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Introduction: diffraction beamlines at the SLS

Diffraction experiments at the Swiss Light Source with E > 6 keV

protein 
crystallography

(time resolved) SAXS
scanning SAXS

diffraction imaging

surface diffraction
scanning diffraction?
diffraction imaging?

http://www.psi.ch/sls/
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Introduction: what is diffraction?

Diffraction is produced by constructive interference of a wave perturbed by an 
object in specific discrete directions

double slit (1D) square slit (2D)

Common characteristic: very rapidly decaying intensity needs high dynamic 
range for its detection

Images taken from Wikipedia
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X-ray diffraction at SLS 

small-angle x-ray scattering
(SAXS)

coherent diffraction imaging
(CDI)

protein crystallography
(PX)

~ 10 nm resolution ~ 1 nm resolution ~ 1 Å resolution
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X-ray diffraction at SLS 

small-angle x-ray scattering
(SAXS)

coherent diffraction imaging
(CDI)

protein crystallography
(PX)

~ 10 nm resolution ~ 1 nm resolution ~ 0.1 nm resolution

• Resolution depends on quality of diffraction patterns at large angles
• Diffraction signal decays rapidly at large angles

• Large dynamic range
• No noise
• Single photon resolution
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Outline

What can we already do with the Pilatus detectors?
What is currently limiting our experiments?
How would new developments improve our experiments?

1. Briefly describe the 3 examples above in order to answer:

2. Time resolved experiments (SAXS)

3. Conclusions
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Small-angle x-ray scattering (SAXS) 

(data courtesy of T. Ikonen)
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Small-angle x-ray scattering (SAXS) 

Pilatus 2M

sample

flight tube 2m or 7m
vacuum

x-rays
mica window

mica window

300 m mylar window

(data courtesy of T. Ikonen)
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Small-angle x-ray scattering (SAXS)

What we need to be a competent SAXS beamline:

detector

sample
chamber

flight tube chamber 7.5 m
vacuum

x-rays

• Detector in vacuum
• Movable inside FT or fixed with larger area than 2M

This requirement for SAXS could also benefit:
• Coherent diffraction imaging at cSAXS
• Protein crystallography at the PX beamlines
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H. Deyhle, B. Müller, O. Bunk

Scanning SAXS

Fast read-out of detector!
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H. Deyhle, B. Müller, O. Bunk

Scanning SAXS

Fast read-out of detector!
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H. Deyhle, B. Müller, O. Bunk

Scanning SAXS

Fast read-out of detector!
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H. Deyhle, B. Müller, O. Bunk

Scanning SAXS

Fast read-out of detector!



Ana Diaz, Paul Scherrer Institut X-ray detectors workshop, Zurich, 6-07-2012

SAXS pattern at detector

H. Deyhle et al, Proc. of SPIE 7401 (2009) 74010E

Length scale from 14 to 28 nm

Scanning SAXS
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Scanning SAXS

• Currently relies on hardware triggering at 
the beginning of a continuous motion of a  
stage, during which the detector takes a 
series of acquisitions.

• Ideally this should be done by a 
synchronization between the detector and 
the movement of the stage.

The same applies for other techniques:

• Multimodal scanning microscopy (cSAXS)
• Angular scans in protein crystallography (PX beamlines)
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Coherent diffraction imaging (CDI) - ptychography

H. M. L. Faulkner & J. M. Rodenburg, Phys. Rev. Lett. 93 (2004) 023903
J. M. Rodenburg et al, Phys. Rev. Lett. 98 (2007) 034801

)()(),( RrPrORr




illumination function
(pinhole, focusing optics…)

P. Thibault et al, Science 321 (2008) 379 
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Coherent diffraction imaging (CDI) - ptychography

The oversampling condition

Diffraction by a circular aperture
• In ptychography, the diffraction fringes arising 
from the illumination function must be resolved 
on the detector

• For a given distance sample-detector, the 
spacing of the fringes decreases as the size of 
the illumination increases

• Smaller pixel size allows a larger 
illumination, and therefore faster scanning of 
the specimen. For the same illumination size, it 
allows to go to higher energies.

This restriction is even more critical for CDI in Bragg geometry (MS beamline), 
where a diffractometer has a distance sample-detector of 1.5 m only.
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Coherent diffraction imaging (CDI) - ptychography
Missing data!

Count rate 
limitation 

P. Trtik et al, Cement and Concrete Composites (2012)

• Use filters to reduce flux
• 4 times longer acquisition 
time  20h acquisition!



Ana Diaz, Paul Scherrer Institut X-ray detectors workshop, Zurich, 6-07-2012

Coherent diffraction imaging (CDI) - ptychography
Missing data!

Gaps between 
modules

Count rate 
limitation 

P. Trtik et al, Cement and Concrete Composites (2012)

• Use filters to reduce flux
• 4 times longer acquisition 
time  20h acquisition!

• 2 detector positions
• More than 2 times 
acquisition time!

J. Vila-Comamala et al, Optics Express (2011)
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Protein Crystallography

High resolution 

 

large detection area
High throughput 

 

fast

• Large dynamic range
• No noise
• Single photon resolution

Diffraction peaks  
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Protein Crystallography

Current limitations:

• Count-rate does not allow to use available flux (filters needed!)
• Readout time will limit acquisition rate, e.g. 100 Hz
• Low divergence conditions require smaller pixels to sample Bragg peaks
• Absence of high energy discrimination gives high harmonics contamination

Additional wishes:
• Synchronization for continuous data collection
• Energy range 3 to 30 keV for future experiments
• In vacuum
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Time-resolved experiments

Pump and probe experiments

timepump probe

gate = 80 s

delay

timepump probe1

delay1

probe0

delay0

timepump probe1

delay1

probe0

delay0

probe2

delay2
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Time-resolved experiments

Pump and movie

S. Westenhoff et al, Nat Methods (2012)

• WAXS data
• Pilatus 100k @ 100 Hz 
• 7 ms exposure + 3 ms readout
• 4500 cycles averaged after laser pulse

• Radiation damage & small sample volumes
• Simple compared to chopper experiments

Advantages:

Interesting structural changes to study in 
the micro second range!
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Summary
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Summary

Detector needs at the PX beamlines

Pilatus 6M

• Improve count-rate

• Improve read-out time

• Smaller pixel size

• High energy discrimination



Ana Diaz, Paul Scherrer Institut X-ray detectors workshop, Zurich, 6-07-2012

Summary

Detector strategy at cSAXS

large area rapid readout

small pixels
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Summary

Detector strategy at cSAXS

large area rapid readout

small pixels
static SAXS

high res. CDI

scanning SAXS
time-resolved WAXS

time-resolved SAXS
on-the-fly CDI
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Summary

Detector strategy at cSAXS

large area rapid readout

small pixels
static SAXS

high res. CDI

scanning SAXS
time-resolved WAXS

time-resolved SAXS
on-the-fly CDI

Large Eiger detector 
which is fixed at 7 m, 
chip in vacuum
Improved counting rate?
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Thank you for your attention!

Questions?
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