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“Slow oscillations of transverse magnetoresistance in HoTe3”

Supplementary Note 1

Tight Binding model of RTe3

The electronic band structure in the quasi-two-dimensional RTe3 can be well 
approximated by the elementary tight binding (TB) model of the in-plane Te 5px/y 

orbitals, which yields the following dispersions:

ϵ px (k x , k y )=−2 t paracos [k x a0 ]−2 t perpcos [k y a0 ]−EF

 ϵ py (k x , k y )=−2 t paracos [k y a0 ]−2 t perpcos [k x a0 ]−EF (1)

where a0≈ c0 is the 2D in-plane lattice constant with magnitude √2 smaller than that of 
the 3D unit cell.  The Fermi energy  EF is determined from the electron density, 
namely from the condition of 1.25 electrons for each px and py orbitals [1]

Fig. S1. 2D  Fermi  Surface  (FS)  of  HoTe3  calculated  by  TB  model,  using tpara = 
−1.96 eV and tperp = 0.34 eV and EF = −1.35 eV [1].



The main (bare) bands of the non-interacting TB model, shown in Fig. S1, 
gain a small curvature proportional to the ratio  tperp/tpara leading to the diamond-
shaped Fermi surface. The CDW transition takes place when there is a permanent 
lattice distortion at some wave vector  QCDW. Taking the mean-field approach, the 

lattice distortion leads to a coupling between the states  |k ⟩  and  |k ±QCDW ⟩  with an 

interaction strength of Δ. Hence, the new electronic eigenstates |ψ k ⟩  can be written as 

a superposition of the original states

|ψ k ⟩=uk−QCDW
¿

and are the eigenstates of the following matrix [2]:

[ϵ k−QCDW
Δ 0

Δ ϵ k Δ
0 Δ ϵ k+QCDW

](3 )

The eigenvalues  of  this  matrix  yield  a  new electronic  dispersion,  whose 

spectral weight |uk|
2is translated by ±QCDW  (shadow bands). This leads to the opening 

of a gap with amplitude of 2Δ around the crossing of main |k ⟩  and shadow bands 

|k ±QCDW ⟩ .

Fig. S2. Electron pockets after the overlap of the main bands |k ⟩  and shadow bands 

|k ±QCDW 1 ⟩ .  Due to imperfect nesting by the CDW1 vector, the band overlap between 



the states |k ⟩  and |k ±QCDW 1 ⟩  and hence the position of the gap relative to EF shifts with 

momentum, which results in residual metallic pockets on the FS, marked with red 
color. Here, we emphasize the residual pockets inside the square part (blue square) of 
FS  resulting  from  the  interaction  between  px and  py.  The  coupling  parameter 
(∆1=0.275 /2eV ) and CDW1 vector of HoTe3 can be extracted from [3].  

Experimentally, the CDW1 gap is well seen in [4], where the part near the 
Fermi level is emphasized. As we can see in [4, 5], with decreasing ky the nesting 
gradually weakens and residual metallic pockets appear on the FS, especially near 
their crossings, and therefore the system remains conducting in the CDW phase. 
Theoretically, the residual electron pockets (marked with red color) are shown in 
Fig. S2.

The first transition temperature TCDW1 ranges from a low temperature of 244K 
for TmTe3, the compound with the smallest lattice parameter in the RTe3 series, and 
increases  monotonically  with  increasing  lattice  parameter.  In  contrast, 
measurements for the smaller lattice parameter compounds R = Dy - Tm reveal a 
second CDW2 feature at a lower temperature TCDW2 (TCDW2 is largest for the heaviest 
member of the series) [6]. Preliminary ARPES results for ErTe3 confirm this picture, 
revealing additional gaps forming on sections of the FS close to the tips of the 
diamond sections of the FS pointing in a∗ direction [7]. The corresponding jump in 
the resistivity at TCDW2, related to the amount of FS gapped at the transition, is largest 
for the compound with the largest value of TCDW2 (smallest value of TCDW1) [6] and 
smallest area of initial FS gapped at TCDW1. 

The effect of the perpendicular CDW2 is approximated using the tight biding 
model and illustrated in Fig. S3. The crossing regions between the coupled bands 
CDW1 and CDW2 are marked with green (blue) color. The gaps due to both CDWs 
are denoted with dark rectangles. As it can be noticed, the spectral weight within the 
nested FS regions connected by the CDW vector QCDW2 vanishes. This results in an 
amount of FS gapped at the transition TCDW2 and hence in a reduction of the electron 
pockets as is shown in Fig. S3.  



Fig. S3. Same as Fig. S2 but including the CDW2 bands. The coupling parameter 
(∆2=0.142/2eV ) and CDW2 vector of HoTe3 can be extracted from [3]. The crossing 
regions marked with green (blue) color denote the electron pockets after the overlap 
of the CDW bands. Monte Carlo Method will be used to estimate the area of the blue 
colored region.

ARPES measurements for ErTe3 at T <  TCDW2 show that the spectral weight is 
more intense at the crossing regions between the coupled bands CDW1 and CDW2 

[7], which will be better seen in Supplementary Note 2.

Experimentally, the electron pockets resulting from the overlap of the main 

bands |k ⟩  and shadow bands |k ±QCDW 2 ⟩  are not visible due to the large CDW1 gap. 

This is well seen in Fig. S3.

Supplementary Note 2

Electron pocket area estimation by Monte Carlo Method

Since the positions of the pockets were determined by the spectral weight in 
ARPES [7], we select the crossing region marked with blue color in Fig. S3 and 



determine its  area by Monte Carlo Method (MC),  as  is  shown in Fig S4.  The 
calculated Area is AMC = 0.67% of the Brillouin zone (BZ).

Fig. S4. MC area calculation of the region marked with blue color in Fig. S4. n is 
the total number of points inside the BZ.

Electron pocket area estimation from ARPES 

The area estimated by MC in Fig. S4 helps us to estimate the electron pocket 
areas previously observed in ARPES [7] (see Fig. S5). In this case, the position of the 
observed pockets is fixed by mapping their intensity in the spectral weight, and then 
we proceed to determine the number of covered pixels as well as the coverage of the 



colors. This method can give a good approximation of the area of the pockets since 
the area of the BZ is already known and covered with n = 100000 black points (see 
Fig. S4).  This gives the following areas for the mapped regions 1 and 2:  AAR1 = 
0.64% and AAR2= 0.55%, respectively. 

Fig. S5.  Area determination of electron pockets observed in ARPES [7]. The spectral 
weight in ErTe3 at T < TCDW2 is fixed in the calculated bands and the location of the 
high-intensity regions is mapped for convenience.

As we can see from ARPES [7], the pockets shapes are not symmetrical, which 
is better observed in the mapped spectral weight from Fig. S5. This leads to different 
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pocket areas in regions 1 and 2. Otherwise, according to TBM, the pockets should 
have the same area after coupling. Hence, in addition to the inaccuracy of ARPES 
measurements, asymmetrical shapes of the pockets make it difficult to determine the 
areas.

Supplementary Note 3

Frequency determination

Quantum oscillations is a direct measure of the FS area via the Onsager 
relation:

F=( ϕ0

2π2 )AH (4 )

where ϕ0=hc /2e=2.07×10−15 Tm2 is the flux quantum, and AH is the cross-sectional 
area  of  the  FS  normal  to  the  applied  field  [8].  This  results  in  the  following 
frequencies:

                                Area                                                      Frequency

AMC = 0.67%                                                    151 T

AAR1 = 0.64%                                                    144 T

AAR2 = 0.55%                                                   124 T

A frequency of 124 T implies a Fermi surface pocket that encloses a k-space 
area of AH = 0.55 % of the Brillouin zone.

The approximation can be improved by considering the region of intersection 
between  AMC  and  AAR2( AMC∩AR2=0.3 % ) which  gives  a  frequency  of  F  =  67  T. 
Although  the  Onsager  relation  predicts  lower  areas  for  peaks  observed  in  the 
quantum oscillation  frequency  spectrum in  Fig.  4  of  the  main  manuscript,  the 
approximation given by us  is  very good despite  the  inaccuracy of  the  ARPES 
measurements. 



It should be mentioned that the CDW gaps (2∆1=175 meV and 2∆2=50 meV 
[7]) for ErTe3 are smaller than the gaps for HoTe3,  and that the spectral weight 
distributed on the translated parts of the band structure strongly depends on the CDW 
vectors.  This  results  in  a  larger  margin  of  error  in  our  calculation  after  the 
reconstruction of the FS in the TB model.
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