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Serial femtosecond crystallography (SFX) at X-ray free-electron lasers (XFELs) enables essentially radiation damage-free
macromolecular structure determination using microcrystals that are too small for synchrotron studies [1]. However, SFX experiments
often require large amounts of sample in order to collect highly redundant data where some of the many stochastic errors can be
averaged out and accurate structure factor amplitudes determined [2]. Recently, an improvement in native-SAD phasing of SFX data
was demonstrated by utilizing longer wavelengths that increased the strength of the anomalous signal [3]. This reduced up to 10-fold
the number of indexed images needed for successful de novo structure determination. Another approach to reduce the number of
indexed images, applicable not only to de novo phasing but also to molecular replacement strategies, is to use polychromatic (pink) X-
ray pulses for SFX. Theoretically, faster convergence rates of the Monte Carlo approach can be achieved by increasing the bandwidth
or divergence of the X-ray pulses [4, 5].

We used the capability of the Swiss free-electron laser (SwissFEL) to generate large-bandwidth X-ray pulses (AMA = 2.2 % FWHM)
and applied them in SFX with the aim of improving the partiality of Bragg spots and thus decreasing sample consumption while
maintaining the data quality. Sensitive data-quality indicators such as anomalous signal from native thaumatin micro-crystals and de
novo phasing results were used to quantify the benefits of using pink X-ray pulses to obtain accurate structure factor amplitudes.
Compared to data measured using the same setup but X-ray pulses with typical, quasi-monochromatic XFEL bandwidth (AMA = 0.17
% FWHM), up to four fold reduction in the number of indexed diffraction patterns required to obtain similar data quality was
achieved. This novel approach, pink-beam SFX, facilitates the yet underutilized de novo structure determination of challenging
proteins at XFELSs, thereby opening the door to more scientific break-troughs.
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