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ABSTRACT

The log(ft) values of the allowed S+ decay between odd-A spherical and deformed nuclei are studied for germanium isotopes
in this paper. The Pyatov Method (PM) and the Schematic Model (SM)) are used to the GT strength distributions, including
the schematic residual spin-isospin interaction between nucleons in the particle-hole and particle-particle channels. Particle-
hole and particle-particle interaction parameters are calculated respectively with X571 = 5.2 A°7 MeV and X;57 = 0.58 A%7
MeV. Deformed Woods-Saxon potential is used in calculations of single-particle energies and wave functions. The results are
also compared with previous experiment values wherever available.
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1. INTRODUCTION

The field devoted to the study of exotic nuclei is one of the most productive fields in Nuclear Physics
today. Weak proportions in germanium play an integral role in supernova dynamics. Electron capture
and beta decay of germanium isotopes dictated by Gamow Teller transitions significantly alter the lepton
fraction of stellar matter.

Gamow-Teller (GT) transitions are known to be effective in stellar collapse events, and GT transitions
strengths (B(GT)) are needed to explain this core collapse. Therefore, Taddeucci et al., in their study in
1987 [1], stated that there is a linear relationship between the measured cross-section and B(GT). It is
seen that these intensity distributions are possible over experimental cross-sections. Considering the
experimental studies on this study, we see that experimental B(GT) values were obtained from
experiments with (p,n) reactions done by Rapaport et al. in 1994. In addition, Anderson et al. also
conducted a study using the same reaction [2]. Experimental B(GT) values are obtained not only by
(p,n) reactions but also by other charge-exchange reactions such as (n,p), CHe,t), (t,*He), and (d,’He).
Regarding this, the studies of (n,p) reactions used by El-Kateb et al. [3] in 1994, (*He,t) reactions used
by Fujita et al. in 1999 [4], (d,?He) reactions used by Baumer et al. in 2003 [5], and (t,He) reactions
used by Cole et al. [6] in 2006 are seen in the literature. As is known, GT. strength distributions are
obtained through (p,n) and (*He,t) reactions, while GT. strength distributions are obtained through (n,p)
and (d,?He) reactions. These reactions convert a proton (neutron) to a neutron (proton). The isospin
change in this transformation is AT =1 (either AS = 0 or AS = 1). The quantum number selection rules
for GT transitions are AL =0, ATz=+1, AS = 1. Here L and S are orbital and spin quantum numbers.
These transitions are important studies as they are the best tool for testing nuclear structural models.
These transitions are denoted by o7 (o denotes Pauli spin matrix and 7. denotes isospin raising/lowering
operators) and depend on similar initial and final states as * decays. In astrophysics, GT transitions are
important for the formation of elements in pre-supernova and supernova events for model calculations
of supernovae. Therefore, charge exchange reactions are an important tool for searching nuclei
structures, nuclei with multibody systems, and matching GT responses [7].
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The log(ft) values of the allowed decay between odd-A spherical and deformed nuclei are studied in this
study for germanium isotopes. Deformed Woods-Saxon potential is used in calculations of single-
particle energies and wave functions.

In this study, the models used within the QRPA formalism are the Schematic Model (SM) and the Pyatov
Method (PM). Particle-hole and particle-particle interaction parameters are calculated respectively with
X5 = 5.2 A% MeV and X7 = 0.58 A°7 MeV. These models have also been categorized into two
categories for this study:

1- Schematic model for deformed nuclei with the particle-hole (ph) interaction (SM (C))
2- Pyatov method for spherical nuclei with the particle-particle (pp)+particle-hole (ph) interaction (PM

(B)

The theoretical formalism used to calculate log (ft) values using SM and PM theories is given in the
next section. In Chapter 3, the calculated log (ft) of odd Germanium isotopes are presented and our results
are compared with the experimental results. The main results of this study are given in Chapter 4.

2. THEORETICAL FORMALISM

A summary of the formalism required for Schematic and Pyatov methods used in this study is presented
in this section. A nucleon system in the axial symmetry means the domain interacts with a charge
exchange via pairing and spin-spin interactions. The Hamiltonian of the schematic model (SM) in quasi-
particle representation is given by

Hsm = Hsop + hph + hpp 1)

where Hsor is the single quasi-particle Hamiltonian and described by:
HSQP = Zs,‘r,p Eg (T)a;rp Asp, T=N,p (2)

where Es(t ) is the single quasi-particle energy of nucleons, a;rp (as,) is the quasi-particle creation

(annihilation) operator. k2% and h2Ph are the GT effective interactions in the particle-hole and particle-
particle channels, respectively, and given as

h _
hgﬁ = ngr Z ﬁ;ﬂu

u
hGh = —2XR Y, BPr . n=0,%1; ©)
with
Bi= > (ploy+ (~DrolppNalyapy, B = BT
np,p,p'
Pﬂ+ = Zn’p_p‘p,(np|aﬂ + (—1)“a_ﬂ|pp’)aip azp,, P = (PM““)Jr 4)

where a;rlp (ap,) is the nucleon creation (annihilation) operator, g, is the spherical component of the
Pauli operator. In the quasi-particle representation, the ﬁ,}—“ and PMi operators are introduced as:

+ L —t — .t
ﬁu = Z [ﬁ (dnpan + dnpan) + (bnpcnp - bannp) ]
n,p

, . L L
Pu+ = Zn,p [\/_7 (bnpDrtp - bnpan) + (danr-[p + dnp Cnp) ] (5)
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Dnp corresponds to quasi-particle scattering operator, C;{p(Cnp) is a two quasi-particle creation

(annihilation) operator for neutron-proton pair (for details see [8]). It satisfies the following bosonic
commutation rules in the quasi-boson approximation.

[ np’ Tp] = 5nn’6ppr, [Cnp,C ’ r] =0 (6)

From here, the effective Gamow-Teller (GT) interactions in quasi-particle space may be expressed as
follows (see [8] for details):

hph — hCC hDD hCD

hST = hSS + hDP + hGD (7)
The constants effective interacting with the two channels were fixed according to the measured value of
the GT resonance energy. Terms not commuting with GT operators were removed from the total

Hamiltonian. The mean-field approximation was rewritten by adding an effective interaction term hy
[9], which is given as:

1
ho = Zp:i%Zu:O,ﬁl[qup - V;: - Vls - Vl,Glpu]T [qup - Vc - Vls - Vl,Glpu]' (8)

The strength parameter y,, of the effective interaction was found as follows since it requires commutation
conditions (see [9,10] for details).

<0| [ sqp —Vis — ] G |0>
The GT operator Glﬂ , which commutes with the Hamiltonian, is given as
Gi, = Zk 1[o1, ()t (k) + p(=D# oy, ()t_(K)]  (p = 1), )

where oy, (k) = 254, (k) are the spherical components of the Pauli operators, t, = t, (k) + it, (k) are
the isospin raising/lowering operators.
The total Hamiltonian of Pyatov Method is

Hpm = Hst + ho + hph + hpp (10)

The GT transition strengths were calculated by summing the nuclear matrix elements

B @) = |07 = 19 (1)

where w; are the excitation energies in the daughter nucleus. The g* transition strengths were finally
calculated using

B(GT)s = X Bp (). (12)
The calculated GT strengths should fulfill the Ikeda sum rule (ISR) [11]

ISR = B(GT)_ — B(GT), = 3(N — 2) (13)
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The GT strength values calculated from PM and SM may be different because of the effective interaction
term (ho) (for more, see [12, 13, 14, 15]). Spherical calculations are made within the framework of the
Pyatov method and deformed calculations are done within the frame of the Schematic Model. The
Hamiltonian of the Gamow-Teller interaction in odd-odd nuclei and the necessary formalism for
deformed nuclei are detailed in [8].

3. RESULTS AND DISCUSSIONS

Numerical calculations have been made for deformed and spherical nuclei for odd nuclei Ge. Nilsson's
single-particle energies and wave functions have been calculated with a deformed Woods-Saxon
potential [40]. The log (ft) values for odd germanium isotopes are calculated using Eq. 12 for §~ and
B+ decays as in the formula below:

D

2
t)gr =D —2-= 14
(‘f )‘8+ 4-7TB§T (z—s)z (IiKi1Kf — Ki/Ifo)z |Mb,i|2 ( )

37
i hsl:f =6295s and 24 =-1.254 in our calculations. The log(ft) values

vMe v

found in the literature were compared with the experimental values found in the literature.

We used the constants D=

In Figure 1, the log(ft) value for the ®’Ge isotope in the B~ direction, the transitions of %_ -

%_ 1" —LOJF were compared with experimental values corresponding to different energies. This

experiment is done by Junde et al. [16]. Spherical PM (B) and deformed SM (C) models were used for
this comparison. These values were found to be quite close to the experimental values.

4222 keV

SM(C) PM(B) | Experiment \

log (ft) tog (ft)

1893.4 55

1128.6 6.57

263 9
1
? 167
!
316a 31Ga 3100

Figure 1. Comparison of log (ft) values for ’Ge with the experimental values for transitions of 1" £ 50"

Comparison of the calculated log(ft) value for 1" LO’L transitions in the S~ direction with the

measured log(ft) values found by Nesaraja [17] corresponding to the different energies was given in Fig.
2 for the %°Ge isotope. The log (ft) value of 5.33, which corresponds to an energy of 1531.7 KeV in the
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transitions from the 1+ states to the ground state, is the same as the experiment. These results show that
we found good agreement with the experiment.

SM(C) PM(B) Experiment
) 2227.1 keV

log (ft) log (ft) log (ft)

N
.

1531.7 5.33

MW

1272.5 5.11

Niw
.

502.4
i 6.87
A 386.1 5.93
D= - —] L. )
$36a $36a $36a

Figure 2. Comparison of log (ft) values for Ge with the experimental values for transitions of 1" 50

For ‘Ge isotope, the log(ft) values of the ground state 1" LOJ“ transition calculated from the
schematic and the Pyatov method were compared with the experimental values found by Abusaleem
and Singh [18] in Figure 3. As can be seen in Figure 3, the log(ft) values calculated by the Pyatov method
for these transitions are much larger than the schematic model values, and the energy value is closer to

the experimental one.

SM(C) 3 PM(B) Experiment
log (ft) log (ft) log (ft}
263 559 232.49keV
2 ~ | -
2 ~ : 32Ge
| 0003 57 | g a4
— 2 | — 3 —
13Ga 2 IiGa 2 1iGa

Figure 3. Comparison of log (ft) values for ":Ge with the experimental values for transitions of 1" —Z 50"
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A comparison of log (ft) values for °Ge with the experimental values found by Negret and
Singh [19] was given in Figure 4 for the transitions of 1" —£—0". Here, it is seen that in the
p* direction for the deformed SM model, both the energy and the log (ft) value are very close
to the experimental value.

Experiment

tog (ft) log (ft) log (ft)

SM(C) W PM (B) ]

1177.2 keV

N

495.7 6.14
5.53 3
$ 264.6 5.63
3
— — © —
13As 134s 134s

Figure 4. Comparison of log (ft) values for 7Ge with the experimental values for transitions of 1" —Z 50"

Comparison of log (ft) values for "’Ge with the experimental values found by Singh and Nica
[20] for 1*—)0_+ transitions in the B* direction was given in Figure 5. Here, there are

transitions from % states to g_ states. The log (ft) value calculated with the PM (B) model is
closer to the experimental value

SM(C) PM (B) Experiment

2702.5 keV log () log (ft) log (ft)

[N

627 4.75
] |
6.21 o ~J
250.7 : ~ 264.6 5.23
334s 3348 334s

Figure 5. Comparison of log (ft) values for 7’Ge with the experimental values for transitions of 1" —Z 50"
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4. SUMMARY AND CONCLUSIONS

The Gamow-Teller transition is known to have an important place in astrophysical events (eg electron
capture, B-decay, supernova explosion, etc.) [21 ,22, 23, 24]. Therefore, it is aimed to investigate the
property of the Gamow-Teller transition in astrophysical conditions and to motivate the processing of
odd germanium isotopes with fp shell nuclei in this study. In this paper, Gamow-Teller transitions were
studied by using Schematic Model and Pyatov Method in 76971757'Ge isotope for the first time. Within
this framework, the effects of particle-hole, particle-particle force, and deformation were taken into
account. The calculated log(ft) values by using our models in the S-decay directions were compared
with the corresponding measured data wherever available.

Log (ft) values for 1" —2—0". transitions for odd-A-mass germanium nuclei were compared with
experimental values. Results of PM model with spherical ph+pp channel and SM model with deformed
ph+pp channel were found to be close to experimental values.

For astrophysical applications, microscopic and confidential calculations of the GT strength
distributions for hundreds of iron regimen cores are needed. A significant advance in our understanding
of supernova explosions and heavy element nucleosynthesis, which will be developed from next-
generation radioactive ion beam facilities, is hypothesized when the measured GT strength distribution
of many more nuclei (including unstable isotopes) is obtained. Computed GT strength functions for
other key fp-shell nuclei (including many neutron-rich unstable nuclei) are being studied and it is hoped
that our findings will be presented soon.
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