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Abstract
We studied the temperature effect in isospin-singlet pairings in Gamow-Teller excitations. We use theories
of a hole-particle in the mean-field shell model to study decay transition using the one-particle-one-hole
model for the B-decay of odd-even isotopes and the two-particle-hole models for the f-decay of even-even
and/or odd-odd isotopes. Our reference isotopes for the one-particle-one-hole model are 150, 1°N, '"F, and
418¢, whereas for the two-particle-hole model we use N (for f~-decay) and °*Ni and °Sc (for BT /EC).

The calculations involve evaluating the matrix elements of Gamow-Teller and Fermi transitions, then
calculating the reduced transition probabilities of Gamow-Teller and Fermi, from which we evaluate the
half-lives and the strength function ft. The results are compared with the available experimental data.
For the one-particle-one-hole model, we found there is a deviation from experimental values which indicates
that the model is not valid for beta decay for the even-even nuclei in the ground state due to the residual
nucleon-nucleon interaction. As for a two-particle-hole model, we calculated the transition amplitude, from
which we calculated the strength of the transition log ft values. We found an excellent agreement between
experimental and theoretical results.

By drawing the relationship between temperature versus log ft values, we found the general trend is
that the strength function values slowly decrease as temperatures increase. There are fluctuations log f't
due to the strongly dependent of log ft on the shell configuration of the valence nucleons.
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1. Introduction

Nuclear f-decay plays an important role in nuclear physics in particular and in various branches of science
in general, such as astrophysics and particle physics. The investigation of f-decay provides valuable insights
into how effective nuclear interactions depend on the spin and isospin, as well as on nuclear properties such
as masses, shapes, and level densities [1, 2]. In astrophysics, f-decay is responsible for the formation of
neutron stars, the factories of heavy elements in our universe [3] by setting the time scale of the rapid
neutron-capture via the half-lives of B-decay. In particle physics, B-decay offers the first experimental
evidence of parity violation [4], and is utilized to verify the unitarity of the Cabibbo—Kobayashi-Maskawa
(CKM) matrix [5].

Beta decay results from the presence of a weak force, which undergoes a relatively slow decay time.
Nucleons are formed from up and down quarks, and the quark has a weak strength which contributes




to changing the flavor of lepton by producing the W boson, which produces an electron/antineutrino or
positron/neutrino pair. The most obvious example is the decay of a neutron, which consists of an up quark
and two down quarks, to produce a proton that consists of two up quarks and a down quark.

The process of measuring the beta decay strength functions, and hence the decay half-lives, in an
accurate way, is a required and necessary method and can be applied Beyond the Standard Model (BSM)
as a way to search for new fundamental physics can be discovered through beta decay in atomic nuclei.
The problem of understanding the ’background’ of the Standard Model and its related perception of the
low-energy quantum chromodynamic effects that appear in the form of a nuclear structure is one of the
outstanding difficulties hampering the discovery of new physics.

The difficulty of treating experimentally-favored nuclei theoretically in a framework that allows for
measured uncertainty makes the issue worse. Nevertheless, advancements have been achieved over the past
several decades that allow for the systematic construction of the internucleon interaction within a strong
field theory framework. The medium-mass nuclei, frequently relevant for BSM searches, can now be treated
ab initio, thanks to developments in the many-body theory and computer power [6]. Of course, there is
still much to be learned about effective-field theory and how approximation strategies used in ab initio
computations affect the relevant observables.

With the achieved advances in the measurement of nuclear B-decay half-lives due to the development
of radioactive ion-beam facilities, a complete listing of the experimental data is available nowadays [7]. It
is imperative to test the fundamental theoretical model and their abilities to reproduce the experimental
values to determine the weak and/or strength points in these models.

This review study presents the latest conventions in the theory of B-decay theory and procedures to
evaluate the transition matrices due to the f-decay [8]. Then focuses on f-decay transition in one-particle-
hole and two-particle-hole nuclei schemes. The one-particle-hole theory is utilized to predict the half-lives of
odd-even nuclei: %0, '"F, 3°Ca, and #!'Sc. whereas, the two-particle-hole theory is utilized to calculate the
strength functions of the EC/B¥-decay of *°Ni as an even-even nucleus, the f-decay of 1°N as an odd-odd
nucleus, and finally the EC/B"-decay of 08¢ as an odd-odd nucleus. The reason for choosing these isotopes
is to study the effect of residual NN force on the valence nucleons. It is expected that such a force plays
a greater role for an even number of nucleons than an odd number [9] which suppresses the single particle
transitions. The temperature effect on the strength functions is presented. Finally, the study presents
conclusions and suggestions for further studies.

2. Theoretical background

2.1. Theory of nuclear f-decay

In the nuclear scale the ™ -decay is written as

9Xn = 241 no e + e (1)
The nuclear BT -decay is

Xy = 724y et 4 ve (2)
Finally nuclear EC reads

2Xn e = 20 Npr + Ve (3)

In the three processes, shown in fig.(2), the parent nucleus AX and the daughter nucleus 4Y are isobars, i.e.
both have the same mass number A. This process has a coupling constant Gg which is not fundamental.
It involves two fundamental vertices of weak coupling gw. The strength of weak interaction is measured in
muon decay, shown in fig.(1), where g% < my c? = 106 MeV. Thus the W-boson propagator in the natural
unit can be written

—i (8uv — qudv/miy) _ igu

2 2 ~o2
q= —my myy
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In muon decay this becomes g%V / m%,V Hence, the weak coupling gw can be related to G using [10]

Gr _ _ 8w

V2 - 8(myc?)?’ ()

This is valid for large mass of W-boson and small energy g2 of B-decay, i.e. ¢> < (mwc?)?. In case of
g2 > (mwc?)? the weak interaction is more probable than electromagnetic force. In other words, the weak
interaction is only weak because of the large W-boson mass (my = 80.403 £ 0.029 GeV/c?). For muon
decay Gr = 1.16639(1) x 107> GeV~2 [10].

l 7

A

Figure 1: Feynman diagram depicts the weak muon decay. The W-boson propagator carries momentum g,
where g2 <« (mwc?)?, for precise measurements of the weak coupling gw .
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Figure 2: Nuclear 8=, BT, and EC decay diagrams. Only one nucleon contributes to the B decay process
whereas the remaining A — I nucleons are spectators. The initial and final states W; and Wy are the initial

and final nuclear states of a strongly interacting A-body wave function. G is the pointlike strength of the
weak interaction vertex.

2.2. Allowed B decay

We consider the lepton final state emitted in s-state (I = 0) relative to the nucleus (isotropic emission).
Similarly, in allowed EC the initial electron is from an s-shell, and the final neutrino is in an s state relative
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to the nucleus. Other B-decay processes involving higher values of leptons orbital angular moment (p-state,
d-state, etc.) are traditionally called forbidden beta transitions !.

The general B-decay N; — N, +lepton 4 antilepton means each lepton carries spin s = % . The B*decay
final leptonic state can couple to total spin s7epsons = 0, 1. In the EC process the initial proton and electron
can couple to j £ % and the final neutrino can couple to j £ % or j ¥ % Thus in all cases, the lepton
spin can change nuclear total angular moment J by 0 or 1. In allowed B-decay, transitions with no angular
momentum change are called Fermi transitions and those with total angular momentum change by one unit
are called Gamow-Teller transitions [11]. There is no source for parity changing allowed B-decay transition
(-DA = 41 [11]. In the standard model, the lepton number is considered to be conserved separately for

each lepton flavor: electron e, muon wu, and tau t.

Table 1: Electric charge ¢, baryon number B, lepton number L, and mass m for fermions involved in the
B-decay.

particle g B L m(MeV/c?)
electron (e™) —e 0 +1 0.511
positron (e™) 4e 0 -1 0.511
electron neutrino (ve) 0 0 +1 0
electron antineutrino (ve) 0 0 -1 0
proton (p) +e +1 0 938.3
neutron (n) 0 +1 O 939.6

Table 2: Selection rule for allowed B-decay transitions. Here J;(Jy) is the angular momentum of the initial
(final) nuclear state and correspondingly for the parity 7 [12].

Type of transition AJ = |Jf - Ji‘ T
Fermi 0 +1
Gamow-Teller 1(Ji=0o0r Jr =0) +1
Gamow-Teller 0,1(Ji >0,Jr >0) +1

2.3. Half-lives, reduced transition probabilities, and f¢ values

Half-life represented by ¢ 1 is computed from transition probability 7z;,

_ In2

t% 7}1" (5)

Tri is calculated Fermi golden rule of time-dependent perturbation theory [13] to get

K
MW= 775" (6)
fo(BF + Bgr)
where « (kappa) is a constant [12]
27347 In2
= T = 6147, (7)
mycGg

IForbidden does not indicate that the transition is completely not allowed. The vast contribution to f-decay transition is
due to s-state leptonic emission.
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fo is the lepton kinematics phase space integral, BF and Bgr are the Fermi and Gamow-Teller reduced
transition probabilities needed to be calculated, respectively. They can be broken up into factors [8],

g% 2
BF:ZJ,-—l—l'MF' , (8)
and
gfl 2
Bgr = 27 1 IMar|”. (9)

where J; is the total angular momentum (nuclear spin) of the initial nuclear state. gy and g4 are coupling
constants for vector current and axial current, respectively [14]. Mfp and Mgt are the interaction am-
plitudes. The quantity fot 1 (written as ft value) represents the allowed B-decay transition. It depends on
the nuclear structure, which is contained in the reduced matrix elements. In ref.[13] it has been called the
reduced half-life or comparative half-life. The vector coupling constant gy = 1.0, its value is determined by
conserved current jH* = %&y“lﬁ[&.

The factor g4 = 1.25, is the axial vector coupling constant of the weak interaction determined by partially
conserved axial vector current j lff = %1})/”“)/51#. All those currents are calculated using the standard model.
g4 is affected by many-nucleon correlation (pairing residual interaction) value reduced by 20-30% is some

times used [8]. The presence of both vector and axial vector coupling constant in ¢ 1 relation (6) reflects the

parity non-conserving nature of the weak interaction [4]. Vectors have parity properties, 17(—?) = —17(;7)
under space inversion. On the other hand, axial vector (pseudo vector) A are invariant under space inversion,

A(-F) = +A().

For lepton current the violation of parity conservation is maximal, and the weak interaction amplitude
for the leptonic contribution contains the combination V — A in equal division. This holds in the quark level
of the hadrons [10]. The hadronic current

jovV—(EYa=v —@1254). (10)
gv
Thus the V — A current is proportional to

V—Axyy*(1-y°)y.

The minus sign is an indication of the left-handedness of the Leptons involved in weak interactions. Since
the ft value is very large can be suppressed by logarithm,

log ft = logw(fot% [s]). (11)

2.4. Wigner-Eckart theorem

Assume T gk) is spherical tensor operator (such as angular momentum operators) acts on angular momentum
basis |jm). Transition amplitude due to the tensor operator is given by [15, 16]

<§f;jfmf )Tq(k) éi§jimi> = M(Smf,mi+q

M = 0 unless my = m; + q. This is the Wigner-Eckart Theorem. The matrix elements of tensor operators
with respect to angular-momentum eigenstates satisfy [16]

o |l || &
<$/;j’m/ E(k)‘é;jm>= (jmskq |jks j'm') <51 2j+H151>’ (12)
5
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where the double-bar matrix element is independent of m and m’, and ¢g. Here £ this amplitude represents
transition from |&; jm) to |§'; j'm’). Before we present a proof of this theorem, let us look at its significance.
First, we see that the matrix element is written as the product of two factors. The first factor is a Clebsch-
Gordan coefficient for adding j and k to get j’. It depends only on the geometry-that is, on the way
the system is oriented with respect to the z-axis. There is no reference whatsoever to the particular nature
of the tensor operator. The second factor does depends on the dynamics; for instance, & may stand for
the radial quantum number, and its evaluation may involve, for example, the evaluation of radial integrals.
On the other hand, it is completely independent of the magnetic quantum numbers m, m’, and ¢, which
specify the orientation of the physical system. To evaluate (&', j'm’ |7;(k)|§, jm) with various combination
of m, m’, and ¢’ it is sufficient to know just one of them: all others can be related geometrically because
they are proportional to Clebsch-Gordan coefficients, which are known. The common proportionality factor
is (¢, | T®
for the tensor operator matrix element can be immediately read off from the selection rules for adding
angular momentum. Indeed, from the requirement that the Clebsch-Gordan coefficient be nonvanishing, we
immediately obtain the m-selection rule derived before and also the triangular relation |j — k| < j' < j +k.

There are different conventions for the reduced matrix elements. Omne convention that includes an
additional phase and normalization factor with the aid of 65 symbol [15, 17]

£j), which makes no reference whatsoever to the geometric features. The selection rules

<§/’ j/m/

7;<k>(é;jm>=(—1)’_m% o j}@/jl 7] e). 1

-m' g m

2.5. Fermi and Gamow-Teller matrix element

In the beginning, let us review the scales of f-decay we need to evaluate the transition matrices for. They
are as follow

1. Quark scale. According to standard model the S~ -decay is attributed to weak flavor symmetry of u
and d quarks, according to

U—>d+e+ .
2. Nucleon scale. The B~ -decay is due to decay of free (or quasi-free) neutron, according to

n—p+e-+ve.

3. Nuclear scale, where the B~ -decay is due to the nuclear decay given in eq.(1)

For nucleon scale f~-decay, we denote the proton using index a or f, and the neutron using index b or
i. Whereas for BT-decay,we denote the neutron using index a or f, and the proton using index b or i.

Fermi matrix element MFr [18] and Gamow-Teller (GT) matrix element Mgr [19] are the most im-
portant values needed to be calculated using the initial and final nuclear wave functions which carry the
nuclear structure information. Fermi operator is just the unit operator 1. GT operator is the Pauli spin
operator 6. These operators are the simplest scalar and axial vector operators that can be constructed.
The selection rules are shown in table (2).

The Fermi and Gamow-Teller matrix can be written as [§]

Mp = <EfJf Hi) Eih) =67, ZMF(fi)<EfJf H [C}fi]Mzo‘ EiJi>, (14)
a,b
and
Mar = (7 1611 6:01) = 3 Mor(Fid (g |[efai] [ &), (15)
a,b
6
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where MFp(fi) and Mgt (fi) are the single-particle matrix for Fermi and GT, respectively. They can be
written as [15, 17]

Mr(ab) = Mp(fiy=(7 |ii) =87
= <”flfjf H1H niliji> = Snyni 811,85 i I (16)

and [15, 17]

1 1
Megr(ab) = Mer(fi)= 7 (fl61i) = ﬁ(nflfjf 1611 is ji)

_ L\/§x25 S0, iyl e g ]
V3 Vo m T iroJi e f’

]% ! } (17)

1
2
: lf

= V2, 81,177 Ji (it Jf

2.6. Symmetry properties of SP-matrix element

Since we do not have orbital degrees of freedom, the symmetry properties for Fermi single-particle matrix
is

ME (ab) = MF (ba), (18)
which means that Fermi transitions for BT and B~ are similar. For the GT transition, we have
Magr(ab) = (1)t T M(ba). (19)

The Gamow-Teller single-particle matrix element for the lowest /; combinations are independent of n as
long as An = 0 and thus they obey the selection rule Al = 0. Table (3) gives the GT SP-matrix. These
matrix elements are calculated using a C++ function based on eq.(17).

Table 3: Gamow-Teller single-particle matrix elements.

afbsy by by 45 4y Sy S5 &
sy [V2 0 0 0 0 0 0 0
V5 3
py | 0 2% -3 0 0 0 0 0
4 V2
pp|0 4 = 0o 0o 0 0 0
14 4
ds [0 0 0 ,/F 7 0 0 0
dy| o o 0o £ -2 o0 0 0
6 2
fp10 0o 0o 0 0 2\@ —4\ﬂ 0
2 19
510 0 0 0 0 43 /B2 0
1 110
gg |0 0 0 0 0 0 o 1 uo

2.7. Phase-space factors

The half-life contains the integrated leptonic phase space which is called a phase-space factor fy. Some
references call it Fermi integral. For B*-decay, the phase-space factor is [7]

Eo
& = / Fo(FZs, ) ps(Eg — E)2de, (20)
0
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Fy is the Fermi function. £ is the energy ratio given by

E,

Mmec?’

£ = (21)

where E. is the total energy of the emitted electron or positron. Eg denotes the nuclear energy difference

E; — Ey
Ey = ———, 22
0 Mmec? (22)
where E; and Ey are the initial and final energies, respectively, for nuclear states. The momentum is given
by

p=~vE*—1. (23)
For electron capture the phase-space factor is [7]
S = 2m(@zi) (&0 + Eo)?, (24)
where )

Eo=—— ~1—=(aZ;)*, 25
0 meC2 2 (a l) ( )

where B is the atomic binding energy of the captured electron usually (1s orbital) and

e?/4reg 1

= =—, 26
T e 137 (26)

is the fine structure constant. The approximation for & in eq.(25) is valid for «Z; < 1, which holds for light
nuclei Z; < 40. The phase-space factors eq.(20) or eq.(24) are functions of the nuclear energy difference
Eo. The final state for B%-decay involves a three-body state (one baryon and two leptons), which reflects a
complicated kinematics in E¢ dependence of fo(i). In EC the final state is a two-body state and the energy-
momentum conservation result in a definite energy for the emitted neutrino. The f*-decay spectrum of the
emitted electron or positron is continuous due the distribution of energy among the three body systems.
An example of the spectrum is shown in fig.(3).

No. of counts per unit energy range

. L

| I
0 5 10 15 20

Electron kinetic energy in KeV

Figure 3: The B decay spectrum of tritium (*H—3He). The red sharp spectra are for neutrinoless decay.
Taken from [20].

The Fermi function (20) can be approximated using non-relativistic analytical technique, known as
Primakoff-Rosen approzimation [21]

& 2naZ
Fo(Zg. &)~ FPO@Zpy: RMOFZ) = = (27)

_ e:FZﬂaZf :
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This approximation yields good results for high Q values. We can expand the phase-space factor in eq.(20)
7, 21]
1

)
Jo X 30

(E§ —10E3 + 15E — 6) FPR® (x 7). (28)

2.8. B-decay Q-values

The Q-value for any nuclear reaction or decay is given by

Q=Kr+Ki=E;—Eyf. (29)
Using eq.(22), For f~-decay we have
Eo = —Qﬂ_,quc?ecz- (30)
For BT-decay we have
Eo = Q“m;c’fcz (31)
Finally, for EC
Eo = QE%C”;‘IZ (32)

The Q-values for all decays are listed in [7]. Eg represents the endpoint energy of the decay. The decay
half-life can be calculated directly once the one-body transition densities

(27 | [l

&i Ji>, (33)

are known.

2.9. Classification of f-decay

The classifications of f-decay is done interms of log ft values, given in table (4) [22].

2.9.1 Superallowed transitions

Take place for light nuclei such as ?H,MC,15 C, ..., where all protons and final neutrons at the Fermi level
result from an overlap in the initial and final nuclear wave function. This means that the transitions are of
the SP-type and yield maximum value of the F and GT matrix element.

2.9.2 [-forbidden allowed transitions

This type occurs in the case where simple SP transition in mean-field shell-model picture, forbidden by
Al = 0 selection rule included in eq.(16) and eq.(17) The selection rules in Table (2) are fulfilled. This
means the forbiddingness is due to a single configuration approximate for ¥; and Wr. Using a configuration
mixing based on the residual interaction, such as the pairing effect, removes this forbiddingness and gives a
finite value for log f#, which is usually below 5 due to the lack of strength in the configuration mixing [23].

2.9.3 Unfavorable allowed transitions

Such transitions do not belong to either of the two types discussed above. They are allowed SP transitions
in that there is no / forbiddingness. However, the SP transitions are suppressed in the ¥; and Wy due to
the residual interaction.
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Table 4: Classification of B-decay transitions.

Type of transition log ft
Superallowed 2.9-3.7
Unfavoured allowed 3.8—-6.7
[-forbidden allowed >50
First-forbidden unique 8—10
First-forbidden non-unique 6—9
Second-forbidden 11-13
Third-forbidden 17 —19
Fourth-forbidden > 22

3. Results and discussion
3.1. f—Decay transition in one-particle and one-hole nuclei

These are the simplest possible nuclei, which are considered stepping stone to more complex structure.

3.2. Matrix elements

The wave functions of one-particle and one-hole nuclei can be written as,

W) = |nili jimi) = ¢] |CORE), (34)
and
|\Iff)= !nflfjfmf): ;|CORE). (35)
For the one-hole nuclei, the wave functions are,
1©;) = )(n,-l,-m,-)—1> =il |HF), (36)
[®r) = )("flfmf) ) = hy |HF).

The one-body transition densities, derived according to Fermi golden rule are

<‘I’f H [‘i»‘%]L H ‘1’i> = L8485, 0 (37)
and . L
(@ [[ef-@], | @) = Loty (1174 33)
Here L is a Wigner-Eckart normalization
A 1
L= ——, 39
V2L +1 (39)
where L is the resultant orbital angular momentum of the L; and Ls coupling. Recall that
[cg,ab]L = Y (LaMoLyMg|LM)ce5|CORE), (40)
My, Mg
and using (14) and (15) we have
Mp = <§f]f Hl‘ SiJi> =684,0, Zb/\/lp(ab) <§'f.]f H [Cigb]AJ:O) Ei-]i>’ (41)
a,

10
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and

Mar =&y 16161) = Y Mor@b) (g dy |[clen] | &), (42)
a,b

somil
According to (18) and (19), there are symmetry relations between one-particle and one-hole amplitude,
Mp¥; — \Pf) =-Mp(d;, > (Df) = Sifji, (43)

and
Mer(¥; — ¥r) = Mgr(®; — ®f) = V3Mgr(ab), (44)

where M and M gr(ab) are single particle (SP) Fermi and Gamow-Teller matrix elements. respectively.
These are substituted into eq.(8) and eq.(9), which yields

g2 2
Br = v , 45
F=5r IMF| (45)
and )
84 2
Bgr = , 46
6T = 5707 IMar| (46)
where we obtain i
Br = gVSif, (47)
and
Ber = &3 Mg (ab)* = g3 \Mar(fi)?. (48)
2J; +1 2J; +1

The values are taken from references [8, 14]. The relation is valid for transitions between one-particle states
and for transitions between one-hole states.

3.3. Calculating EC half-life for 0O and '°N isobars

The electronic capture equation is
EC
e+ 130, — 5Ng + v,.

We can calculate the Q-vlaue as
OEgc = 2.754 MeV.

The experimental log ft value is 3.6 meaning the transition is superallowed. The decay scheme and exper-

imental information are shown in fig.(4).

+
hUOm/z'HF)
150

1/27 (tu2 = 122 s)

Qec = 2.754 MeV

100%  hop,, | HF)
log(ft)exp = 3.6 D, 12
15N
Figure 4: The decay scheme of 120 in ground state to >N ground state via the B /EC decay mode. The
experimental half-life, O value, branching and log( ft) value are shown in the figure.

The Fermi SP-matrix is

M (ab) = (fITlli) = 8rifa = (nplpjr |1 niliji) = 8nyniS1,1;8j, i Jb- (49)
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Figure 5: Single particle states of 10O generated using JISP6 potential in 8-shell model space. The SP
particle transition 70pj/, — v0p;/, energy is AE = 5.221 MeV.
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Using eq.(47), the reduced Fermi matrix is thus
Br = g% = 1.0, (50)
The GT SP-matrix is

1 1
Mer(fi) = -;g(fﬂ5ﬂﬂ Z-QE(HfUJfHGHnith

N R Y (eI ao i I
N P e jr Ji Ly
2
= —,/=. 51
. (51)

The 6 symbol is calculated using Mathematica. Make use eq.(51) into eq.(9) the reduced GT transition
matrix is thus

3 2 3 2
Bgr = gii |MGT(TL’0])% — vOp%) = (1.25)2 X 5(—\/;)2 = 0.521. (52)
Make use eq.(50) and eq.(52) into eq.(6), we obtain

6147s 6147
fotl = =
2 Br + BgT 1.0 + 0.521

= 4041.4 5. (53)

Using the experimental half-life 1/, = 122 s, we can obtain the fy using eq.(6) which yields

4041

This corresponds to log( ft) value
log(ft) = 3.61, (55)

as shown experimentally. The fo phase space function can be broken into two phase space functions: one
for BT-decay and the other for EC decay. Therefore,

J’_
fo= 0( ) + foEC- (56)
The nuclear energy difference in eq.(22) is

_ Qrc-—mec® 2754 —0511Mev

E = = 4.389. 57
0 Mmec? 0.511Mev (57)
We can use Primakoff-Rosen approximation eq.(27) [21]
2nal 2w -(7)
(PR)(£) — S _ 137 _
F (FZ) = = amaz; = 1 i~ 08 (58)
with the aid of the phase space expansion (28) we find f0(+)
P =423, (59)
and use eq.(24) we get
EC = 0.036. (60)

We notice that f g ¢ << f0(+), which indicates that the transition is dominated by B¥. The total value
of the phase factor becomes

fo= £EC 1+ £ = 42336, (61)
0 0

13
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Hence
log( fo) = 1.63, (62)

using the value of log(f?) in eq.(55), we can calculate the decay half-life
11 = 100oe f1=log fo) — 1((:3.61-1.63) _ 95 54¢c, (63)
2

This deviate from the experimental half-life (¢;/, = 122sec). The previous steps for calculating the half-lives
for one-particle-hole isotopes are coded using C++ code-named ”beta_decay_halflife_oneph.cpp” to generate
the data shown in table (5).

Table 5: Half-lives for odd-even (even-odd) isotopes computed using one-particle-hole technique. The
computed values are compared with the experimental results.

Beta Decay Qi?)ép) (MeV) log(fo) log(ft) 4 (s) tieXp) (s)
2

50 (1/2%) = BN (1/27) 2.754 1.626  3.606  95.5 122

7F (5/2%) = 170 (5/27%) 2.762 1.624 3283 456 64.5

¥Ca (3/2%) — 3K (3/21) 6.524 3.671  3.500 0.675  0.86

4Sc (7/27) = 41 Ca (7/27) 6.495 6.495 3308 0.456  0.59

3.4. Beta decay to and from the even-even ground state

Charge-changing excitations of particle-hole nuclei can undergo beta decay to the reference nucleus. The
initial state is an odd-odd nucleus, generated by making charge-changing particle-hole excitations of the
particle-hole vacuum. Let the final state be the particle-hole vacuum |HF) is the ground state for the
reference nucleus. Particle-hole excited states are created by letting one nucleon jump from a state below
the Fermi level to a state above it [24]. The wave functions of particle-hole nuclei is

-1. _ | Tt N S
}ab ,JM) = [cahb]JM |HF) = [cacb]JM |HF), (64)
The wave functions are normalized
(ab_l;JM|cd_1;J/M’) = 8acOpa b7y MM’ - (65)

Using (12), with the aid of eq.(64) and normalization (65), The f-decay matrix elements are constructed
from the transition density

fa; —Jp; +Ji
] o) = s OO
= 8008ab, S, (D] (66)
Inserting eq.(41) and eq.(42), yields
ME(@ibi ") = 87,084;b; ja; (67)
and
Mer(aibyt) = —v/38 5,1 Mg (aib;), (68)

where the symmetry relations (18) and (19) are used. In the case of the odd-odd nucleus has a low-lying
state below the particle-hole vacuum of the reference nucleus, f-decay occur from vacuum to the odd-odd
nucleus. This is common in light nuclei. Therefore eq.(66) is now replaced by

<afb]71; Ji

[c;fa,,]L H HF> — 817, 8aay Sp, - (69)
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JQUS: volume 2, issue 1, pp 1-30



Substituting eq.(41) and eq.(42), yields

ME(arbs") = 81,08a,8, Jay- (70)

and

Mgrlagbs') = =385, Mgr(asby). (71)

3.5. Calculating the strength function of *°Ni decay

The Bt/ EC of
SONi + _Je — 55C0yq + v. (72)

The %6Ni is in the ground state 07, whereas *°Co can be formed at excited states. The excited states of
6Co is shown in fig.(6). The Q-value of the decay is Q ¢ = 2.13 MeV. This means the possible excited
states >°Co can form at 2.06 MeV. This includes states 17, 2%, 3% 4% 5% and 67.

56
27 CO 29 Levels

(20) = 18.6E3

(18} T, 15.8695E3

13.650E3

11.802E3

8920 (30)

F870
7350

6545 (10)

1(+), (2 — 5472.3 (20) 7 (+4-3) fs
8- = 4992 (10)
4501 (14)
4011 {12)
3544 (11)
3075.91 (22) 22 (+8-6) fs
2609.5 (7)
2060.00 (15) 24 (6) fs
121 1585 (10)
3+ 11— 1114.51 (5) 0.19 (+9-6)

5+ o 576.50 (7) 0.28 (+7-5)
_BIIEERER A2 2 77.236 (26) ¢

Figure 6: Energy levels of >*®Co. The 6Co is the by-products of the *®Ni EC decay with Qgc = 2.13 MeV.
Thus °°Co is formed in states with energy less than E, < 2.06 MeV. Taken from International Atomic
Energy Agency.

In the SP scheme, the valence of *®Ni in the ground state is shown in fig.(7). It shows that the core
|CORE) is filled with 20 protons and |[CORE), is filled with 20 neutrons. The valence states |HF), and
|HF), has the 0f7/, state full with 8 protons and 8 neutrons.
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1IO3/2 1p3 9
00000000 90000000
07/ Ot/
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Figure 7: Valence shells |[HF) state for *°Ni. At ground state, only 075 /2 states are full of protons and
neutrons. The state spacings are proportional to the energy spacings generated by Wood-Saxon potential
in reference [25].

When one proton in the 70f7/, state of S6Ni captures an electron this causes vacancy in the 7075 /2
state of the daughter *®Co and an extra neutron is formed. Only this transition

w0f7/2 = v0fs)2,

is allowed by the SP transition matrix which set the selection rule for either Fermi or GT transition, given

in eq.(16) and (17). Thus, the extra neutron must be formed in the v0fs/, state of >*®Co. In another word,

a proton-hole created in the 707/, and a neutron-particle is created in the v0fs/,. This is shown in fig.(8).
The triangular condition A( J %%) gives all possible nuclear spin states of *®Co, thus

Henceforth, the nuclear state of *°Co is defined in terms of the ground state of the nuclear state of >°Ni as

[?°Co, 1+, 2%, 3% 4% 61) = [CT °°Ni; 07F). (73)

Al }
v0 70
5 oSy 1+,2+,3+,4+ 5+ 6+

Since 87,0 = 0 = Mp = 0 in eq.(70), only possible final state for the Gamow-Teller matrix is the 1T state
of >6Co according to eq.(71). Thus the GT SP transition matrix according to eq.(71) is

Mgt = V3Mar(f3f;) = —“/5(—4\/3) = 3.703, (74)

thus,
Br =0. (75)
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Of of,

712
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Figure 8: Valence shells |HF) state for >Co. A proton hole p~! is created in the w0f7/, state (h;rrofwz)

and a neutron-particle is created in the in the v0fs/, state (CIO f5/2)' The state spacings are proportional
to the energy spacings generated by Wood-Saxon potential in reference [25].

Make use of eq.(48) into eq.(74) the reduced GT transition matrix is thus,

3 3
Bor = &5 DI* = (1.25)> —————(3.703)% = 21.43. 76
o7 = £h57 7 Mor (D = (129 o (.703) (76)
Make use of eq.(75) and eq.(76) into eq.(6), we obtain
6147
fot1 = i — 286.84. (77)

5~ (Br + Bgr) 21.43
Using eq.(11) and eq.(77), we obtain,
log /1 = log 286.84 = 2.46, (78)

The experimental value,

(log ft)exp = 4.4. (79)
This is much less than the experimental value log ft = 4.4. An indication for the failure of the particle-
hole theory. According to table (4), the transition is unfavoured allowed, meaning that the single-particle

transition is suppressed during the initial and the final states due to the residual two-body interaction by a
factor 1024644 = 0.011.

The coupling in the excitation

560, - 1+H) — | T i 566 -0t
’°Co ;17) = |:cv0f5hmf7] |>°Ni ;0%),
> 2
is the only way to produce 1Tstate by exciting a proton from 0 f% shell to the 0fs for neutrons. Therefore,

The discrepancy suggests the need for better configurations consists of two-particle-hole excitations which
play an active part in the low laying states of >°Co.
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3.6. f-decay transitions between two particle-hole states

This configuration is based on the electromagnetic transitions between two arbitrary particle-hole states:
-1, -1.
‘aibi ,Ji) — ‘afbf ,Jf>,
due to an operator Or in which the transition amplitude is [26, 27]

<afb171; Jr ‘OAL

a;b ' 1) = (—l)j“i+jbffif X
i f

) Ji J L A
8pyp, (—1)iTE { AR A }<a,- oL af>+
Jay  Ja; Jb; (80)
8a:a .(—I)Jf-i‘L ; f]i ..]f L } <bi OAL) bf>
i Jbr  Jb;  Ja;

Here the a’s and the b’s are replaced by 7’s and v’s.

Starting from even-even reference nucleus (N — Z), has a particle-hole vacuum state. The excited
states are proton-particle-hole (pp~!) and neutron-particle-hole (nn~!) excitations. Consider B~ decay of
the adjacent odd-odd (Z 4+ 1, N — 1) we have (np~!) excitations. Let as define f~decay operator BZM as

Bv = W Y (pll Bulim e, (81)
pn
for L = 0is Fermi operator and for L = 1 Gamow-Teller operator. Thus 8o = 1 and 81 = o. The transition
amplitude for state |\V;) to |‘~Iff) is given by
(@) Bz 193) = (™3 (Il B ) (s | [ e | 1) (82)
pn

We have the following different B-decay cases

3.6.1 The initial state is a neutron-particle-proton-hole (n,-pi_l)

The initial nuclear wave function is

W) = [chnb ] HF). (83)

For the final nuclear wave function we need to consider two sub-cases: either the final state be neutron-

particle-neutron-hole (n fn}_l) or proton-particle-proton-hole (py p}_l).

Neutron-particle-neutron-hole final state (n fn}_l) Here the final nuclear wave function is
\wr) = b Al |HF) (84)
f cnf n// .

Make use into ( 83) (84) into ( 82 ) use Wigner-Eckart theorem

]Jfo

- S ni iy I 5
(npns s ap B mip i) = Sun )T T L
iU L
G Ui, 85
{ Jnly Jpi Jni } L(piny) (85)

Note that n’, represents neutron hole n=1. My ( p; n} ) is either the Fermi (L = 0) or the Gamow-Teller
(L = 1) single-particle matrix element given in 14 and 15, respectively.

Mo(ab) = M (ab) = (a[|oll b) = (a||1]|5). (36)
Mi(ab) = Mgr(ab) = % (@11 b) = % (@l b). (87)

In the single-particle matrix element My proton and neutrons labels are no longer distinct.
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Proton-particle-proton-hole final state (py p}_l) The final wave function

_ t
W) = [c;fhp}Lfo |HF). (88)

Make use into eq (82), we obtain

_ _ _ n; iy +Ji+tL o & 4
<pfp} Y Jr |BL | nipi 1:J,-> = Spp, (- 1y Jiir L x
. My (n; . 89
{ pr Jn, Jpi } z( lpf) (89)

For B*decay, initial state odd-odd (Z + 1, N — 1) nucleus generated by proton- particle-neutron-hole
(pn~1) excitation of (N, Z) particle-hole vacuum. The final state is particle-hole excitation, which obeys
the charge conservation condition, for the even-even reference nucleus (Z, N). In similar argument to eq

(81), the decay operator is:
Biw = wllBulp)[cér] (90)
pn

Thus the transition amplitude is similar to eq.(82), which reads as

(| B 10wy = (D7 ol Be o) (r | [ehp | 1) (91)

pn
3.6.2 The initial state is a proton-particle-neutron-hole state (p,-ni_l)
In this case, the initial nuclear wave function is
N — |t ot
v, = [cpihni]JiMi |HF). (92)

Again, to obtain the final nuclear wave function we need to consider two sub-cases: either the final state be
neutron-particle-neutron-hole (n fn}_l) or proton-particle-proton-hole (py p}_l).

Neutron-particle-neutron-hole final state (n fn ~1) In this case, the final nuclear wave function be-
comes

W) = [ cf bl ] |HF). (93)
I My

The transition amplitude becomes

_ _ +]n/ +Ji+L ~ & &
<nfn} I;Jf ”ﬂz_Hpini I;Ji> = 8 ( 1) JiJfLX
% ; }.,f ].L }ML(Pi”i)- (94)
ny bi ni

Proton-particle-proton-hole final state (py p}_l) The final nuclear wave function is

_ T
Wy) = [C;fh,,}] |HF). (95)
Jr My
The transition amplitude becomes:
r_ _ Jpitiy FIr+1 ~ & 4
(prof s dp 1B pini i) = S (1) JiJr L x
Ji Jr L
. . . My (n; ph). 96
{ ]p"f Jn;  Jpi } L(nlpf) ( )
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The allowed transitions for Fermi (L = 0) decay types, in eqgs.(85), (89), (94), and (96), can be written as
[14]

_ - - Jni i, A4 6 5 Ji J 0
(nfn} I’Jf ”lBFH nip; l;Ji) = 811/71,(_1) Jl"f{ ]nl ,]; Jn; }ML(pln})
f 1 1
- _8n_/-ni8Ji.[f8pin}.fiA(jn,'jn}.Ji)» (97)
_ _ _ Jngtiy i s Ji J 0
L ) B e C A B A K}
= szp/ 8, Jf8 ipffiA(jpi].pri) (98)
+Jn +J; Ji J 0
(nn s I 1B RN in 5 T) = B 1) Jsz{ P }ML(pin,-),
= Sn,'n‘/f&],'f_/'(spinijiA(jn[jani)' (99)
_ _ iy I+l & o Ji J 0
(oot ar |BE pini i) = b, (17 Jsz{ G e (Menp),
f I 1
= ~8pip, 879,80, 0, i By i, - (100)

Here [ = /2j + 1, and 8pn indicates that the quantum numbers of the proton and neutron orbitals have
to be the same. The symbol A(j1j, j) denotes the triangular condition

lj1—=Jj2l <7 < lj1 + j2l. (101)

3.7. Calculating B~ -decay strength ft for !°N

The B-decay equation is
Ny — 1805 + B + Te. (102)

We can calculate the Q-vlaue
Qp- = 10.419 MeV. (103)

The allowed transition,
1. vOp% — mopy = (vOp%)_l(vOd%)
2. vOd% — mopy = ot
3. vOd% — ﬂod% == (J'thI%)(vOp%)_1
-1
4. vOp% — mopy & (vOd%) — (vls%) — VIS%(VOp%)

5. vOd% — nls% = (nls%)(nOp%)_l

Note that: the selection rule prohibits transition among d-states. There is no transition from Op 1=
s 1 because the Q-value of the decay is smaller than the energy gap.

The initial state is neutron-particle-proton hole (n; p;’!) in eq.(83). Let the final state be a neutron-
particle-neutron hole or proton-particle-proton hole this,

Wy = Ll [HF) = |prp7') or Wy = c[h |HF) = |nyn7?). (104)

Let us take the transitions one by one:
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1- vOp% — (TL’OP%) = vOd% (vOp%)_l: Using the SP states shown in fig.(9), this transition is energy
absorbing transition AE = —4 MeV. Using eq.(85), the Gamow-Teller decay amplitude becomes

3+E+T,+1 A
<v0d%(v0p%)_1;Jf HBET”UOd%(JTOp%)_1:2_> = (=) ° ! Jr x
2 Jp o1
VIxT+IV2xT+18 7 5 {M(Opy — Opy), (105)
2 2 2
S (2 Jp 1 V2
= (—l)JfVISJf{ 1 lf 5 }(—T),
2 2 2
10 . 2 Jr 1
= (= ?Jf{ s }
2 2 2
— A (106)

The possible values of J¢ can be obtained using the triangular condition

1

5
- Jr=1{1,2,3}.
(22 1) = Jr ={ }

The Jy = 1 amplitude returns null because of the 6j-symbol in eq.(105). Only Jy = {2,3} are allowed.
Thus

(v0d3(v0p)~'s Jy | By | v0d3 (xOpy)™" :27) = A1 (Jy). (107)
Performing the calculation we find

A1(2) = 0.608581 and A;(3) = 1.13855.

For Fermi transition, we must have Jy = J; according to the selection rule. Thus the Fermi decay amplitude
becomes

(vOd% (v0py) 1527 | B7 || vOds (w0py) 7 - 2—) -5 (108)

2- vOd% — (nOd%) = nOd% (70p,)~! : This is energy absorbing transition AE = —3.5 MeV. Using
2 2
eq.(89), the GT decay amplitude becomes,

_ . 3+i4241 4
(w0d5 (x0py) "1 s I1Bar I v0d (r0py)~127) = (=7 x
2 1
¢2x2+1¢2x1+1{§ Jé l%ML(dg — ds). (109)
2 2 2
= V42Jp x
{ 2 Jp o1 }
5 5 1 (>
2 2 2
= A(Jyp). (110)

For Fermi transition, we must have Jy = J; according to the selection rule. Thus the Fermi decay amplitude
becomes

<n0d% (x0py) 127 | B | vOds (nOp%)_1;2_> = +5 (111)

3- The transition vOd% — 70p, = 0" : yields (HF;O+ lBall vOa’%(JrOp%)_1 :2_> is not explainable
2

using particle-hole theory.
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4- vOp% — ﬂOp% and vOd% — vls% = vls%(vOp%)_lz Using eq.(85) the GT decay amplitude becomes,

—1. —1. _
(v, 00p )71 Iy 1BGT Il v0d3 (x0py) 2} = 0,

because neutron final particle (vls ! ) does not match the neutron in initial particle (v0d 5 ).

(112)

5- vOd% — nls% = (yrls%)(nOp%)_I: Using eq.(89), for GT transition, the GT decay amplitude becomes

1. 1.5\ _
<771S%(7T0P%) »Jr [Berllvods (w0py) ,2>—0,

because initial and final orbital angular momenta do not match.
Using eq.(107) and eq.(110),

A1(2) + 42(2) _ 0.608581 + 2.55604

27| BGr |2, =2.23772,
(27|B T| gs) \/5 \/E
_ _ A1(3) + 4A2(3)  (1.13855 4 0.57735)
3 2 = = = 1.28812.
( |,BGT | gs) \/5 \/E
Make use eq.(114) and eq.(9), obtain
gf; 2
Bor (25, > 27) = 57, 1 (271 Bor |255)| = 1.56481,
gf; 2
Bor (25, > 37) = T 1 |(371 Bt |245)|” = 0.518517.

Make use eq.(115) into eq.(6),eq.(11), we obtain,

log f1(2gs — 27) =3.59exp4.3,
log f1(2gs — 3) =4.074exp4.5.

3.8. Calculating 81 /EC decay strength function ft for *°Sc

The B*/ EC equation is

40 — 40
219C1g + €~ — 50Cagy + Ve.

the calculated Q-vlaue is
Qfrc = 14.320 MeV.

According to the SP states of °Ca shown in fig.(10) and using eq.(92) initial nuclear state,

W) = [pan!) = |70/3000d7)7"),
whereas the final nuclear state
|Wr) = chLIHF) = | prp7') or Wy = el |HF) = |npn7t).

We have the following possible SP transitions:

(113)

(114)

(115)

(116)

(117)

(118)

(119)

(120)
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Figure 9: Single-particle energies of O calculated by the relativistic Brueckner-Hartree-Fock (RBHF)
theory using the interactions Bonn A, B, and C [28], in comparison with experimental data in [29].

1- nOd%(—6.2 MeV) — vOd%(—l4.2 MeV) = nOf%(JTOd%)_I: Thus AE = 8 MeV The GT decay

amplitude using eq.(96) becomes

(w0f5(x0d )~ Iy B | 70£3(v0d3)":4)

Jr

\/2><4+1ff\/2x1+1{ ]
>

Njw

— (_1)%+%+J_,~+1 »

— 0d3) (121)
= (—)7V9V3Ir x

{4 Jr 1}(_1)
B I A

2 2
3. (4 J
- (—1)’f(—6\@)1f{§ 1
2 2

N[ —
—_——

Only Jr = {3,4,5} are allowed. A1(3) = —1.54919, A1(4) = —1.07331, and A;(5) = 1.3594. Make use of

eq.(121) into eq.(9), we obtain

Bgr(4~ = 3)

Bgr(4™ —4) =

2 11 [("4] BgT |3)]?

%(—1.54919)2 = 0.416665

8 (74| BgT |4)|* = 0.199999
2J; +1
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For the Fermi transition, the Fermi decay amplitude becomes,

743
1. + -1.4) — CAL-AREA
(7013 (x0d3) 1 0y |B] [ 70f3(00d3)714) = (=1)
A 4 Jr O
VIXAHTVZX0+T) 3 7 EMo(0d; — 0dy) (124)
2 2 2
4 Jr O
LU R IO
2 2 2
= =3
Only Jr = 4 contributes to the amplitude (124)
(47 |prl4) = —3.
Using eq.(124) into eq.(8)
Br = (1.0? (=32 =1 (125)
P oxa+d T
Make use of eq.(121) into eq.(9), we obtain
g4 2
Bgr(4~ —5) = 4 5)|” = 0.320828. 126
6T(4" = 35) = 5= 1 14l for 15)] (126)

Make use eq.(122) and eq.(123) and eq.(125) and eq. (126)into eq.(6) ,and eq.(11), we obtain, log ft
(4~ — 3) = 4.16 experimental value is 4.8

log ft (4~ — 4) = 3.70 experimental value is 4.6

log ft (4= — 5) = 4.28 experimental value is 4.7.

2- nOd%(—IZ.O MeV) — vOd%(—14.2 MeV ) = JTOf% (nOd%)_I: Thus AE = 2.2 MeV Using eq.(96),
the Gamow-Teller decay amplitude becomes

(0f5 (m0d5) ™" Iy | B || 7073 (v0d )75 4) =

_ R 4
(T2 x4+ 1J,/2x T+ 1 ;;‘ J{ é}ﬁ (127)
2 2 2
3 4 J 1
~ (1)Jf+1(—12\/;)=7f{ s 1 }
2 2 2

= A
only Jr = {3,4,5}, are allowed A2(3) = 1.34164 and A>(4) = 2.66983 and A>(5) = 3.55978. Use eq.(127)
and eq.(9) we get

% . 02

Bgr(4~ = 3) = ~4| Bgr |3 1.34164)% = 0.3125, 128

cr(4” —3) 2JiJrll( | BT |3)] 2X4+1( ) (128)
Bor(4~ — 4) gi |("4| Bgr |4)|? (1257 (2.66983)% = 1.2375 (129)

N - = . = 1. )
¢T 27 + 1 6T 2x4+1
2 2
_ 84 — 2 (1.25) 2

Bor(4 5) = 4 Bgr |5 = — =2 (3.55978)% = 2.20001. 130

cr(4~ —5) 2Ji+1|< | BT |5)] 2X4+1( ) (130)

The Fermi transition is zero for this transition for any value of Jr. Use eq.(128), eq.(129), and eq. (130)
into eq.(6) and eq.(11) , we obtain,
log ft(4~ — 3) = 4.29 experimental value 5.1
log ft(4~— — 4) = 3.69 experimental value 3.3
log ft(4~ — 5) = 3.44 experimental value 4.7 (doesn’t exist experimentally for such energy range).
Complete results are shown in table (6).
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Figure 10: Single-particle energies of #°Ca calculated by Hartree-Fock (RBHF) theory using the interactions
AV18 [30], in comparison with experimental data from [31].
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Table 6: The calculated strength function log f¢ compared with the experimental values for the 4°Sc to
40Ca Bt /EC.

Transition log ft energy (MeV) Isospin T log(f1)exp

(47| BT |3)| 4.16 3.73 0 48
(47| BT 14)| 3.70  5.61 0 4.6
(47| Bar |5)] 428  4.49 0 4.7
|<4_| IBGT |3)| 4.29 6.58 51
(47| BeT |14)| 3.69 7.65 1 3.3
(47| BeT I5)] 4.44  4.49 0 47

4. Conlusion

We summarize the results of log( ft) calculated using particle-hole theory in table (7) for '®Ni decay and
table (8) for 4°Sc EC.

Table 7: Summary of the calculated B~ -decay logarithm of the strength function log f¢ for all allowed
transitions, using particle-hole theory for the decay '®N—160+4e~ + ¥, which has 0Op = 10.419 MeV. The
temperature calculation is based on the hot Thomas-Fermi model [32].

Single Particle SP Nuclear Nuclear Isospin log ft log ft Temperature gg(exp)
Transition transition  transition state T Theory  exp (MeV) [32]
(MeV) (MeV)

vOp% — n0p1
UOd% (vOp%)_21 -4 (27 1BaT|27) 8.87 0 3.59 4.3 1.8347 0.55464

vOd%—>n0d%
70dy(x0p, )" -85  (37Berl”) 613 0 4074 45 1.5135 0.76535
2

We utilize the one-particle-hole theory to calculate the half-lives of odd-even nuclei of %0, 'F, 3°Ca,
and *'Sc. By comparing the calculated values with the experimental data we found discrepancies ranging
from 27.4% for 3°Ca to 41.4% for '"F. The experimental half-lives always exceed those of the theoretical
values. This is attributed to the fact that the one-particle-hole theory is dependent on the SP states and
doesn’t account for the residual force among the even valence nucleons. This suppresses the SP transitions
in the initial and final nuclear wave functions W; and W¢. The simplicity of this model makes it a favorable
technique to obtain a rough estimate for the half-lives of the B-decays

In the two-particle-hole scheme, we calculate the strength function log £t of the 87 /EC decay of the
even-even nucleus °°Ni. The value is log ft = 2.46. The experimental value is 4.4 which exceeds the
calculated value log f1 = 4.4. A 44.1% discrepancy is an indication of the failure of the particle-hole theory.
Again, as shown in table (4), the transition is unfavoured allowed, meaning that the single-particle transition
is suppressed during the initial and the final states due to the residual two-body interaction.

For odd-odd nuclei, N and %°Sc, the results take different turn. Except for 70d 5~ v0d 3 transition,

corresponds to (47|Bgr|4”) amplitude, for the 4°Sc, all experimental values of the strength functions are
less than those of the experimental ones. The effect of the NN residual force is diluted for the odd-odd
nuclei. The discrepancies here are merely due to the error in determining the exact energy levels of the SP
states. The theory is a success in this situation.

26
JQUS: volume 2, issue 1, pp 1-30



Table 8: Summary of the calculated B+ /E C-decay logarithm of the strength function log ft for all allowed
transitions, using particle-hole theory for the decay 4°Sc+e~ —4°Ca+v, which has Qgc = 14.32 MeV.
The temperature calculation is based on the hot Thomas-Fermi model [32].

Single Particle SP Nuclear Nuclear Isospin log ft log ft Temperature g4(exp)
Transition transition  transition state T Theory  exp (MeV) [32]
(MeV) (MeV)
nOd% — vOd%
707 (w0d3)"! 8 (3~ |Berl4™)  3.73 0 416 48 0.847 0.604433
JTOd% d UOd%
70 (r0d5)~! 2.2 (3-1BgT]4)  6.58 ? 429 5.1 1.090 0.494102
J‘[Od% — vOd%
70f7(w0d;)"! 8 4" |Berld™)  5.61 0 370 4.6 1.013 1.09832
T[Od% — vOd%
JTOf%(JTOd%)_l 2.2 (47 |BgT|47) 7.65 1 3.69 3.3 1.169 1.97228
JTOd% — vOd%
nOf%(nOd%)_l 8 (571BeT|47) 4.49 0 4.28 4.7 0.918 0.772868
nOd% — vOd%
707 (w0d3)~! 2.2 (57|BgT|4)  4.49 0 444 AT 0.918 0.295141

The temperature-dependent of the log f7 is shown in fig.(11). The general trend is that the value of
logft is slowly decreasing with temperature. The fluctuations in the values reflect the dependent on the
shell configurations used to compute the amplitude. The amplitude (37|Bg7|27) for '°N and (57 |Bg7|47)
for 49Sc have the closer values to the experimental ones. The drop of the log ft value for (47 |Bg7|47)
amplitude is attributed to the fact that Gamow-Teller transition is more likely to occur for AJ = 0.

We need to go more steps further and use two-particle-two-hole configurations to “quench” the Gamow-
Teller strengths [33] and implement quasi-particle random phase approximation [34] for more accurate
computations.
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Figure 11: The temperature-dependent of the theoretical and experimental strength function log £t for 4°Sc
and N (see colored legends).
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