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Abstract

Infrared spectroscopy is a powerful experimental tool for investigating the low-energy excitations of mat-

ter. Here, we present two setups for infrared spectroscopy measurements in Synergetic Extreme Condition

User Facility (SECUF), which includes Setup (I) for infrared measurements at low temperatures (T) and

Setup (II) for infrared measurements at high magnetic fields. Therein, Setup (I) can be utilized to per-

form optical reflectance and transmission measurements down to 5 K in the energy range from 30 to 25000

cm−1, and Setup (II) can be employed to carry out magneto-infrared measurements in Faraday and Voigt

geometries at static magnetic fields up to 20 T and at T = 4.2 K. Moreover, we showed the examples on

the application of these two setups in infrared spectroscopy measurements.

1. Introduction

Infrared spectroscopy is a type of spectroscopic methods detecting the interactions between infrared light

and matter via measuring the photon-energy dependent optical constants manifesting the absorption of single-

particle excitations or collective excitations [1,2]. Given that low temperature can drive the formation of the

ground states of matter, infrared spectroscopy combined with low temperatures can detect optical signatures

of ground states, such as superconducting states [3], density wave states [4] and Mott states [5,6]. Considering

that high magnetic field can induce Landau levels (LLs) or influence magnetic orders, infrared spectroscopy

coupled with high magnetic fields (i.e., magneto-infrared spectroscopy) can measure LL transitions [2] or spin-

lattice coupling effects [7]. Thus, infrared spectroscopy combined with low temperatures and magneto-infrared

spectroscopy can be used to investigate the exotic physical properties of various quantum materials, e.g., un-

conventional superconductors [8–10], topological quantum materials [11–19], two-dimensional materials [20] and

magnetic van der Waals materials [21].

Here, we introduce two setups for infrared spectroscopy measurements at low temperatures and at high

magnetic fields in the Infrared Unit of the THz and Infrared Experimental Station of Synergetic Extreme

Condition User Facility (SECUF) (see Fig. 1). Therein, Setup (I) for infrared spectroscopy measurements at

1



Figure 1: Infrared Unit of the THz and Infrared Experimental Station of Synergetic Extreme Condition User

Facility (SECUF).

low temperatures (T), which is mainly composed of a Fourier transform Infrared (FTIR) spectrometer and an

optical cryostat, can be employed to obtain optical reflectance and transmission spectra at temperatures down

to 5 K in the energy range from 30 to 25000 cm−1. Setup (II) for magneto-infrared spectroscopy measurements,

which mainly consists of a FTIR spectrometer, a superconducting magnet and a sample probe, can be used to

get optical reflectance and transmission spectra in Faraday and Voigt geometries at static magnetic fields up to

20 T and at T = 4.2 K. Additionally, these two setups have been successfully applied in the infrared spectroscopy

measurements of two Weyl semimetals MoTe2 and GdPtBi and iron-arsenide superconductor systems NaFeAs

and AFe2As2 (A = Ba and Ca).

2. Infrared measurement setups

This section is divided into two subsections. We present the setup for low-temperature infrared measure-

ments in subsection 2.1 and the setup for magneto-infrared spectroscopy measurements in subsection 2.2. The

key performance parameters and specification of the setups are summarized in Table 1.

Table 1: Key performance parameters and specification of the infrared measurement setups.

Energy Resolution Spectra Range Temperature Range Magnetic Field Magneto-Infrared Configurations

∼ 0.13 cm−1 30—25000 cm−1 4.2—300 K 0—20 T Faraday, Voigt

2.1.Setup for low-temperature infrared measurements

Since there are algebraic relations among optical quantities, including the complex dielectric function,

complex optical conductivity, and complex refractive index (see Table 2), one optical constant can be derived

from the other optical constants. Moreover, once the reflectance or transmittance spectrum is measured over

a sufficiently broad frequency range, the complex optical response functions—including the complex refractive

index, dielectric function, and optical conductivity—can be extracted through Kramers–Kronig analysis com-

bined with the relevant Fresnel relations. Using the setup for low-temperature infrared measurements in the

Infrared Unit of the THz and Infrared Experimental Station of SECUF, we can perform the measurements of

the reflectance and transmission spectra separately associated with the real parts of the complex reflectivity

and complex transmissivity at temperatures down to 5 K in the energy range from 30 to 25000 cm−1.
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Table 2: Relations among the optical parameters under vacuum conditions.

Optical parameter Complex representation Related expressions

Dielectric constant ϵ̂ = ϵ1 + iϵ2

ϵ1 =
n2 − k2

µ1

ϵ2 =
2nk

µ1

Conductivity σ̂ = σ1 + iσ2

σ1 =
nkω

2πµ1

σ2 =
(
1− n2 − k2

µ1

) ω

4π

Refractive index N̂ = n+ ik
n =

{µ1

2

[
ϵ21 + ϵ22

] 1
2 +

ϵ1µ1

2

} 1
2

k =
{µ1

2

[
ϵ21 + ϵ22

] 1
2 − ϵ1µ1

2

} 1
2

Reflectivity

r̂ = r0e
iϕr

=
1− N̂

1 + N̂

ϕr = arctan{ −2k

1− n2 − k2
}

R = |r̂|2 =
(1− n)2 + k2

(1 + n)2 + k2

Transmission

t̂ = t0e
iψt

=
2

1 + N̂

ψt = arctan{ −k
n+ 1

}

T =
√
ϵ1 |t̂|2 =

4n

(n+ 1)2 + k2

= 1−R

Figure 2(a) and 2(b) show the setups for low-temperature reflectivity and transmission measurements, re-

spectively. Since gas and water molecules in air induce the strong absorption of infrared light, to minimize the

absorption-induced lowering of the intensity of infrared light used for measuring reflectivity and transmission

spectra, we utilize a vacuum FTIR spectrometer. Noteworthily, the optical cryostat for low-temperature reflec-

tivity measurements is mounted outside the FTIR spectrometer because the focal length of the concave mirror

directly focusing light on the sample is longer than the so-called sample chamber of the FTIR spectrometer

(see Fig. 2(c)), while the optical cryostat for low-temperature transmission measurements is insert into the

sample chamber of the FTIR spectrometer (see Fig. 2(b)) to make the sample located on the position where

the quasi-parallel light from the Michelson interferometer of the FTIR spectrometer is focused (see Fig. 2(d)).

To obtain intrinsic reflectivity and transmission spectra of a sample at temperatures down to 5 K, it is essen-

tial to pump the sample chamber of the cryostat to avoid the negative influence of the low-temperature-induced

condensation of the water and gasses in the atmosphere on the measurements of reflectivity and transmission

spectra, e.g., a dip-like feature arising from the absorption of the ice forming on the sample surface can be

present around 3300 cm−1 in the reflectivity spectra at temperatures lower than 200 K. Thus, the vacuum

degree of the sample chamber of the cryostat usually needs to be better than 3  × 10−5 Pa.

The transmission spectrum of a sample can be obtained by dividing the intensity spectrum of light passing

through the sample by the intensity spectrum of light passing through the reference hole with the same size as

the sample. Figure 2(d) displays that the sample and the reference hole are separately glued to the tops of the

two large holes of a vertical fan-shaped copper sheet with the center of its circle connected by a horizontal stick.

The bottom of the horizontal stick is attached by a vertical gear wheel. On the other hand, a horizontal gear
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Figure 2: Schematic of the setups for low-temperature infrared measurements. (a) Setup for low-temperature

transmission measurements. (b) Setup for low-temperature reflectivity measurements. (c) Optical paths inside

the setup for the low-temperature reflectivity measurements. The blue dashed lines denote the optical path

for magneto-infrared measurements. (c) Optical path inside the setup for low-temperature reflectivity mea-

surements. The blue dashed lines denote the optical path for magneto-infrared measurements. The red solid

lines indicate the optical path for middle-infrared/near-infrared/visible measurements. The red dashed lines

represent the optical path for far-infrared measurements. (d) Magnified view of the part indicated by the blue

dashed frame in (b), which shows the sample region of the optical cryostat for low-temperature transmission

measurements. The positions of the sample and reference can be altered without breaking the vacuum of the

FTIR spectrometer.

wheel is attached at the bottom of a vertical stick inserted into the sample chamber of the FTIR spectrometer.

The horizontal and vertical gear wheels mesh together, so rotating the vertical stick can switch the sample to

the position of the reference hole. More importantly, switching the positions of the sample and reference hole

at low temperatures can be realized in a very short time, which can make the measurements of the sample and

reference hole in the same setup status and thus can avoid the influence of the drift of the setup status on the

transmission measurements at low temperatures.

Furthermore, to eliminate the effect of the unevenness of the sample surfaces on the measurements of

reflectivity spectra, we utilized an in situ gold and aluminum overcoating technique for measuring reflectivity

spectra. The gold or aluminum film coated on the sample surface should not only be thin enough to host the

microstructure the same as that of the sample surface but also be thicker than the penetration depth of light

into gold or aluminum. Theoretically, the reflectivity spectrum (i.e., Rsample) could be obtained via dividing the

optical intensity spectrum (i.e., Isample) of the sample by the optical intensity spectrum (i.e., IAu/Al) of the gold

or aluminum film coated on the sample and then multiplying by the accurate reflectivity spectrum (i.e., RAu/Al)

of gold or aluminum. However, since there is a time gap between the measurements of the optical intensity
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Figure 3: Schematic of the setup for magneto-infrared measurements. (a) Mirror box including a 90◦ off-axis

parabolic gold coated mirror. Gold-coated optical cones for transmission (b) and reflectivity (c) measurements

in Faraday configuration. Gold-coated optical cones for transmission (d) and reflectivity (e) measurements in

Voigt configuration.

spectra of the sample and the coated gold or aluminum film at the same temperature, a drift of the setup status

may take place, which is very likely to influence the accuracy of reflectivity measurements. To compensate the

influence of the drift of the setup status on reflectivity measurements, a flat reference mirror made of stainless

was employed in the overcoating technique to get the ratios (i.e., Isample/Imirror and IAu/Al/Imirror) between

the optical intensity spectra of the sample (or coated film) and the reference mirror at the same temperature.

Thus, considering the effects of the unevenness of the sample surface and the drift of the setup status on

reflectivity measurements, the intrinsic reflectivity spectrum of a sample at low temperature can be given by

the relationship: Rsample = [(Isample/Imirror)/(IAu/Al/Imirror)]×RAu/Al.

2.2.Setup for magneto-infrared spectroscopy measurements

The setup for magneto-infrared spectroscopy measurements in the Infrared Unit of the THz and Infrared

Experimental Station of SECUF mainly comprises a vacuum FTIR spectrometer, a sample probe and a super-

conducting magnet. After being reflected by two silver coated concave mirrors, the infrared light from the light

source of the FTIR spectrometer becomes quasi-parallel and then is modulated by a Michelson interferometer.

The modulated quasi-parallel infrared light passes through the optical pipe and then is cast using a 90◦ off-axis

parabolic gold-coated mirror in a box (see Fig. 3(a)) into an internally polished brass tube of the sample probe.

Therein, one side of the optical pipe is connected to the outlet of the vacuum FTIR spectrometer, the other

side of the optical pipe is fixed to the mirror box seated directly above the sample probe. Moreover, the optical
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pipe, the mirror box and the sample probe are vacuumed to minimize the optical absorption of gas and water

molecules. On the top of the sample probe, a wedge diamond window with high transmittance in the infrared

range is mounted to maintain the vacuum of the sample probe. Then, the infrared light is focused by the 90◦

off‑axis parabolic gold‑coated mirror, passes through the diamond window, and enters an internally polished

brass tube of the sample probe. After being reflected by the well-polished inner-surface of the brass tube, the

infrared light is condensed by a gold-coated optical cone, which depends on the optical configurations for optical

reflectivity and transmission measurements at magnetic fields (B). In the optical configuration (i.e., Faraday

configuration) for transmission measurements with magnetic field applied in parallel to the wave vector k of

incident light (i.e., B //k), the infrared light is focused on the surface of the horizontally placed sample by

the optical parabolic cone which is vertically mounted and gold coated, transmits through the sample, then

becomes divergent and is finally collected by an inner bolometer (i.e., the detector for converting the collected

infrared light to electric signals) located at the bottom of the sample probe (see Fig. 3(b)). Different from the

Faraday configuration for transmission measurements, the Faraday configuration for reflectance measurements

employs a gold-coated optical oblique cone to concentrate the infrared light on the surface of the horizontally

placed sample and uses the optical parabolic cone to focus the infrared light reflected by the sample on the chip

of the inner bolometer detector mounted above the the optical parabolic cone (see Fig. 3(c)). In the optical

configuration (i.e., Voigt configuration) for transmission measurements with magnetic field applied perpendicu-

lar to the wave vector of incident light (i.e., B ⊥ k), the infrared light is collected by a vertically mounted and

gold-coated optical parabolic cone, is reflected by a planar gold-coated mirror inclined at 45◦ with respect to the

vertical direction, propagates horizontally, transmits through the vertically placed sample, is reflected again by

another planar gold-coated mirror, is constrained by another optical parabolic cone and is finally collected by

the bolometer detector (see Fig. 3(d)). Discrepant from the Voigt configuration for transmission measurements,

the Voigt configuration for reflectance measurements utilizes the planar mirror gold-coated mirror inclined at

45◦ with respect to the vertical direction and the plane determined by the symmetry axes of the two vertically

mounted optical parabolic cones (see Fig. 3(e)).

As an indispensable part of the setup for magneto-infrared spectroscopy measurements, the superconducting

magnet mainly includes a superconducting solenoid, a liquid helium chamber and a liquid nitrogen chamber

(see Fig. 3). The superconducting solenoid of the magnet, which is fully immersed in the liquid helium inside

the liquid helium chamber to enter its superconducting state with high critical electric currents and no loss of

electric power, can generate static magnetic fields up to 20 T. The liquid helium in the liquid helium chamber

can lower the sample temperature down to 4.2 K when the sample probe with injected helium gas is inserted into

the superconducting magnet because the injected helium gas between the probe shell and the measured samples

serves as the heat transfer medium. Therefore, the superconducting magnet provides a high-magnetic-field and

low-temperature environment for the measured samples. Moreover, the quite low level of the vibrations from the

superconducting solenoid and the evaporation of the liquid helium and the liquid nitrogen in the superconducting

magnet is beneficial for obtaining the high-quality infrared data with large signal-to-noise ratio.

Using the setup for magneto-infrared spectroscopy measurements, we can measure the intensity spectra of (i)

the infrared light reflected by the sample (i.e., IRsample(B)) and (ii) the infrared light passing through the sample

(i.e., ITsample(B)) at B from 0 to 20 T. Then, the relative reflectivity (or transmission) spectrum (i.e., R(B)/R(0
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T) or T(B)/T(0 T)) of the sample can be obtained via dividing the IRsample(B) (or ITsample(B)) by the IRsample(0

T) (or ITsample(0 T)), i.e., R(B)/R(0 T) = IRsample(B)/IRsample(0 T) and T(B)/T(0 T) = ITsample(B)/ITsample(0

T). Thus, multiplying the relative reflectivity (or transmission) spectrum by the zero-magnetic-field reflectivity

(or transmission) spectrum gotten via the low-temperature infrared measurements yields the reflectivity (or

transmission) spectrum (i.e., R(B) or T(B)) in a magnetic field.

3. Applications of the infrared measurement setups

Weyl semimetal, which represent a type of quantum materials hosting pairs of Weyl cones in the bulk and

topologically protected Fermi arcs on the surface, have attracted great attention owing to their novel electronic

properties and various potential applications [23–31]. Here, using the infrared measurement setups in the In-

frared Unit of the THz and Infrared Experimental Station of SECUF, we present the low-temperature infrared

spectroscopy measurements of Weyl semimetal MoTe2 and the magneto-infrared spectroscopy measurements of

Weyl semimetal GdPtBi.

In-plane Optical Anisotropies

(a) (b) (c)

(d) (e) (f)

(g) (h) (i)

Figure 4: Linearly polarized infrared spectroscopy study of type-II Weyl semimetal MoTe2 at different tem-

peratures [22]. Real parts of the optical conductivity spectra along the a-axis (a), b-axis (b) and c-axis (c).

Drude weights along the a-axis (d), b-axis (e) and c-axis (f). (g) Photon energy dependence of the normalized

linear dichroism. (h) Normalized linear dichroism at ∼ 770 meV (see the red dots) and spectral weight of

the Lorentzian peak at ∼ 770 meV in the real part of the a-axis optical conductivity spectrum. (i) In-plane

optical anisotropies (i.e., maximal values of the normalized linear dichroism spectra) of the reported type-II

Weyl semimetals MoTe2, WTe2, WP2 and LaAlGe.
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Weyl semimetal states can be realized by breaking spatial-inversion symmetry or time-reversal symmetry.

Structural phase transitions can break spatial inversion symmetry in nonmagnetic semimetals, which can induce

a Weyl semimetal state. Investigating the formation mechanism of structural phase transitions inducing Weyl

semimetal states will provide important insights into discovering Weyl semimetals. The bulk nonmagnetic

semimetal MoTe2 exhibits a monoclinic crystal structure (i.e., the 1T ′ phase belonging to the centrosymmetric

space group P21/m) at temperatures above 250 K. When the temperature drops below 250 K, a structural

phase transition accompanied with the breaking of spatial inversion symmetry occurs in semimetal MoTe2 and

transforms its monoclinic crystal structure into an orthorhombic structure (i.e., the Td phase belonging to the

noncentrosymmetric space group Pmn21) exhibiting a type-II Weyl semimetal state [32–36]. Previous theoretical

and optical studies indicate that the reduction of the electronic kinetic energy is significant for in the formation

of the structural phase transition in semimetal MoTe2 [37–41]. To clarify whether the reduction of electronic

kinetic energy after the structural phase transition is anisotropic in this Weyl semimetal, it is essential to study

the temperature evolution of the electronic kinetic energy along the in-plane a-axis, b-axis, and interlayer c-axis

directions.

Using linearly polarized infrared spectroscopy, Su et al. measured the reflectance spectra of MoTe2 at

different temperatures with the electric field (E) of the incident light applied separately along the crystalline

a-axis, b-axis and c-axis [22]. The real parts of the optical conductivity spectra along the a-axis, b-axis and

c-axis were obtained via the Kramers–Kronig transformation of the a-axis reflectivity spectrum and the relation

between the complex reflectivity and complex optical conductivity (see Fig. 4(a)-(c)). After the structural phase

transition, the Drude weight of the a-axis optical conductivity spectrum decreases significantly (by ∼ 36 % from

300 K to 8 K, corresponding to a lowering of 1.75 × 10−6 Ω−1 cm−1, see Fig. 4(d)), whereas the reductions

of the Drude weights of the b-axis and c-axis optical conductivity spectra are much smaller (by about 10 %

and 14 %, respectively, from 300 K to 8 K, corresponding to only 2.5 × 10−5 Ω−1 cm−1 and 2.0 × 10−5 Ω−1

cm−1, see Fig. 4(e) and (f)). Since the Drude weight is proportional to electronic kinetic energy, these infrared

results indicate that only the electronic kinetic energy along the a-axis of MoTe2 decreases significantly after the

structural phase transition, while the electronic kinetic energies along the b-axis and c-axis is weakly reduced,

which reveals that one of the driving forces for the occurrence of the structural phase transition leading to the

Weyl semimetal state in MoTe2—the reduction of the electronic kinetic energy exhibits strong anisotropy [22].

Due to the the spectral-weight conservation law, after the structural phase transition, the significant reduc-

tion in the Drude spectral weight along the a-axis and the negligible change of the the Drude spectral weight

along the b-axis lead to the enhancement of the anisotropy of the interband-transition absorption. Figure 4(g)

shows that the renormalized linear dichroism spectra reaches their maxima at ∼ 770 meV. Below the structural

phase transition temperature, the renormalized linear dichroism value at ∼ 770 meV increases with decreasing

temperature, which is consistent with the enhancement of the Lorentz peak spectral weight of the a-axis op-

tical conductivity spectrum at ∼ 770 meV due to the interband transition absorption (see Fig. 4(h)). MoTe2
exhibits by far the largest normalized linear dichroism value (i.e., 0.68 at 8 K) among the reported type-II Weyl

semimetals (see Fig. 4(i)) [22,42–44].

A magnetic half-Heusler GdPtBi with its crystal structure belonging to Td point-group symmetry, hosts

four pairs of triple points along its four independent C3 axes because one doubly degenerate band and two
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Figure 5: Magneto-infrared spectroscopy study of magnetic-field-induced Weyl semimetal GdPtBi in Faraday

configuration (i.e., B // k). (a) The relative reflectance spectra R(B)/R(0 T) of the (111) plane of the GdPtBi

single crystal at T = 4.2K and at magnetic fields up to 20 T. (b) Electronic bands derived from the four-band

model reported in Ref. [49]. (c) Band structure obtained by previously reported ab initio calculations [49].

nondegenerate bands, which arise from the inversion-symmetry-breaking induced degeneracy-lifting of the Γ8

bands, cross each other [45]. Upon the application of an external magnetic field to GdPtBi, which breaks

time-reversal symmetry, the exchange-interaction-induced Zeeman field causes the splitting of both the Γ8 and

Γ6 bands and then leads to the emergence of Weyl points [46]. Thus, identify the exchange-interaction-induced

splitting of the electronic bands of GdPtBi is a significant step towards the verification of its magnetic-field-

induced Weyl semimetal state [47,48].

Using magneto-infrared spectroscopy, we measured the relative reflectance spectra (i.e., R(B)/R(0 T)) of

the GdPtBi single crystals at T = 4.2 K in Faraday configuration (i.e., B // k) at magnetic fields up to 20 T.

Figure 5(a) shows that beside the two phonon-like features (labeled by the two green arrows) around ∼ 14.6

meV and ∼ 18.2 meV, two broad peaks (α and β) indicated by the red and orange arrows are present in the

R(B)/R(0 T) of GdPtBi: (i) a peak-like feature around 15 meV and (ii) a hump-like feature distinctly moving to

higher energies with the increase of the magnetic field, which is in agreement with the reported magneto-infrared

data measured at magnetic fields up to 16 T [49]. Figure 5(b) displays that the energy distance between the ms

= ± 3/2 bands produced by the four band model in Ref. [49] is distinctly larger than that between the ms = ±

1/2 bands so that (i) the ms = -3/2 band hybridizes with the ms = ± 1/2 bands. The hybridization between

the ms = -3/2 band and the ms = ± 1/2 bands results in two energy gaps, which is consistent with the band

structure obtained by ab initio calculations (see Fig. 5(c)), so (i) the β peak remarkably shifting toward higher

energies with the enhancement of the magnetic field can be mainly attributed to the optical transition from the

ms = -3/2 (or ms = -1/2) band to the ms = 1/2 band (see the orange arrows in Fig. 5(b)), and (ii) the α peak

almost around a fixed energy can be primarily ascribed to the optical transition from the ms = -3/2 band to

the ms = -1/2 band (see the red arrow in Fig. 5(b)). Thus, the magneto-infrared results provides spectroscopic

evidence for the exchange-interaction-induced splitting of the electronic bands of GdPtBi.

Beyond the studies of Weyl fermions in topological semimetals, magneto-infrared spectroscopy provides
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(a) (b)

(c) (d)

Figure 6: Magneto-infrared spectroscopy study of two-dimensional massless Dirac fermions in iron-arsenide

superconductor systems [10]. (a) Relative real part of the optical conductivity of NaFeAs measured in Faraday

configuration (B // k) at T = 4.2 K. (b) T1 and T2 energies as functions of
√
B. The inset shows the energy

ratio ET2
/ET1

as a function of magnetic field. The purple and green dashed lines denote the theoretical ratios

expected for massless Dirac and Kane fermions, respectively. (c) T1 transition energies of NaFeAs, BaFe2As2,

and CaFe2As2 as functions of
√
B. (d) Linear scaling relation between the Fermi velocities vF of two-dimensional

massless Dirac fermions and the Fe–As bond lengths.

a powerful probe of massless Dirac fermions in iron-based superconductors. Lv et al. measured the relative

reflectance spectra of NaFeAs single crystals in Faraday configuration at T = 4.2 K and magnetic fields up

to 17.5 T [10]. As shown in Fig. 6(a), two peak-like absorption features, labeled as T1 and T2, emerge in the

relative real part of the optical conductivity. The T1 and T2 energies exhibit linear dependences on
√
B and zero-

energy intercepts at B = 0 T under linear extrapolations [see Fig. 6(b)]. Moreover, the energy ratio ET2
/ET1

is approximately 2.4, which is close to the energy ratio (i.e., 1 +
√
2) between the inter-Landau-level (LL)

transitions (i.e., LL−1 (or LL−2) → LL+2 (or LL−1) and LL0 (or LL−1) → LL+1 (or LL0)) of two-dimensional

massless Dirac fermions and is distinct from the inter-LL-transition-energy ratio obtained by the Kane model.

The T1 feature, which is associated with the inter-LL transition involving the zeroth LL, is markedly stronger

than the other LL-transition absorption features. Furthermore, the DFT+DMFT calculations reveal linearly

dispersing bands along the kx and ky directions, whereas their band dispersions along the kz direction are

rather weak. These experimental and theoretical results indicate the existence of two-dimensional massless

Dirac fermions in the superconducting state of NaFeAs. In addition, the T1 transition energies of BaFe2As2
and CaFe2As2 also exhibit linear dependences on

√
B [see Fig. 6(c)]. According to the expression on the LL

energies of two-dimensional massless Dirac fermions, En = sgn(n)vF
√
2eh̄B|n|, where n = 0,±1, . . . and vF is

the Fermi velocity, the Fermi velocities of two-dimensional massless Dirac fermions in NaFeAs, BaFe2As2 and

CaFe2As2 which can be extracted from the slopes of the linear
√
B dependences of the T1 transition energies,

are ∼ 0.54 × 105 m/s, ∼ 1.18 × 105 m/s and ∼ 2.16 × 105 m/s. Remarkably, the extracted Fermi velocities

exhibit a linear scaling relation with the Fe–As bond lengths [see Fig. 6(d)], which establishes a direct connection
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between the lattice degree of freedom and the electronic properties of two-dimensional massless Dirac fermions

in iron-based superconductors.

4. Summary

Two setups for infrared spectroscopy measurements in the Infrared Unit of the THz and Infrared Ex-

perimental Station of SECUF are introduced in this review article. Therein, the setup for low-temperature

infrared measurements mainly consists of the FTIR spectrometer and the optical cryostat and can be used to

measure optical reflectance and transmission spectra at temperatures down to 5 K in the energy range from

30 to 25000 cm−1. Furthermore, the setup for low-temperature infrared measurements has been employed to

study the temperature evolutions of (i) the electronic kinetic energies along the in-plane a-axis, b-axis, and

interlayer c-axis directions of type-II Weyl semimetal MoTe2 and (ii) its relative linear dichroism. The setup for

magneto-infrared measurements is mainly composed of the FTIR spectrometer, the superconducting magnet

and the sample probe and can be utilized to obtain optical reflectance and transmission spectra in Faraday and

Voigt geometries at static magnetic fields up to 20 T and at T = 4.2 K. In addition, the setup for magneto-

infrared measurements has been applied in studying the exchange-interaction-induced splitting of the electronic

bands of magnetic-field-induced Weyl semimetal GdPtBi and two-dimensional massless Dirac fermions in iron-

arsenide superconductor systems NaFeAs and AFe2As2 (A = Ba and Ca). In the future, we plan to develop

polarization-resolved magneto-infrared spectroscopy at this station to perform linear-polarization-resolved and

circular-polarization-resolved magneto-infrared measurements, which are expected to gain insight into the in-

teresting physical properties of quantum materials, such as spin-polarization, anisotropy and chirality.
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