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We propose a new interpretation of the spontaneous time reversal symmetry breaking (TRSB) observed recently
in a pseudogap state of cuprates (Kaminsky et al.). It is shown that the TRSB dichroism in ARPES signal
may be related to the local spin spiral structures in the system. It may be caused by a spin—orbit interaction
and by spin polarization of electrons at various sections of the Fermi surface in the spiral state. The angular
dependence of the dichroism signal is studied in a schematic KKR approximation. Tests are proposed to check
the existence of the local spiral spin structure and to distinguish it from the TRSB state with micro-currents

constructed by Varma.
PACS: 71.10.Fd, 74.20.Rp, 74.20.-z

The nature of a pseudogap (PS) state of high-T,
cuprates in the underdoped (UD) region remains
an intriguing problem [1, 2]. Using the angular-
resolved photoemission (ARPES) with circularly po-
larized light (CPL), Kaminsky et al. [3] recently re-
vealed a new property of the pseudogap state of UD
BisSryCaCusOg—s (BSCCO). It was shown that this
state displays a spontaneous time-reversal symmetry
breaking (TRSB). Earlier, Varma [4] predicted the pos-
sibility of TRSB in cuprates. They proposed the fas-
cinate ground state with circular microcurrents inside
plaquettes of the CuQO, plane with a definite align-
ment of the orbital angular momenta associated with
these micro-currents. Namely, the up-directed orbital
momenta arrange along one diagonal and the down-
directed orbital momenta arrange along the other di-
agonal. The alignment of orbital angular momenta pro-
posed in [4, 5] is not related to any spin alignment.

The aim of the present paper is to discuss an alter-
native possibility for constructing a state with TRSB.
We propose a state in which the TRSB is due to a
spiral spin structure. The arguments in favor of this
hypothesis are as follows. The electric field of CPL
actually interacts only with the orbital motion. There-
fore, the TRSB dichroism implies a definite orientation
of orbital angular momenta, (L,) # 0. Such momenta,
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centered on the atoms, can be induced by aligned spin
momenta (S,) # 0 through the spin—orbit interaction.
This implies that a TRSB dichroism D can be observed
in ARPES if the photoemission setup can selectively
measure the ejected electrons with a definite spin pro-
jection 0 =1 or ¢ = /. The sign of the TRSB dichro-
ism must then depend on the sign of 0. Because the
ARPES is usually nonselective with respect to the final
spin projection of the ejected electron, the total TRSB
dichroism is expected to be zero if the mean spin po-
larization of the initial states is zero. But for the spiral
spin structure, the occupancy nj, of the initial one-
electron band state {ko} with a definite k£ depends on
o. Such a spin polarization of the initial k-state can in-
duce nonzero TRSB effects in the ARPES signal. We
therefore calculate a dichroism that might manifest in
ARPES for the spiral spin configuration of cuprates.

The spiral spin structure has been discussed as a
possible ground state of a doped CuO» plane. Cal-
culations in the mean field approximation or in the
slave boson technique [6-8] were carried out in such
a class of functions. The calculations have shown that
the spiral state is lower in energy than the antiferro-
magnet (AF) state and the deviation AQ = |Q — Qar|
of the spirality vector @ from Qar = (7, 7) increases
with doping. The spiral or any other periodic spin
structures are associated with incommensurate peaks
in the spin susceptibility x(¢,w) as w — 0 [9, 10]. Such
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Fig.1. Setup configuration of the ARPES experiment
[3]. The propagation vector q- of CPL lies in the mir-
ror plane zz; ky and k are the final momentum of the
ejected electron and its component in the CuO; plane

(zy plane)

peaks have been observed in La;_,Sr,CuQO4 (LSCO) at
qg=(rxd,7), (r,m+3) [11]. It is now proved (see [12]
and references therein) that the peaks in LSCO are
related to the stripe phases. For BSCCO, a variety
of hidden orders (spin and charge stripes, orbital AF
order, etc.) have been discussed [13, 14]. Latest tun-
nel spectroscopy studies of BSCCO reveal structures
with the periodicity of four unit cells around a vortex
or the antiphase AF stripe structure along CuO bonds
[15-17]. But the TRSB effect does not display in the
static stripe phase. It may be expected in states with
the spin or charge currents, such as the spiral spin state.
To verify this possibility, we calculate the dichroism of
the ARPES signal for the spiral state.

The scheme of the experiment [3] is given in Fig. 1.
The right (left) polarized light with a propagation vec-
tor g, impacts the crystal surface determined by a nor-
mal vector n. The xz plane is one of the mirror planes
of the crystal with the z axis along the CuO bonds or
along the diagonal direction. The ejected electron has
a final momentum k. The ARPES intensity

I o [Mif|?8(E; — Ef — hw)
is determined by the matrix element of the interaction
O = (e/2mec)(Ap + pA)
with the field
M = AaFo, Fo = (bflpalti(k)) (1)

between initial and final states. In the dipole approxi-
mation, it contains the vector potential A of the right

(Cr = 1) or left ({;, = —1) CPL with a complex ampli-
tude,

AR(L) = AO[ex cosf + iCR(L)ey + e, sin 97]. (2)

For a given configuration of the setup vectors n, k¢,
and g, the ARPES dichroism signal D is determined
by the relative difference of intensities for the two light
polarizations,

D= (Mg~ Mr)/(Mg+ Mr). (3)

We study the symmetry properties of ARPES ma-
trix elements with respect to reflection in the mirror
plane of the crystal, which is perpendicular to the sur-
face in a typical photoemission experiment. Follow-
ing [3], we first consider a time reversal invariant initial
state 1;(k) and let g4 and n lie in the mirror plane m of
the crystal (here, the 2z plane). The dichroism signal
D is then nonzero only if k¢ does not lie in the mirror
plane m and D has the opposite signs for &k at the differ-
ent sides of the mirror plane. This dichroism is called
geometrical. This large effect has been observed at any
doping [3]. But in UD BSCCO, the residual dichroism
(D # 0) has been observed even for a coplanar config-
uration of n, k¢, and q,, in which all the three vectors
lie in the mirror plane m. In what follows, we let ¢. and
q denote the normal and 2D intra-layer components of
the photon momentum q, and similarly let £, and k
denote the respective components of the final electron
momentum k.

We first consider a large geometrical dichroism and
then discuss a possible origin of the observed residual
dichroism related to TRSB of the ground state of UD
cuprate. We suggest that the main contributions to
the matrix element are given by space regions inside
the atomic spheres. This is in accordance with the fact
that frequency dependences of the photoemission inten-
sity roughly repeat the dependences of photoemission
cross-sections coming from the corresponding atomic
components [18].

The formalism for evaluating the optical matrix el-
ement for a general lattice within the KKR scheme is
given in [19]. Some corrections must be introduced to
provide the common asymptotic behavior oc e/ of the
final wave function of the ejected electron outside the
sample (z > 0). We restrict our consideration to the
one-step model (see [20]) describing the coherent part
of photoemission. Generalization to a three-step model
requires incorporating rescattering and relaxation pro-
cesses in order to describe the background in the energy
distribution function of the ejected electron. We believe
that the one-step model is sufficient for a qualitative de-
scription of the angular dependence of dichroism. For
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this aim, we use the most simplified form of the initial
and final states in the process.

The starting point in calculating F,, in (1) is the
KKR wave function for a multicomponent lattice [19].
In the Hartree-Fock representation, the one-particle
initial state v; with the quasi-momentum k is a su-
perposition of orbitals belonging to each center,

0 k) = <= 3 B )e bl = Ros). (4
n,f

where 5 enumerates all atoms placed at R, in the unit
cell n = (ng,ny,n.) and L = [,m are the angular mo-
mentum quantum numbers of the orbitals inside each
atomic sphere |r — Ry,p| < ans. For the upper valence
anti-bonding band of the CuO, plane, the main orbitals
wiﬁ are the d,>_,» orbital of Cu and p,, p, orbitals of
two oxygens O, O,. These orbitals constitute a basis
set of the Emery model.

Thus, the initial one-electron state is taken as a su-
perposition of the main real orbitals; in the secondary
quantization representation, it is given by

Yi(k,0) = Z B;(n.) {cddzg + icmeU + icyy;icr . (5)

The corresponding site operators df, , x;fm., y;fw of the
Emery model refer to the real functions d,>_ 2 (r— Ry 4)
and p,(r — Ry,,,) with R, , = R, +e,a/2, v = z,y.
The functions are considered to extend inside the cor-
responding atomic (muffin-tin) spheres. The real co-
efficients ¢4, ¢z, and ¢, in (5) are obtained by solving
the Emery model. The summands in Eqs. (4) and (5)
refer to a layer number n,. The amplitudes B(n.) de-
pending on the distance of the layer from the surface
phenomenologically describe a coherent or incoherent
interlayer transport along z near the surface depend-
ing on the phase correlations between different lay-
ers. For the standard bulk initial state ¢; used in [19],
B(n.) o exp (ik.n.).

The final state inside the sample is taken in a similar
KKR form with the same in-plane momentum £,

1 ,
=— N Bi(n,)e* il CraY r—Rngs).
(or \/anﬁ (n.) 18Y71¥1s(r—Rnp)

(6)

Here, each function ;s with the angular momentum
quantum numbers L = (I,m) is determined inside
atomic spheres around the corresponding center R, 3.
The influence of the surface at z = 0 is described by in-
troducing the factors B (n.), by phases &; 3 of complex
coefficients

Crs = |Crsle’, (7)

and by explicit angular spherical harmonics Y; =
= Yim(ky) depending on the direction of the final mo-
mentum ky. The phases are specific for centers 3 in
the unit cell and for the angular momentum [. These
phases arise from matching final state (6) inside the
sample with the common plane wave o /" in empty
space outside it. The phase modulation of contribu-
tions in (6) determines the geometrical dichroism of
the photoemission.

The origin of spherical harmonics in Eq. (6) and
of the phase modulation of coefficients (7) can be il-
lustrated as follows. We first construct the final state
¥y.3(r) for the electron photoemission along the direc-
tion l%f from one center {n, 5} only. According to [21],
it must be a function of continuum with the plane-wave
asymptotic form o e’*/* and incoming radial waves as
|r — Rypp| — oo. This final state is

Tﬂf = exp (ikfRnB) X
x 3 e Vi (7)Y (kp)a (), (8)
lm

where r3 = |r — R,3|. The scattering phase ;3 for
the orbital momentum [ is defined by the asymptotic
behavior of the real radial function of continuum,

1
wip(r) o< —sin (kr - %l + 515> .
r

(According to the KKR approach, we can consider the
asymptotic form achieved at the surface of the muffin-
tin sphere.)

In a similar manner, the final state ¢)¢ for the elec-
tron ejected from N; centers of the surface layer must
be a function whose asymptotic form at large z > 0 is
given by a common plane wave o e’%/* and incoming
spherical waves contributed by different centers.

If k¢|Rng — Rnrpr| > 1 and if we neglect the sec-
ondary scattering processes, then the final state wave
function inside each nonoverlapping muffin-tin sphere
surrounding the center (nf) of a surface layer must
have form (6) with complex coefficients Cr/5 o 5.
The secondary processes actually synchronize the
phases d;3 of all contributions to the final state from
different angular harmonics and different centers. The
KKR bulk solution for the final state v(ky) found
in [19] takes the phase and amplitude synchronization
of all secondary processes into account, but neglects the
necessary additional synchronization and phase mod-
ulation coming from the boundary surface where so-
lutions should be matched with the plane wave with
momentum Fky.
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For a qualitative study of the angular dependence
of dichroism and its symmetry, it is sufficient to use
the final state in form (6) without specifying the values
and phases of Cr:s in (6). We therefore use Eqs. (5)
and (6) for a schematic representation of initial and
final states to study the symmetry and possible angu-
lar dependence of dichroism manifested in ARPES. The
components F,, of matrix element (1) are expressed as a
sum of integrals over the interior of atomic spheres with
the centers () for the corresponding channels [ — I’

Mgy = Aa(Q)F2(I'R). 9)

Here, A, are components of vector potential (2)
depending on the right or left polarization of CPL,
¢ = (rary = %1, and ko= ky/ks. The func-
tions FY(I'.k) correspond to real initial orbitals
Vv = dy>_y2,pz,py. To obtain these, we use the
selection rules I’ = [ + 1 for orbital angular momenta
for integrals inside the atomic spheres. For simplicity,
we retain only the matrix elements for the transitions
Pa(y) = $,d and dy2_y2 — p from the O, and Cu
centers of the CuQO, plane. According to the KKR
calculations [19], such transitions give the main con-
tributions. Omitting the transition d,»_,» — f at the
Cu center does not change the symmetry properties of
the calculated dichroism. It leads only to neglecting
the small higher harmonics in the angular dependence
of the ARPES intensity.

The resulting expressions for the functions F” (I'k)
are presented in the Table. For the p — s, d transitions
in oxygen, they also include the factors

Go(w) = Sa(n)/\/52+5y,  Sa(y) = Fsin (ke /2) (10)
that originate from the angular dependence of the real
amplitudes c,(,) and ¢4 of different orbitals in initial
band state (5) of the Emery model (with the effective
parameters €q, €p, tpd, tpp). At tpp K tpg, the ampli-
tudes in (5) are

Ca(y) = Yz(y) sinn, ¢4 = cos, (11)

tg2n = 2tpq(cos ks, + cosky)/(eq — €p).

Extension to large ¢,, does not change the symmetry
of the amplitudes.

The coefficients Cyr,ir)(k) in the Table include
1) the sum over the layers }_ B}(n.)B;(n.) based
on the phenomenological or tight-binding depen-
dences B(n.); 2) the phase factors exp (id;) coming
from boundary conditions; 3) the reduced integrals
(I'B ]| p || 1) over angular variables after removing the

The functions F7(I', k) determining the a-components
of the matrix element in Eq. (1). The index «y>» enu-
merates the contributions from different orbitals of the
initial state, from p,,y orbitals of oxygens O, or
d,2_,2,dyy orbitals of Cu; the final channels s,p,d
correspond to the angular momenta I’ = 0,1,2. The
respective functions G,(,), Lk, g., and gy, Py are
even and odd functions with respect to the mirror

plane zx

Yig | Vf Fy Fy F,

Dz | 8 Cogx 0 0

P | d Cr9. G C19: Py Crga Ly,

Dy S 0 Cogy 0

py | d Crgy Py, Crg,Gy Crgy Ly,
dg2_y2 | p |Crrsinfcos g | —Crysinfsing 0

oy p | Crrsinfsing | Cipsinfcosy 0

Note: G, = +5sin? 0 cos 2 — cos® 0 +1/3, Ja(y) are
determined by Eqs. (10), Ly = sin 26 cos o,
Py, = sin” #sin 2.

m dependence; 4) the radial integrals; 5) the factors
sinn and cosn from amplitudes (11).
The ARPES dichroism signal is then given by

D(¢) = Im{M(AM)"}/(IM* +]AM]*),  (12)

where M = Mr+Mp, AM = Mr— My, and the angles
6 and ¢ describe the final momentum k;. Dependence
(12) can be represented as D(y) o G(k)sin ¢, where
the function G(k) is even with respect to reflection in
the mirror plane zz. In accordance with (9), the quan-
tities Mp(z) are determined by complex constants Co,
C1, and Chy, whereas the other angular functions listed
in the Table are real. It can be shown that the dichro-
ism signal is zero if all the coefficients C3 in (7) have
the same phases d3,; or their differences are multiples
of m. A representation of the final state with correct
phases is therefore significant for the description of ge-
ometrical dichroism.

At ¢, = n, when the photon impacts normally to
the CuOs plane, we obtain

M = Cisinfcos ¢ + ¢,[Co —

— C1(cos? @ —sin® B cos 2¢)] + g,Cr sin® fsin 2,  (13)

AM = —Crrsiné singo + gy[Cg -
— Cr(cos? B + sin? f cos 2¢)] + g, Cr sin® fsin 2,  (14)
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Fig.2. Dependence of the geometrical dichroism D(y) on the azimuthal angle ¢ of the vector k; for k moving along the

nesting lines |k, + ky| = 7. Solid, dashed, and thin curves correspond to the angles 6, = 0, /6, 7/3 of the photon

momentum ¢. Setup configurations with = along the diagonal direction or along the CuO bonds refer to left or right graphs.
Arbitrarily taken coefficients (7) are given in text

where 6 and ¢ are the polar angles of ky. It follows
from (11) and (12) that the dichroism signal is an odd
function, D(—p) = —D(yp), that vanishes at ¢ = 7
and ¢ = 0. This is an expected property of geometri-
cal dichroism.

Manifestations of geometrical dichroism de-
pend on numerous parameters. In Fig. 2, we give
examples of the functions D(yp) for three angles
6, = 0, n/6, and 7/3 of the photon momentum
in the mirror plane zz for k& moving along the
boundary |k, + ky| = 7 and k. = |k -n[. We
assign arbitrary values to the relative amplitudes,
|Co/C1| = |Co/Cu1| = 1.0, and the relative phases
{01=0(0), dy=2(0), dy=1(Cu)} = {0, 3n/4,7/4} of
the coefficients Cy, C1, Cy in different channels of O
and Cu centers. Two setup configurations with z along
the CuO bond or along the diagonal direction are
considered. The function D(¢p) is an odd function of ¢
and vanishes at ¢ = 0, 7. The calculated geometrical
dichroism disappears for all ¢ if all phase differences
0; — &y = mm are multiples of 7. This is the case for
the Cu- and O-contributions to the matrix element
calculated in [19]. There, the standard KKR bulk
wave functions were used and the additional phase
modulation was neglected. At the normal photon
impact (6, = 0), the dichroism signal is zero on
each mirror plane of the tetragonal lattice, i.e., at
p=mm/4.

We now take the spin—orbit interaction on Cu into
account,

Vis = )\ZLnSn (15)

where A is the corresponding constant. The initial band
function ¢  then transforms to ¢} + 6¢ in a way

equivalent to replacement of dlz, » in (5) by

Y=o

d127y2,0' + O [Qiglfdly,cf - fﬂdiz,fo' - idly,fa] (16)

in Eqs. (5) and (4). Here, (& = o/|o] = £1 and
C) x A20E, where §F is the energy difference of
the d-orbitals of 22 — y? and zy,yz,xz symmetries.
The additional contribution to ¢ leads to changes
M — M+ 06M, AM — AM + §AM (o) in Egs. (10),
(11), and (12). The TRSB dichroism signal at the nor-
mal photon impact (, = 0) is then determined by

OAM = £,4C\Crysin 6 cos p. (17)

As a result, the dichroism signal D(p, o) of photoemis-
sion with the final momentum k; and spin projection
o of the ejected electron is given by

D(o,k) = Asinp —
& Re(MCY)

- W‘LC’)\ sin 6 cos @, (18)
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Fig.3. The images of the spin-selective (plots a, ¢) and overall (plots b, d) spectral functions A;(k,w), A(k,w) at w =20
in the Brillouin zone. The main and shadow Fermi surfaces are shown for the spiral states with the spirality vectors Q = Q
and Q = Qy in (19) (plots a, b and ¢, d correspondingly)

where M, AM, and Cy; are determined by Eqs. (13),
(14), and (7) and by functions in the Table. Only the
term that is linear in A is retained in (18). It is de-
termined only by the admixture of the d,, orbital in
Eq. (16). The contributions from d-orbitals of zz, yz
symmetries in (16) are of the second order of magni-
tude in A. The second term in (18) is an even function
of ¢ and has a nonzero value at ¢ = 0 and 7 when all
the three vectors q,, n, and k¢ lie in the mirror plane
xz and geometrical dichroism disappears.

Because the sign of D(¢ = 0) depends on the sign
of the spin projection o of the ejected electron, the
overall dichroism D = )" _ D(o, ) must be zero for the
initial paramagnet (PM) state of the system. For the
PM state, the dichroism at ¢ = 0 and 7 can therefore
be observed only if the ejected electrons with a definite
spin projection on n are selected. For this PM state,
the time reversal symmetry is broken just by a mea-
surement of the spin polarization of the photoelectron.

But there exist TRSB states in which different re-
gions of the k space are characterized by different spin
polarizations. For example, for the ground state with
a spiral spin structure, the TRSB effect manifests in
ARPES by a nonzero overall dichroism at arrangement
of all vectors q,,n, ks in the mirror plane.

We now demonstrate the polarization selectivity of
the level occupancies in the k-space for the spiral state
of the 2D t —t' — U Hubbard model. Calculations were
carried out for the model with U/t = 6, #'/t = 0.1
at the doping 0.15 holes per site. The spiral mean-
field (MF) solution is characterized by average spins
(Sn) = d(ezcos@n + e, sin@n) rotating in the zy
plane. We study the MF states of two types, with the
spirality vectors

Q1= (mr—0Qz,m), Qu=(r—-0Q,m—0Q) (19)
directed along the CuO bond or along the diagonal.
The spectral function A, (k,w) at w = 0 for a definite
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Fig.4. Relative signs of the TRSB dichroism signal for k lying on different mirror planes of the lattice for spiral states with
the spirality vectors @ and Qu in (19), or for the state proposed by Varma (VS)

spin projection o on the z axis (perpendicular to the
spin rotation plane) is given by

Ag(k,y) =D [(Wrleke i) F(E:)or (B — Ey), (20)
i f

where the Fermi function f(E;) depends on one-
electron levels of the MF solution and or(z) is the
o-function broadened with the parameter I' ~ 0.05¢.
In Fig. 3, we show an image of the spin-selective and
overall spectral functions A,—41(k) and A(k) = A,
at w = 0 for two types of spiral states. Dark and light
gray lines in Fig. 3 correspond to the main and shadow
spin-selective (o =1) sections of the Fermi surfaces.
Similar images for ¢ =] are obtained from those for
o =7 by inversion k — —k. The spin dependence of
the level occupancy in the k space is related to the spin
currents Jy = J| o« @ existing in the spiral state.

Thus, the TRSB state with a spiral spin structure
certainly has spin-selective sections of the Fermi sur-
face. As a consequence, we can observe the TRSB
dichroism of the ARPES signal even at a coplanar ar-
rangement of the setup vectors q,,n, and k¢ in the
mirror plane. Two factors are decisive here. 1) The
ARPES signal corresponds to a definite local region
of k that is associated with a definite spin polariza-
tion for a given spirality vector ). 2) In accordance
with Eqgs. (16) and (17), a definite spin polarization in-
duces the orbital angular momenta on Cu centers and
corresponding nonzero dichroism at the coplanar setup
configuration via the spin—orbit interaction.

In order to estimate the effect, we use the spin—
orbit constant A ~ 800 cm~! following from the exci-
tation spectrum of Cu!, Cu'! [22] and the splitting of
d-orbitals 6E = Eg»_,» — By ~ 1-2 eV in the crys-
tal field. We then have the value C', = 0.0025-0.005
for the amplitude in (16). At the setup configuration
with 6, = 0, § = 0, = 7/4, ¢ = m and 0 and with
the same arbitrarily chosen coefficients (7) as in Fig. 2

(‘OI/O(]| = |CH/O(]‘ = 1., 55,[ = 0,371'/4./71’/4), we ob-
tain for the TRSB dichroism max |D| = 0.033-0.066 at
k corresponding ¢ = 0 or 7 lying in the mirror plane.
This value is consistent with the TRSB dichroism sig-
nal ~ 3-5% observed in UD cuprates [3].

In conclusion, we have shown that the TRSB dichro-
ism observed in the ARPES spectra of the UD cuprates
may be related to a local spiral spin order in the system.
This hypothesis differs from the model TRSB state pro-
posed by Varma et al. [4, 5], who connect the TRSB
with aligned charge circular microcurrents on plaque-
ttes of the CuO» plane. Instead, the spiral spin order
implies the appearance of local spin currents J4 = —=J
of a macro scale, about the domain size. The existence
of different domains with different signs and values of
the TRSB dichroism signal has been shown by studying
a set of samples of UD BSCCO in [3]. The following
test for the new hypothesis may be proposed. The ro-
tation of the sample by 180° around the z axis does
change the sign of the TRSB dichroism D(p = =) in
our hypothesis and does not change the sign in case of
the TRSB state constructed in [4]. In the former case,
the rotation changes the signs of the spin currents and
of the spin polarization. Relative signs of the TRSB
dichroism signal at different mirror planes of cuprate
for two types of spiral states (19) and for the state pro-
posed by Varma are illustrated in Fig. 4. These signs
can be measured only if the ARPES signal comes from
the same domain of a sample before and after its ro-
tation and if the spin currents of the spiral state are
pinned during the rotation of the sample. We note
that for the ferromagnet alignment of spins in surface
layers, the TRSB dichroism has the same signs along
all directions in mirror planes of the lattice.

Great sensitivity of the Fermi surface (FS) to
the spin structure leads to the questions that are
important for understanding the pseudogap state of
BSCCO: is the observed FS a composed result coming
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from several domains with different currents? What is
the dynamics of these currents and domains in the UD
cuprates? Can the spin fluctuations be frozen near the
surface into static domains with a spiral or ferromagnet
spin order? We note that the ARPES technique probes
only a few surface layers. Observing the TRSB effect
with the use of ARPES therefore requires a correlated
spiral order only in these few surface layers, whereas
the bulk TRSB effect may be destroyed. An additional
test for the supposed local spiral order is possible.
One can measure the spin polarization (S) of electrons
ejected from different sections of the Fermi surface
and check the correlations of the direction of (S) with
the sign of the TRSB dichroism signal D(p) at ¢ = 7.
This program requires a spin-selective detection of
photoelectrons. Such detection is now realized in a
total «spin—orbit photoemission» measurement [23].
TIts application in ARPES might elucidate the nature
of TRSB dichroism of photoemission from UD cuprate.
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