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The doubly magic nucleus 208Pb has played important roles in the study of the nuclear
structure and reaction. The single-proton stripping reactions on 208Pb 1-4) have shown six
strong transitions for each single-particle orbit in the Z = 82 - 126 proton shell, indicating
the single-particle motion around the 208Pb core.

The spectroscopic factors of these proton single-particle states in 209Bi are expected to
be close to unity. On the other hand, the previous investigations for these states through the
(3He, @) reaction 1:2) have shown that the DWBA analysis with the usual Thomas spin-orbit
strength A = 25 gives the larger spectroscopic factors than the sum rule limit, and that the
reasonable values result from the analysis with A = 6.

In this situation for 208Pb, we attempt to deduce the spectroscopic factors through the
208ph(d, n)209Bi reaction at Eq= 25 MeV. The (d, n) data on 208Pb have not so far been
reported. In addition, the (d, n) reaction at the sufficiently high incident energy may be a
powerful spectroscopic tool for probing the single-particle property of nuclei since the
theoretical treatment for this reaction is more straightforward than that for other proton
stripping reactions. Therefore, the spectroscopic factors through the (d, n) reaction on
208Ph are highly desired.

In this report, we present the result of a study of the 208Pb(d, n)2%9Bi reaction at E; =
25 MeV. The obtained data have been analyzed with the adiabatic deuteron breakup
approximation ( ADBA ) calculation 6), where s-wave deuteron breakup effects have been
included, as well as the conventional DWBA calculation.

The experiment was performed at the Cyclotron and Radioisotope Center (CYRIC),
Tohoku University. A 25 MeV deuteron beam was obtained from the K = 50 MeV AVF-
Cyclotron. The targets used were self-supporting 208Pb foils isotopically enriched to 99.6
%. The target thicknesses were 14.4 and 20.7 mg/cm2. The emitted neutrons were detected
- with twelve neutron detectors containing liquid-scintillator NE213. The neutron energies



were measured using the TOF facility with a 44 m flight path. The solid angle in the

experimental setup was 0.23 msr. The angular distributions of the neutrons were measured
with a beam swinger system in the angular range of 6 = 10° - 60° in 3¢ intervals for 6 <

36° and in 5° intervals for 0y > 40°. The details of the facilities have been described

elsewhere 7).

A typical excitation energy spectrum is shown in Fig. 1. Overall energy resolution was
215 keV (FWHM) for the neutrons leading to the low lying states in the residual nucleus.
Errors in the absolute magnitude of the cross section have been estimated to be less than 15
%.

The angular distributions of the differential cross sections for the proton single-particle
states in 299Bi were analyzed with both the DWBA and ADBA analyses. The calculations
were performed with the code DWUCK4 3). Finite range and non locality corrections were
included in the calculation. The finite range parameter was 0.695 fm, while the non locality
parameters for a deuteron were 0.54 fm in the DWBA treatment and 0.425 fm in the ADBA
treatment, and that for a neutron 0.85 fm. The deuteron optical potential parameters in the
DWBA calculation were taken from the global sets of Daehnick et al.9). The adiabatic
deuteron potential was derived from the sets of the nucleon parameters at E, = E, = 1/2E,,
which have been given by Becchetti and Greenlees 10). The single particle wave function
for the transferred proton was generated from the Woods-Saxon potential with the usual
parameters (rg = 1.25 fm, a = 0.65 fm and A = 25).

Figure 2 shows the angular distributions of the differential cross sections for the proton
single-particle states, and the results of the ADBA (solid lines) and DWBA (dashed lines)
calculations. The angular distribution shapes have well been reproduced by the ADBA
calculation, while poor agreements with the data at forward angles have been obtained in
the case of the DWBA treatment. '

The spectroscopic factors obtained in the present analysis are listed in Table 1 together
with those of the previous works 14) . The results of this analysis have shown the strong
dependence of the spectroscopic factor on the deuteron potential. It is noted that the
spectroscopic factor for the ground state transition exceeds the sum rule limit for the 1hgp
transfer by 56 % in the case of the ADBA calculation.

On the other hand, it is well known that the spectroscopic factor also depends on
assumed geometrical parameters of the bound potential. The surface localization of the
hadronic reaction makes its cross section sensitive to the asymptotic behavior of the single-
particle wave function of the transferred nucleon. For example, a change of 1 % in the
radius of the bound potential results in that of about 12 % in the spectroscopic factor (12
Ar/r ~ AS/S) in the present case. Therefore, we should treat the bound potential carefully.

In the recent analyses 11:12) of the proton transfer reaction in the lead region, the bound
potential parameters (rp = 1.2675 fm, a = 0.810 fm) obtained from the detailed analysis for
the nuclear matter distribution of 208Pb 13) have been used. If we choice these parameters in



the present analysis, the reasonable spectroscopic factors are obtained, as is shown in Table
1. Furthermore, the results are in good agreement with those of the (o, t) reaction at E,, =
80 MeV, where the bound potential parameters are close to those for the nuclear matter
distribution.

In conclusion, the strong dependence of the spectroscopic factor on both the optical
potential and geometry of the bound potential has been shown from the analyses of the
208pb(d, n)209Bi reaction at Eq = 25 MeV. For the ground state transition, the spectroscopic
factor have exceeded the sum rule limit by 56 % in the case of the ADBA analysis with the
usual bound potential parameters, while the use of the parameters obtained from the
analysis of the nuclear matter distribution 13) has given the reasonable spectroscopic factors
in all cases. The influence from these uncertainties in the analysis may make the absolute
value of the spectroscopic factor unreliable, leading to the difficulty in the precise
determination of the nuclear properties, such as the occupation probability and energy of
the single-particle orbit.
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Fig. 1. Energy spectrum of the 208Pb(d, n)209Bi reaction at 6y = 20°.
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Fig. 2 Angular distributions of the differential cross sections for the proton single-particle states in
209Bj. The solid lines represent the results of the ADBA calculations and the dashed lines those
of the DWBA calculations.



