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Abstract. The polarons and bipolarons theory of superconductivity has gained so much
recognition in under-doped and over-doped cuprates compound. However, the dynamics of
polarons and bipolarons in both aforementioned settings is a little trivial owing to the
established theories of electron-phonon interactions. In this study, we investigated the role of
polarons and bipolarons in a chemically pressurized compound i.e., using Monte Carlo ion
bombardment approach was 99999 ions were used in the experiment. It was observed that 4995
ions was used break the first layer of the material. The remaining 95004 ions oscillates within
an equilibrium that suggest the presence of a periodic lattice i.e., in whom condensate flows
without resistance. Based on this discovery it is suggested that BiAIErCCeOy may be a
superconductor.

1. Introduction
Under low temperature various materials become superconductors [1-2]. A superconductor can be
viewed as a Fermi liquid of electrons with a phonon-mediated mechanism between the electrons near
the Fermi surface that initiates cooper pairs and the structure of the Bose-Einstein condensate. The
Bose-Einstein condensate is referred as the state of matter that is composed of very large number of
particles, bosons, that have the same energy level. The structure of the material is proposed to
determine the dynamics of the condensates. In this light, there are many lattice modifications that have
reveal different ideas of physics. Emin [3] worked on the p-doped La,CuO,whose lattices were
modified by the removal of two electrons from the out-of-plane orbitals of four oxygen ions that has
been circumscribed by four copper ions of a CuO, layer. This type of lattice modification was to
investigate the nature of bipolaron. The results shows that the oxygen dianions relax inwardly and
donate electrons to the surrounding outwardly relaxing copper cations. It was proposed that this
unique behaviour was as a result of charge transfer that generates a strong in-plane electron-lattice
interaction that is expected to stabilise a large-bipolaron that have high susceptibility to decompose
into polarons. However, there is the possibility that this lattice modification could yield two coupled
condensates whose collective excitation corresponding to a relative phase oscillation i.e., a phason [4].
The dynamics of the Bose-Einstein condensate are driven by the potentials created by the lattice
modification. Zheng and Gu [5] reported that condensate flows without resistance in the periodic
lattice. It was proposed that as condensates flow, the effective mass of atoms is increased and
enhances the nonlinearity of the imposed double-well condensate. At this state, condensate can be
localized in the =-mode self-trapping regime. The evidence of self-trapping re-occurred when Zhang et
al. [6] investigated the dynamics of Bose—Einstein condensate in one-dimensional driven tilted
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periodic optical lattices. The critical conditions that must be fulfilled for the transition of the
condensate from diffusion to self-trapping and to soliton were controlled by constant force, the
amplitude of the modulation and the phase difference within the lattice system. This result
corroborated the fact that atom-atom interactions in Bose-Einstein condensates create rich and
interesting nonlinear effects [7]. In under-doped cuprates material, the extrinsic and intrinsic self-
trapping (ST) of charge carriers are controlled by binding energies and radii of the extrinsic and
intrinsic large polarons and bipolarons in the material [8]. Therefore looking at the properties of the
polarons and bipolarons as defined in Figure 1.
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Figure 1. Nature of polaron and bipolaron [9]

Hwang et al. [9] postulated that polarons, which yields three broad peaks, is the expected state
when the system is lightly doped, whereas the bipolarons, which yields only a single-broader peak is
the expected state when the system is heavily doped. Hence, the difference between a neutral lattice
and bipolarons lattice is the size of the peaks, i.e., broader peaks characterize bipolarons. The nature of
the polarons is a three connecting narrow peaks. Based on the above, Alexandrov [10] further defined
polarons and dipolarons in a strong-coupled regime. He postulated that the long-range Fréhlich
electron-phonon interaction in superconducting cuprates enable carriers to be polaronic so as to form
pairs. The research concluded that electronic matter in layered cuprates is charged Bose-liquid of
small mobile bipolarons. Based on this polaron-bipolaron theory of superconductivity, Zhao [11]
observed that underdoped cuprates are consistent with Bose-Einstein condensation of inter-site
bipolarons while the overdoped cuprates still maintains the BCS-like superconductors.
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In this research, we consider a chemically pressurized compound whose lattices have been modified
by chemical substitution. In this case, the ‘charge reservoir block’ i.e. BO - [CO],,— DO (where O is
oxygen, B = bismuth, C= aluminium, D=erbium) will be substituted with another element and the
‘superconducting block i.e., CeO,-[A-CeO,]k1 (Where A =carbon) modified in same vein. The focus
of the research is to affirm the role of polarons and bipolarons in a chemically pressurized compound.

2. Methodology

Monte Carlo simulations of ion transport were performed using the Transport of ions in matter (TRIM)
module of the SRIM software package [12]. TRIM calculations assume the target temperature to be
absolute zero. SRIM was used because it has the ability to determine the smallest impact parameter
that occurs over the path length [13]. All target atoms were stationary. The ion range in the material
was taken at an angle and energy of 20° and 2MeV respectively. The He" ion and its energy were
adopted based on the Rutherford Backscattering experiment reported in Ref [14]. The thickness of the
material was 1.68 cm. The Monte Carlo simulation of the bombardment of BiAIErCCeO, with 99,999
He" was performed. The statistics of the ion range for all 99,999 ions was partitioned and analyzed by
finding the averages of 100 sections in each of 999 ions that was considered.

3. Results and Discussion

Figure 1 represents the ion distribution in the compound. The statistics of the ion distribution shows an
ion range of 3653 A, skewness of -3.255, straggle of 275 A, cell width of 5 A and kurtosis of 23.277.
The ion distribution shows the polarons and bipolarons in the lattices at different energies. The phonon
created in lattices via the target ionization where the total ionization is given as 1969.8 keV/lon. It was
observed that the total target damage was 1.41 keV/lon. This information show that 0.07% of the
lattice is affected by the high He+ bombardment. The total phonon created is given as 28.8 keV/lon
i.e., occurs in 1.46% portion of the lattices as already described in Figure 2. Figure 3 also shows that
the target ionization decreases with respect to the thickness of the material. The elemental energy
budget is presented in Table 1. It is shown that under same displacement energy and lattice binding
energy, the surface binding energy (SBE) varied. Carbon and Cerium had the highest SBE as
presented.
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Figure 2. lon distribution of BiAIErCCeO,
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Figure 3. Target ionization of BIAIErCCeO,

Table 1: Elemental energy budget

Lattice Surface

Binding Binding

Displacement Energy Energy
Element Energy (eV) (eV) (eV)
Bi 25 3 2.17
Al 25 3 3.36
Er 25 3 3.05
C 25 3 741
0] 25 3 2.0
Ce 25 3 4.23

The surface binding energy (SBE) necessary to remove an atom from the top surface layer in
vacuum during the ion sputtering process is important in estimating other parameters such as total
displacements and vacancies which is given as 56 /lon respectively. The 99,999 ions were divided into
100 and the average of each section was calculated. The averages of the depth of each section are

plotted in Figure 4.
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Figure 4. Depth analysis of ion bombardment

It was observed that 4995 ions was used break the first layer of the surface. The remaining 95004
ions oscillates within an equilibrium that suggest the presence of a periodic lattice i.e., in whom
condensate flows without resistance [5]. This result means that at this point, It is clear that the
chemically pressurized compound also had extrinsic and intrinsic self-trapping (ST) of charge carriers,
which are controlled by surface binding energies and radii of the extrinsic and intrinsic large polarons

and bipolarons in the material [8].

4. Conclusion
We have studied the role of poaron and bipolarons in a chemical pressurized compound. The ion

bombardment technique has supported the polaron-bipolaron theory of superconductivity. This
discovery may mean that BiAIErCCeOQy is a superconducting material since it exhibits all the traits as
seen in cuprates. The polarons and bipolarons in the chemically pressured compound is controlled by
the phonons created in the lattice. The phonon was estimated to occupy 1.46% of the surface of
BiAIErCCeOy. Within this lattice space, carrier localization enable the formation of extrinsic large
(bi)polaronic states and intrinsic large (bi) polaronic states in the material. The surface binding
energies of the individual elemental composition of the material determines the size of the polarons
and bipolarons that is controlled by the carrier-phonon interactions in the lattices.

5. Acknowledgments
The authors appreciate the partial sponsorship of Covenant University.

6. References
[1] ME Emetere (2020). Structural Dynamics of Chemical Instabilities in La2BaCe2Cu20y,

Journal of Superconductivity and Novel Magnetism, https://doi.org/10.1007/s10948-020-05461-

X
[2] Skolkovo Institute of Science and Technology (2018). Scientists explain the low-temperature

anomaly in  superconductors,  https:/phys.org/news/2018-10-scientists-low-temperature-
anomaly-superconductors.html



6th Annual International Workshop on Materials Science and Engineering IOP Publishing

Journal of Physics: Conference Series 1622 (2020) 012104  doi:10.1088/1742-6596/1622/1/012104

[3] David Emin (2017) Dynamic d-symmetry Bose condensate of a planar-large-bipolaron liquid in
cuprate  superconductors, Philosophical Magazine, 97:31, 2931-2945, DOI:
10.1080/14786435.2017.1354137

[4] P.V.Shevchenko and O.P.Sushkov, (1997), Phase oscillations between two superconducting
condensates in cuprate superconductors, Physics Letters A, 236: 137-142

[5] Zheng, H., Gu, Q. (2013). Dynamics of Bose-Einstein condensates in a one-dimensional optical
lattice with double-well potential. Front. Phys. 8, 375-380 https://doi.org/10.1007/s11467-013-
0321-0

[6] Ai-Xia Zhang, Li-Xia Cai, Zi-Fa Yu, Na-Na Chang, Si-Qi He, Ju-Kui Xue, (2019), Dynamics of
Bose—Einstein condensate in driven tilted optical lattices, Physics Letters A, 383: 196-201,

[71 Oliver Morsch, (2006), Dynamics of Bose-Einstein condensates in optical lattices, Reviews of
Modern Physics, 78: 179-215

[8] O.K. Ganiev (2016), Nature of extrinsic and intrinsic self-trapping of charge carriers in
underdoped cuprate high-Tc superconductors, Condensed Matter Physics, 19: 43702

[9] J. Hwang, D. B. Tanner, I. Schwendeman and J. R. Reynolds, (2003). Optical properties of
nondegenerate ground-state polymers: Three dioxythiophene-based conjugated polymers,
Physical Review B 67: 115205

[10] Alexandrov A.S. (2007) Superconducting Polarons and Bipolarons. In: Alexandrov A.S. (eds)
Polarons in Advanced Materials. Springer Series in Materials Science, vol 103. Springer,
Dordrecht

[11] Guo-meng Zhao, (2013). Polaron-bipolaron superconductivity and the intrinsic pairing
symmetry in cuprate superconductors, arXiv:1307.4175 [cond-mat.supr-con]

[12] J. E. Ziegler, J. P. Biersack, and M. D. Ziegler, “SRIM (The Stopping and Range of Ions in
Matter),” http://www.srim.org/.

[13] D.Depla, S.Mahieu, J.E.Greene. Handbook of Deposition Technologies for Films and Coatings

(Third Edition), Science, Applications and Technology, Pages 253-296 (2010).



