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Supplementary text

Note 1. Methods

Sample preparation—The high-quality single crystals of TiSe2 were grown by chemical vapor transport using iodine
transport agents. Ti and Se were mixed in a 1:2 molar ratio and sealed within a vacuum quartz tube with 50 mg of
iodine. The quartz tube was heated to 700 °C and maintained at this temperature for two weeks, followed by natural
cooling, to yield the 1T-TiSe2 crystals. Samples were cleaved and examined by XRD to ensure their superior quality.
Single crystal XRD measurement was performed in the custom-designed x-ray instrument equipped with a Xenocs
Genix3D Mo Kα (17.48 keV) x-ray source.
tr-XRD measurements—The tr-XRD experiments were carried out at the FXS endstation of PAL-XFEL[1]. The

sample was cooled using a helium jet. X-ray pulses with ∼20 fs pulse duration and 60Hz repetition rate were used
for the x-ray probe. The x-ray was linearly and horizontally polarized with the photon energy tuned to Ti K-edge
∼4960 eV. The 1.55 eV (800 nm) optical laser with ∼40 fs pulse duration and 30Hz repetition rate were provided by
a Ti:sapphire laser. The overall time resolution is approximately 80 fs (FWHM). The repetition rate of the pump
laser is set to half that of the X-ray, enabling the diffraction signals to be discriminated into ‘laser-on’ and ‘laser-off’
channels. The ‘laser-off’ channel monitors the equilibrium intensity to improve signal quality. The JUNGFRAU 0.5M
detector collected the diffraction peak intensity. The spot size of x-ray at the sample position was ∼30× 30µm2 in
FWHM, and the spot diameter of the optical laser was ∼250× 250µm2 in FWHM. The X-ray beam is incident at a
grazing angle of 1°, whereas the laser beam is introduced at an angle of approximately 10°. The left and right circular
polarizations pump were controlled using a 1/4 waveplate. We also monitored their overlap between the LCP and
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RCP laser pumping and X-ray before every consecutive circular dichroism measurement to ensure the overlap and the
consistency of fluence. The time delay between pump and probe pulses was controlled by a mechanical delay stage.
We estimate the fluence in the experiment as follows: The total energy of a single pulse was measured using a power
meter, and then the total energy was divided by the 1/e2 area size (radius = 210µm) of the laser spot to obtain the
laser fluence under normal incidence. Finally, we multiply by sin(α), where α is the incidence angle, to obtain the
pump fluence.

Optical measurements—The optical transmission data were collected at 20K below Tc. For the wavelength range
from 790 to 840 nm, the measurement was performed on a home-built transmission measurement setup. Ultrafast
femtosecond laser pulses covering a spectral range of 750 to 900 nm, generated by a Light-Conversion ORPHEUS-N
hybrid optical parametric amplifier, were used as the light source. The spectra were measured with a highly sen-
sitive spectrometer (Ideaoptics, Nova). The left and right circular polarizations were controlled using a 1/4 waveplate.

Note 2. Transient CDW dynamics after linearly polarized pump

Figure S1 shows the transient dynamics of the CDW peak intensity after being pumped by linearly polarized light
at varying polarization angles. As illustrated in Fig.S1a, the linear polarization dependence exhibits only a very slight
anisotropy at a pump fluence of 0.3 mJ/cm2. The polarization angle dependence of decay amplitude A is roughly
an ellipse with a ratio of the major to minor axes of 10:9. In Fig.S1b, with a pump fluence of 0.1 mJ/cm2, the
polarization angle dependence of decay amplitude A is roughly an ellipse with a ratio of the major to minor axes of
3:2. At this angle of incidence, the ratio of the theoretical transmittance of the P and S waves is roughly 3:1. As the
consistency between the measured results and the theory improves as the fluence decreases, the mismatch could be
due to the nonlinear effect in the ultrafast response of CDW in TiSe2.
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FIG. S1. Transient CDW dynamics after linearly polarized pump. a,b Time evolution of CDW Bragg peak after
excitation by 800 nm linearly polarized laser at varying polarization angles, measured at 84K. The intensity variation is
normalized by the equilibrium spectral intensities, with an offset of -0.1 for clarity. Experiments were conducted at different
linear polarization angles, with laser fluence of 0.3 mJ/cm2 (a) and 0.1 mJ/cm2 (b). The lower panel shows the fitting decay
amplitude as a function of the polarization angles. Here, 0 degrees polarization angle corresponds to P-polarization in the plane
of incidence.

Note 3. Transmission fraction of left and right circularly polarized light
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Figure S2 shows the transmission fraction measured using left and right circularly polarized lights at 20 K. Measure-
ments were conducted on a thin exfoliated sample with an approximate thickness of 40 nm. There is no discernible
difference between left and right circularly polarized light at 800 nm. If the absorption rates of the sample differ
when exposed to left and right circularly polarized light, this will result in different penetration depths and thermal
absorption efficiencies under left and right circularly polarized light pumping. The equivalent transmission fraction
preclude these factors as potential causes for the observed circular dichroism.
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FIG. S2. Transmission fraction of TiSe2 for circularly polarized light. Wavelength-dependent transmission fraction
around 800 nm. The red and blue lines denote right circularly polarized (RCP) light and left circularly polarized (LCP) light,
respectively.

Note 4. Data analysis for the distribution of circular dichroism in momentum space

Diffraction intensity from the Jungfrau detector was extracted based on regions of interest (ROI) and exported as
raw files with dimensions of 60 pixels by 60 pixels. The momentum space coordinates corresponding to each pixel
were calculated using the diffraction geometry angles. During each scan, the detector acquired diffraction intensity
of the CDW at various delay times to track the transient CDW dynamics. To mitigate the potential random errors
introduced by a single scan, a total of 10 scans were conducted, comprising 5 left circularly polarized light pumps and
5 right circularly polarized light pumps. The sequences of left-handed and right-handed light pumping were alternated
to prevent any potential bias effects on the sample from prolonged exposure to a single type of circularly polarized
light. During the experiments, the X-ray beam from the free-electron laser experienced minor vibrations, resulting
in vertical shifts of less than one pixel and horizontal shifts of one to two pixels between two successive scans. We
mitigated this shift by employing centroid fitting and subsequent correction, thereby ensuring the spatial consistency
of our measured dynamics. Following the acquisition of ten scans, the change in the X-ray beam was corrected by
correction algorithm, and the results obtained under identical circularly polarized light pumping at the same time
delay were then averaged. The correction algorithm is divided into two steps, first determining the peak center, and
then performing interpolation correction. (i) We determine the x and y coordinates of the peak center for each scan
by fitting a two-dimensional Gaussian distribution peak shape using the equation S1. The average of the coordinates
was used as the overall center. Therefore, the difference between the peak center of each scan and the overall center is
the offset that should be corrected. (ii) Two-dimensional interpolation is performed based on the results for each scan
using cubic spline interpolation, resulting in a two-dimensional interpolation function. The corrected coordinates are
input into the two-dimensional interpolation function to obtain the calibration data. Sum up all 5 calibration data
and take the average to obtain the final CDW peak intensity.
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In the following Fig.S3, we present the CDW peak intensity in momentum space obtained with and without the
correction algorithm, as well as the subsequent analysis of the circular dichroism distribution.
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FIG. S3. CDW peak and the distribution of circular dichroism obtained with and without correction algorithm.
a,c Raw image of CDW peak and the distribution of circular dichroism obtained with correction algorithm. b,d Raw image of
CDW peak and the distribution of circular dichroism obtained without correction algorithm.

By utilizing the momentum resolving capability of the two-dimensional detector, we can track the intensity evolution
over time-delay t for every momentum space coordinate q, represented by Irc(q,t) and Ilc(q,t), with rc and lc indicating
right and left circularly polarized pump light, respectively. During the experimental process, the collection of pumped
and unpumped (equilibrium) images is alternated, based on our method (see Note 1). That is, within one second, 30
pumped images are collected, along with 30 unpumped images to serve as a reference. The pumped and unpumped
images are normalized separately; we divide each frame of the detector image by the corresponding free-electron laser
intensity. Here, both Irc(q,t) and Ilc(q,t) are normalized by the intensity of the unpumped equilibrium state obtained
during their respective measurements. The distribution of circular dichroism can be derived from the following
equation: ∆CD(q,t) = (Irc(q,t) - Ilc(q,t)) / (Irc(q,t) + Ilc(q,t)). The calculation of circular dichroism distributions
utilized the spectral intensities obtained after processing using the method described in the preceding section, with
a time delay of 1 ps. To eliminate random noise from the detector, the intensity of each pixel was the average of
the surrounding 3 × 3 pixels. Random noise in the time dimension can also be mitigated by fitting the intensity
variation over time for each pixel or by averaging across the time dimension to improve the statistical robustness of
the result. Considering that circular dichroism remains unchanged within 5 ps, this methodology, by sacrificing the
temporal resolution, is reasonable to improve the statistical robustness of the result.

Furthermore, we observed the presence of the mosaic peak in all ten scans, indicating negligible drift of sample
position throughout the entire measurement sequences.

Note 5. Distributions of circular dichroism based on a sequence of scans

As mentioned in Note 3, the circular dichroism distributions were obtained by averaging over five pairs of scans.
Figure S4 presents CD data extracted from a single pair of scans, which were measured one after another, thus
ensuring high consistency in the sample position. The negative CD signal at the mosaic peak is consistently observed
in the individual scans, enhancing the reliability of this feature. The individual scans reveal a more pronounced
spatial inhomogeneity of CD distribution, for example, negative CD signals appearing sporadically at locations other
than the mosaic peak. This might be due to noise influence or potentially a result of the ultrafast laser altering the
distribution of chiral domains in the sample.
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FIG. S4. Distributions of circular dichroism based on a sequence of scans. a-c present the circular dichroism
distributions extracted from three consecutive scanning pairs, where each pair involves left-handed and right-handed circularly
polarized pumps in alternating scans.

Note 6. Voigt fit of the CDW profile.

The Voigt fitting can extract information about the crystallite size and strain after the pump. The Voigt profile is a
convolution of the Gaussian profile, G(x;σ), with the Lorentzian profile, L(x; γ), and is commonly used to model the
shape of spectral lines [2]. The Gaussian profile and the Lorentzian profile represent different effects: the Gaussian
profile is typically associated with the instrument’s resolution and strain, whereas the Lorentzian profile is usually
related to crystallite size. The broadening of the Gaussian component corresponds to thermal effects. This is because
an increase in temperature leads to an increased thermal vibration, which is associated with the displacement of
atoms in the lattice and can be considered as a form of microstrain. The decrease in the Lorentzian component should
correspond to an increase in the lattice size. The mathematical expression of the Voigt profile is as follows:

V (x;σ, γ) =

∫ ∞

−∞
G(u;σ) · L(x− u; γ) du (S2)

Here, γ represents the half-width at half-maximum (HWHM) of the Lorentzian profile, and σ denotes the standard
deviation of the Gaussian profile. Because the Voigt profile lacks a closed-form expression, for fitting purposes, we
utilize the real part of the Faddeeva function, w(z), as a representation of the Voigt profile:

V (x;σ, γ) =
Re [w(z)]

σ
√
2π

, where z =
x+ iγ

σ
√
2

. (S3)

We employ the following equation for the fitting:

IV oigt(q) = A
Re
[
w( q+iγ

σ
√
2
)
]

σ
√
2π

+ kq + b (S4)

Wherein A represents the intensity value, and the term kq + b is employed to fit the linear background signal. We
presented the full range for the peak (up to ±0.020 r.l.u.) in the following Fig. S5a. As the peak intensity is higher
than the background by three orders of magnitude, the influence of the linear background term is negligible in the
fitting of the full peak. As shown in the Fig. S5b and c, the same conclusion can be obtained by the fitting using a
constant background.

Note 7. Fitting of CDW transient dynamics

Figure S6 illustrates the decomposition of recovery dynamics, revealing that the RCP and LCP pumped dynamics
maintain a consistent proportion in both the fast and slow recovery processes.

Note 8. Estimate of penetration depth match and circularly polarized light transmittance
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FIG. S5. Profile of CDW peak. a Profiles of the CDW peak after RCP pump, delay time = 1 ps, marked as dots. The solid
line shows each item in the original fitting, including a linear background and a Voigt term. b Same as a, the solid line shows
each item in the altered fitting, including a constant background and a Voigt term. c Time dependence of HWHW variations
for Gaussian and Lorentz components, respectively, obtained by altered Voigt profile fittings (containing the Voigt term and
constants backgroud).

X-rays with an energy of the Ti-K edge (≈ 4.96 keV) were incident on a 1T-TiSe2 sample at a grazing incidence
angle of 1°, resulting in a penetration depth of approximately 90 nm. TiSe2 exhibits quasi-isotropic optical properties
around 800 nm [3]. The penetration depth of an 800 nm laser was calculated by the 1/e factor of intensity δ = λ

4πk ,
where the value of k at 800 nm is approximately 3.2, according to refs. [3, 4]. The penetration depth of an 800 nm
laser is approximately 19 nm, which is in agreement with the values previously estimated for TiSe2 in refs. [5, 6]. We
assumed isotropy when calculating the penetration depth, which may introduce a small uncertainty in its absolute
value. However, this approximation applies equally to both LCP and RCP and thus does not affect our conclusions
regarding circular dichroism. Under our experimental configuration, the geometric overlap is 92%, which refers to

the proportion of the X-ray profile contained within the laser profile given by

∫∫
X−ray∩Laser

ds∫∫
X−ray

ds
. The spatial overlap

between X-ray and laser beams achieves ∼ 98% when accounting for their Gaussian intensity profiles and their
penetration depth overlap reaches ∼ 21%.
At an incidence angle of 10°, according to Fresnel formulas and n = 3.2+3.21j at 1.55eV [3], the transmittance

amplitudes ratio of 1T-TiSe2 for 800 nm S-wave and P-wave light is roughly 1:3. This renders the effective pump
light elliptically polarized upon entering the sample. The effective pump light can be decomposed into a linear polar-
ization component and a circular polarization component. As shown in Supplementary Note 2, the linear component
is symmetric with respect to the p-polarization axis and thus induces an identical response under both LCP and
RCP pump. Therefore, the LCP–RCP differential signal inherently isolates the effect of the circular polarization
component, which is responsible for the observed circular dichroism.

Note 9. No circular dichroism on the Bi reference sample
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FIG. S6. Decomposition of transient CDW dynamics. a and b Time delay evolution of the normalized CDW intensity
following RCP and LCP pump lights, respectively. The solid lines represent the results of fittings using the equation presented
in the main text. The dashed lines represent the fast and slow recovery processes discussed therein.

Experiments on the Bi reference sample show no circular dichroism, demonstrating that the circularly polarized
lights have equal intensities for both left- and right-circular polarizations. The bismuth sample is a 40 nm-thick
film, Bi/GaSb/Si (111) substrate. As shown in Fig.S7, we extracted data from 0 to 1.7 picoseconds in our experi-
ments and performed a Fourier transform, which showed a phonon mode near 2.5 THz, consistent with reports in ref.
[7]. Meanwhile, the fitting yields a decay time of ∼70 fs, indicating the excellent temporal resolution of the instrument.
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FIG. S7. Transient dynamics of Bi Bragg peak after circularly polarized pump. Time evolution of (1,1,1) Bragg peak
of Bi sample after excitation by 800 nm right and left circularly polarized laser. The solid line represents a single exponential
fit. The illustration shows the result of Fourier transform on data within 0-1.7ps, with an oscillation around 2.5THz.

Note 10. Fluence dependence of left and right polarized pump transient dynamics.
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Fig.S8 present the fluence dependence of LCP and RCP laser pump, with the line y = -0.086 serving as a reference.
We observe that the amplitude achieved under 0.107 mJ/cm2 left-circularly polarized pumping has already reached the
level attainable with 0.321 mJ/cm2 right-circularly polarized pumping. This implies that a nearly 3 times difference
in fluence would be required to attribute the observed circular dichroism to fluence differences, which is significantly
larger than the 1% variation in pulse energy we expect during the experiment. It is unlikely that such a substantial
mistake could have been introduced in our experimental procedure without being noticeable in the experiments with
the Bi reference samples.
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CDW peak intensity after excitation by various fluence of 800 nm RCP pump and LCP pump at T = 80K. Colored lines
illustrate the fit to a single exponential function defined by Equation 1 in the main text.
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