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The short version
nKey Concepts for an imaging system 

nTHE Sample 

nBeamline Components 

nSample Environment 

nDetector & Analysis 

nNeeded Infrastructure & Commissioning 
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Imaging in a nutshell !3

<Single_particle_imaging_3.pdf>!
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Nature of First Sample(s)
Interesting things to imagine inside 
a cell (possibly crystalline sample): 

§DNA 
§DNA polymerase 
§Ribosome 
§elongation factor G 
§aminoacyl-tRNA synthetases 
§ topoisomerases 
§Rec system for DNA repair 
§chaperonin GroEL 
§proteasome ClpA 
§glycolytic enymes 
§pyruvate dehydrogenase complex 
§ATP synthase 
§secretory proteins 
§sodium pump 
§zinc transporter 
§magnesium transporter 
§ATP-binding cassette transporter 
§magnesium transporter 
§ lypoglycan
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Mycoplasma mycoides!
Watercolor by David S. Goodsell, !
Scripps Research Institute 2011
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over the greater than 20 m distance between optics and focus, and secondly, they can
be readily upgraded so the flat mirrors can be adaptive optics that may be used to
correct wavefront aberrations[27], adding a wealth of flexibility in the optical design on
top of creating a high quality wavefront necessary for imaging. This design will still
produce a high transmission optical system, and would be a world-leading optic even
without the proposed adaptive upgrade.

As a historical note, in the conceptual design of the SPB instrument a two mirror
design was proposed[1], though this required a large translation of the sample
chamber, detector and any diagnostics downstream–as much as 300 mm both
horizontally and vertically, in some cases. In addition to improved vibration properties,
and the path for a wavefront improving upgrade, the four mirror design avoids the
need for a large translation of downstream components, simplifying operation and
changing between spot sizes. For a complete discussion of the performance of the
four bounce system see chapter 6. For a discussion of some alternate optical designs
which have been considered in the design process, including the two bounce solution,
see appendix C.

Figure 4.1: This is a pictorial side view, showing the placement of the SPB optics and layout in

the experimental hutch. Note the horizontal optics are always upstream of the vertical optics.

The details of the optical systems are described in the text in chapter 6.

These two foci are independent, meaning that a minimal number of optical elements
are used to create each focal spot. For the 100 nm optics this is four mirrors–two
offset mirrors upstream of the instrument (required for safety reasons–see chapter

XFEL.EU TR-2012-ABC
The Single Particles, Clusters and Biomolecules (SPB) Instrument TDR 2013

March 4, 2013
32 of 275

Beamline Components and optics
nRequired Infrastructure: 
§Facility Services (Power, Water, Air, etc.) 
§Hutch 
§Protection (MPS, EPS, PPS) 
§Vacuum systems 
§Control system 
§Pop-in screen monitors 
§XBPM 
§Beam Conditioning Slits  

nRequired Commissioned Components 
§Attenuators 
§Viewing Screens / diagnostics 
§Power slits 
§KB mirrors
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Sample environment

nRequired Infrastructure: 
§Facility Services (Power, Water, Air, etc.) 
§Control system 
§Vacuum systems 
!

n Interactions of FELs with liquid jets are 
not well understood & requires 
investigation with X-rays 
§Well commissioned diagnostics 

required to observe the liquid jet
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Detector !8

nRequired Infrastructure: 
§Facility Services (Power, Water, Air, 

etc.) 
§Protection (MPS, EPS) 
§Vacuum systems 
§Control system 
§DAQ system 
§Big rail 

nRequired Commissioned 
Components: 
§Detectors 

§ Including Calibration

EuXFEL&WP)75&Detector&&Development&

Adap:ve&Gain&Integra:ng&Pixel&Detector&&& 1 

!  The full scale chip AGIPD1.0 exists  
"  Fist test results show no major problems # very encouraging   
"  Measured parameters within the specification 

!  Mechanics design for 1MPix detector in advanced state 
"   Initial tests of movement system successful  

!  Integration of the detector in the XFEL beamlines in progress 

!  High&repe::on&rate&(4.5&MHz)&&1MPix&imaging&detector&&
Parameter AGIPD 

Energy&Range&& 3"16%%keV%

Dynamic&Range&& 104%ph%@12%keV%

Single&Photon&Sens& Yes%%#%Noise%~350e"%rms%

Storage&cells/pixel& %352%(analog)%

Pixel&size&& 200x200 µm2  (squared)%

Variable&hole& Yes#%four%independently%
movable%quadrants%

Veto&capability&& Yes%%Status&

64x64 pixels/chip 
2x8 chips/module 
 modules/quadrant 
4 quadrants/detector 
 
 

single 
chip 

Image: AGIPD consortium
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Data analysis !9

nRequired Infrastructure: 
§DAQ system 
§Computing Infrastructure 
§Scientific algorithms 
§Permission controls 
§ I0 monitor per pulse 
§E_loss & λ per pulse 

Image courtesy Krzysztof Wrona
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Required infrastructure 

nFacility Services (Power, Water, Air, etc.) ♣♠♦ 
nHutch ♣ 
nProtection (MPS, EPS, PPS) ♣♦ 
nVacuum systems ♣♠♦ 
nControl system ♣♠♦ 
nDAQ system ♦♥ 
nPop-in screen monitors ♣♦ 
nXBPM ♣ 
nBeam Conditioning Slits ♣ 
nBig Rail ♦ 
nComputing Infrastructure ♥ 
n I0 monitor ♥ 
nEloss & λ ♥
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♣ Source and optics   
♠ Sample environment 
♦ Detector 
♥ Data analysis
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Required Beamline Commissioned Components 
(Needing X-rays and in systematic order)

nAttenuator 
nViewing Screens & Diagnostics 
nPower Slits 
nKB optics 
nBeamdump 
nCleanup slits 
nDetectors 
nSample Injector and FEL interaction testing 
n  Then start to implement the first experiment
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Conclusion
nAny facility infrastructure that can be tested and brought into 

operation with out X-rays should be: vacuum systems, DAQ & 
Controls, beamline mechanics, etc.  

nWe will need to commission beamline components with the 
FEL: Attenuators, viewing screens, slits, and mirrors  

nThe detector needs to be characterised, calibrated, aligned, 
and then commissioned. 

nThe sample environment also might have unknown 
interactions with the FEL that could take time to determine. 

nAll requires time with beam.
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Images: Nature Photonics 4, 814–821 (2010), x-ray-optics.de, pdb.org, J. Phys. B: At. Mol. Opt. Phys. 43 (2010) 194016, SPB CDR

J. Phys. B: At. Mol. Opt. Phys. 43 (2010) 194016 I A Vartanyants et al

(a) (b)

Figure 7. (a) Schematic image of virus particles injected into a focused FEL beam and its diffraction pattern produced from a single-pulse
FEL radiation. The virus explodes after the pulse has interacted with it. Note the low photon count in a diffraction pattern produced by a
single pulse of 1012 photons focused on a 100 nm spot size. (b) Schematic of coherent diffraction from a 2D crystal.

(a) (b) (c)

Figure 8. (a) Far-field diffraction data measured from a single train of 21 pulses from the FEL. The white dot indicates the centre of the
incoming beam. (Inset) Enlarged region of the diffraction pattern. (b) The final reconstructed image. (c) Scanning ion micrograph (SIM) of
the manufactured sample. Images and figures from [45].

3. Coherent-pulse 2D crystallography at FLASH

One of the most exciting proposals to make use of these
ultrabright, highly coherent FEL pulses is to determine the
3D structure of single biological molecules to sub-nanometre
resolution [6, 7], which is a resolution beyond the conventional
radiation damage limit. A single molecule, however, can
produce only a very weak signal from even the brightest
of FEL pulses [25] (see figure 7(a)). One idea is based
on imaging many copies of reproducible biological samples,
which are injected into the ultra-short pulses of the FEL beam
in a random orientation (see figure 7(a)). By classifying and
orienting many 2D diffraction patterns, a single 3D diffraction
pattern may be composed and reconstructed to give a 3D
representation of the sample investigated. Recent simulations
suggest that this method of interpreting the data is feasible [40,
41]. In particular, new algorithms have been developed [42,
43] that explicitly address low photon counts in individual
2D diffraction patterns. Another way to circumvent this
limitation is to use 2D or 3D periodic sample arrays to increase
the signal diffracted from each unit for a given single-pulse
photon flux. Membrane proteins are a particular example of
proteins that more readily form 2D crystals rather than 3D
crystals [44].

We show 2D finite crystallography [45] by using an
artificial 2D crystal that was manufactured with FIB milling
to produce 5 × 5 units of repeated larger, 500 nm diameter
apertures (representing a ‘heavy’ atom in conventional
crystallography) and smaller, 200 nm diameter aperture
(representing a ‘light’ atom) features in a gold palladium
substrate. This structure was illuminated with one single pulse
train of FEL radiation at FLASH.

The diffraction data were measured at FLASH on the
PG2 monochromator beamline with a fundamental wavelength
of 7.97 nm. The schematic of the experiment is shown in
figure 7(b). As incident radiation, we used a pulse train
consisting of 21 pulses, each of approximately a few tens
of femtoseconds duration. A 0.2 s exposure time was used to
collect a series of single-pulse train data from our sample
with a coherent flux on the sample area of 1.5 × 1010

photons per train due to the beamline transmission and the
over-illuminated sample size. A typical single train data set
is shown in figure 8(a). The diffraction pattern as measured
contains signal up to the edge of the detector, corresponding to
a feature size of 220 nm (figure 8). We note that the expected
features of a finite, crystalline structure are observed. Bragg
peaks, due to the periodicity of the array, are easily visible, as
are the oscillations between the Bragg peaks resulting from
the finite extent and coherent illumination of our sample.
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SPB/SFX Team !13


