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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 typi-

cally 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 undula-

tor 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 ulti-

mate storage ring light sources.

INTRODUCTION
Crucial to the vertical undulator emittance measurement

technique we have developed is the availability of a high

deflection parameter vertical undulator [1, 2]. At the Aus-

tralian Synchrotron, we use an APPLE-II elliptically polar-

ising undulator in a magnet phase configuration for verti-

cally polarised light [3, 4]. The parameters of these experi-

ments are summarised in Table 1.

Table 1: Undulator and Electron Beam Parameters for Ex-

periment and Simulation

Parameter Value

Electron beam energy 3.033 GeV

Beam energy spread 0.0011

Horizontal emittance 10 nm rad

Vertical emittance (nominal) 100 pm rad

Undulator K 3.85

Undulator period length 75 mm

Number of full periods 25

First harmonic photon energy 134.7 eV

UNDULATOR MAGNETIC FIELD
The model used in our previous analyses of the emit-

tance measurements assumed an ideal horizontal, sinu-

soidal electron beam trajectory though the undulator. An
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Figure 1: Magnetic field of APPLE-II insertion device in

vertical polarisation mode, scaled from Hall probe mea-

surements [4].
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Figure 2: Trajectory of a 3 GeV electron beam through

measured magnetic field map of Fig. 1 [4], calculated using

SPECTRA [5].

improved model is presented which accounts for the dele-

terious effects of phase errors on the electron beam tra-

jectory, using the measured magnetic field of the inser-

tion device. The magnetic field profile of this APPLE-II

insertion device was measured at the time of acceptance,

at the design magnetic gap of 16.0 mm [4]. The mag-

netic field was measured along the device centreline with

a three-axis Hall probe. Lamentably, at the time of writ-

ing we possess no equipment at the Australian Synchrotron

with which to measure insertion device magnetic fields our-

selves. For the purposes of safe clearance of the electron
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Figure 3: Spatial profile of undulator radiation from a vertical undulator, 15 m downstream of the insertion device. (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. The magnetic field profile of Fig. 1 was used for the simulation of the insertion device.

beam vacuum chamber, we limit the minimum operating

gap to 17.0 mm, and 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. The field was

scaled down until the simulated on-axis peaks of the un-

dulator harmonics were at the same photon energies as the

measured spectrum. This scaled field is presented for the

horizontal Bx and By components in Fig. 1.

The synchrotron radiation code SPECTRA was used to

simulate light produced by the insertion device [5]. Using

the field illustrated in Fig. 1, the trajectory of a 3 GeV elec-

tron was calculated and is shown in Fig. 2.

PINHOLE SCANS (2-D)
The angular distribution of spontaneous radiation from

an undulator is theoretically described [6–8]. Devices of

interest to storage ring lightsources typically employ undu-

lators of small deflection parameter (K ≈ 1), and prefer to

use low undulator harmonics to achieve high photon beam

brilliance. Figure 3 presents measurements and simulations

of the projection of undulator radiation from this APPLE-II

undulator.

The beamline used for these experiments does not have

a pinhole for characterising the spatial profile of radia-

tion [9]. Several other beamlines do, for this specific

purpose [10]. Instead, we close four blades of the white-

beam slits to form a rectangular pinhole aperture, which

are scanned to measure the profile of Fig. 3. A photodi-

ode which captures the full beam passed by the white-beam

slits was used for this measurement.

The important features of Fig. 3 are the central two lobes

of the 6th harmonic, and the outer ring of the 7th harmonic.

This narrow interference pattern is characteristic of undu-

lator radiation, but is seldom observed. Storage ring light

sources typically operate with very large horizontal emit-

tances of order nm rad, convolving the narrow angular dis-

tribution of undulator radiation with the broad horizontal

beam emittance. The interference pattern is observed here

specifically because of the vertical deflection by the undu-

lator and the low vertical emittance of order pm rad.

Integrating over the central 3 mm width of the distribu-

tion in Fig. 3, the vertical profile of undulator radiation at

808 eV is presented in Fig. 4.

Figure 4 highlights that the measured vertical asymme-

try in the distribution of undulator radiation is partially ac-

counted for by using the measured magnetic field distribu-

tion in simulations. The central on-axis null at y = 0 mm

is similarly well-described.
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Figure 4: Vertical profile of undulator radiation in Fig. 3.

The intensity is integrated over x = −1.5 mm to 1.5 mm.
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Figure 5: Measured undulator radiation intensity blade

scans at different undulator harmonics. The lower white-

beam slit is scanned vertically upwards from y < 0 to

y > 0.
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Figure 6: Gradient of Fig. 5 with respect to vertical blade

scan direction. The vertical profile of undulator radiation

is recovered and is compared to simulation. Compare also

with Fig. 4.

BLADE SCANS (1-D)
The spatial profile of radiation was characterised in the

vertical direction alone using blade scans. With a horizon-

tal 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 in Fig. 5. Taking

the derivative of this distribution with respect to the vertical

position of the blade, the intensity distribution of undulator

radiation is recovered. This is plotted in Fig. 6.

DISCUSSION
These measurements confirm assumptions regarding the

spatial distribution of undulator radiation, which is sensi-

tive to vertical emittance. The angular distribution of un-

dulator radiation departs from usual Gaussian approxima-

tions, and at such low emittances resembles a narrow in-

terference diffraction pattern. This is observed because the

vertical emittance is so small relative to the transverse de-

flection of the undulator in the vertical direction.

Low emittance light sources are beginning to produce

undulator radiation of interesting spatial distributions [10].

As electron beam light sources approach diffraction lim-

its, 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 [11–13]. Such proposals should be aware of the

diffraction-limited spatial distribution of undulator radia-

tion, and its departure from usual Gaussian-approximated,

emittance dominated photon beams.

CONCLUSION
The spatial distribution of radiation from a vertical in-

sertion device has been characterised at very low vertical

emittance. Both 2-D and 1-D spatial distributions of radi-

ation 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 accu-

rately reproduce the measured photon beam distribution.

This close agreement between simulation and experiment

is important both for the vertical emittance undulator tech-

nique, and potentially also for insertion devices at proposed

ultimate storage ring light sources.
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