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Abstract 
The spatial profile of APPLE-II undulator radiation has been measured at high undulator 
deflection parameter, high harmonic and very small emittance. Undulators are typically designed 
to operate with small deflection parameter to push the fundamental mode to high photon 
energies. This unusual choice of parameters is desirable for measurement of vertical emittance 
with a vertical undulator. 
 
We present 1-D and 2-D measured profiles of undulator radiation and show that this is 
reproduced in numerical models using the measured magnetic field of the insertion device. 
Importantly these measurements confirm that for these parameters, the spatial intensity 
distribution departs significantly from usual Gaussian approximations, instead resembling a 
double-slit diffraction pattern. This could be an important consideration for photon beamlines of 
ultimate storage ring light sources. 

2-D profile 
 
 

Conclusion 
 
The spatial distribution of radiation from a vertical insertion device has been characterised at very 
low vertical emittance. Both 2-D and 1-D spatial distributions of radiation have been measured, 
using a combination of blade scans. Simulations of the insertion device radiation are given, using 
a magnetic field distribution scaled from the measured field. It is shown that these simulations 
accurately reproduce the measured photon beam distribution. This close agreement between 
simulation and experiment is important both for the vertical emittance undulator technique, and 
potentially also for insertion devices at proposed ultimate storage ring light sources. 

USR implications 
 
Low emittance light sources are beginning to produce undulator radiation of interesting spatial 
distributions [6]. As electron beam light sources approach diffraction limits, the spatial 
distribution of radiation may become a topic of interest. Diffraction-limited ultimate storage rings 
are currently proposed with horizontal emittance of order 100  pm rad  [7-9]. Such proposals 
should be aware of the diffraction-limited spatial distribution of undulator radiation, and its 
departure from usual Gaussian-approximated, emittance dominated photon beams. 
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1-D blade scans 
 

Undulator magnetic model 
 Crucial to the vertical undulator emittance 
measurement technique is the availability of a high 
deflection parameter vertical undulator [1, 2]. At the 
Australian Synchrotron, we use an APPLE-II EPU in a 
magnet phase configuration for vertically polarised 
light [3, 4]. 
 
The magnetic field profile of this APPLE-II ID was 
measured at the design magnetic gap of 16.0 mm 
[4]. These experiments are conducted with a gap of 
17.1 mm. To compensate for this in our model, the 
magnitude of the measured magnetic field 
components at a gap of 16.0 mm have been scaled 
down until the simulated on-axis peaks of the 
undulator harmonics were at the same photon 
energies as the measured spectrum.  

Undulator and electron beam 
parameters. 

Electron beam trajectory through scaled 
magnetic field. 

Magnetic field map of insertion device, 
scaled from measured field [4]. 

These measurements confirm 
assumptions regarding the spatial 
distribution of undulator radiation, 
which is sensitive to vertical emittance. 
The angular distribution of undulator 
radiation departs from usual Gaussian 
approximations, and at such low 
emittances resembles a narrow 
interference diffraction pattern. This is 
observed because the vertical 
emittance is so small relative to the 
transverse deflection of the undulator. 

Spatial profile of undulator radiation from a vertical undulator, 15 m from ID. 
(a) Measured spatial profile of 6th undulator harmonic, at 808 eV. 
(b) SPECTRA [5] simulation of spatial profile of 6th undulator harmonic, at 808 eV. 

Vertical profile of figure above. 

The spatial profile of radiation was characterised in 
the vertical direction alone using blade scans. With a 
horizontal aperture of 0.5 mm, the lower blade of 
the white beam slits was stepped vertically upwards 
through the radiation distribution. The change in 
measured photon flux through the aperture with 
blade position is plotted  at right. 
 
Taking the derivative of this distribution with respect 
to the vertical position of the blade, the intensity 
distribution of undulator radiation is recovered. 
SPECTRA [5] simulations of the spatial profile of 
undulator radiation are compared. 
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