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Abstract Photo-induced carrier relaxation dynamics
have been investigated for the organic superconductor
k-(BEDT-TTF);Cu(NCS), with different probe polar-
ization under 1.3 kbar at low temperatures. We success-
fully observed the isotropic and anisotropic responses
for the probe polarization, which were found to appear
at 56 K. By comparing the responses with and with-
out applying pressure, we found that those were slightly
changed, indicating that the application of pressure has
an effect on the carrier relaxation dynamics.
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1 Introduction

Organic molecular materials have attracted much in-
terest from the point of view of fundamental physics
in a strongly correlated electron system. A rich variety
of electronic phases such as superconductivity (SC) and
charge/spin-density-waves (CDW /SDW) are induced by
changes of temperature and pressure[?,?,?]. Since the
organic materials are relatively softer than transition
metal oxides, structural modifications and/or electronic
phase transitions appear under low or moderate pres-

sures. For example, k-(BEDT-TTF ), Cu[N(CN)3]Cl shows
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the insulator-metal transition with applying pressure
only above 300 bar and superconductivity below T, =
12.8 K[?,?]. Moreover, the phase diagram of x-(BEDT-
TTF),X family, where X corresponds to anion molecules,
is quite similar to that of the cuprate superconductors if
pressure is replaced by carrier doping[?,?]. Since appli-
cation of pressure corresponds to change of correlation
between conducting electrons, the pressure-induced study
in the organic materials will provide another aspect to
the underlying physics in the cuprates in terms of strong
electron correlation, leading to full understanding of
mechanism of high-temperature superconductivity.

Femtosecond time-resolved spectroscopy is a pow-
erful technique to measure relaxation of photo-excited
quasi-particles (QPs) resolved in the time domain. This
measurement has made a significant contribution to
researches of the coexistence and competition of SC,
CDW/SDW and pseudogapl?,?,?,?,7,7,2,2,2,7,7,7,?] since
those relaxation dynamics can be observed individually
by differences of relaxation time, probe-polarization,
the wavelength and intensity of light and so on. How-
ever, for the organic compounds, systematic measure-
ments have been limited[?,?,?,?] and not been performed
with applying pressure because of the difficulties of han-
dling for the pressure-induced equipment for the optical
measurements.

Recently, we have successfully developed a pump-
probe measurement system under high-pressure and low
temperature with a piston-cylinder type pressure cell
and an optical fiber bundle[?]. This pressure cell can al-
low us to perform the systematic study easily with vary-
ing pressure for organic superconductors as compared
to a diamond anvil cell. In this paper, we report the car-
rier relaxation dynamics in x-(BEDT-TTF),Cu(NCS)s
(k-NCS) under pressure resolved by different probe-
polarizations. Anisotropic response for the probe polar-
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ization, which was similar to that obtained in the mea-
surement without applying pressure, has been observed
even under the pressure of 1.3 kbar. By decomposing
the data into anisotropic and isotropic components, we
evaluated the decay time of the relaxation in the each
component and compared with the result under ambi-
ent pressure.

2 Experimental

Single crystals of xk-NCS was prepared electrochemi-
cally[?]. The crystal consists of alternate stacking of
the conducting layer of BEDT-TTF molecules and in-
sulating layer of Cu(NCS)s. In the x-(BEDT-TTF),X
family, the electronic state is controlled by pressure or
chemical substitution of anion molecules X[?]. It has
been pointed out that the control of these parameter
modulates effective electron correlation t/U, where t
and U mean the transfer integral between dimers of
BEDT-TTF molecules and the on-site Coulomb repul-
sion, respectively. The x-NCS salt becomes a supercon-
ductor below T, ~ 10 K under ambient pressure. Ap-
plication of pressure increases t/U, leading to dimin-
ishment of the electron correlation effects. The organic
sample whose size in the present experiments was 500
x 200 x 50 pum?, was set on the end surface of the
optical fiber bundle and installed in a piston-cylinder
type pressure cell. The pressure was calibrated by the
Ruby fluorescence method at room temperature. The
detail of experimental setup is referred to the previous
report|[?].

The optical measurements were performed using 120
fs pulses centered at 400 nm for a pump (~ 1.3 mJ/cm?)

and 800 nm for a probe from a cavity-dumped Ti:sapphire

oscillator with a repetition rate of 54 kHz to avoid the
heating effect. The pump and probe beams were coaxi-
ally overlapped by a dichroic mirror and irradiated per-
pendicular to the conducting plane of the sample in the
pressure cell through the fiber bundle. In this system,
broadening and change of polarization of pulse owing
to the dispersions in the fiber bundle are negligible[?].
A polarization dependence of the probe is measured by
rotating a half-wave plate, where € is measured from
the b axis. Since optical penetration depth is roughly
estimated as 13 pym for pump and 3 pm for probe in
k-NCS, respectively[?], bulk electronic properties are
measurable.

3 Results and Discussion

Figures 7?(a) and (b) show a transient reflectivity change
AR/R for = 0° and intensity plot as a function of 6
in k-NCS at 56 K under 1.3 kbar. The polar plot of
the maximum values of AR/R is shown in Fig. 77 (c).
AR/ R shows anisotropic whose signal enhanced along
the direction 0° and 180°, which is similar to that at
43 K in the previous report[?]. The emergence of the
anisotropic response can be attributed to spatial sym-
metry breaking due to the glass-like structural transi-
tion at 70 K[?].

To analyze the data further, we decomposed the
data into the anisotropic and isotropic components by
fitting the following equation
AR(0)

R
to the angular dependence of AR(6)/R, where AR,;,
ARiso and ¢. denote anisotropic and isotropic com-
ponents of AR/R and an initial phase, respectively.
The initial phase is assumed as constant. Figures 77 (a)
and (b) present the reflectivity changes normalized by
the maximum value of AR/R for the isotropic and
anisotropic components, respectively, for various tem-
peratures. The data at 43 K are obtained from the pre-
vious report[?].

To explore pressure effect on carrier relaxation dy-
namics, we present the isotropic and anisotropic tran-
sient responses which were obtained under ambient pres-
sure at 42 and 57 K in Figs. ??(c) and (d), respectively,
for comparison and investigated decay time. Figure 7?7
shows the temperature dependences of the decay time
obtained by fitting the rapid decline of the transient
with a single-exponential function for 0 and 1.3 kbar.
Under 0 kbar at 42 K, the fitting results yielded 7 ~
0.79 and 1.06 ps for the isotropic and anisotropic com-
ponents, respectively. On the other hand, 7 were es-
timated as 1.11 and 0.63 ps under 1.3 kbar at 43 K,
indicating that 7 were changed in the opposite direc-
tion for pressure. The similar trend is also observed at
around 56 K. The 7 changes from 0.85 to 1.30 ps in
the isotropic component but from 0.92 to 0.88 ps in the
anisotropic component with increasing pressure.

Let us discuss origin of the variation of 7. In our
results, 7 of the isotropic component reduced, while,
oppositely, that of the anisotropic component became
large by application of pressure. The behaviors suggest
that pressure affects each the isotropic and anisotropic
QP relaxation dynamics in a different way. Generally,
pressure modulates the electron-phonon (e-ph) interac-
tion. Since the carrier relaxation rate 1/7 is propor-
tional to the strength of the e-ph interaction[?,?], the
applied pressure may lead to reduction of the decay

X ARani cos(2(0 — ¢¢)) + ARiso, (1)
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Fig. 1 (a), (b)Transient change of reflectivity AR/R for # = 0° and intensity plots of AR/R as a function of probe-polarization-
angle under 1.3 kbar at 56 K for F' ~ 1.3 mJ/cm?, respectively. (c) Polar plots of the maximum values of AR/R under 1.3
kbar at 56 K. The solid lines indicate the results fitted by a double-angle function.
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Fig. 2 (a), (b) and (c), (d) Normalized AR/R transients
of isotropic and anisotropic components for various temper-
atures under 1.3 kbar and 0 kbar, respectively. The data are
shifted for clarity.
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Fig. 3 Temperature dependence of the decay time under 0
and 1.3 kbar.

time of the QP relaxation. Thus, this can explain the
change of 7 for the anisotropic response. Indeed, such
lattice effect can be crucial for a momentum dependent
anisotropy in terms of QPs dynamics in the cuprates|?,?].
For the isotropic response, modulation of other parame-
ter, such as the effective electron correlation t/U caused
by application of pressure may have a crucial influence
on the QP relaxation dynamics.
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4 Summary

By performing polarized femtosecond pump-probe spec-
troscopy on k-NCS in the piston-cylinder type pressure
cell, we have successfully observed anisotropic carrier
relaxation dynamics at 1.3 kbar at 56 K. From the
probe polarization dependence, the decay times of the
relaxation for the isotropic and anisotropic components
were estimated and compared with those obtained un-
der ambient pressure. As pressure increased, the de-
cay time increased for the isotropic component, while
decreased for the anisotropic component. The results
suggest that application of pressure has effect on each
the components of the carrier relaxation dynamics in
the opposite way.
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