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There is a large number of dedicated courses on Synchrotron Radiation 
Sources and Their Applications. If you are interested in this topic, I would 
strongly recommend lectures given by Prof. D.T. Attwood at UC Berkeley, 
https://people.eecs.berkeley.edu/~attwood/srms//  
 



Radiation Spectrum




SR Light Sources

•  To	generate	IR,	UV	and	X-ray	radia4on		
– From	dipoles,	undulators/wigglers	

VERY POPULAR
SCIENTIFIC 

TOOL: 
With thousands 

of users 

LIGHT 
INTERACTS with 

the MATTER



List of operational light sources 

h>p://www.lightsources.org/regions	





ESRF,	6	GeV	

SSRF,	3.5	GeV		APS,	7	GeV			

SPring-8,	8	GeV	

SR Light Sources Worldwide 



MAX	IV,	3	GeV,	Sweden	

ALBA,	3	GeV,	Spain		

NSLS	II,	3	GeV,	BNL,	USA			

SPring-8,	8	GeV	

Diamond,	3	GeV,	England	

SR Light Sources Worldwide 



SR Light Sources Worldwide 

SSRF,	China,	3.5	GeV		 Soleil,	France,	2.75	GeV		 SLS,	Switzerland,	2.4	GeV		

PLS,	Korea,	3	GeV		 Australian	Synchrotron,	3	GeV		 BESSY	II,	Germany,	1.7	GeV		

NSRRC,	Taiwan,	3GeV		 Indus	II,	India,	2.5GeV		 SESAME,	Jordan…...	



Courtesy	of	J.	Stöhr,	SSRL	

SR Light Sources ~ 50 facilities worldwide 
Tens of thousands of scientific and industrial user 

The filed is still growing! 



Courtesy	of	D.	A>wood	



What matters 

•  Rarely there is interest just a radiation power 
•  Typically people are interested in specific 

energy of photons (wavelength of radiation) 

•  1 Å =10-10 m (0.1 nm or 100 pm), 12.4 keV photons 

 

Eph = !ω = !c 2π
λ

Eph[keV ] ≈
12.4
λ Å⎡⎣ ⎤⎦

; Eph[eV ] ≈
1.24
λ µm[ ]

3 eV 2.5 eV 2 eV 1.75 eV 



Figures of merit of light source 
•  Photon flux or spectral photon flux 

•  Brightness of the source 

 
US Particle Accelerator School

Brightness of a Light SourceBrightness of a Light Source

 Brightness is a principal characteristic of a particle source
 Density of particle in the 6-D phase space

 Same definition applies to photon beams
 Photons are bosons & the Pauli exclusion principle does not apply
 Quantum mechanics does not limit achievable photon brightness

FluxFlux =  # of photons in given  =  # of photons in given ΔλΔλ//λλ
secsec

BrightnessBrightness =  # of photons in given  =  # of photons in given ΔλΔλ//λλ
sec, mrad sec, mrad θθ, mrad , mrad ϕϕ, mm, mm22
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US Particle Accelerator School

Spectral brightness

 Spectral brightness is that
portion of the brightness lying
within a relative spectral
bandwidth Δω/ω:

 
!Nω = d 2N

dt dω /ω( )

B = d 4N
dtdΩdA dω /ω( )



Few formulae 
Spectral expansion of radiation field in an observation point   
for  a point particles moving on a given trajectory: 

 

!ro =
!ro t( );!v=!vo t( ) = d

!ro t( )
dr

;

can be easily calculated by applying Fourier transformation to Lienard-
Wiechert 4-potential 
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∫ ;
!
R t( ) = !r − !ro t( ).

with no problem of resolving retarded time problem:  

It means that given particle trajectory, you could always calculate 4-potential,  
at least numerically… 



Few formulae 
Frequently our instrument is located far from the radiation point and we are 
interested in radiated field at large distance: 

It even simpler – it is reduced to integral along the particle trajectory.  
Uing these formulae you can calculate anything, but math can be – and frequently is - messy!  
You got accurate derivation of SR power and spectrum during last class. 
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Sources of Spontaneous Radiation 
P =

e2c

6⇡"0

�4

⇢2

SI units 

Courtesy	of	D.	A>wood	
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Circular orbit


   
!a = − v2

ρ
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"!β = − β 2c
ρ
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For	a	storage	ring,	the	energy	loss	per	turn:	
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If	all	dipoles	in	the	storage	ring	has	the	same	
bending	radius	(iso-magne4c	case):	
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3
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Power	radiated	by	a	beam	of	average	current	Ib:	
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e
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3ε0ρ
Ib



Energy spectrum V

•  The	total	energy	spectrum	is	obtained	by	integra4ng	over	the	

solid	angle:	
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A	 more	 concise	 and	 popular	
expression	 for	 the	 energy	
spectrum:	



SR from Bending Magnet 
simple considerations 

✓ ⇠ 1

�

✏c ⌘ ~!c =
3

2

~c�3

⇢

  

lrad ∝
ρ
γ

;

lco−moving =
lrad

γ
∝ ρ
γ 2 ;

llab =
lco−moving

2γ
∝ ρ
γ 3

Seen by observer	

Lorenz contraction	

Doppler boost	

  
λc =

4π
3

ρ
γ 3 Critical wavelength	

Courtesy	of	D.	A>wood	



SR from bending magnet (dipole magnet) 

Courtesy	of	D.	A.wood	



SR spectrum


US Particle Accelerator School

Energy dependence of SR spectrum
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Brightness Comparison


Courtesy	of	D.	A>wood	



Undulator/Wiggler

In addition to the SR from dipoles, 
modern  light sources has many long 
straight section with zero dispersion 
function. They frequently used for 
undulators and wigglers. 

Undulators and wigglers collect 
radiation from multiple poles: the 
difference is in coherence of 
generated radiation


Example:  NSLS II

# of DBA cells: 30

# of 5m straights: 15

# of 8m straights: 15




Radiation from Undulator/Wiggler


They are ‘insertion devices’ in straight sections.  Modern 
accelerators provides many long straight sections.






Courtesy	of	D.	A>wood	



Electron Motion inside planar 
Undulator
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Formulas (SI, D. Attwood) 

Courtesy	of	D.	A>wood	
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Brightness and Spectral Brightness 

Courtesy	of	D.	A>wood	



What defines Brightness? 

Courtesy	of	D.	A>wood	



















SR is polarized light 

But we simply do not have time to 
discuss this in detail 









What we learned? 
•  SR has a wide variety of applications 
•  Light sources are mostly storage ring based 
•  Bending magnet SR is broad band, high power, but not very bright 

when compared to 
•  Undulator radiation – which is brightest between sources: its 

spectral brightness is proportional to number of poles square of the 
number of periods 

•  Undulators can produce also very bright radiation on harmonics 
•  Wiggler is an undulator with very large field whose harmonics are 

overlapped (because of the electron beam parameters!) and it power 
and brightness is proportional to number of periods 

•  Ultimately, electron beam parameters (beam current, emittances and 
energy spread) are determining performance of the light sources 

•  Polarization plays critical role in studies of magnetic materials 
•  There is a drive for so-called diffraction limited light sources where 

transverse emittances of the beam are below λ/4π. In this case the 
diffraction of the light itself determines spatial resolution/coherence 
of the beam, while brightness is simply proportional to the flux.   



Radiation for K<1

Radia4on	Bandwidth:	
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Power:	
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