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Design work for PALIS system
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In FY2013, the construction budget for a low-energy
RI-beam facility SLOWRI was finally founded. The
design drawing for the PArasitic slow RI-beam pro-
duction by Laser Ion Source (PALIS)1) was finalized.
We will restore unused RI-beams for producing slow

RI-beam by installing a gas catcher in the vicinity of
the second focal plane (F2) of the fragment separa-
tor BigRIPS. This will enable the use of parasitic slow
RI-beams for various precision experiments whenever
BigRIPS experiments are in operation.

In order to realize the reasonable performance under
various constrained conditions, there are a lot of novel
methods taken into the PALIS design. In particular,
the following three worthwhile items were resolved as
to avoid any interference to the BigRIPS main beam
experiments. The first item is the position of the gas
cell, which should be able to move horizontally on the
x-axis perpendicular to the BigRIPS beam direction.
At F2, RI-beams with slightly different isotones are fo-
cused on alongside the x-axis. By applying an overhead
beam extraction, the PALIS gas cell collects such the
isotone beams neighboring a BigRIPS main beam at
both the neutron-rich and neutron-deficient sides, re-
spectively. The extracted RI-beams from the gas cell
are transported along the y-axis to the height of 70
cm from the BigRIPS beam, where it bends by 90 de-
grees in another beam line comprising several bellow
combinations. Using a stepping motor, the PALIS gas
cell can be moved -60 mm away from the central axis
of the BigRIPS beam, and is also pulled by +160 mm
toward the evacuation site.

The second item is the differential pumping system
for realizing the gas cell pressure for Ar/He up to 105

Pa under the totally separated vacuum condition be-
tween the PALIS beam line and the BigRIPS F2 cham-
ber. So far, we have developed a novel implementation
of differential pumping, in combination with a sex-
tupole ion beam guide (SPIG), which allows a pres-
sure difference from 105 to 10−3 Pa within a drasti-
cally miniaturized geometry compared to conventional
systems2). This system can utilize a large exit hole
for fast evacuation times, minimizing the decay loss
for short-lived nuclei during the extraction from a gas
cell, while a sufficient gas cell pressure is maintained
for stopping high-energy RI-beams. By following this
method, the gas evacuation lines become compact NW-
based flanges, resulting in the complete separation of
the PALIS vacuum from the BigRIPS beam line.

The third issue is the preparation of the high-voltage
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platform for ion acceleration, which is necessary for the
electrical isolation between the PALIS gas cell, follow-
ing the beam extraction system including the evacua-
tion lines of differential pumping, and the grounded
beam lines. The low-energy RI-beam from PALIS
should be transported to the SLOWRI experimental
room via 50 m long low-energy beam line. Therefore,
ion acceleration is indispensable, while any problem in-
duced from high voltage breakdown should be avoided
for the protection of BigRIPS beam profile detectors
placed in the F2 chamber. For the first phase, we will
adopt the pulsed cavity method3) located at the out-
side of the F2 chamber. The extracted low-energy RI-
beam transported via SPIG and QMS first enters a lin-
ear ion cooler-buncher, and then, the produced pulsed
beam is accelerated toward a cavity at the potential of
about 1 kV. When the ion pulse reached the field-free
region inside the cavity, the fast switch applies a high
voltage potential about 30 kV, the latter is switched
again to ground potential for ion acceleration. This
pulsed cavity consists of MRTOF4) in expectation of
future isobar purification. By this way, the electrical
isolation is no longer necessary.

The PALIS design work has been almost finalized, as
shown in Fig. 1. The off-line and on-line commissioning
test for PALIS will be started from June 2014.

Fig. 1. BigRIPS F2 chamber implemented with PALIS.
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Transportation of laser beams for PALIS
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PArasitic RI-beam production by Laser Ion-Source 
(PALIS)1) is under construction as a part of the slow
RI-beam facility, SLOWRI, at RIBF. The PALIS is based 
on resonant photoionization of reaction products cached in a 
gas cell. According to the present plan, the gas cell will be
installed in the vicinity of the slit at the F2 focal plane in 
BigRIPS. However, the laser system for PALIS is set up in 
a room on a different floor located at approximately 50 m in 
the horizontal and 10 m in the vertical direction from the F2 
chamber of BigRIPS. Thus, to transport the laser beams 
across this long distance we designed an optics system.

The laser system newly installed for the PALIS consists 
of two dye lasers (Spectra-Physics Credo) pumped by a 
Nd:YAG laser (EdgeWave IS) at a repetition rate of 10 kHz.
We will use a two-step two-color scheme or a three-step 
two- or three-color scheme for the resonant ionization of 
atoms. For example, in case of the three-color scheme, the 
Nd:YAG laser will be used in the third step from an 
intermediate state to the ionization continuum.

The planned optics system is shown in Fig. 1. Three sets 
of this system will be installed to transport three 
different-color laser beams independently. We prepared a 
few spares of each lens and mirror to exchange them 
according to the wavelength of laser. Three laser beams 
overlap each other at the PALIS gas cell. Because mirror 
M3 is close (~1 m) to the gas cell, it reflects all three laser 
beams; this is different from other optical components that 
are used for only one laser beam.

Because the beam size of the laser is small (0.8 mm 
horizontally and 2 mm vertically) at the exit of the dye laser,

Fig. 1. Planned optics system for transportation of laser 
beams to PALIS.
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it diverges after long distance transportation (with 
divergence of 1 mrad). Therefore, we expand the laser beam 
to approximately 7 mm x 17 mm using an expander 
consisting of a concave lens (L1) and an achromatic lens 
(L2). The estimated divergence of this beam is 0.1 mrad, 
and the beam size does not change significantly after a 
transportation distance of 45 m. Then the laser beam is 
focused with a long focal length using a combination of 
convex (L3) and concave (L4) lenses. Finally, the laser 
beam is injected into the PALIS gas cell in the F2 chamber 
of BigRIPS. The resonant photoionization occurs inside the 
SextuPole Ion Guide (SPIG) to which atoms move from the 
gas cell. We designed the optics system such that the beam 
size of laser changes to 3 mm x 3 mm along the 25-cm 
length of SPIG and the laser beam matches the 3-mm inside 
diameter of SPIG.

Regarding the intensity of the laser beam, outputs of the 
dye lasers are less than 15 W, or in case of using a second 
harmonic generator, they are less than 2 W. In many of the 
ionization schemes, the intensity of ions is not saturated
with these laser powers. Therefore, higher transport 
efficiency of the laser beams is necessary to achieve higher 
intensity of ions. The designed optics system uses a 
minimum number of optical components, and the transport 
efficiency estimated from the transmission and reflectance 
of the optical components is approximately 50 % at a
wavelength of 350 nm. If we use an optical fiber instead, 
the efficiency lowers to approximately 10 %.

The experimental room where BigRIPS is located cannot 
be entered when the RI beams are injected, although the 
laser room can be entered at any time. To handle the laser 
beams without entering the experimental room, we placed 
actuators to change the angles of 2-inch mirrors M1 and M2. 
These actuators can be controlled via Ethernet by a 
computer. Additionally, several CCD cameras will be 
installed to monitor the laser beam spots from a distance. 
We also plan to place a photo detector inside the gas cell to 
finally confirm that the laser beams pass through apertures 
of the PALIS.

Transportation of dye laser beam is currently being 
examined for attenuation of the intensity, spatial fluctuation 
of the beam spot, and so on. Besides the dye lasers, a 
narrow band-width injection-locked Ti/Sapphire laser2) is 
being developed for the in-source laser spectroscopy. 
Transportation of this laser beam is also planned.
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