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Abstract
High-quality Bi1—xSbx (0 <x <0.2) bicrystals with nanowidth crystallite

interfaces (CIs), exhibiting simultaneously superconductivity (Tc <21 K) and
weak ferromagnetism, are studied. A number of unusual features of quantum
transport are observed, which are due to topological changes of the Fermi
surface of CIs layers, as well as the manifestation of some 3D topological phases
of the matter. It is revealed that the flow of Dirac fermions is sensitive to the field
orientation, and the localization process occurs only at the B||CIs plane. In doing
so, the dependences of the Landau level index n on peak position at inclination
interfaces are extrapolated to —0.5 if 1/Bn — 0, as expected for the massless
Dirac fermions, while in crystallites and some twisting CIs with an increased
degree of imperfection, electronic states are of the Schrodinger type, since n takes
integer values. At Sb concentrations of x ~ 0.04, the high-field thermomagnetic
phenomena of CI layers exhibit behavior of the 3D topological semimetals,
whereas in bicrystals with 0.07 <x < 0.2 they manifest typical features of the 3D
topological insulators.

Keywords: dirac fermions, field orientation, high quality, interface
layer, localisation, quantum transport, topological changes, topological features,

topological phase, weak ferromagnetism

References:

1. Jeffrey C. Y. Teo, Lag Fu, and C. L. Kane, Phys. Rev. B 78, 045426 (2008).
https://doi.org/10.1103/PhysRevB.78.045426



https://doi.org/10.1063/10.0016486
https://doi.org/10.1103/PhysRevB.78.045426

Low Temperature Physics

Volume 49, Issue no.l1l/ 2023. ISSN 1063-777X
Google Scholar Crossref

2. D. Hsieh, D. Qian, I. Wray, Y. Xia, Y. Hor, R. J. Cava, and M. Z. Hasan, Nature
(London) 452, 970 (2008). https://doi.org/10.1038/nature06843
Google Scholar Crossref

3. Jn H. Bardarson and Je E. Moore, Rep. Prog. Phys. 76, 056501 (2013).
https://doi.org/10.1088/0034-4885/76/5/056501
Google Scholar Crossref PubMed

4. F. M. Muntyanu, V. G. Kistol, and I. A. Popov, Phys. Status Solidi (b) 148, K37
(1988). https://doi.org/10.1002/pssb.2221480149
Google Scholar Crossref

5. M. Bianchi, D. Guan, A. Strozecka, C. H. Voetmann, S. Bao, J. I. Pascual, and A.
Eiguren, and P. Hofman, Phys. Rev. B 85, 155431 (2012).
https://doi.org/10.1103/PhysRevB.85.155431

Google Scholar Crossref

6. F. M. Muntyanu, A. Gilewski, A. J. Zaleski, V. Chistol, V. Munteanu, K. Rogacki,
and A. Sidorenko, Functional Nanostructures and Metamaterials for
Superconducting Spintronics (Springer International Publishing AG, 2018), Chap. 12,
p. 247.

Google Scholar Crossref

7. F. M. Muntyanu, A. Gilewski, K. Nenkov, J. Warchulska, and A. Zaleski, Phys.
Rev. B 73, 132507 (2006). https://doi.org/10.1103/PhysRevB.73.132507
Google Scholar Crossref

8. F. M. Muntyanu, A. Gilewski, K. Nenkov, A. Zaleski, and V. Chistol, Phys. Rev. B
76, 014532 (2007). https://doi.org/10.1103/PhysRevB.76.014532
Google Scholar Crossref

9. A. A. Taskin and Y. Ando, Phys. Rev. B 80, 085303 (2009).
https://doi.org/10.1103/PhysRevB.80.085303
Google Scholar Crossref

10. F. M. Muntyanu and G. S. Gudima, Solid State Physics 36, 3155 (1994).
Google Scholar

11.  E. W. Fenton and J.-P. Jan, and A. Karlsson, J. Low Temp. Phys. 3, 147 (1970).
https://doi.org/10.1007/BF00628324
Google Scholar Crossref

12. N. B. Brandt, Ya. G. Ponomarev, and S. M. Chudinov, J. Low Temp. Phys. 8,
369 (1972). https://doi.org/10.1007/BF00653870
Google Scholar Crossref

13. T. Yamashita, Y. Shimoyama, Y. Haga, and T. D. Matsuda, E. Yamamoto Y.
Onuki, S. Fujimoto, A. Levchenko, T. Shibauchi, and Y. Matsuda, Nat. Phys. 11, 17
(2015). https://doi.org/10.1038/nphys3170



https://scholar.google.com/scholar_lookup?title=&author=Jeffrey%20C.%20Y.%20Teo&author=Lag%20Fu&author=C.%20L.%20Kane&publication_year=2008&journal=Phys.%20Rev.%20B&volume=78&pages=045426
http://dx.doi.org/10.1103/PhysRevB.78.045426
https://doi.org/10.1038/nature06843
https://scholar.google.com/scholar_lookup?title=&author=D.%20Hsieh&author=D.%20Qian&author=I.%20Wray&author=Y.%20Xia&author=Y.%20Hor&author=R.%20J.%20Cava&author=M.%20Z.%20Hasan&publication_year=2008&journal=Nature%20%28London%29&volume=452&pages=970
http://dx.doi.org/10.1038/nature06843
https://doi.org/10.1088/0034-4885/76/5/056501
https://scholar.google.com/scholar_lookup?title=&author=Jn%20H.%20Bardarson&author=Je%20E.%20Moore&publication_year=2013&journal=Rep.%20Prog.%20Phys.&volume=76&pages=056501
http://dx.doi.org/10.1088/0034-4885/76/5/056501
http://www.ncbi.nlm.nih.gov/pubmed/23552181
https://doi.org/10.1002/pssb.2221480149
https://scholar.google.com/scholar_lookup?title=&author=F.%20M.%20Muntyanu&author=V.%20G.%20Kistol&author=I.%20A.%20Popov&publication_year=1988&journal=Phys.%20Status%20Solidi%20%28b%29&volume=148&pages=K37
http://dx.doi.org/10.1002/(ISSN)1521-3951
https://doi.org/10.1103/PhysRevB.85.155431
https://scholar.google.com/scholar_lookup?title=&author=M.%20Bianchi&author=D.%20Guan&author=A.%20Strozecka&author=C.%20H.%20Voetmann&author=S.%20Bao&author=J.%20I.%20Pascual&author=A.%20Eiguren&author=P.%20Hofman&publication_year=2012&journal=Phys.%20Rev.%20B&volume=85&pages=155431
http://dx.doi.org/10.1103/PhysRevB.85.155431
https://scholar.google.com/scholar_lookup?title=Functional%20Nanostructures%20and%20Metamaterials%20for%20Superconducting%20Spintronics&author=F.%20M.%20Muntyanu&author=A.%20Gilewski&author=A.%20J.%20Zaleski&author=V.%20Chistol&author=V.%20Munteanu&author=K.%20Rogacki&author=A.%20Sidorenko&publication_year=2018&book=Functional%20Nanostructures%20and%20Metamaterials%20for%20Superconducting%20Spintronics
http://dx.doi.org/10.1007/978-3-319-90481-8
https://doi.org/10.1103/PhysRevB.73.132507
https://scholar.google.com/scholar_lookup?title=&author=F.%20M.%20Muntyanu&author=A.%20Gilewski&author=K.%20Nenkov&author=J.%20Warchulska&author=A.%20Zaleski&publication_year=2006&journal=Phys.%20Rev.%20B&volume=73&pages=132507
http://dx.doi.org/10.1103/PhysRevB.73.132507
https://doi.org/10.1103/PhysRevB.76.014532
https://scholar.google.com/scholar_lookup?title=&author=F.%20M.%20Muntyanu&author=A.%20Gilewski&author=K.%20Nenkov&author=A.%20Zaleski&author=V.%20Chistol&publication_year=2007&journal=Phys.%20Rev.%20B&volume=76&pages=014532
http://dx.doi.org/10.1103/PhysRevB.76.014532
https://doi.org/10.1103/PhysRevB.80.085303
https://scholar.google.com/scholar_lookup?title=&author=A.%20A.%20Taskin&author=Y.%20Ando&publication_year=2009&journal=Phys.%20Rev.%20B&volume=80&pages=085303
http://dx.doi.org/10.1103/PhysRevB.80.085303
https://scholar.google.com/scholar_lookup?title=&author=F.%20M.%20Muntyanu&author=G.%20S.%20Gudima&publication_year=1994&journal=Solid%20State%20Physics&volume=36&pages=3155
https://doi.org/10.1007/BF00628324
https://scholar.google.com/scholar_lookup?title=&author=E.%20W.%20Fenton&author=J.-P.%20Jan&author=%C3%85.%20Karlsson&publication_year=1970&journal=J.%20Low%20Temp.%20Phys.&volume=3&pages=147
http://dx.doi.org/10.1007/BF00628324
https://doi.org/10.1007/BF00653870
https://scholar.google.com/scholar_lookup?title=&author=N.%20B.%20Brandt&author=Ya.%20G.%20Ponomarev&author=S.%20M.%20Chudinov&publication_year=1972&journal=J.%20Low%20Temp.%20Phys.&volume=8&pages=369
http://dx.doi.org/10.1007/BF00653870
https://doi.org/10.1038/nphys3170

Low Temperature Physics

Volume 49, Issue no.l1l/ 2023. ISSN 1063-777X
Google Scholar Crossref

14.  R. Bel, K. Behnia, Y. Nakajima, K. Izawa, Y. Matsuda, H. Shishido, R. Settai,
and Y. Onuki, Phys. Rev. Lett. 92, 217002 (2004).
https://doi.org/10.1103/PhysRevlLett.92.217002

Google Scholar Crossref PubMed

15. N. P. Armitage, E. J. Mele, and Ahi Vishwanath, Rev. Mod. Phys. 90, 015001
(2018). https://doi.org/10.1103/RevModPhys.90.015001
Google Scholar Crossref

16.  F. M. Muntyanu and V. Chistol, Physica B Condens. Matter 568, 66 (2019).
https://doi.org/10.1016/j.physb.2019.05.032
Google Scholar Crossref

17. X.G. Wan, A. M. Turner, A. Vishwanath, and S. Y. Savrasov, Phys. Rev. B 83,
205101 (2011). https://doi.org/10.1103/PhysRevB.83.205101
Google Scholar Crossref

18. 5. M. Young, S. Zaheer, J. C. Y. Teo, C. K. Kane, E. J. Mele, and A. M. Rappe,
Phys. Rev. Lett. 108, 140405 (2012).
https://doi.org/10.1103/PhysRevLett.108.140405

Google Scholar Crossref PubMed

19. Z. J. Wang, H. M. Weng, Q. S. Wu, X. Dai, and Z. Fang, Phys. Rev. B 88, 125427
(2013). https://doi.org/10.1103/PhysRevB.88.125427
Google Scholar Crossref

20. A. A. Burkov, Nat. Mater. 15, 1145 (2016). https://doi.org/10.1038/nmat4788
Google Scholar Crossref PubMed

21. F. M. Muntyanu, A. Gilewski, A. J. Zaleski, V. Chistol, and K. Rogacki, Phys.
Lett. A 381, 2040 (2017). https://doi.org/10.1016/j.physleta.2017.04.021
Google Scholar Crossref

22. M. G. Blamire and J. W. A. Robinson, J. Phys. Condens. Matter 26, 453201
(2014). https://doi.org/10.1088/0953-8984/26/45/453201
Google Scholar Crossref PubMed

23. 1. J. Urban, A. K. Menon, Z. Tian, A. Jain, and K. Hippalgaonkar, J. Appl. Phys.
125, 180902 (2019). https://doi.org/10.1063/1.5092525
Google Scholar Crossref

24.  H.-J. Kim, K.-S. Kim, J.-F. Wang, M. Sasaki, N. Satoh, A. Ohnishi, M. Kitaura, M.
Yang, and L. Li, Phys. Rev. Lett. 11, 246603 (2013).
https://doi.org/10.1103/PhysRevlett.111.246603

Google Scholar Crossref

25. Y. Shu, D. Yu, W. Hu, Y. Wang, G. Shen, Y. Kono, B. Xu, J. He, Z. Liu, and Y.
Tian, PNAS 114, 3375 (2017). https://doi.org/10.1073/pnas.1615874114
Google Scholar Crossref PubMed



https://scholar.google.com/scholar_lookup?title=&author=T.%20Yamashita&author=Y.%20Shimoyama&author=Y.%20Haga&author=T.%20D.%20Matsuda&author=E.%20Yamamoto&author=Y.%20Onuki&author=S.%20Fujimoto&author=A.%20Levchenko&author=T.%20Shibauchi&author=Y.%20Matsuda&publication_year=2015&journal=Nat.%20Phys.&volume=11&pages=17
http://dx.doi.org/10.1038/nphys3170
https://doi.org/10.1103/PhysRevLett.92.217002
https://scholar.google.com/scholar_lookup?title=&author=R.%20Bel&author=K.%20Behnia&author=Y.%20Nakajima&author=K.%20Izawa&author=Y.%20Matsuda&author=H.%20Shishido&author=R.%20Settai&author=Y.%20Onuki&publication_year=2004&journal=Phys.%20Rev.%20Lett.&volume=92&pages=217002
http://dx.doi.org/10.1103/PhysRevLett.92.217002
http://www.ncbi.nlm.nih.gov/pubmed/15245310
https://doi.org/10.1103/RevModPhys.90.015001
https://scholar.google.com/scholar_lookup?title=&author=N.%20P.%20Armitage&author=E.%20J.%20Mele&author=Ahi%20Vishwanath&publication_year=2018&journal=Rev.%20Mod.%20Phys.&volume=90&pages=015001
http://dx.doi.org/10.1103/RevModPhys.90.015001
https://doi.org/10.1016/j.physb.2019.05.032
https://scholar.google.com/scholar_lookup?title=&author=F.%20M.%20Muntyanu&author=V.%20Chistol&publication_year=2019&journal=Physica%20B%20Condens.%20Matter&volume=568&pages=66
http://dx.doi.org/10.1016/j.physb.2019.05.032
https://doi.org/10.1103/PhysRevB.83.205101
https://scholar.google.com/scholar_lookup?title=&author=X.%20G.%20Wan&author=A.%20M.%20Turner&author=A.%20Vishwanath&author=S.%20Y.%20Savrasov&publication_year=2011&journal=Phys.%20Rev.%20B&volume=83&pages=205101
http://dx.doi.org/10.1103/PhysRevB.83.205101
https://doi.org/10.1103/PhysRevLett.108.140405
https://scholar.google.com/scholar_lookup?title=&author=S.%20M.%20Young&author=S.%20Zaheer&author=J.%20C.%20Y.%20Teo&author=C.%20K.%20Kane&author=E.%20J.%20Mele&author=A.%20M.%20Rappe&publication_year=2012&journal=Phys.%20Rev.%20Lett.&volume=108&pages=140405
http://dx.doi.org/10.1103/PhysRevLett.108.140405
http://www.ncbi.nlm.nih.gov/pubmed/22540776
https://doi.org/10.1103/PhysRevB.88.125427
https://scholar.google.com/scholar_lookup?title=&author=Z.%20J.%20Wang&author=H.%20M.%20Weng&author=Q.%20S.%20Wu&author=X.%20Dai&author=Z.%20Fang&publication_year=2013&journal=Phys.%20Rev.%20B&volume=88&pages=125427
http://dx.doi.org/10.1103/PhysRevB.88.125427
https://doi.org/10.1038/nmat4788
https://scholar.google.com/scholar_lookup?title=&author=A.%20A.%20Burkov&publication_year=2016&journal=Nat.%20Mater.&volume=15&pages=1145
http://dx.doi.org/10.1038/nmat4788
http://www.ncbi.nlm.nih.gov/pubmed/27777403
https://doi.org/10.1016/j.physleta.2017.04.021
https://scholar.google.com/scholar_lookup?title=&author=F.%20M.%20Muntyanu&author=A.%20Gilewski&author=A.%20J.%20Zaleski&author=V.%20Chistol&author=K.%20Rogacki&publication_year=2017&journal=Phys.%20Lett.%20A&volume=381&pages=2040
http://dx.doi.org/10.1016/j.physleta.2017.04.021
https://doi.org/10.1088/0953-8984/26/45/453201
https://scholar.google.com/scholar_lookup?title=&author=M.%20G.%20Blamire&author=J.%20W.%20A.%20Robinson&publication_year=2014&journal=J.%20Phys.%20Condens.%20Matter&volume=26&pages=453201
http://dx.doi.org/10.1088/0953-8984/26/45/453201
http://www.ncbi.nlm.nih.gov/pubmed/25318455
https://doi.org/10.1063/1.5092525
https://scholar.google.com/scholar_lookup?title=&author=J.%20J.%20Urban&author=A.%20K.%20Menon&author=Z.%20Tian&author=A.%20Jain&author=K.%20Hippalgaonkar&publication_year=2019&journal=J.%20Appl.%20Phys.&volume=125&pages=180902
http://dx.doi.org/10.1063/1.5092525
https://doi.org/10.1103/PhysRevLett.111.246603
https://scholar.google.com/scholar_lookup?title=&author=H.-J.%20Kim&author=K.-S.%20Kim&author=J.-F.%20Wang&author=M.%20Sasaki&author=N.%20Satoh&author=A.%20Ohnishi&author=M.%20Kitaura&author=M.%20Yang&author=L.%20Li&publication_year=2013&journal=Phys.%20Rev.%20Lett.&volume=11&pages=246603
http://dx.doi.org/10.1103/PhysRevLett.111.246603
https://doi.org/10.1073/pnas.1615874114
https://scholar.google.com/scholar_lookup?title=&author=Y.%20Shu&author=D.%20Yu&author=W.%20Hu&author=Y.%20Wang&author=G.%20Shen&author=Y.%20Kono&author=B.%20Xu&author=J.%20He&author=Z.%20Liu&author=Y.%20Tian&publication_year=2017&journal=PNAS&volume=114&pages=3375
http://dx.doi.org/10.1073/pnas.1615874114
http://www.ncbi.nlm.nih.gov/pubmed/28289195

	References:

