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The intensities of partial radiative transitions in resonances of the reaction 155 Gd(n'Y) 156 Gd have been 
studied by means of a Ge(Li) spectrometer. The correlation observed between the widths for transitions 
to levels of the ground rotational band and the reduced neutron widths is discussed from the point of 
view of a semimicroscopic model of the nucleus. 

A Ge(Li) spectrometer has been used to measure the 
spectra of capture y rays in neutron resonances of the 
reaction 155Gd(ny)156Gd. In comparison with our earlier 
work, [11 we have studied the intensities of transitions to 
a larger number of final levels and have considered the 
question of correlation between the reduced neutron 
widths and partial radiation widths. 

The measurements were made in the electron linear 
accelerator at the I. V. Kurchatov Institute of Atomic 
Energy. They-ray spectra were studied in the range 
6.3-8.6 MeV in 23 resonances up to a neutron energy 
of 70 eV. On the basis of existence of transitions to 
final levels with characteristics 0 +, we have assigned 
to ten resonances a spin 1- (69.7, 51.4, 43.97, 37.13, 
34.83, 33.5, 27.56, 23.65, 11.52, 2.01 eV). In some cases 
we have determined the total intensities to vibrational 
levels and to levels of excitation above 1.9 MeV, in­
cluding two transitions each. We have calculated the 
reduced partial radiation widths according to the sta­
tistical model 

K s- (/IE') 10-'r, 
Et - v , av. A ~!JD , 

and according to the giant resonance model (Axel): 

where Iy is the intensity of a partial transition with en­
ergy Ey (MeV) in the number of photons per 100 cap­
tured neutrons, ry is the total radiation width (0.108 
eV), A is the mass number, and D (eV) is the average 
distance between resonances with identical spins. The 
reduced widths, averaged over all initial and final 
levels studied, are: K~1 = (3.8 ± 1.2) x 10-9 and K~1 
= (3.1 ± 1.0) x 10-15, which disagrees somewhat with 
the theoretical values but agrees with the values found 
by Carpenter. [21 

For transitions from J = 1- resonances to the 0 • 
level (Ey0 = 8530 ke V) and the first excited level 2 + 

(Ey1 = 8441 keV) of the ground rotational band we have 
observed a correlation between the reduced radiation 
and neutron widths, and also between the radiation 
widths (see the figure and the table); the average cor­
relation coefficient between r y:AfJ. and r~ for transi­
tions to levels of the rotational band is 0.4 ± 0.2 (20 
cases), and the correlation coefficient between the ra-
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8530 8441 7375 7261 
7367 

Ground rotational 8530 - 0.71 -0.15 -0.5 0.45 
band 8441 0.71 - -0.13 -D.3 0.32 

Vibrational levels 7406 l 7375 -0.15 -0.13 - 0,62 -0.4 
7367 J 
7261 -0.5 -0.3 0.62 - -0.4 
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Correlation between partial radiation widths and reduced neutron 

widths in resonances with J = 1-, 0-8535 keV, L'l-8441 keV. 

diation widths is 0. 7. A correlation is also observed 
between transitions to vibrational levels. 

According to the semimicroscopic description [SJ the 
155Gd nucleus is among the cases favorable for obser­
vation of correlations. Correlations between two pro­
cesses are observed in those cases in which these pro­
cesses are determined mainly by the same few-quasi­
particle components of the wave function of the highly 
excited capture state. Since the neutron width is deter­
mined by the two-quasiparticle components, correla­
tions between the radiative transitions to the ground 
level and r~ indicate that these radiative transitions 
are determined by a small number of quasiparticle ex­
citations and mainly by the two-quasiparticle compo­
nents. Existence of a positive correlation between 
transitions to one-phonon vibrational levels also argues 
in favor of common components for these transitions. 
Between transitions from 2- resonances to the first ex­
cited level 2• (Ey1 = 8441 keV) and r~ and between tran­
sition to vibrational levels, a positive correlation is 
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also observed: Cyin (J = 2l = 0.7; Cyy(J = 2-) = 0.5 
(number of cases 13). . 

We will estimate the value of the coefficient b1:rt 
which determines the contribution of the two-quasipar­
ticle components, from the reduced neutron width and 
the partial radiation width of the E1 transition to the 
ground level o+:[4] rg = r~p(bi2ttm. 2, where r~p is the 
single-particle width, which is equal to 20/ A2/ 3 = 0. 7 
MeV, ~ (155Gd) = 10-3 eV,. m is the average number of 
states from which transiti.ons are possible, which is 
equal to 2-4. Hence (f>i21:)2 ~ 10-10• The ratio of the 
partial radiation width to the single-particle width 
r jr = 10Ks D = 2 X 10-7 (for 155Gd Ks = 4 X 10-9 

')IAJl W E1 E1 ' 
D = 5.1 eV). The matrix element of the E1 transition 
is approximately equal to r 'YAJl = (f>i2t)2rwii.~, l4J where 
ny is the number of states of order 2-5, and hence 

(bi2t)2 ~ 10-8• Thus, the quantity (bi:rt)2 lies in the range 
10-8-10-10. 

According to the quasiparticle model the reduced 
intensity of transitions to levels of the vibrational band 
is determined by the greater number of components of 
excitation than to the ground level. The ratio of 
(lyvib)av to (Iyrot)av in 1155Gd for resonances with J 
= 1- is of the order 0.95, and for resonances with J 
= 2- it is 2.5 ± 0.8 (according to the energy dependence 
Ey based on the giant resonance model lSJ). Conse­
quently, for resonances with J = 1- two-quasiparticle 
excitations play a large role in transitions to rotational 
and vibrational levels, and in the case of resonances 
with J = 2- a larger number of different multiquasipar­
ticle excitations actually take part in transitions to vi­
brational levels. 

It was shown previouslyl1J that the average reduced 
partial width (with inclusion of the distances between 
the source levels) to the 2+ level of the ground rota­
tional band from J = 1- resonances is larger than from 
J = 2- resonances. In the present work we have also 
obtained for the ratio of these transitions the value 
2 ± 1. This may indicate a certain role of the quantum 
number K (the spin projection on the symmetry axis). 
The distributions of partial reduced widths have been 
investigated in resonances with J = 1- for transitions 
to rotational levels (20 cases), and with addition of 
transitions to allowed vibrational levels (40 cases). 
The degree of freedom v, determined by the method of 
maximum likelihood with inclusion of the limited sen­
sitivity of the apparatus (intensities with a ratio to the 
average value of the order 0.15-0.2 are transmitted), 
turned out to be vav = 3!:!· It is possible that the dif­
ference from v = 1 is due to correlations between the 
partial widths. We note that, with an increase in the 
sample, in spite of the correlation between the radia­
tion widths and rg, agreement with the statistical the­
ory (v = 1) will probably be observed in the limit, since 
the distribution of reduced neutron widths in 155Gd 
agrees with v = 1. 
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