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Coherence and Speckle Contrast

The experimental speckle contrast, βexp depends on nearly all experimental parameters such

as pixel size speckle size, beam size, sample thickness, momentum transfer q, the transverse

and longitudinal coherence properties of the X-rays, etc. βexp can be calculated as the product

of the longitudinal contrast factor, βl, and the transverse contrast factor, βt:

βexp = βlβt . (1)

For XFELs, the model described in Hruszkewycz et al. [1] is often employed to estimate βl(q).

A detailed description of the mathematical formalism can be found in the supplementary mate-

rial of [1]. Lehmkühler et al. [2] show that the speckle contrast at EuXFEL can be described by

this model as well. βl is determined by the energy bandwidth,∆E/E, which can be decreased

by using a seeded beam or a monochromator. Both were not available for this experiment.

Instead, the pink SASE beam was used with an energy bandwidth of ∆E/E ≈ 2× 10−3. For

the transverse coherence factor, βt ≈ 0.5 was found for different XFELs including European

XFEL [2–5]. Eventually, the following model was used to describe the data

βexp(q) = 0.5βl(q) . (2)

Fig. 1 displays βexp(q) as calculated by Eq. (2) as function of the momentum transfer assuming
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a beam size of 10 µm, a sample-detector distance of 7.46m, a photon energy of 9 keV, a sam-

ple thickness of 1.5mm, a pixel size of 200 µm, and a bandwidth of 2 × 10−3 and 1 × 10−4,

respectively. The blue line indicates the contrast during the experiment where the black dots

are the corresponding values used to model the correlation functions. The orange line shows

the increased speckle contrast when using a smaller bandwidth.
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Supplementary Fig. 1: Speckle contrast for different energy bandwidths. ∆E/E = 2 ×
10−3 corresponds to the SASE bandwidth and ∆E/E = 1× 10−4 to a monochromatic beam.
The black points indicate the contrast values in the q-bins used to fit the experimental data.

Signal-to-Noise Ratio

Following the work of Falus et al. [6], the XPCS signal-to-noise ratio, Rsn, can be calculated as

Rsn = βI
√
NpNtrainsNpix , (3)

where β is the speckle contrast, I is the intensity in numbers of photons per pixel, Np = 20

is the number of pulses or images used to calculate the first point of the correlation functions,

Ntrains is the number of trains that are averaged, Npix = 7494 is the number of pixels in the

q-bin where the correlation function is calculated.
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Fig. 2 displays Rsn of the first point of the correlation functions at 0.148 nm−1 as a func-

tion of the total number of X-ray pulses, where each of the Ntrains illuminated a fresh sample

volume. The data have been rebinned along the abscissa and the error bars indicate the stan-

dard deviation within each bin. In addition, the total measurement time is indicated assuming

that every pulse is used for the analysis. The measurement time obviously depends on both

machine performance and filtering criteria applied during the experiment as not every train

might be usable for the analysis, e.g., because of very low intensity. In Fig. 2, it is assumed that

every train is used for the analysis. In our experiment about 20% of the trains were discarded.

The visible fluctuations in Rsn are probably related to fluctuating instrument parameters and

varying machine performance.

The primary advantage of using a monochromatic beam is that it would allow for a larger

beam size with similar contrast, hence yielding a lower photon density on the sample. This

reduces the radiation damage to the sample and the amount of sample needed. It also increases

the scattering volume and scattering intensity and thus strongly increases the signal-to-noise

ratio [7].

Azimuthal Dependence of the Scattering Signal

Fig. 3 displays the scattering signal from Fig. 2 in the main manuscript at q = 0.4 nm−1 as

a function of the azimuthal angle ϕ for different doses. The data have been normalized to

the average value of each curve to exclude any effect on the average scattering signal. The

small kinks can be attributed to the AGIPD detector. The signal does not exhibit any sign of

anisotropy within the measurement accuracy. Furthermore, the shape of the curves does not

change as a function of absorbed dose indicating that the signal stays isotropic throughout the

measurements.
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Supplementary Fig. 2: Signal-to-noise ratio as a function of the number of X-ray pulses.
The signal-to-noise ratio of the experimental data compared with the estimations of Eq. (3). On
the top, the total measurement time is indicated assuming that every train measured is suitable
for the analysis.
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Supplementary Fig. 3: Azimuthal scattering intensity. Integrated scattering signal at q =
0.4 nm−1 as a function of azimuthal angle ϕ. ϕ = 0 corresponds to the horizontal direction.
The data have been normalized to the average value of each curve. The color indicates the
absorbed dose. The lines of different doses are overlapping almost perfectly.
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Dose dependence of the Hydrodynamic Radius

We plot the normalized hydrodynamic radiusRh as a function of dose in Fig. 4a and as a func-

tion of root mean squared displacement in Fig. 4b for comparison as in the main manuscript.

From fitting the data of the lowest and highest dose rate (dashed lines) with an exponential

model we conclude that Rh increases by a factor of two after (19.2 ± 1.0) kGy for a dose

rate of 1.06 kGy µs−1 and after (32 ± 3) kGy for a dose rate of 4.75 kGy µs−1. These values

correspond to starting times of (18.1± 0.9) µs and (6.8± 0.6) µs, respectively.
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Supplementary Fig. 4: Dose dependence of the hydrodynamic radius. (a) Normalized hy-
drodynamic radiusRh as function of dose. (b) Normalized hydrodynamic radiusRh as function
of root mean squared displacement. The dashed lines in (a) indicate fits with an exponential
model. The error bars describe the fit accuracy.
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