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We investigate the temperature-dependent infrared spectroscopy of SrMnSb,, which is a semimetal with multiple
Fermi surfaces. A notable blue shift of the plasma minimum in reflectivity upon cooling indicates that the carrier density
varies with temperature. In the real part of the optical conductivity o7 (®), a linearly-increased component which extrapo-
lates to zero conductivity at finite frequency has been identified, which suggests dispersion of gapped Dirac band structures
near the Fermi level. A two-Drude model, representing two different types of carriers, is introduced to describe the real
part of optical conductivity. We separate the contributions of two-Drude model in dc conductivity, and demonstrate that
the transport properties of StMnSb; are mainly affected by the narrow-Drude quasiparticles. Compared with the similar
phenomena observed in CaMnSb, and SrMnBij, we can infer that the two-Drude model is an appropriate approach to
investigate the multiband materials in AMnSb; and AMnBi, families.

Keywords: infrared spectroscopy, topological material, Drude mode
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1. Introduction

In the past few years, a great deal of interest has been
aroused in topological materials with magnetic systems that
can break their time-reversal symmetry, resulting in the real-
ization of type-II Weyl fermions.!">) Even though many ma-
terials are theoretically predicted as type-II Weyl semimet-
als, only a few have been experimentally confirmed.*! Re-
cently, AMnBi; and AMnSb, (A = Ca, Sr, Ba, Eu, and Yb)
compounds have attracted much attention due to the antifer-
romagnetic order on Mn atoms.!>"'8) Among these materi-
als, SrMnBi,, CaMnSb;, and StMnSb; share the same crystal
symmetry and stacking type. Additionally, the band structures
of these three materials have been calculated in detail,[8:17-19]
and their electronic bands near the Fermi level are roughly
identical. However, unlike the two-Drude model, which
well describes the real part of optical conductivity o(®) of
CaMnSb, and StMnBi, at low frequency,!'”?! a single-band
Drude model introduced in Ref. [21] lacks detailed fitting
01(®) of SrMnSb,. Therefore, more optical studies in the low
frequency range are required for StMnSb,.

We successfully synthesize the single crystal of StMnSb,
and investigate its topological properties through infrared
spectroscopy. Because of the unusual linearly dispersed band
structures in topological materials, the optical conductivity of
the interband transitions near the Fermi level are supposed to
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follow a characteristic power-law frequency dependence,

d—2
o1(®) o (hz“’> , (1)

where d is the dimension of the system.[l’zz‘z‘” Thus, when
d =2, 01() is particularly frequency-independent, while for
d =3, o1(w) should have a linearly increased range and ex-
trapolates through the origin. In this paper, we observed a shift
of the plasma minimum with varying temperature. A linearly-
increased component in 67 (®) has been identified with extrap-
olating to zero conductivity at finite frequency, which agrees
well with theoretical calculations. In the low frequency range,
we introduce a two-Drude model to describe o;(®) excel-
lently. Therefore, the shift of the plasma minimum can be the
result of a narrow Drude term which varies with temperature.
The contributions of two Drude in dc conductivity have been
separated, and the transport properties of StMnSb, are mainly
affected by the narrow-Drude quasiparticles. Since the two-
Drude model can reasonably explain the optical and transport
properties, we can infer that the two-Drude model is an ap-
propriate approach to investigate the multiband materials in
AMnSb; and AMnBi, families.

2. Experiment

The self-flux method was used to synthesize high-quality

[25]

single crystals of SrMnSb,. The ab-plane reflectivity
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[R(w)] has been measured at a near-normal angle of inci-
dence on a Bruker IFS80v spectrometer using an in situ gold
overfilling technique.?®! Data from 50 cm™! to 15000 cm™!
were collected at 14 different temperatures from 7 K to 295 K.
R(®) up to 30000 cm~! was measured at room temperature
with an Avaspec 2048 x 14 optical fiber spectrometer. Optical
conductivity was calculated through Kramers—Kronig trans-
formation of R(w). For the low-frequency extrapolation, we
used a set of Lorentz oscillators instead of the Hagen—Rubens
form because of the very narrow scattering rate of the Drude
component. 16271 Above 30000 cm~!, R(®) is assumed to be
constant up to 12.4 eV, above which a free-electron response
(0% is used.

3. Results
3.1. Reflectivity

Figure 1 shows R(®) of StMnSb, up to 4000 cm ™! at all
measured temperatures. The obvious peak at around 200 cm™!
is a response of infrared active phonon. The typical metal be-
havior is detected when R(w) rapidly approaches unity, and
a low-frequency sharp plasma edge shifts to higher frequency
upon cooling. In addition, the minimum measured reflectance,
defined as the plasma minimum, exhibits a strong temperature
dependence in R(w): as temperature is increased, the plasma
minimum initially keeps constant and then red shifts, as de-
noted in the upper inset of Fig. 1. This change of the plasma
minimum is usually associated with the temperature evolution
of the carrier density.

1.0

Reflectance

160, 1000 10000
3000 4000
1

PR T S S PR |
0'20 1000 2000
Wave number/cm™

Fig. 1. Reflectivity of StMnSb, below 4000 cm~! at all measured tem-
peratures. The upper inset denotes the evolution of plasma minima.
The bottom inset shows the reflectivity up to 30000 cm~! at 295 K. The
red-dashed curve is the low frequency extrapolation.

3.2. Optical conductivity

Figure 2 displays o} (®) of StMnSb, at four represented
temperatures. In the low-frequency range, o;(®) shows ob-
vious Drude-like response, which becomes broad when the
temperature is increased. o1(®) up to 30000 cm™! is shown
in the inset of bottom panel. We can infer the low carrier

density from the small Drude weight compared with conven-
tional metals.[?®] Additionally, an important clue of Dirac dis-
persed electronic bands is that one linearly-increased optical
conductivity (3000 cm~!'—4500 cm~!) can be clearly recog-
nized in the spectrum, alongside a sharp absorption edge from
2500 cm™! to 3000 cm~!. The linearly increased optical con-
ductivity is denoted by a black dashed line in the upper inset
of Fig. 2(a). The extrapolation to zero conductivity at finite
frequency indicates the gapped Dirac band structure, which is
consistent with the theoretical calculation in Ref. [21].
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Fig. 2. The real part of optical conductivity o} (@) of StMnSb; at four
represented temperatures. The upper inset of the panel displays the lin-
ear 01 () denoted with the black-dashed line. The bottom inset shows
o1 (@) up to 30000 cm~! at 295 K.

3.3. Low frequency fit

To quantitatively analyze the electrodynamic response,
the typical Drude-Lorentz model®! is employed to fit the
low-frequency o) (®):

2
o1(®) = el )y =
o [T w0 +17)
Y0°Q?

| @)
J

where Zg = 377 Q is the vacuum impedance. The first term is a
sum of free-carrier Drude responses, where £, = 4/ 41ne? /m*
is the plasma frequency (n is a carrier density and m* is an ef-
fective mass), and 1/7 is the scattering rate of carriers. The
second term describes a sum of Lorentz oscillators, with @;,
¥;» and £2; being the resonance frequency, linewidth and oscil-
lator strength.

In Ref. [21], Park er al. suggests a single-band Drude
model at low frequency. Once we have attempted to fit the
measured o](w) with one Drude model at various tempera-
tures, the Drude-like response narrows upon cooling, which
results in the fitting at the tail of Drude response being far
from satisfactory. We should know that more parameters can
produce different fitting results, which would make our anal-
ysis unreliable. So in our fitting, the number of parameters is
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used as little as possible to fit o1 (@) at low frequency. There-
fore, a two-Drude-component model with four parameters is
introduced to describe o(®) well at all measured tempera-
tures, as displayed in Fig. 3(a). This two-Drude-component
model coincides with the multiple Fermi surface near Ep
in SrMnSb,, which has been theoretically demonstrated in
Ref. [19]. The interpret conductivity of the model extrapo-
lated to zero-frequency is plotted in the inset of Fig. 3(a). The
good agreement when compared to the measured dc resistivity
(black solid curve) implies the fitting is reliable.
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Fig. 3. (a) The blue-solid curve is the optical conductivity of SrMnSb,
at 7 K in the 0 cm~'-1500 cm™! range. The black-dashed curve through
the data is the fit which is decomposed into a narrow (magenta) and a
broad (purple) Drude terms. The inset is the comparison of the mea-
sured dc resistivity (solid curve) with the inverse of the zero-frequency
conductivity by fitting o} (@) (red circles). Panels (b) and (c) portray the
plasma frequency £, and scattering rate 1/7 for the two Drude compo-
nents as a function of temperature.

The plasma frequency €, and the scattering rate 1/7 as a
function of temperature for the two Drude components can be
extracted by modeling the optical data. The temperature evo-
lution of £2,, which is related to the carrier density, is traced
out in Fig. 3(b). Within error bars, £2;,’s of broad Drude com-
ponent (£2,) is roughly constant, suggesting that the carrier
density does not change at various temperatures, while the
£Qp’s of narrow Drude component (£2,,) initially keeps con-
stant and then increases slowly with the increasing tempera-
ture. Since £, changes with temperature, the spectral weight
of Drude response is not constant but rather transfers to higher
frequency as T is raised. Moreover, for the resembling temper-
ature dependence of £2,,, we can infer that the T-dependent
shifts in plasma minimum is solely triggered by the narrow
Drude component. Figure 3(c) portrays 1/7 as a function of

the temperature. For narrow Drude component, 1/7, decreases
from 300 cm ™! to 20 cm ™" upon cooling, but for broad Drude,
1/7, still exhibits no temperature dependence. The differ-
ent temperature evolution of €, and 1/ for the two Drude
components evinces the two types of carriers in this material,
which have different contributions to the transport properties
of SrMnSb;.

To obtain further confirmation, we extract o (@) at zero
frequency to separate the two Drude terms’ contributions to
the dc conductivity in Fig. 4(a). We observed o1, (0) decreases
with increased temperature, while 07,(0) remains constant.
Since the two Drude terms affect dc conductivity through
Oiotal (T) = 0n(T) + 0v(T), the fact that 01,(0) > o1(0)
across all the measured temperature range indicates the quasi-
particles of narrow Drude has more effect on the transport
properties. Figure 4(b) portrays the two Drude correspond-
ing resistivity yielded from the inverse of ¢1(0). Even though
Po(T) exhibits no temperature dependence, p,(T) shows a
roughly identical temperature evolution to the dc resistivity
in the inset of Fig. 3(a). These results demonstrate that the
quasiparticles of the narrow Drude plays a major role in the
transport properties.
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Fig. 4. (a) The contribution to dc conductivity o1 (@ — 0) at varied tem-
peratures. (b) The corresponding resistivity through p = 1/061 (@ — 0)
for the narrow and broad Drude components.

Since in Ref. [30] Ling ef al. points out that the carrier
types of StMnSb, is sensitive to the composition and growth
details, it is reasonable for us to only consider the carriers’ dif-
ferent contributions to the conductivity, and separate them into
two Drude quasi-particles with different temperature depen-
dence instead of hole or electron carriers. The carriers of broad
Drude with constant scattering rate and plasma frequency at
all measured temperature can produces an incoherent contri-
bution to the conductivity, while the carriers of narrow Drude
component plays a major role in dc conductivity and can ex-
plain the optical data well in our measurement. Therefore, the
two different types of carriers belong to the different contribu-
tions to the conductivity.

4. Conclusion

To summarize, the detailed optical properties of StMnSb,
have been measured from 7 K to 295 K. We observe the plasma
minimum initially keeps constant and then red shifts with the

047801-3



Chin. Phys. B Vol. 28, No. 4 (2019) 047801

increasing temperature in reflectivity, which infers that the car-
rier density varies with temperature. One linearly-increased
component in optical spectrum has been recognized as the
characteristic hallmark of a three-dimensional Dirac dispersed
band structure. The finite intercept obtained through extrap-
olating the linear component to zero frequency indicates the
gapped nature in Dirac bands, which coincides with theoret-
ical calculations. The low-frequency optical conductivity is
well-described by the superposition of two Drude components,
suggesting the multiple Fermi surfaces in this material. We
extract the plasma frequency and scattering rate for the two
Drude terms as a function of temperature by fitting the opti-
cal data. Since the similar temperature evolution of plasma
frequency observed for narrow Drude term, the T-dependent
shifts of plasma minimum can be explained-well by the nar-
row Drude component. In addition, the contribution of the two
group carriers to the dc conductivity has been traced out, and
the narrow Drude subsystem plays a major role in the trans-
port properties. Compared with the similar response detected
in CaMnSb, and SrMnBi5, all of these reasonable conclusions
and results indicate that the two-Drude model is an appropri-
ate approach to investigate the multiband material in AMnSb,
and AMnBi, families.
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