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Abstract: The isotopic shift of the bound-electron g factor in highly charged ions (HCI)

provides a sensitive probe for testing physics beyond the Standard Model, particularly

through interactions mediated by a hypothetical scalar boson. In this study, we analyze the

sensitivity of this method within the Higgs portal framework, focusing on the uncertainties

introduced by quantum electrodynamics corrections, including finite nuclear size, nuclear

recoil, and nuclear polarization effects. All calculations are performed for the ground-state

1s configuration of hydrogen-like HCI, where theoretical predictions are most accurate.

Using selected isotope pairs (e.g., He4/6, Ne20/22, Ca40/48, Sn120/132, Th230/232), we demon-

strate that the dominant source of uncertainty arises from finite nuclear size corrections,

which currently limit the precision of new physics searches. Our results indicate that

the sensitivity of this method decreases with increasing atomic number. These findings

highlight the necessity of improved nuclear radius measurements and the development

of alternative approaches, such as the special differences method, to enable virtually the

detection of fifth-force interactions.

Keywords: quantum electrodynamics; bound-electron g factor; fifth-force search; Higgs

portal model; finite nuclear size corrections; isotopic shift

1. Introduction

The g factor of an electron is one of the key quantities in quantum electrodynamics

(QED), expressing the relationship between the magnetic moment of an electron and its

spin. For many years, the free-electron g factor has served as a high-precision test of QED

and, in a broader context, the Standard Model (SM) of electroweak interactions [1,2]. In this

regard, bound electron provides access to the relativistic domain, where the nontrivial

effects are enhanced by the strong field of the nucleus. Recent measurements in highly

charged ions have achieved a relative accuracy of a part in 1012 (see Refs. [3–7] and the

references therein) and continue to improve [8–11]. The accuracy of theoretical calculations

also increases [12,13] as higher-order corrections are taken into account, such as nuclear

polarization [14–17], nuclear deformation [18,19], higher-order nuclear recoil, finite nuclear

size effects [20], and others.

At the same time, an increasing number of extensions beyond the SM, referred to

as new physics, aim to address several fundamental problems, including the nature of

dark matter and dark energy [21], the electroweak hierarchy problem [22], and baryon

asymmetry [23]. Among various high-precision atomic physics techniques, high-resolution

isotope shift spectroscopy of the g factor of a bound electron has emerged as a sensitive

method to probe such new physics scenarios (see Refs. [24,25] and the references therein).
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The corresponding measurements have been accomplished recently in Refs. [7,11] to con-

firm in particular the theory of the relativistic nuclear recoil effect [26–28].

In this paper, we focus on the isotopic shift of the bound-electron g factor in hydrogen-

like highly charged ions (HCIs), restricting our analysis to the ground 1s state, where both

experimental and theoretical uncertainties are minimal. The isotopic shift is defined as the

difference in the g factors of two isotopes A and A′ of a given element:

gAA′
= gA − gA′

. (1)

In the leading orders of expansion in the electron-to-nucleus mass ratio m
M and the

mean-square nuclear radii ⟨r2⟩, the isotopic shift can be represented as

gAA′
= gAA′

FS + gAA′

NP + gAA′

MS + gAA′

NB , (2)

where gAA′

FS denotes the field shift contribution, which originates from the difference in the

mean-square nuclear charge radii of two isotopes, the term gAA′

NP corresponds to nuclear

polarization correction and despite of relative smallness of its value, its contribution into

isotope shift can be of comparable magnitude with finite nucleus and recoil contributions,

the term gAA′

MS represents the mass shift contribution, arising from the difference in nuclear

masses, (MA − MA′), and finally, gAA′

NB accounts for a possible contribution from spin-

independent interactions between the bound electron and the nucleus, such as those

mediated by hypothetical scalar bosons.

Each of the terms in Equation (2) is affected by different sources of uncertainty. Some

uncertainties, such as those related to nuclear models or experimental values of nuclear

charge radii, are currently difficult to reduce. Others, such as higher-order recoil or radiative

corrections, are primarily theoretical in nature and can, in principle, be improved with

further refinements.

In this paper, we analyze the influence of all these effects on the sensitivity of the

isotope shift method in the search for new physics, using a selection of isotope pairs. Our

paper is organized as follows. In Section 2, we outline the model of a hypothetical fifth force

used and the essence of the testing method. In Sections 3 and 4, we discuss the influence

of various corrections. In Section 5, we analyze the sensitivity of this method for various

isotopes and present several graphs of the new physics constant as a function of the boson

mass. In Section 6, we draw a conclusion.

Throughout the text, we employ relativistic units h̄ = c = 1, α = e2/(4π) ≈ 1/137

(where h̄ is the Planck constant, c is the speed of light, α is the fine-structure constant, and e

is the elementary charge).

2. Fifth-Force Model

There are many candidates for a hypothetical fifth interaction and various methods

for its detection (see Ref. [29] and the references therein). In this study, we employ the

Higgs portal model [29] as a model for the fifth force. This model describes the spin-

independent interaction between nucleons and electrons. Scalar bosons associated with this

interaction may provide solutions to the long-standing electroweak hierarchy problem and

are considered promising candidates to address the dark matter problem. The potential

exerted on the electrons by this force is of Yukawa type:

Vφ(r) = −αNB A
e−mφr

r
, (3)

where mφ denotes the mass of the boson and αNB = yeyn
4π represents the coupling constant
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of new physics, where ye and yn are the couplings of the scalar boson to electrons and

nucleons, respectively, and A is the atomic number.

The result of the interaction described by the Feynman diagram depicted in Figure 1

is expressed by the following matrix element:

gAA′

NB =
< i|[α × r]z|n >< n|Vφ|i >

Ei − En
, (4)

where |i⟩ (|n⟩) and Ei (En) denote the initial (intermediate) electronic state and the cor-

responding energy, respectively, the vector α represents the Dirac matrices, and [α × r]z
corresponds to the z-component of the relativistic magnetic moment operator. Following

Refs. [24,25], the new-physics contribution to the isotopic g-factor shift (i.e., the difference

in the g factor between isotopes with mass numbers A and A′) can be expressed in closed

form as

gAA′

NB = −
4

3
αNB

(Zα)

γ
(A − A′)

(

1 +
mφ

2Zαm

)−2γ
[

3 − 2
(Zα)2

1 + γ
−

2γ

1 +
mφ

2Zαm

]

. (5)

The expression for gAA′

NB describes the leading-order correction to the g factor of an electron

in the 1s state due to the exchange of a massive scalar boson φ between the electron and the

nucleus. The parameter γ =
√

κ2 − (Zα)2 incorporates relativistic effects, with κ being the

relativistic angular quantum number, Z the nuclear charge, and m the electron mass.

Figure 1. Feynman diagram corresponding to the leading order contribution of new physics to the g

factor of a bound electron. The double line represents the bound electron, the wavy line terminated

by a triangle represents interaction with an external magnetic field, and the dashed line terminated

by a rhombus denotes the electron–nucleus interaction via exchange by a scalar boson.

In the mass range considered in this work, the finite nuclear size (FNS) effects are

strongly suppressed, and therefore, neglected in Equation (5). The heaviest bosons included

in our analysis correspond to interaction ranges that are several times larger than a typical

nuclear radius. As a result, the boson-mediated interaction effectively probes the nucleus as

if it were point-like. This makes the nuclear size effects insignificant for the entire parameter

space explored in this study.

To quantify the strength of a hypothetical new interaction, we relate the observed uncer-

tainty ∆gAA′
to the theoretically predicted shift gAA′

NB induced by the exchange of a new boson.

In this context, we express the effective coupling constant of the new interaction as the ratio

between the observed deviation and the model prediction for the boson-mediated shift.

The present paper examines the uncertainties associated with these contributions

and their impact on the sensitivity of the isotopic shift method by analyzing multiple

isotope pairs. The selected pairs include He4/6, Ca40/42, Ca40/48, Sn120/132, and Th230/232.

For calcium, two distinct pairs were chosen: Ca40/42 to enable direct comparison with prior

studies and Ca40/48 due to its experimental feasibility.

In subsequent sections, we examine the QED corrections and their uncertainties.

The corrections are categorized into two sections: purely theoretical corrections, in which

accuracy can be improved (mass shift), and corrections, in which accuracy is limited by

experiment (field shift).
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3. Nuclear Size and Polarization Effects

A pair of isotopes differs in mass and nuclear charge distribution. The latter fact leads

to the difference in nuclear potential. The shift of the g factor related to the difference in

nuclear potentials is known as the field shift (FS). In the present work, it is assumed that all

isotopes have the same charge distribution profile: the two-parameter Fermi distribution.

In the present approach, all the parameters of the distribution are the same except the

nuclear charge radii. Thus, gAA′

FS can be expressed as follows:

gAA′

FS = gA − gA′
. (6)

In the present work, g factor values are calculated numerically by solving the Dirac

equation with arbitrary potential V within a dual kinetic balance approach [30].

3.1. Radii Uncertainty

Data on atomic radii and their uncertainties and errors of the differences of atomic

radii of isotope pairs are taken from [31,32].

Let us consider the total uncertainty in the calculation of ∆g due to isotope radius

uncertainty as

∆gAA′

R =
√

∆g2
R1

+ ∆g2
R2

+ ∆g2
R3

(7)

to take into account correlations in radii uncertainties.

∆gR1
=
(

gA
R − gA′

R′

)

−
(

gA
R+δR − gA′

R′+δR

)

, (8)

∆gR2
=
(

gA
R − gA′

R′

)

−
(

gA
R+δR′ − gA′

R′+δR′

)

, (9)

∆gR3
=
(

gA
R − gA′

R′

)

−
(

gA
R − gA′

R′+δ(RR′)

)

. (10)

The term
(

gA
R − gA′

R′

)

in Equations (8)–(10) provides contribution into isotope shift

associated with the isotope radius difference. The next expression in brackets in Equation (8)

gives the contribution into uncertainty of ∆gR caused by the error in the radius of isotope

A definition. Similarly, the expression (9) is defined. It involves an error that arises from

the uncertainty in the determination of the radius R′. Also, in Equations (8)–(10), δR and

δR′ denote uncertainties of the radii of isotopes A and A′, respectively. In Equation (10),

δ(RR′) is the difference of δR and δR′ uncertainties.

Equation (10) accounts for the asymmetry in the uncertainties of the radii of the two

isotopes when δR ̸= δR′. This is important because if one radius is measured with higher

precision, the contribution to the g-factor difference may be underestimated unless this

discrepancy is explicitly considered. In essence, ∆gR3
≈
(

∂gA′
/∂R′

)

· δR′, where δR denotes

the uncertainty in the radius of the other isotope. This term, thus, represents a correction for

incomplete error compensation when the uncertainties “differ” in magnitude. This approach

is equivalent to analyzing the limiting case in which one radius is overestimated while the

other is underestimated, thereby yielding the maximum spread in the isotope shift [33].

The contributions of these uncertainties to the isotope shift of the g factor are summa-

rized in Table 1. From Table 1, it follows that the ∆g values for the pair of isotopes Ca40/42

are three orders of magnitude greater than those for the pair Ca40/48. This discrepancy

can be attributed to the fact that the field shift is proportional to the radius difference.

Despite the larger difference in mass numbers, the radius difference is greater for the

Ca40/42 isotopes [31,32].



Atoms 2025, 13, 52 5 of 12

The other way to obtain the total uncertainty is to consider the maximum deviation of

R and to estimate ∆gR as the square root of the sum of squared differences originating from

the maximum variation of the radii. This approach does not take into account possible

correlations and leads to a larger value of uncertainty. At least, this method allows us to

obtain an upper bound on the uncertainty. These contributions are presented in the Table 2.

∆gR =
√

(gA
R+δR − gA

R−δR)
2 + (gA′

R+δR − gA′

R−δR)
2. (11)

Table 1. Uncertainties arising from errors in radius values, taking into account correlations between

uncertainties. ∆g values should be multiplied by 10−9.

Contribution He4/6 Ne20/22 Ca40/42 Ca40/48 Sn120/132 Th230/232

∆gAA′

R1
4.55 × 10−4 7.3 × 10−5 −0.019 −1.9 × 10−5 0.224 −181

∆gAA′

R2
4.71 × 10−4 −2.19 × 10−4 −0.019 −2.5 × 10−5 2.57 4.84

∆gAA′

R3
4.9 × 10−4 −2.19 × 10−4 −0.02 7 × 10−6 1.78 −0.258

∆gAA′

R total 8.15 × 10−4 2.59 × 10−4 0.033 3.21 × 10−5 3.85 181

Table 2. Uncertainties arising from errors in radius values without corellations. The ∆g value should

be multiplied by 10−9.

Contribution He4/6 Ne20/22 Ca40/42 Ca40/48 Sn120/132 Th230/232

∆gAA′

R total
0.017 0.03 1.53 1.55 92.41 9560

3.2. Nuclear Model Uncertainty

As a nuclear model, the two-parameter Fermi nuclear charge distribution is considered:

ρ(r) =
ρ0

1 + exp
(

r−c
a

) . (12)

The ρ0 should be obtained with the normalization condition

4π
∫

ρ(r)r2dr = 1. (13)

The parameter a = t/4 ln 3, t = 2.3 matches all isotopes. This value reproduces

measured charge radii, isotopic shifts, and hyperfine structure data across multiple nu-

clei [31,32]. The value t = 2.3 fm is a robust compromise validated by both experimental

and theoretical studies, capturing the universal surface properties of heavy nuclei while

minimizing computational complexity. For light nuclei, the Fermi distribution is often a

poor approximation. Although t ≃ 1.0− 2.0 fm can be applied for A ≥ 6, cluster or ab initio

densities are preferred for greater precision. The default value for heavy nuclei (t ≃ 2.3 fm)

is inadequate in this context due to fundamentally different nuclear structures [34–36]. We

chose to adjust the parameter t proportionally and take the following values: t = 1.15 fm

for neon isotopes and t = 0.575 fm for helium isotopes.

The uncertainty related to the choice of nuclear model is established by varying the

coefficient a, which is responsible for the skin thickness of the distribution. Thus, the error

of the model is defined as

∆gmodel =

√

[

gA
fns(a)− gA

fns(a/2)
]2

+
[

gA′

fns(a)− gA′

fns(a/2)
]2

, (14)

where gA′

fns(a) is a finite correction of nuclear size to the g factor of the isotope A′ with the a

value of the Fermi model parameter. Since at the moment there is no exact knowledge of
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the nuclear model, this error is irrecoverable. Total model uncertainty contribution into

isotope shift is summarized in the Table 3.

Table 3. Uncertainties arising from the model. The ∆g value should be multiplied by 10−9.

Contribution He4/6 Ne20/22 Ca40/42 Ca40/48 Sn120/132 Th230/232

∆gAA′

model
2.16× 10−5 1.1 × 10−3 5.63× 10−2 5.64× 10−2 19.9 2180

3.3. Nuclear Polarization

The phenomenon of nuclear polarization originates from the interaction between the

nucleus and electrons through real or virtual electromagnetic excitations. This phenomenon

leads to a contribution of nuclear polarization (NP) to the binding energy and the g

factor of the bound electron [14]. The treatment of nuclear polarization within the QED

framework was developed in Ref. [15]. This approach is approximate, and due to the

phenomenological description of the nucleon–nucleon interaction, nuclear polarization

correction set the ultimate accuracy limit up to which the QED corrections can be tested

in highly charged ions. Contributions from low-lying nuclear states were obtained using

experimental values for nuclear excitation energies wL and reduced electric transition

probabilities [16]. Contributions upcoming from giant resonances were calculated with

employing empirical sum rules [17]. In the present calculations, contributions due to

monopole, dipole, quadrupole, and octupole giant resonances have been taken into account.

To evaluate the infinite summations over the entire Dirac spectrum, the finite basis set

method has been employed [37].

In this paper, we define the uncertainty of the nuclear polarization contribution to the

g factor isotope shift as 50% of its value.

3.4. Field Shift Correction and Uncertainties

Values of finite nuclear size and nuclear polarization corrections are presented in

Table 4.

Table 4. Field shift and nuclear polarization contributions into isotope shifts. All values should be

multiplied by 10−9.

Contribution He4/6 Ne20/22 Ca40/42 Ca40/48 Sn120/132 Th230/232

FNS −7.5 × 10−4 0.17 −1.99 3.2 × 10−3 −332 −4720
NP ≤10−6 5 × 10−5 1.73 × 10−2 7.8 × 10−3 −0.136 59.3

The main contribution to the uncertainty of the g factor arises from the error in the

value of the root mean square charge radius. This error is mainly determined by the

experimental accuracy. Individual contributions to the final result can be found in the

Table 5.

Table 5. Main uncertainties in the field shift and nuclear polarization contributions to isotope shifts

for selected elements. ∆g values should be multiplied by 10−9.

Contribution He4/6 Ne20/22 Ca40/42 Ca40/48 Sn120/132 Th230/232

∆gAA′

nucl.pol
≤0.0001 ≤0.0001 0.008 0.004 0.068 29.64

∆gAA′

R 8.15 × 10−4 2.59 × 10−4 0.033 3.21 × 10−5 3.85 181

∆gAA′

model
2.16 × 10−5 1.1 × 10−3 5.63 × 10−2 5.64 × 10−2 19.9 2180
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4. Nuclear Recoil Effect

Mass shift corrections include contributions from nuclear recoil processes, which are

limited by theoretical accuracy. In the evaluation of corrections to the bound-electron g

factor, the nuclear recoil effect plays a significant role. For ns states in the nonrelativistic

limit, this contribution vanishes due to the specific kinematics of the electron–nucleus

system. However, relativistic effects lead to a nonzero correction, primarily determined

by the electron-to-nucleus mass ratio m/M and the parameters αZ and α. When studying

relativistic corrections arising from nuclear recoil in high-Z ions, it is essential to derive

an exact analytical expression that accounts for the αZ dependence to the first order in the

mass ratio m/M. This solution was originally derived in Ref. [38]. An analytical calculation

of the lower-order αZ correction yields an expression derived within the framework of the

point-nucleus approximation:

gAA′

L = m

(

1

M
−

1

M′

)






(αZ)2 −

(αZ)4

3
(

1 +
√

1 − (αZ)2
)2






. (15)

The first term represents the leading contribution, while the second term starts to con-

tribute from order (αZ)4 and higher. In this work, we calculate it for a finite nucleus. Thus,

the leading source of error in this contribution is the finite nuclear size uncertainty. The un-

certainty in the final nuclear size correction is determined by both the model uncertainty

and the radius uncertainty:

∆gAA′

L = ∆gAA′

recmodelL
+ ∆gAA′

recradiiL
. (16)

In particular, the model uncertainty is quantified as

∆gAA′

recmodelL
= (gA

La
− gA′

La
)− (gA

La/2
− gA′

La/2
), (17)

which corresponds to the difference between the results obtained using the Fermi model

for the nuclear charge distribution with the Fermi parameter set to a and those obtained

with the parameter set to a/2. The radii uncertainty is estimated as

∆gAA′

recradiiL
=
√

(gA
LR+dR

− gA
LR−dR

)2 + (gA′

LR+dR
− gA′

LR−dR
)2. (18)

Assuming that these radii uncertainties are uncorrelated, they are combined in quadrature.

In addition to the lower-order correction, the higher-order contribution is significant.

This contribution is given by the sum of the Coulomb and the transverse-photon exchange

parts and can be written as

gAA′

H = m

(

1

M
−

1

M′

)

(αZ)5P(αZ). (19)

For this contribution, the detailed formulas are provided in Ref. [38]. The calculations for

the 1S state are presented in Ref. [28], where the function P(αZ) characterizes the combined

effect of the corrections arising from a full relativistic treatment. We take the values for

P(αZ) for the point-nucleus case from Ref. [28], while for the finite nucleus, representative

values have been obtained from numerical calculations. The higher-order contribution

is generally rather large; in particular, it exceeds the (αZ)4(m/M) term of Equation (16)

even for Z = 1. Nevertheless, for all elements except thorium, gAA′

H is smaller than gAA′

L .

The error is estimated using this simple ratio
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∆gAA′

H = gAA′

H

∆gAA′

L

gAA′

L

. (20)

The complete nuclear recoil correction includes not only the first-order term in m/M

discussed above but also known second-order corrections proportional to (m/M)2 and

mixed terms proportional to α(m/M) and α(m/M)2 [39–43]. The mixed terms, commonly

referred to as radiative recoil corrections, account for the effects of radiation processes

(such as photon emission and reabsorption) on the nuclear recoil. The (m/M)2 corrections

arise from higher-order recoil effects, which become increasingly important for high-Z

systems. These additional contributions, together with the lower-order and higher-order

corrections described above, are combined with the radiative and second-order in m/M

recoil corrections to ensure the required accuracy for comparing theoretical predictions

with high-precision experimental determinations of the g factor [13].

gAA′

(m/M)2 = −(αZ)2(1 + Z)m2

(

1

M2
A

−
1

M2
A′

)

, (21)

gAA′

radrecoil =
α

π
(αZ)2

[

−
1

3
m

(

1

MA
−

1

MA′

)

+
3 − 2Z

6
m2

(

1

M2
A

−
1

M2
A′

)]

. (22)

We know the radiative recoil corrections and the second-order m/M corrections to the recoil

at the leading order in αZ. Accordingly, the dominant uncertainty for these contributions

can be estimated from the neglected higher-order terms as follows:

∆gAA′

(m/M)2 = (αZ)2gAA′

(m/M)2 , (23)

∆gAA′

radrecoil = (αZ)2gAA′

radrecoil. (24)

It should be noted that the uncertainty arising from the finite nuclear size (FNS) is not

the leading source of error for these contributions.

The recoil effect decomposition in isotope shifts for selected elements is presented

in Table 6, while the main uncertainties in the recoil contributions to isotope shifts are

summarized in Table 7.

Table 6. Recoil effect decomposition in isotope shifts for selected elements. All values should be

multiplied by 10−9.

Contribution He4/6 Ne20/22 Ca40/42 Ca40/48 Sn120/132 Th230/232

(m/M)
Non-QED

9.780 13.276 13.882 48.622 54.49 7.3

(m/M)
QED

0.0005 0.0436 0.2598 0.9100 10.4496 10.939

(α)(m/M) −0.0076 −0.0103 −0.0108 −0.0377 −0.043 −0.007
(m/M)2 −0.0067 −0.0077 −0.0078 −0.0257 −0.025 −0.004

gAA′

MS
9.7662 13.3012 14.1232 49.4686 64.8716 18.228

Table 7. Main uncertainties in the recoil contributions to isotope shifts for selected elements. ∆g

values should be multiplied by 10−9.

Contribution He4/6 Ne20/22 Ca40/42 Ca40/48 Sn120/132 Th230/232

∆gAA′

L
≤0.0001 ≤0.0001 ≤0.0001 ≤0.0001 0.01 0.5

∆gAA′

H
≤0.0001 ≤0.0001 ≤0.0001 ≤0.0001 0.0002 0.003
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Table 7. Cont.

Contribution He4/6 Ne20/22 Ca40/42 Ca40/48 Sn120/132 Th230/232

∆gAA′

radrecoil
≤0.0001 ≤0.0001 0.0002 0.0008 0.006 0.003

∆gAA′

(m/M)2 ≤0.0001 ≤0.0001 0.0002 0.0005 0.003 0.002

∆gAA′

MS
≤0.0001 ≤0.0001 0.0004 0.0013 0.0192 0.508

5. Discussion

Figures 2 and 3 show the dependence of the new physics coupling constant αNB on the

scalar boson mass mφ for the selected isotope pairs. Our calculations reveal a systematic

decrease in the sensitivity of the isotope-shift method with increasing atomic number Z:

for heavier ions, the larger relativistic enhancements are offset by growing theoretical and

experimental uncertainties.

Figure 2. Constraints on the new physics coupling constant αNB as a function of the scalar boson

mass mφ derived from isotope shift measurements of the bound-electron g factor. Uncertainties are

evaluated using the root-mean-square combination of individual radius-related errors (∆gR1
, ∆gR2

,

∆gR3
). Other sources of uncertainty—nuclear recoil, nuclear polarization, and nuclear model—are

included identically for all isotope pairs.

A detailed analysis of the uncertainties reveals that the dominant contribution to the

total error arises from FNS correction, primarily due to experimental uncertainties in the

nuclear charge radii and model dependence. This contribution exceeds other sources, such

as nuclear recoil and nuclear polarization.

Two methods were used to evaluate the impact of radius uncertainties: root-mean-

square combination and conservative upper-bound estimation. Despite the methodological

difference, both approaches confirm that the radii-related uncertainty is the important

factor in establishing bounds on new physics.

These findings underscore the importance of improving nuclear radius measurements

to enhance the sensitivity of g-factor–based tests of new physics. Furthermore, alternative

strategies, such as the special differences method, aimed at reducing the FNS contribution,

warrant further investigation.
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Figure 3. Same as Figure 2, but with nuclear radius uncertainties estimated via maximization

approach (upper-bound error estimation). This conservative method takes the largest possible

deviation in finite nuclear size correction due to radius errors, leading to less stringent constraints on

αNB. All other uncertainties remain identical to those in Figure 2.

6. Conclusions

In this work, we performed a detailed uncertainty analysis for the isotope shift of

the bound-electron g factor in hydrogen-like highly charged ions. All major quantum

electrodynamics contributions were taken into account, including finite nuclear size, nuclear

recoil, and nuclear polarization effects. For each of these contributions, we evaluated the

associated uncertainties and identified their relative impact on the total error budget.

Our results demonstrate that the dominant and irreducible source of uncertainty

stems from the finite nuclear size correction. Importantly, we found that the sensitivity

of the isotope shift method does not increase with the nuclear charge Z as might be

intuitively expected; instead, it tends to decrease, primarily due to the growing impact of

FNS uncertainties in heavy nuclei.

These findings emphasize the need for improved experimental determinations of

nuclear radii and motivate the application of alternative strategies, such as the special

differences method, which aim to suppress finite size contributions. The methodology

developed in this work provides a robust basis for future refinement of theoretical models

and more precise searches for new physics through g factor measurements.
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