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What I'd start with elsewhere....
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New properties available with AF
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Particular ultrafast prospects

Dissipation-free AF
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Antiferromagnets are cool.
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How do we resolve such spin structures?
Magnetic diffraction.

Detection of Antiferromagnetism by Neutron
Diffraction*

C. G. SHULL
Oak Ridge National Laboratory, Oak Ridge, Tennessee
AND
J. SAMUEL SMART
Naval Ordnance Laboratory, White Oak, Silver Spring, Maryland
August 29, 1949
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But neutrons don’t come in
ultraftast pulses... x-rays do....



X-rays are sometimes a compromise....

Comparison of Tb,TiO, with x-rays & neutrons
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....especially for magnetism

* X-ray magnetic diffraction has a prefactor

h .
(m aéz) compared to Thompson scattering
e

e At 1 KeV this is ~3.8e-6

* SO we use resonances...




Resonance enables practical magnetic X-ray diffraction
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Resonant X-ray diffraction
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Overview
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Deterministic control of an AF spin
arrangement
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Scaling of angular momentum transfer
in 4f antiferromagnets
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Model system — GdRh,Si,

bulk
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Equilibrium behavior

GdRh,Si,
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GdRh,Si, — Dynamic Behavior
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Deterministic control
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Ssummary

We can solve spin structures in the time domain!

Deterministic control Transient anisotropy potential Windsor et al.. Commun.
of the long-range AF order (quantitatively determined) Physics 3, 139 (2020)
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Intro to lanthanides
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Lanthanides are important
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Theyre not actually that rare, but their importance to almost all modern
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Magnetic coupling in lanthanides

4f states are very localized RKKY - indirect exchange
2 ’_ Vv ; Can AF demagnetization
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Yes.

PRL 119, 197202 (2017) PHYSICAL REVIEW LETTERS 10 NOVEMBER 2017

s

Ultrafast and Energy-Efficient Quenching of Spin Order:
Antiferromagnetism Beats Ferromagnetism

Nele Thielemann-Kiihn,'*>" Daniel Schu.k Niko Ponuus ' Christoph Trabant, 33 Rolf Mitzner,' Karsten Holldack,'

Hartmut Zabel.' Alexander Féhlisch,'” and Christian SchiiBler-Langeheine’
'Institut fiir Methoden und Instrumentierung der Forschung mit Synchrotronstrahlung,
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(Received 15 March 2017: revised manuscript received 20 September 2017; published 6 November 2017)
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Lets use this!

Can we tune RKKY’s strength to optimize ultrafast dynamics?

RKKY - indirect exchange

Js(q) =

-

V 2
Nz I (a)|"x(a).

Routes to alter J7.(q)

— x(q) - e.g. tuning the occupation at the fermi level,

4 1(q) - on-site overlap is not easily accessible

overlap is sensitive to filling of the 4f shell.

How does 4f filling affect spin dynamics?

22



4f demagnetization in literature

Lanthanides
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LnRh,Si, — a series of boring antiferromagnets
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Experiment
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Lots of data that look almost the same...

I oaer 1 } 1 I o145 T o130
% 0.334 : -~ ’::f:;:’:; % 0.290 T o281
0.502 [ 5 3 g *"i".(":: 0.434 0.391
T ose E 8 ¢ Setwie I o % 0.521
-~ 3 ey, - om )
T os% s el Pt e ——— I o889 T o652
T 10 g & ::::1 % :';452 I o7s2
L 13 0.4 o @l 3 2172 T 1304
1 2508 Fex
. et X EEDE1 T 280 T 2607
0 10 20 30 40 50
delay (ps)
I o028 . ;
I o.0s6 T o015
I 0.056 T o0.031
T o0.084 T o0.061
% g.: 1(2) T 0.092
I 0.140 L o012
T a3lo ]Ij 0.183
: 0.244
% e T 0366
T 0560 — 1 0810
i 1.400 e I 122
: 02 L : : : . -
0 20 40 60 80 100
delay (ps) delay (ps)
19 ' i T o065
T o130
08}
- \ T o419
Lots of comparable £ ool §R = What do we do with all
£ & ' .
data.... 4 04T N y & o of this?
02} Dy “-"—y.v’:m:.e.:e%:_&, ey 1 1299
2 Betttgytn | 2598
0 1 i 'y i n
0 50 100 150 200 26



Scaling?
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de Gennes scaling g

MAGNETISME. — Sur les propriétés des métaux des terres rares. Note (*)
de M. Pierre-Giries e Genses, transmise par M. Francis Perrin.
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e 0 layer angles at the ordering temperature, on the left, and the

ordering temperature, on the right, are universal functions of the
average squared projection of .5 on J. The interlayer angle curve
extrapolates to zero for x=11.5, approximately.

2. Le couplage (2) produit également, dans le domaine paramagnétique,
une résistivité par désordre de spin p, (*), (*), (**) qui est effectivement
ohservée (*). Dans approximation de Born, on trouve

_ Koehler, JAP, 36, 1078 (1965) )8
de Gennes, C. R. Acad. Sci. 247, 1836 (1958)



Scaling (2)

Define:
Angular momentum transfer rate

Units: ug/ps

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

Deterministic control Scaling of angular momentum transfer rates
of the long-range AF order 4f filling controls spin dynamics
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Windsor et al., Commun. Physics 3, 139 (2020) Windsor et al., Nat. Mater. (2022).

Shameless advertising: lattice dynamics in NiO  Windsor et al. PRL 126, 147202 (2021)
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Do | have time to make backups?
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