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Qur recent investigations aim to construct such a variant
of gemi-zsiicroscopic theory of atomic nucleus which could be a
basis for a detailed description of the low-lying states. It
should give a general structure of wave functions for the states
of intermediate and high excitation energies. On the basis of
this structure gome"averaged" description of these states has
been developed in the language of different strength functions.
In ref./1/ it is shown that we have all grounds to work out a
unified description of low-lying, intermediate, and highly exci-
ted states of atomic nuclei.

In the present talk we give & part of the results obtained
in the framework of the above mentioned programme concerning the
fragmentation of single-particle states over many nuclear levels

and concerning the calculation of neutron strength functions.

2. In the gtudy of the structure of etates of intermediate
and high excitation emergy in atomic nuclei of much importance
is the singlz~particle fragmentation, that is the distribution
of the single particle strength over many nuclear levels., In the
independent-particle and quasiparticle models/2/ ttie single-par-
ticle strength is concentrated on 8 single level. In the extre-
me statistical model it is chactically distributed over all nuc-
lear levels, In the earlier period of the study of resonsnce
nuclear reactions and the construction of neutron strength func-
tions Lane, Thomas and Wigner/j/introduced & model of intermediate

coupling for describing fragmentation., Since that time the frag-
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mentation and neutron strength functions are represented in the
Breit-Wigner form/4/. Phenomenological description of neutron
strength functions in the framework of optical model has serious
difficulties, for instance, due to absence of coupling with the
quagiparticle and phonon branches of nuclear excitation. It does
not describe the dependence of strengtb functions on the excl-
tation energy and gives no accurate values of their minima.

To describe fragmentation, in refs./s'el the mechanism of
internsction of quasiparticles with pbonrora was suggested. The
quapiparticle-phonon interaction is very important in t4ie calcu-
lation of the energy and of the structure of low-lying non-rota-
tional states of atomic nuclei (see refe./1'7’8/). The idea of
ihe model besed on the account of the quasiparticle-~ phonon in-
teraction was formulsted in ref./g/, and in ref./1o/ an spproxi-
mste method of solving its equations was developed. In ref./11/

. wag formulated & variant of the model which was applied to
spherical nuclei.

With increasing excitation emergy the density of levela in-
creases and their structure becomes complicated. The coupling of
intrinsic and collective motions described as the quasiparticle-
nhoncn interaction is, to a considerable extent, responsible for
the complicating state structure with increasing excitation energy.
Qualitatively general picture of the complicating state structurs
and the regularities of fragmentation of single~particle and ma~
ny-particle states were diacussged in refa./6'12/.

The calculations of the single-particle stete fragmentation
are performed in the framework of the Buggested model., It hmao o

number of advantages making it applicable for describicg the

gtructure of highly excited statea in complex nuclei., In the an-



del the phoncn and quasiparticle excitations are treated in a
common way, The two-quasiparticle operators &re presented in the
form of phonon operators of the multipolarity A in that limit-
ing caese when the root of the secular equation tends to the cor-
responding pole. The phonons of the multipole and spin-multipole
type are introduced and & large number of phonons of each iype
ia considered. For instance in ref./13/ the phonons of 15 multi-
polarities and 10-70 roots for the correaponding se-zular equa-
tions for each multipolarity have bLeen used. The low-lying col-
lective guadrupole and octupole phonons and many weak-collcctive
phonons are congidered, as well as the high-lying phonons of the
glant resonarices tyve. Tﬁe configuraticensl space of the model is
lurge, and the wave functiung of highly-excited states have mil-
liong of differeni componente. Thus, in the framework of the mo-
del the state complexity usually ireated as a compound state,
may be refiected. The calculations of the state denaity/14/ evi-
dence the completenese of the configurational space.

An important feature is that in the model there are no free
parameters, The parameters of the Saxon~Woods potenvial describing
an average field of nucleus, the supercounducting pairing cor-
relation constants and the multipole-multipcle interaction cons-
tante were fixed earlier in deecribing the low-lying states.The
interaction constante conmnected with the giant resonances sre de-
termined when calculating “he energies of these resonanceec. To
obtain numerical results, pregented in thias telk, we have uced
the Saxon-¥oods potential parameters and the interaction cons-

tents from rafs(7’e’15/.

3. To describe fragméintation of single-particle states we

uge the the equations of the model releting to cdd-A nucle:,
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In ref/ / il was shown that in order to obtain, in general,

the fragmentation of single-particle states one can use a simp—
lified variant of the model when the wave function has one-qua~
siparticle and quasiparticle plus phonon terms . Lven in this
case one hag to find several hundreds of molutions of the corres-
ponding secular equations in ordéer to obizin the strength dis-
trihution of gingle~particle atates over the levels of odd-mass
deformed nucleus.

Tiie bagic featnrens of the fragmentation of the single-par-
ticle states in deformed nuclei were clarified in ref.’13/. The

2349, 164
caiculations were performed for A> and <, We gtudied the
sircngth distribution ag a function of the pomitien of the single-
article level with regpect to the Fermi level and the shape of
t...& digtribution.

To illustrate peneral features of the fragmentation, the
vootogranm (fig.1) exhiibits the strength distribution of the 7524
and 9017 sin;le~particle states iAAAZL . The quantities ( (;
sefinings the contribvtisn of one-gussiparticle component to the
normalization conditicn of the corresponding wave function, are
repreaented as a8 sum over ‘the states n Lhe cnergy interval

ok =0,4 WMeV, These are denoted as (C ) ;AE(C;)L end are gi-
ven in percents. On the abacisss axis common for both the states
are lhe excitation eaergies reckored from the ground state energy
which for‘g'f( is ?e; + =0,4 MeV. The compact representation
ol the data has given no posaivility of fcllowing firmly the scale
fcr some veiues which are marked by numbers above them., The rfi-

gure gives the queszipsrticle energies ECp) and the totael contri-

bution of the ( C-. ) velues up to the energy 5.6 MeV.
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The 752+ and 501t single-particle states lie lower th: Per-
2i surface energy by 1,34 and 2,53 MeV, Their strength is distri-
“uted in a wide erergy interval and the distribution function
has &8 complex form. The examples of fragmentation of several
gingle-~particle states in;kaﬁ a.ncllb’u’j’Z are given in/Tj/.
According to/13/ the strength distribution for the single-par-
ticle 3tates in deformed nuclei digplays the following particu-
lar features:

i} at high excitation energies, in addition to the first
.85 .wut., there appears a second one,

.i) the distribution function is nonsymmetric with Tespect
= ite larzest value due to its slower fall in favour of high
ot eg,

111) the shape of the distribution function is mainly de-

¥ ed Ly the position of tne single-particle level with respect

o the Fermi surface, it depends on the wave function of the
aingle-particle eptate,

iv) thne strengtn distribution hes a long tail which, even
for the single-particle states lying near the Permi asurface, ex-
cands eagentially farther tkhen the neutron binding energy.

it ghould be noted tha{ in our calculatlions of fragmentation
here ls a strong strength fluctuation from one energy interval
to anotner and, especially, from level to level., Strong fluctuaw
tions are, to a large extent, due, firastly, to the use of the
one-phonon approximation end, secondly, to the roughness of the
model in the present formulation wich disregards some collective

excitation branches.



4, To obtain the strength distribution of the single-~particle
etate one has to calculate the energies and the wave functions

of & large number of states and then suamarize the quantities

2 . . . .
in the fixed energy interval. For instance when construct-

(<)
ing the histogram (fig.1) for the 752 4 state in ¢ , ii wag

found 755 solutions of the recular equation, The components f
the wave funciion were calculated for each sgolution and the
quentities ( I )*were determined from the weve function norma-
lization condition. Ag a result, a very small part of irnformation
ig uget.

There are methods of direct calcrlation of average charac-
teristics without a detmiled calculation of each state., Toge-
iber with Malov we have made use of one of them and conztructed

the function
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where according uO/A/ we take
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N AT -y )T )

7 r
where /A represents the energy interval around/bv over which
the averages are taken, A is the free parameter. The secular

equation for defining t..e energies can be written in the form

Piny =0, (

A
N

-2 Dy
/(w _ o (( )
{ = ———*| and then (1) can be written ag follows:
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The expression (4) may be written as & contour integrai with the

contour which has as poles the roots of equation (3). We pass

to inte;rala encireling two poles .7 — f“ . Q; and caiculate
them, As A resgult we obtain:
:\' ) o /(f)
3 e TR (5)
- Ecoy Ye) b s &
DRI
i.t. ,the function :).(:} ig represented in the Bre.t-Wigner

form. We stress that the functions /?'} and 3.3) depend on )
To describe the neutron strength functions one usuelly uses an
cxpresnion of the type (5) with the values I and J independent
of ! .
" The functions bz({) calculated according to (5) with
,.. =0.2 MeV for the 752+ and 501% states inzsz{ ere repre-
sented in fig.! as curvea. It is reen from fig.1 that the gene-
ral Bre!t-Wigner form tiﬁ(g) ig strongly distorted due to the
dependence of I and ) on (f . The function bpg:)iﬂ
gimilar with (Cf>‘ in all its properties slightly smoothing out
fluctuation, It is geen from fig.1 tuat Sp(} exhauste the
strength of single—particle state up to the energy 5,6 MeV a
lnttle more thean ((pj . Comparing the behavioure of f<) and
) one can make the following conclusion. In the stuuy of
fragmeutatlon of single-particle states in cdd-A deformed nuclei
the corresponding calculations can be performed by (5).
5. The obtained results for the single-particle state Trag-
mentation made it possible to formulate @ fundsmentally new
semimicroscopic method &f calculation of the neutron etrength

functions. .he neutron strength function is defined &s:
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where /ﬁ is the reduced neutron width, [) is the spacing
-

between the levels with given Il . Using the wave functions

of neutron regonances we get the following expression for the

5 -wave strength function for a deformed-nucleus

¢ ) sked ] 3 - B, v

- — A > (., i O
Jo AE ) T eae | A ey 2 € ' (7)
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where AL is the energy intervual inside which a summation of
C. over the excited states is performed; ¢. is the Fogolu-

bov canonical transformation coefficiemt calculated with the cor-

relation function and the chemical potential for the ground

) is performed

/8/',

state of the target-nucleus; = summation over
m
over the single-particle states with K" a1z, According to
the single-particle wave function Vi is represented as an ex~
pansion in the epherical basis
(70; = 12. [LntJ L{?{/ lf(z = /},_ a!z/ (8)

A ne
J

In the <¢ase when one single-quasiparticle state gives the main
contribution into the strength function, the function ﬁ; nas a

more simple form

O L Ak e ) e S

(9)
The expression for the p-wave sirength function consists
of three terms

S o= SWh) T (mn) e S aon) (10)
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where the first term is relative to the 4 K ~ %2 /2 gtates,

the second one describes the coniribution of the corresponding

s 5 -
rotational components for which I'K =%/ , and the third

term gives the contribution from tke K ' =3/27 states. They are
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where ' describes the K= =1/2" states, / describes the
13 u3/27states. If the main coniribution comes from the single

states then the expressions (11),(12) and (13) can be written in

the form (9).
In the case of sphericel nuclei the $ - and / -wave atrength

functions (on the even-even targets) have a more simple form,

nemely :
. 5 ihev) 1“~(— P
o B e LA,: ‘L ) s
¢ AE (kev) (14)
& 5 (kev) s ]
oo o tker) ST e A .
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wherea jc = (D-/L , /1 =/, Jo T im
-~ and A-

&, Now we give the calculation results of the ¢
wave strength functions ir deformed and spherical nuclei,

In ret.’'/ the s- end p -weve stremgth functions et the

2\5 17689
energles near B,, X and Ze wers calculated. The expe~

rimentel data and the celculation results performed by formula
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(9) are represented in the Table.It 13 sesn from the Table that
the calculated strength function S:E for “511/ is in good agree-
ment with experiment, The main contritution in 5:“& comes from
the fragmentation of the 600+ and 880+states, a noticeable con-
tribution is given by the 611% atate. If the s:mgle—pa.rtlcle state
fragmentation is cslculated oy (5) then we obtain S =1,9.10 4,

i.e.,we obtain somewhat larger value for the ¢ -wave strength

function.
7€)

The situation of the Sowgcalculationa in 2 is more com~
plicated and interesiing. In the single~particle wave functions,
in ref./B/. there is no contribution from the %Sy, subshell
which ig 1in the continuous spectrum, Therefore, the related cal-
culations yield 5 =0,05 . 10 4. The main contribution comer
from the fragmentation of the 400} state which is weakened due
to the factor M: =0,02, Employing the single-particle wave
functions/16/ in which the contribution of the 45/,_ subshell is
taken into account, then we get Souj- 1.10-4 which ies in ag-
reement with experiment. The mein contribution comes from the
fragmentation of the 640fstate.

The S:‘Zce.lculations with two aets of the single~particle
wave functiona are of great methodic interest. Inclueion
of the 45,/1 subshell which seems to be a traneition frow tle
ninimue to the maximum of the strength function, results in a
20 times increase of Su'e

o .

The calculation of the p-wave ntrength function in ”3/»(1 has
been performed for itwo sets of the single- particle wave function
whioch inolude/16/ or do not includ¢|/9/ the contribution of the

4 /}1 and 4’/;/2 subshells. The calculations with the wave func-

tione containing the 4/2 and 4’/;& subghells give the value
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s) =2.7 . 10—4, which is in agreement with experiment., The

values of three terms in (10) are the following: Si {/‘_7’;)‘0'5 Tl
Sk =20t S n) =020 07
The calculated values of ihe p-wave strength functions in
9 &7 are 8,180 in a sufficiently good agreement witn experiment
The valueS:tl.zfd’includes Si(y[ &g);o,}m"*, S, (%) =02 ot
and 51(3/2‘5’4) =08 107 . The largest contribution comes frem
the fragmentation of the 5014 state.

Thus, the results of semi-microscopic calculations of the

. 239
s ~ and p -wave neutron sBirength functions in X  end in

11/,

" 5 give a good description of the experimenta. data

The results of calculations of SO end SL depend on the averag-

ing interval AE . An essentiaml expansion of AE results in

an increage of Sc and Sj_ by a factor up to 1.9-2.0.
Table I.

The neutron strength functions

Compound S, 10% S5, 10%

nucleus - -
Experiment Calculations Experiment Calculat,

23% 1.0540.1 1.2 2.2+0.6 2.7

1695y 1.5+0.3 1 0.740.2 1.2

123sn 0.4+0.25 0.1 - 5

12150 0.09+0.05 ° 0.1 3.741.8 7

119%n 0.35+0.20 0.2 4.5 6

M7, 0.37+0.15 0.3 1.4 5

The study of single-particle state fragmentation in spheri-
cal nuclei and the calculations of the neutron strength functions

in the range of their minima are of great interest, in r

ef./18/



the preliminary results of calculation of the g -wave strength
functiona for the j% isotopes are given. The calculations of
fraguentation of the 35, 3k, and 3Ph subshells are per-
formed by the formula of the type (5). It is seen from the
Table that in the framework of semi-microscopic method one has
obtained a satisfactory description of neutrcn strength fur:tions
in 4§ﬁ igotopes. 'Mhe calculations for several spherical and
deformed nuclei are in progreas.

In conclusion we are grateful to N.IN .Bogolubov,
F.A.Gareev, D.Dambasuren, G.Ochirbat, Ch.Stoyanov and A.I.Vdovin

for the help and useful discussions.
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