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SINGLE-NUCLEON TRANSFER REACTIONS AND INELASTIC SCATTERING INDUCED BY
U B IONS INCIDENT ON 208pb. — 208pb w a s bombarded with 72-MeV " B ions
accelerated in the Oak Ridge isochronous cyclotron. With the use of a 60-cm
long, 3-wire, position sensitive proportional detector placed in the focal
plane of a broad-range magnetic spectrograph all four single-nucleon transfer
reaction products were identified. Angular distribution measurements have
been completed for five final states in 209ui populated in the reaction
208Pb(nB,10Be) and for three states in 207Pb populated in the reaction
2 0 8Pb( uB, 1 2B). The differential cross sections are single peaked and
smooth. Once again, as reported earlier1 for the analogous reaction
208pb(12c>llB)209Bij t h e indication is that for the proton stripping reaction
the peak angles remain constant with increasing excitation energy in 209Bi.
Angular distributions for inelastic scattering to the 3~, 5 and 2+ states at
2.62, 3.20, and 4.10 MeV in 208Pb were also measured.
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Heavy ion single nucleon transfer reactions are dominated by kinematic

effects. The angular distributions are generally structureless and peak at

angles corresponding to classical Rutherford orbits for grazing collisions.

The doubly closed shell nucleus 208Pb permits stripping to, and pickup from

good single particle states. Strong excitation of single particle and hole

states in single nucleon transfer reactions on 208Pd has been observed. ~

Theoretical fits to the angular distributions to these states should test our

knowledge of the reaction mechanism involved, as well as the validity of the

nuclear structure information derived from the data.

Despite the classical nature of single nucleon transfer reactions

systematic differences have been observed between neutron pickup and proton

stripping with heavy ions. For the case of 12C ions incident on 208Pb above

the Coulomb barrier, the peak angles for neutron pickup shifted to higaer

values with increasing excitation energy in the residual nucleus in contrast

to single proton stripping where the peak angle remained constant.

We report here an investigation of single neutron and proton stripping

and pickup by means of the n B + 208Pb reactions. A 100 ugia/cm2 208Pb

target evaporated onto a 40 ugm/cm2 carbon foil was bombarded with 72.2 MeV
H B ions accelerated in the Oak Ridge isochronous cyclotron. The reaction

products were detected in a 60 cm long position sensitive proportional

detector placed in the focal plane of a broad-range magnetic spectrograph.

The detector had an entrance aperature 5 cm high, and contained 3 high-



resistivity wires in order to utilize the full solid angle of the magnet.

The energy lost by the detected particle in the counter furnished a AE signal

to distinguish the various reaction products. The stripping reactions

208pb(llB>10B)209Pb, 208pb(llBj10Be)209Bi> a n d t h e p i c k u p reactions
 208Pb

(llB>12B)207pbj a n d 208Pb(llB>12c)207T1 w e r e ±dentified, and their energy

spectra are shown in Figs. 1 and 2 for a laboratory angle of 53°.

All four reactions selectively populate single particle or hole states.

The 208Pb(11B,l2C) reaction shown in Fig. 1 strongly populates the 3s7/2»

2^3/2* lnll/2» and 3d5/2 states, although only weak structure appears at the

position expected for the lg7/2 level. Similarly the 2gg/2, lin/2» 1J15/2»

and 3ds/2 and 2g7/2 states were observed in the (
nB,10B) reaction, although

the known single particle 4si/2 and 3d3/2 states at 2.01 and 2.51 MeV,

respectively, were not. The state near 2.47 MeV is probably the 2g7/2 level,

rather than lower spin 3d 3^ state.

The 208Pb(11B,12B) reaction shown in Fig. 2 populated the known 3p^/2»

2f5^2» 3pI/2» 2f7/2» and
 lh9/2 single hole states. The lii3/2 state expected

at 1.64 MeV lies under the peak due to elastic scattering. Also seen in the

figure are peaks corresponding to inelastic scattering of 1XB from the

2.62(3"), 3.2(5"), and 4.1(2+) states of 208Pb. Excitation of these levels

has been recently reported in the inelastic scattering of 104 MeV 160 ions

by 2°8Pb.6

The single particle states observed in the (11B,10Be) spectrum include

the 3p3/2 and ̂ Pifz states, in contrast to the (uB$
10Be) measurements of

Anyas-Weiss et, al. at 113.5 MeV in which these states were not seen. The

broad peak above the 3.64 (3pi/2) level in Fig. 2 appears at an energy

corresponding to exciting the 0.90 MeV state in 209Bi along with the first

excited (2+) state of 10Be at 3.37 MeV.

Angular distributions for the strong states observed in the (nB,10Be)

reaction are shown in Fig. 3. As was the case for the 208Pb(12C,11B)

reaction the angular distributions are single-peaked, smooth and appear to

peak at the same angle for all excitation energies. In Fig. 4 are displayed

angular distributions for the ground state, 0.57 and 0.90 MeV states

populated in the (11B,12B) reaction. Unfortunately, the large elastic peak

in the (11B,12B) spectrum made it impossible to obtain adequate angular dis-

tributions for the states at higher excitation energies. The analogous
208Pb(12C,13C) reaction indicates that the maximum of the angular distri-



button increases with increasing excitation energy. Nevertheless the

observed (11B,12B) angular distributions suggest a similar shift of peak

angle with excitation energy.

These differences in the dependence with excitation energy of the

angular distributions for single-neutron and single-proton transfer do not

appear to be explainable on the basis of a semiclassical treatment. A

comparison with a proper distorted-wave analysis, including effects such as

those due to recoil corrections remains to be done. Not until these features

of heavy-ion reactions can be accounted for by reaction theories can spec-

troscopic information be extracted with confidence, not only from single-

nucleon transfer, but more importantly multinucleon transfer reactions.
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FIGURE CAPTIONS

1. Energy spectra measured at 53° (lab) and an incident energy of 72.2 MeV
for the (llB,12C) and (nB,10B) reactions on 208Pb.

2. Energy spectra measured at 53° (lab) and an incident energy of 72.2 MeV
for the (nB,12B) and (11Bb)

10Be) reactions on 208Pb.

3. Angular distributions for the 208Pb(nB,I0Be) reactions that populate
the 10Be ground state and the h9/2, 0 MeV; 2f7/2» 0.90 MeV;
1.61 MeV; 2f5/2, 2.82 MeV; and 3p3/2» 3.12 MeV states in

 209Bi.
Curves are only to guide the eye.

4. Angular distributions for the 208Pb(uB,12B) reactions that populate
the I2B ground state and the 3pj/2, 0 MeV; 2fsy2, 0.57 MeV; and 3p3/2»
0.90 MeV states in 207Pb. Curves are only to guide the eye.
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