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Fig. 1 (a) Various schematic motifs for noncentrosymmetric struc-
tures. (b) Pseudovectors on either side of a mirror-symmetry
plane.
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Fig. 2 (Color online) (a) Rashba-type spin-split band dispersions.
(b) Possible spin texture for the chiral structure. The mirror
operation turns the outward radial spin texture inward.
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Fig. 3 (Color online) (a) Crystal structure with a right-handed
screw axis (space group P3,21). (b) Bottom view of the
right-handed crystal. (c) Picture of the single crystal. (d),
(e) Optical micrograph images of etch pits represented by
the red shapes for the right- and left-handed crystals, respec-
tively. (f) The first Brillouin zone (thick black lines), and
the corresponding two-dimensional one projected on the
cleavage plane (thin blue lines). The purple line (J=H) in
the cleavage plane indicates the orientation of measurement
by ARPES in Fig. 4. The shaded region (H-M-TI') can be
traced by changing photon energies (hvs) (g) Momentum
cuts (purple lines) for various Avs (hv = 63-93 eV) on the
shaded plane in (f). The inner potential of ¥, = 6.4 eV was
used to estimate the k, values.
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Fig. 4 (Color online) (a)-(f) The ARPES images along I-H
measured over a wide range of Av = 93-63 eV. The cor-
responding momentum cuts are represented in Fig. 3(g).
(g)-(i) ARPES intensity map along k,~k, at the constant
energies of E~Er = 0, —0.15, and —0.30 eV, respectively.
The data are recorded at hv = 63 eV, crossing the H—point
[Fig. 3(g)]. (j)—(1) Energy contours of calculated valence
bands corresponding to (g)—(i), respectively; here the Fermi
level is set to 20 meV below VBM for the career number of
6.0 %107 cm~3. The inset in (j) shows a magnified view of
the Fermi surface. (m) E-k, ARPES image recorded at hv
= 63 eV. (n) Calculated band dispersions along K—H-K.
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Fig. 5 (Color online) (a) Two-dimensional Brillouin zone in Fig.
1(f) with the k-points (#1-#13, and #5" marked by blue cir-
cles) measured by spin-resolved ARPES. (b)-(d) Spin-
resolved energy distribution curves (EDCs) for the spin
magnetic moments along the x, y, and z axes defined in Fig.
3(a) (my, m,and m,), respectively, measured at Av = 18 eV
for the left-handed crystal. Each EDC is labeled by #1-13 in
(a). Hereafter, red (blue) color indicates the spin-up
(down) component. The red and blue circles indicate the
peak positions. (¢) ARPES image recorded at zv = 18 ¢V.
White lines represent the measurement cuts for the EDCs in
(d). The markers indicate the peak positions plotted in (d).
(f) Spin-resolved ARPES image for the z component (P,) of
spin polarization for the left-handed crystal. The markers
are the same as those in (e), indicating the peak positions
plotted in (d). (g) Calculated spin polarizations along k.
(P,). (h) Spin-resolved EDCs at #5 and #5" (around H- and
H'-point, respectively) for the left-handed crystal, and at #5
(around H—-point) for the right-handed crystal.
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Fig. 6 (Color online) (a), (b) Calculated Fermi surfaces along k,~
k, formed 20 meV below VBM around the H-point for the
right- and left-handed crystals, respectively. The arrows
represent the directions of the in-plane polarization of the
spin magnetic moment. The upper and lower numbers
nearby the arrows indicate the absolute values of the in-plane
and out-of-plane polarization (|P,,| and P,) of the spin
magnetic moment, respectively. (c¢) The calculated band dis-
persions around the H-point. (d), (e) Top views of the
spiral tellurium-chain. Red and blue arrows represent the
symmetrically allowed spin polarizations just at the H—point
for the eigenstates Hy and Hjs, respectively, mapped on the
real space for the right-handed crystal. No net spin polariza-
tion is allowed at the H- and H' —points both in real- and k-
space.
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Fig. 7 (Color online) (a),(b) Schematic views of the spin and elec-
tronic structures in momentum space for the right- and left-
handed crystals of the elemental tellurium.
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Spin-polarized band structure

tellurium with chiral crystal structure

in elemental
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Abstract The chiral crystal is characterized by a lack of mirror symmetry and inversion center, resulting in
the inequivalent right- and left-handed structures. In the noncentrosymmetric crystal structure,
the spin and momentum of electrons are expected to be locked in the reciprocal space with the
help of the spin-orbit interaction. To reveal the spin textures of chiral crystals, we investigate the
spin and electronic structure in a p-type semiconductor, elemental tellurium, with the simplest
chiral structure by using spin- and angle-resolved photoemission spectroscopy. Our data demon-
strate that the highest valence band crossing the Fermi level has a spin component parallel to the
electron momentum around the Brillouin zone corners. Significantly, we have also confirmed that
the spin polarization is reversed in the crystal with the opposite chirality. The results indicate that
the spin textures of the right- and left-handed chiral crystals are hedgehog-like, leading to uncon-
ventional magnetoelectric effects and nonreciprocal phenomena.
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