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d-band metal Y,Co; revisited: Evidence for local coexistence of superconductivity and itinerant
ferromagnetism
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The heat capacity, magnetic, and electrical transport properties of the binary intermetallic compound
YyCo; are re-investigated through careful low-temperature measurements performed on one and the same
high-quality polycrystalline sample. Our results indicate a local coexistence of itinerant ferromagnetism and bulk
superconductivity in YqCo; below T, = 2.95 K, as opposite to a previous conviction that superconductivity
occurs in the paramagnetic phase embedded in a basically normal magnetic environment. Since the clean-limit
condition is satisfied for a pure sample of YoCo;, the question whether magnetic fluctuations contribute in the
formation of Cooper pairs in this sole d-band ferromagnetic superconductor remains open.
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I. INTRODUCTION

A microscopic coexistence of superconductivity (SC)
and magnetism is a long-standing but invariably fascinating
issue in condensed matter physics. Whereas conventional
superconductivity is generally incompatible with magnetism,
there is compelling evidence for superconductivity driven by
antiferromagnetic fluctuations in various strongly correlated
electron systems. A prominent example is the prototypical
heavy-fermion compound CeCu,Si, [1]. Its low-temperature
physical properties, being determined by partially filled Ce-4f
orbitals, are extremely sensitive to minor variations of the
chemical composition. Within the narrow homogeneity range
of CeCu,Siy, either antiferromagnetically ordered (slight Cu
deficit) or superconducting (tiny Cu excess) single crystals
can be prepared. Samples very close to the nominal 1:2:2
stoichiometry exhibit a ground state where SC and antifer-
romagnetism compete with each other without microscopic
coexistence [2].

Despite enormous effort in new materials design and
discovery, coexistence of superconductivity and ferromag-
netism is very rare. To date, there are only a few confirmed
ferromagnetic (FM) superconductors. ErRhsB, is the very
first system that shows a long-range FM order far below
the superconducting transition [3]. Underlying physics of two
spatially separated and mutually exclusive electron subsystems
is also realized in HoMogSg [4] and ErNi, B,C [5]. Whereas all
these materials are very interesting on their own, an exciting
possibility concerns a situation when the conduction electrons
are both ferromagnetically ordered and superconducting. An
evidence for an interplay between SC and ferromagnetism in
the same electron system was found in UGe; [6] and the related
U-5f materials [7,8]. Pressure-induced superconductivity of
UGe; occurs on the border of itinerant ferromagnetism, while
Cooper pairs in URhGe [7] and UCoGe [8] are formed deep
in the FM state at ambient conditions. Remarkable that such a
cooperative coexistence gives rise to an unconventional paring
mechanism. However, for the latest member of this family,
a possible contribution of partially filled Co-3d orbitals to a
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FM ground state with a very small ordered magnetic moment
Hord =~ 0.05 pp/f.u. remains to be unambiguously excluded,
since a strong influence of sample preparation technology and
treatment has been observed [9,10].

About the same time as the discovery of superconductivity
in the heavy-fermion compound CeCu,Si;, weak itinerant
ferromagnetism with a Curie temperature 7c ~ 4.5 K and
superconductivity below a critical temperature T, ~ 2.5 K
were observed in the d-electron system of Y¢Co; (at that
time considered as Y4Cos) [11]. However, a complexity of
the binary chemical Y-Co phase diagram and ambiguities
concerning an origin of magnetic electrons and superconduct-
ing carriers have limited interest in this exotic material [12].
While a zero resistivity below 2 K was observed in a number
of polycrystalline Y9Co; samples, traces of superconducting
anomaly were detected only in a few specific-heat experiments.
In contrast, magnetic properties appear to be weakly sample
dependent, but a very small value of ©oq ~ 0.08 ug/f.u. has
hampered progress in understanding. Nevertheless, the Curie
temperature T¢ of about 4.5 K is rather well established from,
e.g., the conventional Arrott-plot analysis of the isothermal
magnetization [13]. All those observations lead to a conclusion
that superconductivity occurs in the paramagnetic phase
embedded in a basically normal magnetic environment. For
a review of the experimental data we address the reader
to [14,15].

Yo9Coy crystallizes in the hexagonal (P63/m) HosCos34y
structure with the lattice parameters a = 11.528 A and
c=12.153 A [16—18]. The unit cell is rather complex with
two inequivalent positions for the Y atoms and three different
positions for the Co atoms. The Co atoms at the 2b site
are octahedrally coordinated by the Y(1) atoms and form
chains along the ¢ axis, whose period is strongly altered by a
substantial deficiency in the Co(2b) occupancy. The Co atoms
at the 2d and 2 sites are prismatically coordinated by the Y(2)
atoms. Recently performed first-principles calculations have
confirmed previous suggestions that weak ferromagnetism
arises only from the Co(2b) atoms, while remaining Co and Y
atoms act as a diamagnetic environment [15].

Here we present results of the extensive investiga-
tions of Y9Co7 via electrical resistivity, dc magnetization,
ac susceptibility, and specific heat measurements in zero and

©2015 American Physical Society


http://dx.doi.org/10.1103/PhysRevB.91.235314

BOCHENEK, ROGACKI, KOLODZIEJICZYK, AND CICHOREK

applied magnetic fields down to the milli-Kelvin temperature
range. All the data were obtained for the same sample with
the highest critical temperature T, = 2.95(5) K ever reported.
Our results indicate that superconductivity is a bulk property
of Y9Co7 and, more importantly, SC coexists with FM order
in a sample satisfying the clean-limit condition.

II. EXPERIMENT

YyCo; was prepared by arc melting of high-purity yt-
trium from the Ames Research Laboratory together with SN
Johnson-Matthey cobalt in a high-purity argon atmosphere.
The as-cast ingot, placed in an evacuated quartz ampoule,
was annealed at 850 K for two weeks and subsequently
at 750 K for six weeks. After this heat treatment, powder
x-ray diffraction measurements indicated a minor amount
(<2 vol. %) of impurity phases. The polycrystalline specimen
with dimensions 2.64 mm x 0.41 mm x 0.36 mm and a total
mass of 2.12 mg was cut off from the interior of the ingot by
a wire saw, and finally irregular surfaces were polished.

For the reasons mentioned above, it is of crucial importance
to measure physical properties of YoCo; on one and the same
sample: the magnetization M, both as a function of temperature
and magnetic field, was measured using a Quantum Design
superconducting quantum interference device magnetome-
ter (MPMS). The temperature-dependent ac susceptibility
Xac(T) was determined in the drive field B,. = 100 uT
utilizing a Quantum Design physical property measurement
system (PPMS). Supplementary y,.(7) measurements down to
0.15 K were performed with B,. = 20 uT utilizinga *He - “He
dilution refrigerator. The specific heat C(T) was determined
with the aid of the thermal-relaxation method utilizing a
commercial *He microcalorimeter (PPMS). After completing
magnetic and specific-heat experiments [19], the electrical
resistivity p(7) was monitored by a standard four-point
ac technique in zero and applied magnetic fields up to 14 T at
temperatures as low as 0.07 K. Zero-field p(7T') measurements
above 20 K were performed in a *He cryostat. Electrical
contacts were made by spot welding 25 um gold wires to
the sample.

III. RESULTS AND DISCUSSION

In Fig. 1 we present the magnetic properties of YoCo7.
The main panel shows the temperature dependence of the
magnetization measured in B = 3 mT after zero field cooling.
Below 8 K, M(T) increases by more than one order of
magnitude and thus signals a ferromagnetic transition. At the
temperature where superconductivity emerges (~3 K), a FM
order is not yet completed and hence a crude estimation of
an ordered moment yields woq & 0.06(1) ug/f.u. Ferromag-
netism is further corroborated by a hysteresis loop in M(B) at
2 K (see the lower inset of Fig. 1). In the superconducting state,
a diamagnetic signal is superimposed on a FM signal giving
rise to an unusual M (B) dependence of the first magnetization
curve (open symbols). Apparently, a virgin curve beyond the
hysteresis loop reflects anomalous vortex dynamics in the FM
superconductor YoCo7, but it is beyond the scope of this paper.
Finally, the FM transition shows up as a broad anomaly in the
real part of the ac susceptibility x,. around the liquid helium
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FIG. 1. (Color online) Low-temperature magnetization of YoCo;
measured in B = 3 mT (obtained after completing the resistivity
measurements). Below 7'~ 8 K, an increase of M(T) indicates a
ferromagnetic order. For T < 2.5 K, a rapid drop due to supercon-
ductivity emerges. Bottom inset: FM hysteresis loop in M(B) at 2 K
with superimposed diamagnetic signal due to superconductivity. Top
inset: ac susceptibility vs temperature measured in B,. = 20 and
100 uT down to 7 = 0.15 and 1.8 K, respectively.

temperature. Below 3 K, Y9Co; becomes superconducting as
seen by a large diamagnetic signal in x,.. We also note that
the in-phase component saturates upon cooling below 1 K,
thus suggesting the complete superconducting transition in
our sample.

The low-temperature dependence of the electrical resistivity
p(T) of YoCoy is illustrated in Fig. 2. Below 8 K, the
resistivity quasilinearly decreases down to the emergence of
superconductivity. There is no obvious anomaly in o(7) due
to ferromagnetism. Note that an anomaly around 7 was
detected in none of the earlier studies. A residual resistivity
po = 6.9(4) uQcm, estimated from a zero-field T3/ de-
pendence (see below), is very close to 6.6 ©S2cm formerly
reported for the high-purity sample [20]. As shown in the inset
of Fig. 2, an overall p(T) behavior with a room temperature
value of p3pog = 178(11) n2 cm is similar to those reported
in the literature. As a result, we obtained a residual resistivity
ratio RRR = p3p0x/p0 = 26, the large value of which reflects
the high quality of our sample. This is further evident in
such superconducting parameters as the highest value of
T, =2.95(5) K reported to date and a resistive on-
set temperature of 3.75(5) K. Also, a resistive transition
AT /T = 0.15(3) is sharper compared to the previous
reports for Y9Co; [11,21]. Nonzero value of the resistiv-
ity, observed down to 7 = 0.07 K, is an artifact due to
a spot-welding technique necessarily used to produce the
low-resistance electrical contacts. This adverse observation
reflects complex metallurgical properties of a binary Y-Co
phase diagram. Most likely, spot welding locally produced a
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FIG. 2. (Color online) Electrical resistivity of a polycrystalline
YyCoy sample in the vicinity of the superconducting transition. The
superconducting critical temperature Ty, = 2.95 K, marked by the
dashed line, was determined from a midpoint of the resistivity drop
adopting the 10%-90% criterion. Inset: Electrical resistivity in the
whole temperature range.

nonmagnetic and nonsuperconducting impurity phase such as,
e.g., YgCos [22,23].

According to the self-consistent renormalization the-
ory [24], the resistivity of an itinerant ferromagnet should
follow a T" power law, with n = 2 and 5/3 in the temperature
range below and above T, respectively. Such a resistivity de-
pendence is seen in various itinerant ferromagnetic metals. In
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particular, this holds true for the superconducting ferromagnet
UCoGe with the Curie temperature of 3 K. For this material,
it is believed that the same 5 f-electron system is responsible
for a coexistence of weak ferromagnetism and unconventional
SC below Ty = 0.6 K. Most likely, a very small ordered
moment foq & 0.05 up is on the U atoms forming the
zigzag structure [25], though an impact of partially filled
Co-3d orbitals is not yet satisfactory explained [26]. Quite
different behavior of the paramagnetic-state p(7') data is seen
for the weak 4 f-derived metallic ferromagnet YbNiyP, with
Tc = 0.15 K. In the temperature window 0.15 < 7 < 1 K|
the resistivity of this heavy-fermion compound is quasi-T
linear [27]. Such an unusual behavior suggests strong FM
quantum critical fluctuations. In the presence of a Kondo
screening, the magnetic Yb®' ions form chains with the
ordered moment of about 0.05 ug.

We now turn to an influence of a magnetic field on
the normal-state electrical resistivity of Yo9Coy. This study,
missing in previous experiments, provides important in-
formation on magnetic fluctuations in this d-band metal.
Figure 3(a) presents the resistivity data of Y9Co; measured
below 20 K in varying magnetic fields aligned with the
electrical current [28]. In zero field, p(T) = py + ¢T3/ with
¢ =101(1) uS2ecmK /2 is observed down to the onset of
superconductivity [cf. the inset of Fig. 3(a)]. The tempera-
ture exponent n = 3/2 is slightly lower than 5/3 typically
caused by electron scattering off critical ferromagnetic spin
fluctuations [24]. The lower n = 3/2 value apparently reflects
a low dimensionality of the ferromagnetic Co(2b) substruc-
ture. A slope of the T3/ dependence only weakly depends
on an applied magnetic field and approaches a value of
106(1) u2ecmK=%2 at B =1 T. (We note that in this field
a small fraction of our Y9Co; sample still displays surface
superconductivity below about 1 K.) At larger fields, the
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FIG. 3. (Color online) (a) Low-temperature resistivity of YoCo; on a 732 scale in varying magnetic fields aligned with the electrical
current. For clarity, the different p(T") curves in finite fields were shifted upwards subsequently by 2 €2 cm. The dashed lines emphasize a
T3/2 power law observed down to 8.8 and 11.7 K at B = 2 and 3 T, respectively. Inset: Zero-field p(T) vs T3/ below 12 K. (b) Resistivity

versus T2 in fields of 2 and 3 T.
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FIG. 4. (Color online) Longitudinal magnetoresistance Ap/p(0)
for polycrystalline YoCo; as a function of magnetic field B up to
14TatT = 4.2, 10, and 20 K. Inset: Magnetoresistance obtained at
T = 0.5 K. Here p(0) corresponds to a zero-field intercept of the
linear MR.

coefficient ¢ remains unchanged but the 73?2 behavior has
been narrowed down, as marked by arrows. At lower tempera-
tures, least-square fits reveal a proper p(T) o aT? behavior
with the magnetic-field-dependent coefficient a = 0.024(1)
and 0.021(1) uQ2ecmK~2 for B =2 and 3 T, respectively
[cf. Fig. 3(b)]. Certainly the unusual low-7" dependence of the
electrical resistivity and its anomalous response to an external
field give evidence of magnetism in YoCo; that we relate to
FM fluctuations within the Co(2b) chains.

The magnetoresistance (MR) data for polycrystalline
Yy9Co; are shown in Fig. 4 as Ap/p(0) vs B, where
Ap = p(B) — p(0). The measurements were performed in
the temperature window 0.5 < 7 < 20 K, where substantial
spin fluctuations were observed in the p(T) dependencies at
B = const. An interesting feature is a linear magnetoresistance
in classically strong magnetic fields, i.e., when a gyroradius
of conduction electrons becomes smaller than their mean free
path. At0.5 K, the MR as large as 260% was foundin B = 14T
(cf. the inset in Fig. 4). With increasing temperature up to
20 K, a slope of Ap/p(0) decreases by a factor of nearly 4.
Such a positive, nonsaturating, and dominantly linear-in-B
magnetoresistance is frequently observed in samples being
composed of a chemically homogeneous mixture of irregular
crystallites of a metal with open Fermi surface [29]. Although
a Fermi surface of the d-band metal Y9Co; has not yet been
determined, one can safely assume its open character owing
to a number of various open orbits of the Fermi surfaces of
elemental 3d yttrium and 4d cobalt [30,31]. As a result of
these points, a linear response of the resistivity to an applied
magnetic field indicates a good chemical homogeneity of the
sample investigated.
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FIG. 5. (Color online) Temperature dependent upper critical field
B (T) of YoCo5 as obtained from the resistivity measurements. The
upper critical field B., was determined by the midpoints of the
resistivity drop adopting the 10%—90% criterion in fixed magnetic
fields. The dashed line represents the initial slope (—d B.,/dT)r,, =
0.37 T/K. Inset: Typical p(T') dependencies used to determine B.,(T').

Figure 5 displays the temperature dependent upper critical
field B (T) of Y9Co; as determined from the electrical
resistivity measured at B < 0.6 T. Details of the po(T,B)
dependence in the vicinity of the superconducting transition
is shown in the inset of Fig. 5. The slope of the upper
critical field (—dBe2/dT)r, = 0.37(3) T/K is very close to
the value recently deduced from the magnetization data for
another Yo9Co; specimen from the same ingot [32]. Thus,
the resistivity results obtained in small magnetic fields lead
to essentially the same estimation for the coherence length
& ~ 240 A and the electron mean free path [ ~ 2220 A.
Consequently, we came to the conclusion that with increasing
chemical purity and reduction of structural disorder the d-band
ferromagnetic superconductor YoCo7 can be tuned to the clean
limit. (Some other superconducting parameters, evaluated
via the isotropic Ginzburg-Landau-Abrikosov-Gor’kov theory
and the Werthamer-Helfand-Hohenberg model, are listed in
Ref. [32].)

The specific heat C(T) of YoCo7 was investigated on the
specimen that satisfies the [ > £ condition. Although its total
heat capacity is very small [e.g., 0.94(1) uJ K~ at the liquid
helium temperature], we were able to precisely determine the
low-temperature C(T") dependence of Y¢Co; utilizing a mod-
ern thermal-relaxation microcalorimeter. Figure 6(a) shows
our specific-heat data as C/T vs T2, obtained between 0.4
and 12.5 K. Assuming that the specific heat above 7 K follows
a simple yT + BT* dependence (where y is the Sommerfeld
coefficient and B is proportional to the Debye temperature
Op), a least-squares fit reveals y = 62(1) mJ K~>mol~! and
Op = 228(2) K[B =2.623(5) mJK*mol~']. While our
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FIG. 6. (Color online) Solid evidence for the bulk interplay be-
tween ferromagnetism and superconductivity in YoCos;: (a) Specific
heat divided by temperature C/T versus T? in zero magnetic field.
(b) Comparison of the zero field and B =9 T specific heat shown
as C/T versus T. The solid line gives a usual C = yT + BT?
dependence. (c) Electronic and magnetic contributions to specific heat
of Y9Co7,as AC/T versus T. The gray points indicate the electronic
specific heat obtained after subtraction of the FM contribution
whose temperature dependence below 3 K was approximated by
the idealized FM (dashed-dotted line) transition with a step size at
4.9 K. The dashed line gives an idealized superconducting transition
using an equal entropy construction with a residual y, value of
56 mI K >mol~".

estimation of the lattice contribution is in satisfactory agree-
ment with the previous results [21,33,34], there are some
differences in a linear term in the electronic specific heat.
A variation of y by a factor of 2, i.e., between 24 and
54 mJ K2 mol ™! [21,33,34], should be ascribed to difficulties
inherent to old experimental techniques and ambiguities
concerning the true chemical composition (Y4Cos vs YqCo7).

To gain more insight into the specific-heat data in the
vicinity of the ferromagnetic and superconducting transitions,
the C/T results are shown in Fig. 6(b) on a linear T scale. At
about 7 K, the specific heat starts to deviate from the y T + BT
dependence (marked by solid line) due to a presence of
the magnetic contribution. The FM transition shows up as
a small and broad feature down to about 3.5 K. Upon further
cooling, a clear superconducting anomaly emerges. At the
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milli-Kelvin temperatures, the specific heat is smaller than
values expected for nonsuperconducting and paramagnetic
YoCos;. We emphasize that such a clear thermodynamic
signature of superconductivity was observed in none of earlier
experiments on YyCo7 [21,33].

Additionally displayed in Fig. 6(b), as a dashed line, are
the 9 T data that essentially follow the zero-field results above
3.5 K. This finding suggests a weak influence of external
magnetic fields B < 9 T on ferromagnetism in Y9Co7. Such
like observation, though made at a smaller field of 5 T,
was previously reported for the sample with a hardly visible
anomaly at Ty, [34]. We also note that upon cooling below
about 1.2 Kin B =9 T, an upturn in C/ T due to the nuclear
Schottky contribution C, develops whose origin is mainly
caused by Co nuclei (nuclear spin I =7/2 for °Co with
the natural abundance of 100%). While more experimental
input is needed to separate the nuclear term from the total heat
capacity, we anticipate a substantial contribution of C,,(T') also
in the absence of an external field. This is because of both the
strong intrasite hyperfine coupling between the nucleus and
3d electrons on the same Co(2b) ion and the nuclear electric
quadrupole moment of the >’Co isotope, the only component
in YoCo7 that possesses a nuclear spin larger than 1/2.

A semiqualitative analysis of the low-T specific heat for
YyCo7 is shown in Fig. 6(c). Here AC denotes C — Ciyy,
where Cie = ,3T3. In this plot, both anomalies at 7¢c ~ 4.9 K
and Ty, ~ 2.8 K are clearly visible, thought the FM transition
is broad. The relative change (AC/T¢)/(C/Tc) assuming an
ideal transition [see dashed-dotted line in Fig. 6(c)] is only
26% and the magnetic entropy associated with the transition
is small (0.45% of RIn2). We emphasize that quite similar
estimations (25% and 0.3%, respectively) were made at an
early period of research on UCoGe, the system where the
interplay between ferromagnetism and SC occurs at ambient
conditions (7¢ = 3 K and Ty, >~ 0.6 K) [8,9].

A rough estimate for the step size of the superconducting
transition in the specific heat (dashed line) can be obtained
after subtraction of the idealized ferromagnetic contribution.
Using an equal entropy construction with 7y, ~ 2.8 K we
obtained AC/y T, ~ 0.2 that is 7 times smaller than the
BCS value (=1.426). Note that considerably smaller AC/y Ty
than a conventional BCS prediction was also reported for
high-quality single-crystalline samples of UGe,, URhGe, and
UCoGe [25]. It is believed that these systems are in the
superconducting mixed state even at zero applied field. This
is because the ordered moment gives rise to an internal
field considerably larger than the lower critical field. As
a consequence, a small superconducting anomaly in zero
applied field appears to be a quite natural property of FM
superconductors. For Y¢Co; with the ordered moment as small
as in UCoGe, an impact of the internal field might be even
stronger because of its relatively low upper critical field.

Another consequence of the self-induced vortex state in
U-based ferromagnetic superconductors is a large value of
the residual electronic specific heat coefficient yy = C(T)/T
measured at the lowest temperatures. For the best quality
samples, a yy/y ratio varies from 0.15 to 0.7 for UCoGe
(RRR = 165) and UGe; (RRR = 600), respectively [25].
For our Yy9Co; specimen, we found yy/y =~ 0.9 at 0.4 K
[cf. Fig. 6(c)] which could be somewhat underestimated,
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FIG. 7. (Color online) Comparison of the specific heat data for
various samples of YoCo7. The results, shown as C/T versus T, were
normalized to the corresponding value at 10 K. The superconducting
critical temperature, determined from the resistivity measurements,
amounts to Ty, & 2.5 K (open points [21]) and T, = 2.95 K (solid
points, this work).

because a C,(T) contribution likely accounts for a large
fraction of the specific heat at milli-Kelvin temperatures,
as discussed above. Lastly, we emphasize that the smaller
heat capacity in the superconducting state than in the nor-
mal state has not been observed for any other samples so
far. In other words, we have shown that the entropy is
substantially lower in the superconducting state when the
YyCo7 system is tuned to the clean limit. This observation
additionally highlights SC as a bulk property of this d-band
metal.

Our studies indicate that a local coexistence of super-
conductivity and itinerant ferromagnetism occurs in YoqCo;.
This is especially evident in the specific-heat results. Indeed,
for the sample that satisfies the clean-limit condition we
found several characteristics of a superconducting ferromagnet
exemplified in UCoGe. This inference is further corroborated
by an examination of the literature. In Fig. 7 we compare
our C/T data with the results by Cheng et al. for the
Y 4Coj3 (nominal composition) sample whose Ty, &~ 2.5 K was
evidenced by the resistivity measurements [21]. These are
the most complete specific heat data among a few others
reported for Y9Co7/Y4Coj3 to date. Having regard to different
notations, both sets of the C/T results were normalized to
the corresponding value at 10 K. Down to about 3.5 K, there
are negligible differences between our and literature data. This
holds particularly true for the anomaly due to weak itinerant
ferromagnetism. In striking contrast to similar properties of
the normal state are the C/T results below 3.5 K. In this
temperature range, our data distinctly differ from these by
Cheng et al. [21] which display a hardly visible anomaly due
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to superconductivity. Taken together, the comparison of C/T
vs T shown in Fig. 7 implies that the superconducting fraction
grows up with increasing sample quality. By essentially
unaltered FM contribution, this observation presents evidence
for a local coexistence of superconductivity and itinerant
ferromagnetism in Y¢Cos.

Unlike in the uranium-based superconducting ferromag-
nets, the different electron subsystems are responsible for SC
and ferromagnetism in Y9Co7. However, as opposite to local,
full-moment FM superconductor ErRhyB4 [3], HoMogSs [4],
and ErNi,;B,C [5], ferromagnetism in Y9Co; is mediated by
the extended orbitals that contribute to the density of states at
the Fermi level. Thus, this d-band metal provides an unique
opportunity to study a coexistence of SC and ferromagnetism
of mutually interacting electron subsystems. Early stage
finding that external pressure suppresses magnetism and
enhances superconductivity [35] may suggest a key experiment
to disclose peculiarities of YoCo7. An exciting possibility con-
cerns enhancement of superconductivity near a ferromagnetic
quantum critical (end) point in the 3d-4d electron system. Such
an observation would indicate that the interplay between weak
itinerant ferromagnetism and superconductivity is cooperative
rather than competing. It remains to be solved to what extend
physical properties of Y9Co7 depend on minor variations of
the chemical composition within a likely narrow homogeneity
range or/and are ordinary influenced by off-stoichiometric
Y/Co contaminations. Clearly studies on single-crystalline
samples of Y9Co7 are of prime importance, especially owing
to the quasi-one-dimensional character of the ferromagnetic
order.

IV. CONCLUSIONS

Transport, magnetic, and thermodynamic properties of
intermetallic compound Y¢Co; have been re-investigated
employing modern experimental techniques. All experiments
were performed on one and the same polycrystalline sample
whose high quality is evidenced by, e.g., a small residual
resistivity of 6.9 ©€2 cm and a correspondingly large residual
resistivity ratio of 26.

Magnetization measurements underline itinerant ferro-
magnetism with a small ordered moment of ~0.06 ug/f.u.
as an intrinsic property of Y¢Co;. For this d-band metal,
superconductivity at T, = 2.95 K is suggested by both a large
diamagnetic signal in the ac susceptibility and a sharp drop
of the electrical resistivity. The specific heat provides solid
evidence for the bulk interplay between superconductivity
and weak itinerant ferromagnetism in the YoCo7 sample that
satisfies the clean-limit condition.

The results on Y¢Coy reported here together with an
examination of the literature data imply the coexistence
superconductivity with weak itinerant ferromagnetism on
a microscopic scale, opposite to previous beliefs that a
small fraction of the superconducting state occurs in the
paramagnetic phase embedded in a predominantly normal
magnetic medium. Since Y¢Coy displays both SC and FM
order at ambient conditions, this d-band metal offers a rare
opportunity to study the condensation of Cooper pairs in the
presence of a molecular field.
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