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Accurate, high-precision nuclear mass data around
N = Z line are very important in several fields, e.g.,
rp–process and unitarity of the CKM matrix. The half
lives of their key nuclei are of the order of several tens
to several hundreds of milliseconds. The multireflec-
tion time-of-flight mass spectrograph (MRTOF-MS)1)

has an advantage in the mass measurements of these
short-lived nuclei. However there are no actual re-
sults of on-line MRTOF-MS measurements with the
required precision, δm/m � 10−8, so far.
We demonstrated high-precision mass measurements

of 63Cu, 64−66Zn, 65−67Ga, 65−67Ge, 67As, 78,81Br,
79Kr, 80,81Rb, and 79,80Sr utilizing MRTOF-MS com-
bined with the gas-filled recoil ion separator GARIS-
II.2) Two different fusion-evaporation reactions—
natS(36Ar, X) and natTi(36Ar, X)—were used for pro-
ducing these nuclides. The masses of these nuclides
were determined by the single reference method using
isobaric references of well-known mass.
The results are summarized in Fig. 1. There are

some inconsistencies with the 2016 Atomic Mass Eval-
uation (AME16) values. In order to understand them,
two reliability requirements were imposed on the mass
values: (i) there must be no contamination with unre-
solvable isomers, (ii) there are no undue influences of
intense neighboring peaks. Among the masses that
were inconsistent with AME16, two were found to
meet the reliability criteria, and we propose new mass
excess values: ME(67Ge) = −62675.2(46) keV and
ME(81Br) = −77955.4(53) keV. These mass values
were previously deduced through indirect measure-
ments. This result reinforces the need for direct mass
measurements of all nuclides, even for stable isotopes,
if their masses were previously evaluated by indirect
techniques.
The relative mass precision in the present study

spans the range from δm/m = 4.1×10−7 to 3.5×10−8.
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Fig. 1. Differences between the present measurement re-

sults and the AME16 values. Purple lines represent the

error bands of the AME16 values. The open symbols

indicate data derived from spectral peaks insufficiently

separated from adjacent spectral peaks.

In the most precise measurement, which was that of
65Ga, a mass uncertainty of 2.1 keV was obtained.
This result shows that mass measurements satisfying
the requirement of the CKMmatrix, δm/m < 5×10−8,
can be achieved with MRTOF-MS, given sufficient
statistics.
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Track reconstruction of recoil particles in CAT-S at RIBF113:
132Sn(d,d’) measurement
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The equation of state (EoS) of nuclear matter not
only governs the femto-scale quantum many-body sys-
tem, namely nuclei, but also plays an important role in
the structure of neutron stars and in supernova phe-
nomena. In particular, the EoS of isospin asymmet-
ric nuclear matter has attracted much interest from
the viewpoint of the existence of heavy neutron stars.
The asymmetric term of incompressibility, Kτ , can be
a benchmark for various EoSs because it can be di-
rectly deduced from the energies of the isoscalar giant
monopole resonance (ISGMR) measured along an iso-
topic chain, such as tin isotopes.1) The present value
of Kτ is −550±100 MeV and its error is larger than
those of other parameters of the EoS. In order to im-
prove the Kτ value, the measurement on the isotopic
chain should be extended to unstable nuclei. A doubly
magic tin isotope, 132Sn, has been chosen as a flagship
for the measurements of unstable tin isotopes because
of its large isospin asymmetry and double magic na-
ture. The measurement of deuterium inelastic scatter-
ing off 132Sn was performed at RIBF in RIKEN. The
typical intensities of the secondary beam at F3 and F7
were 8.5×105 and 3.2×105 particles per second, respec-
tively. The main components of the secondary beam
were 132Sn, 133Sb, and 134Te with purities of 21%, 46%,
and 25% at F7, respectively.

The excitation energy and scattering angle in
the center-of-mass frame are extracted by means of
missing-mass spectroscopy, for which the range and
angle of the low-energy recoil deuteron must be mea-
sured. In order to measure such low-energy recoils,
a gaseous active target system CAT-S2) with 0.4-atm
deuterium gas has been employed as target and de-
tector simultaneously. In this paper, we report the
present status of track reconstruction for recoil parti-
cles stopping in CAT-S. Before the track reconstruc-
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tion, a cluster of hits as a candidate track is searched
for. The detailed procedure of track finding was re-
ported by Tokieda et al.3) Here, we focus on the en-
ergy calibration of each pad and track reconstruction
for the hit cluster found by the track-finding process.

CAT-S has an active are of approximately 10×10-
cm2. Primary electrons produced by energy deposition
along the trajectory of the recoil particle drift toward
the THGEM and readout pad. The drift velocity is
currently assumed to be 1 cm/µs according to the sim-
ulation using Garfield for 0.4-atm deuterium gas with
an electric field of 1 kV/cm/atm. The lateral diffusion
coefficient is assumed to be 0.04 cm1/2, which yields
a charge spreading of 2 mm in one standard deviation
for a drift length of 25 cm. In the procedure of track
reconstruction, the charge spreading should be taken
into account.

The track reconstruction is performed in a two-fold
manner. First, the track in the plane defined by the
drift direction (Y) and axis perpendicular to beam (X)
is deduced by using a linear fit of position in this plane.
The position along the drift direction is calculated from
the leading-edge timing multiplied by the drift veloc-
ity. The position along the X-axis is the centroid of
each pad. Second, the track in the plane defined by the
beam axis (Z) and the X-axis is reconstracted by fitting
the calculated charges to the measured charges by tak-
ing the diffusion and the resolution into account. The
second part of track reconstruction requires energy cal-
ibration. A set of trial calibration parameters is used
to deduce the realistic energy calibration parameter
after comparing the measured charge with the one cal-
culated from the best-fit track. The charge resolution
can be estimated from the distribution of the difference
between the measured and calculated charge. The typ-
ical charge resolution after correction is less than 10%.
The analyses for particle identification, improvement
of track reconstruction using iteration, merging beam
particle identification and so on are in progress.
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