Point Contact Spectroscopy Study of ZrZn
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Abstract. We have performed point contact spectroscopy on spark-cut single crystals of ferromagneticin@g normal-

metal tips in a dilution refrigerator down to 100mK. The differential conductance spectra show low-energy peak structures
which evolve systematically with temperature below 1.1 K. We associate these state-conserving peak spectra with the surface
superconductivity recently observed in ZeZimplications of our data on the electron pairing in Zgzare discussed.
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Superconductivity and ferromagnetism tend to be

competing types of order. The intermetallic ferromag- @ Au on Zan2

netic compound ZrZn has recently been shown to & 613u ——0.10K

display surface superconductivity under some circum- 8 % —0.17K

stances [1, 2] in the ferromagnetic state, suggesting thei S gLo LRI TX —036K

possible coexistence and complex interplay [3, 4]. A T 413 — 054K

proposed scenario for this coexistence involves spin- 6 [3°% s 15 /\ 0.73K

mediated electron pairing, which could produce a spin- © Temperature (K) —— 084K

triplet, odd-parity superconducting order parameter (OP. '3 N — 096K

with nodes irk-space [5]. N 21 — 110K
Experimentally, the presence of OP nodes can be de ©

tected by tunneling spectroscopy, in the form of zero- §

bias conductance peaks, which are a manifestation c ‘23 0 0.46 Q .

surface states due to Andreev interference resulting fron 06 04 02 00 02 04 06
the sign change about nodes in the OP [6, 7]. This An- .

dreev phenomenology has been used to reveal OP nod. _ Bias Voltage (mV)
in several unconventional superconductors, ranging from

FIGURE 1. Normalized conductances. voltage as a func-
53?20%07*5 [8, 9] to SpRuG, [10, 11] and CeCol tion of temperature for 8.46Q Au/ZrZn, point-contact junc-

) ] tion. Shown in the inset is thel /dV spectral area, integrated
To look for evidence of a nodal OP in ZrZ,rwe have betweernt-0.5 mV, as a function of temperature.

performed point-contact spectroscopy (PCS) on single-

crystal samples. The ZrZrcrystals were grown using a

directional-cooling technique and cut to expd4d1)-  shown in each plot are normalized relative to the highest

faces by spark-erosion [2]. These crystals show bulkemperature data. The generic similarities between the

ferromagnetic susceptibility below30K, and a resis-  two plots attest to the reproducibility of our measured

tive downturn below~0.3K [1]. The PCS measurements spectra, as well as to their independence on tip mate-

were made in a dilution refrigerator, using either Pt-Ir or rig|. At base temperature in each plot, a pronounced low-

Au tips with a pulsed-signal technique to minimize Jouleenergy peak structure is observed, flanked by symmetric

heating [12]. dip structures. With increasing temperature these spec-
Typicaldl/dV conductance spectra measured are plottra| features evolve such that the total integradécdV

ted in Figures 1 and 2. Figure 1 plots the data taken withspectral area is conserved, as shown in the inset of each

a Au tip, showing the spectral evolution with temperaturefigure. The spectral details and their evolutions varied

up to1.1K, above which the conductance becomes indesjightly between junctions and samples. In some cases,

pendent of bias voltage. Figure 2 plots the data for a Pt-lgiscernible peak-and-dip structures persisted to as high
tip, showing a similar evolution up @98K. The spectra as~1.8K.
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FIGURE 2. Normalized conductances. voltage as a func-
tion of temperature for 8.44Q Pt-Ir/ZrZn, point-contact junc-
tion. Shown in the inset is thel /dV spectral area, integrated
betweent0.5 mV, as a function of temperature.
8.

The conductance spectra we observed provide fur-
ther support for the existence of a superconducting surs.
face layer in spark-cut Zrzn although the composition

of this layer is still unknown [2]. The observed spec- 10-

tral peaks can be interpreted as a distinct signature 0{1
Andreev surface states arising from a nodal OP. First,

the spectral peaks were generally taller than twice theo.

normalized spectral background, as is expected from
the generalized Blonder-Tinkham-Klapwijk formalism
[6, 7,9, 13]. Second, the conservation in tHédV spec-
tral area is entirely consistent with the conservation of
guasiparticle states which mediate the Andreev interfer-
ence process [6]. Third, the microscopic scale of our
probe [14] largely rules out spurious scenarios based on
material inhomogeneity, especially those involving con-
ventional superconductivity with a non-nodal OP sym-
metry [4].

In conclusion, the apparent robust formation of An-
dreev surface states could be regarded as strong evidence
for local pairing correlations on the surface in ZpZift
is remarkable that these Andreev surface states seem to
persist above the apparent resistive transition [1]. This
observation suggests that in ZeZit is easier for the
electrons to pair microscopically than for them to phase-
condense macroscopically. This picture would be consis-
tent with the fragile nature of the resistive transitions re-
ported thus far [2]. More detailed studies, correlating the
spectral and transport data with the surface preparation,
are under way to elucidate this picture.
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14. Using the Sharvin formulaR = 4p¢/3m@2, with

p ~ 06 uQ-cmand? ~ 55 nmfor ZrzZn, [2], the
point-contact radius for 8.4 Q junction is estimated to
bea ~ 20 nm



