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Standardization of SRUCT for high throughput
maintaining the dynamic range and contrast

F. Beckmann: GKSS-Research Centre Geesthacht

HDRI-Workshop: Standard Data Formats, 27t" November 2010
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nutzen GKSS Beamlines @ DESY for SR-CT
DORIS Il PETRA I
Tomography Micro and Nano High Energy
BW2 HARWI Tomography | Materials Science
X-ray energies 7 - 24 keV 20 - 250 keV 5 - 50 keV 50 - 300 keV
field of view up to 20x4mm | up to 70x8mm up to 5 x 0.9 mm up to 6 x 1.2 mm

@ 87.5 m, low-f3 @ 100 m, low-f3

coherence no no yes yes
spatial resolution 2 um 3 um 0.7um /< 100nm 0.7 um
phase contrast yes yes yes yes
(interferometer) (DPC)
@'HELMHOLTZ
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GKSS

Forschun trum Geesthacht
Research Center Geesthach!

HASYLAB

Hamburger Synchrotronstrahlungslabor
X1 Hambrg Synchroiron Radkabon Laboratory

Microtomoqraphy using SR

Beamline W2 (HARWI-II)
Photon energy: 20 — 250 keV
Beam size: 70 mm X 7 mm

Beamline BW?2
Photon energy: 7 — 24 keV
Beam size: 20 mm x 4 mm

BEwa

EMBL - we MPG
Eurgpiisches Laboratorium ) K BWT Max-Planck.Gesellschaft
fiir Molekularbiologie Max Planck Sociely
European Molecular
Biglagy Labovalary
ﬁ HELMHOLTZ
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motor controllers Bluetooth bridge .
(x/y/z-translation ™ e Ph70tor2]4€r|le(/gy.
&nrotaien age) rotating platform with sliding contacts - €
sample manipulator stage Field of view:
20 x 4 mm?

Spatial resolution:

CCD Up to 2 ym
lens
monochromatic luminescent screen
X-ray beam B
f/f; HELMHOLTZ
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SRuCT at BW2

42 million-year-old fossil TMengea tertiara (Insecta, Strepsiptera)

In cooperation with H. Pohl: Entomology Group, FSU Jena

Institut flr Spezielle Zoologie und Evolutionsbiologie mit Phyletischem Museum Z ..\ o172
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o SRUCT 8t BW2 A css

42 million-year-old fossil TMengea tertiara (Insecta, Strepsiptera)

Photon energy: 11.5 keV
Sample volume: 5x 4 x 2 mm?

Increase in density resolution by:
rotation axis at the side, 360° scan,
resulting in 720 projections (step 0.25°)

Pohl, H., Wipfler, B., Grimaldi, D., Beckmann F. & Beutel, R.G., “Reconstructing the anatomy of
the 42 million-year-old fossil TMengea tertiara (Insecta, Strepsiptera)”. Naturwissenschaften, (in press):
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experimental hutch beamline optics

\ -
beam shutter \ N m
; : q / .__'\ % - filter
. ! beam shutter

EG) ® o /. R\ 4 e==
. e : _ DORIS
- - B A - L — DESY-DORIS storage ring
[N LA beam stop | injection tunnel ) ]
gy 7 wiggler gap: 16 mm
GFZ Potsdam P ! N M H H
h s P S monochromato installed filter; 20 mm C, 2 mm Cu
control hutch HE= [/

crystal: bent Laue, thickness 1.5 mm

photon energy: 180 keV

field of view:
28.8 X 5.0 mm?

measured spatial resolution:
20 um
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t High-Energy SRUCT of stepper motor

LEG 1

GKSS

photon energy: 180 keV
beamline: HARWI 11

reconstructed volume: 18.1 x 17.0 x 46.8 mm?
measured spatial resolution: 20 ym

tomographical scans at 10 different sample heights B veimnoins
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Implants GKSS

WE 43

Yttrium
Neodymium

Mg not visualized

HARWI II

In cooperation with
F. Witte: MHH Hannover
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G2 G1 GO

— I sample B
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X-ray grating interferometer for imaging at a second-generation
synchrotron radiation source: Julia Herzen, et al., SPIE 7804-6, 2010.

PhD thesis J. Herzen, in cooperation with C. David, PSI, and F. Pfeiffer, TUM
ﬁHELMHOLTZ
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schaf DPC @ HARWI II: urethra (male) GKSS
Micro-morphology of biological tissue
Bert Muller, et al., SPIE 7804-12, 2010.
@'HELMHOLTZ
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— = ging Beam ine IBL @ GKSS

Optics Hutch o TS )
* double crystal monochromator R 5 Py

» double multilayer monochromator
* energy range 5-50 keV

2nd Experimental Hutch /
Micro Tomography (< 1um)
« absorption tomography

* phase contrast / holo tomography

control cabin

>
1st Experimental Hutch /
Nano Tomography (<100 nm)
» tomographic microscopy with CRLs
« cone beam tomography with NFLs

_____

temperature
lock rooms

. . ﬁHELMHOLTZ
hard X-ray micro and nanoprobe beamline. | ASSOCIATION

Fege SPIE Optics + Photonics 2010, San Diego




o Micro Tomography @ IBL M GKSS

nutzen Setup
= sample B e
sample stage AN
Tt R T (R BT 2 11\ HRER % i, =N

la’i.\o ((\ . " ' L
WO ge? ~ 7 detector system
o“ o0& ¢ .
NIRRT . s L
¢ A
N = : e

" granite substructure

Micro tomography hutch:

« field of view: 1.2x5.6 mm (FWHM) @ 87m

 absorption, phase enhanced and phase contrast tomography
« spatial resolution < 1 ym

* in situ experiments
« complementary experiments (e.g. diffraction, fluorescence) 7 wewnovrz
| ASSOCIATION
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sé'h_aft Micro Tomography

Setun GKSS

Rotation stages
~(inner air bearing stage
coupled with an outer

Lift stages B8 otation stage equipped
(£20/80 mm, with slip rings)
pitch, roll) X

r

Detector stage
» (air bearin
X (@ 9)

I 3
— F
e
- =
&

Translation
stage (air bearing)
» T@

ol | ift stages
(£20/80 mm,
pitch, roll)
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e }n-——“}_. -

single grain
e orientation
e stress

beam paths reveal
diffraction angles and
grain position

here: ESRF
future: HEMS
(GKSS@PETRA II)

A. King et al., Science 321, 382 (2008) 4 " AssociaTion
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“Wt Experimental goals and requirements ﬂss

- Establish self describing investigation method

- High sample throughput maintaining high quality tomograms
- Sample changer for pre-characterization and measurement

- Single software solution for different experimental methods

New software environment has to be build

High Data Rate Processing and Analysis Initiative (HDRI)
- Helmholtz initiative
- more efficient use of the SR source
- new common concept to deal with high data rates

ﬁ HELMHOLTZ
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Light microscope

* preparation of ym sized
samples for nano
tomography

,) * precharacterisation the
. tl;IB tomolgraphy by milling [ 1 samples before
& samp es synchrotron p-CT
« 3D-EBSD : —
| 2y
e FIB/SEM %

—_
=

R
.

nanotom CT (phoegix|x—ray)
7 HELMHOLTZ
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- X-ray Inspection
- automatic sample changer
- automatic scanning of 18 samples

- Information used for defining
region of interest, scan parameter,
and area for reconstruction

&

= f* Scripting-Software
= for the NANOTOM
In cooperation with
PHOENIX X-ray, Germany

ﬁ HELMHOLTZ
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;"E'}f‘;?: Data Format Structure ’GESS

nutzen suggested for tomography

Measurement

1st: Description of user and any meta data available before
experiment (e.g. sample pre characterisation, ..)

2nd: Description of experiment independent of method, using a
common way of description (including all experimental data)

3rd: Method description for the experimental scan, including quality
parameters and all parameters need for further data evaluation

Reconstruction

1st; Subset of the measurement

2nd: Parameter used for reconstruction
3rd: Reconstruction data

ﬁ HELMHOLTZ
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( Detector j

- unified organization for

/"'_'__'_'"‘“*\ ’
v /(B_ﬁ_‘ﬁiﬁ) experiment control
Experiment .
"é‘;‘gﬂfﬁf A B ntrol - metadata collection
v +——(Device 3 centralized
J v - collection control via
beamline description file
@vic@ ) .
- valid for all different
techniques
Beamline
definition
complete
- 5 Usf f | I — dataset
=0 (HDF5, NeXus?)

ﬁ HELMHOLTZ
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ooy Data structure GKSS

nutzen FORSCHUNGSZENTRUM

- hierarchical data structure
- tomographic data, meta data and reconstruction data joined together

- subsets of immutable
datasets combined with
variable datasets

- to be defined by HDRI

/ﬁ' HELMHOLTZ
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- sample changer at NANOTOM 12 /2010
- visible light inspection 04 /2011
- sample changer at HARWI-I1, BW2 04 /2011
- sample changer at IBL/HEMS 10/ 2011
- definition of data format (DESY) 12 /2010
- first implementation for SRCT 2011 ...

- effective use of hardware by sophisticated
software as an user experiment to be defined

ﬁ HELMHOLTZ
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Thank you for your attention !
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