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Evolution of the Fermi surface of arsenic through the rhombohedral to simple-cubic phase
transition: A Wannier interpolation study
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The pressure dependence of the Fermi surface of arsenic is examined using the technique of Wannier
interpolation, enabling a dense sampling of the Brillouin zone and the ability to capture fine features within
it. Focusing primarily on the A7 → simple-cubic phase transition, we find that this semimetal to metal transition
is accompanied by the folding of Fermi surfaces. The pressure dependence of the density of states (DOS) of
arsenic indicates that the onset of the Peierls-type cubic to rhombohedral distortion is signified by the appearance
of emerging van Hove singularities in the DOS, especially around the Fermi level. As we noted in an earlier
study, high levels of convergence are consequently required for an accurate description of this transition.
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I. INTRODUCTION

At ambient pressures the group-V element arsenic is a
semimetal with the rhombohedral α-As or A7 crystal structure
(space group R3̄m). Under applied pressure arsenic undergoes
a series of structural phase transitions,1 the first of which
occurs at approximately 28 GPa yielding the metallic simple-
cubic (sc) structure (space group Pm3̄m). The change in
the electronic structure of arsenic across this semimetal to
metal phase transition is described most naturally using the
Fermi surface. In the A7 phase, arsenic is known to have a
very unusual Fermi surface, consisting of six lobes connected
by six long thin cylinders or “necks.” This Fermi surface
is today still depicted as it was by Lin and Falicov2 in
1966—an artist’s rendition—it is a famous image that is often
used to describe the complexity that a Fermi surface may
exhibit. First-principles calculations on the very dense grids
required to resolve the fine details of the Fermi surface of
arsenic are computationally expensive even with contemporary
computing resources. Here we demonstrate that the method of
Wannier interpolation3–6 achieves the same accuracy far more
inexpensively.

In this study we use Wannier interpolation to investigate the
pressure dependence of the Fermi surface and density of states
(DOS) of arsenic, in particular as it experiences the A7 → sc
semimetal to metal phase transition. Wannier interpolation of
the band structure is based on the use of maximally localized
Wannier functions (MLWFs),7–9 which act in the spirit of
“tight-binding” as a set of spatially-localized orbitals, allowing
calculations to be performed with the accuracy of first-
principles simulations but at low computational cost. Indeed,
arsenic provides us with a beautifully simple demonstration
of the power of Wannier interpolation—it is an ideal testing
ground for the use of this technique to study phase transitions
involving a metal.

In an earlier work we used density-functional theory
(DFT) to determine the transition pressure of the A7 → sc
phase transition of arsenic.10 The investigation consisted of
performing relaxations of the two-atom unit cell subjected
to pressures over the range of 0–200 GPa. The study was

focused primarily on the A7 → sc semimetal to metal phase
transition. That work enabled us to address a long-standing
question as to whether experimental results for the transition
pressure obtained by Beister et al.11 were correct over those
of Kikegawa and Iwasaki,12 with our results supporting
the findings of the former. It further allowed us to explain
the wide range of theoretical values for the transition pressure
that can be found in the literature—the spread of values is
due to the difficulty of adequately sampling the Brillouin
zone (BZ). We discovered that high-quality results required
extensive convergence testing with respect to BZ sampling and
amount of smearing used. In particular, we found that in order
to ensure convergence and reliability of results when studying
phase transitions involving a metal, dense BZ sampling grids
are essential.13

We thus begin by using Wannier interpolation to determine
the Fermi surface of arsenic at 0 GPa. We inspect closely
the finest features of the electron and hole Fermi surfaces at
ambient pressures and make a quantitative comparison of our
results with those available in the literature. Building on the
results obtained from the relaxations performed in our earlier
study,10 we then use Wannier interpolation to investigate the
pressure dependence of the Fermi surface of arsenic, and
in particular to study exactly how it evolves through the
A7 → sc transition. Finally, we use Wannier interpolation
to investigate the DOS of arsenic over a range of different
pressures. In our earlier study, we found that converging our
geometry optimizations in the vicinity of the A7 → sc phase
transition was rather more difficult than expected.10,13 We will
see that this is due to the rapid change of the DOS around the
Fermi level across the transition. Consequently, high levels of
convergence are required in order to calculate the transition
pressure accurately.

The paper is organized as follows. Section II outlines
important technical aspects of the methodology, and Sec. III
deals with the computational details of our calculations. In
Secs. IV to VII, we present and discuss our results: we
reveal the actual Fermi surface of uncompressed arsenic—
the features thereof are compared to results of theory and
experiment that exist in the literature; we study the pressure
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dependence of the Fermi surface of arsenic, with a view to
observing it as it undergoes the A7 → sc structural phase
transition; we calculate the Wannier-interpolated DOS of
arsenic in the A7 and sc phases, and we present the pressure
dependence of the DOS of arsenic in the immediate vicinity of
the A7 → sc transition; we conclude with a brief discussion.

II. METHODOLOGY

A. Wannier interpolation

A conventional electronic-structure calculation yields a set
of Bloch states describing the low-lying band structure of a
particular system in its ground state. A set of (generalized)
Wannier functions14 (WFs) can be constructed from these
Bloch states in order to be able to describe the system in
real space, with the WFs acting as a basis set of localized
orbitals. The method of Wannier interpolation3–6 is based on
the use of a unique set of Wannier functions, the so-called
“maximally localized Wannier functions”,7–9 which serve as an
“exact tight-binding” basis for the target system. Prescriptions
due to Marzari and Vanderbilt7 and Souza et al.8 allow the
determination of this unique set of Wannier functions—the
former in the case of a set of isolated bands and the latter
extended to the case of a set of entangled bands—by requiring
the resulting WFs to exhibit minimum spread.

Wannier interpolation is a simple and widely applicable
scheme that incorporates the idea of a tight-binding model with
the accuracy of ab initio methods. The technique is ideal for
the evaluation of quantities that require a very dense sampling
of the BZ. In particular, it should be very useful for the study of
metallic systems as it enables a sampling of the Fermi surface
to ab initio accuracy but with little associated cost.

Here we are concerned with finding the eigenvalues of the
one-electron effective Hamiltonian at arbitrary k, εnk, where
n is the band index. However, this interpolation procedure can
be extended to the calculation of other quantities of interest—
the eigenvalues of any periodic one-electron operator can be
determined in a similar fashion.3

B. Adaptive smearing

To accelerate the convergence of singularities in the DOS,
we apply a state-dependent broadening scheme as follows.
Within the Wannier interpolation method, we have the ability
to vary the smearing of the occupancies according to the
band gradients |∂εnk/∂k|, as the gradients can be computed
efficiently at no additional cost. The state-dependent smearing
width Wnk is set to3

Wnk = a

∣
∣
∣
∣

∂εnk

∂k

∣
∣
∣
∣
�k, (1)

where a is a dimensionless constant, of value 0.2 in this study.
This state-dependent broadening scheme is termed “adaptive
smearing,”3 and it enables highly resolved DOSs, especially
when combined with the method of cold smearing.15

III. COMPUTATIONAL DETAILS

We build on the findings of our earlier studies of arsenic,10 in
which structural relaxations were performed on the two-atom

rhombohedral unit cell subjected to a range of pressures.
These geometry optimizations resulted in a series of pressure-
dependent configurations, characterized by the lattice param-
eters which are described in the discussion of the unit cell of
arsenic found in the Supplemental Material that accompanies
this paper.16 For each configuration (each pressure), we repeat
exactly the same procedure.

The computational details are as follows. For each pres-
sure investigated, we first obtain the Bloch states self-
consistently using the density-functional-based PWSCF code17

in the local-density approximation (LDA). We use a scalar-
relativistic, norm-conserving pseudopotential generated using
the “atomic” code (by Dal Corso, supplied with the QUANTUM

ESPRESSO distribution17) to describe the core-valence interac-
tion of arsenic. The pseudopotential core radii are as follows:

1.16
◦
A for the 4s and 4p states, and 1.22

◦
A for the 4d states,

anticipating that we will need to allow for d states at higher
pressures.

We perform the self-consistent calculation on our two-atom
unit cell of arsenic using a 25 × 25 × 25 Monkhorst-Pack grid,
which includes the � point. A kinetic energy cutoff of 750 eV
is used for the plane-wave expansion of the valence wave
functions. A convergence threshold of 1.4 × 10−8 eV is set for
the minimization of the total energy, and a cold smearing15 of
0.27 eV is used.

Once the ground state charge density of the system has been
determined, using the PWSCF code we then perform a non-self-
consistent calculation in order to obtain a reference (ab initio)
band structure against which the Wannier-interpolated band
structure can be compared.

To calculate the WFs, the self-consistent potential is frozen
and a non-self-consistent calculation is performed in order to
discretize the Bloch states over a uniform mesh of 8 × 8 × 8
q points. The strong localization of the MLWFs in real space,
in addition to the generally accepted exponential fall-off of
the WFs, ensures that a grid of this size is sufficient for our
needs.3 (In this paper we adopt the convention used in Ref. 3
of using the symbol q to denote grid points that belong to the
mesh upon which the Bloch states have been stored. This is
in order to distinguish these specific q points from arbitrary
sites, labeled k points, at which the values are obtained through
interpolation.) The Bloch states are thus stored on a relatively
coarse ab initio grid. We have determined that we must use
nine WFs per atom of the unit cell in order to ensure that we
can capture the character of the bands at higher pressures—
this point is elaborated upon in the Supplemental Material.16

Thus we must construct 18 WFs and with this in mind, we
calculate the first 30 bands at each q point. The 18 WFs can
then be constructed from these 30 bands according to the
disentanglement procedure prescribed by Souza et al.8 This is
performed using the WANNIER90 code.18

We obtain highly converged DOSs across the range
of pressures studied using a 400 × 400 × 400 interpolation
(k point) mesh.

Although we use the PWSCF code in the LDA, the con-
figurations (the lattice parameters defining the structure of
arsenic at each pressure) used in this study were obtained from
calculations using the Perdew-Burke-Ernzerhof generalized
gradient approximation19 (abbreviated here as GGA-PBE) for
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FIG. 1. The BZ of the primitive rhombohedral (A7) structure,
labeled with points and lines of symmetry21,22 and with the mutually
orthogonal binary (x), bisectrix (y), and trigonal (z) axes. This figure
is taken from Ref. 20. The point along the TW line close to T is labeled
as Q in this figure—this point is usually called “B” in the literature and
we refer to it throughout this work as B. The special points appearing
in the figure are defined explicitly in the Supplemental Material.16

the exchange-correlation functional.10 We have confirmed that
when using Wannier interpolation to study the GGA-PBE
configurations, it makes no significant difference whether the
ground state potential has been set up using an LDA functional
or a GGA functional.

IV. THE FERMI SURFACE OF ARSENIC

At 0 GPa, when it is in the A7 phase, arsenic is a semimetal.
Only the fifth and sixth bands cross the Fermi level giving
rise to the hole and electron Fermi surfaces, respectively. The
BZ of the primitive rhombohedral (A7) structure of arsenic
is presented in Fig. 1. This figure was taken from Ref. 20,
though it was originally published by Cohen in 1961,21 and
it is the same for arsenic as it is for the other group-V
semimetals, antimony and bismuth. The special points of
the rhombohedral BZ indicated in Fig. 1 have been written
out explicitly by Falicov and Golin,22 and are given in the
Supplemental Material that accompanies this work.16

The hole Fermi surface, or hole “crown,” of arsenic depicted
in Fig. 2 was determined by Lin and Falicov via an empirically-
based pseudopotential band structure calculation in 1966.2 It
is an artist’s rendition, and it is still used today to illustrate the
Fermi surface of arsenic.

We use Wannier interpolation to calculate the Fermi
surface of arsenic (at 0 GPa) for the first time since Lin and
Falicov’s calculation. From our 8 × 8 × 8 ab initio grid, we
interpolate onto a 150 × 150 × 150 k point grid spanning
the BZ in an effort to capture the finest details of the Fermi
surface. Given the results of this interpolation and the Fermi
energy computed in the initial self-consistent calculation, the
Fermi surface is plotted.

The hole Fermi surface of arsenic at 0 GPa resulting from
our Wannier interpolation is depicted in Fig. 3—this is as

FIG. 2. Lin and Falicov’s (Ref. 2) hole crown, taken from Ref. 20.
The hole Fermi surface is centered at T . The mutually orthogonal
binary (x), bisectrix (y), and trigonal (z) axes are included.

it appears in the reciprocal unit cell. This Fermi surface
does closely resemble Lin and Falicov’s hole crown. We will
investigate how closely further below.

The hole Fermi surface, centered at the point T , is composed
of six lobelike pockets connected by six long thin cylinders
or necks, each of which is due to a point B of accidental
degeneracy located along the TW line and only slightly above
the Fermi level. (This accidental degeneracy is believed to be
lifted when the spin-orbit coupling is taken into account.2,24)
The lobes are each bisected by a plane containing the trigonal
(�T ) and bisectrix (�U ) axes (by a mirror plane). The
maximum of the fifth band occurs within the lobe and on
the mirror plane at a point designated as “H .”

TRIGONAL

BISECTRIX

BINARY

FIG. 3. (Color online) The hole crown of arsenic at 0 GPa as it
appears in the reciprocal unit cell. The mutually orthogonal binary,
bisectrix, and trigonal axes are included. This has been plotted using
the XCRYSDEN package.23
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BINARY

BISECTRIX

FIG. 4. (Color online) The uncropped hole and electron Fermi
surfaces of arsenic at 0 GPa, where the first BZ is displayed. The hole
Fermi surface (in light gray/pink) is centered at the point T . Three of
the six lobes shown are up, three down. The electron Fermi surface (in
dark gray/brown) is comprised of three ellipsoidlike pockets centered
at the three equivalent L points of the BZ. The bisectrix axis (TU)
is along the vertical, the binary axis (TW) along the horizontal. The
trigonal axis is through the origin and out of the page.

The electron Fermi surface is composed of three ellipsoid-
like pockets centered at each of the three equivalent L points
of the BZ (minimum of the sixth band occurring at L). The
merged hole and electron Fermi surfaces of arsenic at 0 GPa
are shown in Fig. 4, where the binary (TW) axis lies along the
horizontal and the bisectrix (TU) axis lies along the vertical
(see Figs. 1 and 2).

We will now go into more detail by looking at certain cross
sections of interest of the hole and electron Fermi surfaces of
arsenic at 0 GPa, and by comparing our results with those that
are available in the literature. This will require interpolating
onto two-dimensional grids—slices through the BZ. The Fermi
contours resulting from the intersection of these slices with the
Fermi surface are subsequently plotted and examined.

We reveal next the intersection of one of these slices through
the BZ with the hole Fermi surface, resulting in the contour
displayed in Fig. 5. Here we have sliced the hole Fermi surface
parallel to the trigonal-bisectrix plane and passing through B.
We include as an inset of this figure the equivalent contour
obtained by Lin and Falicov in 1966.2 Our Fermi contour
is considerably more detailed than that of Lin and Falicov.
The contours resulting from the other slices we inspected are
presented in the Supplemental Material,16 but all results are
summarized in Table I and contrasted against data previously
published in the literature.
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FIG. 5. Hole pocket: trigonal-bisectrix plane through B. This
figure has been obtained using a Fermi energy recomputed from
the Wannier-interpolated DOS of A7 arsenic at 0 GPa, presented in
Sec. VI. All distances are in Å−1. The inset is the analogous cross
section as calculated by Lin and Falicov.2

V. PRESSURE DEPENDENCE OF THE FERMI SURFACE
OF ARSENIC: THE A7 → sc PHASE TRANSITION

We illustrate in Fig. 6 the evolution of the electron and hole
Fermi surfaces28 of arsenic as it undergoes the A7 → sc phase
transition. This figure is complemented by the corresponding
animations 1–3 of the Supplemental Material provided.16

These animations show the phase transition happening over
a finer resolution of pressures than is shown in Fig. 6, and thus
give a better idea of what happens to the Fermi surface through
the transition.

Figure 6 consists of three columns, each representing a
different cross section of the BZ. The four rows of the figure
refer to four different pressures: 0, 10, 20, and 35 GPa. In all
three columns, the bisectrix axis lies along the horizontal. For
the left-hand column the trigonal axis lies along the vertical,
whereas for the other two columns the binary axis lies along the
vertical. Arsenic is in the A7 phase for the first three rows—it
is in the sc phase in the fourth row. Hole surface contours are
in black and electron surface contours are in gray (green).

This investigation complements our earlier studies of the
A7 → sc phase transition of arsenic.10 The configurations
resulting from geometry optimizations performed on arsenic
subjected to pressures up to 200 GPa in that work act as the
starting point here for our studies of arsenic using Wannier
interpolation. We present our findings concerning the higher-
pressure phase transitions of arsenic in the Supplemental
Material provided.16 We expect the A7 → sc phase transition
to occur at 28 ± 1 GPa.

We first discuss the left-hand column of Fig. 6, in which
the A7 → sc phase transition is most noticeable. The left-hand
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FIG. 6. (Color online) Pressure dependence of the Fermi surface of arsenic: 0–35 GPa. For the left-hand column, the BZ has been intersected
by the trigonal-bisectrix plane; the middle column by the binary-bisectrix plane through T ; the right-hand column by the binary-bisectrix plane
through �. The bisectrix axis is along the horizontal for all three columns. The trigonal axis (the finely dotted line) is along the vertical for the
left-hand column. The binary axis is along the vertical for the middle and right-hand columns. All distances are fractional with respect to the
length of the reciprocal lattice vector—this is to enable comparisons across pressures. Hole contours are in black, electron contours in gray
(green). The cross section of the hole crown centered at T can be seen in the top left panel. The A7 → sc phase transition takes place at a
pressure between those represented in the bottom two rows of the figure. In the bottom row (at 35 GPa) arsenic is simple cubic—the use of a
two-atom unit cell causes the folding evidenced especially in the bottom left and bottom right panels.
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column of Fig. 6 corresponds to the intersection of the BZ
with the trigonal-bisectrix plane through � (it is a mirror plane
and contains the points �, T , L, X, and U as indicated in
the figure). The trigonal axis is the finely dotted vertical line.
The other two lines in the diagrams on the left serve to compare
orientations with the other two columns.

As we scan from top to bottom in this first column
(corresponding to animation 1), we see that the hole surface
initially centered on T distorts in such a way that by the
bottom panel there is a folded cubic surface (cut along the
body diagonal) centered at �. Arsenic at 35 GPa is in the sc
phase. The surface is folded due to the fact that we have two
atoms in the unit cell. We notice too that by 10 GPa an electron
pocket has opened up at T (it has actually already opened up by
8 GPa). Our Fermi surfaces fold from about 27 GPa, agreeing
with our expected transition pressure of 28 ± 1 GPa.

For the middle column of Fig. 6 (corresponding to
animation 2), the BZ has been sliced by the binary-bisectrix
plane through T . This slice thus also contains points W and
U as indicated. The dotted-dashed line in these figures is the
bisectrix axis—as a visual aid for orientation purposes, the
bisectrix axis can be compared for corresponding panels of
the left-hand and middle columns. The phase transition, again
from about 27 GPa, seems to happen when the hole pockets
that have opened up at W are just touching the electron pockets
appearing on either side of them.

In the right-hand column of Fig. 6 (corresponding to
animation 3), the BZ has been sliced by the binary-bisectrix
plane through �. The dashed lines appearing in the panels of
this column correspond to the dashed lines appearing in the
panels of the left-hand column of the figure. At about 27 GPa,
we once again see the folding of the individual electron and
hole Fermi surfaces indicating that arsenic is now in the sc
phase.

We have mentioned that the folding of the Fermi surfaces
seen in the bottom row of Fig. 6 is due to the fact that we
are using the two-atom unit cell to model arsenic over the
entire range of pressures studied, whereas in the sc phase the
primitive cell contains one atom. The unfolded Fermi surfaces
can be inspected by comparing the bottom row of Fig. 6 with
Fig. S9 of the Supplemental Material,16 in which are presented
the corresponding results for sc arsenic at 35 GPa using a
one-atom primitive cell. The BZ for the one-atom primitive
sc structure can be found, for example, in Ref. 29 or more
recently in Ref. 30.

Determining the pressure at which the A7 → sc transfor-
mation of arsenic happens is difficult due to the nature of this
semimetal to metal phase transition, which in our earlier study
we found to be of second order.10 In that work, we investigated
the pressure dependence of the lattice parameters of arsenic,
and we determined the transition pressure according to when
the internal coordinates had reached their high-symmetry
values. However as the internal coordinates reached their
high-symmetry values at two different pressures, there was
still some question as to when the transition actually happens.
Using Wannier interpolation we have observed the evolution
of certain cross sections of interest of the Fermi surfaces across
the transition. Wannier interpolation allows us to say that the
folding of the Fermi surfaces is perhaps the best indication of
when the A7 → sc phase transition has occurred.
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FIG. 7. (Color online) Wannier interpolation combined with
adaptive smearing (Ref. 3) using cold smearing (Ref. 15): comparing
the DOSs of A7 and sc arsenic—the pressures are 0 (gray/green)
and 35 GPa (black/red), respectively. The DOSs are referenced to the
Fermi level in both cases. This figure can be compared to that which
appears in Ref. 31. Our results agree qualitatively with those. It is
evident that Wannier interpolation combined with adaptive smearing
enables features of the DOS to be captured on the very finest of
scales. The DOS at the Fermi level can be seen to increase appreciably
through the A7→sc transition, as arsenic changes from a semimetal
to a metal.

VI. WANNIER-INTERPOLATED DENSITIES OF STATES
OF A7 AND sc ARSENIC

Wannier-interpolated DOSs for arsenic in the A7 phase
at 0 GPa and in the sc phase at 35 GPa obtained using the
WANNIER90 code18 are presented in Fig. 7. This figure can be
compared with that which appears in Ref. 31. Our results agree
at least qualitatively with those (the pressures corresponding
to the DOSs in that publication are not specified), the only
other DOS calculations of arsenic of which we are aware. It
is evident that Wannier interpolation combined with adaptive
smearing enables highly accurate DOSs, allowing even the
very finest of features to be captured. As we would expect,
there is a dramatic increase in the DOS at the Fermi level as
the pressure is increased through the A7 → sc phase transition,
during which arsenic changes from a semimetal to a metal. We
have used our DOS calculations to recompute the Fermi energy
of A7 arsenic at 0 GPa. We obtain a value that is 0.01 eV higher
than that resulting from our self-consistent calculation using
the PWSCF code, moving the Fermi level toward the minimum
in the DOS that appears nearby.

Next we inspect the evolution of the DOS of arsenic in
the immediate vicinity of the A7 → sc transition, and present
our results in Fig. 8. In this figure, the DOSs for arsenic
at 29 and 25 GPa are referenced to the Fermi level and
superimposed. Changes in the DOS are observed more clearly
as the pressure is lowered such that arsenic transitions from
the higher-symmetry sc phase to the lower-symmetry A7 phase
(the sc → A7 transition). Thus we see from this figure that the
onset of the Peierls-type cubic to rhombohedral distortion is
signified by the emergence of van Hove singularities in the
DOS, especially around the Fermi level. The rapidly changing
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FIG. 8. (Color online) Evolution of the DOS of arsenic across
the sc → A7 phase transition. The DOSs of arsenic at 29 (black/red)
and at 25 GPa (gray/green) are referenced to the Fermi level and
superimposed. It can be seen that as the pressure is lowered, the onset
of the Peierls-type cubic to rhombohedral distortion is signified by
the emergence of van Hove singularities in the DOS.

DOS at the Fermi level explains why such high levels of
convergence are required when studying this transition.10

In our earlier studies of arsenic,10 we had found that the
rhombohedral angle α reaches its high-symmetry value at a
lower pressure than does the atomic positional parameter z, and
that the electronic change occurring as the pressure is increased
through the A7 → sc transition appeared to be driving the
atomic positional parameter z to its high-symmetry value. A
close inspection of the evolving DOS however, which can be
seen in the Supplemental Material,16 reveals that the electronic
change is instead driving α to its high-symmetry value.

VII. CONCLUSIONS

Wannier interpolation has enabled us to calculate the
Fermi surface of arsenic at ambient pressures and through the
A7 → sc phase transition, obtaining first-principles accuracy
at vastly reduced computational cost. We found that the folding
of the Fermi surfaces is perhaps the best indication of when the
A7 → sc phase transition has occurred. We further determined
from our studies of the Wannier-interpolated DOS of arsenic
over the range of pressures in the vicinity of the A7 → sc
phase transition, that the onset of the Peierls-type cubic to
rhombohedral distortion is signified by the appearance of
emerging van Hove singularities in the DOS especially around
the Fermi level. The rapidly changing DOS at the Fermi level
explains why such high levels of convergence are required
when studying this transition, as we had found in our earlier
studies of arsenic.10

Arsenic provides us with an example of a challenging
system that is ideally suited to demonstrating the power
of the Wannier interpolation technique. This methodology
furthermore enables a novel approach to the study of semimetal
to metal phase transitions, such as the A7 → sc transition of
arsenic, or in fact of any phase transitions involving a metal.
The technique is a particularly valuable one for the accurate
determination of Fermi surfaces, as well as for the calculation
of highly resolved DOSs.
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