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FRAGMENTATION OF ONE-QUAS IPARTICLE STATES
IN 153,155gm AND 153, 1550,

L.A.Malov, Nguyen Dinh Vinh, V.G.Soloviev

Fragmentation is calculated for neutron 27/,
Thg/2, 1113725 3p3/2, 2f5/2, 3p1/2, 289/2 and proton

187/2, 2d5/2s lh]]/z, 2d3/2, 381/2, 2f7/9 subshells
providing a dominant contribution to the cross sec-

tions of (a, 3He) and (a, t) reactions in the
152,1545m isotopes.

The investigation has been performed at the La-
boratory of Theoretical Physics, JINR.

OparMeHTaynA OAHOKBA3UUACTUUHBIX COCTORAHMUI
g 153,155gm y 153,155gy

JI.A.Manos, Hryen [Juus Punun, B.I'.ConoBnen

PaccunraHa ¢parMeHTaima HEHTPOHHHIX 11010GOJIOUCK
2£7/2, thg/a, 141372, 3p3/2, 2f5/2, 3p1/2, 289/2
M npOTOHHIX nofo6omouek lgy /o, 2ds5 o, lhyj/p, 2d3/q,
35[/2 H 2f742, KOTOpbIe [ai0T MNOJAABNAKMUII BKIajl B ce—
yeHust (a , 3He)- u ( a, t)- peakuuii Ha m3zoTOnax
152, 154gn,
Pa6ora pemonnena B JlaGopaTopuu TeopeTHueckKoii du-
suku OHUAH.
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Fragmentation of one-quasiparticle states of deformred
nuclei has theoretically been investigated within the
quasiparticle-phonon nuclear model (QPNM) in refs.’!=3’
The experimental information on fragmentation of these
states is still scarce’*” %’ The study of the !°%154gny
(a s 3He) 153,155 Sm and 152,154Sm ( a , t) 153,155 Eu reagc-
tions has recently been undertaken in the Michigan Uni-
versity, USA, Therefore, it became necessary to calcu-
late fragmentation of particle quasineutron states in
153,155 8m and particle quasiproton states in 153.155Eu.
The results of calculations of fragmentation of some
states in the above nuclei are the aim of the present
paper.

The calculations have been performed in the QPNM with
the ground and excited state wave functions of deformed.
odd-A nuclei in the form
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where ¥, is the ground state wave function of the rele-
vant doubly even nucleus, ¥ is the state number with
momentum projection onto the symmetry axis K and pari-
ty 7 ,g=qorpi (i is the root number of a secular equa-
tion for one-phonon states with multipolarity A and pro-
jection g ), et and Q¥ are the quasiparticle and phonon
creation operators, The set of quantum numbers for a one-
particle state is denoted by qo and for states with gi-
ven value of K” by po , a = +I,

The strength functions C°(;) describe the strength
distribution of a certain one—quasiparticle state p over
an odd-A nucleus spectrum and has the following form /1/

CEt) = =%, (g + 18/2). (2)

Here 3, (7,) =0 is the secular equation for energies 7,
of states (1).

In some cases fragmentation of a spherical subshell
nf] over the states of a deformed nucleus proves to be
interesting. Therefore, one should take into account the
contribution of this subshell to many single-particle
states of a deformed potential and their fragmentation
(2) due to the interaction with phonons. Expansion of
the single-particle state wave function ¢, over shell
functions ¢,9; of the spherical potential is

K
<7SPK= n%.] 3,05 Py - - (3)

As a result, the relevant strength function Snbiﬂ) of
the subshell n?J fragmentation is /1~ 37/
K
8Py g+ iAR)
1 1 nly 7 K 2.2
Suylm) =7 m % ~ 3 @K e (.
nfa ™ prI,(n+ih/2) 6, (5 +iA/2) pK aly 1Cp (). (4)

HereGP(n+iA/2) ande(ﬁﬁa;q +iA/2) are the determinants

obtained from the basic determinant 6(; + iA/2) by elimi-

nating and adding rows and columns. The explicit form

of the above determinants is given in refs./1.3/ and’7/
In a stripping reaction of the type (a, 3He) or

(a, t), to calculate the spectroscopic factors the

"particle" part of the total strength function is sepa-

rated, that is,
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Here upk are the Bogolubov transformation coefficients.
In the present calculations the averaging parameter is
A = 0.4 MeV. The parameters of the Saxon-Woods poten-
tial have been chosen-as for zone A = 155 '1'%/, The de-
tails of calculations and methods of fitting the parame-
ters of multipole-multipole forces have been described
in ref/1/, -
The strength functions 8,¢; (5) were calculated for
the neutron spherical subshells 2f7/2, 1h9/2, 1113/2,

i 158,155
3P3/2, Zfs/z, 3P1/2 and 239/2 in Sm, the proton

spherical subshells lg7/2,2d5/2,lh]1/2,2d3/2,3zl/2 and

2f7/2 in 153155 By and the contribution (upxagtJ)sz () of

single-particle states in the sum (5).

Part of these results for '%%Sm jg presented in fig.l1,
Here and further in fig.2 the strength functions Spg;
are denoted by solid lines. The contributions of certain
single-particle states ¢ (marked in the figures by the
Nilsson notation) in S,¢; are shown as well.
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Fig.l. Fragmentation of neutron subshells in !®%Sm.

In the single-particle neutron scheme the lil 3/2 and

3p3/2 subshells are high-lying and the 2f.,/2 subshell is
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close to the Fermi surface. Therefore, fragmentation of
the 11]3/2 and 3p3/2 subshells is stronger than of 2f7/2;

this can be seen from fig.l. About 36Z of the 1113/2 sub—-
shell strength and ~ 60% of the 2f7/2 subshell strength

is concentrated in the interval up to 2 MeV. In the exci-
tation energy interval up to 13 MeV about two third of
the 1h97/2 and 2f7/2 subshell strength is assigned to par-

ticle states excited in the (2, 3He) reaction; for the
1113/2, 2g9/2 and 3p3/2 subshells this portion increases

up to 3/4 and for the 2fg,5 and 3py/) subshells more than
4/5. The results of calcu{ations for 1588m differ slight-
ly from those for 155 3m. The largest discrepancy occurs
for the low-lying states and especially for 5/2 ‘16421
and 3/2[5217]

The high-lying neutron 2g9/2 subshell is most strongly

fragmented (almost uniformly) in a wide energy interval
higher than 13 MeV. It is obvious that the conmtribution
of this subshell would hardly be extracted experimentally
from the total cross section of the stripping (a, 3He)
reaction. In spite of the fact that on the whole fragmen-
tation of the high-lying 2f5/2 and 3p1/2 subshells is con-

siderable, one can note the strength concentration of in-
dividual single-particle states 5/27[503+1, 1/27 [5214]
and 1/7°[5014+] in narrow excitation energy intervals
5-6 MeV, 0-1 MeV and 4-5 MeV, that should be seen expe-
rimentally.

Part of the results of calculations for !°®Eu is shown
in fig.2. In the single-particle proton scheme the 2d5/2,

1g7/2 and lh“/2 subshells are close to the Fermi surface

and the 2d3/2 subshell is much farther. This leads to

a different fragmentation of the above subshells, that is
seen from fig.2. It should also be noted that the contri-
butions to the strength functions of individual single-
particle states are as a rule strongly mixed, which should
be observed experimentally. About 1/2 of the lg7/2 sub-

shell strength, 2/3 of the lh“/2 and 2d5/2 subshell
strength and the dominant part of the 351/2, 2f?/2 and
2d3/2 subshell strength is attributed to particle states

observed in the (a , t) reaction., Among the subshells high-
lying in energy the 35]/2 and 2f7/2 subshells are most

strongly fragmented in a wide energy interval more than

8~10 MeV.
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Fig.2. Fragmentation of proton subshells in 155 Eu.

It is seen from the calculations that the neutron sub-
shells 1113/2, lh9/2 and 2f7/2 give the main contribution

to the spectroscopic factors of the (a, % He) reaction;
and the proton subshells ]hll/2’ 2d5/2 and ]g7/2, to the

. N 152,154
(a, t) reaction in Sm

At present, the particle states with an enerég less
than 1 MeV are experimentally known in the 153:155gy ang
153,156 Eu  igotopes. Therefore, it is of interest to pass
to higher excitation energies for elucidating the speci-
fic features of fragmentation of the states calculated

in this paper.
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