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Supplementary Figure S1 | Dynamical stability of the two chiral boron allotropes
[-SDHBN-B;s and r-SDHBN-Bjs. Phonon spectrum of a, /-SDHBN-B,s and b,

r-SDHBN-Bys calculated along the entire high-symmetry paths in the BZ.
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Supplementary Figure S2 | The DFT versus the k-p effective Hamiltonian band
structures for SDHBN-Bss. a, Band dispersion along &, and &/ ky at I' from DFT calculations
(blue solid lines) and k-p model fitting (red dashed lines). Parameters for the k-p
effective Hamiltonian: €, = —0.02eV, m=—-241eV-A, ¢ =433eV-4%2, ¢, =
020eV-A%, @ =2.43eV-A%, B =4.03ieV-A%. b, Band dispersion along k-tk, and
kytk, at A from DFT calculations (blue solid lines) and k - p model fitting (red dashed lines).
Parameters for the k-p effective Hamiltonian: @ = 0.27eV, B =020eV-A, y =

1.78 eV - A.



Table SI. Structural parameters and topological characteristics of representative boron

allotropes. Listed are the space groups, lattice parameters (A), lattice angles (° ), Wyckoff

positions, bond lengths (A), densities (g/cm?), bulk moduluses (GPa), total energies Ex (€V
per B atom) for /-SDHBN-B,s, »~-SDHBN-B2g, H-boron, Ort-Bs;, and 3D o’ boron. The
corresponding topological phases are also indicated, including nodal-line semimetal (NLSM)
states and charge-2 Weyl and Dirac nodes (C-2 WP and C-2 DP), which denote Weyl and
Dirac points carrying a topological charge of |C| = 2, respectively.

Structures Space par:;tettl::s(‘&) Aneles) Wackoff position l:log"t:s Densities mog::tses wi . Properties
groups b . « B , N y B @A) (g/em’) (GPa) (eV/B)

I-SDHBN-B,; BI(8b) P4;22 6.66 6.66 6.00 90 90 90 0.7246  0.4705 1.4018 1.66-1.99 1.89 168.66 -6.26 CC-ZZ\S,]I’)
B2(8b) 0.9932  0.1019 1.3884
B3(8b) 0.1043  0.4616  1.0904
B4(4a) 0.7623 02378 1.2500

r-SDHBN-B,; BI1(8b) P4,22 6.66 6.66 6.00 90 90 90 0.2754 0.5295 0.0982 1.66-1.99 1.89 168.65 -6.26 CC-ZZ\S,II”
B2(8b) 0.0069 0.8981 0.1116
B3(8b) 0.8957  0.5384  0.4096
B4(4a) 0.2378  0.7623  0.2500

H-boron B1(12k) P6y/mmec  6.06 6.06 9.91 90 90 120 0.5727 04273 0.5277 1.62-1.71 0.91 70.83 -5.84 NLSM
B2(4/) 0.3333  0.6667 0.3319

Ort-Bs, BI1(16h) Cmem  6.61 8.09 495 90 90 90 -0.6230  -0.2970 1.4600 1.63-2.09 2.17 193.76 -6.29 NLSM
B2(8/) -0.5000 0.0870 0.5860
B3(8g) -0.2690 -0.1530 1.2500

3Do' boron BI(16h) Cmem 7.73 823 5.07 90 90 90 0.1696  0.7072  0.0837 1.66-1.85 1.78 166.86 -6.36 NLSM
B2(8g) 0.1778  0.3063  0.2500
B3(8f) -0.0000 0.5992  0.9325

Table SII. Elastic constants and

corresponding stability

criteria for /-SDHBN-B,s and

I"-SDHBN-Bzg.
Elasticity constants
Structures Stability criteria
Cy Ci Cis Cy Cy Ces
[-SDHBN-B,; 303.475 100.345 103.458 296.467 165.259 178.657 R
Cii > Chli 2055 <Cy(Cyy + Cry);
Ciy>0; Ces> 0

r-SDHBN-B,;  303.463 100.331 103.452 296.437 165255 178.648

Table SIII. Energies, coordinates, topological charges, and multiplicities of the C-2 WP and

C-2 DP in /-SDHBN-Bs and »-SDHBN-B:s.

Structures E (eV) Coordinate (kq, k3, k3) Charge Multiplicity
WP -0.020 (0,0,0) +2 1
[-SDHBN-B,
DP 0.274 (0.5,0.5,0.5) -2 1
WP -0.017 (0,0,0) -2 1
r-SDHBN-B,¢
DP 0.277 (0.5,0.5,0.5) +2 1




Table SIV. All possible magnetic space groups that can host single-pair charge-2 Weyl-Dirac
nodes. MSG No. indicates the magnetic space group number. HSP (HSL) refer to the
high-symmetry point (high-symmetry line) where the charge-2 Weyl point (WP) and Dirac
point (DP) are located. C-2 WP and C-2 DP represent Weyl and Dirac nodes carrying a
topological charge of |C| = 2, respectively. IRR denotes the irreducible (co)representation of

the corresponding little group at the |C| =2 WP or DP.

MSG
N Generators HSP/ HSL for C-2 DP (Irreps) HSP/ HSL for C-2 WP (Irreps)
0.
Type-11 MSGs (without SOC)
1
{Ci 0033,
92.112 I A({Rg.R7}) I'(Rs)
{Cox [3503, ° ;
T
+ 3
Cir 003},
96.144 1 A({RgR7}) I'(Rs)
{Cax 5505, ° ’
T
Type-III MSGs (without SOC)
{C3,10003,
90.98 11 MA({V,V3,V,V,}) TZ({A A3 1A, Aq)
{Co T |550} : : 2
1Car 003},
92.114 MA({V1V3’V2V4-}) FZ({Al,A3}={A2aA4})
11
{CoT [3505
111
{Caaly33)
113
92.115 | {Cap [55: AT, T,) F(,Ty)
11
{CoT [3505
Ci 003,
94.130 MA({V1V3’V2V4-}) FZ({Al,A3}={A2aA4})
11
{CoT [3505
96.146 {C3, |00 3}, MA({V,V3,V,V,}) TZ({A A3 340, M)




MSG

Generators

HSP/ HSL for C-2 DP (Irreps)

HSP/ HSL for C-2 WP (Irreps)

11

{CZXT 5 E

0}

96.147

113

{Caaly33)

111
{Cap |55;},

{CZXT

11
330

A(TiTp)

I(I5Ty)

Type-111 MSGs (with SOC)

90.98

{C4,10003},

11

{CxT |33

0}

MA({VV7,V6Vs})

FZ( {A5 ’A7 } 5 {A6 ’A8 })

92.114

{Ca,

1
00},

{CZXT

11
270

MA( <{\]5\/7 7V6V8 })

TZ({A5A735{0 s })

92.115

111
224

{CZa

113
{Cop |551},

11

{CxT |33

0}

M(YsYs)

AAYRY)

94.130

{Ca,

1
005,

{CZXT

11
270

MA( <{\]5\/7 7V6V8 })

TZ({A5A735{0 s })

96.146

{Ca,

3
003},

110}

{CZXT 22

MA( <{\]5\/7 7V6V8 })

TZ({A5A735{0 s })

96.147

113

{Caaly33)

111
{Cap |55;},

{CZXT

11
330

M(YsYs)

Z(Z41s)

Type-1V MSGs (without SOC)

91.109

{Ca,

1
003},
(C2,l000},

{T

11
330

A(A14A2)

['(T’s)




MSG

Generators

HSP/ HSL for C-2 DP (Irreps)

HSP/ HSL for C-2 WP (Irreps)

91.110

{Ca,

1
005},
{Cxx000},

{T

111
237

A(A14A2)

I(T’s)

92.116

{Ca,

1
003},

11
{Cax [5503,

(T |oo§}

A(A14;)

I'(T's)

95.141

{Ca,

3
005,

{C2x/000},

(550

A(A14;)

I'(T's)

95.142

{Ca,

3
005,

{C2x/000},

111

T2

A(A14;)

I'(T's)

96.148

{Ca,

3
003},

05,

11
{Cax |33

(T|o03

A(A14A2)

['(T’s)

Type-IV MSGs (with SOC)

91.110

{Ca,

1
005,

{C2x/000},

111

T2

M(MeM7)

Z(Z)

92.116

{Ca,

1
005,

05,

11
{Cax |33

(T|o03

M(MgM;)

Z(Z7)

95.142

{Ca,

3
003},

{Cxx1000},

M(MgM;)

Z(Z7)




MSG

N Generators HSP/ HSL for C-2 DP (Irreps) HSP/ HSL for C-2 WP (Irreps)
0.
111
(Ti33
Cir 003},
96.148 | {Ca[530}. M(MM,) Z(Z,)

(T |oo§}




