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Supplementary Table I. Summary of anomalous Hall conductivity (σAHE) and anomalous Hall angle (AHA) of
currently studied magnetic materials. Some AHA values are calculated by using the data from the references. Only
the maximum values of AHA are adopted here. For Co2MnGa and Co2MnAl, the largest values at low temperature are also
presented for comparison.

 

 

 

 

 

TABLE S1. Summary of anomalous Hall conductivity (σAHE) and anomalous Hall angle 
(AHA) of currently studied magnetic materials. Some AHA values are calculated by using the 
data from the references. Only the maximum values of AHA are adopted here. For Co2MnGa 
and Co2MnAl, the largest values at low temperature are also presented for comparison. 

Materials 
σAHE AHA=ΘAH  Temperature 

Reference 
Ω-1cm-1 (%) K 

GdPtBi 110 16 10 Ref. 1 
Fe3Sn2 1100 1.1 2 Ref. 2 
MnSi 150 3.8 5 Ref. 3 

Co2FeAl 120 1.3 300 
Ref. 4 

Co2FeSi 208 1.8 300 
Co3Sn2S2 1130 19.8 120 Ref. 5 
Mn3Sn 100 3.2 100 Ref. 6 

Fe3GeTe2 540 8.6 10 Ref. 7 
L10-FePt film 1250 3.3 300 Ref. 8 

Mn5Ge3 860 6.1 2 Ref. 9 
MnGa film 288 5.7 300 Ref. 10 

Fe (f) 1134 2.6 75 
Ref. 11 

CuZnCrSe 500 1.0 5 
Fe0.28TaS2 336 3.7 2 Ref. 12 

SrRuO3 film 200 1.0 5 Ref. 13 
Mn2RuxGa 220 7.7 300 Ref. 14 
SmFe(f) 317 4.8 300 Ref. 15 
Mn3Ge 450 5.0 2 Ref. 16 

TbCo film 800 3.2 300 Ref. 17 
GaMnAs film 147 6.6 10 Ref. 18 

Co2MnGa 1100 12 300 
Ref. 19 

 2000 10 5 
Co2MnAl 1150~1277 15.3~21.2 300 This work 

∗ These two authors contributed equally
† wvn5038@psu.edu
‡ zim1@psu.edu
§ binghai.yan@weizmann.ac.il

mailto:wvn5038@psu.edu
mailto:zim1@psu.edu
mailto:binghai.yan@weizmann.ac.il


2

Supplementary Figure 1. Compare the [001] and [111] directions. Calculated anomalous Hall conductivity with respect
to the chemical potential (a) and the temperature (b) for the magnetization along [001] (black) and [111] (red) directions. The
σA
yx of [001] drops faster than that of [111], which is caused by the temperature-broadening in the Fermi-Dirac distribution.
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Supplementary Figure 2. Band structure, Berry curvature and nodal rings. (a) The Berry curvature at charge neutral
point with gapped nodal rings in the X0 plane and gappless nodal rings in the Z0 plane. The magnetization axis is along the
[001] direction. Green FCC Brillouin zone is the second Brillouin zone to the first one (blue). (b) Calculated band structure
with Berry curvature from Γ1 to Γ2 as shown by the dashed line in (a). We label four crossing-points near the Fermi energy by
#1-4. They are part of the nodal rings in the Z0 plane and protected by the (001) mirror symmetry. These nodal rings does
not generate the Berry curvature. (c) Calculated band structure with Berry curvature from Γ1 to Γ3 as shown by the dashed
line in (a). All four cross-points (noted as # 1′ − 4′) are gapped and produce huge Berry curvature. (d) Each nodal ring in
the Z0 plane. Here we explain more detailed results of the [001] magnetization. The top two valence bands and bottom two
conduction bands cross each other, resulting in four crossing points, as shown in (b). The equivalence of FCC Brillouin zone
at the kz = 0 and kz = π planes can be found in the (a). As the result of the magnetization, Mx or My mirror symmetry is
broken and the nodal rings in the kx,y = 0 plane are gapped out and produce huge Berry curvature. Meanwhile, nodal rings
in the kz = 0 plane are preserved by the Mz symmetry and generate zero Berry curvature. Nodal rings in different planes are
inter-connected to each other. For example, in Fig. 3 in main text, nodal rings at the Z plane is locked to nodal rings in the
X plane from another Brillouin zone. Since the Nodal lines has energy dispersion, we can find four peaks near Fermi energy
relate with energy dispersion (Fig.3). Peak A is from gapped nodal ring #1, Peak B and C are from gapped nodal rings #2-3
and peak D from gapped nodal ring #4. The peaks arise when the Fermi energy shift cross the SOC gap of each gapped nodal
rings. In addition, we also check spatial Berry curvature contribution in the first Brillouin zone. As expected, nothing can be
found far from the nodal rings regions.
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Supplementary Figure 3. The anomalous Hall conductivity (σA
yx) and nodal rings. The calculated anomalous Hall

conductivity with respect to the Fermi energy. The magnetization axis is along [001]. The charge neutral point is set to zero.
Near the charge neutral point, there are four peaks of σA

yx noted as A,B,C and D. We show the gapped nodal rings in the kx = 0

plane (see Fig. 2 in main text) with the Berry curvature (Ωyx) in the low panels. The σA
yx is mainly contributed by the gapped

nodal rings. The peak C, which is the most relevant to the experiment, is induced mainly by the ring #3 and also slightly by
the ring #2. Peak A is due to nodal ring #1, peak B due to #2 and slightly also #3 and peak D due to #4.
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Supplementary Figure 4. The calculated band structure of Co2MnAl in the full Brillouin zone and the density of
states (DOS). The density of state near Fermi energy is large and exhibits an metallic feature. Inset in the density of state
panel shows Fermi surfaces at charge neutral point in the FCC Brillouin zone.

Supplementary Figure 5. Magnetic field dependence of longitudinal resistivity ρxx for two samples with I ‖ (001)
and I ‖ (111), respectively.
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Supplementary Figure 6. Temperature dependence of resistivity for two samples with I ‖ (001) and I ‖ (111).

Supplementary Figure 7. Magnetic field dependence of Hall resistivity ρxy under various orientation angles of
magnetization (see the middle right inset in Fig. 2a) at 5K for the samples with I ‖ (001)
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