
ORNL is managed by UT-Battelle LLC for the US Department of Energy

Single Crystal Diffraction

Feng Ye
Neutron Scattering Division



22

My career path to neutron scattering

Center for neutron 
scattering

Neutron Scattering 
Sciences Division

2003-2008
Triple axis spectrometer

Instrument Scientist for Elastic diffuse scattering Corelli

Quantum Condensed 
Matter Division

2008-2011
Single Crystal 

Neutron Diffraction
Postdoc fellow

2011-2017
Structure of Matter

Neutron Scattering 
Division

2018-Current
Single Crystal Diffraction

Ye et al., Phys. Rev. B (2006).

Ye et al., Phys. Rev. Lett. (2007).

Ye et al., Phys. Rev. B (2011).

Ye et al., Phys. Rev. B (2013).

Ye et al., J. App. Cryst. (2018).

Ye et al., Phys. Rev. B (2015).

Ye et al., Phys. Rev. B (2021).

UC, Santa Cruz

Ye et al., Phys. Rev. B (2011).

Ye et al., Phys. Rev. B (2008).

1999-2003
Physics Department

Graduate student

Ye et al., Phys. Rev. B (2006).

Ye et al., Phys. Rev. Lett. (2002).



33

• Formalism for diffraction (neutron and X-ray)
• Workflow for single crystal diffraction
• Single crystal diffractometers at HFIR and SNS

– Overview
– Scientific highlights 

Outline
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• Repeating 3-D grid of atoms / molecules
• Forming a long-range ordered structure

• Translation symmetry
• Adhering to symmetry rules 

• Rotation, Inversion, Mirror plane, …
• Glide plane, Screw axis

• Completely fills a volume (1,2,3,4,6 fold)
 7 lattice systems
• With some mis-arrangement 

• Disorder, local order, domains 

A Single Crystal

• 14 Bravais lattices 
• 32 point groups 
• 230 space groups 
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Reflections from Lattice Planes

William Henry Bragg William Lawrence Bragg

Jointly awarded the 1915  Nobel Prize in Physics
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Laue Equation

S0

Sa

a • S

a • (-S0)

Scattering from points

Max von Laue
1914 Noble Prize for Physics

θ

incident plane wave 

s0, and s are unit vectors

phase difference 

R: lattice vector 

integer multiple of 2π

Laue Equation in reciprocal-space form

Laue Equation in tradition form
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Real and Reciprocal Space

a* = (b x c) / V …
a*•a = b*•b = c*•c = 2π
a*•b = … = 0

Ghkl  = h a* + k b* + l c*, 
Ghkl • a = 2π h, 
Ghkl • b = 2π k, 
Ghkl • c = 2π l, 

d-spacing = spacing between origin and first plane or between  
neighboring planes in the family of planes.

Laue equations:

Q is a reciprocal-lattice vector
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θ
θ

1/λ

1/d

1/(2d)
θ

a*

b*O

The Ewald Sphere
Constant wavelength = monochromatic

I(A)

t
Polychromatic “white” spectrum

Neutron spectrum:

t

Wavelength range = polychromatic

From A.J. Schultz
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Atomic form-factor

From: https://www.xtal.iqfr.csic.es/Cristalografia/index-en.html

Scattering angle dependence and thermal motion

X-ray
magnetic

nuclear
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Structure refinement for crystal & 
magnetic long-range discrete 

(Fhkl
2)

Structure solution for Crystal & 
magnetic Bragg (Phasing)

Reduce raw intensities 
Ihkl

2, to |Fhkl|2

Integrate raw intensities 
Ihkl

2

Model building 
& 

Modeling of crystal & 
magnetic modulated 

diffuse ((Fhkl
2)) 

Correct, process raw 
intensities Ihkl

2  to |Fhkl|2

Single crystal structure analysis and investigation
– A single crystal 
– Diffraction experiment 

• Data collection at instrument

Collect full data set: 
Bragg & Diffuse scattering

Single Crystal Diffraction

HFIR Demand

Collect initial data: 
Sample orientation & Sample quality 

&Collection strategy

Rigaku Synergy DW
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Single Crystal Diffraction 

The Nobel Prize in Physics 1994. NobelPrize.org.
https://www.nobelprize.org/prizes/physics/1994/summary/

Constant Wavelength = Monochromatic

from a continuous neutron source  

B. Wollan & C. Shull

Monochromator

Detector

Sample

Research Reactor

https://www.nobelprize.org/prizes/physics/1994/summary/
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Single Crystal Diffraction 

The Nobel Prize in Physics 1994. NobelPrize.org. 
https://www.nobelprize.org/prizes/physics/1994/summary/

A continuous neutron source 
Constant Wavelength = Monochromatic . . . . . . . ∆ sinθ 
Laue = Polychromatic . . . . . . . . . . . . . . . . . . . . . . . sum (∆ λ)

y

x

Measure intensities: 
Ihkl = Icoh + Ibkg + Iinc 

2d sin𝜃𝜃 = 𝜆𝜆 = (4π/|Q|) sin𝜃𝜃

Braggs law / momentum transfer

θsin2)( 21 dlL
h
mt ×+=

θλ sin2
)( 21

d
lLm

ht
mv
h

=
+

==

Monochromator / 
Velocity selector

Detector

Sample

Research Reactor

Detectors

A pulsed neutron source 
Wavelength resolved 
Time-of-flight Laue . . . . . . . ∆ λ 

x
y

z = tof

Sample
Spallation Source

https://www.nobelprize.org/prizes/physics/1994/summary/


1313

Collect a Representative Set of Data 

Employ data collection strategy to cover required volume 
of reciprocal space
Resolution considerations due to 

• crystal quality 

• Sample stability 

• Aim of study 
– Full structure analysis 
– Partial analysis to find hydrogen 
– Magnetic structure 
– Order parameter with ∆T, ∆E, ∆H
– Phase transition
– Stroboscopic measurement 
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Integration and Corrections
• Integration of raw/measured integrated intensities – 

background 
 Load raw/measured intensity
 Find peaks  locate peak centers of strong peaks 
 Find UB = unit cell and its orientation with respect to the 

incident neutron beam 
 Using FFT 

 Index peaks 
 Choose Cell = determine system symmetry 
 Predict all possible peak positions 
 2-D or 3-D peak fitting – background 
    at peak position



1515

Integration and Corrections
• Integration of raw/measured integrated intensities – 

background 
 Load raw/measured intensity
 Find peaks  locate peak centers of strong peaks 
 Find UB = unit cell and its orientation with respect to 

the incident neutron beam 
 Using FFT 

 Index peaks 
 Choose Cell = determine system symmetry 
 Predict all possible peak positions 
 3-D profile peak fitting – background 
    at peak position

(111)

(3,3,3)

(4,4,4)

(5,5,5)

(6,6,6)

(2,2,2)
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Integration and Corrections
• Integration of raw/measured integrated intensities – 

background 
 Load raw/measured intensity
 Find peaks  locate peak centers of strong peaks 
 Find UB = unit cell and its orientation with respect to the 

incident neutron beam 
 Using FFT 

 Index peaks 
 Choose Cell = determine system symmetry 
 Predict all possible peak positions 
 3-D profile peak fitting – background 
    at peak position

A. J. Schultz et al., J Appl 
Crystallogr 47, 915 (2014). Z. Morgan et al., (2026).
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Integration and Corrections
• Integration of raw/measured integrated intensities – 

background 
 Load raw/measured intensity
 Find peaks  locate peak centers of strong peaks 
 Find UB = unit cell and its orientation with respect to the 

incident neutron beam 
 Using FFT 

 Index peaks 
 Choose Cell = determine system symmetry 
 Predict all possible peak positions 
 2-D or 3-D peak fitting – background 
    at peak position
 Integrated raw intensities Ihkl



1818

Integration and Corrections
• Convert to structure factor amplitudes from intensities: 

– Instrument specific corrections: 
• Incident spectrum correction 
• Detector efficiency correction 
• Normalization (vanadium) 
• Scaling 

–  Sample dependent corrections: 
• Absorption correction 

– Density, chemical composition, volume 
– Linear attenuation coefficient

• Pathlength correction 
– Sample size, shape 

• Lorentz correction 
– Geometric or Lambda contribution 

CORELLI

TOPAZ
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Single crystal data reduction

k = scale factor  
𝜙𝜙(𝜆𝜆)  = incident flux spectrum  
𝜀𝜀(𝜆𝜆)  = detector efficiency as a function of  wavelength λ

A(λ) = sample absorption
y(λ) = secondary extinction correction
Vs  = samplevolume
Vc  = unit cellvolume
Fhkl = structure factor
𝜆𝜆 = wavelength

Convert raw integrated intensities, Ihkl, into relative structure factor amplitudes, |Fhkl|2.

𝐼𝐼ℎ𝑘𝑘𝑙𝑙 = 𝑘𝑘 𝜙𝜙(𝜆𝜆) 𝜀𝜀(𝜆𝜆) 𝐴𝐴(𝜆𝜆) 𝑦𝑦(𝜆𝜆) (𝑉𝑉𝑠𝑠 /𝑉𝑉c 
2)|𝐹𝐹ℎ𝑘𝑘𝑙𝑙|2  

Constant Wavelength:

𝜆𝜆3/sin 2𝜃𝜃

h, k, l, |Fhkl|2, σ(|Fhkl|2), batch, λ, …𝐼𝐼ℎ𝑘𝑘𝑙𝑙 = 𝑘𝑘 𝜙𝜙(𝜆𝜆) 𝜀𝜀(𝜆𝜆) 𝐴𝐴(𝜆𝜆) 𝑦𝑦(𝜆𝜆) (𝑉𝑉𝑠𝑠/Vc
2)|𝐹𝐹ℎ𝑘𝑘𝑙𝑙|2  𝜆𝜆4 / sin2 θ

TOF Laue: Lorentz factor
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h, k, l, |Fhkl|2, σ(|Fhkl|2), batch, λ, …

Fourier Transform:

Ihkl  ∝ |Fhkl|2
Fhkl  = |Fhkl|eiφ

𝑉𝑉𝜌𝜌(𝑥𝑥𝑦𝑦𝑧𝑧) = 1 𝐹𝐹ℎ𝑘𝑘𝑙𝑙
ℎ𝑘𝑘𝑙𝑙

𝑒𝑒−2𝜋𝜋𝑖𝑖 (ℎ𝑥𝑥+𝑘𝑘𝑦𝑦+𝑙𝑙𝑧𝑧)

𝐹𝐹ℎ𝑘𝑘𝑙𝑙 = 𝜌𝜌𝑥𝑥𝑦𝑦𝑧𝑧𝑒𝑒2𝜋𝜋𝑖𝑖(𝒔𝒔∙𝒓𝒓)𝑑𝑑𝒗𝒗 =
𝑐𝑐𝑒𝑒𝑙𝑙𝑙𝑙

𝑏𝑏𝑗𝑗𝑒𝑒2𝜋𝜋𝑖𝑖 (ℎ𝑥𝑥𝑗𝑗+𝑘𝑘𝑦𝑦𝑗𝑗+𝑙𝑙𝑧𝑧𝑗𝑗 )

𝑗𝑗

Sum over j atoms  
in the unit cell.

Neutron scattering  
length of the jth atom,

Phase angle

| |

Amplitude

Real Space    Reciprocal Space 
Structure Factor amplitudes  Density  Structure Factors

Relative phase shifts related to 
atomic/molecular structure
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Structure Solution (phase problem)

hklhkl ~ IF2

 Direct methods (SHELXT,  SIR, Olex2)
– the structure consists of discrete atoms;
– electron density is positive; 
– the density is concentrated near atomic positions.
– The probability that the phase of a third peak is equal to the sum of the 

phases of two other related peaks.
– J. Karle and H. Hauptman received the 1985 Nobel Prize in Chemistry

 Patterson synthesis (WINGX, Olex2, SIR, JANA2020)
 using the |Fobs|2  values as Fourier coefficients
– Map of interatomic vectors
– Also called the heavy atom method

 Charge flipping / Band flipping (JANA2020/SUPERFLIP, SHELXT,)
– Start with measured |F| with random phases;
– Fourier-transform to obtain a trial density map;
– Modify the map, flip weak density or impose positivity;
– Transform back to reciprocal space;
– Replace the calculated amplitudes with the measured |F|, while retaining 

the newly calculated phases;
– Repeat until a solution is obtained.



Example of structure solution (YP3O9) using JANA2020

Fourier map shows the location of the 
atoms Detailed de Wolff sections for specific atom (Y1) shows the 

features of modulation
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Structure refinement
•  JANA2020, GSAS/GSAS-II, Fullprof, SHELX, 
CRYSTALS, OLEX2, Phenix…

• Nonlinear least squares refinement:  
• Adjust atomic fractional coordinates x,y,z & 

temperature factors U  (isotropic) or uij (anisotropic) 

• best fit between observed and calculated 
structure factors.
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WAND²: Fast medium resolution 
powder/single crystal diffractometer

Key features:

• Wide angle (120° in-plane,15° 
out of plane) seamless 
coverage

• High-efficient 3He detector 
with 0.03125° sub-wire 
resolution

• 107 n/cm2 s @ 1.486Å

• Event mode data collection

• Sample Environment+
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WAND²
Science - Single Crystal

• Magnetic structure 
determination

• Small samples (1.22mg 
BaNd2PtO5 single crystal)

• Out of plane coverage of 1st 
BZ

Pasco C., Rai B., Frontzek M., Sala G., Stone M.B., Chakoumakos B.C., 
Garlea V.O., Christianson A.D., May A.F., "Anisotropic magnetism of the 
Shastry-Sutherland lattice material BaNd2PtO5", Physical Review Materials 
, 7, 074407 (2023)

https://doi.org/10.1103/PhysRevMaterials.7.074407
https://doi.org/10.1103/PhysRevMaterials.7.074407
https://doi.org/10.1103/PhysRevMaterials.7.074407
https://doi.org/10.1103/PhysRevMaterials.7.074407
https://doi.org/10.1103/PhysRevMaterials.7.074407
https://doi.org/10.1103/PhysRevMaterials.7.074407
https://doi.org/10.1103/PhysRevMaterials.7.074407
https://doi.org/10.1103/PhysRevMaterials.7.074407


28

WAND²
Science - Single Crystal

• Magnetic structure 
determination

• Reciprocal space mapping 
allows tracking of unknown 
propagation vector

• Out of plane coverage of 1st 
BZ

P. Park, B. R. Ortiz, M. Sprague, A. P. Sakhya, S. A. Chen, M. D. 
Frontzek, W. Tian, R. Sibille, D. G. Mazzone, C. Tabata, K. Kaneko, L. M. 
DeBeer-Schmitt, M. B. Stone, D. S. Parker, G. D. Samolyuk, H. Miao, M. 
Neupane, & A. D. Christianson, “Spin density wave and van Hove 
singularity in the kagome metal CeTi3Bi4”, Nat. Commun. 16, 4384 
(2025). 
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WAND²
Science - Single Crystal

• Diffuse Scattering

• Reciprocal space mapping allows optimization 
of magnetic exchange coupling parameter

• 70mK data in 6T cryomagnet (minus 50K, 0T 
background

• Out of plane coverage of 1st BZ

Dissanayake S., Shi Z., Rau J.G., Bag R., Steinhardt W., Butch N.P., 
Frontzek M., Podlesnyak A., Graf D., Marjerrison C.A., Liu J., Gingras M., 
Haravifard S., "Towards understanding the magnetic properties of the 
breathing pyrochlore compound Ba3Yb2Zn5O11 through single-crystal 
studies", npj Quantum Materials, 7, 77 (2022). 

http://doi.org/10.1038/s41535-022-00488-w
http://doi.org/10.1038/s41535-022-00488-w
http://doi.org/10.1038/s41535-022-00488-w
http://doi.org/10.1038/s41535-022-00488-w
http://doi.org/10.1038/s41535-022-00488-w
http://doi.org/10.1038/s41535-022-00488-w
http://doi.org/10.1038/s41535-022-00488-w
http://doi.org/10.1038/s41535-022-00488-w
http://doi.org/10.1038/s41535-022-00488-w
http://doi.org/10.1038/s41535-022-00488-w
http://doi.org/10.1038/s41535-022-00488-w
http://doi.org/10.1038/s41535-022-00488-w
http://doi.org/10.1038/s41535-022-00488-w
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WAND²: Effectiveness of beam time use

• Experiment to publication rate is about 
30%

• SE reliability, instrument issues and 
sample quality are NOT main issues

• Data reduction is script based and 
cumbersome, albeit well documented

• CISs have developed software for many 
problems, less documented

• Auto-reduction + Peak integration

• Inexperienced users, insufficient staff 
support 

• Slowly seeing returning users

Holmium
25K, 
0.5T
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Cao H.B., Chakoumakos B.C., Andrews K.M., Wu Y., Riedel R.A., Hodges J.P., Zhou W., Gregory R., Haberl B., Molaison J.J., Lynn G.W., "DEMAND, a Dimensional Extreme 
Magnetic Neutron Diffractometer at the High Flux Isotope Reactor", Crystals, 9, 1, 5 (2019).

1) four-circle mode 2) two-axis mode Extreme sample environment

Beam:
a) High Flux: 2.2 x 107 n/cm2s at 1.54 Å.
b) High Resolution: δd/d =δQ/Q~0.2%
c)  Unpolarized neutrons 
d) Polarized neutrons by S-bender and He-3 polarizer

Ultra-low temperature
T ~  0.05 to 700 K

High magnetic field 
H ~ -6 to 6 T (vertical)  

High pressure
P ~ 0 to 10 GPa

Electric field
E ~ 0-104 voltage/cm

Large area detector: position-sensitive but magnetic field insensitive.

DEMAND Instrument Overview

DEMAND APCS system for collimation as optical rail switch 
between polarization and nonpolarized mode

https://doi.org/10.3390/cryst9010005
https://doi.org/10.3390/cryst9010005
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Science Highlights

• A second-order phase transition was found in 
bihydroxide anions of [NaCu2(SO4)2·H3O2] that 
hydrogen bond (HB) symmetrized at the lowest 
pressure reported so far among inorganic 
compounds.

• This research brought important insights to 
understand the process of water transport to the 
deeper part of Earth’s mantle and superconductivity 
in hydrogenous superconductor systems.

Charge density analysis with single-crystal 
electron diffraction and neutron diffraction 
studies reveal that the bihydroxide anion in 
natrochalcite undergoes HB summarization 
at  low pressure below 1.6 GPa in 
[NaCu2(SO4)2·H3O2] natrochalcite. 

P. Rejnhardt, R. Gajda, M. Woińska, J. Parafiniuk, G. 
Giester, R. Miletich, Y. Wu, T. Poręba, M. Mezouar, S. 
Sutuła, T. Góral, P. Dera, K. Woźniak, J. Am. Chem. 
Soc., 147, 30, 26830–26843, (2025), 
doi:10.1021/jacs.5c08310.

2025 DOE Conference Call : 
DEMAND science highlights 

https://pubs.acs.org/doi/full/10.1021/jacs.5c08310
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Science Highlights

Neutron diffraction data collected at DEMAND 
instrument displays the peak intensity change 
along with magnetic transition;  the insets show 
the schematic diagram of spin configurations of 
the magnetic phases.

C. Xu, S. Gupta, H. Tan, H. Bae, O. O. 
Emmanuel, M. Xu, Y. Wu, X. Xu, P. Zhang, W. 
Xie, B. Yan, X. Ke, Advanced Functional 
Materials, 1, 11059 (2025), 
doi:10.1002/adfm.202511059

• The Kagome lattice Fe3Ge exhibits topological Hall resistivity 
and Nernst effect. These phenomena are attributed to the 
Berry phase associated with the field-induced nonzero 
scalar spin chirality.

• The results highlight the synergic effects of the Berry phases 
in both momentum and real space. With high magnetic 
ordering temperature, Fe3Ge could be a promising 
candidate for thermoelectric applications based on the 
Nernst effect. 

2025 DOE Conference Call : 
DEMAND science highlights 

https://advanced.onlinelibrary.wiley.com/doi/full/10.1002/adfm.202511059
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Science Highlights

Single-crystal neutron diffraction data of UTeO (upper-
panel) and the symmetry-allowed magnetic structures 
(lower-panel). The ↓↑↑↓ structure agrees with the neutron 
data 

Christopher Broyles, Sougata Mardanya, Mengke Liu, Junyeong Ahn, Thao 
Dinh, Gadeer Alqasseri, Jalen Garner, Zackary Rehfuss, Ken Guo, Jiahui Zhu, 
David Martinez, Du Li, Yiqing Hao, Huibo Cao, Matt Boswell, Weiwei Xie, 
Jeremy G. Philbric, Tai Kong, Li Yang, Philip Kim, Su-Yang Xu, Ashvin 
Vishwanath, Jennifer E. Hoffman, Jonathan D. Denlinger, Sugata Chowdhury, 
and Sheng Ran, Advanced Materials, 2414966 (2024). 

• Magnetic structure of the topological 
antiferromagnet UOTe is revealed using single 
crystal neutron diffraction. A fully 
compensated AFM Chern insulator is 
discovered based on experiment evidences 
and theoretical predictions.

• These results show breaking of combined 
parity and time-reversal (PT) symmetry, 
allowing for non-zero Chern number 
responsible of quantum anomalous Hall 
effects.

2025 DOE Conference Call : 
DEMAND science highlights 
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Beamline productivity

• DEMAND keeps developing new capabilities to 
satisfy emergent science needs and sustain 
productivity in the long-term.

• Over 1000 unique authors on Push publications 
has reached at DEMAND in 2025. 

Instrument H-index 46

HB-3A Research Areas 2020-2025
Bulk Magnetism

High Pressure Studies

Materials science - General

Superconductivity

Non-Magnetic Quantum Materials

Chemistry - General

Thin Film Magnetism

Earth and environmental science

Nanoscale/disordered materials

Energy materials

Bio-macromolecules and their Assemblies

Industrial applications
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TOPAZ Instrument Overview

Moderator Hydrogen Decoupled poisoned

Source to sample distance 18 m
Bandwidth (1st Frame) 0.30 – 3.5 Å
Resolution > 0.2% Δd/d
d spacing range 0.25 Å - 14  Å
Q range 0.45 – 25 Å-1

Neutron beam sizes 2.0 – 4.0 mm diameter
Neutron beam divergence 15 – 25 mrad

Detector
Sample to detector distance 39.5 – 45.5 cm

Detector coverage 3.2 sr for 25 detectors
Detector size 15 x 15 cm2 with 256 by 256 pixels

Detector angular range 15° – 160° 2θ 
0 +/- 32° out-of-plane

Neutron Source

J. Appl. Cryst. 47, 915 
(2014)

25 of 48 Detector Ports Populated (52%)
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Quantum Crystallography

NSD Postdoc Project Quantum crystallography integrating neutron 
and X-ray diffraction reveals the electron-density distribution and 
hydrogen-bonding interactions between CO₂ and a guanidine-based 
sorbent, providing mechanistic insights to guide the rational design 
of next-generation Direct Air Capture materials. 



Magnetic Swirls

• Use global prior from ML/AI for integrating weak 
magnetic peaks near strong Bragg reflections 

• AI-Assisted Peak Integration (LDRD) 

• Multiresolution Bayesian optimization 

SNS TOPAZ Data (3 + 1) D
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Single Crystal Diffraction Beyond Three Dimensions

(3+d) 
Diffraction Space 

+
Parmeter Space 
(T, E, Stress, P, B)

Layout of the TOPAZ E-field setup Sub-atomic resolution structure 
at 0.019 sec. time-resolution
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CORELLI Instrument Overview

Arianna Minelli Huibo Cao   Feng Ye Zachary Morgan Duminda Liurukara
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Neutronic optics and 
Specifications

T0 Chopper
Neutron Guide

SD Chopper

DD Chopper Correlation 
Chopper

Sample Scattering 
Vessel

Detectors
Detector Frame

Moderator decoupled poisoned H2O

Source to sample 20 m

Sample to detector 2.5 m

Detector angular coverage -21.9°< 2θ <148.2° (Horizontal)
± 28.5° (Vertical)

Detector solid angle coverage 2.0 ster. (76 modules installed)

Incident energy range 10 – 200 meV

Momentum transfer 0.5 – 16 Å-1

Beam size 8 mm (H) X 12 mm (V)

Energy resolution 0.9 meV at Einc = 25 meV

Momentum resolution ΔQ/Q ≤ 7x10-3 at 90o for Q=10 Å-1
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3He detectors inside the scattering vessel

370,000 pixels, time resolved, < 0.001 ms

1 Å ~ 82 meV ~ 3956 m/s = 3.956 m/ms

t.o.f [1 Å ] = 5.687 ms

Elastic assumption:
λ[Å] = 3.596 * t.o.f. [ms] / Lm-d [m]

Lm-d = 22.5 m for CORELLI

87
 c

m
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Cross-correlation enables energy discrimination

PrAl3 powder sample, CEF ~ 4 meV
F. Ye, Y. Liu, R. Whitfield et al., 
J. Appl. Crystallogr. 51, 315 (2018)
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Nature of diffuse scattering from molecular Benzil crystal

The diffuse scattering features observed in the total scattering channel 
do not exist in the elastic-only channel.

Total: before cross-correlation Elastic-only: after cross-correlation

Benzil (C14D10O2) taken at 300 K
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Model free analysis for magnetic diffuse scattering

Three-dimensional magnetic 
differential pair distritional function
3D-mΔPDF 

Frustrated Bixbyite (Mn3+,Fe3+)2O3
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Enhancing neutron single crystal visualization with NeuXtalViz

Normalized reciprocal space data showing diffuse/modulated 
scattering features

Complete interactive pathways 
between reciprocal space data, 
peaks, and UB-matrix



47 Managed by UT-Battelle
 for the U.S. Department of Energy CSNS 2017

MICAS Furnace
RT - 1400 oC

Pulsed Magnetic Field
Bpeak = 30 T

3He insert
0.3 – 300K

or
Dilfridge insert
0.05 K – 300K 

low background 
CCR 6 K – 750 K

Pressure Cell, Pmax = 1.8 GPa

A large variety of selection of sample environments

Static Vertical Magnetic 
Field, Bmax = 5 T High Voltage 

Vmax = 10 kV

McWhan, Pmax ~ 5 GPa

Strain-cell14 T magnet

Dual heater 
stick 750 K

Orange Cryostat
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BRaVE: DNP-IMAGINE-X - Accelerating drug discovery   
• New DNP system, detectors  and polarizing optics on the imagine beamline at HFIR 

– Along with new computational tools and sample preparation protocols as part of a DOE BRAVE project
– Amplifying the diffracted intensity and minimizing incoherent scattering background
– Measure radically smaller crystals   (< 0.01 mm3) of ANY hydrogenated proteins

• Partnering with: 
– OLCF -   Building a “Digital Twin” with machine learning toolsets to simulate and guide experiments

– Meharry Medical College/Fisk U (& HBCU Consortium for Structural Biology) – Optimizing samples

– Argonne APS & SLAC SSRL - Coupling neutrons to drug discovery pipelines

• Funded in 2023 - Commissioning began late 2025

• Goal of x50 in data collection
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Coherent, incoherent and total scattering cross 
section of hydrogen as a function of the proton 
polarization for fully polarized neutrons. (JK Zhao et 
al., 2013)

Spin Dependence of Neutron Scattering
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Dynamic Nuclear Polarization  - DNP
●Produces very high nuclear polarization in samples by 

using a combination of:

●High Magnetic field
• Superconducting magnets

– 5T or 2.5T being the most 
common

● Low Temperature
• 100mk using a dilution 

refrigerator
●Microwaves

• Near the electron Larmor frequency
●Prepared sample material

●NMR system for polarization measurement



5151

Unpolarized

DNP Modulated Diffraction
• T4 Lysozyme Results

• Doped with TEMPO (10-100mM) 

• Large crystals
– ~0.9 mm on edge

• Single prototype anger camera

• Short hold times in “frozen spin” mode
– ~120-240 min T1

– Low temperatures
• ~200 mK

• DNP modulated diffraction

• Enhancements of 200-300% in integrated
diffraction pattern for anti-aligned spins
– The enhancement of individual reflections varies 

depending on the relative contribution of hydrogen

• Consistent with maximum polarizations of around 50%

Anti-aligned

Aligned
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Neutron structures of SARS-CoV-2 
macrodomain guide design of novel 
antivirals 

Research Details
− Determined the protonation states of Mac1 

residues that control catalytic activity.
− Clarified H-bond networks that govern protein 

flexibility 
− Re-evaluated the catalytic mechanism of Mac1 
− Informed the design of  new Mac1inhibitors

Research Details
− Neutron crystallography directly visualized the  

hydrogen bonding and protonation states of all 
ionizable amino acid residues in the from SARS-
CoV-2 

− Structure shows that the catalytic dyad adopts 
a zwitterionic charge-separated reactive state, 
details important for computational drug design.

Mapping hydrogen atoms in SARS-
CoV-2 main protease (3CL Mpro)

G.J. Correy et al. (2022) Science Advances.D.W. Kneller, (2020) J. Biol. Chem.

Why - Chemistry & electrostatics: drug binding & design
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Beamline BL11B: Macromolecular Neutron Diffractometer
5
3

Source-to-sample distance 30 m 
Wavelength bandwidth ∆λ = 2.16 / 4.3 Å

Sample size > 0.1 mm3

Divergence 0.12 to 0.80°



5454

5
4

Beamline BL11B: Macromolecular Neutron Diffractometer
Sample-to-detector distance 39-45 cm
Angular detector coverage 4.1 sr (40 detectors)
Detector angles 20-160°

Sample env. RT, cryo
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MaNDi instrument Overview

5
5

• MaNDi is a diffractometer designed to study protein crystals 
• It can collect data from unit cell up to 300Å on edge 
• Neutrons are not damaging so most data collection is at room  

temperature 
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Thank you!
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