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Abstract. The observation of longitudinal momentum distribution (F}|) from two-neutron removal in 9C
with a Be target at 64 A MeV is reported. Analysis in terms of Glauber model considering *°Cgs(J™ = 1/27)
shows that neutron evaporation is necessary to explain the data.

PACS. 25.60.Dz Interaction and reaction cross-sections — 25.60.Gc Breakup and momentum distributions

1 Introduction

The existence of one-neutron halo structure has been well
established in two nuclei, namely, ' Be [1] and '°C [2], hav-
ing abnormal ground-state spin J™ = 1/2%. Such struc-
tures have been described by the core + n halo model. The
“core” nucleus in these examples are nuclei whose valence
neutron orbital is filled. For sd-shell nuclei close to drip-
line, the “core” is a more complex nucleus. It is therefore
a question of a core+n decoupling is possible for them.
One way to investigate this is the study of two-neutron
removal from the nucleus of interest.

The isotopic chain of carbon nuclei interestingly shows
an abrupt increase in interaction cross-section for two iso-
topes, namely '°C and '9C [3]. This feature, together
with the relatively narrow momentum distribution [4,
5,6] for one-neutron removal suggested this nucleus to
have a one-neutron halo structure. The large Coulomb
dissociation cross-section [7] also favoured the halo na-
ture. These investigations suggested a ground-state spin
of J© = 1/2% for ¥C which is supported by shell model
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(WBP interaction) predictions [5]. The deformed Skyrme
Hartree-Fock calculations however suggest °C to have
an oblate deformed structure with a ground-state spin of
3/2% [8], “nearly degenerate” with the 1/27 excited state
(320 keV).

In this article, we present a different view to the struc-
ture of C by measuring the P from two-neutron re-
moval. Interestingly, it appears that the distribution can-
not be explained by a J = 1/2% spin with ¥C core pri-
marily in its ground state, a structure necessary to form
a halo.

2 Experiment

The experiment was performed at the RIKEN Ring Cy-
clotron facility. The secondary beam of 19C was produced
by fragmentation of 2>Ne primary beam on a 2.5 mm thick
Be target. The *C beam further interacted with a 2 mm
Be target placed at the first achromatic focus of the frag-
ment separator. The momentum of the !7C fragment after
the reaction target was derived from time-of-flight (TOF)
measured using ultra-fast timing plastic scintillators. The
momentum resolution was 10 MeV/¢ (o). The particle
identification was done using AE-TOF-FE with ionisation
chamber (for AFE) and Nal(T1) (for F) in addition to the
scintillators. The details are described in ref. [6].
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Fig. 1. (a) The possible paths for emitting two neutrons

from '°C through the ground state and bound excited states
of the “core” nucleus '*C. (b) The P data (filled circles) for
19C — 7C. The different curves show the Glauber model cal-
culations for the respective emission paths shown in (a).

3 Results and analysis

Figure 1 shows the P data from two-neutron removal
having a width (I') of 203 £ 10 MeV/c. The data is anal-
ysed in the framework of the few-body Glauber model [9].
Two different kinds of neutron removal processes have
been considered. In the first approach, we consider neu-
tron emission through bound states of the “core” '8C. The
possible emission paths with J7(1°C) = 1/2% are shown
in fig. 1a. The states of 17C are based on shell model pre-
dictions. The resultant P are shown, normalized to the
peak of the data in fig. 1b. All the emission paths lead
to distributions which are wider than the data. The solid
curve has a width I" = 300 MeV/c while the others have
widths around I' = 240 MeV/c.

Another process of two-neutron emission is by neu-
tron evaporation, i.e. through unbound excited states
of the C core. The resonances of '®C have not yet
been observed. They have thus been considered based on
shell model predictions [10] (fig. 2a). Figure 2 shows the
paths and the P (normalised to the peak of data) for
the different evaporation paths. It is observed that pro-
cesses involving emission of d-wave neutrons lead to much
wider (I" = 260 MeV/c) distributions than the data. The
s-wave emission (I" = 182 MeV/c¢) and p-wave emissions
(I" = 165 MeV/c for p3/s) are in agreement with the
higher momentum side of the data. The emission from
p1/2 (I" =115 MeV/c) is narrower than the data.

The above discussion suggests that the configuration
of C having a ground-state spin of 1/2% with the ¥C
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Fig. 2. (a) The possible paths for emitting two neutrons from
19C by neutron evaporation through unbound resonances of
the intermediate nucleus '*C. (b) The P data (filled circles)
for '°C — '7C. The different curves show the Glauber model
calculations for the respective emission paths shown in (a).

core in the ground state and/or bound excited states only,
cannot explain the P from two-neutron removal. The ex-
planation of the data is possible with the neutron evapo-
ration process through unbound excited states of the 8C
core. Thus, in the core + n model for 1°C(J™ = 1/2%), the
18C core needs to be placed in unbound excited states too.
This probably suggests that 18C is not a good “core” for
19C. That maybe expected, since the ground state of 18C
nucleus (J™ = 07) itself has quite a complex structure.
In a '"C +n model, the '7C core must be mainly in the
excited states (5/2% or 1/2%) with the neutron in ds /5 or
251/ orbitals respectively, because the ground-state spin
of 17C is known to be 3/27.

It must be mentioned that the data might also be ex-
plained by other ground-state spin considerations for '°C
whose investigation is underway.
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