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Performance of Advanced Photon Source insertion devices at high 
photon energies (50-300 keV) 
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(Presented on 16 October 1995) 
Since high-energy photons (>50 keV) are well suited for certain types of x-ray scattering 
experiments, we present calculated results for the Advanced Photon Source (APS) Undulator A and 
APS Wiggler A at high energies. The undulator calculations include the effect of magnetic field 
errors, which is to smear the high-order spectral harmonics. At their anticipated initial minimum gap 
settings, Undulator A should perfom better than Wiggler A from the point of view of most high- 
energy experiments up to at least -280 keV. A comparison of A P S  insertion devices to high-energy 
insertion devices in other synchrotron radiation laboratories is also provided. 0 1995 American 
Institute of Physics 

1. INTRODUCTION 

The types of experiments benefited by the availability of 
high-energy synchrotron radiation (>50 keV) include 
nonmagnetic and magnetic Compton scattering, pair- 
correlation function measurements in liquids and amorphous 
solids, accurate crystal structure factor and charge density 
work, crystal quality characterization, diffraction studies of 
sample bulk phenomena (e.g., phase transitions), studies of 
materials that must be held in otherwise awkward sample- 
containing environments, and the excitation of nuclear 
res0nances.l Experimenters pursuing such studies need to 
choose the insertion device that provides the high-energy 
photons most suitable to their needs. At the Advanced 
Photon Source (APS), this choice involves the comparison of 
Undulator A (UA) and Wiggler A (WA). UA is a 3.3-cm- 
period device with 72 periods2 and WA is an 8.5-cm-period 
device with 28 periods.3 
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FIG. 1. Calculated UA flux comparison between ideal and actual 
devices for an 11.5-mm gap. The 5 mm (horizontal) by 2 mm 
(vertical) aperture is 30 m from the source. 
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This paper compares UA and WA at high energies and 
determines the photon energy above which WA becomes the 
source of choice over UA. Precise specification of this 
crossover energy depends on the details of a particular 
experiment, such as whether it is flux-, brightness-, or 
brilliance-demanding. Prior to making the UA-WA 
comparison, one must determine the optimum setting of the 
UA gap for producing high-energy photons, keeping in mind 
that high-order undulator harmonics are influenced by the 
magnetic field errors inherent in an actual device. To this 
end, most of the UA spectra presented here reflect the real 
magnetic field profile measured on one specific device.4  his 
particular device, designated UA#1, is the fmt of many UAs 
manufactured for the APS but is not exceptional in quality 
compared to the others. The spectra taking field errors into 
account were calculated using the computer code UR 
(Udulator Radiation) 5 

At the end, a comparison of UA and WA to high-energy 
insertion devices in other synchrotron facilities is provided. 

_ _ _  _ _ _ .  ideal 

a 

10’2 L-&---A 
60 80 100 120 140 

E (keV) 
FIG. 2. The same comparison as in Fig. 1, but over a higher 
energy range. 
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Flux through 5x2 mm at 30 m 
for different gaps 
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FIG. 3. UA flux spectra for six gaps, including field errors. The 
corresponding deflection parameters, in order of increasing gap, 
are K=2.798, 2.521, 2.028, 1.640, 1.209, and .683. 

at high energies. The somewhat "noisy" nature of the spectra 
is a computational effect due to the Monte-Carlo method by 
which the storage-ring emittance is treated. 

Before comparing UA to WA, the issue of optimizing 
UA for a given photon energy by proper gap adjustment must 
be addressed. Fig. 3 shows, for six gaps, calculated flux 
spectra through a 5x2-mm aperture placed 30 m from UA#1. 
The six gaps range from 10.5 mm to 24.5 mm (refer to the 
figure caption for deflection parameter values K). The 
minimum allowed gap of 10.5 mm is set by the outer 
dimension of the vacuum chambers installed in the APS 
insertion device straight sections. Below 50 keV, the six 
spectra overlap in a complicated fashion, requiring 
examination of the tuning curves for selection of the best 
choice of harmonic number or gap setting? Fig. 3 indicates 
that above 50 keV, operation close to the minimum gap is 
the optimum setting for UA. So when comparing UA to 
WA in the next section, only UA#l spectra for the 10.5-mm 
minimum gap will be considered. 

111. UNDULATOR A / WIGGLER A 
COMPARISON 

II. UNDULATOR A SPECTRA 

Figures 1 and 2 show flux spectra from UA#l, through a 
5x2-mm aperture placed 30 m from the source, for an 11.5- 
mm gap both with and without field errors. A 5x2-mm 
aperture was selected for these and subsequent calculations 
because it is just large enough to pass the entire central 
radiation cone characteristic of the lower, odd harmonics. At 
the low-order harmonics (Fig. 1). the actual and ideal device 
curves match well. However, the field errors have the effect 
of smearing out the high-order harmonics (Fig. 2), making 
the spectrum at high energies resemble that of a wiggler. The 
energy spread of the particle beam, which was not considered, 
has a similar influence and compounds the spectral smoothing 
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FIG. 4. Minimum-gap comparisons between UA and WA with 
different apertures. The inset shows an energy region where, for a 
5x2-mm beam, the insertion device of choice changes from UA to 
WA. 

A UA/WA comparison up to 300 keV is shown in Fig. 
4, where five curves are displayed. One is the minimum gap 
(10.5 mm) UA#1 flux spectrum already shown in Fig. 3. 
Another spectrum is for the same gap, but with a wide-open 
aperture that permits radiation outside the central cone to pass 
as well. The remaining three curves are wiggler flux spectra 
for a fixed gap of 21.5 mm (K=7.9, critical energy &=32 
keV), through different apertures, including the wide-open 
case. The wiggler gap of 21.5 mm was chosen because it is 
anticipated, in the initial operation stages of the APS, to be 
the smallest allowed gap due to heat-load restrictions on the 
beamline front ends (about 8 kW maximum). 

If the radiation from UA and WA are subjected to the 
same 5x2-mm aperture, UA provides more flux than WA up 
to a photon energy of about 280 keV, where the calculation 
shows a crossover, shown more clearly by the close-up inset 
within Fig. 4. For most experiments, 5x2 mm is probably 
too large a beam size; 2x1 mm would be more typical. If 
one calculates a UA#1 spectrum for the 2x1-mm case (not 
shown) and compares it to WA with the Same aperture, the 
crossover occurs above 300 keV. These photon energies, 
above which the wiggler delivers more flux, would shift to 
lower values if one were allowed to further close the wiggler 
gap. Note that the comparison has been made on the basis of 
flux. The brightness and brilliance of UA further enhance its 
attractiveness over WA. However, for an experiment that can 
tolerate the full wiggler beam (35x6 mm at 30 m when 
unfocused), Fig. 4 shows that WA provides a greater flux, 
even if the beam from UA is left unapertured. 

IV. OTHER HIGH-ENERGY X-RAY SOURCES 

Spectra of high-energy insertion devices in other 
synchrotron laboratories are presented in Figs. 5 and 6. Both 
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FIG. 5. APS UA and WA spectra along with those of the APS 
bend-magnet, NSLS bend-magnet, CHESS A, F wigglers (at a 
closed gap corresponding to 1.2 T peak field and K=22), and 
NSLS X17 superconducting wiggler (at a maximum peak field of 
4.7 T and K=76). 

figures contain spectra for the APS sources UA and WA at 
their minimum gaps. Note that the quantity calculated on the 
vertical axis (ph/s/mrad(horiz.)/.l%bw at 100 mA) differs 
from that in previous figures. Although one would not 
consider the NSLS bend-magnet as a high-energy x-ray 
source, its spectrum is included (Fig. 5 )  for the sake of 
illustrating how a low-energy bend-magnet device performs at 
high energies. Given that all spectra have been normalized to 
the same ring current of 100 mA, one should be aware that 
the operating currents at the various facilities not only vary 
significantly (from a few mA to hundreds of mA) but also 
change over time as the individual storage rings evolve. 
Furthermore, for an experimenter interested in optimizing the 
useful flux delivered to a particular experiment, there are a 
number of additional relevant factors not reflected in Figs. 5 
and 6. Examples are source brilliance and source-to- 
experimental station distance. 

V. CONCLUDING REMARKS 

For experiments using photon energies above 50 keV, 
the performance of APS Undulator A is optimized by 
operating in the immediate vicinity of the minimum gap 
condition. Calculations comparing APS Undulator A to A P S  
Wiggler A at their minimum gaps (anticipated to be 10.5 mm 
and 21.5 mm, respectively, during initial operation stages) 
indicate that for most high-energy applications, the undulator 
should be the preferred choice of insertion device up to and 
perhaps beyond -280 keV, depending on the experimental 
details. An exception to this generalization can be made for 
experiments that can use most or all of the wiggler beam, 
e.g., in a focusing geometry. In this case, however, the 
technical difficulties associated with focusing high-energy x 
rays, combined with the considerable heat-load on beamline 
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FIG. 6. APS UA and WA spectra along with those of the 12-GeV 
PETRA undulator at DESY (at a 16-mm gap corresponding to 
K=1.53), and ESRF ID15's asymmetric multipole wiggler and 
superconducting wavelength-shifter (at minimum gap). 

components and optics due to a full wiggler beam (8 k W  at 
100 mA), pose a serious challenge. 

The magnetic field errors and particle beam energy spread 
smear out the high-order undulator harmonics, giving rise to a 
wiggler-like spectrum. That Wiggler A always outperforms 
Undulator A at sufficiently high energies is a manifestation of 
the wiggler's greater critical energy eventually dominating 
over the undulator's greater number of periods. 
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