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Iron-based superconductors, a cornerstone of low-temperature physics, have been the subject of numerous the-
oretical models aimed at deciphering their complex behavior. In this study, we present a comprehensive approach
that amalgamates several existing models and incorporates experimental data to simulate the superconducting
phase diagrams of the principal “122-type” iron-based compounds. Our model considers a multitude of factors
including the momentum dependence of the superconducting gap, spin-orbital coupling, antiferromagnetism,
spin-density wave, induced XY potential on the tetrahedral structure, and electron-phonon coupling. We have
refined the electron-phonon scattering matrix using experimental angle-resolved photoemission spectroscopy
data, ensuring that relevant electrons pertinent to iron-based superconductivity are accounted for. This innovative
approach allows us to calculate theoretical critical temperature (Tc) values for Ba1−xKxFe2As2, CaFe2As2, and
SrFe2As2 as functions of pressure. These calculated values exhibit remarkable agreement with experimental
findings. Furthermore, our model predicts that MgFe2As2 remains nonsuperconducting irrespective of the
applied pressure. Given that 122-type superconductivity at low pressure or low doping concentration has been
experimentally validated, our work serves as a powerful predictive tool for generating superconducting phase
diagrams at high pressure empirically. This study underscores that the high transition temperatures and the
precise doping and pressure dependence of iron-based superconductors are intrinsically linked to an intertwined
mechanism involving a strong interplay between structural, magnetic, and electronic degrees of freedom.
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I. INTRODUCTION

The 122-type iron-based superconductors (IBSCs), repre-
sented by AFe2As2 (where A is Ba, Sr, or Ca), has been
the subject of extensive study. BaFe2As2, under ambient
pressure, exhibits a stripe-type antiferromagnetic spin-density
wave (SDW) order without superconductivity. However, the
introduction of external pressure, internal chemical pressure
(e.g., isovalent doping [1,2]), or ionic substitution in systems
such as Ba1−xKxFe2As2 can induce superconductivity [3,4].
The SDW transition is accompanied by a structural change
from a tetragonal high-temperature to an orthorhombic low-
temperature structure [5], known as a nematic transition.
Hole-doped Ba122 presents a rich phase diagram, includ-
ing a reentrant tetragonal C4 phase region that restores
the fourfold symmetry in the basal plane. This phase is
characterized by spin rearrangement [6,7] and somewhat
suppresses the superconducting transition [7,8]. SrFe2As2

and CaFe2As2 also exhibit IBSCs under pressure [9,10].
Interestingly, MgFe2As2 does not exhibit superconductivity
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despite magnesium’s position in the second column of the
periodic table [5]. This anomaly underscores the complex
interplay between structural, magnetic, and electronic degrees
of freedom in these materials. The coexistence of supercon-
ductivity with a momentum-dependent superconducting gap
with other electronically ordered phases such as antiferromag-
netic SDW and nematicity [11], and the presence of strong
spin-orbital coupling further highlights the complex uncon-
ventional nature of IBSCs.

While it is widely accepted that antiferromagnetism en-
hances electron-phonon coupling on the Fermi surface in
unconventional superconductors, recent studies suggest that
the significance of electron-phonon coupling in IBSCs may
have been underestimated. Li et al. [12] demonstrated that
phonon softening in FeAs compounds amplifies electron-
phonon coupling by ∼1.6. Deng et al. [13] interpreted
out-of-plane lattice vibrations as a phonon-softening phe-
nomenon, which they incorporated into their calculations to
enhance electron-phonon scattering. Coh et al. further refined
these models and proposed that the electron-phonon scattering
matrix in iron-based superconductors was underestimated by
a factor of approximately 4 [14]. They attributed this underes-
timation to the noncancellable nearest-neighbor interactions
under an antiferromagnetic SDW, in which the conservation
of antiferromagnetic (AFM) energy gives a first amplification
factor of 2, and the vertical displacement of lattice Fe caused
charge transfer to induce XY potential in tetrahedral regions
under an antiferromagnetic SDW situation, leading to another
factor of 2.2 increase in the electron-phonon scattering matrix
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[14]. Wu et al. [15] also observed a significant increase in
intensity for this abnormal As phonon mode.

Moreover, a discernible shift of the spectral weight be-
tween the normal and the superconducting state is evident in
the photoemission spectra below the superconducting energy
gap of various IBSCs in an energy range of ∼30–60 meV
below the Fermi energy [16–19]. This shift, observed in the
ARPES range, suggests that the involvement of superconduct-
ing electrons in IBSCs may have been underestimated. This
underestimation could potentially account for the discrepancy
between theoretical and experimental Tc values based on the
electron-phonon coupling method. Given the high Tc of IB-
SCs, it is crucial to consider the full electronic density of
states (DOS) in a range of EF − EDebye to EF and not only the
Fermi level value, where EDebye represents the upper limit of
the phonon energies that can be transferred to electrons. This
approach, which is a direct consequence of energy conserva-
tion, is corroborated by ARPES experiments [16–19] where
the energy range of the spectral weight shift is approximately
in the order of the Debye energy.

In our quest to decode the intricate electronic phenom-
ena in 122-type IBSCs, we initially turn our attention to
Ba1−xKxFe2As2 owing to its rich phase diagram [20–23]. Our
investigation will delve into and compare the influence of both
first-order and higher-order antiferromagnetic fluctuations on
the Tc calculations. This comparative analysis will encompass
the compounds Ba1−xKxFe2As2, CaFe2As2, and SrFe2As2.
Furthermore, we will explore whether the application of pres-
sure could potentially induce superconductivity in MgFe2As2.
This comprehensive approach aims to shed light on the com-
plex interplay of factors governing superconductivity in these
materials.

II. COMPUTATIONAL ALGORITHM

Our Tc calculations include at least six components.
(1) Exchange factor: The pressure dependence of the

antiferromagnetic interaction is monitored by the Ising ex-
pression. We define MFe and Eco as the Fe moment and the
exchange-correlation energy, respectively. The exchange fac-
tor becomes f (Eex ) ∼ [MFeMFeEco]P>0

[MFeMFeEco]P=0
if pressure P exists.

(2) Coh factor [14]: Antiferromagnetism usually increases
the electron-phonon scattering matrix by a ratio of RAF when
the ab initio calculations change from spin-restricted to spin-
unrestricted mode. To encounter the SDW, Coh et al. [14]
have proposed that the antiferromagnetic SDW background
with the induced XY potential (triggered by an abnormal
out-of-plane phonon state Rtetra) in the tetrahedral region
increases the scattering matrix by RCoh = RSDW Rtetra ∼ 4,
where RSDW = 2 and Rtetra = 2.2. SDW redistributes the AFM
fluctuations which can be interpreted as, at time t , the antifer-

romagnetic fluctuation reaches its maximum at lattice points
(i, i + 2, . . .) and its minimum at lattice points (i + 1, i +
3, . . .). At time t ′ = t + dt , the situation is reversed, with the
maximum occurring at lattice points (+1, i + 3, . . .) and the
minimum at lattice points (i, i + 2, . . .). This redistribution
continues over time but only one iron atom per repeating unit
contributes to the scattering matrix and hence the effect is
doubled [14]. Whenever there is an energy transfer from AFM
fluctuations to electron-phonon coupling, the maximum AFM
fluctuation between two neighboring atoms can only combine
their own AFM terms in a repeating unit (i.e., δEAFM →
2δEAFM |max), but it turns out that the electron-phonon inter-
action λ is increased by a factor of 4 (i.e., λ → 4λ), indicating
a sign of a higher-order AFM fluctuation (λ ∝ δE2

AFM). Using
the Coh factor brings the simulation results more in line with
the experimental observations [24]. However, the appearance
of the induced XY potential requires calibrating the GGA+A
functional, which is a time-consuming experimental effort and
a computationally expensive mission [14,24]. Hence, we de-

fine Rtetra ∼ 0.5(DOSXY
upper+DOSXY

lower )

DOSXY
both

within the ARPES range [25].

DOSXY
upper represents the average electronic density of states

for the structure containing only the upper tetrahedral plane,
while DOSXY

lower indicates the average electronic DOS for the
structure that only contains lower tetrahedral planes. DOSXY

both
is the average electronic DOS representing the original struc-
ture coexisting upper and lower tetrahedral regions.

(3) ARPES factor: To include all relevant electrons
in IBSC calculations, the average electron-phonon scat-
tering matrix gpp′ (E ) within the ARPES range [16–19]

is 〈∑EF
EF −EDebye

gpp′ (E ′ )
ε′ 〉. The dielectric constant ε′ controls

the screening effect when the electrons interact with lat-
tices under the induced XY potential. Including the ARPES
factor increases the electron-phonon scattering matrix by

RARPES ∼ 〈∑EF
EF −EDebye

gpp′ (E ′ )/ε′〉
gpp′ (EF )/ε .

(4) Anisotropic factor: The ellipse equation,pangular (θ ) =
amajorbminor√

(b2
minor−a2

major ) cos 2 θ+a2
major

, is used to mimic the effect of an

anisotropic momentum space when there is fourfold sym-
metry [e.g., the two overlapping red ellipses in Fig. 1(a)].
The major a and minor b axes control the area of the
k space, ∼ 8

∫ π/4
0

1
2 pangular (θ )2dθ , for fourfold symmetry.

The anisotropic pairing strength divided by isotropic pairing
strength gives 〈 fangular〉.

(5) Spin-orbital coupling (SOC) factor: The SO coupling
of IBSCs [26] is in a few meV. The effect of SOC should be
included in the Tc calculation.

(6) Electron-phonon factor: The electron-phonon cou-
pling is λPS = 2

∫
α2

PS
F (ω)

ω
dω where F (ω) is the phonon

density of states as a function of frequency ω. Taking into
account the above factors, the α2

PSF (ω) becomes [27]

α2
PSF (ω) ∼

〈
VF∑

VF −VDebye

∫
d2 pE

vE

〉〈
VF∑

VF −VDebye

∫
d2 p′

E

(2π h̄)3v′
E

〉 ∑
v

δ(ω − ωp−p′v )

×
∣∣∣∣∣
√

h̄

Aωp−p′v

∫
ui∇(VXY Rph)ψ∗

pRSDW RAF RARPESψp′dr

∣∣∣∣∣
2/〈

VF∑
VF −VDebye

∫
d2 pE

vE

〉
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FIG. 1. (a) The Tc distribution [20] and (b) the interaction terms of BaFe2As2 vs pressure. Instead of using the isotropic
∫

2π pd p in k
space, the fourfold symmetry is outlined by two overlapped red ellipses. The blue lines split it into eight regions in equal partition with the
subarea of ∫π/4

0
1
2 pangular (θ )2dθ .

where vE ∈ (vF − vDebye, vF ) is the velocity in the ARPES
range and vF is the Fermi velocity. The velocity vDebye can
be interpreted from the Debye energy. A is a material con-
stant. h̄ is the Planck constant over 2π and ψp′ is the wave
function of the electrons. The α2

PSF (ω) may be further re-
duced to α2

EF
F (ω)R2

AF R2
SDW R2

tetraR2
APRES . In strong-coupling

regime, the pairing strength and the Coulomb pseudopoten-
tial are renormalized [27] to ∗λPS and ∗μ. The ab initio
[28] setup and lattice parameters are listed in the Sup-
plemental Material [29]. The increase in λ resulting from
the exchange enhancement can be represented as a sepa-
rable variable [30]. The separable variable representing the
increase in λ due to exchange enhancement, can be ob-
tained by multiplying the pairing strength by the exchange
enhancement factor [30]. It should be noted that this is
not restricted to the first-order exchange interaction [30].
The parameters influencing antiferromagnetism (AF) un-
der pressure can be described by R2

AF |P>0 ∼ R2
AF |P=0 f (Eex )2

and R2
tetra|P>0 ∼ R2

tetra|P=0 f (Eex )2 under the second AFM
fluctuation. Similarly, we set R2

AF |P>0 ∼ R2
AF |P=0 f (Eex ) and

R2
tetra|P>0 ∼ R2

tetra|P=0 f (Eex ) under the first AFM fluctuation.
The pairing strength is then substituted into the McMillian Tc

formula [27].

III. RESULTS

Figure 1(a) displays our theoretical Tc of BaFe2As2 under
pressure compared to experimental literature data [20]. Our
combined model based on the second AFM fluctuation shows
a reasonable accuracy in the phase diagram simulation. The
pairing strength under the second AFM fluctuation and the ex-
change factor are optimized at 1.3 GPa, but they are drastically
reduced at higher pressures, as shown in Fig. 1(b). The De-
bye temperatures of uncompressed BaFe2As2 at the low- and
high-temperature limits are 379 and 470 K, respectively [31].
Our computed electron-phonon coupling of BaFe2As2 at 0.8
GPa only increases from λEF = 0.33 to λEF (SO) = 0.37 after
activation of the SOC. However, the Coh and ARPES factors
are the main ingredients to increase the pairing strength to
∼0.9, allowing the theoretical Tc to occur above ∼30 K. The

FIG. 2. (a) The doping dependence of the theoretical and experimental [8,32] Tc of Ba1−xKxFe2As2. The theoretical and experimental Tc

are shown. (b) The individual interaction terms of Ba1−xKxFe2As2 as a function of K content. The ∗λPS is calculated under second AFM
fluctuations.
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TABLE I. Comparison between experimental [9,10,34,35] and theoretical Tc of SrFe2As2 and CaFe2As2 under compression.

Experimental Tc (K) Theoretical Tc (second AFM) (K) Theoretical Tc (first AFM) (K)

SrFe2As2 (3 GPa) 30 28.3 30.2
SrFe2As2 (5 GPa) 19 23.5 29.4
CaFe2As2 (0.1 GPa) 12–15 14.6 14.6
CaFe2As2 (1.2 GPa) 12–15 15.1 14.9

decrease in the dielectric constant [30] in the presence of AFM
and SDW, and the increase in the effective DOS trigger an
increase in the ARPES factor. In contrast, the combined model
makes use of the first AFM fluctuation results in a significant
discrepancy between the calculated and experimental Tc at
high pressures.

The experimental and theoretical Tc values of
Ba1−xKxFe2As2 are in close but not perfect agreement,
as shown in Fig. 2(a) [8]. The inclusion of either the first or
second AFM fluctuation does not have a significant effect
on the calculated Tc of Ba1−xKxFe2As2. We import the full
set of lattice parameters measured by Rotter et al. as a
function of doping [32]. In the range of 0.25 < x < 0.27,
the Fe moments are aligned in the out-of-plane direction
[8], leading us to set a fixed orientation of the Fe moment
in the out-of-plane direction in the ab initio simulation.
If the fixed orientation of the out-of-plane Fe moment is
not considered, the theoretical Tc could be around 32 K.
However, due to the out-of-plane Fe moment causing a 15%
reduction in the exchange factor, the theoretical Tc values
are ultimately reduced by ∼4 K. The Ba0.6K0.4Fe2As2 has
a highest theoretical Tc of ∼34 K. Figure 2(b) illustrates
the individual components of the pairing strength. The ∗λPS
reaches a maximum at x ∼ 0.4, where our computed value
of s-wave λEF

is 0.88 and the literature value is 0.9 [33].
λEF

with and without the gap isotropy are 0.77 and 0.88,
respectively, which gives 〈 fangular〉 = 0.77/0.88 = 0.87. After
the doping concentration is increased from 0.4 to 0.6, the
∗λPS decreases slightly.

The Tc calculation based on the second AFM fluctuation
of the Ba1−xKxFe2As2 at x = 0.4 is demonstrated.
Dopants generate a chemical pressure that causes

f (Eex ) ∼ [M2
Fe Eco]P>0

[M2
Fe Eco]P=0

= ( 1.482

1.412 )1.027 = 1.132 (the Fe moments

are scaled to the Bohr magneton). The calculated
λEF (fourfold), RAF |P>0, RSDW , Rtetra|P>0, and RARPES are
0.77, 1.18, 2, 1.68, and 2.06, respectively. The pairing
strength is

∗λPS = λPS

λPS + 1
= 0.77 × 1.182 × 22 × 1.682 × 2.062

0.77 × 1.182 × 22 × 1.682 × 2.062 + 1

= 0.982

TABLE II. Magnetic analysis of MgFe2As2 under pressure.

P (GPa) Fe moment (μB) P (GPa) Fe moment (μB)

0 0.5 6 0.000
3 0.0 9 0.000

and ∗μ = μ

λPS+1 = 0.15
1+0.77×1.182×22×1.682×2.062 = 0.0025.

Substituting the pairing strength into the McMillian Tc

formula,

Tc = TD

1.45
exp

( −1.04(1 + λ)

λ − μ(1 + 0.62λ)

)

= 393

1.45
exp

( −1.04(1 + 0.982)

0.982 − (0.0025)(1 + 0.62 × 0.982)

)

= 34.2 K.

We also estimate the Tc of SrFe2As2 under compression.
The theoretical Tc values of SrFe2As2 at low pressures are in
good agreement with the experimental data [9] presented in
Table I, regardless of whether the first or second AFM fluc-
tuation is used. However, significant discrepancies between
the theoretical and experimental Tc values are observed for
SrFe2As2 under high-pressure conditions [9]. On the other
hand, the theoretical Tc value of CaFe2As2 as a function of
pressure the10] does not vary significantly when either the
first- or the second-order AFM fluctuation method is used.
Furthermore, our calculation reveals that the magnetic mo-
ment of MgFe2As2 remains at zero when the pressure exceeds
3 GPa (Table II). We also investigated the relationship be-
tween the momentum space and the Tc, as depicted in Fig. 3.
It is worth noting that the calculated values of Tc exhibit a
minimal change (δTc ∼ 2–4 K), regardless of the presence of

FIG. 3. Effect of the anisotropic factor 〈 fangular〉 on the theoretical
Tc in the studied compounds under the second AFM fluctuation.
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gap anisotropy. The theoretical Tc towards an isotropic gap is
slightly higher.

IV. DISCUSSION

While our model has demonstrated efficacy in bridging the
gap between theoretical and experimental Tc, a comprehensive
theory of 122-type IBSCs remains elusive. This paper does not
aim to reevaluate the six models outlined in the methodology
section, as their scientific validity has been justified in peer-
reviewed literature. If a proposed model of IBSCs is deemed
incorrect, a universal theory of IBSCs would need to be al-
ready in place. However, at present, no universally accepted
or fully established unified theory for IBSCs exists. Hence,
we refrain from stating whether our model is an important
ingredient for the theory of 122-type IBSCs. We do not seek
to validate the theory of 122-type IBSCs in this work. Instead,
our objective is to amalgamate Tc calculations from these
validated studies and systematically integrate each submodel
to examine its potential for predicting the phase diagram. Our
focus in this section is primarily on data analysis, rather than
conjecture about the triggers of 122-type IBSCs.

Our theoretical analysis indicates that considering the
first-order AFM fluctuation may not suffice to simulate
the complete superconducting phase diagram of BaFe2As2.
AFM fluctuations typically diminish under pressure. The
pressure-dependent theoretical Tc in BaFe2As2 is significantly
improved by using second AFM fluctuation, as the first-order
AFM fluctuation does not decrease as rapidly as the second-
order AFM fluctuation at high pressures. This aligns with
the results of Coh et al. [14] where a higher-order AFM
fluctuation is employed. Both first- and second-order AFM
fluctuations can yield accurate theoretical Tc values at low
pressures, as it is feasible to fit a dependent variable (Y)
linearly within the high-order term when the independent vari-
able (X) is near zero or small. A similar scenario is observed
in SrFe2As2, where only the second-order AFM fluctuations
can accurately calculate Tc at high pressure (the exchange
factor drops by ∼25% rapidly). However, for CaFe2As2, the
first-order AFM fluctuation maintains precision in calculating
Tc, as its exchange factor only decreases by less than 4% from
0.1 to 1.2 GPa.

Elevating the Debye frequency permits higher energy
phonons to interact with a greater number of electrons within
the ARPES range [16–19]. This interaction results in an aug-
mentation of the RARPES value, as the effective electronic DOS
increases. However, the f (Eex ) usually mitigates the impact
of RAF and Rtetra at high pressures. The implementation of
the second-order AFM fluctuation is crucial to decrease the
Tc of BaFe2As2 above ∼2 GPa. The RARPES factor accounts
for electron energies situated down to ∼30 meV below the
Fermi level. This method continues to adhere to the hyperbolic
tangent shape of the Fermi-Dirac statistics across the Fermi
level at a finite temperature [27]. The correlation between
Tc and AFM fluctuations, as depicted in Figs. 1(b) and 2(b),
underscores the significance of AFM fluctuations in the super-
conducting pairing process.

Although our theoretical Tc values of Ba1−xKxFe2As2 are
not devoid of errors, the Tc profiles depicted in Fig. 2(a)

align more closely with the experimental data. The dopant-
induced pressure in Ba1−xKxFe2As2 is relatively weak, hence
the combined model based on first-order AFM fluctuation
remains accurate. The same pairing strength formulas are
applied for BaFe2As2, Ba1−xKxFe2As2, CaFe2As2, SrFe2As2,
and MgFe2As2 with reasonably well-calculated Tc, suggesting
that the pairing mechanism of these four undoped iron-based
superconductors may share similar components from a statis-
tical perspective. No Tc has been reported for MgFe2As2. This
may be due to the fact that as the f (Eex ) drops to zero above
3 GPa, the pairing strength becomes zero and we propose
that pressure is not an effective method to induce IBSCs in
MgFe2As2.

In certain IBSCs, the Fermi surface displays nematic order,
which influences the superconducting order parameter. The
precise effect of nematic order or spin-orbital coupling on
the pairing symmetry on the Fermi surface is still an open
question [36–41]. However, the intricate interactions between
electrons on the Fermi surface can be paled by considering all
high-energy electrons within the ARPES range. High-energy
electrons should not anticipate involving either nematicity or
fourfold symmetry in the superconducting gap. Even though
we include the fourfold effects on the high-energy elec-
trons, the pairing strength is only weakened by ∼20%–30%
when transitioning to fourfold or d-wave-like symmetry [42],
which validates our calculated value of 〈 fangular〉 ∼ 0.8 and
the change in Tc is only a few kelvin, as depicted in Fig. 3.
We have not examined the case of 〈 fangular〉 � 0.5 because
reducing the pairing strength by gap anisotropy necessi-
tates the formation of a p-wave order parameter [43], and
none of our studied compounds are expected to be p-wave
superconductors.

Nematicity may emerge under pressure or doping [44].
However, as evident in FeSe1−ySy [40,41], the Tc across the
nematic transition points (e.g., y ∼ 0.18 at 0 GPa, or ∼0.09 at
0.5GPa) show a tiny change only (
T∼1 K) [40,41], where

T << Tc. Upon preliminary observation, the triggers of
nematicity in the form of anisotropic gap appear to exert
minimal influence on the Tc values, and our simulator supports
this experimental evidence in Fig. 3. However, this does not
suggest that they are inconsequential to the mechanism of
IBSCs. In fact, nematicity, antiferromagnetism, spin-orbital
coupling, and spin-density wave play a pivotal role in ini-
tiating IBSCs [40], while the pressure dependence of Tc is
likely dominated by antiferromagnetism. Once the IBSC is
triggered, the impact of the anisotropic factor diminishes due
to the renormalization of the strong original pairing strength
in compressed IBSCs. Therefore, it would be unfair to assess
the significance of the anisotropy factor or nematicity based
solely on Fig. 3. A systematic analysis of nematicity will be
needed to fine-tune the Tc values in our future work. Since
the primary objective of this paper is to create a Tc simulator
for the compounds, rather than focusing on validating the
theory of IBSCs, the method we have developed demonstrates
a reasonable performance.

Another potential source of error in Tc could be the approx-
imation of the Debye energy in the ARPES factor. A trend can
be observed between the ARPES range and the Debye energy
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when comparing the ARPES data of different materials.
An examination of the ARPES data of LiFeAs, FeSe, and
FeSe/SrTiO3 provides insights into this observation. In the
case of FeSe/SrTiO3, the Tc is approximately 100 K [18], and
the interfacial Fuchs-Kliewer (F-K) phonon energy is 1150 K
[45] with strong electron-phonon coupling [44]. Concurrently,
the ARPES range in this context is measured to be between
0.1 and 0.3 eV [18]. For LiFeAs or FeSe, the Tc is lower [12],
around 10 K, and the phonon energy is approximately 300
K (ratio of TDebye = 1150K/300K ∼ 4). Correspondingly,
the ARPES ranges for LiFeAs and FeSe are much narrower,
around 0.03–0.06 eV (ratio of the ARPES range=“0.1–0.3
eV”/“0.03–0.06 eV” also equals ∼4). These data suggest a
trend where an increase in Debye energy corresponds to an
increase in the ARPES range, indicating a broader energy
range for electronic excitations. Therefore, we select the
Debye energy as an approximated energy range in the ARPES
factor, but it may not precisely correspond to the actual energy
range below the Fermi level. This approximation can lead to
either an overestimation or underestimation of Tc. To rectify
this issue, one could determine the exact ARPES range for
each IBSC and use that value instead of an approximation.
This approach would yield a more accurate estimation of
the ARPES factor. However, scanning all ARPES data for
every discovered IBSC would indeed require significant
experimental effort and pose practical challenges. Further
theoretical work is needed to fine-tune the APRES range in the
calculations.

In the ideal case, there would be a universal density
functional theory (DFT) functional capable of describing all
IBSC phenomena, but the empirical search of the ideal case
continues. In the absence of this ideal case, we explore al-
ternative methods. We are keen on relying on reintegrating
more analytical components to bring advantages in terms of
understanding. The λEF (SO) and RAF are obtained explicitly
from an ab initio method rather than taking the values from
other IBSC samples empirically. 〈 fangular〉 is calculated by
comparing the pairing strengths under fourfold and s-wave
symmetry, using the analytic integral of k space. RSDW can
be derived through analytical considerations of AFM energy
conservation during the formation of SDW. The effect of Rtetra

in FeSe is confirmed explicitly through the matrix calculation
[14] and experiment [24]. Rtetra has been recalculated in the
122-FeAs system instead of substituting the Rtetra value of
FeSe, which eliminates any doubt about an empirical substi-
tution. With this approach, we can bring back the renowned
Ising expression f (Eex ) to analytically assess the AFM vs
pressure, which enhances the comprehension in the field. We
used a commercial package to incorporate the effects of an-
tiferromagnetism and spin-orbit coupling on electron-phonon
coupling in an integrated manner and meanwhile, during the
ab initio simulations, the package has automatically generated
the shape of the momentum space. Besides, when the dif-
ferential out-of-plane phonon in the form of charge density
wave between the adjacent Fe atoms emerged under antifer-
romagnetism, we have also observed a major increase in the
magnetic moment of a Fe atom per unit cell. However, it is
important to note that we did not manually include this in-
crease in the magnetic moment in the exchange factor and

the DFT code. This is because the spin-density wave (RSDW)
factor of 2 is already accounted for. We also do not add the ef-
fect of the induced electric polarization due to the differential
out-of-plane phonon in the DFT code of electron-phonon cou-
pling calculation because the Rtetra has already encountered
the effect. Therefore, any overestimation of the effects does
not occur.

There are two valid approaches to addressing a problem:
(1) starting from correlations and investigating how different
forms of order can evolve, and (2) identifying existing orders
and examining their mutual influences. In our research, we
have chosen the second approach. While the first method
has provided valuable insights into the intertwined nature
of SDW and nematic orders, etc., it has not yet advanced
to the subsequent step of offering new insights into under-
standing the large superconducting gap to substantiate the
impact of individual effects. In contrast, our study demon-
strates that considering additional orders can contribute to
the emergence of high-temperature superconductivity within
an expanded electron-phonon coupling framework based on
the intertwined nature. Our decision to adopt an amplified
electron-phonon coupling framework as the starting point is
not without merit. This choice is supported by experimen-
tal evidence [18] of a significantly strong electron-phonon
coupling in the IBSC Tc record holder (FeSe/SrTiO3). The
existence of such a coupling provides a compelling rationale
for exploring its potential role in driving the superconducting
behavior observed in IBSCs. It is important to note that our
intention is not to discredit the first method. Using the first
method is important because it has confirmed the nominated
factors of triggering IBSCs, but we rather provide an alterna-
tive perspective that explores the influence of various orders
on the superconducting behavior.

Our model may not be intended for discovering new IBSC
compounds. Rather, it may be suitable for predicting Tc at
higher pressures or heavy doping levels if superconductivity
has already been confirmed at ambient pressure, low pres-
sure, or low doping concentration. Despite bridging the gap
between theoretical and experimental Tc values, the combined
model does not explicitly provide a definitive statement about
the pairing mechanism of IBSCs. The unified theory of iron-
based superconductors remains an open question necessitating
further investigation and research. The possibility of other
models capable of producing accurate theoretical Tc of IBSCs
via entirely different mechanisms is not excluded.

Data are sharable under reasonable request. The authors
are usually supportive of reproducing the results if assistance
is needed (please send requests to [46]).

V. CONCLUSIONS

We have successfully established a framework for simu-
lating the superconducting phase diagrams of major 122-type
IBSCs with commendable accuracy. Our observations in-
dicate that certain IBSCs require the consideration of
higher-order antiferromagnetic fluctuations, particularly un-
der high-pressure conditions. This is a pivotal step towards in-
tegrating various effects into the pairing mechanism of IBSCs,
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including gap anisotropy, spin-orbital coupling, high-energy
electrons, abnormal phonon behavior, screening effects, spin-
density wave, and antiferromagnetism. Our findings pave the
way for analyzing the complex interplay of factors governing
superconductivity in these materials.
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