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HB-2C WAND²

WAND² collects data in Event-mode; 
Measurement time of seconds is sufficient 
for refinement, milliseconds to track changes 
for time resolved, operando measurements. 

Fast Powder Diffraction

Team members:
Matthias Frontzek (IS/POC)
Si Athena Chen (IS)
Xiao Hu (CIS/IS)
Joe Paddison (CIS)
Jie Xing (SA)

µg single 
crystals can be 
measured on 
WAND²

Low Background High Flux Single 
Crystal Diffraction

Pr2PdSi3 single crystal showing 
multiple k Skyrmion structure with 
k~(1/20,1/20,0)

16 GPa

Li distribution in graphite anode Ge phase diagram-16 GPa

Versatile Sample Environments and Diverse Science 

Sunflower lecithin

Versatile, high-flux, fast 
read-out neutron single-
crystal/powder 
diffractometer.
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WAND², Since May 2018

• New detector shielding 
• low background

• New radial oscillating collimator
• New detector electronics

• Event mode - Time resolved and 
Stroboscopic measurements

• Reduced data acquisition time

• New MANTID based data 
analyzation and visualization

• Updated instrument control 
software EPICS based 
• Same GUI as SNS instruments

Dr. Matthias Frontzek
(Point of Contact of WAND2) 
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Single crystal measurements on HB-2C WAND2

Park et al. (2025) Nature Communications
https://doi.org/10.1038/s41467-025-59460-4

k-vector, Order Parameter, Structural Refinement

Shen et al. (2016) Nature
https://doi.org/10.1038/nature20614

Diffuse Scattering 
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Powder diffraction on WAND2 

Sorensen et al. (2022), Chem. Methods

Battery Cycling

Critical Element Recovery (Li, Ni)

IPTS-34142, Mar 2025
Wang et al. (2026), In prep.

Energy Storage Materials 

Xia et al., (2025) Advanced Materials

Crossman et al. (2025), Acta Materialia 

Superalloy
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Thermodynamic

• High Temperature (to 1500°C)

• Low Temperature (to 50mK)

• Magnetic Field (to 6T)

• Pressure (to 20GPa)

In-Operando

• Battery Charging / Discharging

• Laser pump-probe

• Humidity/T control

• Levitator

Versatility and Support

• Compatible with various sample 
environments

• Support teams from instrument 
teams, sample environments, CIS, 
DAC, etc.

• X-ray labs

• Bio-labs

• High pressure labs

• Chemical labs

• Deuteration labs

WAND² Current Sample Conditions, Sample Support

Commissioned in 2025

• Z-stage

•Automation: 
Automated 
sample 
changer 
•23 samples
•2-300K,
•Mail-in 
program
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HB-2C WAND2 Mail-in Program
• Fast powder diffraction
• Order parameter measurement
• Powder mass: 2g (ideal); lower detection limit: 50 mg
• Year-round proposal submission
• Bulk sample, biological, geological, engineering 

sample measurements

 

Belt-driven 
automated sample 

changer 

Spinning automated 
sample changer 

https://neutrons.ornl.gov/wand/mail-in 

Si Athena Chen
chens1@ornl.gov 

Contact:

Matthias Frontzek
frontzekmd@ornl.gov  

RT
7 Samples

2-300K
23 Samples

https://neutrons.ornl.gov/wand/mail-in
https://neutrons.ornl.gov/wand/mail-in
https://neutrons.ornl.gov/wand/mail-in
mailto:chens1@ornl.gov
mailto:frontzekmd@ornl.gov
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Operando Neutron Diffraction on WAND2 – Event Filtering Mode

(101)
(003)

(10!2)

𝛼 −Fe2O3 (Hematite)
300 K

Chen et al., in prep

𝛼−Fe2O3 (Hematite)
250 K

Morin transition
20s per step
0.2K per step
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Exercise steps
General workflow: 

1. Identify magnetic peaks

2.  Refine the nuclear structure (T>TN)

3.  Refine the nuclear + magnetic structure (T<TN)

4.  Publish the magnetic structure and refinement 
plots

In this tutorial:

1.  Identify magnetic peaks in 𝛼 −Fe2O3 hematite

2.  Refine the nuclear structure of 𝛼 −Fe2O3 at 300 K

3. Determine the magnetic propagation vector

4. Determine the magnetic space group

5.  Refine the magnetic structure of 𝛼 −Fe2O3 at 300 K

6.  Publish the magnetic structure and refinement plots

(003)
(101)
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Find the magnetic scattering peak through simulation

(003)
(101)

Powder diffraction simulation on WAND²: https://addie.ornl.gov/hfirestimate

https://addie.ornl.gov/hfirestimate
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Necessary files for GSAS-II refinement
• Cif file 
• Data
• Instrument parameters

From Si calibration

PNC: Neutron diffraction
PXC: X-ray diffraction 

Gaussian: σ2 = U tan2θ + V tanθ + W + !
"#$!%

FWHM = σ * (8 ln 2)0.5 

Lorentzian: FWHM = X / cosθ +Y tanθ + Z

Cif file can be downloaded from:
Ø Inorganic Crystal Structure 

Database (ICSD) 
Ø American Mineralogist Crystal 

Structure Database (AMCSD, free)
Ø Crystallography Open Database
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Import data and WAND2 instrument parameters

Some helpful troubleshoot tips: 
• Check your data file format (try .dat or .xy)
• Delete headers

1.

2.

2.
3.

4.

4.
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Import cif file to indicate phases
Tips:
Cif file can be downloaded from:
Ø Inorganic Crystal Structure 

Database (ICSD) (https://icsd.fiz-
karlsruhe.de/search/basic.xhtml)

Ø American Mineralogist Crystal 
Structure Database (free) 
(https://www.rruff.net/amcsd/)

Ø Crystallography Open Database 
(https://www.crystallography.net/
cod/search.php)

1.

2.

3.

4.

4.

Fe2O3_nu
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Ready for Refinement 
General refinement 
logistics:
1. Background
2. Lattice parameters 

(Peak position) 
3. Microstrain/Size 

(Peak width)
4. Atom positions (peak 

position)
5. Uiso (peak intensity 

ratio)
6. Occupancy (peak 

intensity ratio)

Change to more refinement cycles under 
“Controls”
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Background refinement 

Set the refinement limit to 
exclude the magnetic peaks 

Ø Lower limit to 21.7  

Start to refine with three chebyschev background coefficients and 
check the general peak positions  

1.

2.
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Background refinement 

Toggle ”Zero” offset and refine 

Until Max shift/sigma=0.00 
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Refine Background

Add more coefficients 

Tip: The number of background coefficients depends on the 
dataset and the selected background function. Because the 
data used in this tutorial have a relatively flat background, 
six coefficients are sufficient. For typical WAND² data, six to 
nine coefficients are generally good enough.

Refine
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Refine lattice parameters
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Refine Microstrain/Size Tips:

1. Domain size and microstrain can be both 
refined using high-resolution neutron or X-
ray diffraction data. 

2. WAND2 currently has medium resolution 
that limits the accuracy of size + 
microstrain refinement. The refined 
crystallite size should be validated using 
complementary methods, such as electron 
microscopy.

3. The refined microstrain value should 
always remain positive. If it becomes 
negative during refinement, reset it.
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Definition of Size and Microstrain in GSAS-II
Size (in microns) 

• Isotropic (single value) 

• Axial (two values and an axis) 

• Ellipsoidal (6 values -- like Uij) 

Microstrain (∆Q/Q × 106) 

• Isotropic (single value) 

• Axial (two values and an axis) 

• General (Stephens model; # of terms depend on Laue 
class) 

LGmix is amount of Lorentzian vs. Gaussian (usually 1 is best)
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Crystallite size versus particle size

Particle 
Size 

Crystallite size – Diffraction 
(coherently diffracted 

domain size)
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Atomic Displacement Parameters

Tips:

Neutrons are more sensitive to the 
thermal vibrations of atoms than 
X-rays. The value of Uiso should 
always be positive. If it becomes 
negative after refinement, reset it 
to a reasonable positive value, as 
Uiso impacts the relative 
intensities of diffraction peaks.

We use isotropic mode here 
because the limited Q range doesn’t 
support anisotropic modeling in the 
current dataset. Anisotropic mode 
would work for high-resolution, 
larger Q range data. 



23

Atomic Displacement Parameters

Simulated constant wavelength neutron diffraction data 
using WAND2 wavelength (1.486Å) https://addie.ornl.gov/scatteringinspector

𝐵!"# = 8𝜋$𝑈!"#
Fullprof GSAS-II

Powder diffraction simulation on WAND²: https://addie.ornl.gov/hfirestimate

https://addie.ornl.gov/hfirestimate
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Add the magnetic structure

At this point, the nuclear structure refinement is complete. The next 
step is to add the magnetic structure. For users who are new to 
refinement, it is recommended to turn off parameters such as 
atomic positions, Uiso microstrain/crystallite size, and unit-cell 

parameters before introducing the magnetic structure. This 
generally helps improve refinement stability.
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Find the magnetic structure in the database

Parent space group (paramagnetic 
phase): R-3c (#167)
Propagation vector: k1 (0, 0, 0)

Experiment Temperature: 300 K

BNS Magnetic Space Group: C2'/c' 
(#15.89) (non-standard)

https://cryst.ehu.es/cgi-bin/cryst/programs/nph-getgen?list=new&what=gen&gnum=167
https://cryst.ehu.es/cgi-bin/cryst/programs/nph-getgen?list=new&what=gen&gnum=167
https://cryst.ehu.es/cgi-bin/cryst/programs/nph-getgen?list=new&what=gen&gnum=167
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Identify magnetic scattering peaks 

1.

2.

1.
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Add and fit magnetic scattering peaks 

1. 1.

2.

2.
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Search k-vector
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Determine the magnetic propagation vector

1.

2.

3.

Check through the k-vector!

Magnetic peaks sit on the 
nuclear peak positions: k (0, 0, 0)
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Delete peak lists and switch to normal peak mode 
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Generate all possible commensurate magnetic SG subgroups

1.

2.

2.

3.

4.

Magnetic peaks sit on the 
nuclear peak positions: k (0, 0, 0)
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Troubleshoot
Update 07/15/2026

If you installed an older version of GSAS-II and are having trouble running (k)-SUBGROUPSMAG, 
follow this tutorial to configure GSAS-II access to the Bilbao Crystallographic Server:
https://advancedphotonsource.github.io/GSAS-II-tutorials/RegisterBilbao/RegisterBilbao.html
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Select magnetic space group I 2’/c’ for the refinement
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Select magnetic space group I 2’/c’ for the refinement

1.

1.

2.

3.

4.

3.

Save as a new gpx file
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Check constrains

Check the constrains, Errors 
could happen. If you find any 
errors, correct them.
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Add constrains
Take Uiso as an example

1.

2.

2.

2.

3.

3.

3.

Result:
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Add constrains
1.

2.

Note: The magnetic moment 
constraints depend on the specific 
sample and may not be applicable 
to general refinements.
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Refine magnetic structures

Give an 
initial value
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Turn on other refinement parameters

1.

1. 2.

2.

Other refinement parameters can be 
gradually turned on, for example unit 
cell parameters, atom positions, Uiso, 
and occupancy. Be sure to check the 
Constraints page and confirm that the 
parameters of the two cells are 
properly constrained.
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Publish the refinement results 
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Visualize the magnetic structure in GSAS-II

1.

1.

2.

SG: C 2’/c’
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Export cif file


