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Recap from Lecture 2

Multipole wigglers are periodic, high field devices, used to 

generate enhanced flux levels (proportional to the number of 

poles)

Undulators are periodic, relatively low field, devices which 

generate radiation at specific harmonics
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Flux on-axis

Previously we argued that light of the same wavelength was 

contained in a narrow angular width

(interference effect)

Assuming that the SR is emitted in angle with a Gaussian 

distribution with standard deviation then we can 

approximate:

For a Gaussian

Integrating over all angles gives
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Flux in the Central Cone

In photons/sec/0.1% bandwidth the flux in this central cone is

As K increases the higher 

harmonics play a more significant 

part but the 1st harmonic always 

has the highest flux
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Example Flux in the Central Cone

Undulator with 50mm period, 100 periods

3GeV, 300mA electron beam

Our example undulator has a flux of 4 x 1015 compared with 

the bending magnet of ~ 1013

The factor of few 100 increase is dominated by the 

number of periods, N (100 here)
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Undulator Tuning Curves

Undulators are often described by ñtuning curvesò

These show the flux (or brightness) envelope for an 

undulator.

The tuning of the undulator is achieved by varying the K 

parameter

Obviously K can only be one value at a time !

These curves represent what the undulator is capable of as 

the K parameter is varied ïbut not all of this radiation is 

available at the same time! 
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Example Undulator Tuning Curve

Undulator with 50mm period, 100 periods

3GeV, 300mA electron beam



8

Example Undulator Tuning Curve

Undulator with 50mm period, 100 periods

3GeV, 300mA electron beam
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Example Undulator Tuning Curve

Undulator with 50mm period, 100 periods

3GeV, 300mA electron beam
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The Peak Flux

The peak flux does not actually occur at the exact harmonic 

wavelength.

The peak flux wavelength occurs at a small detune 

from the harmonic wavelength

For our example undulator we have a first harmonic 

wavelength of 3.99nm and a detuned wavelength of 4.03nm.

The exact harmonic actually has half the total flux compared 

with the peak value
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The exact harmonic can 

only receive contributions 

from higher angles

The detuned, longer 

wavelength, has a hollow 

cone and can receive flux 

from both higher and lower 

angles

The hollow cone shape 

gives greater flux but 

lower brightness

The exact harmonic has a 

narrower angular width

The Peak Flux
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Undulator Brightness (or Brilliance)

For the peak flux condition:

The example undulator has a source size and divergence of 
11mm and 28mrad respectively

The electron beam can also be described by gaussian shape 
(genuinely so in a storage ring!) and so the effective source 
size and divergence is given by



13

Example Brightness

Undulator brightness is the flux divided by the phase space 

volume given by these effective values

For our example undulator, using electron beam parameters:

The brightness is
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Brightness Tuning Curve

The same concept as the flux tuning curve

Note that although the 

flux always increases

at lower photon 

energies (higher K 

values, remember

Qn(K)), the brightness 

can reduce
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Warning!

The definition of the photon source size and divergence is 

somewhat arbitrary

Many alternative expressions are used ïfor instance we could 

have used

The actual effect on the absolute brightness levels of these 

alternatives is relatively small

But when comparing your undulator against other sources it is 

important to know which expressions have been assumed !
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Diffraction Limited Sources

Light source designers strive to reduce the electron beam size 

and divergences to maximise the brightness (minimise 

emittance & coupling)

But when then there is 

nothing more to be gained

In this case, the source is said to be diffraction limited

Example phase space volume

of a light source

Using the same electron 

parameters as before

In this example, for wavelengths 

of >100nm, the electron beam 

has virtually no impact on the 

undulator brightness
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Undulator Output Including Electron Beam Dimensions

Including electron beam 

size and divergence

Not including

electron beam size 

and divergence


