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Thermal oscillation in usual water of both 
fractions lead to that: coherent and not coherent 
fractions coexist in a non-stationary regime (flickering 
regime). However the situation varies at transition to 
two-dimensional and one-dimensional water 
systems, where water is protected by a surface from 
destroying thermal influence. In such water the 
«coherent domains» can have essentially big sizes 
and exist for a long time (hours and days). The 
coherent environment in «coherent domains» is 
separated from not coherent component by an 
energy barrier. 

The coherent state is the superposition of the 
ground state with a weight of 0.87 and the excited 
state with a weight of 0.13; this means that in the CD 
there are 0.13 almost free electrons per molecule.  

The occurrence of coherent vibrations gives rise 
to occurrence of quasi-free electrons in a coherent 
state; therefore the «coherent domains» becomes a 
reservoir, which is easily excitable. Each excitation 
corresponds to a coherent cold vortex of quasi-free 
electrons. Excitation, which does not exceed the 
energy gap, cannot be received by an individual 
molecule, but belongs to the «coherent domains», as 
to single whole, giving rise to the collective excited 
state which also coherently. The huge quantity of the 
coherent states, characterized by angular moment L 
is found out. The spectrum of the excited states is 
limited from above by the energy gap, which is 
0.26 eV per molecule. 

Angular moment L is a quantum value and a 
certain frequency of the field corresponds to it.  
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Calculations show that fundametal  lies in the 

range 0.5-2.5 GHz, namely in the microwave interval. 
Authors [4] specify that “The spectrum of the 

water CD is extremely rich; the spacing among levels 
is in the order of radio-waves (mm-waves) and the 
upper limit is extremely high”. 

Thus it is possible to make the assumption that 
the nature of resonant spectrums in HFR-range is 
connected with the energy transitions between the 
excited states of CD. 

In them a crystal-like structure of CD, caused by 
presence for them the hydrogen bindings predicted 
by theory of J. Preparata, is shown. 

 

Conclusion 
Thus, in spectra of HFR-resonant interaction of 

electromagnetic waves with usual water is shown not 
the «ice-like» phase of water, but a coherent 
constituent of water system – «coherent domains». 
Presence in these spectra of two basic peaks 
specifies that coherent domains have a quasi-crystal 
structure. 
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There exist many parameters for determining the characteristics of a reaction and its possible outcomes, consequences and 
potential results. One of these parameters is the cross-section data. The information about cross-section data may help to the 
researchers on many topics like protecting from unexpected reaction results or saving money and time, concerning the 
experimental costs. Hence, there exist many studies focusing on nuclear reaction cross-section calculations. Likewise; in this 
study, theoretical calculations for some deuteron induced reactions on 89Y fission reactor moderator material have been done. 
Obtained theoretical calculation results have been compared with each other and with experimental results taken from EXFOR 
database. 

 

Introduction 
Contentiously improving science and technology 

provide us many benefits and make our lives easier 
with respect to past. As it can be seen on the 
mankind’s great scientific journey from the beginning 
of time to the current situation, energy has always a 
key importance and draws a special attention on 
itself. With the increasing population of our world and 
modern city life desire, cities become more and more 
populated and industrialized which results the desire 
of uninterrupted, stable, sustainable and more 
environmental friendly energy sources. Conventional 

energy production methods, which are getting better 
in many ways like environment and efficiency with 
respect to time, and alternative energy production 
ways, which are being more popular since a few 
decades but not so efficient, are not enough to 
satisfy the day by day increasing power demand. 
This issue causes the nuclear power plants come 
forward. With the help of fission principle, where a 
great amount of energy has outcome with respect to 
the same amount of any conventional energy 
production fuel, the mankind has a chance to 
produce more stable and uninterrupted energy. In 
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the fission principle, which depends on the 
bombarding of an unstable heavy nuclei with 
neutrons that have suitable energy for reaction, two 
lighter particles, three or two neutrons -in some 
cases- and energy has outcome and this energy 
could be usable by transforming its form from heat to 
electricity. To be able to keep energy production 
steady, a chain reaction must be running 
continuously where the neutrons produced from 
previous reactions triggers new reactions. The key 
part of such a mechanism adopted in nuclear power 
plants is to be able to moderate neutrons to keep the 
chain reaction continuously. To provide a continuous 
chain reaction, the neutrons produced via the 
previous interaction should have the suitable energy 
interval to create the next step of the chain reaction. 
Even there exists different types of fission reactors 
depending the energies of produced neutrons from 
the fission process, the neutrons still needed to be 
moderated not for just energy lose but also for the 
protection of the environment and creating a 
continuously working, sustainable, efficient and 
secure fission reaction mechanism. The created 
neutrons via first interaction from the fuel rods, where 
the fission reaction takes place and new neutrons 
produced, must lose some of their energy to create 
new fission reactions. The amount of this energy 
depends on the type of fuel and reaction. Fuel rods 
are placed within an environment, which was 
covered by moderator material, where the generated 
neutrons lose some of their energies. With the help 
of moderator materials, neutrons are slowed down 
and became more convenient for creating new 
fission reactions and this provides continuous energy 
production. The most known moderator material is 
water but there exists many studies for production 
new moderators rather than water. In 2013, Massie 
and Dewan patented a study titled “Nuclear reactors 
and related methods and apparatus” where the 
possibility of YH2 and YH3 compounds usage for 
neutron moderation was mentioned [1]. Also, Mueller 
and his colleagues mentioned about the possibility of 
the usage of Yttrium as moderator material [2]. To 
investigate the possible reaction results and behavior 
of Yttrium, which forms the compounds mentioned 
above, this study has been performed with deuteron 
induced reactions. Among all most known isotopes of 
Yttrium, which are 88Y, 89Y, 90Y and 91Y, the most 
abundant one, 89Y, has been selected as target 
nucleus for this study. 
 

Experimental Results 
To be able to compare the experimental values 

taken from EXFOR [3] with the theoretical 
calculations, two different computer based 
calculation programs have been used. Regarding the 
importance of the cross-section data and some 
situations like the experimental difficulties, lack of 
experimental data existence, cost and time 
efficiencies; theoretical calculations of the cross-
section data obtained via many time tried and proved 
theoretical calculation ways, such as used computer 
based calculation programs, may have acceptance 
[4]. There exists many computer based calculation 
programs to obtain cross-section data yet their 
abilities, capabilities and compatibilities with the 

experimental data determine their validity. TALYS [5] 
and EMPIRE [6] are the two of the most used and 
verified computer based theoretical calculation 
programs among many exist other programs. Due to 
their abilities and many timed tried and proved 
features, they have been selected for this study. With 
the mentioned codes, it is possible to perform not 
only theoretical nuclear cross-section calculations 
but also many other calculations such as differential 
cross-section dependent to the angle, outgoing 
particle spectrum and etc. [7]. From their 
development process, both codes updated many 
times and there exists many versions of them. 
Among all the versions, 1.8 version of the TALYS 
code and 3.2 version of the EMPIRE code have been 
employed. Both codes contain many theoretical 
calculation models, which provide a wide range of 
usage for different type of reactions. In this study, 
Two Component Exciton (TCE) model from TALYS 
and Exciton model from EMPIRE have been 
selected. 

To investigate the possible results of deuteron 
interaction with 89Y, 89Y(d,2n)89Zr, 89Y(d,3n)88Zr, 
89Y(d,a)87-mZr, 89Y(d,p)90-mY and 89Y(d,x)88Y reactions 
have been selected. Obtained results via theoretical 
calculations and experimental data have been 
compared and result are given as following figures 1-
5. 
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Fig. 1. Theoretical and experimental results of 89Y(d,2n)89Zr 
reaction 
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Fig. 2. Theoretical and experimental results of 89Y(d,3n)88Zr 
reaction 
 

Discussion 

In this study, by using two of the most preferred 
computer programs to obtain the cross-section data, 
which are TALSY 1.8 and EMPIRE 3.2, deuteron 
induced reaction interactions on 89Y have been 
investigated. The comparison of obtained calculation 
results with each other and experimental data have 
been given in Figs 1-5.  



 

 

29 

Секция 1. Процессы взаимодействия излучений и плазмы с твердым телом 

12-я Международная конференция «Взаимодействие излучений с твердым телом», 19-22 сентября 2017 г., Минск, Беларусь 

12th International Conference “Interaction of Radiation with Solids”, September 19-22, 2017, Minsk, Belarus 

9 12 15 18 21 24 27

0

20

40

60

80

       
89

Y(d,)
87-m

Zr

 H. H. Bissem et. al., 1980

 TALYS 1.8 (Two Component Excition Model)

 EMPIRE 3.2 (Exciton Model)

C
ro

s
s
 S

e
c
ti
o

n
 (

m
b

)

Deuteron Energy (MeV)  
Fig. 3. Theoretical and experimental results of 89Y(d,α)87-mZr 
reaction 
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Fig. 4. Theoretical and experimental results of 89Y(d,p)90-mY 
reaction 
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Fig. 5. Theoretical and experimental results of 89Y(d,x)88Y 
reaction 

 

Fig. 1 represents the results and comparisons for 
89Y(d,2n)89Zr reaction. To be able to compare the 
experimental data with calculation results, energy 
interval was selected between 4-28 MeV on the 
calculation programs. As it can see from the figure, 
obtained results have the same shape with the 
experimental data and TALYS has better agreement 
with respect to EMPIRE for this reaction. For 
89Y(d,3n)88Zr reaction, represented with Fig. 2, 
TALYS has more closer results to the experimental 
data rather than EMPIRE yet after around 26 MeV, 
the gap between the TALYS results and 
experimental data get more observable. The wave 
shape of the cross-section data with the increase of 
incident particle energy, which is also observable 
from the experimental data, obtained by both of the 
programs. 89Y(d,α)87-mZr results are given in Fig.3 
and as it can be seen, EMPIRE results are totally 
disagree with the experimental data. TALYS results 
follow the experimental data from above with a small 

gap and the difference between them shows higher 
value around 17 MeV incident particle energy. The 
reason of EMPIRE’s disagreement may occur due to 
the isomeric particle production after the reaction. 
Like 89Y(d,α)87-mZr reaction, 89Y(d,p)90-mY reaction’s 
result is also an isomeric particle where the 
comparison of the results is given in Fig. 4. Between 
the energy range of 16-24 MeV, TALYS results catch 
the experimental data but at the lower energies of 16 
MeV and higher than 24 MeV, TALYS results follow 
the experimental results from above and below, 
respectively. For the last reaction investigated in this 
study which is 89Y(d,x)88Y, comparison of the 
obtained calculation results and experimental data is 
given in Fig. 5. At all investigated energy region for 
this reaction, TALYS results are in good agreement 
with the experimental data where the EMPIRE 
results follow them from above with an increasing 
difference till nearly 41 MeV where the result of 
EMPIRE ends up in the error region of the 
experimental data.  
 

Conclusion 
By the comparison of experimental results with all 

of the reaction cross-section data obtained for 
89Y(d,2n)89Zr, 89Y(d,3n)88Zr, 89Y(d,α)87-mZr, 89Y(d,p)90-

mY and 89Y(d,x)88Y reactions via using TALYS and 
EMPIRE programs in this study, it could be said that 
TALYS has better agreement with the experimental 
data with respect to EMPIRE. For the disagreements 
of TALYS results, a general expression, which could 
be implemented to the TALYS calculation methods 
may be developed and suggested. On the other 
hand, to investigate the EMPIRE’s behavior, 
calculations of deuteron induced reactions on other 
materials are planned to be studied. 
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