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Characterization of ()=(001) equilibrium temperature dependence.

The Laj g_,FEug 2Sr,CuOy4 single crystal investigated in this study is the same sample investigated in the context
of Ref.!, where the equilibrium temperature dependence of the @ =(001) reflection at the Cu Lg, the planar O K
and the apical O K resonances was measured. These data are reproduced in Fig. S1(a), as well as in Fig. 1(b) of the
main manuscript. In order to exclude sample aging effects and to verify the stability of the doping level, we measured
the equilibrium temperature dependence of the (001) reflection at both the planar and apical O K resonances at
the REIXS beamline of the Canadian Light Source (CLS), before performing the pump-probe measurements at the
Pohang Accelerator Laboratory x-ray free electron laser (PAL-XFEL). These data are presented in Fig. S1(b). The
temperature dependent (001) intensity at the apical O K resonance verifies the integrity of the crystal structure and
the expected low-temperature tetragonal (LTT) phase. The temperature dependence at the planar O K resonance
can be used to infer Tcpw and is thus an approximate measure of the doping level, which appears to have remained

stable at = = 0.15 since the measurements presented in Ref.!.

(a) Measured in December 2014 at CLS (b) Measured in March 2020 at CLS
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FIG. 1. @Q=(001) equilibrium temperature dependence. (a) Comparison of the temperature dependent @Q=(001) intensity
measured at the apical O K, the planar O K, and the Cu L3 resonances. These data were collected in December 2014 in the
context of Ref.!. (b) Comparison of the temperature dependent @=(001) intensity measured at the apical O K and the Cu
L3 resonances. These data were collected in March 2020 in preparation for the non-equilibrium measurements presented in the
main manuscript.

High-fluence pump-induced dynamics at (Q=(001)

In Fig. S2(a) we plot the low temperature (20 K) pump-induced dynamics at the apical and planar O K resonances

for a series of pump fluences. The apical O data demonstrates the time-resolved suppression of the LTT distortion



and is identical to the data plotted in Fig. 2 of the main manucript, but shown for a shorter range of time delays. At
the planar O K resonance the low-fluence signal is dominated by nematicity dyanamics, which is the focus regime of
the main manuscript, whereas at higher fluences nematicity dynamics are observed together with the suppression of
the LTT distortion. These data are presented in Fig. S2(b). In Fig. S3, x-ray absorption spectroscopy (XAS) at the

O K edge is shown for reference, indicating the features corresponding to the planar and apical O resonances.
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FIG. 2. High fluence dynamics at O K resonances. (a) Q=(001) pump-induced dynamics measured at the apical oxygen
K resonance at 20 K. (b) @=(001) pump-induced dynamics measured at the planar oxygen K resonance at 20 K.

0.8 =

E planar O K apical O K ]

07 . -

06 E

—_ F B
2 E E
5 osE E
£ 3 3
< E =
N E 4
> 0.4 =3 =
R E 3
%) = 4
f= = &
o E 3
= 03F =
< G =
R ez -
0.0 = = |

526 528 530 532 534

Photon energy (eV)

FIG. 3. O K XAS. Equilibrium XAS measured across the O K edge at 20 K in the total electron yield mode.



Charge density wave detection at )cpw

In Fig. S4 an angular (theta) scan through Qcpw at 20 K is plotted both in equilibrium, as well as out-of-
equilibrium at 0.5 ps following excitation with a 1350 pJ/cm? pump pulse. These scans were collected using an
avalanche photodiode with a 2 mm aperature, at a distance of 90 mm from the sample. The Qcpw reflection was
observed at the Cu Ls resonance (931.7 eV) using a detector angle (Two theta) of 164° corresponding to an out-
of-plane momentum transfer of I = 1.74. This geometry was chosen based on previous experience to minimize the
variation of the background intensity as a function of the incidence angle theta. The component of the momentum
transfer parallel to the CuO planes was aligned with the Cu-O-Cu bond direction by locating the equilibrium (103)
Bragg peak at the REIXS enstation of the CLS and then transfering the sample in this orientation to the RSXS
endstation at the PAL-XFEL.
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FIG. 4. Charge scattering at Qcpw The CDW scattering intensity is measured in and out of equilibrium as a function of
incidence angle (theta) in a laser on/off scan. The laser on data was collected at a time delay of +0.5 ps following the pump
excitation.

Time trace fitting

The time-resolved resonant x-ray scattering (tr-RXS) intensities presented in Fig. 3 of the main manuscript are

modelled using an approach in which the dynamics are divided into an electronic (nematic or CDW) and a lattice



contribution. The electronic contribution experiences a time-resolution limited suppression (step function at At = 0),

and an exponential recovery with time constant 7.

0 At <0
Alelectroni(:(At) =

—ay exp At/m At >0

In contrast, the dynamic response of the lattice, e.g. the LTT distortion, is not immediately activated by the

incident pump photons but onsets exponentially with time constant 75 as energy is transferred from the hot electronic

system to the lattice.

0 At <0
AIlattice(At) -
ag(exp™ @™ 1) At>0
In order to reduce the number of fitting parameters, 79 = 1.6 ps is determined from fitting to the Al t4ice model

to the dynamics measured at the Apical O K resonance (Fig. 1(E) of main manuscript). 7o is then held constant
when fitting the electronic dynamics measured at Cu L3 resonance. Examples of the time-dependent dynamics of the
electronic and lattice models are shown in Fig. S5(a). The quantity being modelled is the time-dependent scattering
intensity normalized to the equilibrium scattering intensity (I(At)/Ip). The full model, shown in Fig. S5(b) is achieved
by summing the equilibrium scattering Iy with the functions representing the time dependent suppression of scattering
intensity with electronic and lattice like dynamics. The entire sum is normalized to Iy and then convolved with a

gaussian of width 110 fs to account for the finite temporal resolution of the experiment.

I(At)/IO = (IO + Aljectronic + Aljattice )/IO .
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FIG. 5. Modelling of electronic and lattice dynamics. (a) The model for time-dependent suppression of scattering
intensity associated with electronic order, i.e. CDW or nematic, is compared with the model for lattice-like dynamics. (b) The
full model for time dependent scattering observed at the Cu L3 resonance comprises both electronic and a lattice like dynamics.



When fitting the data presented in Fig. 3 of the main manuscript, an alternate model for the electronic dynamics

was considered, comprising two exponential recovery terms.

0 At <0
AIelectronic(At> =

At/T()

—agexp” —ay exp At/M At >0

Fits using 1 versus 2 exponentials for the electronic recovery dynamics are compared in Fig. S 6, along with their
residuals. In the case of the @ = (0 0 1) scattering, the fit with 2 exponential recovery terms returns twice the same
time constant, confirming that the recovery is well described by a single exponential. For the Qcpw scattering, the
fit with 2 exponential recovery terms returns time constants 79 = 0.7 ps and 7, = 4.2 ps. For Qcpw, the fits using

one and two exponentials to model the recovery are essentially indistinguishable from one another.
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FIG. 6. One and two exponential model for electronic recovery dynamics. Comparison of fits to the tr-RXS data
presented in Fig. 3 of the main manuscript at (a) @ = (0 0 1) and (b) Qcpw, using models with one and two exponential
recovery terms to capture the electronic dynamics. In each case the residuals are shown, shifted to within the field of view. The
two fits to @ = (001) data shown in (a) are identicle to one another, whereas the fits to Qcpwin (b) are distinct but almost
indistinguishable.
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