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Fluorescence observation of Rb atoms in He II during dynamic
Stokes shift at several wavelengths

T. Sensui,∗1,∗2 K. Ishii,∗3 H. Endo,∗1,∗2 K. Imamura,∗4 A. Takamine,∗2,∗5 Y. Matsuo,∗1,∗2 T. Tahara,∗3

and H. Ueno∗2

Our research group is developing a laser spec-
troscopy technique called OROCHI to study atoms
in superfluid helium (He II). Currently, we have ap-
plied OROCHI to group 1 and 11 atoms with rela-
tively simple electronic configurations. A small energy
shift caused by the hyperfine structure of atoms in He
II can aid in determining the unique characteristics of
bulk He II.1) Clarifying the nature of interactions be-
tween superfluid helium and the introduced atoms is
crucial to further expand the applicability of OROCHI.
In this study, we focus on the “dynamic Stokes shift,”
which is a key interaction between He II and impurity
atoms. The dynamic Stokes shift is a time-dependent
change in the emission wavelength of an atom in accor-
dance with the atomic-bubble state deformation.2,3)

An overview of the process is shown in Fig. 1. Further
details are shown in Ref. 3). The goal of this study is
to estimate the relaxation time of this process.
In bulk He II, the relaxation time required for dy-

namic Stokes shift is estimated to be a few picosec-
onds;4) however, it has not been measured experi-
mentally. In our previous work, we successfully ob-
served laser-induced fluorescence (LIF) from Rb atoms
in bulk He II at wavelengths inferred to be in dynamic
Stokes shift using picosecond laser excitation and de-
tection with time-correlated single photon counting
(TCSPC).3) Observing such effects at several wave-
lengths is necessary to discuss the dynamic Stokes
shift. In this paper, we report the results of additional
observations, which we tentatively attribute to the dy-
namic Stokes shift.
Details of the experimental setup are provided in

Ref. 2). We used a picosecond mode-locked Ti: Sap-
phire laser (laser power: 100 mW, repetition rate:
90 MHz, pulse time width: 1.6 ps, center wavelength:
776.0 nm) as the excitation laser. LIF was detected
using an avalanche photodiode through a monochro-
mator. As indicated in the previous report,3) we used
an AR-coated container with high transmittance in the
near-infrared region for the observation area to mini-
mize the effect of laser scattered light. The measure-
ment results are presentedin Fig. 2.
Figure 2 shows the fluorescence intensity at each

measured wavelength normalized to the fluorescence
intensity measured at 770 nm. The 770 nm signal,
which is free from Rb laser-induced fluorescence contri-
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Fig. 1. Diagram of the dynamic Stokes shift.

Fig. 2. Normalized LIF intensity at several wavelengths.

butions, is used as a reference to evaluate fluorescence
associated with the dynamic Stokes shift. A normal-
ized intensity larger than 1 corresponds to the fluores-
cence intensity stronger than the one at 770 nm. This
implies that fluorescence is observed at those wave-
lengths during the dynamic Stokes shift. The normal-
ized intensity is larger than 1 for most wavelengths
measured in this study, considering the uncertainty
range. In future, we plan to perform the same mea-
surements at wavelengths closer to 793 nm, at the cen-
ter of spontaneous emission, and attempt to realize the
first measurement of the time required for the dynamic
Stokes shift in a bulk He II environment.
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Examination of supernova nucleosynthesis with CRIB: measurement
of the 13N(α, p)16O reaction
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Stars with initial masses exceeding ∼ 8M⊙ end their
lives in core-collapse supernovae, producing radioac-
tive isotopes, such as 44Ti and 56Ni, via nuclear reac-
tions in the ejected material. These isotopes, observed
in supernova remnants, provide insights into explosion
conditions. The 13N(α, p)16O reaction has been identi-
fied as a bottleneck in explosive nucleosynthesis, influ-
encing the yields of 44Ti, 56Ni, and short-lived isotopes
(48V, 52Mn, 55Fe) detectable by future X- and γ-ray
missions.1,2)

The 13N(α, p)16O reaction, critical for core-collapse
supernova nucleosynthesis (T = 2 − 5 GK), remains
largely unexplored in the relevant energy range. Two
recent studies were attempted to address this gap: one
study used a (7Li, t) transfer to investigate mirror
states in analog 17O,3) and the other study directly
measured the reaction with an active-target system at
center-of-mass energies Ec.m. ∼ 3.3− 6 MeV.4)

We performed a new direct measurement of
13N(α, p)16O reaction with the low-energy radioactive
ion beam facility CRIB5) using thick-target in inverse
kinematics (TTIK) method. We produced radioactive
13N beam using a primary 13C

6+
200 particle nA beam

at 6.0 MeV/nucleon (78 MeV) from the AVF cyclotron
and cryogenic hydrogen target with 300-Torr H2 gas at
an effective temperature of 90 K via 13C(p, n)13N re-
action in inverse kinematics. After the production tar-
get, the primary and secondary beams were separated
using two electric dipoles and a velocity (Wien) fil-
ter. Close to the final focal plane, the secondary beam
passed through a pair of position-sensitive Parallel-
Plate Avalanche Counter (PPAC) detectors to track its
position and intensity, event by event. The 13N beam
had an average intensity of I = 8 × 105 pps, which is
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Fig. 1. ∆E-E plot from Telescope 4 (θ = 62◦). The two

particle groups—p & α—are clearly separated.

the highest recorded, with >90% purity. Finally, the
13N beam entered a helium-filled target chamber (P
= 250 Torr) which had a 10 µm Havar foil window
to contain the gas in the chamber. The helium gas
was sufficiently thick to completely stop the secondary
beam, and thereby, can scan the excitation function
of 17F at the center of mass energies between 1.5–
6 MeV. We used five silicon telescopes to detect pro-
tons from 13N(α, p)16O reaction and elastically scat-
tered α-particles. Each telescope conmprised ∆E and
E layers with thicknesses of 41–300 µm and 1500 µm,
respectively. The ∆E layer featured an orthogonal,
double-sided layout for x- and y-position determina-
tion.
Figure 1 shows preliminary results from the tele-

scope at θ = 62◦ relative to the beam direction, clearly
identifying protons from the (α, p) reaction and elasti-
cally scattered α-particles. The next steps include re-
constructing reaction positions within the target cham-
ber and subtracting background events using argon gas
data. These results will improve the 13N(α, p)16O reac-
tion rate and allow us to explore its role in core-collapse
supernova nucleosynthesis.
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