PHYSICAL REVIEW B 105, 045102 (2022)

No observation of chiral flux current in the topological kagome metal CsV;Sbs
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Compounds with kagome lattice usually host many exotic quantum states, including the quantum spin liquid,
non-trivial topological Dirac bands and a strongly renormalized flat band, etc. Recently an interesting vanadium
based kagome family AV;Sbs (A = K, Rb, or Cs) was discovered, and these materials exhibit multiple interesting
properties, including unconventional saddle-point driving charge density wave (CDW) state, superconductivity,
etc. Furthermore, some experiments show the anomalous Hall effect which inspires us to believe that there might
be some chiral flux current states. Here we report scanning tunneling measurements by using spin-polarized tips.
Although we have observed clearly the 2ay x 2ay CDW and 4ay stripe orders, the well-designed experiments
with refined spin-polarized tips do not reveal any trace of the chiral flux current phase in CsV3Sbs within the
limits of experimental accuracy. No observation of the local magnetic moment in our experiments may put an
upper bound constraint on the magnitude of magnetic moments induced by the possible chiral loop current which
has a time-reversal symmetry breaking along ¢ axis in CsV;3Sbs.
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I. INTRODUCTION

The kagome lattice is a planar network composed of
hexagons with corner-sharing triangles. Owing to its unique
geometry, the antiferromagnetic (AFM) long-range order
cannot exist due to the spin frustration, resulting in a pos-
sible quantum spin liquid state [1-4]. The large anomalous
Hall effect, which is induced by the spontaneous magneti-
zation, has been observed in some exotic AFM states [5,6]
or ferromagnetic semimetals [7,8] with the kagome lattice.
In addition, materials with a kagome lattice structure can
host other quantum states, such as charge density wave
(CDW) [9,10], superconductivity [10—12], topological elec-
tronic states [9,13—18], as well as spin density wave (SDW)
[19]. Recently, a new family of vanadium based metals
AV;Sbs (A =K, Rb, Cs) has been discovered with the kagome
lattice consisting of vanadium atoms [20]. Subsequently, su-
perconductivity, CDW, and topological nontrivial states are
observed in these materials [21-23]. Since then, plenty of
studies have been carried out on superconducting properties
[24-36], the topologically nontrivial state [29,37-39] and the
CDW orders [29,30,38-53]. In addition, a giant anomalous
Hall effect (AHE) has been observed in KV3;Sbs and CsV3Sbs
[54,55], and this effect is detectable below the CDW transition
temperature [55].
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Usually, AHE breaks the time-reversal symmetry (TRS),
thus a theoretical model with the hypothesis of a chiral flux
current phase is proposed to explain the TRS breaking along
the c-axis direction in this family of kagome materials [56].
However, the first muon spin resonance («SR) measurement
shows the absence of local magnetic moments and long-range
magnetic orders in KV3Sbs, and the enhanced signal of the
spin relaxation rate below the CDW transition temperature is
attributed to the nuclear magnetic moment [57]. Afterwards,
it was claimed that the TRS breaking may happen at the
magnetic field higher than 3 T, and the signal is dominated
by the electronic contribution [58]; while, at a small field
lower than 1 T it is still argued as the contribution from the
nuclear magnetic moment. Based on a recent SR work [59],
the spin relaxation rate gets enhanced and is attributed to a
local magnetic field component parallel to the ab plane, but
the variation is in the range of +5% along the c axis; the TRS
breaking is proposed to explain their data based on some kind
of models. Therefore, the direct evidence is still lacking for
the TRS symmetry breaking along c axis.

Besides, several physical properties do exhibit the breaking
of the sixfold symmetry of the crystal structure in the ab
plane. A twofold symmetry of c-axis resistivity is observed
in CsV3Sbs with in-plane rotating magnetic field in both the
normal and the superconducting states [60], which suggests
the existence of a nematic electronic state and a twofold sym-
metry of superconducting gap. The nematic electronic state
disappears near the CDW transition temperature [60], and it
may be related to the anisotropic in-plane 2ay x 2ay (2 X
2) CDW order [30,38,40,49,51,52]. The three-dimensional
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CDW order is identified as the configuration of 2ay x 2ag X
2¢cp [29,44] or 2ay X 2ag x 4cy [61] by different kinds of
experiments. This means that a space shift of ag emerges along
one of three in-plane crystalline a axes for the same charac-
teristic in-plane CDW patterns in neighbored layers, which
results in a 7w phase shift between neighbored V-Sb kagome
layers. Based on this picture, the phase shift together with the
interlayer coupling between the neighbored layers lower the
sixfold symmetry to a twofold one [50,62]. The intrinsic chiral
anisotropy with the magnetic-field tunability was reported for
the 2 x 2 CDW order in AV3Sbs [40,51], which was explained
as the unconventional chiral CDW in the frustrated kagome
lattice. In regions with defects, the CDW order somehow does
not show magnetic field response [40,51]. However, the CDW
order is argued to be insensitive to the magnetic field even in
the defect-free region from another report [49], which seems
contradictory with previous reports [40,51]. Consequently, the
conclusion about both the chiral flux current phase and tunable
chiral charge order remains controversial, and they should
be examined by more refined experiments, such as using the
spin-polarized scanning tunneling microscopy/spectroscopy
(SP-STM/STS).

It should be noted that the SP-STM/STS is a very useful
tool to investigate magnetic structures in the nanoscale [63],
and some magnetic orders have been resolved in topological
kagome materials by this technique [64,65]. Here, we report
the measurements by using SP-STM/STS on single crystals
of CsV3Sbs. Within our experimental resolution, we have
not found any indication of the spin texture corresponding
to the proposed chiral flux current phase. Furthermore, we
have not observed any detectable spin textures of the 2 x 2
CDW order, which may rule out the existence of a SDW
order.

II. METHODS

Single crystals of CsV3Sbs were synthesized via the self-
flux method [20]. The physical properties including those in
superconducting and normal states were reported in a previous
work [60]. The STM/STS measurements were carried out in
a scanning tunneling microscope (USM-1300, Unisoku Co.,
Ltd.) with an ultrahigh vacuum up to 1 x 107! torr. A typical
lock-in technique is used for the spectrum and quasiparticle
interference (QPI) mapping measurements with an ac modula-
tion of 0.5 mV and a frequency of 987.5 Hz. All experimental
data were taken at 4.2 K. Here we used a bulk Cr rod to make
the tip for STM measurements [66]. The spin-polarized Cr tip
was electrochemically etched by 3 mol/L NaOH solution with
the immersed end covered by a polytetrafluoroethylene tube
with a certain length [67]. After the etching, the Cr tip was
transferred into the STM chamber, and the spin polarization
feature was characterized on the cleaved surface of single-
crystalline Fe;,,Te [68,69]. Then we use the calibrated Cr
tips to detect the possibly existing chiral flux current phase
in CsV3Sbs. Although Cr is an AFM material, a Cr atom or
a few Cr atoms on the apex of the tip may have a magnetic
moment [69]. Also, the Cr tip may pick up an iron atom or
an iron cluster during the characterization on the surface of
Fe,;,Te [70]. Both Cr and Fe atom(s) on the apex of the
tip can be polarized by an external magnetic field. During

N

T

"N
AR AR R AR

i
y’ .
(R

‘.l‘l‘l.l‘l.i‘ 7

AT AT AL AT
§

A

’r

FIG. 1. (a) Schematic illustration of the spin-polarized STM
measurements. (b) Atomically resolved topography of the top Sb
surface (Vier = 20 mV, I = 100 pA). (c) Enlarged view of the
topography in the area of black square in (b). The theoretically
proposed hexagonal current loops are shown by blue disks, while
the triangular current loops are marked by red disks. (d) Fourier
transform of the topography in (b). The Bragg peaks are marked by
circles; spots for the 2 x 2 CDW order are marked by dashed circles.

the characterization of the tip on the surface of Fe,,Te, we
can determine that the reverting field of the Cr tip is about
40.7 T (see Fig. S1 in the Supplemental Material [71]) by
systematically sweeping the magnetic field [72]. In fact, the
spin orientations of the tip are never perfectly perpendicular
or parallel to the sample surface, there are always the in-plane
and the out-of-plane components of magnetic moment at the
apex of the tip. For example, the Cr tip with the field tuned
directions of magnetic moments can be used to detect both
the in-plane and the out-of-plane components of the sample
magnetization [66]. Therefore, we use the calibrated Cr tip to
detect the possible magnetization induced by the chiral loop
current.

II1. RESULTS

A. Modeling the topographic image with the chiral flux
current phase

According to the theoretical proposal of the chiral flux
current phase [56], there are two kinds of current flux loops
with opposite circulating directions, and they can produce
local magnetic moments with opposite vorticities in the V-Sb
layer of AV3Sbs. These flux loops break the TRS in the c-axis
direction and can have different influences on the tunneling
current through the spin-polarized tip with a fixed spin direc-
tion. A schematic illustration is given in Fig. 1(a). Due to the
weak van der Waals interaction bridged by Cs and Sb layers,
in most cases the easily exposed top layer after the cleavage is
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FIG. 2. (a),(b) Topography of the top Sb surface measured in the same area and under the field of 0.3 and —0.3 T; the tip has been
polarized by the magnetic fields of +2 (1) and —2 T ({), respectively (Vir = 30 mV, L, = 100 pA). (c) Spin-difference topography between
the topographies shown in (a) and (b). (d),(e) Tunneling spectra taken at the centers of hexagonal holes marked by dots in (a) and (b),
respectively (Vier = 30 mV, I = 100 pA). (f) Spin-difference spectra between the tunneling spectra taken at the same positions but with
different tip spin directions and under different magnetic fields. The curves in (d) to (f) are offset for clarity.

composed by Cs or Sb atoms. One can hardly obtain the V-Sb
layer as the top layer. In previous STM/STS measurements,
the top surface can be Sb, Cs or half Cs surfaces [29,30,41,52].
Here in our measurements, the commonly obtained surface is
the Sb layer, and Fig. 1(b) shows a typical atomically resolved
topography of this kind of surface. The slightly elongated
bright spot on the surface represents one pair of Sb atoms.
Figure 1(c) shows an enlarged view of the area marked by
a square in Fig. 1(b). We show together the Sb atoms on
the top layer by the yellow spheres as well as those of V
atoms underneath by red spheres. It is clear that the Sb atoms
in the top layer form a honeycomblike structure. There are
dark areas in the center of the hexagons constructed by Sb
atoms. The distance between two neighboring hexagonal dark
areas equals to the lattice constant ag in the crystal structure.
If two kinds of flux loops with opposite magnetic moments
existed in the V-Sb layer beneath the top Sb layer, they would
locate in one quarter of the total numbers of the hexagonal and
triangular vanadium plaquttes.

In Fig. 1(c), the blue (red) disks denote the positions of
hexagonal (triangular) current flux loops based on the theoret-
ical proposal [56]. Here it should be noted that the hexagonal

current flux loops appear only in one of every two neigh-
boring lines of dark areas, and on this particular line they
only occupy half sites. In this case, the distance between two
neighboring hexagonal current flux loops is 2ag. Figure 1(d)
shows the Fourier transformed (FT) pattern of the topography
[Fig. 1(b)], and one can see several sets of spots corresponding
to different periodic structures in the real space besides the
Bragg peaks. In the topographic image shown in Fig. 1(b),
one can see clear stripes with the period of 4ay. The 4ag
unidirectional order can be clearly observed as spots indicated
by arrows in Fig. 1(d), and they only appear on the horizontal
axis in the FT pattern. This result is similar to those from
previous reports [30,41]. The spots corresponding to the 2 x 2
CDW order are marked by red dashed circles in the FT pattern.
The intensities of these spots show a clear anisotropy, and
the two spots on the horizontal axis have a relatively weaker
intensity comparing to other spots.

B. Topography and tunneling spectrum with spin-polarized tips

In STM measurements, the obtained topography is a com-
bination of the atomic height and the contribution from the
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density of states (DOS) [73]. As mentioned above, if the
current flux loop can induce a local magnetic moment, they
would affect the tunneling current through the spin-polarized
tip, which is similar to the situation of investigating magnetic
orders in other materials [63,68,69]. For effectively detecting
the possible chiral flux current phase with a spin-polarized
tip, during the measurements we usually apply a small mag-
netic field (£0.3 T) when the tip polarization is guaranteed.
This measure is taken because we need to have a definite
TRS breaking state if it really exists. Being different from
the exotic AFM state [5,6] or ferromagnetic semimetals [7,8]
with the kagome lattice, the hysteresis behavior is absent in
the AHE signals measured in KV3Sbs or CsV3Sbs [54,55]
although a huge AHE signal is observed as a nonlinear part
of the Hall resistivity. Since the Hall resistivity is zero at
zero magnetic field, the spontaneous magnetization should be
negligible, and the c-axis symmetry seems to be not broken
in these materials at O T [74]. In this point of view, an ex-
ternal magnetic field should be applied to induce the c-axis
symmetry breaking in CsV3Sbs. Here in this work, the Cr
tip is polarized by magnetic fields of +2 or —2 T. After
magnetizing the tips with magnetic fields of £2 T, the external
field is decreased to 0.3 T for the measurements, respec-
tively. Figures 2(a) and 2(b) show the topographic images
measured at +0.3 and —0.3 T by using a Cr tip polarized by
magnetic fields of +2 and —2 T, respectively. The symbol
of 1 or | is used to denote the polarized direction of the
tip. Then the spin of the tip should be opposite in these two
configurations. Figure 2(c) shows the difference of the two
topographic images measured with opposite spin polarizing
directions. However, one cannot see any obvious periodic
difference signal in the figure, which suggests that the elec-
tronic state in this area does not have detectable spin-sensitive
contribution.

Tunneling spectra are measured at positions in the centers
of hexagonal dark areas locating along two neighboring lines
of these hexagons [red and blue arrowed lines in Figs. 2(a) and
2(b)]. Among these hexagonal dark areas, half of them should
exhibit the hexagonal current flux loops along one of the ar-

rowed lines with a period of 2ay. The results measured on the
neighboring line should not show any spin related signal. Fig-
ures 2(d) and 2(e) show tunneling spectra measured at centers
of each hexagonal dark areas along two neighboring routes
as highlighted by the arrowed lines. The CDW gapped feature
can be observed as two kinks at about £20 meV in the spectra,
which is similar to a previous report [29]. Spin-difference
spectra is calculated by the subtraction of two tunneling spec-
tra measured at the same position but with different tip spin
orientations and under different magnetic fields, and Fig. 2(f)
shows the corresponding spin-difference spectra derived from
those shown in Figs. 2(d) and 2(e). These spin-difference
spectra are almost featureless and quite uniform at positions of
hexagonal dark areas, disregarding whether the measurement
is taken on the line with or without the expected current flux
loops. This indicates that our tunneling measurements with
spin-polarized tips do not show the signal arising from the
expected chiral flux current phase. It should be noted that there
is a zero AHE [55] or a zero net magnetic moment [52] at
zero field, and a finite field will induce a finite AHE signal or
a finite magnetic moment in the same direction. Based on the
model of the chiral flux current [56], all the magnetic moments
induced by the loop currents may reverse when the magnetic
field changes its direction in the range from —1 to +1 T
based on the data of the AHE [55]. Concerning Figs. 2(a)
and 2(b), in the scenario mentioned above, it may give no
spin contrast signal. However, if the chiral flux current model
[56] is correct, the magnetic moment arising from this orbital
current should appear only in half of the hexagonal blocks
on one of the two neighboring lines. In this case, even the
tip polarization is fixed, we should still observe an alternative
variation of tunneling current along one of the tracing lines.
But this alternative signal cannot be observed in these spectra
at any energy in the range from —40 to +40 meV.

C. Differential conductance mapping using spin-polarized tips

The differential conductance or the QPI mapping can pro-
vide more direct information of the spatial evolution of DOS.
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FIG. 3. (a)—(c) Differential conductance mappings measured at E = 20 meV in the same area (Vie, = 50 mV, I, = 100 pA). The magnetic
field and the spin polarization of the tips are different in these configurations. (d) to (f) FT patterns of the differential conductance mappings
in (a) to (c), respectively. (g),(h) Spin-difference differential conductance mappings derived by the subtraction of (b) from (a) and (c¢) from (b),
respectively. (i),(j) FT patterns of spin-difference differential conductance mappings in (g) and (h), respectively. (k) Intensities of scattering
spots corresponding to the 2 x 2 CDW order in the FT pattern shown in (d) to (f).
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Figures 3(a)-3(c) show the differential conductance mappings
measured with different tip spin orientations at different mag-
netic fields. There are also some stripes along b-axis direction
in these QPI mappings, which is originated from the mixed
contribution of the 4a( unidirectional stripe order and the
2 x 2 CDW order. Figures 3(d)-3(f) show the corresponding
FT patterns of Figs. 3(a)-3(c), respectively. The spots of the
2 x 2 CDW order can be seen clearly, and they are marked
as Qp, Qy, and Qs for different wave vectors. Obviously,
the intensity of the Q; spots is stronger than the intensities
of Q; and Qs spots. When we calculate the spin-difference
signal between QPI mappings under different tip polarization
directions and magnetic fields, the resultant spin-difference
QPI mappings are shown in Figs. 3(g) and 3(h), indicating
a negligible signal in this area. The spin-difference QPI map-
pings exhibit featureless behavior not only for the proposed
current flux loops but also for the 2 x 2 CDW order, and
the latter rules out the possibility of attributing the gapped
feature to the SDW order. Figures 3(i) and 3(j) shows the
FT patterns of Figs. 3(g) and 3(h), respectively. The contrast-
improved plots of the same FT patterns are shown in Fig. S2
in the Supplemental Material [71], and they are plotted with a
smaller upper limit of the differential-conductance scale. One
can see that the postulated spots due to the chiral flux cur-
rent phase are completely absent in the original places of the
2 x 2 CDW order, leaving only very weak signal of the Bragg
spots.

Actually the configurations in Fig. 3(a) or 3(b) are very
different from Fig. 3(c) with respect to the tip polarization
and the possible flux current states. In the state shown in
Fig. 3(a) [or 3(b)], we first increased the field to +2 T (or
—2 T), then reduced the field to +0.3 T (or —0.3 T), thus
we believe the tip polarization direction should be the same
as the magnetic moment along the ¢ axis if the loop current
exists. In the case of Fig. 3(c), we change the field from —2
to +0.3 T. Here, the final field of +0.3 T is not strong enough
to revert the polarization direction of the tip because the field
is far below the reverting field of +0.7 T, but the magnetic
moment of the loop current is supposed to be aligned upward.
Of course, the real case about whether there is a chiral flux
current phase and its reverting field are still unknown, but we
believe our specially designed experiments should have set up
different configurations of the tip polarization and the mag-
netic moment direction if this possible chiral current phase
exists. To further investigate the possible spin texture of the
2 x 2 CDW order, we show the peak intensities of these spots
in Fig. 3(k) from the FT patterns in Figs. 3(d)-3(f). Obviously,
the differences of peak intensities are also very small for the
spots measured with opposite tip polarization orientations and
magnetic field directions. This shows no clear feature of the
spin texture of the chiral flux current phase with the resolution
of our technique.

It should be noted that the chiral charge order was claimed
by observing the variation of the intensities of some FT spots
corresponding to the 2 x 2 CDW order by applying a mag-
netic field of 2 T in KV3Sbs [40] or 3 T in RbV3Sbs [51].
One may argue that the unobserved spin texture corresponding
to the possible chiral charge order mentioned above in our
experiments may be because the applied magnetic field of
0.3 T is too small, so a large magnetic field of 4 T is applied
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FIG. 4. (a),(b) Differential conductance mappings measured at
E =20 meV in the same area (Vi = 30 mV, I = 100 pA). The
magnetic field and the spin polarization of the tips are different
in these configurations. (c) Spin-difference differential conductance
mapping derived by the subtraction of (b) from (a). (d),(e) FT
patterns of the differential conductance mappings in (a) and (b),
respectively. (f) Intensities of the FT patterns of the 2 x 2 CDW order
shown in (d) and (e).

to investigate the spin-difference signal. Obviously, a higher
magnetic field is supposed to be more effective to tune the
direction of the magnetic moment arising from the current flux
loops or the chiral charge order. Figure 4 shows the related
results measured under magnetic fields of —4 and +0.3 T.
The tip is polarized by the magnetic field of —4 and +2 T,
respectively, in order to have the opposite directions of the
tip spin. The QPI data are recorded at —4 and +0.3 T in
order to induce local moments with different orientations and
magnitudes. The magnetic field of 4 T would be strong enough
to induce a visible difference among the related FT-QPI spots
if the difference were attributed to the chiral charge order
[40,51]. From our data shown in Fig. 4(c), one can see that,
however, there is no obvious feature in the spin-difference
QPI mapping. In addition, the spot intensities of the FT-QPI
patterns depicted in Fig. 4(f) show also negligible difference.
We also measured the differential conductance mappings at
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different energies and under magnetic fields of &3 T by using
a tungsten tip in a defect-free area, and the result is shown
in Fig. S3 in the Supplemental Material [71]. Based on this
set of data measured at £3 T, one can see the anisotropic
intensities of CDW spots instead of the chiral anisotropy with
the magnetic-field tunability.

IV. DISCUSSION

By doing SP-STM/STS measurements in CsV3Sbs, we
have not observed any trace of the chiral flux current phase or
the tunable chiral charge order in our experiment. One most
probable reason would be that the resolution of our technique
may not be high enough to resolve this phase. However, we
must mention that, using the same technique we have suc-
cessfully visualized an emergent incommensurate AFM order
in the nearby region of magnetic Fe impurities embedded in
the optimally doped Bi,Sr,CaCu,0s,s and the AFM order in
Fe ., Te [69], which proves the ability to detect the local mag-
netic moment by a spin-polarized Cr tip. According to a previ-
ous work [70], the authors successfully observed an AFM or-
der by using a Cr tip in the STM measurements on the lightly
doped Sr,IrO4. The magnetic moment at each Ir atom is about
0.2up (with pup the Bohr magneton) in an undoped sample
[75], and thus we speculate that the lower bound resolution of
the Cr tip is better than 0.2up. Here in CsV3Sbs, the chiral
flux loop generally can produce a magnetic moment in the
center of the loop of the orbital current. In addition, the spin-
polarized STM is supposed to be sensitive to the spin polar-
ization ratio of the DOS at the Fermi energy in normal metals.
The local magnetic field due to the loop currents here can be
expected to polarize the conduction electrons slightly. Based
on a simple calculation according to the comparison between
the Zeeman splitting energy gugB and the thermal energy
ks T with kg the Boltzmann constant, the spin polarization can
be expressed as tanh(gugB/2kgT ). Supposing the magnetic
moment induced by the loop current here is 0.2, and taking
the loop size into account, the spin polarization ratio of a con-
duction electron would be about 0.5% if the g factor is taken
as 2. This spin polarization ratio may be detectable by the
SP-STM. However, since it is not clear in the theoretical work
[56] how large the magnitude is for the magnetic moment
produced by this possible loop current, it is difficult for us
to make a definite judgement. The absence of spin-difference
signal in CsV3Sbs may be the intrinsic feature of this material.

Here in this family of materials, the chiral flux current
phase is proposed to explain the TRS breaking along c-axis
direction [56] and the observation of the anomalous Hall effect
[54,55]. Being different from the spin magnetism, the chiral
flux loop generally has a tiny magnetic moment. It has not
been established that spin-polarized STM can be an effective
methodology to detect such a novel phase. Meanwhile, the
measurements are carried on the naturally obtained surface
of honeycomb lattice constructed by the Sb atoms instead of
the kagome lattice of V, and the Sb derived p orbitals may
contribute substantially to the Fermi level, thus the intriguing
kagome physics of the V layer may be difficult to be detected
[76]. More spin-sensitive proofs like £ SR can be a more direct
technique to address this question. However, the SR exper-
iments show that the enhanced signal of the spin relaxation

rate below the CDW temperature is very small along the ¢
axis when the magnetic field is lower than 1 T [57-59], and
the direct evidence of the TRS breaking along the ¢ axis is still
lacking. Hence, the absence of spin-difference signal from our
experimental data measured at £0.3 T is understandable. In
addition, we have not observed the tunable intensity of the
2 x 2 CDW spots at different magnetic fields up to 4 T with
different directions of the tip spin, which is consistent with a
recent report [49]. It seems that the 2 x 2 CDW order does
not have the spin texture corresponding to the proposed chiral
charge order from our SP-STM/STS measurements. From a
recent £SR measurement [58], a factor of six enhancement
of the spin relaxation rate at 8 T compared to zero field is
observed in KV3Sbs, and this field is actually much higher
than the saturation field (~1 T) of the AHE [55], which poses
the question whether the enhanced spin relaxation signal un-
der a high field is really resulted from the chiral charge order.
Within the limits of experimental accuracy, we can conclude
that the magnetic moment arising from the chiral loop current
is smaller than 0.2up if it exists. Certainly this remains still
an unsettled issue, and more refined experiments are highly
desired.

V. CONCLUSION

By using spin-polarized tips, we have carried out careful
measurements of scanning tunneling microscopy and spec-
troscopy on the recently discovered kagome metal CsV3Sbs.
Although our data reveal clear evidence of the 2 x 2 CDW
and 4aq stripe orders, refined analyses give no trace for
the existence of the proposed chiral charge order or chiral
current flux phase. This conclusion is drawn from the re-
sults of many thoughtful measurements and analyses: from
both the absence of distinction between the spectra with and
without the theoretically predicted local magnetic moments
on neighboring hexagons of vanadium atoms, and negligi-
ble intensity difference of the Fourier transform spots under
different magnetic fields with different tip polarization direc-
tions. However, no observation of such a signal here may
not indicate the absence of the possible chiral orbital current
phase due to the limited resolution of our experiments. Our
results put a constraint on the upper bound signal of magnetic
moments arising from this time reversal symmetry breaking
phase.
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