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Supplementary Note 1: Tauc plot 

To get more insight into the electronic band structure, the Tauc plot is derived with 

interband absorption theory1. The transition probability of the material can be calculated 

by: 
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where the σmin is the minimum metallic conductivity, n represents the refractive index, and 

c is the velocity of light, and ΔEt is the band tailing. It is assumed that the transition 

coefficient r = ½ for direct allowed and r = 2 for indirect allowed transitions. The bandgap 

of thin film sample can be derived as follows: 
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where α is the absorption coefficient and can be calculated as (2.303Abs) / h8L, in which 

the absorbance (Abs) is obtained as Abs = log10(I0/I) by UV-Vis-NIR Spectrophotometer 

and h8L is the thickness measured by AFM results, and hv  is the incident photon energy. 

As can be seen from the formula, the extrapolation of the plotted line intercepts the hv  axis 

at the value of the indirect bandgap (Supplementary Fig. 1). 

 

Supplementary Fig. 1. Tauc plot of CVD-grown PdSe2 sample. The optical bandgap can 

be determined as the intersection of the linear rise of the plot with the baseline.  
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Supplementary Note 2: Thin film approximation 

Here in this work, the differential transmittance ΔT/T is recorded by measuring the 

intensity of the electromagnetic wave through the sample with equilibrium or 

nonequilibrium states at different time delays. In the experiments, we first correct the data 

by using two identical substrates, so that the reflections and absorptions from the substrates 

are excluded. In addition, for the transmission modes of the thin film materials, their 

reflections are relatively small, so that the signal can be approximated as dominated by 

exciton absorption. For transparent thin films, both real and imaginary parts contribute to 

the absorption change. For transmission mode, the real part has negligible effects and the 

differential transmittance signal mainly depends on the imaginary part of the dielectric 

function. 

For light propagation in matter, the electric field is 
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The complex refractive index is 

n n ik= +   (10) 

The light intensity is 
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In this work, we monitor the transient dynamics by measuring the incident intensity and 

transmitted intensity, and the change of its intensity is mainly related to the change of its 

imaginary part, represented as the product of the electric field and its complex conjugate. 

Strictly speaking, we should consider both the reflection and transmission of the sample at 

the same time. However, different from transient reflection measurement, we use 

transmission mode in which the influence of reflectivity of thin films is much lower. 

Therefore, the absorption can be approximately estimated as follows 
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where I0 is the intensity of the probe beam incident on the sample, and Ipump+probe and Iprobe 

are the intensity of the probe beam transmitted through the sample with and without the 

pump beam, respectively. In combination with the equilibrium absorptance Abs of the 

PdSe2 sample by using UV–vis–NIR spectrophotometer (Agilent, Carry 5000), the 

absorptance spectrum at different pump-probe time delays can be further obtained. The 

exciton resonance energy can be therefore fitted with the transient absorptance Abs with 

Lorentzian fit. 
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Supplementary Note 3: Optical properties under different screening conditions 

A high density of carriers leads to a significant increase in screening. As a result, the 

interaction between electrons decreases from the long-range Coulomb 1/r interaction to a 

shorter-range interaction. Because of the complex out-of-equilibrium processes including 

carrier-carrier scattering, electron-phonon coupling and various recombination pathways 

over different timescales, we choose a simple approximation by computing the Thomas-

Fermi screening length in 2D kF =√2πNc, where Nc is the carrier density, and then use 

the screened Coulomb potential to mimic strong and weak screening conditions2,3. 

As shown in Supplementary Fig. 2, the screening length of 0.2 A-1 corresponds to a 

moderate photoexcited carrier density of 6.4×1013 cm-2, and infinitely large screening 

length corresponds to a much stronger excitation. Hybrid functional uses a screened 

Coulomb potential to separate the short-range and long-range interactions, and with a 

screening length of 0.2 A-1 in the HSE06 hybrid functional to screen the long-range part of 

the Hartree-Fock exchange3 can provide partial information of the band gap 

renormalization under moderate excitation. On the other hand, for strong screening, the 

screening length is infinitely large due to much higher photoexcited carrier density, which 

corresponds to the semilocal PBE functional as the long-range Coulomb interaction is fully 

screened in that case. 
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Supplementary Fig. 2. Screening length as a function of photoexcited carrier density 
based on Thomas-Fermi model in 2D. 

The quasiparticle lifetime can be calculated from the imaginary part of the G0W0 self-

energy4,5, and the quasiparticle lifetimes for strong screening are much shorter than those 

for weak screening. The Bethe-Salpeter equation (BSE) on top of G0W0 self–energy 

corrections for both strong and weak screening conditions is employed to address the 

excitonic effects6-8. For BSE calculations, 96 valence bands and 96 conduction bands are 

included to compute the dielectric function. 

 

Supplementary Fig. 3. Calculated imaginary part of the dielectric function under weak 
(HSE06+G0W0) and strong screening conditions (PBE+G0W0) for polarization along (a) a 
and (b) b directions with and without the excitonic effects calculated from BSE. For A 
exciton of PdSe2, the decrease of Eg is much larger than the decrease of Eb. 
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We note that a full description of non-equilibrium dynamics would require calculations 
based on non-equilibrium Green’s function 9-12, but these calculations would be 
computationally prohibitive in a system as large as eight-layer PdSe2 (even HSE06 and 
G0W0 calculations for eight-layer PdSe2 are extremely time consuming). 
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Supplementary Note 4: Fourier transformation 

  

Supplementary Fig. 4. Fourier transform (FT) spectrum of the time-domain oscillations. 
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Supplementary Note 5: Lattice dynamics and electron-phonon coupling 

 

Supplementary Fig. 5. Electron-phonon coupling strength for different phonon modes at 

the Γ point. 
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Supplementary Fig. 6. Full phonon dispersion of eight-layer PdSe2 as well as the 

projected phonon density of states. 

 

Supplementary Fig. 7. Change of the imaginary part of dielectric function under intralayer 

and interlayer phonon displacements calculated from HSE06+G0W0+BSE. Both positive 

and negative phonon displacements are included. 
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