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Radiation resistivity test of an optical fiber for laser cooling of francium
atoms
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Francium is an alkali element in the 7th period, and
all its isotopes are radioactive with half-lives of up to
20 min. The application of francium atoms to high-
precision spectroscopy for testing fundamental symme-
tries has been implemented on a vertical beam line of
the E7 room at the RI Beam Factory. Francium is pro-
duced in the 197Au(18O,xn)215–xFr reaction and finally
supplied as laser-cooled atoms into the spectroscopic re-
gion. For Fr production, a 7 MeV/nucleon 18O6+ beam
(target current 18 eµA) propagating through two beryl-
lium foils and helium gas flow is injected into a gold
target positioned at the end of the beam line. However,
the optical experimental region for spectroscopy is ex-
posed to high radiation from the target, which is placed
a few meters away. Therefore, the optical experimental
devices should be evaluated for radiation resistivity.

Laser sources were placed in the laser spectroscopy
room in the basement of the RIBF building. A titanium-
sapphire laser and external cavity diode lasers supplied
718 nm light beams for the laser cooling of Fr atoms.
These light beams will be transported to the E7 room
via 400 m of optical fiber. The optical fiber consists of
a polarization-maintaining optical fiber (Fujikura SM63-
PS-U25D) covered by a stainless flexible tube and flame-
retardant polyvinyl chloride (Nippon Steel Welding &
Enginering PICOFLEC). One of the concerns is radia-
tion damage caused by boron, which has a large capture
cross section of neutrons, contained in stress-applied
parts of this optical fiber.1) We expected the radia-
tion damage to cause two behaviors: transmission power
drifting and degradation of light polarizability.

To evaluate the radiation resistivity, we performed a
light transmission monitoring test using 40 m of the
same model optical fiber wired inside the E7 room, dur-
ing the Fr production beam time (maximum 7.9 eµA).
A part of the optical fiber (4.5 m) was stuck with plastic
masking tape on the vertical flat surface of a steel rack
approximately 1.2 m away from the vertical beam line.
The ends of the optical fiber were connected to an op-
tical monitoring system set downstairs of the E7 room,
where the radiation level is low. A 685 nm, 1 mW light
beam from a diode laser was used for the monitoring
system. The output light power of the diode laser, and
each s- and p-polarized light power from the optical fiber
were monitored using power meters. We determined the
transmittance T by the power of the s-polarized out-
put light from the optical fiber normalized by the value
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Fig. 1. The upper figure shows the integrated neutron dose
at the E7 room monitoring post from the beginning of
measurement, and the lower figure shows the optical-fiber
transmittance.

of the input power monitor. In addition, the radiation
dose to the optical fiber was estimated using data from
the E7 room monitoring posts. The peak value of the
neutron dose rate was 3.7 mSv/hr, and the integrated
neutron dose at the monitoring posts over the beam time
was 21.6 mSv. Considering only the distance from the
target, the expected dose of the optical fiber was several
times larger than the dose estimated at the monitoring
post.

The data obtained during the beam time are shown in
Fig. 1. Although it is clear that the cumulative neutron
dose and the fluctuation of T in Fig. 1 did not correlate,
T gradually reduced by less than 1% during 27 h. In
order to identify whether this was caused by the irradi-
ation, we carried out followup tests with a low radiation
background condition. By checking the optics used in
the monitoring system, we found that the coupling effi-
ciency on the fiber couplers may have caused a similar
drift. In conclusion, a significant change beyond the
measurement accuracy of the transmitted light power
and light polarization due to the irradiation was not ob-
served with the current experimental setup. Additional
checks using a higher radiation dose are necessary to en-
sure that this optical fiber can be used for a longer beam
time.
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Development of novel detection system for francium ions extracted from
online surface ionizer
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One of the origins of the matter-antimatter asymme-
try in the Universe is considered to be the violation of
the charge conjugation and parity symmetries.1) The ex-
istence of a non-zero permanent electric dipole moment
(EDM) of an elementary particle is an indicator of sym-
metry violation.

In particular, electron EDM (eEDM) is enhanced in
paramagnetic atoms,2) up to 103 in the case of francium
(Fr), which is the heaviest alkali.3,4) We are currently
developing an eEDM measurement system using laser-
cooled Fr atoms.

Fr atoms are produced in a surface ionizer via the nuclear
fusion-evaporation reaction, 197Au(18O,xn)215−xFr.5)
An 18O primary beam is irradiated onto a solid Au tar-
get. A fraction of the produced Fr atoms reach the sur-
face via thermal diffusion, where they are released as ions
owing to the surface ionization effect on the Au surface.
Using electrodes placed next to the target, the ions are
extracted at a 45-degree angle at 1 keV energy. The
Fr ion production rate depends on the Au target tem-
perature, which is controlled using an infrared heater
installed on the opposite side of the beam irradiation
surface of the target.

The Fr yield is monitored by detecting the α particles
emitted during their decay using a Si solid state detec-
tor (SSD). In previous experiments, because the infrared
light from the heater acted as a noise source for the SSD,
the heater needed to be stopped for each measurement.
However, turning off the heater frequently caused the

Fig. 1. Developed Fr ion beam detector. Light from infrared
heater is shielded by shielding rings.
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Fig. 2. Typical energy spectrum of α particles emitted during
decay of ions captured on FC surface, obtained using the
SSD. Labelled peaks within the range of 6.5–6.8 MeV are
identified as Fr.

Fr production to become inefficient, owing to the rapid
drop in the Au target temperature.

To overcome this problem, we have developed a novel
Fr ion detection system that is insensitive to the infrared
light of the heater. The detection system, as shown in
Fig. 1, consists of an SSD, a Faraday cup (FC), and a
moving rod attached to four shielding rings. The ex-
tracted Fr ions are first irradiated onto the FC surface,
where the beam intensity is observed as electronic cur-
rent. Subsequently, the FC is moved to the front of the
SSD, where the α particles are detected. Throughout
the operation, the shielding rings fit to the cylindrical
wall of the chamber with a negligible clearance; there-
fore the light hardly enters the SSD.

In September 2020, an experiment on Fr produc-
tion was conducted. Figure 2 shows the energy spec-
trum of the α particles detected by the SSD. The spec-
trum analysis shows that a 210Fr ion beam of 5× 106/s
was extracted. The Au target was heated to 960◦C,
and an 18O6+ beam of 1 particle µA accelerated to
7 MeV/nucleon using an RIKEN AVF cyclotron was
used as the primary beam.

Throughout the experiment, the infrared heater had
a negligible effect on the SSD. Therefore, the newly de-
veloped Fr ion detection system enables beam detection
without stopping the infrared heater, which is advanta-
geous for stable production of Fr ions.
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