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I. SUPPLEMENTARY NOTE 1: NORMAL HALL EFFECT

Five probe transport measurements were performed for longitudinal and Hall resistivity simultaneously. To correct for
contact misalignment, the measured longitudinal and Hall resistivity was field-symmetrized and field-antisymmetrized,
respectively. Using slope of linearly decreased portion of the corrected Hall resistivity we calculated normal Hall resistivity.
Subtracting normal Hall resistivity contribution from corrected Hall resistivity we obtained anomalous Hall resistivity, as
shown in Supplementary Fig. 1.

II. SUPPLEMENTARY NOTE 2: ANALYSIS OF AHE OF SRRUO,

As our anomalous Hall data violates the conventional scaling relation for a large temperature range, we need to pay
careful attention to the way how we analyze our data. Particularly, the equation we use in the main text p§ y = a(M)p,, +

b(M )pix seems to depend on the M dependence of b(M). Indeed, some materials exhibiting AHE due to the intrinsic
mechanism shows nonlinear M dependence of b(M). A well known example is StRuO; [1], in which both experimental
data and calculations show that the intrinsic AHE has nonlinear dependence on M. However, our analysis focus on two
temperature range in which either M is a constant or intrinsic mechanism vanishes. When intrinsic contribution vanishes,
p;y =a(M)py, + b(M)pf(x reduces to p}‘;y = a(M)pyy, no b(M) term. When M reaches a constant value at low temper-

ature, py, = a(M)py, + b(M )p2 reduces to Pry = Cipax + Cyp?,, no M dependence either. To further illustrate that
this analysis is valid when M reaches constant value, we analyzed the published data of StTRuO; in the same way as our
Fig. 2e in the main text, shown in Supplementary Fig. 2. It is clear that, AHE of STRuO; follows a expected behavior of the
scaling relation, a linear line, below about 50 K, where M is constant. One can use the slope and intersect to calculate the
intrinsic and skew scattering contribution to AHE. This example demonstrate that even when intrinsic contribution to AHE
has strong nonlinear M dependence, the scaling relation we use is valid in the temperature range where M is constant.

III. SUPPLEMENTARY NOTE 3: KONDO COHERENCE IN MAGNETICALLY ORDERED STATE

Coherence between itinerant electrons and localized f-electron degrees of freedom provides a mechanism for the low
temperature emergence of a f-electron band with partial-integer spectral weight within a few millielectron volts of the Fermi
level, even when the bare f-electron energies and DFT bands are far removed in energy [2-4]. This phenomenon is best
known in the context of the Kondo singlet, but can be thought of more broadly as a consequence of near-degeneracy in the
base atomic multiplet manifold of an f -electron system [4]. The low crystal field symmetry of the SbTe cage around uranium
provides a mechanism to preserve the near-degeneracy of low energy crystal field-split states beneath a high temperature
magnetic transition [4], and is associated with the coexistence of Ty ~ 200 K magnetism with lower temperature (T <
100 K) many-body coherence phenomena in closely related USb, [5-7].



IV. SUPPLEMENTARY NOTE 4: ARPES INCIDENT ENERGY

Incident energy dependence is shown in Supplementary Fig. 3, revealing significant two-dimensional character near the
Fermi level. The inner potential is not determined with full confidence, and we note that the presence of two uranium
layers per unit cell of the crystal is expected to yield k, resonances that do not match the 27t/c dispersion periodicity.

V. SUPPLEMENTARY NOTE 5: BAND STRUCTURE AND ANOMALOUS HALL CONDUCTIVITY BASED ON DFT CALCULATIONS

The results of the DFT calculations show that the bands near the Fermi surface mainly consist of f -orbital of U atoms, as
shown in Supplementary Fig. 4a. We want to point some discrepencies between the GGA+U calculations and ARPES/DMFT
calculations. The GGA+U calculations in Supplementary Fig. 3 includes the Z-G high symmetry axis, from which we can
see that about 1/2 of the bands surrounding the Fermi level have significant z-axis dispersion. The DMFT spectral function
in Fig. 4a of the main text looks quite different, with a far more 2D character for bands just beneath the Fermi level.
Correlations considered by DMFT bring this about in several ways such as: (1) by bringing relatively non-dispersive and
quasi-2D f -states to the Fermi level; (2) by splitting each 5f band into multiple bands; (3) split bands could have downward-
renormalized creation/annihilation operators and thus reduced dispersion (and reduced spectral weight). All three of these
effects cause the observed band structure to be more two-dimensional. However they do not eliminate the expectation that
there will be some bands with significant 3D character. The ARPES measurement in Supplementary Fig. 3 shows some
quasi-2D features, but also shows a number of features that can not be confidently traced through the Brillouin zone due to
strong matrix element effects. These matrix element effects are in part associated with interference with the near-periodic
substructures of the unit cell. For example, one expects a beat frequency of 27t/d, where d is the distance between the
two uranium sublattices. Broadening along the k,-axis is also very relevant, but there are no clear-cut indicators that it is
a dominant influence in this case, and it can be difficult to assess by eye for a complex band structure.

From the obtained electronic structures, it’s easy to acquire anomalous Hall conductivity (AHC) by integrating directly
the Berry curvature of the occupied states, as depicted in Supplementary Fig. 4b. The calculated AHC value turns negative
when the chemical potential shifts upwards above the Fermi level, and reaches its global minimum at about 0.5 eV. With
a chemical potential of ~ 0.4 €V, both the sign and magnitude of the calculated AHC matches our experimental data. At
the first glance, this seems to indicate inconsistency between DFT calculations and experiment results. On the other hand,
AHC highly depends on the f bands around the Fermi level. The GGA+U method is very limited when treating the strongly
correlated f electrons, which tends to lead to incorrect Fermi level. It also does not account for the splitting of f orbital
multiplicities and their renormalization. Therefore the number of f bands in DFT calculations is typically different from
that obtained from ARPES measurements and DMFT calculations. Nevertheless, the dispersion of the f bands at the Fermi
level from ARPES/DMFT results resembles that of the f bands between 0.3 and 0.5 eV in DFT calculations. This provides
additional support that the observed intrinsic anomalous Hall effect is closely related to the emerged coherent f bands.
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Supplementary Fig. 1. (a) Magnetic field dependence of the Hall resistivity p,, of USbTe single crystal at 2 K. (b) Temperature dependence
of the normal Hall resistivity Pry-
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Supplementary Fig. 2. (a-d) AHE data of SrRuO, [1] plotted in the same way as we do in the main text Fig. 2d-f.
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Supplementary Fig. 3. Incident energy dependence is shown at energies of E = 0, 0.5 and 1.0 €V relative to the Fermi level. Momentum
along the z-axis is evaluated using a speculatively attributed inner potential of V;, = 13 eV,
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Supplementary Fig. 4. (a) Bulk band structure of GGA+FM+SOC (U = 4.0 eV, J = 0.57 €V). The bands in the shadow region consist
mainly of f -orbital of U atoms. The blue dashed line indicates the Fermi level. (b) The anomalous Hall conductivity vs chemical potential
(w). It shows that the only nontrivial component of anomalous Hall conductivity is o, . It is negligible originally, but it turns negative
when the chemical potential shifts upwards and reaches its global minimum at about 0.5 eV,
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