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Isotope identification in nuclear emulsion plate for double-hypernuclear study 
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Double-  hypernuclei and twin single-  hypernuclei are 
quite important objects, since they give us the - and Ξ-N 
interaction. In the KEK-E373 experiment, only the 
NAGARA event was uniquely identified as a 6He among 
seven events in nuclear emulsion, and the - interaction is 
found to be weakly attractive in the s-shell double-
hypernucleus.1), 2) To understand the - and Ξ-N 
interaction in a unified way up to the p-shell nuclei, it is 
necessary to uniquely identify as many nuclides as possible.
For such detection, we find that the recognition of daughter 
particles from the decay of the double-  hypernucleus is
key issues. It can be very useful for ionization-loss 
measurement, which will be reflected in particle-track 
thickness or width in the emulsion. Although the relation 
between energy losses, dE/dx, and their ranges has been 
calibrated by specific a rays with monochromatic energies 
of natural radioisotopes in the emulsion, we have no
experience in recognizing the relation between particle 
track widths and their charges. 

To develop a particle-identification (PID) method, fully 
stripped particles of 1H, 2H, 3H, 3He, 4He, 7Li, 9Be and 11B
were exposed to the emulsion. Those particles were 
produced as fragments of the 12C beam with an energy of 70
AMeV and intensity of 10 pnA at the 9Be target (t = 0.5 
mm). Wedge-shaped degraders made of Al with a thickness 
of 962 mg/cm2 and 426 mg/cm2 were used to degrade the 
particle energies. Additionally, Al and Fe degraders, which 
were combined with several thickness plates, were installed 
to get suitable particle energies for stopping in the emulsion 
in front of the emulsion stack. 

An emulsion stack had a size of 3×7 cm2 and a thickness 
of 6 mm, and was exposed to one particle with a density of 
nearly 104 particles/cm2. To obtain the parameter for 
calibrating a track haloes depending on the incident angle θ,
all emulsion stacks were exposed with angles of θ = 0o, 25o,
50o, 75o. We exposed 1H horizontally (θ = 90o) to all 
emulsion plates as a baseline of track width, which depends
on the optical and photographic development conditions on
plate by plate of the emulsion.

The raw image taken with a CCD camera attached to an 
optical microscope is shown in Fig.1 a). Based on this 
image a), the blurred image of b) by Gaussian kernel was 
obtained. By subtracting the blurred image b) from the raw 
image a), an image of c) with a uniform background was 
obtained. In this image c), the track width was defined as 
the distance between two inflection points, which were 

obtained from the brightness distribution by using the fitting 
function, F=A*tanh(Gauss(x, , )). We assumed a track to 
be made of many cylinders with a thickness of 1 m, and 
obtained the track volume as collection of cylinders. 

The volumes of five nuclides (θ = 75o) were obtained 
along the track between 10 m and 100 m from the 
stopping point. Since the track width becomes narrow near 
the stopping point, we omitted the track volume around 
there. Two large volumes, which would suddenly appear,
were removed among the ten cylinders, and the average 
volume in an interval of 10 m was obtained from the eight 
cylinders. The preliminary result on the volume ratios for 
the five nuclides of 1H, 4He, 7Li, 9Be and 11B corresponding 
to horizontally exposed 1H (θ = 90o) is shown in Fig. 2.
Although the recognition for the different charged particles
seems good around 100 m in three standard deviations, it 
is quite necessary to develop the analysis in the region near 
the stopping point. Data fluctuation around there causes 
worse convergence in a more short range region.

* This work shall be published in HYP2015 JPS. Conf. 
Proc.  
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Fig. 1. Process to obtain track width with uniform 
background from a) to c).
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Fig. 2. Volume ratio for each nuclides (θ = 75o)

to 1H (θ = 90o) .

Measurement of nuclear magnetic moment of neutron-rich 39S
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Ground-state nuclear electromagnetic moments of
unstable nuclei have been measured with the β-ray de-
tected nuclear magnetic resonance (β-NMR) method
1) using fragmentation-induced spin-polarized radioac-
tive isotope (RI) beams2). In this method, a resonance
can be observed when all three conditions are met at
the same time: 1) a polarized RI beam is produced; 2)
the frequency range of the oscillating magnetic field in
β-NMR measurements covers a resonance frequency;
and 3) polarization is maintained in the stopper ma-
terial during count time. These conditions complicate
β-NMR measurements. In order to investigate the pro-
duction of spin polarization separately from the reso-
nance scan, a new adiabatic field rotation (AFR) sys-
tem has been developed.3,4)

The experiment was carried out at the RIKEN Pro-
jectile Fragment Separator (RIPS) at the RI Beam Fac-
tory operated by RIKEN Nishina Center in Septem-
ber 2015. Nuclear spin-polarized 39S nuclei were pro-
duced by bombarding 48Ca ions on a 0.52-mm-thick
9Be target for the first time. The 48Ca17+ ions were
accelerated up to 63 MeV/nucleon and the intensity of
the primary beam was typically ∼200 pnA on the tar-
get. The fragments emitted into the angle from 1.5◦ to
5.9◦ relative to the primary beam with the momentum
p = p0×(1.02 ± 0.02), where p0 is the peak in the dis-
tribution, were selected by the RIPS. A wedge-shaped
degrader (148.8 mg/cm2) was used for energy loss sep-
aration, and then, the 39S ions were transported to
the AFR and β-NMR apparatus. Next, they were im-
planted into a CaS crystal together with inseparable
fragments as contaminants that became low energy β-
ray emitters. Under these conditions, the beam purity
of 39S was about 70%.

First, AFR measurements were conducted with 39S
nuclei. The experimental setup of the AFR measure-
ment is described in Ref. 5). The maximum asym-
metry change (AP ) is normalized to be a product of
the asymmetry parameter A and polarization P . The
AP values for AFR measurements of 39S in CaS are
shown in Fig. 1, where the plot points 1-5 correspond
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to the conditions shown in Table 1. Table 1 shows
the time sequence of beam on/off period, selected mo-
mentum, selected angle, and obtained yield of β-ray
from 39S (Yβ). As per the results of AFR measure-
ments, we were successfully in achieving nuclear spin-
polarization.

Second, β-NMR measurements by means of the adi-
abatic fast passage (AFP) method were carried out
with 39S nuclei. The experimental setup of the AFP-
NMR measurement is the same as described in Ref. 6).
Because the range of theoretically predicted g-factor is
very wide, a fast switching system was used.7) In this
measurement, the g-factor search was performed in the
region 0.14 < g < 1.49. The results of the AFP-NMR
measurements are under analysis.

Fig. 1. Obtained AP value of 39S at room temperature.

Table 1. Measurement conditions and obtained Yβ

# Time sequence Momentum [%] Angle Yβ [cps]

1 2 s - 30 s 1 ≤ ∆p/p0 ≤ 4 θ≥1.5◦ 140
2 2 s - 30 s 1 ≤ ∆p/p0 ≤ 4 θ≥1.0◦ 150
3 8 s - 24 s 1 ≤ ∆p/p0 ≤ 4 θ≥1.5◦ 240
4 16 s - 16 s 1 ≤ ∆p/p0 ≤ 4 θ≥1.5◦ 310
5 16 s - 16 s 0 ≤ ∆p/p0 ≤ 4 θ≥1.5◦ 420
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