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Spectroscopy/Inelastic Scattering at APS 

• Broad collection of techniques 

– From industrial users to fundamental science 

– ~1/3 beamlines with spectroscopic programs 

• MBA lattice impacts areas differently 

– All techniques will benefit 

– Full benefit requires substantial optics/detector 
upgrades 

 

 



Some Major Impacts 

• High pressure studies gain ~1000 from flux and brilliance 

– Metallic hydrogen 

• Fast spectroscopy for batteries and catalysis 

– Gains in spatial (50 x) and temporal resolution (60 x) 

• Understanding correlated electron systems 

• Understanding nature of disordered systems 

• New undulators allow novel spectroscopic studies 

– New opportunities with fast polarization and energy switching 

• Many experiments flux starved – gain factor of 3-6 



25GPa? 

Not yet 

77k, 250 GPa  nearly opaque  

Metallic Hydrogen  
the holy grail of high pressure science 

Metallization at 450 
GPa? Electronic 
structures? 



Electronic IXS of Light Elements at High Pressures 
Opportunity 
• Plasmons of high-P insulating Li and Na. 
• Pressure-induced p to s bonding transitions 

in B, C, and N. 
• Oxygen bonding change in high-P symmetric 

ice and superconducting oxygen. 
 
Challenge 
• Weak IXS signals from µm-size samples at 

multimegabar pressures.  
• High background in DAC.  
 
MBA Strength: 
• The two of magnitude higher brilliance at  

MBA APS will be essential for improving the 
signal.  The submicron focusing capability 
allows probing the sample while avoiding the 
DAC backgrounds. 
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Carbon K-edge 
X-ray Raman spectra 
 
 
Long-range ordered 
with amorphous 
carbon building 
blocks. 
 
Wang et al. Science 2012 

Phase diagram of Li. Guilaume et al. Nature Physics 2011 



Measuring sound velocity of 

candidate materials is very 

important in geophysics for 

constraining possible models of 

Earth’s interior. 

 

HERIX can be used to determine 

the compressional and shear 

sound velocity (Vp ,Vs) directly. 

 

Together with in-situ diffraction 

measurement, Vp –density (r)  at 

elevated P-T provides reliable 

constrains on the properties of the 

core. 

Understanding Interior of Planets 

* Max. sample diameter – size allowed by the sample chamber 
& Practical sample diameter – for a quasi-hydrostatic environment  

Current limit (~100-150GPa; with 
                          sample size 40mm) 

Expected limit(~300-360GPa; with 
                           sample size 10mm) 

Pressure Tool: Diamond Anvil Cell (DAC) & Sample Size for Quasi-Hydrostatic Environment  



Sub-micron Samples 

• Can study POWDERS 

• Excellent powder is 1 micron particles 

• Have to grind powders to get this small 

• Ideal probe for new materials 

• La2-xBaxCuO4 at x=1/8 took 15 years to grow single crystal 

• Doped samples especially difficult 

– Volumes 109 times smaller than neutrons can be 
studied 
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The Future: Spectroscopy & Microscopy  
 

• Most current catalysis-related studies are static in 
time domain  and averaged in spatial domain 

• Future: in situ spatiotemporal imaging with 
spectroscopy for characterization of catalysts at 
work at previously unattainable resolution and 
sensitivity 

 

 



The Advanced Photon Source is an Office of Science User Facility operated for the U.S. Department of Energy Office of Science by Argonne National Laboratory 

New Capability – XES mapping of Co-containing catalyst 
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• Sulfided Co-Mo catalysts produce ultra-low sulfur gasoline by removing sulfur while  minimizing 
octane loss. 

•  In-situ monitoring of Co and Mo sulfidation desirable. 

 

 Now: ex-situ XRF mapping  + XANES 

• Time-consuming (10’s minutes for XANES) 
• Need to select points for XANES (possible 

experimental bias)   

MBA: in-situ simultaneous XRF and 
XES 

Co Fluorescence map 

• Co Kb lines sensitive to ligands (O or S) 
• With upgrade sub-second XES spectra 

possible 
• Current 30s with 5mm beam 

New capability enabled by MBA lattice, multilayer monochromator, and improved 
beamline optics and detectors. In-situ studies possible with sub-s acquisition 



Challenge:  

Determining chemical states at 30 to 100 nm scale is difficult. 

 needs energy scanning AND focusing optics   

 

Opportunity: 

• High resolution XRF (~1 eV at 6 keV)  allows 

chemical/spin state determination without scanning 

incident energy. NO MOVING PARTS   

• Developments with superconducting XRF detectors 

(MKIDs, TES) promise ~1 eV resolution at 105 Hz.     

• high flux nano-probe beam from MBA APS, will allow 

chemical state determination for multiple elements 

simultaneously. 

 

MBA Allows 

Currently impossible nano-scale mapping of chemical states, 

and revolutionize scientific areas in biology, energy sciences, 

materials chemistry, and geo-sciences. 

High Energy Resolution  X-ray Fluorescence: Nanoscale Spectroscopy 

Superconducting XRF Detectors in 

development at APS and NIST should 

achieve 1 eV resolution at 6 keV 



Example – Chemical mapping in a ‘Zebra’ battery 

Any 

Ni 

Ni 

metal 

NiCl
2 

0.1% 

FeS 

2% 

FeS 

100 μm X 100 μm XES maps 

• Ni chemistry vital 

• Need to examine internal 

structure of micron scale 

grains in entire layer 

• Currently 60 sec/pt for 5 

micron spot 

 

 

MBA with advanced detectors: 

 

100 nm in ~1 sec/pt 

 

50x better spatial resolution 

60x better time resolution 
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Correlated Electrons for Energy Sciences: Superconductivity 

Opportunity 

• New high (room ?) temperature 

superconductors 

• Novel materials (5d TM-oxides?) 

• Energy grid 

 

Challenge 

• Pairing mechanism unknown 

• Magnons, phonons, or both? 

• Beyond cuprates and pnictides 

• Lack of polarization tunability / Energy 

resolution  

 

MBA lattice Strength 

 

• Helical Undulator- Pol. dependence 

• Brilliance translates into improved E-

resolution 

• Enables extreme conditions (P, H, …) 

• Distinguishes magnons from phonons 
Magnon Dispersion in Cuprates (neutrons) and Iridates 
(RIXS) 
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Correlated Electrons for Energy Science: Nuclear materials 

Opportunity 

 

• Actinide materials 

• 5f electrons and structural/phase stability 

• Nuclear fuels 

 

Challenge 

 

• Understand role of 5f electron localization, 

magnetism in phase stability 

• Theories fail near localized/delocalized 

regime (Plutonium) 

• Role of Spin-orbit interactions in stability 

of Pu phases. 

 

MBA Lattice Strength 

 

• Brilliance enables ultra high-pressure 

probes of 5f electron interactions, 

localization, magnetism 

• Small radioactive sample volumes 

• Extreme magnetic fields (avoid field 

gradients) 
 

Pseudo phase diagram of Actinides showing peak of odd 
behavior at Pu (Kmetko and Hill, 1976).  

!

Current	MBA	

Small radioactive samples probed at extreme pressure  
and magnetic field 



 

12th National School on Neutron and X-ray Scattering June 2010 
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Novel polarizing insertion devices 

 A number of techniques will benefit from polarization tunability 

– IXS in the horizontal plane (polarization factor at large scat. angle) 

– Micro/Nano XANES on textured/single crystalline grains (pol. dependence) 

– Circumvent limitations of phase retarding optics in XMCD/XMLD measurements 

 Round vacuum chamber (round electron beam) of MBA lattice enables novel 
devices for polarization control- with potential for fast switching capability  
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