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@ Electromagnon in the literature

@ Electro-active magnon from an ab-initio point of view

e Back to basics

e Within the BO approximation

e Breaking the BO approximation
(entangled phonon-magnon state)

@ Conclusion
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In the literature

Definitions found in the literature
@ mixed magnon-phonon mode
@ electroactive magnon
@ elementary excitations if multiferroic compounds

Two non equivalent definitions
Mixed mode Electroactive mode

Mixed mode
magnon
+ non-electroactive phonon

Electroactive elec.
excitation

Mixed mode
magnon
+ electroactive phonon
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In the literature

Definitions found in the literature
@ mixed magnon-phonon mode
@ electroactive magnon
@ elementary excitations if multiferroic compounds

Not specific to multiferroics
Electromagnons Multiferroics

Electromagnons in
non-multiferroic compounds

Usual magnons
& phonons

Electromagnons
in multiferroics
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In the literature

Non-electroactive mixed phonon-magnon mode : YMnO;

Energy (meV)

q q
0 | 1 | crosst |

0 0.1 0.2 0.3 0.4 0.5
(q,0,0)

Phonons dispersion.
S. Petit et al, Pramana 71, 869 (2008).
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In the literature

Non-electroactive mixed phonon-magnon mode : YMnO;
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Phonons dispersion. INS SF, NSP
S. Petit et al, Pramana 71, 869 (2008). S. Pailhés et al, PRB 79, 134409 (2009).
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In the literature

Non-electroactive mixed phonon-magnon mode : YMnO;
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Phonons dispersion. INS SF, NSP
S. Petit et al, Pramana 71, 869 (2008). S. Pailhés et al, PRB 79, 134409 (2009).

No electromagnon observed in Raman & THz I

C. Toulouse et al, PRB 89, 094415 (2014)
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In the literature

YMTIO3 .
: 3 symmetry forbidden
@ Mixed phonon-magnon .
mode phonon-magnon mixed

. modes
@ Non electroactive
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In the literature

YMTIO3 .
: 3 symmetry forbidden
@ Mixed phonon-magnon .
phonon-magnon mixed
mode
modes
@ Non electroactive
YMnO; Magnons can be
@ Magnon modes seen in THz excited by light (H)
C. Toulouse et al, PRB 89, 094415 (2014) Electromagnons ?
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In the literature

YMHO3 .
: 3 symmetry forbidden
@ Mixed phonon-magnon .
phonon-magnon mixed
mode
modes
@ Non electroactive
YMnO; Magnons can be
@ Magnon modes seen in THz excited by light (H)
C. Toulouse et al, PRB 89, 094415 (2014) EIeCtromagnonS 7
Ba,Mg,Fe;,0
2V Eatentn ] Not multiferroic  ele-
@ Electromagnon in PE phase { __, mentary excitation
N. Kida et al, PRB 80, 220406R (2009)
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@ Electromagnon in the literature

@ Electro-active magnon from an ab-initio point of view

e Back to basics

e Within the BO approximation

e Breaking the BO approximation
(entangled phonon-magnon state)

@ Conclusion
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From an ab-initio point of view : Generalities

Back to the basics
Mixed phonon-magnon mode = breaking the BO approximation
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Back to the basics
Mixed phonon-magnon mode = breaking the BO approximation

The BO approximation

H = TeyveepyeN LN W
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From an ab-initio point of view : Generalities

Back to the basics
Mixed phonon-magnon mode = breaking the BO approximation

The BO approximation

A = Te+ U4 eN . TN 4 pWN
Decoupling of nuclear & electronic motions

o I:I N He(ﬁsﬁn) = Te + \"/ee + \"/eN
AN(RrEo) = TN+ VNN 4 E5(R,)
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From an ab-initio point of view : Generalities

Back to the basics
Mixed phonon-magnon mode = breaking the BO approximation

The BO approximation

H = TeyveepyeN LN W

Decoupling of nuclear & electronic motions

o I:I N He(ﬁsﬁn) = Te + \"/ee + \"/eN
AN(RrEo) = TN+ VNN 4 E5(R,)
"] I:’e(?i,ﬁn) wj(ﬁ',(fi,ﬁn)> = Eje(ﬁen) |¢j(ﬁ,0’i,ﬁn)>
H]N(ﬁmEfe(én)) |§jV(ﬁn,Efe)> = (Ele(én) + E]I:/I) |§jv(ﬁn,Ef)>

AW = (B + EY) |W5(noim) 1€(FnE?))
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From an ab-initio point of view : Generalities

Validity of the BO approximation

™y @r)y =~ 0
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From an ab-initio point of view : Generalities

Validity of the BO approximation

™y @r)y =~ 0

Beacking the BO approximation
<¢,|?N|¢,~> £ 0
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From an ab-initio point of view : Generalities

Validity of the BO approximation

™y@Aa) = 0

Beacking the BO approximation
<¢,|?N|¢,~> £ 0

Mixed phonon-magnon mode (2 magnons)
Alwy = E W)
W) = > Giw [0 |EuAnes)) + > Cupa (s )} [Epu(nes))
v )7
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@ Electromagnon in the literature

@ Electro-active magnon from an ab-initio point of view

e Back to basics

e Within the BO approximation

e Breaking the BO approximation
(entangled phonon-magnon state)

@ Conclusion
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From an ab-initio point of view : within BO

Application of an electric field within the dipolar approx.

n n N 1 N N = T ST
H+(V=H—%[Ho,d-80] with d = ds + d
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From an ab-initio point of view : within BO

Application of an electric field within the dipolar approx.

n n N 1 N N = T ST
H+(V=H—h—[Ho,d-80] with d = ds + d
w

Action of ¥ on GS : 2 possibilities

Phonons transition  Electronic/magnon transition
Init. state [Woéoo)
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Application of an electric field within the dipolar approx.

n n N 1 N N = T ST
H+(V=H—h—[Ho,d-80] with d = ds + d
w

Action of ¥ on GS : 2 possibilities

Phonons transition  Electronic/magnon transition
Init. state [ro&oo?
Final state l¥oéo,)
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From an ab-initio point of view : within BO

Application of an electric field within the dipolar approx.

n n N 1 N N = T ST
H+(V=H—h—[Ho,d-80] with d = ds + d
w

Action of ¥ on GS : 2 possibilities

Phonons transition  Electronic/magnon transition

Init. state [¥0éo0)
Final state looy)
hw E(’)VV - E(%
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From an ab-initio point of view : within BO

Application of an electric field within the dipolar approx.

n n N 1 N N = T ST
H+(V=H—h—[Ho,d-80] with d = ds + d
w

Action of ¥ on GS : 2 possibilities

Phonons transition  Electronic/magnon transition

Init. state [¥0éo0)
Final state looy)
hw E(’)VV - E(%

Coupling |  (£o,ldn - Eoléoo)
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From an ab-initio point of view : within BO

Application of an electric field within the dipolar approx.

n n N 1 N N = T ST
H+(V=H—h—[Ho,d-80] with d = ds + d
w

Action of ¥ on GS : 2 possibilities

Phonons transition  Electronic/magnon transition

Init. state [¥0éo0) l¥oéoo)
Final state looy)
fiw Ey — E)

Coupling |  (£o,ldn - Eoléoo)

Marie-Bernadette Lepetit What is an electromagnon ?



From an ab-initio point of view : within BO

Application of an electric field within the dipolar approx.

n n N 1 N N = T ST
H+(V=H—h—[Ho,d-80] with d = ds + d
w

Action of ¥ on GS : 2 possibilities

Phonons transition  Electronic/magnon transition

Init. state [oé00) l¥o&oo)
Final state oo Wioo) = 1) X, e 1))
hw E(’)\’V - Eg{)

Coupling |  (£o,ldn - Eoléoo)
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From an ab-initio point of view : within BO

Application of an electric field within the dipolar approx.

n n N 1 N N = T ST
H+(V=H—h—[Ho,d-80] with d = ds + d
w

Action of ¥ on GS : 2 possibilities

Phonons transition  Electronic/magnon transition

Init. state [oé00) l¥o&oo)
Final state oo Wioo) = 1) X, e 1))
hw Ey — E) [Eje + Ej’l\l’] - [ES + Ego]

Coupling |  (£o,ldn - Eoléoo)
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From an ab-initio point of view : within BO

Application of an electric field within the dipolar approx.

n n N 1 N N = T ST
H+(V=H—h—[Ho,d-80] with d = ds + d
w

Action of ¥ on GS : 2 possibilities

Phonons transition  Electronic/magnon transition
Init. state 000> l¥o&o00)
Final state lYo&or) Wi€oo) = i) X o €j)
hiw Eé\’v\ - EN [EF + Ej’:ﬂ - [ES + ER)
Coupling (€0,1d - Eoléoo) (Wilde - Eolyo)
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From an ab-initio point of view : within BO

Spin-charge decoupling
Usual representation
@ Nuclear, electronic motions decoupling (BO approximation)
W (7.0iRn)) = W (FioiFn)) 16(Rn))
@ Decoupling of electronic and spin degrees of freedom

W (7.oRn)) = 1L (i Fa)) 1B(7.FA)) 1E(RR))
—_——— —— — —
spin charge  phonon
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From an ab-initio point of view : within BO

Spin-charge decoupling
Usual representation
@ Nuclear, electronic motions decoupling (BO approximation)
W (7.0iRn)) = W (FioiFn)) 16(Rn))
@ Decoupling of electronic and spin degrees of freedom

W (7.oRn)) = 1L (i Fa)) 1B(7.FA)) 1E(RR))
—_——— —— — —
spin charge  phonon

Action of electric field

-} (zpj|3e -§0|¢0> acts on charge part
(Ex : modification of space part of magn. orb. )

How can electric field act on magnons ?
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From an ab-initio point of view : within BO

Usual spin Hamiltonians

@ Heisenberg : 3;; J,-j§,- . §j — unique space part for all spin
states
@ unique definition of supporting magnetic orbital
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From an ab-initio point of view : within BO

Usual spin Hamiltonians
@ Heisenberg : 3;; J,-j§,- . §j — unique space part for all spin
states
@ unique definition of supporting magnetic orbital
@ SO effects

e single ions anisotropy
e DM interaction
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Usual spin Hamiltonians

@ Heisenberg : 3;; J,-j§,- . §j — unique space part for all spin
states
@ unique definition of supporting magnetic orbital
@ SO effects
e single ions anisotropy
e DM interaction
Different space parts according to spin states
Spin Hamiltonian : not really a spin-space decoupling
(no factorisation of WF)
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From an ab-initio point of view : within BO

Usual spin Hamiltonians

@ Heisenberg : 3;; J,-j§,- . §j — unique space part for all spin
states
@ unique definition of supporting magnetic orbital
@ SO effects

e single ions anisotropy
e DM interaction

Different space parts according to spin states
Spin Hamiltonian : not really a spin-space decoupling
(no factorisation of WF)

Action on magnons ?

° (;l/,-|ae . goll//o) acts on charge part
@ Action on magnons = OK if no spin-charge decoupling
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@ Electromagnon in the literature

@ Electro-active magnon from an ab-initio point of view

e Back to basics

e Within the BO approximation

e Breaking the BO approximation
(entangled phonon-magnon state)

@ Conclusion
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From an ab-initio point of view : beyond BO

Excitation toward a mixed phonon-magnon state

Wogoo) — 19 = > Giu[wi) [E) + D e i) €.
v H
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From an ab-initio point of view : beyond BO

Excitation toward a mixed phonon-magnon state

Wogoo) — 19 = > Giu[wi) [E) + D e i) €.
v H

—_—

-

e de. &p on electronic part : two terms
= potential increase of the efficiency
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From an ab-initio point of view : beyond BO

Excitation toward a mixed phonon-magnon state

Wogoo) — 19 = > Giu[wi) [E) + D e i) €.
v H

—_—

-

e de. &p on electronic part : two terms
= potential increase of the efficiency

e dN. 50 on phonon part : requires that GS is also a mixed state
involving |w,-> and |y)
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From an ab-initio point of view : beyond BO

Excitation toward a mixed phonon-magnon state

Wogoo) — 19 = > Giu[wi) [E) + D e i) €.
v H

—_—
-

e de. &p on electronic part : two terms
= potential increase of the efficiency

e dN. 50 on phonon part : requires that GS is also a mixed state
involving |w,-> and |y)

@ Action on magnon = breaking of spin-charge separation

[Wokoo) — |W) # Zc,-,vt¢,->|§,-v>+;c,,ﬂ 00 |} | Jem).

spin

entangled charge-phonons
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From an ab-initio point of view : beyond BO

Excitation toward a mixed phonon-magnon state

Wogoo) — 19 = > Giu[wi) [E) + D e i) €.
v H

—_—
-

e de. &p on electronic part : two terms
= potential increase of the efficiency

e dN. 50 on phonon part : requires that GS is also a mixed state
involving |w,-> and |y)

@ Action on magnon = breaking of spin-charge separation

Wogoo) — W) =| > Gup X)) [61) + D Cruq It} [€1)
v M

Marie-Bernadette Lepetit What is an electromagnon ?



Conclusion

Electro-active magnon
@ Not a specific to mutiferroics
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