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Parity-transfer (16O, 16F) reaction for study of pionic 0− mode
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The spin-dipole (SD) 0− excitation is an important
topic in the study of spin-isospin responses in nuclei.
Because the 0− excitation carries the same quantum
number as a pion, its strength distribution is expected
to reflect pion-like correlations in nuclei such as tensor
correlations1). Despite this importance, experimental
information on 0− states is very limited because of
a lack of experimental tools that are suitable for 0−

studies.
In a previous report2), we proposed a new probe, a

parity-transfer (16O, 16F(0−)) reaction for 0− studies.
The parity-transfer reaction uses 0+ → 0− transition
in the projectile to probe 0− states in a target nucleus.
This reaction has unique sensitivity to unnatural par-
ity states, which is an advantage over other reactions
used so far.

For the first parity-transfer measurement, we plan
to perform a 12C(16O, 16F(0−))12B experiment at the
RIKEN RIBF facility by using a SHARAQ spectrome-
ter. Figure 1 shows the schematic of the experimental
setup. A primary 16O beam of 250 MeV/A is trans-
ported onto a 12C target. The outgoing 16F are un-
bound to 15O + p. Thus, we perform the coincidence
measurements of the decayed 15O + p pairs. These
particles are momentum analyzed using the SHARAQ
spectrometer. The analyzed 15O are detected with the
focal plane detectors of SHARAQ (two cathode read-
out drift chambers (CRDCs)), while the protons are
detected at the low-momentum side of the first dipole
magnet. The 0− state of 16F is identified by recon-
structing the invariant mass of the 15O + p pairs.

For this measurement, we have been developing a
proton tracking detector system, which consists of two
multi-wire drift chambers (MWDCs) and one plastic
scintillator (See Fig. 1). Table 1 shows the specifi-
cations of the MWDCs. Each MWDC has an effec-
tive area of 480 mmW × 240 mmH to cover the accep-
tance for the protons emitted from 16F. The readout
electronics and data acquisition (DAQ) system are the
same as those described in Ref.3).

The performance of the MWDC was tested in the
SHARAQ04 experiment. A proton beam with an en-
ergy and intensity of 250 MeV and 1 kHz, respectively,
was incident on the MWDC. The position resolution
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Fig. 1. Schematic of the experimental setup.

Table 1. Specifications of the MWDCs. The X’ (Y’) plane

is offset by half cell from the X (Y) plane.

Configuration X - X’ - Y - Y’
Effective area 480 mmW × 240 mmH

Cell size 12 mmW × 10 mmt

Numbers of channels 120

Anode wire Au-W, 20 µmφ

Potential wire Cu-W, 80 µmφ

Cathode plane Al-Mylar, 2 µmt

Counter gas P10 : Ar - CH4 (90 - 10), 1 atm
Gas window Al-Mylar, 25 µmt

was estimated from the residual of xX −xX′ . Here, xX

(xX′) is a hit position in the X (X’) layer. We also
estimated the tracking efficiency, which was defined as
the ratio of the number of events with the residual
within 3σ to the number of beams measured by using
the scintillator at the upstream of the MWDC. The re-
sulting position resolution and tracking efficiency were
270 µm (FWHM) and 96%, respectively, when we ap-
plied a voltage of -1.6 kV on the potential wires and
cathode planes. This performance is sufficient for the
(16O, 16F(0−)) measurement.

The experiment is scheduled to be conducted in
2014.
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Missing mass spectroscopy on carbon isotopes beyond proton
drip-line
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The 8C nucleus is one of the most proton rich nu-
clei existing outside of the proton drip-line. While the
mass of the ground state and decay modes of 8C1–4) has
been known, the energy and the spin-parity of the ex-
cited states have never been measured. Therefore, we
investigated the excited states of 8C by using missing
mass spectroscopy, which enabled us to search for the
unbound nuclei 8C unbiasedly with respect to three-
body, four-body, and five-body decay4).

The experiment was performed at the RIPS facility5)

in RIKEN. A 70 MeV/nucleon 12C primary beam with
an intensity of 200 pnA bombarded a 9Be production
target with a thickness of 0.5 mm. A 50 MeV/nucleon
10C secondary beam was produced via projectile frag-
mentation and distributed to a reaction chamber lo-
cated downstream of the second achromatic plane (F3)
of RIPS. Particle identification of the secondary beam
was carried out on event by event basis using the time
of flight and energy loss, which were measured by two
plastic scintillators placed at the first achromatic plane
(F2) and F3 of RIPS. Two parallel plate avalanche
counters (PPACs)6) placed at F3 and double PPACs
in the reaction chamber were used to measure and ad-
just the beam position. We obtained the pure 10C
beam with an intensity of about 2 × 105 Hz.

The secondary 10C beam was injected into a cryo-
genic H2 gas target (CRYPTA)7). Temperature and
pressure of the H2 gas were kept around 30 K and 0.4
MPa, respectively. The H2 gas was sandwiched by two
10-µm-thick Havar8) foils. The diameter and thickness
of the target cell were 30 and 1 mm, respectively.

Recoil deuterons and tritons from the reaction were
detected by silicon detectors called a RIKEN tele-
scope9) and a Dubna telescope, respectively. The
double-sided strip detector (DSSD) of the RIKEN tele-

∗1 Department of Physics, The University of Tokyo
∗2 RIKEN Nishina Center
∗3 Department of Physics, Rikkyo University
∗4 Department of Physics, Seoul National University
∗5 National Research Centre ”Kurchatov Institute”
∗6 Flerov Laboratory of Nuclear Reactions, Joint Institute for

Nuclear Research
∗7 Department of Physics, Stellenbosch University
∗8 Resarch Center for Nuclear Physics, Osaka University
∗9 Technische Universität München
∗10 Institut de Physique Nucléaire d’Orsay, IN2P3/CNRS
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scope was installed at 120.5 mm downstream from
the target. The Dubna telescope, which was in-
stalled downstream of the RIKEN telescope, consisted
of 1-mm-thick DSSD and 16 trapezoid 25-mm-thick
CsI(Tl) scintillators with photo-multiplier readouts.
The DSSD has 16 sectors in front and 16 rings at the
back. The DSSD is circular with a 28 mm φ hole, and
the active radius ranges from 33 to 84 mm. The DSSD
was placed at 300 mm from the target, followed by
the CsI(Tl) scintillators at 5-mm intervals. The po-
lar angular coverage of the Dubna telescope is about
3.0◦ ≤ θ ≤ 8.0◦ in a laboratory frame.

Four plastic scintillators were installed at 0 degree,
downstream of Dubna telescope. The first two scintil-
lators were used to stop the 10C beam. They identified
Z = 4 and Z = 6 particles from the reactions. The fol-
lowing two scintillators were used as the stopper and
separator for lighter particles such as α particles and
protons produced by the reactions. Therefore, we se-
lected these scintillators with thicknesses of 2, 5, 2, and
15 mm from upstream.

Trigger sources of the data acquisition were the
RIKEN telescope ⊗ beam, the Dubna telescope ⊗
beam, and the down-scaled beam. Data were taken
for 31 hours under the condition with H2 gas, and 11
hours without H2 gas.

In the online analysis, the recoil deuterons and tri-
tons detected by the Dubna telescope were well identi-
fied. From the energy information of these recoil par-
ticles, the excitation energy of 8C and 9C will be de-
duced by the missing mass method. A detailed analysis
is now in progress.

References
1) R. G. H. Robertson et al.: Phys. Rev. Lett. 32, 1207 (1974).

2) R. E. Tribble et al.: Phys. Rev. C 13, 1 (1976).

3) R. G. H. Robertson et al.: Phys. Rev. C 13, 3 (1976).

4) R. J. Charity et al.: Phys. Rev. C 82, 041304(R) (2010).

5) T. Kubo et al.: Nucl. Instrum. Methods Phys. Res. B 70,

309 (1992).

6) H. Kumagai et al.: Nucl. Instrum. Methods. Phys. Res. B

317, 717 (2013).

7) H. Ryuto et al.: Nucl. Instrum. Methods. Phys. Res. A 555,

1 (2005).

8)

9) E. Yu. Nikolskii et al.: Phys. Rev. C 81, 064606 (2010)

SDQ
D1

Q3

D2

CRDC

S0
S1

S2

12C

15O

ppp
SHARAQSHARAQSHARAQ

SpectrometerSpectrometerSpectrometer
16O

Q3

D1

20cm

MWDC

Plastic Scinti.




