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In detector(s)

(G) Highest pulse energies delivered to sample
(maximise transmission)
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European Reminder:
XFEL | Requirements, Goals and Constraints

(R) 3—16 keV, forward scattering instrument
(R) Micron-scale and 100 nm scale focal spots

(R) High dynamic range, single photon sensitivity and large number of pixels

In detector(s)

(G) Highest pulse energies delivered to sample
(maximise transmission)

Photon energy [keV] 2.76 4.96

FWHM pulse length [fs]
FWHM bandwidth [%)]
Bunch charge [nC]
RMS electron energy
jitter [MeV]

Expected FWHM
wavelength jitter? [%]

(C) Pulse durations < 10 fs — 100 fs  Eesai™

Source size [um]
Source divergence [prad]
Coherence degree

(C) 930 m to source (large beam at exp. hall)

Electron energy: 17.5 GeV

8.27

1.68
0.21
0.02
4.10

0.11

0.06
8.09e-2
48.1
28.6
2.83
0.96

107
0.14
1.00
2.00

0.05

2.29
3.04
28.4
43.0
1.91
0.941

12.4

1.68
0.18
0.02
4.10

0.11

0.032
6.35e-2
37.8
27.3
2.00
0.96

107
0.12
1.00
2.00

0.05

0.91
1.80
16.8
42.7
1.35
0.82

15.5

1.68
0.16
0.02
4.10

0.11

0.02
5.36e-2
31.9
26.5
1.65
0.96

[1]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

[4] E. A. Schneidmiller and M. V. Yurkov, “Photon beam properties at the European XFEL (Dec 2010 revision).”
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1.00
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0.58
1.43
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0.71
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Both optics span the entire energy range with no gaps
Mirror coatings tested and expected to survive XFEL beam @ 4mrad
Can leave 100 nm mirrors coarsely aligned while using the micron scale optics

2nd interaction region in hutch for additional parasitic experiments (SFX
consortium, Chapman et al)
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Both optics span the entire energy range with no gaps
Mirror coatings tested and expected to survive XFEL beam @ 4mrad
Can leave 100 nm mirrors coarsely aligned while using the micron scale optics

2nd interaction region in hutch for additional parasitic experiments (SFX
consortium, Chapman et al)

* For more info than you'll ever need about these optics, speak with Andrew Aquila
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Sample delivery systems and chamber

Injected sample systems
= [iquid jet injection (primary crystal delivery system)

>Rayleigh jets (@ > 5 um)
>Gas nozzle jets (@ < 2 um)

= aerosol injection
>Uppsala model
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>Gas nozzle jets (@ < 2 um)

= aerosol injection
>Uppsala model
Sample stages for fixed targets

= various commercial solutions
available
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Sample delivery systems and chamber

Injected sample systems
= [iquid jet injection (primary crystal delivery system)
>Rayleigh jets (2 > 5 ym)
>Gas nozzle jets (@ < 2 um)

= aerosol injection
>Uppsala model
Sample stages for fixed targets

= various commercial solutions
available

Optional (possible) extras
= jon injection (mass spectrometry)
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Sample delivery systems and chamber

Injected sample systems
= [iquid jet injection (primary crystal delivery system)
>Rayleigh jets (2 > 5 ym)
>Gas nozzle jets (@ < 2 um)

= aerosol injection
>Uppsala model
Sample stages for fixed targets

= various commercial solutions
available

Optional (possible) extras
= jon injection (mass spectrometry)
Single, large chamber design

= inc. breadboard for rapid changes
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Injected sample systems

The Single Particles, Clusters and Biomolecules (SPB) instrument at the European XFEL

Sample delivery systems and chamber

= liquid jet injection (primary crystal delivery system)

>Rayleigh jets (@ > 5 um)
>Gas nozzle jets (@ < 2 um)

= aerosol injection
>Uppsala model
Sample stages for fixed targets

= various commercial solutions
available

Optional (possible) extras
= jon injection (mass spectrometry)
Single, large chamber design

= inc. breadboard for rapid changes

Sample environment group of
J. Schulz (WP-79) responsible
for general sample delivery for
all instruments
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The Single Particles, Clusters and Biomolecules (SPB) instrument at the European XFEL
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A source and instrumentation for better sample
XFEL ] consumption

Repetition rate
= SACLA-20 Hz
| CLS -120 Hz

= European XFEL - effectively 3500 Hz
(given by detector limit-
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EuXFEL WP-75 Detector Development

European

Adaptive Gain Integrating Pixel Detector

XFEL

High repetition rate (4.5 MHz) 1MPix imaging detector

INPINSUS Parameter ___|AGIPD

single . | | | 7 ]
hibc module .
ehip | 2x8 chips/module Energy Range 3-16 keV
modules/quadrant Dynamic Range 104 ph @12 keV
4 quadrants/detector _
EENN e EEEE Single Photon Sens  Yes —> Noise ~350e- rms
~|quadrant
HHHH Storage cells/pixel 352 (analog)
Pixel size 200x200 um? (squared)
Variable hole Yes—> four independently
movable quadrants
Status

Veto capability Yes

The full scale chip AGIPD1.0 exists TR
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

10 20 30 40 50 60
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Detection geometry requirements

See: K. Giewekemeyer, M. Turcato, A. P. Mancuso, “Detector Geometries for Coherent X-Ray Diffractive Imaging at the SPB
Instrument”, European XFEL Technical Report, XFEL.EU Technical Report (2013) doi:10.3204/XFEL.EU/TR-2013-007.
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Detection geometry requirements

Key points:

See: K. Giewekemeyer, M. Turcato, A. P. Mancuso, “Detector Geometries for Coherent X-Ray Diffractive Imaging at the SPB
Instrument”, European XFEL Technical Report, XFEL.EU Technical Report (2013) doi:10.3204/XFEL.EU/TR-2013-007.
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Detection geometry requirements

Key points:
= Sample to detector distance

See: K. Giewekemeyer, M. Turcato, A. P. Mancuso, “Detector Geometries for Coherent X-Ray Diffractive Imaging at the SPB
Instrument”, European XFEL Technical Report, XFEL.EU Technical Report (2013) doi:10.3204/XFEL.EU/TR-2013-007.
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Detection geometry requirements

Key points:
= Sample to detector distance
Close for nanocryst (~13 cm)

See: K. Giewekemeyer, M. Turcato, A. P. Mancuso, “Detector Geometries for Coherent X-Ray Diffractive Imaging at the SPB
Instrument”, European XFEL Technical Report, XFEL.EU Technical Report (2013) doi:10.3204/XFEL.EU/TR-2013-007.
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Detection geometry requirements

Key points:

= Sample to detector distance
Close for nanocryst (~13 cm)
Far for imaging (~12 m)

See: K. Giewekemeyer, M. Turcato, A. P. Mancuso, “Detector Geometries for Coherent X-Ray Diffractive Imaging at the SPB
Instrument”, European XFEL Technical Report, XFEL.EU Technical Report (2013) doi:10.3204/XFEL.EU/TR-2013-007.
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Detection geometry requirements

Key points:

= Sample to detector distance
Close for nanocryst (~13 cm)
Far for imaging (~12 m)

= Detector’s Central hole size

See: K. Giewekemeyer, M. Turcato, A. P. Mancuso, “Detector Geometries for Coherent X-Ray Diffractive Imaging at the SPB
Instrument”, European XFEL Technical Report, XFEL.EU Technical Report (2013) doi:10.3204/XFEL.EU/TR-2013-007.
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Detection geometry requirements

Key points:

= Sample to detector distance
Close for nanocryst (~13 cm)
Far for imaging (~12 m)

= Detector’s Central hole size

Must vary for different
applications

See: K. Giewekemeyer, M. Turcato, A. P. Mancuso, “Detector Geometries for Coherent X-Ray Diffractive Imaging at the SPB
Instrument”, European XFEL Technical Report, XFEL.EU Technical Report (2013) doi:10.3204/XFEL.EU/TR-2013-007.
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Detection geometry requirements

Key points:

= Sample to detector distance
Close for nanocryst (~13 cm)
Far for imaging (~12 m)

= Detector’s Central hole size

Must vary for different
applications

* Imaging requires 2nd plane

See: K. Giewekemeyer, M. Turcato, A. P. Mancuso, “Detector Geometries for Coherent X-Ray Diffractive Imaging at the SPB
Instrument”, European XFEL Technical Report, XFEL.EU Technical Report (2013) doi:10.3204/XFEL.EU/TR-2013-007.
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Detection geometry requirements

Key points:

= Sample to detector distance
Close for nanocryst (~13 cm)
Far for imaging (~12 m)

= Detector’s Central hole size

Must vary for different
applications

* Imaging requires 2nd plane
= Mechanical integration

See: K. Giewekemeyer, M. Turcato, A. P. Mancuso, “Detector Geometries for Coherent X-Ray Diffractive Imaging at the SPB
Instrument”, European XFEL Technical Report, XFEL.EU Technical Report (2013) doi:10.3204/XFEL.EU/TR-2013-007.
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Detection geometry requirements

Key points:

= Sample to detector distance
Close for nanocryst (~13 cm)
Far for imaging (~12 m)

= Detector’s Central hole size

Must vary for different
applications

* Imaging requires 2nd plane
= Mechanical integration
Tricky

See: K. Giewekemeyer, M. Turcato, A. P. Mancuso, “Detector Geometries for Coherent X-Ray Diffractive Imaging at the SPB
Instrument”, European XFEL Technical Report, XFEL.EU Technical Report (2013) doi:10.3204/XFEL.EU/TR-2013-007.
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Detection geometry requirements

Key points:

= Sample to detector distance
Close for nanocryst (~13 cm)
Far for imaging (~12 m)

= Detector’s Central hole size

Must vary for different
applications

* Imaging requires 2nd plane
= Mechanical integration
Tricky
Must satisfy points above

See: K. Giewekemeyer, M. Turcato, A. P. Mancuso, “Detector Geometries for Coherent X-Ray Diffractive Imaging at the SPB
Instrument”, European XFEL Technical Report, XFEL.EU Technical Report (2013) doi:10.3204/XFEL.EU/TR-2013-007.
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Detection geometry requirements

Key points:
= Sample to detector distance
Close for nanocryst (~13 cm)

Far for imaging (~12 m) 200
* Detector's Central hole size
Must vary for different E“”"’
applications
. Imaging requires 2nd plane o
= Mechanical integration oy
Tricky
Must satisfy points above 046810121416

E/keV

See: K. Giewekemeyer, M. Turcato, A. P. Mancuso, “Detector Geometries for Coherent X-Ray Diffractive Imaging at the SPB
Instrument”, European XFEL Technical Report, XFEL.EU Technical Report (2013) doi:10.3204/XFEL.EU/TR-2013-007.
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Detection geometry requirements

Combined diffraction pattern with noise, info for upstream detector

— Non-—sensitive central region corresponds to 133 % of sample size.

Key points: N
= Sample to detector distance
Close for nanocryst (~13 cm)

0.1

Far for imaging (~12 m) -
= Detector’s Central hole size ¢ ° 1y

Must vary for different

-0.1F Photon energy: 5.000 keV

applications @@@!W
) _

Max. sample extension: 500 nm

= Imaging requires 2nd plane =
= Mechanical integration .

Beam width, FWHM (mm, ca.): 0.35 i

-0.15F Hole size (mm): 9.80

P . DU S P PP U U0 U S P AP SO PP

Must satisfy points above = o )

E/keV

N

Photons (log10—scale)

1
N

See: K. Giewekemeyer, M. Turcato, A. P. Mancuso, “Detector Geometries for Coherent X-Ray Diffractive Imaging at the SPB

Instrument”, European XFEL Technical Report, XFEL.EU Technical Report (2013) doi:10.3204/XFEL.EU/TR-2013-007.
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AGIPD Mechanical integration
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Status update: SPB instrument
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AGIPD Mechanical integration

“Correct” mechanical integration
essential to support science
cases
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AGIPD Mechanical integration

“Correct” mechanical integration

essential to support science
cases

Min. sample-detector distance
now 134 mm
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Status update: SPB instrument

European

XFEL

AGIPD Mechanical integration

“Correct” mechanical integration

essential to support science
cases

Min. sample-detector distance
now 134 mm

= Unlikely to improve significantly
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Status update: SPB instrument
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AGIPD Mechanical integration

“Correct” mechanical integration

essential to support science
cases

Min. sample-detector distance
now 134 mm

= Unlikely to improve significantly
Requires:
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Status update: SPB instrument

European
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AGIPD Mechanical integration

“Correct” mechanical integration
essential to support science
cases

Min. sample-detector distance
now 134 mm

= Unlikely to improve significantly
Requires:
*» sample chamber compromises
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AGIPD Mechanical integration

“Correct” mechanical integration

essential to support science
cases

Min. sample-detector distance
now 134 mm

= Unlikely to improve significantly
Requires:

*» sample chamber compromises
= custom bellows
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Status update: SPB instrument

European

XFEL

AGIPD Mechanical integration

“Correct” mechanical integration
essential to support science
cases

Min. sample-detector distance
now 134 mm

= Unlikely to improve significantly
Requires:

*» sample chamber compromises
= custom bellows

= 500 mm gate valve welded in
sample chamber wall
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