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Mercury Telluride (HgTe) nanocrystal (NC) quantum dots are very promising for THz technology as they exhibit broad THz 

absorption resonances and a carrier lifetime of a few picoseconds, as well as being easily fabricated using solution synthesis. 

In this work, we show their light emission properties in the THz spectral range, up until now unexplored, and show how THz 

pulse generation can be used for microscopic insights into these NCs. In particular, we report on coherent THz emission from 

large HgTe NCs excited by linearly-polarized optical pulses, via second-order nonlinear effects. The peak emission frequency 

is tunable from 0.4 to 0.8 THz by varying the incident angles of the optical pulses from 0° to 45°. Our results reveal that the 

THz emission is induced by transient photocurrents arising from both photogalvanic and photon drag effects. By pushing the 

light emission of colloidal quantum dots down to the THz spectral range, our study expands the application fields of 

nanocrystals, especially towards the development of easily integrable and tunable THz emitters and quantum THz devices. 

 

Terahertz (THz) emission spectroscopy, based on coherent THz emission from materials excited by ultrashort optical pulses, 

is a very powerful tool to probe the ultrafast dynamics of current generation in materials.[1] Previous works have reported, for 

example, coherent THz emission induced by ultrafast photogalvanic and photon drag in topological materials [2,3] and Weyl 

semimetals,[4,5] photon drag effects in graphene[6,7,8] and 2D materials,[9] surface-plasmon-enhanced optical rectification in 

graphene,[10] ultrafast injection and shift photocurrents in hybrid perovskites,[11,12] ultrafast spin current in spintronic 

structures,[13,14] photo-Dember field and surface depletion field in bulk semiconductors.[15,16,17] Each of these permits 

microscopic insights into the carrier generation and transport in their corresponding materials. Also, the study of THz emission 

properties from materials excited by ultrashort optical pulses plays an important role in the development of advanced THz 

sources such as recently demonstrated spintronic emitters that have considerably impacted the domain. [13] HgTe nanocrystals 

(NCs) of large size, typically a few tens of nanometers, are emerging quantum dots with great potential for THz technology. 

Indeed, rapid progress on the colloidal growth of large HgTe NCs (up to 1 µm) has made it possible to demonstrate a broad 

and tunable intraband absorption at THz frequencies.[18,19,20] This strong intraband absorption in the THz spectral range 
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originates from multiple intraband transitions of single carriers between the quantized states of self-doped HgTe NCs.[21,22,23] 

Also, carrier lifetimes of few picoseconds have been recently reported in these large HgTe NCs.[23,24] While THz 

electroluminescence and even stimulated THz emission from CdHgTe/HgTe quantum wells has been demonstrated previously 

[25,26], coherent THz wave emission from large HgTe quantum dots excited by femtosecond optical pulses, and more generally 

from any quantum dots, remains unexplored to date.  

Here, we use THz emission spectroscopy to demonstrate coherent THz emission from a film of large HgTe NCs excited by 

femtosecond optical pulses at room temperature. We experimentally study the properties of emission with respect to the incident 

and polarization angles of the linearly-polarized optical pulses. We show a frequency tuning of the THz emission from 0.4 to 

0.8 THz controlled by the incident angle of the optical pulses. Our analysis of experimental features reveals that the radiated 

THz emission, which has a dominant component in the direction normal to the surface of the HgTe NCs film, results from 

transient second-order nonlinear currents driven by both photogalvanic and photon drag effects. 

The HgTe NCs are grown by the simultaneous injection of mercury chloride and trioctylphosphine telluride in hot (300 °C) 

oleylamine, used as coordinating solvent.[18] After reaction quenching, the particles are cleaned and capped with 1-

dodecanethiol ligands. These insulating long-chain organic ligands surrounded each HgTe NC strongly limit the carrier hopping 

between neighboring nanocrystals. The typical sizes of the HgTe NCs are large according to electronic microscopy (see Figure 

1(a)) and X-ray diffraction (XRD) (see Supplementary Figure S1). From the X-ray diffraction line width and using the Debye–

Scherrer equation, we estimate a mean size of the NCs of L≈90 nm, which is consistent with the small particles observed by 

electronic microscopy and suggests that the largest NCs are polycrystalline. The HgTe NCs film, of 13 µm-thick, is then 

deposited on a 500 µm-thick quartz substrate, which is transparent in the optical and low-frequency THz spectral range. The 

absorbance spectrum of the HgTe NCs film, shown in Figure 1(b), exhibits a broad resonance at low frequency centered at 

≈4.5 THz, assigned to multiple intraband transitions of single carriers between the quantized states of the HgTe NCs, and a 

broad absorption at high frequency (>30 THz) arising from interband transitions [23]. The narrow absorption feature observed 

at 3.6 THz is attributed to the additional transverse optical (TO) phonon absorption. 

The THz time-domain emission spectroscopy system used to investigate the coherent THz radiation emitted from the HgTe 

NCs film is based on a mode-locked Ti:Saphir laser operating at 80 MHz and delivering 15 fs optical pulses with a central 

wavelength of 800 nm. The optical pulses are focused onto the HgTe NCs film with a typical beam size of 200 µm. The 

incidence angle, 𝜃𝑖𝑛, of the optical excitation onto the HgTe NCs film is controlled by a movable mirror positioned in front of 
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the sample (see Figure 1(c)). The incident angle of the optical pulses inside the HgTe NCs film, 𝜃, is deduced from Snell's Law 

using 𝜃 = arcsin⁡(sin⁡(𝜃𝑖𝑛) 𝑛𝑜𝑝𝑡⁄ ) with 𝑛𝑜𝑝𝑡 = 2.35, the refractive index of the HgTe NCs film at optical frequencies.[27] The 

optical pulses are linearly polarized in the (x,y) plane and a half-wave plate is used to fix the optical electric field orientation 

along a variable angle 𝛼 (with respect to the x-axis, see Figure 1(d)). The coherent THz radiation emitted from the HgTe NCs 

film is detected in a transmission mode using off-axis parabolic mirrors and a conventional electro-optic detection technique 

based on a 2 mm-thick (110) ZnTe crystal (see Figure 1(c)).[28] In a default experimental configuration, the electro-optic probe 

detects the component of ETHz(t) along the h-axis, 𝐸𝑇𝐻𝑧
ℎ  (see Figure 1(d)). The detection angle of the emitted THz radiation, 

Φ𝑑𝑒𝑡, is adjusted by changing the orientation of the HgTe NCs sample with respect to the Y axis, with XYZ representing the 

HgTe NCs sample coordinate framework. Since electro-optic detection technique is only sensitive to THz radiation 

synchronized with the femtosecond pulses, the incoherent thermal background is suppressed. All measurements are performed 

at room temperature. 

 Figure 1(e) shows typical THz waveform, ETHz(t), emitted by the HgTe NCs film excited by p-polarized optical pulses incident 

at θ𝑖𝑛 = 45° and detected at Φ𝑑𝑒𝑡 = 45°. The observed THz waveform is mainly unipolar with a positive peak whose full-

width-at-half-maximum is 230 fs. Note that the THz emission occurs on a much shorter time scale than photocarrier 

thermalization (involving intraband carrier–carrier and electron–optical phonon scattering) which occurs over ≈2 ps, so it is 

not related to photoluminescence.[23] The amplitude spectrum, obtained by the Fourier transform of the temporal electric field 

waveform, consists of a single broad peak centered at 0.7 THz, as shown in Figure 1(f) (black solid curve). The spectrum of 

the measured THz emission is not limited by the bandwidth of our electro-optic detection system, which extends up to >3 THz, 

as shown by the amplitude spectrum measured with a low-temperature-grown GaAs photoconductive antenna as emitter and a 

substrate of quartz in place of the sample (red dashed curve in Figure 1(f)).  

FIG 1. (a) Scanning electron microscopy image of large HgTe NCs (see Ref [23]). (b) Absorbance spectra of the HgTe NCs film 

obtained by THz TDS (black solid line) and FTIR (green solid line) measurements. (c) Schematic illustration of experimental 

setup and (d) THz emission in a transmission mode. xyz, XYZ and nhv represent the laboratory, sample and detector coordinate 

framework, respectively. The p-polarized and s-polarized optical excitations are along the x-axis and y-axis, respectively. (e) 

Experimental electric field waveform and its associated spectrum (f) emitted by large HgTe NCs film illuminated by p-polarized 

femtosecond optical pulses (𝜃𝑖𝑛 = 45° and 𝛷𝑑𝑒𝑡 = 45°). The red dashed line is a reference amplitude spectrum measured with 

a low-temperature-grown GaAs photoconductive antenna as emitter and a substrate of quartz in place of the sample.  
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To get insight on the ultrafast currents underlying the THz radiation, we probe the dependence of the THz radiation emitted 

from the HgTe NCs film on the incident optical fluence, the incidence and detection angles for p-polarized optical pulses. We 

observe in Figure 2(a) that the peak-to-peak THz electric field, Epp, scales linearly with the excitation fluence and thus 

quadratically with the incident optical electric field. The electric field amplitude reaches 1.5% of that radiated by a large-area 

interdigitated low-temperature-grown GaAs photoconductive antenna.[29] The shape of the electric field waveforms and 

therefore of the amplitude spectra remains essentially constant for all optical fluences. Figure 2(b) shows a reverse polarity of 

the time-oscillations for both opposite incidence and detection angles, θ𝑖𝑛 = 30°, Φ𝑑𝑒𝑡 = 30° (green solid curve) and θ𝑖𝑛 =

−30°,Φ𝑑𝑒𝑡 = −30° (black solid curve). In contrast, holding constant the detection angle Φ𝑑𝑒𝑡, the waveforms do show no 

reverse polarity for opposite incident angle θ𝑖𝑛 = ±15°, but a large variation of their amplitude (see Figure 2(c)). By varying 

the detection angle Φ𝑑𝑒𝑡 and keeping θ𝑖𝑛 constant, we observe that the THz electric field amplitude reaches a maximum at 

Φ𝑑𝑒𝑡=30°, as shown in Figure 2(d), and also opposite sign of the waveform for opposite detection angles Φ𝑑𝑒𝑡 = ±15°. Note 

that no THz emission is recorded at θ𝑖𝑛 = 0° and Φ𝑑𝑒𝑡 = 0°. All these features reveal that the THz radiation originates from 

transient currents with several spatial components, with a dominant component along the normal to the surface of the HgTe 

NCs film (along Z in Figure 1(d)). We further characterize the polarization state of the THz electric field on the electro-optic 

detector using a grid THz polarizer. Figure 2(e) shows that the component of ETHz along h-axis, 𝐸𝑇𝐻𝑧
ℎ , is x3.8 times larger in 

amplitude than the component along v-axis, 𝐸𝑇𝐻𝑧
𝑣 , for p-polarized incident optical pulses, θ𝑖𝑛 = 45° and Φ𝑑𝑒𝑡 = 45°. To 

determine the polarization state of the THz electric field emitted in the HgTe NCs film, we first calibrate the birefringence 

introduced by a similar bare 500 µm-thick quartz substrate in the same geometry, θ𝑖𝑛 = 45° and Φ𝑑𝑒𝑡 = 45°. We then calculate 

the THz electric field vector after its passage through the birefringent quartz substrate assuming that the THz emission at the 

output of the HgTe NCs film is fully polarized along the h-axis (𝐸𝑇𝐻𝑧
𝑣 =0). The calculated component 𝐸𝑇𝐻𝑧

𝑣  (dashed red line) 

relatively well reproduces the measured 𝐸𝑇𝐻𝑧
𝑣 , small deviation is attributed to uncertainty in the absolute orientation of the 

quartz substrate onto the sample holders. This observation indicates that, for p-polarized optical excitation, the emitted THz 

radiation is orientated along the h-axis (i.e. p-polarized) and that the measured component 𝐸𝑇𝐻𝑧
𝑣  essentially results from the 

birefringence of the quartz substrate. Also, we probe the dependance of the THz radiation on the polarization angle of the 

optical pulses, 𝛼, and observe a small variation in the amplitude spectra from p-polarized to s-polarized optical pulses as shown 

in Figure 2(f). 
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FIG 2 (a) The peak-to-peak THz electric field as a function of the optical fluence incident on the HgTe NCs film. The red 

squares are the experimental data, and the error bars show the standard deviation associated with noise fluctuations. The dashed 

line underlines the linear dependence. (b) Time-resolved electric field profiles measured for both opposite incidence and 

detection angles, 𝜃𝑖𝑛 = 30°, 𝛷𝑑𝑒𝑡 = 30° (green solid curve) and 𝜃𝑖𝑛 = −30°,𝛷𝑑𝑒𝑡 = −30° (black solid curve) under p-

polarized optical excitation. (c) Time-resolved electric field profiles measured for 𝜃𝑖𝑛 = ±15° and 𝛷𝑑𝑒𝑡 = 15°⁡under p-

polarized optical excitation. Curves are shifted vertically for clarity. (d) Time-resolved electric field profiles measured for 

different 𝛷𝑑𝑒𝑡 under p-polarized optical excitation incident at 𝜃𝑖𝑛 = 15°. Curves are shifted vertically for clarity. (e) Electric 

field waveforms excited by p-polarized optical pulses and detected along the h-direction and v-direction on the electro-optic 

detector and their associated spectrum (insert). The red dashed curve represents the calculated amplitude spectrum. (f) 

Amplitude spectra of the THz electric field emitted by HgTe NCs films under p-polarized (black solid curve) and s-polarized 

(red solid curve) excitation for 𝜃𝑖𝑛 = 30° and 𝛷𝑑𝑒𝑡 = 30° and 𝜃𝑖𝑛 = 45° and 𝛷𝑑𝑒𝑡 = 45°. 

We now examine the potential mechanisms responsible for the observed coherent THz emission from optically excited HgTe 

NCs film, which evolves linearly with the optical pulse fluence. Coherent THz emission from material systems excited by 

femtosecond optical pulses are mainly due to ultrafast charge transports and/or nonlinear optical effects. Charge currents 

resulting from the acceleration of photogenerated carriers by surface built-in field formed by either band bending at the surface, 

or by the photon-Dember effect which implies formation of a dipole due to a mobility difference between electrons and holes, 

are along a direction normal to the material surface.[9] However, these ultrafast currents can be ruled out in HgTe NCs film due 

to the confinement of carriers inside each NC. Indeed, transport in HgTe NCs films occurs though hopping typically toward 

nearest neighbor at room temperature, with a hopping time 𝜏ℎ𝑜𝑝, given by 𝜏ℎ𝑜𝑝 =
𝑒𝑅2

6µ𝑘𝑏𝑇
  with e the proton charge, R the particle 

radius, µ the carrier mobility and kbT the thermal energy.[30, If we assume a typical value of µ=10-2 cm2.V-1.s-1 for the mobility, 

this leads to 𝜏ℎ𝑜𝑝 = 16⁡𝑛𝑠, a time scale much longer than the relaxation mechanism under consideration here. This it is 

reasonable to assume that all processes are intraparticle process.[31] Therefore, the observed coherent THz emission is attributed 

to second-order nonlinear effects.[32,33,34,35] In general, the second-order nonlinear current density induced at the difference 

frequency by an electromagnetic wave with a complex electric field component 𝐸𝑜𝑝𝑡
⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗  (𝑞 , 𝜔) is phenomenologically described 

by: 𝑗𝜆
(2)(𝑞 ) = ∑ ∑ 𝜎𝜆𝜈𝜂(𝑞 , 𝜔)𝐸𝜈(𝑞 , 𝜔)𝐸𝜂

∗(𝑞 , 𝜔)𝜂𝜈 , where 𝜎𝜆𝜈𝜂(𝑞 ) is the photocurrent conductivity tensor, the indices run 

through the three spatial coordinates X,Y and Z, 𝑞 ⁡is the optical wavevector, and ω is the optical photon frequency. The tensor 

𝜎𝜆𝜈𝜂(𝑞 ) incorporates the microscopic properties of the material, and in our case, represents an average value of the ensemble 

of the HgTe NCs arranged in the film. Indeed, as the HgTe NCs are randomly oriented and their sizes (≈90 nm) are much 



6 

 

smaller than both the optical beam size on the film (≈200 µm) and the optical and THz wavelengths, the HgTe NCs film is 

considered optically isotropic in the plane (X,Y). Expanding the second-order conductivity 𝜎𝜆𝜈𝜂(𝑞 ) to linear order in 𝑞  gives 

𝜎𝜆𝜈𝜂(𝑞 ) = [𝜒𝜆𝜈𝜂 + ∑ 𝑇𝜆𝜇𝜈𝜂𝜇 𝑞𝜇]. The first term represents photogalvanic effects, which originates from the spatial charge 

transfer during the transition from valence band to conduction band in non-centrosymmetric materials, whereas the second term 

describes the photon drag effect, which arises from the transfer of linear momentum from the incident photons to the excited 

electrons.[36] In our experimental configuration, the optical pulses propagate in the (XZ) plane with 𝑞 = 𝑞0(sin θ , 0, − cos θ) 

and the electrical vectors of the optical pulses, incident on the HgTe NCs film, are linearly polarized. Therefore, 𝜎𝜆𝜈𝜂(𝑞 ) is 

symmetrical with regards to spatial coordinate index 𝜈 and 𝜂, leading to 𝜎𝜆𝜈𝜂(𝑞 ) = 𝜎𝜆𝜂𝜈(𝑞 ) .[32] In the sample coordinate 

system, 𝐸⃗ 𝑜𝑝𝑡 = 𝐸0 cos 𝛼 cos θ𝑋 − 𝐸0 sin 𝛼 𝑌⃗ + 𝐸0 sin θ cos𝛼 𝑍 , yielding to: 𝑗𝜆
(2)(θ, 𝛼) = 𝑗𝜆0(θ) + 𝑗𝜆𝐶(θ) cos 2𝛼 +

𝑗𝜆𝑆(θ) sin 2𝛼, (see details in the Supplementary). The symmetry argument related to the optical isotropy of the film in the plane 

(X,Y) yields to the equivalence of all in-plane directions. On the other hand, there is no equivalence of Z and -Z directions 

because the HgTe NCs film is deposited on a substrate. Thus, the components of the total second-order nonlinear current 

density, for p-polarized optical pulses (𝛼 = 0), can be simplified into the form (details of the calculations can be found in 

Supplementary): 

𝑗𝑋
(2)(θ) = 𝐸0

2[𝜒𝑋𝑋𝑍 sin 2θ + 𝑞0(𝑇𝑋𝑋𝑍𝑍+2𝑇𝑋𝑍𝑋𝑍 − 𝑇𝑋𝑋𝑋𝑋)𝑠𝑖𝑛3θ + 𝑞0(𝑇𝑋𝑋𝑋𝑋 − 2𝑇𝑋𝑍𝑋𝑍) sin θ] 

𝑗𝑌
(2)(θ) = 0 

𝑗𝑍
(2)

(θ⃗ ) = 𝐸0
2[𝜒𝑍𝑋𝑋 + (𝜒𝑍𝑋𝑋 − 𝜒𝑍𝑍𝑍)𝑠𝑖𝑛

2θ + 𝑞0 (2𝑇𝑍𝑋𝑍𝑋 + 𝑇𝑍𝑍𝑍𝑍)cos θ+𝑞0(𝑇𝑍𝑍𝑍𝑍 − 𝑇𝑍𝑍𝑋𝑋 − 2𝑇𝑍𝑋𝑋𝑍)cos
3 θ] 

The far field THz electric field component along h-axis on the electro-optic detector is expressed as: 

𝐸𝑇𝐻𝑧
ℎ ∝ 𝐸0

2[𝐴 + 𝐵 cos θ + 𝐶 sin θ + D sin 2θ + E cos3 θ]  (1) 

with A=−sinΦ𝑖𝑛 (2𝜒𝑍𝑋𝑋) , B=−sinΦ𝑖𝑛 𝑞0(2𝑇𝑍𝑋𝑍𝑋 + 𝑇𝑍𝑍𝑍𝑍), C = cosΦ𝑖𝑛 𝑞0(𝑇𝑋𝑋𝑋𝑋 − 2𝑇𝑋𝑍𝑋𝑍), 𝐷 = cosΦ𝑖𝑛 𝜒𝑋𝑋𝑍, 

E=−sinΦ𝑖𝑛 𝑞0(𝑇𝑍𝑍𝑍𝑍 − 𝑇𝑍𝑍𝑋𝑋 − 2𝑇𝑍𝑋𝑋𝑍), where Φ𝑖𝑛 corresponds to the internal angle of the THz radiation in the HgTe NCs 

film. It is linked to Φ𝑑𝑒𝑡 and Φ𝑞𝑢𝑎𝑟𝑡𝑧 (the angle of the THz radiation in the quartz substrate) through the Snell’s law 

sinΦ𝑖𝑛 = (𝑛𝑞𝑢𝑎𝑟𝑡𝑧/𝑛𝑓𝑖𝑙𝑚)sinΦ𝑞𝑢𝑎𝑟𝑡𝑧 and sinΦ𝑞𝑢𝑎𝑟𝑡𝑧 = 𝑛𝑞𝑢𝑎𝑟𝑡𝑧
−1sinΦ𝑑𝑒𝑡. Terms in 𝑠𝑖𝑛2θ and 𝑠𝑖𝑛3θ have been neglected 

since the maximum incident angle |θ𝑖𝑛| = 75° corresponds to a much smaller internal angle |θ| = 24° in the HgTe NCs film. 

The coefficients A, D are related to photogalvanic effects while B, C, E are related to photon drag effects, and all are mean 
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values over all frequencies. To get insight into the relative contributions of photogalvanic and photon drag currents underlying 

the THz radiation emitted by the HgTe NCs, we measure the emitted THz waveforms as a function of 𝜃𝑖𝑛. We observe an 

increase of the THz waveform amplitude and a decrease of the full-width-at-half-maximum of the THz waveforms as 𝜃𝑖𝑛 rises 

to 45° and, for larger values of 𝜃𝑖𝑛, these tends reverse (see Figure 3(a)). These tendencies result in a shift of the THz spectra 

in the range 0.4-0.8 THz by varying 𝜃𝑖𝑛, as shown in Figure 3(b), leading to a tunability of the emitted THz radiation of 

Δω 𝜔⁄ =50%. Such an optically controlled spectral tunability is not achievable in conventional THz emitters. Figure 3(c) shows 

that the peak-to-peak THz electric field exhibits a strong dependence with 𝜃 and remains positive even at negative incident 

angle. This experimental trend is well fitted with the expression of 𝐸𝑇𝐻𝑧
ℎ  (red dashed curve). Moreover, the expression of 𝐸𝑇𝐻𝑧

ℎ  

(equation (1)) well explains the other dependencies of the measured THz emission. Indeed, calculation predicts that 

𝐸𝑇𝐻𝑧
ℎ (−Φ𝑑𝑒𝑡, −θ) = −𝐸𝑇𝐻𝑧

ℎ (Φ𝑑𝑒𝑡,θ), which is consistent with the reverse polarity observed experimentally in Figure 2(b). For 

a constant detection angle Φ𝑑𝑒𝑡 but an opposite incident angle θ𝑖𝑛, 𝐸𝑇𝐻𝑧
ℎ  is reduced due to odd terms in θ𝑖𝑛 in the sum. Also, 

𝐸𝑇𝐻𝑧
ℎ  is predicted to cancel for 𝜃𝑖𝑛 = 0° and Φ𝑑𝑒𝑡 = 0°, as observed experimentally. The component of the emitted THz electric 

field along v-axis on the electro-optic detector results from birefringence effects in quartz substrate only, as 𝑗𝑌
(2)

= 0. The weak 

dependence of the emitted THz radiation on the polarization of the optical pulses (Figure 2(f)) is attributed on the one hand to 

the small angle of incidence of the optical pulses in the HgTe NCs film (θ of only 17.5° for 𝜃𝑖𝑛 = 45°), which strongly limits 

the Z-axis component of the optical electric field, and on the other hand to the isotropy of the (X,Y) plane, which makes Ex and 

Ey equivalent. Importantly, the good agreement between the predicted θ-dependence of 𝐸𝑇𝐻𝑧
ℎ  with the experimental data cannot 

be obtained with a single effect indicating the contribution of both photon drag and photogalvanic effects in the coherent THz 

emission process. Also, the weight of coefficients involved in 𝑗𝑋
(2)

 are smaller than those involved in 𝑗𝑍
(2)

revealing that the 

dominant transient photocurrent is along the direction normal to the HgTe NCs film surface. 

FIG 3 (a) Time-resolved electric field profiles and the correspond normalized amplitude spectra (b) measured for different 𝜃𝑖𝑛 

ranging from 0 to 75° under p-polarized optical excitation at 𝛷𝑑𝑒𝑡 = 45°. (c) The peak-to-peak THz electric field as a function 

of the incidence angle in the HgTe NCs film, 𝜃. The circles are the experimental data and the red dashed line is the best-fit 

curve using equation (1). We found A=-377; B=575; C=70; D=-34; E=-197. 

 In conclusion, using THz emission spectroscopy we have demonstrated THz emission from large HgTe NCs excited by 

femtosecond optical pulses induced by transient second-order nonlinear photocurrents. We have highlighted the role of 

photogalvanic and photon drag effects underlying the nonlinear photocurrents and found that their main component is oriented 
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in the direction normal to the HgTe NCs film. We have also shown the possibility to tune the THz emission in the range 0.4-

0.8 THz by changing the incident angle of the optical pulses. The physical origin of this frequency shift remains not clear and 

would require further investigation to be identified. Our work opens the perspective to study helicity-dependent photocurrents 

via the circular photogalvanic effect in these HgTe NCs and thus to probe the possible presence of topological surface states 

[37,38] and their potential to emit chiral THz waves. Also, the investigation of transient photocurrents and coherent THz emission 

from alternative nanocrystals and quantum dots could provide unique microscopic insights on their properties. This work 

represents an important step in colloidal quantum dot-based light emitters by extending their spectral range to THz frequencies. 

It therefore has important implications for THz technology with significant prospects in the development of THz emitters that 

can be easily integrated on various devices and towards the development of quantum THz devices.  

Supplementary Material 

See the supplementary material for additional information on sample preparation, material characterization and modelling. 
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