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ABSTRACT
The interplay between inversion symmetry breaking and superconducting pairing mechanisms is a long-standing puzzle of solid-state physics. 

Ternary platinum phosphide SrPt 3 
P is an excellent case study in this regard, since it shares the distorted anti-perovskite crystal structure of 

the non-centrosymmetric superconductor CePt 3 
Si but preserves the inversion symmetry center, enabling a direct comparison between the 

two compounds. Despite intense scrutiny, the superconducting pairing strength, gap symmetry, and magnitude of SrPt 3 
P remain an open 

question. Here, we study the gap structure of high-quality SrPt 3 
P single crystals with T c 

= 8.6 K by using point-contact Andreev-reflection 

spectroscopy. The spectra systematically showed symmetric conductance maxima and a zero-bias minimum, as is typical of fully gapped 

superconductors, and dips at finite voltage V dip 

due to the local transition of the contact region to the resistive state. In contacts with high 

resistance, where the dips fall sufficiently far from the gap features, the conductance curves can be well fitted with a single isotropic s-wave 

gap. The temperature dependence Δ(T) of the gap amplitude extracted from the fit is in good agreement with the one predicted by the BCS 

theory, with a zero-temperature mean value Δ(0) = 1.88 ± 0.08 meV and a mean gap ratio 2Δ/k B 
T c 
= 5.2 ± 0.2.

© 2026 Author(s). All article content, except where otherwise noted, is licensed under a Creative Commons Attribution (CC BY) license 

(https://creativecommons.org/licenses/by/4.0/). https://doi.org/10.1063/5.0354116

I. INTRODUCTION

The lack of an inversion center in the crystal structure of a 

superconducting material leads to profound consequences on the 

properties of its superconducting state. 

1–3 The discovery of the 

heavy-fermion superconductor CePt 3 
Si 

2 sparked a surge of interest 

in non-centrosymmetric superconductors, when it became appar-
ent that breaking the inversion symmetry in a superconductor 

could endow it with unconventional properties that are not per-
mitted when inversion symmetry is preserved 

3 and could poten-
tially enable the formation of superconducting pairings with a 

mixture of spin-singlet and triplet components and other exotic 

pairing states. 

3 In 2012, Takayama et al. 

1 discovered a new fam-
ily of centrosymmetric superconducting ternary platinum pnictides, 

with the chemical formula APt 3 
P with A = Sr, Ca, or La, charac-

terized by a distorted anti-perovskite crystal structure similar to 

that of the non-centrosymmetric heavy-fermion superconductor

CePt 3 
Si. 

2 This suggested that a comparison of the characteristics 

of the superconducting state of non-centrosymmetric CePt 3 
Si and 

centrosymmetric APt 3 
P could allow understanding the role of inver-

sion symmetry in the pair formation mechanism. 

3 Actually, not all 

APt 3 
P compounds display the same properties. For example, LaPt 3 

P 

has the lowest superconducting critical temperature of the family 

(T c 
= 1.1 K) and a different electronic structure with respect to the 

other two members; it has also been argued to host a chiral d-wave 

singlet superconducting ground state. 

4 The other two compounds, 

i.e., CaPt 3 
P and SrPt 3 

P, seem to display less exotic properties, but 

conflicting results in the literature still call for further investigation. 

In particular, the superconductivity of SrPt 3 
P, which displays 

the highest T c 
≃ 8.4 K, was investigated in a number of experimen-

tal works on polycrystals. Measurements of the Hall effect, heat 

capacity, magnetic field penetration depth λ(T), and temperature 

dependence of the upper critical field H c2 

1,5 gave grounds to assert 

that the electronic structure of this compound is multiband, the
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symmetry of the gap function is s-wave, and that the gap values on 

the two bands are equal (Δ 1 
= Δ 2 
). However, Refs. 1 and 5 gave 

different values of the energy gap (1.85 and 1.55 meV at low tem-
perature) and of the gap ratio (2Δ/k B 

T c 
≈ 5 and 2Δ/k B 

T c 
= 4.35, 

respectively). NMR measurements of the Knight shift and of the 

spin–lattice relaxation rate confirmed the s-wave symmetry of the 

pairing and the strong electron–phonon coupling, together with the 

absence of significant electron correlations. 

6

First-principles calculations performed by different groups 

substantially agree on the electronic band structure, on the existence 

of multiple bands crossing the Fermi level that give rise to a com-
plicated 3D Fermi surface, 

7–9 on the negligible role of spin–orbit 

coupling 

8,9 and on the existence of low-frequency phonon modes 

8,9 

that are fundamental in determining the electron–phonon cou-
pling. 

10 However, they disagree on various important points, e.g., 

the existence of a CDW instability (predicted in Ref. 8 but ruled 

out in Ref. 9) that could enhance the coupling strength, resulting 

in 2Δ/k B 
T c 
= 5, the multiband character of superconductivity (pro-

posed in Refs. 1 and 8 but denied in Ref. 9), or the pairing strength. 

In Ref. 9, a conventional s-wave pairing with no gap anisotropy was 

proposed, as well as a gap ratio 2Δ/k B 
T c 
= 4.06, perfectly compatible 

with the fit of the specific-heat transition measured in Ref. 1 within 

a single-gap Migdal–Eliashberg model. Experimental and theoret-
ical studies of Pd-doped SrPt 3 

P polycrystals 

11 highlighted that the 

mutual influence of electron correlations, electron–phonon cou-
pling, and spin–orbit coupling (SOC) can lead to an increase in the 

energy gap and non-standard pairing. 

11

More recently, high-quality and sufficiently large SrPt 3 
P single 

crystals (T c 
= 8.6 K) were grown in a high-temperature cubic anvil 

at high pressure. 

12 This gave a new impulse to experimental stud-
ies of this compound. In Ref. 13, the anisotropy of H c2 

(T), λ(T), 

and the resistivity ρ(T) were studied for the first time in single crys-
tals, yielding a pronounced dependence of λ(T) on the orientation 

of the applied magnetic field, at variance with the isotropic behavior 

displayed by both ρ(T) and H c2 
(T). The authors interpreted these 

results in terms of a non-standard pairing with point nodes in the 

order parameter of this compound.
Thus, the question about the pairing strength, the magnitude, 

and even the symmetry of the superconducting energy gap in SrPt 3 
P 

remains open. In this work, we provide a direct measurement of 

the energy gap of high-quality SrPt 3 
P single crystals with T c 

= 8.6 

K by means of Andreev-reflection spectroscopy. Our measurements 

provide clear evidence for a single isotropic s-wave gap in this com-
pound, with a temperature dependence in good agreement with BCS 

theory, a zero-temperature mean value Δ(0) = 1.88 ± 0.08 meV, and 

a gap ratio 2Δ/k B 
T c 
= 5.2 ± 0.2.

II. EXPERIMENTAL METHODS
Single crystals of SrPt 3 

P were grown under high pressure using 

a cubic-anvil apparatus and mechanically separated from the solid-
ified flux as described in detail in Ref. 12. The assembled high-
pressure cell was compressed to 2 GPa at room temperature and 

subsequently heated to 1500 

○ C over 4 h. The maximum temperature 

was maintained for 20 h to ensure complete melting and homoge-
nization of the mixture. The melt was then cooled to 1150 

○ C over 

40 h to promote crystal growth, followed by cooling to room tem-
perature over 3 h before releasing the pressure. The resulting crystals

exhibited a pillar-like morphology, as shown in the inset in Fig. 1(a). 

Single-crystal x-ray diffraction confirmed that SrPt 3 
P crystallizes in 

the tetragonal P4/nmm space group with lattice parameters a = b
= 5.8 Å and c = 5.4 Å. 

12 Further details of the crystal growth 

procedure and characterization are available elsewhere. 

12,13

All measurements were performed on single-crystal SrPt 3 
P 

with typical dimensions of ≈1.2 × 0.7 × 0.2 mm 

3 . The Andreev 

reflection spectra—i.e., the dependence of the differential conduc-
tance of microcontacts between a superconducting sample S and 

a non-superconducting metal N on the voltage across the contact,

FIG. 1. (a) Magnetization as a function of temperature for one of the crystals used 

in this work, measured in field-cooling (FC) and zero-field cooling (ZFC) conditions 

in a magnetic field of 2 Oe. The inset shows a picture of a typical crystal with the 

approximate direction of the crystal axes. (b) Current–voltage characteristic (I–V , 

left scale) of a point contact with resistance R N 

= 16.4 Ω measured at 4.37 K, and 

corresponding differential conductance curve (dI/dV , right scale). (c) The positive 

branch of the I–V curve at the lowest temperature, i.e., 4.37 K (green), and of the 

I–V curve in the normal state, i.e., at 8.61 K (red). The dashed line represents the 

latter, vertically translated to highlight the progressive disappearance of the excess 

current in the superconducting curve. The inset shows the positive branch of the 

I–V curves at various temperatures, from 4.37 to 8.61 K, vertically offset for clarity.
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i.e., σ SN 
(V , T) = dI/dV(V)—were measured on “soft” point con-

tacts (PCs) made between the SrPt 3 
P crystal and a small drop of 

Ag glue, although several control measurements were actually made 

on mechanically adjustable contacts between the SrPt 3 
P crystals and 

an Au tip. The technique of working with such contacts and their 

characteristics is described in detail in Refs. 14–16. PCs were cre-
ated on the flat side or edge of single crystals that were not subjected 

to any processing. As shown in Refs. 12 and 13, the facets of the 

crystals do not have a simple correspondence with the crystallo-
graphic planes. This, together with the uneven surfaces, does not 

allow us to draw any strong conclusion about the direction of the 

current injected into the crystal with respect to the crystal axes. This 

creates no problem if the gap is isotropic but makes a clear observa-
tion of the possible anisotropies more challenging. The high stability 

of the “soft” PCs made it possible to accurately measure their dif-
ferential conductance σ SN 

(V , T) at different temperatures and to
determine the critical contact temperature T 

A 

c , at which the charac-
teristic structures associated with the Andreev reflection disappear.
More precisely, we will identify T 

A 

c as the midpoint between the tem-
perature of the last superconducting curve and the temperature of
the first non-superconducting one. For all contacts, T 

A 

c is perfectly
compatible with the critical temperature of the crystals measured by 

magnetic susceptibility. 

12

The current–voltage (I–V) characteristics of the contacts were 

recorded using a Keithley 6221 current source and a Keithley 2182A 

nanovoltmeter. The conductances were obtained by numerical dif-
ferentiation of the I–V characteristics. The temperature T was 

measured with a RuO thermometer mounted on the copper head 

of the cryogenic insert, close to the sample.
The conductances measured at different temperatures,

σ SN 
(V , T), were normalized to the conductance in the nor-

mal state, σ N 
(V), measured at a temperature just (some tenths

of a Kelvin) higher than T 

A 

c . The normalized conductances
σ n 
(V , T) = σ SN 

(V , T)/σ N 
(V) were fitted by using both the original 

BTK (Blonder, Tinkham, and Klapwijk) model 

17 and its extension 

to the 2D case, 

18,19 always including the broadening parameter Γ. 

20 

This made it possible to determine the temperature dependence of 

the energy gap of the crystal, Δ(T), as well as the transparency of the 

potential barrier at the SN interface, expressed by a dimensionless 

parameter Z, and the broadening parameter Γ that accounts for 

any non-thermal source of smearing of the curves. In one case, we 

also employed the model for Andreev reflection in the presence of 

critical current effects described in Ref. 21.

III. RESULTS AND DISCUSSION
Figure 1(a) shows the magnetization curve of one of the crystals 

used in this paper, which clearly displays a superconducting transi-
tion at T 

eff 

c = 8.60 K. In general, the crystals used in the present work
were consistent with those described in Refs. 12 and 13. Figure 1(b) 

displays, as an example, the I–V curve (left scale) of a point con-
tact (later on called PC2) with resistance R N 

= 16.4 Ω, recorded at 

T = 4.37 K, and the relevant conductance dI/dV (right scale). The 

I–V curve clearly shows an excess current at low voltage, i.e., ∣V ∣ ≲ 3 

meV, which is associated with Andreev reflection and results in an 

enhanced conductance with respect to the high-bias region.

Figure 1(c) compares the I–V curve in the superconducting 

state at the lowest temperature (green) to that in the normal state, 

just above the transition (red). The slope of the two curves is the 

same at high voltage (V > 15 mV), and this means that the conduc-
tance is the same in this bias range. However, the excess current is 

progressively lost; if it were retained, the high-bias part of the super-
conducting curve would follow the dashed line, which has the same 

slope as the normal-state one but is vertically offset by the excess 

current. The progressive suppression of the excess current results in 

characteristic dips in the differential conductance, clearly shown in 

Fig. 1(b). The origin of these dips will be discussed in the following. 

The inset to Fig. 1(c) shows the effect of temperature on the I–V 

curves, i.e., a progressive weakening of the change in slope at the gap 

edge and its complete disappearance at the critical temperature. 

Figure 2 shows differential conductance curves of four “soft” 

SrPt 3 
P/Ag PCs with resistances R N 

= 43.5, 16.4, 13.8, and 2.0 Ω at 

different temperatures. The first three were obtained on the same
crystal mentioned above, 

12,13 with T 

eff 

c = 8.6 K; the last was mea-
sured in another sample, synthesized at a lower temperature and
ceramic-like, with magnetic critical temperature T 

eff 

c = 8.4 K. All
conductances are symmetric with respect to the point V = 0, fea-
ture an enhancement of conductance at low bias typical of Andreev 

reflection, and have a pair of symmetric conductance maxima at
±V 

∗ 

≃ ±(1 − 1.5) mV, usually associated with a full superconduct-
ing gap. With increasing temperature, the peaks move toward lower 

voltage, and at T ≈ 6 K, they merge into a single broad maximum 

at zero bias. The signatures of Andreev reflection are progressively 

suppressed, and the high-bias tails of the curves, which are all super-
imposed, display a downward curvature, which is characteristic of 

PCs with metallic conductivity. 

22 The superposition of the high-bias
tails and the absence of any vertical shift of such tails on increas-
ing temperature (especially in the region of the resistive transition) 

indicate a negligible spreading resistance 

23–25 associated with the 

normal state of the crystals. 

26,27 In other words, the resistance of
the junction is much higher than the resistance of the crystal even 

when the latter is in the normal state. This ensures that the poten-
tial difference between the banks of the point contact correctly 

represents the excess energy with which electrons impinge on the 

normal/superconductor interface. At the critical temperature T 

A 

c
(indicated in each panel), the Andreev signal disappears. The curve
recorded immediately above T 

A 

c is identified with the normal-state
conductance of the specific contact, σ N 

(V), whose convex shape 

(with a slight decrease in conductance with increasing V) is typical of 

microshorts in the “diffusion” regime. 

28,29 In particular, the normal-
state conductance is linear as a function of V for ∣V ∣ ≳ 6 meV. More 

precisely, the second derivative −d 

2 I/dV 

2 shows an abrupt change in 

slope at ∣V ∣ ≃ 6 mV and becomes constant above that value, indepen-
dent of the contact resistance. This reflects a genuine spectroscopic 

mechanism, i.e., the excitation of the low-energy phonon modes typ-
ical of SrPt 3 

P, which are strongly coupled to electrons and largely 

contribute to the electron–phonon coupling constant. 

9,10 The linear 

dependence of σ N 
on V for ∣V ∣ ≳ 6 meV (i.e., the saturation in the 

second derivative −d 

2 I/dV 

2 ) is the hallmark of the crossover to a 

stable, non-equilibrium “phonon bottleneck” regime 

28,29 due to the 

local accumulation and reabsorption of non-thermal phonons, in 

which the contact conductance is intrinsically linear with voltage.
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FIG. 2. Differential conductances of four “soft” SrPt 3 

P/Ag point contacts (PC1 to 

PC4) with normal-state resistances R N 

= 43.5, 16.4, 13.8, and 2.0 Ω at different 

temperatures. As the contact resistance decreases, the conductance minima shift 

toward lower energies, as expected for dips due to the attainment of the critical cur-
rent in the contact region, partially eroding the signatures of the superconducting 

gap.

This mechanism does not necessarily give rise to significant heating 

effects, and experimentally these are highly unlikely, at least for PC1, 

PC2, and PC3, because the relative change in σ N 
(V) between zero 

bias and, for instance, ∣V ∣ = 15 mV, is tiny: 2% for PC1 and 6%–7% 

for PC2 and PC3. If such variations were due to heating effects, they 

would translate into an increase in temperature by 1 K for PC1 and
4 K for PC2 and PC3—one order of magnitude smaller than what is 

expected for a contact in the Maxwell (thermal) regime, i.e., about 

40 K. In the case of PC4, the change in σ N 
(V) is about 20%, and the 

equivalent temperature increase would be 10 K—anyway, excluding 

a pure thermal regime.
The conductance minima (dips) at finite voltage ±V dip 

that are 

clearly visible in all the panels are instead an anomalous feature that 

is worth discussion. First of all, these minima occur at bias volt-
ages that vary from contact to contact and are thus not related to 

intrinsic properties of the material under study. Rather, the position 

of the minima scales with the contact resistance, indicated in each

panel: the smaller the normal-state resistance, the smaller the volt-
age corresponding to the minimum. This clearly indicates that the 

minima are likely to occur at a specific current rather than at a spe-
cific voltage (or energy). It is also worth noting that the minima are 

fairly sharp in low-resistance contacts such as PC4 and PC3 but are 

instead rather wide (extending up to 20 mV) in the most resistive 

ones, i.e., PC1 and PC2. As the temperature increases, the depth of 

the dips and their width decrease, while they move to lower volt-
ages. The presence of these dips, as we already discussed in the case 

of Mo 3 
Al 2 

C, 

30 may in principle interfere with the determination of 

the gap amplitude while fitting the experimental spectra and, thus, 

requires particular caution in the analysis of the data.
As for the origin of these dips, let us recall first that when 

measuring the energy gap using the Andreev reflection method, it 

is necessary to ensure that the contacts are in the spectroscopic 

regime. 

15,23,29,31 For this, the characteristic contact size d must be 

much smaller than the mean free path of electrons in the two banks, 

d ≪ l i 
, l e 

(ballistic mode) or, at least, smaller than the energy relax-
ation length of electrons, 

√ 

l i 
l e 

(diffusion mode), where l i 
and l e 

are 

the inelastic and elastic mean free paths of electrons. Under these 

conditions, the size of the contact can be estimated by starting from 

the contact resistance through Sharvin’s formula 

32 or Wexler’s for-
mula, 

33 provided that the mean free path is known. In our N/S 

contacts, the most stringent limit on the contact size d is posed by 

the values of l i 
and l e 

in the SrPt 3 
P crystal, since its resistivity (ρ 0

≈ 7 μΩ cm 

13 ) is certainly greater than that of high-purity Ag (ρ 0
≈ 1.3 μΩ cm). Unfortunately, the mean free path in SrPt 3 

P single 

crystals grown by the high-pressure, high-temperature method 

12,13 

is unknown, and accurately extracting it from transport mea-
surements is extremely challenging due to the complicated Fermi 

surface 

7–9 comprising multiple inequivalent pockets that result in a 

strongly non-linear Hall coefficient. 

1 The mean free path of SrPt 3 
P 

crystals grown via the Bridgman method has been reported to range 

between 38 and 59 nm, 

34 but these results cannot be directly trans-
lated to our crystals due to the much higher resistivity of the Bridg-
man crystals and the incomplete mapping of all carrier branches. 

34 

Therefore, we cannot reliably estimate the transport mechanism 

through the PC based on its resistance. Fortunately, hints on the con-
duction regime through the PC can be obtained by looking at the 

conductances σ SN 
(V , T), recorded at different temperatures up to

T 

A 

c . In this sense, the presence of the dips certainly indicates that the
contacts are not “ideal,” but it does not necessarily rule out the possi-
bility of extracting the gap amplitude from the fit of the experimental 

curves.
There are indeed various possible origins of these features 

that are often observed in point-contact spectroscopy. The prox-
imity effect 

35 cannot be invoked here because it would make dips 

appear at voltages smaller than the bulk gap (while here V dip 

can 

be as high as 10 mV). The existence of intergrain Josephson junc-
tions (weak links) in series with the contact 

36,37 is highly unlikely 

as well, due to the crystalline (and very hard) nature of the crys-
tals. Another possible source of dips is the existence of a degraded, 

non-superconducting layer n of thickness d n 
on the surface of the 

sample, 

38 as it may happen because of oxidation. In the resulting 

N–I–n–S junction, electrons can be trapped in the n layer because 

of Andreev reflection at the n–S interface and normal reflection at 

the I–n interface. The energy of the resulting bound states, which
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is equal to the bulk superconducting gap Δ in the absence of the 

surface layer, is reduced by an amount that strongly depends on the 

thickness d n 
. Then, the coherence peaks of the tunnel conductance 

are shifted to lower voltage (V 

∗ 

< Δ/e), while a dip appears slightly 

above V 

∗ . 

38 Clearly, such a shift prevents a proper determination of 

the bulk gap amplitude. This mechanism, however, seems not to be 

able to explain our results because the dips are expected to be nar-
row and appear at a voltage V dip 

≤ Δ/e, while in our curves the dips 

occur at a very high voltage and are, moreover, very wide.
The last and more reasonable explanation for the dips observed 

in our spectra is the suppression of superconductivity in the contact 

region, caused by the transport current flowing through the contact, 

as originally proposed in Ref. 39. When the current density exceeds a 

critical value, a local transition of the superconductor to the resistive 

state occurs. 

40,41 If the contact is not perfectly in the ballistic regime, 

its resistance is described by Wexler’s formula, 

33

R =
8h

e2d2kF,minτ
+ γ(

l
d
)

ρ1 + ρ2

2d
, (1)

as the sum of the Sharvin term and a Maxwell term that is negli-
gible as long as the resistivity of the material ρ 1 

is zero, since the 

resistivity ρ 2 

of the normal tip is usually very small. However, the 

sudden onset of a non-zero ρ 1 

gives rise to an increase in resistance 

(and a decrease in conductance), which is detected as a dip in the 

PC spectra. 

15,21,39 The current at which the dip occurs is fixed by the 

critical current density (i.e., by the material) and by the size of the 

contact, but the corresponding bias voltage varies depending on the 

contact resistance, as observed experimentally.
The onset of dips can (although not necessarily) lead to dissi-

pation in the contact and, thus, to local heating effects. 

29,42 Here, the 

coincidence of the high-bias tails of the conductance curves at any
T < T 

A 

c with the normal-state ones σ N 
(V , T) at ∣V ∣ > (10 − 15) mV

(Fig. 2) indicates that, once the critical current is exceeded, the sys-
tem simply reverts to the same non-equilibrium phonon bottleneck 

regime that governs the normal state. Even if heating effects were 

present, they would be marginal, and especially, they would set in 

jointly with the appearance of the dips, without affecting the spectra
at lower bias. This is the reason why, as already pointed out, T 

A 

c ≈ T c 
.

The shape of the dips reflects the way in which the material 

transitions to the normal state, i.e., the shape of the resistivity vs cur-
rent curve of the material. 

39 In Ref. 21, we proposed a model for 

the critical current effects in PCs that allows reproducing the whole 

spectrum, including the dips, by using a general and rather versatile 

equation to describe this curve. This method has the advantage of 

partially correcting for the effect of the dips, even when they occur 

rather close to the gap features in the spectra, as shown in the case 

of MgAlB 2 
. 

21 If the current-induced appearance of a Maxwell resis-
tance starts at a bias voltage V crit 

> V Δ 
= Δ/e (Δ being the energy 

gap of the superconductor and e being the electron charge), all 

the regions of the spectra at ∣V ∣ < V crit 
can still be considered reli-

able, and it is possible to extract the gap amplitude by means of 

a conventional fit with the models for Andreev reflection 

17–19 as 

demonstrated in Refs. 43 and 44, at least at low temperature. It 

is important to note that the decrease in the critical current with 

increasing temperature makes the dips move to lower bias so that

they could end up preventing the correct extraction of the gap 

amplitude, as shown in Refs. 30 and 39.
If instead V crit 

< V Δ 
, the structure of the Andreev signal can 

change completely, and it becomes impossible to extract the gap 

amplitude from the spectra. For example, in the case of an s-wave 

gap, the conductance peaks may no longer be determined by the 

energy gap but by the voltage V crit 
; in extreme cases, only a zero-bias 

conductance peak surrounded by dips survives, which makes the 

spectra look more similar to what is expected with a nodal symmetry 

(e.g., d-wave). 

39

Going back to the spectra shown in Fig. 2, the presence of a 

characteristic double-maximum structure is certainly suggestive of 

a full gap, with no nodes. However, in principle one is not sure 

whether the position of these maxima is set by the gap itself (and 

is thus intrinsic) or by V crit 
(and is thus extrinsic). Reasonably, one 

expects PC1 and PC2 (that display the peaks at the maximum volt-
age and have larger resistance) to be more probably spectroscopic, 

while in the spectra of contacts PC3 and PC4, the position of the 

maxima is clearly reduced by the dips. In any case, to check if the 

maxima are related to the energy gap of the superconductor, it is 

necessary to fit the conductances measured at different temperatures 

with the functions calculated according to the BTK theory 

17 or its 

generalizations, 

18,19 find Δ(T), and make sure that this dependence, 

at least partially, coincides with the BCS dependence. 

29,30

To fit the measured conductances with theoretical functions, 

the former must be normalized to the contact conductance in the 

normal state, σ N 
(V), recorded when both the banks of the junc-

tion are in the normal state. A magnetic field or temperature can 

be used for this. Using a magnetic field would allow us to measure
σ SN 
(V , T) and σ N 

(V) at the same temperature and eliminate the 

possible change in σ N 
(V) with temperature. However, the change 

in σ N 
(V) with temperature in the range of (4–10) K is insignificant, 

and the σ N 
(V) curves obtained by suppressing superconductivity 

either by a magnetic field or temperature are expected to coincide. 

As already pointed out before, we took the conductances recorded at
T slightly exceeding T 

A 

c as σ N 
(V). After normalization of σ SN 

(V , T),
all the above-mentioned features in the dependences σ n 

(V , T) 

= σ SN 
(V , T)/σ N 

(V) were preserved.
Figure 3 shows the normalized conductance σ n 

(V) 

= σ SN 
(V)/σ N 

(V) of PC2 with R N 
= 16.4 Ω at a temperature 

of 4.37 K. None of the usual models for Andreev reflection are able 

to reproduce the σ n 
(V) curve in the entire voltage range, but we can 

try to identify the bias voltage V crit 
at which the superconducting 

state starts to be suppressed in the contact region. To do so, we fitted 

the experimental σ n 
(V) shown in Fig. 3 with the 2D-version of the 

BTK model for Andreev reflection in an s-wave superconductor 

18,19 

in a restricted voltage range ∣V fit 

∣ = 1.0, 1.1, 1.2 mV, etc. The fit was 

performed by an automatic least-squares procedure. After finding 

the values of the parameters Δ, Γ, and Z that allow the best fitting 

of σ n 
(V) in the range ∣V fit 

∣, the theoretical curve was calculated 

over the entire voltage range. The accuracy of the fit in the whole 

range was estimated by looking at how it could reproduce the 

position of the maxima and the zero-bias minimum, as well as the 

overall shape of the curve within the maxima. The best results were 

obtained when fitting σ n 
(V) in the voltage range ∣V fit 

∣ = (2 − 2.5) 

mV. Figure 3 shows the three theoretical curves obtained with
∣V fit 

∣ = 2.0, 2.5, and 3.0 mV, which coincide almost perfectly up to
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FIG. 3. Differential conductance of PC2, recorded at T = 4.37 K (symbols), nor-
malized to the curve at 8.6 K, together with the relevant best-fitting curves (lines) 

obtained by an automatic least-squares fitting procedure restricted to different 

energy ranges: ±2.0 meV (red), ±2.5 meV (green), and ±3.0 meV (blue). The inset 

shows a magnification of the region of the maximum and highlights the extremely 

good agreement between experiment and calculations up to 2.5 meV, as well as 

the practical indistinguishability of the three fitting curves in this energy scale.

2.5 mV but slightly differ at intermediate voltages (with a maximum 

difference around 5 mV, not detectable in the figure), and finally 

become again indistinguishable at V ≃ 20 mV.
This method just tells us that, within ±2.5 mV, the experimen-

tal spectrum can be reproduced by a theoretical model that does not 

account for the dips, but it does not guarantee that the obtained value 

of Δ is not distorted and really corresponds to the energy gap of the 

superconductor. To verify this point, it is necessary to measure the 

dependence Δ(T) and check its compliance with the known BCS 

curve Δ BCS 
(T). 

45,46 To do so, we fitted the normalized conductance 

measured at different temperatures shown in Fig. 4(a). Owing to the 

decrease in V crit 
induced by increasing temperature, we smoothly 

decreased the range of voltages in which the fitting is carried out. The 

inset in Fig. 4(a) shows the upper part of the conductances σ n 
(V , T) 

in the range ∣V ∣ ≤ 3 mV. The straight dashed line approximately 

indicates the maximum voltages at which the fit was performed. The 

best-fitting curves are shown in Fig. 4(a) by solid lines; the results 

of the same procedure applied to the conductance curves of PC1 

are shown in Fig. 4(b). As in the previous case, the best fit of the 

low-voltage part of the lowest-temperature curve was obtained by 

restricting the fitting range to ∣V fit 

∣ = 2 mV. On increasing tempera-
ture, such a range was progressively reduced down to ∣V fit 

∣ = 1.5 mV. 

The inset shows a magnification of the experimental and theoretical 

curves in the range ∣V ∣ ≤ 3 mV.
Figure 5(a) reports the temperature dependences of the para-

meter Δ obtained from the fit of the conductance curves of contact 

PC2 (symbols). In order to estimate the uncertainty of these values, 

we used two different models for the fit (the 2D BTK model, 

18,19 

whose theoretical curves were shown in Fig. 4, and the 1D BTK 

model 

17 ) and different algorithms for the automatic minimization

FIG. 4. (a) Normalized conductance σ n 
(V , T) of PC2 with R N 

= 16.4 Ω in the 

temperature range T = (4.3–8.6) K (symbols). The lines show the normalized 

conductances σ(V , T) calculated using the two-dimensional version of the BTK 

theory with s-symmetry of the energy gap, 

18,19 fitted to the measured values 

using the criterion of the minimum sum of squared deviations in a temperature-
dependent range, from ∣V fit 

∣ = 2.0 mV at 4.37 K to ∣V fit 

∣ = 1 mV close to T 

A 

c . The
inset shows the conductances σ n 

(V , T) in the range ∣V ∣ ≤ 3 mV. The straight 

dashed line approximately indicates the limit voltage up to which the fit was 

restricted. (b) The same for PC1 with R N 

= 43.5 Ω.

of the sum of least squares. The data points shown in Fig. 5(a) repre-
sent the mean value of the interval of gap amplitudes, the latter being 

represented as a vertical error bar. The solid green line is a function 

of the following form:

Δ(T) = Δ0 tanh
⎧
⎪⎪
⎨
⎪⎪
⎩

1.82[1.018(
TA

c

T
− 1)]

0.51⎫
⎪⎪
⎬
⎪⎪
⎭

, (2)

due to Mühlschlegel, 

45 which accurately approximates the BCS-like 

Δ(T) curve. In particular, the best approximation to the exper-
imental Δ(T) is obtained with T 

A 

c = 8.4 K and Δ 0 
= 1.88 meV.

Note that T 

A 

c coincides (within our uncertainty) with the Andreev
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FIG. 5. (a) Temperature dependence of the parameter Δ from PC2 (green sym-
bols). Error bars represent the spread of Δ values obtained with different models 

(1D or 2D BTK) and different algorithms for least-squares optimization. The solid 

line is the Δ BCS 

(T) line that best approximates the data, with Δ 0 

= 1.88 meV and
T 

A 

c = 8.4 K. The inset reports the other fitting parameters Γ and Z. (b) Δ(T) from
PC1 (red symbols). The light blue region is bounded by two BCS-like curves with
Δ 0 

= 1.96 meV, T 

A
c = 8.4 K, and Δ 0 

= 1.80 meV, T 

A
c = 8.3 K. The inset shows the

other fitting parameters (referred to PC1). Violet symbols in the main panel repre-
sent the parameter Δ extracted from PC3, which is clearly suppressed by dips and 

could (at most) be poorly compatible with a BCS-like trend with reduced Δ 0 

= 1.44
meV and reduced T 

A 

c = 7.1 K.

critical temperature indicated in Fig. 2, i.e., 8.45 ± 0.15 K, as well as 

with the effective critical temperature measured by magnetization. 

It is clear that the values of Δ extracted from the fit of the spec-
tra of contact PC2 follow almost perfectly a BCS-like trend in the 

whole temperature range. This clearly indicates that, in contact PC2, 

the dips occur sufficiently far from the gap edges not to affect the 

position or the width of the spectral features associated with the gap 

itself. As a matter of fact, if it were not so, an anomalous, almost

linear decrease in Δ(T)—very different from the BCS trend—would 

be observed (as shown, for example, in low-resistance contacts on 

Mo 3 
Al 2 

C in Ref. 30). Further confirmation comes from the tem-
perature dependence of the other fitting parameters Z and Γ shown 

in the inset to Fig. 5(a). The values of the two parameters (that are 

completely unconstrained in the least-squares method) are almost 

constant (note that the vertical scale is very narrow), as is expected 

for a spectroscopic point contact. Also note that Γ < Δ, as it should 

happen in good spectroscopic contacts, up to 8.2 K.
Figure 5(b) reports the temperature dependence of Δ from PC1 

(red symbols) and PC3 (violet symbols). As far as PC1 is concerned, 

note that (i) below 6 K, the data are more scattered than in PC2 but 

are compatible with the green curve and, thus, coincide, once the 

experimental error bars are taken into account, with those found in 

PC2. This equality, despite the large difference in the contact resis-
tances, is proof that these values are intrinsic, i.e., they do not depend 

at all on the occurrence of dips; and (ii) above 6 K, the gaps of 

PC1 seem to collapse on a BCS curve that corresponds to a smaller
Δ 0 
= 1.80 meV and a smaller T 

A 

c = 8.3 K. It is thus possible that,
here, the dips start to have a slight effect on the superconducting 

features. Another suggestion in this sense comes from the other fit-
ting parameters, Γ and Z, shown in the inset to Fig. 5(b). Indeed, 

when the dips start to erode the superconducting features, the overall

FIG. 6. Unnormalized (as-measured) differential conductance curves of PC2 (sym-
bols) with their fit obtained by using the 2D BTK model, including the effects of the 

critical current (solid lines). All the curves apart from the lowest-temperature ones 

are offset by −0.005 Ω 

−1 for clarity. The curved arrow approximately indicates the 

displacement of the dips, which corresponds to the decrease in the critical current 

with increasing temperature.
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enhancement of conductance due to Andreev reflection looks nar-
rower and too sharp to be compatible with the values of Γ and Z at 

low temperature. Therefore, Γ has to be decreased to fit the experi-
mental curves. This unphysical effect, which indeed happens in PC1, 

tells us that something extrinsic is at play here. Despite this fact, 

the gap amplitudes remain in the colored region, which is bounded 

by two BCS-like curves calculated with Δ 0 = 1.96 meV, T 

A 

c = 8.4 K,
and Δ 0 = 1.80 meV, T 

A 

c = 8.3 K. Putting the results of PC2 and PC1
together, we can conclude with confidence that the low-temperature 

gap in SrPt 3 
P single crystals is Δ 0 

= 1.88 ± 0.08 meV and the gap 

ratio is 2Δ/k B 
T c 
= 5.2 ± 0.2.

Just for the sake of discussion, let us mention the dataset 

obtained from PC3, shown in Fig. 5(b) as violet symbols. PC3 has 

a resistance R N 
= 13.8 Ω and a critical temperature that is difficult 

to identify precisely if one looks at the spectra of Fig. 2 due to the 

presence of various curves that are neither easily identified as “still 

superconducting” nor as “already normal.” We can just say that T 

A
c

falls somewhere between 8.21 and 8.61 K, i.e., T 

A 

c = 8.41 ± 0.20 K.
Qualitatively, the raw conductance curves of PC3 do not appear 

very different from those of PC1 and PC2. However, one immedi-
ately realizes that the parameter Δ extracted from the fit of these 

curves [violet symbols in Fig. 5(b)] is not representative of the 

actual superconducting gap because, as a function of temperature, 

it displays a radically different trend, with a faster than expected 

decrease with increasing temperature. This is due to the fact that the 

superconductivity of this contact begins to collapse at a bias voltage
∣V crit 
∣ < ∣V Δ 

∣ already at low temperature, so that the position of the 

conductance maxima is determined by the dips rather than by the 

gap. The temperature dependence of Δ from PC3 is actually not even 

comparable with a BCS-like curve since it rather correlates with the 

trend of the critical current. Just for the sake of discussion, the BCS-
like curve that would better describe it requires Δ 0 

= 1.44 meV and
T 

A 

c = 7.1 K, both strongly suppressed with respect to the real ones.
As a further test of the role played by the critical current in 

determining the shape of the spectra, it is instructive to fit them using 

the model we recently developed, 

21 which is based on the extension

of the 2D-BTK model 

18,19 to account for the critical current effects. 

39 

Starting from Eq. (1), we treat the contact as the sum of two terms: 

one is responsible for Andreev reflection and is modeled by the 2D-
BTK model, and the other is a Maxwell term that appears only above 

a certain critical current (we neglect the contribution of the nor-
mal counter electrode), giving rise to a series resistance that is not 

constant but depends on the current, according to the function

RM =
1

A[( Ic
I )

2n
− (

Ic
I )

n
] + B

(3)

that mimics the R(I) behavior of a wide class of materials by prop-
erly choosing the adjustable parameters A, B, I c 

, and n. 

21 In fact, 

B is fixed by the high-voltage conductance of the contact 

21 so that 

only the ratio A/B is an adjustable parameter. The fit of the point-
contact spectra with this model has the advantage of not requiring a 

normalization, i.e., the raw spectra are directly fitted.
Figure 6 shows the experimental conductance curves of PC2 

(the same as in Fig. 2) as symbols, together with their best fit 

obtained with this model (solid lines). The agreement is impressive
in almost all the voltage range and at all temperatures up to T 

A 

c 

.
The model follows very well the shape and position of the dips and 

allows extracting the temperature dependence of the critical current 

in addition to that of the energy gap.
Figure 7(a) reports the temperature dependence of the fitting 

parameters Δ, Γ, and Z, which is very similar to that obtained with 

the 2D-BTK fit alone—if possible, Δ follows even more accurately
the theoretical Δ BCS 

curve with Δ 0 
= 1.87 meV and T 

A 

c = 8.4 K, in
perfect agreement with Fig. 5(a). Figure 7(b) shows the values of 

I c 
, n, and A/B. The critical current follows rather well the trend 

reported in Ref. 46, with I c 
(0) = 0.265 mA and T c 

= 8.7 K (which
must be compared to the onset critical temperature, T 

on 

c = 8.65 K,
measured by susceptibility in this same crystal). The values of n and 

A/B look correlated, since they display opposite trends as a function 

of temperature, as often happens. 

21 The almost identical trend of Δ, 

Γ, and Z as a function of temperature obtained with the sole 2D-BTK

FIG. 7. Temperature dependence of the fitting parameters 

of the 2D BTK model, including the critical current effect. (a) 

The gap amplitude Δ, the broadening parameter Γ, and the 

dimensionless barrier parameter Z. Note that the latter are 

almost constant. The solid line is a BCS-like dependence
with Δ(0) = 1.87 meV and T 

A 

c = 8.4 K. (b) The critical cur-
rent values used in the fit (green symbols) and the values 

of the parameters n and A/B that control the shape of the 

dips. The solid line is a temperature dependence of the crit-
ical current as taken from Ref. 46 with I c 

(0) = 0.265 mA 

and T c 
= 8.7 K.
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model or with the model that accounts for the dips is further proof 

that in PC2 the dips systematically occur at energies sufficiently 

larger than the gap amplitude. Moreover, the temperature depen-
dence of the critical current is absolutely plausible and demonstrates 

the reliability of the approach.
A final discussion must be devoted to the symmetry of the order 

parameter. While early measurements of the heat capacity, pene-
tration depth, and upper critical field 

1,5 all concurred toward an 

isotropic, nodeless gap scenario, recently 

13 the existence of point 

nodes has been proposed to specifically account for the depen-
dence of the low-temperature London penetration depth on the 

magnetic field orientation. The symmetry proposed is of the form 

Δ(θ, φ) = Ω[sin(θ) − 0.45 cos(2φ)] (where θ is the colatitude and
φ is the azimuthal angle) that is anisotropic both in the xy plane 

and in the xz plane and features a line of nodes along the z axis. 

We tested the compatibility of this scenario with our Andreev spec-
tra by inserting this exact symmetry in our code for the fit of the 

curves, which yielded a certain variation in the overall spectrum 

depending on the direction of current injection. As shown in Fig. 8, 

the low-temperature spectrum of PC2 can be reproduced by this 

nodal model, at least in the low-voltage range, using the parameters
Ω = 2.5 meV, Γ = 0.12 meV, and Z = 0.33, and assuming that the 

normal to the S/N interface is along the x axis. The same parameters 

give a different spectrum, with maxima at higher voltage instead, 

if the normal is supposed to be along the z axis. It must, however, 

be pointed out that, for either direction, the nodal model predicts 

broader structures than in the s-wave case (clearly, because of the 

fact that the gap does not have a single value in all directions). Most 

importantly, the spectral broadening introduced by the nodal model 

clearly compromises the agreement between the BTK model and the 

experimental Andreev spectra already at voltages of ±2.5 mV, i.e., in 

the crucial voltage range where the shape of the spectrum is not yet 

affected by the critical current effect and is thus most robust. Our

FIG. 8. A tentative fit of the low-temperature spectrum of PC2 with the anisotropic 

symmetry proposed in Ref. 11. The green line has been obtained with the gap func-
tion Δ(θ, φ) = Ω[sin(θ) − 0.45 cos(2φ)] using Ω = 2.5 meV, Γ = 0.12 meV, 

and Z = 0.33, and assuming that the normal to the S/N interface u n 
is along the x 

axis. The red curve has been obtained with the same parameters, but assuming 

that u n 
is along the z axis.

Andreev reflection measurements thus clearly favor the isotropic 

nodeless scenario 

1,5,9 over the nodal one. 

13

IV. CONCLUSIONS
SrPt 3 

P is an interesting system since it displays a distorted 

anti-perovskite crystal structure similar to non-centrosymmetric 

heavy-fermion CePt 3 
Si 

2 but possesses an inversion symmetry cen-
ter. Investigation of the superconducting pairing symmetry has been 

conducted by means of various techniques, i.e., measurements of 

specific heat, Hall effect, London penetration depth, and upper crit-
ical field. Most of the results have been interpreted in terms of an 

s-wave superconducting order parameter, but some disagreement 

exists on the actual value of the gap amplitude, on the strength of the 

pairing, and also on the multiband/multigap nature of superconduc-
tivity. Here, we have performed point-contact Andreev-reflection 

spectroscopy on high-quality single crystals of SrPt 3 
P in order to 

obtain a direct measurement of the energy gap. The spectra sys-
tematically show pairs of symmetric conductance maxima that are 

suggestive of a full gap and no zero-bias peaks (which excludes nodal 

symmetries with a change of sign of the order parameter). They also 

present conductance dips that are due to the current-induced break-
down of superconductivity in the contact region. When the contact 

resistance is large enough, these dips fall sufficiently far from the gap 

energy not to hinder the extraction of the gap amplitude from the 

spectra by means of a fit with the BTK model or its extended ver-
sions. Our conclusion is that the energy gap is s-wave, with an almost 

perfect BCS-like temperature dependence. Its low-temperature value 

is Δ 0 
= 1.88 ± 0.08 meV, and the gap ratio 2Δ/k B 

T c 
= 5.2 ± 0.2 places 

this compound in the strong-coupling limit. The reason for this 

strength could be, as reported in the literature, the existence of low-
energy phonons strongly coupled to the electrons. No evidence of 

multiple gaps with different amplitudes is observed. The recently 

proposed anisotropic symmetry (with a line node along the z axis) 

does not appear compatible with our results, as it would lead to wider 

spectra than those observed. Stronger evidence against (or for) the 

possible validity of the nodal picture calls for the synthesis of crys-
tals with extremely well-oriented facets, as it would allow us to probe 

experimentally the slight differences in the gap amplitudes along 

the different directions of current injection predicted by the nodal 

model.

ACKNOWLEDGMENTS
V.A.S. expresses sincere gratitude to the staff of the Solid 

State Physics Division of FIAN for their assistance in carrying out 

this work. All the authors thank R. S. Gonnelli for perusing the 

manuscript and for fruitful scientific discussions.

AUTHOR DECLARATIONS
Conflict of Interest

The authors have no conflicts to disclose.

Author Contributions

Valeriy A. Stepanov: Conceptualization (equal); Data cura-
tion (equal); Formal analysis (equal); Investigation (equal);

APL Mater. 14, 101103 (2026); doi: 10.1063/5.0354116 14, 101103-9

© Author(s) 2026

 13 O
ctober 2026 17:14:56

https://pubs.aip.org/aip/apm


APL Materials 
ARTICLE pubs.aip.org/aip/apm

Methodology (equal); Visualization (equal); Writing – original draft 

(equal); Writing – review & editing (supporting). Nikolai D. Zhi-
gadlo: Data curation (equal); Resources (equal); Validation (equal); 

Writing – review & editing (equal). Erik Piatti: Data curation 

(equal); Formal analysis (equal); Investigation (equal); Validation 

(equal); Writing – original draft (equal); Writing – review & editing 

(equal). Dario Daghero: Conceptualization (equal); Data curation 

(equal); Formal analysis (equal); Funding acquisition (equal); 

Investigation (equal); Methodology (equal); Supervision (equal); 

Validation (equal); Visualization (equal); Writing – original draft 

(equal); Writing – review & editing (equal).

DATA AVAILABILITY
The data that support the findings of this study are avail-

able within the article and from the corresponding author upon 

reasonable request.

REFERENCES
1 T. Takayama, K. Kuwano, D. Hirai, Y. Katsura, A. Yamamoto, and H. Tak-
agi, “Strong coupling superconductivity at 8.4 K in an antiperovskite phosphide 

SrPt 3 
P,” Phys. Rev. Lett. 108, 237001 (2012).

2 E. Bauer, G. Hilscher, H. Michor, C. Paul, E.-W. Scheidt, A. Gribanov, Y. Serope-
gin, H. Noël, M. Sigrist, and P. Rogl, “Heavy fermion superconductivity and 

magnetic order in noncentrosymmetric CePt 3 
Si,” Phys. Rev. Lett. 92, 027003 

(2004).
3 M. Smidman, M. B. Salamon, H. Q. Yuan, and D. F. Agterberg, 

“Superconductivity and spin-orbit coupling in non-centrosymmetric materials: A 

review,” Rep. Prog. Phys. 80, 036501 (2017).
4 P. K. Biswas, S. K. Ghosh, J. Z. Zhao, D. A. Mayoh, N. D. Zhigadlo, X. Xu, 

C. Baines, A. D. Hillier, G. Balakrishnan, and M. R. Lees, “Chiral singlet super-
conductivity in the weakly correlated metal LaPt 3 

P,” Nat. Commun. 12, 2504 

(2021).
5 R. Khasanov, A. Amato, P. K. Biswas, H. Luetkens, N. D. Zhigadlo, and B. Bat-
logg, “SrPt 3 

P: A two-band single-gap superconductor,” Phys. Rev. B 90, 140507 

(2014).
6 T. Shiroka, M. Pikulski, N. D. Zhigadlo, B. Batlogg, J. Mesot, and H.-R. Ott, 

“Pairing of weakly correlated electrons in the platinum-based centrosymmetric 

superconductor SrPt 3 
P,” Phys. Rev. B 91, 245143 (2015).

7 I. A. Nekrasov and M. V. Sadovskii, “Electronic structure of new multiple band 

Pt-pnictide superconductors APt 3 
P,” JETP Lett. 96, 227–230 (2012).

8 H. Chen, X. Xu, C. Cao, and J. Dai, “First-principles calculations of the elec-
tronic and phonon properties of APt 3 

P (A = Ca, Sr, and La): Evidence for a 

charge-density-wave instability and a soft phonon,” Phys. Rev. B 86, 125116 

(2012).
9 A. Subedi, L. Ortenzi, and L. Boeri, “Electron-phonon superconductivity in 

APt 3 
P (A = Sr, Ca, La) compounds: From weak to strong coupling,” Phys. Rev. 

B 87, 144504 (2013).
10 C.-J. Kang, K.-H. Ahn, K.-W. Lee, and B. Il Min, “Electron and phonon band-
structure calculations for the antipolar SrPt 3 

P antiperovskite superconductor: 

Evidence of low-energy two-dimensional phonons,” J. Phys. Soc. Jpn. 82, 053703 

(2013).
11 K. Hu, B. Gao, Q. Ji, Y. Ma, W. Li, X. Xu, H. Zhang, G. Mu, F. Huang, C. Cai 

et al., “Effects of electron correlation, electron-phonon coupling, and spin-orbit 

coupling on the isovalent Pd-substituted superconductor SrPt 3 
P,” Phys. Rev. B 

93, 214510 (2016).
12 N. D. Zhigadlo, “High pressure crystal growth of the antiperovskite centrosym-
metric superconductor SrPt 3 

P,” J. Cryst. Growth 455, 94–98 (2016).
13 K. Cho, S. Teknowijoyo, S. Ghimire, E. H. Krenkel, M. A. Tanatar, N. D. 

Zhigadlo, S. Kong, K. Kovnir, and R. Prozorov, “Possible unconventional order 

parameter in single crystals of SrPt 3 
P superconductor,” J. Phys.: Condens. Matter 

34, 435601 (2022).

14 R. S. Gonnelli, D. Daghero, G. A. Ummarino, V. A. Stepanov, J. Jun, S. M. Kaza-
kov, and J. Karpinski, “Direct evidence for two-band superconductivity in MgB 2 

single crystals from directional point-contact spectroscopy in magnetic fields,” 

Phys. Rev. Lett. 89, 247004 (2002).
15 D. Daghero and R. S. Gonnelli, “Probing multiband superconductivity by point-
contact spectroscopy,” Supercond. Sci. Technol. 23, 043001 (2010).
16 Y. I. Gorina, M. V. Golubkov, T. I. Osina, V. V. Rodin, N. N. Sentyurina, S. 

G. Chernook, and V. A. Stepanov, “Two-band superconductivity of Sn 1−x 
In x 

Te 

crystals with T c 
= 3.6–3.8 K,” Phys. Solid State 59, 1918–1925 (2017).

17 G. E. Blonder, M. Tinkham, and T. M. Klapwijk, “Transition from metallic to 

tunneling regimes in superconducting microconstrictions: Excess current, charge 

imbalance, and supercurrent conversion,” Phys. Rev. B 25, 4515 (1982).
18 Y. Tanaka and S. Kashiwaya, “Theory of tunneling spectroscopy of d-wave 

superconductors,” Phys. Rev. Lett. 74, 3451 (1995).
19 S. Kashiwaya and Y. Tanaka, “Tunnelling effects on surface bound states in 

unconventional superconductors,” Rep. Prog. Phys. 63, 1641–1724 (2000).
20 A. Pleceník, M. Grajcar, Š. Beˇ naˇ cka, P. Seidel, and A. Pfuch, “Finite-
quasiparticle-lifetime effects in the differential conductance of Bi 2 

Sr 2 
CaCu 2 

O y 
/Au 

junctions,” Phys. Rev. B 49, 10016 (1994).
21 D. Daghero, E. Piatti, N. D. Zhigadlo, and R. S. Gonnelli, “A model for criti-
cal current effects in point-contact Andreev-reflection spectroscopy,” Low Temp. 

Phys. 49, 886–892 (2023).
22 H. Srikanth and A. K. Raychaudhuri, “Transition from metallic to tunneling-
type conductance in metal-metal and normal-metal-superconductor point 

contacts,” Phys. Rev. B 46, 14713 (1992).
23 T. Y. Chen, S. X. Huang, and C. L. Chien, “Pronounced effects of additional 

resistance in Andreev reflection spectroscopy,” Phys. Rev. B 81, 214444 (2010).
24 V. Baltz, A. D. Naylor, K. M. Seemann, W. Elder, S. Sheen, K. Westerholt, H. 

Zabel, G. Burnell, C. H. Marrows, and B. J. Hickey, “Conductance features in point 

contact Andreev reflection spectra,” J. Phys.: Condens. Matter 21, 095701 (2009).
25 Y. Bugoslavsky, Y. Miyoshi, S. K. Clowes, W. R. Branford, M. Lake, I. Brown, 

A. D. Caplin, and L. F. Cohen, “Possibilities and limitations of point-contact 

spectroscopy for measurements of spin polarization,” Phys. Rev. B 71, 104523 

(2005).
26 D. Daghero, M. Tortello, G. A. Ummarino, E. Piatti, G. Ghigo, T. Hatano,
T. Kawaguchi, H. Ikuta, and R. S. Gonnelli, “Decoupling of critical tempera-
ture and superconducting gaps in irradiated films of a Fe-based superconductor,” 

Supercond. Sci. Technol. 31, 034005 (2018).
27 P. Pecchio, D. Daghero, G. A. Ummarino, R. S. Gonnelli, F. Kurth, B. Holzapfel, 

and K. Iida, “Doping and critical-temperature dependence of the energy gaps in 

Ba(Fe 1−x 
Co x 

) 2 
As 2 

thin films,” Phys. Rev. B 88, 174506 (2013).
28 I. O. Kulik, A. N. Omel’yanchuk, and R. I. Shekter, “Electrical conductivity of 

point microbridges and phonon and impurity spectroscopy in normal metals,” 

Sov. J. Low Temp. Phys. 3(12), 740–748 (1977).
29 Y. G. Naidyuk and I. K. Yanson, Point-Contact Spectroscopy, Springer Series 

in Solid-State Sciences (Springer Science+Business Media, Inc., New York, NY, 

2005), Vol. 145.
30 N. D. Zhigadlo, D. Logvinovich, V. A. Stepanov, R. S. Gonnelli, and D. Daghero, 

“Crystal growth, characterization, and point-contact Andreev-reflection spec-
troscopy of the noncentrosymmetric superconductor Mo 3 

Al 2 
C,” Phys. Rev. B 97, 

214518 (2018).
31 G. Deutscher, “Andreev-Saint-James reflections: A probe of cuprate 

superconductors,” Rev. Mod. Phys. 77, 109–135 (2005).
32 Y. V. Sharvin, “A possible method for studying Fermi surfaces,” Sov. Phys. JETP 

21, 655 (1965).
33 G. Wexler, “The size effect and the non-local Boltzmann transport equation in 

orifice and disk geometry,” Proc. Phys. Soc. 89, 927–941 (1966).
34 M. Horie, E. Matsuoka, H. Sugawara, H. Kotegawa, H. Tou, T. Terashima, and
S. Uji, “Single crystal growth and de Haas-van Alphen effect in strong coupling 

s-wave superconductor SrPt 3 
P,” J. Phys.: Conf. Ser. 2164, 012005 (2022).

35 G. J. Strijkers, Y. Ji, F. Y. Yang, C. L. Chien, and J. M. Byers, “Andreev reflections 

at metal/superconductor point contacts: Measurement and analysis,” Phys. Rev. B 

63, 104510 (2001).
36 L. Shan, H. J. Tao, H. Gao, Z. Z. Li, Z. A. Ren, G. C. Che, and H. H. Wen, “s-wave 

pairing in MgCNi 3 
revealed by point contact tunneling,” Phys. Rev. B 68, 144510 

(2003).

APL Mater. 14, 101103 (2026); doi: 10.1063/5.0354116 14, 101103-10

© Author(s) 2026

 13 O
ctober 2026 17:14:56

https://pubs.aip.org/aip/apm
https://doi.org/10.1103/physrevlett.108.237001
https://doi.org/10.1103/physrevlett.92.027003
https://doi.org/10.1088/1361-6633/80/3/036501
https://doi.org/10.1038/s41467-021-22807-8
https://doi.org/10.1103/physrevb.90.140507
https://doi.org/10.1103/physrevb.91.245143
https://doi.org/10.1134/s0021364012160060
https://doi.org/10.1103/physrevb.86.125116
https://doi.org/10.1103/physrevb.87.144504
https://doi.org/10.1103/physrevb.87.144504
https://doi.org/10.7566/jpsj.82.053703
https://doi.org/10.1103/physrevb.93.214510
https://doi.org/10.1016/j.jcrysgro.2016.10.003
https://doi.org/10.1088/1361-648x/ac8a36
https://doi.org/10.1103/physrevlett.89.247004
https://doi.org/10.1088/0953-2048/23/4/043001
https://doi.org/10.1134/S1063783417100171
https://doi.org/10.1103/physrevb.25.4515
https://doi.org/10.1103/physrevlett.74.3451
https://doi.org/10.1088/0034-4885/63/10/202
https://doi.org/10.1103/physrevb.49.10016
https://doi.org/10.1063/10.0019702
https://doi.org/10.1063/10.0019702
https://doi.org/10.1103/physrevb.46.14713
https://doi.org/10.1103/physrevb.81.214444
https://doi.org/10.1088/0953-8984/21/9/095701
https://doi.org/10.1103/physrevb.71.104523
https://doi.org/10.1088/1361-6668/aaa8b9
https://doi.org/10.1103/physrevb.88.174506
https://doi.org/10.1063/10.0029605
https://doi.org/10.1103/physrevb.97.214518
https://doi.org/10.1103/revmodphys.77.109
https://doi.org/10.1088/0370-1328/89/4/316
https://doi.org/10.1088/1742-6596/2164/1/012005
https://doi.org/10.1103/physrevb.63.104510
https://doi.org/10.1103/physrevb.68.144510


APL Materials 
ARTICLE pubs.aip.org/aip/apm

37 P. A. Lee, “Effect of noise on the current-voltage characteristics of a Josephson 

junction,” J. Appl. Phys. 42, 325–334 (1971).
38 E. Zhitlukhina, I. Devyatov, O. Egorov, M. Belogolovskii, and P. Sei-
del, “Anomalous inner-gap structure in transport characteristics of super-
conducting junctions with degraded interfaces,” Nanoscale Res. Lett. 11, 58 

(2016).
39 G. Sheet, S. Mukhopadhyay, and P. Raychaudhuri, “Role of critical current 

on the point-contact Andreev reflection spectra between a normal metal and a 

superconductor,” Phys. Rev. B 69, 134507 (2004).
40 R. Häussler, G. Goll, Y. G. Naidyuk, and H. V. Löhneysen, “Point contacts with 

the amorphous superconductor (Mo 0.55 
Ru 0.45 

) 0.8 
P 0.2 

in a magnetic field,” Physica 

B 218, 197–199 (1996).
41 Y. G. Naidyuk and O. E. Kvitnitskaya, “IVC studies for S-c-N contacts based 

on the amorphous superconductor Zr 2 
Ni,” Sov. J. Low Temp. Phys. 17, 439–444 

(1991).

42 D. Daghero, A. Calzolari, G. A. Ummarino, M. Tortello, R. S. Gonnelli, 

V. A. Stepanov, C. Tarantini, P. Manfrinetti, and E. Lehmann, “Point-contact 

spectroscopy in neutron-irradiated Mg 

11 B 2 
,” Phys. Rev. B 74, 174519 (2006).

43 D. L. Bashlakov, Y. G. Naidyuk, I. K. Yanson, S. C. Wimbush, B. Holzapfel, 

G. Fuchs, and S. L. Drechsler, “Distribution of the superconducting gap in a 

YNi 2 
B 2 

C film studied by point contact spectroscopy,” Supercond. Sci. Technol. 

18, 1094–1099 (2005).
44 A. Sirohi, C. K. Singh, G. S. Thakur, P. Saha, S. Gayen, A. Gaurav, S. Jyotsna, 

Z. Haque, L. C. Gupta, M. Kabir et al., “High spin polarization and the origin 

of unique ferromagnetic ground state in CuFeSb,” Appl. Phys. Lett. 108, 242411 

(2016).
45 B. Mühlschlegel, “Die thermodynamischen funktionen des supraleiters,” Z. 

Phys. 155, 313–327 (1959).
46 C. P. Poole, R. Prozorov, H. A. Farach, and R. J. Creswick, Superconductivity 

(Elsevier, London, 2014).

APL Mater. 14, 101103 (2026); doi: 10.1063/5.0354116 14, 101103-11

© Author(s) 2026

 13 O
ctober 2026 17:14:56

https://pubs.aip.org/aip/apm
https://doi.org/10.1063/1.1659596
https://doi.org/10.1186/s11671-016-1285-0
https://doi.org/10.1103/physrevb.69.134507
https://doi.org/10.1016/0921-4526(95)00592-7
https://doi.org/10.1016/0921-4526(95)00592-7
https://doi.org/10.1063/10.0033205
https://doi.org/10.1103/PhysRevB.74.174519
https://doi.org/10.1088/0953-2048/18/8/012
https://doi.org/10.1063/1.4954026
https://doi.org/10.1007/BF01332932
https://doi.org/10.1007/BF01332932

