements
Roebben, Report EUR 22111 EN

NPL @ LVR 15

LVR-15 research reactor
operated by the Research Centrum ReZ, Ltd.

thermal power 10 MW
max. flux 101 n/s/cm?

TKSN-400: high-resolutio
diffractometer

//
=

geology, archaeometry
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certifications of measurement standards EE

Joint Research Centre
JRE

JRC, Institute for Reference Materials and Measurements
Roebben, Report EUR 22111 EN

uranium mass fractions in uranium-doped glasses
important, e.g. for fission track measurement

NPI - Instrumental Neutron Activation Analysis
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JRC, Institute for Reference Materials and Measurements - NPl CAS

LC&FNG Fast Neutron Generators

Quasi-monoenergetic neutron generator p+’Li  E,=20-37 MeV
peak energy: up to 36 MeV
o fgmml _ neutron flux density in the QMN peak

| up to 10°n/cm?/s
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suitability of a single crystal diamond (SCD) for fast neutron spectroscopy

neutrons from ’Li(p,n)’Be

at IRRM E =4 MeV, E up to 21 MeV

|" Measurement of Neutron Spectra Using a Diamond Detector 3

Joint Research Centre
JRE

response function 12C(n,a) reaction
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@g |- Measurement of Neutron Spectra Produced Using a Diamond Detector

Joint Research Centre

JRC

at NPI Li(p,n)’Be E,=22,31, 36 MeV, E up to 40 MeV
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12C(n,a) reaction for E, > 20 MeV
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response function

the suitability of a single crystal diamond
for fast neutron spectroscopy

observation in contrast with the only
data available in the EXFOR database
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@5 Cyclotron TR-24

2013 — 2015 investment (CAS, MEYS, NPI)

TR 24 - Advanced Cyclotron System Inc. (Canada)

Proton energy range 18-24 MeV
Max. proton beam current 300 pA
Acceleration frequency 85 MHz
Acceleration voltage 50 kV

H~ lon source Multi-CUSP
Simultaneous beams 2
Weight 25t
Dimensions 1.8%x1.8x2.5 m
Power 180 kW

Middle magnetic field 14T
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Cyclotron TR-24

Research program associated with
- generation of high fluxes of fast neutrons:
- neutron radiation tests of electronic or
diagnostic components
- nuclear data for new fusion-fission and
advanced fission systems

1E+15

- production of novel medical radionuclides. 16414 |
- feasibility study of implementing direct
production of #™Tc via (p,2n) reaction
as as an viable alternative to reactor-
produced generator **Mo/**™Tc.
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%ﬁ Research on thin Li-ion batteries

Neutron Depth Profiling:
non-destructive analysis of concentration
profiles of light elements

T-NDP @ NPL

nnnnnn

Modernization of T-NDP

energy storage to exploit fully renewable energy
Lithium ion batteries

new generation /solid type electrolyte

Anode Electrolvte/ Cathode
Separator

fabrication - ion beam sputtering and thermal processing

« Carbon eLi-ion e Transition Metal @ Oxygen

characterization and dynamical studies - Neutron Depth Profiling
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%ﬁ RAMSES project

project submitted for European Structural an Investment Funds
NPI partners Czech Technical University in Prague
Institute of Archaeology CAS

accelerator mass spectrometry (AMS)
ultra-trace isotope research in social and environmental studies

- radiocarbon '4C dating
- 14C in enviroment - CO, transport, impact of fossil fuel combustion

- portion of bio- and fossil- components in biofuels and food,
pharmaceutics and cosmetic materials

- actinides and fission products in environmental studies

- long-lived cosmogenic radionuclides in paleoecological studies
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