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Perovskite cobaltites
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Strain on thin film

J. Fujioka et al.

HS PRL 111, 027206 (2013)
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Strain on thin film
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Excitonic Insulators

Semiconductor, Semimetal

Electron-Hole binding energy > band gap

Condensation of macroscopic number of excitons

Mott(61) Knox (63) Keldysh(65), Jerome-Rice-Khon (1967)
Halperin, Rice, Solid State Physics, 21 (1968)
Fukuyama (1971), Kuramoto(1978)
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Excitonic Insulators

Different symmetries in ¢ & f bands Spontaneous symmetry
No direct hybridization breaking
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Order parameter Analogy with Superconductivity
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Excitonic Insulators
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Perovskite cobaltites
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Theoretical approaches
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Two band Hubbard with energy difference
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Local states

Level splitting Strong coupling approach
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Psudo-spins for excitonic state

Pseudo-spin operator £l order parameter
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Low energy model
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Collective mode and symmetry
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Meaning of sign degree of freedom

From more general point of view
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Phase diagram at T=0
Mean field approximation

2dim square lattice
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Phase diagram

dim square lattice
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Two El phases
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Spin nematic order
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5 orbital model
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5 orbital model

Non-interacting
electron band
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Magnetic Excitation J
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Magnetic susceptibility (T=0)
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Magnetic field effect
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Magnetic field induced El

T. Tatsuno, E. Mizoguchi, J. Nasu, M. Naka, and S,
J. Phys. Soc. Jpn. 85, 083706 (2016)
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Summary

Mott Insulator vs. . Elis a possible candidate
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Non-eq. dynamics in correlated materials
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Optical manipulation of magnetism

Ultrafast demagnetization
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Manipulation of exchange interaction

Superexchange interaction in Mott insulator

J. H. Mentink, K. Balzer, and M. Eckstein, Nat. Commun. (2015).
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Double exchange interaction

Zener (‘51), Anderson-Hasegawa (‘55), de Gennes (‘59)
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DEx interaction in solids
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Photo irradiation in DEx system

Optical pump-probe

Fiebig, Miyano,

I
Tomioka-Tokura et al. PRB (‘04) 0.10f(a) T=10K |
i Tokura, Okamoto,
31eV(x25) | Koshihara
< ® oost +
= —~ ﬁ and many
I_z ' it
© ‘ﬂ j: Tty
- j
o o
» E.ﬂ-l:ﬂ} T=10K L
.-—'x - uﬁ"bnn Dﬂununuﬂ -] oo o
g 10F | & +
(=% - i
*"E*’ £ 0.0 M
w g :
S < -10f -
20 l | 1 1

-1 4] 1 2 3 4
Time Delay (ps)

Gdj555r45sMNnO3; Matsubara et al.
also Nd, sSry sMnO; Miyasaka et al
Ogasawara et al. ('05)

Photo-induced
AFM/CO to metallic FM

AFM.exchange interaction
Coulomb interaction
in addition to original DEx interaction



Photo irradiation as a carrier doping
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Theoretical demonstration
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Theoretical demonstration

Koshibae-Furukawa-Nagaosa PRL 03, 266402 (2009)
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Ground state in DEx model

Yunoki et al. PRL (1998)

DEx model i
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DEX interaction revisit

(pure) Double Exchange Model

H = —tz CLCJU — 2Jy Z S - s
( 1

i,j)o

e No AF interaction

Conduction t oc cos(6/2)
: : : electron _‘_ ...............
* C(lassical localized spin § R i

e FM metallic GS (mainly 1/4 filling) N
Classical ;_ .t

i,
EEERER

spin N0

T




Model & Method

Conduction electrons

Wave function

Ne
[w(r) =] ¢l ()0

=1 v

Time evolution

eiII(ST)éT?j;‘T (T)e—-iﬂ(c‘if)c‘h

1%

1_;’;:[,(7 +07) =

Localized classical spins

Landau—Lifshitz—Gilbert (LLG) equation
dS; ds,

dT dr

= h" x 8, +a8; x

< :Gilbert damping factor

Randomness in initial spins

2-dimensional square
N = 8X8-12X12 sites (PBC/APBC)

Vector potential

t s tetA(T)

Linearly polarized CW / Pulse field

A~ MV /cm

w~ 1

Koshibae-Furukawa-Nagaosa PRL(09)



CW field: Ay/t = 2.0, w/t = 1.0

Ferromagnetic metal === Antiferromagnet



Time profiles

(i) (i) (i) (iv) (v)
-1.2F° ' Electric field E(1) =3 0.8 CW
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(Energy)/t

Energy level)/t
(Energy level)/ Almost perfect

AFM steady state

() 7=300/1, Ag || [11]

Spin structure factor/ﬂ/
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(¢)r=0,Ap || [11] S
1 1 0.0 = =
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Half metallic FM
A. Ono, and SI, Phys. Rev. Lett. (2017) (Editor suggestion) arXiv:1705.00240v1




Cluster Size & Light Polarization dependences

Cluster size Light polarization
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At early time domain

CW

Electric field E(1)—3 0.8

(Energy)/t

(Energy level)/t

: |
S OO N PR DO A
Y M

[a—

Spin structure factor

o
(%

0.0 =

(ii): Just after photo irradiation

Excitation inside of the lower band : () = 1 and 0 are intermingled.
Band width reduction : Dynamical localization

A. Ono, and SI, Phys. Rev. Lett. (2017) (Editor suggestion) arXiv:1705.00240v1



Dynamical localization at early time domain
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Dynamical localization at early time domain

Time average of the kinetic energy in early time domain
tef-f — tJ[)(A(]/LU)

K = (A7) Jag dm(Hy)
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Dynamical localization scenario
works well at early stage



Key parameters for the FM-to-AFM conversion

Gilbert damping o dependence
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Key parameters for the FM-to-AFM conversion
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Steady NEq AFM state

(iv) CW

Electric field E(T)—3 0.
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(Energy level)/t
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(iv): Steady AFM state

Electron distribution is almost uniform in the lower band



Steady NEq AFM state

Equilibrium cal.

FM AFM Assumption:

Uniform electron distribution # Fermi-Dirac)
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AFM steady state gives lower energy in wide range



Beyond the CW light

Pulse Pulse + CW
A(T) Aq0(T) A(T) = Allé'( ) + (Ap/w) sinw (T — 70)]0(7 — 70)
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c.f. N. Tuji, T. Oka, H. Aoki, P. Werner, PRB 85, 155124 ('12)



Transient spin structure

Intermediate time domain (T = 200/t) CW
Larger cluster (L = 16)

Sublattice A 57 =1 +1
S Jﬂ “. — —E'é-
SRS P
NI .,
ST T
=L LT » N
A ., .=-
VA e =
I

Vortex-like magnetic structure



Summary

Double exchange interaction in non-eq. state revisited

FIVI to AFM conversion by strong light field
Non-eq. electron distribution i

Topological texture in transient state

Experimental confirmation
Candidates: cubic/layered manganites
Pulse + CW method : more realistic
transient optical spectra
tr. magnetic x-ray diffraction
tr. ARPES (BZ folding)
tr. Ramman (AFM magnon)

A. Ono and SI, Phys. Rev. Lett. 119, 207202 (2017) (Editor suggestion)
A. Ono and SI, Phys. Rev. B 95, 085123 (2017)
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