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100y i Attractive pinning requires the quasiparticle gain to exceed the condensation penalty
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Figure. Point defects can pin vortices not only by reducing
condensation-energy cost, but also by reshaping CdGM-like low- max 5| I
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Figure. The stitched clean—defect basis is localized but not orthonor- @ FesoCusub. @ FeseSeve @ FeTeT

mal; the PAW-corrected overlap matrix S is retained explicitly. ® FeScFevas. © FeTe Fevac.
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 In the superconducting state, a point defect in FeSe/FeTe acts as , , L L
a pinning center that attracts a vortex core upon alignment. Figure. Mechanism map of the attractive quasiparticle contribution

 Compare Fe-site vacancies, chalcogen-site vacancies, and HoC = SCE CTSC _ 7 VEersus thf.: projected—chqnnel cqndensation penalty. All production
Fe— Cu substitution in one protocol. 0% = ’ — systems lie in the attractive region.

* Compute Uy, fp, and the quasiparticle/condensation decom-
position. Common cutoff across defect origins . Ugﬁl < 0: defect-vortex coincidence lowers the vortex-core

The energy window is common, while the selected state count can differ by shell details

quasiparticle spectral cost.
d . o o .
. U;ﬁln > (: local pairing-energy loss partially compensates the

common energy cutoff

origin 3,3

attraction.

e The final ranking 1s controlled by defect scattering, CdGM-
state reconstruction, and pairing-energy loss, not by order-
parameter suppression alone.

VASP-Wannier-BdG Workflow

VASP-Wannier-BdG production workflow
Every free-energy difference uses the same projected normal-state subspace
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HamNet—-OpenMX Route

HamNet/OpenMX pinning energies Local force
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and force Figure. Different defect origins have slightly different shell structures.
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Figure. Production route from VASP static wave functions to native e u is fixed by projected occupancy of the Wannier subspace.

Wannier90 export, PAW-corrected overlap, projected occupancy, pro- * Qup» Econds & (Ec), and cutoff selection share one projected FeSe Fe vac FeSe Fe vac
jected BdAG, and finally Upip, fp. subspace.
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L42 seven-by-seven patch geometry

The defect patch moves while the vortex center is fixed
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Main Results

Projected-channel VASP-Wannier-BdG pinning energies Local force scale Flgure. HamNet/ OpCIlMX aCthﬁ—AO route glVGS attractive far—
Negative total energy means attractive vortex pinning reference pinning for the tested systems and provides a fast trend-
screening branch.
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FeSe Fe vacancy FeSe Fe vacancy Replaces the expensive VASP—Wannier normal-state generator
‘ 5 with an active-AO Hamiltonian route.

- En (meV) .
° e Keeps the same vortex/no-vortex and pinned/far free-energy
origin 0,0 . . . .. .
: 1 : : : ; ; W quacpartce T condensaton [ e definitions as the main workflow.

patch index x

Figure. L = 42 finite box as 7 X 7 clean/defect patches. The vortex cen- Figure. Pinning-energy decomposition and (3, 3)— (2, 2) local unit- Current role: fast trend prescreening; meV-level use still needs

ter 1s fixed, while the defect patch 1s moved among four origins. length forces for the five production systems. OpenMX benchmarks, energy-zero calibration, active-space
checks, and cutoff audits.

e (Clean and defect Wannier bases are gauge-aligned before
stitching Hy and S. System Upin (meV)
 VASP normal-state information 1s compressed into a patch-

resolved low-energy Hamiltonian. FeSe Fe vacancy -2.4457
FeSe Se vacancy -8.0610

FeTe Fe vacancy -8.1633 FeSe Fe vacancy empirical-field controls Near-core Delta0 threshold scans
FeTe Te vacancy -10.5291 length_hi 0
FeSe Cu substitution -3.5251 length_lo

Four-Patch Energy
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Figure. Empirical-field sensitivity tests. Vortex radius, impurity
Pinned > Far .
no vortex no vortex suppression, Ag, and near-core slope affect absolute values, but the
normal reference subtraction benchmark-gap production systems remain attractive.

Figure. The vortex/no-vortex subtraction is performed at the same de- DlStance-RESOlVQd Plnnlng |

fect origin before comparing the pinned and far-reference geometries. St agtee, but Fe So vacancyrrmns e stss st

Four-patch vortex free-energy profiles o0
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e (3, 3) is the defect-vortex coincident configuration; (1, 1) is . . /

the buffered far reference. e

FeTe Fe vacancy FeTe Te vacancy

e The subtraction removes defect-only static contributions before i Fi o ey @ e +A *1 1 o 1
the pinned/far comparison. 1625 igure. HamNet/OpenMX active-AO calculations close a structure-to-

e Negative Uy, means that inserting a vortex costs less free 1600 BdG 1001\)] andlcafn support trzpfcfi prescreening, but still underestimate
energy when the vortex sits on the defect. 1978 Some mev-scale Iree-energy dilierences.

Upin = |F, — F,] (3.3)
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1625 o FeTe vacancies remain attractive for Ag = 3.3,4.5,5.5 meV.

 HamNet/OpenMX, FeS, self-consistent pairing, Peierls mag-

Defect-vortex distance (A)
Figure. Four-patch AFy -, profiles for vacancy systems. The (3, 3), netic fields, HSE, and YBCO tests define the next extension
boundaries.

(2,2), (1,1), and (0, 0) origins form a discrete pinning-potential
profile.




