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What I’d start with elsewhere….

hard disk read/write 
head

spin-valve read 
element

Digital recording

Tannous C., Comstock R.L. (2017) 
doi.org/10.1007/978-3-319-48933-9_49 Windsor, PRL 113, 167202 (2014)

Kagawa PRL 102, 057604 (2009)

New properties available with AF

Schlauderer, Nature 569, 383–387 (2019)

Particular ultrafast prospects

Dissipation-free AF 
demagnetization
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Antiferromagnets are cool.

Scagnoli et al, PRB 88 104417 (2013)MacDougall, PNAS 108, 38, 15693 (2011)Tokura, Phil. Trans. RSA 369 (2011)
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How do we resolve such spin structures?

Scagnoli et al, PRB 88 104417 (2013)
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Magnetic diffraction.



Abramova, J. Alloys and Compounds 632 (2015) 563–567 5



But neutrons don’t come in 
ultrafast pulses… x-rays do….
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X-rays are sometimes a compromise….

• X-ray magnetic diffraction has a prefactor
ℏ𝜔

𝑚𝑒𝑐
2

2
compared to Thompson scattering 

• At 1 KeV this is ~3.8e-6

• So we use resonances…

https://neutrons.ornl.gov/sites/default/files/Toby%202
018_NXintro2powder_2up.pdf

….especially for magnetism
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Resonance enables practical magnetic X-ray diffraction 
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Resonant X-ray diffraction

Fink, Rep. Prog. Phys. 76 (2013) 056502
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Overview

Deterministic control of an AF spin 
arrangement

Scaling of angular momentum transfer 
in 4f antiferromagnets
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Model system – GdRh2Si2
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Equilibrium behavior

GdRh2Si2
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GdRh2Si2 – Dynamic Behavior

𝑚(𝑡) - demagnetization 𝜑(𝑡) - reorientation



Deterministic control
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Easy axis of Gd in GdRh2Si2
hard disk read/write head

spin-valve read element

MRAM

Magnetic tunnel junction



Outlook: Gd-based spintronics
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Easy axis of Gd in GdRh2Si2

Corner & Tanner, J. Phys. C 9, 627–633 (1975)

Easy axis of Gd Metal

~35° ~65°



Summary

Deterministic control
of the long-range AF order
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Transient anisotropy potential
(quantitatively determined)

𝑈 φ =
1

2
𝐾 sin2 𝜑 −Φ

We can solve spin structures in the time domain!

Windsor et al., Commun. 

Physics 3, 139 (2020)



Overview

Deterministic control of an AF spin 
arrangement

Scaling of angular momentum transfer 
in 4f antiferromagnets
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Intro to lanthanides

Small moment 1-3 𝜇𝐵

large moment 1-10 𝜇𝐵
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Lanthanides are important

Source: ‘The Automotive Industry: A Major Rare Earths Consumer’, 3 rd International Rare 
Earths Conference, Dudley J Kingsnorth, November 2007 19



Magnetic coupling in lanthanides

4f states are very localized

Conduction electrons

5d 5d

4f 4f

RKKY – indirect exchange

Dissipation-free AF 
demagnetization

Can AF demagnetization
occur with RKKY?
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Yes.
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Lets use this!

Conduction electrons

5d 5d

4f 4f

RKKY – indirect exchange

overlap is sensitive to filling of the 4f shell.

How does 4f filling affect spin dynamics?

𝜒 𝒒 - e.g. tuning the occupation at the fermi level, 

𝐼 𝒒 - on-site overlap is not easily accessible

Routes to alter

Can we tune RKKY’s strength to optimize ultrafast dynamics?
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4f demagnetization in literature

Wietstruk PRL 106, 127401 (2011)

Gd & Tb

Thielemann-Kühn PRL 119, 197202 (2017)

Dy

Rettig PRL 116, 257202 (2016)

Ho
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Inconclusive!



LnRh2Si2 – a series of boring antiferromagnets

when changing the Ln ion, practically nothing changes
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Experiment
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Lots of data that look almost the same…

Lots of comparable 
data….

What do we do with all 
of this?
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Scaling?
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de Gennes scaling      𝑔 − 1 2𝐽(𝐽 + 1)

Koehler, JAP, 36, 1078 (1965)
de Gennes, C. R. Acad. Sci. 247, 1836 (1958)

RKKY should/could also 
scale in this way!
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Scaling (2)

Spin dynamics are governed by RKKY, which can be controlled by 4f filling, 

Define: 
Angular momentum transfer rate

Units: 𝜇𝐵/𝑝𝑠
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Summary

Deterministic control
of the long-range AF order

Windsor et al., Commun. Physics 3, 139 (2020)

Scaling of angular momentum transfer rates
4f filling controls spin dynamics

Windsor et al., Nat. Mater. (2022). 

We can solve spin structures in the time domain!

Shameless advertising: lattice dynamics in NiO     Windsor et al. PRL 126, 147202 (2021)
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Thank you for your attention!



Do I have time to make backups?
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