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Interplay between reaction and structure

 Peculiarities in the structure of light exotic nuclei

• Skin

• Halo

• Clusters

 Structure effects on reaction dynamics

 Implication in nuclear astrophysics.

 Conclusions

Outline
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Light Nuclei

Light nuclei: a quantum mechanics laboratory

Quantum mechanics plays a role in creating peculiar structures in ground states of light nuclei:  

nuclear skins and/or nuclear halos, nuclear clusters, nuclear molecules, gas condensate …. 

Theoretical understanding structure of light drip-line nuclei challenging  necessary to go beyond 

mean field approach. 

In order to handle new observables and exotic structures extension of  theoretical models needs to 

be made also in the description of reaction dynamics

Courtesy Kanada-En’yo



EURISOL- DF 2017 Alessia Di Pietro,INFN-LNS

The neutron-skin and the Pygmy Dipole Resonance 

S. Bacca et al. Phys. Rev. C 90, 064619 (2014)

Oscillation of neutron-skin 

against the core.

Ab-initio calculation well 

describe the experimental 

cross-section.  

GDRPDR
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Nuclear halo

Nuclear halo appears when the weakly bounds valence nucleon(s) are 

in s or p states, close to the particles emission threshold.

The nuclear halo is a threshold effect arising from the very weak binding energy 

(0.1-1 MeV) of the outer nucleon(s) 

37Mg (Sn=0.22 MeV) heaviest known halo nucleus

• p-vave n-halo component (40%) in ground state

•deformed contrary to the feature of s-wave halo 

nuclei 

N. Kobayashi PRL 112, 242501 (2014)
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11Be case: Extremely large 

radius
W.Nortershäuser et al. 

PRL 102, 062503 

(2009)

Parity inversion of 

g.s. and 1st

excited state

Large non-resonant 

dipolar strength above 

threshold

Strongest known electric dipole transition between bound states in nuclei

B(E1)=0.102(2)e2fm2

B(E1) 

distribution
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Ab-initio calculations unable to reproduce parity inversion in 11Be 

A. Calci et al.

B. PRL 117, 242501 (2016)

NN , 3N and 

continuum effects 

included

B(E1) distribution with (solid line) and 

without (dashed line) the 

phenomenological energy

adjustment.

A. Calci et al. PRL 117, 242501 (2016)
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Nuclear structure effects on reaction dynamics 

11Be+197Au @ TRIUMF

Elastic scattering 11Be*1/2-+
197Au 

V. Pesudo et al. Phys. Rev. Lett. 118, 152502 (2017)

CDCC accounts of halo degrees of freedom. Coupling to continuum 

effects insufficient to reproduce the experimental data.

XCDCC accounts for both the halo and core degrees of freedom. 

The structure model accounts for the appropriate admixture of 0+ 

and 2+ components in the 10Be core.

Core-excitation effects in 2n-halo nuclei (e.g.11Li)  far from being calculable! 



EURISOL- DF 2017 Alessia Di Pietro,INFN-LNS

11Be+197Au @ TRIUMF

Break-up

11Be+64Zn @ ISOLDE

non-elastic break-up 

effects important on 

lighter target

Coulomb dominated 

break-up

V. Pesudo et al. Phys. Rev. Lett. 118, 152502 (2017)

R.De Diego et al Phys.Rev. C 95, 044611 (2017)
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p-halo vs n-halo induced collisions

● p in the halo feels Coulomb interaction,  expected  dynamics  different from n-halo
(e.g.  Kucuc&Moro PRC86,034601,(2012) or A.Bonaccorso et al.: PRC69,024615,(2004)).

Possible semiclassical picture 

T

C

T

C

p

Post-accelerated 8B beam developed at ISOLDE. Reaction experiment soon!  

Due to a dynamic polarization effect, the valence proton is expected to be

displaced behind the nuclear core and shielded from the target; this effect causes a

reduction of break-up probability compared to first-order perturbation theory

predictions
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Sub-barrier fusion
L.F.  Canto et al.: NPA 821,51, (2009)

Situation 

unclear below 

the barrier

Most of data 

show suppression 

above the barrier 

Besides the interest of investigating sub-barrier fusion of halo nuclei, the sub-barrier

fusion dynamics of n-rich nuclei important for nuclear astrophysics studies.

Fusion reactions between n-rich nuclei occur in some explosive scenario (e.g.
24O+24O or 28Ne+28Ne could provide a significant energy source to drive X-ray

super-bursts). How important are the dynamic effects (like coupling to transfer

channels) on the fusion process?

Clustering effects do enhance sub-barrier fusion? Do these effects explain the

unexpectedly high electron screening potentials found? C. Spitaleri et al. Physics Letters B

755 (2016) 275.



12

Cluster structure is a well established feature of many light NZ nuclei 

Weak coupling picture:

1. Clusters are formed by tightly bound nucleons (cluster 

is stiff, i.e. not easy to excite);

2. Weakly coupled inter-cluster motion is considered.

Threshold rule: i.e. these states appear close to the

threshold for breaking-up into the cluster constituents.

Cluster structures in n-rich nuclei

K. Ikeda et al. Supp.Progr.Theo.Phys. 68(1980)1

CSN3 2016

Y. Kanada En’yo et al. Prog.Theor.Phys.120(2008)917

“molecules” made of a

bound together by n and/or p.

clusters where at least one

component is a soft “exotic”

nucleus.

Molecules “Exotic” clustering



Exotic clustering in n-rich B isotopes

AMD predictions for 13B

Y. Kanada En’yo et al. Prog.Theor.Phys.120(2008)917
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Existence of Li-He type cluster structure in n-rich B isotopes. 
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Tick Target Inverse Kinematics Technique

Elastic scattering of heavy projectiles B on a

light targets b (protons or as) in order to study

properties of the compound nucleus C resulting

from: B+b C  B+b

The use of extended targets allows to measure

excitation function in large energy range in a

single run highly efficient for RIBs

Time of Flight allows to discriminate elastic 

from inelastic scattering

The use of Active Targets allow to extend the 

technique to very low intensity radioactive 

beams



Linear chain state in 14C

No linear chain a-structure nor linear chain band was found in 12C.

They may exist in 14C being stabilised by excess of neutrons.

This is predicted to occur in 14C by AMD calculations.

Suhara, Y. Kanada-En’yo, Phys. Rev. C 84 (2011) 024328

T. Suhara, Y. Kanada-En’yo, Phys. Rev. C 82 (2010) 04430



14C chain configuration

H. Yamaguchi et al. / Physics Letters B 766 (2017) 11

Experiment @CRIB Riken

0+, 2+ and 4+ belonging to the 

rotational band of the chain-

configuration in 14C are claimed to 

be observed



10Be+4He @ LNS

10Be beam LNS - results of test experiment

Existence of molecular 

a-chain configuration to 

be confirmed. 

The hunting continues! 
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Conclusions

•Light exotic nuclei exhibit many peculiar structures and many other very “exotic”

structures are predicted to exist.

•The investigation of such structures undergoing and future experiments are

already planned.

•The experimental study of the dynamics of reaction induced by exotic nuclei has

shown how it strongly depends on their structure.

•Needed more experimental results of high quality to tune the theory (these are

still scarce!) along with improvements of beam intensities and of theory.

•Needed also improvements in the nuclear structure theory that fails in some

cases.


