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ABSTRACT  
  Many high-Tc superconductors, Iron based superconductors and other recently 
discovered superconducting materials shows the signature of existence of a strange Pseudo Gap 
above the superconducting transition temperature. Various experimental techniques such as 
NMR, Tunneling and ARPES suggest that pseudo gap does not change with temperature. As 
evidenced from these experimental results, the Pseudo gap possess the d-wave pairing symmetry 
similar to superconducting energy gap. The physical properties shows unusual behavior in the 
non-superconducting state where pseudo gap exist. Based on experimental evidences we argue 
about the origin of pseudo gap in these superconductors. Although a complete understanding of 
mechanism is lacking, the existence of preformed cooper indicated by various experimental 
probes pairs seems to be responsible for the origin of Pseudo gap.  
  
Keywords: Pseudo Gap, Unconventional Superconductors,  
 

I. INTRODUCTION 
 

In the beginning of 20thcentury, the central issue of condensed matter physicists was 
what happens to the resistivity of a metal at low temperatures. It was well established that 
scattering of the electrons with ions was prime responsible factor for the occurrence of 
resistance in metals and the conductance was due to mobile electrons. Different ideas were 
prevailing that (a) with decrease in temperature, the scattering amplitude decreases thereby 
bringing the resistance to zero at absolute zero or (b) the electrons mobility itself freezes at very 
low temperature making the resistance infinite. The availability of liquid Helium in July 1908, 
allowed one to test theses hypothesis. Early experiments were conducted with Pure Mercury and 
to surprise the resistance falls to zero abruptly at 4.2 K [1]. The resistance for pure mercury 
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jumps from 0.1  to less than 10−6 Ω within 0.01K (figure 1).This phenomenon of 
Superconductivity, in which resistance of material would be practically zero at superconducting 
transition temperature and existence of Meissner Effect that no magnetic flux exits in the 
interiors started renewed interest in the condensed matter physics.  
 

 
Figure 1  The resistance (ohms) against temperature (kelvin) for mercury showing superconducting transition at 
4.20 K 

The coherent understanding of the phenomenon come from the BCS (Bardeen, 
Cooper, and Schrieffer) theory in the year 1957 which was based upon the electron-phonon 
coupling [2]. According to BCS theory the two electrons of apposite spins would team up to 
make up a cooper pairwith total S = 0 (a spin singlet state). BCS expression for superconducting 
transition temperature, TC, is 

kBTC = 1.14 hDexp (-1/ N(0)V), 
with N(0) specifying electronic density of states at the Fermi Energy and N(0)V < 1. Within 
weak coupling limit, the attractive force which electrons into cooper pairs however have limit on 
the highest critical temperature. These forces cease to exist beyond 30 K.   
 
 
Experimental Observations  
 

In 1986, Bednorz and Muller discovered newsuperconducting materialwhich has 
superconductingcritical temperaturesmuch higher than this limit[3] The CuO2 plane was 
responsible for electron transport in these quasi 2-D material layered material [4]. The very 
popular materials which received highest among this class were YBa2Cu3O6+x (YBCO 123) 
and Bi2Sr2CaCu2O8 (Bi 2212) and recently discovered (Tl 2212 and Hg 2212) with TC as high 
as 90 K. Despite numerous experimental and theoretical advances in the field of high 
temperature superconductors the understanding of microscopic mechanism still remains elusive. 
These superconductors shows anomalous properties in the non-superconducting state above TC. 
The superconducting state is characterized by an energy gap which opens up at critical 
temperature, TC, is one of the essential properties of a superconductors. One major difference 
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from the conventional BCS theory, was the existence of Pseudo Gap above the superconducting 
transition temperature in these layered materials. Numerous high-TC superconductors 
discovered thereafter shown the evidence of existence of Pseudo Gap. The mechanism which is 
responsible for the formation of Pseudo Gap is highly sought by scientific community [5]. The 
parent compound of these materials are antiferromagnetic insulators and upon doping they can 
be made conducting. The Pseudo gap exists well above TC and the temperature at which pseudo 
gap opens up is indicated by T* (figure 2). The magnitude of pseudo gap as evidenced from the 
ARPES measurements, does not change with temperature and evolves smoothly into 
superconducting state. A spin density wave region between antiferromagnetic and 
superconducting regions is argued to exist by various authors. In the year 2006 another class of 
material, Iron Based superconductors, were discovered to be superconductors which also 
showed signature of Pseudo Gap along with co-existence of antiferromagnetic order. [6] Pseudo 
gap state was also shown to exist in one of the the Heavy fermion superconductors discovered 
in the eighties.Many theoretical attempts were made to understand the phenomenon of 
existence of Pseudo Gap and its possible origin but without any consistent explanation of many 
physical properties.  
 
 

 
Figure 2 Phase Diagram of cuperate superconductors displaying the existence of Pseudo Gap 

 
The existence of the Pseudo Gap in the normal state in these materials is revealed by 

numerous experiments such as Knight Shift in NMR measurements, Angular resolved 
photoemission spectroscopy (ARPES) and tunneling experiments. The tunneling and ARPES 
are very surface sensitive techniques which limits the measurement in some case (mostly 
cuprates) where surfaces cleaves easily. Also they yield information which is averaged over large 
regions in momentum space. The Pseudo gap is shown to exist in both electron and hole doped 
cuprates.  
 

The electron doped cuprates too show superconductivity where the antiferromagnetic 
region spans over a larger range of doping. The Pseudo gap state in the hole-doped 
superconductors seems to be originating from magnetic correlations also exhibiting non fermi 
liquid behaviour which indicates the common origin. However these material possess very 
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complex electronic nature, the result of many experiments is controversial. The various 
experimental results that are reviewed with respect to different classes of materials present a 
strong evidence of the Pseudo gap that exist in the normal state and have d-wave symmetry.   
 

The theoretical developments to explain mechanism of superconductivity considers 
different scenario. In one of these, antiferromagnetic fermi liquid seems to be the base, while 
the other argues the superconducting phase fluctuations behind the origin. Both the theories are 
able to explain the phase diagram that results out of the experiments. However in order to have 
complete understanding of the complex scenario, a combination of various factors such as spin 
and superconducting fluctuations may be taken into account.  

II. CONCLUSIONS 

Various experimental observations in the different classes of materials evidenced the existence 
of Pseudo Gap. The pseudo gap have d-wave pairing symmetry similar to the superconducting 
energy gap and is temperature independent. The superconducting energy gap does not vanish at 
TC but continue to persist above TC. The fundamental question however is that what causes the 
pseudo gap to exist in these systems.  Diverse opinions about the origin of pseudo gap exist. 
The existence of preformed cooper pairs stands out in these diverse scenarios. 
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