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Natural Reactor Oklo and Variation of Fundamental Constants Part
1: Computation of Neutronic of Fresh Core

Yu. V. Petrov, A. I. Nazarov, M. S. Onegin, V. Yu. Petrov and E. G. Sakhnovsky

Abstract

We have built a complete computer model of core 2 of the Oklo reactor with a realistic frame of
materials. Using modern Monte Carlo codes for of a fresh core 2 we have computed the multiplication
factors, reactivity reserves and neutron fluxes. The computation were performed in the wide range of
variation of core parameters: the content of uranium in modern Oklo core was changed from 35 to 55
weight %; the content of water from 0,355 to 0,455 g/cm3. We have determined the power effect. We
have found the temperature of the fresh core, #

�
 = (725±55) K, at which the reactor is critical and can

operate stably for a long time. The reactor power is maintained on account of negative feedback. For
#t?AA�S�we have found the reactor neutron spectrum with which one must average the cross sections
of strong absorbers (such as       ). The cross section of       , averaged over the reactor neutron
spectrum,is significantly different from the cross section averaged over the Maxwell distribution that has
been used by previous authors. From the small spread of TC it was possible to get the most accurate
limits on the possible shift of the resonance of samarium that can result from a change of fundamental
constants: –73 meV ≤ ∆$

r 
≤ +62 meV. This corresponds to the following limits on the rate of change of the

electromagnetic constant: –3,7⋅10–17 �–1 ≤ δα/α ≤ 3,1⋅10–17 y–1. These results are strictly preliminary
since they do not take account of the fuel burn-up. Calculations of the burn-up are in progress.

����<��	�����=��>a@��@>�@���AAC���

D71+%6E yupetrovG),4�:&:%�(:5�28

�

�

���\1
��

���\1
��

���\1
��

���\1
��



��������2��DE���2��=F<	���
��	�3���=�
��G������

>
2��������H�5
��������;�	�
F�IJ�K;D

E�����SM�T���	�����
=�������	�=G�
��3����2������2>



���0���
���"

���������

<����
����� �	������� ��������N�����
���� ������"I��� ��������������
���� ����������

�������������������������W�����������"I�����������
��������������N���������K�7��������

H�����"�aA�jH��

B$%������(�!+�'$�O�($'�L�U$%���������� ��&$�V++$'$������

!-%�$.� ���IJ�O$P�9�5C-+'�����

�����LLM�B$%������(�O�($'����� �@N�!-%�$.

���;����-''/

	
�� ���

U/4$6�%&'$()%*+)%/&(�+&4�./&()28.)%/&�4$(%*&�/-�pq�(0()$1�-/2�aA�U$m�Y�7%(/.,2/&/8(�.0.6/)2/&�+2$

:2$($&)$4�%&�),%(�2$:/2)�

<��	�����=��>a���@?�AB��AAC���������������

D71+%6E�()+2)G:&:%�(:5�28



R��	�	�	�
	�2���25���
2���2�����2�����	��3���������

0��2>

�0��������=��52���2��

��������
J�"
L��7���������������F�����	�"�

������F
	���"�������������5�"

���������

b	��
����� � � 7���	������� ��������J���N���J������ ��� ������� O%R� 
������ 	�� 	�����
��

�+�– → J /ψ (3096), ψ (3686), ψ (4040), ψ (4415)��O%%R�	��N�������W�����
���J�����������	�
��
η

�	
(2979), χ

�	
(3415), χ

��
(3555)  → γγ ���O%%%R���������J���N�����������������������	���������	��
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�	
(3849), χ

��
(3950)  → γγ.
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We determine the � �  component of the photon wave function on the basis of (i) the data on the
transitions������→�&�gψ�O!ABvR��ψ�O!vavR��ψ�OCACAR��ψ OCC@>R, (ii) partial widths of the two-photon decays
η

�0O�B?BR��χ�0O!C@>R��χ�2O!>>>R�  → γγ��and (iii) wave functions of the charmonium states obtained by
solving the Bethe-Salpeter equation for the    system. Using the obtained cc component of the photon
wave function we calculate the γγ decay partial widths for radial excitation 2S state, η

�	
(3594) → γγ, and

2%-states χ
�	

 (3849), χ
��

(3950) → γγ.
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The structure of even-even deformed nucleus l76Hf was analyzed using the known experimental data
on 176Ta decay. 38 new levels are included in the level scheme of 176Hf. New transitions between levels
of 176Hf are found. Several new levels are added to the known rotational bands and new band with
����       is identified. The strong interaction between levels of different bands is shown.

The parameters of Coriolis interaction for pairs with 'π = 0–� �@– , 0+� ��+, and 2+� �!+ are calculated. It
is found that El-transitions between levels with different parity are highly hindered.
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Are considered the construction concept and specific features of software created for FAMILON
surching. All variety of operations test modes, all methodical sessions of preparation and basic task
– accumulation of experimental data – are reduced to multiparametrical measurements with various
configuration and are provided with two program developed in technology of object-oriented program-
ming (OOP) for OS WINDOWS.

The basic measuring equipment is executed in CAMAC standard, but any other engineering controlled
through computer interfaces is easily entered to installation. The flexibility of control is provided with
transition to the appropriate configuration file and file of options. This various functional service is
incorporated with the convenient user graphic interface and means of viewing changes of data accumu-
lation.
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Peculiarities in Structure of Cu/ZnO (Methanol Synthesis Catalysts)
with Isotopes Substitution, Studied by Means of Bragg Powder

 and Small–Angle Neutron Diffractions

V. Trunov*, A. Sokolov*, V. Lebedev*, O. Smirnov*, A. Kurbakov*,
J. Van den Heuvel**, E. Batyrev**, T. Yurieva***, L. Plyasova***, Gy. Torok****

Abstract

The atomic and cluster structure of Cu/ZnO (main component of catalysts for methanol synthesis),
reduced in hydrogen, has been studied by means of Bragg powder and small-angle neutron diffrac-
tions. The isotope substitution of Cu and H has been used for achievement of reliable results, pointed
out on clusterisation of Cu and II. These inclusions at the boundaries of ZnO particles have complicated
structure: in the centre of Cu cluster, which is surrounded by adsorbed hydrogen shell, the hydrogen
core is located. It would be supposed that such arrangement of the clusters apparently has a strong
influence upon the catalytic activity of these compounds.

*     Petersburg Nuclear Physics Institute, Gatchina, Russia
**    University of Amsterdam, Netherlands
***  Institute of Catalysis, Novosibirsk, Russia
**** Research Institute for Solid State Physics, Budapest, Hungary
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Search for the Solar Axion Emitted in the M1-Transition of 7Li*

A. V. Derbin, A. I. Egorov, I. A. Mitropolsky, V. N. Muratova

Abstract

Search for the resonant absorption of the solar axions by nucleus of 
7
Li leading to the excitation of

the first nuclear level was performed: α + 7Li → 7Li* → 7Li + γ. �q���this purpose the energy spectrum of
the HPGe-detector surrounded with layer LiOH was measured. The new upper limit on the axion mass
�

�
 ≤16.7 keV (90% c.l.) was established.
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The Complex of Programs for Reforming, Processing and Analyzing
 of the Data of Atomic Nucleus Rotational Bands

M.O. Alenichev, T. V. Alenicheva

Abstract

In the paper the description of the computer programs structuralization and sorting out of the necessary
information are performed for on the basis of the nucleus rotational bands formed on the base of the file
ENSDF (Evaluated Nuclear Structure Data File). All the programs are written on C++, with the help of
which one can create, maintain and update the data base ROTON, containing the information about
nucleus rotational bands. The peculiarities of the programs are discussed in this paper and some
results are presented.
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Prompt Neutron Emission in the Slow
Neutron Induced Fission of 239Pu and 235U

A. S. Vorobyev, O. I. Batenkov*, G. S. Boykov*, V. A. Jakovlev*,
V. A. Kalinin, A. B. Laptev, V. E. Sokolov

Abstract

A series of experiments has been performed to measure the dependence on the fragment mass and
total kinetic energy of the average number and energy of prompt neutrons emitted from 235U and 239Pu
fission fragments in slow neutron induced fission. The experiments were carried out at the
PNPI WWR-M research reactor. The description of the experimental set-up and some preliminary results
of this research are presented in this article. In particular, an evaluation of the scission neutrons in total
number of fission neutrons has been done.

* Khlopin Radium Institute, St.-Petersburg, Russia
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