Ultrafast magnetic phase transition in DyFeO,

By:
Y In collaboration with:
Ali S '
eza Sasdll D. Afanasiev
Supervisors: J. R. Hortensius
Eric Bousquet A.D. Caviglia

Jorge Iniguez



Introduction

Improving the current technology by:

L New phenomena and new technology
O Miniaturization

U Device performance speed
Using ultrafast laser pulses




Introduction to Ultrafast laser

Ultrafast laser pulses?
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Using ultrafast laser pulses to :

1. Study and understand Phenomena at ultrafast time scales el
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2. Change material properties
v" Enhance superconductivity
v' Switch ferroelectric polarization
v Induce ultrafast insulator-to-metal transitions

? Induce magnetic phase transition




Material and laser

O Goal: Tuning magnetic phase transition in DyFeOj using ultrafast laser
O The laser has a 200 femtosecond impulsive source (with electric field of 10 MV cm-')

O DyFeO, :single crystal (Pnma phase)







Heisenberg model and DFT calculations

H =Y. Ji;8: 85 + 355 Dis(Si x 85) + X; Kl 8i.m)?

Ji 2 Juv s Jru Super exchange interactions

D; 2 Dyy, Dru Dzyaloshinskii-Moriya interactions (DMI)
Dij=dij + d;,j +d;j Is defined as DMI vector

K. =2 K, K; Single 1on anisotropy

M = Fe and R=Dy

Phase transition is due to Dy and Fe interaction Sasani et al, arXiv:2102.08152 [Con(gat.mtrl—sci].



Non-equilibrium
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Technical details

A

Density Functional Theory / - an It

Projected Augmented Wave

f electrons in the valence

DFT+U (U=5 for Fe and U=4 for Dy)

Occupation matrix constraint to find electronic ground state of Dy-f

To calculate magnetic interaction we used Green’s function method using TB2| code
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V(Q) = wigQir + wiQ% + CrQ% + mQrQ7xR

1 1
+ EdIRQ%R + idRQi

Cr drR dr Y1
ﬁg{l) -0.004 0.0072 0.000 0.0681
Ay(2) 0.003 0.0072 0.000 0.1246




IR mode distortion 1 |
IR mode distortion 2
IR mode distortion 3
IR mode distortion 4

mode distortion (Ang




Q+7Q+ve[V(Q) - F(t.Q)Qir] = 0
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Conclusion

Laser

High Freq IR excitation Low Freq R excitation Magnetic phase transition

O Our findings shows the possibility of inducing magnetic phase transition with ferromagnetic order in very low
time scale

Afanasiev et al., Nature Materials 20, 607 (2021)
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