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Aim of this (short) talk

!Reminder of the possible science at SPB/SFX

!Reminder of the basic instrumentation at SPB/SFX

!Describe the key elements of the “day one” instrumentation 

!Describe the key elements of the “full” instrumentation

!Provide information about where you can find more detail 
about each part of the instrument
"Documentation (papers & posters)
"People 
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Crystallography of “small”, 
“radiation sensitive” or “dynamic” 
samples

Image from: Barty, et al,  
Nature Photonics 6, 35–40 (2012)
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3-16 keV

1. Abstract"–"Scientific"Requirements"
!

This document is concerned with the scientific requirements to the geometry and arrangement 
of the 4Mpix AGIPD detector for the downstream interaction region of the SPB/SFX 
instrument, with an almost exclusive emphasis on the issue of the size of the central hole of 
the detector. 
 
The SPB/SFX instrument [1] consists of two interaction regions where sample can be 
introduced to a focused XFEL beam to perform experiments (see Figure 1). The upstream 
interaction region is to be used for serial crystallography [2], solution scattering and imaging 
experiments, while the downstream interaction region is to be used predominantly for serial 
crystallography experiments on micron and sub-micron scale crystals of biological 
macromolecules (e.g., proteins), delivered by a liquid-jet injector. The stream of the liquid jet, 
which contains the crystals in random orientations, is intersected by the ultrashort pulses of the 
European XFEL (XFEL.EU) in order to collect diffraction patterns from individual crystals in 
the jet on a single-shot basis. This method is termed serial crystallography in the following. 
Often, this method is called “serial femtosecond crystallography” or “SFX” and we use serial 
crystallography in a completely identical meaning. However, in the context of this work, the 
abbreviation SFX is used to refer to the consortium sponsoring part of the SPB/SFX 
instrument (the SFX User Consortium) rather than the method. 
 

!
Figure'1.'Overview'of'the'SPB/SFX'instrument'[1]. 

 
Indexing of diffraction patterns 

As each individual nanocrystal is ultimately destroyed by the intense XFEL pulse, and 
since the crystals' orientations are random and not controlled by the experimental setup, the 
method of serial crystallography requires the deduction of the crystal orientation from the 
individual diffraction pattern itself. This process is called “indexing” because it assigns Miller 
indices to the Bragg reflections of a diffraction pattern. A successful experiment requires a 
dataset with a sufficient number of indexed patterns, and the success of indexing of individual 
patterns depends a lot on the number of Bragg reflections seen in the diffraction pattern. 
Ideally, the detector geometry must be designed such that the maximum possible number of 
reflections can be measured at once. 
 
Challenges to 4MPix geometry 

In the case of the SPB/SFX experimental geometry, a central hole in the 4Mpix 
detector must be present to allow the direct beam to pass through.  A small central hole of 
fixed size (i.e., in the range of ~10 mm) in the 4Mpix detector is prohibitive for two reasons: 
First, the direct beam from the 100 nm scale focus at the upstream interaction region is highly 
divergent and will have a size significantly larger than 10mm (see Figures 2 & 3) after having 
propagated to the downstream interaction region, i.e., the 4Mpix detector. This causes a severe 
danger of destroying or damaging the 4Mpix detector. Secondly, for measuring the diffraction 
at very low scattering angles from non-crystalline samples in the upstream interaction region, 

Two mirror systems AGIPD 2D detection
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! (R) 3–16 keV, forward scattering instrument
! (R) Micron-scale and 100 nm scale focal spots
!(R) Natural bandwidth (< 0.3%)
!(R) High dynamic range, single photon sensitivity and large number of pixels 

in detector(s)
! (G) Highest pulse energies delivered to sample  

(maximise transmission)
! (G) Highest quality wavefront
! (G) Full train rate compatible
!(C) Pulse durations < 10 fs – 100 fs
!(C) Highly spatially coherent beam

Reminder: 
Requirements, Goals and Constraints

[1] A. P. Mancuso and H. N. Chapman, International Workshop on Science with and Instrumentation for Ultrafast Coherent Diffraction Imaging of Single 
Particles, Clusters, and Biomolecules (SPB) at the European XFEL (2011). 

[2] A. P. Mancuso, Conceptual Design Report: Scientific Instrument SPB, 2011. dx.doi.org/10.3204/XFEL.EU/TR-2011-007 

[3] A. P. Mancuso, et al, Technical Design Report: Scientific Instrument SPB, 2013. dx.doi.org/10.3204/XFEL.EU/TR-2013-004
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Henry N. Chapman (henry.chapman@desy.de)

SPB technical design report:
 A. P. Mancuso, et al, Technical Design Report: Scientific Instrument SPB, 2013,   XFEL.EU TR-2013-004
European XFEL technical design report:
 M. Altarelli, et al., Tech. Rep., DESY, Hamburg, Germany (2007),   http://xfel.desy.de/technical_information/tdr/tdr/
AGIPD detector:
 J. Becker at al., JINST 8, P06007 (2013), DOI: 10.1088/1748-0221/8/06/P06007
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The combined contributions of the European XFEL and the Serial 
Femtosecond Crystallography (SFX) user consortium will setup a 
state-of-the-art experimental instrument to study the structure and 
dynamical behaviour of biological samples with x-ray diffractive im-
aging methods at atomic resolution and to initiate and follow conforma-
tional dynamics of these samples with femtosecond time resolution.

Ultrashort x-ray pulses in the range of only a few up to several 100s of 
femtoseconds are so short that the exposure of a sample is over before 
x-ray-induced radiation damage effects take place. Therefore, a radia-
tion dose far above the conventional radiation damage limits can be 
applied to a sample in a “diffraction before destruction” approach. 
Therefore, with such femtosecond snapshots high-resolution diffrac-
tion data can be obtained from samples unperturbed by radiation 
damage effects. At the same time, data collection can be performed at 
room temperature, avoiding cryogenic conditions, which helps to 
keep biological samples close to their native conformation and allows 
for time-resolved studies of dynamical conformational behaviour. 

This approach can be applied to difficult-to-study, precious biological 
samples such as single virus particles, tiny micro-/nanometer-sized 
crystals from large proteins or protein complexes, which were not ac-
cessible by other methods such as conventional x-ray crystallography, 
NMR, or cryo-EM before. The ultimate goal of the SPB/SFX instrument 
is to perform diffraction data collection at atomic resolution from sam-
ples of the size down to single molecules.

The SPB/SFX instrument

Sample delivery/
sample environment

X-ray focussing optics
The upstream interaction region of the SPB/SFX instrument will be 
using x-rays with a photon energy in the range of 3 to 16 keV, fo-
cussed by one of the following Kirkpatrick-Baez (KB) mirror sys-
tems.

Micron-KB system (MKB)
4-bounce system
1000 mm Si substrate,, 950 mm optical surface with two coatings:
 Boron-carbide (B4C) coating (3-8 keV)
 Ruthenium (Ru) coating (8-16 keV)
4 mrad incidence angle
~24 m mirror-sample distance
focus ~1 x 1 μm2 (energy-dependent)

Nano-KB system (NKB)
2-bounce system
1000 mm Si substrate, same coatings 
as for the MKB system
3.5 mrad incidence angle
~2 m mirror-sample distance
focus ~0.1 x 0.1 μm2 (energy-dependent)

The downstream interaction region, serving primarily serial-femto-
second crystallography (and therefore using mostly higher energy 
x-rays in the range of 8 to 16 keV), will be using the primary beam 
coming from the upstream interaction region, refocussed by Beryllium 
compound refractive lenses (CRLs).
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100 fs XFEL.EU rep. rateHybrid pixel array detector, 500 μm Si sensor, 200 x 200 μm2 pixels
Integrating detector, high dynamic range via self-adjusting gain 
(>104 ph/pix/shot @ 12 keV)
Single-photon sensitivity (~300 e- rms noise) 
Single-shot diffraction patterns at 4.5 MHz via temporary storage 
in 352 analogue buffer cells (to accommodate XFEL repetition rate)
Veto capability to maximize output of useful diffraction frames
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Marc Messerschmidt2,3, Steffen Raabe1,2, Nadja Reimers2, Tokushi Sato1,2, Patrik Vagovič1,2, Heinz Graafsma4, Henry N. Chapman1, 
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The SPB/SFX instrument at a glance 8

A. P. Mancuso, et al, Technical Design Report: Scientific Instrument Single Particles, Clusters, and Biomolecules (SPB)  
http://dx.doi.org/10.3204/XFEL.EU/TR-2013-004

SFX ODR 2014

OVERVIEW DESIGN REPORT

The Serial Femtosecond
Crystallography
(SFX) Apparatus
Overview Design
Report (ODR)

April 15, 2014

SPB/SFX Team, Center for Free

Electron Laser Science, DESY,

and European XFEL GmbH
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The combined contributions of the European XFEL and the Serial 
Femtosecond Crystallography (SFX) user consortium will setup a 
state-of-the-art experimental instrument to study the structure and 
dynamical behaviour of biological samples with x-ray diffractive im-
aging methods at atomic resolution and to initiate and follow conforma-
tional dynamics of these samples with femtosecond time resolution.

Ultrashort x-ray pulses in the range of only a few up to several 100s of 
femtoseconds are so short that the exposure of a sample is over before 
x-ray-induced radiation damage effects take place. Therefore, a radia-
tion dose far above the conventional radiation damage limits can be 
applied to a sample in a “diffraction before destruction” approach. 
Therefore, with such femtosecond snapshots high-resolution diffrac-
tion data can be obtained from samples unperturbed by radiation 
damage effects. At the same time, data collection can be performed at 
room temperature, avoiding cryogenic conditions, which helps to 
keep biological samples close to their native conformation and allows 
for time-resolved studies of dynamical conformational behaviour. 

This approach can be applied to difficult-to-study, precious biological 
samples such as single virus particles, tiny micro-/nanometer-sized 
crystals from large proteins or protein complexes, which were not ac-
cessible by other methods such as conventional x-ray crystallography, 
NMR, or cryo-EM before. The ultimate goal of the SPB/SFX instrument 
is to perform diffraction data collection at atomic resolution from sam-
ples of the size down to single molecules.

The SPB/SFX instrument

Sample delivery/
sample environment

X-ray focussing optics
The upstream interaction region of the SPB/SFX instrument will be 
using x-rays with a photon energy in the range of 3 to 16 keV, fo-
cussed by one of the following Kirkpatrick-Baez (KB) mirror sys-
tems.

Micron-KB system (MKB)
4-bounce system
1000 mm Si substrate,, 950 mm optical surface with two coatings:
 Boron-carbide (B4C) coating (3-8 keV)
 Ruthenium (Ru) coating (8-16 keV)
4 mrad incidence angle
~24 m mirror-sample distance
focus ~1 x 1 μm2 (energy-dependent)

Nano-KB system (NKB)
2-bounce system
1000 mm Si substrate, same coatings 
as for the MKB system
3.5 mrad incidence angle
~2 m mirror-sample distance
focus ~0.1 x 0.1 μm2 (energy-dependent)

The downstream interaction region, serving primarily serial-femto-
second crystallography (and therefore using mostly higher energy 
x-rays in the range of 8 to 16 keV), will be using the primary beam 
coming from the upstream interaction region, refocussed by Beryllium 
compound refractive lenses (CRLs).
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100 fs XFEL.EU rep. rateHybrid pixel array detector, 500 μm Si sensor, 200 x 200 μm2 pixels
Integrating detector, high dynamic range via self-adjusting gain 
(>104 ph/pix/shot @ 12 keV)
Single-photon sensitivity (~300 e- rms noise) 
Single-shot diffraction patterns at 4.5 MHz via temporary storage 
in 352 analogue buffer cells (to accommodate XFEL repetition rate)
Veto capability to maximize output of useful diffraction frames
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for SFX, and as second detection plane for SP-CDI
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two movable halves, adjustable central gap
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breadboards for different sample environment designs:
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inline- and other microscope
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R. Bean, A. Aquila, L. Samoylova, A. P. Mancuso, “Design of the mirror optical systems for coherent 
diffractive imaging at the SPB/SFX instrument of the European XFEL”, submitted

!3—16 keV operation range
"3-8 keV B4C coating
"8-16 keV Ru Coating

!100 nm scale and 1µm scale 
focal spots

!2 nm height error specs
! In production
!Probably not day one
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The combined contributions of the European XFEL and the Serial 
Femtosecond Crystallography (SFX) user consortium will setup a 
state-of-the-art experimental instrument to study the structure and 
dynamical behaviour of biological samples with x-ray diffractive im-
aging methods at atomic resolution and to initiate and follow conforma-
tional dynamics of these samples with femtosecond time resolution.

Ultrashort x-ray pulses in the range of only a few up to several 100s of 
femtoseconds are so short that the exposure of a sample is over before 
x-ray-induced radiation damage effects take place. Therefore, a radia-
tion dose far above the conventional radiation damage limits can be 
applied to a sample in a “diffraction before destruction” approach. 
Therefore, with such femtosecond snapshots high-resolution diffrac-
tion data can be obtained from samples unperturbed by radiation 
damage effects. At the same time, data collection can be performed at 
room temperature, avoiding cryogenic conditions, which helps to 
keep biological samples close to their native conformation and allows 
for time-resolved studies of dynamical conformational behaviour. 

This approach can be applied to difficult-to-study, precious biological 
samples such as single virus particles, tiny micro-/nanometer-sized 
crystals from large proteins or protein complexes, which were not ac-
cessible by other methods such as conventional x-ray crystallography, 
NMR, or cryo-EM before. The ultimate goal of the SPB/SFX instrument 
is to perform diffraction data collection at atomic resolution from sam-
ples of the size down to single molecules.

The SPB/SFX instrument

Sample delivery/
sample environment

X-ray focussing optics
The upstream interaction region of the SPB/SFX instrument will be 
using x-rays with a photon energy in the range of 3 to 16 keV, fo-
cussed by one of the following Kirkpatrick-Baez (KB) mirror sys-
tems.

Micron-KB system (MKB)
4-bounce system
1000 mm Si substrate,, 950 mm optical surface with two coatings:
 Boron-carbide (B4C) coating (3-8 keV)
 Ruthenium (Ru) coating (8-16 keV)
4 mrad incidence angle
~24 m mirror-sample distance
focus ~1 x 1 μm2 (energy-dependent)

Nano-KB system (NKB)
2-bounce system
1000 mm Si substrate, same coatings 
as for the MKB system
3.5 mrad incidence angle
~2 m mirror-sample distance
focus ~0.1 x 0.1 μm2 (energy-dependent)

The downstream interaction region, serving primarily serial-femto-
second crystallography (and therefore using mostly higher energy 
x-rays in the range of 8 to 16 keV), will be using the primary beam 
coming from the upstream interaction region, refocussed by Beryllium 
compound refractive lenses (CRLs).
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100 fs XFEL.EU rep. rateHybrid pixel array detector, 500 μm Si sensor, 200 x 200 μm2 pixels
Integrating detector, high dynamic range via self-adjusting gain 
(>104 ph/pix/shot @ 12 keV)
Single-photon sensitivity (~300 e- rms noise) 
Single-shot diffraction patterns at 4.5 MHz via temporary storage 
in 352 analogue buffer cells (to accommodate XFEL repetition rate)
Veto capability to maximize output of useful diffraction frames

AGIPD 4Mpix
(downstream interaction zone)

for SFX, and as second detection plane for SP-CDI
2048 x 1792 pixels
two movable halves, adjustable central gap

He

sample

µm liquid jet

vacuum sample environment
breadboards for different sample environment designs:
 fixed-target stage, including vacuum-load-lock system
 liquid jet systems (Rayleigh droplet jet, gas dynamic virtual nozzle)
 aerosol injector
inline- and other microscope
beam-conditioning devices (apertures)
diagnostics (fluorescence detetors, TOF-MS,...)

Fixed-target stage
+ load lock

Aerosol injector

Gas dynamic
virtual nozzle

Additional information
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SPB/SFX Optics hutch

Micron-scale
KB mirror system

Beam
shutter

Beam
conditioning (slits, etc.)

AGIPD  (Adaptive Gain Integrating Pixel Detector)

AGIPD 1Mpix
(upstream interaction zone)

for single-particle coherent diffractive imaging 
(SP-CDI) and serial femtosecond crystallog-
raphy (SFX)
1024 x 1024 pixels
four movable quadrants, adjustable central 
hole

Upstream
sample chamber

Contact:
Adrian P. Mancuso (adrian.mancuso@xfel.eu)
Henry N. Chapman (henry.chapman@desy.de)

SPB technical design report:
 A. P. Mancuso, et al, Technical Design Report: Scientific Instrument SPB, 2013,   XFEL.EU TR-2013-004
European XFEL technical design report:
 M. Altarelli, et al., Tech. Rep., DESY, Hamburg, Germany (2007),   http://xfel.desy.de/technical_information/tdr/tdr/
AGIPD detector:
 J. Becker at al., JINST 8, P06007 (2013), DOI: 10.1088/1748-0221/8/06/P06007
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The combined contributions of the European XFEL and the Serial 
Femtosecond Crystallography (SFX) user consortium will setup a 
state-of-the-art experimental instrument to study the structure and 
dynamical behaviour of biological samples with x-ray diffractive im-
aging methods at atomic resolution and to initiate and follow conforma-
tional dynamics of these samples with femtosecond time resolution.

Ultrashort x-ray pulses in the range of only a few up to several 100s of 
femtoseconds are so short that the exposure of a sample is over before 
x-ray-induced radiation damage effects take place. Therefore, a radia-
tion dose far above the conventional radiation damage limits can be 
applied to a sample in a “diffraction before destruction” approach. 
Therefore, with such femtosecond snapshots high-resolution diffrac-
tion data can be obtained from samples unperturbed by radiation 
damage effects. At the same time, data collection can be performed at 
room temperature, avoiding cryogenic conditions, which helps to 
keep biological samples close to their native conformation and allows 
for time-resolved studies of dynamical conformational behaviour. 

This approach can be applied to difficult-to-study, precious biological 
samples such as single virus particles, tiny micro-/nanometer-sized 
crystals from large proteins or protein complexes, which were not ac-
cessible by other methods such as conventional x-ray crystallography, 
NMR, or cryo-EM before. The ultimate goal of the SPB/SFX instrument 
is to perform diffraction data collection at atomic resolution from sam-
ples of the size down to single molecules.

The SPB/SFX instrument

Sample delivery/
sample environment

X-ray focussing optics
The upstream interaction region of the SPB/SFX instrument will be 
using x-rays with a photon energy in the range of 3 to 16 keV, fo-
cussed by one of the following Kirkpatrick-Baez (KB) mirror sys-
tems.

Micron-KB system (MKB)
4-bounce system
1000 mm Si substrate,, 950 mm optical surface with two coatings:
 Boron-carbide (B4C) coating (3-8 keV)
 Ruthenium (Ru) coating (8-16 keV)
4 mrad incidence angle
~24 m mirror-sample distance
focus ~1 x 1 μm2 (energy-dependent)

Nano-KB system (NKB)
2-bounce system
1000 mm Si substrate, same coatings 
as for the MKB system
3.5 mrad incidence angle
~2 m mirror-sample distance
focus ~0.1 x 0.1 μm2 (energy-dependent)

The downstream interaction region, serving primarily serial-femto-
second crystallography (and therefore using mostly higher energy 
x-rays in the range of 8 to 16 keV), will be using the primary beam 
coming from the upstream interaction region, refocussed by Beryllium 
compound refractive lenses (CRLs).
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100 fs XFEL.EU rep. rateHybrid pixel array detector, 500 μm Si sensor, 200 x 200 μm2 pixels
Integrating detector, high dynamic range via self-adjusting gain 
(>104 ph/pix/shot @ 12 keV)
Single-photon sensitivity (~300 e- rms noise) 
Single-shot diffraction patterns at 4.5 MHz via temporary storage 
in 352 analogue buffer cells (to accommodate XFEL repetition rate)
Veto capability to maximize output of useful diffraction frames

AGIPD 4Mpix
(downstream interaction zone)

for SFX, and as second detection plane for SP-CDI
2048 x 1792 pixels
two movable halves, adjustable central gap

He

sample

µm liquid jet

vacuum sample environment
breadboards for different sample environment designs:
 fixed-target stage, including vacuum-load-lock system
 liquid jet systems (Rayleigh droplet jet, gas dynamic virtual nozzle)
 aerosol injector
inline- and other microscope
beam-conditioning devices (apertures)
diagnostics (fluorescence detetors, TOF-MS,...)

Fixed-target stage
+ load lock

Aerosol injector

Gas dynamic
virtual nozzle

Additional information
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SPB/SFX Optics hutch

Micron-scale
KB mirror system

Beam
shutter

Beam
conditioning (slits, etc.)

AGIPD  (Adaptive Gain Integrating Pixel Detector)

AGIPD 1Mpix
(upstream interaction zone)

for single-particle coherent diffractive imaging 
(SP-CDI) and serial femtosecond crystallog-
raphy (SFX)
1024 x 1024 pixels
four movable quadrants, adjustable central 
hole

Upstream
sample chamber

Delivery dates: 
Lenses — delivered 
Mechanics –– Q1 2016

Day one focusing system 
To be installed in tunnel to  
produce ~1 µm focal spot 
at the upstream interaction  
region
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SPB/SFX “Day one” overview 11

!Simplified subset of instrumentation for day one
! Initially single photon energy, 60 bunches per train
!One interaction region to start
!Well suited to supporting serial crystallography experiments
!Time schedule compatible with end 2016/start 2017
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Upstream sample environment 12

Diffraction cone 

Catcher 

Time of flight 
detector 

Pump-probe laser 

In-line microscope 

Side view microscope 

Space for liquid jet or aerosol injector 

Both delivery and diagnostic systems are 
included within the sample chamber

Modular sample 
environment, 
includes at day 
one: 

Liquid jet 
Aerosol 
Fixed targets

Test chambers: now 
Chamber delivery date: Nov ’16 

Sample delivery systems: earlier
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Detection — AGIPD 13

AGIPD 1Mpix 
!  Currently: 

"  Final design for integration into the beamline (by 
SPB/SFX) 

"  Assembly of 1Mpix (FS-DS) 

AGIPD 4Mpix 
!  Downstream, for crystallography and 2nd detection plane for upstream experiments 
!  In-vacuum motion (transversal (x) and longitudinal (z)), two movable halves, area 40x40 cm2 
!  Mechanical design with FS-DS, SPB/SFX, and external company 

1Mpx Delivery date 
to XFEL:   Aug ’16
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Boring but important: 
Hutch and infrastructure 14
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Boring but important: 
Hutch and infrastructure 14

and a whole lot more…
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Day one summary
!Limited, day one beam properties 

" 60 bunches / train, ~ 8-9 keV Eph 

!1 µm scale focal spot from CRLs 

!Sample delivery 

" Liquid jet sample delivery 

" Aerosol injection  

" Basic fixed target sample delivery 

!1 Mpx AGIPD for 2D detection 

!Essential diagnostics (inc screens) 

!First “early user” experiments to exploit these parameters

15

AGIPD 1Mpix 
!  Currently: 

"  Final design for integration into the beamline (by 
SPB/SFX) 

"  Assembly of 1Mpix (FS-DS) 

AGIPD 4Mpix 
!  Downstream, for crystallography and 2nd detection plane for upstream experiments 
!  In-vacuum motion (transversal (x) and longitudinal (z)), two movable halves, area 40x40 cm2 
!  Mechanical design with FS-DS, SPB/SFX, and external company 

Contact:
Adrian P. Mancuso (adrian.mancuso@xfel.eu)
Henry N. Chapman (henry.chapman@desy.de)

SPB technical design report:
 A. P. Mancuso, et al, Technical Design Report: Scientific Instrument SPB, 2013,   XFEL.EU TR-2013-004
European XFEL technical design report:
 M. Altarelli, et al., Tech. Rep., DESY, Hamburg, Germany (2007),   http://xfel.desy.de/technical_information/tdr/tdr/
AGIPD detector:
 J. Becker at al., JINST 8, P06007 (2013), DOI: 10.1088/1748-0221/8/06/P06007

Layout of the SPB/SFX instrument

1 µm Focus
KB Mirror System

100 nm Focus
KB Mirror System

SASE1 - Undulator

Beam Offset
Mirror System CRL Refocussing

System

Downstream
Focus

Upstream
Focus

AGIPD-1Mpix
Detector

AGIPD-4Mpix
Detector Beam

Dump

Beam
Diagnostics

SASE1 tunnel

Sample Injection System
Sample Injection System

SPB/SFX Experimental hutch

Pump-probe laser systems

SPB/SFX
optics hutch

The combined contributions of the European XFEL and the Serial 
Femtosecond Crystallography (SFX) user consortium will setup a 
state-of-the-art experimental instrument to study the structure and 
dynamical behaviour of biological samples with x-ray diffractive im-
aging methods at atomic resolution and to initiate and follow conforma-
tional dynamics of these samples with femtosecond time resolution.

Ultrashort x-ray pulses in the range of only a few up to several 100s of 
femtoseconds are so short that the exposure of a sample is over before 
x-ray-induced radiation damage effects take place. Therefore, a radia-
tion dose far above the conventional radiation damage limits can be 
applied to a sample in a “diffraction before destruction” approach. 
Therefore, with such femtosecond snapshots high-resolution diffrac-
tion data can be obtained from samples unperturbed by radiation 
damage effects. At the same time, data collection can be performed at 
room temperature, avoiding cryogenic conditions, which helps to 
keep biological samples close to their native conformation and allows 
for time-resolved studies of dynamical conformational behaviour. 

This approach can be applied to difficult-to-study, precious biological 
samples such as single virus particles, tiny micro-/nanometer-sized 
crystals from large proteins or protein complexes, which were not ac-
cessible by other methods such as conventional x-ray crystallography, 
NMR, or cryo-EM before. The ultimate goal of the SPB/SFX instrument 
is to perform diffraction data collection at atomic resolution from sam-
ples of the size down to single molecules.

The SPB/SFX instrument

Sample delivery/
sample environment

X-ray focussing optics
The upstream interaction region of the SPB/SFX instrument will be 
using x-rays with a photon energy in the range of 3 to 16 keV, fo-
cussed by one of the following Kirkpatrick-Baez (KB) mirror sys-
tems.

Micron-KB system (MKB)
4-bounce system
1000 mm Si substrate,, 950 mm optical surface with two coatings:
 Boron-carbide (B4C) coating (3-8 keV)
 Ruthenium (Ru) coating (8-16 keV)
4 mrad incidence angle
~24 m mirror-sample distance
focus ~1 x 1 μm2 (energy-dependent)

Nano-KB system (NKB)
2-bounce system
1000 mm Si substrate, same coatings 
as for the MKB system
3.5 mrad incidence angle
~2 m mirror-sample distance
focus ~0.1 x 0.1 μm2 (energy-dependent)

The downstream interaction region, serving primarily serial-femto-
second crystallography (and therefore using mostly higher energy 
x-rays in the range of 8 to 16 keV), will be using the primary beam 
coming from the upstream interaction region, refocussed by Beryllium 
compound refractive lenses (CRLs).
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100 fs XFEL.EU rep. rateHybrid pixel array detector, 500 μm Si sensor, 200 x 200 μm2 pixels
Integrating detector, high dynamic range via self-adjusting gain 
(>104 ph/pix/shot @ 12 keV)
Single-photon sensitivity (~300 e- rms noise) 
Single-shot diffraction patterns at 4.5 MHz via temporary storage 
in 352 analogue buffer cells (to accommodate XFEL repetition rate)
Veto capability to maximize output of useful diffraction frames

AGIPD 4Mpix
(downstream interaction zone)

for SFX, and as second detection plane for SP-CDI
2048 x 1792 pixels
two movable halves, adjustable central gap

He

sample

µm liquid jet

vacuum sample environment
breadboards for different sample environment designs:
 fixed-target stage, including vacuum-load-lock system
 liquid jet systems (Rayleigh droplet jet, gas dynamic virtual nozzle)
 aerosol injector
inline- and other microscope
beam-conditioning devices (apertures)
diagnostics (fluorescence detetors, TOF-MS,...)

Fixed-target stage
+ load lock

Aerosol injector

Gas dynamic
virtual nozzle

Additional information
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Overall summary
!3–16 keV instrument, 100 nm scale and 1 µm  

scale focal spots 

!CRL refocussing for 2nd interaction region 

!Two 2D detectors (AGIPD 1Mpx and 4Mpx) 

!Additional “nice to have” diagnostics 

!Transition from “day one” to “full” (two interaction regions) will 
occur over one (1) year from “early user experiments” 

!Tight but feasible time schedule to “day one”
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AGIPD detector:
 J. Becker at al., JINST 8, P06007 (2013), DOI: 10.1088/1748-0221/8/06/P06007
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The combined contributions of the European XFEL and the Serial 
Femtosecond Crystallography (SFX) user consortium will setup a 
state-of-the-art experimental instrument to study the structure and 
dynamical behaviour of biological samples with x-ray diffractive im-
aging methods at atomic resolution and to initiate and follow conforma-
tional dynamics of these samples with femtosecond time resolution.

Ultrashort x-ray pulses in the range of only a few up to several 100s of 
femtoseconds are so short that the exposure of a sample is over before 
x-ray-induced radiation damage effects take place. Therefore, a radia-
tion dose far above the conventional radiation damage limits can be 
applied to a sample in a “diffraction before destruction” approach. 
Therefore, with such femtosecond snapshots high-resolution diffrac-
tion data can be obtained from samples unperturbed by radiation 
damage effects. At the same time, data collection can be performed at 
room temperature, avoiding cryogenic conditions, which helps to 
keep biological samples close to their native conformation and allows 
for time-resolved studies of dynamical conformational behaviour. 

This approach can be applied to difficult-to-study, precious biological 
samples such as single virus particles, tiny micro-/nanometer-sized 
crystals from large proteins or protein complexes, which were not ac-
cessible by other methods such as conventional x-ray crystallography, 
NMR, or cryo-EM before. The ultimate goal of the SPB/SFX instrument 
is to perform diffraction data collection at atomic resolution from sam-
ples of the size down to single molecules.

The SPB/SFX instrument

Sample delivery/
sample environment

X-ray focussing optics
The upstream interaction region of the SPB/SFX instrument will be 
using x-rays with a photon energy in the range of 3 to 16 keV, fo-
cussed by one of the following Kirkpatrick-Baez (KB) mirror sys-
tems.

Micron-KB system (MKB)
4-bounce system
1000 mm Si substrate,, 950 mm optical surface with two coatings:
 Boron-carbide (B4C) coating (3-8 keV)
 Ruthenium (Ru) coating (8-16 keV)
4 mrad incidence angle
~24 m mirror-sample distance
focus ~1 x 1 μm2 (energy-dependent)

Nano-KB system (NKB)
2-bounce system
1000 mm Si substrate, same coatings 
as for the MKB system
3.5 mrad incidence angle
~2 m mirror-sample distance
focus ~0.1 x 0.1 μm2 (energy-dependent)

The downstream interaction region, serving primarily serial-femto-
second crystallography (and therefore using mostly higher energy 
x-rays in the range of 8 to 16 keV), will be using the primary beam 
coming from the upstream interaction region, refocussed by Beryllium 
compound refractive lenses (CRLs).
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100 fs XFEL.EU rep. rateHybrid pixel array detector, 500 μm Si sensor, 200 x 200 μm2 pixels
Integrating detector, high dynamic range via self-adjusting gain 
(>104 ph/pix/shot @ 12 keV)
Single-photon sensitivity (~300 e- rms noise) 
Single-shot diffraction patterns at 4.5 MHz via temporary storage 
in 352 analogue buffer cells (to accommodate XFEL repetition rate)
Veto capability to maximize output of useful diffraction frames

AGIPD 4Mpix
(downstream interaction zone)

for SFX, and as second detection plane for SP-CDI
2048 x 1792 pixels
two movable halves, adjustable central gap

He

sample

µm liquid jet

vacuum sample environment
breadboards for different sample environment designs:
 fixed-target stage, including vacuum-load-lock system
 liquid jet systems (Rayleigh droplet jet, gas dynamic virtual nozzle)
 aerosol injector
inline- and other microscope
beam-conditioning devices (apertures)
diagnostics (fluorescence detetors, TOF-MS,...)

Fixed-target stage
+ load lock

Aerosol injector

Gas dynamic
virtual nozzle

Additional information
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" Poster #2 – S. Stern, et al, SPB/SFX Instrument

Do you want to know more?

! Or talk to us anytime 
" For more details contact: adrian.mancuso@xfel.eu
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The combined contributions of the European XFEL and the Serial 
Femtosecond Crystallography (SFX) user consortium will setup a 
state-of-the-art experimental instrument to study the structure and 
dynamical behaviour of biological samples with x-ray diffractive im-
aging methods at atomic resolution and to initiate and follow conforma-
tional dynamics of these samples with femtosecond time resolution.

Ultrashort x-ray pulses in the range of only a few up to several 100s of 
femtoseconds are so short that the exposure of a sample is over before 
x-ray-induced radiation damage effects take place. Therefore, a radia-
tion dose far above the conventional radiation damage limits can be 
applied to a sample in a “diffraction before destruction” approach. 
Therefore, with such femtosecond snapshots high-resolution diffrac-
tion data can be obtained from samples unperturbed by radiation 
damage effects. At the same time, data collection can be performed at 
room temperature, avoiding cryogenic conditions, which helps to 
keep biological samples close to their native conformation and allows 
for time-resolved studies of dynamical conformational behaviour. 

This approach can be applied to difficult-to-study, precious biological 
samples such as single virus particles, tiny micro-/nanometer-sized 
crystals from large proteins or protein complexes, which were not ac-
cessible by other methods such as conventional x-ray crystallography, 
NMR, or cryo-EM before. The ultimate goal of the SPB/SFX instrument 
is to perform diffraction data collection at atomic resolution from sam-
ples of the size down to single molecules.

The SPB/SFX instrument

Sample delivery/
sample environment

X-ray focussing optics
The upstream interaction region of the SPB/SFX instrument will be 
using x-rays with a photon energy in the range of 3 to 16 keV, fo-
cussed by one of the following Kirkpatrick-Baez (KB) mirror sys-
tems.

Micron-KB system (MKB)
4-bounce system
1000 mm Si substrate,, 950 mm optical surface with two coatings:
 Boron-carbide (B4C) coating (3-8 keV)
 Ruthenium (Ru) coating (8-16 keV)
4 mrad incidence angle
~24 m mirror-sample distance
focus ~1 x 1 μm2 (energy-dependent)

Nano-KB system (NKB)
2-bounce system
1000 mm Si substrate, same coatings 
as for the MKB system
3.5 mrad incidence angle
~2 m mirror-sample distance
focus ~0.1 x 0.1 μm2 (energy-dependent)

The downstream interaction region, serving primarily serial-femto-
second crystallography (and therefore using mostly higher energy 
x-rays in the range of 8 to 16 keV), will be using the primary beam 
coming from the upstream interaction region, refocussed by Beryllium 
compound refractive lenses (CRLs).
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100 fs XFEL.EU rep. rateHybrid pixel array detector, 500 μm Si sensor, 200 x 200 μm2 pixels
Integrating detector, high dynamic range via self-adjusting gain 
(>104 ph/pix/shot @ 12 keV)
Single-photon sensitivity (~300 e- rms noise) 
Single-shot diffraction patterns at 4.5 MHz via temporary storage 
in 352 analogue buffer cells (to accommodate XFEL repetition rate)
Veto capability to maximize output of useful diffraction frames

AGIPD 4Mpix
(downstream interaction zone)

for SFX, and as second detection plane for SP-CDI
2048 x 1792 pixels
two movable halves, adjustable central gap

He

sample

µm liquid jet

vacuum sample environment
breadboards for different sample environment designs:
 fixed-target stage, including vacuum-load-lock system
 liquid jet systems (Rayleigh droplet jet, gas dynamic virtual nozzle)
 aerosol injector
inline- and other microscope
beam-conditioning devices (apertures)
diagnostics (fluorescence detetors, TOF-MS,...)

Fixed-target stage
+ load lock

Aerosol injector

Gas dynamic
virtual nozzle

Additional information
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Micron-scale
KB mirror system

Beam
shutter

Beam
conditioning (slits, etc.)

AGIPD  (Adaptive Gain Integrating Pixel Detector)

AGIPD 1Mpix
(upstream interaction zone)

for single-particle coherent diffractive imaging 
(SP-CDI) and serial femtosecond crystallog-
raphy (SFX)
1024 x 1024 pixels
four movable quadrants, adjustable central 
hole

Upstream
sample chamber

www.xfel.eu 

SPB/SFX Sample Environment at the European XFEL 

The goal of the Single Particles, clusters, and Biomolecules and 
Serial Femtosecond Crystallography (SPB/SFX) instrument is to 
support imaging and structure determination of single particles, 
atomic clusters, biomolecules, virus particles and cells. 
 
The high photon flux and the short x-ray pulses make the 
European XFEL Facility an excellent source for crystallography 
and imaging of biological samples with sizes below about a 
micrometer. The SPB/SFX instrument is primarily designed for 
these experiments. The Sample Environment group develops 
state-of-the-art sample environment systems for all scientific 
instruments. For the SPB/SFX instrument the group coordinates 
in-house and SFX user contributions. 

SPB/SFX user contributions  
 

Sample environments 
� Liquid jet setup 
� Aerosols setup 
� Fixed target setup 

 

 

 

 

 

 

 

 

 

 

 

 

Prasad Thute1, Henry Chapman2, Bruce Doak3, Rita Graceffa1, Lars Gumprecht2, Siegfried Imlau2, Kristina Lorenzen1, Alke 
Meents2, Tatiana Safenreiter2, Ilme Schlichting3, Robert Shoeman3, and Joachim Schulz1 
1 European XFEL GmbH, Albert-Einstein-Ring 19, 22761 Hamburg, Germany 
2 Center for Free-Electron Laser Science, c/o DESY, Bldg. 99, Luruper Chaussee 149, 22761 Hamburg, Germany  
3 Max Planck Institute for Medical Research, Jahnstraße 29, 69120 Heidelberg, Germany 

Diagnostics 
� Overview camera 
� Sample microscopes 
� Illumination 
� Ion time-of-flight detector 

European XFEL Users’ Meeting 2016 

Typical samples 
� Micro to nano sized protein crystals  
� Single living cells, viruses, organelles 
� Proteins and complexes 
� Metal nanocrystals, quantum dots 
� Other finite-sized inorganic samples. 

 
 

Diffraction cone 

Catcher 

Time of flight detector Pump-probe laser 

In-line microscope 

Side view microscope 

Space for liquid jet 
or aerosol injector 

Auxiliary systems 
� Pressure systems 
�  Nozzle fabrication 
� Test chambers 

 
 

Beamline 
components 
� Apertures 
� Laser in and out-coupling  
� Detector protection 

Sample delivery 
� Liquid jets 
� Aerodynamic lens  
� Simple fixed target holder 
� Catcher components 

Aerodynamic lens Injection of aerosols into vacuum has been a 
successful sample preparation method for imaging experiments at Free 
Electron Lasers. Aerodynamic lenses allow to focus a stream of aerosol 
particles into the interaction region of an FEL. An aerodynamic lens system will 
be provided as a Swedish in-kind contribution by Janos Hajdu’s group from 
Uppsala University. . 

Liquid jets are used for sample species that require complete solvation and an 
electrically neutral environment to maintain their structural integrity. The Sample 
Environment Group and the Max-Planck-Institut für medizinische Forschung, 
Heidelberg are developing the European XFEL set-up. The picture shows a test 
chamber at the European XFEL Laboratory. 

Day-one sample environment 

Conceptual design of the up-stream sample environment of SPB/SFX  

! There’s much more to know: 
" See on Friday: 

" Poster #19 – P. Thute, et al, SPB/SFX Sample environment

" Poster #66 – V. Lyamayev, et al, 
Photon Beam-stop for the SPB/SFX Instrument

" Poster #78 – P. Vagovic, et al,  
Monitoring the wave front by means of single 2D phase grating

" Poster #136 – T. Sato, et al, Instrument laser hutch of SPB/SFX

" Poster #254 – C. Fortmann-Grote, et al, Start-to-End Simulation of Experiment

" Or anytime this week: 
" Talk to any of the team–at the posters, dinner, lunch, etc
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Even more relevant posters…

" Poster #27 – A. Allahgholli, et al,  
AGIPD - The Adaptive Gain Integrating Pixel Detector 

" Poster #122 – J. Sztuk-Dambietz, et al,  
Laboratory Infrastructure for Detector Calibration and Characterization at XFEL.EU 

" Poster # 123 – S. Hauf, et al,  
Calibration Processing at the European XFEL 

" Poster #11 – K. Giewekemeyer, et al, 
Tomography of a Cryo-immobilized Yeast Cell Using Ptychographic Coherent X-Ray 
Diffractive Imaging 

" Poster #12 – K. Giewekemeyer, et al,  
Towards 3D Single Particle Imaging using a model, non-crystalline system with weak 
3D diffraction data 

" Poster #348 – R. Kurta, et al, 
X-ray cross-correlation analysis of single-particle scattering with an XFEL  
 
and much more…

18
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SPB/SFX Instrument team & friends 19
! SPB/SFX 

" Zunaira Ansari 
" Richard Bean  
" Gannon Borchers  
" Carsten Fortmann-Grote 
" Klaus Giewekemeyer 
" Oliver Kelsey 
" Luis Lopez Morillo 
" Masoud Mehrjoo 
" Marc Messerschmidt 

(Sci computing & controls) 
" Steffen Raabe 
" Nadja Reimers  
" Tokushi Sato 
" Andrew Stawniczy 
" Stephan Stern 
" Prasad Thute  

(Sample environment) 
" Patrik Vagovic

A. P. Mancuso, A. Aquila, G. Borchers, K. 
Giewekemeyer & N. Reimers,  
Technical Design Report: Scientific Instrument 
SPB, 2013. dx.doi.org/10.3204/XFEL.EU/
TR-2013-004

Many thanks to Steve Readman for exceptional assistance with the project plan, and the SFX Executive Board for very 
constructive collaboration and support. Particular thanks to all European XFEL groups supporting (too many to mention).
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