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Antiferromagnetic L10-type MnPt is a material with relatively simple crystal and magnetic8

structure, recently attracting interest due to its high Néel temperature and wide usage as a pinning9

layer in magnetic devices. While it is experimentally well characterized, the theoretical understanding10

is much less developed, in part due to the challenging accuracy requirements dictated by the small11

underlying energy scales that govern magnetic ordering in antiferromagnetic metals. In this work,12

we use density functional theory, the Korringa-Kohn-Rostoker formalism, and a Heisenberg model to13

establish a comprehensive theoretical description of antiferromagnetic L10-type MnPt, along with14

accuracy limits, by thoroughly comparing to available literature data. Our simulations show that15

the contribution of the magnetic dipole interaction to the magnetocrystalline anisotropy energy of16

K1=1.07×106 J/m3 is comparable in magnitude to the spin-orbit contribution. Using our result17

for the magnetic susceptibility of 5.25 × 10−4, a lowest magnon frequency of about 2.02THz is18

predicted, confirming THz spin dynamics in this material. From our data for electron, phonon, and19

magnon dispersion we compute the individual contributions to the total heat capacity and show20

that the dominant term at or above 2K arises from phonons. From the Landau-Lifshitz-Gilbert21

equation, we compute a Néel temperature of 990–1070 K. Finally, we quantify the magnitude of22

the magneto-optical Kerr effect generated by applying an external magnetic field. Our results23

provide insight into the underlying physics, which is critical for a deep understanding of fundamental24

limits of the time scale of spin dynamics, stability of the magnetic ordering, and the possibility of25

magneto-optical detection of collective spin motion.26

I. INTRODUCTION27

Several decades after their initial discovery,1 antiferro-28

magnetic materials are recently attracting great interest,29

owing to the successful probing and manipulation of their30

magnetic ordering by electrical and optical means. Electri-31

cal switching of antiferromagnetic CuMnAs was reported232

in 2016 and the switching of the Néel vector was concluded33

from measuring the magneto-optical Voigt effect.3 Elec-34

trical read-out was demonstrated for antiferromagnetic35

Mn2Au using anisotropic magnetoresistance.4 In addition,36

while ferro- or ferri-magnets are easily affected by exter-37

nal fields, collinear antiferromagnets are robust against38

such manipulation due to their vanishing net magneti-39

zation. This initially hampered applications, however,40

it has now become the reason for the use of antiferro-41

magnets as excellent pinning layers: They maintain their42

magnetic ordering under external fields, while providing43

strong exchange bias on the adjacent ferromagnetic or44

ferrimagnetic layers.545

The material investigated in this work, antiferromag-46

netic L10 type MnPt, follows a similar timeline: Based on47

neutron powder diffraction Andersen et al. explained6 its48

magnetic structure as early as 1965 invoking antiferromag-49

netically and ferromagnetically coupled moments along50

the [110] and [001] directions, respectively, and a Néel51

vector orientation along [001]. The potential for spin-flip52

transitions of the magnetic alignment from [001] to [100]53

was recognized from two different neutron scattering ex-54

periments on powder samples.7,8 In addition, also single55

crystal neutron scattering measurements recently con-56

firmed this spin-flip transition between 580K and 770K,57

aligning the moments along [100].9 Finally, a relatively58

high Néel temperature of 970 – 975K was measured for59

MnPt,7,10 causing its magnetic properties to be thermally60

stable at room temperature. Applications of antiferro-61

magnetic MnPt include spin-valve structures with giant62

magnetoresistance, based on exchange bias at the interface63

with a ferromagnetic layer,11–13 and there is increased64

interest in this material as pinning layer in devices.1165

However, the fundamental exchange interactions are still66

under the veil, preventing detailed theoretical understand-67

ing of the Néel temperature or the wave vector dependent68

magnon dispersion, which also contributes to the heat69

capacity.70

While the experimental characterization of structural71

and magnetic properties of MnPt is thorough, the theoret-72

ical understanding is much less developed. Metallic AFMs73

constitute a challenge in particular for first-principles sim-74

ulations since the underlying energy scales oftentimes75

push the accuracy of numerical convergence to its limits.76

The relatively simple chemical structure and magnetic77

configuration make MnPt an ideal candidate to explore78

this issue for first-principles simulations of ground- and79

excited-state properties. In this work, we establish a thor-80

ough comparison between our first-principles data, other81

computational data from the literature, and experiments,82

to discuss reasons for deviations.83

First, we study the atomic geometry of MnPt, its mag-84

netic structure, and susceptibility. We then compute85

exchange parameters to model the magnetic structure,86
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confirming the early analysis by Andersen et al.6 Our87

simulations of the magnon gap and the Néel temperature88

are in good agreement with experimental data.7,10 For89

magnetocrystalline anisotropy, which helps to explain the90

orientation of the Néel vector in the ground state and to91

understand barriers against its reorientation, we compare92

our data with prior first-principles results and identify a93

so far overlooked classical contribution due to magnetic94

dipole interactions. Our analysis forms a basis of future95

studies, e.g. of the strain dependence of magnetic ordering96

and magnetocrystalline anisotropy, possibly helping to97

explain reports of non-volatile modulation of resistance98

using piezoelectric strain, with possible application in99

strain-induced switching.14100

Furthermore, our simulations provide predictions that101

enable deeper understanding of the underlying physics102

of antiferromagnetic L10-type MnPt: This includes fun-103

damental limits to the time scale of spin dynamics, the104

thermal stability of the antiferromagnetic ordering at105

room temperature, the relative contributions of electrons,106

phonons, and magnons to the heat capacity of this mate-107

rial, and the potential for using MnPt for magneto-optical108

detection of collective spin motion via MOKE measure-109

ments of precession. To this end, we derive spin dynamics110

and Néel temperature from the Landau-Lifshitz-Gilbert111

equation. We predict excited-state properties such as112

phonon, electron, and magnon dispersion: The electronic113

band structure is approximated by Kohn-Sham eigenval-114

ues, the phonon dispersion is computed within the finite115

difference method, and the magnon dispersion is obtained116

from linear spin-wave theory. We use this data to compute117

the total heat capacity of the material, in good agree-118

ment with experiment,10 and also directly compare the119

electronic heat capacity to data from thermal relaxation120

experiments.10 Our results show that up to about 2 K,121

there are electronic contributions to the total heat capac-122

ity, but at higher temperatures most of the total heat123

capacity originates from phonons instead of magnons, due124

to the magnon gap and the low magnon density of states.125

This is different from materials with magnetic critical126

temperatures of just a few K,15 for which the magnon127

heat capacity can be larger than the phonon heat capacity128

at low temperatures. Comparing the individual contri-129

butions to the heat capacity, computed from the energy130

dispersion relations of phonons, electrons, and magnons,131

to experiment provides insight into the relative accuracy132

of our first-principles results. Finally, from the electronic133

band structure, including spin-orbit coupling, we predict134

optical and magneto-optical spectra of antiferromagnetic135

MnPt, explaining the relative importance of contributions136

from Mn and Pt.137

After introducing the computational approaches in138

Sec. II, the ground state properties of antiferromagnetic139

L10-type MnPt are discussed in Sec. III, including relaxed140

atomic coordinates and magnetic structure, magnetocrys-141

talline anisotropy energy, magnetic susceptibility, and142

exchange coupling parameters. In Sec. IV, we report first143

principles results for the dispersion relations of electrons,144

FIG. 1. (Color online.) Chemical and magnetic structure of
MnPt in the (a) ground state and (b) spin-tilted state under
an external magnetic field along a-axis direction. Manganese
atoms are purple and platinum atoms are gray. Red and
blue arrows represent antiparallel magnetic moments. The
magnetic unit cell (shown above) comprises of two chemical
unit cells.

phonons, and magnons, and discuss their individual contri-145

butions to the total heat capacity, which we also compare146

to experiment. Finally, in Sec. V we report the Néel tem-147

perature and analyze optical and magneto-optical proper-148

ties in detail. We note that all units in this manuscript149

are in SI units unless otherwise noted explicitly.150

II. COMPUTATIONAL DETAILS151

First-principles simulations of MnPt are carried out152

within density functional theory (DFT), as implemented153

in the Vienna Ab-Initio Simulation Package (VASP).16–19154

Exchange and correlation is described by the generalized-155

gradient approximation developed by Perdew, Burke, and156

Ernzerhof (PBE).20 Kohn-Sham states are expanded into157

plane waves up to a kinetic-energy cutoff of 600 eV. A158

15 ×15 ×15 Monkhorst-Pack (MP)21 k-point grid is used159

to sample the Brillouin zone for structural relaxation and160

optical spectrum calculations, leading to total energies161

that are converged to within 0.1 meV/atom. Computing162

the anisotropy energy requires a denser 24 × 24 × 24163

MP k-point sampling to converge the anisotropy energy164

within 0.03 meV/atom. Each self-consistent calculation165

is performed for collinear (atomic relaxations) or non-166

collinear (optical properties with tilted magnetic mo-167

ments) magnetic ordering first, neglecting the spin-orbit168

interaction. Subsequently, spin-orbit coupling is described169

non-selfconsistently, by using the resulting Kohn-Sham170

states and charge density to set up the Kohn-Sham Hamil-171

tonian and diagonalizing it including the spin-orbit cou-172

pling term. From this, we compute ground state energies173

and optical properties.174

We further compute phonon frequencies using the finite175

difference method implemented in the phonopy package22176

for a 3×3×3 supercell. For these simulations, the Brillouin177

zone is sampled by a 3×3×3 MP k-point grid, which leads178

to phonon frequencies converged to within less than 0.2179

meV. These phonon calculations are implemented using180

noncollinear magnetism and include spin-orbit coupling.181

We compute the exchange coefficients for antiferro-182
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magnetic L10-type MnPt using the spin polarized rela-183

tivistic Korringa-Kohn-Rostoker (SPR-KKR) code.23 The184

electronic ground state is computed within the KKR for-185

malism, based on the fully relaxed atomic structure and186

using DFT-PBE20 as described above. The Brillouin zone187

is sampled with 1000 randomly selected k points, lead-188

ing to total energies converged within 0.01 meV/atom.189

Isotropic exchange coupling coefficients of a Heisenberg190

model,191

Hex = −
∑
i 6=j

Jijeiej , (1)192

are then computed using Lichtenstein’s approach within193

the SPR-KKR code.24 Here Hex is the exchange Hamilto-194

nian and Jij are exchange coupling parameters for all195

magnetic moments of atoms i and j and orientations ei196

and ej , within an interaction distance d/a = 4.0, where197

a is the lattice parameter along the a axis (see Fig. 1).198

Subsequently, we compute magnon dispersion curves199

within linear spin-wave theory25 from the spin Hamilto-200

nian201

H =
∑
i,j

Sᵀ
i JijSj +

∑
i

Sᵀ
i AiSi, (2)202

that accounts for exchange and anisotropy interactions.203

Here Si is the 3× 1 spin vector operator, Jij is the 3× 3204

exchange coupling matrix between spins at sites i and205

j, and Ai is the 3 × 3 anisotropy matrix. The diago-206

nal components of Jij can be described by the isotropic207

exchange coupling parameters in Eq. (1), while the off-208

diagonal components are Dzyaloshinskii-Moriya exchange209

parameters. Due to the inversion symmetry of antifer-210

romagnetic L10-type MnPt, the Dzyaloshinskii-Moriya211

interaction26 and, hence, these off-diagonal components212

vanish. Ai represents the anisotropy energy with two-213

fold symmetry, which follows from the magnetocrystalline214

anisotropy energy computed within DFT, including spin-215

orbit interaction and magnetic dipole-dipole interaction216

(see Sec. III B). For MnPt with uniaxial magnetism, all217

components of Ai vanish except for the (3,3) component,218

which is equal to (K1 + K2)/n, where K1 and K2 are219

coefficients of magnetocrystalline anisotropy defined in220

Eq. (5) and n = 2 is the total number of magnetic mo-221

ments in the magnetic unit cell. Subsequently, we use222

the SpinW code25 to compute the magnon dispersion in q-223

space from the diagonalization of the Fourier transformed224

spin Hamiltonian.225

Finally, we compute the Néel temperature using a226

Monte Carlo (MC) method to solve the stochastic Landau-227

Lifshitz-Gilbert (LLG) equation,27228

dmi

dt
=− γLmi × (Bi + Bfl

i )

− γL
α

mi
mi ×

[
mi × (Bi + Bfl

i )
]
,

(3)229

where mi is the magnetic moment at site i consistent230

with our DFT simulations and γL = γ/(1 + α2) is the231

renormalized gyromagnetic ratio. γ is a gyromagnetic232

ratio and we use the default value of an isotropic Gilbert233

damping constant α=0.1 implemented in UppASD,27 which234

does not affect our results, since we keep the temperature235

fixed using a heat bath and, thus, there is no damping.236

Bi is the effective magnetic field as the derivative of237

the spin Hamiltonian, including exchange, anisotropy,238

and magnetic dipolar interactions, with respect to mi at239

magnetic site i. The magnetic temperature is included as240

a fluctuating magnetic field Bfl
i based on the central limit241

theorem, using a Gaussian distribution with zero average242

and temperature dependent variance.27 The magnetic243

structure at finite temperature is then calculated from Eq.244

(3) using a 15× 15× 15 supercell and the MC approach245

implemented in the UppASD package.27246

III. GROUND STATE PROPERTIES247

A. Atomic structure and magnetic configuration248

Antiferromagnetic L10-type MnPt crystallizes in a249

tetragonal uniaxial structure with a chemical space group250

of P4/mmm (No. 123) and magnetic space group of251

CPm
′m′m. Mn and Pt atoms occupy alternating layers252

along the c axis, which induces the tetragonal structure253

(see Fig. 1). We first compute fully relaxed lattice parame-254

ters using DFT and obtain a=3.97Å and c=3.71Å. These255

deviate by less than 1.5% from experimental measure-256

ments of a=4.00Å and c=3.67Å by Kren et al.7 and are257

in even better agreement with another DFT-PBE study258

by Wang et al.,28 reporting a=3.98Å and c=3.72Å. The259

collinear antiferromagnetic structure is described by a260

uniaxial magnetic unit cell with up and down magnetic261

sites along the [001] easy axis. Antiparallel magnetic262

moments are localized on Mn atoms, compensating each263

other within each layer. Our DFT results give a sub-264

lattice magnetization per Mn atom of m=3.7µB along265

[001] crystalline direction. The measured value amounts266

to m=4.3µB at room temperature7 and DFT-LDSA re-267

sults inm=3.6µB, reported by Umetsu et al.10 Our results268

and those of other experimental and theoretical work are269

compiled in Table I, from which we conclude that our270

atomic structure and magnetic configuration is in good271

agreement with literature data.272

B. Magnetocrystalline anisotropy energy273

The magnetocrystalline anisotropy (MCA) energy of274

an antiferromagnet originates from contributions due to275

spin-orbit interaction (SOI) and magnetic dipole-dipole276

interaction (MDD). We compute the SOI term using DFT277

total energies including spin-orbit coupling. The MDD278

contribution is a relativistic correction from transverse279

electron-electron interactions32 that is not included in the280

DFT total energy and we describe it here within classical281

electrodynamics based on the relaxed DFT ground state282
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TABLE I. Relaxed lattice parameters (in Å) along three
crystallographic axes and magnetic moments (in µB) of MnPt.
All theoretical results use a spin polarized description without
spin-orbit coupling.

MnPt a b c µMn µPt

This work 3.97 3.97 3.71 3.7 0.0
DFT-PBE28 3.98 3.98 3.72 3.7 –
DFT-PBE29 4.03 4.03 3.69 4.3 0.0
DFT-LDSA30 3.99 3.99 3.70 3.8 0.0
LMTO-LDSA10 – – – 3.6 0.0

Exp.7 4.00 4.00 3.67 4.3 –
Exp.31 4.002 4.002 3.665 – –
Exp.8 – – – 4.0 0.4

FIG. 2. (Color online.) Magnetocrystalline anisotropy of MnPt
shows two-fold periodicity as a function of the tilting angle φ
of the Néel vector with respect to the a axis with θ = 22.5◦.
Spin-orbit interaction (SOI, black solid line) and magnetic
dipole-dipole interaction (MDD, red solid line) contributions
are of comparable magnitude. Vmag is the volume of the
magnetic unit cell.

atomic structure and magnetic moments. The sum of all283

MDD interactions in a bulk material is,33284

EMDD = −1
2
µ0

4π
∑
i 6=j

(
3[mi · rij ][mj · rij ]

r5
ij

− [mi ·mj ]
r3
ij

)
,

(4)285

where µ0 is the vacuum permeability, rij is the distance286

between two magnetic sites i and j, rij is the magnitude287

of rij , and mi is the magnetic moment at site i. EMDD288

decays as r−3
ij and when numerically evaluating Eq. (4),289

we include interactions within a sphere with a cutoff radius290

of 50Å. This converges EMDD to within 10−9 eV/Vmag,291

where Vmag is the volume of a magnetic unit cell, allowing292

us to confirm that the MDD anisotropy energy in the ab-293

plane is negligible.294

Our MCA energy results for antiferromagnetic L10-type295

MnPt in Fig. 2 show two-fold out-of-plane MDD and SOI296

contributions, confirming uniaxial magnetism. Based on297

the magnetocrystalline anisotropy result, the easy axis298

of antiferromagnetic L10-type MnPt is along c-axis, i.e.299

[001] direction with respect to the crystal structure, as300

shown in Fig. 1 (a). Using perturbation theory, the MCA301

energy can be expanded in terms of direction cosines,34302

which yields for a tetragonal crystal structure35303

EMAE

V
= K1 sin2 φ+K2 sin4 φ+K22 sin4 φ cos(4θ), (5)304

where φ describes the angle that the Néel vector forms305

with the c axis, and θ is the angle between the a axis306

and the projection of the Néel vector to the ab plane. To307

study MCA for uniaxial magnetism, we use θ=22.5◦ which308

corresponds to varying the Néel vector in the ac plane.309

We did not study MCA in the ab plane, because this310

corresponds to a hard plane. Fitting our results in Fig. 2311

to Eq. (5) provides us with anisotropy coefficients that312

we compare to data reported in the literature in Tab. II.313

From this we find a significant variation of the results and314

note that due to their sub-meV magnitude, MCA calcu-315

lations are very sensitive to details of the computational316

approach. In particular, the description of exchange and317

correlation, lattice parameters, and numerical parameters318

such as Brillouin zone sampling and plane-wave cutoff319

energy affect the results and likely explain the range of320

values reported in the literature. Here we converge all321

numerical parameters, with k-point convergence being322

the limiting factor, leading to a remaining error bar to323

be about 22%. We note that the accuracy of the magne-324

tocrystalline anisotropy energy can further be affected by325

the pseudopotential and the inclusion of core electrons,326

which can be checked from other references in Table II.327

In addition, the consideration of Hubbard U parameters328

affects the electronic band structure and atomic and mag-329

netic structure. While all resulting values are reported330

in Table S136 in the Supplementary Material36 (see, also331

references37–39 there in), we note a particularly strong332

influence of the atomic coordinates on the anisotropy en-333

ergy. Moreover, our results show that MDD contributions334

are important and only slightly depend on the atomic335

and magnetic structures. At last, our data illustrates336

that the MDD contribution to the total MCA energy of337

K1 = KSOI
1 +KMDD

1 =1.07×106 J/m3 is as large as 68%338

of the SOI contribution and, hence, not negligible. In339

antiferromagnetic MnPt the MDD contribution is more340

important than in antiferromagnetic Fe2As, where we341

found it to be about 50% of the SOI term.40342

C. Magnetic susceptibility343

The magnetic susceptibility of a material describes how344

its total energy responds to a change of the magnetic345

structure in response to an external magnetic field. When346

such a field is applied to an antiferromagnetic material,347

magnetic moments cant towards the field direction, re-348
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TABLE II. Magnetocrystalline anisotropy coefficients KSOI
1 ,

KSOI
2 , KMDD

1 , and KMDD
2 . Other theoretical results only use

the first term of Eq. (5) to calculate anisotropy, which can be
compared to KSOI

1 +KSOI
2 from our simulations.

[kJ/m3] KSOI
1 KSOI

2 KMDD
1 KMDD

2

This work 630 −79 438 0
DFT-LSDA30 312 – – –

DFT-LSDA+U29 1260 – – –
LMTO-LSDA-ASA10 1400 – – –

GF-LMTO41 274 – – –

ducing their antiparallel orientation that is energetically349

favored in the ground state. The magnetic susceptibil-350

ity of antiferromagnets connects tilting to a total energy351

change via the dependence of the exchange energy on352

tilting.353

We use DFT to compute the magnetic susceptibility354

from the total energy change resulting from magnetic355

moment tilting. The total energy of the electronic system356

under an applied external magnetic field is42357

Etot = E0 + aµ2 − µB, (6)358

where E0 is the ground state total energy without mag-359

netic field, aµ2 describes the interaction of tilted magnetic360

moments via an exchange term in a Heisenberg model,361

ignoring classical dipole-dipole contributions, and −µB362

is the Zeeman energy term. B is the external magnetic363

field vector and µ is the induced net magnetization that364

arises in the presence of the external field. For the small365

tilting studied here, the induced magnetic moments are366

proportional to µ. We kept all atomic positions fixed367

when tilting magnetic moments and found that this af-368

fects the resulting susceptibility by less than 0.5%. The369

lowest energy under an applied field minimizes Eq. (6)370

and corresponds to B = 2aµ as discussed in Ref. 42. This371

yields for the magnetic susceptibility perpendicular to372

Néel vector373

χv = µ0

2a− µ0
. (7)374

Here we compute the magnetic susceptibility for an375

external magnetic field along the [100] crystallographic376

direction as shown in Fig. 1(b). The DFT total energies377

for magnetic moment tilting between 0◦ and 10◦ degrees378

(in 1◦ degree increments) in Fig. 3 show a quadratic de-379

pendence on the resulting net magnetization. A quadratic380

fit to this curve determines a in Eq. (7) and yields a unit-381

less magnetic susceptibility of 5.25 × 10−4, which is in382

between 4.82×10−4 measured at 4.2K by Umetsu et al.10383

and 6.01 × 10−4 measured at 4.2K by Chen et al.43 on384

polycrystalline samples. The magnetic susceptibility of385

antiferromagnets, including MnPt, is much smaller than386

that of ferromagnets. Hence, a large external magnetic387

field is required to induce a small amount of magnetic388

moment tilting in antiferromagnets, illustrating the ro-389

bustness of antiferromagnets against external fields. For390

FIG. 3. (Color online.) DFT total energies for different tilting
of magnetic moments. Each point corresponds to a tilting
angle between 0◦ and 10◦ with a step size of 1◦. Red dashed
line shows the fit to Eq. (6) and the resulting uncertainty for
the susceptibility is about 15%.

FIG. 4. (Color online.) Exchange coupling coefficients de-
crease with distance d (in units of the lattice parameter a).
Blue circles show interactions of Mn sites with parallel mo-
ments, while red squares represent interactions of Mn sites
with antiparallel moments. We include interactions up to
eleventh-nearest neighbors for our magnon dispersion calcu-
lations. Colored arrows in the inset figure show the first to
fourth neighboring interaction of exchange coupling.

a field oriented parallel to the Néel vector, i.e. the a-axis,391

the magnetic susceptibility would be zero in the limit of392

zero temperature.393

D. Exchange coupling coefficients394

Individual exchange coupling coefficients Jij from a395

Heisenberg model can be used to explain the magnetic396

structure of antiferromagnetic L10-type MnPt in detail,397

in addition to the description of the collective response398

of the exchange coupling by the magnetic susceptibility.399
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We used the SPR-KKR code23 to compute Jij as plotted400

in Fig. 4. The first coefficient (Jij=−26.2 meV) indicates401

antiferromagnetic coupling between any pair of nearest402

neighbor atoms in the ab plane (see inset of Fig. 4). The403

sign of the second coefficient (Jij=10.9 meV) indicates404

ferromagnetic coupling between Mn atoms across the Pt405

layer. The third coefficient (Jij=2.3 meV) corresponds to406

ferromagnetic coupling in the ab plane, while the fourth407

interaction (Jij=−5.5 meV) couples two opposite mag-408

netic moments across the Pt layer with a (1/2, 1/2) shift409

in the ab plane. While the Mn in-plane interaction is410

dominant, the Mn interlayer interaction is non-negligible.411

We note that the negative sign of the fifth interaction412

parameter represents antiferromagnetic coupling of sites413

with parallel magnetic moments. While this indicates414

magnetic frustration, the magnitude of this fifth parame-415

ter is too small to affect the magnetic structure. Finally,416

we used exchange coefficients up to eleventh-neighbor417

atoms to compute the magnon dispersion in Sec. IVC.418

Using coefficients up to tenth-neighbor atoms changes the419

magnon dispersion by not more than 0.18 meV, which420

corresponds to 0.07% of the entire magnon energy scale.421

IV. ENERGY DISPERSION AND HEAT422

CAPACITY423

The energy dispersion of elementary excitations in a424

material allows to interpret ground state properties, such425

as magnetocrystalline anisotropy, and excited state prop-426

erties of materials, including frequency dependent optical427

spectra or temperature dependent heat capacity. Here428

we study the contributions from electrons, phonons, and429

magnons for antiferromagnetic MnPt and, subsequently,430

compute the heat capacity contributions from each ele-431

mentary excitation. Calculated heat capacity provides432

direct comparison with experiment, which is used here to433

validate our computational description.434

A. Electronic structure435

Our computed electronic band structure in Fig. 5(a) ac-436

counts for spin-orbit interaction and shows the metallicity437

of L10-type MnPt. While bands are crossing at the Fermi438

level, the density of states itself is very low and exhibits a439

significant dip within about 0.5 eV. This is similar to what440

was reported by Umetsu et al. from LMTO-LSDA-ASA441

simulations,10 and also agrees with DFT-LSDA simula-442

tions by Lu et al.30 as well as DFT-PBE by Wang et al.28443

and Alsaad et al.29444

We compute the electronic specific heat using the ther-445

modynamic average of the internal energy U at tempera-446

ture T and the Sommerfeld expansion, leading to447

γe = ∂U

∂T
= 1

3π
2k2

BN(EF), (8)448

where kB is the Boltzmann constant, and N(EF) is the449

FIG. 5. (Color online.) Energy dispersion curves and densities
of states (normalized per unit cell) of (a) electrons, (b) phonons,
and (c) magnons. Electronic band structure (a) illustrates the
metallic character with low density of states near the Fermi
level at E = 0 eV. The energy scale of phonons is about one
order of magnitude smaller than that of magnons. Magnon
bands from linear spin wave theory show a magnon gap at the
Γ point.

density of states at the Fermi level.10 We obtain a value of450

0.32mJ/(mol K2), which agrees very well with a measured451

value of 0.26mJ/(mol K2) by Umetsu et al.10 and is452

slightly smaller than the electronic specific heat of other453

pure metals. Their LMTO-LSDA-ASA data10 results454

in 0.33mJ/(mol K2) and the DFT-PBE result of Wang455

et al.28 is somewhat lower at 0.13mJ/(mol K2). This456

difference may originate from our choice of more converged457

Brillouin zone sampling and plane-wave cutoff that can458

affect the results of such a small value of the DOS near459

the Fermi level is computed. In addition, we note that460

SOC is included in our DOS simulations, while that seems461

not to be the case for Refs. 10 and 28.462
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B. Phonon dispersion463

Our result for the phonon dispersion in Fig. 5(b) shows464

a total of 12 acoustic and optical branches, corresponding465

to 4 atoms per magnetic unit cell with 3 modes each,466

with a shallow gap in between at around 18meV. We467

then use this predicted phonon dispersion to compute the468

phonon heat capacity from statistical mechanics with the469

canonical distribution and the harmonic approximation,470

Cphonon
V =

∑
qν

kB[β~ω(qν)]2 exp (β~ω(qν))
[exp (β~ω(qν))− 1]2 , (9)471

where β = 1/(kBT ), q is a phonon wave vector, ν is an472

index of phonon modes, and ω is a phonon eigenvalue.22473

We compute the phonon heat capacity using Eq. (9) and474

a 30×30×30 q-point grid. For a linear phonon dispersion475

near Γ, a T 3 dependence follows at low temperatures, as476

discussed below in Sec. IVE.477

C. Magnon dispersion478

Using linear spin-wave theory, the exchange coefficients479

from Sec. IIID, and the anisotropy coefficients we dis-480

cussed in Sec. III B, we compute the magnon dispersion481

shown in Fig. 5(c). Since antiferromagnetic MnPt has482

two magnetic sites, all magnon energy states are doubly483

degenerate. We note that the entire magnon energy range484

reaches up to 250meV, which is higher than the band485

width of phonons of about 30meV. The magnon gap at486

the Γ point is 10.49meV (=2.54THz). Our calculated487

magnon dispersion (see Fig. 5) includes the anisotropy488

energy and, hence, it shows an energy gap at Γ. With-489

out the anisotropy energy term, this magnon energy gap490

would disappear and the magnon dispersion would be491

linear, starting at the Γ point.492

Next, we use the Kittel formula to compute the lowest493

magnon frequency ωmin from the Landau-Lifshitz equa-494

tion for k = 0, which provides an estimate for how fast495

spin dynamics occurs in MnPt. For an easy-axis antifer-496

romagnet without external field44 this leads to,497

ωmin = γ
√

2HEHA +H2
A, (10)498

where HE=m/χ and HA=K/m are exchange field and499

anisotropy field, respectively, m is the magnitude of the500

sub-lattice magnetization, χ is the magnetic susceptibil-501

ity, K is the anisotropy energy coefficient and γ is the502

gyromagnetic ratio (gµB/~). Since MnPt has two sites503

with antiparallel moments, m is identical to the magnetic504

moment of each of these sites, computed from ground-505

state DFT. We use the calculated magnetic susceptibility506

from Sec. III C and the anisotropy energy from Sec. III B.507

Our result of ωmin/2π=2.02 THz (8.97 meV) is slightly508

larger than the magnon gap of 7 meV measured by Hama509

et al. at 300 K for vanishing wave vector using inelastic510

neutron scattering.9 The small difference between calcu-511

lated and measured gap may be attributed to a decrease512

of the anisotropy energy with temperature.45 These re-513

sults also confirm the THz scale of spin dynamics for514

antiferromagnetic MnPt, which is faster than the GHz515

scale that is common for ferromagnets, such as 36 and516

73GHz in ferromagnetic Fe films under dc magnetic fields517

between 0 to 10 kOe46 and 23.4GHz for ferromagnetic gar-518

net films doped with germanium and calcium.47 We also519

note that the spin-flop transition field is closely related520

to the magnon energy gap, via Hsf =
√

2HEHA +H2
A,521

resulting in Hsf = 72T.522

To compute the magnon heat capacity, we employ the523

same approach that we used to obtain the magnon dis-524

persion in Fig. 5(c), to compute the magnon density of525

states on a 30× 30× 30 q-point grid. Since magnons are526

bosonic, the magnon total energy follows from527

Emagn. =
∑
qv

~ω(qv) 1
exp (β~ω(qv))− 1 . (11)528

The temperature derivative of this expression leads to the529

magnon heat capacity530

Cmagn.
V =

∑
qv

kB[β~ω(qv)]2 exp (β~ω(qv))
[exp (β~ω(qv))− 1]2 , (12)531

which resembles the expression for the phonon heat capac-532

ity, Eq. (9). This approach is valid for the low temperature533

range, the so-called spin-wave region, and our result for534

the magnon specific heat is shown in Fig. 7. At high535

temperature near the critical temperature, the spin-wave536

description is no longer valid. Thus, we describe the criti-537

cal region near the Néel temperature using a Monte Carlo538

approach instead, as discussed in Sec.VA.539

D. Inelastic neutron scattering simulation540

To facilitate comparison of our phonon and magnon541

dispersion data with experiment, we simulate inelastic542

neutron scattering (INS) intensity using the same instru-543

ment parameters as in our previous study on Fe2As.49544

Coherent and incoherent inelastic neutron scattering is545

added to our phonon results using the OCLIMAX code.48546

For the magnon contribution, the dynamical spin-spin547

correlation function is included using the SpinW code.25548

Both simulated INS results are shown in Fig. 6 for the549

[H00] (symmetrically identical to [0K0]) and [00L] direc-550

tions commonly studied in experiment. The phonon form551

factor is proportional to q2, which explains the inten-552

sity increase of the phonon contribution. Conversely, the553

magnon contribution weakens with increasing q-vector.554

In correspondence with Fig. 5, all phonon-related signals555

appear below 40meV. The magnon signals increase as556

sharp linear lines beyond 40meV and, as a result, appear557

only in the close vicinity of the Γ points in Fig. 6. The558

phonon contribution to INS along H in Fig. 6(a) shows559
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FIG. 6. (Color online.) Phonon ((a), (c)) and magnon ((b), (d)) contributions to simulated inelastic neutron scattering along [H
0 0] direction ((a), (b)) and [0 0 L] direction ((c),(d)) in reciprocal space (in reciprocal lattice units, r.l.u). We use a logarithmic
color scale to show the upper 90% of the intensity data. Magnon curves include a Gaussian broadening of 10 meV and phonon
curves are broadened using the OCLIMAX code48 for a temperature of 5 K.

periodicity with every two reciprocal lattice periods, while560

the signal along L presents the same periodicity as shown561

in Fig. 5. For the magnon signal in Fig. 6(b) we find al-562

ternating intensities for even and odd reciprocal lattice563

periods, since the magnetic unit cell comprises of two564

chemical unit cells in the ab plane (see Fig. 1).565

Our analysis shows that phonon and magnon contri-566

butions can be clearly distinguished in INS experimental567

data. In experiment, the magnon gap energy at q = 0568

is determined by finding the energy where the INS in-569

tensity is at a maximum for (100) along the H direction570

in reciprocal space. The calculated INS data shown in571

Fig. 6 demonstrates that there is no phonon contribution572

at this point. Therefore, the signal clearly originates from573

magnons, as reported in the INS study of Hema et al.,9574

confirming that the corresponding gap energy is a magnon575

gap.576

E. Total heat capacity577

In Fig. 7 we show the total heat capacity and partition578

it into electron, phonon, and magnon contributions. This579

illustrates that at temperatures below 2K, the electronic580

contribution is dominant and at higher temperatures the581

phonon contribution takes over with a T 3 dependence,582

FIG. 7. (Color online.) Temperature dependence of electron,
phonon, and magnon contributions to the total heat capacity.
Our first-principles results for electron, phonon, and magnon
contributions to the total specific heat agree well with experi-
mental data from Ref. 10 at low temperatures.

which is consistent with a linear phonon dispersion near583

Γ.33,50 The prefactor of the T 3 term due to phonons is584

0.090mJ/(mol K4). The onset of the magnon contribution585

appears at non-zero temperature due to the Γ point gap586
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of the magnon dispersion that results from the nonzero587

anisotropy energy. The low magnon contribution to the588

heat capacity at low temperatures further results from the589

low magnon density of states in the energy range below590

50meV. The total number of phonon modes is twelve per591

four-atom magnetic unit cell, while that of magnons is592

two per four-atom magnetic unit cell with two magnetic593

moments. Finally, the electronic specific heat contributes594

linearly with T , which determines the total heat capacity595

near 0K as shown in Fig. 7. We note that our computed596

total heat capacity in Fig. 7 agrees well with measured597

results and show that the overall temperature dependence598

is thus dominated by the phonon contribution in the599

low temperature range. The lower magnon density of600

states leads to a lower magnon heat capacity, compared601

to phonons, see Figs. 5(b) and (c).602

V. NÉEL TEMPERATURE AND603

MAGNETO-OPTICAL PROPERTIES604

Excited state properties are popularly used as materials605

selection criteria, to identify materials well-suited for606

specific applications, and provide insight into the physics607

of the AFM since they derive from the electronic band608

structure including spin-orbit coupling. In particular, first-609

principles studies can predict the Néel temperature, which610

determines thermal stability of the AFM configuration,611

and magneto-optical effects, that play a role for magnetic612

characterization.613

A. Néel temperature614

We compute the Néel temperature from thermodynamic615

observables using a Monte-Carlo solution of the stochastic616

LLG equation, Eq. (3), parametrized by our calculated617

exchange interactions. We use this approach since, near618

the critical temperature, the linear-spin wave approach619

discussed in Sec. IVC is not applicable. In the MC ap-620

proach, the average sub-lattice magnetization is typically621

studied as a function of temperature, and should be zero622

at the critical temperature. However, due to finite size623

effects in our simulations, this transition cannot be easily624

detected and is not very sharp in Fig. 8.625

Instead, the Binder cumulant, the isothermal suscep-626

tibility, and the specific heat are thermodynamic ob-627

servables that provide a clearer picture.27 The fourth-628

order Binder cumulant U4 was specifically developed to629

correct the finite size problem for second-order phase630

transitions,51631

U4 = 1−
〈
m4〉

3 〈m2〉2
, (13)632

wherem is the magnitude of the sub-lattice magnetization.633

In this work, m is identical to the magnetic moment634

at each magnetic site because MnPt has two sites with635

FIG. 8. (Color online.) Temperature dependence of sub-lattice
magnetization (Msub), isothermal susceptibility (χthermal), and
heat capacity (CV ). These are normalized using the respective
maximum values in this temperature range, i.e., the ground-
state sub-lattice magnetization for Msub, and the peak values
at the critical temperature for χthermal and CV . The fourth
order Binder cumulant U4 is computed from Eq. (13) and
shown as red solid line.

antiparallel moments. The value of the cumulant changes636

at the Néel temperature from U4 ≈ 0.444 for T > TN637

to U4 ≈ 0.667 for T < TN . From this, we compute a638

transition temperature of around 1070K. The isothermal639

susceptibility of a sub-lattice susceptibility640

χthermal =
〈
m2〉− 〈m〉2

kBT
(14)641

is another thermodynamic observable which describes the642

response of the magnetization to temperature, where m is643

the sub-lattice magnetization, kB is the Boltzmann con-644

stant, and T is temperature. It peaks at around 1060K,645

which is close to the value from the Binder cumulant.646

Lastly, the heat capacity647

CV =
〈
E2〉− 〈E〉2
kBT 2 (15)648

can be computed from the variance of the MC total energy649

E and leads to a peak of the specific heat around 990K.650

These results agree well with measured Néel temperatures651

of 975 K7 and 970 K.10652

In addition, the Néel temperature can be computed653

without the MC approach, via integration of the adia-654

batic magnon dispersion in Fig. 5(c). Two methods are655

commonly used in the literature,52 one is based on the656

mean-field approximation (MFA)657

kBT
MFA
N = m

3

[
1
N

BZ∑
q=0

ω(q)
]
, (16)658

and another on the random phase approximation (RPA)659

kBT
RPA
N = m

3

[
N

BZ∑
q=0

1
ω(q)

]−1

. (17)660
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In both expressions m stands for the sub-lattice magneti-661

zation and N is the total number of magnon energies sam-662

pled by the q point grid. Here we use a 30×30×30 q-point663

grid to evaluate these expressions and obtain TMFA
N =1250664

K and TRPA
N =1190 K. Both values are slightly larger than665

measured values of 975 K7 and 970 K,10 or another DFT666

result, using exchange coefficients, of 989 K.29 A similar667

overestimation of the experimental result on the order668

of 25% by this approach is also reported e.g. for ferro-669

magnetic BCC Fe53 and antiferromagnetic NiO.52 The670

MC approach shows better agreement with experiment671

because the methods based on magnon dispersion assume672

the spin-wave regime, which is only appropriate at low673

temperatures relative to the Néel temperature.674

B. Optical response675

In this work we use the Kohn-Sham electronic structure,676

including spin-orbit coupling effect, to compute optical677

spectra of MnPt. First, we compute the imaginary part678

of the interband contribution to the complex, frequency-679

dependent dielectric tensor18 in CGS units using680

ε
(2)
αβ = 4π2e2

Ω lim
q→0

1
q2

∑
c,v,k

2wkδ(εck − εvk − ω)×

× 〈uck+eαq|uvk〉
〈
uvk|uck+eβq

〉
,

(18)681

where α and β are Cartesian indices, Ω is the unit cell682

volume, wk is the symmetry weight of each k-point, c683

and v index conduction and valence bands, εck and εvk684

are Kohn-Sham eigenvalues, and uck and uvk are the cell685

periodic part of the Kohn-Sham orbitals. The real part,686

ε
(1)
αβ , follows from the imaginary part, ε(2)

αβ , via Kramers-687

Kronig transformation.688

Since antiferromagnetic MnPt is metallic (see689

Sec. IVA), intraband contributions to the dielectric ten-690

sor need to be included, in addition to the interband691

contributions in Eq. (18). We use the Drude equation,692

ε(ω) = −
ω2
p

ω2 + iωΓD
, (19)693

where ωp is the plasma frequency and ΓD is the line width694

originating from the finite electron lifetime. We compute695

the plasma frequency from our Kohn-Sham electronic696

structure,54 using697

ω2
p,αβ = 4πe2

Ω~2

∑
n,k

2gk
∂f(εnk)
∂ε

(
eα
∂εnk

∂k

)(
eβ
∂εnk

∂k

)
,

(20)698

where gk is the k-point weighting factor, f(εnk) is an699

occupation number at energy state εnk, n is a band index,700

and eα is a unit vector along α-direction. Various scat-701

tering mechanisms affect the electron lifetime, including702

electron-electron and electron-phonon scattering, and this703

value is challenging to compute from first principles.55,56704

Instead, here we use the electric resistivity of 21µΩ·cm705

FIG. 9. (Color online.) (a) Real (black) and imaginary (red)
part of the complex dielectric tensor, averaged over the Carte-
sian components. (b) Imaginary part of the two diagonal
elements of the complex dielectric tensor. (c) Reflectivity of
antiferromagnetic MnPt, experimental results are from Kub-
ota et al.57 Solid and dashed lines show our simulation results
with and without intraband Drude contribution, respectively.

at 300K measured by Umetsu et al.10 and our value706

for the averaged plasma frequency of ωp=5.29 eV to es-707

timate the electron scattering time quasi-classically as708

ΓD=1/(ε0ω2
pρ)=7.44 fs, which corresponds to a lifetime709

broadening of 0.56 eV.710

Comparing our calculated frequency dependent dielec-711

tric functions with and without Drude contribution in712

Fig. 9(a) illustrates that the intraband contribution pre-713

dominantly affects the low energy range below 1 eV. In714

particular, the interplay of intra- and interband contri-715
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bution leads to a valley of ε(2)
αβ for a photon energy of716

about 0.5 eV. Anisotropic dielectric functions along three717

crystallographic axes directions are shown in Fig. 9 (b).718

Due to the tetragonal crystal structure of this material,719

the xx and yy components of the dielectric tensor show720

identical spectra, and the zz component differs.721

We also compute the reflectivity58 from722

R =
∣∣∣∣ ñ− 1
ñ+ 1

∣∣∣∣2 =
∣∣∣∣√ε̃− 1√
ε̃+ 1

∣∣∣∣2 , (21)723

where ñ is the complex refractive index which is the square724

root of the averaged diagonal components of complex rela-725

tive dielectric constant, ñ2 = ε̃. The resulting reflectivity726

spectra are plotted in Fig. 9(c) and compared to experi-727

mental data from Kubota et al.57 We find that the overall728

spectrum agrees well between experiment and simulation,729

but the position of the low-energy reflectivity mininum730

differs between experiment (0.45 eV) and simulation (0.29731

eV). Also the position of a broad higher energy reflectivity732

peak disagrees between 1.63 eV (experiment) and 2.95733

eV (simulation). In addition, the comparison of the re-734

flectivity with and without Drude contribution confirms735

that the high reflectivity at low photon energies originates736

from intraband transitions.737

C. Linear Magneto-Optical Kerr Effect738

While most collinear antiferromagnets do not show lin-739

ear magneto-optical effects,59 it is possible to generate740

such signals using spin precession60 or external stimulation741

e.g. via an electric field.61 Applying an external magnetic742

field also can break the CPm′m′m magnetic space group743

symmetry of antiferromagnetic MnPt, leading to non-zero744

linear magneto-optical Kerr effect. Here, we introduce745

such a field perpendicular to Néel vector (a-axis direc-746

tion) by tilting the magnetic moments between 0◦ and747

3◦ in steps of 1◦, inducing a small net magnetization,748

see Fig. 1(b). We then follow Ref. 62 and compute the749

frequency-dependent polar magneto-optical Kerr effect750

(PMOKE) using751

ΨK(ω) = θK(ω) + iγK(ω) = −εxy
(εxx − 1)√εxx

. (22)752

All calculations include the Drude contribution, assuming753

the constant electron lifetime discussed in Sec.VB.754

Figure 10(a) and (b) show the resulting PMOKE rota-755

tion and ellipticity spectra. The field strength is computed756

from the tilting angle using the magnetic susceptibility757

discussed in Sec. III C. Due to the small magnetic suscepti-758

bility compared to ferromagnetic materials, tilting angles759

of 1◦ correspond to an external magnetic field of 52 T for760

antiferromagnetic MnPt. From Fig. 10 we find maximum761

Kerr rotation and ellipticity in the visible spectral range762

near 1.40 eV and 1.91 eV, respectively.763

Our results also show that the interband PMOKE sig-764

nal, at energies larger than about 1 eV, is approximately765

FIG. 10. (Color online.) Optical polar magneto-optical Kerr
(a) rotation and (b) ellipticity spectra for different external
magnetic fields. Maxima of Kerr rotation and ellipticity occur
at 1.40 eV and 1.91 eV, respectively. In (c) the linear depen-
dence of the Kerr signals on the magnetic field is shown for a
wave length of 785 nm (= 1.58 eV).

proportional to the external magnetic field. This can be766

understood from a Taylor expansion of the dielectric func-767

tion with respect to net magnetization.63 For small tilting768

angles and small net magnetization the proportionality769

of linear MOKE with B is valid, i.e. ∆ε ∝ µ ∝ B. The770

approximately linear dependence of the Kerr signals on771

the magnetic fields studies in this work is explicitly shown772

for a laser wave length of 785 nm in Fig. 10(c). From773

interpolating the linear fit to this data to a magnetic field774

of 1 T, we find a Kerr rotation and ellipticity of −6.1µrad775

and −5.0µrad, respectively.776

To determine the origin of features in the Kerr rotation777

spectrum, we decompose it according to contributions778



12

FIG. 11. (Color online.) Projected element orbital decomposi-
tion of PMOKE Kerr rotation at 3◦ tilting angle contributed
by (a) transitions from all valence states to conduction states
of specific atom element and (b) transitions from valence states
of specific atom element to all conduction states. Spectrum
in this figure does not include the intraband transition contri-
bution. Black solid line shows total Kerr rotation spectrum
from interband transitions.

from valence and conduction electrons of Mn and Pt states779

using the scheme described in Refs. 42 and 64. The data780

in Fig. 11(a) illustrates that peaks at 1.42 eV, 2.46 eV, and781

5.57 eV feature large contributions due to transitions into782

empty Mn states. Transition originating in Mn valence783

states contribute about the same to the PMOKE spectrum784

across the entire spectral range as those from Pt valence785

states, except for the peak at 5.57 eV, that is dominated by786

Pt valence states. Furthermore, our orbital decomposition787

concludes that transitions among d orbitals are the main788

source of the PMOKE spectrum, which is consistent with789

the majority of states near the Fermi level exhibiting790

d orbital characters (see Fig. S5 in the Supplementary791

Material,36 see, also references37–39 there in).792

VI. CONCLUSIONS793

As the interest in antiferromagnetic spintronics in-794

creases, fundamental properties of antiferromagnetic met-795

als, and their accurate prediction from first principles796

become increasingly important. Here we report a compre-797

hensive first-principles computational study of antiferro-798

magnetic L10 type MnPt. For the lattice geometry, and799

electronic and magnetic structure we find very good agree-800

ment with earlier experimental and theoretical results.801

Similarly, our prediction of the magnetic susceptibility802

agrees well with experimental data. We then compute the803

previously unknown exchange coupling coefficients and804

discuss how these explain the ground-state magnetic struc-805

ture. Using these coefficients, we predict the magnon dis-806

persion of MnPt, including the lowest magnon frequency807

of 8.97meV, which is critical for a deep understanding808

of fundamental limits of the time scale of spin dynam-809

ics. The corresponding gap at the Γ-point of the magnon810

dispersion agrees well with the lowest magnon frequency811

computed using spin-wave theory and we also find very812

good agreement with an experimentally reported value.813

Having established the accuracy of our first-principles814

description, we proceed to compute electron, phonon, and815

magnon dispersion data that we use to derive the indi-816

vidual contributions to the heat capacity of MnPt. We817

unambiguously show that the temperature dependence of818

the heat capacity is dominated by phonon contributions819

at low temperatures, and the magnon contribution re-820

mains small, owing to the sizable magnon gap and the low821

magnon density of states. Using our data, we individually822

predict phonon and magnon contributions to inelastic823

neutron scattering, which will facilitate identification of824

each contribution in experiment. Phonon inelastic neu-825

tron scattering shows a periodicity over two reciprocal826

lattice units along the H direction, while the magnon827

signal presents alternating intensities with a periodicity828

of one reciprocal lattice unit. This is because two mag-829

netic Mn atoms are placed along [100] when viewed along830

[010]. The broader energy range and characteristic lin-831

ear magnon dispersion curves that originate from every832

reciprocal lattice unit allow distinguishing phonons and833

magnons experimentally.834

In order to explore the stability of the magnetic or-835

dering and the possibility of reorienting the Néel vector,836

we compute the magnetocrystalline anisotropy energy,837

and find confirmation of the uniaxial antiferromagnetic838

structure of the material. We explicitly include a classical839

contribution to this energy that accounts for magnetic840

dipole interactions and previously was ignored for anti-841

ferromagnets. Our simulations provide clear evidence for842

the importance of this contribution to the K1 anisotropy843

coefficient, as it amounts to about 2/3 of the commonly844

studied term due to the spin-orbit interaction. In addition,845

we employed the Monte Carlo method with our calculated846

exchange and anisotropy coefficients to compute three847

thermodynamic observables from atomistic spin dynam-848

ics, from which we estimate the Néel temperature to be849

990–1070 K, which is within 100 K from experimental val-850

ues. The high Néel temperature around 1000 K indicates851

the thermal stability of the magnetic structure, possibly852

enabling magnetic devices at room temperature.853

Finally, we compute the optical and magneto-optical854

properties of MnPt via the dielectric function and the855
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reflectivity spectrum including intra- and interband con-856

tributions, to provide insight into the underlying physics857

and the possibility of magneto-optical detection of collec-858

tive spin motion. From this, we predict the generation of859

polar magneto-optical effects of antiferromagnetic MnPt860

when applying an external magnetic field. Our simula-861

tions show a polar MOKE signal on the order of µrad862

for an external field of 1T. We find this to be in the863

linear response regime and our data can provide guidance864

for maximizing the polar MOKE signal in experiments865

with a few hundreds nrad of resolution through linear866

interpolation.867
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