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stacking direction
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® Resonant x-ray scattering study of the superlattices

| to clarify the charge distribution of the Mn
lon .

® Evaluation of the superlattice structur

Experiments

® Synchrotron x-ray scattering

® Diffraction pattern along the stacking direction at 6.52 keV
—> Superlattice structure (atomic coordinations)
® Energy dependence of the scattering intensity
near Mn K-edge (~6.55keV) I, hkf) = |F(E, hk)|?

— Charge distribution of Mn ion <— F(&,hk{) = Z fi(B)exp|—2mi(ha; + ky; + (z;)]

f(E)= fo+ [ (E)+if (E)

X-ray anomalous scattering factor
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Energy dependence of the scattering intensity
near Mn K-edge (~6.55 keV) [(I2, hkt) = |F(E, hkl)|?

—> Charge distribution of Mn ion <— F(F,hk{) = Z fi(E)eap|—2mi(ha; + ky; + ()]

[(B)=fot [(E)+if (E)

X-ray anomalous scattering




Crystal structure of superlattice

[(E,hk() = |F(E, hk()?
F(E, hkl) = Zf Jexp|—2mi(hx; + ky; + (2;)]

Intensity (a.u.)

: -1 1, E
SR WV ] [(LaMnO,),(StMnOs), 1,
F 4, 2 43 3 +2
3 -5 +3 ; -
i (m)n) o (8)6>
_E652keV ”.._”._”._lTh1ckness~36OA
0.6 o 1.2 I1(Jr:1. - = = —~ —-
1e+08 L L L I,\' — T T 1 T T Ca'jcl
7 1e+2; B 1 %é Exp.
m e+06 - - -
LaMnO; - d, 100000 - 3 2 /AR
SI'MI’IO3 dSI‘ “:'; 10000 | .' ,\ ol r’:p I:#II' A 1 \ +2 +3 i
g 4 nand Y | I A ]
= o il
2 100 | (\ I e .M'
I= 10 | — [ TV
N 1r Laue function
0.01 -
Structural deviation near interface 000 Lo v v v o
0.7 0.8 0.9 1.0 1.1 1.2 1.3

Substrate scattering I (rlu)
r.l.u.



Intensity (a.u.)
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4 Insulator vs Metal
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Sample quality: SrTiO; vs, LSAT

Lattice matching between film and substrate
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6 [(LaMnO3) m(sr Mn03) m] n
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Large negative magneto-resistance

This is new phenomenon in film
system.
not reported in the bulk
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Study project in CMRC

Synchrotron radiation
SR

-““Mn'valence distribution
Stacking structure

Resonant soft x-ray scattering
~

J Mn3d - 02p orbital hybridization
Modulation of electronic structure

~
Depth resolved XAS, XMCD (fi®E) ---

Neutron
(BidXK &
1£)
Reflectivity (JAEA EH)
> J-PARC

Muon
Ultra—slow muon Muon



(& Crystal sfrucfure in superlattice
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F(E,hkl) =

[(E,hkl) = |F(E,hk()|
Zf Jeap—2mi(ha; + ky; + ()]

F(E)=fot f(E)+if (E)
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Magnetic effect for Mn valence state
studied by resonant x-ray scattering
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4 L2S2/LSAT

(LaMnO.,), (SrMnOg)2

12 samples

» Magnetic scattering
at (100) % 1
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Intensity (count/4kMon [cps])

' Magnetic scattering: L2S2/LSAT
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Intensity (arb. units)

Q=(001)

o o
(o)) oo
T T T T T T T T

o
N
T | T

02

'

.

ﬁif??\.ﬁﬁbiﬁfgaiﬂﬁﬂﬁﬁﬂ

50

100 150

Temperature ( K)

Intensity (ark

1000
0.05

ARH
(JAEA)

0.1

delV

200

dge: L5S5 | T

dat' u 1:10_I ——

| A 200K

|| Magnetic component In

220K —
35K ——

Energy (keV)



Intensity (arb. units)

""" Form factor

F(E, hkl) =

Zf

J(E)

[(E,hkl) = |F(E, hk()|?
Jexp|—2mi(ha; + ky; + ()]

= fo+ [ (E)+if (E)

X-ray anomalous scattering
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Study of artificial superlattice

Mn valence distribution
Stacking structure (crystal structure)

» Resonant and non-resonant x-ray scattering

Magnetic structure

» { Neutron magnetic scattering / Reflectivity

Resonant magnetic x-ray scattering: Mn L-edge

[ (LaMnO;)  (SrMn0,) 1. LSAT
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