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Study of unbound oxygen isotopes 25O and 26O using SAMURAI
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Unbound states of the neutron-rich oxygen isotopes
25O and 26O have been studied by the invariant-mass
method by using SAMURAI1) with the aim to eluci-
date the mechanism of the neutron drip line anomaly
in oxygen and fluorine isotopes. Another interesting
topic is the possible two-neutron radioactivity of the
26O ground state, predicted by a theoretical study.2)

Experimentally, only the upper limit of the ground-
state energy3,4) and lifetime with a large error5) are
currently available.

Details of the experimental setup are described in
our previous report.6) Figure 1 shows a mass identi-
fication plot of outgoing Z = 8 charged particles ob-
served in the breakup of 27F on a carbon target. Par-
ticle identification is performed by the Bρ-∆E-TOF
technique. The magnetic rigidity Bρ is determined
by the positions and angles at the entrance and exit
of the SAMURAI magnet measured by means of the
MWDCs (BDC1,2 and FDC1,2). Combining the Bρ
value with energy loss ∆E and TOF measured by a
plastic scintillator hodoscope (HODF), outgoing par-
ticles can be clearly identified. The mass resolution
∆A = 0.18 (FWHM), corresponding to 13σ separa-
tion, is achieved for 24O.

Figure 2 shows a preliminary decay energy spectrum
of 24O+n observed in the breakup of 27F. The sharp
peak near the neutron decay threshold corresponds to
the 26O ground state and the peak at approximately
0.8 MeV corresponds to the ground-state resonance of
25O. Since the obtained statistics is much larger than
that obtained in the previous experiments,3,4) a bet-
ter constraint on the 26O ground-state energy can be
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obtained. Analysis is currently in progress.

Fig. 1. Mass spectrum of outgoing Z = 8 particles in the

breakup of 27F.

Fig. 2. Decay energy spectrum of 24O+n in the breakup of
27F.
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Two-neutron removal reaction from 22C†
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We report the first measurement of the two-neutron
removal reaction from a 22C secondary beam at around
240 MeV/nucleon. The experiment was performed at
the RI beam factory in 2009, as detailed in Ref.1). The
extracted quantities are the inclusive cross section of
22C and the momentum distribution for the charged
residues of 20C. 22C is known to be the most neutron-
rich bound nucleus among C isotopes, whereas 21C is
particle unbound. Hence, 22C is pictured as a three-
body (20C + n + n) Borromean system, which may
be useful in deriving the two-neutron halo formation
in 22C.
There is little knowledge about 22C. Until Gaude-

froy et al. performed the mass measurement of 22C
(i.e., S2n(

22C) = −0.14(46) MeV),2) its experimental
mass was never known. Hence, we followed the 2003
mass evaluation,3) in which the two-neutron separation
energy was 0.42(94) MeV. The ground state of 21C was
assumed to be produced at a continuum energy of ε∗

= 0.30 MeV after neutron removal with a ground-state
separation energy S1n(

22C) of 0.70 MeV.
Based on the shell model with the WBP effective

interaction4) in a psd-model space truncated to al-
low 0h̄ω and 1h̄ω excitations, three final states of 21C
are predicted below the 20C first neutron threshold
of 2.90 MeV. These states are a 1/2+1 ground state
with C2S = 1.4, a 5/2+1 state at Ex = 1.11 MeV with
C2S = 4.2, and a 3/2+1 state at Ex = 2.19 MeV with
C2S = 0.34. Using these C2Ss and an eikonal reaction
model,5,6) the theoretical inclusive cross section is cal-
culated to be 283 mb, which is in agreement with the
experimental cross section of 266(19) mb.

The measured and theoretical inclusive 20C paral-
lel momentum distributions (convoluted with the ex-
perimental resolution of 27 MeV/c) are compared in
Fig. 1. The theoretical distribution (solid curve) cor-
responds to the inclusive (unbound) 21C momentum
distribution, which is calculated as the weighted sum
of the momentum distributions to the individual final
states. Prior to this sum being calculated, the neu-
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Fig. 1. Comparison of measured and theoretical inclusive

parallel momentum distributions of 20C, following two-

neutron removal from 22C on a carbon target at 240

MeV/nucleon. See the text for a description of the

curves.

tron emission recoil broadening for the 20C residue is
included for each final state according to its ε∗ value,
i.e., ε∗ = Ex + 0.30 MeV. The dashed (dot-dashed)
curve shows the contribution of knockout via the 1/2+1
(5/2+1 ) state of 21C. Each of two states contributes al-
most half of the inclusive one-neutron removal cross
section. The theoretical calculation is in good agree-
ment with the experimental distribution, providing
strong support for the weakly bound ν2s1/2 character
for the 22C ground state. This result is consistent with
the result of the recent interaction-cross-section mea-
surement and associated analysis presented in Ref.7),
which is suggestive of an extended 22C matter density.
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