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Introduction

The fragmentation (strength distribution) of single-particle
states in atomic nuclei is intensively studied experimetally/1'3/
and theoreticallly/4'8/. The experimentael data have been reported
/9-13/ on the fragmentation of deep hole states in spherical and de-
formed isotopes of Nd, Pm,end Sm. Change of the strength function of
subshells while pasaing from spherical to deformed nuclel has been
studlied within the quasiparticle-phonon nuclear model/19/Tho frogmen=
tation of some subshells in isotopes of Sm, Gd, Yb,and Lu has been
calculated in rer./1%/,

The experimental data on the fragmentation of single-particle
states in deformed nuclei are very scarce. The fragmentation of low-
spin states in the energy interval up to 2 MeV has been studied
/16-20/ in isotopes of Hf, Re, W and 0s. The excitation crosms mecti-
ons of K™« 1/2” and 3/2" states in (d,p) and (o ,t) remctions in
183W turned out to be considerably less than in 179}!1‘, 135' and 1B7W.
An increase in the 1/27 and 3/2” state fragmentation in 183y 4n com-
pearison with other nuclei hes been expleined in retu./16'19/by n
sharp increase in 183W of the hexadecapole deformation }h + Acoor-
ding to the data’21/ for 183w B, =-0,075+0.010, for 182:184,186y
P4 =-0,05640.006, i.e., does not differ greatly. It was shown in
rot./zo that the spectrum of 183Re can be sufficiently well descri-
bed with B4 =-0.06.

In view of the afore-mentioned anomaly in the excitation of
Knr-1/2- and 3/27 states 1t is interesting to oalculate the fragmen-
tation of the subshells 3p1/2 and maaintungnton isotopes within the
quasiparticle-phonon nuclear model. In the present paper we investi-
gete the fragmentation of subshells of the spherical basis caused by
the gquadrupole and hexadecapole deformation and quasiparticle-phonon
interaction.
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1. Basic formulae of the model

Within the quasiparticle-phonon nuclear model one calculates the
fragmentation of one~quasiparticle, one-phonon and gquasiparticle —pho-
non states and the nuclear state cheracteristics resulting from this
fragmentation at low, intermediate and high excitation energies. The
model Hamiltonien includes an average field as the Saxon-Woods poten-
tial, peiring interaction and separable multipole and spin-multipole
isoscalar and isovector including charge exchange interactions. The
general description of the model Hamiltonian for deformed nuclei is
given in refs./22’23/. The model takes into account the secular equ-
ation solutions in the random phase epproximation for one-phonon sta-
tes and the model Hamiltonian is reduced to the form

Hu= ; £4%e s + Mo +Hog 1)

pra
in which the terms are separated, corresponding to free quasiparticles
and phonons and to the interaction of quasiparticles with phonons Hui.
Here £; is the quasiparticle energy, 'x;c is the quasiparticle cre-
ation opertor; to describe the single-particle states 46 , & =11 we
use the asymptotic quantum numbers NnzA (tfor K=A+l ,4for K=A-4)
and the quantum number of the K-projection of momentum onto the sym-
metry axis of a nucleus.

Since formulae for describing the fragmentation of one-quasipar-
ticle states have been derived in ref./4/, we shall restrict oursel-
ves only to those necessary for our treatment. The nonrotationsl state
wave function of an odd-A nucleus in

()= 2|5 Coriie + Y D2 e G @
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where <¥; is the ground state wave function of the relevant doubly
oven nucleus, v is the state number, (};; is the creation operator of
# phonon with multipolarity A and projection p# , i is the root num-
ber of the secular equation in the RPA. The wave function (2) satis-
fles the normalization condition.

A secular equetion for finding energies v of the states of de-
formed nuclel described by the wave function (2) has the form

: (Cag) Miqq)
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where
a9 =l ot Hog oo QLYo D 0 g = geae

The rank of the determinant (3) is equal to the number of one-quasi-
particle terms in the wave function (2), To calculate the fragmenta-
tion of the one-quasiparticle state 9, we introduce the function

T.o-0q/6.w 4)

for which the following condition holds
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ﬁ' and Q’run over all single-particle stetes with given K* exclu-
ding 4, , the rank of determinant (6) is less by unity than that of
determinent (3). The strength function describing the fragmentation
of the one-quasiparticle state 4o has the form

GO-T (Gl s HIn ) Im 20080
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where A
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A 18 the energy interval of averaging.
We are interested in the fragmentation in a deformed nucleus of
& certain subshell nlj of the spherical basis. As is known the single-
particle wave function of the Saxon-Woods potential for a deformed

nucleus is expressed through the single-particle wave functions 9;q
of the spherically symmetric Sexon-Woods potential

- K
q“i - Z ail; (F"‘j (8)
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% (ady) =j+5% -

Thg strength function describing the fragmentation of the subshell
nlj entering into the one-quasiparticle state g, with K=K, 1s

K 2
Sui - Z ab Conlo ) = (akk ) Co ).

with normalization

(9)



To calculate the fragmentation of the subshell n\j one e):;mld sum
over all one-quasiparticle states with given values of K;° and then
over all values of Ko s dleeas

K %Ky,
S @ =; Shiw (10)
1.5 (1)
Sy =Y St "

In calculating the spectroscopic strength functions which are compa-
red with the current ones obtained from the experimental data, in-
etead of S':":.("('() we use for the (d,p) reeactions

= OK" QOKJ & 2
S:lj (= (anlj ““o) Cq, 0 (12)
and for the (d,t) reactions
g ,K- .K’ & 2
Sj\u = a:\j \"1') C‘l-('()' (13)

where Ug and Yq are the Bogolubov transformation coefficlentn. Then
the strength functions(12) are substituted into formulae (10) and (11)
and the relevant functions are denoted by S'\‘i () and S’"l, (1) « The
parameters of the single-particle potential and the constants of re-
sidual effeotive interactions are the parameters of the quasiparticle-
phonon nuclear model. The calculations have been made with the single-
particle energies and wave functions of the Sexon-Woods 7;;;1:1.1;1
with scheme A=181 whose parameters are presented in ref. « The
equilibrium deformation paremeters are ﬁ; =0.24 end [}, =-0.03. The
peiring constants are determined from the difference of nuclear mag-—
ses, they are given in ref./23/. In calculating deformed nuclel we
have used the multipole phonons with A¢ T, the nultipole-multipole
interaction constants are given in ref./23/. The calculations have
been performed with A =0.4 MeV.

2. The results of calculations end discusaion

The subshells of the spherical basis nlj are (2j+1)-tuple de-
generated. Due to a stable quadrupole deformation the spherical sym—
metry is changed by the axial one, and the angular momentum is not
as correct quantum number any more as its projection K. Each subshell
is splitted into twice degenarated levels. The nlg ptrength is dis-
tributed over many single-particle levels of the deformed basis with
the velues of K from 1/2 to j. The single-particle wave functions

are expessed as & superposition of states of the spherical besis, as
one can see from formula (8).

Consider the fragmentation of the 31)1 /2 and 3p3 /2 subshells
which show up in the (d,p) reactions on the tungsten isotopes. The
strength fragmentation of these subshells due to & steble deformation
is exemplified in fig. 1. Most part of the neutron subshell 3p3 /2
strength is concentrated on single-particle states 5014, 510+ and
5304. The 3p1 /2 subshell strength is concentrated mainly on two le-
vels 5014 and 521f. The largest contribution to the normalization of
states 770t and 7614 comes from the 1345/, subshell thus giving a ve-
ry small contribution to the (d,p) cross section with excitation of
low~spin states. In case of the subshells 3p1/2 and »3/2 as well as
in cases calculated in refa.l14’15/ the £ entation of subshells

’ ragm
of the spherical basis due to a stable deformetion turned out to be
essential, The nlj strength is distributed over & number of single-
particle states in the energy interval of 6+10 MeV.

Pig. 1. Strength distribution of the

(a; )
1.0 [Enlj 3p1/2 and 3p3/2 subshells over
single-particle states in the
08 son 3, . Sexon-Woods potential with 2 =
061 | B =0.24 and [% =-0.03. The arrows
: denote the position of sub-
04| :5‘0' shells in the spherical besia.
02 Ik, 5301 The deshed lines denote the
] 5410 Fermi level corresponding to
| ,1 183%.
an (in,)zf Now we consider the fragmentation
i : due to the quasiparticle-phonon inte-
0.6 : 3p, % N raction and restrict ourselves to the
0k 501} ! coupling of a quasiparticle with quasi-
: : 521t particle ® phonon states, that is easi-
02| ! ly seen in the wave function (2). In
- : samjf" ‘the model of independent quasipartiocles
0 '] B 0 I;5 the strength of the quesiparticle gq,
E MeV state of & deformed nucleus is concent-

rated on one level and the quasipar-
ticle-phonon interaction leads %o its
fragmentation described by formula (7).
The fragmentation of the nl] subshell of the spherical basis in a de-
formed nucleus is described by formulae (9)-(11) in which allowance '
is mede for the fragmentation due to a stable quadrupole deformation
and quasipearticle-phonon intersction.
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We have calgzlated the strength functions S.\j (rv end spectro-
scopic factora Swij() for the neutron ?."1/2 and 3p3/2 subshells in
isotopes of 183‘185'187W. The functions 5.‘1,-(10 practically coincide
with the spectroscopic factors of the (d,p) reactions for states 50
and 501¢. The strength functions of the 3p1 /2 subshell are shown in
fig. 2. The 501¢ state contributes greatly to the total strength
function 3p1/2. The location regiona of the 3p1/2 strength in three
nuclei are close to each other and amount to 6-~7 MeV. Inside this re-
gion the strength distribution turns out to be different in different
isotopes. Thus, in 183‘[ the strength function 3p1/2 is characterized
by one large peak in the region of 2.4 MeV, which exheusts a large
part of the subshell strength. In 185w and 187! one can easily see
two principal peeks in the strength functions 3p1/2. If in 185w and
187W almost 30% of the subshell strength is in the excitation energy
region less than 2 MeV, then in 183!! ebout 20% of the subshell
strength is exhausted in the same energy region. The behaviour of
the strength function S, also differs in '°W as compered with
185y ana 187y since the main strength of 501+ in 197 is in the ener-
gy region higher than 2 MeV.

] Fig. 2. Fragmentation of the neut-
53p ('z)McV"' s ron Bp‘/z subshell in
v W 183,185,187y ang the spect-
0B roscopic strength functions
04 | sz&(vp (dashed curves)
A §3 in these nuclei.
0z ;' " PV2
/2 e,
E The atrength functions Ssp, (V)
0.6 .Sa“’vz(?)Mev IBSW S’;th) calculated in 183'185%8'?'
04l are shown in fig. 3. The location
. g’ regions of the 3p3 /2 strength are
02l ‘,\1 SJ"V somewhat larger than of the 3p,,,
/i ‘\\’_\ =% 2 strength and emount to 7-8 MeV. In-
5 (Q)M;V" ‘;7 ; side the location region in 123y
0.6 1L 31’1,2 W the strength is distributed rather
uniformly whereas in 185‘! and 187'
0.4¢ i there is a large concentration of
02} ,:' ‘\‘ g strength at small excitation ener-
SN - 3"1/2 gies. Comparing these curves one
B can see that in 183y less than half

(~40%) of the 3p3/2 etrength is

6

exhausted in the energy region below 2 MeV, whereas in 185' almost
50% and in '®TW up to 60% of the total subshell strength is in the
same excitation region. As to the strength function of 5014 , which
almost coincides with the strength function fS-sP,,‘(rU » One can see
from the figure that it gives a predominant contribution to the 3p1 /2
strength and therefore its behaviour defines that of the subshell as
a whole.

5 (V;)MeV'1 Fig. 3. Fragmentation of the neut-

06 393/2 183w ron 3133 /2 subshell in
183'185'187' and the spect~
041 - roscopic strength functions

g’f”/& () (dashed curves) in
these nuclei.

It ie seen from figs. 2 end 3
that the spectroscopic strength
functions g,.ij for the 3p1,2 and
3p3/2 subshells are mainly defined
. by the fragmentation of particle

Syp., (R)Mey™ states 5014 and 5014, In '8y tne
06} 1'% W single-particle energies of states
04l . 501 and 5014 ere by 2-3 MeV above

A 53p3/ the Fermi level. With increasing

Q240 ™ g ; mess number in 1691187y they appro-
N ach the Fermi level. The regulari-

o ————
" Pt

0 2 4 3 '2,MeV ties of the fragmentetion of one-
quasiparticle states in deformed
nuclei have been studied in ref./4{

It was shown that the fragmentation inoresses with increasing dif-
ference between the single-perticle and Fermi level. This regularity
is observed in the tungsten isotopes. The fragmentation of states
501¢ and 501§ in 183' appeared to be stronger than in 185'“”'. Mo~
reover, in the energy interval up to 2.3 MeV, in which the (d,p)
cross Bactions have been measured 1 the sum strength of these in

was found to be less than in 185'1871.

In ref.“sl the experimental cross section of the (d,p) reac-
tion ( E4 =12 MeV, @ =90) with excitation of |¥=4/2 and 3/2” states
are summed in the energy intervals (1.4-2.3) MeV in 183y, (1.1+2.0)
MeV in '®y ana (0.7+1.8) MeV in 187y, The sum oross sections are




represented for two cases: a) 2;2 g(Nwi"/sr) for peeks with the cross
Y% %
sections higher than 100 mb/sr and b) ) for all peaks with

l=1 which is considered to be the uppo:r&'lin:l.t. The crosa sections
have been caloulatod/ 16/ using the single-particle wave functions of
the Nilsson potentisl with [% =0 without teking the fragmentation in-
to account. The ratio of the sum experimental cross sections to the
theoretical ones was obtained: 0,55 for 183W, more than 0.65 for 185ﬂ
and 0.9 for 187'. It was assumed that the ciiacrepancy between theory
and experiment can be removed by introducing a large hexadecapole
deformation responsible for the fragmentation.

Using the spectroscopic factors ’Sv,.()- shown in figs. 2 and 3 we

have calculated the sum cross sections of the (d,p) reaction
- PWUCK

C = Z, 3 SM' GLTL' (14)
iy Rj+4

for excitation of 1/2” end 3/2” states (FEd =12 MeV, © =90°) in
183'185'18731 in the same energy intervals over which the experimental
data are summed. The cross sections have been celculated by the DWUCK
program; the values of g,,j are teken in the interval 0.1 MeV. The ex-~
perimental date for cases a) and b) and the results of our calcula-
tions for the ratios of the cross sections in different tungsten iso-
topes are given intihe table.It is seen from the table that the re-
sults of celculations describe correctly the tendency of the cross
sections to increese in excitation of 1/27 and 3/2” states in 183'
ss compared to 192+187y, 4 good egreement is obtained in summing the
experimental data in case &). Thus, the fragmentation of single-par-
ticle states due to the quasiparticle-phonon interaction is respon-
sible for the experimentally observed anomaly in the cross sections
of the (d,p) reaction with excitation of 1/2° and 3/2" states in the
tungaten isotopes.

Table. Comparison of theoretical
caloulations with experiment The analysis of rela-
tive difference of energies

of states 541t and 532¢ in

Ratio k)"“’*‘;‘“ Caloulation 1 Sy 7
a
in calculations based on
& ("*w) 0T 0.60 . the Nilsson model for the
& ('8°wW) proton system in the given
& (*3w) region one should take &
% (®W) 0.41  0.62 0.37 hexadecapole deformation

in the interval from -0.02

to -0.06., In this paper the spectroscopic factors 6202 for the 5414
state were calculated with P4 =-0.045. We have calculated the spect-
roscopic factors Sj for excitation of the 541+ state in 183!1@ with
J% ==0.03. The results of our calculations are in agreement with the
experimental data and results of caloulations in rat./ 20/ ; this tes-
tifies to that the celoulations can be made with f4=-0,03.

The calculations with large values of IP«[ and taeking into ac-
count their change in the W isotopes would probably lead to an addi-
tional improvement of the agreement between theory and experiment.

The results of our calculations and their comparison with expe-
riment show that the quasiparticle-phonon nuclear model describes
correctly the fragmentation of single-particle states with jn-‘lIZ'
end 3/27 in the tungsten isotopes.
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