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We investigate the structural response of charge and orbitally ordered (CO/OQO) manganites to
ultrafast optical excitation using optical reflectivity and x-ray diffraction as a probe. We study
a Lao.42Cap.5sMnOs (LCMO) thin film and a Lag.25Pro.375Cao.37s MnOs (LPCMO) single crystal.
For both materials we observe oscillations in the optical responses that are assigned to a coherent
optical phonon generated via displacive excitation. The coherent phonon disappears either when
increasing the temperature above Tco,00 or when raising the excitation fluence above a certain
threshold. At low excitation fluences the amplitude and lifetime of this phonon behave similarly to
the order parameter of the structural phase transition.

PACS numbers: 64.60.A-, 61.05.cp, 71.27.4+a, 78.47.J-

I. INTRODUCTION

The exploration of material classes with rich phase di-
agrams and finding ways to control the individual phases
have been subject of continuing interest in materials
science.! 7 In many systems the change of the macro-
scopic properties is related to a rearrangement of the long
range electronic, magnetic and atomic order. For the un-
derstanding of the underlying physical processes of the
corresponding phase transitions experimental tools on
relevant time scales are extremely helpful. X-ray diffrac-
tion and absorption with femtosecond time resolution are
highly successful methods to directly study the dynamics
of order parameters.® 15 Furthermore, time-resolved op-
tical spectroscopies employing ultrafast lasers are widely
used to study materials even though they lack direct
structural sensitivity. Sources of tunable ultrashort x-
rays to gather direct structural information typically in-
volve large scale facilities'®2° where the available time
for experiments is scarce and precious. Consequently,
only a few studies have been performed up to date.

Perovskite manganites offer an almost infinite field to
investigate the interaction of charge, structure and spin.
By far the best known manifestation of the interplay of
these different degrees of freedom is the colossal mag-
netoresistance effect.?!’ The material properties are not
only susceptible to external conditions such as tempera-
ture, applied magnetic or electric field but also to chem-
ical doping and photoexcitation.’2?226 The latter pro-
vides the opportunity to trigger electronic, vibrational
and magnetic excitations with ultrashort pulses rang-
ing from visible to far infrared and to study the dy-
namical response with time resolved optical?32%2729 or
diffraction techniques.?%:3% 32 In this paper we compare
a La;_,Ca,;MnO3 (LCMO) and Lass_,Pr,Cas/;sMnO3
(LPCMO) compound.

LCMO is one of the most studied compounds since
the Ca?t and La®* ions match almost perfectly in size
and therefore allows synthesis over the entire doping
range.?> The Mn valence varies from trivalent in LaMnO3
to tetravalent in CaMnQs where the ionic size of Mn3+
is significantly larger compared to Mn**.2! The octahe-
drally coordinated Mn3* ions show a strong Jahn-Teller
effect.3* The hopping of the e, electron between the two
different valent Mn ions favors ferromagnetic coupling in
the double exchange mechanism,3® whereas the superex-
change interaction favors an antiferromagnetic alignment
of the spins. These competing interactions are responsi-
ble for the close interplay among charge carriers, orbitals,
spins and structural distortions in this mixed-valence
manganite. For a hole doping of x = 0.17 — 0.5 the
paramagnetic phase at room temperature changes at low
temperatures into a ferromagnetic state via an insulator-
metal transition, whereas for z > 0.5 the low tempera-
ture state remains insulating but with antiferromagnetic
order.?® For x = 0.5 the charge order leads to a doubling
of the unit cell.?” In addition, the orbital order distorts
the oxygen octahedra due to the Jahn-Teller effect.38

LPCMO is an interesting material to study as it is
close to the border between the FM metallic and AFM
insulating state. Only a small magnetic field is required
to switch between these phases.!3?40 Charge ordering
occurs for y > 0.3 with Tco ~ 210 K independent of y.
The critical temperature T, however, is strongly reduced
from 210 K (at y = 0.25) to 80 K for y = 0.3, indicating
a strong competition between the dominant FM and CO
phases in the ground state.’

Recently, femtosecond x-ray diffraction was used to di-
rectly probe the structural dynamics of a charge and
orbitally ordered thin film of Lag.42Cag.5sMnQ03.25 It
was shown that photo-excitation can induce an ultrafast
phase transition as evidenced by the disappearance of



a superlattice reflection. The change of structural sym-
metry occurs on a non-thermal time scale with initial
dynamics significantly faster than the experimental time
resolution of 200 fs (FWHM). Here we focus on using
time-resolved optical reflectivity as a primary method to
study the charge and orbitally ordered (CO/OO) phase
and its behavior upon photo-excitation in a thin LCMO
(x = 0.58) film and a single crystal of LPCMO (y = 3/8).
We complement this study with results obtained by ul-
trafast x-ray diffraction experiments.

II. EXPERIMENTAL

The epitaxial (001)-oriented Lag 42Cag 5sMnOgs film
with a thickness of 200 nm has been grown by pulsed
laser deposition by a XeCl excimer laser (A = 308
nm) on a double side polished (100) MgO substrate.
The manganite film was deposited while the substrate
is kept at a temperature of 825 °C under an oxy-
gen pressure of 400 mTorr during the deposition. The
Lag.25Prg.375Cag.375 MnO3 single crystal has been grown
in an optical floating-zone furnace*! and is cut and pol-
ished to a (001) surface orientation. Throughout this
paper we use the orthorhombic lattice indices of the
room temperature unit cell notation which has Pbnm
symmetry.37

Optical femtosecond time-resolved reflectivity mea-
surements were carried out with a 2 kHz Ti:sapphire
laser system delivering 50 fs pulses at a wavelength of
800 nm. In this experiment a closed cycle refrigerator
(Janis RDK-205D) with a Sumitomo compressor (CNA-
11C) was used to obtain temperatures down to 4 K. A
cross polarized single color setup between the pump and
probe beam was chosen to eliminate interferences at time
zero. A polarizer in front of the 5 x 5 mm? silicon detec-
tor (DET36A) prevents scattered light from the stronger
pump pulse to be detected with the weaker probe pulse.
The voltage output of the photodiode was integrated us-
ing a Boxcar integrator. The data acquisition system
is described elsewhere*? and has been used for the laser
experiments as well as for the time resolved x-ray ex-
periments. The pump beam was chopped at 1 kHz to
measure the excited as well as the unexcited response al-
ternately and the reflectivity change signal AR/R was
extracted shot-by-shot. This way slow drifts in the elec-
tronics and detectors are eliminated. The time resolution
was measured separately by cross-correlation of the pump
and probe pulses in a 0.2-mm-thick BBO crystal.

For the x-ray measurements we used a fragment of
the same LPCMO crystal but cut and polished to (010)-
orientation. Static x-ray diffraction measurements were
performed at the Material Science Beamline (X04SA) at
the Swiss Light Source (SLS). The sample was cooled
with a cryogenic chamber or a liquid nitrogen jet. The
reflected intensities of the Bragg peak were recorded with
a 2D PILATUS II pixel detector.*3

Time resolved hard x-ray diffraction measurements

were performed at the FEMTO slicing beamline at the
SLS'® employing a grazing incidence geometry.**4> For
the LCMO experiment the x-ray energy was set to 7.1
keV. Choosing an incident angle of 0.7° allows match-
ing the x-ray probe depth (~55 nm) to the very short
absorption length of the optical pump of 65+5 nm es-
timated from optical conductivity data.?¢ Additionally
the larger acceptance angles at grazing incidence allow
us making more efficient use of the low photon flux (250
photons/pulse at 2 kHz) and intrinsically large band-
width due the single Mo/B,C-multilayer monochromator
with 1.2% bandwidth. The hexapod sample manipulator
enters via a rotary vacuum feedthrough into a vacuum
chamber equipped with a large Kapton window enabling
the diffracted x-rays to exit the chamber. The sample
is mounted on a copper block whose temperature can be
stabilized between 35 and 300 K. We excite the sample
with a weakly focused (450 x 560 ym?) 100 fs laser pulse
with 7-polarization incident at 1 kHz at a grazing angle
of 10°. The x-ray probe beam is strongly focused verti-
cally to a size less than 250 x 10 pm?2. For the LPCMO
experiment the x-ray incident angle was 0.85° and the
energy was set to 5.0 keV which is below the Mn K-
and Pr L-edges to minimize fluorescence resulting in a
x-ray probe depth of 90 nm. The temporal resolution of
200£20 fs (FWHM) and the coincidence time to between
the optical pump and x-ray probe pulses were indepen-
dently determined by measuring the well characterized
coherent optical A1, phonon in bismuth.**

III. RESULTS
A. Optical results

Time-resolved pump-probe reflectivity transients ver-
sus temperature for LCMO at an incident pump fluence
F =0.37 mJ/cm? and for LPCMO at F = 3.0 mJ/cm?
are shown in Fig. la and b, respectively. The LCMO
data are very similar to those obtained at much lower
pump fluences: A laser-induced coherent oscillation with
a period of approximately 500 fs that is present in the
charge ordered phase (T' < Tco =~ 220 K).?* We ob-
serve a somewhat lower frequency of 2.05 + 0.1 THz in
our experiment compared to the 2.2 THz found by Lim
et al..? This is most likely due to a softening of the
inter-atomic potential from strong excitation of the elec-
tronic system, similar to that observed in bismuth and
related materials.**4” The LPCMO crystal shows simi-
lar behavior as the LCMO film. The coherent oscillation
with a frequency of 2.5 THz disappears when heated over
Tco ~ 210 K. This is in accordance with the findings
of Jang et al.*® measured with a pump fluence of 0.1
mJ/cm?.

Figure 2 shows the reflectivity changes measured at 60
K with laser fluences ranging from 0.5 — 7.7 mJ/cm? for
LCMO and 1.0 — 14.0 mJ/cm? for LPCMO. Such data
sets were recorded at 5, 60, 100, 140, 180, 220 and 260
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FIG. 1. Temperature dependence of the temporal response of
the optical reflectivity. (a) LCMO at incident fluence F =
0.37 mJ/cm?, and (b) LPCMO at F = 3.0 mJ/cm?.
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FIG. 2. Normalized excitation fluence dependence of the tem-
poral response of the optical reflectivity at 60 K (Fo = 1.0
mJ/cm?) for (a) LCMO and (b) LPCMO, respectively. In-
set: Lower curve: time trace fitted with a double exponential
for the incoherent electronic response. Upper curve: remain-
ing oscillatory response after subtraction of the fitted inco-
herent response with its cosine fit.

K. For the LCMO sample, the amplitude of the observed
coherent phonon increases linearly with fluence until it
starts to saturate at about 1.5 mJ/cm? and eventually
disappears at the highest fluences (> 4 mJ/cm?). We
do not observe any noticeable damage or indications of
permanent CO/OO melting. For the LPCMO crystal we
find that the phonon amplitude is hardly discernible at
low fluence. It increases nonlinearly up to a fluence of ap-
proximately 6 mJ/cm? before it also starts to saturate.
The overall pump induced change AR/ R reached after 3-
4 ps increases linearly with fluence for both samples up to
a fluence of about 4 mJ/cm? and 10 mJ/cm? for LCMO
and LPCMO, respectively. Such data sets were recorded
for both samples for a set of temperatures between 5 and
260 K. We find qualitatively similar behavior at all tem-
peratures but the fluence needed to suppress the phonon
and to saturate the change in AR/R decreases when ap-
proaching Tco. The nonlinear behavior of the phonon
amplitude for LPCMO at low fluences below 3 mJ/cm?
is only observed at a temperature below 140 K.

B. X-ray results

The structural distortion associated with the CO/O0
leads to weak superstructure reflections for both samples.
For LPCMO we find ¢/b* = 1/2 where b* is the reciprocal
lattice vector. This corresponds to the expected CE-type
charge and orbital order.?® The temperature dependence
of a superlattice reflection is shown in Fig. 3 for both
the LCMO film and the LPCMO crystal. The transition
temperatures for the LCMO and the LPCMO samples
are in agreement with previously published values of 225
and 210 K, respectively.*® Whereas the superlattice re-
flection of the LPCMO reflects a doubling of the high-
temperature unit cell, the LCMO cell triples, due to the
slightly higher Ca content of x = 0.58 which is consistent
with the results on bulk LCMO.5® This can be nicely
seen from the reciprocal space scan shown in the inset of
Fig. 3.

Figure 4a shows the temporal evolution of the (5 -22/3
2) superlattice reflection measured at 150 K for several
pump fluences. These data are very similar to those
of Ref. 26 using a thinner 50 nm film with nominally
the same composition. At low excitation fluences we
observe the displacive excitation of the coherent optical
A, phonon also seen in the optical transients. At high
fluence the measured (5 -22/3 2) superlattice reflection
drops by approximately 80% on the time scale of the
experimental time resolution of 200 fs (FWHM). This
initial non-thermal step of the phase transition has been
attributed to the motion of the Mn** atoms along the
Pbnm x-direction caused by the release of the Jahn-Teller
distortion at the Mn>* sites.26 We also measured the dy-
namics of the regular (522) Bragg reflection, which for
this phase transition should increase by approximately
5% estimated by structure factor calculations. The mea-
surement [inset in Fig. 4a] shows a prompt 1.5% increase



followed by a slow decay which is due to the onset of laser
induced lattice disorder. The laser induced response of
the (-2 -1/2 0) superlattice reflection of LPCMO is shown
in Fig. 4b. It exhibits a similar behavior as for LCMO
but a larger fluence is required to suppress the phonon
and to initiate the structural phase transition.

IV. DISCUSSION

A common feature of the transients in Fig. 1 is that fol-
lowing excitation at ¢ = 0 a time resolution limited drop
in AR/R is observed. This drop reflects the change of
the optical permittivity caused by hot electrons. Subse-
quently the electron system relaxes quickly via electron-
electron and electron-phonon scattering to a longer lived
state. On top of this the oscillation in AR/R caused by
the coherent optical phonon is clearly visible. In order
to systematically extract the relative phonon amplitude
and lifetime we follow the procedure that is illustrated in
the inset of Fig. 2 showing the LCMO transient recorded
at 60 K and 0.5 mJ/cm?. First the transient is fitted
by a double exponential and the result subtracted from
the data. The remaining cosine-like oscillation, as seen
from the fit to the oscillatory part in the inset of Fig. 2,
is a clear evidence that the generation mechanism of the
phonon is of displacive character. In contrast, an im-
pulsive non-resonant Raman excitation would lead to a
phase shift of 7/2 in the oscillation.’* We extract the rel-
ative phonon amplitude for all data sets using the Fast
Fourier transformation technique. Figure 5a shows the
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FIG. 3. Temperature dependence of the superlattice reflec-
tions (2 1/3 2) of the LCMO film and (0 1 0) of the LPCMO
single crystal. Note: the (010) peak is similarly sensitive to
the low temperature distortion since it is forbidden in Pbnm
notation. The dashed-dotted and the dotted line mark tran-
sition temperatures Tco taken from literature for LPCMO!
and LCMO?*, respectively. Inset: Reciprocal space k-scan
for LCMO at 100 K from which the diffracted intensity is
extracted.

(b) La_, Pr

(a) La, ,,Ca; ;MnO, 025703750 375

MnO.
0.42 %058 3

|

X-ray Intensity

1.1fp

1.0/
I Y

°
©

o

)
o
©

o
N
o
)
T

1.8 mJ/cm¥

o

I

n
©
N

N
IS
o
o
T

Normalized Diffracted X-ray Intensity
o
<)

Normalized Diffracted X-ray Intensity

03 05
02
0.4f
170K

0.1F(5-2242)

3, 5,4 mJ/cm’ 03 (’2"/2?) X 11,1 mJ/cm]
05 00 05 10 15 05 00 05 10 15

delay (ps) delay (ps)
FIG. 4. (a) Time traces of the diffracted intensity of the

LCMO (5 -22/3 2) superlattice peak for LCMO at different
excitation fluences Inset: Response of the regular (5 -2 2)
reflection for an absorbed fluence of 5.4 mJ/cm?. (b) Time
traces of the diffracted intensity of the LPCMO (2 -12/2 0)
superlattice reflection.

Fourier transform of the isolated oscillating part for the
LCMO data shown in Fig. la. It reveals a rather stiff
frequency behavior versus temperature, i.e. there is al-
most no softening of the mode. The same is true for the
2.5 THz phonon of the LPCMO sample. The tempera-
ture dependence of the phonon amplitudes and lifetimes
for both samples are shown in Fig. 5b and c, respectively.
They both behave like an order parameter of the CO/O0
phase.

We also plot the temperature dependence of the rel-
ative phonon amplitude for LPCMO measured at 1
mJ/cm?. Clearly the material response is significantly
different at this fluence for temperatures of 100 K and
below. The temperature dependence seems to indicate
that these observations may be related to the ferromag-
netic phase (T¢ ~ 80 K).2* These complex dynamics are
currently the subject of further studies. Here we are con-
centrating on the dynamics related to the melting of the
charge and orbital ordered phase.

As previously mentioned, when approaching the phase
transition by heating the sample both the phonon ampli-
tude and lifetime start to decrease. The same behavior
is found upon increasing the fluence of the exciting laser
pulse toward a certain threshold. The fluence depen-
dence of the phonon amplitudes are shown in Fig. 6. For
LPCMO (see Fig. 6b) the reduced amplitude observed at
low fluences and low temperatures is clearly visible. How-
ever, at higher temperatures and fluences the normalized
phonon amplitudes decrease linearly with fluence as they
do for LCMO over the whole range measured. We define
the suppression fluence Fi,, as the zero crossing deter-



mined from a linear fit to the data. We also note that the
steady-state level in the measured AR/R reached drops
proportionally to the laser fluence. The size of this drop
increases linearly with fluence until approaching a satu-
ration fluence Fi,t. Upon further increasing the pump
fluence the size of this drop remains constant. Fy, is de-
termined by the intersection of the linear increase at low
fluences and the saturation plateau (see inset of Fig. 7).
As shown in Fig. 7 we find close agreement between Fg,¢
and the values obtained for Fi,, and we will discuss in
the following that these fluences coincide with the thresh-
old fluence for melting the CO/OO derived from x-ray
diffraction experiments.

The temporal evolution of the normalized diffracted x-
ray intensities of the superlattice peaks (see Fig. 4) are
fitted for times ¢t > 0 with:

It)/Ip=1—A (1 - eft/”cos(27rft))
—(1— A) (1 - e_t/”) :

where Iy = I(t < 0). The first term on the right hand
side of Eq. 1 describes a displacively excited coherent op-
tical phonon®? where A is the phonon amplitude, f its
frequency and 7 its lifetime. The second term describes
a further exponential decay of the superlattice peak in-
tensity to fully complete the structural phase transition
on a longer time 75. The temporal resolution of 200 fs
(FWHM) of the slicing source is taken into account by
a convolution with a Gaussian of corresponding width.
The fits are included in Fig. 4 as solid lines. The result-
ing phonon frequencies are 1.854+0.1 THz for LCMO and
2.514+0.12 THz for LPCMO, respectively. At the highest
fluences the phonon becomes overdamped and the oscil-
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lations disappear in the fit.

However, after this initial drop the superlattice reflec-
tion is still present demonstrating that the change of
lattice symmetry does not occur instantaneously as one
could imply from the disappearance of the optical phonon
in the optical data as recently concluded in an optical
study on the insulator-to-metal transition in VO.%? For
LCMO it was shown that the change of lattice symmetry
takes place within less than 50 ps at a pump fluence of
4.4 mJ/cm? as evidenced by the complete disappearance
of the superlattice peak. And only after increasing the
fluence above 7 mJ/cm? the complete change of struc-
tural symmetry occurs within approximately 1 ps.?6 In
Fig. 4 the slower decay with time constant 7o = 14+8 ps
is clearly visible only for the LPCMO data taken at a flu-
ence of 11.1 mJ/cm?. We define the threshold fluence for
melting the CO/OO as the fluence needed to saturate the
first initial intensity drop which goes hand in hand with
the suppression of the coherent oscillations. The thresh-
olds are estimated to be 3 mJ/cm? and 10 mJ/cm? for
LCMO and LPCMO, respectively, and included as red
squares in Fig. 7 agreeing well with the threshold values
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extracted from the optical data.

The microscopic picture for intense photo-doping is the
following. Photons with an energy of 1.55 eV mainly ex-
cite the intra-atomic 3 el (Mn?**) — 3 e2(Mn®*) tran-
sition. This filling of e, states will instantaneously in-
troduce local disorder to the orbital order. Subsequently
the Jahn-Teller distortion of the Mn?*t oxygen octahedra
is released followed by the ultrafast non-thermal struc-
tural phase transition.2® The initial atomic motion oc-
curring in this laser triggered transition must be those
related to the rearrangement of the oxygen octahedra
at the Mn3T sites. These motions of the oxygen atoms
are relatively small and will contribute only little to the
overall change of diffraction intensity. In addition, the
Jahn-Teller modes governing this process with frequen-
cies in the order of approximately 14 THz?® are signifi-
cantly faster than our time resolution.

Comparing the low temperature P21 /m with the room
temperature Pbnm structure of LCMO(x = 0.5)37 the
major atomic motions occurring in this structural tran-
sition are motions along the crystal z-direction of the
Mn** Qg sites by dz; = 12 pm and of the rare earth ions
by dxa = 5.6 pm. These motions are indicated by arrows
in Fig. 8a. Since the collapse of the Jahn-Teller distortion
at Mn®* sites directly affects the Mn?+t-O-Mn** bond
distances and angles, we conclude that the translational
motion of the Mn*+Og will take place earlier than that of
the rare earth cations that occupy the empty spaces be-
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tween the MnOg octahedra. We therefore tend to assign
the observed coherent optical phonon to the z-motion of
the Mn**TOg sites. At lower fluences the CO/OO is re-
duced, triggering the translational motion of the Mn** Qg
sites. The linearity of the drop in the optical as well as in
the x-ray data suggests that the distortion due to the long
range OO continuously weakens with fluence. Once the
threshold fluence to completely melt the CO/OO phase is
reached the Mn®* sites move to their new equilibrium po-
sitions on a time scale of less than 200 fs. Since the oscil-
lations are not observed above Fy;, we must conclude that
this motion becomes critically damped or overdamped.
The time scale of the Mn*tOg displacement is then ex-
pected to approach ~125 fs, i.e. a quarter period of the
optical phonon.®® To complete the phase transition the
rare earth cations must move to their new equilibrium
position that occurs on the slower time scale 7. Note
that the assignment of the coherent phonon is different
than in a previous study?® where it was attributed to the
motion of the La/Ca sublattice based on an oxygen iso-
tope Raman study on LCMO(z = 0.3).%5 However, the
fact that we measure a higher frequency of the coherent
phonon for LPCMO than for LCMO is inconsistent with
the 25% mass increase of the La/Pr/Ca sublattice and
favors the current assignment.

Using the constrained low temperature P2;/m struc-
ture (Table IT in Ref. 37) we can calculate the dependence
of the Bragg peak intensities on the motion of the Mn**
sites along the coordinate dx;. The result is shown for
both samples in Fig. 8b. Once the Mn**-octahedra have
moved to the position expected for the room temperature
phase the calculation yields a drop of intensity of 83%
for the LCMO (5 -21/2 2) and 74% for the LPCMO (-2
-1/2 0) reflection. This is in excellent agreement with the
diffracted intensity change A = 0.83(5) obtained from
the fit to the 5.4 mJ/cm? LCMO transient shown in
Fig. 4a. For the 11.1 mJ/cm? LPCMO transient we ob-
tain A = 0.58(3) which is lower than estimated but can
be explained by the mismatch of the x-ray probe depth to



the laser absorption length in the LPCMO experiment:
regions in the material that are less excited contribute
significantly to the measured diffracted intensity.

The temperature dependence of the threshold fluences
behaves like an order parameter of the charge and or-
bital order ground state. At a closer look, however,
we find significant differences in the dynamical response
of the two materials. The phonon frequency is lower
for LCMO than for LPCMO and the threshold fluence
for melting the CO/OO phase is significantly higher for
LPCMO. The excitation densities at the threshold aver-
aged over the laser absorption length accounts for the ab-
sorption of 3.6 and 1.4 photons per unit cell for LPCMO
and LCMO, respectively. Hence the CO/OO phase in
LPCMO is significantly more stable against photo-doping
than in LCMO. At first hand this is not expected, since
in (Laj_,Pry)i-,Ca,MnO3 low magnetic fields of about
1 Tesla are sufficient to cause a large change in the con-
ductivity indicating that the material lies on the bridge
to the metal-insulator transition. However, changing
the doping does not create a metallic state. This is
in contrast to Laj;_,Ca,MnQO3, where the material be-
comes metallic when increasing the number of e, elec-
trons. Therefore our results suggest that the different
threshold fluences reflect the different chemical doping
behavior of these two compounds.

Accounting for the stoichiometric composition of the
two compounds the density of photo-excited Mn>?* ions
results in  70% and 40% for LPCMO and LCMO, re-
spectively. Thus the difference between the number of
excited Mn3*TOg units is less significant. This might in-
dicate that the instant destruction of the orbital order
by the inter-atomic Mn3* transition is indeed the main
driving mechanism for the laser-induced transition ob-
served in many manganites on an ultrafast non-thermal
time scale.

V. CONCLUSIONS

We have studied the dynamics of laser excited LCMO
and LPCMO with time resolved optical reflectometry
over a wide range of temperatures and fluences. The am-
plitudes of the coherent optical phonons of A, symmetry
observed at low laser fluence are correlated with the un-
derlying CO/OO phase. The observed disappearance of
the phonon when raising the excitation fluence above a
certain threshold is a good indicator of the onset of a
structural phase transition. The loss of the equilibrium-
phase phonon modes occurs promptly, indicating a non-
thermal pathway for the photoinduced phase transition.
But as the x-ray results show it does not imply an im-
mediate change of lattice symmetry. The threshold flu-
ences derived from the optical data are in excellent agree-
ment with those directly measured using time resolved x-
ray diffraction. Although both materials studied behave
qualitatively similarly, we find that the CO/OO phase
in LPCMO is significantly more robust than in LCMO.

The structural phase transition is a direct consequence of
melting the charge and orbitally ordered phase. Conse-
quently, the temperature dependence of the threshold flu-
ences behaves like an order parameter of the phase tran-
sition. The x-ray data indicate that the ultrafast atomic
displacement launching the coherent optical phonon con-
tinuously increases with fluence. We assign the motion
of this phonon to that of the Mn?*Og octahedra. This
motion is a direct consequence of photo-doping the Mn3+
sites that generates disorder in the orbital order created
by propelling a Mn®* electron from the t5, to the e, band
and the subsequent collapse of the Jahn-Teller distortion
at the Mn3T Qg sites. One possible way to substantiate
the proposed assignment of the low frequency A, phonon
observed in CO/OO0 manganites is using time resolved x-
ray diffraction to measure and compare the phonon am-
plitude on several Bragg reflections with different sensi-
tivities to the underlying atomic motion.
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