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I. Comparison between ab-initio calculations with and without spin-orbit coupling. 

 

Supplementary FIG. 1 | Comparison between ab-initio calculations (a) with and (b) without spin-

orbit coupling (SOC).  

Supplementary Figure 1 compares the ab-initio calculated band structure of CsCr3Sb5 with and 

without spin-orbit coupling (SOC). In general, the SOC effect induces minor changes in the 

occupied part of the band structure, except the gap at the Dirac points at the K and H points. 

Remarkably, it splits the flat band just above EF, which may provide a method to tune the flat bands 

in CsCr3Sb5 through element substitution. 

 

II. Single crystal X-ray diffraction measurements of CsCr3Sb5. 

 

Supplementary FIG. 2 | Single crystal X-ray diffraction (XRD) of CsCr3Sb5. Patterns were 

measured along the (a) (hk2) plane, and (b) (0kl) plane. Data were collected at the room 

temperature. 

In Supplementary Figure 2, we show the XRD experiments of CsCr3Sb5. which reveals shape 

diffraction peaks and confirms the high quality of the samples in our experiment. 



 

III. Core-level spectra of CsCr3Sb5. 

 

Supplementary FIG. 3 | Core energy levels of CsCr3Sb5. Data were measured with 160 eV photons. 

Supplementary Figure 3 shows the core-level spectra of CsCr3Sb5. We observe sharp peaks from 

Cs, Cr, and Sb core levels, confirming the composition of our samples. We notice two sets of Cs 

peaks around the binding energy of 78 eV, resembling the results in CsV3Sb5, which were attributed 

to the different chemical environments of Cs atoms after cleavage 1.  

 

IV. Band structure measured at different photon energies. 

 

Supplementary FIG. 4 | Band structure along the Γത-𝐾ഥ  direction measured at different photon 

energies. Data collected using linear-horizontally (LH) and linear-vertically (LV) polarized photons 

are merged for completeness of the electronic structure. The calculated band structure (black solid 



lines) is renormalized by a factor of 1.4 and shifted by 100 meV for comparison with experiments 

in (d) and (e). 

Supplementary Figure 4 shows the band structure measured at different photon energies. The band 

dispersions are generally similar to each other, suggesting a weak kz variation of the band structure. 

The comparison between our experiments and calculated results suggests that the strong electronic 

correlation shows a minor impact on the Sb p orbital bands but strongly broadens Cr d orbital bands.  

 

V. Comparison between experimental and calculated band structure. 

 

Supplementary FIG. 5 | Fine experimental band dispersions of CsCr3Sb5 overlaid with the 

calculated band structure. The red arrow indicates the flat band close to EF and the blue circle 

indicates the van Hove singularity (vHS) at the  point. 

Supplementary Figure 5 compares the fine electronic structure along high-symmetry directions near 

EF (left vertical axis) and the calculated results (right vertical axis). The direct comparison suggests 

that the experimental data are in overall agreement with the calculation after renormalized by a 

factor of 1.4 and shifts downward by about 100 meV (or equivalently, the calculated Fermi level is 

raised up by about 100 meV). With the help of the calculation, we can resolve the flat band and the 

van Hove Singularity (vHS) at the  point.  

 

VI. Laser-ARPES data at high temperature divided by the Fermi-Dirac distribution function. 



 

Supplementary FIG. 6 | Laser-ARPES data at a, 55 K, b, 65 K, and c, 75 K divided by the Fermi-

Dirac distribution function. Data were measured with LV-polarized photons. 

Supplementary Figure 6 shows the laser-ARPES data divided by the Fermi-Dirac (FD) distribution 

function at high temperatures. The electron band tends to be flattened as approaching EF and 

exhibits a gap-like feature near EF, which agrees with the calculation in Supplementary Fig. 1b.  

 

VII. Orbital-projected calculation of the band structure. 

 

Supplementary FIG. 7 | Calculated band structure projected onto a, Cr d orbtials, b, Sb p orbitals, 

and c, Sb p orbital components. 

In Fig. 3a of the main text, we show the band structure projected onto the Cr 3d orbitals. 

Supplementary Figure 7 further shows the band structure projected onto (a) Cr d, (b) Sb p, and (c) 

Sb p orbital components. The bands near EF are mostly composed of Cr d orbitals hybridizing with 

Sb p atom orbitals. In our ARPES experiments, the electron band around Γത near EF from Sb p orbital 

is clearly resolved, while the Cr d orbital bands show broadened spectra due to the strong 

correlation effect (see the main text). We notice that the electron band around Γത has mixed d orbital 



component, suggesting a p-d interaction, which accounts for the renormalization of this band 

(Supplementary Fig. 5). 

 

VIII. Flat band dispersion along the ΓK direction. 

 

 

Supplementary FIG. 8 | Flat band measured along the ΓK direction. a-b, ARPES spectrum and its 

zoom-in plot as indicated by the dashed rectangle. c, the corresponding energy distribution curve 

(EDC) at the Γ point. The red dashed arrow indicates the flat band. Data were measured with 62 

eV photons. 

In Fig. 3d of the main text we show the flat band observed along the AH direction. In Supplementary 

Figure 8, we further show the observation of the flat band along the ΓK direction, which is 

supported by the peak in the energy distribution curve (EDC) at Γ (Supplementary Fig. 8c). 

 

IX. DFT+DMFT calculation of the electronic structure with different Hund’s coupling. 



   

Supplementary FIG. 9 | DFT+DMFT calculation of the electronic structure, with (a) on-site 

Coulomb interaction U = 5 eV, Hund’s coupling JH = 0.5 eV, and (b) U = 5 eV, JH = 0.88 eV. The 

calculations were conducted with the temperature parameter T = 100 K. 

Supplementary Fig. 9 compares the DFT+DMFT calculation of the electronic structure with the 

same on-site Coulomb interaction U but different Hund’s coupling JH. Compared with the DFT 

calculation in the main text, the band structure is not strongly renormalized by U. The Hund’s 

coupling greatly enhances electron self-energy and induces intrinsically incoherent Cr 3d states. 

Consistent with our ARPES experiment, we concluded that a large JH (> 0.5 eV) is required to 

properly describe the band structure of CsCr3Sb5. 

 

X. DFT+DMFT calculation of the electronic structure at different temperatures. 



 

Supplementary FIG. 10 | DFT+DMFT calculation of the electronic structure, with (a) on-site 

Coulomb interaction U = 5 eV, Hund’s coupling JH = 0.5 eV, temperature T = 100 K, and (b) U = 

5 eV, JH = 0.88 eV, T = 290 K. 

Hund’s correlation leads to incoherent spectra at high temperatures due to strong fluctuations of 

local Cr 3d moments. As the temperature decreases, the system is expected to undergo an 

incoherence-to-coherence crossover by screening the local moments. Therefore, the relatively 

coherent flat bands can be observed near EF, as shown in the DMFT calculations at different 

temperatures in Supplementary Figure 10. 

 

XI. Flat band measured with photons at 200 eV. 

 



Supplementary FIG. 11 | Observation of the flat band using photons at 200 eV. a, ARPES intensity 

map along Γത𝑀ഥ . b, EDCs at the momentum positions marked in a. The flat band can be resolved 

directly in the ARPES intensity map and EDC peaks.  

In Supplementary Figure 11, we show the flat band along the Γത𝑀ഥ  direction can be clearly resolved 

using photons at 200 eV, which are supported by the peaks in the EDCs at three selected k|| positions. 

 

XII. Temperature-dependence of the flat band. 

 

Supplementary FIG. 12 | Temperature-dependent band dispersion along the ΓM direction. a, Band 

structure along the ΓM direction.  b, c, Temperature-dependent energy-distribution curves (EDCs) 

at (b) the Γ point (EDC 1) and (c) k|| = 1.0 Å-1 (EDC 2). Data were collected using linear-vertically 

(LV) polarized photons at 62 eV. 

In Supplementary Figure 12, we show temperature-dependent experiments across the density-wave 

transition. We do not observe a clear change of the flat band position, except for a slight suppression 

of its spectral weight. 
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