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Precision measurement of the frequency of a nuclear
spin is important in fundamental physics experiments
such as searches for an electric dipole moment. To
achieve high precision, we have developed a nuclear
spin maser with an external feedback framework,1–3)

which enables us to extend the spin precession far be-
yond the transverse relaxation time. In our previous
works on 129Xe, the frequency precision was found to
be limited by the changes in the environmental mag-
netic field and the effective magnetic field due to the
Fermi contact interaction between a Xe atom and a
Rb atom. In order to eliminate the sources of uncer-
tainty, we newly introduced a 131Xe maser as a co-
magnetometer for the 129Xe experiment. In addition
to the frequency drift caused by the change in envi-
ronmental fields, the system of 129Xe and 131Xe co-
located in a common cell can eliminate the frequency
instability that stems from the change in the effective
magnetic field, because the interaction strengths be-
tween 129Xe-Rb and 131Xe-Rb4) are almost the same.
Thus, comagnetometry using 131Xe may provide more
efficient cancellation of uncertainties for the 129Xe ex-
periments, as compared to that using 3He, which has
been widely used in this field. The shortened measure-
ment time due to quadrupole relaxation, which is one
of the difficulties for the 131Xe comagnetometer, can
be overcome by introducing the maser scheme.

In order to investigate the long-term stability of the
masers, frequency responses (i.e., susceptibilities) to
operational parameters of the experiment (magnetic
field, cell temperature, power and frequency of laser
lights) were measured. By combining the obtained
susceptibilities and the measured instabilities of the
individual parameters, the maser frequency instabili-
ties caused by the parameters were evaluated. Fig-
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ure 1 shows the standard deviation of the maser fre-
quency evaluated from the drifts in the cell tempera-
ture (which leads to change in the Rb number density,
and hence change in the effective magnetic field) and
environmental magnetic fields as a function of the av-
eraging time. It was found that frequency drifts due
to the magnetic effects on 129Xe were reduced by two
orders of magnitude by applying the appropriate cor-
rection based on the measured 131Xe spin precession
frequency. This result indicates the efficient perfor-
mance of the proposed comagnetometry using 131Xe
co-located with 129Xe. Because of the enhanced sta-
bility of masers, the frequency drifts at a level of µHz
associated with the drifts in the power of the laser
lights were also revealed. Experimental investigation
of the origin of this instability and its reduction are
subjects of our ongoing work.

Fig. 1. Long-term stability of masers and the evaluated

contribution from the instabilities of magnetic effects.

Closed symbols represent the evaluated contributions

from the frequency instabilities due to magnetic ef-

fects for frequency of masers. Hatched band represents

the error associated with the evaluated standard devi-

ation of maser frequency σν . Open symbols represent

the measured standard deviations of the frequency of

masers.
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Searching optimum measurement conditions of the laser-microwave
double resonance for the atoms stopped in superfluid helium
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We have developed a laser spectroscopic method
named OROCHI (Optical RI-atoms Observation in Con-
densed Helium as Ion catcher) aiming at nuclear struc-
ture studies of unstable nuclei with low production yields
and short lifetimes. In OROCHI, highly energetic ion
beams are efficiently caught as neutralized atoms in su-
perfluid helium (He II) owing to its high density. In
addition, the absorption wavelength of atoms in He II is
significantly blue-shifted due to the effect of surround-
ing He atoms while the emission wavelength is almost
the same as that in vacuum. This enables us to detect
photons emitted from the atoms with low background by
removing the excitation-laser stray light. Consequently,
we can measure Zeeman and hyperfine structure (HFS)
splittings with a high sensitivity by applying laser-RF
and laser-microwave (MW) double resonance methods
to the atoms in He II.

So far, we have succeeded in observing the laser MW
double resonance (LMDR) signals for 104 particles per
second (pps) Rb ion beams with an energy of 66 A
MeV.1,2) However, the LMDR signal intensities were in-
sufficient to realize measurements of the HFS splitting
for lower intensity ion beams of less than 103 pps. In
general, it is expected that the higher-power laser and
MW irradiations lead to higher resonance peak heights in
LMDR spectroscopy. In order to estimate the optimum
measurement conditions, it is necessary to experimen-
tally and quantitatively investigate the laser and MW

Laser power (mW)

Fig. 1. Laser power dependence of LMDR intensities for dif-
ferent MW powers. The upper and lower figures show
the result using Rb cells containing He buffer gas of
1.3× 104 Pa and 1.0× 105 Pa, respectively.
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power dependence of LMDR signal intensities. As a pi-
lot study, we measured the laser power dependence of
LMDR signal intensities for different MW powers using
a glass cell containing Rb vapor with He buffer gas (“Rb
cell”).

We irradiated the Rb atoms in the cell with a cir-
cularly polarized laser light (wavelength: 794 nm), and
applied a magnetic field to the atoms, parallel to the
laser axis, in order to generate and maintain spin polar-
ization. On scanning the MW frequency, we observed
a resonant peak at the MW frequency corresponding to
the HFS splitting in the ground state of 85Rb. We mea-
sured the LMDR signal intensities (defined as resonant
peak heights in LMDR – background) for different laser
powers when the MW powers were 6.0 W, 3.5 W, 1.9 W,
and 0.15 W.

Figure 1 shows the laser power dependence of LMDR
intensities for different MW powers with two different Rb
cells containing 1.3× 104 Pa and 1.0× 105 Pa He buffer
gas. The stronger the laser and MW we applied, the
higher the LMDR intensities we observed. However, the
intensities were saturated at a certain laser power. The
higher He buffer gas pressure case required higher laser
power for saturation. This means that the laser excita-
tion cross section was decreased because of the effect of
pressure broadening. The absorption spectral line width
in 1.3× 104 Pa He gas is of the order of 1 GHz and that
in He II is of the order of 1 THz. Therefore, the laser
excitation probability is estimated to decrease by the or-
der of 103 in He II similar that in to Ref. 3). We can
roughly estimate that the saturation of LMDR signal in-
tensities needs 103 times more laser power density in He
II compared to that in He gas. In the previous online
experiment, we performed the experiment with 100 mW
laser power (diameter: 2 mm), which corresponds to a
laser excitation probability of 1.68×103 s−1. Our present
result implies that this value was too low to saturate the
LMDR signal intensities, and that it was in a linearly
increasing region at a low laser power, as depicted in
Fig. 1.

The laser power can be increased without increasing
the laser stray light by using the newly developed de-
tection system.4) Now, we can irradiate atoms with up
to 1 W laser by using a Ti:Sa laser. By using a laser
power of 1 W, the LMDR intensities are expected to be
increased by a factor of 10.
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