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Using of Unitarity Equations for the Calculation of Fermion Interaction
Amplitudes in the Superstring Theory

G. S. Danilov
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Abstract

The unitarity equations for the boson interaction amplitudes in the superstring theory are used
to calculate the interaction amplitudes including the Ramond states, which are 10-spinors and Ramond
bosons. It is shown that, in addition, the unitarity equations require some integral conditions for local
functions determining the amplitudes in question. The n-loop, 4-point amplitude with two massless
Neveu-Schwarz bosons and two massless Ramond states is given explicitly. For the tree amplitude
the above integral relations are verified.
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Heterogeneous Calculations of FRM-II

Yu. V. Petrov, M. S. Onegin, K. Böning, M. Nuding
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Abstract

The cores of modern Research Reactors (RR) are characterized by a relatively small volume and
a high neutron leakage in order to yield an efficient production of thermal neutrons in the outside
moderator. Many RR have fuel elements with aluminum-clad fuel plates cooled by light water. Due to
a large difference of the mean free paths of the neutrons in H

2
O and Al a relatively large so called

«Heterogeneous Effect» (HE) arises in such cores. By definition the HE is the difference between
the results for the reactivity obtained from a detailed calculation considering the realistic «heterogeneous»
geometry of the core and from a simplified calculation using a «homogeneous» core model in which
the fuel plate lattice is homogenized: ∆ρ

HE
=ρhet - ρhom. For the first time this negative HE has been found

for the PIK FE. For an aluminum core the negative HE was established in the course of calculations
performed for the research reactor WWR-M at Gatchina.

In the work as described in this preprint the HE was calculated for the FRM-II. The «heterogeneous»
calculation has been performed using two different Monte Carlo codes: MCU-RFFI and MCNP-4B with
the ENDF/B-VI library. The fuel element of the FRM-II was modeled in detail: the involute shape of all
113 fuel plates, the cladding, the coolant channels etc. were exactly reproduced. The involute shape
of each 1.36 mm thick fuel plate was modeled with an accuracy better than 3 µm. Very important is
the adequate reproduction of the energy dependence of the Al cross section. The «homogeneous»
calculations used for reference were older Monte Carlo code calculations in which the core structure
was homogenized from the beginning (i.e. without a special cell calculation). In the calculations performed
with the code MCNP the HE is equal to ∆ρ

HE
 = -0.5(1)% ÷0.7(1)% depending on the position

of the central control rod. Such HE leads to a loss about 3 days of the total core life time.

 ���
��*+,--��+-��+�+����!����
!���������

E-mail: yupetrov@thd.pnpi.spb.ru



�����������	
�
��	��

����������	
����������
��������	
�
�
��������
���
�

�����
���
������
�
�����	�����
�
�
������

�������������	
�������������
������������


��������������
�������������	�
����������	

���������

8����
�
��������������������
��	��
����	���)�����������S���)�
����������
�
 ����)����

�����������������
���������#�����
���
�������(�����)����������2&����
��3����
(�
���

(�����������������
���	!�������������������������������
����������
�!������)�
��

����������)�����������%��������
;����
�!��������;��������TUVWXYZ�C.���������
�

����������������
�!�������
�������)�
�������������������
(�
�����

�����)���������

��
�
 [��P3������
������\�����R�

Abstract

The new method of heavy water isotopic analysis by infrared spectrophotometer is proposed. Accuracy
of the method can rich ± 0.001% for high concentration heavy water (protium concentration �

�
 <0,6).
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Nuclear Matter Distributions of Neutron-Rich Li-Isotopes
from Proton Elastic Scattering in Inverse Kinematics

A. V. Dobrovolsky, G. D. Alkhazov, M. N. Andronenko, A. Bauchet, P. Egelhof,
S. Fritz, H. Geissel, C. Gross, A. V. Khanzadeev, G. A. Korolev, G. Kraus,

A. A. Lobodenko, G. Münzenberg, M. Mutterer, S. R. Neumaier, T. Schäfer,
C. Scheidenberger, D. M. Seliverstov, T. Suzuki, N. A. Timofeev,

A. A. Vorobyov, V. I. Yatsoura
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Abstract

The method of proton elastic scattering at intermediate energies, which was already proven
for neutron-rich helium isotopes to be well suited for obtaining accurate and detailed information
on nuclear matter distributions of halo nuclei, was recently applied for investigation of neutron-rich
Li-isotopes using secondary beams from the Fragment Separator at GSI at an energy near 700 MeV/u.
Along with the radioactive 8, 9, 11Li isotopes, the stable 6Li nucleus was investigated to allow for a comparison
of the matter distributions between the A=6 nuclei 6Li and 6He. The experimental setup consisted
of the ionization chamber IKAR which served simultaneously as a high-pressure hydrogen target and
as recoil proton detector, and a forward spectrometer for tracking and identifying the projectile nuclei.

For determining the nuclear matter distributions the measured differential cross-sections have been
compared to those calculated in the frame of the Glauber multiple scattering theory using various
parametrizations for the nucleon density distributions as input. The results on the nuclear matter radii
and the matter distributions are presented. The nuclear matter distribution deduced for the 11Li nucleus
exhibits a very pronounced halo structure. The present data allow also for a sensitive test of theoretical
model calculations on the structure of the neutron-rich nuclei. A few examples are given.

 ���
��*+,-7, 21��+�+����!����
!���������
E-mail: dobrov@rec03.pnpi.spb.ru



�����������	
�
��	��

Equilibrium, Isoscaling and Nuclear Isotope Thermometry Related
to 1 GeV Proton Induced Reactions

M. N. Andronenko, L. N. Andronenko, W. Neubert, D. M. Seliverstov
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Abstract

Yields of isotopically separated light fragments and residual nuclei produced in p(1GeV)+A collisions
have been analyzed. An evidence for equilibrium nature of processes under consideration was presented.
For both fragmentation and spallation reactions isotopic scaling, i.e. factorization of the isotope ratios,
was observed. The scaling parameters were found to be dependent on the nucleonic composition
of the emitting sources. A generalized isoscaling for arbitrary combinations of two systems has been
demonstrated. The average isotopic temperature about 4 MeV for fragmentation process was found.
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Empirical Hierarchy of the Higgs Vacuum Expectation Values

V. L. Alexeev
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