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To elucidate competition between the Fe-based superconductivity and the antiferromagnetic order of
Eu*t, the electrical resistivity of EjksCan.15FeAs, under high pressure is presented. Under ambient
pressure, the Fe-based spin-density-wave (SDW) transition and the antiferromagnetic ordering (AFM) of
Eu’T are observed dfspw = 190 K andTn = 17 K, respectively. With applying pressure, the Fe-
based superconductivity withi. ~ 25 K appears above 1.5 GPa, accompanying collapse of the SDW
transition. Compared with EukAs,, T. is close toTw, which implies strong competition between the
superconductivity and the AFM. This competition would lead to non-zero resistivity at lowest temperature.
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1. Introduction perconductivity with zero resistivity in a wide pressure range

Discovery of the highf, superconductivity in Of 1.2 ~ 2.4 GPal®'% In the present paper, to clarify more
LaFeAsQ_,F, by Kamihara et aP triggered exten- detailed effects of Ca substitution for Eu on the Fe-based
sive researches on the Fe-based superconductivity. The par@#Rerconductivity, the behavior of ki Cay.15Fe;As, under
compound, LaFeAsO, which crystallizes in the tetragondligh pressure is mainly presented.

ZrCuSiAs-type structure at room temperature, performs #
structural phase transition from tetragonal to orthorhombic’ _
symmetry at 155 K and a spin-density-wave (SDW) transi- | he single crystals of Bu ,Ca,FeAs; (z = 0, 0.15, 0.50,

tion associated with Fe at 137 K. The Rloping (electron 0.65, 1) were grown in ati_n flux. Ami>.<ture of con;tituent gle—
doping) induces the Fe-based superconductivity almoStents and the tin flux, which was put into an alumina crucible,
simultaneously with disappearance of both transitidns.was heated at 1000° and cooled at a rate of14°C/h un-
Interestingly, although a magnetic element has been consf@" Ar atmosphere, as described in RéMWe obtained many
ered to be destructive to superconductivity, the FeAs lay@ieces of plate-like single crystals with typical dimensions of
plays a key role in the emergence of the superconductivity; 3 X 3 x 0.1 mm?*. The powder X-ray diffraction (XRD)
AFe,As, (A=Ca*, S+, Ba+, EL2*), which crystallizes Was carried out at room temperature. It was verified that the
in the tetragonal ThGSi, type structure with FeAs layers Samples are a single phase with ThSls type. The lattice
similar to those in LaFeAsO, also exhibits similar SDweonstantsa andc, estimated from the XRD pattern, decrease
and structural transitions. Substitution of alkali metal fofinearly with increasing:, which indicates the samples obeys

A (hole doping§™ or application of pressufet? induces Vegard’s law. The composition of the sample was determined
the superconductivity, accompanied by suppression of tfgm the energy dispersive X-ray (EDX) spectroscopy. The
SDW and structural transitions. However, EuRs, is a Mmeasurement of the electrical resistivity was performed under
little different from the other AFgAs, systems since Ed high pressure by using an ac resistance bridge (LR-700; Lin-
ions with a large magnetic moment Bz exhibit antiferro-  €ar Research) in the temperature rangé-o230 K. The pres-
magnetic order (AFM), which is expected to be destructiv8Ure was generated by using a piston-cylinder-type pressure
to the Fe-based superconductivity. Actually, the electric&€ll, which consists of inner (NiCrAl alloy) and outer (CuBe
resistivity under pressure afGPa < P < 2.5 GPa presents alloy) cylinders. The sample and a tin manometer were placed
a sharp drop, which is reminiscent of the superconductivitii,‘to a Teflon cell filled with a pressure-transmitting medium
but does not reach zero resistivity at the lowest temperatuf@@nsisting of a mixture of two types of Flourinert in a ratio
which suggests the complete formation of the supercoﬁf FC70 : FC77 = 1 : 1. The Teflon cell was inserted into
ducting state is interrupted by the ordering of?EdY A the pressure gell and pressed by pistons mad.e of nonmagnetic
little higher pressure ok~ 2.8 GPa barely achieves zerotungsten carbide. The pressure valye was eg_tlmated fro.m pres-
resistivity!? To elucidate such competition between thesure dependence of superconducting transition of the tin.
Fe-based superconductivity and the AFM of?Eywe have
attempted to weaken the AFM of El. In the previous ) )
paper, we reported that Ca-substitution by 50 % weakens theFigure 1 shows temperature dependence of the electrical

AFM of Eu?* and results in the pressure-induced bulk sufesistivity of Eu_.Ca.F&As; (z = 0, 0.15, 0.50, 0.65, and
1) under ambient pressure. AlT) curves have a peak at

around170 ~ 190 K, which is associated with the SDW
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Fig. 1. Temperature dependence of the electrical resistivity under ambidrig. 2. Temperature dependence of the electrical resistivity under high
pressure of Ey,Ca.FeyAsy (z = 0, 0.15, 0.50, 0.65, and 1). The in-  pressures of BligsCay.15F&2Ass.
set shows the resistivity normalized by the value at 273 K as a function
of temperature. The kink (open arrows) exhibits theeNtemperature of
Ewt.
terrupted significantly by the AFM of Ed. With increasing
pressure, the drop becomes larger, which implies the super-

transition. This result suggests the Ca- substitution does n%qnductmg domain becomes larger with pressure. Compared

suppress the SDW transition unlike the K- substitution. Th\(’?\"th EUFQ.A 52 (3.7 = 0), these _feqtures are qualitatively sim-
o : . ITar, but a little different quantitatively. For = 0.15, the su-
SDW transition temperaturd;spw, is almost independent - )
. . perconductivity begins to appear at arouRd = 1.5 GPa,
of Ca concentrationg, except forz = 1. In the inset of o 1) Thic i
. s ) . hich is lower thanP. = 2.03 GPa forz = 0.*" This is pos-
Fig. 1, the resistivity normalized by that at 273 K is plotteo}’\;bI caused by chemical pressure applied by Ca-substitution
as a function of temperature for clarity. There exists a kink iis c}/iscussed ir): R&P) Itwasprou hl eSt?matedythat 50 06 Sub- '
the p(T)/p(273 K) curves ofx = 0 and 0.15, which corre- : gnyy ?

stitution of Ca for Eu corresponds to an external pressure of
sponds to the Bel temperature of Btr, Ty. TheTy value of 1 Gpald Therefore. the dl?fference P betweerfv ~ 0
x = 0.15 (17 K) is a little lower than that of = 0 (19 K). Co ' . ‘. o
. I . : . andxz = 0.15 is likely to be explained semi-quantitatively by
This behavior is consistent with the previous data of magnet{ e chemical pressure. In that case. the samolewitho 15
susceptibility! On the other hand, one cannot see such (geserves to eghibits thé su ercondchtivit Witﬁ zero reéistivit
kink for z = 0.5. Fora = 0.50, a clear bend in the(T) since EuFgAs, performs thpe supercondu)(/:tivity with zero re ’
. . . . . 4) 2 -
curve, which is associated withy, is observed at 9 K! sistivity at around 2.8 GP&) However, the zero resistivity is

;h\l/ieﬂiseizg ::r(')(:"fs;es dﬂﬁghi %FngoE?;o;ﬁ d:th(;? ?he not observed up to 2.4 GPa, which is possibly due to Iciier
L alue ofz = 0.25 (~ 25 K) than that oft = 0 (~ 30 K). This

magnetic susceptibility is more sensitive to the AFM than th¥ i o
electrical resistivity. For: = 0.65, there exists no anomaly of g;inzj'?:lt;;]?hiaFZl-JtE);S:éltlgS Vg?;ksgjcgsitton;ghg 2A5FM of
the AFM of EZFT in the electrical resistivity and the magnetic P Y- o

susceptibility, which implies the AFM of Bd is suppressed Iarge_r de_crea_se . than inTy possibly produces more com-
below 4 K. petitive situation between the Fe-based superconductivity and

thF AFM of ET than that forz = 0. Forz = 0.50, Tx

Figure 2 depicts temperature dependence of the electri : :
S — : K) is much lower than that for = 0.15, which means that
resistivity of x = 0.15 under high pressures. The same dat(%?e AFM of E(?* is more weakened than that for— 0.15,

from 4 K to 40 K are plotted in Fig. 3 for clarity. With in- while T, (23 K) is as high as that far — 0.15. Therefore,

;rea5|?sgbp)rgeas§grr]§zDV;£ fv}lffdlgorag;g”i/hae;?;?igﬁgz Ofthe superconductivity is superior to the AFM of £y which
SDW . T ' . geilves rise to the superconductivity with zero resistivity in a

ide pressure range. Far = 0.15, however, it is expected

of the superconductivity. As shown in the inset of Fig. 3, th . . )
p(T') curve has a shallow kink &ty, which is almost indepen- at app!ylpg higher pressure than .2'4 GPa would mduce the
zero resistivity because the resistivity shows a declining ten-

. > 1. . " .
dent of pressure F.d?.—. 1.5 G.Pa,. on th? cher hand, a drc)pdency with pressure at around 2.4 GPa. In addition, the slight
of the electrical resistivity, which is reminiscent of the super- ) . .

o anomaly associated with the SDW remains at 2.4 GPa. To
conductivity, appears at aroufigd = 25 K, as clearly shown

in Fig. 3. The drop temporarily stops at aroufid. Below examine these points in detail, the experiments under higher

T, the resistivity decreases again with decreasing tempe|p [SSSUrES are nowin progress.

ture, but does not reach zero resistivity at lowest temperatur .In summary, _the r-r phase_ d'agram .Of
These results suggest that the superconducting transition is b 8:C.15F@AS, is presented in Fig. 4. With in-
creasing pressure, the SDW transition shifts lower, but is not
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1.5 GPa. On the other hand@y of E*t remains~ 20 K

700
up to 2.4 GPal. is close toTn, which suggests that the
Fe-based superconductivity is more competitive with the
600 AFM of Eu?t compared with EuRg\s,. This results in a
finite resistivity value at lowest temperature.
£ 500 4. Conclusions
é_ To elucidate competition between the Fe-based su-
S 400 perconductivity and the AFM of Bd, we examined
the temperature dependence of the electrical resistivity
300 of Euyg5Ca.15F&As; under high pressure. Similar to
EuFeAs;,, the sample exhibits the SDW transition at 190 K
and the AFM of Edt at 17 K under ambient pressure. With
200 increasing pressure, the Fe-based superconductivity is in-

duced, accompanying collapse of the SDW. In spite of dilut-
ing EL**, more competitive situation between the Fe-based
superconductivity and the AFM of Bt is realized. The ex-
periments under higher pressure are desired.
Fig. 3. Temperature dependence of the electrical resistivity under ambient

pressure of EyissCan.15FexAs; in the temperature range between 4 K Acknowledgements
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