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Dear Professor,

this is the report on the Master thesis entitled Nonequilibrium superconductivity by Mirsolav
Hopjan.

The thesis presents an amazing work and an exceptional broad treatment of the problem of
small superconducting nanostructures. The used theoretical frame, the application of different
models and the physical deductions to finally give an answer to the question how the size
is influencing superconductivity shows a maturity which is exceeding the normal level of a
Master thesis. When working out details in the presentation, checking the used approximations
underlined with more numerical work, it would be more a PhD thesis in fact than a master
thesis. Therefore I can recommend the thesis with the highest possible degree.

To the details. The thesis documents that Miroslav Hopjan has successfully made himself
acquainted with Green’s function technique in the first section and the nonequilibrium GKB
formalism in section 4. He presented the current development of a unified T-matrix theory
to describe superconducting and normal states on the same theoretical footing in section 2
and 3 which shows that he has gained a deep understanding of the matter. Though this by
itself is already of high theoretical level, the main work of the thesis is presented in section
5 and 6 where he collected the knowledge of small metallic grains to develop a model for
small superconducting structures. In section 7 finally he chooses magic cluster parameter to
demonstrate the different discussed approximations numerically.

The author deduces systematically a tractable model starting from the angular momentum as
the right quantum number instead of momentum and compared the pairing interacting in the
BCS model with the Richardson model for which an exact solution exists. The steps proceed
by describing the nanostructure coupled to leads and eliminating the letter ones on cost of an
additional selfenergy. Then he assumes ferroelectrics as gate electrodes in order to suppress
the Coulomb blockade. A further assumption is that the tunnel contacts are highly asymmetric
such that the nanosphere is in quasi-equilibrium of one of the contacts. The multiple scat-
tering theory is worked out and compared with Feynman-Galitzki as well as Kadanoff-Martin



theories. This by itself is new and not published before. The BCS approximation provides a
selfenergy which is independent of the magnetic quantum number while the Richardson model
accounts for that. The author approximate the latter model by taking into account the nearest
levels. This reduced scheme is than treated with the help of the Langreth/Wilkins rules to
derive the nonequilibrium expressions. This I see as a major progress of this work. The final
numerical treatment with magic cluster numbers reveals interesting results: In bulk systems
any weak interaction creates Cooper pairs while in nano-grains the coupling must exceed a
certain minimal strength. The change of the gap with temperature is calculated and different
approximations compared. The exciting new observation is that within the multiple scattering
theory more poles appear than in the single-channel and BCS approximation. Here the work
provokes further investigations. Since the work has been done within the Richardson model
neglecting all non-pairing interactions, the difference to the BCS theory is small. However in
nonequilibrium situations the considered multiple scattering corrections hints in the direction
that these effects are important. It would be very interesting to continue this work.

In the end is is custom to ask some critical questions:

1. The Hamiltonian 6.5. is much more general than the BCS one which restricts the momentum
to zero pairs. Here it looks as BCS would be more general than Richardson 6.6.

2. Following 6.59 it is assumed that G is independent of magnetic number. Is it justified by
the result later?

3. The equations have been written in nonequilibrium form but in 6.7. the stationary regime
with equilibrium is used with an assumption about the Lorentzian of the spectral function 6.87
of the leads. In 7.1. this is further simplified by a delta function. How is this justified?

4. The authors observe the interesting effect that in finite systems the poles of the T-matrix
are not equal to twice the chemical potential as it would be with the bulk pairing pole. By
demanding that the gap parameter should be stationary the author found from 7.23 that the
energy scales is best counted from the T-matrix pole as the origin. This simplifies matters
and allows the author to proof that the BCS condition is robust with respect to any of such
chemical potential shifts. This is a remarkable result of the thesis. The question is how does
look like this shift of chemical potential anyway and how does it comply with the van-Hoove
theorem?

5. Some minor suggestions: the year in citation [17] should be 1961 and on page 71 the
measurements of Ralph, Braun and Tinkham are mentioned but should also be cited.

These questions are just provoked discussions out of the thesis and show the deep rooting of
the thesis in physics. It does not diminish the value of the work and I recommend it with the
highest degree.

With best regards, yours sincerely

Klaus Morawetz


