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Abstract  

 

The differential cross-sections of 7Lig.s., 
6Lig.s., 

6Li *
3.56, 

6Heg.s. and 7Beg.s. 

reaction products emitted from the 7Li+10B collision are measured in the angular 

range (110 <ɗCM < 840) in a single experiment under the same conditions.  

The experiment was carried out using a 7Li  beam at ELAB = 58 MeV of 

U-400 cyclotron, FLNR JINR, Dubna. 

These measurements provide essential experimental data for further 

investigation of nucleon transfer processes and structural features of light 

nuclear systems. Of particular interest of our studies are: 

1)  The spatial properties of the 6Li *
3.56 nuclear state since it is an isobar-

analogue state 6Heg.s. exotic nucleus, which has a 2n-halo structure. 

2) Properties 7Be nucleus, which is a mirror nucleus of 7Li and is formed in 

10B(7Li, 7Be)10Be charge exchange reaction. 

The results serve as a basis for subsequent theoretical interpretation and 

modeling of cluster and halo phenomena in Li and Be isotopes. 
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I. Introduction  

 

Light nuclei occupy a central position in nuclear physics research due to 

their relatively simple structure and the pronounced quantum effects that govern 

their behavior. These systems, including isotopes of helium, lithium, boron, and 

beryllium, serve as ideal platforms for investigating fundamental nuclear 

properties such as nucleon transfer dynamics, cluster configurations, and halo 

phenomena. Their low mass numbers and reduced complexity make them 

particularly suitable for testing theoretical models and exploring the interplay 

between single-particle motion and collective nuclear behavior. 

Beyond their relevance to nuclear structure studies, light nuclei play a 

vital role in astrophysical processes, especially in stellar nucleosynthesis. 

Reactions involving light ions contribute to the formation of elements in stars 

and are essential for understanding the evolution of matter in the universe. As 

such, experimental investigations of light-ion induced reactions not only 

advance nuclear theory but also provide valuable data for astrophysical 

modeling. 

Among the various reaction mechanisms, charge exchange reactions and 

nucleon transfer processes are of particular interest. Charge exchange reactions, 

which involve the exchange of a proton for a neutron or vice versa, allow access 

to isobaric analog states and offer insight into spin-isospin excitations. These 

reactions are sensitive to the internal structure of the nucleus and can reveal 

subtle features such as neutron skin thickness and isospin symmetry breaking. 

When applied to light nuclear systems, they help elucidate the formation of 

exotic configurations, including cluster states and halo structures near the drip 

lines. 

In recent years, growing attention has been directed toward the spatial 

properties of light nuclei, especially those exhibiting halo-like behavior in their 

ground or excited states. For instance, the isotope 6Li has been the subject of 

extensive theoretical and experimental scrutiny due to inconsistencies in its 
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measured root-mean-square (rms) radius, which ranges from 2.09 ± 0.02 fm [1] 

to 2.54 ± 0.10 fm [2]. These discrepancies highlight the need for more precise 

measurements to clarify its internal structure. Furthermore, theoretical models 

such as the No-Core Shell Model (NCSM) [3] suggest that excited states of 6Li, 

particularly the 3.56 MeV state, may exhibit extended spatial configurations 

comparable to halo structures observed in 6He.  

Experimental studies of the energy dependence of the total cross sections 

ůR(E) for the 6Li+28Si reactions [4] showed that in the beam energy range 

ELAB~10-20 MeV/nucleon the cross section has a local maximum (bump), 

similar to ůR(E) that previously discovered in the 6He+28Si reaction [5], see 

Fig.1. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.1. Experimental total cross sections for the reactions: 4He+28Si (blue triangles) [5], 
6He+28Si (red circles) [5], 6Li+28Si (black squares) [4] and 7Li+28Si (green squares) [5] in 

comparison with the empirical Kox parametrization formulas in [14 16] (curves of the 

corresponding color). 

 

As is clearly seen from Fig.1, the values of ůR(6He,6Li+28Si) exceed the 

values of ůR(7Li+28Si) at ELAB = (7-20) AMeV. Thus, an additional argument for 
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studying the spatial properties of 6Li g.s. lies in the peculiarities of the ůR(E) 

6He,6Li+28Si reactions at ELAB = (7ð20) AMeV [4, 5].  

The 6Li nucleus is the least deformed of the region of light nuclei (see 

Fig. 2 from [6]), therefore the local enhancement of ůR(E) reaction 6Li+28Si at 

ELAB = (7-20) AMeV cannot be explained by 6Li  deformation. 

 

 

 

 

 

 

 

 

 

 

 

Fig.2.  The landscape of ɓ2 quadrupole deformation of light nuclei region from [6] 

http://cdfe.sinp.msu.ru/services/radchart/radmain.html. 

 

One of the issues in the study of exotic nuclei is the question of preserving 

the properties of the halo in excited isobaric analogue states, since due to the 

isospin symmetry of the strong interaction, the state 6Li*(0 +, T =1, E=3.56 MeV) 

should have similar spatial and spin characteristics of the wave function, the 

same as the ground state of 6He. 

The most accessible experiments for this are those with beams of stable 

6Li nuclei included in the isobaric triplet A=6 (6He-6Li -6Be), see Fig.3. 

Among these triplet states, the neutron halo in 6He is well known. A p-n 

halo is predicted in the excited state 6Li (0+, 3.56 MeV) in which lies only 

137 keV below the value of  6LiŪ4He+p+n reaction threshold. Its radius is not 

known, but it is predicted by about 0.25 Fm larger than the radius of 6He [7,8]. 

 


