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Serial crystallography
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How much data do | need?

- What is my hitrate?

- Solvent rate

- Crystal rate

- Indexing rate

- High quality rate
- What is my completeness?
- Can | stop collecting data?

Beamtime is scarce! Fast feedback is critical!




cctbx.xfel GUI

* Built on cctbx and DIALS

Winter G. (2018). DIALS: implementation and evaluation of a
new integration package. Acta Crystallogr D Struct Biol 74,
85-97

« Full SX workflow

- Each image: import, spot-find, index, integrate, scale,
post-refine, merge

— Monitor for new data and submit jobs
— Organize processing many datasets

— Massively parallel multiprocessing on the biggest
computing clusters

- MySQL backend allows scaling to the kHz regime
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Rate tracking
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Non-isomorphism: two clusters
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crystals (space group P2,2.2.) collected at
LCLS beamline MFX.



Heuristics

 How much data do | need?
- What is my hitrate?
- What is my completeness?
— Can | stop collecting data”?

Easy answer (rule of thumb):
« 10-fold multiplicity at the resolution of interest

* Monotonically decreasing CC, , to the resolution of
Interest

The easy answer lends itself to sampling the data




How much data do | need?

 How much data do | need to answer my biological
guestions?




How much data do | need?

Kern et al., 2018 Nature 563:421



Data analytics at the petascale for free electron lasers

* Processing 1 image takes 30s per hit, 1s per miss, on average

« Vastly varies depending on protocol:

— Multiple indexing methods

— Multiple lattices

— Large unit cell

— Hit rate

« 30 Hz Rayonix at LCLS: only 288 cores available. Cannot keep

up with good hitrates

— 100% hitrate = 30s/image * 30 images/s = 900s to process 1s of
data collection

— Need 900 cores




Data analytics at the petascale for free electron lasers

Solution:
« Sample the data at LCLS for GUI (process 1 in 5 images). At the same time,
transfer the data over 100 Gb-ESnet to NERSC, and process all images on Cori

— 2388 Intel Xeon Haswell nodes
— 9688 Intel Xeon Phi “Knight’s Landing” nodes (68 cores)
— 1.8 PB burst buffer (keep the data on solid state drives)

9 TB example experiment; 861969 diffraction images (2.0 hrs’ data collection @

120 Hz)
— 150466 useful crystal patterns (17% hit rate)
— Required 140 “Knight’s Landing” node-hours to process
— Not counting I/O, 70 nodes in continuous use during data collection
— About 1% of Cori
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Four year Exascale Computing Project funding to scale this for
* bigger algorithms
 faster LCLS-Il pulse rate
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e Collaboration with Amedeo Perrazo, SLAC
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Data collection at LCLS / MFX December

2018
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« 594,230 total indexed images
» > 8.4 indexed images s (31% of all shots)

* Overall 48% collection duty cycle

e ~ 54 {r-SFX + tr-XES data sets

« ~ 12 types of enzymes

 Typically ~ 1 mg protein per dataset
» Some data beyond 1.3 A resolution

-+ Four 12-hour shifts at MFX (LUS0 / P143)
« 20 — 30 Hz overall collection rate (Rayonix
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Deployment: every XFEL

SACLA PAL-XFEL SwissFEL EuXFEL

SDF

Supports LSF, SGE, Slurm, HTCondor, Docker/Shifter
New use of GUI: DLS beamline 124 (Pilatus3 6M)

fully merged dataset




XFEL @ LBL
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