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COSMIC Beamline:  Sector 7 of ALS
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COSMIC Beamline:  Sector 7 of ALS
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- discuss the science that could be enabled with COSMIC

- nucleate a user community that will help develop and apply COSMIC

- define the experimental requirements of the two end stations

- validate the basic beamline parameters (energy range, polarization etc)

COSMIC Workshop Goals:
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- absorption spectroscopy - chemical / magnetic state

- scanning transmission x-ray microscopy (STXM) - 10 nm resolution chemical 
mapping and spectroscopy

- resonant soft x-ray scattering RSoXS - chemically selective statistical 
distribution of electron density

- coherent RSoXS

- Ptychography: a combination of STXM and RSoXS

- resolution beyond lens based systems……extended resolution STXM
- no depth of field limitations in 3d
- large sample to focusing optics distance

Soft x-ray techniques: increasing complexity
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Soft X-ray Spectroscopy
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Conventional Scanning Transmission X-ray Microscopy (STXM)

Interferometer 
optics Sample mechanical stages

Detector

Tyliszczak, Kilcoyne et al.  BL 11.0, 5.3.2
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complex iron oxide based Fischer-Tropsch catalyst

E. de Smit, I.  Swart, J. Creemer, G. H. Hoveling, M. K. Gilles, T. Tyliszczak, P. J. Kooyman, H. W. Zandbergen, C. Morin, B. M. Weckhuysen and F. M. 
F. de Groot, Nature 456, 222 (2008).

Chemical contour maps of a region of a catalyst particle 
during the different stages of reaction. A: Before 
treatment at RT in 1 bar He. B: After 2h in H2 at 350oC. 
C: After 4h in CO/H2 at 250oC. The corresponding 
regions of the O K-edge (e, g, i) and Fe L2,3-edge 
spectra (d, f, h) are indicated in the figures. Dotted lines 
indicate the linear combination fits, with the bars 
representing the contribution of the different phases to 
the spectra.

In situ studies, like this one of catalytic reactions, are using gas flow cells which are relatively bulky and 
the current high resolution zone plates can not be used because they have too short working distance.  
Diffraction enhanced imaging-spectroscopy using longer focal length zone plates may be the solution.

Conventional Scanning Transmission X-ray Microscopy (STXM)
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Resonant Soft X-ray Scattering: RSoXS

- tuning to a feature in the near edge region gives chemical selectivity

- scattering at a resonant energy allows measurement of the average spatial distribution of a chemical species 

Cheng Wang, Dong Hyun Lee, Alexander Hexemer,  Myung Im Kim, Wei Zhao,  Hirokazu Hasegawa, Harald Ade, Thomas P. Russell, NanoLett (in press)
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Combine STXM and Scattering:  Ptychography

PMMA

PS

- large (300 nm) illumination spot from zone plate

- record diffraction pattern 

- increment position by < spot size

- overlap allows direct phasing of the diffraction pattern

- resolution is wavelength limited

- practical limits set by scattering power of sample,
source brightness, damage

- real and imaginary parts of the refractive index can be 
recovered…..spectroscopy & phase contrast

simulation of spectroscopic Ptychography
using complex refractive index data assigned
to pixel positions (Stefano Marchesini)
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Combine STXM and Diffraction:  Ptychography

The Nanosurveyor

3 modes of operation:

- local area scattering (RSoXS with 300 nm probe size)

- improved resolution scanning transmission x-ray microscopy i-STXM

- large sample distance, phase contrast

- tomography (spectroscopic;  phase contrast)
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- speakers:  please stick to your times!   

- talks:  we would like to collect the talks:  session chairs to collect

- talks + posters will be put on the workshop website

- breakout sessions

- scattering (conf room)  /  microscopy (auditorium)

- short talks on science / techniques (please contact session organizers)

- Oleg Shpyrko (Sujoy Roy)  and David Shapiro (Stefano Marchesini)

- discussion of end station specifications

- lunch

- Building 62   (posters),   Molecular Foundry patio (see map)

COSMIC Workshop Logistics:
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COSMIC Workshop Agenda:
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COSMIC Workshop Agenda:
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