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review of the sources of synchrotron radiation

the brilliance

geometrical characteristics of the radiation from the
different sources:
- bending magnet
- wiggler
- undulator

gratings

Fermat's principle

mirrors

figure accuracy/ heat load on the optical elements

an example of focusing system

guidelines in designing a beamline

three examples of monochromator/beamlines











Flux = photons/sec

Brilliance (or Brightness) = 
Flux

I
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I = electron current in the storage ring
σxσy = the area from which the SR is emitted
σ'xσ'y = the solid angle into which the SR is emitted
BW = photon energy bandwidth

units = photons/sec mm2 mrad2 0.1%BW
    for given ring current I (typically 100 mA)







The electron beam

emittance = ε = σeσ'e = constant

εy = C εx

C = coupling factor (constant), typically 1-10 %

case of ELETTRA at 2 GeV

horizontal emittance εx = 7.0 nm·rad
coupling factor = 1%
beam dimensions in the straight sections
(horizontal/vertical) in µm 241/15
beam divergence in the straight sections
(horizontal/vertical) in µrad  29/6



The radiation emission process

effective size σr

opening angle σ'r

Total

σt = σe
2 + σ r
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σ't = σ ' e
2 +σ ' r

2



Dipole magnet

effective size

σt = σe

vertical opening angle

σ'rv (rad) = 0.57 
λ

λ c
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for 0.2 <
λ
λ c

< 100

λc = critical wavelength
  hω c  = critical energy

γ = 
1

1− β2
 = relativistic factor

γ = 1957 E

  hω c  = 2218 
E3

ρ
 = 667 B E2

E = energy of the electrons in GeV
ρ = radius of curvature of the electrons in the dipole
magnets in meters
B = magnetic field amplitude in Tesla
  hω c  = critical energy in eV





horizontal opening angle

defined by the geometry of the front end

at ELETTRA: 6 or 7 mrad







Wiggler

K >> 1

vertical opening angle

σ'rv = σ'rv (dipole)

horizontal opening angle

σ'rh = δ/2 = K/2γ

vertical source size
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where ∆θ is the half opening angle of the optical system



Wiggler W14.0 of ELETTRA at 2 GeV

L = 4.5 m
λo = 140 mm
B = 1.5 T, K = 19.6
2∆θ = 1.5 mrad H × 0.28 mrad V

xo = 
K
γ

λo

2 π
 = 112 µm

separation between the two "eyes"of the wiggler

  hω c  = 4.0 KeV

σ'rv (rad) = 0.57 
λ

λ c
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 = 108 µrad (at ωh = 8 KeV)

σ'rh = 2500 µrad

σrv = 105 µm

σrh = 575 µm



Undulator

0 < K ≤ 2-3

λ = 
λ o
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k = number of the harmonic
N = number of periods of undulator
Nλo = L = total length of undulator

σ'r = width of the central radiation cone
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