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1. The wave functions of neutron resonances in 
complex nuclei contain thousands of different components. 
In the process of neutron capture and у -decay of 
resonance there is a small number of fewquasiparticle 
components. Thus, experimental data make it possible 
to find the values of individual few-quasiparticle compo
nents of the neutron resonance wave function. It is, un
doubtedly, of interest. It is shown in refs. ' ' , 2 - that the 
mean values of one-quasiparticle components can be 
obtained from the neutron widths. A wide use of the 
valence neutron model /3/f gives evidence of an important 
role of one-quasiparticle components. It is shown in 
refs. /-t.s/ for several nuclei. The values of some simple 
configurations were estimated in refs./<>."/ from expe
rimental data. There, the quasiparticle plus phonon com
ponents in the wave functions of capture states are found 
to be very important in toe E1 -transitions to the low-
lying states. 

On the basis jf a general semimicroscopic approach 
to the study of highly excited states ' ' ' , ! / and the model 
for the description of fragmentation of one-particle sta
tes /y,Ki/ one has an opportunity to find individual 
simple configurations in the capture states /'•>.'<'/. It is 
possible to point out in which nuclei the valence neutron 
model would work well. The examples of such an analysis 
are given in / - • " / . 

In this paper tiie part of semimicroscopic description 
which is used for analysis of the structure of neutron 
resonances is presented. The simple configurations in 
the capture state of odd-A isotopes are obtained, and the 
effectiveness of the valence neutron model is determined. 
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2. Now we write down the formulae necessary for 
analyzing у -transitions from neutron resonances to low-
lying states in odd-A spherical nuclei. 

The wave function of a highly excited state can be 
represented both as an expansion in a number of quasi
particle and as that in quasiparticle plus zero, one, two 
and so on phonons. The wave function of a highly excited 
state of odd-N-spherical nuclei represented in the form 
of expansion in a number of quasiparticles is as follows 
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where b ',' are the unknown coefficients, „ .+ is the 
quasiparti'cle creation operator, Ч'о is the quasiparticle 
vacuum, (j nm" ), (jm ) define the one-particle states, 
corresponding to the neutron ^nd the neutron and proton 
systems respectively. The peculiarities of this wave 
functions are described in ' . In the model for 
describing the fragmentation of one-particle and many-
particle states over the nuclear levels, the wave taction 
is of the form: 

4' (J r''M)=C''U + н v DA '(}.<) 5: <AMjn,/|M->«+ Q+ .,...\o , 
'•' -I J M Aij J цт ' J'" A/ 'i » 

(2) 
where QA'" 4 is the phonon creation operator, the energy 
states and the function С j ' , DA ' (J i) are determined from 
the solutions of corresponding equations. 

Consider ) -transitions with highly excited states, 
described by the wave functions (1) and (2), to the one-
quasiparticle components of the low-lying states with the 
wave function 

4'f ( j f m f) = C f o ^ m f 4'0 + ... , ( 3 ) 
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where |C f j 2 defines the contribution of the quasiparticle 
component to the wave function normalization (3), and the 
spectroscopic factor S f = | C f u rj 2 , u f is the Bogolubov 
transformation coefficient. 

The radiation width is connected with the matrix 
element of у -transition in the following way: 

' ЛЦ2Л + 1 ) ! ! ] 2 > '' ' 

r ; ° i f ( A ) = ! 2 (j m A p / J M ) M ( A ; j " M . ' . j , i r f ) | 2 , (5) 
// in f 

M (л ; J"Mi' > j f mf ) is tlie matrix element for у -
transition from the state J" Mi to the state j f ir f . The 
radiation width for the El and Ml transitions can be 
written as : 

Г (El ) ---. 1,05.10V Г°(Е1) meV , (6) 

I" (Ml ) = 11,6. E''{ Г° (Ml) meV , (6') 

where the energy E > is in MeV, П(Е1 i is in e 2 f m 2 , 

I'°(MI ) i s in f —-t1—Г, then we use fi = С = 1 . The 
2 mc 

reduced radiation width calculated with the wave functions 
(1) and (2) has the following form: 

\ 2 | -1 ' " ' i ' 2 ,2л- 1 i 'a 

1, .1 2, , , , , y_, ' , I,I_, -,,.!. 

(8) 
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Here < j 1 [ r | j 2 > a r e the one-particle matrix elements of 
the EA and MA transitions, 4<*i , Ф^)2 define 
the contributions of the two-quasiparticle states to cor
responding phonons (see / I 2 / ) , 

<+> ,. < ± ) 
U . . •= U. V. + U . V. V . . = U • U . Z V. V . 

J j J 2 Ji 12' ' 2 ' 1 ' 1 ' 2 1 J 2 ] I ' 2 

the upper sign in (7), (8) corresponds to the EA - t rans i 
tions, and the lower sign to the MA -transitions. The 
first terms in formulae (6), (8) give the known expres
sions for the radiation width of the valence neutron mo
del / V , in which the coefficients b'j a re determined 
from experimental data of the reduced neutron widths. 

The reduced neutron width is connected with one-
quasiparticle components of the wave functions (1), (2) 
in the following way: 

г ° =Г° I b ' M j b : | 2 Г° - Г ° \C, u I 2 , (9) 
A n s.p. J j An s .p. J J 

where Г° is the one-particle reduced neutron width. 

3. When analyzing the у -transitions from neutron 
resonances to the lov-lying states we shall make use 
of the fact that the one-and three-quasiparticle states are 
distributed over the levels in a wide energy interval. 
Suppose that at energies close to the neutron binding 
energy Bn maximum strength of the one-quasiparticle 
state is concentrated in the 2-3 MeV interval and, of the 
three-quasiparticle state in the 1-2 MeV interval. We 
calculate' the energies of the one-quasiparticle, three-
quasiparticle and quasiparticle plus phonon states for 
each nucleus. We choose the states, lying near Bn from 
which the El and Ml-transitions proceed. Note, that under 
the у -transitions to one-quasiparticle components the 
components of the wave-functions with five and more 
quasiparticles do not take part, it is seen from (7), (8). 
Calculations are performed with the one-particle energies 
and the wave functions of a Saxon-Woods potential. The 
parameters of the Saxon-Woods potential and interaction 
constants are ihe same as in / i s / . 
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The results of our calculation for the odd-A isotopes 
of Zt and Mo are given in figs. 1-4 which present the 
energies of the subshells 3p 1/2 , Зрз/2 and of those 
three-quasiparticle states from which the El and Ml-
transitions proceed to one-quasiparticle components of 
the low-lying states. The neutron binding energy В n and 
the calculated energies and spectroscopic factors for the 
ground and a series of low-lying states are given in the 
figures. 

On. the basis of general regularities of fragmentation 
of one-quasiparticle and three-quasiparticle s tates and 
formulae (7), (8) for the )' -transitions from the neutron 
resonances one may confirm that the neutron valence 
model works under the following conditions: i) the one-
quasiparticle components of the neutron resonance wave 
function should be maximal which holds in.nuclei in the 
ranges of maxima of the s or p -wave neutron strength 
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Fig. 1. The El-transitions from p -wave resonances and 
ihe Ml-transitions from s -wave resonances in 9 1 - 9 3 Zr. 
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Fig. 4. The El-transitions from p -uwtt'e resonances and 
the Ml-transitions from s -wave resonances in Л ' 9 Г > Mo. 

functions, ii) Near Bn there are no such three-quasi-
particle states, from which the El-transitions proceed to 
one-quasiparticle components of the wave functions of 
low-lying states. Hi) Low-lying states to which the El-
transitions from neutron resonances proceed must have 
large one-quasiparticle components. 

The analysis of the partial radiation widths makes it 
possible to obtain information on individual one-quasi
particle, three-quasiparticle and quasiparticle plus phonon 
components of the neutron resonance wave functions. In 
practice this can be performed if the main contribuiion 
into the У -transition is given by one or two components 
of the wave function. We find an order of magnitude of 
one-quasiparticle component from the neutron width. The 
one-quasiparticle component is very important in the 
correlation between neutron and radiation widths. In the 
valence neutron model this correlation is equal to unity. 
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4. Let us analyse the partial radiation width in the odd 
isotopes of zirconium to obtain the information on simple 
configurations in the capture states and verify the valence 
neutron model. Consider the nucleus 9 J Zr, which ground 
state is the one-particle neutron state d 5/2 of i above 
closed neutron shell and closed proton subshell. Due to 
the valence neutron model the El-transitions would occur 
between the subshells p.4/2 and ds/2 . the coefficients of 
the correlation p between the reduced radiational and 
neutrons widths is equal to unity. In / l 5 ' ' the radiational 
and neutron widths in the reactions 9 Z r ( y , n ) Zr t 

9 0 Zr ( n , у ) 9 , Z r for Збрз/2 resonances with energy 
from 5 ke'V to 225 keV are estimated and the correlation 
P= +0.59 - is found. The value < FQ,, > =0.15 eV was 
obtained for the mean radiation width. The calculations by 
(he valence neutron model give < Г 0 у >„.„,. = 0.089 eV. It 
follows that the valence transitions a re very important but 
they do not exhaust the strength of El-transitions. As is 
seen from fig. 1, for 9 i Zr in the energy interval from 
8.0 to 8.5 MeV there lie for three-quasiparticle configu
rations to which the El-transitions from the ground state 
can proceed, thus, with increasing excitation energy the 
valence neutron model in (y ,r<) reaction in 9 1 Zr is 
expected to work worse. From the mean reduced neutron 
width, by (9), we obtain the following estimations of the 
one-quasiparticle component: for s -wave resonances 
I Б |2 —2.IO-4 , for p-wave resonances | Б | 2 - 10- 3 , The 
large values of one-quasiparticle components are due to 
a slower development of fragmentation in near magic 
nuclei, compared to non-magic ones. It is shown in ret.'5/ 
that the valence neutron model describes well the partial 
> -widths for the El-transitions to the low-lying levels 
with large spectroscopic factors in 9з»35,97 Zr. As is 
seen from figs. 1,2 at the excitation energies of Bn 
order there are no three-quasiparticle configurations 
through which the El-transitions proceed. Thus, the regula
rities of the valence neutron model should be clearly 
displayed in these nuclei. 

We also note that < J 3 Zr contains an anomalously large 
width Гу = 600 meV for the Ml-transitions from s -wave 
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resonance. The Ml-transitions to one-quasiparticle state 
proceed through three-quasipardele configurations. In 
the range of neutron binding energy there a re three-
quasiparticle configurations. 

f d 3/2 > P i'/2 • Р з % f > 1 s i / 2 . d;\/2 > d 5/2 ! ' " . ! d . t / 2 • d 5/2 d3/2> " 

If one uses the -,'alues of spectroscopic factors given 
in Fig. 1 then for the partial Ml widths for the transitions 

l d 3 / 2 . P l % . P 3 / 2 ^ ' d 3 / 2 s f = 0 3 7 , ! S ) , ' 2 > d 3 / 2 ' d 5 / 2 У "-«Sj/jSf =0,9, 

id-, j ,d- / 2 ,d 3 .:, Г " d ( / 2 s f =0,37, U , / 2 , d 3 / 2 , d_ / 2 |" " s , / 2 s f =0.1 

the calculations give the values Г (Ml) = 125 meV, 380 meV, 
130 meV, 15 meV correspondingly. To describe the en
hancement of the Ml-transitions it is necessary to in
troduce the collective phonon 1+ in < J 2 Zr. According to 
calculations there is a phonon 1 + at the energy 5.5 MeV. 
It is a collective one due to a gap in the spectrum energies 
of two-quasiparticle poles. By introducing the collective 
phonon 1 + into 9 2 Zr one may explain a large widtr 
for the Ml-transitions. Further experimental study of the 
Ml-transitions from s -wave resonances in '^Zr is 
necessary. 

On the basis of the performed analysis we can make 
the following conclusion: 

i) In the wave function of neutron resonances in the 
isotopes Zr with A = 91, 93, 95, 97 there clearly 
appear the one-quasiparticle components 3pi/2 , Зрз/2 • 
The neutron valence model should work well. 

The large radiation El-width in < ; l Zr gives evidence 
for a noticeable contribution of three-quasiparticle compo
nents into the vave functions of p -wave resonances (gi
ven in Fig. 1), 

iii) The large radiation Ml-width in ' Zr points out 
a considerable contribution of the components d;j/a plus 
the collective phonon 1 + and s \/2 plus the collective 
phonon 1' to the wave functions of s -wave resonances. 
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5. Let us analyse the partial El and Ml transitions 
from neutron resonances to the low-lying states oi odd 
isotopes of molybdenum. The valence transitions in the 
reaction' 1 2 Mo (n ,y ) ''•'* Mo are investigated in r e f s / 1 ' 7 ' ' 6 ' . 
The analysis showed ' lf>- that the valence transitions are 
very important, however, do not dominate. For the у -
transitions with energy 8.067, 7.126, 6.576 MeV, the va
lence transitions give the contribution to the average 
partial widths equal to 40%, 25%, 15% correspondingly. 
The part of the valence El-transitions increases with 
increasing energy of the final states. It is connected with 
the growth of the quasiparticle plus phonon components 
in the wave function of the low-lying states to which the 
у -transitions with one-, three-, and five-quasiparticle 
components of the wave functions of highly excited states 
proceed. The calculations show that in the energy interval 
of 8.0-8.5 MeV there are three-quasiparticle configura
tions, given in fig. 3, from which the El- 'ransitions pro
ceed to one-quasiparticle components of the low-lying 
states. The presence of such configurations results in the 
violation of the valence neutron model, thus in y : i Mo 
there is no detailed resemblance between the experimen
tal partial widths and those calculated by the valence 
neutron model. From the mean neutron width by (9) we 
obtain the average value of the one-quasiparticle compo-
nent 3p:i/2 , equal to ' b I = 1.6.10 ~4 which is in ag
reement with the estimation in •''/ , obtained from the 
radiation width. If the one-quasiparticle component has 
the above-mentioned width, we find frora the mean radia
tion width for the transition to the state- that the mean 
value of three-quasiparticle components, given in fig. 3 
for y : !Mo, is equal to I Ь ' ~ - 5.10 ' • Note that estima
tions of one-quasiparticle components, i n ' 1 ' , appeared 
to be lower due to the incorrect interpretation of the 
experimental data. 

The partial Ml-widths for seven s -wave resonances 
in l ,:!Mo are measured in /ifi/. There has been found the 
enhancement of the Ml-transitions which is explicitly 
seen for the resonance 1/2 + with energy 3.2 keV. For 
the transition from this resonance to the states 1/2 with 
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£ - 0.942 MeV, s r ^ 0.64 and f- - 2.7 MeV, s f = 0.32 
the partial radiative widths are equal to l'}. = 64.1 meV 
and i ;>2.7 meV correspondingly. According to our calcu
lations there is three-quasiparticle neutron configuration 
near Bn fragmented over several neutron resonances. 
We obtain from the average partial radiation width that 
the contribution of a given three-quasiparticle configura
tion to the wave functions of s -wave resonances is equal 
to | Ь | 2 ~ 6 .10 _ : i . Note that the wave function of the state 
l /2 ! ' with f> - 2.7 MeV has large quasiparticle plus 
phonon components and this influences the radiation widths 
of s -wave resonances. The estimations of the contribu
tion of the component quasiparticle plus one and two pho-
nons for the Ml-transitions without changing the number 
of quasiparticle are given in •'"• . The valence t ransi
tions from p -resonances into ')Л>У:'-и' Mo and the 
correlations between the reactions (п, у) and (d,p) are 
investigated in '"•'. The coefficient of the correlation 
l>t. is found to be equal to 0.69, 0.67, 0.42 and 0.97 for 
' J !Mo , 9 5 Mo , ( , T Mo and "Mo correspondingly. The 

valence transitions p 3 / 2 ->d5/2 in these nuclei are very im
portant. According to the calculations at an energy by 
(1.0-1.5) MeV higher than B„ in < J 5 M o a n d ')7 Mo there 
is a neutron state \d-,,2 , h n j g y . . , I, from which the El 
transition proceed ;• to the state d- 2 • The presence of 
this state leads to the violation of the valence neutron 
model, but it fails to explain the decrease of [> in 9 T Mo 
compared to 9 5 Mo. In the process of filling up the sub-
shell d 5 о its fragmentation over the low-lying states 
increases, the contribution into the radoation widths from 
transitions of the type 

l i y 2 Q 2 + ! - > ! 4 i 2 Q,J , l i b Q 2 + ( - ! c i i / A + !. 
which proceed without changing the number of quasi-
particles. increases too. As has been pointed earlier '* , 
the valence neutron model describes well the partial widths 
of the El-transitions in ".Mo. In y y Mo, the valence 
transitions give the contribution of 65% into a full 
strength of the El-transitions to the low-lying states '" ' 
Alongside with the correlations between the reactions 
(и, у) and (J,p), ther«» is a large correlation between the 
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reduced neutron and radiation widths, equal to p= 0.6. 
As is seen from fig. 4 in the region of B„ there are no 
three-quasiparticle configurations through which the El 
transitions proceed to the one-particle components of the 
low-lying states. The violation of the valence neutron 
model is due to the three-quasiparticle components of 
the low-lying states. We obtain from the mean neutron 
and radiation width the following estimations for the one-
quasiparticle components of_ p -wave resonances: for 
p 3 2 ]b| 2 ~ 6.10 ~ 4 , for p i/2 | b | 2 - 10 _ ;: Consider the Mi-

transition in Mo. For the transition from the resonance 
1/2 ' 46? meV to the ground state «t •> the partial 
radiation width is equal to Г (Ml) .-- 4 meV . Our calcu
lations show that in the region S B„ there are three-
quasiparticie configurations |s ] ^d dr \" j s " i pP _ > p! J _ j 

for W'iich the Ml-transition widths to the ground state is 
correspondingly equal to Г (Ml) ^425 meV, I'(M1) = 41meV. 
It makes it possible to interpret the observed Ш-t rans i -
tion as a transition from three-quasiparticle configura
tions, fragmented over several neutron resonances. 

According to the calculation and analysis of the radia
tion widths in odd-A isotopes of Mo one can make the 
following conclusions: i) The valence neutron model for 
the El-transitions from p -wave resonances should work 
well in 9"Mo, somewhat worse•- in 9 лМэ and ( J7Mo . 
In 9,>Mo the El-transitions from three-quasiparticle 
components of the wave function of p -wave resonances, 
are very important, ii) In the wave functions of p -wave 
resonances, one-quasiparticle components 3p i г and 
3p-j 9 are equal to 10~ : ! - 10 *. iii) The observed 

enhancement of the Ml-transitions in 'Mo and ( , ' J Moi S 

due to the presence in the wave functions of s - reso
nances of the corresponding three-quasiparticle configu
rations. 

In conclusion we are grateful to A.I.Vdovin for useful 
discussions. 
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