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or monolayer CeSiI (ref. 26). Overall, observations of the 4L flake point 
to the possibility of tuning CeSiI towards a different ground state by 
exfoliation alone. Although the extreme sensitivity of thinner flakes 
complicates measurements in this regime, further studies will elucidate 
the effects of dimensionality in this heavy-fermion system.

Conclusion
Our results establish the vdW metal CeSiI as a 2D heavy-fermion antifer-
romagnet. This unique material platform allows us to probe electron 
correlations at microscopic length scales and explore the Doniach 
phase diagram using new tuning parameters enabled by exfoliation, 
including dimensionality, strain, symmetry breaking, gate doping 
and heterostructuring. Combining these tuning parameters with syn-
thetic modifications could afford control over the balance between 
on-site Coulomb repulsion and hybridization, charting a path towards 
a programmable effective electron mass or the creation of a Kondo 
insulator state. Moreover, suppression of the magnetic order in CeSiI 
may lead to the emergence of superconductivity. Unexpected phe-
nomena will undoubtedly arise. In a separate study, we demonstrated 
that the 2D-confined electronic structure of CeSiI induces anisotropic 
c-f hybridization, leading to the coexistence of light and heavy charge 
carriers.
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Methods

Synthesis and structural characterization
Single crystals of CeSiI and LaSiI were synthesized following a modi-
fied published procedure33. Because of the air-sensitive nature of the 
reagents and products, all manipulations of the reagents and products 
were performed in an inert atmosphere of nitrogen or argon. Starting 
materials: Ce ingot (99.8%, Thermo Scientific), La chips (99.6%, Strem), 
CeI3 powder (99.9%, Thermo Scientific), LaI3 powder (99.99%, Thermo 
Scientific) and Si chips (99.9999%, Strem). Commercial CeI3 and LaI3 
were further purified by vacuum sublimation at 900 °C for 48 h. Stoi-
chiometric amounts of Si and CeI3 (LaI3) were ground and mixed with 
a stoichiometric amount of Ce (La) pieces. A pellet of the combined 
reagents was pressed and then sealed in a 4–5 cm Nb tube by arc weld-
ing. The Nb ampoule was sealed in a fused silica tube under vacuum 
and placed in a box oven. The furnace was heated to 997 °C over 12 h, 
kept at this temperature for 6 d, cooled down to 700 °C with a ramp 
of 3 °C h−1 and finally turned off. For LaSiI crystals, the furnace was 
heated to 997 °C over 12 h, kept at this temperature for 18 d and then 
turned off. The resulting crystals possessed a copper metallic lustre 
and were characterized by single-crystal X-ray diffraction using Mo Kα 
radiation. Single crystals of CeSiI and LaSiI were mounted using parabar 
oil in a nitrogen-filled glovebox. The measurements were performed 
on an Agilent SuperNova diffractometer. Crysalis Pro software was 
used for data collection and reduction and absorption correction. The 
structures were solved in OLEX2 (ref. 51) using SHELXT52 and refined 
using SHELXL53. The crystal structures are consistent with previous 
reports33,44.

Atomic force microscopy
Single crystals of CeSiI were exfoliated in a nitrogen-filled glovebox 
using Scotch Magic tape and transferred to a 100 nm Si3N4/Si wafer. 
Before exfoliation, the wafer was heated to 350 °C for at least 24 h. 
Atomic force microscopy measurements of the mechanically exfoliated 
CeSiI flake were performed using a home-built cryogenic ultra-high 
vacuum instrument that can also serve as a scanning optical near-field 
microscope54. The instrument was operated in tapping mode, in 
which the cantilever of a metallic tip (Rocky Mountain Nanotechnol-
ogy, LLC) was vibrated near its fundamental resonance frequency. 
Topographic maps were recorded by scanning the sample under the 
tip and keeping the tip tapping amplitude constant with a Z scanner  
feedback loop.

Heat capacity measurements and Sommerfeld coefficient fit
Heat capacity measurements were performed on a Quantum Design 
Physical Property Measurement System (PPMS) DynaCool. Both sin-
gle crystals and single crystals pressed into a pellet were measured. 
The samples were mounted with Apiezon N grease. A piece of gold 
foil (0.0004 inches thick) was used to encapsulate and protect them 
during the transfer into the PPMS. The addenda measurements were 
performed with the grease and the gold foil only. Data were collected at 
various magnetic fields between 0 and 9 T in the crystallographic c axis 
direction. The value of γ for non-magnetic LaSiI samples was extracted 
from the fit of the heat capacity data according to the equation:

C
T

γ βT= + ,2

where β represents a proportionality constant for the phonon con-
tribution to C.

Three heat capacity measurements were made of both CeSiI and 
LaSiI, as shown in Extended Data Fig. 2a. Because of the difficulty in 
precisely obtaining the mass of these highly air-sensitive samples, 
there is some variation in the overall scale of the heat capacity. In 
addition, there is some slight sample dependence in the heat capacity 

itself, as shown by the CeSiI 3 curve (light orange), which has the high-
est low-temperature peak but an intermediate high-temperature 
peak in C/T. To be systematic, we fitted all combinations of CeSiI  
and LaSiI.

Our fit function contains three elements: a phonon background 
(LaSiI, both with a fitted mass scale factor and without), a Sommerfeld 
function, which we approximate with a Bethe ansatz one-dimensional 
heat capacity solution55 (overall scale factor fitted and TK fixed to 
74 K), and a CEF model. The CEF model was fitted in two ways: (1) a 
point-charge model based on the refined crystal structure of CeSiI 
calculated with PyCrystalField such that the effective point charges 
are fitted56 and (2) a three-doublet model wherein we simply assume 
the existence of three Kramers doublets (as appropriate for Ce3+) and 
fit the two higher energies freely to the data. Two options for phonon 
backgrounds and two options for CEF heat capacity yielded four total 
fit function options. With nine different data sets to fit, this yielded 36 
total fits, as shown in Extended Data Fig. 3. All fits were performed for 
15 K < T < 100 K.

Clearly, not all the combinations of the data show reliable fits, par-
ticularly those that do not allow the LaSiI background to be scaled. If 
we take the fitted models with χ2 < 0.001, we find 11 Sommerfeld coef-
ficients with a mean 0.125 J mol−1 K−2, standard deviation 0.054 J mol−1 K−2 
and a range 0.031–0.217 J mol−1 K−2. These estimates show that, no mat-
ter what model is assumed, the average Sommerfeld coefficient is two 
orders of magnitude larger than that for typical conductors, indicating 
heavy-fermion behaviour.

The CEF point-charge fit included both the nearest Si and I ions, 
with the quantization axis along the crystallographic c axis (which 
is a threefold rotation axis for Ce3+). A point-charge model was used 
to calculate a ground-state doublet |ψ5 = 1.00 |±5/25 ± 0.006 |∓1/25. 
This hardly changed whether we included or excluded the I ions in the 
point-charge model. The point-charge model is a rough approxima-
tion, so it should be used cautiously. It predicts that the ground-state 
doublet is dominated by |Jz = ±5/25. Based on the fits, the first excited 
level is at (7.5 ± 0.5) meV for the χ2 < 0.001 set, and (9.0 ± 2.0) meV for 
the χ2 < 0.01 set (where the uncertainty indicates the standard deviation 
of the distribution of fitted levels).

Subkelvin heat capacity measurements
Low-temperature heat capacity measurements were performed using 
a Quantum Design PPMS dilution refrigerator insert with the samples 
encapsulated in Apiezon N grease for loading. Data were collected at 
various magnetic fields between 0 and 9 T in the crystallographic c axis 
direction (Extended Data Fig. 2f). The most prominent feature was a 
λ-anomaly at T ≈ 1 K at low fields. We believe that this is an ordering 
transition of an impurity phase rather than CeSiI, given: (1) the recov-
ered entropy over the low-temperature anomaly was approximately 
0.3 J mol−1 K−2 and was, thus, an order of magnitude lower than Rln(2), 
and (2) the magnitude of the heat capacity peak was strongly sample 
dependent.

Despite the confounding issue of the second phase, the low-field 
CeSiI heat capacity data show high heat capacity at low tempera-
tures corresponding to many low-energy degrees of freedom, as one 
would expect for heavy-fermion behaviour. As the field increases, the 
low-temperature heat capacity decreases, corresponding to gapped 
excitations. This is typical behaviour of an ordered magnet in a high 
magnetic field.

Entropy from heat capacity
For a two-state system (S = ½), the entropy recovered from low to 
high temperatures should total Rln(2) per spin. This is experimentally  
calculated by integrating the heat capacity:

∫S
C
T

T∆ = d ,
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where C is the heat capacity, T is the temperature and ∆S is the entropy 
recovered over the integrated temperature interval. To isolate the CeSiI 
magnetic heat capacity, we measured and subtracted the non-magnetic 
LaSiI heat capacity as shown in Extended Data Fig. 2b. As noted above, 
there is some uncertainty in the absolute values of both the CeSiI and 
LaSiI heat capacities because of mass normalization. This figure has a 
second ‘hump’ in the C/T data with a peak at T ≈ 23 K. When we adjusted 
the LaSiI mass to within a reasonable range (±20%), this hump persisted; 
therefore, it appears to be an intrinsic feature of the CeSiI magnetic 
heat capacity.

When we modelled this higher-temperature feature with a two-level 
Schottky anomaly, we got a very good match to the high-temperature 
heat capacity, as shown in Extended Data Fig. 2c. When we subtracted 
this and integrated the remaining heat capacity, we found that the heat 
capacity at TN was approximately 73% of Rln(2), indicative of a potential 
loss of entropy due to hybridization between the local moments and 
conduction electrons (Extended Data Fig. 2e). The entropy reached the 
expected Rln(2) value at approximately 20 K. Indeed, when we did not 
model and subtract the 23 K Schottky mode, the 0 T entropy between 2 
and 100 K was 12.2 J mol−1 K−1, or very close to 2Rln(2) ≈ 11.53 J mol−1 K−1, 
the expected entropy for magnetic order combined with a crystal field 
level. This confirms that the ground state of Ce is a doublet.

Magnetic measurements
The magnetic properties were measured on a Quantum Design PPMS 
DynaCool using the vibrating-sample magnetometry option. Single 
crystals were sealed in a small preweighed plastic bag in a nitrogen 
glovebox to allow for the crystals to be weighed air-free on an analytical 
microbalance. To perform orientation-dependent vibrating-sample 
magnetometry, a 4 mm rod was placed in a quartz tube (inner diam-
eter of 4 mm) and sealed with a 3 mm plug. To place the magnetic field 
parallel to the crystallographic c axis, a piece of double-sided tape with 
the crystals was mounted on the bottom of the 4 mm rod. For measure-
ments in which the magnetic field was perpendicular to the crystal-
lographic c axis, the 4 mm rod was cut into an L shape and the same 
piece of double-sided tape with the crystals on its side was mounted 
on it. The raw measured moment was corrected for the diamagnetic 
contribution of the sample holder by fitting the negative slope of the 
high field magnetization versus field data and adding the result as a 
temperature-independent term to the data.

Polycrystalline LaSiI powder was measured by pressing the ground 
powder in a polypropylene sample capsule in a nitrogen-filled glovebox. 
The capsule was sealed with superglue to protect the sample from air 
during loading of the PPMS.

Metamagnetic transition analysis
Field-induced magnetic transitions are ubiquitous in heavy-fermion 
materials57. For CeSiI, the low-field (µ0H < 2.3 T) magnetic phase 
is unambiguously assigned to an incommensurate AFM state, as 
described in a previous neutron study44. The nature of the additional 
magnetization plateaus, however, merits further discussion. The 
larger plateau could correspond to a polarized paramagnetic state. 
However, across many independently prepared samples, we consist-
ently observed the absence of magnetic saturation at 9 T. Additionally, 
the magnetization value observed at 9 T was much smaller than the 
value expected for the mJ = 5/2 crystal field ground state, suggesting 
the possibility that further metamagnetic transitions may emerge at 
even larger fields. One possible explanation for magnetization pla-
teaus is a change in the ordering of the local moments leading to a 
fractional magnetization plateau, as reported for other triangular 
antiferromagnets58–61. Another possibility is an intermediate paramag-
netic regime, which has been observed in certain AFM heavy-fermion 
materials57,62. Magnetization and neutron-scattering measurements 
at higher fields are needed to better understand the magnetic phase  
diagram of CeSiI.

Bulk electrical transport device fabrication
The electrical resistance of a single crystal was measured using the 
electrical transport option on a Quantum Design PPMS DynaCool. 
Single-crystal transport devices with four contacts were fabricated 
by mounting four gold wires (wire thickness of 0.025 mm) and a single 
crystal of CeSiI onto a glass coverslip with a small amount of superglue. 
The gold wires were placed in contact with the crystal by hand using 
Dupont 4929 N silver paint. The coverslip with the crystal and wires 
was then glued to the PPMS transport puck and the gold wires were 
placed in contact with the gold pads of the puck with silver paint. The 
sample was encapsulated in Apiezon N vacuum grease to protect it 
during loading of the PPMS. An a.c. current of 10 mA with a frequency 
ranging from 20 to 35 Hz was applied to measure the electrical transport 
properties from 1.8 to 300 K.

The SdH oscillations were measured using a similar fabrication pro-
cess for bulk crystal devices with the cover glass mounted on a 16-pin 
dip socket instead of a PPMS transport puck. The devices were meas-
ured at the National High Magnetic Field Laboratory using a LakeShore 
Cryotronics Model 372 AC resistance bridge with a 3708 preamplifier 
and a rotator probe to obtain the angle dependence.

SdH oscillation analysis
The SdH oscillation frequencies were isolated by subtracting a 
fourth-order polynomial background and performing a fast Fou-
rier transform. The identification of the six oscillation frequencies 
(Extended Data Fig. 8) was confirmed by filtering out the others and 
performing an inverse Fourier transform, giving resuilts that were in 
good agreement with the raw data (Extended Data Fig. 8e). The areas 
(AF) of the Fermi pockets were obtained from the fast Fourier transform 
using the Onsager relation:

⎛
⎝
⎜

⎞
⎠
⎟F

φ

π
A=

2
,F

0
2

where F is the frequency and φ0 is the magnetic flux quantum constant. 
We estimated the Fermi wavevector kF from oscillations assuming a 
circular cross section AF. From the temperature dependence, the effec-
tive electron mass (m*) of the oscillations was fitted according to the 
following relationship63:
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The calculated effective electron masses compared to that of a 
bare electron indicate that the Fermi pockets originate from the 
lighter bands and not the heavy-fermion bands (Extended Data  
Fig. 8d).

STM
STM measurements were performed in a home-built instrument. 
Single crystals of CeSiI and LaSiI were mounted in silver epoxy in a 
nitrogen-filled glovebox and transported to the STM using a nitro-
gen suitcase to avoid exposure to air. Crystals were cleaved in situ in 
ultra-high vacuum conditions. The data were measured at various 
sample stage temperatures using electrochemically etched tungsten 
tips, which were calibrated using the surface state of clean Au(111) 
before each sample approach. Tunnelling spectroscopy data were 
acquired using a lock-in modulation of 2 mV at a frequency of 927 Hz. 
The hybridization gap in the CeSiI density of states spectrum was fitted 
with a spectral Fano function of the form:

E I
E E Γq
E E Γ

DOS( ) =
(1 + ( − )/ )
1 + (( − )/ )

,0
0

2

0
2



which allows the Fano linewidth Γ  to be extracted from this fit.  
The temperature dependence of Γ  was used to calculate the Kondo 
temperature (TK) for a single Kondo impurity using the following  
equation:

Γ πk T k T= 2 ( ) + 2( ) .B
2

B K
2

Given the difficulties associated with high-temperature STM meas-
urements, the high-temperature data were collected through several 
thermal cycles, using several STM tips and on differently cleaved sample 
surfaces, but consistently yielded similar results to those presented 
in Fig. 1g.

ARPES
The CeSiI and LaSiI crystals were cleaved inside an ultra-high vacuum 
chamber using Kapton tape before the ARPES experiments, which 
were performed at the Electron Spectro-Microscopy 21-ID-1 beam-
line of the National Synchrotron Light Source II, USA. The beamline is 
equipped with a Scienta DA30 electron analyser, with base pressure 
approximately 2 × 10−11 mbar and various sample temperatures. The 
total energy and angular resolution were approximately 15 meV and 
approximately 0.1°, respectively.

First-principles calculations
The DFT calculations were carried out using the Quantum ESPRESSO 
package. We used a plane-wave basis set and the generalized gradient 
approximation for electron exchange and correlation. The ultrasoft64 
pseudopotential for Si and projector augmented-wave65 pseudopo-
tentials for Ce, La and I were obtained from PSlibrary66 v.1.0.0. The 
calculations were performed for CeSiI and LaSiI using the same lattice 
constants of a = 4.17 Å and c = 11.68 Å (ref. 33), belonging to the space 
group ̅P m3 1. The plane-wave cutoff for the DFT calculation was set to 
100 Ry for the plane-wave expansion of the wavefunctions on a  
Γ̅-centred k grid of size 16 × 16 × 4. For LaSiI, the non-spin-polarized 
calculations used scalar-relativistic pseudopotentials. For CeSiI, spin–
orbit coupling and non-collinear magnetic interactions were taken 
into account using two-spinor Kohn–Sham wavefunctions. Addition-
ally, an on-site Coulomb energy U = 6.0 eV was applied for CeSiI  
within the rotationally invariant formulation67 using the Löwdin- 
orthogonalized atomic 4f pseudo-wavefunctions of Ce as the localized 
basis set for the Hubbard manifold. The self-consistent DFT calculation 
converged to an AFM Ising configuration in which the spins of Ce above 
and below the silicene-like layer in the unit cell were polarized in  
opposite directions.

For both CeSiI and LaSiI, to calculate the Fermi surface on a finer 
k grid, tight-binding models in the basis sets of maximally localized 
Wannier functions were constructed using Wannier90 with the Si pz, Si 
sp2, I p and La/Ce 4f and 5d orbitals as initial projections. The Wannier 
functions were interpolated onto a k grid of size 2,700 × 2,700. The 
spectral function on the kxy plane at the Fermi level was plotted on a 
log scale in Fig. 4e. To calculate the magnetic exchange interaction for 
CeSiI, we used the magnetic force theorem68,69 to map the tight-binding 
Wannier Hamiltonian onto a classical Heisenberg model using TB2J 
(ref. 70), using the convention that a positive value of J corresponds 
to ferromagnetic exchange interaction. We found that for the in-plane 
exchange interactions, the nearest-neighbour interaction JNN = −0.1 meV 
and the next-nearest-neighbour exchange interaction JNNN = +0.01 meV. 
Moreover, the interlayer magnetic exchange interaction JIL = 0.000–
0.001 meV. Here, JNN corresponds to Ce ions vertically aligned across 
the silicene layer (dCe–Ce = 4.03 Å), whereas JNNN corresponds to Ce ions 
horizontally displaced within the triangular layer (dCe–Ce = 4.17 Å). We 
see that these calculations yield an estimated | JNN/JIL| > 100, whereas 
experimental values for quasi-2D intermetallic heavy-fermion materi-
als are typically near 1046, indicating substantial exchange anisotropy  
in CeSiI.

Tunnel diode oscillator fabrication and pressure 
experimentation
A tunnel diode oscillator circuit was used to detect changes in the sam-
ple properties under pressure. The measurement set-up consisted 
of an LC tank circuit, which maintained a resonant frequency when 
the tunnel diode was tuned with an appropriate bias. The sample was 
placed inside a small, copper coil (an inductor approximately 1 mm 
long × 0.5 mm in diameter), which was wound to match the size of the 
crystal to maximize the filling factor. This allowed the measured circuit 
frequency to be sensitive to both changes in the skin depth and the 
magnetization, which shifted the inductance of the circuit. The coil 
and crystal were small enough to fit into the sample volume of a piston 
cylinder pressure cell with Daphne oil. This allowed us to track changes 
in sample behaviour as a function of pressure, temperature and field.

2D device fabrication and electrical transport
CeSiI crystals were mechanically exfoliated onto a Si/SiO2 wafer inside 
an Ar glovebox with less than 0.1 ppm O2 and H2O. Before exfoliation, 
the substrate was heated on a hot plate at 300 °C for more than 24 h to 
remove any water from the surface. Flakes were identified by optical 
contrast. We used a previously reported high-resolution stencil mask 
technique to fabricate the devices71. This process uses neither solvents 
nor polymers, which helps to preserve the flakes. In addition, it can be 
done air-free inside the glovebox. Stencil masks were fabricated from 
Si3N4 (500 nm)/Si (300 µm)/Si3N4 (500 nm) wafers. A combination of 
photolithography, reactive ion etching and wet etching (with a potas-
sium hydroxide solution) was used to create 200 and 500 µm square 
windows of Si3N4. The desired patterns of devices were written with 
photolithography on the windows and reactive ion etching was used 
to remove the Si3N4 mask. We aligned and placed the prefabricated 
stencil mask onto pre-identified flakes with a micropositioner. A small 
amount of vacuum grease (Apiezon H) was used to glue the mask to 
the substrate. We deposited Au metal as electrical contacts, and the 
device was covered with a flake of hexagonal boron nitride (thickness 
20 to 40 nm) to provide extra protection from degradation. The final 
device was cut, mounted on a 16-pin chip carrier and wire bonded inside 
the glovebox. The chip carrier was covered with glass and loaded into 
a cryostat for the electrical measurements. The electrical transport 
measurements were performed in a Quantum PPMS whereas the mag-
netoresistance was measured with a lock-in amplifier. Note that similar 
Hall effect measurements in three-dimensional heavy-fermion systems 
often require sophisticated focused ion-beam micromachining72,73; 
here, the ability to reduce thickness with exfoliation alone provides a 
simple method for studying the Hall effect in Kondo-lattice materials.

Data availability
The data that support the findings of this study are present in the paper 
and its Extended Data. Further data are available from the correspond-
ing authors upon request.
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Extended Data Fig. 1 | Magnetism and electrical transport of LaSiI.  
a, Temperature dependence of the magnetic susceptibility measured with  
an applied magnetic field of 1 T. The magnetic susceptibility of LaSiI is 
essentially temperature independent over the whole temperature range with 
no magnetic transition, and ca. one order of magnitude smaller than that of 
CeSiI. This is consistent with a non-magnetic system with a small amount of a 

ferromagnetic impurity, presumably iron or iron oxide. Inset: the field 
dependence of the magnetization at T = 2 K, showing a clear ferromagnetic 
response, verifies the presence of a ferromagnetic impurity. Assuming the 
impurity is Fe, we can estimate the amount in the sample to be ~1.83 µg 
(~0.01 wt%). b, Temperature dependence of the resistivity of LaSiI at zero 
magnetic field. c, Magnetoresistance of LaSiI at T = 2 and 30 K.
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Extended Data Fig. 2 | Magnetic heat capacity, entropy, and dilution 
refrigerator heat capacity. a, Heat capacity of multiple samples of CeSiI and 
LaSiI. Inset: C/T vs T2 fit for the LaSiI samples. b, Temperature dependence of 
the heat capacity of CeSiI and LaSiI. The magnetic heat capacity of CeSiI is 
estimated by subtracting CLaSiI from CCeSiI (Cmag = CCeSiI – CLaSiI). c, Temperature 
dependence of the magnetic heat capacity and a fitted Schottky anomaly 
corresponding to a low-lying crystal field level. d, Temperature dependence  

of the magnetic heat capacity at different magnetic fields with the Schottky 
contribution subtracted. e, Temperature dependence of the entropy calculated 
from the heat capacity data with the zero-field Schottky contribution 
subtracted. The entropy associated with the magnetic transition is close to the 
expected value Rln(2) for a doublet ground state. f, Low temperature dependence 
of C/T measured at different magnetic fields.



Extended Data Fig. 3 | Heat Capacity Fits for Sommerfeld Coefficient of 
CeSiI. C/T of CeSiI (red) and fitted model (black/grey) for 15 < T < 100 K. The 
Bethe Ansatz Sommerfeld and CEF contributions to the total model are shown 

by blue and green dashed curves, respectively. Grey lines are fits with χ 2 > 0.01, 
and thick black lines are fits with χ 2 < 0.01.
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Extended Data Fig. 4 | Temperature dependence of STS and ARPES, and 
comparison to LaSiI. a, Scanning tunneling spectra of CeSiI and LaSiI 
measured at T = 8 K, 300 mV, and 200 pA. The Fano fit for CeSiI is shown in red. 
b, The temperature dependence of the spectra of CeSiI with the smaller data set 

shown in Fig. 1e. c, Magnified ARPES spectrum from the red box in Fig. 2a along 
the Γ − M̅ ̅  path showing the hybridization between the itinerant states and the f 
bands. (Conditions: T = 10 K, photon energy of 135 eV). ARPES spectra of CeSiI 
at d, 35 K, e, 60 K, and f, 122 K taken at a photon energy of 121 eV.



Extended Data Fig. 5 | Orientation dependent magnetism of CeSiI. 
Temperature dependence of the magnetic susceptibility with an applied 
magnetic field of 1 T with the field parallel and perpendicular to the c-axis. The 
inset shows an optical microscope image of a CeSiI crystal with a scale bar of 

100 µm. b, Curie-Weiss curve with a field of 1 T parallel to the crystallographic 
c-axis and the grey dashed line representing the Curie-Weiss fit with 
C = 0.771 emu K mol−1 (µeff = 2.48) and θ = −3 K. The expected value of C for Ce3+  
is 0.804 emu K mol−1 (µeff = 2.54).
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Extended Data Fig. 6 | Pressure dependence of magnetism and the 
metamagnetic transitions in tunnel diode oscillator devices. a, The inverse 
frequency of the tunnel diode oscillator (TDO) as a function of temperature at 
different pressures. The fits to extract the broad antiferromagnetic peak are 
shown as dotted blue lines. b, Pressure dependence of TN obtained from the  
fits in panel (a). c, Magnetic field dependence of the inverse TDO frequency at 

T = 1.8 K. The blue dotted lines denote the fit for the first metamagnetic 
transition and the inset displays the derivative to extract the field for the 
second metamagnetic transition. d, Pressure dependence of the field for the 
first (open grey square) and second (closed grey square) metamagnetic 
transitions (HMM). The first metamagnetic transition shows a slightly greater 
pressure dependence than the second.



Extended Data Fig. 7 | STM analysis of LaSiI and nesting vector. a, STM 
topographic image of LaSiI, displaying the hexagonal lattice of iodine atoms 
and surface defects. Scale bar: 8 nm. Conditions: T = 8 K, 100 mV, 50 pA. Inset: 
Fourier transform of the STM topography, showing the same peak at qAFM 
~ 0.28 r.l.u. (dark blue arrow, r.l.u. = reciprocal lattice units) as CeSiI (Fig. 3c), 
which results from a nesting wavevector. Scale bar: 0.25 r.l.u. b, Line cut of the 
Fourier transform along kx showing a peak in intensity at qAFM (blue arrows) for 
LaSiI and CeSiI and in the DFT calculated spectrum of LaSiI. c, Contour plot of 
the calculated DFT band of LaSiI. The blue arrow indicates the qAFM nesting 
wavevector between two critical points in the Brillouin zone. d, Simulation of 
the LaSiI STM Fourier space displaying a peak in intensity at the qAFM nesting 
wavevector.
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Extended Data Fig. 8 | Analysis of the CeSiI SdH oscillations. a, High field 
magnetoresistance of CeSiI at different temperatures. b, Amplitude of the  
Fast Fourier transform (AFFT) versus the frequency (F) at different temperatures. 
c, Oscillatory component (∆R xx) obtained by subtracting a polynomial 
background from the magnetoresistance. d, Temperature dependence of the 

SdH oscillation amplitudes (A) with the effective mass for each frequency peak 
displayed with respect to the mass of a bare electron (m0). The dashed lines are 
the fits used to calculate the effective electron masses. e, Filtered oscillations 
compared to the raw data.



Extended Data Fig. 9 | Atomic force microscopy image and additional 
electrical characterization for the 15 L device. a, Atomic force microscopy 
image of a 15 L device. b, 2D plot of the longitudinal resistance (R xx) as a 

function of the temperature and applied magnetic field. c, 2D plot of the Hall 
resistivity (R xy) as a function of the temperature and applied magnetic field.
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Extended Data Fig. 10 | Optical microscope image and additional electrical 
characterization for the 4 L device. a, Optical microscope image of the 4 L 
device. b, Temperature dependence of the resistivity. The overall behavior is 
qualitatively similar to that of the bulk crystal, with a broad transition around 

50 K and a sharp kink at 7.5 K resulting from the AFM ordering. Inset: R versus 
T2. The linear fit (red line) denotes a Fermi liquid state. c, Field dependence  
of the magnetoresistance at different temperatures with H || c-axis. d, Field 
dependence of the magnetoresistance of the 4 L and 15 L flakes.
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