
5- j-o 
OS'bEllHHEHHbit'i 

HHCTHTY'T 
.RllEPHbiX 

HCCnEllOBAH H ~ 

lly~sa . 

I f' I 

E4 • 5469 

V .G • Soloviev 

COMPLICATION OF THE NUCLEAR 
STATE STRUCTURE 

WITH INCREASING EXCITATION 
ENERGY 

1970 



E 4 · 5469 

V .G . Soloviev 

COMPLICATION OF THE NUCLEAR 
STATE STRUCTURE 

WITH INCREASING EXCITATION 
ENERGY 

Review talk submitted to the XXI Ann•kll 
Conference on ~udear Spectroscopy cmd 

Atomic Nucleus Structure 



I. The generally accepted description <,f the nuclear 

spectra is based on the division of the nuclear motions into 

three types: rotational, vibrational and qu~.siparticle. Using 

the semi-microscopic approach a basis has bEen created for 

a unified description of both the quasipartlcle and vibratio

nal motions. Some premises have also been c1eated for inclu

ding into this scheme the rotational motion. 

The description of the excited states rf complex nuclei 

in terms of the quasiparticles and phonons Js widely used. 

This description is rather good for doubly n a.gic nucleus and 

the neighbouring nuclei and good enough for the ground and 

low-lying states of strongly deformed nuclej. As going away 

from the doubly magic nuclei and with increasing excitation 

energy the structure of the levels becomes rrore complicated 

due to admixtures to the quasiparticle and rhonon components. 

There are two main causes leading to tte appearance of 

admixtures to the quasiparticle and phonon states. This is 

the coupling of the internal motion with the rotation of the 

nucleus as a whole and the interaction of quasiparticles with 

phonons. A large amount of new experimental data has allowed 

to conclude that the low-lying states of spherical and defor

med nuclei turned out to be essentiall7 more complicated compa

red to the conceptions which have recently be.en formulated. 

Therefore, to continue the study of the structure of low-lying 

nuclear states and go further to higher excitations it is ne

cessary to combine different methods: alpha-, beta- and gam-
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rna-ray spectro~copy (including (tLJ") reactions) with direct 

nuclear reacti<·ns. 

2. We pre~ent here the basic formulas of the theory in 

which the inteJaotion of quasiparticles with vibrational pho

nons of the coJresponding even-even nuclei is taken into ac

count1' 2• 

The wave function of an odd-A nucleus describing the sta
;; 

tes with given K is written in the form 

where 

a( 
~( 

Q (At'-) is the phonon operator of multipolarity (AtL-), 
J 

is the qtasiparticle creation operator, 6"=~ 1. , !fl is 

the ground sta1e wave function for an even-even nucleus, JD6 

stands for the set of quantum numbers specifying the single-par
- .J7: 

ticle level wi1 h a given .1( and :5C are the remaining ave-

rage field levtls. 

To calculE.te the energies and the wave functions of the 

nonrotational ftates in odd-A nuolei we should find the expec

tation values <•f the Hamiltonian involving the pairing and the 

multiple-multiJ•le interaction. From the condition of the ener

gy minimum we <•btain the following secular equation: 

=D 
/ 

(2) 



defining the energies 2~ of the nonrotaticnal states. Here 

E:.{1>)=VC.),•[E(-':.) -.A].t (Cis the correlatior. function, A ts 

the chemical potential), lY .: u u - -v- u·- ( u. ~ and ~ '; 
j-1. .f j .!' ~ ~ 

).t-
are the coefficients of the Bogolubov transformation),~ (f~~) 

is the matrix element of the multipole mome~t operator, the 
.) 

quantity Y ().../::'-) characterizes the co~lectiveness of the 

single-phonon state, the explicit form of it is given in refs~'.2 

A ' 
UJ t'- are the single-phonon state energies. The summation 

J 

in eq.(2) over A(!-J means that the intera~tion of quasipar-

ticles with quadrupole }. "' 2
1 

t<- = 0, 2 a 1d octupole /1 = J , 

CL£ 0,1,2 phonons is taken into consideratio1. 

Using the normalization condition for t.1e wave function 

j) "'t<- ".! 
(I) we get the functions Cc and in the form 

.r .f' j" 

----,-At<-,.---- -- J 

c ('.). w - 2 
J ~ 

(J) 

).. t'-1.;) 1 z.; ~ 
]).f!.G' :: T VYJ (At<-) 

(4) 

The quantity (C ~ ) 2 defines the contribution of the single
.f 

-quasiparticle component with a given ..P to the wave funoti
J "t'-'-J)..G 

on of the state in question. The quantity (c~ = 
~ .fCi 

= J.. (C ") L_ (D At<-~J) ~defines the contribution of the com-
:l- .f 6 .f ~(i; 

ponent with a quasiparticle in the .S state plus phonon }.!:"-(.. 

to the wave function LJI ( K "') · 
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Each state w'th given K~ bas its own version of eq.(2) 

the solutions of vhich are the energies 

For the ground st<: t r; of an odd-A nucleus 

kes th<~ lowest vahw, and the excited state energies are 

( L J-') (5) 

The quasiparticle-phonon interactions lead to the appea.-

ranee of admixtuns in the quasiparticle and phonon states and 

the appearance of complex structure states. The quasiparticle

-phonon interacticns in odd-A spherical) and deformed 1 ' 2' 4 ' 5nuc 

lei are the best jnvestigated ones. 

'rhe qua.sipart icle-phonon interactions lead to small ad-

mixtures in the ground and low-lying sin&le-quasiparticle sta-

tes in odd-ma::;s d€formed nuclei. With increasing excitation 

energy the role of admixtures becomes more important. The qua-

siparticle-phonon interactions lead to a fragmentation of the 

single-particle st'l.tes c>:f the Nilsson and Saxon-Woods poten-

tio.ls in a number of nonrotational levels with given 

With increasing excitation energy the fragmentation of the sin-

gle-particle states is performed in an ever-increasing number 

of levels 6 • 

The investigation c'f the structun: of odd-./, deformed nuc-

lei by means of tLJ (dp) and ldt) reactions showPd that tLe 

experimentally observed nwnber of tht:- nonrotatiO!k"..l ;;tates 



.;; 
with given K is much larger than that given by the Saxon-

Woods scheme, although the total excitation intens.Lty is in 

agreement with the estimates obtained with the wav~ functions 

of the Saxon-Woods potential. These experiments pr~ve the con

clusions of the model about the fragmentation of tbe single

-quasiparticle components in many nonrotational levels. 

The degree of fragmentation of the three-qua~iparticJ.e 

components in many levels is expected to be still much larger. 

Among the three-quasiparticle states, the states v·ith the lar

gest K are pure, the states out of which it is :~possible to 

make the combination quasiparticle plus phonon wi·;h A = 2 or 

A = J are relatively pure. 

At excitation energies of 2-J MeV or higher Ghe fragmen

tation of the single- and three-quasiparticle components in 

the nonrotational levels in odd-A nuclei must be essentially 

increased compared to lower excitation energies. The experi-

mental data on the structure of such states in deformed and 

spherical nuclei is very poor. One may hope that the construc

tion of mass-separators on particle beams will w~e it possib

le to go still further in the study of the level:l of medium 

and heavy nuclei of an energy of 2-5 MeV. 

The great progress in neutron spectroscopy nade it possib

le to begin the study of the structure of highly excited nuc

lear states. By the highly excited states we mean the ones 

with excitation energies close to the nucleon binding energy 

or higher. It is interesting to try to treat the highly exci

ted states by means of the semi-microscopic description in the 
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language of tle quasiparticle and phonon operators. Such an 

approach is st.ggested in ref. 7• 

J. The a1•ove model which takes into account the quasipar-

ticle-phonon nteraction may be usc:fttl in underst11.nding how 

the fragment:• lon of the single-particle states proceeds and 

to whut exten' the level density increases with increasing exci-

tation enerrs-

The cal;::l_lations of the energj es and the single-quas:l par

ticle componeJ ts were performed :for a number of states of 239u, 
the neutron b: .ning ener&v of which B n. is 4,80 MeV. The cal-

culations wer• performed with the single-particle energies and 

the wave func ions of the Saxon-Woods potential with A = 237 

at A. =- o. 22 fl =- 0. 08 8 • The nonrotationa.l levels of odd-J ~'1., - .. t 

-mass nuclei .n the actinide region which are oaleulate1l in 

r~J. 9 .with .hese stngle-particle energies and the wave func-

tions are in .;ood agreement with the corresponding experimental 

data. Since w·: are interested in the distribution of the single

quasiparticle components over all the excitatlons up to 5 MeV 

we should tak·~ into account all the poles of the secular equa

tion up to 5 !leV. To this end, we had to take ten roots for each 
2)8 secular equat:.on defining the phonon energies in u, i.e. 

j = 1,2,J, ••. 10. 

The resQ_ts of calculations are given in Tables I and 2. 

Table I gives the fragmentation of the single-particle states 

the single-pa:~ticle energies of which are near the Fermi surface. 

Table 2 gives the fragmentation of the following single-partic

le components: 1/2+[640] lying below the Fermi surface energy 
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by J.5 MeV, 1/2+ [aao] and l/2+[6ooJ lying above :he Fermi sur

face energy by 4.4 and 5.2 MeV. In the upper par·; of the tab

les are presented six levels which cover mainly ·:he strength 

of the single-particle components. In the lower part of the 

tables are given the energies and the single-qua:.iparticle 

components for 16 levels near B.._ = 4.80 MeV • 

It is seen from Table I that for the states the single

particle energy of which is close to the Fermi st.rfaoe energy 

the first root of the secular equation (2) contajns about 90% 

of these single-particle state. Thus, the low-lyjng nonrotatio

nal states are close to the single-quasiparticle ones. However, 

even in these oases the single-particle state is distributed 

over many levels including the levels of an excitation energy 

of 4-5 MeV. For example, 16 states in the region ~.4 - 5.0 MeV 

contain (0.1 - 0.6)* of the corresponding single-1uasipartic-

le component. 

The complication of the state structure with increasing 

excitation energy is demonstrated in Table 2. SiX levels con

taining the largest single-particle components co:1tain only 

60-70 * of the single-particle state strength. Fr·Jm the com

parison of the data given in Table I and 2 it is aeen that the 
. 2 

sum of the cc;) values over 16 levels in the range of 

4.4 - 5.0 MeV increases as the single-particle en1•rgy appro-

aches the B,..- value. 

The growth of the nonrotational level densitJ in 239u 

with increasing excitation energy is illustrated jn Table J. 

It is seen from it that the nonrotational level density at an 
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excitation ene1·gy of 2.5 MeV or higher inoreases by a faotor 

of 10-20 compal'ed to the density in the independent quasipar

ticle model. A~. an energy of 4. 5 MeV the density of the states 

with K -'· = l/2-· is larger than that for the states with 
_, 

K 5/2+ and '1/2- by a factor of ~1.5-J). 

The exper:.mentally measured average distance between the 

states with K 1/2+ in odd-mass deformed nuclei in the acti-

n1de region, ll , is about 10 eV at excitations close to B,..... 

The calculatio:ts performed in the framework of the independent 

quasiparticle 11odel give the average distance between the le

vels D"' 1 MeT. Thus, the difference is five orders of magni

tude. The calc llations by the model taking into account the 

quaaiparticle-Jhonon interactions for 239u show that for the 

K; 1/2+ stat~s at an excitation energy of 4.5- 5.0 MeV 

D ~ 10 keV. T1us, the account of the quasiparticle-phonon in

teraction lead3 to an increase in the level density near Bn 

by about a factor of 100 compared to the independent quasipar

ticle model. HJwever, to obtain agreement with experiment ano-

ther three orders of magnitude are needed. 

To clarify the process of fragmentation of the single-par

ticle states and to study the structure of high-energy states 

it is necessary to improve the model taking into account the 

quasiparticle-phonon interactions by adding to the wave func

tion (I) terms like 
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etc. and taking into consideration the phonom with A >- 4. 

4. To study the structure of the excitld states it is 

useful to introduce a wave function containit.g a large number of 

components with different number of quasipariicles. Using such 

a wave function it is possible to describe U.e alpha-, beta-

and gamma-transition probabilities and the cJ·oss section of 

nuclear reactions. 

In ref. 7 a wave function for the higbJy excited state of 

an even-even spherical nucleus is constructed. It contains two-, 

four-, six- and so on quasiparticle components. Among the pro-
+ T 

ducts of the two operators o<. v(J. -rn be1 ng on the same sub-
Jm 

shell j there are such for which the total angular momentum I 

is zero. In order that the components /o( + 
l Jm 

spoil the wave function due to the presence 

d.,. ) 
J-ITI .z:u do not 

cf spurious states, 
+ 

instead them, 

introduced. 

the pairing vibration phonon OJerators J? ~ are 

Let us construct, e.g. the wave functio~ for the excited 

state of an odd N deformed nucleus in the form 

(6) 
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The coefficients define the contribution of the corres-

ponding quasiparticle component, ~ is the number of the ex

cited state with a given K ~. The index t = n indicates the 

neutron and t = p the proton systems. The summation x.' 
1.L, ,..,, ~~ 

means that the terms S;: = 1...,, ~.z -== 1 3 , 5~ -= ~ j ~:..a;~-~osent 

andthat£(-5,.._)<£0:<.)<£{1,) .By !fl.:- wedenotethe 

product of the quasiparticle vacua for the neutron and the pro-

ton systems, i.e. 

(7) 

where a, ~--c,- is the neutron creation operator, a~rr- 1'~,, =D. 
The phonon ope:~ators determined separately for the neutron 

and the proton systems are 

where A(lj-J'f) = {.i.::x'f,. aft_ , ? is the number of the root of 

the correspondlng secular equation. In just the same way it 

is possible to construct the wave functions for the excited 

states of ever deformed nuclei. 
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The wave function (6) is of a very general form. It can 

be used for the description of both lowlying ai.d highly exci

ted nuclear states. In fact, when only the fir~t component 

differs from zero the wave function is a singlE-quasiparticle 

one. A number of terms in (6) containing the pJ·oduct of two 

quasiparticle operators can be presented in tht' form of the 

phonon operators describing, e.g. in the Tamm-llancoff approxi

mation, the quadrupole or octupole vibrations. 

The wave function (6) can be used for the description of 

the excited states of an energy of 2-J MeV or higher up to ener

gies at which the resonances do not yet overla:l, i.e. up to 
~ 

excitation energies at which for the states wLh given K the 

condition 

r: <<D, (9) 

is valid, i.e. when the total neutron reduced vidth of the re-

sonance is much smaller than the average dista1ce between the 

levels D. 

To obtain certain integral characteristic3 the wave func~ 

tion (6) may be useful for the analysis of overlapping reso-

nances and thermal neutron absorption. 

If the wave function (6) has a large number of non-zero 

components, among which there are both few- ani many-quasipar

ticle ones, then it is the wave function of a compound state. 

The presence of many-quasiparticle components neans that the 
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particle penetr~ted into the nucleus has undergone many col

lisions by brea~ing many pais. The small values of the many-

quasiparticle components of this wave function result in a 

hindrance of the probabilities of high-energy gamma transiti

ons to the low-lying states, therefore the half-life of this 

state must be much longer than that for the single-quasipartic

le state. 

5. We consider the strength functions for a-neutrons. The 

cross section for the s-neutron capture and the reduced neut

ron width for aQ 1-th resonance on an even-even spherical nuc-

leus is written in the form 

= (' (10) 

(11) 

.J: 
j 1/2+, ~0J is the coefficient in the wave function (6). 

In eq.(lO) we slngled out the term corresponding to the macha-

nism of the dirJct neutron capture, being the kinema-

tic term. The s•~e is done in the expression for the reduced 

neutron width. rhe factor U"' points out that the contri-

bution to t:"' and (i' •· ) . is given by the particle state 
' "1() .... 

(1. e. states ly Lng above the Fermi surface). 
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The reduced width of the a-neutron capture en a defor

med even-even nucleus is of the form: 

(12) 

The summation over J is connected with the fact that seve
£' 

ral single-particle K = 1/2+ states may contrlblte to the wa-

ve function (6). 

The strength function for the s-neutron is cefined as an 

average value of the neutron width 
/ ,....,,: 
' Ln.;;) 

of resonances divided by the average distance D between the 
r levels with K = 1/2+, i.e. 

(lJ) 

Using eqs.(ll) and (12) we get the strength func1.ions for the 

a-neutron oapture on an even-even spherical and c:eforrned nuclei 

in the form 

(14) 

(15) 
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Here the swnma .ion '-- is performed over the resonance 
J( ' + 

number in the "nergy interval .6.£) J =- 1/.;<_ The 

strength funct .on for the s-neutron capture on an odd N defor-

med nucleus is 

1, 

I -1· 

I 
(16) 

where reJnte to the single-particle level which is occu-

pied by a quasjparticle of the ground state of an odd N target-

nucleus. The stmmation of -);;, is performed over the sing-
./. 00 

le-particle stEtes with K 1/2+. The terms Sn in eqs.(14), 

(15), (16) are due to a more complicated (rather than the di-

rect one ) mecranism of neutron capture. 
10 According to the widespread opinion (e.g. ref. ) in 

the strength f~nction the term sn - S~0 is predominant, i.e. 

the strength f~nction defines the contribution from simple 

config1rrations. Sometimes the neutron strength function is de

fined as the sum of the sp~ctrosoopic factors of the neutron 

transfer reaction of the (dp) type per energy unit. 

We give qualitative explanation of the behaviour of the 

strength function for the s-neutron as a function of the mass 

number A without recourse to the optical nuclear model. We 

start from the assumption that the wave functions (6) for the 

states of an excitation energy close to the neutron binding 

energy Bn contain a relatively large quasiparticle component 

16 



with 1/2+ when the single-particle neutJ on level 

in the case of spherical nuclei or 
.)::

K 1/2+ level in the ca-

se of deformed nuclei are near the energy B • As l.he neutl'on 
J';: n 

single-particle level with I = 1/2+ moves avay frorn the 

energy Bn the contribution of the correspondir.g quasiparticle 

component to the wave function (6) must decreese. 

In the upper part of Fig.I we give the e:xperimental data 

on the strength functions for s-neutrons Sh-·lc 4 taken from 

ref. 11 • In the lowerpart of the same f1.gure we give the be

haviour of the neutron states Js1 ; 2 14s112 and [ 64(j1 1/ ~+ L651], 

l/2+f6oo] 1 l/2+f611] 1 l/2+LssoJ for deformed nilclei 1 the ener

gy of these states is reconed from the Bn value (the negative 

values correspond to the binding states). 

Let look for the behaviour of the strengt1 function depen-

ding upon A. In the range A= 40- 60 the stat~ 3 S .
1 

is 
4~ 

near Bn' therefore the strength function must Je maximum. This 

is in agreement with the available experimental data. 

In the range A = 60 - 100 the state 3 5ij;:, moves away 

from Bn remaining above the Fermi surface ener.~ which leads 

to a decrease of the strength function. In the range A = 100 

120 the state 3 5i!:~. is near the Fermi surfa•:e energy and 

its contribution to the wave functions (6) is ••xpected to be 

nat large. In this range the subshells J /' ..t.;..t and 3 ?:;;::t. are 

near Bn and therefore the strength functions mllst have large 

values for P-neutrons. 

In the range A = lJO - 140 the ,S...._ vaJ ue increases 

which is bard to explain since the subshell ~ -.s9~ is still 
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above Bn by 6-8 ~eV. It is possible that for a number of nuclei 

with A ~ 100 ani A ~ 120-lJO being in the transition region 

some excited states are deformed. For them there are states 

"' + ( with K = 1/2 marked on Fig.!) close to Bn• 

In the range A = 145 - 155 the strength function has a 

maximum. Then it is assumed that Sn somewhat decreases and 

there is a secord maximum in the range A zlBO. The presence of 

the l/2+[640]and 1/2+[651] states near Bn makes it possible 

to account for large values of Sn for deformed nuclei in the 

rer,ion 150 < A < 190. However it is hard to explain simply 

the decrease of Sn at A ~ 165 compared to the values at 

A ~ 150. New e~perimental data (e.g. ref. 12 ) point to sharp 

changes of Sn from isotope to is6tope rather than to the mini

mum near A = 16~. 
The presence 

with A = 190 - <20 

tions sn must move 

of the subshell 

near Bn points 

large values. 

lt1'f.:t. for spherical nuclei 

out that the strength func-

It is not di:'ficul t to explain the large values of Sn in 

deformed nuclei w:.th A = 226 - 250 since the states 1/2+ L6oo], 

1/2+ L6lll and l/2+ ~680] are near tne Bn values. 

Thus, basing on the location of the single-particle levels 
J< 

with I = 1/2+ onn succeeds in explaining qualitatively the be-

haviour of the st:·ength function for the s-neutron without re

course to the opt:.cal nuclear model. 

6. Some impo:~tant information on the structure of highly 

excited states ma;r be obtained from alpha decay studies. There 

are experimental data on alpha transitions from the resonanses 
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to the ground, single-phonon and higher excite<. states in even

-even spherical nuclei lJ,l4 • In ref. 7 one o;J.culated the 

reduced widths for the alpha transitions from 1:he highly exci

ted states described by the wave functions (6) to the ground, 

single-phonon and two-quasiparticle states. It is shown that 

the alpha decay involYes a restricted number oJ' the components 

of the highly excited state wave function, theJ·efore from the 

analysis of the appropriate experimental data jt is possible 

to obtain information on the magnitude of thesE components. 

The calculations showed that the alpha decay to the ground 

state of an even-even nucleus proceed a from thE ·~wo-quasipar-

ticle, four-quasiparticle of the type 2n2p and ~"o quaslpartic-
t"l+ 

les plus phonon Jc
4 

components of the ~ave function (6) 

g,nd all the quasiparticle operators must be pal t:i.cle ones. 'I'he 

reduced probability of the alpha transition frcm the two-quasi

particle components of the type particle-pa:rti,le of the wave 

function (S) 1s noticeably anhanced. The flucttation of the 

particle-particle components in (6) from resonance to resonan

ce must lead to the :fluctuation of the correspcnding alpha 

:Yidths. 

•rable 4 gives the experimental data obtained in ref. 14 

on the reduced alp.ha widths for the transitions :trom the reso

nances with I;; • ,- in 148sa to the ground and ~ne-phonon 2+ 

states 1n 144Hd. It is seen from the table that the alpha 
t 

width ( ~0 >.: for the transitions to the grouui atate strong-

It fluctuate from resonance to resonance. 
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The alpha transitions to the one-phonon states invol

ves a much larger number of the components of the wave func

tion (6) compared to the transitions to the ground states. 

Therefore the reduced probabilities for the transitions to 

the one-phonor. states must be larger than those to the ground 

states. This fact is well demonstrated in Table 4. 

If the reduced probability for the alpha transition to 

the ground state is larger than that to the one-phonon one 

then this indicates that the wave function (6) contains rela

tively large two-quasiparticle components. suoh a feature is 

characteristic of the resonance with an energy 18).7 eV in 
148sm (Table 4). 

The alpha transitions to the two-phonon states involve 

a much larger number of the components of the wave function 

(6) compared to the transitions to the one-phonon states. 

Therefore the reduced probabilities for alpha transitions to 

them may be larger than those for transitions to the ground 

and one-phonor states. In ref. 14 one measured the reduced 

alpha width fer the transition from the resonance of an ener

gy of 39.7 eV in 148sm to the two-phonon 4+ state in 144Nd, 
~ 

it was found to be ( ?;;(. ),_ .. 1.22, i.e. by an order of mag-

nitude larger than ( ,........t., ) = 0.12 and by two orders of magni-a d. .J.. c.. 

tude larger tlan ( .r.x~' ). = 0.014. In the same paper it was 

found that ( r"'-:, ) = 2.44 and ( Y" 7 ) . = o.J5 for transiti-
' ;;;{-""" '" Ox.._ "-

~ - 148 .ons from the 1esonance with I = 4 in Sm to the two-pho-

non state 4+ f;.nd the one-phonon 2+ states. These data indica-
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te to the fact that in some cases there are larg1 alpha 

widths for the transitions to the two-phonon states. 

1. An important information on the structure of highly ex~. 

cited states may be obtained from ganuna transitions to the low

lying states. In ref. 7 one calculated the reduced probabilities 

of the EI and MI transitions from the highly excited states 

to the ground, one-phonon and two-quasiparticle states in even

even spherical nuclei. It is shown that the gamna transition 

to the ground state goes from the two-quasiparticle component 

of the type particle-hole of the wave function (6). The gamma 

transitions to the one-phonon states involve a large number 

of components of the wave function (6) compared to the transi

tions to the ground states. 

The ganuna transitions from the highly exci1.ed states to 

the two-quasiparticle states involve a large nwtber of the 

components of the wave function (6), The select:.on rule requ-

ires that one or two quasiparticles in the highly excited 

state be on the same subshells as the quasipart:"cles in the 

final states. OWing to these selection rules it may be expec

ted that the reduced probabilities for gamma tr.1nsitions to 

the two-quasiparticle states will be smaller th1n those to the 

one-phonon and ground states. 

Using the excited state wave function (6) Let us analyse 

which processes may be correlated with one another. The cor

relation of two processes proceeding throughout the same sta

te takes )laoe if the main contribution to both processes co

mes from the same components of the wave function of this state 
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The perfJrmed analysis showed that there must be correla

tions between the following quantities:l) the reduced neutron 

widths ( 1~: ), and the reduced probabilities for the EI tran

sitions to th~ single-quasiparticle states in odd-mass nuclei 

and to those =we-quasiparticle states of the even spherical 

nuclei in whi~h one quasiparticle occupies the level corres

ponding to th~ ground state of the nucleus which captured the 

neutron; 2) tle reduced neutron widths c~:c )~ and the redu

ced EI and MI transitions to the single-quasiparticle and two

quasiparticle (one quasiparticle of which is on the level of 

the Fermi sur:~ace of an odd A-I nucleus) of deformed nuclei. 

The exam:>les of such correlations were given in a number 
12 of papers, fo:~ example, in ref. • 

There ar1l no correlations between ( P ~ ) and MI transiti-,"' :... 

ons in spheri,:al nuclei, ( ..r,L:' )._: aad EI and MI transitions 

to the two-quasiparticle proton states and to those two-quasi

particle neut:~on states not a single quasiparticle of which 

lie on the le,'el of the Fermi surface of an odd A-I nucleus. 

We consider the correlations between the reduced alpha 

( 
:z_ • ( ;-r G· 

widths fi.11- , ,_ and the reduced neutron widths nv ),: 

aa• well as be1:ween ( f:. :l.). and the gamma reduced widths from 
• o(}J ... • .t.n.. . 

the same resonance ._ • The components 6 .r (j<"JJL) of the 

wave function of the highly excited state of an even-even nuc-
L' _t 

leus enter tht: expressions for ( Fn, ) '- and ( !;,
0 

)._ which 

indicates the existence of the correlation between these pro

cesses. Howevt:r, the alpha decay to the ground state involves 

also a number of four-quasiparticle components and a far lar-
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ger number of the two-quasiparticle components ;han in the neut

ron capture. Therefore the correlation between · !" -~) emu 
• •/)(Q • 

( [' ": ) can take place only in some cases • .n '"-) ... 

The reduced probabilities of alpha- and EI transitions 

from the resonance to the ground states of even-even nuclei con-
._z_,.._ : I 

tain the quantities {)
5 

(j.,J;Vwhere J,. related to the sub-

shell which is occupied by a quasiparticle in t~e ground sta-
._;ln.. ) 

te of an odd N nucleus A-I. The quantity 6 .r , ';.., j :<. toge-

ther with the factors 21..-. Z.L-), enter the matri>C element of 
jL <iV 

the alpha-decay and with the factor ( U.. :,. t- i~" u ) in 
./ ~ .J :J. .J ~ ._! <-

the matrix element of the EI transition. In the case j j
0 

it 

may be approximately assumed that Lr • Therefore the 
..J, 

existence of the correlation between both processes is possib
.2 

le. However, the expression (~ ) contains rrany other oom
o<o ._ 

ponents of the wave function of the highly excjted state. 

Of great interest is the experimental determination of 

the quantities ( .~~ ),_ and ( .['_,~ )~ and the reduced probabi

lities for gamma transitions for the same resoranoes. It would 

be desirable to determine ( F"~ ) .,: and the proloabilities of 
~ -gamma transitions for the resonance I = J wi1.h an energy 

18J. 7 ev in 148sm which has a rather large wid1 h ( yv .2. ) 
<'Ja<v •. • 

The performed investigations showed that ':he expression 

of t.h~ wave function in the form (6) turns out to be useful 

for the study of the structure of these states .. 

In conclusion I express my deep gratitud•l to L.A.Malov, 

L.B.Pikel•ner, Yu.P.Popov and V.I.Furman for t:1e help and dis-

cussions. 
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'l'ABLEI 

Fragmentation in 239 u of the single-particLe 

states near the Fermi surface energy, 

1/2-{631], c(S,)=O,Gl2 9/2-[7.J4], <'(~.)=1.076 

2-'Z 'Z-'2- '2·'2 
~Me; (C~~) 2% Mev'" cc:_) 2% MeVF (c~ .. ) 2% __________ ..::.~:, ________________________ _ 

0 91.7 0.102 88.7 0.24.5 85.5 
l. 784 0.6 1.260 0.8 l. 559 ). J 

1.884 

2.892 

2.906 
).)71 

Sum 

1.4 

0.4 

1.4 
0.5 

96.0 

1.98) 

2.504 

2.768 

4.700 
Sum 

1.5 l. tJ9 ).0 

1.4 2.~49 1.2 

l-1 2. 298 1.6 
0.6 5.S92 2.0 

94.1 Surr 96.6 

---------:::J---------?-----------
4.690 1•10 4.768 J 10 4.401 0.00117 
4.722 1· 10-6 4.769 0.14)60 4.426 0.00706 

4.737 7·10-5 4.792 0.40573 4.~)2 0.00014 
4.746 1•10-6 4.801 0.06074 4.~50 0.00026 
4.765 2•10-5 4.807 -:,lo-6 4.~71 0,00089 

4.770 2·10-6 4.808 l 10-6 4.~20 9-10-5 

4.825 l• 10-5 4.818 6 10-6 4 •. ~ JJ 2·10-5 

4.8)) 4•10-6 4..826 O.OOOb5 1.~41 1· 10-5 

4.892 < 10-6 4.857 4 10-~j 4.'3') 9·10-5 

4.898 5·10-5 4.862 8.00074 4.i 76 0.00044 

4.910 4·10-5 4.871 0.00011 4.189 0,00971 
1 · 1 o-~ " 4.912 o. 00821 4.87) 4.<·25 6 ·10-; 

4.n7 0.08576 4.901 5·10-5 4.' 67 0,07692 
~ 

4.922 0.42494 4.916 s ·lo-·· 4. ,'!0 0.001.68 
4.9)0 0.00024 4.9J4 <._ 1.0 

.-(, 
; ~4 i), 0012,] ~ 

4. :•Jl o.oo5'!6 4.935 .{ l"' -:.-·· n o. 0001.8 v ·("-. 

Swo o.52n2 Sum (1 • () Ll81. :·; ~· D.oc<:n._ 
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TABLE2 

Fragmentation in 239u of the single-particle states 

far away of the Fermi surface energy, 

-----------------------------
1/2 +[640], n~. J= J, 5Jo 112 +[88o], t(~.)= 4,424 l/2+f6ooJ, a~.) .. 5,251 
------------ -----------
7_;_ - fJ_F ,· 

)2% 
{!~ - '2,. ) 

(C ~~- )2* 
'l~ - 7 F J 

(C :. )2* MeV (C ~ MeV MeV .. ------------------ ---1.))2 2.7 2.585 16.0 2.650 4.6 
1.890 )4.4 2.587 5.4 2.9)7 )5.4 
2.)51 1). g 2.827 11.0 ).058 12,1 
2.890 5.4 2.861 14.5 ),097 2,5 
4.081 10.5 ),108 14.4 ),285 0.2 
4.508 ).3 4.560 1.6 4.680 4.1 
Sum 70.7 Sum 62.9 Sum 58.9 

4':76a---~o2oj ____ 4-:7~-----1o-r4.:;68 2•10_, 

4.769 1.117)5 4.769 10-6 4.769 0.000)1 
4.792 0.09847 4.791 2·10-6 4.792 1·10-6 

4.801 0.02320 4.801 1·10-6 4.802 0.86)08 
4.807 2·10-5 4.806 4·10-5 4.804 0.00012 
4.808 0. 0007:1 4.808 <.10-6 4.810 0.01214 
4.818 6·10-6 4.819 0.)8851 4.818 1·10-6 
4.826 18·10-5 4.828 0.25372 4.8)1 0.09227 
4.857 29·10-5 4.857 4•10-6 4.857 2·10-5 

4.862 4·10-6 4.861 0.02102 4.860 0.27764 
4.871 7·10-5 4.871 1•10-5 4.871 o.ooo8o 
4,87) o.oo05L 4.87) 1·10-6 4.87) 0.00052 
4.901 )•10-5 4.900 o.oo211 4.894 ).25660 
4.916 o.oo6J~ 4.916 5·10-5 4.916 8•10-5 

4.9)4 <.. 10-6 4.9)2 0.08JJ6 4.9)4 < 10-6 

4.9)4 o.ooJ5 2 4.9)5 6·10-5 4.9)5 0,00010 
Sum 1.252 Sum 0.749 Sum 4.502 

-------------------

28 



TABLE J 

Number of non-rotational 

states in 239u 

Excitation energy 
interval 

MeV 

0 - 0.5 
0.5 - 1.0 
1.0 - 1.5 
1.5 - 2.0 
2.0 - 2.5 
2 .. 5 - J,Q 

J.o - J,5 
).5 - 4.0 

4.0 - 4.5 

4.5 - 5.0 

Number of nonrotational states with 

-------------------I ~ , ~ Z' -
K = ~ K··= t K = -%. 

1 1 1 
0 0 0 
0 J 1 
2 7 2 

5 11 11 
1) 29 22 
18 17 40 
27 2J 17 
42 Jl 14 

50 JO 11 

----------- -------
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TABLE 4 

Reduced widths for alpha transitions 

from the states with IZ= J- in 148sm 

to the ground and one-phonon states 

of 144Nd 

Energy of 
resonance 

Reduced widths for transition 
to states 

l _ ti "- ground 

__ ::___~------~- .r o(~_L 
J.4 0.425 

29.7 0.098 
J9. 7 0,014 
8J.J 0.480 

102-6 0,044 
123.4 0.191 
18J.7 5.720 

JO 

one-phonon 
~ 

( f'o<1)~ 

1.14 
0.11 
0.12 
0.86 
0.99 
0.25 


