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At present the one-nucleon transfer reactions are a powerful
tool for studying a high-lying part of the spectrum of odd-A
spherical nuclei. The resonance-like structures caused by the
excitation of deep-lying hole states have been observed and
studied in detail in the neutron pick-up reactions /Y, The stu-
dy of proton hole states has been undertaken in the proton pick-
up reaction 2, A new important step has been recently made
towards the use of the one-nucleon transfer reactions for the
study of high~lying nuclear excitations. A new type of the re-
sonance-like structure has been observed while studylng the pro-
ton stripping reactions (a,t) and (®He,d) in !*°Eu and?%°Bi
at the excitation energies E, =5 + 12 MeV/ 4/, The analysis of
triton and deuteron angular distributions and other reasonings
led the experimenters to the conclusion that these structures
are due to the excitation of high-lying single-proton states
with large momenta. The spins and parities of excited levels
were presumably determined, and some quantitative data on the
distribution of single-particle strength have been obtained.

The data on the strength distribution of deep-lying hole sta-
tes have been successfully described within the quasiparticle-
phonon nuclear model of Soloviev (QPM)/5/. The results of cal-
culation within this model are in good agreement with the expe-
rimental data of various groups. In the present note using the
QPM we investigate th? strength distribution of hxgh-lylng sing~
le-proton states in '*°Eu and Bi and compare it with the ex-
perimental data.

Tbe QPM formalism has been systematically expounded in pa-
pers .We shall list the basic assumptxons of the QPM as ‘appli-
ed to spherical odd-A nuclei’6

1) The model Hamiltonian 1nc1udes a phenomenological average
field of protons and neutrons as the Saxon-Woods potential, the
monopole pairing forces with constant matrix elements in the
particle-particle channel, the separable multipole and spin-
multipole forces with the isoscalar and isgvector components in
the particle-hole channel. In the present paper the radial de-
pendence of forces is chosen in the form of dU/dr; x dU/dr,,
where U is the central part of the Saxon-Woods potential.

2) At the first step the phonon excitations of a doubly even
core are calculated within the RPA. At the same time the Hamil-
tonian parameters are determined from the data on low-lying
excitations and giant resonances.
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3) The interaction of an odd quasiparticle with the phonon
excitations of the core in the second quantization representa-
tion has the form
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where Q% ; and Q) ;are the phonon creation and annihilation ope-
rators with momentum A, its projection g and number i; a};, and
a;. are the quasiparticle creation and annihilation operators
with the shell quantum numbers 0li (denoted by one index j ) and
the projection of the total momentum m. The quam}'ity T (iyigAi),
the expression for which can be found in refs./6?/, determines
the strength of the quasiparticle-phonon interaction. It depends
on the structure of phonons and matrix elements of the effective
forces and contains no special parameters. In this paper we

have taken into account the interaction of an odd quasiparticle
with one- and two-phonon excitations of the core. The wave func-
tion of the vAth excited state of the odd-A nucleus with spin
and parity J" has the form

Y, (M) -(Cy a5+ Z D} (J.,)[a‘;ma;“i]m+ o
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(Yo is the ground state wave function of a doubly even nucleus).
As it is seen from (2), in the approximation when the commutator
[cj,.ﬁ i} = 0, only the following matrix elements of the in-
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fer from zero. Just these matrix elements have been taken into
consideration in the calculations. The analysis of some cor-
rections to this approximation can be found in papers/a/. Their
influence on the distribution of the one-quasiparticle compo-
nent Cj, at intermediate and high excitation energies is insig-
nificant.

The number of states (2) at the excitation energies 5+12 MeV
is very large. So, taking into consideration all single-particle
bound and quasibound (with width I'<<Ep}; ) states of an odd
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particle and all one- and two-phonon core excitations with an
energy lower than 15 MeV produced by the phonons with spins
and parities A"-1*+ 7% up to an energy of E,= 15 MeVone can
observe 200-500 "quasiparticle plus phonon" and (25+40).10°
"quasiparticle plus two phonons" states (depending on the spin
J ). The coefficients Dj'(Jv) of the wave function (2) are
the solutions of a homogeneous system of equations of the cor-
responding rank (200%500). The coefficients in this system of
equations are nonlinear functions of the state (2) energy 1,
Hence, it is seen the calculation of the energy and structure
of states (2) is a very cumbersome task from the computational
point of view.

A more simple and profound is the calculation of the strength
function Cz(E,) which describes a change of an averaged value
of the one-quasiparticle component in tye wave function (2) as
a function of the excitation energy Eig
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The advantages of such an approach, the methods for calculating
the strength function and the criteria of choosing the parame-
ter A are discussed in detail in papers”'""”.ln this paper we
used the value of A=0,5 MeV,

Prior to the discussion of the results of calculation, we
present the experimental quantitative data on the distribution
of the single-proton strength 3/, The resonance structures ob-
served in the reaction cross sections were approximated by the
Gauss curves. Two peaks were distinguished in !%5Eu. In the first,
more narrow peak with the parameters E_ ,. ;= 5.92 MeV, I'} =
= 1.2340.15 MeV 977 of the lhg/, subshell strength is concen-
trated (or 757 of the 1lhg/y strength and 197 of the 2f;,
strength). In the broad peak with the parameters E_, 4=7.63 MeV,
Iy = 4.0+0.45 MeV 947 of the lij3/, strength is concentrated.
These structures are superimposed on a considerable background,
the size and form of which were determined empirically.

An expected degree of conformity of the theory with the expe-
riment can be concluded from the analysis of the theoretical
single~particle scheme. The single-proton states of !45gy, which
lie above the Fermi level are shown in fig.l. This single~pro-
ton levels are calculated in the Saxon-Woods potential with the
parameters, given in table 1, by using the REDMEL program/12/,
The form of the Coulomb simgle-particle potential was assumed to

" be the same as for a uniformly charged sphere of the radius

R‘c= 1.2a1/3 fm. All the states above the level 2d3/2 are qua-
mbound,.but their widths are very small, especially for the
states with large ¢ (I'< 1 eV). The states 2f7/3 , 1hg/s and i3/
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Fig.l. Single-proton states

2 of 1455, and 9Bi. lying
Tt it aboye the Fermi level (2ds/;
S iR 19 in 1Eu and 1hy/, in20%Bi).
o oromeme 333 Parameters of the Saxon-Woods
e LS 4], potential are given in table 1.
%lez 2949,
11—3d
.——3?3'12 5’2_10 are by 1#2 MeV higher than the

maxima of the corresponding "ex~-
perimental"” Gaussians. Three
more states lie in the same re-
gion. An average distance bet-
ween proton quasibound levels

is not large, of about 1 MeV.

2f5/z Therefore, one can expect a E:on-
2d3p 3p3), siderable overlapping of their
3542 strength distributions due to the
hyys i spreading. ¢
'f’3/2 The strength functions (3) of
2ds), ‘Izh;,z‘o the subshells 2f7/5 , thg/, and
I2 lijg/a in the excitation energy

MSEU 2098' interval 1<E, <12 MeV are shown
in fig.2. Tahle 2 presents some general characteristics of the
distribution§: the centroids E,, the second moments ¢ and the
per cent of exhaustion of the subshell strength in the interval
AE, studied. Due to the interaction with complex configura-
tions the single-proton strength turned out to be spread in
a wide interval AE,. As is seen from table 2 about 907 of
the subshell strength is exhausted up to an energy of 12+14 MeV
and the remaining 107 are at higher E,.The distribution maxima
lowered by 1-1.5 MeV with respect to the position of one-quasi-
particle states; as a result the maxima of the 2f;/; and lhg/y
strength functions turned out to be near maximum of the 'narrow"
Gaussian.

Table 1

Parameters of the Saxon-Woods potential for the proton
systems in 1455y and 2998

[3

A z V., HeY r. . fw  atn Veos MeV
141 59 57.7 1.24 1.587 11.2
209 83 60.3 1.24 1.587 10.1

o S

= Fig.2. Strength functions of the
> single-proton states 2f7/ , 1h
Q ’ 9/2
= 2f'7’/2 and liyg3/9 of S Eu.

o
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The strength functions of va-
rious subshells differ noticeab-
ly from each other. Nevertheless,
0 : the values of the second moment o
0.1 of the three distributions are
close. The values of E, and ¢ of
the 1liyg/e subshell strength
function are close to the corres-
ponding values of E_,,o and oy =
= 0.426T"y of the "broad” Gaus-
sian. The values of ¢ of the
f7/2 and lhg/y subshell strength
distributions exceed four times
the values of o} = 0.426 I of
the "narrow" Gaussian. It is seen
from fig.2 that a considerable
part of the 2f,/, and 1hg/, state
strength is concentrated in rather
narrow intervals AE, near the
distribution maxima. The values
of o calculated for these inter-
vals (they are also shown in
1 table 2) are much closer to the

13/ value of g = 0.524+0.063 MeV,
Only 507 of the state strength
101 is concentrated in these inter-
vals AE,.

' .
However, it should be emphasi-
‘ zed that the form of theoretical
) . distributions of the single-par-
gEx(Mev)ticle strength is complicated
and it cannot be approximated by
the Gauss curves with a satisfac-
tory accuracy. Therefore, a quan-
titative comparison of the values of B and o from table 2
with the corresponding parameters of the experimental Gaussians
is unreasonable, Also, it is to be mentioned that the strength
distributions of various subshells, as we have expected, over-
lap strongly. This makes it difficult to extract unambiguously
the corresponding spectroscopic factors from the experimental
cross sections.
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Table 2

Characteristics of strength distribugions of single-
proton high-lying states in nuclei 458y  and 29%Bi

Nucleus  |nlj AEy, MeV |(E_, MeV o, MeV | ¢%s , 7
0+12 5.64 2.25 86
3.346.8 5.06 0.96 51

145 :
. Eu 0+14 7.83 2.03 91
5.9:8.5 7.09 0.71 47
Lz | 0414 7.81 2.28 88
200 e | 042.5 8.37 1.78 90

1

11570 | 012.5 3.1 2.33 86

The experim%\ al data on the fragmentation of high-lying pro-
ton states of i are more uncertain than of !*Eu and have

a preliminary nature’/4/. In this case the experimenters also used
approximation of the cross sections by the Gaussians, the para-
meters of which were: Epax1= 7.240.2 MeV, I = 0.63+0.2 MeV;
Emax2 = 8.7+40.5 MeV and I = 5.3+40.1 MeV. It was not definite-
ly concluded the strength of which single-particle state was
concentrated in each peak. Most probably, they are mixed and

15% of the strength of one of the subshells 1i;;/3 and l}|5/2 is
concentrated in the narrow peak and almost the whole strength

is concentrated in the broad peak.

A fragment of %the single-proton scheme of 2%9Bi, given in
fig.1 (the parameters of the Saxon-Woods potential are given
in table 1), shows that the number of narrow quasibound states
in this nucleus is larger than in '*>Eu. The states 1i11/2 and
1h5/2 with the state 284/, form an isolated group lying by
2-? MeV from other shells with much less values of f. Therefore,
while extracting the 14,72 and 1§15/2 strengths from the experi-
mental cross sections, one should take into account the contri=-
bution of the 2gg/, subshell.

The calculations show (see fig.3) that the 1li;;,, and 1j,,
subshells are fragmented as strongly as the states in 14554, The
values of the second moments o (see table 2) of all the states
are close to 2 MeV ( ¢ = 2.0+0.3 MeV). The value of o(lijy/3 )
is on the lower bound of this interval. The values of o(lij; /)
and o(ljy5/9) are close to oy = 0.426I, = 2.26+0.43 MeV o{
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Fié.B. Strength function of the
proton states 1i;; s and 1j,5/
’1 of 209Bi. / /

103 Tigq /2

the broad bump. The maximum of
the 1j;5/ strength function
and the local maximum of the
liji/2  strength function lie

in the region of the "narrow"
experimental Gaussian. In the
interval AE, =I' symmetric with
respect to Ejay1, 117 of the
strength of each of the two sub-
shells is exhausted, that is in
‘ agreement with the above-mentio-

—— ned experimental estimates.

From the comparison of the
experimental data on the frag-
mentation of highl-}!ing single—
proton states in "°Eu and %0%;
with the theoretical calcula-
tion we can conclude about their
qualitative agreement. The po-

- sition of centroids of the theo-
L 01 : " retical and experimental distri-
butions coincide with an accura-
cy of ~1 MeV. The second moments
of distributions are in satis-
* factory agreement with the expe-
2 4 t . -  rimental ones in 2%9Bi and for
3 5 7 9EMeV the lij3/; state in 14584, The
’ .divergences we should like to
mention are: a more strong fragmentation of the 1lhg/; subshell
than in the experiment (?); 90% of the 2f7/2 subshell strength
instead of 20% in the experiment is observed in the excitation
energy studied in 145y, It is necessary to analyse the experi-
mental data in 299Bi once more in order to extract the 2gg¢/2
subshell eontribution.

The agreement of the theoretical and experimental data con-
firms that the parameters of the single-particle potential we
have used are correct. These parameters have been repeatedly
used in other calculations, too. It is more significant that
a good description of the experimental data on the fragmentation
of proton-hole states in 07T has been obtained using these pa-
rameters /13/i.e., of the data on the states of the major proton
shell 50<Z<82.
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We intend to continue the study of the fragmentation of
single-proton states, in particular, of the contribution to the
proton stripping crosg section of other quasibound subshells

3 1 3 ;
and of the states in ~ Nb the experiments for which are planned.

The authors are grateful to Professor V.G.Soloviev for the
interest in this work and to Doctor S.Gales for the supply with

the experimental material and consultations. .
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. dparMeHTAanHsa BHICOKOJEXKAMUX MPOTOHHRX OILHOYACTHUHLIX COCTOSHHMI

CrosivoB Y., Bpooeuu A.U. E4-83-106
BeicoKoJiexamue MHPOTOHHHE COCTOAHHA chepHUYeCKHX smep

B paMkax KBasuuacCTHYHO-(GOHOHHOH MogenH sApa paccHUHTaHa
B Eu u 209g; , PesynbTaThl pacyeToB ﬁagnunnamTcu C [IaHHbIMH,

NONyYEeHHBME B peaxkuusx cpwBa mpotosa | tSm(a,t)!*Eu u
208 209 .
Pb(a,t) Bi.

PaBGora BhmoiHeHa B JlaGopaTopHu TeopeTudeckou dusuku OUAH.
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High-Lying Single-Proton States in Spherical Nuclei

; ghe fragmentation of high-lying single-proton states
in Eu and 2%9Bi is calculated within the quasiparticle-
phonon nuclear model. The results of calculation are compared
with the data for the proton stripping reactions 14450 (a,t) 14560
and 208 P (q,t) 20%Bi.

The investigation has been performed at the Laboratory
of Theoretical Physics, JINR.
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