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Absence of Andreev bound states in f-PdBi, probed by point-contact Andreev
reflection spectroscopy
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‘We report point-contact spectroscopic studies on high quality single crystalline 8-PdBi, with a superconducting
T, = 5.2 K. Our measurements show a typical double-peak structure in the voltage-biased junction conductance at
low temperatures, probably excluding the existence of topological Andreev bound states. The conductance curves
can be well fitted with the standard Blonder-Tinkham-Klapwijk model for s-wave superconductors, yielding a
superconducting gap Ay = 0.92 meV with 2Ay/kpT, ~ 4.1. Our results strongly suggest that 8-PdBi, is a
conventional intermediate-coupling s-wave superconductor.
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The topological aspects of electronic states have become
a research frontier in the field of condensed matter physics
and have attracted intensive attention in recent years, where
exotic states emerge, such as topological insulators, Weyl
semimetals, and topological superconductors [1-4]. Among
them, a topological superconductor hosts a fully gapped bulk
state and gapless surface bound state. The long-sought-after
Majorana fermions, their own antiparticles [5], are proposed to
exist at the edge of a topological superconductor, which are not
only of scientific interest for fundamental physics, but also a
potential candidate for applications in spintronics and quantum
computation [6]. Majorana fermions are claimed to have been
observed in several hybrid artificial structures, such as an InAs
nanowire in proximity with an Al superconductor in a magnetic
field [7] or ferromagnetic Fe chains on a superconducting Pb
film [8]. In such devices, Majorana fermions are manifested as
a zero-bias conductance peak (ZBCP) in the tunneling spectra
[9], while scanning tunneling spectroscopy (STS) on iron
chains has explicitly identified localized Majorana fermions
at both ends of the chain [8].

Tuning topological states through pressure or doping is
proposed to be another effective way to induce topologi-
cal superconductivity [10]. Recent mechanical point-contact
spectroscopy (PCS) measurements on crystals of the three-
dimensional (3D) Dirac semimetal Cd;As; suggest that exotic
superconductivity emerges in the local point-contact area,
probably due to inhomogeneous stress exerted by the sharp
tip [11,12]. Bulk superconductivity was also discovered in
doped topological insulators such as Cu,Bi;Ses; [13] and
Sn;_,In,Te [14], even though Cu,Bi,Se; shows a rela-
tively small superconducting volume fraction. A pronounced
ZBCP was observed in earlier soft PCS studies on both
Cu,Bi,Se; [15] and Sn;_,In,Te [16], which is claimed to
support the existence of Majorana fermions. However, recent
STS and PCS measurements on Cu,Bi,Se; instead favor a
fully gapped conventional s-wave superconducting state in
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Cu,BiSe; [17,18]. The controversy may be partly caused
by the intrinsic inhomogeneity associated with doping or
strain and it is thus desirable to search for clean topological
superconducting systems. Recent spin- and angle-resolved
photoemission spectroscopy (ARPES) measurements on an
earlier reported superconducting compound, S-PdBi, with
T, ~ 5 K, show that several nontrivial topological surface
bands cross the Fermi energy Er [19], indicating that 8-PdBi,
could be a promising candidate for a stoichiometric topological
superconductor and may offer a rare opportunity to explore
Majorana fermions.

Several superconducting phases have been found in Pd-
Bi binary systems [20]: noncentrosymmetric o-PdBi (7, ~
3.8 K) [21], a-PdBi, (T, ~ 1.7 K), centrosymmetric S-PdBi,
(T, ~ 5 K), and y-Pd, sBi; 5 (T, ~ 3.7 K). Among them, the
B-PdBi, phase has a tetragonal structure in the 14/mmm
space group with lattice parameters a = 3.36 A and ¢ =
12.98 A. Chemical doping and high pressure studies [22]
show that superconducting 7, monotonically decreases in
hole-doped PdBi,_,Pb,, electron-doped Na,PdBi,, or under
physical pressure. Band structure calculations of B-PdBi,
showed the presence of multiple Fermi surface (FS) sheets,
with an estimated electron-phonon coupling constant Aejpn ~
3.66, indicating an intermediate-coupling strength [23,24].
Temperature-dependent upper critical field and earlier specific
heat data [25] support the multigap nature of superconduc-
tivity in B-PdBi,, with 2A,/kgT, ~ 2.5 and 2A,/kpT. ~
6. However, low-temperature STS measurements [26] on
B-PdBij, single crystals argue for multiband superconductivity
in B-PdBi,, where each band has the same gap magnitude of
Ao = 0.76 meV (2Ay/kpT. = 3.53), while recent muon spin
relaxation (1 SR), calorimetric, and Hall-probe magnetometry
measurements also support a fully open single gap in 8-PdBi,
[27,28]. Complimentary to STS, point-contact spectroscopy
is a powerful tool to probe and clarify the superconducting
gap structure [29-32]. Meanwhile, it is also straightforward
to identify Majorana fermions via the presence of surface
Andreev bound states (ABS).

In this article, we report point-contact spectroscopy mea-
surements to determine the superconducting gap structure in
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FIG. 1. (a) The electrical resistivity of a 8-PdBi, single crystal,
showing a superconducting transition temperature of 5.2 K, while the
single crystal x-ray diffraction pattern at room temperature is shown in
the inset. (b) The temperature dependence of zero-bias conductance
of a point contact on a single crystal of 8-PdBi,, Go(T'), showing
a superconducting transition temperature consistent with resistivity
measurements. (c) The magnetic susceptibility of a S-PdBi, single
crystal. Squares and solid circles represent zero-field cooling (ZFC)
and field cooling (FC), respectively, in a magnetic field of 10 Oe.

high quality -PdBi, single crystals. The conductance curves
can be fitted with the standard Blonder-Tinkham-Klapwijk
(BTK) model with a conventional s-wave BCS gap, suggesting
the probable absence of Majorana fermions in 8-PdBi,.
B-PdBi, single crystals were grown via a melt-growth
method, where stoichiometric mixtures of Pd:Bi=1:2
were mixed thoroughly and then sealed in an evacuated
quartz tube. The samples were heated to 700 °C, followed
by cooling down to 450°C at a rate of 3°C/h. In order to
avoid the formation of the «-PdBi, phase, the quartz tube was
then rapidly quenched in iced water. Large B-PdBi, single
crystals with a typical size of 5 mm were obtained, and
they show a resistive superconducting transition at 7, ~ 5.2 K
with a narrow transition width AT = 0.2 K, as shown in
Fig. 1(b). The magnetic susceptibility shown in Fig. 1(c)
also shows a superconducting transition around 5 K and a
full superconducting volume fraction, indicating high sample
quality. The structure of the single crystalline samples was
characterized by powder x-ray diffraction (XRD) at room
temperature using a Rigaku diffractometer with Cu K«
radiation and a graphite monochromator as shown in the
inset of Fig. 1(a), where [001] crystallographic orientation
of the tetragonal lattice can be confirmed with ¢ = 12.96 A
and the presence of impurity phases can be excluded. The
soft point-contact spectroscopy method was employed, where
gentle contacts with 8-PdBi, were prepared by attaching a
25-pm-diam platinum wire with a drop of silver paint at the
end, on the freshly cleaved surface at ambient pressure and
room temperature. In such a configuration, scattering across
the interface is assumed to occur in thousands of parallel
nanoscale channels between the individual silver particles and
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FIG. 2. (a) Point-contact spectra of 8-PdBi, for different contacts
at 1.8 K with the typical double-peak structure. The conductance
curves are shifted for clarity. (b) The temperature evolution of G(V)
for one set of point-contact spectra; (c) zero-bias conductance peaks
observed at 1.8 K, which are probably due to the contact heating
effect.

the crystal surface. The conductance curves as a function of
bias voltage were measured with the conventional lock-in
technique in a quasi-four-probe configuration. A Quantum
Design physical property measurement system (PPMS) was
used to cool the samples down to 1.8 K and apply a magnetic
field. A representative curve of the point-contact zero-bias
conductance as a function of temperature Go(7') is shown in
Fig. 1(b), along with its resistivity near the superconducting
transition, indicating the nondegradation of the surface layer,
where the T is the same as the bulk.

Dozens of contacts have been measured on AB-PdBi,
crystals, and Fig. 2(a) shows some representative conductance
curves at the lowest temperature 7 = 1.8 K for junctions
perpendicular to the ab plane, which clearly exhibit two
symmetric peaks around the bias voltage ~ £0.82 mV. Two
symmetric side dips are noticeable at a larger voltage bias,
which are probably caused by the current heating effect. The
electronic mean free path £ at low temperatures is as small
as £ = 18.0 nm, estimated from the residual resistivity pq
and specific heat coefficient y of 8-PdBi; (o9 ~ 17.0 u2 cm
just above 7, and y ~ 13.0 mJ/mol K?), making most of the
contacts not in the pure ballistic limit due to the limitation
of the contact size. The junction heating effect cannot be
avoided in all of our measured contacts [33,34]. We have
analyzed the double-peak G(V) curves with the standard BTK
model to accurately determine the superconducting gap A [35],
where optimal fitting can be achieved inside the voltage region
[—A,A] while a systematic deviation exists in the dip region.
Such a deviation can generally cause a slight misestimation of
the gap value [33], however, it can be neglected here since the
dip voltages are quite distant from the superconducting gap,
as in the case of YNi,B,C [36].

The temperature evolution of the point-contact spectra of
B-PdBi;, is shown in Fig. 2(b), where the double peaks shift to
a smaller voltage and are smeared into one single zero-bias
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FIG. 3. (a) Temperature dependence of the normalized conduc-
tance curves for one set of Ag-paint/8-PdBi, point-contact spectra
(dots) with BTK optimal fittings included for comparison (solid lines).
(b) Two sets of BTK-fitted superconducting gaps A in 8-PdBi, as a
function of temperature, which follow the standard BCS curve (solid
line), yielding 2Ao/ kg T, ~ 4.10.

peak with increasing temperature, and finally disappear at
T.. Figure 3(a) shows one set of temperature-dependent
conductance curves G(V) for 8-PdBi, and the BTK fitting
curves are also included for comparison. Two sets of fitted gap
values for two different point contacts on 8-PdBi, as a function
of temperature are plotted in Fig. 3(b), which are consistent.
They follow the predicted behavior of a standard BCS su-
perconductor, and the zero-temperature superconducting gap
(Ay) is estimated to be 0.92 meV, yielding 2Aq/ kT, ~ 4.10,
which is slightly larger than the BCS weak-coupling value
3.52. Our measured A is corroborated by recent calorimetric
and Hall-probe magnetometry measurements. However, the
STS measurement on SB-PdBi, revealed a single gap with
Ao =0.76 meV and 2Aq/kpT, ~ 3.53, where the smaller
coupling strength is explained by the possible proximity effect
from bulk to a metallic surface state [28]. The origin of this
small discrepancy between different measurements is still an
open issue.

We examined the effect of magnetic field on the point-
contact spectra of 8-PdBi, by applying a magnetic field up
to 0.6 T perpendicular to the ab plane. The double-peak
structure at 1.8 K is gradually smeared into a zero-bias
peak in the conductance curve and the enhanced Andreev
reflection completely vanishes at B >~ 0.6 T, as shown in
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FIG. 4. (a) Point-contact spectra of S-PdBi, at 1.8 K in different
magnetic fields, where the conductance curves are shifted for
clarity and the superconductivity is completely suppressed in a
field of 0.6 T. (b) BTK-fitted superconducting gap of B-PdBi,
at 1.8 K under different magnetic fields in comparison with the
theoretical predictions of a BCS superconductor in an applied field
(solid line).

Fig. 4(a). This yields a superconducting coherence length

£ = 271‘1’;“ ~ 23.4 nm, which is consistent with previous

reports. Figure 4(b) shows the magnetic field dependence of
the superconducting gap obtained from fitting the BTK model,
and it follows the theoretical prediction for a one-gap type-II
BCS superconductor in a magnetic field with the formula
A = Ag(1 — H/H.»)"? in the vortex state [37]. This result
also suggests that -PdBi, is a typical BCS superconductor.
As a signature of topological superconductors [38,39], the
gapless surface ABS host the Bogoliubov quasiparticles as a
realization of Majorana fermions in condensed matter systems,
and the key experimental signature is the observation of a
robust ZBCP in the tunneling conductance. However, a ZBCP
is absent in most of our point-contact data on §-PdBi, and
therefore the presence of topological Andreev bound states
can be excluded on the surface of §-PdBi,, even though
topologically protected surface bands have been reported in
ARPES. The fully gapped density of states in the reported
low-temperature scanning tunneling spectra of §-PdBi, [26]
also indicate the absence of Andreev bound states, while
for intrinsic topological superconductors, the ZBCP should
persistently occur for the junctions from the transparent
to insulating limit. A ZBCP can sometimes occur in our
point-contact measurements on 8-PdBi,, as shown in Fig. 2(c),
which is likely extrinsic due to the heating effect for the contact
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in the thermal limit. This is not likely to be a genuine signal
of zero-energy Majorana fermions, since the double-peak
structure in the conductance curves is predominantly observed.
In a recent PCS study on microfabricated Au/Cu,Bi,Ses
junctions [18], the observed ZBCP was also claimed to be
extrinsic. However, in the case of its noncentrosymmetric
counterpart o-BiPd with a probable mixture of spin-singlet
and spin-triplet pairing, gapless edge states with zero-energy
Majorana modes are proposed to emerge, when the spin-triplet
component dominates and sign changes exist in the supercon-
ducting gap [40]. Indeed, a pronounced ZBCP concomitant
with the common superconducting double-peak feature was
observed in the point-contact data, and it is interpreted as
intrinsic ABS in «-BiPd [41]. We note that a ZBCP can also
be observed due to a sign change of the superconducting
gap function as in the cuprates or single-layer 2 H-TaS, and
2H-TaSe, [42,43].

In conclusion, we have performed soft point-contact spec-
troscopy studies on high quality single crystalline S-PdBi, and
the differential conductance curves are generally characterized
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by a double-peak structure, yielding a superconducting gap
Ay = 0.92 meV with 2Ag/kgT, ~ 4.1. The absence of an
intrinsic ZBCP in the point-contact spectra of 8-PdBi, and
the good fit with the single-gap BTK model strongly suggest
that §-PdBi, is a conventional intermediate-coupling BCS
superconductor and that zero-energy Majorana fermions are
probably absent.

We are grateful for valuable discussions with M. Smidman,
H. Q. Yuan, S. Kirchner, and H. O. Lee. Work at Zhejiang
University is supported by the National Natural Science
Foundation of China (Grant No. 11374257), Key Projects for
Research & Development of China 2016FYA(0300402, and
the Fundamental Research Funds for the Central Universities.
X.X. would like to acknowledge the National Natural Science
Foundation of China (Grant No. 11474080) and support from
the Distinguished Young Scientist Funds of Zhejiang Province
(LR14A040001). Z.S. would also like to acknowledge support
from the National Natural Science Foundation of China with
Grant No. U1432135.

[1] A. P. Schnyder, S. Ryu, A. Furusaki, and A. W. W. Ludwig,
Phys. Rev. B 78, 195125 (2008).
[2] M. M. Salomaa and G. E. Volovik, Phys. Rev. B 37,9298 (1988).
[3] X.-L. Qi, T. L. Hughes, S. Raghu, and S.-C. Zhang, Phys. Rev.
Lett. 102, 187001 (2009).
[4] X.-L. Qi and S.-C. Zhang, Rev. Mod. Phys. 83, 1057 (2011).
[5] F. Wilczek, Nat. Phys. 5, 614 (2009).
[6] C.Beenakker, Annu. Rev. Condens. Matter Phys. 4, 113 (2013).
[71 A. Das, Y. Ronen, Y. Most, Y. Oreg, M. Heiblum, and H.
Shtrikman, Nat. Phys. 8, 887 (2012).
[8] S. Nadj-Perge, 1. K. Drozdov, J. Li, H. Chen, S. Jeon, J. Seo,
A.H.MacDonald, B. A. Bernevig, and A. Yazdani, Science 346,
602 (2014).
[9] F. Pientka, G. Kells, A. Romito, P. W. Brouwer, and F. von
Oppen, Phys. Rev. Lett. 109, 227006 (2012).
[10] L. A. Wray, S.-Y. Xu, Y. Xia, Y. S. Hor, D. Qian, A. V. Fedorov,
H. Lin, A. Bansil, R. J. Cava, and M. Z. Hasan, Nat. Phys. 6,
855 (2010).
[11] H. Wang, H.-C. Wang, H.-W. Liu, H. Lu, W.-H. Yang, S. Jia,
X.-J. Liu, X. C. Xie, and J. Wei, Nat. Mater. 15, 38 (2016).
[12] L. Aggarwal, A. Gaurav, G. S. Thakur, Z. Haque, A. K. Ganguli,
and G. Sheet, Nat. Mater. 15, 32 (2016).
[13] M. Kriener, K. Segawa, Z. Ren, S. Sasaki, and Y. Ando, Phys.
Rev. Lett. 106, 127004 (2011).
[14] M. Novak, S. Sasaki, M. Kriener, K. Segawa, and Y. Ando, Phys.
Rev. B 88, 140502 (2013).
[15] S. Sasaki, M. Kriener, K. Segawa, K. Yada, Y. Tanaka, M. Sato,
and Y. Ando, Phys. Rev. Lett. 107, 217001 (2011).
[16] S. Sasaki, Z. Ren, A. A. Taskin, K. Segawa, L. Fu, and Y. Ando,
Phys. Rev. Lett. 109, 217004 (2012).
[17] N. Levy, T. Zhang, J. Ha, F. Sharifi, A. A. Talin, Y. Kuk, and
J. A. Stroscio, Phys. Rev. Lett. 110, 117001 (2013).
[18] H. Peng, D. De, B. Lv, F. Wei, and C.-W. Chu, Phys. Rev. B 88,
024515 (2013).
[19] M. Sakano, K. Okawa, M. Kanou, H. Sanjo, T. Sanjo, T.
Sasagawa, and K. Ishizaka, Nat. Commun. 6, 8595 (2015).

[20] B. T. Matthias, T. H. Geballe, and V. B. Compton, Rev. Mod.
Phys. 35, 1 (1963).

[21] B. Joshi, A. Thamizhavel, and S. Ramakrishnan, Phys. Rev. B
84, 064518 (2011).

[22] K. Zhao, B. Lv, Y.-Y. Xue, X.-Y. Zhu, L. Z. Deng, Z. Wu, and
C. W. Chu, Phys. Rev. B 92, 174404 (2015).

[23] R. Sharma, S. Dwivedi, and Y. Sharma, in Proceedings of the
59th DAE Solid State Physics Symposium 2014, edited by D.
Bhattacharyya, R. Chitra, and N. K. Sahoo, AIP Conf. Proc.,
Vol. 1665 (AIP, Melville, NY, 2015), p. 130003.

[24] 1. R. Shein and A. L. Ivanovskii, J. Supercond. Novel Magn. 26,
1 (2013).

[25] Y. Imai, F. Nabeshima, T. Yoshinaka, K. Miyatani, R. Kondo,
S. Komiya, I. Tsukada, and A. Maeda, J. Phys. Soc. Jpn. 81,
113708 (2012).

[26] E. Herrera, 1. Guillamén, J. A. Galvis, A. Correa, A. Fente,
R. F. Luccas, F. J. Mompean, M. Garcia-Hernandez, S. Vieira,
J. P. Brison et al., Phys. Rev. B 92, 054507 (2015).

[27] P. K. Biswas, D. G. Mazzone, R. Sibille, E. Pomjakushina, K.
Conder, H. Luetkens, C. Baines, J. L. Gavilano, M. Kenzelmann,
A. Amato et al., Phys. Rev. B 93, 220504 (2016).

[28] J. Ka¢maréik, Z. Pribulova, T. Samuely, P. Szabd, V. Cambel,
J. §olt}'/s, E. Herrera, H. Suderow, A. Correa-Orellana, D.
Prabhakaran et al., Phys. Rev. B 93, 144502 (2016).

[29] G. Deutscher, Rev. Mod. Phys. 77, 109 (2005).

[30] Y. G. Naidyuk, I. K. Yanson, L. V. Tyutrina, N. L. Bobrov,
P. N. Chubov, W. N. Kang, H.-J. Kim, E.-M. Choi, and S.-I.
Lee, JETP Lett. 75, 238 (2002).

[31] X. Lu, W. K. Park, S. Yeo, K.-H. Oh, S.-1. Lee, S. L. Bud’ko, P.
C. Canfield, and L. H. Greene, Phys. Rev. B 83, 104519 (2011).

[32] W. K. Park, J. L. Sarrao, J. D. Thompson, and L. H. Greene,
Phys. Rev. Lett. 100, 177001 (2008).

[33] G. Sheet, S. Mukhopadhyay, and P. Raychaudhuri, Phys. Rev.
B 69, 134507 (2004).

[34] L. Shan, H. J. Tao, H. Gao, Z. Z. Li, Z. A. Ren, G. C. Che, and
H. H. Wen, Phys. Rev. B 68, 144510 (2003).

024519-4


http://dx.doi.org/10.1103/PhysRevB.78.195125
http://dx.doi.org/10.1103/PhysRevB.78.195125
http://dx.doi.org/10.1103/PhysRevB.78.195125
http://dx.doi.org/10.1103/PhysRevB.78.195125
http://dx.doi.org/10.1103/PhysRevB.37.9298
http://dx.doi.org/10.1103/PhysRevB.37.9298
http://dx.doi.org/10.1103/PhysRevB.37.9298
http://dx.doi.org/10.1103/PhysRevB.37.9298
http://dx.doi.org/10.1103/PhysRevLett.102.187001
http://dx.doi.org/10.1103/PhysRevLett.102.187001
http://dx.doi.org/10.1103/PhysRevLett.102.187001
http://dx.doi.org/10.1103/PhysRevLett.102.187001
http://dx.doi.org/10.1103/RevModPhys.83.1057
http://dx.doi.org/10.1103/RevModPhys.83.1057
http://dx.doi.org/10.1103/RevModPhys.83.1057
http://dx.doi.org/10.1103/RevModPhys.83.1057
http://dx.doi.org/10.1038/nphys1380
http://dx.doi.org/10.1038/nphys1380
http://dx.doi.org/10.1038/nphys1380
http://dx.doi.org/10.1038/nphys1380
http://dx.doi.org/10.1146/annurev-conmatphys-030212-184337
http://dx.doi.org/10.1146/annurev-conmatphys-030212-184337
http://dx.doi.org/10.1146/annurev-conmatphys-030212-184337
http://dx.doi.org/10.1146/annurev-conmatphys-030212-184337
http://dx.doi.org/10.1038/nphys2479
http://dx.doi.org/10.1038/nphys2479
http://dx.doi.org/10.1038/nphys2479
http://dx.doi.org/10.1038/nphys2479
http://dx.doi.org/10.1126/science.1259327
http://dx.doi.org/10.1126/science.1259327
http://dx.doi.org/10.1126/science.1259327
http://dx.doi.org/10.1126/science.1259327
http://dx.doi.org/10.1103/PhysRevLett.109.227006
http://dx.doi.org/10.1103/PhysRevLett.109.227006
http://dx.doi.org/10.1103/PhysRevLett.109.227006
http://dx.doi.org/10.1103/PhysRevLett.109.227006
http://dx.doi.org/10.1038/nphys1762
http://dx.doi.org/10.1038/nphys1762
http://dx.doi.org/10.1038/nphys1762
http://dx.doi.org/10.1038/nphys1762
http://dx.doi.org/10.1038/nmat4456
http://dx.doi.org/10.1038/nmat4456
http://dx.doi.org/10.1038/nmat4456
http://dx.doi.org/10.1038/nmat4456
http://dx.doi.org/10.1038/nmat4455
http://dx.doi.org/10.1038/nmat4455
http://dx.doi.org/10.1038/nmat4455
http://dx.doi.org/10.1038/nmat4455
http://dx.doi.org/10.1103/PhysRevLett.106.127004
http://dx.doi.org/10.1103/PhysRevLett.106.127004
http://dx.doi.org/10.1103/PhysRevLett.106.127004
http://dx.doi.org/10.1103/PhysRevLett.106.127004
http://dx.doi.org/10.1103/PhysRevB.88.140502
http://dx.doi.org/10.1103/PhysRevB.88.140502
http://dx.doi.org/10.1103/PhysRevB.88.140502
http://dx.doi.org/10.1103/PhysRevB.88.140502
http://dx.doi.org/10.1103/PhysRevLett.107.217001
http://dx.doi.org/10.1103/PhysRevLett.107.217001
http://dx.doi.org/10.1103/PhysRevLett.107.217001
http://dx.doi.org/10.1103/PhysRevLett.107.217001
http://dx.doi.org/10.1103/PhysRevLett.109.217004
http://dx.doi.org/10.1103/PhysRevLett.109.217004
http://dx.doi.org/10.1103/PhysRevLett.109.217004
http://dx.doi.org/10.1103/PhysRevLett.109.217004
http://dx.doi.org/10.1103/PhysRevLett.110.117001
http://dx.doi.org/10.1103/PhysRevLett.110.117001
http://dx.doi.org/10.1103/PhysRevLett.110.117001
http://dx.doi.org/10.1103/PhysRevLett.110.117001
http://dx.doi.org/10.1103/PhysRevB.88.024515
http://dx.doi.org/10.1103/PhysRevB.88.024515
http://dx.doi.org/10.1103/PhysRevB.88.024515
http://dx.doi.org/10.1103/PhysRevB.88.024515
http://dx.doi.org/10.1038/ncomms9595
http://dx.doi.org/10.1038/ncomms9595
http://dx.doi.org/10.1038/ncomms9595
http://dx.doi.org/10.1038/ncomms9595
http://dx.doi.org/10.1103/RevModPhys.35.1
http://dx.doi.org/10.1103/RevModPhys.35.1
http://dx.doi.org/10.1103/RevModPhys.35.1
http://dx.doi.org/10.1103/RevModPhys.35.1
http://dx.doi.org/10.1103/PhysRevB.84.064518
http://dx.doi.org/10.1103/PhysRevB.84.064518
http://dx.doi.org/10.1103/PhysRevB.84.064518
http://dx.doi.org/10.1103/PhysRevB.84.064518
http://dx.doi.org/10.1103/PhysRevB.92.174404
http://dx.doi.org/10.1103/PhysRevB.92.174404
http://dx.doi.org/10.1103/PhysRevB.92.174404
http://dx.doi.org/10.1103/PhysRevB.92.174404
http://dx.doi.org/10.1007/s10948-012-1776-x
http://dx.doi.org/10.1007/s10948-012-1776-x
http://dx.doi.org/10.1007/s10948-012-1776-x
http://dx.doi.org/10.1007/s10948-012-1776-x
http://dx.doi.org/10.1143/JPSJ.81.113708
http://dx.doi.org/10.1143/JPSJ.81.113708
http://dx.doi.org/10.1143/JPSJ.81.113708
http://dx.doi.org/10.1143/JPSJ.81.113708
http://dx.doi.org/10.1103/PhysRevB.92.054507
http://dx.doi.org/10.1103/PhysRevB.92.054507
http://dx.doi.org/10.1103/PhysRevB.92.054507
http://dx.doi.org/10.1103/PhysRevB.92.054507
http://dx.doi.org/10.1103/PhysRevB.93.220504
http://dx.doi.org/10.1103/PhysRevB.93.220504
http://dx.doi.org/10.1103/PhysRevB.93.220504
http://dx.doi.org/10.1103/PhysRevB.93.220504
http://dx.doi.org/10.1103/PhysRevB.93.144502
http://dx.doi.org/10.1103/PhysRevB.93.144502
http://dx.doi.org/10.1103/PhysRevB.93.144502
http://dx.doi.org/10.1103/PhysRevB.93.144502
http://dx.doi.org/10.1103/RevModPhys.77.109
http://dx.doi.org/10.1103/RevModPhys.77.109
http://dx.doi.org/10.1103/RevModPhys.77.109
http://dx.doi.org/10.1103/RevModPhys.77.109
http://dx.doi.org/10.1134/1.1478521
http://dx.doi.org/10.1134/1.1478521
http://dx.doi.org/10.1134/1.1478521
http://dx.doi.org/10.1134/1.1478521
http://dx.doi.org/10.1103/PhysRevB.83.104519
http://dx.doi.org/10.1103/PhysRevB.83.104519
http://dx.doi.org/10.1103/PhysRevB.83.104519
http://dx.doi.org/10.1103/PhysRevB.83.104519
http://dx.doi.org/10.1103/PhysRevLett.100.177001
http://dx.doi.org/10.1103/PhysRevLett.100.177001
http://dx.doi.org/10.1103/PhysRevLett.100.177001
http://dx.doi.org/10.1103/PhysRevLett.100.177001
http://dx.doi.org/10.1103/PhysRevB.69.134507
http://dx.doi.org/10.1103/PhysRevB.69.134507
http://dx.doi.org/10.1103/PhysRevB.69.134507
http://dx.doi.org/10.1103/PhysRevB.69.134507
http://dx.doi.org/10.1103/PhysRevB.68.144510
http://dx.doi.org/10.1103/PhysRevB.68.144510
http://dx.doi.org/10.1103/PhysRevB.68.144510
http://dx.doi.org/10.1103/PhysRevB.68.144510

ABSENCE OF ANDREEV BOUND STATES IN 8-PdBi ...

[35] G. E. Blonder, M. Tinkham, and T. M. Klapwijk, Phys. Rev. B
25,4515 (1982).

[36] D. L. Bashlakov, Y. G. Naidyuk, I. K. Yanson, S. C. Wimbush,
B. Holzapfel, G. Fuchs, and S.-L. Drechsler, Supercond. Sci.
Technol. 18, 1094 (2005).

[37] E. H. Brandt, Phys. Status Solidi B 77, 105 (1976).

[38] T. H. Hsieh and L. Fu, Phys. Rev. Lett. 108, 107005
(2012).

[39] J. Linder, Y. Tanaka, T. Yokoyama, A. Sudbg, and N. Nagaosa,
Phys. Rev. Lett. 104, 067001 (2010).

PHYSICAL REVIEW B 94, 024519 (2016)

[40] M. Sato and S. Fujimoto, Phys. Rev. B 79, 094504 (2009).

[41] M. Mondal, B. Joshi, S. Kumar, A. Kamlapure, S. C. Ganguli,
A. Thamizhavel, S. S. Mandal, S. Ramakrishnan, and P.
Raychaudhuri, Phys. Rev. B 86, 094520 (2012).

[42] J. A. Galvis, P. Rodiere, 1. Guillamon, M. R. Osorio, J. G.
Rodrigo, L. Cario, E. Navarro-Moratalla, E. Coronado, S. Vieira,
and H. Suderow, Phys. Rev. B 87, 094502 (2013).

[43] J. A. Galvis, L. Chirolli, I. Guillamén, S. Vieira, E. Navarro-
Moratalla, E. Coronado, H. Suderow, and F. Guinea, Phys. Rev.
B 89, 224512 (2014).

024519-5


http://dx.doi.org/10.1103/PhysRevB.25.4515
http://dx.doi.org/10.1103/PhysRevB.25.4515
http://dx.doi.org/10.1103/PhysRevB.25.4515
http://dx.doi.org/10.1103/PhysRevB.25.4515
http://dx.doi.org/10.1088/0953-2048/18/8/012
http://dx.doi.org/10.1088/0953-2048/18/8/012
http://dx.doi.org/10.1088/0953-2048/18/8/012
http://dx.doi.org/10.1088/0953-2048/18/8/012
http://dx.doi.org/10.1002/pssb.2220770109
http://dx.doi.org/10.1002/pssb.2220770109
http://dx.doi.org/10.1002/pssb.2220770109
http://dx.doi.org/10.1002/pssb.2220770109
http://dx.doi.org/10.1103/PhysRevLett.108.107005
http://dx.doi.org/10.1103/PhysRevLett.108.107005
http://dx.doi.org/10.1103/PhysRevLett.108.107005
http://dx.doi.org/10.1103/PhysRevLett.108.107005
http://dx.doi.org/10.1103/PhysRevLett.104.067001
http://dx.doi.org/10.1103/PhysRevLett.104.067001
http://dx.doi.org/10.1103/PhysRevLett.104.067001
http://dx.doi.org/10.1103/PhysRevLett.104.067001
http://dx.doi.org/10.1103/PhysRevB.79.094504
http://dx.doi.org/10.1103/PhysRevB.79.094504
http://dx.doi.org/10.1103/PhysRevB.79.094504
http://dx.doi.org/10.1103/PhysRevB.79.094504
http://dx.doi.org/10.1103/PhysRevB.86.094520
http://dx.doi.org/10.1103/PhysRevB.86.094520
http://dx.doi.org/10.1103/PhysRevB.86.094520
http://dx.doi.org/10.1103/PhysRevB.86.094520
http://dx.doi.org/10.1103/PhysRevB.87.094502
http://dx.doi.org/10.1103/PhysRevB.87.094502
http://dx.doi.org/10.1103/PhysRevB.87.094502
http://dx.doi.org/10.1103/PhysRevB.87.094502
http://dx.doi.org/10.1103/PhysRevB.89.224512
http://dx.doi.org/10.1103/PhysRevB.89.224512
http://dx.doi.org/10.1103/PhysRevB.89.224512
http://dx.doi.org/10.1103/PhysRevB.89.224512



