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Synchrotron Radiation 
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relativistic electrons 
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Relativistic Electrons Radiate in a Narrow Forward Cone 
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Three types of radiation 
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1.  Bending magnet radiation  (… „old style“) 
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http://henke.lbl.gov/optical_constants/bend2.html 
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Bending Magnet Radiation 
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Bending magnet radiation revisited 
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bending magnet - summary 
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Undulator 
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undulator radiation 
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Frame of observer Laboratory Frame 
of Reference 

Frame of moving e- 
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where does the λ = λu/2γ² come from? 
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radiation power of an undulator 
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calculating the radiation power of the central cone 
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bandwith of the undulator radiation 
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The Narrow (1/N) Spectral 
Bandwidth of Undulator 
Radiation Can be Recovered 
in Two Ways 
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Polarisation properties 
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Poincare 
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PETRA III 
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Benefits of synchrotron radiation 

Spectrum (tunability, bandwith…) 

Prediction 

Polarisation (very clean) 

time structure (electron bunches) 

UHV compatible 

Intensity 
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High optical power with very good focusability 
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Comparison 
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Bending magnet radiation 

Broad spectrum 

Good photon flux 

No heat load 

Less expensive 

Easy access 

Wiggler radiation 

Higher photon energies 

More photon flux 

Expensive magnet structure 

Expensive cooled optics 

Less access 

Undulator radiation 

Brighter radiation 

Smaller spot size 

Partial coherence 

Expensive 

Less access 
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Further information 
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http://ast.coe.berkeley.edu/srms/ 

Prof. David Attwood 
 
Soft X-Ray and Extreme Ultraviolett Radiation,  
Cambridge University Press, 1999 
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Synchrotron radiation sources 
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For a particle moving at a velocity v  
with a total energy E 

with 
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short reminder… 
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FEL – Free Electron Lasers 
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Some Free Electron Lasers  
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Undulator vs. FEL 
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Flash Design layout 
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bunch compressor 

Seite  32 
25.02.2014 



Jun.-Prof. Dr. Thorsten Uphues 
Thorsten.Uphues@cfel.de 

electron bunch in the undulator 

Seite  33 
25.02.2014 



Jun.-Prof. Dr. Thorsten Uphues 
Thorsten.Uphues@cfel.de 

radiation power vs. undulator length 
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Power grows exponentially with 
undulatordistance z. For a 1-D, mono-
energetic beam  

𝑃 ∝  𝑒
𝑧

𝐿𝐺𝐺  where 𝐿𝐺𝐺 =  𝜆𝑢
4 3𝜋𝜋

 

𝜌 =
1

4𝛾0
 
𝐼 𝜆𝑢2𝐾2 𝐽𝐽 2

𝐼𝐴𝜋2𝜖𝑥𝛽𝑥
 

peak current 

17 kA 
emittance 

beta function 

Pierce Parameter 𝜌 ~ 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 𝑝𝑝𝑝𝑝𝑝
𝑏𝑏𝑏𝑏 𝑝𝑝𝑝𝑝𝑝
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Pierce Parameter 
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undulator radiation in a long undulator 
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http://en.wikipedia.org/wiki/Free-electron_laser 
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SASE – Self Amplified Stimulated Emission 
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Seeding 
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power gain 
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Key figures of FLASH 
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http://pr.desy.de/sites2009/site_pr/content/e113/e48/column-
objekt221/lbox/infoboxContent222/FLASH_en_2007_ger.pdf 

http://flash.desy.de/ 
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Review of techniques for attosecond X-ray Pulse 
generation (FEL based) 
Main schemes 

• emittance spoiler (P. Emma et al. PRL, 2004) 

• slicing: wavelength selection (Saldin et al., Opt. Comm. 2004) 

• slicing: current enhancement (Zholents et al., PRSTAB 2005) 

• slicing: from a Harmonic Cascade FEL (Zholents et al., PRL 2004) 

• slicing: energy chirp revisited: tapered undulator (Saldin et al., PRSTAB 2006) 

• ultra short electron bunches: single spike (C. Pellegrini et al., 2007) 

• energy chirp (C. Schroeder et al., NIMA 2002) 

• attosecond trains from mode locking (N. Thompson et al., 2007) 
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Thank you! 
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