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We study the dependence on filling and pressure of the superconducting and ferromagnetic critical tempera-
tures of the ruthenocuprates, within the two-band model. At zero pressure, we find separate regions of coex-
istence of superconductivity and ferromagnetism as a function of filling, with contiguous regions merging
together as the pressure increases. As a function of pressure, a stronger enhancement of the magnetic phase
results in a reduced pressure effect on the superconducting critical temperature. A comparison with recent
experiments on the determination of the critical temperatures as a function of the pressure is also discussed.
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I. INTRODUCTION reference valuesT,=45 K and T,=132 K in undoped

- 7,8 indicati i-
The strong electron correlations in transition metal oxidedRU-12127" These results are indicative of a strong competi

are known to generate complex phase diagrams. Nonethd®" Petween superconductivity and magnetism.

less, it was surprising to discover that one such oxide, the SiNce chemical substitution usually affects several
ruthenocuprate RugBdCwOg (Ru-12132, shows a low- Parameters at the same time, causing changes of the
temperature phase in which homogeneous ferromagnetisficrostructure of the sample, a better indication comes from
and superconductivity coexi® This new class of materials the effect of hydrostatic pressure on the superconducting
then adds itself to the metallic ferromagnets YGRef. 3,  and magnetic phases. New experiments in hydrostatic pres-
ZrZn, (Ref. 4, and URhGeRef. 5, all showing the coex- sure on Ru-121%10 show that bothl, and T,, increase lin-
istence of unconventional superconductivity and itineranearly with pressuré, but at different rates. This rate is dis-
ferromagnetism at low temperatu(@~ 1 K) and relatively tinctly larger for T, than for the superconducting,, with

high pressuréP~ 1 GPa. dT./dP=1 K/GPa anddT,/dP=6.7 K/GPa® The rela-

The problem of the coexistence of ferromagnetigfivl)  tively small pressure derivativdT,/dP for the supercon-
and superconductivitySC) is puzzling due to the fact that ducting critical temperature is interpreted as an immediate
there are at least two factors that would destroy supercorconsequence of a competition of ferromagnetic and super-
ductivity in a ferromagnetic medium: first, the exchangeconducting phases: a stronger enhancement of the magnetic
splitting lifts the energy degeneracy of the partners of ghase results in a reduced pressure effect oms compared
spin-up and spin-down Cooper pair; second, magnon exo underdoped high, compounds?®
change leads to repulsion for a singlet pair. Thus, the coex- |n this paper, we investigate the effect of hydrostatic pres-
istence of ferromagnetic order and s_uperconductl\{lty inthggyre P in a phenomenological model of ferromagnetic
Ru-1212 and Ru-1222 compounds raises the question of ho%perconductoi% with two types of carriers pertaining to
these two antagonist states of matter can accommodate edgfierent layers and responsible for superconductivity and
other. Do both states coexist with no mutual interference Oferromagnetism, separately. Our main concern is the depen-

is there a competition between superconducting and MaYence of the critical temperaturés andT,,, on pressure and

i ? . . . .
netic ordgr. : . filling, that could shed some light on the microscopic mecha-
Opposite answers come from different experiments. Re-

cent muon spin rotation experiments on Ru-12have sug- nism of the coexistence or interplay of ferromagnetism and

gested that the magnetic moments are not affected by th%uperconductivity. The analysis follows from a detailed study

appearance of superconductivity below 45 K. This assump(-)f the dependence of the model parametérspping and

tion motivated Shimahara and Hata to study the supercorf£Xchange integralson pressure. The paper is organized as
ducting properties of a system consisting of alternating scllows. In Sec. Il we introduce the microscopic model and
and FM layers in the presence of a fixed internal magnetiéliscuss the phase diagram and the order parameters at finite
field, neglecting the effect of SC on FMOn the other hand, temperature. In Sec. Il we give a detailed description of the
experiments on chemical substitutiédoping of Ru-1212 dependence of the model parameters on pressure. In Sec. IV
indicate that the magnetic and superconducting critical temwe report the numerical results fog and T, Finally, in Sec.
peraturesT,, andT., respectively, are affected in an opposite V we present our conclusions and give directions for future
way with decreasindl, and an increase of,, from their  work.
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IIl. TWO-BAND MODEL 1
HSC-FM: E tL(dlngU-F HC) + Eo-lele'de' .

The unit cell of Ru-1212 may be described as a “double ko
bilayer,” each bilayer being composed by a Guénd a (20
RuG, layer, separated by an intermediate SrO layer. The two
bilayer blocks are in turn separated by a Gd ion, which also
serves as an inversion point for the unit dette, e.g., Fig. 1 Here,cl. df, [cy,.d,] are creatior(annihilation operators
in Ref. 12. As in the highT, cuprates, superconductivity is for electrons, with wave numbek and spin projection
believed to set in within the CuQOlayers, while ferromag- o=% or ce{7, |} along a specified direction, in the RyO
netism may be thought as mainly due to the ordering of théFM) and CuQ (SO subbands, respectively; = e°— u and
Ru moments in the RuQayers. This has suggested that both ¢, = ek —u are the subband dispersion relations, measured
the SC and FM phases in the ruthenocuprates are not homuwith respect to the common chemical potengalt, is the
geneous at the microscopic scale. In particular, the SC ordémomentum conservingnterlayer hopping or hybridization
parameter may develdpa spatial variation with nonzero term between the SC and FM subbanfs=J, /J; denotes
total momentum as in the Fulde-Ferrell-Larkin-Ovchinnikov the ratio of the interlayer to the in-plane exchange couplings.
(FFLO or LOFB phas€e®1* while recent experimental re- In Egs.(2),
sults indicate that the FM order is characterized by predomi-
nant AFM domains separated by nanoscale FM donfdiAs.
separate origin of SC and FM correlations is also supported A=g>, (d_y dk1), (39
by band structure calculatioA$°which clearly indicate the k
existence of electronic subbands pertaining to the Ca@l
to the RuQ layers, respectively, as well as of a hybridization
term, due to the bridging apical oxygens between adjacent _ + _at
layers. Electronic subbands in the Cughd RuQ layers are M =32 ((el0i) = (el e-4) (3b)
mainly characterized by the Cudga_» and Ru-4l,, orbitals,
respectively, as well as by the (g, orbitals!??

In order to study the coexistence of SC and FM in ferro-are the mean-field SC and FM order parameters, respectively,
magnetic metals, such as UGRef. 3, a single-band model <{:--) denotes a self-consistent statistical average,gan@ is
has been originally developed within the mean-field approxithe SC coupling constant, which we assume to be indepen-
mation by Karchewt al,'® and then numerically discussed dent of momentum, for the sake of simplicity.
by Jackiewiczet all’ It has been pointed out, however, that  Neutron scattering experiments on the magnetic suscepti-
a single band model does not produce coexistence, but rathkility of the ruthenocupratésagree fairly well with a MF
a first order transition between phas&©n the other hand, picture, thus indicating that a MF desription is adequate to
coexistence of FM and SC is permitted in multibanddescribe ferromagnetism in the Ru@lanes. In order to im-
models!®2° prove the MF approach, one should take into account the

In the case of the ruthenocuprates, a minimal model foeffect of spin density fluctuations via a dynamical suscepti-
coexisting FM and SC is then the two-band model of Cuocddility or vertex corrections. This improvement has not been
et all! There, one may additionally allow for the hybridiza- considered in our model, where the Stoner criterion has been
tion of the two bands pertaining to the Cu@nd RuQ lay-  used in order to describe the essential aspects of magnetism.
ers, respectively, by explicitly including an interlayer hop- For the band dispersions, within the rigid tight-binding
ping term. Accordingly, we assume that the total Hamiltonianapproximation, we take
can be decomposed as

€0 ™M= - 2t(cosk, + cosky) + 4t’ cosk, cosk,,  (4)

Hiot=Hsc* Hem + Hscorwy 1)

wheret, t' are the appropriate nearest neighlfiN) and
next-nearest neighbdNNN) hopping amplitudes for the two
Olgyers respectively.

Apart from a constant term, E@l) can be conveniently
rewritten in matrix form as

with Hgc and Hpy describing the Cu@and RuQ layers,

respectively, whileHgc gy contains both the hybridization
term and exchange correlations between the two subban
Within the mean-field approximation, the three terms read, in

turn,
Hsc= 2 &dl,de,— 2 [AdfdT +Hel, (23 Hir= > BiHB,, 5
ko k k
1 where Bl:(dde_klcch__kl) is a four-component spinor ac-
Hey = > (gk + EUM)C;:UCKU, (2b) counting for the two different orderings, the real symmetric
ko matrix,
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1 pling parametergg,J;,J,), as well as through the doping
§k+§JLM -A ty 0 level, here parametrized by the chemical potentialThe
phase diagram of correlated systems close to an ordering
—A -4 +}j M 0 _t instability is usually characterized by the interplay of a
- kT olt + pressure-induced doping variation and any other “intrinsic”
H= 1 , pressure effect, here accounted for by the pressure depen-
t, 0 §k+§|\/| 0 dence of all other model parametéfsThis scenario can

qualitatively explain the pressure dependenceTpin the
high-T, cuprates? in particular, also when an anisotropic
0 -t 0 — 4t EM doping redistribution takes place among inequivalent layers
due to an applied pressu€This scenario has been recently
(6) related to the proximity of an electronic topological transi-
) ) ) - tion, where a pressure- or strain-induced change of the topol-
has been introduced. It is worth noting thet may be gy of the Fermi surface takes place either because of a
thought of as being composed of fout<2 blocks, each change of the electronic structutat constant doping or
diagonal block pertaining to the SC and FM subsystemspecause of a doping variatidat fixed or rigid band struc-
respectively. Competition between SC and FM is providedure, as is usually assumed
not only by the off-diagonal blocks, which only contain the  An estimate of the pressure dependence of the band pa-
interlayer hopping ternt,, of kinetic origin, but also by the rameters could, in principle, be achieved through experi-
magnetization-induced splitting of the SC subband, inducednents or by extensivab initio calculations’® However, due
by the interlayer exchange couplidg. Inversely, the pres- to the limited number of experimental results on ruthenocu-
ence of superconducting correlations in the Gu&yers(A prates in hydrostatic pressure, in the following we will dis-
# 0) does not explicitly enter the, 2) FM block, if not, e.g.,  cuss a simplified scheme allowing us to describe the pressure
through the common chemical potential, to be self- variation of the relevant model parameters.
consistently determined as a function of the total number of We will be mainly concerned with the pressure depen-
electrons. dence of the band parameters and of the exchange integrals.
Equtation(5) can be diagonalized by means of standardAlthough a pressure dependence of the superconducting cou-
techniques in terms of the four real eigenvaluBg, pling parameteq is also to be expected on general grounds,
(a=1,...,4 of the band matrix, Eq(6). The SC and FM its actual functional form would depend on the microscopic

order parametersA and M, can then be derived self- mechanism of superconductivy?® which is currently a

consistently from Eqs(3) as’? matter of debate for the ruthenocuprates. In view of the re-
duced pressure effect dn, as compared td,,, we will then
_ 9 ¥ ke BExa neglect altogether the pressure dependencg although, as
A= > tan , (79 . : .
4N o, A 2 mentioned in the Introduction, the enhancement of the mag-
netic phase with increasing pressure could justify a reduction
of dT./dP.
J JE E c
M=—L > —ka tan%(—’g '“’), (7b)
2N, M 2 A. Band parameters

The relevance of the tight-binding approximation for
modeling the band structure of the Cu@nd the RuQlayers
in both cuprate and ruthenate compounds has been reviewed
by Mishonov and Pené¥. A pressure-induced variation of
the band parameters entering Ed), namely the nearest-
) ) N neighbor (NN) and next-nearest-neighbdNNN) hopping
etersA, M, via the secular equation det-E,,1)=0, and  5mpjitudest andt’, respectively, and of the interlayer hop-
their derivatives can be calculated by means of the ImplICITping amplitude t,, entering Eq.(5), can be approximately
function theorem(Dini's theorem). By direct inspection of  accounted for within the extended Hiickel thediyn this
the secular equation, it can be shown that the eigenvaluggntext, such parameters can be roughly approximated by the
Ey, are even functions o, while there always exist paired gyerlap integrals between the appropriate orbitals, which are
branchesa,a such thatgy,(—-M)=-EZM). The critical pe Cu-3l,2.,> and the O-P,,, for tSC the Ru-4l, and the
temperaturest, and T,, for the onset of SC and FM are 0-2p,, for t*™: the ql)_zp’x and Q(2)-2p,, for t' in both
defined as the largest te_mperatures for which Eés. and Iayeré; and the Ruds,2_,» and O-2,, for t . These are two-
(7b) have nonzero solutiona and M, respectively. They  center integrals, which have been evaluated analytically in
have been obtained by simultaneously solving E@5s.lin-  torms of the distancéand relative orientationof the two
earized with respect to the appropriate order parameter.  oital centers. At large intersite distances, the approximate

IIl. PRESSURE DEPENDENCE OF THE behavior employed e.g., in Ref. 28 is recovered.
MODEL PARAMETERS

at a fixed number of electrond and inverse temperature
B=1/ksT. Numerical analysis of Eqg7) showsg! that the
two-band model allows for the coexistence of SC and FM
over a reasonable range of parameters. In E@s. the
eigenenergieg, , are implicit functions of the order param-

B. Exchange integrals

In Egs. (7) for the order parameters, pressuPeenters In order to calculate the dependence on hydrostatic pres-
through the bandt, t’ in each layers, antl, ) and the cou- sure of the exchange interaction in the Ruyflanes,J;, and
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the interlayer exchange couplidg, we follow the approach ) JR

of Munro® using the same approximation scheme and gen- Ve~r_~p_. (12
eralize it to the case of Rued, and Cu-8i,2_y2 orbitals. In P

this appl’oaCh the quantlt}’_l(dJ/dP) is determined within WherepC:ZC/Zao’ c is the distance between the ions mbd
the theory of solids under hydrostatic pressure in which thgs the Bohr radius.

application of pressure is represented in terms of the crystal |n our specific case, to evaluale we must consider the
compressibility and two other parameters associated with thgy 4d,, orbitals, whose radial function, assuming a hydro-
electronic screeningA) and the wave-function distortion genoidlike wave function, is

(Q).2° To a certain extent, therefore, these two parameters

take into account for the many-body effects in an “equivalent 1 2N,
pressure-free” model system. Raalr) = 24\,“‘1*09 2a80) © 7P (6-09p), (19
The generic exchange integral at zero pressure is defined
by wherep=Zr/2a,. One thus finds
. . € 1 Ry 17 dQ
J= | BridPr, g (r) (r)—ai(r)éi(ry), 8 ——":—(——2 P__ )— 14
f 102 4 (r) g ( 2)r12¢|( 2 i(ry) (8) Ru P 20 %6-0p s (14)

wherer,=[r1—r,|, and ;(r)=y¢(r —r;) and ¢;(r)=¢(r -r;) In this expression, one makes use of the approximation
are the appropriate hydrogenoid orbitals on atdnasd j,  p={(p?)aa/{(p)q instead of the approximatiop=(p),q to re-
respectively. We seek for the pressure dependence of the ebain a better numerical accuracy. Using Ed2), we also
pression(8) which is to be approximately determined as ahave

function of A, Q) and the compressibilitg. To this aim, one

first postulates a scaling of the charge-related coupling con- . Pe 1 Pe

stants which can be written in the forne8— A(P)e? and Ve~ <3<;>4d_ oPe _6< p(G_Qp)>4d> 4d
Z—Q(P)Z/ A(P), whereZ is the effective charge number of

. ) (15
the nuclear unit. Second, one assumes that the fractional
variation of the one-electron stagg and ¢; can be written as Settingf=g into Eqg.(11) and using the relationd 4) and
a function ofk, A, and(}, i.e. (15), we obtain the following expression for the variation of
the exchange integrd| on pressure:
1y
—— = f(k,A,Q), (99
Y P EHQEK@WC_G P\ g _Pe )
JydP 3 P/ ad p(6=p)/ ag
dA (p?) p dQ
19 _ +—+2<7——4"—2 L )= (19
boP gl A, 0). (9b) dP (P)ad 6-p/ 44/ dP

where we have expanded up to the lowest contributiof in
in the coefficients. This expression is equivalent to Ed))
of Munrc?® for the 3 orbitals.

Using the fact that

(1frp)t d@rra) _ }K, (10) In the evaluation of], we must evaluate the exchange
dpP 3 integral between the Cud®_» orbital () and the Ru d,,
orbital (¢). The radial function for the &z_,» orbital is
we can write
1 712] Z 32 Qpl2 2
= 2z,
1d) 1 dA 3d ]
T = S 2f(k, A, Q) + 29(k, AL Q) + —— 930 \2
Jap = 3 (r, A, Q) +29(k, A, Q) 9P
1 &2 so that we derive
———fd3rl ¢*(r1)fd3r2 lro) — )
3J 12 i&_l<1__<p >3d>@ (18)
X[V (ra=r)+r;Veri-rpl. (11 Ry P 2\Q  (p)3q/ dP’

where we have taken;=0 and the last term comes from Making use of(12) and(17), we obtain

an expansion around;=0. In evaluatinﬁgg(ll), we make 5 L

use of the following approximatiorss. First, it is _ Pc 1

assumed that the major contribution to the wave-function Ve~ (2< p >3d_ 2PCQ>R3“' (19
distortion comes from its radial parfk(r) say, so that

Wt oyl IP=R 1 9R/9P. Second, from the same assumptionwhere p.=Z¢/2a,, and € is the distance between the
it follows that Ru-Cu ions, this time. The functiorfsandg are now
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TABLE |. Average values entering Eq16) and Eq.(21), as 1T, 1 1 14
anqutlcally_evaluated by means of E@.3) and Eq.(17) for the T P Ry 13, P’
radial functions.

(22)

which explicitly depends on filling through. This has to be

(p)ag=10.5 (p)aa=7 contrasted with the relatidh
(p*44=125.8 (p%)34=56
1 dT, 1dJ
(1/p)4y=0.125 (1/p)sy=0.166 ——r--- (23)

TndP ~ J,dP’

holding within the Heisenberg model of ferromagnetism at
the mean-field level. Making use of the latter, albeit filling-

(p/6=p)sg=-1.75
(1/6-p)4q=-0.125

<1/p(6-p) >4d=0 independent, expression and of Etg), we can estimate the
compressibility ask=3.4X 1073 GPa?, which is a reason-
able value, if compared to the values known for other cuprate
=1 ( T 5 _p _ <P2>4d> aQ materials with a perovskite structute3? Inserting this value
2\ 0 6-0p/asg (P)ag/dP’ back in Eqs(16) and(21), we obtain the dependence of the
exchange integrals on pressure. Comparing the relative pres-
17 (pPay\dQ sure coefficients, we also obtaidIn J,/dP)/(dInJ, /dP)
= —(— - )— (20) ~0.77, indicating thatl, increases faster with pressure as
2\ (p)sa/ dP compared taJ;. We would like to stress that the relation of
Using Egs.(19) and (20) in Eq. (11), we obtain the fol- Tm With the relevant model parameters could be different if
lowing variation ofJ, with pressure to the lowest order in approximations beyond the MF level are taken into account.

QO: Neverthless, ac susceptibility and resistivity measurements
on ruthenocuprat@s® fairly well agree with the MF picture,
1dJ 1 14%. -4 E . dA thus indicating that a MF desription is adequate to describe
J dp 3" \"TPe p /s dP ferromagnetism in the RuQplanes.
2 2
+(7- (p7)ag _ {p7)sa —a P @_ 21 IV. NUMERICAL RESULTS
(21)
(Plad {P)ad 6-p/ 40/ dP

] o In Fig. 1 we show our numerical results for both the su-

As a first step, we assume that the contributions fromyerconducting critical temperatures,, and the ferromag-
dQ/dP anddA/dPin Egs.(16) and(21) are small compared netic critical temperatureT,, as a function of the chemical
to the one from the compressibility, and neglect them aho‘potential,u, for 11 values of pressu@=0-2 GPa. Figure 2
gether. In so doing, the quantities to determine in order tGhows the shapes of the Fermi surface relative to the,RuO
have the full dependence of the exchange integrals on pregsyer, M=, corresponding to the chemical potentjal
sure, are the compressibility, pc, pc, and all the average \yhich maximizesT,, at a given pressure. One immediately
values that appear in Eq€l6) and (21). concludes that, within the present approximation, pressure
~In determining p, we need to know the Ru-Ru nhag g negligible effect on the optimal filling fdt,.
ions distance c/a;,. The crystal structure analysis of At zero pressure, we takeé=0.3 eV andt'/t=0.45
Ru-1212° gives for the distance between Ru ions in the RuGsgr poth the SC and the FM ban#s533andt, =0.08. The
layer and the apical oxygen of Ry@ctahedra the value ygjyes of the coupling parameters at zero pressure have been
d(Ru-0,;)=1.912 A. We can then determine the Ru-RuUchosen so to reproduce the observed optimal valugs afid
distance in the layer as=4d(Ru—-Q,)tan(m/6)=4.415 A, Tn at P=0. Specifically, we takeg=0.042 eV, J,=1.4,
or c/a,=7.56144. Consequently, we obtajm=15.123. J =0.1.
From the crystal structure analysis we also know the distance At zero pressure, we find three separate regions of coex-
between Ru and Cu ionsiRu—Cu)=4.102 A and so we jstence of superconductivity and ferromagnetism, Vifith
obtainp,=15.508. All the average values that appear in Eqsdisplaying three pronounced “domes” as a function of
(16) and(21) have been evaluated analytically by the use ofchemical potentiajs. This is mainly a consequence of the
the radial functions, Eq§13) and(17), and their values are Stoner criterion, which in the simplest version, i.e., neglect-
reported in Table I. ing interlayer exchange and in the absence of competing SC

Finally, we need the compressibility To our knowledge, order, reads agp>1, so that ferromagnetism is enhanced
no experiment has been yet performed to determine where the DOS is largest, i.e. close to Van Hove singularities
We can estimate this quantity based on the pressurer electronic topological transitiorf8 As pressure increases,
dependence ofT,, known from experiment$!® viz., the band widens and the DOS peaks lo#erowever, the
dT,,/dP=6.7 K/GPa. Within Stoner’s model of ferromag- exchange couplingd, andJ, are expected to increase, as a
netism, one has ksT,=7{6(a-1)/aR]*2, where result of a larger overlap of the orbitals in E8), so that the
R=(p'/p)?>=p"lp, p=p(w) is the density of stateDOS) at  Stoner criterion is satisfied over larger filling ranges. As a
the chemical potentigk, andae=J;p, > 1 being the Stoner consequence, separate regions of coexistence of SC and FM
criterion for ferromagnetisi? Neglecting the pressure de- are expected to merge, as shown in Fig. 1. As is also shown
pendence of the DOS, one roughly finds in Fig. 1, the ferromagnetic transition temperature is found to
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180 1 T 1 T 1 1 1
T—
160 - .
140 - .
120 1 P ] FIG. 1. Superconducting
critical temperaturd.. (solid lines,
X100 - o5 . and inset and ferromagnetic
N -0.58 -0.57 -0.56 -0.55 -0.54 -0.53 -0.52 critical temperatureT,, (dashed
o 8o 4 lines), as a function of chemical
potentialu, for different pressures
60 - | P=0-2GPa. Lower curves corre-
spond to lower pressures, as indi-
cated by the arrow.
40 -
20 - .
0 1
-0.66 -0.64 -0.62 0.6 -0.58 -0.56 -0.54 -0.52 -0.5 -0.48
nlev]

increase with pressure at a rather large rate, in good qualitgrates. Quantitatively, this approximation should not affect
tive agreement with experiments. Its values go fromour results much, in view of the small pressure effectign
130 K to 160 K in the pressure ran§e=0—2 GPa. Thus the as compared td@,, However, we have numerically studied
ferromagnetic state appears to be strongly stabilized undehe competition of SC and FM, both at zero pressure and for
pressure which should have some consequences for the dunereasingP, by tentatively assuming a small linear depen-
perconducting state. dence ofg on pressure. Indeed, the effect of a competing FM
As mentioned in Sec. lll, up to now we have neglectedphase atP=0 does decreasg, compared to thg,=J, =0
any explicit pressure effect on the SC coupling paramgter case, as already observed by Cuet@l!! This tendency is
This is motivated by a lack of either theoretical or phenom-also confirmed at nonzero pressure.
enological input for the microscopic mechanism of supercon- Since we neglected any explicit dependence of the SC
ductivity in the ruthenocuprates, which is expected to be oftoupling constang on pressure, the albeit small increase of
an unconventional nature, as is possible for the Aiglau- T, shown in the inset of Fig. 1 must be mainly attributed to
the pressure-induced changes of the kinetic terms in the SC
and SC+FM Hamiltonians, Eqé2a) and(2c), i.e., changes
in the band structure. Although the fine details of the varia-
tions of T, and T,, are related to each other in an inherently
nonlinear way through Eq$7), one expects that a pressure-
induced enhancement of the hopping parametdrs andt |
results in a shift towards the band bottom of the Van Hove
singularity pertaining to the SC subband, accompanied by a
steepening of the DOS, which is indeed recovered in the
tendency of the maxima in th€&, curves to move towards
lower chemical potentials with increasing pressifey. 1,
insed.

3_| T T T T PI0 T]

V. CONCLUSIONS

We have considered the two-band model for the coexist-
ence of superconductivity and ferromagnetism in the ru-
thenocuprates. We have self-consistently solved the equa-
tions for the SQrespectively, FM critical temperature in the
presence of FMrespectively, SCorder, both as a function
of filling (here parametrized by the chemical potenjial
and as a function of pressure. We find separate filling ranges

FIG. 2. Fermi lines of the RuPlayers corresponding to the
maximumT,, in Fig. 1, for P=0 andP=2 GPa.

where the coexistence of SC and FM is allowed, merging
into larger ranges, as the Stoner criterion gets more effective
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with increasing pressure. The ferromagnetic transition temedependence of the interlayer correlations. A more detailed
perature is found to increase with pressure at a rate distinctlgtudy of the pressure dependence of the critical temperatures
larger than that of the superconducting temperature, in goodiould require more reliable estimates of the compressibility
qualitative agreement with recent experiments in the ruand of the pressure dependence of the charge filling, which
thenocuprates. Due to the competition between supercondugwait more experimental work.

tivity and ferromagnetism, the stronger enhancement of the

magnetic phase results in a suppression of the pressure effect
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