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Weyl-triplons in SrCu2(BO3)2

Dhiman Bhowmick and Pinaki Sengupta
(Dated: August 2, 2020)

We propose that Weyl triplons are expected to appear in the low energy magnetic excitations1

in the canonical Shastry-Sutherland compound, SrCu2(BO3)2, a quasi-2D quantum magnet. Our2

results show that when a minimal, realistic inter-layer coupling is added to the well-established3

microscopic model describing the excitation spectrum of the individual layers, the Dirac points that4

appears in the zero-field triplon spectrum of the 2D model splits into two pairs of Weyl points5

along the kz direction. Varying the strength of the inter-layer DM interaction and applying a small6

longitudinal magnetic field results in a range of band topology transitions accompanied by changing7

numbers of Weyl points. We propose inelastic neutron scattering along with thermal Hall effect8

as the experimental techniques to detect the presence of Weyl-node in the triplon spectrum of this9

material.10

I. INTRODUCTION

The successful detection of Weyl fermions in TaAs[24],11

following theoretical prediction of the same[11, 53], marks12

one of the latest milestones in the study of topological13

phases of matter, currently the most active frontier in14

Condensed Matter Physics[1, 2, 19, 20, 46, 51, 52, 56, 57].15

Weyl fermions are massless, linearly dispersing quasi-16

particles with finite chirality, first proposed as solu-17

tions to massless Dirac equation in relativistic particle18

physics[54]. Pairs of Weyl fermions with opposite chiral-19

ity may combine to form Dirac fermion. In condensed20

matter systems, non-relativistic analog of Weyl quasi-21

particles emerge at linear crossing of non-degenerate,22

topologically protected bands in three dimensional re-23

ciprocal space. Interest in these special band crossings24

have increased since they act as sources of Berry flux25

and impart topological character to the associated en-26

ergy bands. Weyl nodes appear in pairs with opposite27

chirality and can be separated in momentum space in28

systems with broken time reversal[1, 51, 52, 56] or inver-29

sion symmetry[46, 57] or both[6].30

The appearance of Weyl points is governed by the31

geometry of the band structure and symmetries of the32

Hamiltonian and lattice. As such, it is possible to ob-33

serve bosonic analogs of Weyl points. This has al-34

ready been achieved in artificially designed photonic[9,35

22, 23, 50] and phononic crystals[10, 55], and proposed for36

magnons[21, 33, 37–39, 48]. Quantum magnets are par-37

ticularly promising since they have for long been a versa-38

tile platform to realise complex quantum states of matter39

including bosonic analogs of novel fermionic phases. The40

wide range of available quantum magnets with different41

lattice geometries and the ability to tune their proper-42

ties readily by external magnetic field make them ideal43

testbed for realising bosonic analogs of topological states44

of matter[3, 4, 7, 8, 13, 14, 16–18, 21, 26, 27, 33, 35, 37–45

40, 43, 44, 48, 58]. However, despite theoretical predic-46

tions, experimental observation of Weyl magnons have re-47

mained elusive. In this work, we present evidence for the48

existence of Weyl triplons in the geometrically frustrated49

Shastry Sutherland compound, SrCu2(BO3)2. In con-50

trast to previous studies that considered idealized Hamil-51

tonians based on families of quantum magnets[33, 37–39],52

we focus on a realistic microscopic Hamiltonian of the ex-53

tensively studied geometrically frustrated quantum mag-54

net, SrCu2(BO3)2[25, 32, 41]. In this work, we have used55

experimentally determined Hamiltonian parameters[34]56

for the microscopic model that have been demonstrated57

to reproduce faithfully the experimentally observed be-58

havior of the material[32].59

II. RESULTS

Microscopic model.

FIG. 1: The SrCu2(BO3)2 lattice. (a) The 3D-
schematic lattice structure of compound SrCu2(BO3)2.
The red-bonds are dimer-A and blue-bonds are dimer-B.
The green dotted-lines are the inter-layer bonds. (b) The
intralayer Heisenberg and DM interactions. (c) The in-
terlayer DM-interactions. (d) The effective square lattice
structure after bond-operator transformation.

The figure Fig.1(a) illustrates the three dimensional60

arrangements of Cu-atoms of SrCu2(BO3)2 as a coupled61

layers of Shastry-Sutherland lattice. The Hamiltonian of62

the system is given by,63
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H =J
∑

〈i,j〉,l

Si,l · Sj,l + J ′
∑

〈〈i,j〉〉

Si,l · Sj,l

+D ·
∑

〈i,j〉,l

(Si,l × Sj,l) +D′ ·
∑

〈〈i,j〉〉,l

(Si,l × Sj,l)

−B
∑

i,l

Sz

i,l + Jz
∑

i,j,

〈l,l′〉

Si,l · Sj,l′ +Dz ·
∑

i,j,

〈l,l′〉

(Si,l × Sj,l′) ,

(1)

where, 〈i, j〉 and 〈〈i, j〉〉 denote the summation over the64

sites belonging to intra-dimer and inter-dimer, bonds re-65

spectively in each layer and 〈l, l′〉 denotes pairs of ad-66

jacent layers. The first four terms describe the intra-67

layer coupling terms and are depicted in Fig.1(b), where68

J and J ′ are the intra-dimer and inter-dimer Heisen-69

berg terms. D and D′ denote the intra-dimer and inter-70

dimer Dzyaloshinskii–Moriya(DM)-interaction. blue Fi-71

nally, Jz and Dz are the inter-layer Heisenberg terms72

and DM-interactions along the green dotted bonds in73

Fig.1(a). The fifth term is a Zeeman coupling of the74

spins with a magnetic field perpendicular to the Shastry-75

Sutherland layer. We include DM-interactions that are76

symmetry allowed for SrCu2(BO3)2 at temperatures be-77

low 395K[41, 45, 47] in its low-symmetry phase. In-78

plane components of the inter-layer DM-interaction is79

neglected, even though it is allowed by the symmetry80

of the lattice, since it does not contribute to the low81

energy physics of the magnetic system. The 2D Hamil-82

tonian describing the magnetic properties of each layer83

have been extensively studied in the past and the nature84

of triplon excitations above dimerized ground state and85

their topological characters delineated using the bond op-86

erator formalism[25, 32, 41]. We study the system with87

additional physically reliable interlayer Heisenberg and88

DM-interaction terms are included in the Hamiltonian.89

The interlayer DM-interaction shown in Fig.1(c), is taken90

in the z-direction and also symmetry allowed by the low91

temperature crystal-symmetry of SrCu2(BO3)2. For sim-92

plicity, we assume Dz2 ≈ Dz1 = Dz. The presence of93

interlayer DM-interaction drives a variety of topological94

phases in the system.95

Triplon picture.

The ground state is a product of singlet-dimer states96

on the red and blue-bonds(Fig.1(a)) in a pure Shastry-97

Sutherland lattice. A singlet state is a entangled state98

of two spins such that the wave-function is defined by99

|s〉 = (|↑↓〉 − |↓↑〉) /
√
2. The lowest excitations above100

the ground states are direct product of triplets, which101

are |tx〉 = i (|↑↑〉 − |↓↓〉) /
√
2, |ty〉 = (|↑↑〉+ |↓↓〉) /

√
2,102

|tz〉 = −i (|↑↓〉+ |↓↑〉) /
√
2. In presence of the small per-103

turbative DM-interaction the ground state is the product104

state of the rotated-singlets |s̃A〉 and |s̃B〉. The rotated105

singlets and rotated triplets are related to the original106

singlet and triplets, as written below,107









|s̃A〉
∣

∣t̃xA
〉

∣

∣t̃yA
〉

∣

∣t̃zA
〉









=







1 −α 0 0
α 1 0 0
0 0 1 0
0 0 0 1













|sA〉
|txA〉
|tyA〉
|tzA〉






, (2)









|s̃B〉
∣

∣t̃xB
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∣t̃yB
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∣t̃zB
〉









=







1 0 α 0
0 1 0 0
−α 0 1 0
0 0 0 1













|sB〉
|txB〉
|tyB〉
|tzB〉






, (3)

where, α = |D|
2J . To study the low temperature exci-108

tation above the ground state, we used bond operator109

formalism[41, 42], which is the ideal formalism to treat110

a dimerized system in a mean field level. In this for-111

malism, we consider the product state of singlets as the112

vacuum-state and we treat triplets as the quasi-particle113

excitations named as triplon. The triplon quasi-particles114

hop around the effective square lattice consisting of two115

different sub-lattices as shown in Fig.1(d). The low en-116

ergy effective Hamiltonian in terms of triplons, is further117

transformed using unitary transformation, such that the118

two sub-lattices of the effective squared lattice become119

equivalent. The real-space triplon-Hamiltonian after ne-120

glecting the terms of order of α2 is given by,121

H =J
∑

ri

∑

µ=x,y

ˆ̃tµ†ri
ˆ̃tµri + ihz

∑

ri

[

ˆ̃tx†ri
ˆ̃tyri −

ˆ̃ty†ri
ˆ̃txri

]

− iD′
⊥

2

∑

ri

∑

α=x,y

[

ˆ̃ty†
ri+δα

ˆ̃txri +
ˆ̃ty†ri

ˆ̃txri+δα
− h.c.

]

+
iD̃′

||,s

2

∑

ri

[

+ˆ̃tz†
ri+δx

ˆ̃tyri +
ˆ̃ty†
ri+δx

ˆ̃tzri − h.c.

−ˆ̃tz†
ri+δy

ˆ̃txri −
ˆ̃tx†
ri+δy

ˆ̃tzri − h.c.
]

−iDz

∑

ri

[

ˆ̃ty†
ri+δz

ˆ̃txri +
ˆ̃ty†ri

ˆ̃txri+δz
− h.c.

]

. (4)

The coupling terms Jz and D′
||,ns do effects the energy122

of order of magnitude less than α2. Again the term123

D̃′
||,s consists the interaction terms D′

||,s and D, such124

that D̃′
||,s = D′

||,s − |D|J ′

2J . The interplay between the125

DM-interactions Dz and D′
⊥ generates different kinds of126

Weyl-triplons in the system. In the following sub-section,127

we discuss about the momentum space Hamiltonian and128

the toplogical Weyl-triplons in the system.129

Topological Weyl-triplons.

The momentum space triplon-Hamiltonian is given as,130

H =
∑

k

∑

µ,ν=x,y,z

ˆ̃t†µ,kMµν(k)
ˆ̃tν,k, (5)
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where the matrix M(k) is given by,131

M(k) =















J
igzhz + 2iD′

⊥γ3

+ 2iDzγ4
D̃′

||γ2

−igzhz − 2iD′
⊥γ3

− 2iDzγ4
J −D̃′

||γ1

D̃′
||γ2 −D̃′

||γ1 J















,

(6)
where, γ1 = sin(kx), γ2 = sin(ky), γ3 = 1

2 (cos(kx) +132

cos(ky)), γ4 = cos(kz). We study the model fixing the133

parameters J = 722 GHz,
∣

∣

∣D̃′
||

∣

∣

∣ = 20 GHz, D′
⊥ = −21134

GHz and gz = 2.28[34, 41] and varying the parameters135

hz and Dz. At a fixed k-point in momentum space the136

matrix Eq.6 has three eigen-values, J , J + |d(k)|
2 and137

J − |d(k)|
2 . Thus at low energies, the system has three138

different triplon bands and the possible points at which139

the band-crossing happens are the high-symmetry points140

on the kx-ky plane, which are (π, 0), (0, π), (0, 0), (π, π).141

The Weyl-points at the high symmetry points are triply142

degenerate, which has no equivalence in the high energy143

physics, because the qusi-paticle excitation triplons in144

this system do not follow the Poincare symmetry[5, 36].145

The schematic figure of different types of Weyl-points146

in the Brillouin-zone(BZ) is shown in Fig.2(a). The red-147

dotes illustrates the Weyl-points at positions (0, π, kz1)148

and (π, 0, kz1), where kz1 = cos−1
(

−hzgz
2Dz

)

. The blue149

dotes denote the Weyl-points at position (0, 0, kz2), where150

kz2 = cos−1
(

−hzgz+2D′

⊥

2Dz

)

. Again, the green-points151

are Weyl-points at position (π, π, kz3), where kz3 =152

cos−1
(

2D′

⊥
−hzgz

2Dz

)

.153

FIG. 2: Weyl triplons in Brillouin Zone(BZ). (a) A schematic picture for the presence of possible Weyl-points.
The color coding is further described in the main text.The Weyl-points in BZ for parameters (b) Dz = D′

⊥/2, hz = 0,

(c) Dz = D′
⊥/2, hz = hc, (d) Dz = D′

⊥, hz = hc/2, (e) Dz = 3D′
⊥, hz = 0, (f) Dz = 3D′

⊥, hz = 0. Where, hc =
2D′

⊥

gz
.

The blue arrows illustrate the direction of the Berry-curvature. The red curves show the change in the Chern number
of the lowest band due to the Weyl-points.

To verify the band closing points are Weyl-points, we plot154

the direction of Berry curvature and change in Chern-155

number within the first-BZ in Fig.2(b)-(f), for different156

parameter regions. It is noted that the Chern number157

changes by ±2 for the Weyl-points present at (0, 0,±kz2)158

and (π, π,±kz3) and so the monopole charge associated159

with these Weyl-points are ±2. Moreover, the Chern-160

number changes by ±4 and it is due to the joint contribu-161

tions of the Weyl-points at (0, π,±kz1) and (π, 0,±kz1),162

each of which carries a monopole charge of ±2.163
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FIG. 3: Topological Phase diagram. The color coded
region of topological phase diagram is defined based on
the number of Weyl-points and based on the position of
the Weyl-points in the BZ. The subdivision of the regions
(a), (b), (c), (d) denotes the qualitative changes in the
Weyl-points. Further description is provided in the main
text.

Based on the number of Weyl-points and the position of164

Weyl point in the kx-ky plane, we categorize the hz-Dz165

parameter space in to several coloured regions in Fig.3.166

The region-I and region-II are the regions without Weyl-167

points, but in region-II the bands are topological whereas168

the bands in region-I, are trivial in Chern number. The169

Chern-number of upper band and lower-band are ±2 for170

a fixed kz-value and the middle band is flat with zero171

Chern number. For Dz = 0, the phase transition from172

region-I to region-II happens at critical magnetic field173

hc =
2|Dz|
gz

[41].174

The nature of Weyl-points in the residual regions III,175

IV, V and VI depend on the sign of the DM-interaction176

D′
⊥. Here we describe the phase diagram for D′

⊥ < 0.177

The region-III consists of two pairs of Weyl-points at po-178

sitions (0, π,±kz1) and (π, 0,±kz1) as in Fig2(b). The179

region-IV contains one-pair of Weyl-points (0, 0,±kz2)180

as in Fig.2(c). Moreover, the region-V includes three-181

pairs of Weyl-points at (0, π,±kz1), (π, 0,±kz1) and182

(0, 0,±kz2) as in Fig.2(d). The region-VI consists of183

four-pairs of Weyl-points at (π, π,±kz3), (0, π,±kz1),184

(π, 0,±kz1) and (0, 0,±kz2) as in Fig.2(e)-(f). The Weyl-185

points at different sub-regions (a), (b), (c), (d) are at the186

same position but, the nature of Weyl-points changes(See187

Suplementary material). For the case D′
⊥ > 0, the Weyl-188

nodes at (0, 0,±kz2) are substituted by the Weyl-nodes189

at (π, π,±kz3) and vice-versa.190

FIG. 4: Surface magnon-arcs and surface states. Triplon-arcs on the x-z surface (a), (b), (c), (d) for the
parameters same as in (b), (c), (d), (e) in Fig.1. The surface states on the x-z surface for the parameters (e), (f), (g),
(h) for the parameters same as in (a), (b), (c), (d) respectively.

Surface arcs and surface states.

The topological nature of the system is revealed by the191

presence of the surface states in the material. In Fig.4(a)-192

(d), we plot the surface spectral function of a slab geom-193

etry of a system extended along x-z direction. Each of194

the projected bulk Weyl-points on the surface emits two195

triplon-arcs, which divulge that the monopole charge of196

a Weyl-point is ±2. The surface triplon-arcs of the sys-197

tem is quite different in the different regions of parameter198

space, because of the different position and different num-199

bers of Weyl-points present in different sector in the pa-200
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rameter phase. The Fig.4(a), (b), (c), (d) illustrates the201

surface triplon-arcs for the topological phase regime III,202

IV, V, VI respectively. For illustration, we describe the203

Fig.4(a), which corresponds to the region-IIIa in phase204

diagram Fig.3. There are two-pairs of Weyl-triplon in205

this region, at positions (0, π,±kz1) and (π, 0,±kz1). So206

the projected Weyl-point on the kx-kz surface exists at207

the positions (π,±kz1) and (0,±kz1). The pair of points208

along kz axis is connected by two surface triplon-arcs.209

The existence of surface triplon-arcs in the system can be210

detected using inelastic neutron scattering. The Fig.4(e)-211

(h), describes that the surface states are chiral gap-less212

state present within the bulk gap in the system.213

Thermal Hall effect for experimental detection.

Thermal Hall effect is the key experimental signature214

to detect topological excitations in a magnetic system.215

The characteristic features of Thermal Hall conductance216

of an Weyl-magnon is different from the usual gapped217

topological magnon bands, making it an ideal probe to218

detect Weyl points. We calculate the thermal Hall effect219

in different regimes with Weyl points (phases III, IV, V220

or VI in Fig.3), gapped topological triplons (phases I, II221

in Fig.3) and gapped topologically trivial triplon exci-222

tations to show that the thermal Hall conductivity ex-223

hibits distinct features identifying the different regimes.224

Since the Weyl-points in this system always occur in pairs225

aligned along the z-direction, a transverse current can-226

not be created along the z-axis. Similarly, a temperature227

gradient along this direction cannot produce a transverse228

current along any other direction[38]. However, a trans-229

verse triplon current can be induced in y (or x)-direction230

by applying a temperature gradient along the y (or x)-231

direction. The thermal Hall conductance of the system232

in the x− y plane is given by[15, 29–31],233

κxy =

∫ π

π

dkz
2π

κ2D
xy (kz), (7)

where κ2D
xy (kz) is the 2D-thermal Hall conductance con-234

tribution from the kx − ky-plane of fixed kz-value in the235

Brillouin Zone, which is given by,236

κ2D
xy (kz) = −T

∫ ∫

dkxdky
(2π)2

N
∑

n=1

c2(f
B [En(k)])Ω

z
n(k),

(8)
where, k = (kx, ky, kz) and c2(x) = (1 + x)(ln 1+x

x
)2 −

(lnx)2−2Li2(−x), with Li2(x) as bilogarithmic function.

FIG. 5: Thermal Hall Conductivity. The thermal
Hall conductance as a function of the magnetic field is

shown for Dz =
D′

⊥

4 . As magnetic field increases the
system undergoes different phase regions as in Fig.3.
The dots are calculated Thermal Hall conductivity and
the red-line is analytically fitted with the expressions
A∆kzi(hz) +B as discussed in the main text. The inset
shows the distance between Weyl-nodes as a function of
the magnetic field for phase regions III(a) and V(a) in
Fig.3.

While the nature and magnitude of interlayer DM-237

interaction (Dz) in SrCu2(BO3)2 has not been deter-238

mined experimentally, it is reasonable to expect finite239

Dz as its presence is allowed by symmetry of the lattice.240

We assume a small, but finite, interlayer DMI parallel241

to the layers (as allowed by the symmetry of the lat-242

tice), such that the triplon bands of the system lies in243

region III(a) of Fig.3. Assuming Dz =
D′

⊥

4 the thermal244

Hall conductivity is plotted as a function of magnetic245

field in Fig.5 for 0 ≤ hz ≤ 2hc). The triplon bands un-246

dergo several topological phase transitions in this range247

of applied field – III(a) → II(a) → IV (a) → I in248

Fig.3. The triplon bands in region III(a) contains two249

pairs of Weyl points at (0, π,±kz1) and (π, 0,±kz1), while250

there is one pair of Weyl points at (0, 0,±kz2) in the251

region V(a). The triplon bands are fully gapped and252

topological in nature in region II(a), whereas they are253

gapped and topologically trivial in region I. It is noted254

that, although the Berry curvature at the Weyl point255

is ill-defined, the thermal Hall conductance κ2D
xy (kz) is256

a continuous function of kz, because the left and right257

hand limit kz → kzw + 0+ and the left hand limit as258

kz → kzw + 0− are equal, where kzw denotes the po-259

sition of the Weyl-point. The thermal Hall conduc-260

tance exhibits a unique quasi-linear dependence as a261

function of magnetic field for a region with Weyl-points,262

and quite different from the phase region without Weyl263

points. This is because the thermal Hall conductance264

of magnetic excitations (magnons or triplons is propor-265

tional to the distance between the Weyl-nodes in mo-266

mentum space[38], analogous to that of (electrical) Hall267
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conductance observed in Weyl semimetals[59]. In regions268

III(a) and V(a) the distance between the pair of Weyl-269

nodes are ∆kz1(hz) = 2 cos−1(−hzgz
2Dz

) and ∆kz2(hz) =270

2π − 2 cos−1(−hzgz+2D′

⊥

2Dz
) respectively. The inset of the271

Fig.5 shows the distance between the Weyl-nodes as a272

function of magnetic field has point of inflection at the273

points hz = 0 and hz = hc, which gives rise to the quasi-274

linear behaviour of the thermal Hall conductance. To275

show the quasi-linear dependence of the thermal Hall276

conductance in Weyl-triplon region as a function of mag-277

netic field, the thermal conductivity is fitted with the278

analytical expression A∆kzi(hz) + B, where A and B279

are fitting parameters and i = 1 or 2. The quasi-linear280

characteristic in thermal Hall conductance in this sys-281

tem is solely due to the presence of the Weyl-nodes. On282

the other hand, the field dependence of the thermal Hall283

conductance is markedly different in region IV (a) were284

the triplon bands are fully gapped and carry finite Chern285

numbers, consistent with previous studies[25, 41]. Thus286

the presence of quasi-linearity in the thermal Hall con-287

ductance as a function of magnetic field is a direct evi-288

dence of the presence of Weyl-nodes. Finally, in region289

I with topologically trivial, gapped triplon bands, the290

thermall hall conductivity vanishes.291

III. CONCLUSION

In conclusion we have demonstrated that SrCu2(BO3)2292

is a possible host of Weyl-triplons. Our study shows293

that interlayer perpendicular DM-interaction (even if294

very small in magnitude) naturally give rise to the Weyl-295

triplons. Furthermore the nature of triplon bands at low296

temperature depends neither on the interlayer Heisen-297

berg interation (because of orthogonal Dimer arrange-298

ment) nor on the interlayer in-plane DM-interactions,299

which makes the appearance of Weyl nodes robust300

against small deviations from the idealized model. Fi-301

nally, We have shown that the quasi-linear behaviour of302

thermal Hall conductance as a function of magnetic field303

is a possible experimental signature to detect the pres-304

ence of Weyl nodes. We also propose neutron scattering305

experiment as an alternative way to explore the Weyl-306

nodes in the triplon bands. Similar Weyl-triplon phases307

can also be investigated in the dimer phases of materials308

Rb2Cu3SnF12[12, 28] and ZnCu3(OH)6Cl2[49].309
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Figures

Figure 1

The SrCu2(BO3)2 lattice. (a) The 3Dschematic lattice structure of compound SrCu2(BO3)2. The red-
bonds are dimer-A and blue-bonds are dimer-B. The green dotted-lines are the inter-layer bonds. (b) The
intralayer Heisenberg and DM interactions. (c) The interlayer DM-interactions. (d) The eective square
lattice structure after bond-operator transformation.

Figure 2

Weyl triplons in Brillouin Zone(BZ). (a) A schematic picture for the presence of possible Weyl-points. The
color coding is further described in the main text.The Weyl-points in BZ for parameters (b) Dz = D0? =2,



hz = 0, (c) Dz = D0?=2, hz = hc, (d) Dz = D0?, hz = hc=2, (e) Dz = 3D0? , hz = 0, (f) Dz = 3D0?, hz = 0.
Where, hc = 2D0 ? gz . The blue arrows illustrate the direction of the Berry-curvature. The red curves show
the change in the Chern number of the lowest band due to the Weyl-points.

Figure 3

Topological Phase diagram. The color coded region of topological phase diagram is de ned based on the
number of Weyl-points and based on the position of the Weyl-points in the BZ. The subdivision of the
regions (a), (b), (c), (d) denotes the qualitative changes in the Weyl-points. Further description is provided
in the main text.

Figure 4

Surface magnon-arcs and surface states. Triplon-arcs on the x-z surface (a), (b), (c), (d) for the
parameters same as in (b), (c), (d), (e) in Fig.1. The surface states on the x-z surface for the parameters
(e), (f), (g), (h) for the parameters same as in (a), (b), (c), (d) respectively.



Figure 5

Thermal Hall Conductivity. The thermal Hall conductance as a function of the magnetic  eld is shown for
Dz = D0 ? 4 . As magnetic  eld increases the system undergoes dierent phase regions as in Fig.3. The
dots are calculated Thermal Hall conductivity and the red-line is analytically  tted with the expressions
Akzi(hz) + B as discussed in the main text. The inset shows the distance between Weyl-nodes as a
function of the magnetic  eld for phase regions III(a) and V(a) in Fig.3.
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