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Pressure studies on the pseudogap and critical temperatures of a high: superconductor
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We report simultaneous hydrostatic pressure studies on the critical tempéFatarel on the pseudogap
temperature T* performed through resistivity measurements on an optimally doped Thigbxide
Hgp s R&y 1B CaCu3Og ., 5. The resistivity is measured as a function of the temperature for several different
applied pressures around 1 GPa. We find ffaincreases linearly with the pressure at a larger rate Than
This result demonstrates that the well known intrinsic pressure effedi.ds more important at the pair
formation temperaturd@®.
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[. INTRODUCTION is the largest of all th@(r), that is, the largest local super-
conducting temperature in a given compound. Since the clus-
Immediately after the discovery of the high- ters have different charge densities, some are metallic and
superconductofshigh pressure experiments have played arsome are insulating. As the temperature decreases below the
important role in improving and understanding these materiT*  part of the metallic clusters become superconducting
als. However, despite of tremendous efforts, the supercorand, eventually, a temperature is reached where the different
ducting interaction in highF. oxides remains one of the superconducting clusters can percolate, exactly as clearly
greatest puzzle in condensed matter physics. More recentljemonstrated by the fine diamagnetic domains measured by
several experimgrﬁsind_icate that the appearance of a|gchjet all® At or below the percolation temperature, the
pseudogap, that is, a fllscrete structure of the energy Spegystem can hold a dissipationless supercurrent and this tem-
trum at a temperaturé apove t_he superconducting ph‘"‘seperature is normally identified as superconducting critical
transition temperature af; is an important property which mperatureT, . Thus, the temperatur®, is assumed to be

needs to he taken inta account in the quest for the solution Ghe percolating transition for the supercurrent and it is not the

this problen® However, one difficulty is that different tech- . - :
. ) . . sual superconducting transition related with the appearance
nigues, depending on the particular experimental probe use X ) :
of a superconducting gap. This scenario resembles the pro-

tmh:ysgﬁlg td;;fgrsp L;ﬂ;ﬁ: of pseudogap temperattifefor posal of Ovchinnikovet al!? and its implications are dis-

There are mounting evidences that the pseudogap and tif&#Ssed in Ref. 3. , _ ,
charge inhomogeneities, possibly in a stripe morphofayy, According to these |deas,_exp<_ar|me_nts whl_ch produce
are different but closely related phenomena. This is mainihanges o™ are able to provide direct information on the
becauseT* has its maximum value for underdoped com- superconducting interaction. One such type of experiment is
poundg which possess the larger charge inhomogendifes. the isotopic substitution of°0 by *%0 in the slightly under-
Furthermorel* decreases with the average doping level andloped HoBaCu,Og which leads to an increase " from
probably becomes equal 6, for overdoped compounds 170 to 220 K and negligible effect offi..*> Despite the
which are those with more homogeneous charge distribuanomalous increase @™ for the heavier isotope, this result
tions®° Moreover, a local Meissner state, which usually ap-indicates that, at least for this sample, electron-phonon in-
pears only in the superconducting phase, has been detectddced effects are likely to be present in the mechanism re-
far aboveT, for an underdoped sampt®.Such inhomo- lated toT* and somehow, are less important Bg.
geneous diamagnetic domains develop Heaf* for The prime objective of this work is to study the nature of
La,_,Sr,CuQ, thin films and grow continuously as the tem- the pseudogap and to achieve this goal we analyze resistivity
perature decreases towafs. NearT., the domains appear measurements under low applied hydrostatic pressures. The
to percolate through the sample. measurements were performed on two different optimally

Based on these experimental findings, some of us havdoped HggRe) 1888,CaCus0g s Samples in temperatures
developed a new approach to deal with this phenomendlogyrange from 120 Kbelow T.) up to room temperatures. The
The main ideas are the following; compounds of a givenresistivity for underdoped and optimally doped high-ox-
family, with an average charge densjty, have inhomoge- ides has a linear behavior up to very high temperatures but at
neous charge distributions which are less homogeneous far*, it downturns and falls faster as temperature is
underdoped and more homogeneous for overdoped samplefecreasing.We have recently reported pressure effect3 pn
These distributions contain a hole-rich and a hole-poor paren this compound?°but our aim here is to study simulta-
tition which mimics the stripes. These charge inhomogeneneous pressure effects dif andT.. We show thafl* in-
ities in the hole-rich regions produce local clusters with spacreases at larger rate than in the pressure range of our
tially dependent superconducting gafigs{r) due to local experiment. This result provides a novel interpretation for
Cooper pairing and superconducting temperatiigs). T* the well known pressure intrinsic effect.
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FIG. 1. The resistivity measurements for sample A as a function of the temperature for zero and 12.3 Kbar. The crit€gionHere

dR/dT has the largest valjigs shown in the inset of panel(s) and(c). The criterion forT* is shown in panelgb) and(d) and in their

inserts.
[l. EXPERIMENTAL MEASUREMENTS tact with the temperature sensor, the sample holder was ther-
L _ mally coupled to the CuBe pressure cell. The pressure was

The resistivity measurement were performed using an hymonitored with a manganin resistance situated inside the

drostatic pressure cell within a cooper cylinder piston. Ance||. Further details of this experimental set-up can be found

external pressure was applied to the cylinder and it wag|sewherd4-1"

transmitted through a n-pentane-isoamyl alcohol mixture Four electric contacts with low electric resistance were

(1:1) to the sample. The sample was mounted on a Teflogieposited onto the sample by using silver paint. After stabi-

sample holder, and in order to provide a good thermal conlizing the pressure, the temperature was increased recording
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the resistance on the sample. This procedure was repeated
several pressures leading to tR€T,P) curves. The tem-
perature was recorded and stabilized using a “Lake-Shore
340" temperature controller. The resistance measuremen’_
were performed using an ac-bridge resistance “Linear Re=
search Inc, model LR-700.” ThR(T,P) curves were mea-
sured within the linear-response regime with an applied cur

rent to the sample of 10A. g

=

IIl. RESULTS AND DISCUSSION 182
o T e T 134
We have measured the resistivity for two optimally doped **'[ e razosuera | )
Hgp s Ry 1B CaCu0q. s SamplegA and B) as a function woli v gl s
H H 00 02 04 06 08 1.0 1.2 1.4 00 02 04 086 08 10 12

of temperature for four different applied pressures up to the P(aPa) p(GPa)

1.23 GPa. The samples were made under the same condi-

tions. As an example of our results, the temperature depen- FIG. 2. The estimated values fdr, and T* as function of the

dent resistivity data for sample A at zero pressure and 1.23pplied pressure for both samples. Data in p&ajels for sample A

GPa are shown in Fig. 1. and (b) for sample B. Notice that both samples have linear varia-
Panel 1a) shows the data foR(T) and Xb) shows a plot tions pressure variations fdr; andT*. The error bars are visually

of [R(T)—Ry]/aT againstT, whereR, and « are respec- estimated from the insets in Figsib]l and Xd).

tively, the m?arcept and fthe linear Coeﬁ'ﬁ'?l_rlt of the high superconducting interactidi-2*It can be regarded as due to
temperature linear part of t(T) curve. TheT* tempera- " inprinsic increase on the superconducting interaction,

ture was taken at the point where the experimental resistanggnich makes the Cooper pairs more tightly bound and also
curve starts to downturn from the high-temperature lineakncreases the superconducting gap.

behavior. To determinﬁ*, we have used the same criterion Thus, in order to determine whether the pseudogap is also
of Ito et al*® which is shown in Fig. (b). At each applied affected by an external pressure and if the intrinsic effect is
pressure]* was taken as the temperature at which the curveilso present at the pseudogap temperatures, we plotted in
starts to downturns from its base-value as demonstrated iRigs. Za) and 2b) the T, and T* values obtained from the
panels 1b) and Xd). It should be noted that others criteria resistivity data. While sample A hag*~180 K at ambient
for T* leaded to practically the same experimental findingspressure, sample B hdt*~160 K. Through these figures
meaning that thd™ increase with the pressure is indepen-we can see the original and most important result of our
dent of its experimental criterion. work: T* and T, increase under the applied pressure in a
The critical temperaturd@ . was defined as the tempera- linear way, butdT*/dP is around 3-5 times larger than
ture for which thed R/d T has the largest vald®as shown in  dT./dP. For sample A we get T*/dP=7.5 K/GPa and
panels & and 1c). We have measured an experimentaldT*/dP=6.3 K/GPa for sample B. This behavior lead us to
dT./dP rate of 1.5 K/GPa for sample A and 2.6K/GPa for the main conclusion of this work, namely, the pressure in-
sample B, which are typical values for these multilayerduced intrinsic term modifyind . is much stronger on the
compoundg? In order to verify these derivatives we have pairing formation temperatur&* .
performed magnetic susceptibility measurements on both Our experiment reveals a larger pressure effectTén
samples. The increase ®f with the applied pressure is in than onT.. We have already mentioned the results of Tem-
the range of similar compounds which we have previouslypranoet al!® with different isotope effect on these tempera-
been reported™!> While sample A hasT.~131.5K and tures. Similarly Harriset al?® have demonstrated with
T*~180 K at ambient pressure, sample B Aas=132.0 K = ARPES measurements that the zero temperature supercon-
andT* just above 160 K. Since both the present samples anducting gapA,. does not correlates witfi,. However, ac-
the ones previously studied were made under the same coverding to the percolation scenario for high-oxides® A,
dition, we do not have an explanation for these differencescorrelates with the onset of superconducting g&pand not
Nevertheless it is a common fact that different samples of thevith T, (see Fig. 3 of Ref. B
same compound with the sarig, may exhibit large differ- We have mentioned that our most important finding is
ences in theiff* value? the larger linear increase arf than onT, and such behavior
The theory of pressure effeé$! identify two contribu- s possibly the consequence of the intrinsic pressure effect
tions to the changes df: a pressure induced charge trans-on the superconducting interactié??® The presence of a
fer (PICT) from the charge reservoirs to the Cu@lanes and  constant intrinsic term on both, andT* is an indirect evi-
an intrinsic term, of unknown origin, which is more clearly dence of the increase of the superconducting interaction.
detected mainly at, or near to, the optimally doped com-However, we will argue that this result could either be ex-
pounds. In the case of optimal doping and low pressure, i.eplained under the assumption of a phonon mediated mecha-
less than 5 GPa, there is a negligible PI&Efs. 14, 21and  nism or by a non-equivalent two layer hole density. In a
T. is a linear function of the pressure. This linear behavior istypical BCS superconductor, either in wé&lor strong’
therefore attributed entirely to the intrinsic contribufidft coupling regime T, is proportional to the Debye frequency
and it is believed to be due to the effect of the pressure on théwy and to exp—1/N(0)V], whereN(0) is the density of
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state and/ the phonon mediated pairing potential amplitude.stiffness, producing an enhancementTp, concomitantly
These two terms yield opposite contributions when thewith an increase in the pairing scale, and therefore an en-
sample is under an external applied pressure. The applidsthncement ifr*.2°
pressure increases, in any solid and also broaden the den-

sity of states, thereby reducing(0) which is the dominant

factor in a typical BCS superconductor and produces an We have reported here simultaneous hydrostatic pressure
overall decrease ifM;. Now, assuming the same type of effects on the pseudogap temperatiie and onT. of an
dependence on highz superconductors, the effect &(0) optimally doped highF, superconductor. We have measured
is minimized in a highF, sample with a large charge inho- a larger linear increase ot than onT. under applied pres-
mogeneities distribution because such inhomogeneities prasures up to 1.23 GPa. These data show that the intrinsic
duce also a broadening of the density of states, as clearlffect onT, could be a consequence of the larger effect on
demonstrated by Ovchinnikost all? Therefore the net low the pair formation temperatufe* .

pressure effect on an optimally doped cuprate is to increase There are several implications from the pressure induced
wp Which yields a proportional linear increase on Bl(r) increase ofT* and T,. The increase oM* indicates the

in the sample and, consequently, Bh, assuming, according presence of the superconducting mechanism what supports
Ref. 3, thafT* is the pair formation temperature. Since at thethe local Cooper pairing scenario due to the charge inhomo-
low pressures all values df.(r) throughout the sample in- geneities in the Cu®planes.

crease proportionally tep , the percolation temperatufie, Moreover, the linear behavior df* and T, under pres-

will also increase. This reasoning provides a physical intersure may be consistent with a mechanism leading to the for-
pretation to the linear behavior of bolf andT, and to the mation of superconductivity mediated by phonons. This is
well known pressure intrinsic effect which, despite of beingin agreement with the very large isotope effect measured
widely detected®?*has not received any previous micro- on T* by Tempranoet al!® and very recent ARPES mea-

IV. CONCLUSION

scopic interpretation.

surement$® However the enhancement @ and T, may

Another interesting possibility to explain the increase ofalso be due to the PICT between nonequivalent layers of our
T. and T* under pressure uses the idea of a competitiorsample?®

between two hole dependent effetisPairing formation

We are presently pursuing our resistivity under pressure

which decreases with doping and the system stiffness texperiment with samples having different oxygen content.
phase fluctuations which controls long-range phase cohekde believe that for underdoped compoun@$,and T, will

ence and increases with doping. On the other hand, it ibehave in similar way as reported above. For more homoge-
well known that three layer compounds, such as oumneous overdoped samples we expect the broadenihg®f

Hgp g Re. 1B CaCUu05, s samples A and B, must have under applied pressure to be much less important and there-
differences in the doped hole concentration in the differenfore T* and T, may not increase.

layers!®?! Therefore one layer may have a hole concentra-
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