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Development of a slowed-down beam of 32Ge at RIBF
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RI beams with around 15 MeV/u are necessary for
the study of the nuclear shell structure using the nu-
cleon transfer reaction. The RI-beam energy at RIBF
is typically 250 MeV /u after the first stage of the Bi-
gRIPSY. The RI beam is slowed down using energy de-
graders. However, the control of the energy spread and
the beam size becomes difficult due to the increase in
the beam emittance after the use of energy degraders.
Two methods were proposed to efficiently produce a
slowed-down beam at RIBF. One is the slowed-down
method with the momentum-compression scheme?),
and the second method is the use of an RF deflector,
called OEDO (Optimized Energy Degrading Optics for
RI beams).?’) This paper reports on the first test exper-
iment to produce a slowed-down beam of 82Ge with the
energy of 13 MeV /u using the momentum-compression
scheme.

The RI beam of 82Ge was produced by the projec-
tile fragmentation of the 23U beam with the energy
of 345 MeV/u. The primary target of beryllium with
a thickness of 7 mm was used. A wedge degrader was
placed at the momentum-dispersive focus F1 to purify
the RI beam, as shown in Fig. 1. The thickness for the
central trajectory was 5 mm. A second wedge-shaped
degrader with a thickness of 2.0 mm was placed at
the momentum-dispersive focus F5. The wedge angle
was designed to compress the momentum spread. The
ion-optics mode obtained after using this degrader was
changed to achieve the momentum achromat. The mo-
mentum spread of 6% was compressed to 3%, as shown
in Fig. 2. Three energy degraders were also placed
at the achromatic foci, F2, F3, and F7. The energy
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Fig. 1. Schematic view of the combination of degraders in
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the BigRIPS and ZeroDegree separators. The wedge-
shaped degrader was placed at the momentum disper-
sive foci, F1 and F5, of BigRIPS.
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after beam-line detectors at F8 was measured by us-
ing the time of flight between F8 and F9, as shown in
Fig. 3. The 82Ge beam with the energy of 13 MeV /u at
the central trajectory was successfully produced. The
transmission efficiency from F2 to F8 was 2%. There
was a reduction of 1/10 mainly due to out of focus at
Fr.
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Fig. 2. Results of the momentum compression at the sec-
ond stage of BigRIPS. dr3rs and drsp7 are (p— po)/po
before and after using the momentum-compressive de-
grader, where p is the momentum and po is the momen-
tum at the central trajectory.
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Fig. 3. Energy after all beam-line detectors at F8 as a func-
tion of d57. The particle with —0.6 < d57 < 1.5% was
transported to the ZeroDegree spectrometer.
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