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Abstract

Upgrades of the RIKEN heavy-ion linac (RILAC) involving a new superconducting linac (SRILAC) are undergoing
to promote super-heavy element searches at the RIKEN Radioactive Isotope Beam Factory (RIBF). Stable ultra-high
vacuum (<10® Pa) and particulate-free conditions are strictly necessary for keeping the performance of the
superconductive radio frequency (SRF) cavities of the SRILAC. It is crucially important to develop neighboring warm
sections to prevent contamination from the existing old RILAC and beamlines built almost four decades ago. In the
present study, non-evaporable getter-based differential pumping systems were newly developed to achieve the pressure
reduction from the existing beam-line vacuum (10-10" Pa) to the ultra-high vacuum within very limited length (<80
cm) ensuring the large beam aperture of more than 40 mm. They are also equipped with compact electrostatic particle

SUppressors.
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Figure 1: The CM1-3 are installed between the RILAC and
the HEBT. The pair differential pumping systems (DPS)
are placed upstream and downstream of the SRILAC.
There are two active experimental lines connected to the
HEBT, for GARISII and RI productions.
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Type Model
1st. Stage | Turbo Mol. Pump HiPace700
~5x107 Pa Roots Pump NeoDry60E Kashiyama
Cryo Pump ULVAC-U6H ULVAC
2nd. Stage | High Vacuum NEG Capacitorr HV1600 SAES
~5x10° Pa lon Pump Valcon Plus 200 Agilent
3rd. Stage NEG Capacitorr Z400 SAES
<10°Pa

Nominal ing speed [L/s]
685 (N2), 555 (H2)
500 L/min (N2)
750 (N2), 1100 (H2), 2100 (H20)
1400 (Hz), 300 (N2)
180 (N2), 63 (Ar), ~100 (CHa)
500 (H2), 125 (N2), 210 (CO)

Figure 2: Design view of the three-stages DPS and basic
properties of pumps we used.
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Figure 3: Cleaning and assembling of the DPS in the ISO-
1 clean room; blowing of the VP200 with the ionizing gun
(a), blowing of the Z400 (b), assembling the gate valve (c),
vacuum chamber for the NEG pumps (d), assembled DPS
for performance tests (e).
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Figure 4: A picture of the DPS during the performance tests
(upper) and the measured and calculated pressure

distributions in the DPS for N», H, and He leaking (bottom).
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Figure 5: A picture of the electrostatic particle suppressor
and calculated trajectory for the stainless steel particles
(00.2 um) with a single charge state and >'V'3* beams.
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Figure 6: Dependence of particle counts (> 0.3 um) after
the fast venting on the applied voltage on the EPS. Solid
lines indicate fitted lines using two exponentials.
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Figure 7: Particle counts (> 0.3 um) when a tungsten wire
was scraped by using a hand grinder with a ceramic drill
bit with (right) and without (left) electric field. The
collection efficiency of tungsten particles with the applied
voltage of £7 kV is about 77% in the present test.
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Figure 8: The particle counts (> 0.3 pum) when the ceramic
block was scraped above the EPS in vacuum with (right)
and without (left) electric field.
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Figure 9: Pictures of cleanings of ducts and chambers in
the HEBT; alcohol wiping (a,b), air blowirng (c), and
vacuuming (d). Two bending magnet chambers were
rinsed with pressurized ultra-pure water (e,f).
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Figure 10: Silver particles (stainless steel) found in a
bending magnet chamber. They were removed by wiping
(b). Golden particles (brass) found in a diagnostic chamber
(c). They are also removed by the wiping (d).
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