
PHYSICAL REVIEW B 103, 045112 (2021)

Enhancement of electron correlations and spin density wave fluctuations of the organic
superconductor λ-(BETS)2GaCl4 under pressure proved by 13C NMR
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We performed 13C NMR measurements on an organic superconductor λ-(BETS)2GaCl4 [BETS:
bis(ethylenedithio)tetraselenafulvalene] to investigate the pressure effect on the spin density wave (SDW)
fluctuations at low temperatures, which were observed at ambient pressure. We found that the spin-lattice
relaxation rate divided by temperature (1/T1T ) is significantly enhanced at low temperatures at 3 kbar, implying
enhancement of the SDW fluctuation. When further pressure is applied, increase in 1/T1T at low temperatures
is suppressed and 1/T1T becomes temperature independent, indicating the Fermi liquid state. Moreover, we
revealed that the Korringa factor under pressure becomes double compared to its value at ambient pressure,
suggesting a significant change in electron correlation. We discuss the effect of the SDW fluctuation and the
electron correlation on the unconventional superconductivity.
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I. INTRODUCTION

Research on organic conductors has significantly con-
tributed to the elucidation of strongly correlated electron
systems, as well as their unconventional superconductivity.
Theoretical and experimental research of superconductivity
of κ-(ET)2X [ET: bis(ethylenedithio)tetrathiafulvalene, X :
monovalent anion], high-Tc cuprates and some heavy-fermion
systems suggests that its emergence may involve antiferro-
magnetic (AF) spin fluctuation [1–4]. Since the AF spin
interactions are likely to contribute to the emergence of super-
conductivity, the relationship between superconductivity and
the magnetic properties could reveal the pairing mechanism
behind unconventional superconductors.

Among the organic conductors, a quasi-two dimen-
sional charge transfer salt λ-(BETS)2GaCl4 [BETS:
bis(ethylenedithio)tetraselenafulvalene] has been actively
researched because it shows interesting phenomena.
λ-(BETS)2GaCl4 is a paramagnetic metal that exhibits
a superconducting (SC) transition at 6 K at ambient
pressure [5]. It has attracted much attention because
a d-wave SC gap structure has been reported in a
thermodynamic study [6]. In addition, the possibility of
the Fulde-Ferrell-Larkin-Ovchinnikov state near the upper
critical field has been suggested by several experiments [7–9].

Figure 1(b) shows the pressure–temperature (P-T )
phase diagram of λ-(D)2GaCl4, where D = ET,
us-STF or BETS and whose molecular structures
are shown in Fig. 1(a) [10–12]. The us-STF denotes
unsymmetrical-bis(ethylenedithio)diselenadithiafulvalene.
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The donor molecules, D, differ by their chalcogen atoms,
i.e., sulfur or selenium atoms. Changing the inner chalcogen
atoms from sulfur to selenium efficiently increases the transfer
integrals, inducing an itinerancy in their electronic system.
Hence, in the P-T phase diagram, λ-(BETS)2GaCl4 is located
in the higher pressure region, whereas λ-(ET)2GaCl4 is in the
low-pressure region.

The phase diagram of λ-(BETS)2GaCl4 has also been in-
vestigated in the alloy system λ-(BETS)2GaBrxCl4−x (0 �
x � 2) [Fig. 1(c)] [10]. As x increases, the cell volume in-
creases, thereby decreasing the effective transfer integrals. As
a result, the insulating phase is induced where x is large.
Resistivity measurements revealed that when x = 0.75, an
metal-insulator transition occurs around 13 K [14]. Recent
13C NMR studies revealed the existence of a commensurate
spin density wave– (SDW) ordered phase below 13 K [13],
indicating that an SDW ordered phase adjacent to the SC
phase in λ-(BETS)2GaCl4. Actually, 13C NMR measurements
for λ-(BETS)2GaCl4 at ambient pressure revealed that, below
10 K, the spin-lattice relaxation rate divided by temperature
(1/T1T ) increased with decreasing temperature, indicating the
existence of SDW fluctuation even in the sample with x = 0.0
[15].

Considering the above, the relationship between SDW fluc-
tuation and the superconductivity in λ-(BETS)2GaCl4 should
be investigated. Incidentally, an SDW phase is adjacent to the
SC phase in the well-known organic conductor (TMTSF)2PF6

[16]. 13C NMR measurements of (TMTSF)2PF6 under pres-
sure have revealed that 1/T1T is significantly increased at low
temperatures, indicating the development of SDW fluctuation
[17]. In addition, the pressure dependence of the SDW fluctua-
tion correlates well with that of the superconducting transition
temperature (Tc), implying an essential connection between
SDW fluctuation and the emergence of superconductivity.
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FIG. 1. (a) Molecular structures of the ET, us-STF, and BETS.
(b) The P-T phase diagram of λ-(D)2GaCl4 for the three compounds,
D = ET, us-STF, or BETS [10–12]. (c) The phase diagram of
λ-(BETS)2GaBrxCl4−x with x ranging from 0 to 2 [10,13]. The left
side of this diagram is akin to a high pressure (large U/W ) region.

Contrary, in κ-type organic conductors,the SC phase is adja-
cent to an AF insulating phase [18]. 13C NMR measurement
of κ-(ET)2Cu(NCS)2 under pressure has revealed that the
Korringa factor is larger than unity, suggesting the existence
of AF spin correlations and that the pressure dependence of
the Korringa factor correlates well with Tc [19]. Therefore,
in λ-(BETS)2GaCl4, it is worthwhile to investigate which of
the spin fluctuation effects, such as SDW fluctuation and the
Korringa factor, are correlated with the superconductivity.

In λ-(BETS)2GaCl4, the SDW fluctuation has only been
investigated at ambient pressure. Hence, it is desirable to
investigate the pressure dependence of SDW fluctuation in
λ-(BETS)2GaCl4 to elucidate the relationship between SDW
fluctuation and superconductivity. In a previous study, Tc was
suppressed when pressure was applied, and the electronic
system became FL state above a critical pressure [10]. Hence
the pressure dependence of the Korringa factor is also im-
formative. We report the results of 13C NMR measurements
of λ-(BETS)2GaCl4 under pressure, focusing on the pressure
effect on SDW fluctuations and Korringa factor qualitatively.

II. EXPERIMENTS

Single crystals of λ-(BETS)2GaCl4 were synthesized by
the standard electrochemical method [20]. The crystal struc-
ture is shown in Fig. 2(a) and the isotope labeled molecular
structure of BETS is shown in Fig. 2(b). Note that one 13C was
incorporated into the central double bond to avoid Pake dou-
blets [Fig. 2(b)] [21]. The carbon site on central double bond
is suitable for 13C NMR measurements because the electron
density of the highest occupied molecular orbital (HOMO) is
sufficiently high, enabling the 13C NMR to be carried out with
a good sensitivity. The typical size of the sample used in the
NMR measurements is 3.0×0.5×0.1 mm3. A NiCrAl cramp

FIG. 2. (a) The crystal structure of λ-(BETS)2GaCl4. The ap-
plied magnetic field direction is parallel to the long axis of BETS
molecule. (b) The BETS molecule was enriched with 13C at the
central double bond. (c) The schematic of inequivalent 13C sites.

cell and Daphne 7474 oil as a pressure medium were used.
The applied pressures, 3, 6, and 11 kbar, were calibrated at
low temperature. The NMR measurements were done on the
samples in a 6.0 T magnetic field in the direction in which the
hyperfine coupling constant was the smallest, that is, almost
parallel to the long axis of BETS molecule [see Fig. 2(a)].
This direction is convenient because the spin-lattice relaxation
time (T1) is at its smallest and almost all the peaks are super-
posed [15]. To obtain separated peaks, we set the magnetic
field slightly tilted from the molecular long axis. In this field
direction, the upper critical field at 1.5 K is substantially lower
than 6 T, so the SC sate is completely suppressed. The NMR
spectra were obtained by fast Fourier transformation of the
echo signal with π/2-π pulse sequences. The typical value
with π/2 pulse length was 1.5 μs. The NMR shifts were ref-
erenced to that of tetramethylsilane (TMS). T1 was measured
by the conventional saturation-recovery method.

III. RESULTS

A. NMR shift at ambient pressure

As shown in Fig. 2(a), λ-(BETS)2GaCl4 salt has two crys-
tallographically inequivalent molecules A and B, which have
equivalent molecules linked by inversion symmetry A′ and B′,
respectively [see Fig. 2(a)]. In addition, there are two crys-
tallographically inequivalent 13C sites (“inner” and “outer”
sites) [see Fig. 2(c)], so that four peaks can be expected in
NMR spectra. The deviation of the resonance frequency from
the standard sample (TMS) is called an NMR shift (δ), and
it contains various information. In general, the NMR shift is
expressed as the sum of the Knight shift (Ks) and the chem-
ical shift (σ ); δ = Ks + σ . The Knight shift is proportional
to the local spin susceptibility of the electrons (χs), that is,
Ks = Ahfχs, where, Ahf is a hyperfine coupling constant. We
can evaluate χs from Ks and Ahf . Note that σ is unique for a
molecule and is usually temperature independent. In addition
to these, the magnetism of the pressure cell (χcell) should
also be taken into account, so the NMR shift can be written
as δ = Ahfχs + σ + Bχcell, where B is a constant. Although
we need to estimate Bχcell and σ experimentally to evaluate
χs, fortunately, we observed that the four peaks were slightly
separated because of the slightly off-axial field direction.
Hence, we used the difference in the NMR shifts to cancel
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FIG. 3. Temperature dependence of the local spin susceptibility
(left axis) and the difference in NMR shift �δ (right axis) at ambient
pressure. The blue and red circles indicate the results of the present
study and a previous study, respectively [15]. The inset shows the
NMR spectra at 100 K and 10 K at ambient pressure. The red and
blue arrows indicate Peak 1 and Peak 2, respectively.

out the effect of Bχcell and σ . Note that Bχcell and σ can be
regarded as having the same values for all four peaks [22].
We assigned the distant peaks in the spectrum as Peak 1 and
Peak 2, respectively (see the inset of Fig. 3). The NMR shifts
for these two peaks can be expressed as the following Eq. (1)
and Eq. (2), and their difference as Eq. (3),

δ1 = Ahf1χs + σ + Bχcell, (1)

δ2 = Ahf2χs + σ + Bχcell, (2)

�δ = δ2 − δ1 = (Ahf2 − Ahf1)χs. (3)

The right axis in Fig. 3 represents the temperature depen-
dence of �δ at ambient pressure which is obtained from the
difference in the NMR shifts of Peaks 1 and 2. The coeffi-
cient Ahf2 − Ahf1 (≈1.9 kOe/μB) was determined such that
the value of the local spin susceptibility at 100 K was com-
pletely consistent with that of a previous 13C NMR study [15].
This enabled us to obtain the temperature dependence of χs,
since the coefficient Ahf2 − Ahf1 is temperature independent.
As shown in Fig. 3, our results replicate those of the previous
study well for the whole temperature range. Moreover, χs

shows a broad humped structure near 20 K, as in the previous
study [15]. The similarities with the previous study is strong
support for the validity of our analysis.

B. NMR shift under pressure

The temperature dependence of χs under pressure was also
evaluated in the same manner. Figure 4(a) shows the NMR
spectra taken at ambient pressure and at pressures of 3, 6 and
11 kbar at 50 K. The spectrum at 3 kbar looks broader, which
is thought to be due to the strain associated with the pressure.
At 11 kbar, signals from the Daphne oil appeared in the
spectrum at around 80–100 K because T1 of λ-(BETS)2GaCl4

was relatively longer, and this made it difficult to assign Peaks

FIG. 4. (a) NMR spectra under each pressure at 50 K. The red
and blue arrows instruct the Peak 1 and Peak 2, respectively. (b) The
temperature dependence of local spin susceptibility (left) and the
difference of NMR shift (right) under pressure.

1 and 2. Below 70 K, the signal from the oil could be removed
because the T1 of the sample became sufficiently shorter than
that of the oil. Therefore, when the pressure was 11 kbar,
we used only data obtained when the temperature was below
70 K. The broad hump structure around 20 K observed at
ambient pressure is suppressed by applying pressure, and χs

exhibits almost temperature-independent behavior at 6 and
11 kbar. This indicates that the electronic system exhibits
a Fermi liquid state over a wider temperature range under
pressure. Moreover, the absolute value of χs is reduced under
pressure. This can be attributed to the reduction of the density
of states (DOS) at the Fermi surface since the bandwidth is
widened by applying pressure.

C. Spin-lattice relaxation time T1

The spin-lattice relaxation time T1 provides significant in-
formation on spin fluctuations. In our measurements, T1 was
evaluated from the peaks comprising four 13C sites. Since
each 13C site has a slightly different T1, the recovery profiles
deviate from the single exponential function. To correct this
deviation, we used a stretched exponential function, M(t ) =
M0{1 − exp(−t/T1)β}. Here M(t ) and M0 are the nuclear
magnetizations at time t and at thermal equilibrium, respec-
tively, and β is the stretching exponent. In a previous report,
β was set as 0.8 for the whole temperature range [15]. To en-
sure that the recovery profile does not change under pressure,
we plotted log{[M0 − M(t/T1)]/M0} against t/T1, as shown
in Fig. 5. The solid curve shows the stretched exponential
function with β = 0.8. The experimental data agree with the
solid curve even under pressure, indicating that the recovery
profile does not change.

Figure 6 shows the temperature dependence of 1/T1T . Our
results at ambient pressure are consistent with those obtained
in a previous study at ambient pressure, shown in the inset
[15]. At ambient pressure, 1/T1T increases as the temperature
is lowered and peaks at 55 K, which is denoted by T ∗. T ∗
can be seen at 70 K when the pressure was 3 kbar. At 6 and
11 kbar, it is difficult to determine T ∗ because T ∗ is thought
to have shifted to above 100 K. At 11 kbar, 1/T1T becomes
almost constant in the whole temperature range.
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FIG. 5. The plot of recovery curves at ambient (100 and 30 K)
and under each pressure at 30 K. The solid line is the fitting plot with
β = 0.8.

IV. DISCUSSION

A. 1/T1T above T ∗

In this section, we discuss the behavior of 1/T1T above T ∗.
Generally, 1/T1T is written as,

1

T1T
= 2γ 2

n kB

(γeh̄)2

∑
q

A2
⊥(q)

χ ′′
⊥(q)

ω
, (4)

where, γn and γe are the gyromagnetic ratios of nuclear and
electron spins, respectively, kB is the Boltzmann constant, and
h̄ is the reduced Planck constant. A⊥(q) and χ ′′

⊥(q) represent
the hyperfine coupling constant and the imaginary part of the
dynamic spin suceptibility perpendicular to the field direc-
tion with wave vector q, respectively [23]. ω is an angular
frequency in NMR measurements. When the system has a
two-dimensional AF spin fluctuation, the temperature depen-
dence of 1/T1T can be described by the Curie-Weiss function,

FIG. 6. Temperature dependence of 1/T1T at ambient and at
pressures of 1, 3, 6, and 11 kbar. The inset shows the results of a
previous study at ambient pressure [15]. The dashed lines are a visual
aid for the averaged values in the FL state.

1/T1T = C/(T + �), as shown in the inset of Fig. 6 [24].
Here, C and � correspond to the Curie constant and Weiss
temperature, respectively. In a previous study, it has been sug-
gested that the increase in 1/T1T at high temperatures can be
attributed to the AF spin fluctuation derived from the localized
electron system, as confirmed in the dimer Mott system of
λ-(ET)2GaCl4 [15]. Our results show that T ∗ shifts to a higher
temperature region when pressure is applied. T ∗ has also been
reported to behave similarly in κ-(ET)2Cu(NCS)2 [19]. Since
the metal-semiconductor crossover occurs at T ∗, these results
indicate increased itinerancy when pressure is applied. This is
also supported by the reduction of DOS with the widening of
bandwidth.

B. 1/T1T below T ∗

In this section, we focus on the behavior of 1/T1T
below T ∗. At ambient pressure, 1/T1T shows temperature-
independent behavior below T ∗ down to 10 K, indicating a
FL state. Below 10 K, 1/T1T increases as temperature de-
creases. This increase in 1/T1T can be attributed to the SDW
fluctuation, since the SDW ordered phase has been confirmed
in λ-(BETS)2GaBr0.75Cl3.25. Therefore, 1/T1T below T ∗ can
be described by the sum of two terms, one originating from
SDW fluctuations (1/T1T )SDW and the other from the itinerant
electron system (1/T1T )FL, as follows:

1

T1T
=

(
1

T1T

)
SDW

+
(

1

T1T

)
FL

. (5)

Here (1/T1T )FL was determined by the averaged value of
1/T1T in the FL state, indicated by the dotted lines in Fig. 6.
This term will be discussed in Sec. IV C. Regarding the term
(1/T1T )SDW, the increase in 1/T1T at 3 kbar is greater than
that at ambient pressure, indicating that the SDW fluctuation
is enhanced by applying pressure. At 6 kbar, the increase in
1/T1T still remains at low temperatures, although the degree
of increase in 1/T1T is less than that at 3 kbar. At 11 kbar, the
increase in 1/T1T is mostly suppressed, indicating disappear-
ance of the SDW fluctuation. The temperature-independent
behavior of 1/T1T at 11 kbar indicates that the electron system
becomes Fermi liquid down to the lowest temperature.

C. Korringa factor

Next, we focus on (1/T1T )FL, which reflects the DOS at
the Fermi energy [N (EF )] and provides important informa-
tion about electron correlation. Since the electronic state is
itinerant, (1/T1T )FL satisfies the Korringa relation as follows:

1

(T1T )FLK2
s

=
(

A⊥√
2A‖

)2 4πkB

h̄

(
γn

γe

)2

K, (6)

where, K is the Korringa factor. Usually, the Korringa factor
characterizes the electron correlation, with a value of 1 ex-
pected for electronic systems of normal metals, and a values
of >1 and <1 for electronic systems with antiferromagnetic
and ferromagnetic correlations, respectively. In order to eval-
uate the form factor (A⊥/

√
2A‖), we utilized the hyperfine

coupling tensor of κ-(ET)2Cu(NCS)2 which has a similar
dimer structure. Although BETS is the Se analog of the ET
molecule, the HOMO electron density at the 13C in BETS is
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FIG. 7. Pressure dependence of Korringa factor, spin suscepti-
bility, the ratio of 1/T1T at 10 K which is divided by the value at
ambient pressure, and superconducting TC [10]. The dashed lines are
a visual aid. The ratio of 1/T1T at 10 K corresponds to the strength
of the SDW fluctuation.

similar to that in ET. In addition, the overlap mode of a dimer,
the “ring–over–bond,” are the same for both κ type and λ type
[10,25]. Therefore, the form factor (A⊥/

√
2A‖) can be roughly

evaluated from the hyperfine coupling tensor A as follows:

A =
⎛
⎝axx axy axz

ayx ayy ayz

azx azy azz

⎞
⎠, (7)

(
A⊥√
2A‖

)2

= a2
xx + a2

yy + 2a2
xy + a2

zx + a2
zy

2a2
zz

, (8)

where the z axis is set parallel to the molecular long axis. We
used the mean value of the hyperfine coupling tensor of the
inner and outer 13C sites of κ-(ET)2Cu(NCS)2 [25]. The Kor-
ringa factor values were evaluated using Eqs. (6) and (8), and
are given in Fig. 7 with the spin susceptibility, the 1/T1T at
10 K and Tc. Although the local spin susceptibility decreases
with increasing pressure, the Korringa factor increases with
increasing pressure. At 3 kbar, it increases gradually, while
at 6 and 11 kbar, it becomes approximately double compared
to its value at ambient pressure, indicating that a significant
change in electron correlation occurs above 6 kbar.

D. Comparison with other organic conductors

In κ-(ET)2Cu(NCS)2, the Korringa factor is much greater
than unity (K ≈ 8) [19], indicating strong AF spin correlation,
and it decreases with increasing pressure. Moreover, the Kor-
ringa factor and Tc correlate with each other, implying that the
AF spin correlation plays a crucial role in the emergence of
superconductivity in κ-type salts [19]. In (TMTSF)2PF6, the
Korringa factor is almost constant even under pressures, and is
close to unity, indicating weak electron correlation [17]. In ad-
dition, the strength of SDW fluctuation correlates well with Tc,
since SDW fluctuation is probably essential for the emergence
of superconductivity in (TMTSF)2PF6. In λ-(BETS)2GaCl4,
the Korringa factor is close to unity below 3 kbar, indicating
weak electron correlation in contrast to κ-(ET)2Cu(NCS)2.
Remarkably, the Korringa factor at 6 and 11 kbar becomes

FIG. 8. The schematics of Fermi surface for (a) (TMTSF)2PF6,
(b) κ-(ET)2Cu(NCS)2, and (c) λ-(BETS)2GaCl4 [27–29].

roughly double compared to its value at ambient pressure,
indicating a significant change in electron correlation. More-
over, the SC phase appears in the weakly correlated electronic
state with SDW fluctuations. On the other hand, the strength
of the SDW fluctuations is not correlated with Tc, unlike in
(TMTSF)2PF6. From theory, it has been suggested that mag-
netic fluctuation can contribute to not only to the formation
of Cooper pairs but also to their destruction [26]. Usually, Tc

also depends on DOS at the Fermi energy. The DOS, which
was estimated from the local spin susceptibility, is reduced by
about 50% under pressure in λ-(BETS)2GaCl4. This reduction
is greater than that for κ-(ET)2Cu(NCS)2 [19], suggesting
the suppression of Tc under pressure in λ-(BETS)2GaCl4 is
mainly governed by the reduction of DOS at the Fermi energy.

These differences may originate from a difference
in dimensionality and the shape of the Fermi sur-
face. Figure 8 shows the schematic of the Fermi sur-
face for (a) (TMTSF)2PF6, (b) κ-(ET)2Cu(NCS)2, and
(c) λ-(BETS)2GaCl4. (TMTSF)2PF6 and κ-(ET)2Cu(NCS)2

have simple a quasi-one-dimensional (quasi-1D) and a two-
dimensional (2D) Fermi surface, respectively [28,29]. On the
other hand, λ-(BETS)2GaCl4 has multi-band Fermi surfaces
with quasi-1D and 2D [27,30]. In a single-band system, the
effect of applying pressure mainly causes the widening of
bandwidth, but it can also change the shape of the Fermi
surface. This deformation of the Fermi surface may occur
under pressure in λ-(BETS)2GaCl4, and significantly change
the electron correlation. From this point of view, the pressure
dependence of superconducting Tc seems to be related to
the change in electron correlation, that is, the almost com-
plete disappearance of Tc accompanied by suppression of the
SDW fluctuations in the region where the electron correlation
changed. Further practical and theoretical studies are war-
ranted to investigate in detail the relationship between Tc and
SDW fluctuation.

The anomalous enhancement of 1/T1T at a pressure of
3 kbar can also be explained by deformation of the Fermi
surface. First, the nesting condition becomes suitable for
SDW fluctuation at 3 kbar, and then, deformation of the
Fermi surface may disturb the nesting condition, resulting in
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the disappearance of the SDW fluctuations under pressure.
Measuring the angular dependence of magnetoresistance os-
cillations may shed light on the Fermi surface change under
pressure.

Alternative possibilities should also be considered.
In (TMTSF)2PF6 and the pnictide superconductor
Ba(Fe1−xCox )2As2, the temperature dependence of electric
resistivity shows T -linear behavior at low temperature
just above the SC phase [31]. This behavior is a typical
characteristic of a non-Fermi liquid state, and theoretical
studies suggest that the non-Fermi liquid state appears near a
quantum critical point [32]. Since this fluctuation might not
be a thermal one, it might be the origin of the enhancement of
1/T1T at 3 kbar.

V. CONCLUSION

We performed 13C NMR measurements of a single crystal
of λ-(BETS)2GaCl4 under pressure. We found that the local
spin susceptibility decreases under pressure, corresponding
to a reduction in DOS at the Fermi energy. The behavior
of 1/T1T in the high temperature region and T ∗ is simi-
lar in both λ-(BETS)2GaCl4 and κ-(ET)2Cu(NCS)2, but the
strengths of their electron correlation are different. We have
also confirmed an increase in 1/T1T in the low-temperature

region, which can be attributed to SDW fluctuation. Unlike
in (TMTSF)2PF6, the increase in 1/T1T is significantly en-
hanced when 3 kbar is applied, indicating enhancement of the
SDW fluctuation. In contrast, the 1/T1T increase at low tem-
peratures is reduced at 6 kbar and is completely suppressed
at 11 kbar. Moreover, the Korringa factor is increased above
6 kbar, indicating a significant change in electron correlation.
This behavior differs from that of κ-(ET)2Cu(NCS)2 and
(TMTSF)2PF6, and this can be attributed to the multiband
system of the Fermi surface. The suppression of SDW fluc-
tuation is likely to be related to the change in the electron
correlation under pressure. We revealed that the supercon-
ductivity appears in the weakly correlated electronic state
with SDW fluctuations. There is still no consensus how the
SDW fluctuation contributes to superconductivity, so further
practical and theoretical research is required.
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