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Extraction of multi-nucleon transfer reaction products in the 136Xe
and 198Pt system

Y. Hirayama,∗1 Y.X. Watanabe,∗1 H. Miyatake,∗1 M. Wada,∗1,∗2 H.S. Jung,∗1 M. Oyaizu,∗1 Y. Kakiguchi,∗1

M. Mukai,∗2,∗3 S. Kimura,∗2 H. Ishiyama,∗4 S.C. Jeong,∗4 N. Imai,∗5 and T. Sonoda∗3

We have developed the KEK Isotope Separation Sys-
tem (KISS)1) to study the β-decay properties of the
neutron-rich isotopes with neutron numbers around
N = 126 for astrophysics research.2–4) We extracted
elastic events of 198Pt and unstable nuclei of 199Pt and
196,197,198Ir produced in the 136Xe beam and 198Pt tar-
get system. We successfully dissociated the molecular
ions by using a new multi-pole ion-guide (MPIG) sys-
tem and measured the lifetime of the unstable nuclei
of 199Pt3) and 196Ir.
We performed on-line tests using the 136Xe beam

with an energy of 10.75 MeV/nucleon and a maximum
intensity of 20 pnA. The 136Xe beam was directed onto
the 198Pt target placed in the gas cell, and was stopped
at a tungsten beam dump after passing through the gas
cell. The thermalized and neutralized reaction prod-
ucts were re-ionized in the gas cell, and the ions were
extracted and detected after mass separation using a
Channeltron detector for ion counting. The lifetimes
were measured by using newly developed β-ray tele-
scopes5) whose background rate was reduced to 0.09
cps.

In our previous experiment, the extracted 198Pt+

ions formed molecular ions such as 198PtH+
2 ,

198PtH2O
+, and 198PtAr+2 with the intensity ratio of

1, 1, and 6, respectively, relative to the intensity of
198Pt+ ions. The extraction efficiency of the most
intense 198PtAr+2 ion was 0.2 %. In order to reduce
the amount of the molecular ions and increase the ex-
traction yields, we developed three MPIGs which were
installed at the exit of the gas cell to dissociate the
molecular ions by applying a DC voltage of 15 V be-
tween the first and the second MPIGs as well as to
transport the ions from the high pressure region to the
low pressure region and, then, accelerate them by ap-
plying a high voltage of 20 kV. Figure 1 shows the
measured mass distribution of 198Pt+ ions extracted
from KISS through the MPIGs. In the present mea-
surement, we can successfully dissociate the molecular
ions. Considering the molecular ion formation proba-
bility in the previous experiment, the extraction effi-
ciency of 198Pt+ ion with the most intensity was re-
covered to be 0.3%, which was a factor of about 1.5
higher than of 0.2% for 198PtAr+2 ion. This indicates

∗1 Wako Nuclear Science Center (WNSC), Institute of Parti-
cle and Nuclear Studies (IPNS), High Energy Accelerator
Research Organization (KEK)

∗2 Department of Physics, University of Tsukuba
∗3 RIKEN Nishina Center
∗4 Institute for Basic Science, Rare Isotope Science Project
∗5 Center for Nuclear Study, University of Tokyo

that almost all molecular ions dissociated to 198Pt+

ion.
We extracted the laser-ionized iridium isotopes

196,197,198Ir atoms. Figure 2 shows the measured life-
time of the 196Ir (t1/2 = 52(1) s) isotope. The mea-
sured lifetime t1/2 = 67(13) s was in good agreement
with the reported value.

Fig. 1. Measured mass distribution of the platinum ions.

Red and blue lines indicate the spectra measured with

and without the irradiation of ionization lasers, respec-

tively.

Fig. 2. Lifetime measurement of 196Ir.

To extend this study to more neutron-rich nuclei,
we have been developing a doughnut-shaped gas cell
to increase the available primary beam intensity and a
low-background beta-ray telescope.
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Measuring luminosity of electron scattering from Xe isotopes at the
SCRIT experiment
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The SCRIT (Self-Confining RI ion Target)1) device
has been developed to make the experiment of electron
scattering off short-lived nuclei possible at high lumi-
nosity (1027cm−2s−1). The charged density distribu-
tion of the target nucleus is derived from the angular
distribution of elastic scattering cross-section of elec-
trons. At the SCRIT experiment, the angle and mo-
mentum distributions of scattered electrons are mea-
sured by the electron spectrometer (WiSES), and the
luminosity of the electron-nucleus scatterings is mea-
sured by the luminosity monitor (LMon). Here the
luminosity is obtained by measuring photons from the
bremsstrahlung process which is calculatable with less
ambiguity even for previously unmeasured nuclei.

The LMon, which is located ∼7m downstream along
the beam line from the electron-target interaction re-
gion, consists of 7 CsI calorimeters to measure the
photon energy, and plastic fiber scintillators to mea-
sure the 2D hit distribution of photons2). In August
2015, a commissioning test using stable 132Xe target
was performed at the beam energy Ee =150MeV. In
order to estimate the background from residual gases,
the LMon measures photons for both periods with and
without trapped 132Xe.
Figure 1 shows the total energy distributions that

are calculated by summing up energy deposits in the
7 CsIs. Each CsI energy was calibrated by using the
cosmic data and GEANT4 simulation. The left panel
of Figure 2 shows the photon hit rates measured run-
by-run. Each run is typically ∼20-30 min long. It is

Fig. 1. Total energy distributions of CsI with Xe trap (ION

ON), without Xe trap (ION OFF) and the difference

between the two (ION ON-OFF).
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shown that the background photons from the resid-
ual gases (ION OFF) occupy the majority of the total
event rate (ION ON), and the net photon event rate
from Xe target (ION ON-OFF) is ∼10-15 kHz. The
run-by-run luminosities, as shown in the right panel of
Fig. 2, are estimated as L = Nbr/tσbrϵ where σbr is the
cross-section of the bremsstrahlung process for a given
energy range3) and ϵ is the detection efficiency evalu-
ated by GEANT4. The net photon event rate (Nbr/t)
and the integral of σbr are limited only above 50MeV
to avoid a huge background of low energy photons.
The average luminosity during this commissioning ex-
periment is estimated to be (2.02±0.12)×1026cm−2s−1

including systematic uncertainties. The systematic er-
ror that originates in the CsI energy resolution is the
largest contribution (2.8%). The energy pile-up con-
tribution, which appears as entries above 150MeV in
Fig. 1 if more than two photons from independent
bremsstrahlung processes hit CsIs within a trigger win-
dow, is found to be negligible.

In summary, we have performed a commissioning ex-
periment for SCRIT using 132Xe at Ee =150MeV, and
demonstrated that the luminosity measured by LMon
reached ∼ 2×1026cm−2s−1. Since the background rate
is found to be more than 3-4 times higher than the sig-
nal event rate, the next important step is to carefully
investigate the background contributions by GEANT4
simulation. It should also be noted that more recent
studies of the electron beam improved the luminosity
by a couple of factors, and the result will be reported
in near future.

Fig. 2. Run dependence of photon hits rates at CsI (left),

and the measured luminosity (right).
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