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BT-7 triple-axis spectrometer

2

NIST Center for Neutron Research (NCNR)
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source
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Triple-axis spectrometer (TAS) selects wavelengths of 
neutrons before and after the sample
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Triple-axis spectrometer (TAS) selects wavelengths of 
neutrons before and after the sample



𝒌𝒇 = 𝒌𝒊
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Atomic structure

Magnetic ordering
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Elastic neutron scattering measures static properties



Neutrons exchange energy with the sample

𝒌𝒇 ≠ 𝒌𝒊
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Inelastic neutron scattering measures dynamic 
properties

Phonons

Spin waves

𝑄 = 𝑘௜ − 𝑘௙ 𝑄
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How do you begin a TAS experiment?
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How do you begin a TAS experiment?
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Inspect scans

Search corpus

Plan experiment
Summarize 

overnight data

Build dashboards

TAS Copilot centralizes evidence and calls tools for 
more efficient experiments
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Mn
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SrMn2Sb2
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Case study for TAS Copilot workflow



Use CaMn2Sb2 as a model for SrMn2Sb2

• Magnetic structure

• Propagation vector

• Spin direction

• Ordered moment

• Exchange interaction

Ca

Mn

Sb
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Use extracted facts from a similar material



Bragg’s Law: 𝒏𝝀 = 𝟐𝒅 𝐬𝐢𝐧 𝜽
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Bragg angle 𝜃

Scattering angle 2𝜃

Align TAS via Bragg peaks



Scattering plane

Final energy
Sample environment
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Choose peaks based on structure and instrument 
configurations
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Suggested peaks

Aluminum rings

Suggested reciprocal lattice vectors describe scattering 
angles 



Scan plan suggestions:
• A3 – sample rotation
• A4 – scattering angle
• Tilt
• Translation

Suggested scan plans improve alignment efficiency
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(004) and (110) define plane
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(002)

(004)

(110)

Started with (002) using 
𝝀

𝟐
to 

reduce sensitivity to tilt

Scattering angle (2𝜃) Sample rotation angle

Experimental alignment corresponds with suggested 
alignment
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Summary Suggestions

Summarize measurements and locate important features
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Type of scan Ranges measured

Plots for each scan family

TAS Copilot outlines results clearly
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What to do next

Basis of suggestion

Priority

Next steps are suggested based on previous 
measurements



Spin waves
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ℋ = ෍ 𝐽ଵ𝑆௜ ȉ 𝑆௝ + ෍ 𝐽ଶ𝑆௜ ȉ 𝑆௝ +

ଶேே

෍ 𝐽௖𝑆௜ ȉ 𝑆௝

஼ேேଵேே

McNally et al., Phys. Rev. B 91, 180407(R), 2015.

Calculate spin waves using known CaMn2Sb2
Hamiltonian
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ℋ = ෍ 𝐽ଵ𝑆௜ ȉ 𝑆௝

ଵேே

+ ෍ 𝐽ଶ𝑆௜ ȉ 𝑆௝

ଶேே

+ ෍ 𝐽௖𝑆௜ ȉ 𝑆௝

஼ேே

Néel antiferromagnetic 
ordering

First nearest neighbor 
interaction

Second nearest 
neighbor interaction

Third nearest neighbor 
interaction

Out-of-plane nearest 
neighbor interaction

Easy-plane anisotropy

𝐽ଵ = 3.16 𝐽ଶ = 0.52

𝐽ଷ = 0

𝐽௖ = 0.204

Hamiltonian describes total energy
Mn

Magnetic interactions produce magnon dispersion
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𝐽ଵ = 4.731 𝐽ଶ = 0.685

𝐽ଷ = 0

𝐽௖ = 0.871

ℋ = ෍ 𝐽ଵ𝑆௜ ȉ 𝑆௝

ଵேே

+ ෍ 𝐽ଶ𝑆௜ ȉ 𝑆௝

ଶேே

+ ෍ 𝐽௖𝑆௜ ȉ 𝑆௝

஼ேே

Hamiltonian describes total energy

SrMn2Sb2 has similar magnetic interactions
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a = 4.5888(2) Å
b = 4.5888(2) Å

c = 7.7529(4) Å

𝛼 = 90°
𝛽 = 90°
𝛾 = 120°

a = 4.5285(4) Å
b = 4.5285(4) Å

c = 7.4453(7) Å

𝛼 = 90°
𝛽 = 90°
𝛾 = 120°

Distance and angle between magnetic atoms determine 
strengths of interactions



22

TAS Copilot assists users with experiment planning and 
experiment analysis

Evidence Alignment Measurement summaries 
and suggestions

Analysis

ℋ = ෍ 𝐽ଵ𝑆௜ ȉ 𝑆௝ + ෍ 𝐽ଶ𝑆௜ ȉ 𝑆௝ +

ଶே

෍ 𝐽௖𝑆௜ ȉ 𝑆௝

஼ேேଵேே
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Publish paper outlining TAS Copilot

Visiting researchers use TAS Copilot at the NCNR!

Expand to other instruments/facilities

Future directions



Any mention of commercial products is for information only; it does not imply recommendation or endorsement by NIST.
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𝒏𝝀 = 𝟐𝒅 𝐬𝐢𝐧 𝜽

Higher order Bragg peaks observed: 𝑛 = 2, 3, …Primary scattering: 𝑛 = 1

Pyrolytic graphite (PG) filter 
removes higher order 
wavelength contamination

Removing the PG filter allows for neutrons with 
ఒ

ଶ

𝒏𝝀 = 𝟐𝒅 𝐬𝐢𝐧 𝜽

Measure at a lower 2𝜃, which makes the 
measurement less sensitive to tilt

(002) alignment
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