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a) NAME: Kinjal Banerjee

b) DATE OF BIRTH: March 26, 1981

c) NATIONALITY: Indian

d) SEX: Male

e) MARITAL STATUS: Single

f) PRESENT POSITION: Assistant Professor
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India.

E-MAIL ADDRESS: kinjalb@gmail.com
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II. EDUCATIONAL QUALIFICATION

Ph.D 2004-2008 Theoretical Physics
Institute of Mathematical Sciences
Homi Bhabha National Institute
Chennai, India

M. Sc 2002-2004 Theoretical Physics
Institute of Mathematical Sciences
Anna University
Chennai, India

B. Sc 1999-2002 Physics
Presidency College
Calcutta University
Kolkata, India

III. AWARDS and GRANTS

1. National Level Science Talent Search Scholarship 1997

2. Jagadis Bose National Science Talent Search Scholarship 1999

3. Junior Research Fellowship 2002

4. Senior Research Fellowship 2004

5. China Postdoctoral Science Foundation Grant 20100480223
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IV. RESEARCH EXPERIENCE

1. Post Doctoral Fellow (2008 - 2010)
The Inter-University Centre for Astronomy and Astrophysics
Pune, India.

2. Post Doctoral Fellow (2010 - 2012)
Center for Relativity and Gravitation
Department of Physics
Beijing Normal University
Beijing 100875, China.

3. Post Doctoral Fellow (2012 - 2013)
Indian Institute of Science Education and Research,
DST - Max Planck Partner Group of Dr. S. Shankaranarayanan
Trivandrum, India.

V. PROFESSIONAL EXPERIENCE

1. Assistant Professor (Apr. 2013 - )
Assistant Professor
Department of Physics
BITS-Pilani, K.K. Birla Goa Campus,
NH 17 B, Zuarinagar, Goa 403726, India.
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VI. SCHOOLS/WORKSHOPS/CONFERENCES ORGANIZED

1. “The 2nd BNU International Summer School on Quantum Gravity”, August 2012,
Beijing Normal University, Beijing, China.
Member LOC

2. “The 30th meeting of the Astronomical Society of India” February 2013, Trivan-
drum, India.
Member LOC

VII. TEACHING EXPERIENCE

1. Teaching Assistant for Advanced Quantum Field Theory Course 2004
Instructor: Prof. Balachandran Sathiapalan
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VIII. SCHOOLS/WORKSHOPS/CONFERENCES ATTENDED

1. International conference on “Einstein’s Legacy in the New Millennium”, December
2005, Puri, India.

2. School on “Cosmology and Very Early Universe”, December 2005, IUCAA, Pune,
India.

3. 24th IAGRGMeeting on “Recent Advances in Gravitation and Cosmology”, Febru-
ary 2007, Centre for Theoretical Physics, Jamia Millia Islamia, New Delhi, India.
Gave a talk titled ‘Loop Quantization of Gowdy Model’

4. “International Workshop on Theoretical High Energy Physics, IWTHEP” March
2007, Indian Institute of Technology, Roorkee, India.

5. The 6th “International Conference on Gravitation and Cosmology“, December
2007, IUCAA, Pune, India.
Gave a talk titled ‘Loop Quantization of Gowdy Model’

6. International Conference on “Non Perturbative Gauge Theories and Gravity”, Jan-
uary 2008, S.N. Bose National Centre for Basic Sciences, Kolkata, India.

7. School on “Loop Quantum Gravity”, September 2009, Institute of Mathematical
Sciences, Chennai, India.
Gave two talks on ‘Introduction to Loop Quantum Cosmology’.

8. Introductory Summer School on Astronomy and Astrophysics and Vacation Stu-
dents’ Programme, May-June 2010, IUCAA, Pune, India.
Gave a talk titled ‘Why do we need a Quantum Theory of Gravity’.

9. “Loops 2011”, May 2011, Consejo Superior de Investigaciones Cientficas, Madrid,
Spain.

10. “The 2nd BNU International Summer School on Quantum Gravity”, August 2012,
Beijing Normal University, Beijing, China.

11. “The 30th meeting of the Astronomical Society of India” February 2013, Trivan-
drum, India.
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IX. RESEARCH ACTIVITIES

I have been involved in active research in various aspects of classical and quantum grav-
ity for the last six years, first as a Phd. Student and then as a Post Doctoral Fellow. In
my independent Post Doctoral research experience I have learned to work independently
as well as collaboration with students and other post docs. I have also developed the
ability to guide students in their research projects and clarify their queries and doubts.

I am interested in Loop Quantum Gravity and its application to cosmological models.
However my interests are not restricted only to that and I have also done some research in
semiclassical gravity related to Hawking radiation from black Holes. I am also interested
in classical aspects of General Relativity and more generally in Poincare Gauge theories
of gravity where the gravitational degrees of freedom are encoded in the metric and
and a torsion field . I have also studied Gravitation Waves in the context of the (now
cancelled) Laser Interferometer Space Antenna(LISA) space mission.
Summary of Work Done:

Loop Quantum Cosmology(LQC) is a study of the quantization of cosmological mod-
els using techniques developed in LQG. In [2] we calculate the effective Hamiltonian of
LQC which incorporates the corrections coming from the underlying discreteness of
space. We also determined how the equations of motion would be modified in the ef-
fective picture. This work was quite significant because it showed that there was some
major problems with the old (µ0) of LQC scheme and led to the development of the
current (µ̄) scheme.

In [3] and [4] we started the loop quantization programme for a midisuperspace
model namely the Gowdy T 3 model. These are much more difficult than minisuperspace
models because they have field theory degrees of freedom. This was the first attempt
to apply LQG to midisuperspace models. In [3] we have succeeded in rewriting the
model in Ashtekar variables in a form suitable for Loop Quantization. Then in [4] we
have undertaken the first few steps in the quantum theory defining the basic quantum
variables and the constraints. We have also solved the Gauss constraint and determined
the action of the Hamiltonian constraint on gauge invariant spin networks. This is a
brief summary of my research during my Ph.D.

I have closely followed the Loop quantization of various cosmological models as well
as contributing to some of them. In fact I have been invited to contribute a review article
[7] on this topic for a special issue on LQG in the online journal SIGMA. In that, we
review the recent progress made in the Loop quantization of various homogeneous and
inhomogeneous cosmological models as well as look at the effective equations of motion
coming from the underlying discreteness of space predicted by LQG.

As mentioned above, by interest is not restricted to LQG alone. In [5] we study of
the flux inside and outside a collapsing shell. While it is well known that there is nearly
thermal flux of particles measured by observers located outside the collapsing object it
is interesting to study the flux inside the Schwarzschild horizon. Choosing simple toy
models we study the flux measured by a variety of observers. One particularly interesting
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feature which comes out from our calculations is that the observers inside the collapsing
shell also see a thermal flux in most cases which is contrary to the traditionally assumed
picture. Our results have potential consequences in addressing questions pertaining to
black hole entropy and back-reaction.

Some topological terms can be added to the Einstein Hilbert action in four dimensions
without affecting the classical equations of motion. In [6] we study a particular term
known as the Nieh-Yan term in terms of standard metric variables. We explore its
relation to the Holst term which is added to the action with the claim that it does
not affect the classical theory. We show that the Holst term does affect the classical
equations of motion in the presence of matter with spin. We then calculate the torsion
charge due to this term for a perfect fluid sphere with torsion and show that it vanishes
once a horizon is formed but not otherwise. We also show that on adding torsion to
General Relativity the Einstein’s equations are no longer holographic in torsion although
they continue to be so for the metric. We have studied general relativity with torsion
further in [8] where we perform the Hamiltonian analysis of one particular action with
torsion. The constraint algebra is calculated explicitly and the techniques developed are
novel and can be used to study other actions. Some work in this direction is in progress.
Future Plans:

I have studied and worked in various aspects of classical and quantum gravity in my
academic career so far and plan to continue doing so in the future. In the course of my
Ph.D and Post-Doctoral career, both in India and abroad, I have developed an ability to
work independently. However it is essential in modern research to have collaborations
with experts in my area. In view of that I have also developed collaborations with
various physicists both in India as well as abroad. I plan to continue collaborating with
the in future. A brief description of my future plans is given below.

I plan to continue working on LQG particularly in the cosmological sector. I believe
that further work needs to done in the midisuperspace models in LQG. There are several
directions to pursue further in the Loop Quantized Gowdy Model. A lot of open issues in
LQG like the off-shell closure of constraint algebra, construction of physical states, the
existence of semiclassical states the embedibility of a symmetric sector in a larger theory
can be explored here in a simplified setting. If solutions of the difference equations can be
computed, one can ask questions about the fate of the singularity as well as the existence
of semiclassical states. Since Schroedinger quantization of this model is available, it will
be a good test to check the differences of the two inequivalent quantizations. These
might give valuable insights into the full theory. I am currently working on some of
these issues.

Another of my interests lie in exploring the relation between Loop and and the
Schrodinger quantizations. It is known that these two quantization procedures are not
equivalent. It is also known that the Schrodinger quantization gives the correct answer in
the experiments performed in the laboratory for standard quantum mechanical and field
theory scenarios. I hope to develop a deeper understanding of the relation between the
two my studied various quantum systems. Some of current and future projects include
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studying the inverted harmonic oscillator and trying to obtain the Casimir energy for
Loop quantization perspective.

In addition to this I believe that we need to further extend our understanding of
classical and semiclassical gravity. Einstein’s equations have an interesting property
of holography. I am interested in further exploration of this property and try to see
whether this property can be expressed in terms of Ashtekar variables. I also plan to use
this property in determining the entropy of horizons, in particular, geometric structures
known as isolated horizons.

I am currently involved in a project where we seek to extend the Ashtekar formalism
to the case of General Relativity with torsion. I am also involved in some studies
involving the effect of polymer quantized scalar fields in cosmological scenarios like the
collapse of a Bianchi IX universe.

I am also interested in exploring condensed matter systems where the quantization
procedures of the quantum gravity theories can be applied and explicit experiments can
be performed to verify the results. A well known example is the application of the
ADS-CFT correspondence to the study of superconductors. However I am interested
in exploring whether we can find any other such systems and am interested in closely
collaborating with condensed matter physicists to address this problem.
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X. LIST OF PUBLICATIONS
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work with range dependent connection probability.” Phys. Rev. E 66, 037102
(2002) [arXiv:cond-mat/0206570].

2. Kinjal Banerjee and Ghanashyam Date “Discreteness corrections to the effective
Hamiltonian of isotropic loop quantum cosmology.” Class. Quant. Grav. 22, 2017
(2005) [arXiv:gr-qc/0501102].

3. Kinjal Banerjee and Ghanashyam Date “Loop Quantization of the Polarized Gowdy
Model on T 3 : Classical Theory.” Class. Quant. Grav. 25, 105014 (2008)
arXiv:0712.0683 [gr-qc].

4. Kinjal Banerjee and Ghanashyam Date “ Loop Quantization of the Polarized
Gowdy Model on T 3 : Kinematical States and Constraint Operators” Class.
Quant. Grav. 25, 145004 (2008) arXiv:0712.0687 [gr-qc].

5. Kinjal Banerjee and Aseem Paranjape “Semiclassical environment of collapsing
shells” Phys. Rev. D. 80 124006 (2009) arXiv:0909.4668 [gr-qc].

6. Kinjal Banerjee “Some Aspects of Holst and Nieh-Yan Terms in General Relativity
with Torsion” Class. Quant. Grav. 27, 135012 (2010) arXiv:1002.0669 [gr-qc].

7. Kinjal Banerjee, Gianluca Calcagni, Mercedes Martin-Benito “Introduction to loop
quantum cosmology” Invited review for SIGMA Special Issue “Loop Quantum
Gravity and Cosmology”; SIGMA 8, 016 (2012) arXiv:1109.6801 [gr-qc].

8. Jian Yang, Kinjal Banerjee, Yongge Ma “Hamiltonian Analysis of R+ T 2 Action”
Phys. Rev. D. 85 064047 (2012) arXiv:1201.0563 [gr-qc].

9. Jian Yang, Kinjal Banerjee, Yongge Ma “Connection dynamics of a gauge theory
of gravity coupled with matter ” arXiv:1211.2377 [gr-qc].

9


