4) R.K. Adair, Phys. Rev. 87, 1041 (1952).

5) S.D. Schery, L.E. Young, R.R. Doering, S.M. Austin,
and R.K. Bhowmik, Nucl. Instr. and Meth. 147, 399
(1977).

6) R.,A. Cecil, B.D. Anderson, and R. Madey, Nucl.
Instr. and Meth. 161, 439 (1979).

7) A, Fazely, B.D. Anderson, M. Ahmad, A.R. Baldwin,
A.M, Kalenda, R.J, McCarthy, J.W. Watson, R, Madey,
W. Bertozzi, T.N, Buti, J.M., Finn, M,A, Kovash, B.
Pugh, and C.C. Foster, Phys. Rev, C 25, 1760
(1982).

8) R.S. Henderson, B.M. Spicer, I.D. Svalbe, V.C.
officer, G.G. Schute, D.,W. Devins, D.L. Friesel,
W.P. Jones, and A.C. Attard, Aust. J. Phys. 32, 41
(1979).

9) A. Fazely, Ph.D. dissertation, Kent State
University (1982); to be published.

10) S. Yen, R.J. Sobie, T.E. Drake, A.D, Bacher, G.T.
Emery, W.P. Jones, D.W, Miller, C, Olmer, P.
Schwandt, W.G. Love, and F, Petrovich, Phys. Lett.
1058, 421 (1981).

11) J.R. Comfort, Phys. Rev., C 24, 1844 (1981).

12) J.R. Comfort, R.E. Segel, G,L. Moake, D.W. Miller,
and W.G. Love, Phys. Rev. C 23, 1858 (1981).

13) J.R. Comfort, S.M. Austin, P.T. Debevec, G.L.
Moake, R.W, Finlay, and W.G. Love, Phys. Rev., C 2l,
2147 (1980).

14) W.G, Love and M. Framey, Phys. Rev. C 24, 1073
(1981).

15) J.R. Comfort and B.C. Karp, Phys. Rev. C 21, 2162
(1980); 22, 1809(E) (1980).

16) S. Cohen and D. Kurath, Nucl. Phys. AlOl, 1 (1967).

17) T.E. Ward, C.C., Foster, G,E, Walker, J. Rapaport,
and C.A. Goulding, Phys. Rev. C 25, 762 (1982).

18) B.D. Anderson, R.J, McCarthy, M, Ahmad, A. Fazely,
A.M, Kalenda, J.N. Knudson, J.W. Watson, R. Madey,
and C.C. Foster, Phys. Rev., C 26, 8 (1982).

19) G.L. Moake, L.J. Gutay, R.P. Scharenberg, P.T.
Debevec, and P.W. Quin, Phys. Rev. Lett. 43, 910
(1979).

THE GAMOW-~TELLER STRENGTH DISTRIBUTION IN 208Bj -~ A PROBE OF THE CHARGE DISTRIBUTION IN 208pp?

K. Grotz, H,V, Klapdor, and J., Mezinger
Max-Planck-Institut fur Kernphysik, Heidelberg, Germany

R. Madey, W. Pairsuwan, B,.D. Anderson, A.R. Baldwin, B.S. Flanders, C, Lebo, and J.W. Watson
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We investigated the connection between the
Gamow-Teller (GT strength) distribution in 208Bi and
the nuclear charge distribution in 208Pb, Previous
calculations of the strength in 208B{ have not included
pairing correlations.l™3 The ground state of the
doubly-magic 298Pb nucleus is usually assumed to be a
pure shell-model state. This assumption neglects not
only the experimental evidence from the 208pp(d,t)207pp
reaction for a 5% occupation of the v2gg/) orbit,% but
also the fact that the measured charge distribution’ is
much flatter than that predicted by Hartree-Fock
calculations.® As shown recently by Decharge and
Gogny,7-8 agreement with the measured charge

distribution can be improved by taking into account
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ground—-state (gs) correlations., A reduction of the
n3s)/2 occupation to 85% seems to be necessary.

Our studies show that gs correlations and thus
indirectly details of the charge distribution in 208Pb
strongly influence the shape of the GT-strength
function in 208Bi in such a way that the effects are
observable in a (p,n) charge—exchange experiment. We
observed these effects in a high-resolution neutron
time~of -flight measurement of the 298Pb(p,n)208Bi
reaction at 134.4 MeV. The resolution (320 keV) in
this experiment was sufficient to delineate low-lying
structure at excitation energies below the Gamow-Teller
giant resonance (GTGR). The energy spectrum obtained

at 0° is shown in Fig. 1 for excitation energies up to
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Figure 1. Differential cross section at 0° for the

208ph(p,n)208Bi reaction at 134.4 MeV versus excitation
energy in 298Bi up to 30 MeV.

30 MeV. The observed spectrum, including the bump in
the region from 8-10 MeV, has mainly a GT character
(i.e., A2=0 angular distributions of the peaks). The
A%=1 distribution found for the 2.8 MeV level confirms
the result of Horen et al.9d

The effect of gs pairing correlations was studied
in a simple model which takes into account
single-particle neutron levels from 2ds5/; to 3d5/2 and
proton orbits from lg7/2 to 1j33/2. The gs
wavefunction was calculated within the BCS formalisml0
with values of pairing constants Gy = 0.115 MeV and
Gp = 0,125 MeV, which are close to those given by
Soloviev.,ll With these constants, nontrivial solutions
of the gap—equation were achieved.

An extra residual interaction 1s introduced in the
form of the GT-potential

v =2 (thT + ¢

+)+ > (
~17) 0. °C 1
GT 12 12 1 )

2

The interaction between the 2 quasi-particle (2QP) 1t
states in the daughter nucleus 208Bi 1s that of

Martinsen and Randtup.12 The coupling constant
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x (2y = G} of Klapdor et all3) was fixed at 0,111 MeV
by the requirement to reproduce the known position of
the giant resonance. The final states in 208Bj follow

from diagonalization of the Hamiltonian
H = Eqp + AEqp + Vr 2)

in the space of the unperturbed 2QP states. Here Eqp
denotes the 2QP energy given by the BCS equations, and
AEqp 1s the energy shift resulting from the
GT-interaction.

The single-particle levels (SPL) were adjusted to
reproduce with the calculated energies Eqp + AEqp
the experimentally-known levels in the nuclei near
208pp14,15 except the mij3/y orbit. The corresponding
state in 209Bi was suggested16 to have non-negligible
admixtures of core-excited states. The energy adopted
here for this level is intermediate between the value
deduced from 209Bi and the value given by an oscillator
potential with Hiw = 6.92 MeV. The
experimentally-unknown single-particle levels were
taken also from oscillator potentials fixed to
reproduce the v3pj/7 and n3s)/2 levels. For the
quasi-stationary orbits above 73pj/2, a systematically
lower energy (0.7 to 2 MeV) was adopted to correct for
the finite height of the Coulomb barrier.

The position of the deep vlhjj/2 state enters
critically in the calculation. Results are shown in
Figs. 2 and 3 for two values of this level, The
calculated GT strength distribution with this
level positioned 0.8 (1.2) MeV below (above) the
oscillator energy is shown in Fig. 2 (Fig. 3); in the
following discussion, SPL I (SPL II) denotes the lower
(higher) positions for the vihj1/2 level. Note that
the strength of the transition labelled "A" in the

upper parts of Figs. 2 and 3, where pairing

correlations are neglected, is reduced markedly when
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Figure 2, Calculated Gamow-Teller strength (reduced

transition probability in units of g§/4n) for BT-decay

of 208Bi, Pairing correlations are ignored in the upper
part and included in the lower part, where <ny> and
<np> denote the expectation values for the neutron and
proton numbers outside the doubly-magic core. The
strength within the dashed lines needs to be multiplied
by a factor of 50.

going from SPL I to SPL II. Although transition "A"
from SPL I might be identified with the structure
observed in the (p,n) reaction between 7.5 and 10 MeV
in Fig. 1, this identification is not satisfactory
because the calculated transition is too strong and
also because its position is ~ 1 MeV lower in energy
than the center of the experimental peaks. A
systematic change of the position of the vlhjj/) level
showed that an increase in the energy of "A" is
accompanied by a rapid increase in its strength; for

example, an increase in energy by 1 MeV into the center

of the observed structure would increase the strength
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Same as Fig. 2 but with single-particle
levels II (see text).

of the observed structure by at least a factor of three.
Recent calculations show that the situation is not
changed much in this respect either by the coupling of
2p-2h states or by the A-h interaction.!=3 Neither of
these cases removes the discrepancy in the region below
the GIGR.

Ground-state pairing correlations are included in
the lower parts of Figs. 2 and 3. The magnitude of the
correlations may be characterized by the expectation
values, <ny> and <np>, for the neutron and proton
numbers outside the doubly-magic core. For SPL I (Fig.
2), one can see that the structure labelled "A" is not
affected much by including gs correlations. For SPL II
(Fig. 3), the part below 6.5 MeV remains relatively

unaltered; however, new transitions appear above 7 MeV

which are comparable in strength with the transitions




at lower energies. The resulting spectrum (in the
lower part of Fig. 3) can be compared with the
experimental one (in Fig. 1), The agreement between
the observed and predicted strength in the region 8-10
MeV indicates the need for gs correlationms.

The occupation probabilities of the different
orbits are given in Table I. The largest deviation
from an inert core is seen to be the 217 vacancy of the
n3s)/p orbit. This value, together with the w2d3/;
vacancy and the v2g9/2 occupation entering critically
in our results, is about what is clalimed to be
necessary to explain the deivation between the measured
charge distribution in 298Pb and the Hartree-Fock
calculations without gs correlations, which predict a
bump in the central region, in contradiction to the
experiment. This bump occurs because of an excessive
3s-wave amplitude (see Fig. 13 of Decharge and Gogny7).
In a recent study of the neutron and charge densities,

Ray and Hodgson17 also introduced a 237 vacancy of the

same orbit in 208Pb to get a better fit to the

experimental data. In an analogous way, there should
be an effect from the breakup of the neutron core on
the neutron density. Unfortunately, experimental
difficulties make the measured neutron densities much
more uncertain than the charge distributions. Also the
change to be expected in the calculated neutron density
from a 6% neutron occupation of the 2gg/; shell is
possibly less pronounced than the effect on the charge
distribution produced by a 20% vacancy of the n3sj/»
proton orbit; however, in calculations of the neutron
distribution, the filling of the n3s)/) level plays an
important role in the region of the tin isotopes, as
can be seen from Fig. 7 of Ray and Hodgson.17 A
refined analysis of the neutron distributions is given
by the different moments, which should be more
sensitive to details of the wavefunction. The mismatch
with experiment of these quantities calculated by Ray
and Hodgson17 especially for *0Ca indicates that more

information about the occupation numbers is needed.

Such information on the closure of the magic cores with

Table I,
orbits in 20

Occupation probabilities of the different single particle
8Pb necessary to reproduce the measured Gamow-

Teller strength distributions.

Levels Neutron Proton
2ds5/7 1.00 0.95
lgz/2 1.00 0.98
3s1/2 1.00 0.79
lhyy/2 1.00 0.94
2d3/2 1.00 0.86
lhg/2 0.99 0.07
2f7/2 0.99 0,04
liy3/2 0.98 0.04
3r3/2 0.97 0.01

Levels Neutron Proton
2f5/2 0.95 0.01
3p1/2 0.89 0.01
2g9/2 0.06 0.00
1172 0.02 0.01
13152 0.01 0.01
3ds5/2 0.01 0.00
2g7/2 0.00
1i13/2 0.00
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proton numbers 50 and 20 and neutron numbers 20 and 82
could be obtained in a way analogous to the case of
lead by the investigation of GT strength distributions
by the (p,n) charge—exchange reaction.

In conclusion, this work demonstrates that the GT
strength function can be sensitive to small occupations
of high-lying neutron orbits and small vacancies on the
proton side, and thus to details of the charge
distributions and neutron density distribution of the
parent nucleus. This opens a new field of application
for (p,n) charge exchange reactions.

1) ?.gé Fiebig and J. Wambach, Nucl. Phys. A386, 381

1982).

2) H, Sagawa and Nguyen van Giai, Phys. Lett. 113B,
119 (1982).

3) K. Muto, T. Oda, H., Horie, Phys. Lett. B, in press
(1982).

4) R.A., Mayer, B,L. Cohen, and R.C. Dilehl, Phys. Rev.
C 2, 1898 (1970).

56

5) B. Frois, International Conference on Nuclear
Physics with Electromagnetic Interactions, Mainz
(1979).

6) J.W. Negele, Phys. Rev. C 1, 1260 (1970).

7) J. Decharge and D. Gogny, Phy. Rev. C 21, 1568
(1980).

8) J. Decharge et al., Nucl. Phys. A358, 203c
(1981).

9) D.J. Horen et al., Phys. Lett. 95B, 27 (1980).

10) 0. Nathan and S.G. Nilsson in Alpha-, Beta-, and
Gamma-Ray Spectroscopy, Vol. 1, ed. K. Siegbahn

(North-Holland, Amsterdam, 1965).

11) V.G. Soloviev, Theory of Complex Nuclei (Pergamon

Press, 1976), p. 125.

12) P.0. Martinsen and J. Randrup, Nucl. Phys. 195, 26

(1972).
13) H.V. Klapdor, J. Metzinger, and T. Oda, Zeitschrift
f. Physik, in press (1982).

14) M.R. Schmorak, Nucl. Data Sheets 22, 487 (1977).

15) M.J. Martin, Nucl. Data Sheets 22, 545 (1977).

16) A. Schott, M. Owais, and F., Petrovich, Nucl. Phys.

A226, 109 (1974).

17) L. Ray and P.E. Hodgson, Phys. Rev. C 20, 2403
(1979).




