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Vision of the science with future light sources 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•     Can we solve the problem of HTSC ? 
     Can we understand the coexistence of SC and ferromagne<sm? 

•      Can we make imaging resolu<on with an informa<on content be>er  
       than STEM  of living ma>er ? 

•      Can we make material with a photovoltaic efficiency as in the natural process? 

•      How small and how fast can we make the magne<c recording devices? 

•      Can we observe a cataly<c process under real opera<ng condi<ons ? 

•      Can we fill the gap between the atomic and condensed ma>er proper<es ? 

•      How far can we push our capability to observe the ma>er  
      under ultra‐extreme condi<ons?     

Ques5ons 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Characteris5cs 

To set the path for probing the ma>er  with the length, <me and 
energy resolu<on  required for unexploring cri<cal and exo<c 
phenomena:   
nm, fs (as), and sub‐meV. 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SR INTRODUCTION 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Photon‐in              Photon‐out 
Elas<c Sca>ering: Diffusion and Diffrac:on 
Inelas<c Sca>ering: Brillouin and Raman (phononic and 
electronic), Fluorescence, Resonant Inelas:c ScaEering 

Photon interac5on with electrons  Photon Interac5on with MaTer 

Photon‐in              Electron‐out 
Linear: Electron Photoemission 
Non‐Linear: Mul:‐photon processes 

Photon‐in 
Absorp:on 

Elas<c Sca>ering 
Free electron:     Thomson ScaEering 
Bound Electron: Rayleigh ScaEering 

Inelas<c Sca>ering 
Quasi‐free electron: Compton ScaEering 

Photon‐maTer interac5ons 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• X-ray Diffraction 
Hard X-rays (structure) 
Soft X-rays   (ordering) 
• Photoelectron Spectroscopy (PES) 
Core level electron spectroscopy 
Micro- and nano-PES 
PhotoElectron Emission Microscopy (PEEM) 
Angle Resolved PES (ARPES) 
Resonant photoemission 
Photoelectron Diffraction 
• X-ray Absorption Spectroscopy (XAS) 
Near Edge X-ray Absorption Spectroscopy (NEXAFS) 
Extended X-ray Absorption Fine Structure (EXAFS) 
X-ray Magnetic Circular Dichroism (XMCD) 
X-ray Magnetic Linear Dichroism (XMLD) 
• X-ray Emission Spectroscopy (XES) 
Resonant Inelastic X-ray Scattering (RIXS) 
• Soft X-ray Elastic Scattering 
Imaging 
Speckle 

ScaTering and Spectroscopy: Methods 

Courtesy E. Rotenberg, ALS 
Courtesy  Nanospectroscopy,  
Ele>ra 

Two dimensional structure of  

glycine adsorbed on Cu(110) 
Representation of Li 

 structure at 44 Gpa pressure 

Courtesy,  
A. Nilsson, SSRL 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Probing the Proper5es of Magne5c Materials 

Stamm et al., Nature Mat. 6, 740(2007)


Optical 
Excitation


Non-Equilibrium Magnetization Dynamics:

transfer of energy and angular momentum


Magnetic field or

Spin injection


Magnetism: From Fundamentals to Nanoscale Dynamics,” J. 
Stohr & H.C. Siegmann


Pressure


Spin


Electrons
 Lattice


Beaurepaire et 
al., PRL 76, 
4250 (1996)


Ni 

Magneto Optical Kerr Effect in the Visible
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The 10‐18 s Challenges 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SR General Concept 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SR General Concept 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Future light sources 

ANL‐08/39 
BNL‐81895‐2008 
LBNL‐1090E‐2009 
SLAC‐R‐917 
Science and Technology 
 of Future Light Sources 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FB = Integrated Photon Flux 

Bending Magnet Radia<on 

Problem: Calculate the differen<al flux per unit angle and unit 
frequency for y(E/Ec) = 5, I = 0.5 A and Ee= 3 GeV 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SR Undulators 1 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SR Undulators 2 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SR Electron bunches 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Brightness 1 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Brightness 2 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Brightness 3 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Coherence 1 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Coherence 2 

See any text book of OPTICS 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Coherence 3 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Coherence 4 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Coherence 5 



JOINT US‐CERN‐JAPAN‐RUSSIA SCHOOL on Par5cle Accelerators "SYNCHROTRON RADIATION & FREE ELECTRON LASERS"      Erice 6‐15 April, 2011 

Coherence 6 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SR BM‐Wiggler‐Undulator –Summary 1 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SR BM‐Wiggler‐Undulator –Summary 2   

Problem: Describe the main differences in terms of physical mechanisms among 
A BM a wiggler and an undulator 


