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Topological Insulators 

These are interesting materials having a 

special kind of metallic surface states 

protected by the insulating states in the 

bulk and cannot be altered by external 

parameters. A typical energy band 

dispersion of such a material show Dirac 

cone [Dirac point (DP)] for the surface 

electrons, which provide dissipationless 

charge transport. However, behavior of 

these materials are different from the 

ideally predicted ones. There are several 

issues to be resolved before these 

unusual surface states of these materials 

can be utilized for technological advances 

or to realize long standing fundamental 

physics. 

We study the electronic structure (the arrangement of electrons in 

various energy levels) experimentally to reveal the microscopic 

origin of varied interesting electronic properties of correlated 

electron systems, superconductors, topological insulators, diluted 

magnetic semiconductors etc. Some of the examples are given 

below. 

Tools & Techniques 

Experiment: Photoelectron 

spectroscopy is based on 

photoelectric effect, where light of 

fixed energy is used to release 

electrons from materials. We 

determine the energy, momentum 

and spin of these photo-emitted 

electrons using suitable lens and 

detection system. The spectrometer 

in TIFR is indigenously designed and 

built. It is equipped with R4000 WAL 

electron detector, monochromatic UV 

and x-ray sources and open cycle 

helium cryostat. It works with energy 

resolution better than 2 meV and 

angle resolution of 0.1o, which is the 

best achieved so far for such 

spectrometers. The spin detection is 

done using a Mott detector operating 

at 25 keV. 

Theory: Electronic band structure is 

calculated using full potential 

linearized augmented plane wave 

method (FLAPW). LDA+U method is 

adopted to calculated electron 

correlation induced effects. In 

addition, we calculate the spectral 

function using various model 

Hamiltonian to extract electron 

interaction parameters. 

 
ARPES machine in TIFR 

Here we show that electronic states taking part in superconductivity seem to get 
influence by magnetic order.  

 

 

 

Strongly correlated systems and Kondo Physics 

Coulomb repulsion between electrons is often the key reason behind all unusual 

material properties including unconventional superconductivity. Magnetism is a 

great manifestation of such effect. If the magnetic electrons hybridize with the 

mobile electrons, a non-magnetic phase may appear leading to lots of anomalies 

in their electronic properties, which is known as Kondo effect. We play around 

with this coupling in real materials and investigate their interesting electronic and 

magnetic properties.  

 

Fe-superconductors 

Superconductivity and magnetism are 
two mutually exclusive phenomena. 
Still compounds having a magnetic 
element, Fe show superconductivity. 
Here, Superconductivity appears on 
destruction of magnetic order. 
Interestingly, some material such as 
EuFe2As2 shows coexistence of both 
the phenomena. 
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