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XFELS

> Free-Electron Laser (FEL) - source of very short, very intense, X-ray pulses.

>
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Images: © SLAC National Accelerator Laboratory, European XFEL
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Currently in operation:

Linac Coherent Light Source (LCLS) at SLAC National
Accelerator Laboratory, USA.

Spring-8 Angstrom Compact Laser (SACLA), Harima, Japan
PAL-XFEL, Pohang, Korea

European XFEL, Hamburg, Germany (only just)

SwissFEL, Villigen, Switzerland (very soon)
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Serial femtosecond crystallography

> Study the structure and function of proteins ...
> ... using a hard X-ray free-electron laser ...
> ... by using many small crystals of the protein.

Liquid Jet
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Image: Boutet et al., Science 337 (2012) p362
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Why bother?

= Don't say: "The high intensity allows
diffraction to be recorded from small

e crystals

10
I -
§ ~ synchrotron 3. generation . .
; radiation sources / :_; 8 — | 40 fS
: =
> ' O
- — 2. generation | 10 c
= ) Q Free-electron
- 1. generation _ ..C_) —
° / i I laser
% modem X-ray tubes [ » : 8
. ’ g Synchrotron
il W™ first X-ray tube - Z \
. Time

10° ‘ .

e 1s

> Do say: "The short pulse length allows radiation damage to be circumvented"
Image left: European XFEL

C F E I_ T. A. White | Challenges of XFEL data | 19. August 2017 | Slide 4 B\E‘S{ |
/‘y

SCIENCE



Why bother?

269 fs

143 s
> Time-resolved studies of dynamics,

especlally on short timescales,
or If crystals are destroyed by reaction

e 300 M

Hellos

> Small crystals

— Need high intensity
(otherwise no signal)

— Radiation damage

Images. Peter Metcalf; Stagno et al., Nature (2016); Pande et al., Science 352 (2016) p725
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Challenges of XFEL data

Structural biology challenges

Every crystal Is different
Crystals may stick together
Indexing ambiguities

Technical challenges

Data storage - large amount of data
File formats - fast detectors, panels come separately?
Multiprocessing for high throughput

Physics challenges

Segmented detector geometry
Partiality etc

Social challenges

Developing software that everyone can use
"Marketing" a scientific software project
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Crystal variability
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Granulovirus particles

Virus inside crystalline protein shell
Narrow size distribution
Well-ordered crystal lattice
Avallable In large quantities

Image: Peter Metcalf
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Indexing ambiguities

Wa ollos in ohvou W‘lr'.' posst

TUFTELN+
KNOBELN

urfel?”

T. A. White | Challenges of XFEL data | 19. August 2017 | Slide 8




Technical challenges

Technical challenges

Data storage
File formats
Multiprocessing for high throughput
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CFEL petabyte data system

> 3 PB capacity

> 1200 hard drives
> 64 GBIt/sec
>
>

Fibre channel connections

- . ‘ Cost: you don't want to know (SIx
e " i 'y | digits)

|

Image: Steve Aplin
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Ways to multiprocess

My job needs Sub-tasks very small,
: very similar, and Is the scale of the task bigger than one computer?
parallel processing very numerous?

(o >

How much information

How much information
needs to be shared
between sub-tasks?

Clots) @  Qots) G

GPU Threads Processes MPI Batch system

needs to be shared
between sub-tasks?

OpenCL pthreads fork() MPICH SLURM (sbatch, squeue)
CUDA OpenMP Just run many copies LSF (bsub, bjobs)
GNU parallel Just run many copies
DifﬁCUlty: Use a high-level Difficult. It depends. Not too difficult, good documentation
library Many tricky available, even for non-"computer people”
considerations
Otherwise: @

Don't forget about combining methods.
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Example: indexing/integrating patterns

CrystFEL unit

cell file -
(optlon.') l.-attlce ty.pe ....................................................
information

Peak search — i Check peak
| Diffraction [ | P
mappngto | [T owAR O necteaona. © ] locations agree vt
reciprocal space | = P indexing solution
CrystFEL Layout of HDF5 5 m
geometry file | file, detector | RS
S T T SO TS —

........................................................................................................................

.............................

Prediction and Determination Determination Refinement of
integration of of resolution limit of prediction orientation and
reflections (optional cutoff) parameters cell parameters

> Scale: Larger than one computer
> Amount of shared data: practically none
— Batch system (multiple processes also available)
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Example: merging intensity measurements

Apply scaling parameters and
combine data sets (by taking
an average)

Refine scaling parameters by
¢ comparing individual crystal data
* to merged data.
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Example: merging intensity measurements

Crystal 1 |

hk!l lo

hkl lo Apply scaling parameters and
0 hkl lo combine data sets (by taking

hk!l lo an average)

hkl lo

hk!l lo

hkl lo

Refine scaling parameters by
comparing individual crystal data
to merged data.

> Scale: about 1 machine
> Shared data: the master list of reflections
— Multithreaded program running on one computer
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Types of detector

Signal

©

Laboratory source /
synchrotron source

» Time
3 peaks means 3 photons
»
r ~ 1S
Photon counting detector
Signal

FEL source 2

9

1 peak means 1 photon?

~ 40fs
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Cornell-SLAC Pixel Array Detector
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Image: SLAC National Accelerator Laboratory
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Adaptive Gain Integrating Pixel Detector

Image: sfx-consortium.org / DESY FS-DS
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Physics challenges

Physics challenges

Segmented detector geometry
Partiality
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Cornell-SLAC Pixel Array Detector

N |

SLAC National Accelerator Laboratory
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Importance of detector geometry

> Even If the geometry looked good, a refinement of a fraction of a pixel
can Improve the data significantly.
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Yefanov et al., Optics Express 23 (2015) p28459
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Partially recorded reflections

a Incident beam Limiting b
direction

Centre of reciprocal
lattice point

Origin of
reciprocal space




Social challenges

Social challenges

Developing software that everyone can use
"Marketing" a scientific software project
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What is CrystFEL?

> CrystFEL software suite for FEL crystallography, and also for experiments
using other types of light source.

"Clean diffraction patterns to merged intensities”
Free and open-source software: GPLv3
Development since late 2009

Project led by Thomas White (DESY/CFEL)
Current version: 0.6.3

User-oriented development.

Documentation.

vVVvVvvVvVvVvyVvy

https://www.desy.de/~twhite/crystfel
(or just search for "CrystFEL")
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Documentation

More than just a manual:
> man” pages
> Indexamajig --help

> Website:

Tutorial

Best practice

Web versions of "man” pages

APl documentation

Old presentations

Change log

Installation instructions

Citation list

FAQ (frequently asked/anticipated questions)

> Test data (thanks to cxidb.org)
> Papers describing the software directly

VVVVVVVVYV

> Papers describing use of the software (accurately!)
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What is CrystFEL?

> CrystFEL software suite for FEL crystallography, and also for experiments
using other types of light source.

"Clean diffraction patterns to merged intensities”
Free and open-source software: GPLv3
Development since late 2009

Project led by Thomas White (DESY/CFEL)
Current version: 0.6.3

User-oriented development.

Documentation.

vVVvVvvVvVvVvyVvy

https://www.desy.de/~twhite/crystfel
(or just search for "CrystFEL")
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The European XFEL

> https://www.xfel.eu/

> First X-ray beam in experimental hall: 23 June
2017
> First user experiments: September 2017

> 27,000 pulses per second

Images: European XFEL
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European XFEL pulse structure

<

100 ms (10 Hz)

Image: European XFEL
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Pipeline without intermediate files 1

libcrystfel

"Stream" I/O  Indexing
R-factors Detector geometry

Point group symmetry Unit cell
Thread pool Reflection lists

Partiality calculations

Image cleaning Hit finding Peak picking m

Reject Reject

> Put our code Inside "blocks" the fit into the
facility data processing system.

> At European XFEL: "Karabo"
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Pipeline without intermediate files 2

> Instead of embedding code in framework, have completely separate
programs communicating via a protocol

Data transfer over network, OnDA GUI
or within one computer
Live view of hit rates
Image data

Peak list
OnDA Wavelength etc CrystFEL
Facllity. DAQ Stream file
system (live), or Detector corrections e N
Facility da.ta archive Peak finding C ) For merging, later
(offline) "Hit" selection .
STl

Indexing
Integration
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