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ACTUALITY 
Currently, the most suitable way to obtain information about the structure 

of light nuclei is direct nuclear nucleon transfer reactions. Among a 

number of existing approaches to the analysis of such processes, in recent 

decades the modified DWBA method has been created and significantly 

developed, which makes it possible to obtain practically model-free 

structural quantities - asymptotic normalization coefficients (ANC), which 

important for nuclear theory. It allows, in combination with the expansion 

of the experimental capabilities of accelerator and measuring equipment, 

to obtain the necessary data on the structure of both ordinary stable and 

exotic nuclei. A powerful impetus for the development of this method was 

the possibility of using ANC in calculating cross sections for nuclear 

astrophysical reactions that are inaccessible for direct measurements at 

temperatures of the stellar environment (so-called “ANC method”). To 

obtain data suitable for analysis, precision measurements of experimental 

differential cross sections for nucleon transfer reactions are necessary at 

energies close to the Coulomb barrier, where the reactions are peripheral. 

Basic formulas of the Modified DWBA 

ANC and SF for vertexes 
25Mg→24Mg+n(0.58 MeV), and the 25Mg→24Mg+n(0.98 

MeV). 

Using the obtained ANC values, the S(E) factors and 

reaction rate of nuclear astrophysical capture reaction 
24Mg(n,γ) 25Mg at astrophysical energies can be calculated. 

The determined squared ANC values for  ground and 

first three excited states of 25Mg nucleus 

 

The results of the analysis of the experimental differential 
cross section of the 24Mg(d,p)25Mg reaction. 

Data Analysis 

For a specific nucleus A at a fixed deuteron energy (E ~ 14.5 MeV) and 

without taking into account the imaginary component of the spin-orbit 

interaction (which is usually unimportant), the OP is represented as 

where the form factors f(r,Rj,aj) are taken in the Woods-Saxon form: 

Rj = rj·A
1/3 ; rj и aj – geometric parameters of radius and diffuseness. 
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Differensial cross section for the peripheral nucleon transfer reaction 

A(x,y)B in the vicinity of the forward peak of the angular distribution 

can be written in the form     
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𝐶𝐴𝑛;𝑙𝑗
2   is the  squarted ANC for A+n→B, which determine the  

amplitudes of the tail of the radial B wave wave functions in the A+N 

channel; 

𝐶𝑦𝑛;𝑙𝑗
2  is the  squarted ANC for y+n→x, which determine the  

amplitudes of the tail of the radial B wave wave functions in the y+N 

channel; 

𝜎𝑙𝐵𝑗𝐵𝑙𝑥𝑗𝑥
𝐷𝑊 is the single-particle DWBA cross section; 

𝑏𝐴𝑛;𝑙𝐵𝑗𝐵
2  and 𝑏𝑦𝑛;𝑙𝑥𝑗𝑥

2  are the squared single-particle ANCs of the shell 

model wave functions for the two-body B=(A+n) and x=(y+n) bound 

states, which determine the amplitudes of their tails; 

𝐿𝐵 and 𝐽𝐵 are the orbital and total angular momentum of the 

transferred nucleuon in the two-body B=(A+n) system; 

𝐿𝑥 and 𝐽𝑥 are the orbital and total angular momentum of the 

transferred nucleuon in the two-body x=(y+n) system; 
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Set 1 (D1+P1) 17.316±1.731 0.736± 0.052 

Set 2 (D2+P2) 22.393±1.912 0.762± 0.061 

Set 3 (D3+P3) 19.990±1.881 0.919± 0.067 

Set 4 (D4+P4) 17.316±1.731 0.810±0.059 

Set 5 (D5+P5) 22.023±1.865 0.796±0.065 

Averaged mean 19.631±1.102 0.796±0.030 
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for the 24Mg(d,p)25Mg reaction leading to the first (0.59 MeV) (a), and (0.98 MeV) 

(b) of the 25Mg nucleus, respectively, at energy of 14.5 MeV for OP set 1 (D1-P1) at 

the angles 𝜽𝒑𝒆𝒂𝒌 = 𝟖. 𝟒𝟏° and 𝜽𝒑𝒆𝒂𝒌 = 𝟏𝟖. 𝟗𝟏°. The width of the band corresponds 

to variation of the parameters 𝒓𝟎 and 𝒂 in the intervals 𝟏. 𝟏𝟎 ≤ 𝒓𝟎 ≤  𝟏. 𝟒𝟎 fm and 

𝟎. 𝟓𝟎 ≤  𝒂 ≤  𝟎. 𝟖𝟎. 
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