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In this work, the Gamow-Teller transition strength distributions in sd-shell region were investigated by using 

shell model. The calculations of B(GT) and their accumulated sum ∑B(GT) for the nuclei 
34

Ar
34

Cl, 
34

S
34

Cl, 
37

Cl
37

Ar, and 
37

Ca
37

K were performed using the shell model by utilizing the USDB and USDA effective inter-

actions in the sd-shell. The transitions for the nuclei are studied. The results for the B(GT) and ∑B(GT) are dis-

cussed and compared to the most recent observed data. The measured GT distributions and the cumulative transition 

intensities B(GT) are in a fair amount of agreement with the theoretical calculations. We have established a qualita-

tive agreement for the individual transformations, and the measured cumulative transformation strengths nearly 

match the observed ones. 

PACS: 21.60.Cs, 26.50.+x, 23.40.−s, 25.40.Kv 

 

INTRODUCTION 

The spin isospin () interaction mediates Gamow-

Teller (GT) transitions. The transfer of the angular mo-

mentum (∆L=0) and the exchange of spin-isospin (∆S=1 

and ∆T=1) are used to identify the transitions. Due to 

their straightforward nature, GT transitions are im-

portant tools for the study of nuclear structure [1 - 5]. 

Additionally, they control the majority of nuclear weak-

interaction activities during nucleosynthesis [6]. Exper-

imental research on GT transitions focuses on both 

charge-exchange (CE) processes and decays. Although 

the Q values and the partial half-lives may be used to 

evaluate decays' direct access to the B(GT) strength, 

there are only a few transitions that can be achieved. 

Contrarily, the CE reactions are capable of selectively 

activating GT states at high excitation energy [7]. How-

ever, Adelberger and Haxton [8] discovered substantial 

disparities between the 
37

Cl (p, n)
37

Ar and the 
37

Ca  

β-decay data some years later. The investigation of iso-

spin symmetry might benefit from high-resolution 

measurements of GT transitions [9]. When comparing 

the GT transition intensities produced by β-decays to 

those achieved by (
3
He, t) reactions for odd-mass nuclei, 

the Tz = ±1/2 the low-lying spectra of nuclei in the sd-

shell has been investigated for isospin symmetry [10 - 

12]. Similar to that, researchers have looked at the tran-

sitions of GT for the symmetry of the isospin from the 

Tz = ±1 nucleus to the Tz =0 nucleus for some of the 

studied isobars that lies in the sd-shell, for example the 

nuclei with mass number A=26 (
26

Mg, 
26

Al, and 
26

Si) 

[13] or A=34 (
34

S, 
34

Cl, and 
34

Ar) [13]. For the four 

strong variables, there were a satisfactory B(GT) values 

that match with a difference of no more than 5% for 

Tz = ±10 GT transitions in the A = 26 system. It indi-

cated that a reasonable scattering angle for the isospin 

symmetry existed. Previously the GT strengths and their 

accumulated sum were calculated and compared with 

the measured data for sd- and fp-shell nuclei in which 

the B(GT) values agreed reasonably well [14 - 17].  

The purpose of this study is to calculate the B(GT) 

strength distribution for the sd-shell selected nuclei. 

Theoretical shell model calculations were conducted by 

using the NushellX@MSU [18] shell model code to 

calculate the distributions B(GT) strengths for 
34

Ar
34

Cl, 
34

S
34

Cl, 
37

Cl
37

Ar, and 
37

Ca
37

K in the 

sd-shell by utilizing the effective interactions USDA 

and USDB that is best fitted for the sd-shell mass re-

gion. The obtained values of B(GT) and their B(GT) 

cumulative values will be compared to the measured 

data and a conclusion of this study will be drawn.  

1. THEORETICAL BACKGROUND 

Nuclear beta decay research reveals details regarding 

the nature of the weak interaction as well as the structure 

of nuclear wave functions. The electron and neutrino's 

angular momenta can be used to classify beta decay. The 

most significant momentum which have ( 0  ) is 

knows as allowed beta decay. The beta decay of Fermi 

and Gamow-Teller are two types of permitted beta de-

cay. The operator linking the initial and final states to the 

GT transition may be represented as [19, 20]. 
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where  is the Pauli operator and  is the isospin opera-

tor; f  is the final and i  is the initial states for transi-

tion, respectively. 

The B(GT) is a widely used measure of the strength 

of GT and is the probability reduction for the transition 

from GT [19].  
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where the ration of the vector axial of the constants to 

the coupling vector is 
A Vg g =1.26. The sum rule is as 

follows for the GT reduced elements matrix [19].  
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2. RESULTS AND DISCUSSIONS 

The summed B(GT) values are reviewed and con-

trasted with the actual data in this part along with the 

anticipated values of the strengths of B(GT). The Nush-

ellX@MSU is the code used to perform all calculations 

[18]. 

2.1.
 34

Ar→
34

Cl 

The strengths transition of B(GT) as a result of the 

change from the 
34

Ar (0
+
) ground state to 

34
Cl (1

+
) states 

calculated using shell model with the effective interac-

tions USDB and USDA is depicted in Fig. 1. The ob-

served data for distribution of B(GT) strengths in 
34

Cl 

(β
+
) are measured to the excitation energy for the ener-

gies below 5.751 MeV [21]. The experiment's two most 

significant peaks are situated at Ex(
34

Cl) = 2.58 and 

3.129 MeV with values of B(GT) 1.36 and 1.399, re-

spectively. The transitions produce these two peaks 

comes from the transition 
34

A (0
+
)

34
Cl (14

+
) and (15

+
), 

respectively. The analysis for USDA and USDB interac-

tions revealed three high peaks at 1.989, 2.884, and 

4.568 MeV with the values of B(GT) as 0.418, 1.704 

and 1.516, respectively. Two dominant peaks appeared 

from the calculations of USDA interactions comes from 
34

A (0
+
)

34
Cl (13

+
), (14

+
), and (17

+
), respectively.  

 
Fig. 1. Comparison of the predicted values of B(GT)  

for the 
34

Ar→
34

Cl transition with the relevant measured 

data [21]  

The USDB interaction shows three strong peaks sit-

uated at 2.705, 4.535, and 4.669 MeV which correspond 

to the values of B(GT) 1.516, 0.449, and 0.517, respec-

tively, that comes from 
34

A (0
+
)

34
Cl (14

+
), (17

+
), and 

(18
+
) transitions, respectively. The cumulative total of 

B(GT) is shown in relation to the excited energy in 

Fig. 2. Theoretical computations utilizing the effective 

interactions for the shell model show that the estimated 

B(GT) and the summed values of the B(GT) reproduced 

by USDB and USDA interactions closely match the 

data. 

 
Fig. 2. Comparison of Σ 𝐵(𝐺𝑇) distribution  

to the measured data [21] for 
34

Ar→
34

Cl transition 
 

2.2. 
34

S→
34

Cl 

Fig. 3 displays experimental data for the 
34

S→
34

Cl 

transition GT strengths along with the shell model pre-

diction. Using USDA and USDB interactions, the val-

ues of B(GT) were predicted from the transition of the 

ground state of 
34

S (0
+
) to 

34
Cl (1

+
 states).  

 
Fig. 3. Comparison of the predicted values of B(GT)  

for the 
34

S→
34

Cl transition with the relevant measured 

data [21] 

The observed data measured from the charge ex-

change reaction 
34

S(
3
He, t)

34
Cl [22]. The highest value 
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seen in the measured data for 
34

S(
3
He, t)

34
Cl reaction is 

situated at Ex(
34

Cl) =2.581 MeV with B(GT) value 

1.355. Theoretical estimates utilizing USDA interaction 

show three significant peaks at Ex(
34

Cl) = 1.989, 2.884, 

and 4.568 MeV while the predicted USDB three strong 

peaks located at Ex(
34

Cl) = 2.705, 4.535, and 

4.669 MeV. The cumulative total of the values of B(GT) 

estimated by USDB and USDA are compared with the 

observed data in Fig. 4. The results of the USDA and 

USDB agree reasonably well till the excitation energy 4.5 

MeV and starts overestimate the accumulated values of 

the B(GT).  

 
Fig. 4. Comparison of the Σ 𝐵(𝐺𝑇) distribution with 

the measured data [21] for 
34

S→
34

Cl transition 

 
Fig. 5. Comparison of the predicted values of B(GT)  

for the 
37

Ca→
37

K transition with the relevant measured 

data [22] 

2.3. 
37

Ca→
37

K 

Fig. 5 illustrated the comparison of the calculated 

values of B(GT) using the shell model space sd with the 

measured data for the transition 
37

Ca→
37

K. Predictions 

of the B(GT) values start at the lowest level of 
37

Ca 

(3/2+) to 
37

K (1/2
+
, 3/2

+
, 5/2

+
) levels using the USDA 

and USDB interactions. The observed experimental data 

for 
37

Ca→
37

K comes from the Charge-exchange reac-

tion via 
37

Ca(β
+
)

37
K [22]. The highest peak appear in 

observed data is situated at Ex(
37

K)=5.12 MeV which 

corresponds to B(GT) value 0.254. The ground-state is 

correctly predicted for 
37

Ca and 
37

K nuclei as (3/2
+
) uti-

lizing USDB and USDA interactions. There are forty 

predicted values of B(GT) that result from transitions 
37

Ca (3/2
+
) to 

37
K (1/2

+
, 3/2

+
, 5/2

+
), twelve of them are 

zero values, five are the highest values and the rest 

twenty-three are very low values predicted by both 

USDB and USDA interactions. Fig. 6 compares the total 

summed B(GT) values which is predicted by the shell 

model calculations and it shows clearly the data values 

very weak compared to theory and the last value is 

around 8.6 MeV, while theory predicts higher values of 

B(GT) that reach to around  14 MeV.  

 
Fig. 6. Comparison of the Σ 𝐵(𝐺𝑇) distribution  

with the measured data [22] for 
37

Ca→
37

K transition  

2.4. 
37

Cl→
37

Ar 

Fig. 7 illustrates the observed and calculated 

strengths of the B(GT) transition from the 
37

Cl (3/2
+
) 

lowest state to the 
37

Ar(1/2
+
, 3/2

+
, 5/2

+
) states without 

any limitation utilizing the USDA and USDB effective 

interactions. The range of the excitation energy from 0 to 

14.192 MeV and the strength of B(GT) distribution 

comes from the measured data of the charge-exchange 

reaction 
37

Ar (
3
He, t) 

37
Ar [22]. The experiment's several 

main peaks are distributed between Ex(
37

Ar)=5.1 and 

9.35 MeV which corresponds to the values of B(GT) at 

0.226 and 0.117, respectively. The USDA interaction 

shows many peaks and the strongest two peaks were 

situated at 9.61 and 9.978 MeV which corresponds to 

the values of B(GT) at 1.292 and 1.608, respectively. 

The USDB interaction predicts also some peaks and the 

strongest one situated at 9.61 MeV with B(GT) value of 

1.292 which is related to the transition 
37

Cl(3/2
+
)

37
Ar(5/27

+
). The USDB interaction predicts 

40 B(GT) values and the most highest peak situated at 

9.978 MeV with B(GT) of 1.608 which comes from the 

transition 
37

Cl(3/2
+
)

37
Ar(5/27

+
). Fig. 8 depicts the 

comparison between the theoretical and measured sum-

ming of the B(GT) as a function of the excitation energy. 
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The B(GT) summation strength is seen up to 14.19 MeV 

of excitation energy. The predicted values of B(GT) from 

theory gives more higher values that appear in their sum 

and therefore they overestimated the observed data. 

 
Fig. 7. Comparison of the predicted values of B(GT)  

for the 
37

Cl→
37

Ar transition with the relevant measured 

data [22] 

 
Fig. 8. Comparison of the Σ 𝐵(𝐺𝑇) distribution with 

the measured data [22] for 
37

Cl→
37

Ar transition 

CONCLUSIONS 

To investigate the GT strengths, we have presented 

the calculations utilizing the shell model in the complete 

sd-shell model space utilizing USDA and USDB inter-

actions without valence nucleon truncation for the 
34

Ar→
34

Cl, 
34

S→
34

Cl, 
37

Cl→
37

Ar, and 
37

Ca→
37

K transi-

tions. The used effective interactions in this work show 

clearly, they are able to predict the B(GT) values and 

they are in reasonable agreement with the measured 

data. Our research contributes to previous studies on GT 

strength distributions. The B(GT) transitions on an indi-

vidual basis have attained satisfactory agreement, 

whereas the estimated strengths of the transition total 

approximately reproduce the observed data. This result 

may be useful for future research into the transition 

strengths B(GT).  
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ДОСЛІДЖЕННЯ СИЛ ПЕРЕХОДУ ГАМОВА-ТЕЛЛЕРА ДЛЯ ЯДЕР А=34 І А=37 

Malik S. Mehemed, Sarah M. Obaid, Fouad A. Majeed 

Були досліджені розподіли сил переходу Гамова-Теллера в області sd-оболонки за допомогою моделі 

оболонки. Розрахунки B(GT) та їх накопиченої суми ∑B(GT) для ядер 
34

Ar
34

Cl, 
34

S
34

Cl, 
37

Cl
37

Ar та 
37

Ca
37

K виконано за допомогою оболонкової моделі з використанням ефективних взаємодій USDB та  

USDA у sd-оболонці. Досліджено переходи для ядер. Результати для B(GT) і ∑B(GT) обговорюються та по-

рівнюються з даними останніх спостережень. Виміряні розподіли GT та кумулятивні інтенсивності переходу 

B(GT) досить добре узгоджуються з теоретичними розрахунками. Встановлено якісну відповідність для 

окремих трансформацій, і виміряні кумулятивні сили трансформації майже збігаються зі спостережуваними. 


