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ABSTRACT: The study on nuclear physics is presented by both theory and experiment. For theory, we present 

the analyses on the scatterings of nucleon (proton and neutron) and nucleus. This approach is known as the 

simplest way to study nuclei of interest because nucleon is structuredness. Precise nuclear radii of 
6,8

He has 

been obtained from the Glauber analysis on the experimental data. The microscopic calculations of elastic 

nucleon-nucleus scattering off double-closed shell nuclei 
16

O and 
208

Pb at energies below 50 MeV were 
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performed. This work will be a key input for the prediction of elastic and inelastic scattering reactions of nuclei 

far from the stability valley. Through analysis on the charge-exchange (
3
He, t) reaction, the neutron skins of 

208
Pb and 

90
Zr have been obtained which were in a good agreement with previous works. Further study on 

elastic α+α scattering at low energy gives possible explanation of a long-standing inconsistency of the double-

folding model in its study on this system and α-nucleus scattering using the same realistic density dependent 

M3Y interaction. For the experiment, the experiments performed at RIKEN and IPN Orsay are reported. The 

results from the RIKEN experiments shows that the 2
+
 and 4

+
 energies of 

66
Cr and 

70,72
Fe were measured for 

the first time. The preliminary results on the data of 
68

Fe show 4 de-excited gammas on the spectrum of this 

isotope. The level scheme of 
68

Fe is built. The results from the IPN Orsay experimental data analysis improved 

level schemes of the neutron-rich 
83,84

Geand 
82

As isotopes. The experimental data of unstable nuclei is 

significant in nuclear structure or shell evolution study.  

1. INTRODUCTION 

Nuclear properties of unstable nuclei have attracted much attention since the availability of 

radioactive beam at laboratories worldwide which allows to achieve experiments in inverse 

kinematics. The first strange phenomenon of long tailed matter density distribution of 
11

Li was 

discovered by Taniata et al. [1] when they measured systematic interaction cross sections of several 

isotopes of 
6,7,8,9,11

Li. Afterwards, a lot of effort has been devoted to both experimental and 

theoretical studies. To follow the modern study in nuclear physics, we proposed “Study on physics 

of unstable nuclei within the framework of Vietnam-France joint laboratory” project. In which, 

some theoretical and experimental studies were proposed. In this report, important achievements 

will be shown. 

In section 2, the theoretical study is presented. First, the Glauber model analysis of the 

elastic 
6,8

He+p scattering data at energies around 700MeV/nucleon is shown. Then, the nucleon-

nucleus microscopic optical potential (OP) model of nucleon scattering off double-closed shell 

nuclei 
16

O and 
208

Pb at energies below 50 MeV will be discussed. Second, the neutron skin studies 

of 
208

Pb and 
90

Zr are reported via the charge-exchange (
3
He, t) reaction. Finally, the low energy 

elastic α+α scattering study in the folding model is shown. 

Section 3 presents experimental research. The experiments performed at RIKEN and IPN 

Orsay are introduced. These experiments aim at study on nuclei far off stability which have charge 

state up to Z=40. The spectroscopies of 
66

Cr, 
68,70,72

Fe and 
82,83,84

Ge will be shown. According to the 

new measurements, some physical conclusions were made. 

2. THEORETICAL STUDY 

2.1 Nucleon-nucleus scattering 

2.1.1 Proton-nucleus scattering at intermediate energy 

The Glauber model analysis of the elastic 
6,8

He+p scattering data at energies around 700 

MeV/nucleon, measured in two separate experiments[2], [3] at GSI-Darmstadt, has been done using 

several phenomenological parametrizations GG, GO, GH, SF and WS [4] of the nuclear matter 

density. By taking into account the new data points measured at high momentum transfer [3], the 

nuclear matter radii of 
6,8

He were accurately determined from the Glauber model [5] analysis of the 

data, with the spin-orbital interaction explicitly taken into account.  

The detailed GMSM analysis of the latest experimental data of the elastic 
6,8

He+p scattering 

at 717 and 674 MeV/u has been performed[6]. Based on the new data points measured 

up to the first diffractive minimum, the nuclear radii as well as the radial shape of the matter 

distribution of these helium halo nuclei have been determined, and the results are in a sound 

agreement with the recent systematics of these quantities given in Ref. [7]. 
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Table 1 and 2 present the results of 5 above density models’ parameters from the analyses 

on 
6,8

He+p data. Among these density models, GG and GO allowed to treat the core and halo parts 

separately. Therefore, the core, halo radii (Rc,h) and neutron skin (Rn-Rp) were attracted. 

Table 1: The best-fit parameters of the nuclear densities GG, GO, GH, SF and WS obtained from 

the present GMSM analysis of the combined set of the elastic 
6
He+p scattering data measured at low [2] and 

high momentum transfer [3]. The relative χ
2
r is per data point, and the errors are statistical. AL,Hare 

normalization factor for low- and high-momentum transfer, respectively. 

 

Table 2: The same as Table 1 but for 
8
He. 
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Figure 1: Elastic 
6,8

He+p scattering cross sections (divided by Rutherford cross section) obtained 

with the Glauber calculation (solid curve) using the best-fit parameters of the GG (upper panel) and GO 

(lower panel) models of the nuclear density, in comparison with the data measured by Neumaier et al.[2] and 

by Kiselev et al.[3] at low and high momentum transfers, respectively. 

The dash-dotted curves were obtained with the best-fit parameters of the GG and GO 

density models taken from Ref. [10], and the dashed curves were obtained with the 
6,8

He density 

given by the cluster-orbital shell-model approximation (COSMA) [8]. 

Focusing on the new data points measured at high momentum transfer, one can see that the 

first diffraction minimum in the elastic scattering cross section is now fully covered by the data and 

it turned out that the combined data set allowed for an improved determination of the parameters of 

the density distribution. The data and the calculated cross sections divided by the Rutherford cross 

section are presented in Fig.1, comparing to those using COSMA [9] and GO [10] density 

parameters.  The COSMA[9] and GO [10] densities give a good description of the 
6
He+p data, but 

fail to account for the data points taken at angles beyond the diffractive minimum for the 
8
He+p 

system. 

The final averaged nuclear matter radii Rm of the 
6
He and 

8
He isotopes obtained from the 

current analysis are 

Rm = 2.44 ± 0.07 fm for 
6
He, 

Rm = 2.50 ± 0.08 fm for 
8
He. 

All the results have been submitted and accepted for publication [6]. 

2.1.2 Nucleon-nucleus scattering at low energy 

Optical potential (OP) model is a useful tool to study nucleon-nucleus scattering. Most OPs 

have been generated from phenomenological or microscopic approaches. The phenomenological 

optical potential (POP) has been obtained by adjustment to the experimental data. It has 

successfully described nucleon-nucleus (NA) scattering in the mass range 24 < A <209 with 
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incident energies from 1 keV up to 200 MeV [11]. However, the POP does not have prediction 

power for the no-experimental region, e.g., the region of neutron-rich exotic nuclei. The 

microscopic optical potential (MOP) will be a powerful tool to investigate in this region of nuclei. 

So far, several kinds of approaches for the MOP have been proposed in the literature: so-called 

nuclear matter approaches[12], [13], nuclear structure approaches[14], [15], semi-microscopic 

approaches [16], methods based on self-energy theory [17], a method which combines nuclear 

matter and nuclear structure approaches [18], [19], the Faddeev RPA method [20] and the coupled-

cluster theory [21]. Nuclear matter approaches could produce satisfactory results at nucleon incident 

energies E ≥ 50 MeV. At energies below 50 MeV, early nuclear structure calculations [22] for NA 

elastic scattering for heavy-nucleus 
208

Pb have been performed. This approach only used the 

Skyrme nucleon-nucleon (NN) effective interaction SIII via the particle vibration coupling (PVC) 

method to calculate the MOP. Since the absorption part of the MOP is too weak, they could not 

fully explain the observed absorption in nuclear scattering below 30 MeV. Along the same lines, 

Nobre et al. [23] provided encouraging results for NA elastic scattering below 70 MeV within the 

energy density functional structure models. By using the continuum particle vibration coupling 

(cPVC) with the SkM* interaction Mizuyama et al. [24] have explained 85% of the NA elastic 

scattering reaction cross section by 
16

O below 30 MeV. Recently, the energy density functional [15] 

built from Gogny force has been successfully applied to nucleon-nucleus scattering from 
40

Ca. 

However, the nuclear targets of above nuclear structure approaches (except the calculations of 

Bernard et. al [22]) are limited to the light-medium nuclei region.  

We have carried out the microscopic calculations of elastic nucleon-nucleus scattering off 

double-closed shell nuclei 
16

O and 
208

Pb at energies below 50 MeV. This work will be a key input 

for the prediction of elastic and inelastic scattering reactions of nuclei far from the stability valley. 

The work is published in [25]. 

2.2 Neutron skin study via charge-exchange scattering 

The charge-exchange (
3
He,t) reaction can be considered as elastic scattering of 

3
He by the 

isovector term of the optical potential that flips the projectile isospin. Therefore, the accurately 

measured charge-exchange scattering cross section for the isobaric analog states can be a good 

probe of the isospin dependence of the optical potential, which is determined exclusively within the 

folding model by the difference between the neutron and proton densities and isospin dependence of 

the nucleon-nucleon interaction. Given the neutron skin of the target related directly to the neutron-

proton difference of the ground-state density, it can be well probed in the analysis of the charge-

exchange (
3
He,t) reactions at medium energies when the two-step processes can be neglected and 

the t-matrix interaction can be used in the folding calculation. For this purpose, the data of the 

(
3
He,t) scattering to the isobaric-analog-state of 

90
Zr and 

208
Pb targets at Elab = 420 MeV have been 

analyzed in the distorted wave Born approximation using the double-folded charge-exchange form 

factor. The neutron skin of 
208

Pbis 0.16 ± 0.04 fm (Fig. 2), and that value is 0.09 ± 0.03 for 
90

Zr 

(Fig. 3). The neutron skin deduced for these two nuclei turned out to be in a good agreement with 

the existing database. 

The present study has been published in Ref. [26]. 
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Figure 2: The nuclear charge-exchange and 

neutron skin thickness of 
208

Pb. 

 
Figure 3: The nuclear charge-exchange and 

neutron skin thickness of 
90

Zr. 

 

2.3 Alpha-Alpha scattering at low energy 

The low energy elastic α+α scattering study in the folding model has been done using the 

density dependent versions of the M3Y interaction and realistic choices for the 
4
He density. The 

α+α overlap was found strongly distorted by the Pauli blocking, gives possible explanation of a 

long-standing inconsistency of the double-folding model in its study of the elastic α+α and α-

nucleus scattering at low energies using the same realistic density dependent M3Y interaction.  

The knowledge about α+α interaction at low energies is of fundamental importance due to 

diversities of the α-cluster phenomena in nuclear physics.  In an optical model (OM) study of elastic 

α+α scattering, the α+α optical potential (OP) that has been treated either phenomenologically [27] 

or evaluated microscopically from the (two-body) nucleon-nucleon (NN) interaction between 

nucleons bound in the two interacting α-particles. To treat the Pauli blocking effect, the OP (U) for 

α+α system is introduced in the direct and exchange parts of the effective nucleon-nucleon (NN) 

interaction between nucleons[28]: 

1 2;

D EX

i i

U ij v ij ij v ji
  

                                                  (1) 

Among different choices of the effective NN interaction, the original density independent 

M3Y interactions [28] have been used with some success in the double folding calculations of the 

heavy-ion (HI) optical potential at low energies, where the data are sensitive only to the potential at 

the surface because of the strong absorption. In contrast to HI scattering, the elastic α+α scattering 

data at energies below the reaction threshold of 34.7 MeV (in the lab system) can be well described 

by the real OP only [27], [28], [29], [30] neglecting the imaginary (absorptive) part of the OP. A 

detailed folding model analysis of the available elastic α+α data at energies below the reaction 

threshold have been performed with different assumptions for the α+α overlap density to study the 

effects of the density dependence of the NN interaction to the α+α potential: (1) the frozen density 

approximation (FDA) introduce the overlap density as the sum over two α densities at the position 

of each nucleon 1 1 2 2( ) ( )r r   
; (2) the antisymmetrized overlap density (AOD) produce the 

total density of the α + α system at a given distance R between the centers of mass of the two α-

particles via the Slater determinant of the single-particle wave functions of 8 nucleons bound in the 

two α clusters which is microscopic cluster model suggested by Brink for 
8
Be resonance [31] 
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8

1

( , ) , ,i

i

   


 r R r R r r r R

                          (2) 

where,  

 
1 2

( )R A     
                                                           

(3) 

A is the antisymmetrizer and 
1,2 are the antisymmetrized wave functions built upon the 

single-particle wave functions of 4 nucleons bound in each α cluster; (3) The dynamic treatment 

directly links the momentum distribution of the di-nuclear density to the potential strength at each 

internuclear separation R. The Pauli blocking forbids the overlap of the two Fermi spheres in the 

momentum space, and the shapes of the two Fermi spheres must be modified. Within this formalism 

of dynamic Pauli distortion (DPD) approximation, the total density (ρ1 + ρ2) must be unchanged and 

the Pauli distortion results on a non-spherical shape of each distorted Fermi sphere (Fig. 4). 

 

Figure 4: The dynamic Pauli distortion of the two Fermi spheres representing the local densities of 

the two colliding nuclei in the momentum space. 

Our consistent folding model description of the elastic α+α data (Fig. 5) under study has 

shown that the DPD approximation, based on the dynamic Pauli distortion of the two overlapping 

α-densities in the momentum space, gives the best folding model prediction of the α+α potential at 

low energies. Although the DPD treatment of the density dependence of the M3Y interactionis just 

a local approximation based on the Pauli blocking of the overlap of the two α-densities in a di-

nuclear matter picture in the momentum space, the results of the present study show clearly that the 

density dependence of the effective NN interaction should be strongly distorted at the small 

distances between the two α-particles. This results seems to explain a long standing problem of the 

double-folding model (DFM). Namely, the failure of the DFM in a consistent description of both 

the α+α and α-nucleus optical potentials at low energies using the same realistic density dependent 

NN interaction is due to a breakdown of the FDA by the Pauli blocking. The DPD approximation 

for the density dependence of the M3Y interaction can also be applied to study different nucleus-

nucleus systems within the same dynamic DFM approach, and it is expected to improve the 

performance of the double folding model. The above study has been published in Ref. [32]. 
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Figure 5: The OM description of the elastic α + α data measured at E= 8.87 and 29.5 MeV given by 

the unrenormalized folded potentials obtained with different approximations for the density dependence of 

the CDM3Y6 (left panel) and BDM3Y1 (middle panel) interactions. The results given by the CDM3Y6 

folded potentials obtained with the experimental α-density are compared (right panel) with those given by 

the Gaussian potential of Buck et al.[27]. 

 

3. EXPERIMENTAL STUDY 

3.1 Nuclear structure study via systematic measurement of E(21
+
) 

Nuclear structure characterized by shell gaps is mainly governed by the strong force, 

normally constructed from 2-nucleon (NN) interaction, and by quantum mechanical laws. Shell 

model predicts stable states at magic numbers N=8, 20, 28, 50, ... but not always valid for unstable 

nucleon-rich nuclei. The evolution of nuclear shell is investigated by creating these nuclei and 

measuring their spectroscopy. Measurement of the first new nuclear 2
+

1 states is a very efficient 

experimental technique to evidence new nuclear structure phenomena at low excitation energy. The 

results from the theoretical interpretation of these experimental data give the answer for NN 

interaction in medium and, possibly 3N interaction as argued recently by T. Otsuka et al.[33]. The 

SEASTAR project aims at a systematic search for new 2
+

1 energies in the wide range of the 

neutron-rich nuclei [34]. The first experimental campaign was performed at RIKEN in May 2014 

with 
238

U primary beams at about 345 MeV/u, mean intensity of 10 pnA. The spectroscopy of these 

nuclei will also give the information about the robustness of sub-shell levels, for example that of 
52

Ar should give this information of the N=34 below 
54

Ca. The data will allow investigating the 

vicinity of new doubly magic nuclei (such as 
48

S). The SEASTAR experiments were done using 

beams produced by Radioactive Ion Beam Factory (RIBF) at RIKEN with the combination in the 

advantages of the facilities: Big RIPS [35], [36], MINOS [37], DALI2 [38], [39] and Zero Degree 

[36]. 

- For 
66

Cr and 
70,72

Fe 

We have analyzed in-beam γ-ray spectroscopy of 
66

Cr and 
70,72

Fe. The nuclei of interest 

were produced by (p, 2p) reactions at incident energies of 260MeV/nucleon. The results are the 

energies of the first 2
+
 and 4

+
 states of these nuclei, Fig. 6. This provides more data for N≥38 and 

N≥40 for even-even Cr and Fe isotopes, respectively. Figure 7 shows low-energy plateau of 2
+

1 and 

4
+

1 energies as a function of neutron number. State-of-the-art shell model calculations with a 
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modified LNPS interaction in the pfg9/2d5/2 valence space reproduce the observations. 

Interpretation within the shell model shows an extension of the Island of Inversion at N=40 towards 

neutron-rich isotopes and hints at a smooth transition to collective N=50 Cr and Fe isotopes. 

 

Figure 6: Doppler-corrected γ-ray spectra of(top) 
66

Cr, (middle) 
70

Fe, and (bottom)
72

Fe, populated 

from (p, 2p) and (p, 3p) reactions: experimental data points, the simulated response of each transition 

(orange), and the sum of these simulated transitions with a two-exponential background (black). (Insets) 

Gamma-gamma coincidence spectra. 

 

Figure 7: Systematics of E(2
+

1) and E(4
+

1) energies (top) and R4/2=E(4
+

1) /E(2
+

1) (bottom) for Cr 

(left) and Fe (right) isotopes. Experimental energies from Refs. [40], [41], [42] and from the present work are 

compared to large-scale shell model calculations. 
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The E(4
+

1) and E(2
+

1) of 
66

Cr and 
70,72

Fe were observed for the first time. It gives more data 

to study nuclear structure far off stability. The result has been submitted to Physics Review Letters 

for publication [43]. 

- For 
68

Fe 

In-beam gamma-ray spectroscopy of 
68

Fe observed by DALI2 is shown in Fig. 8. Four peaks 

(or gammas) are presented at 517(7), 868(9), 1075(10) and 1300(16) (keV), respectively. The first 2 

peaks correspond to de-excitation of the 2
+
 and 4

+
 excited states agreed with the observation in [42], 

[44]. The later 2 peaks are newly detected via (p, 2p) reaction. According to the gamma-gamma 

coincident analysis and the statistical sum rule, the level scheme of 
68

Fe is built in Fig. 9, with the 

state exclusive cross section on the right. These results are preliminary. Further corrections are 

needed to obtain the final results which is expected to be published in the future. 

 

Figure 8: Experimental in-beam gamma                 

spectrum of 
68

Fe. 

 
Figure 9: Level scheme 

68
Fe with state exclusive 

cross sections. 

3.2 Nuclear structure study in the vicinity of 
78

Ni 

The transformation of the neutron shells from N = 40 to N = 50 is known to be derived from 

the interaction mechanisms of three particles like in the case of Ca and O. This region is also seen 

as the ideal to verify the improvement of the model of effective interaction force of many particles. 

The experimental studies of the vicinity of 
78

Ni give information as single-particle sequences and 

variations thereof, evaluation collective properties.... which is used to verify this model. The N=49 

isotonic line, from stability towards 
77

Ni, provides a wealth of intriguing structure phenomena, the 

first of which being the relative evolutions of normal one-hole (1h) and very low lying (positive 

parity) one-particle, two-hole (1p-2h) intruder states in the N=49 odd isotones, originally noticed 

some three decades ago by Hoff and Fogelberg in their seminal work of Ref. [45].  
82

As constitutes 

an interesting intermediate case that should hold the fingerprints of these supposed evolutions. From 

 to the nature of the first excited (and isomeric) state changes for the first time, 

switching from 1/2
−
 to 1/2

+
; that is, supposedly from to nature [45]. The 

experimental of the structure of the nuclei in this region is very important. In this report, the 

experimental measurements of beta-decay of 
82

Ge and beta-decay (beta-n) of 
84

Ga to study structure 

of the nuclei in the region 
77,78

Ni are mentioned. The experiments were performed at IPN Orsay by 

using the equipment ALTO linear accelerator and BEDO detecting system. 

Table 3: γ transitions attributed to the 
82

Ge decay. 

E (keV) I (%) - 

92.6 (4) 1.0 (5) 329.3; 420.4; 426.6, 447.4; 2196.6 

249.1 (5) 3.6 (4) 843.4 
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329.3 (3) 0.5 (1) 92.6; 426.692.6; 426.6 

420.4 (5) 0.27 (9) 92.6; 447.4 

426.6 (2) 0.87 (9) 92.6; 329.3; 553.1; 1063.9; 1311.3; 1462.4 

447.4 (3) 0.5 (1) 92.6; 420.4 

516.5 (2) 1.25 (9) 575.3 

526.3 (3) 0.22 (4) 843.4 

553.1 (4) 0.20 (4) 426.7; 1063.9; 1462.4 

575.3 (2) 1.1 (1) 516.5 

843.4 (2) 8.0 (3) 249.1; 526.3; 1201.1; 1600.1 

951.8 (3) 1.4 (4) 1092.0 

1063.9 (3) 0.16 (4) 329.3; 426.6; 553.1 

1092.0 (2) 100 (6) 951.8; 1199.1 

1199.1 (6) 0.5 (2) 1092.0 

1201.1 (2) 0.6 (2) 843.4 

1311.3 (3) 0.34 (7) 329.3; 426.6 

1462.4 (5) 0.31 (7) 329.3; 426.6 

1600.1 (4) 0.09 (2) 843.4 

2196.6 (2) 0.12 (2) 92.6 

The fission fragments were produced in the interaction of the 50 MeV, 10 μA electron beam 

delivered on to a thick uranium carbide target in a standard UCx form at ALTO [46]. To allow fast 

fission products effusion and diffusion, the target was heated up to 2000◦C. The gallium and 

germanium atoms were ionized within a two-step process with the laser ion source. For the 

detection of γ rays we used two large-volume coaxial high-purity germanium (HPGe) detectors of 

BEDO system. This system was built to measure β-decay of neutron-rich radioactive isotopes. Its 

goal is to measure the β
-
-, -coincidence and remove Compton background and bremsstrahlung 

due to high energy beta radiation emitted from the radioactive isotope formed by photosynthesis 

fission. We focused our attention on the β decay of 
82

Ge: γ transitions were attributed to 
82

As based 

on half-life measurements of the corresponding γ lines and the γ-γ coincidence measurements, 

Table 3. 

On the basis of the relationship coincidence listed in Table 3, we were able to build 
82

Ge 

decay scheme in Fig. 10. 

The improved knowledge of the higher energy part of the 
82

As level scheme from the 

present work allows suspecting the existence of (only) three additional potential 1
+
 states above the 

already known one at 1092 keV. In addition our data allow ruling out the hypothesis that the 843 

keV level could be a 1
+
 state. The question now is to understand this new level scheme and also try 

and understand the differences between it and the one from transfer reaction data. The results were 

published in [47]. 
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Figure 10:  
82

Ge β-decay scheme. 

The γ transitions which were attributed to 
83

Ge and 
84

Ge based on measurements of their 

half-lives (obtained from the decay curve during the decay cycle) and γ-γ coincidence 

measurements are listed in Table 4. Some of the transitions were already assigned to one of the two 

nuclei in Refs. [48]. For 
84

Ge, we confirm the coincidence of the 624.2 keV γ ray with the 765.1 

keV γ ray previously reported in [48]. We found two new coincidences with the 624.2 keV γ ray: 

1603.9 and 2878 keV, and two transitions to the ground state of 
84

Ge with energies 1389.3 and 

3502.3 keV. With this result we propose to assign two new excited levels to the 
84

Ge level scheme; 

see Fig 11. For 
83

Ge, three coincidences with theγ ray of energy 247.7 keV (1/2
+

1 →5/2
+

gs) were 

found: at 798.9, 1204.9, and 1778.7 keV, and two very weak coincidences with the line at 1045.9, 

941 and 2193 keV. Having seen the coincidence between the 247.7 and 798.9 keV transitions we 

confirm the existence of the excited state at 1045.9 keV (previously reported in [48]). We confirm 

the γ ray at 1238 keV (previously reported in [49]); no coincidence with this γ ray was found. The 

corresponding 
83

Ge level scheme deduced from the 
84

Ge βn decay is reported in Fig.11. The result 

was published in [50]. 
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Table 4: The list of γ rays observed in the β/βn decay of 
84

Ga assigned to the de-excitation of 
83

Ge 

and 
84

Ge, with intensities relative to the most intense line in 
83

Ge, and the γ-γ coincidences. The γ rays 

marked with asterisks are of low statistics and their assignment is tentative. 

Nucleus Eγ(keV) Irel (%) γ - γ T1/2 (s) 

 

 

 

 

 

83
Ge 

247.7(3) 100(3) 798.9, 1204.9, 1778.7 0.078(9) 

798.9(3) 5(1) 247.7 0.164(95) 

*941.5(4) 5(1) 1045.9  

1045.9(4) 55(3) 941.5, 2193 0.085(19) 

1204.9(6) 7(2) 247.7 0.112(73) 

1238.4(8) 9(3)  0.110(66) 

1778.7(4) 6(2) 247.7  

2026(1) 3(1)   

*2193(1)  1045.9  

3238(1) 6(2)   

 

 

 

84
Ge 

624.2(2) 61(3) 765.1, 1603.9, 2878.1 0.097(17) 

765.1(3) 9(3) 624.2 0.107(93) 

1389.3(4) 5(4)   

1603.9(2) 10(2) 624.2 0.159(100) 

2878.1(6) 13(4) 624.2  

3502(1) 36(5)  0.086(29) 

  

 

 

 

 

 

Figure 11: Level scheme of 
83

Ge and 
84

Ge populated in the 

β/βn decay of 
84

Ga. Relative 

intensities of each γ transition 

are normalized to the 247.7 keV 

transition in 
83

Ge. 
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4. CONCLUSION 

Several achievements in nuclear physics research have been reported. 

The more precise nuclear radii of 
6,8

He have been extracted through the Glauber model 

analysis of the elastic 
6,8

He+p scattering data at energies around 700MeV/nucleon [6]. 

We have successfully described elastic nucleon-nucleus scattering off double-closed shell 

nuclei 
16

O and 
208

Pb at energies below 50 MeV by the microscopic calculations. This work is very 

useful in the prediction of elastic and inelastic scattering reactions of nuclei far from the stability 

valley [51]. 

By analyses on the charge-exchange (
3
He, t) reaction, the neutron skin of 

208
Pb and 

90
Zr 

were attracted in a good agreement with previous works [26]. 

The 2
+
 and 4

+
 energies of 

66
Cr and 

70,72
Fe was measured for the first time [43]. The data 

supplement to the experimental data to study the structure of unstable nuclei. 

The decay of 
84

Ga has been reinvestigated at IPN Orsay. Improved level schemes of the 

neutron-rich 
83,84

Ge (Z = 32) isotopes were obtained [50]. 

The β decay of 
82

Ge was reinvestigated at IPN Orsay. From the analysis two conclusions 

can be drawn: (i) the presence of a large number of low-lying low-spin negative parity states is due 

to intruder states stemming from above the N = 50 shell closure, and (ii) the sudden increase, from 
82

As to 
80

Ga, of the number of low-lying 1+ states and the corresponding Gamow-Teller 

fragmentation are naturally reproduced by the inclusion of tensor correlations and couplings to 2p-

2h excitations [47]. 
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