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THE THEORY OF CONTROLLING THE SPONTANEOUS GAMMA-DECAY
OF EXCITED AND RADIOACTIVE NUCLEI

Vladimir I. Vysotskii
*Kiev Shevchenko University, Radiophysical Faculty, 252033, Kiev, Ukraine

The paper discusses the theory of controlling gamma-radioactivity of nuclear sources and
targets. For the first time we have created the theory of influence on the probability of
spontaneous radiation and life-time of gamma-radioactive nuclei [1]. We have considered the
general system which included the excited nucleus, the system of this nucleus electrons, the
system of zero-energy (in vacuum state) electromagnetic modes and the system of N resonant
or non-resonant atoms (screen) situated at the distance L>>leg from the excited nucleus. The

phenomenon of spontaneous nucleus decay controlling is a result of interaction of the excited
nucleus with zero-energy electromagnetic modes, interaction of these modes with the atoms
of screen, interaction of the excited nucleus with electrons system.
It is shown for the first time that the decay parameters greatly depend on the sign and
magnitude of the radiation shift (radiation correction) of the resonance level position (nuclear
analog of the Lamb shift for atom electrons.) This shift is determined by processes of nucleus
interaction with all zero-energy electromagnetic field modes (the lowest by energy or ground).
It was shown that the resonant screen effect in all cases appears to be more significant than for
the nonresonant one. It is shown for the first time that the most influence on the nucleus
spontaneous decay process will be realized in the case when the modes of the electromagnetic
field in the zero-energy state, which interact with the nucleus, occur to be mutually
synchronized. For this case the radiative life-time may be increased by many orders of
magnitude.
The methods of the gamma-decay optimization (e.g. change by several orders of spontaneous
radiative life-time) is also discussed

1. Vysotskii V.I. // Physical Review C, v.58 (1998) 337.



Relativistic Mean-Field Description of Exotic Nuclear Structure

D. Vretenar
Physics Department, Faculty of Science, University of Zagreb, Croatia

Models based on the relativistic mean-�eld approximation provide a microscopically consistent, and yet
simple and economical description of the nuclear many-body problem. By adjusting just a few model
parameters: coupling constants and e�ective masses to global properties of simple spherical nuclei, it
has been possible to describe many nuclear structure phenomena, not only in nuclei along the valley of
�-stability, but also in exotic nuclei with extreme isospin values and close to the particle drip lines.

The relativistic Hartree-Bogoliubov model has been applied in studies of structure phenomena that in-
clude: the strong isospin dependence of the e�ective spin-orbit interaction and the resulting modi�cation
of surface properties, the suppression of the spherical N = 28 shell gap for neutron-rich nuclei and the
related phenomenon of deformation and shape coexistence, the structure of the proton drip line nuclei
in the region 31 � Z � 73, and ground-state proton radioactivity in nuclei 53 � Z � 73. The model
has also been used to calculate parity violating elastic electron scattering on neutron-rich nuclei, and
neutron density distributions for atomic parity nonconservation experiments. The relativistic random
phase approximation, based on e�ective mean-�eld Lagrangians with nonlinear meson self-interaction
terms, has been used in the analysis of the dynamics of isoscalar dipole modes and of the structure of
pygmy resonances.

[1] G.A. Lalazissis, D. Vretenar, W. P�oschl and P. Ring, Nucl. Phys. A632, 363 (1998).
[2] G.A. Lalazissis, D. Vretenar, W. P�oschl and P. Ring, Phys. Lett. B418, 7 (1998).
[3] G.A. Lalazissis, D. Vretenar, and P. Ring, Nucl. Phys. A650, 133 (1999).
[4] D. Vretenar, G.A. Lalazissis, and P. Ring, Phys. Rev. Lett. 82, 4595 (1999).
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THE METHOD OF SPATIAL 3-D DETECTING OF REMOTE OR SOLITARY
RADIOACTIVE SOURCES BY CORRELATION OF INTENSITY OF RADIATION

Vladimir I.Vysotskii
Kiev Shevchenko University, Radiophysical Faculty, 252033, Kiev, Ukraine

The intensity correlation method of spatial and angular (three-dimensional) location of
solitary or remote sources of gamma-radiation or neutrons is suggested and studied. The main
idea of the method is based on the phenomenon of pair correlation of intensities Jj(t) = ej

|xj(t)|
2  and Ji(t+tij) =ei |xi(t+tij)|

2 of gamma-radiation measured by two separated detectors i
and j [1]. Here xk(t) = SnYk(Rk, t-tkn) are sums
of pulse spherical waves Yk(Rk, t-tkn) º F(t-
tkn)exp(ikRk)/Rk of gamma-radiation coming
from a remote gamma-source, location ro of
which is to be found. The pair correlation
function Kij(tij) of intensities Jj(t) and Ji(t+tij)
for two spatially separated independent
detectors, situated at ri = Ri+ro, rj = Rj+ro and
having the effectiveness ei

 and ej of the quantum
detecting,  equals

Kij(tij) = < Ji(t) Jj(t+tij)> - < Ji(t)> < Jj(t+t ij)>.
Here t ij= (Ri-Rj)/c is the time-delay of measured intensities Jj(t)

 and Ji(t+t ij) in different

detectors i and j from the same remote detected gamma-source.
For the studied case of quasi-stationary source of gamma-radiation and for the usual case

of the random Gaussian process of quanta detecting xk(t) the correlation function of intensity
has the form

Kij(tij) = eiej {<xi(t) xi*(t)> <xj(t+tij) xj*(t+tij)> + <xi(t) xj(t+tij)> <xi*(t) xj*(t+t ij)> +
<xi(t) xj*(t+t ij)> <xi*(t) xj(t+t ij)>} - <Ji(t)> <Jj(t+t ij)> = eiej |<xi(t) xj*(t+t ij)>|2 =

<ni> <nj>|
-�Dw

Dw

/

/

2

2
|F(w)|2exp(-iwt ij) dw|2.

Here F(w) = 
-´

´

� F(t)exp(-iwt) dt; |F(w)|2 - the spectral intensity (having the spectral half-

width dw) of the single detected gamma-quantum after detector (on the exit of detector);
Dw - the spectral band of the intensity correlator (signal acquisition and processing system);
<ni> and <nj> are the averaged quantity of detected gamma-quanta in the detectors i and j.

For the usual case Dw<dw we have the correlation function
                                       Kij(tij) » 4<ni> <nj> |F(0)|4 |sin(Dwtij)/tij|

2.
The maximum value of this correlation function is equal Kij(0)= 4<ni> <nj> |F(0)|4 |Dw|2  and
corresponds to the additional delay Dt ij = -tij of the registered intensity signal Ji(t+t ij) from
one of the detectors (i) or both detectors (i and j) introduced in the correlator.

For three-dimensional location of the remote source of gamma-radiation it is necessary to
use three or more spatially separated independent detectors, situated at r1, r2, r3,..., and three
or more independent intensity correlators.  For this case the position of the detected remote
source r0={x0, y0, z0} of gamma-radiation may be calculated using the system of equations

[(xi- x0)
2+(yi- y0)

2+(zi-z0)
2]1/2 +cDt ij = [(xj- x0)

2+(yj - y0)
2+(zj-z0)

2]1/2;
for maximum values of correlation functions Kij(0) for different pairs ij (i¹j=1,2,3...) of

gamma-detectors.

 [1]  Rusov V D , Vysotskii V I  and Zelentsova T N  Journal of Nuclear and Radiation

 

   Remote gamma-source

             R1=ct                             Ri=c(t+tij)

             Detector j                    Detector i
           Jj(t)   Ji(t+tij)

  Delay j             Intensity                             Delay i

                Jj(t)    correlator      J i(t+tij+Dt ij)
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WEAK PAIRING CORRELATIONS WITHIN A SELF-CONSISTENT 
APPROACH CONSERVING EXPLICITELY THE PARTICLE NUMBER 

 
N. Pillet1), T.L. Ha1,2), P. Quentin1) and J. Libert3) 

1) CENBG (IN2P3/CNRS and U. Bordeaux I), Gradignan, France 
2) Dept. Nucl. Phys. (Vietnam Nat. U. of Sciences), Hanoï, Vietnam 
3) IPNO (IN2P3/CNRS and U. Paris XI), Orsay, France 
 

The description of the structure and elementary excitations of atomic nuclei within the 
HFB or its BCS approximation, suffers from well-known deficiencies in weak pairing 
regimes. Such situations are encountered for instance at or near (sub-)shell closures, at 
high enough angular velocities and for quasi-particle states such as high-K isomers. 
These defects have been attributed to the particle number particle breaking inherent to the 
HFB approximation. In this contribution we would like to propose and illustrate a 
tractable method which is free from these difficulties in that it conserves explicitly the 
particle number yet preserves the computational environment of state of the art HFB or 
HF plus BCS calculations, using e.g. Skyrme or Gogny current parametrisations of the 
effective force. Its purpose may be summarized by qualifying it of highly truncated self-
consistent deformed shell model calculations. It starts from the hamiltonian H = K + v, 
where K is the kinetic energy and v the 2-body effective force. Introducing a mean field 
V one may trivially rewrite H as H = K + V + w, where w = v – V is the residual 
interaction. The latter is diagonalized in a n-particle/n’-hole basis built on the sp 
eigenstates associated with the 1-body Hamiltonian H = K + V. The rate of convergence 
of the solution in terms of the complexity factors of the considered basis states (n or n’) is 
of course contingent upon a judicious choice of V. This potential is defined as the 
convolution of the 1-body reduced density matrix ρ associated with the correlated 
wavefunction Ψ in a HF fashion, i.e. V = tr ρ v’, where v’ stands for the antisymetrized 
interaction v. The problem has thus to be solved self-consistently so as to incorporate in V 
all the 1-body properties associated with Ψ. We have performed such calculations using 
the standard SIII Skyrme force [1] for the p-h channel and a delta force fitted for BCS 
calculations for the p-p channel [2]. The discussion of our results will include some 
general aspects of our method as the fast convergence of the calculations. Indeed, for 0+ 
solutions, we have shown that 3p-3h configurations do not add any significant physical 
results while pair transfers, in accordance with the physical ideas supporting the BCS 
ansatz, are found to be the dominant correlation mechanism. We will also show that near 
some shell closures, the pairing correlations which are vanishing in a BCS approach, are 
quenched yet still present in our approach. Various isomeric state energies of the 178Hf  
nucleus are reproduced within 100-200 keV, demonstrating thus the ability of our 
approach to deal, using the same Hamiltonian, with strong pairing solutions as well as 
with solutions where the pairing correlations are reduced due to the well-known blocking 
effect in qp isomers. To conclude, we stress that the method which is presented here, 
while respecting an important conservation rule, appears to be both tractable and 
physically successful. 
 
[1] M. Beiner et al., Nucl. Phys. A238 (1975) 29. 
[2] S.J. Krieger et al., Nucl. Phys. A517 (1990) 275.   
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Atomic Electric Dipole Moments and Time-Reversal Symmetry Violation:

Role of Ocupole Collectivity �

J. Engel
Department of Physics and Astronomy, University of North Carolina, Chapel Hill, NC 27599

Time-reversal symmetry violation has so far been observed only in kaons [1], and its orgin is still unclear.
The search for electric dipole moments (EDMs) of neutral atoms provides a complementary window onto
the same phenomenon. Experiments that search for EDMs can bene�t by using atoms in which the
moments can be enhanced by structural e�ects in either the atom or the nucleus.

Here we discuss an enhancement of the EDM in atoms whose nuclei have strong octupole correlations
in the ground state [2,3]. After giving a rough estimate of the size of the enhancement, which depends
sensitively on the matrix element of the time-reversal-violating nucleon-nucleon interaction, we discuss
self-consistent mean-�eld calculations designed to capture the enhancement more precisely. We conclude
that a source of radioactive octupole-deformed nuclei such as 225Ra and 223Rn would be worthwhile.

[1] A. Angelopoulos et al., Phys. Lett. B444, 43 (1998).
[2] V. Spevak, N. Auerbach, and V. V. Flambaum, Phys. Rev. C 56, 1357 (1997).
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