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About me/ORNL

LETTERS

NATURE MATERIALS DOI: 10.1038/NMAT2443
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Figure 1 | Crystal structure of BaFe2As2, tetrahedral angles and high-pressure transport measurements. a, A polyhedral representation of the crystal
structure of BaFe2As2: iron atoms are shown in yellow, arsenic atoms are purple and barium atoms are pink. b, The tetrahedral coordination of Fe; the
angles referred to in the text are highlighted in red. c, Results of a high-pressure resistance measurement at 5.5 GPa on our sample of BaFe2As2; the onset
of the transition is at 31 K; zero resistance is achieved at 30.5 K.

numbers 1–5 and were measured in this sequence. After cooling
our sample to 150K we applied a moderate pressure of 1GPa. On
further slow cooling to 17K (isobar 1), and on warming back to
150K, we still observed the T–O structural transition at 140K. At
the next highest pressure, 3 GPa, we did not observe this transition
on cooling (isobar 3). Also, the orthorhombic phase was recovered
at 1.2 GPa on decreasing pressure at 75 K (isotherm 5). Both of
these facts suggest that the T–O phase line falls sharply. However,
a degree of hysteresis at this phase boundary cannot be ruled out,
so the phase boundary shown in Fig. 2c should be regarded as
schematic in nature. We did not observe coexistence of T and O
phases at any pressure–temperature points. The refined unit-cell
volume across the whole temperature and pressure region studied
is shown in Fig. 2c as an interpolated colour map. The transition
to a collapsed phase, as seen14,15 in non-superconducting CaFe2As2,
would be indicated by a sharp change in the unit-cell volume, and
is clearly absent in this range of pressures and temperatures (see
Supplementary Information).

A decrease in the Fe–Fe distance is known to increase TC in
the FeAs superconductors9. We find that this distance (a/

p
2) in

BaFe2As2 decreases linearly (Fig. 3a) up to pressures of 6GPa. The
a lattice parameter from the Ba1�xKxFe2As2 solid solution reported
in ref. 8 is also plotted up to a doping level of x ⇠ 0.62, and
matches our data well. Although data were plotted such that the
maximum TC values reported in refs 7 and 8 agree, we do not imply
that pressure is directly proportional to doping. Nevertheless, this
comparison does show that the nearest-neighbour Fe–Fe distance
evolves similarly under chemical or applied pressure as BaFe2As2
is tuned to superconductivity. The change in the c lattice parameter

under chemical pressure (an increase of⇠7.8%) is different to what
we find here (4% reduction at 6GPa), which might correlate with
the lower superconductingTC and density of states at the Fermi level
under pressure (see below), as expected for quasi-two-dimensional
spin-fluctuation-mediated superconductors16.

The electronic properties of the FeAs superconductors are also
sensitively controlled by distortions of the FeAs4 tetrahedra17. The
degree of distortion is controlled by the As z coordinate, which is
the only internal degree of freedom in the tetragonal structure. The
quality of our data enabled refinement of this parameter for all pres-
sures and temperatures, and we find that the As z value increases
linearly with pressure from 1GPa to 6GPa (see Supplementary Fig.
S2). As was seen for the other structural parameters, the refined
value on decreasing pressure at 75 K overlies the 150K values
exactly. The extracted Fe–As and Ba–As bond lengths are shown in
Fig. 3b as a function of pressure. The Fe–As bond is extremely ro-
bust to applied pressure, as was also reported for chemical doping8,
whilst the Ba–As bond is found to contract strongly. We also find
a striking correlation between the effect of pressure and chemical
substitution on the As–Fe–As bond angle, which has been suggested
to control the electronic bandwidth in FeAs materials. As shown in
Fig. 4a, we show that the As–Fe–As bond angles converge to the
ideal tetrahedral value of 109.5� as pressure is increased towards
the superconducting region, with a possible divergence at higher
pressures. The Ba1�xKxFe2As2 solid solution shows exactly the same
dependence on approaching optimal TC, highlighting the impor-
tance of this structural parameter in achieving superconductivity.

The results presented above show that the structural changes of
the superconducting FeAs layer that occur as a function of pressure

472 NATUREMATERIALS | VOL 8 | JUNE 2009 | www.nature.com/naturematerials

(since Jan. 2017)
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About me/ORNL

Tremendous privilege to work at 
(inter)national labs: 

- Supporting user science, bring 
new methods to ‘market’ 

- Working toward strategic goals of   
laboratory, DoE and nation 

World leaders in neutron science 
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About me/ORNL

“Detection of AFM by neutron diffraction” 

C.G. Shull, J. S. Smart, Phys. Rev., 76, 
1256-1257 (1949) 

“It has occurred to one of us (J.S.S.) that 
neutron diffraction experiments might 
provide a direct means of detecting 
antiferromagnetism.”
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Why Fourier methods?

Information content of PDF = information content of raw data 

Broad signals better presented 

Take advantage of Fourier filtering 
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SAJK et al (unpublished) 

Polyoxometalate photochemistry
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Total scattering

Best case is plastic crystal, with both long-range order 
(Bragg peaks) and short-range order (diffuse scattering) 
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Fourier transform of Q.[S(Q)-1] taken using: 

Result is a ‘pair distribution function’ or histogram of bond lengths 

(model independent) information depends on ‘Q-max’, i.e. wavelength 
used 
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Fourier transform of Q.[S(Q)-1] taken using: 

Result is a ‘pair distribution function’ or histogram of bond lengths 

(model independent) information depends on ‘Q-max’, i.e. wavelength 
used 

G(r) = 2/�

Z 1

0
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Pair distribution function connected to model: 

Peak positions related to oxidation states,  
intensities give atomic weights/coordination 
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Fourier transform of Q.[S(Q)-1] taken using: 

Result is a ‘pair distribution function’ or histogram of bond lengths 

(model independent) information depends on ‘Q-max’, i.e. wavelength 
used 
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Notes on the Analysis of Data for Pair Distribution Functions, Thorpe, Levashov,  Lei, Billinge, (2002)

Total scatteringWhy Fourier methods?
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3 Managed by UT-Battelle
for the Department of Energy

Design of NOMAD

6(5)

1(0) 2(1)

5(4)

4(3)3(2)

Currently, 50 out of 99 packs with eight 3He linear position sensitive 
detectors are installed. 51200 pixels are grouped into
six “banks”.

Total scattering at ORNL

19.5 m, decoupled poisoned supercritical hydrogen 
4.0 sr detectors, 0.02 < Q < 100 A-1 
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8 Managed by UT-Battelle
for the Department of Energy

Diffraction from a very strong scatterer 
(0.6 g diamond) obtained in 1 second.Total scattering at ORNL

0.6 g of diamond in 1 s (backscattering banks only)
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9 Managed by UT-Battelle
for the Department of Energy

October 21, 2008

20 min data on glassy SiO2
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Total scattering at ORNL

20 mins on glassy silica
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POWGEN is narrow band width diffractometer 

1 Å band width, 10-170 ° coverage 

Layout of detectors now matches design philosophy 

=> no banking

16

Total scattering at ORNL

107100000-DC0001-Rev A 
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Figure 8. Detector Array – Instrument Right Side 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 9. Detector Array Coverage Angles – Instrument Right Side 

 

3 Module Stands 

5 Module Backscattering 
Stands 

Sample Center 

131.5° 

170.2° 

5.5° 
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1.5 Å center wavelength

dmin ~0.4 Å
dmax > 7.5 Å

MnOOH

Total scattering at ORNL

POWGEN is highest resolution NPD in North America 

Highly flexible, typically use center wavelengths of 0.7, 1.5…. 4.7 Å etc
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Vulcan (SNS FTS beam line 7) has demonstrated the suitability of the shallow poisoned, 300 K water 
moderator to produce outstanding powder diffraction measurements providing Δd/d = 0.25% in its high 
resolution (low beam divergence) mode with detectors at 90 deg 2θ. This moderator produces pulses with 
FWHM of 10.6 µsec at λ = 1 Å, which should provide better Δd/d at higher scattering angles for an 
instrument with a total flight path of ~32 m. Due to its coupled PDF mission, the instrument must deliver 
a sufficiently wide wavelength band to cover a broad range of Q-space in a single instrument setting.  It is 
also desired that the instrument resolution function maintain a Q-dependence that is tractable for high real 
space range modeling.  The current concept assumes a full complement of 3He detector tubes located on 
both sides of the sample chamber in a logarithmic spiral arrangement, with both coarse and fine radial 
collimation. Performance estimates are being evaluated with the neutron ray-trace simulation package 
McSTAS to evaluate chopper, guide, and detector layouts, and benchmark these within the performance 
metrics of the NOMAD and POWGEN beamlines. Several MCSTAS comparisons are shown in Figure 2.  
Current performance estimates are up to 30 times higher count rates compared to POWGEN, with double 
the resolution of NOMAD over a large portion of the angular range.  With these characteristics, data sets 
for Rietveld and PDF analysis will be collected for ~1 gram samples in minutes to an hour, depending on 
scattering strength.  Options for detector arrangements, guide characteristics, and chopper arrangements 
are in progress, and will be determined during a detailed design stage.  The current design assumes 
detectors will operate in an air or Ar-filled environment within the shielding cave; however, a lower 
background option which locates the sample and detectors within a single, large vacuum vessel is still 
being considered. Efforts are currently underway to evaluate the feasibility for initial designs or upgrade 
paths that would allow optional correlation chopper use for removal of inelastic scattering signal and 
optional polarization capabilities for magnetic diffraction/PDF studies.    

 
Figure 1. The DISCOVER beamline is currently envisioned to be located on BL8b at the SNS, between Vulcan on BL7 and 
Corelli on BL9.  Preliminary concepts are based on ~32 m primary flightpath, wide angular range and fully collimated detector 
coverage, and a top-loading sample chamber.  The design currently features a full complement of 3He detector tubes located 
on both sides of the sample chamber in a logarithmic spiral arrangement, with both coarse and fine radial collimation. Access 
to the sample chamber will be from above, with a top-loading sample well that will accept the current TOF diffraction sample 
environment suite. Provisions are being incorporated to accommodate an elevating sample platform that will allow access to 
user-provided sample environments, a feature strongly advocated for by the community at the DISCOVER Beamline 
Workshop.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Discover will be: 

1- Viewing the poisoned 300 K water moderator 

2- Around 32 m in length, and medium resolution
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Summary 
 
We have identified a need and proposed an initial concept for the instrument DISCOVER, ideally placed 
at beamline 8B at the Spallation Neutron Source, ORNL.  The instrument will provide a front-line 
capability addressing the Grand Challenge of “How do we design and perfect atom- and energy-efficient 
synthesis of revolutionary new forms of matter with tailored properties?” put forward in the Directing 
Matter and Energy 2007 report and echoed in a multitude of Basic Research Needs Reports and 
Brochures since.  DISCOVER will deliver a medium resolution / fast diffraction capability for kinetic 
studies of crystalline solids, and it will be the world’s highest resolution dedicated total scattering 
instrument; the total scattering holds the key to simultaneously determine the crystallographic average 
structure as well as the local and intermediate (~15 nm) structure often driving chemical and physical 
behaviors of materials.  The instrument will allow the scientific community to advance the state of 
knowledge of reaction pathways and mechanisms for new material designs, develop new and more 
effective sorbents and catalysts for the biofuel and other chemical processing industries, identify new 
paradigms for controlling emergent states of matter in quantum and other functional materials areas, and 
much more.  
 
 
 
  

 
Figure 2. Simulated diffraction intensities and PDFs generated from results of McSTAS simulations within the SNS 
Powder Diffraction Suite.  Simulations are being benchmarked with measurements in the current suite as part of a full 
design effort. 

 

Total scattering at ORNL

damping = exp-((rΔQ)2/2)
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What goes in the PDF?

Size/shape information 

PDF is sensitive to the coherent domain size and particle shape

1� 3

2

r

D
+

1

2
(
r

D
)3



Presentation_name22

metallic Pd persists in the eggshell with a slightly higher loading
of Pd/PdO towards the top left hand side. The particle size in the
eggshell region is large, as the signal is clearly seen in XRD-CT
and presumably originates from the large Pd particles that are not
fully oxidized. However, strikingly, the metallic Pd in the core of
the catalyst body coming from diffraction-silent small particles is
now removed by this calcining process and replaced with PdO.
Finally, in the reduced state (after treatment in H2) the PdO is
seen to diminish completely yielding crystalline fcc Pd, with this
phase again being located predominantly at the periphery and
then preferentially on the left. Although PDF-CT data are
consistent with this observation, a smattering of unaccounted for
signal intensity within the main body of the sample because of
both Pd and PdO suggests that the conclusions drawn from XRD-
CT are not entirely complete; ‘diffraction-silent’ (nano)material is
again present.

The previous observation that the diffraction-silent PDF-CT
signal in the core of the catalyst is from small nanoparticles is
verified by further quantitative analysis. In nanomaterials, peaks
in the PDF diminish in intensity as a function of r because of
finite size effects. This happens with a characteristic functional
form depending on the particle shape and size, and can be used to
determine the crystallite size. Representative PDFs from voxels in
the eggshell and in the core are shown in Fig. 3b,c, respectively.
By direct inspection, it is apparent that the PDF signal is dying
out more quickly in the latter case, and as a consequence the
diffraction-silent nanoparticles in the centre of the catalyst body
must be very small. It is possible to model this by applying the
characteristic function for a sphere to the calculated PDF,
resulting in a good fit for a visible nanoparticle diameter of
B1.4 nm in this particular case. On the other hand, the particles
located in the shell exceed B4 nm. Importantly, this analysis
process can be applied to all the voxels to extract a map of particle
size.

Discussion
This study has demonstrated the feasibility and power of PDF-CT
for the identification and characterization of materials that lack
long-range order within the interiors of bulk objects. The catalyst
body study clearly demonstrates that the picture obtained by

traditional m-CT and XRD-CT is limited to cases where the
amount of material present is sufficient and the crystalline
component is of sufficient size or order. The PDF-CT method by
contrast provides a much more complete depiction providing
information on both the chemical and physical state of the phases
present regardless of particle size. In this study, we demonstrate
that very small nanocrystalline Pd and PdO materials are present
in the interior of the sample. The particle size in the eggshell at
the surface is B4 nm but the average particle diameter falls
quickly to B1.4 nm within a distance of a few tens of microns
from the surface and even smaller on moving to the interior of
the catalysis body. Importantly, when trying to correlate structure
with function in materials science during process operation such
as in catalytic applications, the presence of a distribution of
species is almost unavoidable but it is difficult to detect and
characterize. However, this information is vital when trying to
determine the nature of the active species, particularly so when it
has been shown that very small crystallite sizes can be extremely
active46–49. In the present study, it is not clear whether the
significant catalytic activity would originate from the larger and
more numerous particles located in the eggshell at the periphery
of the body or by the smaller ones in the interior. However, by
using dynamic PDF-CT, it is now possible to provide a more
complete picture of the catalyst sample and the evolutionary
processes by which it develops in terms of the species that form
and their physical properties, rendering this the preferred
technique to allow us to develop more robust structure–activity
relationships in the future in real catalyst samples and ultimately
to guide catalyst design.

PDF-CT is not limited to the study of catalysts and we expect
the method to have application to many other fields of research,
for example, biomaterials, materials science, chemistry, geology,
environmental science, palaeontology and cultural heritage. The
relatively fast acquisition times associated with collection mean
that high-resolution imaging in two-dimensional and three-
dimensional (4D), or else time-resolved imaging, is currently
possible, as has been demonstrated with conventional XRD-CT15.
No one technique can provide all of the information required to
fully characterize an unknown sample. PDF-CT in the form
presented herein, however, can be considered a dual technique:
the reconstructed XRD-CT being a subset of the PDF-CT enables
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Figure 3 | Pd particle size distribution. (a) Distribution of particle sizes of fcc Pd within the catalyst body under reducing conditions. Portions of the
PDF data for selected pixels at the edge (b) and interior (c) of the catalyst body (yellow data points) with an fcc model fit (cyan) and difference
(white). The dashed white line indicates the radial-dependent crystallite size damping factor. fcc, face centred cubic; PDF, pair distribution function.

NATURE COMMUNICATIONS | DOI: 10.1038/ncomms3536 ARTICLE

NATURE COMMUNICATIONS | 4:2536 | DOI: 10.1038/ncomms3536 | www.nature.com/naturecommunications 5

& 2013 Macmillan Publishers Limited. All rights reserved.

What goes in the PDF?

S.Jacques, M. Di Michel, SAJK et al, Nat. Comm., 4, 2536 (2013) 

Fitting damping parameters 
allows mapping of nanoparticle 
sizes 

=> supported catalysts
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What goes in the PDF?

is relatively small for nanomaterials larger than a few nano-
metres, we applied realistic Qdamp and Qbroad effects (Qiu et al.,
2004) to atomistically calculated PDFs from the same Au
nanorods. The differences between the damped PDFs of the
nanorods with the long axis oriented along either [100] or
[111] are minor, as shown in Fig. S3 (top row). With or without
instrument damping/broadening, the shape functions
extracted via DShaper are unaffected by the different crys-
tallographic orientations of the rods, as shown in Fig. S3
(bottom row) (Lei et al., 2009; Olds et al., 2015).

When nanoparticles are very small (<!5 nm), similar
discrepancies can arise due to the presence of faceting or
strongly anisotropic structures (e.g. layered materials). For
such sizes, the nanoparticle is not smooth because atoms in a
nanocrystal are intrinsically arranged into discrete atomic
layers. The limitations of using shape functions for very small

nanocrystals and/or nanocrystals with highly anisotropic
structures, where the characteristic size features are not
significantly larger than the structural features, have been
described in prior work (Olds et al., 2015). In this size regime,
effects can be significant over the whole range of the PDF.
Such cases are best modeled with atomistic approaches (Page
et al., 2011) where computational demands are diminished. It
should also be noted that any given characteristic of the
training set (e.g. faceting, surface termination, aspect ratio
etc.) will be encoded in !numðrÞ and therefore care should be
taken to ensure that such features are purposefully, rather
than inadvertently, applied to the modeling of experimental
nanoparticle data.

2.2.2. General considerations. The characteristics of the
instrument used to measure the X-ray or neutron total scat-
tering data impact the resultant PDF. Instruments with lower

resolution, such as X-ray diffract-
ometers with area detectors, have
increased Qdamp contributions, which
can overshadow the damping due to the
shape function !(r), except in the case
of very small nanocrystals (<!5 nm).
The shape and resolution functions can
interfere with each other, as they have
similar damping envelopes. Therefore,
when refining nanomaterial PDFs, it is
imperative to first measure a standard
reference material (SRM), such as NIST
SRM Si 640e, in the same experimental
setup as the nanomaterial in order to
characterize the instrument resolution.
In the subsequent refinement of the
PDF of the nanomaterial, the instru-
ment resolution terms (e.g. Qdamp and
Qbroad) determined from the SRM
should be fixed. As such, there is an
upper size limit that can be reliably
refined for a given resolution: the better
the instrument resolution is, the larger
the sizes are that can be accurately
determined. The interplay of these can
be explored via simulated PDFs with
different size and damping envelopes.

In the case of neutron TOF instru-
ments, the effects can be more compli-
cated. Neutron TOF instruments
typically have asymmetric peak shapes
due to the moderator that neutrons pass
through between the source and the
sample. The asymmetric peak shape
causes the PDF peaks to shift to higher
r, resulting in artificially r-dependent
lattice parameters (Jeong et al., 2005;
Olds et al., 2018). Similarly, it has been
demonstrated that TOF peak broad-
ening due to nanoparticle size shifts
PDF peaks to lower r (Jeong et al.,

326 Tedi-Marie Usher et al. $ A numerical method for deriving shape functions Acta Cryst. (2018). A74, 322–331

research papers

Figure 3
Simulated PDFs (open circles) from an Au sphere (a), cube (b), tetrahedron (c) and rod (d) are fit
with the spherical shape function (left column) and with the corresponding numerical shape
function (right column). The fits are shown as lines through the data and the difference curves are in
purple below. Below each fit, the cumulative Rwp is shown, with grid lines as guides for the eye. The
Au nanocrystal representations portray the models from which the PDFs are calculated while the
dashed black circles in the left-hand column represent the dimension of the spherical shape function
refined in the PDF refinement for each case.

Usher, Olds, Liu, Page, 
Acta A, 74, 322 (2018) 

‘High resolution’ total scattering 
is sensitive to rather subtle 
shape changes 

Constrains instrument design 
(need well behaved Q-
resolution function) 
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What goes in the PDF?
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What goes in the PDF?

distorted) structure whereas fits over wider ranges of r
will gradually cross over to the average crystallographic
structure. To extract the size of the short-range ordered
clusters, we have fit the PDF from rmin ! 1:5 !A to rmax,
where rmax was increased step by step from 5 to 20 !A, by
which time the PDF refinement agrees with the average
structure refinement from Rietveld. This was done for
all data sets. The model used at all temperatures was the
low-temperature structure in the Pbnm space group.
Representative results are shown as open circles in Fig. 3.
Note that three distinct bond lengths are obtained from
modeling although only two peaks can be resolved directly
in the PDF at low r. The amplitude of the refined JT
distortion is constant as a function of rmax at 300 K reflect-
ing the fact the orbital order is perfectly long range
[Fig. 3(a)]. At higher temperature, and especially in the
O phase, the amplitude of the refined distortion falls off
smoothly as the fit range is extended to higher r, until it
asymptotically approaches the much smaller crystallo-
graphically refined value. We understand this behavior in
the following way. Domains of local orbital order exist in
the O phase. These may resemble the pattern of orbital
order at low temperature (O0 phase), and for convenience
this is how we have modeled them. These domains do not
propagate over long range and are orientationally disor-
dered in such a way that, on average, the observed pseu-
docubic structure is recovered. We can estimate the domain
size by assuming that the orbitals are ordered inside the
domain but uncorrelated from one domain to the neighbor-
ing domain. This results in a falloff in the amplitude of the
refined distortion with increasing fit range with a well

defined PDF form factor [20], assuming spherical domains,
that depends only on the diameter of the domain. The three
curves of refined bond length vs rmax from the short,
medium, and long bonds of the MnO6 octahedron could
be fit at each temperature with the diameter of the domain
as the one single parameter. Representative fits are shown
in Fig. 3 as the solid lines. The temperature dependence of
the inverse domain diameter is shown in Fig. 4(a). We find
that in the pseudocubic O phase these clusters have a
diameter of "16 !A, roughly independent of temperature
except close to TJT where the size grows. Below TJT the
correlation length of the order is much greater, although
some precursor effects are evident just below TJT. The
refined domain size of orbital order is similar in the R
phase though the quality of the fits becomes worse in this
region. This may be because the nature of the short-range
orbital correlations changes, i.e., becomes different from
the O0 phase. The correlation length scale of 16 !A spans
over four MnO6 octahedra, suggesting strong nearest-
neighbor JT antiferrodistortive coupling (as expected
from the fact that neighboring MnO6 octahedra share one
oxygen atom) and weak second and higher nearest-
neighbor coupling.

The orientational disorder of the JT distorted MnO6
octahedra gives the O phase its pseudocubic nature over
the long range. Crystallographic average structure model-
ing, which results in nearly regular MnO6 octahedra,
accounts for this disorder through increased thermal dis-
placement parameters (TDP). The same behavior is seen in
wide r-range PDF modeling fits which are in good agree-
ment with the crystallography. The largest response should
be seen in the oxygen TDP in a direction parallel to the
Mn-O bond reflecting the larger static bond length distri-
bution in this direction (there are a mixture of long and
short bonds in each direction in the disordered phase). This
is clearly seen in the anisotropic TDPs refined from wide-r

FIG. 3 (color online). Mn-O bond lengths from the refined
structure model as a function of rmax are shown as circles.
Error bars are smaller than, but comparable to, the symbol
size. The solid lines (colored red online) are the expected
behavior assuming spherical locally ordered clusters. All three
bond lengths are self-consistently fit with a single parameter,
the cluster size. The horizontal dashed lines indicate the Mn-O
bond lengths from Rietveld refinements. (a) 300 K; (b) 740 K;
(c) 800 K; (d) 1100 K.

FIG. 4 (color online). (a) Inverse of the domain diameter
obtained from the fits shown in Fig. 3. The solid line is a simple
exponential curve fit as a guide to the eye. (b) Thermal displace-
ment parameters of oxygen atoms parallel (blue !) and perpen-
dicular (red ") to Mn-O bonding directions. The perpendicular
component (") is shifted down by 0:007 !A2 for clarity.
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Long range Mn3+ orbital order 
disappears on heating through 
750 K 

1.2 nm domains found by total 
scattering up to 1150 K 

Box car fits used to extract 
correlation lengths
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What goes in the PDF?
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S(Q)elas = S(Q).exp�Q2�2

(unsurprisingly) phonon sum follows 
1-DW
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Small box modeling

Small box modeling uses unit 
cell symmetry to reduce the 
number of parameters 

Model is convolved with 
Gaussians for displacements 
parameters 

Simple corrections for dynamic 
correlations, resolution functions, 
shape envelopes etc 

Extremely fast way of fitting PDF 
data and observing differences 
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Small box modeling


