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Department of Nuclear Physics Department of Nuclear Physics 
(DNP) was established  on September 1, (DNP) was established  on September 1, 
1945 by the prominent nuclear physicist 1945 by the prominent nuclear physicist 
Alexander Leipunsky Alexander Leipunsky 

When moved to IPPE, Obninsk, When moved to IPPE, Obninsk, 
RF, A. Leipunsky came to be known as RF, A. Leipunsky came to be known as 
the the ““FatherFather”” of the Soviet program for of the Soviet program for 
fast neutron reactors developmentfast neutron reactors development

Historical informationHistorical information
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International Nuclear Safety Center of Ukraine (INSCU) International Nuclear Safety Center of Ukraine (INSCU) 
was established in March 2003 under International was established in March 2003 under International 
Nuclear Safety Program sponsored by the US Department Nuclear Safety Program sponsored by the US Department 
of Energyof Energy
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Published in: Published in: M. Y. Colby and R. N. LittleM. Y. Colby and R. N. Little.  Phys. Rev. 70, 437 (1946).  Phys. Rev. 70, 437 (1946)
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InIn--home designed and developed neutron generatorhome designed and developed neutron generator
Utilization of (D,T) reaction with fixed tritium targetUtilization of (D,T) reaction with fixed tritium target

Project for (Project for (n,xn,x) reactions study: prerequisites) reactions study: prerequisites
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Up to 8 Up to 8 mAmA currentcurrent

Up to 10Up to 1011 11 n/sn/s outputoutput

Neutron flux monitorNeutron flux monitor

Selection of rare Selection of rare 
earth elements as earth elements as 
deformed nucleideformed nuclei

Availability of smart Availability of smart 
PhD studentsPhD students
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Published in: Published in: N. Dzysiuk, I. Kadenko, A. J. Koning, R. YermolenkoN. Dzysiuk, I. Kadenko, A. J. Koning, R. Yermolenko. . 
Cross sections for fastCross sections for fast--neutron interaction with Lu, Tb, and Ta isotopesneutron interaction with Lu, Tb, and Ta isotopes.  .  
PhysPhys.. RevRev.. C 81C 81,, 014610 (2010) 014610 (2010) 
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Published in: Published in: 
АА.O. Kadenko, .O. Kadenko, 
N.R. Dzysiuk, N.R. Dzysiuk, 
I.M. Kadenko, I.M. Kadenko, 
G.I. PrimenkoG.I. Primenko. . 

Cross sections of (n, n'Cross sections of (n, n'αα) ) 
nuclear reaction on nuclear reaction on 
rrareare earth elementsearth elements at at 
14.7 MeV neutron 14.7 MeV neutron 
energyenergy. // . // 

Nuclear Physics and Nuclear Physics and 
Energy. Energy. –– 2013. 2013. –– T.14. T.14. 
–– No.4. No.4. –– p. 345p. 345--349 349 

(in Ukrainian)(in Ukrainian)..
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Published inPublished in: : N. Dzysiuk, A. Kadenko, I. Kadenko, G. Primenko. Measurement andN. Dzysiuk, A. Kadenko, I. Kadenko, G. Primenko. Measurement and
systematic study of (n,x) cross sections for dysprosium (Dy), ersystematic study of (n,x) cross sections for dysprosium (Dy), erbium (Er), and ytterbium bium (Er), and ytterbium 
(Yb) isotopes at 14.7 MeV neutron energy (Yb) isotopes at 14.7 MeV neutron energy .  .  PhysPhys.. RevRev.. C 86, 034609 (2012) C 86, 034609 (2012) 

Project for (Project for (n,xn,x) reactions study:14 ) reactions study:14 MeVMeV energyenergy
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Project for (Project for (n,xn,x) reactions study: lower energies) reactions study: lower energies
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All cross section data was obtained with application of the All cross section data was obtained with application of the 
Neutron Activation Technique.Neutron Activation Technique.
Follow up:  small statistics and lower energies might be of someFollow up:  small statistics and lower energies might be of some
interest!interest!

Published in: Published in: N. Dzysiuk, I. N. Dzysiuk, I. 
Kadenko, A. J. Koning, R. Kadenko, A. J. Koning, R. 
YermolenkoYermolenko. . Cross sections Cross sections 
for fastfor fast--neutron interaction neutron interaction 
with Lu, Tb, and Ta isotopeswith Lu, Tb, and Ta isotopes.  .  
PhysPhys.. RevRev.. C 81C 81,, 014610 (2010)014610 (2010)
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Development of cooperation with IRSN, FranceDevelopment of cooperation with IRSN, France
RareRare--earth elements available for further studyearth elements available for further study
Access to IRSN facilitiesAccess to IRSN facilities

Project for (Project for (n,xn,x) reactions study: lower energies) reactions study: lower energies
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AMANDE neutron AMANDE neutron 
irradiation facility at irradiation facility at 
Cadarache, FranceCadarache, France
Excellent experimental Excellent experimental 
conditions for neutron conditions for neutron 
capture reaction cross capture reaction cross 
section measurementssection measurements
Utilization of (D,D) Utilization of (D,D) 
reaction with the fixed reaction with the fixed 
deuterium targetdeuterium target

Project for (n,x) reactions study: lower energiesProject for (n,x) reactions study: lower energies
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TargetTarget

Incident BeamIncident Beam Bras Bras 
mobilesmobiles

DetectorDetector

Experimental Room
(20 x 20 x 16 m3)



14

Published in: Published in: N.Dzysiuk, I.Kadenko, V.Gressier, A.J.Koning. Cross N.Dzysiuk, I.Kadenko, V.Gressier, A.J.Koning. Cross 
section measurement of the section measurement of the 159159Tb(n,Tb(n,γγ))160160TbTb nuclear reaction. Nucl. Phys. A nuclear reaction. Nucl. Phys. A 
936 (2015)936 (2015), pp., pp. 66--1616
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Published in: Published in: 
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I.Kadenko, I.Kadenko, 
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section section 
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Published in: Published in: Igor KadenkoIgor Kadenko. . Possible observation of the dineutron in Possible observation of the dineutron in 

the 159Tb(n, the 159Tb(n, 22n)158gTbn)158gTb nuclear reactionnuclear reaction.  .  EPL, 114 (2016) 42001EPL, 114 (2016) 42001

New findingsNew findings
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In one year: spectra measurements of Tb specimen.In one year: spectra measurements of Tb specimen.
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Absence of 944.2 Absence of 944.2 keVkeV gamma peak in the background gamma peak in the background 
spectraspectra
Detection of Detection of 158g158gTb (TTb (T½½= 180 y) in the output channel = 180 y) in the output channel 
of nuclear reactionof nuclear reaction
The only possible reaction channel: The only possible reaction channel: 159159Tb (n,2n)Tb (n,2n)
The threshold for The threshold for 159159Tb (n,2n) reaction: 8.18 Tb (n,2n) reaction: 8.18 MeVMeV
Irradiation energy of Tb specimen: 6.85 Irradiation energy of Tb specimen: 6.85 MeVMeV!!
Two neutrons as (one bonded nucleus?) separate Two neutrons as (one bonded nucleus?) separate 
particles are in output channel but prohibited from particles are in output channel but prohibited from 
escaping!escaping!

New findingsNew findings
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Published in: Published in: 
--M. Y. Colby and R. N. Little.M. Y. Colby and R. N. Little. Phys. Rev. 70, 437 (1946);Phys. Rev. 70, 437 (1946);
--N. Feather. Nature  162, 213 (1948);N. Feather. Nature  162, 213 (1948);
--Strizhak V. I., Gurtovoy M. E., Leshchenko B.Strizhak V. I., Gurtovoy M. E., Leshchenko B. E., Prokopets G. A. and Sitko E., Prokopets G. A. and Sitko 
S. P., Physics ofS. P., Physics of Fast Neutrons (Atomizdat, Moscow) 1977, pp. 208Fast Neutrons (Atomizdat, Moscow) 1977, pp. 208––213213 (in (in 
Russian)Russian)
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Returning to the ideas and publications of M.Y. Colby & Returning to the ideas and publications of M.Y. Colby & 
R.N. Little, and N. Feather, and book of V.I. R.N. Little, and N. Feather, and book of V.I. StrizhakStrizhak et al.et al.
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Binding energy: 1.6 Binding energy: 1.6 MeVMeV <  <  BBdndn< 2.8 < 2.8 MeVMeV
HalfHalf--life: 7.4 ms <  life: 7.4 ms <  TTdndn < 185.7 ms< 185.7 ms

-- Published in: Published in: Igor KadenkoIgor Kadenko. . Possible observation of the dineutron in Possible observation of the dineutron in 
the 159Tb(n, the 159Tb(n, 22n)158gTbn)158gTb nuclear reactionnuclear reaction.  .  EPL, 114 (2016) 42001EPL, 114 (2016) 42001

CrossCross--section estimate: section estimate: 
-- (75 (75 ±± 30) 30) mbmb for 6.85 for 6.85 MeVMeV neutron energyneutron energy

Possibility for existence of the Possibility for existence of the dineutrondineutron in a close in a close 
proximity but outside of heavy neutron rich nucleus proximity but outside of heavy neutron rich nucleus 
was predicted by A.B. was predicted by A.B. MigdalMigdal in his paper:in his paper:

-- Migdal A. B. Yad. Fiz., 16 (1972) 427 Migdal A. B. Yad. Fiz., 16 (1972) 427 
(Sov. J. Nucl.Phys., 16 (1973) 238)(Sov. J. Nucl.Phys., 16 (1973) 238)

New findingsNew findings
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Interaction of the incident Interaction of the incident 
neutron with the two neutron with the two 
pairedpaired--up neutrons near up neutrons near 
Fermi level Fermi level 
Movement of the two Movement of the two 
pairedpaired--up neutrons as a up neutrons as a 
single particle from the single particle from the 
nucleus in the direction of nucleus in the direction of 
the zthe z--axis axis 
The pairedThe paired--up neutrons up neutrons 
escape from the nucleus escape from the nucleus 
but not from the potential but not from the potential 
well!well!

New findingsNew findings

2nd 2nd Jagiellonian Symposium on Fundamental and Applied Subatomic PhysJagiellonian Symposium on Fundamental and Applied Subatomic Physicsics, Cracow, Poland, 4 , Cracow, Poland, 4 -- 9 June, 20179 June, 2017

TarasTaras Shevchenko National University of KyivShevchenko National University of Kyiv



21

The The dineutrondineutron is then is then 
captured at captured at MigdalMigdal level level 
within (100within (100÷÷400400) ) keVkeV
energy rangeenergy range
This energy level This energy level 
provides the binding provides the binding 
mechanism  for the two mechanism  for the two 
neutrons to exist as a neutrons to exist as a 
single particle single particle -- the the 
dineutrondineutron
Additional Additional 
measurements proved measurements proved 
the existence of the the existence of the 
dineutrondineutron!!

New findingsNew findings
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The neutron activation technique is still a very The neutron activation technique is still a very 
powerful instrument both for practical applications powerful instrument both for practical applications 
and for new fundamental findingsand for new fundamental findings
In 70 years since the theoretical foundation of the In 70 years since the theoretical foundation of the 
dineutrondineutron the evidence for a the evidence for a dineutrondineutron existence as a existence as a 
bonded particle was providedbonded particle was provided
This event opens up the new direction in Nuclear This event opens up the new direction in Nuclear 
Physics: Physics of the Physics: Physics of the dineutrondineutron, or , or DineutronDineutron
Physics!Physics!

ConclusionsConclusions
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Thank you for your attention!Thank you for your attention!
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