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Development of ADT systems

Benchmark studies of different set-ups irradiated by relativistic proton and deuteron
beams — development of different codes (MCNPX, FLUKA ...)

Studies of neutron production and transport

Studies of radioactive materials transmutation

Group “Energy+Transmutation of Radioactive Waste”:
Different set-ups irradiated by Nuclotron beams (JINR Dubna)

Activation detectors are used for relativistic beam monitoring
and neutron spatial distribution sudies
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Beam monitoring — aluminum and copper foils

Very scare information about high energy deuteron aluminum reaction cross-sections
Completely no information about high energy deuteron copper reaction cross-sections
We started series of deuteron copper reaction studies by means of JINR Nuclotron

Deuteron aluminum foils were used as beam integral monitor
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Studies of relativistic deuteron reactions on natural copper

(production of 5’Ni, %8Co, %6Co, %°Co, Mn, °2Mn, #8Cr, 48V, 48Sc, 4/Sc, 44mSc, 43Sc and 43K)

Energy range of deuteron beam from 1 GeV up to 8 GeV (during QUINTA irradiations)
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S6Mn — 56Fe « %Co
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Measurement of neutron reaction cross-sections

Quasi-monoenergetic neutron source:
protons from cyclotron + lithium target
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Test of single-crystal diamond detectors for fluency measurements

n+2C  — Be+*He -5.70 MeV NP1 neutron source was used
— n’+12C -4.44 MeV (80 hours of irradiation)
— n’+3a -71.27 MeV
— p+“B -12.59 MeV Size: 4.7x4.7x0.5 mm3
— d+11B -13.73 MeV

Edeposition = Q + En - En’
Sharp if no n’ emitted:
E,, spectrometer

Antonin Krasa
Arjan Plompen

(IRMM-JRC-EC)

ERINDA - PAC 2/3

from Arjan Plompen presentation



Yttrium cross-section measurement (ERINDA project)

Only reactions (n,2n) and (n,3n) for energy up to 38 MeV, systematic study of yttrium
reactions using the NP1 neutron source were done during last two years

Yttrium — good material for activation 87m
detector Y T,,=1338hours 380.79 keV.

Used by “Energy+Transmutation” e+p*
collaboration

9/2*

Very scare data about cross-sections
1.57(10) % << | 98.43(10) %

No data about cross-sections of isomeric

state production y

: o : 1/2-
Long irradiation, intensive beam, 87y /
only limited number of samples — e+p”
possibility to measure yttrium sample Tu2 =79.8 hours

many times to study systematic
uncertainties of gamma

measurements _ _ _ _
Reaction (n,3n) - production of isomeric

Important - isomeric state MY study and ground state of 87Y



Accuracy of gamma spectroscopy measurement
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Cross section of 88Y production EFNUDAT Uppsala
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Systematic study of neutron cross sections (EFNUDAT)

We measured threshold reactions on Au, Al, Bi, In, Ta, Ti, Y commonly used for
such purposes and we also studied other materials: Cu, Fe, I, Mg, NI, Zn.
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Comparison of cross-sections (n,xn) reactions on natural indium with TALYS
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Comparison of cross-sections (n,xn) reactions on iodine and tantalum
with EXFOR, TALYS and libraries of evaluated data
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Comparison of cross-sections (n,x) reactionson aluminum with EXFOR, TALYS
and libraries of evaluated data
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Review of obtained data can be find in journal:
Nuclear Instruments and Methods in Physics Research - Vol.726, (2013) 84-90

Nice data obtained thanks to EFNUDAT, ERINDA and ReZ and Uppsala

neutron sources

CHANDA will be next opportunity




Conclusions

Experimental nuclear data for different applications (fast breeder
reactors, Accelerator Driven Transmutation systems, fusion systems,
spallation sources ....

European transnational access projects (European neutron sources for
European users). Present ERINDA and new CHANDA. Neutronsources
of NPI of ASCR ReZ are open for users.

Benchmark studies by means different set-ups irradiated by relativistic
proton and neutron beams. “Energy+Transmutation of RAW?”
collaboration uses Nuclotron beams (JINR Dubna).

The reactions of relativistic deuterons important for beam monitoring
were studied using Nuclotron deuteron beam.

The gquasimonoenergetic neutron sources are good tool for neutron cross-
sections measurements, perfect knowledge of these cross-sections is
Important for measu rements of neutron Tield by means of activation
detectors. Neutron reactions on yttrium samples were studied.

The understanding of all sources of systematic uncertainties is necessary

Such cross-section data are very important step to more effective usage
of activation neutron detectors - we will continue such measurements



