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H || ¢ and H || ab configurations. (c, d) The plot of RCP vs magnetic field
for H || ¢ and H || ab configurations. Insets show The fitting plot for -AS,;;4y
is as follows: S,,.x = aH". (e) Temperature dependence of the rotating
magnetic entropy change ( -ASr) obtained by rotating from the ab plane
to the ¢ axis in various applied magnetic fields. (f) Shows the calculated
change of specific heat with temperature for H || ¢ configuration. Inset

shows the change of specific heat with temperature for H || ab. . . . . . .
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Structural and compositional characterization of Fes_,Ni,Sny (x =0, 0.25)
single crystals. (a, b) X-ray diffraction (XRD) pattern showing sharp (001)
reflections, confirming high crystallinity and preferred orientation along the
c-axis. The inset shows the optical image of well-formed hexagonal plate-
like crystals. (c) Energy-dispersive X-ray spectroscopy (EDX) spectrum of
Fe;Sn, with corresponding elemental quantification (e), showing Fe and
Sn with atomic percentages of 58.55% and 41.45%, respectively. (d) EDX
spectrum of Ni-doped Fe3Sn, with quantification (f) confirming successful
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(a, b) Zero-field-cooled (ZFC) and field-cooled (FC) magnetization as a
function of temperature at 200 Oe for (a) undoped (x = 0) and Ni-doped (x
=(.25) samples. (c, d) Isothermal magnetization (M—H) loops at various
temperatures for x = 0 and x = 0.25 compositions highlighting ferromag-
netic characteristics. (e, f)Temperature dependence of AC susceptibility
(x/) at different frequencies for (e) x = 0 and (f) x = 0.25, confirming

frequency-dependent spin-glass freezing temperature (Tsg). . . . . . . .

(a, b) High temperature ZFC as a function of temperature at 200 Oe for
(a) x =0 and (b) x = 0.25. Sharp magnetic transitions indicate Curie
temperatures (7¢) at 648 K for x = 0 and 674 K for x = 0.25, with an
additional magnetic anomaly (77) in the doped sample. Insets show dM/dT
revealing transition points more clearly. (c, d) Isothermal magnetization
(M—-H) loops at selected high temperatures for (c) x = 0 and (d) x =
0.25, indicating the evolution of ferromagnetic behavior well above room

temperature. . . . . . ... L e

Temperature and field-dependent transport properties of Fez_,Ni, Snp(x =
0, 0.25). (a, b) Electrical resistivity (p) as a function of temperature (T) for
x =0 and x = 0.25, respectively, showing metallic behavior with enhanced
resistivity upon Ni doping. (c, e) Low-temperature magnetoresistance
(MR %) vs. magnetic field (toH) curves for x = 0 and x = 0.25, indicating
significant field-induced changes in MR, particularly at low temperatures.
(d, f) Field-dependent MR % at higher temperatures (150-300 K) for x =
0 and x = 0.25. Insets highlight the emergence of multiple critical field
points (H;, Hy, H3), suggesting field-induced electronic phase transitions

or magnetic scattering mechanisms. . . . . .. ... ... ... ...
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Field dependent Hall resistivity and topological Hall effect (THE) analysis
of Fez Ni,Sn; (x=0, 0.25). (a, b) Total Hall resistivity (pyy) vs. magnetic
field (upH) at various temperatures (5-300 K) for x = 0 and x = 0.25,
respectively. Insets show anomalous Hall resistivity at 150 K. (c, d)
Decomposition of py, at 300 K into ordinary Hall (p.,;), experimental
Hall (peyp), and topological Hall resistivity (pryg) for x = 0 and x =
0.25. Ni doping results in a significantly enhanced negative pryg. (e,
f) Isolated topological Hall resistivity (pry) as a function of ypH for a
range of temperatures, clearly indicating the presence of THE signatures
(highlighted region), more pronounced and negative in the x = 0.25 sample,

suggesting the emergence of nontrivial spin textures. . . . ... ... ..

Comprehensive analysis of the AHE, carrier density, and Hall scaling
in Fes_,Ni,Sny (x = 0, 0.25) (a, b) Temperature-dependent scaling of
anomalous Hall resistivity normalized by longitudinal resistivity (p;‘y /Pxx)
vs. Py for x =0 and x = 0.25, respectively, revealing opposite trends. (c,
d) Ordinary Hall coefficient (Rg) and corresponding carrier density (n,)
as functions of temperature, showing a sign change and distinct regimes
for the doped sample (x = 0.25). (e, f) Field-dependent anomalous Hall
conductivity (p,y) for both compositions over various temperatures; insets
highlight anomalous hall conductivity evolution at 300 K. (g, h) showing
power-law dependence with exponents 3 =~ 1.95 and 2.1, for x =0 and x =
0.25 respectively, indicating intrinsic or moderate side-jump mechanisms.
(i) Temperature-dependent Hall angle (Sg) for x = 0, with inset comparing
its behavior in both undoped and doped samples. Green and yellow shaded

regions indicate temperature-insensitive plateaus. . . . . . .. . ... ..
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7.7 Identification of topological spin textures and phase evolution in Fe3_,Ni,Sn,
(x =0.25). (a) Field-dependent real part of AC susceptibility ( x;c) mea-
sured at different temperatures (150-380 K) highlighting multiple anoma-
lies (H1, H», H3), indicating transitions among distinct magnetic phases.
(b) Constructed magnetic phase diagram in the temperature—field (7-poH)
plane illustrating various emergent magnetic states, including spin glass,
stripe, nonlinear moments, and ferromagnetism. The central region marked
by overlapping topological Hall effect and noncollinear spin configurations
reveals a robust skyrmion-like spin texture regime persisting up to high

temperature. . . . . . ... L e
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