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α-decay plays an important role in nuclear physics. The first empirical expression for α-decay half-lives was
proposed in 1911 by Geiger and Nuttall as a relation between the decay constant and the range of α-particles
in air [1, 2]. In its modern form, the Geiger-Nuttall law is:
T1/2 = a Z√

Q
− b

tag1Here,T1/2 is the half-life in seconds, Z is the number of protons in the parent nucleus,Q is the α-decay
Q-value in MeV, and a and b are coefficients found by fitting experimental data. The experimental values for
α-decay half-lives can be taken from Ref. [1]. The Q-value for the α-transition between the ground states is
calculated using the masses of atomic nuclei [2]. Since 1911, many extensions of the Geiger-Nuttall expres-
sion for α-decay half-lives have been proposed. The original expression contains two fitting parameters for
the full set of nuclei. Later, a formula with two general parameters and one parameter varying for even-even
(even Z–evenN , whereN is the number of neutrons), even-odd, odd-even, and odd-odd nuclei was proposed
[3]. This formula has five fitting parameters, as three additional parameters are introduced for even-odd, odd-
even, and odd-odd nuclei. The development of expressions for α-decay half-lives follows two approaches.
One approach uses different fitting parameters for various sets of nuclei. For example, the Geiger-Nuttall re-
lationship can be applied with four sets of parameters for even-even, even-odd, odd-even, and odd-odd nuclei,
resulting in eight fitting parameters. The other approach involves more complex expressions with additional
terms depending on Z ,Q, andA, whereA is the number of nucleons in the parent nucleus, as detailed in Ref.
[4]. Often, these approaches are combined. The influence of the deformations of daughter nuclei on α-decay
half-lives has not been considered in empirical expressions. Therefore, it is valuable to include a term depen-
dent on the deformation of the daughter nucleus in the empirical expression for α-decay half-lives. The main
goal is to discuss new empirical expressions for α-decay half-lives that account for deformation. Additionally,
the empirical expression for α-decay half-lives related to transitions from the ground state to the lowest 2⁺
state of even-even nuclei is discussed. This expression is linked to the one for ground-state transitions, as the
nuclear structure in the 2⁺ and ground states is nearly identical for α-transitions. The differences arise only
from the energy and angular momentum of the α-transitions. The first empirical relation introduced here is:
T1/2 = a Z√

Q
− b− c(A− 4)1/6Z1/2 − dA1/6

√
l(l + 1)/Q− e(kβ)1/2 Z√

Q

tag2ThefirsttwotermscorrespondtotheGeiger−Nuttallexpression(seeEq.(1)).Thethirdterm, introducedinRef.[5], improvesthedescriptionof−
decayhalf−lives.Thefourthterm, alsofromRef.[5], accountsfortransitionsbetweengroundstateswithdifferentspin−
paritycharacteristics, wherel = lmin is the minimal angular momentum for the α-transition. This term sig-
nificantly enhances the description of α-decay half-lives in odd-A and odd-odd nuclei with varying spin-parity
characteristics. The parity term from Ref. [22] is omitted to reduce the number of fitting parameters. The fifth
term in Eq. (2) accounts for the reduction of α-decay half-lives due to the deformation of the daughter nu-
cleus. This novel term has not been previously discussed in empirical relationships. Here, β is the quadrupole
deformation parameter of the daughter nucleus surface radius, defined as R(θ) = R0[1 + βY20(θ)], where
R0 is the radius of the spherical nucleus, and Y20(θ) is the spherical harmonic function. The parameter k = 2
for prolate nuclei and k = −1 for oblate nuclei. The values of β can be obtained from Refs. [6–8]. Note
that β values differ slightly across these references, affecting the coefficients a, b, c, d, and e. A new type of
empirical relation for α-decay half-lives introduced here is: T1/2 = a Z√

Q
− b
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A
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Z
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√
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tag3ThedifferencebetweenEq.(2)andEq.(3)liesinthesecondterm.Bothequationshavethesamenumberoffittingparameters.Thevaluesofparametersa,b,c,d, andeforEq.(2)andEq.(3)areprovidedinRef.[4].
Thenewterm, dependentonthequadrupoledeformationofthedaughternucleus, reducestheroot−mean−
square(rms)errorofthedecimallogarithmof−decayhalf−livesbyupto23%.Thisisparticularlysignificantforeven−
evennuclei, where−decayhalf−livesandspin−paritycharacteristicsareknownwithhighprecision, allowingforaccuratefittingusingempiricalrelationships.



Differentsetsofdeformationparametersleadtovaryingrmserrorsandparametervaluesduetodifferencesinquadrupoledeformationvaluesacrosstheoreticalapproaches.Furtherstudiesofquadrupoledeformationparametersareneededtoenhancetheaccuracyof −
decayhalf − lifedescriptions.
Thenewempiricalexpression(Eq.(3))provideshighprecisionindescribingexperimentaldata.Additionally, anexpressionforthedecimallogarithmof−
decayhalf−livesofeven−evennuclei, coveringtransitionsfromthegroundstatetoboththegroundandthelowest2�excitedstates, ispresented.
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