Multipolar excitations and their magnetoelectric
characters in akermanites

Correlated Systems with
Multicomponent Local Hilbert Spaces

Judit Romhanyi

Nov 17 2020

e

///



Magnetoelectric effect

coupling between magnetic and

: inversion time reversal
electric degrees of freedom

P———P P—-P

when inversion symmetry is broken

H o< PS? is allowed S—S |S— -—S
Katsura-Nagaosa-Balatsky spin- magnetostrsiction in collinear
current mechanism for non magnets:

collinear magnets:

Poceij X (Sz X S])

symmetric exchange interaction

J(G, ?9)82 . Sj
S.

kol oo



Magnetoelectric effect

coupling between magnetic and

: inversion time reversal
electric degrees of freedom

P———P P—-P

when inversion symmetry is broken

H o PS? is allowed S—S |S—-S

microscopic mechanisms for spin induced P

spin-dependent metal-ligand (p-d) hybridization
S;
Pt SY.5* Quadrupolar
d r P=0 PY | o« | S5*5* operators

P~ S*SY (rank 2)
S, P
D Jia et al PRB 74, 224444 (2006)
d I:(> Jia et al PRB 76, 144424 (2007)

T. Arima, JPSJ 76, 073702 (2007)
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Akermanite structure
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Magnetic properties

Ba,CoGe,0

AFM ordering below Tn=6.7 K

magnetic structure
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Spin induced polarization
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M. Akaki et al PRB 96, 214406 (2017)
Dynamic properties from ESR
Sr,CoGe,0;,

data collected in Faraday and Voigt geometries in fields along [001], [100], and [110]
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The full spectrum from multiboson calculation
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Excitations in high field H Il [001]
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One-magnon transition H Il [001]
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Two-magnon transition H |l [001]
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Selection rules from magnetoelectric coupling
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One-magnon excitations in [001] field

H = JZ) (S7S7 + SYSY) + J, (Zj)ss +AZ —MBchZZ:Sf,
I AR o o R o
BOGG Shed HaHH POmLEE
1 A 0 R 4 PP S i S 32

Fully saturated  One magnon hops with +3J(cos g + cos gy)
state created amplitude J

Magnon dlsperS|on

= % b b
IIIIIIIIIIA

w(q) —upg-H,

1 1
[E—

(0,0) (1,0) (1,1) 0,0)



Two-magnon excitations in [001] fleld
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Two-magnon excitations in [001] field

Two magnon (anti)bound states appear
in the vicinity of q=(r,x),

How can we see it?
How can we excite two-magnon with
light?
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Transmission //1(0)

Pulsed-field ESR measurements using
polarized light
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Pulsed-field ESR measurements
using polarized light
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Comparing with Ba,CoGe,0-
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Comparing with Ba,CoGe,0-
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Directional dichroism Ba,CoGe,0-

HII[001]

k| B, 001]

.................

B, |i [0-01]_
i k [ [100] 1

L 1101073

...... ” [001]
: m

1;50'§""1';"7'5§

K. Penc et al PRL 108, 257203 (2012)

Bdc [T]
36

34
32
30
28
26
24

J. Vit and S. Bordacs unpublished

rB)

D3I

a’C.iW‘J.'m"B’—O'

(a)
BO e +M
\ ]‘ =N /(lj/
//"'
_ +12T /
18 A2 ‘%f
\ +OT //'
3C - oT ﬂ/
\ (
24 4+ —Jx\-ﬂ f
\
.| Blipo1
, \
12 {
\ | E"|[[001]
‘ \[ H100
) , oT ( |I[100]

1 = | ' | b I
20 30 40 5q
Wavenumber (cm™)




Directional dichroism Ba,CoGe,0-
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