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Abstract

This is a review paper to celebrate the first cent1911 — 2011) of the discovery of
superconductivity. The emphasis is on the searchr fa generalized theory of
superconductivity. It is observed here that thoutitere are many theories currently in
the literature, there are three domineering mechanis for the Cooper pair formation
(CPF) and their emergent theories of supercondudtiv Two of these mechanisms,
based on the quantum theory axiom of action-at-astdince, may be only an
approximation of the third mechanism which is corgginteraction of the wavepackets
of the two electrons forming the Cooper pair as &aged in hadronic mechanics. It is
therefore suggested that the future of the seardr the theory of superconductivity
should be considered from the natural possible boxg in element that at short
distances, the CPF is by a nonlinear, nonlocal amdnhamiltonian strong hadronic-
type interaction due to deep wave-overlapping ahamg particles leading to a Hulthen
potential that is attractive between two electroims singlet couplings while at large
distance the CPF is by superexchange interaction ieth is purely a quantum
mechanical effect.

1.0 Introduction

This year, 2011, has been declared the centenbatyraéion of the discovery of superconductivity jSCHg at about 4
degrees Kelvin (K) of absolute zero (zero Kelviregial to —458 degrees Fahrenh®&#) or —273 degrees CelsilfiC}) by
the Dutch physicist, Heike kamerlingh Onnes on P®ri1911 [1, 2]. In 1908, Onnes succeeded in figiag helium which
was the only gas not yet liquefied in the first alde of the twentieth century. The low temperataregge (below 4.2 K or —
268.8°C) at which the liquefaction occurred made him dedb use it to measure the resistivity of metalbile measuring
a thread of mercury frozen in a glass capillaryahd his colleague, Gilles Holst observed thatréséstivity fell abruptly at
about 4 K to a negligible value. The temperaturevhich this transition took place is called thetical or transition
temperature designated by the symbolQnnes concluded that mercury had passed intevestage, which on account of its
remarkable electrical properties, might be calléggra” conductivity which in modern parlancesigerconductivity.

The race for a theoretical explanation of the phesma of SC began immediately after the discovetyghiie a number
of these theories failed to account for SC andelieslude those of some of the respected 20th peptwsics intellectuals
such as Block, Einstein, Heisenberg, Pauli, DiFgynman, etc (for a recent review of the failedbthes, see Ref.[3]). The
situation was so frustrating that Felix Block wamtgd as saying then that, “The only theorem ofti®%® can be proved is
that any theory of SC is refutable.” Einstein os part was more factually optimistic as he obsetthad the wide ranging
ignorance of quantum mechanics of composite systakes it impossible to formulate a theory of SC dnerefore
predicted that the progress of SC could only beartadrelying on experiments. Indeed this predictias remained valid as
all the new superconductors discovered till dateeH@een made by experimentalists [4-8].

One of the early difficulties in developing a thgaf SC is that it was assumed to be a productediept conductivity
[9]. Therefore many of the theories based on thideustanding attempt to formulate Ohm’s law for S€re their basic goal
is to formulate a relation for perfect electric raut in an electric field. A radical departure frahis line of thinking came
from the London brothers which are now acclaimetawee proposed the first major successful theaiegixplanation in SC
[10]. Their motivation came from the experimentéiservation of Meissner and Ochsenfeld in 1933 fhaf when a
superconductor is cooled below its transition terapge in an applied magnetic field, it expels thagnetic field. As
commonly known in textbooks today, the explanatfon this phenomenon now known as the Meissner effedhat
superconducting electrical currents flow around gshperconductor in such a way as to shield theiantérom the applied
magnetic field so that deep within the superconmudhe magnetic field will be zero. The London thers observed that
this state known as perfect diamagnetism is cruoiainderstanding the physics of SC. In other wotltls SC phenomena

can be
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accounted for, by formulating a relation betweea #ectric current and the magnetic field, rathimtthe electric field.
Thus the London brothers developed such an equatiooh produces the required screening of thecstaagnetic field

hence the Meissner effect. Their theory also ptedia length scale over which a magnetic field panetrate through the
surface of a superconductor and this became knewinealondon penetration depth [10].

The London theory of SC only tells us how SC wolkis not how it emerges. This information on the daatur of
superconductors, in my view, is a crucial insighthe mechanism of SC since the relation betweerelkctric current and
magnetic field which the London brothers considasethe macroscopic quantum equivalent of the ctirgeantum theory
relating the interactions of the electrons andrthpin orderings. Here macroscopic quantum meaastgm phenomena on
the scale of large objects since the London equativiginated from the Maxwell equations. The cotriguantum theoretical
approach to explain SC is how to first provide achamism for the Cooper pair formation (CPF) anchthie coherent
propagation. Here a Cooper pair is the bounde stdittwo electrons which somehow have overcomer theitual
electrostatic repulsion contrary to the predictmnquantum mechanics. Therefore many of the thedtiat have been
proposed based on this quantum mechanical appsssthfor approximate means to glue the electroriisrto the Cooper
pair. Though there are currently an infinite numbgthese approximate mechanisms for the CPF iditdrature, there is
wide acceptance that three of them are dominegtidd 3] and these are the three to be discusséhisrcurrent work. |
apologize for the other numerous mechanisms andehergent theories which are not considered hecause of space.

The plan of this paper is as follows. In the nexdton, the three domineering mechanisms for the &Rl the emergent
theories will be discussed to highlight their sgrs and weaknesses. It is argued that the weasedsthe first two,
electron pairing based on lattice vibrations amttebn pairing based on correlations and spin dlatbbns, emanate from the
limitation of quantum mechanics. Consequently tiiedtmechanism of the CPF emanates from a hadtgpg- bond and
the formulation of the emergent iso-superconductitepry is discussed. This is followed by a sumneargt conclusion in
section 3, the last section.

2.0 The Domineering Theories

Early enough, experimental evidence pointed tddbethat in the transition of a metal to the sgpeducting state, the
lattice and its properties were essentially unckdngvhereas some of the properties of the condudlectrons were
changed radically [9]. This led to the very impotitdout yet to be properly answered questions: wiegipens to the
electrons? What kind of interacting mechanism dxy thndergo that can lead to a qualitative chandbdrproperties of the
system, obviously, the kind of interaction that@sponsible for the transition is difficult to seeforehand without solving
the problem completely. The difficulty in findinge right mechanism is due to small energy changedss the normal and
superconducting states [13]. After 100 years ofcde#or this mechanism, the three generally accegdmineering ones are
electron pairing based on lattice vibrations, etatipairing based on correlations and spin fluebmst and electron pairing
based on deep overlapping wavepackets[12, 13 ].

2.1 Electron Pairing Based on Lattice Vibrations

The electron pairing based on lattice vibrationsuos when one moving electron distorts the latind thereby attracts
positive charge. The next electron is then attchttethis positive charge, and so becomes pair¢hl the first electron and
this is the Cooper pair formation. The applicatidrthis mechanism of electron-electron interactioediated by phonon also
known as electron-phonon interaction (EPI) emanfates the observation of independent studies ofriekgds et al. [14] and
Maxwell [15] that the T of superconductors depends on the isotopic ma#isedfttice: this is now known as the isotopic
effect in SC which suggested that the vibrationthef lattice could be involved in the interactiofrrohlick [16] used
perturbation method to investigate this pairing haadsm. Frohlich was able to obtain the correctogia effect and the
critical field at T = 0. However, his theory couldt produce a phase with superconducting propeieseover, the energy
difference between the supposed normal and supducting phases was too large (recall that | saithénpreceding section
that the energy difference is small). It is obvidoslay why the Frohlich attempt to account for SE ditaining the
superconducting state from the normal ground dtited: the superconducting state cannot be obdafrem the normal
state by perturbation [17]. In other words, SC ima-adiabatic phenomenon.

In 1956, Neil Cooper [18] made a significant theicad progress in the search for a theory of SGhgwing that the
EPI under favorable condition can result to the f&wgair formation as shown in Fig. (1a). The CR&wever, does not
change the parent material into a superconductiatg:sthis state can only be formed if the pairéetteons form a
condensate that moves as a single entity. Thishigt \Bardeen, Cooper and Schrieffer (BCS) achievetl957 using a
variational approach [19]. Thus the salient featfréheir theory (now commonly known as the BCSotly is that the EPI
will lead to the formation of an ensemble of Coopairs which can propagate coherently with neglégilesistance which is
the superconducting state of the parent material.
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Fig. 1: Attractive interaction of the electron pdet) due to virtual phonon exchange in the BCS model @mdlue to
hadronic mechanical deep overlapping electron fusations.

The BCS theory has been used to account for a nuofipeetallic and intermetallic SC and all such enetls are known
as conventional superconductors and their tramstigonperatures are low [20]. The BCS theory hastéed number of
important applications like superconducting magihatsaboratory use (spanning from small-scale fabary experiments to
the Large Hadronic collider (LHC)'s bending magheasd importantly, for MRI systems as well as exgition of puzzling
experimental data such as nuclear magnetic reser@idR) relaxation rate and Josephson tunneling. [2dowever, the
BCS failed to explain the Meissner effect which @discussed in the introduction, is a fundamentalpertyy of
superconductors. Further, the BCS theory has bemrep incapable of predicting high — temperatuneesconductors and
providing the guidelines to search for new matsr[dl. Therefore the BCS theory did not only failgredict the relatively
high T, of the superconducting copper oxide compounds ocomiyrknown as the cuprates [7] but also failed ¢cocaunt for
this class of superconductors [22]. In general, B@S has failed in its application to a number efwnclasses of
superconductors discovered since 1970 [23,24]. damwnt for these superconductors now collectivetpvin as non-
conventional superconducting materials, there leenta deluge of proposals of new theories whiclergdized the BCS
theory by replacing the phonon with other bosors-{26], introduce an interplay of the EPI and otinechanisms [27] or
are formulated from non — EPI mechanisms (see [Réf.and references therein) as well as thosedhen question the
validity of the BCS theory [23]. As stated abotlere are many mechanisms already proposed etthgarteralize the EPI
of the BCS theory or to replace it.

2.2 Electron Pairing Based on Correlation and spin fluctuations

Electron correlation is the state of matter in Wehinany electrons are strongly interacting and themrhanging the
magnetic, electrical and optical properties ofglistems. Thus strong correlated electron systeimslisved to exhibit some
of the most intriguing phenomena in condensed mphigsics [28,29]. One basic feature common téhalée systems is that
they are a collection of electrons that are neithlly itinerant nor fully localized on their atomsites [30]. Consequently,
neither band theory [31] which is successful fomp#inerant systems nor localization theory [33jigh is used to study
systems with localized carriers has been succefsfuhese materials [33]. The Hubbard model prepgos 1963 [34] is
universally considered the simplest minimal dedwnipof the strongly correlated systems as it hdgnatic part that is
hoped to account for the itinerancy and a Coulorii&raction to represent the localization of thectons. For a simplified
but very qualitative insight into the possible pedges of the Hubbard model, see Ref.[35].

2.2.1 Hubbard and Hubbard-like models application to superconductiy

Following the discovery high JTsuperconducting cuprates [7] and the failure efBICS theory to account for their SC
[26,27], P. W. Anderson [36] proposed that the Fardbmodel could be used to explain the physicsfrSthese materials
by assuming that a slightly doped Mott insulatan ba used in the description of the cuprates. &hmianates from the early
consensus that the key to understanding these ialaté&s the Cu@ planes common to all of them (see Ref. [37] and
references therein). This was boosted by the exigatal demonstration early enough that when therpanaterial is doped,
the mobile holes reside on the O site of this pldmés led to the suggestion that a three-band Hubimodel (Hy) in which
the hole is mobile and carry a spin should be theisg point to investigate these materials [36].

A motivation for this concept can be found in tlelier work by Kohn and Luttinger (KL) [38], who aWved that the
Cooper pairing of fermions with hard-core repulsi@ng., Hubbard U) is possible in a finite orbitabmentum state.
However, the same work showed thaof repulsive fermions is well below the mK scadad moreover, the KL mechanism
does not work for charged fermions with the re@lihite-range Coulomb repulsion [39].

Classically, the motion of a body can be descritpeds dynamic variables such as its velocity, nass time. However,
the Heisenberg principle restrict such descriptiolguantum mechanics to variables such as momeptuposition r and
time t (not often). This restriction makes it nesay to re-express the total energy of a quantuysipghl system in terms of
p, r, and t only. This can be depicted mathemdyichy the conventional quantum mechanical equaiiorrelative
coordinates and reduced mass for two electronisghes coupling as
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(p/m + €r) y(r) = Ey(r) 1)
where m is the mass of the electron.
It is obvious that the potential in Eq.(1) is tlepulsive Coulomb force between the point-like ckargf the electrons.
Thus the replacement of the classical variabldsgn(1) by their corresponding quantum mechaniparators will result in
a Hamiltonian for two repelling electrons. Thigthe origin of the limitation of quantum mechaniosacccount for SC since
the repelling electrons are not expected to binfdiim the Cooper pairs.

Expressing the Hamiltonian from Eq. (1) in quantiiefd theory for a many body problem usually invedvthe matrix
elements of many operators which require tedioaduation. An easy way to evaluate the matrix elamehthe many body
operators is to express all the operators in tesfrs fundamental set called creation and annibifatperators and then
develop a set of rules for this fundamental sets ©the method of canonical transformation whigchlso known as second
guantization [40]. In this second quantization fatation, the standard Hubbard model is given by

H = 4> C,.Cp + HC)+ Qonn, (2)
<ij>o i

where t is the hopping term, U is the Coulomb terinile Ci;_ (Cjai) and n  are respectively the creation (annihilation)

and number operators for an electron in the Warstae on the ith (jth) lattice site with spin mdijon 0 and H.C is the
Hermitian conjugate.

In general, the Hubbard model attempts to expl@nfi®m two basic assumptions: the first one is that undoped
material is antiferromagnetic (AFM) at low temperat and the second one is that doping eradicae#\fftM hence the
material becomes superconductive. It is not ptssdy a positive U in Eqg. (2) to produce SC whdlaegative U is likely to
produce a superconducting state [35] though thathegU Hubbard model is generally believed to beuarealistic model
[41]. The inability of the simplest Hubbard model account for high-temperature SC [27] has alsenbeecently
demonstrated in a Monte Carlo (VMC) simulationswat(projected) BCS-type trial wave function, usamgadvanced sign-
problem-free Gaussian-Basis Monte Carlo algorit@BNIC). In order to manipulate the Hubbard modeha¢oount for SC,
there has been numerous extensions of it commaryhk as Hubbard-like models such as the t-U-h mpta| two-leg
Hubbard ladder [ 43], and some other models in Rdf for some others. The conclusion | reachednfi review [44] of
these models is that though they are able to acdousome properties of the high Superconducting materials, they do not
capture the essential origin of SC in these mdseria

222 t-J and t-J-like models application to superconductivity

In a seminal paper [45], Zhang and Rice suggestaidthe mobile hole on the O site of the three-hidautdbard model
(Hsp) will form a singlet state with a hole on the Gie &t the centre of each Cuplaquette to form a single-band character.
This is the mapping of theglinto the single-band Hubbard model, {Hvhen J = £U which is consistent with Anderson’s
proposal that a strong on-site Coulomb interacdomong a partially filled band of Cu 3d levels slibble the starting
effective single-band model for the supeconductingrates. Since then, the researchers who follésvlite of thinking
believe the ground states of the Guie the Zhang—Rice singlet (ZRS) which are expetticbecome the Cooper pairs of
the superconducting states when liberated froninggating host material [37]. The resulting Haomilan of the Zhang and
Rice proposal is the t-J model given in its simpfean by

H =-> C,C, + HC)+ ) SS 3)
<ij>o0 I

where t, Ci:; (Cjai)and H.C. retain their earlier definitions and Jthe exchange integral while &nd $ are spin

operators.

In general, the t-J model attempts to explain S@hftwo basic assumptions: the first one is thatutidoped material is
antiferromagnetic (AFM) at low temperature like tirst assumption of the Hubbard and Hubbard-likedeis but unlike
their second assumption, the doped material ot-thenodel is assumed to possess short range AFMs@ndrhus the t-J
model which is based on spin fluctuation mecharasiempt to describe SC and magnetism on the santiadothat is, as a
function of band filling [46]. Therefore in my viewhe t-J model is the quantum theoretical equivatd the London
brothers’ significant early proposal that SC isetation between the electric field and the magnfiticl discussed in the
introduction. Interestingly, a number of researshaglieve that the t-J model is more fundamentah tthe Hubbard model
since under some approximations, the t-J model bmarderived directly from the Cu-O Hamiltonian sattlit can be
independently analyzed [37,45,47]. In Ref. [37]hdve derived the t-J model from the Gu@laquettes from the
superexchange interaction of the electron spingusie first electron removal approach [48]:

_ + +
Htpd - -tpd Z Z dir',a pjr’,a qra p(ra + H'C' + d]p Z Z g,a P,ﬁ i% kpa (4)
{it 9k >gi} {it 9k >€i}
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WhereoI (); is the creation (annihilation) of the carrier a& tBu 3’ - y* orbital andP "(P) is the creation (annihilation)
of the carrier at the O 2fand O 2p orbitals and the,§ denotes a hopping between a Cu and O in the skme.p

Using a highly simplified correlated variationalpgpach (HSCVA), | was able to obtain the energydoahthe CuQ@
plane in agreement with experiment and then accfmirdther properties of the superconducting cigzain Ref. [48], we
have obtained the t-J model from iso-superconditgtilkeory based on hadronic type electron paivitgch | will discuss in
the next section. The main difference between tdehin Refs. [37] and [48] is that the former &vdloped purely from a
guantum mechanical superexchange interaction andpplication has been restricted to the highsiiperconducting
cuprates while that of the latter which is basedhadronic mechanical electron pairing can possii@yapplied to all
superconducting materials. This limitation of theagtum mechanical t-J model which is also inhefanits extended
versions known as the t-J-like models (see Ref) [@ans it is not a candidate for a generalizediy of SC.

It is pertinent to mention also that there haventssveral attempts to explain superconductivitgraimterplay between
the EPI and electronic correlations [49,50] butghegress in this direction is limited [25,51].

2.3 Electron Pairing Based on Deep Overlapping Wavepackets

The electron pairing based on deep overlapping paskets emanated from Santilli's proposal in 1%8 fo account
for the appropriate bonding of the elements wheadiound state of one electron and one positrarshbrt distance (< 1 fm
010" cm) with non-local, non-linear and non-poteniimldue to deep overlapping of their wavepacketds Té the
foundation of hadronic mechanics. Animalu obserttet at such distances, the magnetically inducatihin potential
which is an attractive force will dominate the Gamb repulsion between two electrons to allow therbdnd into singlet
coupling as in the CPF in the cuprates [53-55] #rediron based superconducting compounds [24,48B8]possibly in
other superconducting materials [57]. The motosatior Santilli's proposal is the assumption thamnature, the electrons
have extended wavepackets of the order of 1 fnhews in Fig. (1b). Therefore there will be mutuakdap/penetration of
the wavepackets of the two electrons which allowesrt to have a non-linear, non-local and non-paiéiiteractions that
will result to valence bond of the Cooper type. @oasible way to achieve an invariant representaifcthese interactions
is to exit from the class of unitary equivalenceoantum mechanics,

uut=UU =1 (5)
via an isoumtary transformat|on by projecting iateonventional nonunitary form
UU #1, U0 =1 =1/T. (6)

Taking into account Eqgs.(1) and (6), one can ptajeata different eigenvalue E' different from thee E in Eq. (1):
U [(p%m + €/r) y(r)] U*
= [ (UpU")im + (€MUU’] (UUY)™ [Uy(n)U]

=[Um)p Tp T+€Er]y (r)=Evy (). )
At this point, Santilli and Shillady [58] introdedhe following realization of the non-unitary tsform,
uut=1=1t=
= OV OHVE OO0 B0} = 1 + )iy (0] ') valr) o) + )

wherey andy’ are the solutions of the unitary and nonunitaryatipns, andy,, k = 1,2, are the conventional quantum
mechanical wavefunctions of the two electrons.

It is evident that, as desired, the above isousirgsents interactions that are: nonlinear, becdependent in a
nonlinear way in the wavefunctions; nonlocal, beeainclusive of a volume integral; and nonpotentiacause not
representable with a Hamiltonian. Additionally, fdl mutual distances between the valence elecgogeter than 1 fm, the
volume integral of Eq. (8) is null*with the cruclanhit

Lim_ig_ger_ﬂ.fm | = 1, (9)
under which the quantum scenario can be identieaity uniquely recovered from that of the hadronic.

Santilli and Shillady [58] solved the above equagiin all details. First, by inserting isounit ig.iB) into Eq. (7), they
obtained the isoequation here projected on a caioverh Hilbert space

fB2m' + ér - V(1 - €™)] v’ (r) = Ey'(r), (10)
where m' represents the isorenormalization of thessmcaused by nonpotential interactions, and ooegnizes the
emergence of the attractive Hulthen potential
Viulthen = Voe-br/(l - ébr)- (11)
But the Hulthen potential is known to behave like Coulomb potential at short distances and be rstromger than the
latter. Therefore, Eq. (10) admits the excellemragimation
[p72m’ - V' €"/(1 - €™)] ' () = E'v (1), (12)
where the new constants V' reflects the "absorptainthe repulsive Coulomb potential by the muctolsger attractive
Hulthen potential.
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Thus Eq.(12) depicts a hadronic mechanical equdtiorelative coordinates and reduced mass for tlect®ns in
singlet coupling with a strongly attractive forcapable of forming the Cooper pair, as requestedxpgrimental evidence.
This is the foundation of the iso-SC theory. Ipéstinent to point out that at large distances fmJ), the Hulthen potential
no longer dominates and it has been suggested fin[3@ that the CPF is by superexchange interactidich naturally
affects electrons that are close enough to haveléep) overlapping wavefunctionis and this is pusetjuantum mechanical
affair [59]. It follows then that the results te bbtained taking into account the CPF at shotadigs can also be obtained
as the approximation of the hadronic-type from @RF by superexchange interaction at large distaridesever, an
important difference between the quantum mechatidainodel and the iso-superconductivity modelilethe ability of the
latter to predict T from an exact solution of the model. Thug @xpressions have been obtained from the iso-
superconductivity model for the cuprates, iron bdas@mpounds and magnesium diboride [47]. ThesexXjpressions depend
on the effective valence z of the Cu, Fe and Mgeesvely which is believed to be the natural ctiodi to trigger the
hadronic mechanical CPF in contrast to the cagbeobften ambiguous ‘favourable condition’ requifed the CPF in the
BCS theory. Interestingly, z can take values thiityield T, values even at room temperature (297 K) wheniztioduced
into the BCS T expression variation [57]

68X -
T, SR X (13)
kﬁ

with X = z =\ using a pre-exponential value of 68x motivatedhsy restriction of these values (see Fig. 2b) enthe
electron-phonon coupling constant of the BCS thednich is weak and consequently the BCSeXpression is limited to a
maximum temperature of 25 K. (see Fig.2a).
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Fig 2. (Colour online) The BCS transition temparaf T. expression variation with x = z X using a pre-exponential
value of 68x motivated by the restriction of thedues is used so thé) the x =A ranging from 0 to 1 with the highest at
25 K which is the highest predicted by the BCS tihidiecause thg is restricted to small values ranging from 0 tadid(b)

X =z ranging from 1 to 6 with the highest¥297 K which is the room temperature.

3.0 Summary and Conclusion

SC is a fascinating but counterintuitive phenomen®he inability to understand its origin hence htavdesign
superconducting materials with the desired tramsitemperatures and other properties has adveaffelsted man’s dream
of remarkable technological harvest from it sirtsediscovery in 1911 [2]. | have considered in thirk three domineering
mechanisms which are candidates for the origin@f8d these are the electron pairing based ondattbrations, electron
pairing based on correlations and spin fluctuatiamg electron pairing based on deep overlappingepackets. The partial
success of the first two mechanisms hence the id®@merging from them for the superconducting nitethey are
developed for, means the main properties of themomducting phenomena are still poorly understaodl new concepts
are needed [12, 24,59]. This is the motivationtifier third mechanism which holds more prospect hieze a general theory
of SC. Thus it is hoped that the future searctafgeneral mechanism for the Cooper pair formatiwhthe possible
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propagation to achieve a general superconducte@yyhs the hadronic mechanical electron pairinghmaaism.

To conclude, perhaps it is not superfluous to rentire scientific community that nature has sometimade some of
its phenomena so obscure that it looks dauntirexpdore them. However, science history has showhrttan has somehow
most often unraveled them at the end. A handy elaisphe breakthrough in the study of the atomcihVickenzie [60]
summarized as follows, “The atom reveals its secoatly gradually, like a cleverly written play, @lNing sparks of
knowledge briefly to illuminate corners of the stobut jumbling scenes and inferences so thatr@alization came only at
the end of, after many members of the audienceghagh up hope of understanding. Physicists arespkbdoo, that nature
indeed is like a good playwright and has closed garticular play with a dramatic promise of uriit4. review of the SC
story so far indicates that nature is perhaps singa@inother interesting drama and only those wiligaditly persevere will
come to full realization of the origin of SC.
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