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Overview

2D materials Ultrafast dynamics
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Geim & Grigorieva, Nature 499, 419-425 (2013) Kirilyuk, Rev. Mod. Phys. 82, 2731 (2010) Koopmans Nat Mater 9, 259-265 (2010)
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Why 2D magnets?

FM spin dynamics: very fast
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Van der Waal Heterostructures

A. K. Geim and I. V Grigorieva, Nature 499, 419 (2013).
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Why Fe,GeTe, (FGT)?

Van der Waals layered material Thickness dependent properties
Control crystalline layer number
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Vision: atomically flat, crystalline Heterostructures

2D magnets Transition metal

Non-volatile storage ~~_ “8x i § dichalcogenides
Spin filtering P "8 "9
Spin injection and detection

Strong spin-orbit coupling
Valley optical selection rules
Quantum spin Hall effect

Graphene

Long spin diffusion lengths
Dirac dispersion
Weak spin-orbit coupling

J. Phys. D: Appl. Phys. 53 (2020) 453001




Why ultrafast science?

Study nonequilibrium behavior

Study process at their intrinsic
time scales

Understand coupling between
intrinsic properties through
energy flow

Kirilyuk, Rev. Mod. Phys. 82, 2731 (2010)
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(my) three levels of understanding coupling
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1. Coupled thermalized baths

Energy flow model

Ce(Te)dTe/dr = = Gel(Te - TI) Te
_ Ges(Te - T?) + P(I),
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Ci(T))dTy/dt = — G (T} — T.) — Gu(T) — Ty) \ -~
electrons

Ges Gel

¢ !

it e
03007
spins

lattice

300

Koopmans, Nat. Mater.
9, 259-265 (2010)

W/



1. Coupled thermalized baths

Can we assume these baths are in thermal equilibrium?

Can we describe them with a temperature?

- Ges(@ T ) + P(I),
CS(TS)/dt = - Ges _) - Gsl _)
C(T))dT)/dt = — G(T)) — T.) — Gu(T) — Ty)
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Three levels of understanding coupling
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1. Coupled thermalized baths 2. Internal thermalization 3. intra-DOF coupling
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2. Internal thermalization
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2. Internal thermalization
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Three levels of understanding coupling

1. Coupled thermalized baths
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3. intra-DOF coupling

dc ® d
. :‘::o I
"
08
o :\_/ 1o .

-10 -5 0 5 10
Angle(deg)

Sabota, PRL 108, 1

+140 meV offset

0.2

0.6 1.0
At (ps)

Gerber et al., Science 357, 71-75 (2017)

AE  “coupling
E potential”

N
o
o

Phonon energy (meV)
N
(=]
o

LO

TO

A 7S
P "
A, TA 4 4 E, i TA-LA
TA{TAN 27
f”

A, TA-TA
A,LO-LA LA

A"TA-LA A

K M

Stern, PRB 97, 165416 (2018)

BaFe,As,

Yang, PRL 112, 207001 (2014)

Rettig PRL 114, 067402 (2015)

14




Understanding dynamics in FGT

1. Coupled thermalized baths 2. Internal thermalization
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time resolved

lattice
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Time resolved ARPES at FHI

Momentum Microscope
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Electron temperature dynamics

Electronic temperature

[(k, @) = Mk, )| frp (@) Ak, ©) R
CB —mge I L4 ¢ o¢o T~ 0.2ps
VB LA %
= %
> T. Pincelli ¢'
i ‘?m W +¢++<’H ST
dotay (55) 1 10 50
Pump: 800 nm

Probe: 21 eV (HHG XUV)
Resolution: ~35 fs

18



Absorption

XMCD

Ultrafast XMCD
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XMCD from FGT in transmission
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XMCD (nm™"!

XMCD results

XMCD Hysteresis Pump effect
(real units) (magnetic as expected) (jump at axis break: artifact)
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Spin dynamics time scale very similar to electron dynamics
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Ultrafast XMCD
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normalized intensity

Lattice dynamics
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Lattice dynamics

Normalized incoherent lattice responce
T

0.7 -

11 | L ] T T a
N
=
. 2
Increasing 3
=
1 Q o
209
w
c
L
=
o
N
.ﬁ 08 0.012
-
8 0.01
0.7 0.008
0.006 |
0.004
0.6
0.002 |
I | 1 1 L
0 5 10 15 20 °
delay (ps)

1.5 2 25 3 3.5 4
Frequency (THz)

24



Theoretical modeling o[ Y , :
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Understanding dynamics in FGT
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Diffraction

coherent incoherent expansion/
phonons phonons contraction
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Evolution of the phonon system

normalized intensity
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Evolution of the phonon system
Fe: r;(t)=r+A()
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Evolution of the phonon system
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Evolution of the phonon system
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Stay tuned!

Towards “Full” energy flow picture
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Towards detailed ph-ph picture
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