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Improved 6He beam production at CRIB with MWDC and degraders
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The first production test of 6He beam at CRIB was
performed in 2021,1) in which 6He beams at two dif-
ferent energies (8.0 and 5.7 MeV/nucleon) were suc-
cessfully produced with an intensity of the order of
105–106 pps. However, the practical beam intensity
was limited to ∼ 2 × 105 pps due to the low detec-
tion efficiency of the PPAC for such a light-ion beam.
The 6He beam purity was 73% for the 8 MeV/nucleon
beam, where the main contaminant was 3H1+, having
an almost identical charge-to-mass ratio as 6He2+.

The second test was carried out in Oct. 2022 as a
two-day machine study (MS-EXP22-05), to improve
the effective intensity and purity of the 6He beam by
introducing wire chambers (MWDC2)) and degraders.
The primary beam was 7Li3+ accelerated with the AVF
cyclotron to an energy of 8.3 MeV/nucleon, and the
RI beam was produced with the 7Li(d, 3He)6He reac-
tion in inverse kinematics. The major differences from
the first test were the maximum 7Li beam current of
1.5 particle µA (= 4.4 electric µA) at the entrance
of CRIB and the pressure of the production target
(around 410 Torr), which were both lower than the
previous values (3 particle µA and 730 Torr, respec-
tively).
To purify the 6He beam, we installed degraders with

two different thicknesses (10-µm-thick aluminized and
20-µm-thick normal Mylar films) at the F1 (momen-
tum dispersive) focal plane. We confirmed a position
offset between 6He and 3H was produced at F2 with
each degrader, as shown in Fig. 1. Using the 20-µm-
thick degrader, the beam purity at F3 measured with
a plastic scintillator was 91%, much improved from the
previous value, 73%.
The MWDC had already been developed and used

at CNS for SHARAQ/OEDO experiments,2) and in-
troduced for the first time at CRIB. In the present
test, we employed two MWDCs operated at 10 kPa
(76 Torr), having an XX-YY anode configuration and
cell sizes of 3 mm and 5 mm for the upstream and
downstream ones, respectively. Even with a high-rate
secondary beam at 6.0 × 105 pps, the MWDCs main-
tained an efficiency ϵ > 90% with high voltages of up
to 900 V, and no significant reduction of the efficiency
was observed. This is in contrast to the previous test,
where we had to limit the primary beam current to
0.3 particle µA in order to keep the stable PPAC op-
eration with an acceptable efficiency (ϵ = 70%). The
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Fig. 1. The beam profiles of 6He (solid line) and 3H (dashed

line), with different degrader settings. The counts are

scaled to show the profiles as similar heights.

basic beam parameters are summarized in Table 1 and
compared with those of the optimum case in the previ-
ous test. The new 6He rate is roughly consistent with

Table 1. Summary of the basic beam parameters. ϵ is the

efficiency of the beam-monitoring detector.

Test 7Li F0 Pres. ϵ 6He 6He rate
year (particle µA) (Torr) purity (kcps)

2021 0.3 730 70% 73% 200
2022 1.5 410 94% 91% 520

the previous value, considering the higher 7Li beam
current (×5) and nearly half F0 pressure. However,
the previous rate (200 kcps) was severely limited with
the PPAC, while in the present work we successfully
obtained a higher 6He rate (520 kcps) with a better
beam purity (91%), even though the F0 pressure was
not at its best value. The new condition well satisfies
the requirements by the approved experiments,3) to be
performed in the near future.
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