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Undulator 

Undulators are periodic structures made by sequences of dipole 

magnets and are used in synchrotron light sources to increase the flux 

produced in a narrow cone 

http://www.esrf.eu/Accelerators/news/art-undulator 
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Undulator radiation 

The constructive interference of the radiation emitted at each pole gives rise to 

flux peaks at certain photon energies in the undulator spectrum: this can be used 

to qualify the undulator field quality as well as electron beam characteristics as 

emittance and energy spread. 

MAXIV parameters 

E (Gev) 3 

I (A) 0.5 

E/E 0.001 

X (nm rad) 0.26 

y (nm rad) 0.008 

x (m) 9 

y (m) 4.8 

x (m) 0 

U (mm) 15 

Bmax (T) 0.7 

# full periods 102 

Flux through a slit 50 µm x 50 µm at 10 m  

n = 3 

n = 1 

n = 5 

n = 11 
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Spectrum dependence on ɛ and ΔE/E 

n = 11 

Largest suppression of higher harmonics from finite ΔE/E 

Minimum value reached in storage rings ΔE/E ~ 0.001 

 

Simulations performed  

with SPECTRA§ 

 
§T. Tanaka and H. Kitamura, J. Synchrotron Rad. 8, 1221 (2001) 
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Spectrum sensitivity to ɛ 

Increasing ɛy by a factor of 2 there is no change in the spectrum. 

Increasing ɛx by a factor of 2 the peaks decrease by about 20%. 
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Spectrum sensitivity to ɛ: harmonic flux ratio 
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Spectrum sensitivity to ΔE/E 

Increasing ΔE/E by a factor of 2 there is 20% change in the height of the 1st harm. 

and about 50% in the height of the 11th.  

The higher harmonics are very sensitive to ΔE/E changes: 20% change in ΔE/E 

corresponds at the 11% harm. in a similar change in the peak height. 
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Spectrum sensitivity to ΔE/E: line width 
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Harmonic spatial distribution 
 

 

 

Coupling constant =0.03 
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Harmonic spatial distribution 
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 Examples 

Storage rings (SR): ESRF, APS 

 

Laser wakefield accelerator 
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SR: Emittance measurements 

28 keV 

E. Tarazona and P. Elleaume, Rev. Sci. Instr. 1974-1977 66 (1995) 
ESRF 

Estimated error on ɛ ~ 20%  

uncertainties in β functions and image quality (screen finite resolution ~30 µm) 
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SR: Energy and energy spread measurements 

ESRF E. Tarazona and P. Elleaume, Rev. Sci. Instr. 67, 3368 (1995) 
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SR: Energy and energy spread measurements 

Adjusting the magnetic gap, one makes the 3rd harmonic of the undulator 

coincide with the energy selected by the crystal 

 

Error on n  ~ 0.0001, minimized when  ~90o (Bragg law) 

Error on K ~ 0.01 
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SR: Energy and energy spread measurements 

E. Tarazona and P. Elleaume, Rev. Sci. Instr. 67, 3368 (1995) 
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SR: Momentum compaction factor 

APS 

B. Yang, M. Borland and L. Emery, Beam Instrumentation Workshop 2000 

Si (220) 

YAG scintillation detector 
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LWFA: Emittance and energy spread 

M.S. Bakeman et al, FLS 2010 
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LWFA: Emittance and energy spread 

M.S. Bakeman et al, FLS 2010 
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Conclusions 

Low emittance storage rings, free electron lasers and energy recovery 

linacs are designed to optimize the performance of the photons emitted 

by undulators 

 

Undulator radiation is a powerful diagnostic tool to measure emittance, 

energy spread and momentum compaction factor 

Thanks to EUCARD2 for providing the opportunity to attend this workshop 


