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Extended Data Fig. 7 | Comparison of data acquisition configurations 
between the European XFEL and a modern synchrotron configuration. 
(a) Synchrotrons nowadays can achieve average fluxes approaching the 
European XFEL. However, the available detectors, such as the Eiger 2, have 
maximum continuous frame rates on the order of 5000 frames per second. For 
microsecond time resolution, so detector integration below a microsecond, 
the usable flux is only about 0.5% of the total. At the European XFEL, the unusual 

pulse structure makes it possible to use all the available flux. (b) Total detectable 
photon flux at a 4th generation synchrotron versus the EuXFEL source as a 
function of integration time. The EuXFEL was assumed to have a repetition rate 
of 564 kHz and 2 × 1012 photons/pulse and the synchrotron 1.2 MHz and 1 × 109 
photons/pulse. For the synchrotron we assumed an Eiger detector in burst mode 
at 23k fps, giving a minimum integration time of 43. As timescales increase the 
performance of a synchrotron approaches that of an XFEL.
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Extended Data Fig. 8 | Scaling procedure to assign units to the experimental 
difference X-ray scattering. (a) The buffer-subtracted and averaged 
experimental X-ray scattering in dark is scaled to the scattering computed 
from the dark model of AsLOV2 (Scomputed). (b) The difference scattering (ΔSexp) 
was scaled using the same factor to ensure comparability with the theoretical 
scattering (ΔScomputed). In this context, ΔScomputed represents the computed 
difference scattering between a candidate structure for state C and the ground 

state structure. Now, the scaling factor between the experimental and theoretical 
difference scattering, which is shown for one candidate structural pair in the 
panel, will correspond to the refined photoactivation yield for a candidate 
structural pair. The factor c was determined by Eq. 8 in the structural fit 
procedure for each difference scattering curve from candidate structural pairs. 
The computed scattering was calculated assuming a sample concentration of 
15 mg/ml.
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Extended Data Fig. 9 | Determination of the photoactivation yield from 
steady state difference SAXS. (a.) Smoothed difference SAXS curves (light–
dark) on top of raw difference SAXS curves for 20 s illumination time. (b.) Zoom-
in and overlay of the difference SAXS curves (light–dark) at all illumination times 
of AsLOV2. The difference signal saturated for illuminations of more than five 
seconds, indicating that the maximum photoactivation yield of 100% had been 
achieved. (c.) The XFEL scattering was then scaled to the SAXS scattering from 
Diamond to facilitate direct comparison between them. (d.) The photoactivation 

of the XFEL was subsequently determined by comparing the ratio between the 
scaled XFEL and the saturated SAXS difference scattering. From this analysis, 
we determined that the photoexcitation yield at the XFEL was approximately 
15%. The scattering obtained from the SAXS experiment was smoothed using 
a Savitzky–Golay filter with a window length of 120 and 1st degree polynomial 
if nothing else is stated. The SAXS data was recorded at Diamond Light Source, 
beamline B21.
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