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Part I
Radiation from Insertion Devices

Pascal ELLEAUME
European Synchrotron Radiation Facility, Grenoble
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Bending Magnet Radiation
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Critical Energy of Bending Magnet Radiation

Electric Field in the Time Domain Angular Flux in Frequency Domain
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Polarization of Bending Magnet Radiation
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Electron Trajectory in a General  Insertion Device
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Electron Trajectory in a Planar Sinusoidal Undulator
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K  is  a  fundamental parameter also called  "Deflection Parameter"

Example : ESRF , Energy= 6GeV , Undulator  λ0 = 35 mm, B0 = 0.7 T
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Longitudinal Velocity in a Planar Sinusoidal Undulator
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Radiation Field from a Planar Undulator in time Domain
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Wavelength of the Harmonics
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Electric Field and Spectrum vs K
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Even harmonics are generated off-axis
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Undulator Emission by a Filament Electron Beam
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Angular spectral flux
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• For a monoenergetic filament electron beam, the 
angular spectral flux on-axis is given by :
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Sensitivity to Emittance and Energy Spread of an ESRF Undulator

400

300

200

100

x1
09

2520151050
keV

Filament 
Monoenergetic Beam

ESRF 
Emittance 
and Energy Spread
(4, nm, 0.02 nm, 0.1% )

Electron Beam
Energy = 6 GeV
Current = 200 mA

Undulator
Period = 35 mm
K = 2.2
Length = 3.2 m

Collection  
10 x 10 µm

I, 20/38 , P. Elleaume, CAS, Brunnen July 2-9,  2003.



Sensitivity to Emittance and Energy Spread of an ESRF Undulator
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Collecting Undulator Radiation in a Variable Aperture
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Angle Integrated Flux
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Maximum Spectral Flux on-axis on odd harmonics
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(Spectral) Brilliance or Brightness

The (spectral) brilliance or equivalently (spectral) brightness
is the equivalent of the photon density in 4D phase space. 
It can be rigorously defined using Wigner Distribution Functions. 
Its expression is in general complicated but at the energy
of an odd harmonic n observed on-axis, it is approximated 
according to:
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Limiting Cases of Brilliance
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In all cases the brilliance grows like the number N of undulator periods 
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Some Difficulties with Brilliance

• Brilliance is very often assimilated as photon density in 4D phase space 
B(ω,x,x’,z,z’) => Not a Physical quantity in the sense of Quantum Mechanics. 
Nevertheless, it is possible to mathematically define such brilliance using 
Wigner Distribution Functions so that :

• Such brilliance can be negative for some x,x’,z,z’, ω !!
• The spatial and angular distribution of the single electron emission are not 

Gaussian => There exists different definitions of σR and σ’R

• There is no simple way to include energy spread except performing a 
complicated convolution that nobody has ever tried to do numerically

∫ ∫ ∫ ∫
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dxdzzzxxB
d
dFFluxAngular

dzdxdzdxzzxxBFFlux

)',,',,()(
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The expression of the planar undulator brilliance on an odd 
harmonic on-axis is nevertheless widely used and  is one of the most 
important figures of merit for a light source. It combines the requirements 
of: large flux, small divergence and small beam sizeslarge flux, small divergence and small beam sizes
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Brilliance vs Photon Energy
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Power and Power Density
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For an undulator : Length = 5 m, Field = 0.75 T, Period =35 mm

Ring Energy Current Power Power Density
 @ 10 m on-axis

[GeV] [A] [kW] [kW/mm2]
SuperACO 0.8 0.5 0.57 0.0023

SLS 2.4 0.3 3.08 0.11
ESRF 6 0.2 12.82 2.96
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Power Density Profile
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Planar field undulators produce only linearly polarized radiation.

xθ

zθ

1
2

3

On-axis :
- Single electron emission is 100% linearly polarized
- With emittance (and energy spread) some small depolarisation is
generated
I, 31/38 , P. Elleaume, CAS, Brunnen July 2-9,  2003.



Ellipsoidal Undulator
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The polarisation is in general ellipsoidal depending on direction and wavelength

The footprint of the angular power density is an ellipse :
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Helical Undulator
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Wiggler Spectrum
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Wiggler Radiation
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Characteristics
- Numerically simple and inexpensive to compute
- Critical Energy decays off-axis horizontal

- Continuous spectrum
- Flux, Brilliance,… grows like 2 x N. of Periods
- Polarization :

- linear in Median Plane
- depolarized off-axis

- Multiple source points when observing off-axis

Field

Horiz. Angle

0

( ) sin(2 )x
K ssθ π
γ λ

=

0

ˆ cos(2 )sB B π
λ

=

xθ

( )xB θ

2ˆ( ) 1 ( )x
xB B

K
γθθ = −



Multiple Source Points in Horizontal Plane
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Remarks on Wigglers and Undulators

• It is customary to call undulators a device with K < 2.5  
and wiggler a device with K > 2.5. This is partly justified 
by the fact that there is little practical interest in making 
use of an undulator spectrum  with K>2.2 except if one 
wants to reach a very low energy.

• All devices behave partly as an undulator (at low energy) 
and partly as a wiggler (at high energy)

• In the past 10 years, it has been observed in most 
synchrotron light sources that undulators are preferred to 
wigglers :
– They generate high brilliance
– They can be used at a higher photon energy than originally 

expected by reducing the magnetic gap and making use of high 
harmonic numbers
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Computer codes for  undulator/wiggler  radiation 
including emittance and energy spread

Name Authors Platform Download

B2E & SRW
O. Chubar,

P. Elleaume,
ESRF

Mac, 
Windows

http://www.esrf.fr/machine/grou
ps/insertion_devices/Codes/soft
ware.html

URGENT
R.P. Walker, 

Diamond Light 
Source

Fortran 
Source Contact Author

XOP

M. Sánchez 
del Río , ESRF
&  R. J. Dejus, 

APS

Unix,
Windows

http://www.esrf.fr/computing
/scientific/xop/

SPECTRA T. Tanaka, 
SPring8

Unix,
Windows

Mac

http://www.spring8.or.jp/ENGL
ISH/facility/bl/insertion/Softs/in

dex.html
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