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tween the asymmetry and scanning efficiency can 
in principle be tested by repeating the scanning 
of observers E, F, G by the observers who ob­
tained a "good" result. In the present case even 
such a test cannot lead to reliable results in view 
of the insufficient statistics. 

It is not without interest to note that the for­
ward-backward asymmetry of slow pions from T 

decay in the experiment of Garwin et al C4J is, 
contrary to the assertion of VKM, fully signifi­
cant according to the usual statistical criteria: 
x2 = 9.3 with one degree of freedom, i.e., P(x2 ) 

::::o2x10-3• 

We are preparing for publication a thorough 
analysis of the entire problem of 7r-J.J. asymmetry, 
including other experimental data and other con­
siderations not touched upon here. 

1 Va1senberg, Kolganova, and Minervina, JETP 
41, 106 (1961), Soviet Phys. JETP 14, 79 (1962). 

2 Hulubei, Auslander, FriedHinder, and Ti teica, 
Int. Working Meeting on Cosmic Rays, Bucharest 
(1959), Acad. RPR, Inst. de Fizica Atomica, 
Bucuresti, p. 130 (1960). J. Auslander, Ninth Int. 
Ann. Conf. on High Energy Physics, Kiev (1959), 
Acad. of Science USSR and IUPAP, Plenary Ses. 
VI-IX, p. 239, Moscow (1960). 

3 Hulubei, Auslander, Balea, Friedlander, and 
Titeica, Proc. of the 2-nd Int. Conf. on Peaceful 
Uses of Atomic Energy, p. 1283, Geneva (1958). 

4 Garwin, Gidal, Lederman, and Weinrich, Phys. 
Rev. 108, 1589 (1957). 

Translated by A. M. Bincer 
45 

LOW-LYING NEGATIVE-PARITY LEVELS 
IN NONSPHERICAL NUCLEI 

D. F. ZARETSKII and M.G. URIN 

Moscow Engineering-Physics Institute 

Submitted to JETP editor November 30, 1961 

J. Exptl. Theoret. Phys. (U.S.S.R.) 42, 304-306 
(January, 1962) 

Low-LYING 1- levels with energy 0.3-1.3 MeV 
have recently been observed in deformed even­
even nuclei. [1] These levels correspond to inter­
nal excitations with K = 0 and negative parity. 
States of this type are treated in the hydrodynamic 
model as octupole oscillations of the nucleus rela­
tive to the equilibrium form, with energy ,..., 3 MeV 

for the actinides. [2] The hydrodynamic model can 
thus explain neither the absolute positions of these 
levels nor their connection with the shell structure. 

We propose an interpretation of the 1- levels on 
the basis of the superfluid model. The Hamiltonian 
of the system includes, in addition to the pair in­
teraction, an octupole-octupole interaction which 
has the same nature as the quadrupole-quadrupole 
used to describe collective oscillations of the 
quadrupole type in spherical [a] and nonspherical [4] 

nuclei. Using the method of approximate second 
quantization we can obtain, in the same manner as 
in [4], an equation for the excitation energy (n = 1) 

~ 2 £1..£,: -e1,el..' + ~2 EA +£A, 
I =X .::.J n, PI (qao)H' I 2£ E , (E + E .)• _ w• · 

AI..' A A A A (1) 

Here q30 = r 3Y30 ( e) -single-particle octupole mo­
ment operator; the summation is over both the 
neutron (A.) and proton (A.') states; the single­
particle state energies EA. are reckoned from the 
Fermi surface; E = ...J EX+ D..2 • In the summations 
over the neutron (proton) states in (1) we use the 
values D.= D..n(D..p) and E~ = E~(E~), where 
D..n ( flp) is a constant characterizing the neutron 
(proton) pair correlation energy; E~ ( E~) is the 
Fermi energy boundary for the neutrons (protons); 
K -octupole-octupole interaction constant 
(K ,..., Eo/ AR6 ). This constant is assumed to be 
the same for nn, pp, and np interactions. 

From the microscopic point of view, the fore­
going excitations are bound states of quasi-par­
ticles with energy w, projection of the total mo­
mentum on the nuclear symmetry axis K = 0, and 
negative parity. Equation (1) has, gen~rally speak­
ing, two solutions, which correspond at K- 0 to 
the breakup of a neutron or proton pair. As can be 
seen from (1), the excitation energies can be found 
if the scheme of the single-particle levels (say, 
the Nilsson scheme [5]) D..n,p. and K are specified. 
For a given group of nuclei, K can be regarded 
constant. Therefore, by determining K from the 
position of the 1- level for one nucleus, we can 
determine from (1) the value of w for the other 
nuclei of the given group. 

It is of interest to find the probabilities of the 
electric dipole transition from the 1- state to the 
ground state. In the model considered here the 
reduced probability of this transition is 
B(EI; J-_,.o+) 
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where en =- Ze/A, ep =Ne/A, e-proton charge, 
and Z ( N) -number of protons (neutrons ) . 

Let us estimate B( E1) in the quasi-classical 
approximation for the low-lying 1- levels 
( w « 2.t.n,p ). In this case we can obtain, for 
example (see C4J), 
......, E>.E>.'- e>.e>., + D? 
LJ I (qao)>.>.' 1

2 2£ E (E + E )" >., ).' ). ).' ). ).' 

1 ......, ( e~.- e~.. ) 
;:;::::M2LJJ(qao)A>.•j2qJ 2Ll 6(e~.)~p0R6 t:.-2 , (a) 
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where cp (x) = x-2 - ln (x + .,f1+X2) • [ x3.J 1 + x2 ] -1, 
Po -energy level density near the· Fermi surface. 
The estimate in (a) is valid if the energy differ­
ences EA.- 9 .. ' .s;. 2.t.. By examining the Nilsson 
scheme we see that at the observed values of 
quadrupole nuclear deformation f3o there exist 
levels A. and A.' for which this condition is satis­
fied. Estimating in similar fashion the numerator 
of (2), we obtain 

(4) 

Formula (2) and the estimate (4) are derived with­
out introducing the static octupole deformation 
(see [6] in this connection). 

The reduced probability for the excitation of 
the a- level (rotational satellite of the 1- level ) 
is in this model 

1 (......, E~.E~..-e~.e~..+Ll2 
B (£3, o+---+ 3-) = 2 LJp I (qao)n· 12 2£ E ' 
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We note that (5) is derived without introducing the 
effective nucleon charge for the Ea transitions. 
Estimating B ( Ea, o+- a-) in analogy with (a), 
we obtain 

B (£3, o+---+ 3-) ~ B s.p. (£3) Pot:. 2~ , (6) 

where Bs.p.(EL) .... e2R2L is the reduced probabil­
ity for the single-particle transition. Comparing 
(6) with the estimated Bhydr ( Ea) in the hydrody­
namic model, Bhydr"" Bs.p. ( Ea) • A213 [ 2] we 
obtain the inequality 

Bhydr (£3) > B (£3) > B s.p. (£3). (7) 

It is seen from (5)-(7) that measurement of the 
cross section for the Coulomb excitation of the a­
level is an essential check on the proposed model. 
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LocAL distortions in the sodium chloride crys­
tal lattice in the environment of different impurity 
ions were recently successfully investigated with 
the aid of nuclear magnetic resonance. In particu­
lar, the radii of the distorted zones around Ag+, 
Br-, and K+ ions were shown to be related as 
1:1.4:1.9. [1] The distorted zone apparently plays 
an important role in the scattering of phonons. 
The phonon scattering cross section of an im­
purity ion can therefore be expected to be pro­
portional to the square of the radius of the dis­
torted zone and, consequently, the cross section 
for scattering on Ag+, Br-, and K+ ions could be 
expected to be related as 1:2.0:a.5. The purpose 
of the present project was to verify this assump­
tion. 

At a low concentration of impurity ions, when 
the elastic constants and the heat capacity of a 
crystal with an impurity practically do not differ 
from the corresponding properties of a pure crys­
tal, it can be asserted that .t.R/R0 = f(Z0 /Zimp), 
where Ro is the thermal resistance of the pure 


