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Ferromagnets vs Antiferromagnet _
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Antiferromagnetic Terahertz Spin waves _

edge st

2. Linear
dispersion

3. Mangic

Faraday rotation (degrees)

tes

200

Radboud Universiteit ’%%
AT

+hg

|
v |

<
A
iy

\
\

@y = 0.1~ 1 THz
| S

, f
\ - 4
5 L
Al '
’

1.Parabolic g
dispersion

4
’

Magnon ga

) &

X

o

+k

o

4100

450

0 L .
10 15 20 30 4.0
Photon energy, hv (eV)

Time delay (fs)

(wu) ¢

Nature 435,
655 (2005)

Nat. Phys. 17,
1001, (2021)

Nature
Photonics 9,
506, (2015)




Antiferromagnetic Terahertz Spin waves _
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Role of Lattice to Magnetic Interactions _

H magnetic Interactions = EXChange Interactions + DM Interaction + Magnetic Anisotropy

exchnage = Z]USS

T

r 8
Jij = Jij(r,6) ) \9/ -

Radboud Universiteit g%%
U

Hpy = —Z D;; (5;xS;)

i#j
ii il
|
] .
]l]e.]l] aQU
0D;
D;j>Dyj +—- ”

l




Spin-phonon/lattice coupling _
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Signatures of the Spin-phonon coupling _
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Spin-Phonon coupling in CuO
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Spin-Induced High Temperature Multiferroi_
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Spin-Induced Room Temperature Multiferr_
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Spin induced Polarization of CuO _
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Polarizability is more highly sensitive
to interatomic distances

How to 1dent1fy the signature of atomic dlspla_
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Polarized Raman spectroscopy of CuO _
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Polarized Raman spectroscopy of CuO
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Polarized Raman spectroscopy of CuO _
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Determination of ferroelectric polarization_

Raman tensor

a 0 d 3
Ag =10 b O a
d 0 £
2

Raman intensity

I"

Ag —
o« ((0.64a + 0.34b)cos?y =
+ (0.15a + 0.28b + 0.54c + 0.58d)sin?y =
+(0.31(b — @) — 0.58d)sin2y)” E
It =
Ag 27% from b

o ((0.31(0, — b) + 0.58d)cos2y

, (049a+0.05b — 0.54c — 0.584) )2

ty (a.u.)

1

> sin2y : '
3% from b )

S

1 B
SN -

E :
[ .. (@) o

Radboud Universiteit g@%

4.2 4

4.0 H

3.8

3.6

| (@)

1.08

2.50 =

1(b)

2.25

2.00 +

i0

\:S-.

y =45°

YX

T
180

I * T
220 240

Temperature (K)

T
260

Binoy Krishna De et al. Phys.: Condens. Matter 33 (2021) 12LT0 1%



Phonon renormalization and finding atom_
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Phonon renormalization and finding ato_

From microscopic study From a macroscopic study
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Tracking Atomic displacements
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Magnetism in CrVO, N

Neutron Scattering Evidence of
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Magnons in CrVO,
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Magnetism in CrVO,
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Phonons and Electronic renormalization in _
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Phonon Selectivity of the Exchange Interactio_
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« Demonstrate the role of coupled interaction in deducing the physical
properties of the material.

» We selectively deduce the directional contribution to the overall response
through angle-resolved polarized Raman spectroscopy.

« Finally, the approach allows us to disentangle the Phonon specific
contributions to magnetism which can help to understand the nonlinear
phononic pathway for controlling the magnetism.

Crystal lattice Electron orbital
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Future Perspective with HFML-FELIX

Crystal lattice Electron orbitals

THz
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