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Abstract We suggest that the high-temperature supercon-
ductivity can be attributed to the director-roles of the van
Hove singularity between an electron-electron interaction
and an electron-phonon interaction. The difference between
the critical temperature and the pairing temperature is pre-
sented, and the Fermi arc, the d-wave symmetry and the
poor conductivity, etc., are discussed. In particular, the
non-s-wave symmetry is predicted to have the highest 7, for
superconductors.
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be in clarifying how the electron-electron interaction and the
electron-phonon interaction work in superconductors. In this
paper, we will discuss these topics as it relates directly to
superconductivity, such as critical temperature, pairing tem-
perature, Fermi arc, d-wave symmetry, and poor conductiv-
ity, etc. On these problems we further announce the origin of
high-T. superconductivity.

1 Introduction

Many theories have been presented to enlighten us since
high temperature superconductors were discovered two
decades ago. However, the origin of the high-T, has been a
highly debated topic. This is because high temperature su-
perconductors have many unusual properties when com-
pared to the traditional superconductors that can be under-
stood within the framework of the BCS theory. With the
“director-roles” of the van Hove singularity on cuprate su-
perconductors, we can understand most properties of the
cuprate superconductors. For example, the explanations of
the 7-linear resistivity in very wide temperature sections, the
predominantly d-wave symmetry, and the abnormal isotope
effects, etc., have been explained in a paper at arXiv.org
cond-mat\0609339. The key to understanding this topic may
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2 Condensation and critical temperature

The superconducting phenomena appears as the temperature
of materials go below the critical temperature under which
some carriers are formed into the so-called pairs. Whatever
the mediated excitations are, the pairs should have two types:
the (nearly) localized pairs and the (nearly) free pairs. When
the pairs are so free that each pair looks like a free-boson,
the critical temperature can be determined by the well-
known Bose-Einstein condensation temperature formula:
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where x,,;, is the number density of mobile pairs, m,, the

mass of each carrier. Because the carrier mass is larger than
the electron mass, m,,, = m,, each atom radius »~10",

all carriers are not paired, so x;;ii < 10", hence we esti-
mate T,,, <10*K. Usually T,; <T,, , that is, the highest

critical temperature is in the room-temperature range. Even
if there are existing free pairs, 7, the critical temperature

2/3

might be zero as soon as x,; < 10", Hence, one of our

conclusions is that, enough number density of pairs is
needed for the superconducting phenomena to occur.

3 Pairing and critical temperature

On the other hand, authors usually mix the pairing tempera-
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ture with the critical temperature. The pairs can be formed at
higher temperature, but the superconducting phenomenon
may not appear. Superconductivity occurs when the pairs are

not localized and the number density of pairs is large enough.

If the pairing temperature is expressed as T Tt is easy to
value T <T" for
any pairs. What are the factors that decide the pairing tem-
perature? Although the BCS-like gap equation may not be
exact for high temperature superconductors, the problem
about the pairing temperature may still be understood:

A(q) tanh E(q)
2E(q) 2k T

< T" for nearly localized pairs, so T,;

Ak) == V(k~q) (@)
q

where E(q) are the excitation energies relative to the Fermi
surface, and V' (q) is the affective carrier-carrier interaction.
If T—T", the E(q) does not depend on A(g). On expression

(2) it is not difficult to find that the pairing temperature de-
pends on two factors: the energy state density and the affec-
tive attraction around the Fermi surface. Their generalization
can be shown by a series of successes on explaining the
properties of cuprates. In a word, the critical temperature is
lower than the Bose-Einstein condensation temperature and
<Tn,and T, <T .

For simplification, we will explain the related problems
with superconductivity below, and breakdown the Fermi
surface into four segments: (carrier-carrier) attraction but
non-singularity segment, non-attraction but (van Hove) sin-
gularity segment, both attraction and singularity segment,
and neither attraction nor singularity segment. It will be
shown that the changes of the attraction segment and/or
singularity segment dominate the physics of the cuprate su-
perconductors below.

pairing temperature: 7.

4 Jdwave symmetry

The predominant d-wave symmetry [1, 2] of a cuprate su-
perconductor was shown in the experiments. Some authors
attributed the d-wave symmetry to the strong correlation of

electron systems. In fact, the d-wave symmetry shown in Fig.

2 can be simply understood on Fig. 1: when both the singu-
larity and the attraction appear around the Fermi surface
shown as the black scales about ¢, (g,) axis in Fig. 1, the
d-wave symmetry occurs for high-7;, superconductivity or
high-T" localized pairs. This can be understood on expres-
sion (2) with Fig. 1. The gaps about £, axis in Fig. 2 are from
the attraction segments about the ¢, axis in Fig. 1, and the
gaps about £, axis in Fig. 2 are from the attraction segments
about the ¢, axis in Fig. 1. In particular, as soon as the sin-
gularity segment or the attraction segment deviates from the
Fermi surface, the s-wave symmetry will appear. Moreover,
if the whole Fermi surface (curve) is the so-called attraction
segment in the wave-vector space, the s-wave symmetry will

dominate the superconductivity, and this may explain why
the s-wave symmetry appears at overdoped cuprates, where
the singularity segments may have deviated from the Fermi
surface, or the singularity segments occupy most of the
Fermi surface. At the same time, based on the same reason
given above we make two predictions. First, the supercon-
ductivity of all 3D materials usually have s-wave symmetry;
second, the non-s-wave symmetry has the highest 7. for su-
perconductors. The latter will be explained below. The
high-T, needs the van Hove singularity, the van Hove singu-
larity occurs at a wave-vector space meeting V, £(k) = 0 for

the electron systems, but V, E(k) = 0 at most appear only at

few segments of the Fermi surface, in the case of which
non-s-wave symmetry appears.
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Fig. 1 Segments of the attraction or the van Hove singularity around
Fermi surface about ¢, (g,) axis.

Fig. 2 d-Wave pairing gap where £, (k,) are wave vectors related to the
Fermi surface.



5 Fermiarc

The Fermi arcs [4—7] observed in experiments, are in the
nodal segments as shown in Fig. 3. The Fermi arcs should be
in the so-called non-attraction but singularity segment,
where the carriers behave with metallic properties from the
lightly doped- to the optimally doped-region. We suggest
that changes for strength and length of arcs are related to the
carriers unpaired in the g-space, and are controlled by the
changes of locations of both the attraction segments and the
singularity segments in g-space. The length of the arcs usu-
ally becomes short with doped-holes, the s-wave symmetry
appears for pairing gaps as discussed above. Since nodal
metals are found, why are the cuprate materials the poor
conductors in these regions?

Fermi|arc
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Fig. 3 Possible Fermi arcs are shown as the curve lines in diagonal direc-
tions in g-space. It should be compared with Fig. 1.
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the low doped- to the optimally doped-region, and many
authors attribute it to having fewer carriers in these materials.
We present that even if there are fewer carriers, as soon as
the carriers are closely concentrated around the Fermi sur-
face duo to the van Hove singularity of the electron states,
the material might still be “metal”. An electron system be-
haves with metallic properties, because low energy ex-
changes between electrons dominate their properties. The
van Hove singularity around the Fermi surface leads the
carriers of cuprates to be so. This also explains why the car-
riers in the Fermi arcs behave with metallic properties.
“Poor conductor” it is not because the total carriers intro-
duced are few, but there are two causes. First, some of these
carriers are localized through the forming of the so-called
localized pairs (there are two types of pairs as discussed
above) about ¢, (g,) axis. That is to say, the number of carri-
ers in a CuO, plane is usually small than the number of
holes introduced by doping when the localized pairs exist.
Second, when the localized pairs are separated, the carriers
about ¢, (¢g,) axis suffer from the strong scatter of nearly
localized particles about ¢, (g,) axis.

One may find that main properties directly related to high

temperature superconductivity are explained in this paper on
a new phonon mechanism.

6 Poorconductor

All cuprate compounds appear as the poor conductors from

References

1. Ishimaru Y., Wen J., Koshizuka N., and Enomoto Y., Phys. Rev. B,
1997, 55: 11851 —11859
2. Tsue C. C. i and Kirtley J. R., Rev. Mod. Phys., 2000, 72: 969—

1016

3. Lee Y. S., Kouji Segawa, Li Z. Q., et al., Phys. Rev. B, 2005, 72:
054529

4. Yoshida T., Zhou X. J., Sasagawa T., el al., Phys. Rev. Lett., 2003,
91: 027001

5. Chatterjee U., et al., Phys. Rev. Lett., 2006, 96: 107006
6. Kanigel A., Norman M. R., Randeria M., et al., Nature Physics,
2006, 2: 447



	What is the highest Tc for phonon-mediated superconductivity
	© Higher Education Press and Springer-Verlag 2007
	Introduction
	2  Condensation and critical temperature
	3  Pairing and critical temperature
	4  d-wave symmetry
	5  Fermi arc
	6  Poor conductor
	References




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /ENU <>
    /DEU <>
    /CHS ()
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


