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Aﬁonenh ang onucaHEs. ¢parMeHTaANHH OOHOYACTHYHBIX
M MHOT'OYACTHYHBIX COCTOSIHMHA 1O YPOBHSM HeueTHOro
c¢epnsecxoro snpa

B paGore uccnenosasa Monenb nns onncasus CTDPYKTYDH COCTOSHHI npo-
MEeXYyTOUHHIX SHeprail soaGymueHus 74 smcoxosoaﬁymnessmx COCTOSIHHH B He~

4eTHBIX ‘CHepHIecKnX sApAaX. ﬂpouecc dparmeHTaNKE, OTBETCTBEHHHIA 3a YCIOX=

HEHHE .CTPYKTYDHl COCTOSHMH C POCTOM SHEPTHH BO3GYXOeHHS, ONACHBACTCH

C NOMOWKIO B3aKMOACHCTBHS KBASHWACTHI C dononamu, ITomyuens! oCHOBHbIE
ypaBHeRns. Moaeny. Ilpenmoxen mMeToA BHMUCA@HHS MIJOTHOCTH BEICOKOBOS6YXAeH-
HBIX cOCTOsIHulI B HedeTHBIX c¢epuqecxux anpax. :

Ipenpunt O6vemMHeHHOrO nﬂc'rn'ry'ra' ANEPHLIX UCCHeNoBaHMi.
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A Model for the Description of the
Fragmentation of Single~ and Many-Particle:
States Over the Levels of. an Odd
Spherlcal Nucleus

A model for the descrlptlon of the structure of in-
termediate excitation energy states and highly excited
states in odd mass. spherical nuclei is considered.The pro-
cess of fragmentation,that is respon51ble for the compli-
cation of the  state structure with’ increasing excitation
energy, is described by means of the interaction of quasi-
particles with different type phonons. Basic equations
‘of the model suggested are derived. A method of calcula-
ting the density of highly exc1ted states in odd—mass
spherical nuclei is proposed.
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The process of fragmentatlon allows ‘one to understand
the complication of the structure of states with 1ncreas1ng ’
excltation energy and to describe highly excited states in terms B
of quasipartlcles and phonons. By the fragmentation we mean :
the distribution of the strength of single— and many—particle -
states over nuclear levels. The fragmentation starts to beco-
me’ apparent in low—lying states of odd-mass ‘nuclei (see/1 2/)
In refs /3’4/ it is shown that the quaslpartlcle-phonon inte-"

raction is of much 1mportance in’ the process of fragmentation,"

“and a model for the descriptlon of fragmentatlon in odd mass

deformed nuclel 13 formulated. In the present. paper this mo-
del is generalized to the case of odd mass spherical nuclei.

When formulating the model we follow the semi-microsco-

pic approach (see ref.(5/), assuming the spherlcal nucleus

Hamiltonian to. have the form

H Hsp" Hpmr‘*H +Hs,\ ;v B |

In the expression (1), by l4 sp Wwe. mean the slngle-
particle part of the Hamiltonian, i.e. the average field taken,
for ezanple, ‘in the form of the Saxon-Woods potential. The
quantity . Flpau- is atresidual_interaction leading to:su~
perconducting pairing correlations; F{; »stands for the
multipolefnultipole;residual_interaction, ) tir;_ 'for the
spin—multipole‘- spin;nultipOIe residual. interacticn.

The.main starting points of our further considerations

are as follows: We aSSume’tﬁat:theistructure'of nighly ercited



states of odd mass spherice.l nuclei is, to & large extent,
defined by the mteraction of quasipsrticles with Vthe phonons
of an even-even core. By phonons we impl;r here not only col-
lective excitations of the type 2: e.nd 51, but generall;r all
the excitations which are a superposition of two-quasipsrticle
states. 'I!he energy of phonons and theJ.r other characteristics

may be’ tel:en from neighbourmg even—even nuclei since the odd

quasiperticle little effects their properties. Thus, the cons- }

tents entering the determination of residusl forces turn out .
to be fixed in the description of the particular features of
even—-even nuclei. '

'I!he multipole and spm-multipole forces can oonveniently
be chosen in such a way thst they generete phonons with dif—
ferent momenta ‘and perities. In the quesi-boson epproximation
the production and annihilation operators commte with one
‘another. The 0% states of an sven-sven nucleus are described ’
in terms of pairing vibrational phonons ‘the existence of which
is due to the part Hpa.r. : L EERI

After ‘performing the W, v . Bogolubov transfoma.-
tJ.on and ms.king a tre.nsition to the phonon operators, the Ha- k
miltonian '(1)-tekes on the form
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Hers. the following notetion is used. 6:2' the peirins cons- -
tants for the neutron end proton systems, which are determi—
ned in ref./ &/ fron the. nuclear mass differences, O{,’f., e.nd
o_(,,., the creation and annihiletion operators -for a que—~ '
siparticle with quantum numbers ﬂq/ J e.nd the momentu.m

projection mo é:/ - the quasiparticle energy; 0,./,,, 0) s

Am, > Bewi s _D_"‘ Q -, the creation and annihilation'
'operetors of a nnltipole, spin-nultipole e.nd peiring phonon, ;‘
respectively; A and 4 the phonon moments ‘and /‘J :
their projections. The Index ¢ labels the nun:bers of pho-

B nons. By_ u{.‘ . O{,_, and LJ‘ we denote the phonon energies ’

In, ”

L
B{/gz A,a} Z {/mqam. /)/()(/ 0{,,,,, %-m,

_ <J,m, ./n. /M) J.s the CIebsh-Gordon coefficient. Here e.nd in what

follows when detemi.ning different coefficients of the vec—

tor su.ns, we follow A. R.Edmonds /7/

.;.; 2

Bg/-@n/sgyaoj, A ;na'f,,/ ave the reduced

netrix elenents of the multipole and spin-multipole operators,-

- e



respectively. ‘The phonon energies are determined from the
rollowmg equations' '

a) for multipole phonons

2xtl ;- . (;.Mx uf’:l) (CJ-."EJ:.) -

Ueing the Ham.ltonia.n (2) we consider the problem of fmd-
ing the energy and wave function of the highly exc:.ted etate.

The wave function is sought in the form
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) c) for pairing vibrational phonons:
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In what follows we do not distinguish the notation of

’dlfferent phonons which are generated by dlfferent forces

amd everywhere write the corresponding creation and ann:.h.xla- '

tion operators as & A /u, &

Aty Aula Ly,
Aiy fT.I, gty oy, 0 G048, 0,:;/«.:. ,.,/,,,, /_1{1
where - ﬂ - is the wave function of the sround state of an

even-even nucleus‘l is the number of the state. The- normaliza-
tion cond:.tion for the wave function reada. = . B
Miidaty R My Min ,\..‘ ) -
+ +6 =
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In Juet the same way as in reitT / :ve calculate the ave—"
rage value of(2)over the etate '(3), and, on the basis of the .
vanational principle, find the equatione that determ.ne the .
energy VZ of the state Iv and the coefficients C Dy F. ‘
and R. When calculating different matrix elements of the Ha-
miltonian we put [ B(J.J./\/-() Q Hpti ] O . this condition
implies that we have neglected the terms of the type Zﬁmx’ :
v(QM, BL”“\,“)Q, o containing the sum of the products of
three: diﬁ‘erent matrix elements. These  terms are snall compa-
red to those which we have taken mto account. It worth not-

mg that in further studies of the model the effect of the



}_rejected tema on the quant:.t:.es 'Q C D F “ana . R

should be studled.

The calculations for the wave function coefficients (3)

_and the state enérgy have resﬁlted in' a syatem of nonlinear ’

by st

equations“'We”have*transfomed it in such & manner that there .

remained only the followmg equations lmklng only - lz and_-.
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In eqs. (5) a.ndw(G)k KETN AL) deﬁoté'thé ’following'"qué.ntitvies
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P(J'.lv\l) (2J +|) m 'Fj«jx ddz e provided the. phonon ,\\ is

‘a multlpole one,

[(iviah J'; (EAH)V‘ _E'\' .(*‘) . prov:.ded the phonen A( is a spin-
ETY Z(L e gy '

multipole one,

g

| ("<de\l_) PQ‘J‘ o"):—é’; quu‘! Ti » provided the phonon A\ I. : is

$w)

a pairing vibrational one.

. Now we J.nd:.cate ‘the expressions for D ‘and R in terms or -

F E and Vl
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Notice that eq. (9) is valid for arb:ltrerily complicated “

- wave function (3), 1.e. when one takes J.nto account the con~

,\.u;x,\. e Mth,
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Equations (5) and (6) take a more ‘simple form if in the
- wave function (3) we merely restrict ourselves to one- and
two-phonon terme, i.e. when R 0 . Then the system .

will have the form
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tributlon -of not only two but &8lso three—, four- end higher
phonon tems. R o ,
The solut:lon of eqe.(5) end (6) (a8 thnt of egs. (9) and
(10)) is a very troubleeome problem. This appears to be prac-
tically poseible only :Ln the framework of some . aesumptione.
In ref / q./ en approach 15 considered according to which in
eqe.(5) end (6) there ere kept only the so-called coherent
terms, 1.e. those connected with the equared matrlx elements.‘ )

In this case eq. (10) takee the form.
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Ineerting (11) in (9) we obte.in a eeculer equation for S
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However the negleot of the coherent terms leaves a trence. -
Among the eolutions for eq. (12) there is a mulber of unph;y—
e:lcei "redundent" solutlons. The causes of appearence and’ )
the character of these "falee" roots 1e dlscussed in ref /4
Here we merely went to streee thnt a consietent excluelon ofv"

euch solutlons is a very cumbersone problem (even for eqs.(9)



and (11)). This problem is a sub;]ect for separate studies. .
" We pass to the questions the solution of which within
the framework of the model considered is possible already now,
The suggested model for the description of highly excited .
tates of spherical atomic nuclei is‘a concrete realization
of a more general approach to this problem which is most com~
pletely presented in ref./ 8/ Instead of the many-quasiparticle
wave function used in ref /8/ we consider a ma.ny—phonon wave
function by replacing a pair of quasiparticles by one phonon
with the correspondmg momentum and parity. The question
arises as to how it 1s possible to obtain such a phonon, how
.to try all possible two-quasiparticle states w1th arbitrary
momentum using the language of phonon excltations. To this
end it is necessary to introduce residual forces which will
' generate phonons. In a deformed nucleus a multipole—-multipole
interaction suffices practically to obtain excitations with
needed momenta. While in a8 spherical nucleus it is necessary A
to use- in addition another forces smce ‘the multipole-mlti- '
pole interaction can. generate only such excitations in which
I‘T-_- )\H} -+ To obtain the remsining excitations use
can be made of spin-multipole forces. The spin-multipole for-
ces 2 [TV 1] {® ‘
with moments L=33t41  and parity =

give rise Lo phonon excitationl

'However the two-quasipartiole structure of spin-mnltipole pho-
nons with i ): S essentially differs from that of
vspin-multipole phonons with the sane quantum numbers,— they
do not contain diagonal two-quasiparticle couponents. 'l'here- L

tore the phonons 2 ,3 yt and 80 on should be obtained by

it

i mesns of m.ultipole-multipole forces while the phonons 273 3"'

4= e.nd §0 on by means of spin-nultipole—spin—mnltipole forces. :
As was already mentioned, the o* states are obtained by ‘means
oi’_the pairing superfluid interaction. The introduction of '

new forces does not lead to new constsnts. These constants .

- are determined by specifying the energy of the lowest ‘phonon

w1th a given T which in turn is chosen to be equal- to
the energy of. the lowest two-quasiparticle state vith the
same quantum numbers. B ' ,

N Within the‘ framework of. the nodel, even without ‘solying
‘e'qsé (5) and (6) we can calculate’the chAracteristics boi’ the '
highly excited part of the spectrum of odd-mase spherical nuc-:
lei. Here We may use the fact that the number of poles of eqs.(5) ‘
and (6) in a certain energy ‘interval ( E,E +AE ) coin~

‘cides with the number of the poles of the equations dei‘ining '

the poles: of eq (6) in the same :Lnterval. The energies of the
latter poles are £J+UJM, 5 EJ +wk\+w JOX o . By trymg
all such states with given T"  in the emergy interval
(E,E+pAE) : we may determine ~the excited state

. density. This wey is ;just employed to etudy the state density

as a function of the spin, the. excitation energy,etc. In rost of
spherical nuclei the wave function (3) is not sutficiently

K complicated for the excitation state density near the neutron

bmding enexgy to be well described. It is necessary to take

into account components with a. larger number of phonons. How-

ever, m nuclei around ‘closed shells the wave function (3) in~ :

.:cludes a sufficiant number of components for these calculations i

to be perfomed.



If we take into account phonone up to large mnltipole

and epin-multipole moments ‘and many roote of secular equatlons,

for phonons, than the wave function (3) w:.ll contain thousendn

of dlfferent components. Among then eeveral oomponente are

expected to be large enough The quo functlon (3) is eeaen-

t:.ally tho one of the compound etate. In such a way we acl:u.evo f '

T a etrong mnifeetation of the fragmentation process that ie
':Ycharacterietlc of the intermedia.to energy eteto. -

Wo may hopo that the finding of the solutiona for eqs.(S)'

. and (6), or e:.mpler eqﬂ. 9) e.nd (10) and their etudy me.ke
it possible to clarlry the main featuree of thig procese.
Th:l.e in turn will give us a possiblllty of tre.clng the way
of constmcting a theory of highly excited utatee of atomic
nuclei.

The authore are grateful to L.4, Malov and V.V.Voronov
for fruitful diecueeione of a number of the problems discuse

ged In tho present paper.
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