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The aim of our paper is to study the multi-quanta Abrikosov vortices injected into a superconductor
layer by twisted light impulses. We predict that the condensate circulating around the core of a multi-
quanta vortex may di�er in nature from that of the bulk superconductor. Special attention is paid to
the possibility of the appearance of quasi-angular momentum of Cooper pairs and its compensation
via their recombination to fermion quartets. We show potential applications of multi-quanta vortices
as massive memories, as well as spin, angular momentum, and energy batteries. Finally, we predict the
emergence of half-quantum multi-quanta Josephson vortices under certain conditions.
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1. Introduction

In the type-II superconductors, beyond certain
critical limit of the external magnetic �eld, super-
current vortices circulating around normal cores
arise [1]. The supercurrents forming the Abrikosov
vortex induce a magnetic �eld with the total mag-
netic �ux Φo = h/2e (�uxon). As a rule, spon-
taneously formed Abrikosov vortices are single-
valued, i.e., each carries a single �uxon and forms
regular (Abrikosov) lattices. Nevertheless, along
with the experimental veri�cation of early predic-
tions of a ground state consisting of a lattice of
singly quantized vortices, many reports on their
nucleation have been made (see [2] and references
therein). In a laminar system, vortices are strongly
in�uenced by the sample geometry; the lateral con-
�nement may even force them to merge into multi-
quanta vortices otherwise unstable in bulk geome-
try [3, 4].
For technological applications, we cannot rely on

spontaneously formed multi-quanta vortices. The
simplest way to create them in a controlled manner
is the excitation by the vortex light beams. Conven-
tional optics involves photons that carry only linear
momentum, however, light can carry both linear
and orbital angular momentum (OAM). The lat-
ter has a spin component associated with polariza-
tion and an orbital part associated with the spatial
structure [5]. The light beams with nonzero angu-
lar momentum are referred to as the twisted light or
vortex beams. A useful feature of optical beams car-
rying orbital angular momentum is that they can

be easily manipulated and transferred. This opens
new horizons across various �elds, much like the
use of additional degrees of freedom in other types
of excitations, such as electrons [6]. Notably, new
applications range from mechanical micromanipu-
lation [7] and imaging science [8] to communica-
tion technologies [9]. Beyond optical wavelengths,
OAM now plays a major role in electron engineer-
ing [10, 11]. In biophysics and micromechanics, it
has been proposed to utilize OAM-induced torque
to drive molecular motors and micromachines [12].
It has also been shown that with the vortex light
beams, we can excite twisted magnons, excitons,
polarons, or electron wave packets.
The aim of our research is to study the interaction

of vortex beams with magnetic and Abrikosov vor-
tices in solid laminar systems. We focus our research
on the theoretical study of various AOM excitations
and their propagation in a multi-layered system
consisting of an isolator �lm sandwiched between
two superconducting layers. It is interesting that
for a relatively thin normal interlayer, we have
the Josephson junction, and under certain condi-
tions, half-valued vortices (Josephson vortices) can
be formed [13]. Adjoint half-valued Josephson vor-
tices, each carrying the semi�uxon, can merge with
the Abrikosov vortex and form multi-half-valued
items. In the following, attention will be paid to
the formation of multi-quanta Abrikosov-like vor-
tices generated either by the external magnetic �eld
or by injection via OAM photons. Finally, we pre-
dict a novel form of the Hall-like e�ect due to the
interaction of OAM beams with the multi-quanta
Abrikosov vortices.
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2. Vortex beams

Theoretical studies of the OAM excitations are
not only of a cognitive nature. The practical bene�t
is that the orbital angular momentum allows OAM
light/excitation to carry more bits of information
per photon than spin alone, so the ability to ma-
nipulate the orbital component could open up new
communication methods (e.g., in the 5G telecom-
munication [14] or faster data transfer). In addi-
tion, it is evident that controlling the interaction of
spin and orbital angular momentum for the same
quasiparticles may allow for novel kinds of logic op-
erations in future optical devices.
The use of OAM current, i.e., a �ow of twisted

excitations, instead of the charge or spin current, is
considered as a possible route to overcome the limi-
tations of Moore's law. In the construction of faster
and more compact computing circuits, information
processing is inevitably accompanied by a certain
amount of heat generation. The problems with re-
moving redundant heat make studies of the prob-
lem turn back to the superconducting (SC) mem-
ories, which greatly reduce the dissipation power
and increase the speed of operation. Especially since
maintenance costs exceed the cost of refrigeration
to cryogenic temperatures [15], Abrikosov vortices,
representing spatially isolated single magnetic �ux
quanta in superconductors (SCs), can be inherent
carriers of digital information in advanced micro-
processors and memories [15, 16]. In some cases,
magnetic-�ux qubits are preferable to charge qubits,
holding the potential to overcome certain limita-
tions, such as the �ux noise [17]. Until now, all con-
cepts of Abrikosov lattice applications were limited
to the mono-quanta vortices.
In the following, we will discuss the OAM photon-

induced multi-quanta Abrikosov vortices that of-
fer new possibilities for technological applications.
Knowledge about the structure and dynamics of col-
lections of vortices is of importance both for under-
standing the basic physics of superconductors and
for the design of devices. The use of multi-quanta
Abrikosov vortices in the construction of computer
memories increases their capacity. Simultaneously,
superconductivity allows for the reduction of the re-
dundant heat generated.
The interaction of twisted light with a solid is

always associated with the exchange of both lin-
ear and angular momentum. Such a type of excita-
tion allows the creation of a variety of quasiparticles
that carry the angular momentum. When the elec-
tron, exciton, etc., possess orbital momentum, the
Schrödinger equation written in the cylindrical co-
ordinate system (ρ, θ, z) gives the solutions that are
no longer plane waves, i.e.,

Ψp(r, t) ∝ e i (p·r−E(p) t)/h, (1)

with r being the position operator, but instead are
given by the monochromatic twisted (vortex) Bessel
beams [5]

Ψpρ,pz
= |p, l⟩ = αJ|l|

(pρ ρ
h

)
e i (pz z−E t)/h e i lθ,

(2)

or alternatively the Laguerre�Bessel (LG) beams

ΨLG
l,n ∝

(
r

w(z)

)|l|

L|l|
n

(
2r2

w2(z)

)
× exp

(
− r2

w2(z)
+ik

r2

2R(z)

)
e i (lϕ+kz). (3)

This wave function is the product of three types of
functions: a plane wave with momentum pz in the
z-direction, a radial component written as a Bessel
function of the �rst kind J|l|, where the pρ is the
linear momentum in the radial direction, and �-
nally an azimuthal component written as exp(i lθ),
where l (i.e., mz) represents the magnetic quantum
number related to the angular momentum Lz in
the z-direction. Twisted light interacts with mat-
ter di�erently than spin does. If a particle sitting
o�-axis in a light beam absorbs a photon with
orbital angular momentum, it responds by circu-
lating around the beam, not by spinning on its
axis.

The beams with l > 0 show quantum vortex
exp(i lϕ), spiral phase structure, nonzero azimuthal
probability current, and the probability density van-
ishing on the axis |Ψ |2

∣∣
r=0

= 0. Gaussian beams or
wave packets are often implied in quantum models
of free electrons, because they do not contain any
intrinsic structures and degrees of freedom. In con-
trast to that, higher-order modes with (l, n) ̸= (0, 0)
exhibit a variety of structures related to di�erent
(l, n) or Bessel beams with di�erent l, constituting
a complete set of orthogonal monoenergetic modes
for the free-space Schrödinger equation.

For such beams, the wavefront has a helical spa-
tial structure around the beam axis. This refers not
only to the optical waves but also to any other
solid-state excitations induced by the OAM beams.
For example, twisted electron beams can be pro-
duced at scanning electron microscopes with en-
ergies up to keV and orbital momentum as high
mℏ = 1000ℏ (see [18] and references therein). How-
ever, with ultrashort pulses we are interested in,
there is a fundamental restriction to the topological
charge of the vortex, and hence upper bound to the
OAM, carried by a pulse [19]. Generally, from the
monochromatic waves, the localized wave packets
(with the same mz in the bundle) can be formed
to produce the required properties useful in tech-
nological applications [20]. Recently, many forms
of two-dimensional, structured light beams, such
as Weber beams, Mathieu beams, vector beams,
and beams with arbitrary transverse shapes, have
been found [21]. In the following, we limit consid-
eration to the Bessel (see (2)) and LG (see (3))
beams.

The fact that OAM beams can transfer both spin
and angular momentum to the vortex opens the
question about the nature of superconductivity that
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forms circulating supercurrents. One would expect
the appearance of unconventional superconductiv-
ity associated with the multi-quanta vortices. As
we know, the s-state Cooper pair states easily de-
velop in an isotropic medium, however, in lami-
nar systems, when the layer thickness is less than
the coherence length, s-pairing is not favored. The
bulk condensate forms the Cooper pairs that are
not coherent with the vortex supercurrents, which
means that both condensates, bulk and vortex, are
completely decoupled. The latter forms a droplet
that rotates with certain angular velocity ω, thus
both condensates can be of di�erent natures. More-
over, some experiments suggest spatial segregation
of pairs formed of di�erent electronic states [22, 23].
A stronger magnetic �eld within multi-quanta vor-
tices, as well as a laminar structure, should fa-
vor non-s superconductivity. This can be, e.g., the
triplet pairs or even OAM-endowed electron pairs.
Additionally, the hallmark of triplet superconduc-
tivity is the host spontaneous currents at the sample
surface [24], and Abrikosov vortices perfectly meet
this expectation. Available experimental techniques
allow for observation of vortices in nonconventional
superconductors [24].

3. Quasi-angular momentum

In theoretical research, the focus is on intention-
ally generated excitations carrying the OAM. How-
ever, spontaneous formation of quasiparticles hav-
ing nonzero angular or quasi-angular momentum
can arise. The most known example of such an item
is the electron/hole Cooper pair. As we have pointed
out above, in laminar systems, when the layer thick-
ness is less than the coherence length, s-pairing is
not favored, as the motion of electrons is squeezed
by the adjacent layer potentials. This is especially
interesting for superconducting systems being the
focus of our study. The Cooper pair with electron
quasi-momenta ℏk and −ℏk and separated at a dis-
tance f the order of coherence length ξ forced to
in-plane motion should exhibit quasi-angular mo-
mentum (quasi-AM) of the order of L ∝ ξ ×ℏk. As
only the electrons close to the Fermi surface are ac-
tive in the Cooper pair formation, we can estimate
L as l = ℏξkF. The opposite helicities produce op-
posite quasi-AM and respective magnetic moments.
Quasi-momenta of Cooper pairs are quantized, and
at a temperature of condensation, all pairs should
exhibit the same quasi-momentum quantum num-
ber. At the onset of superconductivity, the quasi-
momenta of Cooper (hole) pairs in the bulk systems
are compensated [25, 26]. However, when there is a
single Cooper pair tunneling across a magnetic bar-
rier, it can sense the magnetizationM of the spacer
and, as a result, exerts action of the potential

V = Vc(r) + Vs(r)M ·L, (4)

with M and L being the barrier magnetization and
Cooper pair quasi-angular momentum, respectively.
In (4), Vc is the spin-independent potential, while
Vs(r) represents the quasi-momentum interaction
with the magnetization of the spacer. This means
that, e.g., Cooper pairs tunneling across a magnetic
barrier should sense di�erent heights, and the fer-
romagnetic layer should �lter the Cooper pairs of
di�erent chirality. We should point out here that
the skew scattering can also arise, represented by an
asymmetric part of the transition probability [27].
For us, it is important that within the context of
scattering experiments, the quasi-angular momen-
tum and the true angular momentum play identical
roles and cannot be distinguished [28].
At the interfaces, the mechanisms of compensa-

tion of the quasi-AM valid in the bulk [25] are not
e�ective, and another mechanism can be switched
on to lower the barrier given by (3). The Cooper
pairs with opposite orientations of the quasi-AM
can undergo a second pairing when two distinct
pairs recombine into a four-electron/hole aggregate
(quasiparticle) � a quartet [29]. This e�ect can be
experimentally observed by the measurements of
the Josephson current. In some systems, the per-
sistent current across the Josephson junction oscil-
lates in time with a basic period of 4eV/ℏ instead
of 2eV/ℏ, which can be interpreted as the e�ect of
electron tunneling in quartets [29].
Such a scenario can be easily illustrated in the

layered copper oxide superconductors. The high in-
layer mobility of electrons causes the quasi-AM of
the copper pairs to be oriented perpendicularly to
the CuO2 plane. Suppose that there is another
Cooper pair in the adjacent CuO2 layer with the
opposite orientation of the quasi-AM, then their
dipolar momenta compensate each other. The the-
ory of such four electron binding into quartets that
involves other mechanisms of coupling is presented
in [30]. We should point out here that additional
interactions can change the spectrum of quartets,
and thus, the nature of the transition to the SC
state can be modi�ed [31].
An alternative mechanism to explain the com-

pensation of quasi-AM of Cooper pairs at Tc is a
two-�uid model. Cooper pairs of di�erent chiral-
ity form separate condensates with the same gap
and the same spatial density. In this scenario, op-
posite quasi-momenta are compensated similarly as
the momenta of �spin up� and �spin down� electrons
in the conduction bands of simple metals.

4. Interaction of twisted beams

with vortices

We focus our interest on a laminar system,
namely a SC/no-SC/SC sandwich, where SC de-
notes superconducting material. For an extremely
thin central spacer (of the order of a few
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nanometers), this is just the Josephson junction,
but we assume a rather mesoscopic dimension with
larger thickness and lateral extension.

In the bulk type-II superconductor, under the
action of the magnetic �eld perpendicular to the
sample's surface, the formation of mono-quanta
(Abrikosov) vortices arises. This occurs above a cer-
tain critical �eld strength Hc1. The vortex den-
sity increases with increasing �eld strength. In thin
�lms, when type-II superconductors are fabricated,
even small magnetic �elds Bc ≈ 1 µT result in the
creation of Abrikosov vortices, i.e., regions of super-
current that circulate a non-superconducting core.
In laminar systems, the formation of the Abrikosov
vortices is not limited to the type-II superconduc-
tors. It is well known that superconducting �lms
made of a type-I material can demonstrate a type-II
magnetic response, developing stable vortex con�g-
urations in a perpendicular magnetic �eld [32]. We
should point out here that vortex formation (orbital
e�ect) strongly destabilizes the superconductivity,
leading to a small upper critical �eld Hc2. By con-
trast, when the �eld is applied parallel to the lay-
ers, most of the �ux lines can penetrate between
the SC layers, and then the orbital e�ect is strongly
quenched. This is the main reason why Hc2 in the
parallel direction is much higher than that in the
perpendicular direction.

The way a super�uid acquires angular momen-
tum is perhaps one of its most interesting proper-
ties. The creation of the Abrikosov lattice under
the action of the external magnetic �eld is not the
only way. With the use of OAM photons, we can
inject multi-quanta vortices into the mesoscopic SC
layer. Coherent pumping, injecting OAM particles
directly into the condensate at an energy ℏω, is de-
scribed by a source term [33]

ℏ∇tψ = F e iωt e i lθ. (5)

OAM phase twist, de�ned in terms of the rotation
of the isophase surface of the wave function, was
shown to have physical, measurable e�ects in terms
of the production of new defects [34]. The focused
incident OAM light impulse of su�cient intensity
can transfer part of its energy and angular momen-
tum to the super�uid, forming a local phase defect.
The orbital angular momentum may be removed
from the beam mode and converted into currents
within a super�uid. As we are focused on the lami-
nar systems, the injected vortices can be the multi-
quanta ones. This way, an alternative method for
Abrikosov vortices creation in one component su-
per�uid arises. Recently, such a direct transfer of
light's OAM onto a non-resonantly excited polari-
ton super�uid has been observed [35]. It is possi-
ble that the impact of a focused OAM photon can
change the topological charge of the preexisting vor-
tex. As the multi-quantized vortex in Bose�Einstein
condensate (BEC) can carry any integer number of
circulation quanta, the storage e�ciency of cryo-
genic memory in this dense-coding of information is

Fig. 1. Creation of twin vortices by the OAM pho-
ton impact.

possible. This resembles the properties of the OAM
signals, which also enable in�nite communication
channels for both classical and quantum communi-
cations. As a result, the application of SC active
layers as the base of cryogenic memory opens the
possibility of writing all of the information carried
by a multi-quantum OAM wave packet in one multi-
quantum Abrikosov vortex.

Suppose we apply a magnetic �eld perpendicu-
lar to the surface, above Hc1 a net of multi-quanta
Abrikosov vortices is produced. If in the upper layer
an Abrikosov vortex is generated, its magnetic �eld
penetrates the second layer to a usual depth λ.
The screening current crosses the (normal) inter-
layer and induces the super�uid of the other one.
Provided that the thickness of the second layer is
less than λ, the twin vortex in the lower SC layer
is created. In this way, the geometry causes the for-
mation of coaxial twin vortices in both SC layers
(Fig. 1).

In this way, in systems composed of a few lay-
ers, a pancake of vortices can be formed. It is in-
teresting that for a relatively thin normal layer, we
have a Josephson junction, and, under certain con-
ditions, a half-valued twin vortices (Josephson vor-
tices) can be formed [13]. Adjoint half-valued vor-
tices, each carrying a semi-�uxon, can merge with
the Abrikosov vortices and form multi-half-valued
items.

In equilibrium, the cores of Abrikosov vortices
tend to become oriented perpendicular to the plane
of the interface. Within the non-SC layer, a cylin-
drical region with a relatively strong magnetic �eld
arises, which reproduces the Abrikosov lattice gen-
erated within adjacent SC layers. Thus, the inter-
layer mimics a magnetic lattice with localized mag-
netic momenta.

Now, let us consider the case when OAM wave
packets travel laterally within such a non-SC layer
with strongly non-uniform magnetization. The mag-
netic moment of the OAM photon (OAM excita-
tion) interacts with the magnetic �eld that pene-
trates the non-SC layer. As a result, for the travel-
ing OAM bullets, the Abrikosov lattice provides an
ordered net of scattering centers. The magnetic �eld
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Fig. 2. Vortex tilt (not in scale) and OAM photon
asymmetric de�ection due to their mutual interac-
tion.

associated with the Abrikosov in�uences the motion
of OAM wave packets due to the magnetic interac-
tions. The OAM bullet carries the orbital momen-
tum Lb with the �z� component, Lz

b = lbℏ, while
the Abrikosov vortex is associated with the angular
momentum Lv equal to Lz

v = lvℏ; lv and lb repre-
sent the topological charges of the OAM bullet and
Abrikosov vortex, respectively. With these abbrevi-
ations, the e�ective interaction can be written as
H ∝ Lb × Lv. This asymmetric interaction creates
a novel type of the Hall e�ect, the OAM Hall e�ect,
which de�ects asymmetrically the OAM beams and
produces orbital momentum excess at one of the
surfaces. Classical spin Hall e�ect, which is a coun-
terpart of the OAM Hall e�ect, is composed of three
components: skew scattering, side jump, and Berry
phase contributions. Studies of the OAM light re-
�ection at the interface show, along with the classi-
cal re�ection, a side shift e�ect. This indicates that
the light OAM Hall e�ect should comprise all three
components.

The ballistic transport of the OAM current Jo

classically is given as the expectation values of the
velocity v = i [H, r]a and momentum operators [36]

Jo =
1

2
[v, Lz]a , (6)

where [ , ]a denotes the anticommutator. When we
have a strong coupling between the magnetic mo-
menta of the AOM packet and those of the under-
lying medium, angular momentum currents are not
conserved. The e�ective currents follow the formula
Jeff
α = Jα +Tα, where α denotes the OAM current

component, and Tα is the dipole torque density that
varies the initial currents. The continuity equation
for the e�ective OAM current requires

∂Lz

∂t
+∇ · Jo = T o

z , (7)

where T o
z is the torque density; with this, the ef-

fective OAM current Jeff
o in z direction reads

as

Jeff
o = Jo + x τo, (8)

where x τ0 gives the correction due to the OAM
torque.

The Abrikosov vortices are not rigid items, thus,
during the scattering process, some portion of the
momentum and energy of the traveling OAM wave
packet can be transferred to the vortex and induce
its motion. We should remind here that although
vortices are commonly assumed to exit the super-
conductor perpendicular to the surface there were
found tilted vortex lattices in NbSe2 under the ac-
tion of tilted �elds [37]. As we are considering a
SC/no-SC/SC sandwich, we should note that under
action (perpendicular to the surface) of magnetic
�eld or OAM photon, twin vortices in both SC lay-
ers are created. Now, suppose that in our system
with a certain concentration of vortices within the
non-SC layer, an OAM photon or beam travels. In
such a situation, due to the mutual interaction of
the OAM bullet and Abrikosov vortex, asymmet-
ric Hall de�ection of the OAM and the vortex shift
and/or tilt appear (see Fig. 2).

With external �elds, this can even induce a kind
of Larmour precession of the vortices. Thus, it is
of interest to account for the tilt and possibly in-
duced precession of vortices due to the interaction
between the SC vortex and OAM beam since this
a�ects the inter-vortex interactions and the Hall ef-
fect [38]. The phase of the precession in a row of
vortices di�ers due to the delay in the time of ex-
citation. In this way, a picture arises in which the
precession of vortices mimics the semiclassical spin
wave model. However, contrary to the spin waves,
the precession of vortices is damped, and the initial
orientation of the vortex cores is restored. As we
have discussed above, the Abrikosov vortices can be
created in two ways, namely by the application of
external �elds or by OAM photon irradiation. In the
�eld-induced vortices, the external magnetic �eld
forces tend to restore initial orientation. In both
types of Abrikosov vortices, dissipation of the en-
ergy occurs due to the normal core resistivity. It is
well-known that the motion of vortices induces re-
sistance, and as a consequence, the e�ective current
J swirling the normal core is given by

J =

(
1

κ
∇Φ −A

)
|ψ|2 − σ

(
∂A

∂t
−∇Φ

)
, (9)

where A and Φ are vector and scalar potentials,
while σ in the second term denotes the classical con-
ductivity [39]. The classical component is responsi-
ble for the dumping of the vortex precession.

When thinking about the Abrikosov vortex, we
automatically assume the currents swirling around
its normal core to have cylindrical symmetry and
their monotonic decay with the separation from
the center of the vortex. Evidently, for the vortices
created by the external magnetic �eld, this is the
ground state of phase defect. However, one may ex-
pect that the vortices created by the OAM photons
may inherit their symmetry. Thus, another form
of the Abrikosov vortex with currents reproducing
spatial distribution of the LG beams (3) is worth
considering, and we can have many excited forms
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of the vortex. The relaxation to the ground states
occurs due to the energy loss within the normal core
(see (9)).

5. Conclusions

Single OAM photons/excitations are of
paramount importance for modern quantum
information science [40], since the OAM can be
used as an additional degree of freedom with a
view to achieving high capacity and high spectral
e�ciency in communication and computational
systems. For example, OAM wave packets o�er
e�cient control of charge �ow by acting on their
orbital moment [41]. Recent progress in microfab-
rication techniques has brought electronic devices
of the order of or smaller than the OAM di�usion
length, which provides possibilities for a variety
of applications [42]. Both achievements can be
applied to improving existing or generating new
technologies and computing concepts, widening the
potential of solid-state orbitronics. This was the
main motivation for our research.
We have focused on a study of the sandwich com-

posed of a normal material and two superconduct-
ing overlayers. The crucial e�ect is that the vortex
light beams/photons can transfer their orbital an-
gular momentum to the internal dynamics of the
solid-state system. In this way, in the laminar sys-
tems, the multi-quanta Abrikosov vortices can be
created. This opens the possibility of application
in computer memories based on Abrikosov lattices.
The information can be encoded by multiplying the
number of distinguishable states, because an AOM
photon can carry an arbitrarily large amount of
information distributed over its spin and orbital
quantum states and transfer it to the multi-quanta
Abrikosov vortices.
In our study, we have proved that twisted light

beams can create multi-valued Abrikosov vortices,
carrying many �uxons each. It has also been shown
that multi-valued Abrikosov vortices can serve as
an e�ective medium to store information, spin, an-
gular momentum, and energy. Moreover, in the case
of the Josephson junction, we postulate that half-
valued vortices merge to the multi-valued ones. The
hypothesis that at Josephson junctions, multi- and
semi-valued vortices can be formed needs experi-
mental veri�cation. The same applies to the pos-
sibility of collective Larmor precession of the vor-
tices under the action of the OAM beams. The
respective experimental techniques are in common
use. Thus, the veri�cation of the hypothesis formed
above should be easy.
Another concept is based on the fact that the

Abrikosov vortex is immersed in a bulk conden-
sate, and its supercurrents condensate is not coher-
ent with it. As we know, magnetic �elds within the
vortex favor the non-s state. Thus, electron pairs

forming vortex supercurrents can be in a di�erent
electronic state than this of bulk condensate. Con-
siderations above show that from the basic physics
point of view, there are still some very important
aspects of superconductivity that need to be under-
stood.
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