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LET us consider the first excited states of even­
even nuclei, which have quantum numbers 2+ and 
are deexcited by electric quadrupole radiation. The 
extensive experimental data available at present 
concerning lifetimes of these states enable us to 
compute for these E2 transitions the reduced 
probabilities B ( E2 ) , which are equal (to within 
a statistical factor which is the same for all the 
nuclei considered) to the square of the transition 
matrix element. One then discovers a connection 
between the value of B ( E2 ) and the energy E of 
the excited state. 

Earlier, McGowan1 treated the nuclei in the 
mass number range 90 <A< 130 from this point 
of view. He showed that for these nuclei the rela­
tion between B( E2) and E can be represented 
satisfactorily in the form B ( E2) ,... E -t, independ­
ently of the atomic number Z. We have considered 
the nuclei in the broad range of mass numbers from 
A= 46 (Ti) to A= 198 (Pt). In computing the val­
ues of B( E2) we used experimental data collected 
in summaries2•3 as well as original papers published 
during 1958-1959 and not included in the survey re­
ports. 

The comparison of B ( E2 ) and E was made 
separately for the isotopes of different elements. 
For the isotopes of all the elements considered, 
B ( E2) decreases when E increases. For nuclei 
with a large deformation parameter, whose first 
excited state is a rotational state, this relation be­
tween B( E2) and E is natural: an increase in 
deformation in such nuclei is associated with an 
increase of the quadrupole moment and the moment 
of inertia, which causes an increase of B ( E2 ) and 
a decrease of the excitation energy. It appears that 
such a dependence of B ( E2 ) on E holds not ol'Jy 
for nuclei with large deformation parameters but 
for even-even nuclei in general. The relation be­
tween B( E2) and E becomes even more apparent 
if we look at the dependence of log B ( E2 ) on log E. 
This dependence is shown in the figure for the iso­
topes of Ru2- 4, Gd2•3, W2•3•5 and Pt2•3• [B(E2) 
is in units of e2 x (barns )2 and E is in kev. ] It 
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is apparent that the relation between log B ( E2) 
and logE is linear and can be represented by the 
formula 

log B (£2) =a log£+ b, (1) 

where a and b are constant for the isotopes of a 
given element. For isotopes whose first excited 
state is a rotational state, formula (1) could have 
been predicted, by taking account of the quadratic 
dependence of B ( E2) on the deformation param­
eter for such levels, and by assuming a power law 
dependence of the nuclear moment of inertia on the 
deformation parameter. However formula (1) proves 
to be valid for nuclei in various regions of mass 
number, independently of whether or not these nuclei 
have a rotational spectrum of their low lying excited 
states; a linear dependence similar to that shown on 
the figure for the isotopes of Ru, Gd, W and Pt 
also holds for the isotopes of Se, Pd, Cd, Te, Sm 
and Dy. For these ten elements, the values of the 
constant a in (1) were computed from the experi­
mental data using least squares. For seven of the 
elements (Ru, Pd, Cd, Te, Sm, W, Pt) the values 
of a were very close to one another, lying in the 
range -1.2 ± 0.2, which shows that the power law 
dependence of B ( E2 ) on E is approximately the 
same for these elements. Of these seven elements, 
the isotopes of W and two of the four Sm isotopes 
have rotational spectra for their lowest excited 
states, whereas the other nuclei do not have such 
spectra, and are treated as spherically symmetric 
in the uniform model of the nucleus.2 A typical 
example is samarium, whose isotopes with A= 152 
and 154 are deformed nuclei whose lowest states 
are rotational in character, while the isotopes with 
A = 148 and 150 do not have rotational spectra, 
and their excitation is treated in the uniform model 
as resulting from quadrupole vibration. However 
the experimental data favor the same dependence 
of B(E2) on E for all four isotopes of Sm, and 
the computed value of the constant a differs from 
that for Ru, W, Pt, and the other elements by no 
more than 15%. 
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For a large class of nuclei (in the mass number 
interval 150 <A < 190 and A > 222) the lowest ex­
cited states of even-even nuclei are uniquely inter­
preted to be rotational states. Nuclei lying outside 
this mass number range are treated on the uniform 
model as spherically symmetric and their excita­
tion attributed to quadrupole vibration. The lack of 
a quantitative theory of such vibrations makes a 
direct test of this assumption difficult. An alterna­
tive point of view was proposed in the paper of 
Davydov and Filippov, 6 where it was shown that 
the lowest excited states of even-even nuclei can 
be interpreted to be rotational states even if they 
are outside the mass number range 150 <A < 190, 
A > 222, if one assumes that the nucleus is not axi­
ally symmetric. Then when we go from highly de­
formed nuclei to nuclei which are close to a filled 
shell the nature of the excitation does not change; 
only the parameters describing the deformation 
and the axial asymmetry change, resulting in a 
change in the energy of the levels and the separa-
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IN the present paper an estimate is made of the 
probability of excitation of the second 2+ level in 
even-even nonaxial nuclei resulting from scatter­
ing of a particles with energy E ~ EB (where 
EB is the height of the Coulomb barrier), for the 
purpose of determining the role of the competing 
mechanisms of excitation - direct nuclear inter­
action and Coulomb excitation. 

Since the quasi-classical approximation is valid 
for the scattering of a particles with E ~ EB by 
heavy nuclei ( kR » 1 ) , in solving our problem we 
can use a method which was developed in the clas­
sical theory of Coulomb excitation. In this treat­
ment the excitation of the nucleus occurs as the 
result of time-dependent nuclear and electric 
interactions. 

It is not hard to show ( cf. reference 1) that the 
conditions under which one can treat the potential 

tion of levels with the same spin. Possibly the 
regularities noted here in the dependence of B( E2) 
on energy could be explained on the basis of such a 
model. 

1 F. K. McGowan, Comptes Rend us du Congres 
International de physique nucleaire, Paris, 1959, 
p. 225. 

2 Alder, Bohr, Huus, Mottelson, and Winther, 
Revs. Modern Phys. 28, 432 (1956). 

3 Strominger, Hollander, and Seaborg, Revs. 
Modern Phys. 30, 585 (1958). 

4 P. H. Stelson and F. K. McGowan, Phys. Rev. 
110, 489 (1958). 

5 F. K. McGowan and P. H. Stelson, Phys. Rev. 
109, 901 (1958). 

6 A. S. Davydov and G. F. Filippov, JETP 35, 
440 (1958), Soviet Phys. JETP 8, 303 (1959). 

Translated by M. Hamermesh 
158 

energy of interaction as a perturbation are expres­
sible in the following form: ( kR0 ) 2 M(Ii- If)« 1 
(for the nuclear interaction) and 172M ( Ii- If) « 1 
(for the Coulomb interaction). Here 

M(/t->lr)=:u.~f-l S !<Itmt!ai"!Irmt>i2 

t . mimf 

is the matrix element for transition of the nucleus 
from the ground state to the excited state, a/-! are 
coordinates characterizing the deformation of the 
nuclear surface in a coordinate system fixed in 
the nucleus, and 17 = Z1Z2e2/nv. In the case of ex­
citation of the second 2+ level in a nonaxial nucleus 
(denoted in the sequel by 2+ ) we have, according 
to Davydov and Filippov:2 

M (0-> 2+) = ~z [!- 3-2sin2 3j J, 
10 y 9-8 sin2 3T 

where y is the parameter describing the deviation 
of the nucleus from axial symmetry. The quantity 
M (0-2+) goestozerofor y-O and y-30°, 
while it attains its maximum value ~ 7 x 10- 3 {32 

for y r:>:! 20°. From these estimates it follows that 
perturbation theory is applicable to the excitation 
of the 2+ level. 

If we take account of the change of the orbit of 
the bombarding particles and the change of the 
electric multipole fields when the particles enter 
the nucleus by using the method proposed by the 
author, 3 then in calculating the probability of exci-


