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ABSTRACT
The Gamow-Teller (GT) strength transitions in nuclear structure and astrophysical processes
proved to be very important to understand the mechanisms of formation of neutron stars and black,
therefore the Gamow-Teller (GT) transitions in the <sup>46</sup>Ti→<sup>46</sup>V,
<sup>47</sup>Ti →<sup>47</sup>V ,<sup>48</sup>Ti→<sup>48</sup>V and
<sup>50</sup>Cr→<sup>50</sup>Mn charge-exchange reactions have been studied. The shell
model calculations carried out in the fp- model space without any restriction using the GXFP1A,
KB3G and FPD6 effective interactions. The calculation of the GT distribution is compared with the
recent available experimental data. The theoretical calculations are in reasonably good agreement
with the experimental GT distributions and with the summed transition strengths B(GT). For the
individual transformations, we have reached a qualitative agreement while the measured
cumulative transformation strengths are closely matched by the observed ones.
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Calculations of Gamow-Teller Transition Strengths in some fp-
Shell Nuclei using Shell Model

Fouad A. Majeed1 and Sarah M. Obaid2

1Department of Physics, College of Education for Pure Sciences, University of Babylon, 
Babylon, Iraq.

2Department of Physics, College of Education for Pure Science (Ibn-Alhaitham), 
University of Baghdad, Baghdad, Iraq.

Abstract: The Gamow-Teller (GT) strength transitions in nuclear structure and 
astrophysical processes proved to be very important to understand the mechanisms of 
formation of neutron stars and black, therefore the Gamow-Teller (GT) transitions in the 
46Ti→46V, 47Ti →47V ,48Ti→48V and 50Cr→50Mn charge-exchange reactions have been 
studied. The shell model calculations carried out in the fp- model space without any 
restriction using the GXFP1A, KB3G and FPD6 effective interactions. The calculation of 
the GT distribution is compared with the recent available experimental data. The 
theoretical calculations are in reasonably good agreement with the experimental GT 
distributions and with the summed transition strengths B(GT).  For the individual 
transformations, we have reached a qualitative agreement while the measured cumulative 
transformation strengths are closely matched by the observed ones.

Keyword: Gamow-Teller transitions, Charge-exchange reactions, Isospin symmetry, 
Shell Model, Weak interaction

1. Introduction

Gamow-Teller (GT) strength transitions are the most common weak interaction processes 
of spin-isospin   in atomic nuclei [1]. They are not only of particular interest to (𝜎𝜏)
nuclear physics, but also to astrophysics; for example, they play an important role in the 
core failure of supernovae and nucleosynthesis type II [2,3]. Nonetheless, the direct 
research on the processes of weak decay provides relatively limited details of GT 
transitions and states excited by GT transfer (GT states). The -decay can only be 
reached by the states with energies below the Q-value's decay. Nevertheless, beta decay 
has direct access to the half-live,  values, and branching ratios analysis to the absolute 𝑄𝛽
GT transition strength B(GT). A simple operator  causes the GT transitions and 𝜎𝜏
characterized by spin-isospin flip ) and  and no transfer of angular (Δ 𝑆 = 1 (Δ 𝑇 = 1)
momentum , as well as the  component of the isospin  is (Δ 𝐿 = 0) 𝑧 𝑇𝑧[𝑇𝑧 = (𝑁 ― 𝑍) 2]
changed by one unit . (Δ 𝑇𝑧 =± 1)

The reduced GT transition strength B(GT) is a significant physical quantity to study 
the nuclear structure. Typically, B(GT) levels are derived from GT decay studies. 
Furthermore, the intermediate energy reactions (˃100 MeV/nucleon) of (p, n) or (3He, t) 
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2

reactions can also be used to map out the GT strengths for a wide range of excitation 
energy  [1,4].(𝐸𝑥)

A systematic study was carried out by charge-exchange (CE) (n, p), (d,2He) and 
(t,3He) experiments on 13 based   stable fp-shell nuclei by Cole and 45 ≤  A ≤  64
Anderson [5]. They argued that the CE rates derived from experimental B(GT) values are 
generally reproduced by shell model (SM) calculations satisfactorily, whereas QRPA 
calculations appear to overestimate experimental CE rates substantially. 

Nuclear GT excitations for A = 42, 46,50, and 54 “fp-shell” nuclei for charge-
exchange reactions (3He, t) is reported by Fujita et al. in Ref. [6]. At 0° the incident 
energy is 140 MeV/nucleon and for the specific GT transition strengths B(GT) analysis,  
Adachi et al. conducted a high resolution (3He, t) reaction from  (42Ca, 56Ti, 𝑇𝑧 =  + 1
50Cr and 54Fe) to  (42Sc, 46V, 50Mn and 54Co) nuclei. The R2 value, the ratio 𝑇𝑧 =  0
between the GT and Fermi cross-sections, was introduced to derive B(GT) values for 
these pf-shell nuclei. Numerous mass nuclei have been studied with the normal B(GT) 
value of  -decay studies and mass dependence has been extracted [7]. The nuclear 𝛽
Gamow-Teller (GT) transition strength distributions B(GT) have been studied by Obaid 
and Majeed [8], for some sd-shell nuclei in the (3He, t) charge-exchange reaction. In their 
conducted study they employed the effective interactions USDA and USDB in the sd-
model space and their results agree reasonably well with the measured data.  

The residual interactions used with the modern shell model computations are updated 
libraries were developed for the sd-shell nuclei [9] and fp-shells for determination of the 
rates of weak-reactions [10,11]. The shell-model calculation was combined with 
experimental data, if available, to generate these libraries of weak-rate. Schemes outside 
the shell are necessary for nuclei beyond the pf-shell (see, e.g., [12]). Kumar and 
Srivastava [13] performed a systematic shell model calculation to describe the strengths 
of Gamow-Teller B(GT) and their accumulated sums for 42Ti, 46Cr, 50Fe and 54Ni nuclei. 
They had used GXPF1a and KB3G effective interactions in the full fp-model space to 
perform their calculations. Ganioğlu et al. [14] measured with high quality Gamow-Teller 
(GT) transitions for the transition Tz = +3/2→+1/2 transitions starting from the 47Ti 
nucleus in the (3He,t ) charge-exchange reaction at 0◦ and at an intermediate incident 
energy of 140 MeV/nucleon. They compared their measurements with shell model 
calculations using GXPF1 interaction which reproduce the experiment well. They found 
that the ratios of GT transition strengths to the ground state, the 0.088-MeV state, and the 
0.146-MeV state are similar to the ratios of the strengths of the analogous M1 transitions 
from the isobaric analog state (IAS) to these states. Fujita et al. [15] studied the Tz = - 2 
 -1 and -1  0 GT transitions in   decays, while those from stable Tz = +2 and +1 
nuclei by means of hadronic (3He, t) charge-exchange (CE) reactions. The results from 
these studies are compared in order to examine the mirror-symmetry structure in nuclei. 
In addition, these results are combined for the better understanding of GT transitions in 
the pf-shell region.

This work aims to calculate the GT strength distributions with higher excitation 
energies which is very useful for future experiments. The calculations of the GT strength 
distributions will be conducted in the framework of the shell model using 
NuShellX@MSU [16] to obtain the GT-strengths for 46Ti→46V, 47Ti →47V ,48Ti→48V 
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3

and 50Cr→50Mn using GXFP1A [17], KB3G [18] and FPD6 [19] effective interactions in 
the full fp-model space. The results B(GT) values and their summed B(GT) will be 
compared with the corresponding experimental data.

2. Theoretical framework

The operator connecting the initial and the final states to the GT transition may be written 
as [20]

 〈𝜎𝜏〉 =
〈𝑓‖∑

𝑘𝜎𝑘𝜏𝑘
± ‖𝑖〉

2𝐽𝑖 + 1                                                                                            (1)
with 

 𝜏 ± =
1
2(𝜏𝑥 + 𝑖𝜏𝑦),                                                                                              (2)

where   is the operator of the Pauli and  the isospin,  and , represents the initial 𝜎 𝜏 |𝑖⟩ |𝑓⟩
and final transition states, respectively. 

The B(GT) is the reduced probability of transition from GT, commonly used to indicate 
GT strength [20], 

 𝐵(𝐺𝑇) = (𝑔𝐴

𝑔𝑉)2
〈𝜎𝜏〉2                                                                                         (3)

where  , is the axial-vector ratio of constants to the vector coupling|𝑔𝐴 𝑔𝑉| = 1.26
The strength Gamow-Teller B(GT) is calculated using the following expression [21],

𝐵(𝐺𝑇) =  
1

2𝐽𝑖 + 1 𝑓2
𝑞 |⟨𝑓│|∑

𝑘
𝜎𝑘𝜏𝑘

± |│𝑖⟩|2

                                                        (4)

where fq
  is the quenching factor, and the index k runs over the single particle orbitals,  |𝑖⟩

and  describe the state of the parent and daughter nuclei, respectively. |𝑓⟩
. For reduced GT matrix elements, the sum rule is [21]

 ∑
𝑓[𝐵𝑖,𝑓(𝐺𝑇 ― ) ― 𝐵𝑖,𝑓(𝐺𝑇 + )] = 3(𝑔𝐴

𝑔𝑉)2
(𝑁𝑖 ― 𝑍𝑖)                                         (5)

3. Results and Discussion 
In this section, the theoretical results with the measured B(GT) strength transitions for   

46Ti→46V, 47Ti →47V ,48Ti→48V and 50Cr→50Mn transitions. To obtain the 
B(GT)strength transitions we have carried out our theoretical calculations in the full fp-
model space without any restriction, that is, assuming a 40Ca inert core using the 
GXFP1A [17], KB3G [18] and FPD6 [19] effective interactions. The shell model 
calculations have been performed using NushellX@MSU and the results were compared 
to the corresponding measured data will be discussed for the selected fp-shell nuclei. All 
theoretical calculations for the three effective interactions are scaled by a quenching 
factor (0.74)2 to agree with the measured data. The shell model calculations were 
performed in full fp-model space without any restriction imposed on the valence nucleons 
outside the 40Ca core. 
 
3.1 46Ti (3He, t) 46V 
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4

Figure 1 displays the measured and theoretical calculations of the shell model for B(GT) 
strengths transition from the 46Ti (0+) ground state to 46V (1+) states without any 
restriction using GXFP1A, KB3G and FPD6 effective interactions. The strength 
distribution of B(GT) has been measured in 46Ti (3He, t) experiment up to excitation 
energies below 4.5 MeV [22]. There are two dominant peaks from the experiment located 
at  with B(GT) values 0.365 and 0.604, 𝐸𝑥(46𝑉) = 0.994 𝑀𝑒𝑉 𝑎𝑛𝑑 2.978 𝑀𝑒𝑉
respectively. These two peaks comes from the transitions 46Ti(0+)  46V( ) and 46V(1 +

1
) , respectively. The GXPF1A and KB3G interactions calculations showed one strong 1 +

5
peak located at 2.628 MeV and 2.256 MeV with B(GT) values 1.148 and 1.031, 
respectively. This one peak in GXFP1A and KB3G interactions comes from the transition 
46Ti(0+)  46V( ). The calculation of FPD6 interaction gives three peaks located at 0.0 1 +

3
MeV, 2.059 MeV and 2.414 MeV, with B(GT) values 0.539, 0.717 and 0.782, 
respectively. The rest of theoretical results are all below B(GT) value of 3 and they are in 
agreement with the observed experimental data.  

The quenched shell model resulting from all interactions is capable of explaining the 
transition strength of GT observed concentrated at the energy of the lowest excitation. 

Figure 2 shows the B(GT) running sum in terms of the excitation energy, the 
calculated strengths of the shell models in terms of the shell were calculated by a 
quenching factor (0.74)2.The FPD6 interaction provided an energy of excitation closer to 
the measured data than the energy predicated by the GXPF1A and KB3G effective 
interactions. 

The shell-model estimates some strength to be placed around 2.7 MeV excitation 
energy which is higher than the (3He, t) observed data.

The strength of the summed B(GT) plot shown in Fig.2 indicates that the effective 
interaction with KB3G is closer to the experiment than effective interactions with 
GXPF1A and FPD6, the total strength of B(GT) predicted by GXPF1A combined with 
observed interactions better than with KB3G.

The summed B(GT) strengths in shell model agreed very well with the measured data. 
Many B(GT) values predicted by all interactions at   MeV are not observed 𝐸𝑥 ≥  4.5 𝑀𝑒𝑉
in the experiment, while the B(GT) values determined from shell model are similar to the 
experiment with higher excitation energies. Overall, the results of the shell model explained 
successfully the gross characteristics of the experimental B(GT) values as well as the 
summed B(GT) strengths.
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3.2 47Ti (3He, t) 47V

Figure 3 displays a comparison between the calculations of the shell model using three 
interactions and the measured data for the transition 47Ti→47V. The B(GT) transitions 
from 47Ti (5/2-) ground to (5/2-) states can be found from a 47V (3He, t) experiment [19]. 

There are three dominated peaks from experiment located at 𝐸𝑥(47𝑉

 which came from the transition 47Ti   ) = 3.876 𝑀𝑒𝑉,  4.15 𝑀𝑒𝑉 𝑎𝑛𝑑 5.228 𝑀𝑒𝑉 (5
2

―

1 )
47V  states with B(GT) values 0.112, 0.073 and 0.071, respectively. The rest (3

2

―
, 

5
2

―
, 

7
2

― )
of B(GT) values are weak strength less than 0.05. Shell model calculations of B(GT) 
using GXFP1A interaction predicted three peaks located at 0.67 MeV, 1.392 MeV and 
1.512 MeV with B(GT) values 0.065, 0.105 and 0.086 MeV, respectively. The interaction 
KB3G calculation predicted two peaks located at 0.168 MeV and 1.96 MeV with B(GT) 
values 0.093 and 0.071, respectively. The calculation with FPD6 are in better agreement 
with experiment than GXFP1A and KB3G interactions.

The measured and calculated shell model strength distributions of B (GT) for the 
transition 47Ti→47V. The B (GT) values 47Ti (5/2-) ground state to (5/2-) states of 47V 
(5/2-) have been calculated without any truncation. The shell model calculations with 
KB3G interaction are more closely to the measured data than GXPF1A and FPD6 
interactions. 

Figure 4 displays the plot of the running sum of B(GT) as a function of excitation energy 
for the transition 47Ti→47V. 

0 1 2 3 4 5 6

Ex(
46V) (MeV)

0

0.2

0.4

0.6

0.8

1

1.2

B
(G

T)
GXFP1A
KB3G
FPD6
46Ti(3He,t)

0 1 2 3 4 5

Ex(
46V) (MeV)

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

2


G



GXFP1A
KB3G
FPD6

46Ti(3He,t)

Figure 1: Shows the theoretical values of 
B(GT) compared to the corresponding 
experimental data [22] for 46Ti 46V 
transition. 

Figure 2: Shows the      ∑𝐵(𝐺𝑇)
distributions compared to    measured data 
[22] for 46Ti 46V transition. 
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The close similarity in strength of B(GT), predicted by the three interactions and (3He, t) 
data, can be seen in the combined strength plot as shown in Fig.3. 

The summed B(GT) strengths from KB3G interaction calculation is closely reproduced 
the measured data better than GXPF1A and FPD6 effective interactions. 

 

3.3 48Ti (3He, t) 48V

The calculations of the shell model and the GT strength distributions data are displayed in 
Fig.5 for the transition 48Ti→48V. The observed data through the reaction of charge-
exchange 48Ti(3He, t)48V up to the excitation energy  [24] are 𝐸𝑥(48𝑉) = 4.857𝑀𝑒𝑉
shown in Fig. 5. The experimental data has three vales of B(GT) greater than 0.2 located 
at 0.421 MeV, 2.406 MeV and 3.864 MeV with B(GT) values 0.224, 0.351 and 0.213. 
The ground state for both 48Ti and 48V isotopes is predicted precisely by the three 
interactions. The interactions GXFP1A and KB3G predicts weak B(GT) values that 
agrees with the observed data, while the interaction FPD6 have strong dominated peak 
located at 2.796 MeV with B(GT) value 0.695 which is much higher than the values 
observed in the experiment. 

Figure 5 shows that the strength of GT is highly fragmented and distributed in many 
discrete states, and that the shell model calculations have the same pattern using the three 
effective interactions. The experimental data observed from values comes from the The 
shell model calculations with FPD6 effective interactions overpredict the experimental 
data by amount of 0.4 MeV. 

Figure 4: Shows the    distributions ∑𝐵(𝐺𝑇)
compared to the experimental data [19] for 
47Ti47V transition. 

Figure 3: Shows the theoretical values of 
B(GT) compared to the corresponding 
experimental data [19] for 47Ti47V 
transition. 
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0.05
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The best results achieved for the shell model calculations of B (GT) and their running 
sums is by using KB3G effective interaction. 

The B (GT) strength distribution in 48V is measured by 48Ti (3He, t) for transition from 
(0 +) ground state (1+) states [23]. Figure 5 displays the theoretical calculations of 
strength distribution of GT by using effective interactions of GXFP1A, KB3G and FPD6. 
The running sums of B(GT) are shown in Fig.6 as a function of excitation energy for the 
transition 48Ti→48V.  

The quenched shell model, which results from all interactions, is capable of explaining 
the observed GT transition strength distributed in most excited energies in 48V. 

The summed B(GT) strength figure shows that the shell model findings for the three 
adopted interactions match well with the summed strength of B(GT) observed and shows 
that in 48Ti→48V transition, this means that the fp-model space utilized without any 
truncation reproduce the data satisfactorily.   

3.4 50Cr→50Mn

The theoretical calculations of the shell model and the B(GT) data distribution strengths 
for the transition 50Cr→50Mn are displayed in Figure 7. The measured data observed 
through the reaction 50Cr (3He, t) 50Mn up to excitation energy Ex(50Mn) =4.6MeV [21]. 
The calculations of the shell model in model space fp using the GXFP1A, KB3G and 
FPD6 effective interactions, respectively. There are two dominated peaks in the observed 
data located at Ex(50Mn) = 0.652 MeV and 3.392 MeV with B(GT) values 0.5 and 0.35, 
respectively. These two peaks came from the transitions 50Cr(0+)  50Mn( ) and 46V(1 +

1
), respectively.  The shell model calculations with GXFP1A predicted two dominant 1 +

5

Figure 5: Shows the theoretical values of 
B(GT) compared to the corresponding 
experimental data [23] for 48Ti 48V 
transition. 

Figure 6: Shows the      ∑𝐵(𝐺𝑇)
distributions compared to the experiment 
for 48Ti. The experimental data [23] for 
48Ti 48V transition. 
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Figure 7: Shows the theoretical values of 
B(GT) compared to the corresponding 
experimental data [24] for 50Cr50Mn 
transition. 

FPD6
KB3G

0 1 2 3 4

Ex(
50Mn) (MeV)

0.4

0.6

0.8

1
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
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
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50Cr(3He,t)
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0
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B
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KB3G
FPD6
50Cr(3He,t)

Figure 8: Shows the      distributions ∑𝐵(𝐺𝑇)
compared to the experiment [24] for 50Cr 
50Mn transition. 

peaks located at 0.0 MeV and 2.377 MeV with B(GT) values 0.434 and 0.463, 
respectively. FPD6 interactions predict two strong peaks located at 0.0 MeV and 2.447 
MeV with B(Gt) values 0.632 and 0.779, respectively. The calculation with KB3G is 
more consistent with the observed data than GXFP1A and FPD6.

The energies of the excited states for different 1+ of 50Mn are shown on the horizontal 
axis. In measured data, the strength of B(GT) is distributed over wide scale of 50Mn 
excitation energies. We can see the peaks of most intensity at the excitation energies 
0.652 MeV and 4.584 MeV of 50Mn from experimental data for 50Cr (3He, t)50Mn. 

Figure 8 shows the B(GT) sum versus the excitation energy. The strength of B(GT ) 
sums is displayed up to the excitation energy 1.4 MeV. The GXFP1A, KB3G and FPD6 
interactions gives an appropriate measured data agreement especially in the region of 
high excitation energy above 2.5 MeV and the closer results is obtained by using KB3G 
interaction. 

 

4. Conclusion 

In the present work we have reported the shell model calculations in the full fp-hell 
model space using GXFP1A, KB3G and FPD6 effective interactions without any 
truncation imposed on the valence nucleons to study the GT strengths of 46Ti→46V, 47Ti 
→47V ,48Ti→48V and 50Cr→50Mn transitions.  For the individual B(GT) transitions, the 
qualitative agreement is achieved while the overview values measured are closely 
replicated. This study might give useful information to researchers who are interested to 
study the B(GT) transition strengths in this mass region. For these strengths, further 
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experimental results are needed. More information will be added to earlier works by the 
results of this work.
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