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Figure 1 Reaction cross sections op of ***'Ne on a '’C target at
240 MeV/nucleon versus mass number A. The results predicted by the
AMD (DFM) model are presented by red closed circles with a solid line,
compared with one green square modified by the AMD+RGM (DFM)
model. The Glauber model predictions using structures from SLy4/
SkM* theory are also shown with brown/blue triangle dashed lines,

respectively. Experimental data with uncertainties are taken from Ref.
[48]
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Table 1 The rms matter radii, quadrupole deformations f,, and the
one-neutron separation energies S, in the DRHBc theory with the NL1,
NL3, PK1, and PC-PK1 density functionals

NLI NL3 PK1 PC-PK1
Br#ER(fm)  3.46 3.37 3.35 3.51
B 0.23 0.25 0.24 0.17
S, (MeV) 0.94 1.08 0.73 —0.46

%2 NL1. NL3. PKUFIPC-PK1% EiZ & T 'NeRy &% 751
RS Ry PO

Table 2 Spherical configurations and the corresponding amplitudes of
the valence neutron in *'Ne with the NL1, NL3, PK1, and PC-PK1

density functionals'®!

L7[REE] NLI (%)  NL3 (%) PKI (%)  PC-PKI (%)
2p3 41.3 31.7 33 84
21 5.1 39 7 4.4
1fin 353 47.5 48 7.9
3psn 9.8 8.5 8 2.4

300_""I""I""I""'I""I'_

| & Nakamura DRHBc  RAB y

L (2014) NL1PKI1 NL3 NLI .

- e Takechi —= BE sew = S\ 4

S 200 -— \(2012) = mE swms = DN —-
é N — - - ¥Ne J
= i |
o - |
100 -
Fissrloieaiioritessatysanicl
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E (MeV/A)

2 7P INe 5 PCIR I Hh TR TR A SR 045 1. R IR
AU 243 AR DRHB I (NL1 . PK1IFINL3% 77 oFi) X RAB
HOE(NL1 Bz pR)$RME IS5 R, SR {EDR A SCHk[44,45]. JET
SCHR[6411E

Figure 2 The one-neutron removal cross sections a.y of 27***'Ne
bombarding a '>C target as a function of incident energy per nucleon E.
Different lines represent corresponding structure information from the
DRHBc theory using NL1, PK1, and NL3 density functionals, and the
RAB theory using NL1 density functional, respectively. Experimental
data are taken from Refs. [44,45]. Adapted from Ref. [64]

B A3 A 45 5, KMETES0 mbarn. 7] WL, JEAR 2 S50 N
I TR, AR A S . ST 1%
FRISRTE, 2 M = B T8 BEAE 10°~107° fm (B2
RAE6~9 fm)JERIR 225, MER2ATLIE H, XFFNL1#
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NL3ZREZ B, Lh S ERTITR ABAR AL A (UNL 185 BEIZ B Y. S feiske
1 3CIHk[45]. BT 3CHR[64 &3

Figure 3 Calculated inclusive parallel momentum distribution of
26.28.30Ne residues after one-neutron removal from 27*%3!'Ne
bombarding a 2c target. Solid lines, dashed lines, dotted lines, and
dashed-dotted lines denote results within the DRHBc theory using the
NL1, PK1, and NL3 density functionals, and those within the spherical
RAB model using NL1 density functional®®, respectively. Experimental
data for **Ne residues are taken from Ref. [45]. Adapted from Refs. [64]
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1100 } -
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20 25 30 35
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4 ABFREREA A 240 MeVIR, 20 Mg i i R . 21
6,25 0> [ [El Sy DRHBc+GlauberBE I L5 R W5 G as /S0 E
AMD/AMD-RGM 5 & (M IHEE45 R 1Y, 5 @52 /52.0 = i ARMF/
GMMBJ5 kST AR, SR (R G 00 P )k [ Sk [65]
Figure 4 Reaction cross sections oy of 2*~>’"Mg bombarding a C target
at 240 MeV/nucleon. Open red circles stand for our predictions with the
Glauber model with inputs from the DRHBc theory. Open/closed blue
squares stand for the results from the AMD/AMD-RGM approach™'.
Open/closed magenta triangles stand for the results from the RMF/
GMMB approach™®. Experimental data (closed black circles) are taken
from Ref. [65] for comparison
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Figure 5 Inclusive longitudinal momentum distributions of ****Mg
residues after one-neutron removal reaction of ***"Mg bombarding a C
target at 240 MeV/nucleon. The black solid/dashed line refers to the
predictions for fragment **Mg/**Mg with the DRHBc+Glauber
approach. The red dashed line and blue dashed-dotted line denote the
individual contributions to the results for **Mg from p- and fwave

neutron removal, respectively. Experimental data for the *’"Mg reaction
are taken from Ref. [66]. Plot is taken from Ref. [74]
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With the development of radioactive ion beam physics, the exotic phenomena appear in exotic nuclei and arouse great
interest, such as the inversion of islands on shell evolution, halo nuclei, cluster effect, etc. In this paper, we review the
progress on 1z halo nuclei from both experimental and theoretical aspects. Taking the heavier and heaviest 1n p-wave halo
nuclei *'Ne and *’Mg as examples, we study the effects from deformation, resonant states and pairing correlations in the
formation of a halo nucleus via our newly developed approach.

Firstly, we utilized the analytical continuation of the coupling constant (ACCC) method, based on a relativistic mean
field (RMF) structure theory with the Bardeen-Cooper-Schrieffer (BCS) approximation—the RAB model, which includes
the contributions from the single-particle resonant states around Fermi surface and the pairing correlations with the
coupling of the bound states and resonant states. We modify the Glauber reaction model so that the densities from the
microscopic theory can be directly used for the calculations and the results are improved by ~50 mb compared with those
with multi-set of the Gaussian-fitted densities. In this way, we achieved a unified description from the microscopic
structure to reaction observables for the case of neutron-rich isotopes on a carbon target and succeeded in the identification
of 1n p-wave halo nucleus *'Ne for the first time.

Furthermore, we adopted the deformed relativistic Hartree-Bogoliubov theory in continuum (DRHBc¢) incorporated with
the Glauber model to study the effects from the deformation, discretized continuum and pairing correlations on the reaction
observables. We found that the previous overestimated results are largely modified by 30% for the reaction cross sections,
1n removal cross sections and momentum distributions for halo nucleus *'Ne on a carbon target and agree with the
experimental data.

In this scheme, we computed the reaction cross sections of *’Mg bombarding a carbon target at 240 MeV/nucleon and
found that most of the results agree well with the experimental data within the uncertainty of 1o. Our predicted increase of
the cross section from **Mg to *’Mg is twice than that from **Mg to **Mg, consistent with a halo structure in *"Mg.
Additionally, our calculated narrow longitudinal momentum distribution of **Mg residues from *’"Mg+'2C breakup reaction
agree well with the data and imply a nuclear size much larger than **Mg. Moreover, our study shows a dominant p-wave
contribution to the longitudinal momentum distribution, supporting the conclusion that *’Mg is a p-wave halo nucleus.

In total, the spherical structure combined with the spherical reaction model (i.e., RAB+Glauber model) can
comprehensively describe 17 halo nucleus *'Ne, but overestimate the observables by 30%. The deformation effect is
crucial for the improvement of the predictions. The DRHBc+Glauber model has turned out to be an efficient tool to unified
describe the halo characteristics in *'Ne and *’Mg from nuclear structures to reaction dynamics, which casts a light on new
1n p-wave halo candidates in the near future.

halo, Glauber model, reaction cross section, longitudinal momentum distribution
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