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Time-resolved x-ray diffraction
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Experimental setup:
Pump-probe

Laser pulse: pump

800 nm
FWHM: 55 fs
230 * 230 pm?

O

.
i
T

X-ray pulse: probe
6.55 - 7.1 keV
FWHM: 60 fs

50 * 50 um?

substrate

S. Yamamoto and |. Matsuda,
J. Phys. Soc. Jpn. 82, 021003 (2013).
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Charge ordering in Pr, :Ca, :MnO, thin films

Electrical resistivity of
PrO 5Ca0 5MnO [LSAT

| ; ] ]
= 4000f (a) " 1 (¢) ]
3 [ ProsCagsMnOs g i 1 PrysCagsMnO; 1
Emzuuu_[lm: -film &-:ﬂﬂl )-film 7)’#&%
= u:----:- . \““““-"-rwﬂ
:(b) i(d)
£ 1 ]
- F ]
Cﬂ [ 1 ProgsCagsMnO;
- 1(001)-film
= IPrgsCagsMnO | 0 Tesla
Z0.1 Go11)-fitm §— 12 Tesla
-4 e () TSl 1 == 14 Tesla
o [ ale ]
i | s 12 Tesla
= |— 14 Tesla
0.01 - bulk

0 100

200

300 0

Temperature [K]

TCO

TCO

LSAT:

bulk

300
Temperature [K]

001) ~ 300 K
~ 230 K

100 200

(LaAlO,3)q 3-(SrAly sTag 503), 7

3/23

Charge and orbital ordered states
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Samples
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Thin films fabricated by pulsed laser deposition.

* Pr,:Ca, :sMnO; (~ 50 nm)/LSAT(011)

growth conditions | T, =850 °C, Po_= 1.5 mTorr

Measurements fﬂ::
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Experimental setup o2

Detector
CS-PAD 140K

Liquid N,
Goniometer

Thin film
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Ordering peaks

a
T &0 Q. r;O From structure
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@ CS # @ * Mn#* displacement
. . . ? . From orbital ordering
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— S. B.Wilkins et al., Phys. Rev.
O Mn* ® o° h Lett. 91, 167205 (2003).
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Normalized diffracted intensity
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La, 4,,Cay 5sMNO,/MgO(001) film

(5 5/2 2) peak
(mainly from structure)
7.15 keV (off) at SLS

1.0
ol 4

1(1)/1(0)

0.6

0.4 -A 0.96 mJ/cm® hi'!-!-fij'i'iiii'!j'ii‘ii'!‘fii — 1 - Ae_IXTI (1 - (?_IXTE CO%ZTJ—V}L)

0.2

(@ 2.4 mJ/cm®

v=1.98 THz (0.5 ps)
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(phonon: A, mode)

Time (ps)

P. Beaud et al., PRL 103, 177502 (2009).



Normalized diffracted intensity
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La, 4,,Cay 5sMNO,/MgO(001) film

(5 5/2 2) peak (5 5/2 2) peak

(mainly from structure)

7.15 keV (off) at SLS 7.09 keV (off) at LCLS
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Mormalized diffracted intensity
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Laser fluence: 2 uJ
P. Beaud et al., PRL 103, 177502 (2009).



Normalized diffracted x-ray intensity
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Pr, <Ca, sMNO,/LSAT(011) (exp.)

(2 1/2 0) peak (0 5/2 0) peak
(mainly from structure) (orbital ordering)
6.53 keV (off) 6.553 keV (on)
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Oscillations due to coherent phonon (~ 2.5 THz).
Frequency doubling at higher fluence.
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Pr, sCa, sMnO,/LSAT(011) (theory)

(2 1/2 0) peak (0 5/2 0) peak

(mainly from structure) (orbital ordering)

6.53 keV (off) 6.553 keV (on)
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Jahn-Teller mode & breathing mode  Slower coherent atomic motions



Normalized diffracted x-ray intensity

Summary 1
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Melting orbital ordering
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Coherent phonon of ~ 2.5 THz: Motion of Pr/Ca
Frequency doubling at higher fluence.

P. Beaud, H. Wadati et al., Nature Materials 13, 923 (2014).
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