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data analysis software is funda-
mental to scientific discovery at the
APS. The impressive variety of world-
leading techniques performed at the
APS coupled with the facility’s diverse
user-base naturally leads to a demand
for a variety of different software tools.
despite this variety, some analysis
techniques are of common interest to
many APS beamlines, either as a pri-
mary form of analysis, or through use
as a data processing step performed
as a part of a larger analysis workflow.

An example of such a common
data analysis technique is found in re-
ciprocal space mapping (rSm) tools.
rSm tools are used to transform data
from diffractometer-space (images col-
lected at a set of angles) into recipro-
cal-space (scattered intensities at q®)
or in terms of the related miller indices
(h, k, l). The output from this mapping

often forms the basis of further data
analysis. for example, they are used
as a part of general-purpose scattering
and diffraction (including microdiffrac-
tion) beamlines. Additionally, these
tools are used for techniques that
study dynamics, such as time-depen-
dent diffraction, to provide reciprocal-
space input to wide-angle x-ray photon
correlation spectroscopy (WA-xPcS)
reduction software, or to assist in the
discovery of spectroscopic features as-
sociated with particular lattice sites,
which can then be studied further. 

As with many other techniques at
the APS, the development and applica-
tion of higher frame-rate detectors en-
ables novel science in a wide range of
diffraction based areas. A conse-
quence of these detector advance-
ments is the creation of greater
amounts of image data that must be

Fig. 1. rSmap3D user interface. Top: An inter-
active 3-D view of the full scan space imported
from acquisition data specified in the dialog to
the right. via the interface users can select
scan geometry and image data files, and in-
strument configuration settings. Bottom: 3-D
view of a smaller scan space selected based
on parameters in the adjacent dialog. Users
can set the bounding region of the scan area
to map, select individual images to include or
exclude from space-mapping, and view scan
parameters associated with individual images.
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processed, making parallel computa-
tion necessary.

in this area, the APS continues to
develop the rSmap3d software pack-
age, a general-purpose tool for recipro-
cal-space mapping. The tool allows
users to examine a volume of data and
select portions on which to apply trans-
formations that convert detector pixel
locations from diffractometer geometry
to reciprocal-space units, and then map
pixel data on to a three-dimensional (3-
d) reciprocal-space grid. rSmap3d can
map data acquired using 4- and 6-circle
diffractometers, and with scans taken
over angles or energy. The application
presents a graphical interface for se-
lecting the relevant parts of data to
process via a 3-d representation of the
acquired data volume (fig. 1).

Scan angle or energy data is usu-
ally read from data files generated by
spec, while image data is often read
from Tiff or hdf5 files. The core map-
ping routines utilize the openmP pro-
gramming APi to parallelize operations
across multiple cores on a workstation
for increased performance. data too big
to fit entirely into memory at one time is
processed in smaller chunks and re- as-
sembled to form the final output vol-
ume, allowing users to process arbitrar-
ily large input datasets.

once data is processed it may be
used as input to further analysis work-
flows. Additionally, visualization is often
an important part of the data analysis
process. data generated by rSmap3d
is easily read by Paraview, an open-
source, high-performance tool for 3-d
data visualization and manipulation.
Paraview allows the user to easily pro-
duce 3-d contour plots and make slices
through the data using plane cuts or
cuts on the surface of a defined sphere,
for constant |q®| cuts, for example. us-
ing rSmap3d in combination with so-
phisticated visualization tools enables
APS staff and users to study large dif-
fraction data quickly and effectively
(fig. 2).

rSmap3d is written in Python and
relies heavily on the xray utilities,
spec2nexus, and vTk libraries. it is
easily installed using the pip package
management system, and runs on the
linux, oS x, and Windows platforms.
rSmap3d is now in regular use for
scattering and diffraction experiments at

the xSd 33-bm-c and 33-id-d,e
beamlines, for microdiffraction analysis
at 34-id, and for time-resolved diffrac-
tion work at 7-id. development is un-
derway for WA-xPcS analysis at 8-id,
and for data exploration with inelastic x-
ray measurements at 30-id-b,c.

Contact: John Hammonds,
jphammonds@anl.gov; Jonathan

Tischler, tischler@aps.anl.gov;
Christian Schleputz,

christian.schlepuetz@psi.ch;
Nicholas Schwarz,

nschwarz@aps.anl.gov

The rSmap3d software package was devel-
oped, and is supported and maintained by
the xSd Scientific Software engineering &
data management group in collaboration
with jonathan Tischler (xSd-SSm) with
funding from the u.S. department of energy
office of Science under contract no. de-
Ac02-06ch11357.

Fig. 2. Top: Paraview visualization of a diffraction dataset composed of a series of phi scan
scans at various chi values. The dome thickness represents a range of |q⃗| values at each of
the chi/phi values. Bottom: 3-D view of reciprocal-space map showing multiple cuts through
the data.
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LINAC
output energy 375 mev
maximum energy 500 mev
output beam charge 0.3–3 nc
normalized emittance 5–20 mm-mrad
frequency 2.856 ghz
modulator pulse rep rate 30 hz
gun rep rate 2–12 hz
(1–6 pulses, 33.3 ms apart every 0.5 s)
beam pulse length 8–15 ns
bunch length 1–10 ps fWhm

PARTICLE ACCUMULATOR RING
nominal energy 375 mev
maximum energy 450 mev
circumference 30.66 m
cycle time 500 ms or 1000 ms
fundamental radio frequency (rf1) 9.77 mhz
12th harmonic rf frequency (rf12) 117.3 mhz
rmS bunch length 0.34 ns
(after compression) 

INJECTOR SYNCHROTRON (BOOSTER)
nominal extraction energy 7.0 gev
injection energy 375 mev
circumference 368.0 m
lattice structure 10 fodo cells/

quadrant
ramping rep rate 2 hz or 1 hz
natural emittance 69 nm-rad (actual)

92 nm-rad (nominal)
radio frequency 351.930 mhz

STORAGE RING SYSTEM
nominal energy 7.0 gev
circumference 1104 m
number of sectors 40
length available for insertion device 5.0 m
nominal circulating current, multibunch 100 mA
natural emittance 2.5 nm-rad
rmS momentum spread 0.096%
effective emittance 3.1 nm-rad
vertical emittance 0.040 nm-rad
coupling (operating) 1.5%
revolution frequency 271.555 khz
radio frequency 351.935 mhz
operating number of bunches 24 to 324
rmS bunch lengths 33 ps to 25 ps
rmS bunch length of 16 mA in hybrid mode 50 ps

TYPICAL APS MACHINE PARAMETERS

UNDULATOR A (29 INSERTION DEVICES [IDS])
Period: 3.30 cm
length: 2.1 m in sectors 16, 21, 23, 24, 34; 2.3 m in Sector 6; 

2.4 m in others
minimum gap: 10.5 mm
bmax/kmax: 0.892 T/2.75 (effective; at minimum gap)
Tuning range: 3.0–13.0 kev (1st harmonic)

3.0–45.0 kev (1st–5th harmonic)
on-axis brilliance at 7 kev (ph/s/mrad2/mm2/0.1%bw): 
4.1 x 1019 (2.4 m), 4.0 x 1019 (2.3 m), 3.3 x 1019 (2.1 m)

Source size and divergence at 8 kev:
Sx: 276 µm Sy: 11 µm
Sx': 12.7 µrad (2.4 m), 12.8 µrad (2.3 m), 12.9 µrad (2.1 m)
Sy': 6.7 µrad (2.4 m), 6.8 µrad (2.3 m), 7.1 µrad (2.1 m)

2.30-CM UNDULATOR (2 IDS IN SECTORS 11, 14)
Period: 2.30 cm  length: 2.4 m
minimum gap: 10.5 mm
bmax/kmax: 0.558 T/1.20 (effective; at minimum gap)
Tuning range: 11.8–20.0 kev (1st harmonic)

11.8–70.0 kev (1st-5th harmonic, non-contiguous)
on-axis brilliance at 12 kev (ph/s/mrad2/mm2/0.1%bw): 6.9 x 1019

Source size and divergence at 12 kev:
Sx: 276 µm Sy: 11 µm
Sx': 12.3 µrad Sy': 5.9 µrad

2.70-CM UNDULATOR (5 IDS IN SECTORS 3, 12, 14, 35)
Period: 2.70 cm
length: 2.1 m in Sector 12; 2.4 m in sectors 3, 14, and 35
minimum gap: 10.5 mm
bmax/kmax: 0.698 T/1.76 (effective; at minimum gap)
Tuning range: 6.7–16.0 kev (1st harmonic)

6.7–60.0 kev (1st-5th harmonic, non-contiguous)
on-axis brilliance at 8.5 kev (ph/s/mrad2/mm2/0.1%bw): 
5.7 x 1019 (2.4 m), 4.7 x 1019 (2.1 m)

Source size and divergence at 8 kev:
Sx: 276 µm Sy: 11 µm
Sx': 12.7 µrad (2.4 m), 12.9 µrad (2.1 m)
Sy': 6.7 µrad (2.4 m), 7.1 µrad (2.1 m)

3.00-CM UNDULATOR (9 IDS IN SECTORS 12, 13, 16, 21,
23, 27, 34, 35)
Period: 3.00 cm
length: 2.1 m in sectors 12, 13, 16, 21, 23, 34; 2.4 m in sectors 27 and 35
minimum gap: 10.5 mm
bmax/kmax: 0.787 T/2.20 (effective; at minimum gap)
Tuning range: 4.6–14.5 kev (1st harmonic)

4.6–50.0 kev (1st-5th harmonic)
on-axis brilliance at 8 kev (ph/s/mrad2/mm2/0.1%bw):
4.8 x 1019 (2.4 m), 3.9 x 1019 (2.1 m) 

Source size and divergence at 8 kev:
Sx: 276 µm Sy: 11 µm
Sx': 12.7 µrad (2.4 m), 12.9 µrad (2.1 m)
Sy': 6.7 µrad (2.4 m), 7.1 µrad (2.1 m)

3.50-CM SMCO UNDULATOR (SECTOR 4)
Period: 3.50 cm  length: 2.4 m
minimum gap: 9.75 mm
bmax/kmax: 0.918 T/3.00 (effective; at minimum gap)
Tuning range: 2.4–12.5 kev (1st harmonic)

2.4–42.0 kev (1st-5th harmonic)
on-axis brilliance at 7 kev (ph/s/mrad2/mm2/0.1%bw): 3.7 x 1019

Source size and divergence at 8 kev:
Sx: 276 µm Sy: 11 µm
Sx': 12.7 µrad Sy': 6.7 µrad

APS SOURCE PARAMETERS
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3.60-CM UNDULATOR (SECTOR 13)
Period: 3.60 cm
length: 2.1 m
minimum gap: 11.0 mm
bmax/kmax: 0.936 T/3.15 (effective; at minimum gap)
Tuning range: 2.2–11.8 kev (1st harmonic)

2.2–40.0 kev (1st-5th harmonic)
on-axis brilliance at 6.5 kev (ph/s/mrad2/mm2/0.1%bw): 2.8 x 1019

Source size and divergence at 8 kev:
Sx: 276 µm Sy: 11 µm
Sx': 12.9 µrad Sy': 7.1 µrad

1.72-CM UNDULATOR (SECTOR 30)
Period: 1.72 cm
length: 4.8 m (2 x 2.4 m)
minimum gap: 10.6 mm
bmax/kmax: 0.330 T/0.53 (effective; at minimum gap)
Tuning range: 23.7–26.3 kev (1st harmonic)
on-axis brilliance at 23.7 kev (ph/s/mrad2/mm2/0.1%bw): 1.0 x 1020

Source size and divergence at 23.7 kev:
Sx: 276 µm Sy: 11 µm
Sx': 11.6 µrad Sy': 4.3 µrad

1.80-CM UNDULATOR (SECTOR 32)
Period: 1.80 cm
length: 2.4 m
minimum gap: 11.0 mm
bmax/kmax: 0.244 T/0.41 (effective; at minimum gap)
Tuning range: 23.8 - 25.3 kev (1st harmonic)

71.4 - 75.9 kev (3rd harmonic)
on-axis brilliance at 23.8 kev (ph/s/mrad2/mm2/0.1%bw): 2.8 x 1019

Source size and divergence at 23.8 kev:
Sx: 276 um        Sy: 11 um
Sx': 11.9 urad    Sy': 4.9 urad

IEX 12.5-CM QUASI-PERIODIC POLARIZING UNDULATOR
(SECTOR 29)

Period: 12.5 cm
length: 4.8 m
Circular polarization mode:

max. currents: horizontal coils 34.4 A, vertical coils 20.7 A
kmax: 2.73 (effective; at max. currents)
bmax: 0.27 T (peak; at max. currents)
Tuning range: 0.44–3.5 kev (1st harmonic)
on-axis brilliance at 1.8 kev (ph/s/mrad2/mm2/0.1%bw): 1.4 x 1019

Linear horizontal polarization mode:
max. current: vertical coils 47.6 A
kmax: 5.39 (effective; at max. current
bmax: 0.54 T (peak; at max. current)
Tuning range: 0.24–3.5 kev (1st harmonic)

0.24–11.0 kev (1st–5th harmonic)
on-axis brilliance at 2.1 kev (ph/s/mrad2/mm2/0.1%bw): 1.1 x 1019

Linear vertical polarization mode:
max. current: horizontal coils 50.3 A
kmax: 3.86 (effective; at max. current)
bmax: 0.37 T (peak; at max. current)
Tuning range: 0.44–3.5 kev (1st harmonic)

0.44–11.0 kev (1st–5th harmonic)
on-axis brilliance at 2.1 kev (ph/s/mrad2/mm2/0.1%bw): 1.1 x 1019

fast polarization switching not required
Source size and divergence at 2 kev:

Sx: 276 µm Sy: 13 µm
Sx': 13.9 µrad Sy': 8.8 µrad

12.8-CM CIRCULARLY POLARIZING UNDULATOR (SECTOR 4)
Period: 12.8 cm
length: 2.1 m
Circular polarization mode:

max. currents: horizontal coils 1.34 kA, vertical coils 0.40 kA
kmax: 2.85 (effective; at max. currents)
bmax: 0.30 T (peak; at max. currents)
Tuning range: 0.4–3.0 kev (1st harmonic)
on-axis brilliance at 1.8 kev (ph/s/mrad2/mm2/0.1%bw): 3.1 x 1018

Linear horizontal polarization mode:
max. current: vertical coils 0.40 kA
kmax: 2.85 (effective; at max. current)
bmax: 0.30 T (peak; at max. current)
Tuning range: 0.72–3.0 kev (1st harmonic)

0.72–10.0 kev (1st–5th harmonic)
on-axis brilliance at 2.1 kev (ph/s/mrad2/mm2/0.1%bw): 2.3 x 1018

Linear vertical polarization mode:
max. current: horizontal coils 1.60 kA
kmax: 3.23 (effective; at max. current)
bmax: 0.34 T (peak; at max. current)
Tuning range: 0.58–3.0 kev (1st harmonic)

0.58–10.0 kev (1st–5th harmonic)
on-axis brilliance at 2.1 kev (ph/s/mrad2/mm2/0.1%bw): 2.3 x 1018

Switching frequency (limited by storage ring operation): 0–0.5 hz
Switching rise time: 50 ms
Source size and divergence at 2 kev:

Sx: 276 µm Sy: 12 µm
Sx': 16.7 µrad Sy': 12.7 µrad

1.80-CM SUPERCONDUCTING UNDULATOR
(2 IDS IN SECTORS 1, 6)

Period: 1.80 cm
length: 1.1 m
gap: 9.5 mm (fixed)
max. current: 450 A
bmax/kmax: 0.962/1.61 (effective; at maximum current)
Tuning range: 11.2–24.7 kev (1st harmonic)

11.2–150.0 kev (1st-13th harmonic, non-contiguous)
on-axis brilliance at 13 kev (ph/s/mrad2/mm2/0.1%bw): 3.2 x 1019

Source size and divergence at 13kev:
Sx: 276 µm Sy: 11 µm
Sx': 13.2 µrad Sy': 7.5 µrad

APS BENDING MAGNET
critical energy: 19.51 kev
energy range: 1–100 kev
on-axis brilliance at 16 kev (ph/s/mrad2/mm2/0.1%bw): 5.4 x 1015

on-axis angular flux density at 16 kev (ph/s/mrad2/0.1%bw): 9.6 x 1013

horizontal angular flux density at 6 kev (ph/s/mradh/0.1%bw): 1.6 x 1013

Source size and divergence at the critical energy:
Sx: 92 µm Sy: 31 µm
Sx': 6 µrad Sy': 47 µrad
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