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ABSTRACT

Magnetic Weyl semimetals (WSM) are a distinctive category of topological quantum
materials that exhibit pairs of non-degenerate band-crossing points, called as Weyl
nodes. A defining feature of WSM is the presence of symmetry-protected Fermi arcs
that connect Weyl nodes of opposite chirality. We conduct a systematic investigation
of the electronic, magnetic, Topological, and anomalous transport properties of
Co:YSh Full Heusler alloy through the Density Functional Theory. The spin-polarised
density of states reveals the half-metallicity and ferromagnetic nature of the material.
The electronic structure indicates the presence of Topological Nodal lines, which are
gapped out with the inclusion of Spin-Orbital coupling (SOC). To probe the
Topological characteristics of Co:YSh, we conduct a Wannier-function-based tight-
binding calculation with the effect of SOC and obtain the 12 pairs of Weyl nodes of
opposite chirality. The presence of symmetry protected Topological Fermi arc and
surface state confirms the Weyl semi-metallic nature of this material. Furthermore, the
anomalous Hall and Anomalous Nernst conductivity are computed along the (001)
plane. Therefore, our work highlights the interplay between topology and anomalous
transport phenomena in the systematic investigation of the electronic, magnetic,
Topological, and anomalous transport properties of Co-YSh magnetic Heusler alloys,

with their wide applications in spintronics and thermoelectric devices.

Keyword: - Weyl semimetal, Weyl nodes, Anomalous Hall effect, Anomalous

Nernst effect, Berry curvature.
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CHAPTER 1

INTRODUCTION AND OBJECTIVES

1.1. INTRODUCTION

In the field of condensed matter physics, the topological semimetals (7.SM)
have gained considerable attention owing to their promising applications in quantum
computing, low-dissipation electronics, spintronics, and energy harvesting systems [1-
2]. Like the topological insulator, TSM also exhibits exotic features like band
inversion, Symmetry-protected Fermi arc, topological surface states, etc. [3].
Furthermore, TSMs are categorized into different categories based on the dimension
of topological surface state: a nodal point is a zero-dimensional, a Nodal line with one
dimension, and a nodal surface with two dimensions [4-6]. For instance, they can also
be divided as Dirac, Weyl, triply, and higher-fold states based on the topological state
band degeneracy [7-8]. In these systems, the conduction and valence bands intersect
linearly at discrete points called Dirac or Weyl nodes, or along high-symmetry lines
within the Brillouin zone, maintaining their gapless characteristics in proximity to the
Fermi level (Er). Importantly, Dirac points divide into pairs of Weyl nodes of opposite
chirality, which refers as a Weyl semimetal (WSM), when either inversion symmetry
(IS), time-reversal symmetry (TRS), or both are broken [9-13]. The hallmark of these
WSMs is the emergence of the Fermi arc, a surface states that form open trajectories
connecting the projected positions of two Weyl nodes of opposite chirality. The Weyl
nodes always appear in pairs with opposite chirality and act as sources and sinks of

Berry curvature. This Berry curvature also serves as the intrinsic mechanism of a



variety of exotic electrical and thermal transport phenomena, like anomalous Hall
effect (AHE) and anomalous Nernst effect (ANE), respectively. The AHE manifests as
a transverse voltage that is perpendicular to an applied current without any external
magnetic field, distinguishing it from the conventional Hall effect, which is driven by
the Lorentz force [14-15]. In a similar manner, the ANE generates a transverse voltage
in response to a temperature gradient, rather than an electric current [16]. Shi ef al.
demonstrated that 7i:MnAl exhibits a substantial Berry curvature, leading to a
significant anomalous Hall conductivity (AHC) [17]. More recently, in 2023, Shukla
et al. reported an exceptionally large AHC and Anomalous Nernst Conductivity (4ANC)
in Cu:CoSn, both theoretically and experimentally [18]. Additionally, the Heusler
alloy Co:MnGa has exhibited a remarkable AHC and the highest recorded ANC to
date, as validated by experimental investigations employing angle-resolved
photoemission spectroscopy [19-21]. Heusler alloys are an intermetallic system that
possesses net non-zero magnetic moments without hosting any magnetic entity; in
addition, they also show features high magnetic saturation, high spin polarization, high
Curie temperature, and high thermoelectric coefficients [22-24]. Magnetic materials
naturally exhibit the breaking of 7RS, due to the presence of ferromagnetic ordering,
which may exhibit the WSM and nodal line semimetal (NLSM) types of topological
phases. In the literature, many other studies have been presented on WSM, which
linked the origin of AHC and ANC with the topological aspect of the materials[25-28].
Structurally, these Heusler materials fall into two primary categories: (1) half-Heusler
compounds (XYZ) with a /:1:1 stoichiometry that adopt a non-centrosymmetric cubic
structure, and (2) full-Heusler compounds (X-YZ) with a 2:1:1 composition. Generally,

full-Heusler alloys exhibit two types of cubic structural phases, L2; and Xa, which are



characterized by four interpenetrating face-centred cubic sublattices. In L2,
arrangement, two X atoms are positioned at the (1/4, 1/4, 1/4) and (3/4, 3/4, 3/4), while
the Y and Z atoms are located at the (1/2, 1/2, 1/2) and (0, 0, 0) Wyckoff sites,
respectively. Conversely, in the case Xa-type structural phase, two X atoms are
positioned at (0, 0, 0) and (1/4, 1/4, 1/4), with the Y and Z atoms located at (1/2, 1/2,
1/2) and (3/4, 3/4, 3/4) Wyckoft sites. The electronic structure of full-Heusler alloys
is associated with distinctive topological properties, characterized by significant AHC
that arise from substantial Berry curvature in proximity to the Er. This behaviour is a
consequence of their spin-polarized band structure and strong spin-orbit coupling
(SOQ), rendering them particularly valuable for the exploration of topological
magnetism and the advancement of electronic devices. The Full Heusler compounds
Co:MnGa, Co)MnAl, Co:TiGe, and Co,TiSi have been demonstrated, both
theoretically and experimentally, to exhibit Weyl semimetal characteristics, which
further contribute to elevated values of AHC and ANC [29-32]. Within the family of
Co:-based half-metallic ferromagnets, Co:YSh has emerged as a particularly intriguing
material due to its distinctive structural and magnetic properties [33]. Notably, before
this investigation, no comprehensive study had been reported on the topological nature
and its associated anomalous Hall and Nernst effects in this system. Motivating, by
this we present a systematic investigation of Weyl characteristic and the AHC and ANC
in Co:YSb Heusler alloy. Our investigation reveals the remarkable presence of
topological features like Weyl nodes and topological symmetry protected surface
states. Further, we also calculate the AHC and ANC arising from the strong Berry

curvature originate from the Weyl nodes along (001) plane. Therefore, our findings



suggest that Co.YSbh is a WSM and a potential candidate for thermoelectric and

spintronic applications.

1.2. LITERATURE REVIEW

The Anomalous Hall Effect represents a fascinating quantum transport phenomenon
where electric current flowing through a magnetic material generates a perpendicular
voltage without requiring an external magnetic field, unlike the conventional Hall
effect. This effect emerges from the complex interplay between magnetism, spin-orbit
coupling, and the scattering mechanisms within the material, fundamentally stemming
from the asymmetric deflection of electrons based on their spin orientations. The
theoretical foundation was established through the pioneering work of Karplus and
Luttinger in the 1950s, who identified both intrinsic contributions independent of
scattering and extrinsic mechanisms involving asymmetric impurity scattering. The
effect originates from magnetic interactions between localized d-electrons and
conduction electrons, involving magneto-static interactions, sp-d exchange

interactions, and crucially, spin-orbit coupling.

The Anomalous Nernst Effect serves as the thermoelectric counterpart to the
anomalous Hall effect, manifesting when a temperature gradient applied across a
magnetic material generates an electric voltage perpendicular to both the heat flow
direction and the magnetization vector. This phenomenon was traditionally understood
to be proportional to the material's magnetization, but recent theoretical advances have
revealed that it more fundamentally originates from the Berry curvature of electronic

bands near the Fermi level. The effect has demonstrated remarkable potential in



topological materials, with compounds like Co-MnGa achieving anomalous Nernst
thermopower values of approximately 6.0 pV K™ at room temperature, representing a
seven-fold enhancement over conventional ferromagnets. This enhancement occurs
due to the large net Berry curvature associated with nodal lines and Weyl points in the

electronic structure, transcending the traditional magnetization-scaling relationship.

Weyl semimetals constitute a revolutionary class of topological materials where
valence and conduction bands intersect at discrete points called Weyl nodes, creating
quasiparticle excitations that behave as Weyl fermions. These materials exhibit linear
energy-momentum dispersion relations, making electrons behave like massless
relativistic particles even at room temperature. The Weyl fermions possess distinct
chirality that act as topological charges, creating monopoles and anti-monopoles of
Berry curvature in momentum space. A defining characteristic of Weyl semimetals is
the presence of topological surface states known as Fermi arcs, which are
discontinuous segments of the two-dimensional Fermi contour terminated at the
surface projections of Weyl nodes. The first experimental observation was achieved in
tantalum arsenide (TaAs) in 2015, establishing the existence of both Weyl fermions
and Fermi arc surface states through direct electronic imaging. These materials have
since expanded to include various compounds such as Co:TiGe, MoTez, WTe:, and
several others, each offering unique electronic properties and potential applications in

next-generation quantum devices.



1.2.2. Advantages

e Field-Controllable Electronic Properties:
These materials offer the unique capability of modulating their electronic
behaviour through applied electric fields, opening pathways for advanced
spintronic devices and memory storage technologies that can be electrically
switched.

e Outstanding Charge Transport Characteristics:
Weyl semimetals demonstrate remarkable electrical properties including
extremely high carrier velocities and minimal scattering resistance, as charge
carriers behave like massless relativistic particles moving at extraordinary
speeds.

e Unique Quantum Transport Effects:
These systems host distinctive quantum phenomena such as chiral magnetic
responses, unconventional magnetoresistance behaviour, topological Hall
states, and novel oscillatory patterns in electrical transport measurements.

e Enhanced Hall Response in Weak Magnets:
Certain compounds like CosSn.S: demonstrate unusually strong anomalous
Hall responses reaching hundreds of QQ'cm™ despite possessing only modest
magnetic moments, attributed to their multiple Weyl node configurations.

e Controllable Magnetic State Transitions:
non-collinear antiferromagnetic systems allow manipulation of different
magnetic configurations through chemical doping, mechanical strain, or spin-

polarized currents, each exhibiting distinct Hall conductivity signatures.



1.2.3. Disadvantage

e Al Ambiguous Topological Character:
Real materials often exhibit Fermi surfaces that connect multiple Weyl points,
making the fundamental chiral properties undefined and complicating the
identification of genuine topological transport signatures.

e Sample Quality Dependencies:
Material imperfections and compositional variations can generate misleading
Hall measurement artifacts that mimic topological effects, creating challenges
in distinguishing authentic phenomena from experimental noise.

¢ Field-Induced Current Redistribution:
Strong magnetic fields can cause non-uniform current flow patterns that deflect
electrical current along field directions, introducing systematic errors in
magneto transport characterization.

e Multi-Band Transport Complexity:
The coexistence of electron and hole carriers from overlapping valence and
conduction bands necessitates sophisticated analytical approaches, as
conventional single-carrier Hall analysis becomes inadequate.

e Intrinsic Conductivity Constraints:
The short electron means free paths characteristic of frustrated magnetic
systems impose fundamental limits on achievable Hall conductivities, typically

capping values at approximately one conductance quantum per atomic layer.



CHAPTER -2

MATERIALS AND METHODS

2.1. Materials

Co2YSb stands as a remarkable representative within the full Heusler alloy category,
extensively analysed through sophisticated first-principles density functional theory
methodologies. The groundbreaking research conducted by D. P. Rai and R. K. Thapa,
featured in the Chinese Journal of Physics, provided comprehensive insights into the
half-metallic ferromagnetic characteristics of this compound using state-of-the-art
computational techniques. The material adopts the distinctive L21-type cubic
crystallographic arrangement, a hallmark of full Heusler compounds following the
X2YZ stoichiometric formula, which facilitates optimal magnetic alignment and

electronic band organization essential for achieving half-metallic properties.

Within the broader context of Co2-based Heusler materials. Co2YSb has ecarnered
significant attenuon as 4 1€40INg CanA1UALE 10T dAVANCed SPINronic eennologies owing
to its exceptional electronic characteristics. The theoretical investigations utilized the
full-potential linearized augmented plane wave computational method incorporated
within the LSDA+U theoretical framework to achieve precise ground state property
predictions. This sophisticated approach was deliberately selected after conventional
LSDA and GGA methodologies demonstrated limitations in accurately characterizing
the strongly correlated d-electron systems inherent in these magnetic materials,
making the enhanced computational strategy indispensable for reliable half-metallic

behaviour forecasting.



1.2. Computational Details

The first-principles calculations were performed to investigate the electronic,
magnetic, Topological and transport properties of Co>YSb Heusler alloy. Density
functional theory (DFT) is used which is implemented in the Vienna ab initio
simulation package (VASP), employing the projector augmented-wave (PAW) method
[34-36]. Further, the exchange-correlation effects were treated within the generalized
gradient approximation (GGA+U) using the Perdew-Burke-Ernzerhof (PBE)
functional, where calculated Hubbard Uand exchange J parameters were
approximately 3.94 and 0.81 eV for cobalt (Co), and 0.04 and 0.81 eV for yttrium (Y),
respectively [37]. In order to perform spin-polarized calculations and structural
optimization, a convergence criterion for the self-consistent field energy of 10~ ° eV
was set. For the plane wave basis, the energy cut-off value was set to 520 eV. A fully
optimized 7 -centred k-mesh grid of 7/ x /1 x I] was used. For a full relativistic
approach, we also include the effect of spin-orbital coupling and consider
magnetisation along (007) plane. Further, using maximally localized Wannier
functions (MLWFs), we constructed a tight-binding Hamiltonian by Wannier90 code.
The WannierTools package was used to calculate the transport properties and identify
the Weyl nodes within the bulk electronic structure, as well as the surface Fermi arc,
thereby confirming the topological nature of the system [38]. In addition, the Berry

curvature distributions are calculated using the Kubo formulation as given below [39]:

<n|§—,ﬁ’i|m><m|§—,§j,|n>—(tﬁj)

A5 (K) = Snem (M

(En _Em)z



where |n) and |m) are the eigenstates of the Hamiltonian H, while £, and E,, denote
the corresponding energy eigenvalues. The AHC and ANC were evaluated using
WannierTools with a dense 200%200%200 k-mesh for high precision using the given

equations 2 and 3, respectively [40,14].

- ¢ dk
4= k)Q,(k 2
o= sz(zﬂff() » (k) )
afy =21, de LD EL 58 () 3)

Where f is the Fermi-Dirac distribution function, p is the chemical potential, # is the
reduced Planck constant, e is the electron charge, and the integration is performed over
the entire Brillouin zone. The temperature 7 and chemical potential ¢ govern the

statistical distribution of electrons in the system.
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CHAPTER -3

CALCULATION AND RESULTS
3.1. Results and Discussion
3.1.1. Structural Properties

Firstly, we perform the structural optimization calculation to identify the stable
structural phase and equilibrium lattice parameter for Co,YSb Heusler alloy. Fig. 1 (a)
illustrates the variation of thermodynamic free energy concerning the lattice parameter
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Figure 1 (a) displays the lattice parameter optimization curve, showing the
dependence of energy as a function of lattice parameter for both the Xa and L2,
structural phases. (b) The electronic density of states (DOS) for L2, structure
Co,YSh Heusler alloy.

for both structural phases L2; and Xa. The energy vs lattice parameter curve suggests

that the L2; structure is relatively more stable than the Xa structure due to the more
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negative value of energy of the L2; structure. The minima of the curve represent the
corresponding equilibrium lattice parameter values 6.43 A and 6.61 A for L2; and Xa
structural phases, respectively. These obtained values of lattice constant are in close
agreement with the previously reported theoretical work for this material [33]. And we
perform the rest of the calculations for L2; structural, which is the most stable structural

phase of Co,YSh Heusler alloy.

3.1.2. Electronic, Magnetic, and Topological properties

Now, to investigate the electronic and magnetic properties, we perform the spin
polarization calculation for Co,YSb. The Density of state (DOS) is plotted in Fig. 1
(b), with majority-spin (1) channel represented by black and minority-spin
(]) channels in red colour line. DOS reveals that the Co,YSh alloy exhibits a half-
metallic characteristic in which the majority spin channel is conducting, and the
minority spin channel exhibits a semiconducting band of value /.47 eV. This half-
metallic behaviour is also confirmed from Fig. 2 (a), in which spin spin-polarized

electronic band structure is plotted against high-symmetry k-path.

Furthermore, the total magnetic moments (M,) consistently exhibit the values of 2 usz,

which is in excellent agreement with the Slater-Pauling rule as given below [42-43]:

Mt = Zt - 24’ (4)

12



where Z, represents the total valence electrons (26) from constituent atoms (Co.9, Y:3,
Sb:5). The primary contribution to M, originates from Co atoms, driven by significant
exchange splitting between majority and minority spin states, while the S/ anion
provides minor contributions. Notably, the Y element displays a negative local
magnetic moment, indicating antiparallel alignment relative to Co and Sh moments.
This ferrimagnetic coupling between transition metals arises from opposing
interactions during exchange splitting, as evidenced by the contrasting signs of Co and
Y magnetic moments. The interstitial regions exhibit negligible magnetic moments,

confirming the localized character of the magnetic behaviour.

Energy (eV)

Figure 2 (a) displays the electronic band structure calculated using GGA+U
without SOC, where the black and red lines correspond to the up-spin and down-
spin channels, respectively. In panel (b), the corresponding SOC-included band
structure is presented. An enlarged view highlighted circle area for both band
structures displays in the blue box

Further, to explore the topological feature in Co>YSbh Heusler alloy, we also include
the effect of SOC in the calculations. Many linear bands are crossing from the nodal

lines present in the electronic band structure in the absence of SOC. Near the Er the

13



non- trivial linear band crossing are marked by green circle without SOC effect as
shown Fig. 2 (a) and inset shows the enlarge view of non- trivial linear band crossings.
Now, we consider the SOC and magnetisation along (001) plane therefore, SOC lifting
the degeneracy along K, = 0 and K,, = 0 plane, hence, the nodal line remains gapless
along K, = 0 plane [44]. Fig. 2 (b), displays the electronic band structure along high
high-symmetry k-path, with the presence of SOC. The linear band dispersions are

gapped out along L to I" and I" to X path, marked by the red circle as shown in Fig. 2

@
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Figure 3 (a) displays the Fermi surface spectral function along the high-symmetry
path X-7-X, while panel (b) presents the corresponding Fermi surface contour at
the Fermi level (Er = 0.0 eV), calculated with spin-orbit coupling.

(b), and inset shows the enlarged view of the band dispersion. In the space group 225,
the point group crystal symmetry of Co,YSb contained three C, rotation axes and three
mirror planes along M, (K, = 0),My(Ky = O)and M,(K, = 0) in the absence of
SOC. These mirror planes provide the symmetry protection to the gapless nodal lines
in the band dispersion in K, = 0, K;, = 0 and K, = 0 planes. Now with the effect of
SOC along (001) plane, the crystal system only preserves the mirror symmetry M, =

0 and C % rotational symmetry. Therefore, along the K,, = 0, K, = 0 planes, minimum

14



two nodal lines are expected to be gapped out, and along the K; = 0 plane, the nodal
line should be preserved. However, SOC induced a smaller gap in the nodal line as
shown in Fig. 2 (b). Using the MLWF, we obtained the projected Fermi surface of the
(100) surface, in which one can observe a gapped, distorted nodal line with 6 Fermi
arcs connecting the /2; W (+1) and W (—1) nodes, as shown in Fig. 3 (b). In addition,
we obtain the total /2 pairs of Weyl nodes with opposite chirality +/ and -/ as listed
in Table 1 with locations in energy and momentum coordinates. Further, we also
calculate the projected surface spectrum on the (/00) surface of Co.YSh along L to I’
and I" to X path which is shown in Fig. 3 (a). We observe a topological surface state,
which connects two Weyl nodes of opposite chirality around the I point. Therefore,
the presence of Weyl nodes and nodal lines in Co»YSbh Heusler alloys characterizes

this material as a newly predicted WSM candidate.

Table 1: This table summarizes the 12 pairs of Weyl points, providing their precise
momentum-space (k-space) coordinates along with the corresponding topological
chirality.

S.N. K, K, K, Chirality K, K, K, Chirality
1 -0.23357 | -0.16271 | 0.23619 | -1 -0.24425 | -0.10191 | 0.23499 | 1
2 0.32648 | -0.01899 | 0.02656 | -1 0.32826 | 0.00507 | -0.01144 | 1
3 -0.24814 | 0.19649 | -0.16581 | -1 0.25414 | 0.13005 | -0.21859 | 1
4 -0.01363 | 0.28774 | 0.20529 | -1 0.0384 -0.26269 | -0.23435 | 1
5 0.23097 | -0.05481 | 0.23952 | -1 -0.21862 | -0.21725 | 0.11444 | 1
6 -0.16362 | -0.10265 | -0.27289 | -1 -0.16324 | 0.10197 | 0.27275 | 1
2 -0.20616 | -0.00831 | 0.25222 | -1 -0.10717 | 0.30238 | 0.08536 | 1
8 0.01464 | -0.29473 | -0.19412 | -1 -0.05756 | 0.19091 | -0.27373 | 1
9 0.07826 | 0.18495 | -0.26322 | -1 -0.04876 | -0.18776 | 0.2674 1
10 0.22842 | -0.22384 | 0.12193 | -1 0.15743 | -0.29586 | -0.01605 | 1
11 0.17034 | -0.09026 | -0.27355 | -1 0.13808 | 0.13757 | 0.26624 | 1
12 0.28918 | 0.11521 | -0.16529 | -1 0.28559 | -0.11717 | 0.17809 | 1
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3.1.3. Berry Curvature, Anomalous Hall and Anomalous Nernst Effect:

Now, the AHE is a consequence of intrinsic mechanisms in which AHC is proportional
to Berry curvature, a geometrical feature of energy bands. Fig. 4 (a) displays the berry
curvature plot along the high-symmetry k-path calculated from equation 1. Generally,
Berry curvatures originate from the pair of bands in which one is occupied, and another
is unoccupied at the Er. The magnitude of the Berry curvature peak depends on the
energy gap induced by the SOC effect. Similarly, in the case with the Nodal line, which
gapped out into a pair of Weyl points, and which is the source of Berry curvature. The
Berry curvature plot contained two major peak, ‘A’ and ‘B’ around the high symmetric
point I'. From Fig. 2 (b) (Inset marked by *), there are mainly three bands at Ef, in
which peak ‘4’ with larger magnitude is the consequence of same band gapped out by
SOC crossing the Er, in the left side of I'. However, smaller peak ‘B’ originates from
the two other bands crossing the Er, in the left side of I', which are split by SOC, and
originally both bands are different as shown in Fig 2(a) in inset without SOC. Now, in
case Co2YSh, some Weyl nodes lie just below the Er, and the plot considers the

resultant Berry curvature for bands lying at the Fermi level.

Now the AHC is calculated using equation 2, Fig. 4 (b) shows the variation of AHC
with respect to the chemical potential (E£-Er) within the energy range of 500 meV. At
the Er we obtained the AHC value 114.83 S/cm, and one can achieve the maximum
value about -586 S/cm just below the Er at 480 meV. Therefore, this negative of AHC
value suggests that the overall positive Berry curvature shows the dominance
behaviour. In the same manner from equation 3 we have calculated ANC for different

temperature with respect to the chemical potential (E-Er) within the energy range of
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1500 meV and plotted in Fig. 4 (c). At room temperature, the value of ANC is 0.34

A/mK at the Er and obtained maximum value is -2.61 A/mK at just below the Er about

420 meV. This maximum value of ANC is about 8 times greater than at Er, which

suggest that a slightly modification in the energy level leads large variation in the ANC
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Figure 4 (a) The energy-momentum relationships in proximity to the Fermi surface
(upper panel) using spin-orbit-interacting electron dispersion relations alongside

the k-resolved Berry flux density (£:) mapped along principal symmetry axes (lower
panel), (b) The variation of the intrinsic anomalous Hall conductivity (0';643,) with the

chemical potential (E-Er) in full Brillouin zone integration within a £0.50 eV energy
window centred at the Fermi energy. (c¢) The dependence of the anomalous Nernst



conductivity (ay, ), with the chemical potential (E-Er) within a +£0.50 eV energy
window at different temperatures and (d) The variation of aZ,, as a function of
temperature at Er.

as shown in Fig. 4 (c). There are two minima in the ANC curve below the Er, one near
the -0.18 eV and another at -0.42 eV, both are corresponded to bands that are split by
SOC. In addition, we have also plotted the ANC dependence with temperature Fig. 4
(d) show that the ANC value are increases with temperature, which is good for the
room temperature application. These finding for AHC and ANC are very closely related
to other reported work for full Heusler alloy and magnetic topological WSM. Now, the
AHC and ANC values are much sensitive to the position of chemical potential and the
peak value AHC and ANC are expected to be at the energy corresponding to Weyl
points position with respect to Er. Therefore, by suitable doping, one can achieve
shifting in the Er and make possible that the Weyl point have come closer to the EF,
which enhance the overall Berry curvature value. Further these large Berry curvature
resultants in the large Anomalous Hall and Nernst conductivity. Therefore, over
finding suggest that Co,YSb is a Magnetic WSM material, with the large value of AHC
and ANC, which make Co:YSb a potential candidate for thermoelectric and spintronic

application.
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CHAPTER -4
CONCLUSIONS AND FUTURE SCOPE

4.1. Conclusion

This study, is a comprehensive investigation of the presence of Weyl nodes, as well as
the anomalous Hall and Nernst conductivities in the full Heusler alloy Co:YSh. Our
first-principles calculations reveal that the L2; structural phase is the most stable phase
for Co:YSb, in which it exhibits the half-metallic ferromagnetism characteristics. The
spin-polarized band structure shows the presence of nodal lines, which are gapped out
with the effect of spin-orbital coupling along the (001) plane. Further, Topological
features like Fermi arc and surface state are computed using the maximally localized
Wannier functions along the (100) plane. We identify a distorted, broken Fermi arc
that connects the number of Weyl pairs of opposite chirality in the Fermi surface. In
addition, we also obtained 12 pairs of Weyl nodes having the opposite chirality (£1)
in the bulk Brillouin zone, which confirms the Weyl semi-metallic nature of Co-YSh
Heusler alloy. The calculated Berry curvature, derived from the Kubo formalism,
underpins the emergence of notable transport phenomena, including the AHC and
ANC. At the EF, the AHC exhibits a value of 1/4.83 S/cm, while reversing sign to -586
S/cm below the Er. Similarly, the ANC reaches (.34 A/mK at the Er but increases to -

2.61 A/mK below it.
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4.2. Future Scope

These results highlight a pronounced sensitivity of both AHC and ANC to minor shifts
in chemical potential, attributed to modifications in the Berry curvature distribution.
Such behaviour underscores the critical role of electronic structure tunability in
governing these transport coefficients. Therefore, our analysis identifies Co:YSb as a
new magnetic WSM candidate with the large AHE and ANE, making it a promising

candidate for thermoelectric applications.
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