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So the central question in superconductivity and the search for new superconducting 
materials is whether there is anything common to the known superconductors? 

Frohlich' s in retrospect inadequate theory of electron-phonon mediated 
superconductivityl immediately provoked the objection that the lattice would be unstable 
against the electron-phonon coupling strengths needed.2 This consideration persisted as a 
limit to achievable Tc's, i.e., avoiding intervening lattice instabilities, in the later 
successful BCS theory (e.g. Cohen and Anderson3

) . In fact among the materials with the 
highest known Tc's at the time, the cubic A15 compounds, such instabilities were known. 
They appeared as the so-called martensitic transformations at T m, just above Tc observed 
in V3Si and Nb3Sn,4 with Tc's in the range of 17K. In V3Si and Nb3Sn, Tc and T m have 
opposite sign variation with pressure, in the former they approach each other at positive 
pressure, in the latter at negative pressure. Our viewpoint here is that we have a phase 
diagram for these superconductors where T c appears to be approaching a maximum in the 
T-P phase diagram at the terminal point of another phase transition line, here T m. For 
V3Si, T m exceeds Tc by a few degrees Kelvin. The growing lattice distortion with 
decreasing temperature below Tm is abruptly terminated at the onset of superconductivity 
at Tc.5 

For heavy Fermion materials, it is a generally held belief that all the superconductors 
are found in the vicinity of a magnetic quantum critical point where an antiferromagnetic 
ordering temperature has been driven to T = OK (Fig. 1). What is observed in general is 
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Figure 1. Schematic phase diagram for occurrence of superconductivity 
in heavy Fermion systems. 

very close to this, as shown for example in Fig. 2. What we see is the antiferromagnetic 
line of phase transitions intersecting near the maximum observed Tc in the phase 
diagram. We point out the similarity to the earlier discussed electron-phonon phase 
diagram. 



• • • 4 

--~-f
3 

2 

a 

• • •• • 
TN 

P1 Tc•· . l 
• 

, 
/ ' ,
/ , SC 
/ 
/ . • / P2AFM • / , .....e\FM+ SC~ , 

0.0 0.5 1.0 1.5 2.0 2.5 
P (GPa) 

Figure 2. Pressure-temperature phase diagram of CeRhIns. 6 

The generic features of high Tc cuprates are often discussed on the basis of the phase 
diagram shown in Fig. 3. Here the so-called pseudogap line intersects the boundary 
to superconductivity at maximum Tc, but some claim that the pseudogap is also seen in 
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Figure 3. Generic phase diagram of high Tc 
cuprates as a function of doping. 

tunneling beyond Tcmax
. While most experiments give no indication that the pseudogap 

line represents a true phase transition, polar Kerr rotation experiments suggest it might. 7 

Nevertheless, it is a temperature below which a distinct and measurable change in the 
electronic properties develops. Again, the similarity to the earlier discussed phase 
diagrams is apparent with the pseudogap temperature intersecting a maximum in the Tc 
versus doping phase diagram. 

We can also bring into this discussion the recently discovered Fe-pnictide 
superconductors.s In this set of materials we have two high-temperature transitions in the 
phase diagram, a structural and a spin-density wave transition. These appear to occur 
close to each other in temperature, sometimes coinciding and sometimes not exactly at 
the same temperature. Pressure is found to strongly suppress the transition temperature 



for both these phases, and superconductivity does not appear to coexist with the spin 
density wave. The data at present do not allow one to make the claim that in the ideal 
case, the spin-density-wave transition will intersect a maximum in the Te versus pressure 
curve for these materials, but the data are suggestive of this. We also mention the 
organics in which phase diagrams similar to those we have been discussing are found. 

The simplest way to think about the phase-diagram similarity discussed above is that 
we have in all interesting cases where we are trying to maximize Te a competing second 
phase, with superconductivity winning out when the ordering temperature of the 
competing phase is brought down to the Te of the superconducting phase. But this does 
not explain why this happens in the vicinity of the maximum observed for the 
superconducting Te. It is an old idea that a sufficient increase in the superconducting 
pairing interaction will lead to some instability limiting Te. In the electron-phonon case 
for instance, it is a lattice distortion which relieves so to speak the tension arising from 
the large coupling. But the coincidence noted above suggests that it is more useful to 
think in different terms, namely that the fundamental instability is that of the Fermi 
surface and that perhaps this instability is related to the mechanism behind the nearby 
phase whose boundary intersects the maximum Te. Again, experiments have often 
suggested the view that superconductivity is competing for Fermi surface with another 
phase. But our somewhat different viewpoint is that this competition results from a more 
fundamental instability which is telling us that the material is balanced between 
conflicting tendencies corresponding to quite different ground states. This "pairing" of 
phases is reminiscent of dualities used in discussions of other condensed matter 
phenomena, such as localizedldelocalized, magnetic/non-magnetic, bonding/non
bonding. Another way to perhaps think about the dichotomy is in terms of real space 
versus momentum space condensation, similar in ways to the differing chemical and 
physical viewpoints of bonds versus bands. Cohen and Anderson3 in their early BCS
based discussion of maximum Te observed that the limit oflarge electron-phonon 
coupling is equivalent to something like a covalent bond. Our point here is simply to note 
the possibility that what may be limiting Te is akin to some kind of localization. From this 
viewpoint, superconductivity is, then a phenomenon, when pushed to its limit, that lives 
at the intersect of chemistry and physics. 
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