
Introduction
In order to carry out an effective x-ray photon correlation

spectroscopy (XPCS) measurement, one has to make sure that
dynamics detected in the measurement are coming from the sam-
ple being studied not from the experimental setup. Previous
experiments warranted that the topup mode of operation at the
APS may cause fluctuations in the beam size and the beam posi-
tion thus introducing unwanted coherence and intensity changes
in our XPCS setup. To test the feasibility of XPCS measurements
at time scales longer than the interval between two top-up fills, a
systematic study was carried out testing different methods to
exclude data taken during a fill and trying to optimize slit settings
for the top-up mode. To our pleasant surprise the beam stability
was much better in March 2001 than in December 2000. The
beam stability in top-up mode in March 2001 was comparable to
previous non-top-up mode results. 

Methods and Materials
The  layout details of the  8-ID-E SAXS-XPCS beamline can

be found in previous publications.1,2 Here we would only repeat
that the white beam from the undulator source passes through a
set of cooled slits at 29 m from the source, then it is monochrom-
atized by a germanium monochromator, and the beam is finally
collimated by a pair of precision crossed slits 55 m from the
source, 40 cm upstream of the sample. In this setup, by closing
down the white beam slits, one can reduce the overall intensity
and can also limit the source size thus reducing the dependence of
coherence on the beam size. By closing the white beam slits, one
can also reduce the intensity fluctuations caused by beam move-
ment. The December 2000 measurements were carried out at
200 µm x 400 µm white beam slit sizes, while in March, meas-
urements at several smaller slit sizes were carried out. During all
of these measurements the collimating slits were set to 20 µm x 20 µm
openings. The detailed effects and the optimization of these slit
sizes were described in a previous work.1

While optimizing the slit sizes may reduce the effects of
beam movement, another approach is to detect the data frames
that are affected by a fill and exclude them from the analysis. We
detected these “damaged” frames by monitoring the appropriate
EPICS variables. We modified our previous data reduction system
to allow for exclusion of frames.2

The sample used to produce the scattering is one of our
“benchmark” silica gels; its preparation has been published earli-
er.3 Aerogels are very useful to characterize coherent x-ray scat-
tering beamlines  as they are very strong scatterers and they also
generate strong speckle due to their random structure. Aerogels
are practically static. In the time range accessible to XPCS (up to
10000 s), they do not exhibit movement; thus, if a time constant
is detected, it should be due to some other instability not sample
dynamics. Our regular beamline test includes taking data on our
aerogel sample. The flatter the correlation function, the longer

the characteristic time constant, the better the beamline stability.
We compared the beamline stability at different settings using this
aerogel standard.

Results
Looking at Fig. 1, it is apparent that, in the March top-up

mode, correlation functions are flat for a longer time than the
December results. It is clear that the decay of the December cor-
relations begins at 200 s—approximately the top-up cycle time—
while the March results extend much beyond the refill period. 

For a more qualitative evaluation, we fitted each of the corre-
lation functions with a single exponential decay and plotted the
decay time versus wave number in Fig. 2. The decay times in top-
up mode have improved by a factor of 15 between December
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FIG. 1. Time correlation function measured on our aerogel sample in top-
up mode in 3/2001 and 12/2000. Note that the much faster decay in the
December data effectively limits measurements to at most 200 s, while the
March results allow the detecting of time constants up to 10000 s.

FIG. 2. Fitted time constants of XPCS correlation functions on our aero-
gel sample versus wave number. The higher time constants signal a more
stable beamline. Note the marked improvement from December to March. 



March. Even though the March top-up results do not reach the non-
top-up mode results, they are  only 20% worse, thus comparable.  

The time constants with smaller white beam slits and exclud-
ed frames improved less then 4% from the uncorrected top-up
mode results, thus we were unable to show if these methods are
effective in increasing stability.

Discussion
A marked increase in beam stability occurred between

December 2000 and March 2001. As our beamline was not
changed between the two runs, it is clear that the improvements
were made on the APS side. While we do not have control over
the fill parameters, we have developed a quick test  to determine
if XPCS measurements are feasible. We hope that, in the future,
top-up APS runs will be as good as the March 2001 one, allowing
XPCS measurements to take advantage of the top-up mode.
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