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Magnetism in two-dimensional (2D) materials has attracted considerable attention recently for
both fundamental understanding of magnetism and its tunability towards device applications. The
isostructural Fe 3GeTe2 and Fe3GaTe2 are two members of the Fe-based van der Waals (vdW) ferro-
magnet family, but exhibit very di�erent Curie temperatures (T C ) of 210 K and 360 K, respectively.
Here, by using angle-resolved photoemission spectroscopy and density functional theory, we sys-
tematically compare the electronic structures of the two compounds. Qualitative similarities in the
Fermi surface can be found between the two compounds, with expanded hole pockets in Fe3GaTe2

suggesting additional hole carriers compared to Fe3GeTe2 . Interestingly, we observe almost no band
shift in Fe 3GaTe2 across its TC of 360 K, compared to a small shift in Fe 3GeTe2 across its TC of
210 K. The weak temperature-dependent evolution strongly deviates from the expectations of an
itinerant Stoner mechanism. Our results suggest that itinerant electrons have minimal contributions
to the enhancement of TC in Fe3GaTe2 compared to Fe3GeTe2 , and that the nature of ferromag-
netism in these Fe-based vdW ferromagnets must be understood with considerations of the electron
correlations.

The recently discovered van der Waals (vdW) family of
ferromagnets exhibits Curie temperatures (TC ) ranging
from 30 K to above room temperature [14, 18, 21, 26].
The remarkable preservation of long-range ferromagnetic
order in these materials in the 2D regime position them
as a promising class of materials for the development
of next-generation spintronic devices [7, 19, 20, 38, 58].
Equally importantly, these vdW materials o�er a new
platform to probe 2D magnetism. Our understanding of
magnetism has been developed from two opposing lim-
its. One approach is based on the weak-coupling pic-
ture where ferromagnetism arises from spontaneous spin
splitting of the itinerant electronic bands near the Fermi
level (EF ) onsetting at T C [6, 15, 40, 42, 44, 47, 49{
51, 57], which can only occur in metals. The other ap-
proach is based on a strong-coupling picture where elec-
trons are localized and magnetism arises from the Heisen-

berg exchange coupling of the local moments, where the
magnetic exchange splitting has no temperature depen-
dence across TC , and is often associated with insula-
tors [9, 22, 25, 44, 51, 53]. In real materials, while the
two limits exist, many compounds live in a regime where
both mechanisms contribute. One such example is the
iron-based superconductors (FeSCs) [28, 59], where elec-
tron correlations are moderate in between the strongly
localized Mott physics of the cuprates and the itiner-
ant spin-density-wave chromium metal. Neutron scat-
tering identi�es itinerant spin excitations at low energies
with large 
uctuating moments up to high energies [13].
Even contradictory reports of temperature-dependent ex-
change splitting have left a standing debate on the nature
of magnetism in Fe and Ni metals [16].

The vdW ferromagnets can be largely grouped into
two families, the insulating Cr-based compounds such as
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FIG. 1. (a) T C and saturated moment (M sat ) comparison for reported Fe-based vdW magnets. All are ferromagnets ex-
cept (Fe,Co)5GeTe2 , which is an antiferromagnet. The inset shows the crystal structure for Fe 3XTe 2 (X = Ge, Ga). (b-c)
Temperature-dependent magnetization curves of Fe3XTe 2 . Zero-�eld-cooled (ZFC) and �eld-cooled (FC) curves indicate a
ferromagnetic to paramagnetic transition at 210 K for Fe 3GeTe2 and 360 K for Fe3GaTe2 . (d) Core level photoemission spectra
of Fe3XTe 2 . (e) DFT calculations for the ferromagnetic ground state, with the spin up and spin down bands indicated in red
and blue, respectively. Spin-orbital coupling is not included. Pairs of arrows indicate the same features for comparison between
the two compounds.

Cr2Ge2Te6 [21, 56] and CrI3 [26], and the metallic Fe-
based compounds such as Fen XTe2 (n = 3-5; X = Ge,
Ga) (FGTs) [55]. The ferromagnetism in the insulat-
ing Cr-based compounds indeed can be understood by
an anisotropic Heisenberg model where correlations be-
tween local moments persist to well above TC [9, 53].
As a result, the electronic structure only exhibits very
subtle evolution across TC [52] while the FGTs are quite
di�erent. Consisting of Te-sandwiched vdW slabs, the
various members of this family di�er structurally in the
number of Fe sites within each slab as well as the num-
ber of slabs within a unit cell dictated by the stacking
order [8, 10{12, 20, 39, 45, 48, 60, 61]. Notably, the TC 's
of the FGTs are close to or even above room temper-
ature (Fig. 1a) [8, 10, 11, 20, 39, 45, 48, 61]. As met-
als, the FGTs are often referred to as itinerant magnets.
However, ample evidence suggest a coexistence of both
local moments and itinerant electrons. Fe3� x GeTe2 with
a TC that varies between 140 K to 220 K [14, 18], in par-
ticular, has been demonstrated by neutron scattering to
exhibit a dual nature of magnetic excitations [3]. Angle-
resolved photoemission spectroscopy (ARPES) measure-
ments indicate a deviation from Stone-type spin split-
ting across TC as well as spectral weight transfer sug-
gestive of Kondo behavior [2, 34, 57, 62, 63]. Very re-
cently, Fe3GaTe2, isostructural to Fe3GeTe2, has been
synthesized and shown to exhibit a remarkable above-
room temperature TC of 360 K, along with a high satu-
ration magnetic moment, signi�cant perpendicular mag-
netic anisotropy energy density, and a large anomalous
Hall angle at room temperature [30, 31, 35, 36, 60]. These
�ndings highlight the potential of Fe 3GaTe2 as an ex-
citing material for applications. The identical crystal
structure yet drastically di�erent T C 's in these two com-
pounds o�er an opportunity to probe into the nature of
the magnetism in these materials. Here, via systematic

ARPES measurements and density functional theory cal-
culations, we compare and contrast the electronic struc-
ture of Fe3GaTe2 and Fe3GeTe2. We �nd Fe 3GaTe2 to be
an e�ectively hole-doped version of Fe3GeTe2. In a large
energy range of the valence bands, we identify a sepa-
ration of the spectral weight that seems to be consistent
with the predicted Fe spin up and spin down states. How-
ever, we �nd no observable shift in the electronic struc-
tures of Fe3GaTe2 across its TC , compared to a subtle
shift for Fe3GeTe2. Taken all together, the origin of mag-
netism in both Fe3GaTe2 and Fe3GeTe2 deviate strongly
from the expectations of the itinerant Stoner model, with
Fe3GaTe2 exhibiting an even stronger local moment be-
havior. Our results indicate that the local moments are
crucial for explaining the nature of ferromagnetism in
FGTs, and are likely responsible for the much enhanced
TC in Fe3GaTe2.

High-quality Fe 3GaTe2 and Fe3GeTe2 single crystals
were synthesized by a chemical transport method [3].
ARPES measurements were carried out at beamline 5-2
of the Stanford Synchrotron Radiation Lightsource, ESM
(21ID-I) beamline of the National Synchrotron Light
Source II, and beamlines 7.0.2.1, 10.0.1 and 4.0.3 of the
Advanced Light Source, using a DA30, DA30, R4000,
and R8000 electron analyzer, respectively. The overall
energy and angular resolutions were 15 meV and 0.1°,
respectively. All data shown in the main text were taken
with 132 eV photons, with additional photon energy-
dependence data shown in the SM [1]. All data were
taken at 15 K unless otherwise noted. The DFT cal-
culations were carried out by using WIEN2k package
which uses the full-potential augmented plane wave plus
local orbital as the basis [5]. Perdew-Burke-Ernzefhof
(PBE) generalized gradient approximation (GGA) was
employed for the exchange-correlation functional [41] and
a 16 x 16 x 3 k-point mesh for self-consistent calculation.
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FIG. 2. (a) Fermi surface mapping with LH and LV polarized light for Fe 3GeTe2 , with BZ boundaries labeled by red lines.
(b) Measured dispersions along the M -K -�- K direction overlaid with DFT calculations that are renormalized by a factor of
1.6. (c) LV and LH polarization dependent dipsersions measured along the M -K -�- K direction, with key features marked by
dashed lines. (d)-(f) Same measurements as (a)-(c) but for Fe3GaTe2 .

As depicted in Fig. 1a, Fe3XTe2 has a layered hexag-
onal crystal structure in the space group P63/mmc (No.
194) [33]. The lattice parameter for Fe3GaTe2 (a = 4.07
�A, c = 16.1 �A) and Fe3GeTe2 (a = 3.99 �A, c = 16.3 �A)
are similar, as previously reported [33, 60]. The unit cell
consists of two vdW slabs, each with two nonequivalent
Fe sites, Fe I and Fe II, and has the symmetry operators
C3z , C2y and P (inversion) that enforce the emergence
of topological nodal lines in the presence of ferromag-
netism, giving rise to a tunable intrinsic anomalous Hall
current [33, 54]. Our DFT calculations for the FM phase
of both compounds are shown in Fig. 1e, where the topo-
logical crossings at the K point can be seen. The zero-
�eld-cooled (ZFC) and �eld-cooled (FC) magnetization
measurements (Fig. 1b,c) for the two compounds show
a TC of 210 K for Fe3GeTe2 and 360 K for Fe3GaTe2,
in agreement with previous reports [14, 18, 57, 60, 63].
From a comparison of our DFT calculations for the fer-
romagnetic ground state, Fe3GaTe2 is an e�ective hole-
doped version of Fe3GeTe2, as the band structure is qual-
itatively similar except a shifting down of the chemical
potential in Fe3GaTe2 (Fig. 1e).

First, we show the integrated core-level photoemission
spectrum of the two compounds in Figure 1d. We also
observe clear x-ray magnetic circular dichroism signal at
the Fe L-edge for both compounds (see SM [1]). As ex-
pected, the core level spectra for the two compounds are
very similar except the distinct Ge and Ga 3d peaks.
Next, we present the electronic structure of the ferromag-
netic phase of Fe3GaTe2 and Fe3GeTe2 as measured by
ARPES. The electronic structure of the two compounds
near EF are compared in Fig. 2, as measured by both
linear vertical (LV) and linear horizontal (LH) polarized
light. Consistent with previous reports on Fe3GeTe2 [57],
we observe two hole Fermi pockets centered at the�
point: an inner circular pocket and an outer hexago-

nal pocket (Fig. 2a). They are formed by two dispersive
bands as observed on the high symmetry cut, and we la-
bel them as the� and � bands (Fig. 2c). Additionally, a
small electron pocket is observed at theK point, which
we label as the! band. From the high symmetry cut,
we also observe two other dispersions that do not cross
EF , which we label the � and 
 bands. For Fe3GaTe2,
we also observe two hole Fermi pockets at the� point
(Fig. 2d), both with similar shapes but expanded areas
as compared to those in Fe3GeTe2, indicating additional
hole charge carriers in Fe3GaTe2 compared to Fe3GeTe2.
From the high symmetry cut (Fig. 2f), both the inner �
band and the outer � band appear to crossEF at larger
Fermi momenta. The 
 band is also observed to shift
up in energy compared to that in Fe3GeTe2. When we
compare the near-EF measured dispersions with those by
DFT calculations, we �nd that a renormalization factor
of 1.6 can achieve a reasonable agreement for both com-
pounds (Fig. 2b,e), including the locations of the hole
band tops at � (see SM for discussion [1]). The renor-
malization factor is consistent with that determined for
Fe3GeTe2 previously [57], and is slightly larger than that
for Fe metal [37, 43].

Having examined the electronic structure in the near
EF region, we next present the spectra in the large en-
ergy range covering the entire valence bands. Figure 3a-b
shows the spectra within 6 eV belowEF along the M -K -
� high symmetry direction for both compounds. Visibly,
the spectrum is separated into sharp dispersions within
1 eV of EF and broad spectral intensity in the -2 to -3
eV energy range. As shown in Fig. 3a-b, the sharp dis-
persions marked by the solid lines and the broad spectral
intensity indicated by dashed lines exhibit similar dis-
persion patterns. This is also clearly shown in the stack
of energy distribution curves (EDCs) in Fig. 3c-d. The
broad hump (green markers) largely follows the disper-
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FIG. 3. (a)-(b) Large energy range spectra under both LH and LV polarizations for Fe 3GeTe2 and Fe3GaTe2 . The solid lines
highlight the coherent features near EF and the dashed lines highlight the corresponding incoherent features. (c)-(d) EDCs
along the M -K -� directions for the LV polarization from (a)-(b). The green dots track the incoherent peaks and the yellow dots
track the coherent peaks. The two features are separated by the dips that marked with red arrows. (e)-(f) Projected partial
DOS calculated by DFT for Fe 3GeTe2 and Fe3GaTe2 . Only the Fe partial DOS is renormalized by a factor of 1.6. The arrows
are pointing at the same features in Fe3GaTe2 and Fe3GeTe2 , suggesting Fe3GaTe2 to be a hole-doped version of Fe3GeTe2 .

sion and photoemission matrix elements of the sharper
bands near EF (yellow markers), and a clear dip (red
arrows) separates the two regimes of sharp quasiparti-
cles and broad spectral weight. Even in this large energy
window, it is evident that the overall spectral shape of
Fe3GaTe2 is shifted up in energy compared to that of
Fe3GeTe2, consistent with the overall hole-doping. To
understand the origin of these states, we look at the DFT
calculated density of states (DOS) in the ferromagnetic
state. Clearly, Fe 3d states dominate the valence bands,
with a small contribution by Te and Ge/Ga. To take into
consideration the renormalization of the Fe 3d states de-
rived above, we renormalize the Fe partial DOS by 1.6
while leaving the Te and Ge/Ga partial DOS unrenormal-
ized. This results in the spin majority (up) states having
a peak near -2 eV and the spin minority (down) states
near EF . This comparison suggests that the sharper
quasiparticles and broad hump dichotomy is likely dom-
inated by the spin minority and spin majority states,
respectively. Such kind of quasiparticle-dip-broad hump
spectral feature has also been reported in other corre-
lated ferromagnets, such as SrRuO3, which is a metal-
lic ferromagnet where both itinerant electrons and lo-
cal moments contribute to the magnetism. In that case,
this quasiparticle-dip-broad hump spectral feature was
also explicitly reported, where strong scattering results
in the incoherence of the spin majority states [24, 46]. In
Fe and Ni metals, LDA+Dynamical Mean Field Theory
has also captured such spectral lineshape in the single-
particle spectral function by including the many-body
e�ects of the 3d states [23, 37, 63].

To examine the role of the near-EF bands in the fer-
romagnetism, we carried out temperature dependence
study of the electronic structures for both Fe3GaTe2 and
Fe3GeTe2 across their respective TC . Figure 4a shows

the band dispersions of Fe3GeTe2 (T C = 210 K) at 50
K and 250 K, with additional intermediate temperatures
shown in the SM [1]. And �gure 4b displays the band
dispersion of Fe3GaTe2 (T C = 360 K) along the M -K -
� direction at selected temperatures 50 K and 410 K,
with additional intermediate temperatures shown in the
SM [1]. From those datasets, we can extract the tem-
perature evolution of the bands by extracting the EDCs
at speci�c momenta indicated by the orange and green
lines in Fig. 4(a) and Fig. 4(b). The detailed EDCs are
shown in Fig. 4(c-f). For Fe3GeTe2, the � band is ob-
served to not shift, a small shift of the � band is ob-
served across TC , consistent with previous report [57].
Similar analysis was also carried out for Fe3GaTe2. And
for Fe3GaTe2, there is no noticeable shift in the peak
position of the EDCs for both � and � bands with in-
creasing temperature through the TC of 360 K, as shown
also from the �tted peak positions in Fig. 4(g). The lack
of observable shift of bands across TC strongly deviates
from the expected behavior of itinerant ferromagnets.
According to the Stoner model, the exchange splitting
is expected to disappear above TC [27]. For Fe3GeTe2

and Fe3GaTe2, we can estimate the exchange splitting
sizes from DFT calculations to approximately be 1.5 eV
and 1.7 eV, respectively. The expected shift of major-
ity/minority bands would be half of the exchange split-
ting divided by the band renormalization factors, result-
ing in 0.47 eV and 0.53 eV, respectively. The tempera-
ture evolution of the band shift according to the Stoner
model can then be estimated by scaling this energy scale
to the existing temperature-dependent bulk magnetiza-
tion in Fe3GaTe2 [60] or magnetic moment measured by
neutron di�raction for Fe 3GeTe2 [57, 60], which are plot-
ted as the grey dashed lines in Fig. 4g. We note that
for systems whose ferromagnetism is contributed by both
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FIG. 4. (a)-(b) Band dispersions in Fe 3GeTe2 and Fe3GaTe2 above and below their respective TC 's. The main features are
highlighted with dashed lines. (c)-(f) Temperature dependent EDCs, taken at the momenta marked in (a)-(b). (g) Fitted peak
positions from the EDCs as a function of temperature, with the markers de�ned as in (c)-(f). The grey dashed lines indicate the
estimated band shift from a Stoner model, determined by the DFT exchange splitting and magnetic moment for Fe 3GeTe2 [57]
and magnetization for Fe 3GaTe2 [60].

itinerant electrons and local moments, partial closing of
the exchange splitting is observed across TC , such as Fe
metal [4, 29], MnSi [17, 32] and SrRuO3 [24, 46]. The
stark contrast between the expected shift and the ob-
served band shift here suggests that itinerant electrons
play a minimal role in the ferromagnetism in Fe3GeTe2

and Fe3GaTe2. While some �nite shift is still observed in
Fe3GeTe2, we observe no shift in Fe3GaTe2, suggesting
that local moments play an even more dominant role in
Fe3GaTe2.

Taking all the presented evidence together, we come to
an understanding of the ferromagnetism of the isostruc-
tural Fe3GaTe2 (T C � 360 K) and Fe3GeTe2 (T C � 210
K) as the following: while both systems are metallic and
exhibit clear Fermi surfaces, the valence band spectral
intensity exhibit a quasiparticle-dip-broad hump feature
that seem to indicate non-negligible correlation e�ects.
In addition, the itinerant charge carriers near EF show
minimal modi�cations across TC , with Fe3GaTe2 show-
ing even less observable changes. This indicates that the
large enhancement of TC in Fe3GaTe2 can not barely
be due to the change in the itinerant charge carri-
ers and must be a result of the local moments. Our
�ndings therefore demonstrates that the Fe3GaTe2 and
Fe3GeTe2 systems are moderately correlated and a com-
prehensive understanding of the magnetism in these Fe-
based vdW ferromagnets must take into consideration
the many-body interactions of the Fe 3d states.
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X-RAY ABSORPTION SPECTROSCOPY (XAS)
AND X-RAY MAGNETIC CIRCULAR

DICHROISM (XMCD)

We carried out XAS and XMCD measurements on
both Fe3GaTe2 and Fe3GeTe2 at the Fe L-edge (Fig. S1).
As it is known that surface oxidization of Fe-based com-
pounds often causes an extrinsic Fe3+ peak in XAS spec-
tra, we aimed to minimize surface oxidization by cleaving
the crystals in air before loading the samples. During this
process, the Fe3GaTe2 crystals were exposured in air for
around 1 hour and Fe3GeTe2 crystals were exposed in air
for less than 1 minute. To gauge the severity of potential
surface oxidation that could be caused in the exposure
time di�erence, we also carried out Energy Dispersive
X-ray Spectroscopy (EDX) measurement to simulate the
oxidation condition by cleaving a Fe3GaTe2 crystal in air
and keeping it in air for 1.5 hours before the EDX mea-
surement. No oxygen peaks were observed (Fig. S1e),
indicating that no severe oxidation occurs during this
exposure time. The XAS and XMCD results in Fig. S1
therefore indicate the intrinsic di�erence in the two com-
pounds to the best of our knowledge, although future
measurements with in-situ cleaving would be optimal.

From our XAS data in Fig. S1, the Fe3GaTe2 is
dominated by Fe3+ while Fe3GeTe2 is mainly composed
of Fe2+ . This is consistent with the XPS report on
Fe3GaTe2, which suggests that the much enhancedTC in
Fe3GaTe2 may be due to the high spin state of Fe3+ [1].
We have also extracted an XMCD signal for both com-

pounds. In Fe3GeTe2 in particular, we were able to mea-
sure across itsTC of 210 K. The XMCD signal is strongly
reduced but still �nite above TC .

DFT CALCULATIONS

Figure S2 shows additional DFT calculations for
Fe3GeTe2 and Fe3GaTe2 beyond those provided in the
main text. Calculations without spin orbit coupling
(SOC) are compared in Fig. S2a-b. At the K points
for both compounds, each band nearEF is doubly de-
generate due to the crystalline symmetries of C3z , C2y

and P (inversion). When SOC is taken into considera-
tion, the degeneracy at K is lifted (Fig. S2c-d). In Fig.
S2a-b, the spin up and spin down bands are indicated
by red and blue colors, respectively. From this, we mark
out the exchange splitting by the black arrows for both
Fe3GeTe2 and Fe3GaTe2, which are 1.5 eV and 1.7 eV, re-
spectively. The total density of states (DOS) for spin up
and spin down projections are also provided in Fig. S2e-
h. From the DFT calculated Fermi surfaces (Fig. S2i-j),
the hole Fermi pockets around � are indeed enlarged in
Fe3GaTe2 compared to those in Fe3GeTe2.



2

Fig. S1. (a)-(b) Dichroic absorption spectra for the Fe L 2 and L3 edges for Fe3GaTe2 at 150 K and 300 K, respectively. (c)-(d)
Equivalent dichroic absorption spectra for Fe 3GeTe2 at 150 K and 250 K. The XMCD signal intensity is enhanced by a factor
of 5 for clarity. (e) EDX results on Fe 3GaTe2 after cleaving in air and being exposed for 1.5 hours before loading into vacuum
chamber for measurement. No oxygen peaks are observed.

Fig. S2. (a)-(b) DFT calculations along the �-K-M-� direction for Fe 3GeTe2 and Fe3GaTe2 without considering spin orbital
coupling (SOC). The red and blue lines represent spin up and spin down bands, respectively. The arrows mark the exchange
splitting. (c)-(d) DFT calculations along the �-K-M-� direction taking into consideration SOC. (e)-(f) Density of states (DOS)
for Fe3GeTe2 and Fe3GaTe2 without SOC. (g)-(h) DOS for Fe 3GeTe2 and Fe3GaTe2 with SOC. (i)-(j) Fermi surface constant
energy contour. The red and blue lines represent spin up and spin down Fermi surfaces, respectively.
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Fig. S3. (a)-(b) Photon energy dependence maps of Fe3GeTe2 and Fe3GaTe2 taken at the Fermi level along the high symmetry
direction. The data in (a) were taken using LV polarized light while the data in (b) were taken using LH polarized light. (c)-(d)
Band dispersion meausrements at selected photon energies. All measurements were taken at 15 K.
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ARPES PHOTON ENERGY DEPENDENCE OF
THE ELECTRONIC STRUCTURE

In Fig. S3, we show the photon energy dependent elec-
tronic structure evolution for Fe 3GeTe2 and Fe3GaTe2.
While photon energy-dependent intensity is observed for
both compounds, we could not determine a clear period-
icity to accurately obtain an inner potential. The change
of intensity for each bands may potentially come from a
photon energy-dependence of the photoemission matrix
element e�ect.

TEMPERATURE DEPENDENCE OF THE
ELECTRONIC STRUCTURE

In Fig. S4, we show additional temperature depen-
dent electronic structure evolution for Fe3GaTe2 and
Fe3GeTe2 from 15K to above their respectiveTC 's along
the �- K -M direction. The data for both compounds were
taken by slowly ramping the temperature while continu-
ously taking measurements. As shown in Fig. S4a, the
electronic structure of Fe3GaTe2 is almost identical from
15 K to 410 K, except spectra broadening. For Fe3GeTe2,
the band structure is also barely shifted up to 250 K. For
both Fe3GaTe2 and Fe3GeTe2, the electronic structure
smoothly evolve across theirTC 's. In Fig. S5, we present
the �tted Full Width at Half Maximum (FWHM) of each
band as the temperature increases. The FWHM of each
band, �tted from panel (a) to (b), is depicted in panel
(c). Generally, all bands exhibit an increase in width at
varying rates as the temperature rises at varying rates.

COMPARISON BETWEEN DFT AND ARPES
MEASURED BAND DISPERSIONS

Band dispersions in the ferromagnetic state for
Fe3GaTe2 and Fe3GeTe2 are shown from �gures S5 (a)
to (d). In Fig. S6(b) and (d), we overlap the calculated
bands on the ARPES data and �nd the overall agree-
ment between the renormalized DFT calculations and

the ARPES data. To better illustrate the consistency
between the measured spectra and DFT, we also put the
guides for the measured dispersions in (a) and (c). No-
tice that it is hard to resemble all the measured bands by
DFT which is normal in correlated system. We �nd the
DFT calculations have well reproduced the characteristic
features in ARPES spectra.

For Fe3GeTe2, the electron band ! and the dispersive
hole bands� , � and � are all consistent with the DFT cal-
culation with an overall renormalization factor 1.6. One
can �nd the measured bands which are marked with yel-
low indicators are all well matched with the calculations
(red and black dashed lines).

For Fe3GaTe2, we can see the hole like band
 at K
and four hole bands� , � , � and � centered at � are overall
captured by the renormalized DFT calculations that the
yellow indicators are matched well with the DFT (red
and black dashed lines). However, the� band become

at along M � K which has no correspondence between
DFT and measured bands. And the � band within the
energy window from -0.6 eV to -1.0 eV, we can not �nd
one to one correspondence with the DFT calculations.
Such inconsistency may be due to di�erent orbitals have
di�erent correlation strength, a DMFT calculation may
reach a better agreement for the future investigation.

Overall, by comparing the measured key features (yel-
low indicators) and the renormalized DFT calculations
(red and black dashed lines), for both Fe3GaTe2 and
Fe3GeTe2, an overall renormalization factor of 1.6 can
achieve the best agreement between data and calcula-
tions.
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Fig. S4. (a) Band dispersions along the �- K -M direction at selected temperatures for Fe3GaTe2 across its TC of 360 K,
measured with 132 eV LH polarized photons. (b) Band dispersions along the �- K -M direction at selected temperatures for
Fe3GeTe2 across its TC of 210 K, measured with 132 eV LV polarized photons.

Fig. S5. (a-b) Band dispersions along the �- K -M direction at selected temperatures for Fe3GaTe2 Fe3GeTe2 . (c) Fitted FWHM
of each bands marked in a-b.
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Fig. S6. (a) Band dispersions along the �- K -M direction in the ferromagnetic state for Fe 3GeTe2 and DFT calculations. The
DFT calculations (black and red lines) are renormalized by a factor of 1.6. The measured features are labeled with yellow dashed
lines. (b) The same as (a) but without guides to eyes. (c) Band dispersions along the �- K -M direction in the ferromagnetic
state for Fe3GaTe2 and DFT calculations. The DFT calculations (black and red lines) are renormalized by a factor of 1.6. The
measured features are labeled with yellow dashed lines. (d) The same as (c) but without guides to eyes.
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