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Message from the Hon’ble Vice-Chancellor
Jamia Millia Islamia, New Delhi

The newly established Centre for Theoretical Physics (CTP) at Jamia Millia Islamia focuses on Cosmology
and High Energy Physics Research with a special emphasis at the interface of these disciplines. The
Centre has recently recruited five faculty members working in areas of Cosmology, High Energy Physics
and Nuclear Physics. Apart from the small core faculty, the Centre has provision of appointing visiting
professors, visiting fellows and post-doctoral fellows. The CTP has good funding for short term visitors
from India and abroad; the visitors program is viewed as the back bone of the Centre. The CTP is going
to start a comprehensive Ph.D. program with a focused teaching aimed to allow the research scholars
to catch up with the current trends in the field.

The Centre has begun functioning a few months back. | am pleased to note that the Centre is
already attracting renowned visitors from India and abroad, it has successfully organised two meetings
on hot areas of theoretical physics including the 24" meeting of IAGRG. It is remarkable that the CTP
has contributed 10 publications/preprints in a short span of time. | wish the Centre all round success in

its efforts to become the centre of excellence in the field of theoretical physics.

Sl

Professor Mushirul Hasan
Vice-Chancellor
Jamia Millia Islamia

New Delhi
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Prof. M. Sami (Director, CTP) (Chairperson)
Prof. Mohammad Shoeb (CTP)
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Prof. Sudhakar Panda, HRI, Allahabad
Prof. Debajyoti Choudhuri (Dept. of Physics & Astro Physics, Delhi University)
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Dr. Sanjay Jhingan
Dr. Anjan Ananda Sen
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Prof. S. Rai Choudhury (Ramanna Fellow)
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CENTRE FOR THEORETICAL PHYSICS (CTP) AT
JAMIA MILLIA ISLAMIA:
VISION AND PROSPECTS

The idea for the newly established Centre for Theoretical Physics at JMI has grown out gradually from the
deep concerns about theoretical physics in North India. In Indian universities there is large number of
young and talented students and research scholars; the students require inspiration from scientists working
on the fore fronts and the young researchers need encouragements, adequate facilities and interaction
with experts. These are largely absent in the university sector in India. This situation can be altered by
providing platform for interaction among different research groups and individuals in the universities with
the leading experts in the field within the country and abroad. In fact, the Inter-university Centre in Astronomy
and Astrophysics (IUCAA) was created with a mission to support astrophysics research in the university
sector; we need more such Centres. The Centre for theoretical physics is deeply inspired by the philosophy
of [IUCAA.

In the year 1987, Professor Dadhich made several visits to Jamia in connections with his meeting at
UGC related to IUCAA. Professor Q. N. Usmani was delighted to see the first proposal for IUCAA in the
form of a small booklet; he was inspired by the idea of IUCAA. He then started writing a proposal for a
Centre of Theoretical Physics at Jamia Millia without realizing that one needs a charismatic personality
like J.V. Narlikar to achieve the goal. And the idea for CTP remained a dream for several years. In the
years 2001 and 2002, Jamia Physics department organised two successful meeting on Astro-particle
physics with an active support of IUCAA. In 2002, M. Sami was invited to IUCAA as a visiting fellow for a
period of three years. Apart from his research, he participated in the other activities of the Centre and
closely monitored the dynamics of this institution. Its committed, dynamic faculty, strong visitors program
and their interaction with the young postdoctoral fellows and students in a friendly environment are key
points for the success of IUCAA. Prof. Usmani and M. Sami were once again convinced to have CTP at
Jamia; they have now seen a successful Centre functioning. Prof. Q. N. Usmani prepared a proposal for
CTP around the same time which was submitted to UGC in 2005. However, it was a difficult task to get
the proposal through. Then a miracle happened few months later, our Vice-Chancellor, Prof Mushirul
Hasan succeeded in attracting financial support for various research centres including the CTP in the
year 2006. Thus the CTP is a result of untiring efforts of Professor Hasan. It is now the duty of Jamia
faculty to respond to the challenging work, the newly established Centre requires.

The CTP at Jamia Millia is committed to frontline research in selected areas of theoretical physics
and it would act as a hub of interaction among scientists in these areas. In what follows we briefly describe
our views on the evolution and functioning of CTP.

The Immediate Research Focus of CTP

Jamia Physics department is known by its research in Cosmology and Nuclear Physics. The research in
Nuclear Physics is associated with the front line work in Hyper Nuclear Physics. The work in cosmology
is related to Cosmological Inflation and Dark Energy. The observations on Cosmic Microwave Background
(CMB) confirm the predictions of inflation; the Nobel Prize to COBE team is great encouragement to all
cosmologists. In spite of the striking features of inflation, its implementation yet remains adhoc. It is
important to support the paradigm from a fundamental theory and the needle of hope points towards
string theory, a consistent quantum theory of all interactions around Planck scale. It is quite possible that
the early universe physics would also provide answer to the dark energy puzzle. A very active work now
is going on at the interface of High Energy Physics and Cosmology. A close interaction of cosmologists
and high energy physicists is needed to carry out this work. Within Indian context, the two communities
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are by and large hesitant to talk to each other. In view of the active work on the interface of cosmology and
high energy physics, it would be important that we focus on this theme in the first five years. The other
important aspects of astrophysics (astrophysical processes, solar physics) and other branches of theoretical
physics can be supported through visitors programs to begin with. In the second phase (next five years),
we can actively turn to these areas also.

Thrust Research Areas

In view of the active themes in cosmology, we will focus on the following topics. We, however, do not
undermine the importance of other topics in Astrophysics. We understand that issues of structure formation
are of great importance and require immediate attention. We also appreciate that Solar Physics deals
with important problems and it is not a narrow area of astrophysics as one might think. We plan to carry
out work on astrophysical processes and solar physics through our visitors program in the first phase
which would then allow us to bring these themes in the thrust areas of CTP in the next five years.

Cosmology

. Particle physics models of inflation and constraints from CMB observations.
. Construction of particle physics models of dark energy.

. Cosmological perturbations.

. Modified Gravity Theories and their implications for late time Cosmology.

High energy physics and its interface with cosmology

Modern Cosmology witnessed the first revolution in 1980 with the invent of Inflation. The paradigm has
stood the test of theoretical and observational challenges in the last two decades. In spite of its successes,
it still remains a paradigm in search of a viable model. Its realization is ad hoc and it lacks strong support
from a fundamental theory. Many models can meet the observational constraints. Future precision
experiments can help narrow the class of models. It is therefore not surprising that efforts are being made
to derive inflationary models from string theory, a consistent quantum theory around the Planck’s scale.

The high redshift supernovae observations in 1998 have thrown yet one more challenge to
theoretical and observational cosmology. Universe seems to be in the phase of accelerated expansion at
present. Cosmic speed up is either a result of dark energy, an exotic form of matter, which 70% of the
total energy content of the universe or the modification of geometry itself. A host of models are under
active investigations at present. Again, observations it many different schemes and it is hoped the the
future precision experiments in the next decade would pin point a model or a class of models that can
account for late time acceleration.

In view of the large amount of data related to supernovae, CMB, large scale structure and lensing,
it is important to investigate the constraints on the model building. On the theoretical side, it is important
to derive models of inflation and dark energy from fundamental theories of particle physics. String inspired
models in cosmology have been under active consideration for past few years; Gauss-Bonnet gravity
inspired by low-energy effective string action can lead to Dark Energy effects. String theory has a very
rich structure of non-probative objects like D-branes; their dynamics might contain crucial information
about dark energy. As for the string theory, the problem lies with the compactification process necessary
to bring it down from 10(11)-dimensions to 4-dimensions we live in. The process is not unique. For
instance, in the flux compactification scheme, there is a possibility of more than 10" vacua and we
should believe that we live in one of them. It is easier to believe in God than these vacua. String theory
can never be verified directly, the required energies existed in the early universe and if string theory is
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correct, it might have left imprints on the cosmic evolution. String theorists are therefore hoping to get
indirect evidence of their theory in cosmology. On the other hand cosmologists are looking for the justification
of inflation and dark energy in a fundamental theory. This justifies the need to work on the interface of
cosmology and high energy physics.

The Weinberg-Salam theory of electro weak interactions is based upon Higgs Mechanism of
spontaneous symmetry breaking which gives masses to Z(W) bosons. The predictions of this theory are
verified to great precision including various couplings of the theory. The irony is that Higgs particle is not
yet discovered; its mass from few GeV (in the beginning) is pushed to few hundred GeV. If the Higgs
sector is not strongly coupled, its discovery is around the corner. The other important issue is related to
the hunting of super symmetric particles without which the string theory is in trouble; cosmology also
badly needs them. In the next two years, these objects should be detected in super colliders. Thus the
aforesaid areas are important. On the other hand, the issues related to strong coupling regime require
large numerics, Lattice gauge theory has been very successful to tackle the non-perturbative problems of
the field theory. In high energy physics, our focus will be on the following themes.

. D-brane dynamics.

. Phenomenology of unified and grand unified theories.

. Supersymmetry and super gravity and their phenomenological implications.
. Neutrino Physics

Selection of the Faculty

We believe that any academic system is deterministic; thus the choice of initial conditions are of primary
importance. In our opinion, the selection of right kind of faculty is a most difficult process. The faculty
should be dynamic, competent and capable of carrying out independent research. Since the future of
CTP will depend on its performance, active and productive people working on hot topics were searched.
Looking at the work on cosmology at Jamia, active people had applied for faculty positions at CTP.
Recently, the Centre has recruited five faculty members. The Centre is privileged to have a dynamic
faculty which is actively engaged in research in Cosmology, High Energy Physics and Nuclear Physics.

Basic Components and the Activities of CTP

Visitors Program

Visitors program is one of the integral parts of CTP. The visitors would include experts in the thrust areas
plus the long term visitors in allied areas, the Centre wants to support. On the other hand we foresee
visitors from universities and colleges. CTP should provide a platform for their interaction with the faculty
and the visiting experts. This program is a backbone of any research centre like the CTP. The Centre has
provision to support visiting fellows, postdoctoral fellows, visiting professors and a sizable number of
short term visitors from India and abroad.

Summer Schools and Workshops/Conferences

The Centre will act as a catalyst to increase to increse contact within theoretical physics community by
organising workshops, conferences and seminars. CTP will focus on workshops on hot topics in high
energy physics, cosmology and nuclear physics. This is necessary for keeping pace with the ongoing
developments in the subject. The holding of summer schools is important for post docs, research students
and M.Sc. students from Jamia and other academic institutions.
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Research Scholars, Graduate School

We shall need to register around five students this year, the number will go up in subsequent years. The
Centre will carry out two semesters focused teaching program for research students allowing them to
take up the research problems in the fast moving areas of cosmology, high energy physics and nuclear
physics. Apart from the core courses, the Centre will offer a course on the sociology of science necessary
to widen the outlook and horizon of our scholars.

The Interaction of CTP with the Department of Physics

This interaction will be very important for various reasons. Physics department has good infrastructure
(computing facility, library etc) whereas the CTP will take time to develop the same. CTP may use this
infrastructure temporarily. On the other hand department is expected to benefit from CTP in a big way.
Department runs M.Sc. in theoretical physics, the CTP faculty should be contributing to this program.
Students from department may take up project with the faculty at CTP which may help them in entering
the Ph.D. program of the Centre. Secondly, the faculty members at the department should be given
financial support by CTP to attend conferences/workshops out side Jamia. In fact, this support will also
be extended to colleagues in Mathematics department working in allied areas. Last but not the least, the
Centre will support the physics department for organizing the Salam memorial lectures.

Collaboration with Research Institutions in India and Abroad

Research in high energy physics and cosmology is extremely competitive at present. The trends are
rapidly changing making it difficult to keep pace with the progress in these fields. It is necessary, therefore,
to work in close cooperation with other research institutes. We are sure that CTP will enjoy academic
support of IUCAA, TIFR, HRI and other institutions. It should be emphasized that IUCAA has been
supporting the Astrophysics activities in Jamia for past several years.

Enlarging the Research Areas

In this phase, the CTP can venture into other ares of hard core astrophysics.

Popularization of Science and Public Outreach Programme

Promoting scientific thinking in society and taking science to young minds should be one of the motives

of any research centre. In our view, at this point of time, a proposal for Science Centre and Digital

Planetarium should be submitted to UGC. Children from various schools could visit this Centre to see

and do the innovative experiments. The Centre should involve itself in demonstrating the experiments in

schools. Jamia school may benefit most from such a Science Centre. Needless to say that Digital

Planetarium is an attractive device for popularizing science. If CTP gets planetarium, Jamia would become

a Centre of attraction. The CTP will soon emerge as one of the leading centres in the field of Cosmology

and High energy physics. The CTP is viewed as a centre of excellence with a dynamical faculty and a

strong visitors program. The Centre is expected to play an important role in promoting scientific thinking

in the society and inspiring young minds for science.
The Centre for Theoretical Physics proposes to organize some public outreach programmes. These
are proposed to be in the form of:

(a) Public lectures and demonstrations by distinguished persons in the field. Tentatively, two or three
such events are envisaged.

(b) One day sessions with groups of invited schoolchildren for expository lectures, demonstrations of
models and charts, video clips of scientific observations in some areas and similar things. This is to
planned for the next school year July 2007 - March 2008 and it is proposed to have this about four or
five times during that period.
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Objective of the Centre: Summary
1.  To promote scientific research, advanced teaching and training in the theoretical physics particularly
in the areas of Cosmology, High Energy Physics and Nuclear Physics and on their interfaces.

2. Toprovide a forum for interaction among scientists, research workers, teachers and students involved
in these disciplines with each other both at national and international level.

3.  To provide research facilities to individual workers or research groups, especially to those who are
deprived of such facilities for extended periods.

4.  To create an atmosphere of scientific awareness, motivation for new ideas and interdisciplinary
research.

5. To disseminate knowledge of recent advances in Theoretical Physics on a popular level among
students and general public with a view to inculcate scientific temper which is essential to build a
modern society in India.

CTP: First Five Years of the Centre

We view CTP five years later as an established Centre for Theoretical Physics in areas of High Energy
Physics and Cosmology.

CTP in the Second Five Years

It will not be appropriate to visualize the concrete theme of work in areas described above. The experimental
discovery in high energy physics in next three years may throw new surprises for theory leading to new
paradigms and the observations in cosmology might lead to new theoretical ideas. One requires strong
academic background and courage to respond to such changes. In our vision, the competent faculty at

CTP would respond to new changing trends appropriately.

Ph.D. PROGRAM

Two semester course will be offered to students joining Centre for Ph.D. program.

Selection Criteria: Interview/Written Test. Graduate - 2 semester course mandatory. Broad area

which will be covered in these course works are:

1st Semester

1.  Mathematical Physics - |

2. Quantum Field Theory

3.  Gravitation / Nuclear Physics |

4.  Structure and evolution of scientific thoughts.

2nd Semester

1 Mathematical Physics - Il

2 Particle Physics

3.  Cosmology/Nuclear Physics ll/Particle Phenomenology
4

Topical course (based on current trends in theoretical physics of interest to the Centre. Such lecture
course will be delivered either by faculty or renowned visitors whenever need arises).

Each paper carries 100 marks and 50% is the minimum qualifying marks in each paper. The evaluation
criteria will be formulated by the course instructor.



Centre for Theoretical Physics, Jamia Millia Islamia

ACADEMIC CALENDER OF CTP (Nov’06 - May’08)

February 2007 : IAGRG Meeting on ‘Recent Advances on Gravitation & Cosmology’.
August 2007 : (a) Admission Test for Ph.D Programme.
September 2007 : (a) Commencement of Ph.D. 1st Semester.

(b) School at the national level on Neutrino Physics and India based Neutrino
Observatory for 15 days.

December 2007 : End of 1% semester Ph.D Program.

January 2008 : Commencement of 2" Semester (Ph.D).

February 2008 : 4 days workshop on Cosmology & High Energy Physics.
May 2008 : End of 2™ Semester Ph.D Program.

VISITORS DURING ACADEMIC YEAR 2006 — 2007

. Dr. Arifa Ali (Institute for Theoretical Physics, Regensburg, Germany)
(August 2006)

. Dr. Hiranmoy Mishra (Physical Research Laboratory, Ahmedabad)
(August 2006)

. Prof. Sudhakar Panda (Harish Chandra Research Institute, Allahabad)
(August 2006)

. Dr. Gianluca Clacagni (Astronomy Centre, University of Sussex, UK)
(September 2006 & February 2007)

. Prof. Naresh Dadhich (Director, Inter University Centre for Astronomy & Astrophysics, Pune)
(November 2006 & February 2007)

. Prof. Jayant Narlikar (Emeritus Professor, Inter University Centre for Astronomy &
Astrophysics, Pune)
(November 2006)

. Prof. S. K. Singh (Aligarh Muslim University, Aligarh)
(November 2006)

. Prof. Ashok Goyal (Delhi University)
(November 2006)

. Prof. Amit Roy (Director, Inter University Accelerator Center, Delhi)
(November 2006)

. Prof. Eleftherios Papantonopoulos (National Technical University, Athens, Greece)
(February 2007)

. Dr. Shinji Tsujikawa (Gunma Technical University, Japan)
(February 2007)

. Prof. Hideo Kodama (Yukawa Institute for Theoretical Physics, Kyoto, Japan)
(February 2007)

. Dr. Alexy Toporensky (Sternberg Astronomical Institute, Moscow, Russia)
(February 2007)

. Dr. Carlo Albert (ETH, Zurich, Switzerland).
(March 2007)

. Sanjib K. Agarwalla (Harish-Chandra Research Institute, Allahabad).
(March 2007)

. Dr. Anindya Datta, Deptt. of Physics, University of Calcutta, Kolkata.
(March 2007)
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EXPECTED VISITORS IN 2007-2008

Foreign Visitors

. Roy Marteen

. S. Tsujikawa

. G. Calcagni

. A. Toporenski

. D. Ahluwalia

. E. J. Copeland
. Mario C. Bento
. Orfeu Bertolami
. Diego Pavon

. Takahiro Tanaka
. J. Ibanez

. B. Gamjadpai

. I. Neupane

. Bobo Murat

. A. Khugaev

. John Ward

. L. Papantonopolous

Indian Visitors

. T. Padmanabhan

. Naresh Dadhich

. Archan Majumdar

. Sudhakar Panda

. G. Date

. Narayan Banerjee

. R. Rangarajan

. Biswarup Mukhopadhyaya
. Utpal Sarkar

. Utpal Chattopadhyay

. Sreerup Roychoudhuri
. Anindya Dutta

. Sanjeev Agarwalla

. V. Ravindran

. Tapobrata Basu
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CURRENT RESEARCH ACTIVITIES

Research interests of the Centre for Theoretical Physics include a variety of topics in theoretical physics,
especially gravitation, cosmology and the interface between cosmology and particle physics, nuclear
physics. This is an especially exciting time for this kind of science; a flood of data and surprising
observational results are revolutionizing cosmology and advances in string theory have brought it into
closer contact with low-energy physics and gravitation.

A. Universe: Its past, present and future

Accelerated expansion seems to have played an important role in the dynamical history of our universe.
There is a firm belief that it has passed through inflationary phase at early times and there have been
growing evidences that it is accelerating at present. The recent measurement of the Wilkinson Microwave
Anisotropy Probe (WMAP) in the Cosmic Microwave Background (CMB) made it clear that (i) the current
state of the universe is very close to a critical density and that (ii) primordial density perturbations that
seeded large-scale structure in the universe are nearly scale-invariant and Gaussian, which are consistent
with the inflationary paradigm.As for the current accelerating of universe, it is supported by observations
of high redshift type la supernovae treated as standardized candles and, more indirectly, by observations
of the cosmic microwave background ,galaxy clustering, baryon oscillations and weak lansing. The study
of large scale structure reveals that around 30 percent of the total cosmic budget is contributed by dark
matter. In view of the universe being critical, there is a deficit of almost 70 percent; the supernovae
observations tell us that the missing component is an exotic form of energy with large negative pressure
dubbed dark energy. The recent observations on baryon oscillations provides yet another independent
support to dark energy. The idea that universe is in the state of acceleration is slowly establishing in
modern cosmology.

The dynamics of our universe is described by Einstein equations in which the contribution of energy
content of universe is represented by energy momentum tensor appearing on RHS of these equations.
The LHS represents pure geometry given by the curvature of space time. Einstein equations in their
original form with energy momentum tensor of normal matter can not lead to acceleration. There are then
two ways to obtain accelerated expansion, either by supplementing energy momentum tensor by dark
energy component or by modifying the geometry itself. In the frame work of DGP, the extra dimensional
effects can lead to late time acceleration. The other alternative which is largely motivated by
phenomenological considerations is related to the introduction of inverse powers of Ricci scalar to Einstein
Hilbert action; the string corrections to gravity can also lead to dark energy like effects. The third intriguing
possibility is provided by Bakinstein relativistic theory of modified gravity which apart from spin two field
contains a vector and a scalar field. Due to the simplicity of mechanism, most of the work in cosmology
related late time acceleration is attributed to the assumption that within the framework of general relativity,
cosmic acceleration is sourced by an energy-momentum tensor which has a large negative pressure.
The simplest candidate of dark, yet most difficult from field theoretic point of view, is provided by
cosmological constant. Due it non evolving nature it is plagued with fine tuning problem which can be
alleviate in dynamically evolving scalar fields. A variety of scalar field models have been conjectured for
this purpose including quintessence , K-essence and recently tachyonic scalar fields.

Apart from the dark energy problem, cosmological constant has other important implications, in
particular, in relation to the age problem. In any cosmological model with normal form of matter, the age
of universe falls short as compared to the age of some well known old objects found in the universe.
Remarkably, the presence of A can resolve the age problem. Historically A was introduced by Einstein to
achieve a static solution which turned out to be unstable. However, after the Hubble’s redshift discovery

10
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in 1929, the motivation for having A was lost and it was dropped. Since then the cosmological constant
was introduced time and again to remove the discrepancies between theory and observations and
withdrawn when these discrepancies were resolved. It had come and gone several times making its
come back finally, seemingly for ever!, in 1998 through supernova la observations. Recently much efforts
have gone in understanding A in the frame work of quantum fields and string theory. It should be noted
that the constant A enters into the equation naturally. It was introduced by Einstein in an ad-hoc manner
to have a physically acceptable static model of the Universe and was subsequently withdrawn when
Friedmann found the non-static model with acceptable physical properties. In classical physics, the
cosmological constant is a free parameter of the theory and its numerical value should be determined
from observations.

Cosmological constant can be associated with vacuum fluctuations in the quantum field theoretic
context. Though the arguments are still at the level of numerology but may have far reaching consequences.
Unlike the classical theory the cosmological constant A in this scheme is no longer a free. Unfortunately,
the scale predicted by quantum field theory is far apart from the observed value of the cosmological
constant i the the famous cosmological constant problem. Tremendous efforts have recently been made
in finding out de-Sitter solutions in supergravity and string theory. Using flux compactification, KKLT
formulated a procedure to construct de-Sitter vacua of type |IB string theory. They demonstrated that the
life time of the vacua is larger that the age of universe and hence these solutions can be considered as
stable for practical purposes. Although a fine-tuning problem of £ still remains in this scenario, it is interesting
that string theory gives rise to a stable de-Sitter vacua with all moduli fixed. We note that a vast number
of different choices of fluxes leads to a complicated landscape.

In spite of the fact that introduction of A does not require an adhoc assumption and it is also not ruled
out by observation as a candidate of dark energy. As mentioned above, the scenario base upon Ais faced
P /p¢ —cons Yvith th? worst type of fine tuning'problem. The numfarical value ?fA atearly epochs shOlIJId be tuned to a

fantastic accuracy so as not to disturb today’s physics. As mentioned above the fine tuning problem can
alleviated scalar field models of dark energy.

The scalar field aiming to describe dark energy is often imagined to be a relic of early universe
physics. Depending upon the model, the scalar field energy density may be larger or smaller than the

background (radiation/matter) energy density p,, . In case it is larger than the back ground density, the

density should scale faster than allowing radiation domination to commence which requires a
steep scalar field potential. In this case the field energy density overshoots the background and becomes
sub dominant to it. This leads to the locking regime for the scalar field. The field unlocks the moment its
energy density becomes comparable to the background. Its further course of evolution crucially depend
upon the form of field potential. In order to obtain viable dark energy models, we require that the energy
density of the scalar field remains unimportant during radiation and matter dominant eras and emerges
only at late times to give rise to the current acceleration of universe. It is then important to investigate
cosmological scenariosin which the energy density of the scalar field mimics the background energy
density. The cosmological solutions which satisfy this condition is called scaling solutions. Namely scaling
solutions are characterised by the relation

(1)

The exponential potentials can give rise to scaling solutions for a minimally coupled scalar field,
allowing the field energy density to mimic the background being sub-dominant during radiation and matter
dominant eras. In this case, for any generic initial conditions, the field would sooner or later Nucleosynthesis
puts stringent restriction on any additional degree of freedom which translates into a constraint on the

11
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slope of the exponential potential.

One of the major drawbacks often used to attack models of quintessence is that it introduces yet
another weakly interacting scalar field. Why can not we use one of those scalars already “existing” in
cosmology, to also act as the quintessence field? This is precisely what Peebles and Vilenkin set about
doing. They introduced a potential for the field which allowed it to play the role of the in°aton in the early
Universe and later to play the role of the quintessence field. To do this it was important that the potential
did not have a minimum in which the inflaton field would completely decay at the end of the initial period
of inflation. Reheating after inflation should have proceeded via gravitational particle production because
of the absence of the potential minimum, but this mechanism is very inetcient and leads to an unwanted
relic gravity wave background. The main difficulty for the realistic construction of quintessential inflation is
that we need a flat potential during inflation but also require a steep potential during radiation and matter
dominated periods. There are some nice resolutions of quintessential inflation in braneworld scenarios
as we shall see below. In these models, the scalar field exhibits the properties of tracker field. As a result
it goes into hiding after the commencement of radiation domination; it emerges from the shadow only at
late times to account for the observed accelerated expansion of universe. These models belong to the
category of non oscillating models in which the standard reheating mechanism does not work. In this
case, one can employ an alternative mechanism of reheating via quantum-mechanical particle production
in time varying gravitational field at the end of inflation. However, then the inflaton energy density should
red-shift faster than that of the produced particles so that radiation domination could commence. And this
requires a steep field potential, which of course, cannot support inflation in the standard FRW cosmology.
This is precisely where the brane assisted inflation comes to our rescue. The presence of the quadratic
density term (high energy corrections) in the Friedman equation on the brane changes the expansion
dynamics at early epochs. Consequently, the field experiences greater damping and rolls down its potential
slower than it would during the conventional inflation and on this basis one can expect inflation to occur
even for relatively steep potentials, such the exponential and the inverse power-law. The model of
quintessential inflation based upon reheating via gravitational particle production is faced with difficulties
associated with excessive production of gravity waves. Indeed the reheating mechanism based upon this
process is extremely inefficient. The energy density of so produced radiation sis typically one partin 10'®
the scalar-field energy density at the end of inflation. As a result, these models have prolonged kinetic
regime during which the amplitude of primordial gravity waves enhances and violates the nucleosynthesis
constraint. Hence, it is necessary to look for alternative mechanisms more efficient than the gravitational
particle production to address the problem. However this problem may be alleviated in instant preheating

scenario in the presence of an interaction g2¢2x2 between inflation ¢ and another field X. This mechanism

is quite efficient and robust, and is well suited to non-oscillating models. It describes a new method of
realizing quintessential inflation on the brane in which inflation is followed by ‘instant preheating’. The
larger reheating temperature in this model results in a smaller amplitude of relic gravity waves which is
consistent with the nucleosynthesis bounds. This model can lead to a viable cosmic evolution (see Fig.
7). However, the recent measurement of CMB anisotropies by WMAP places fairly strong constraints on
inflationary models. The ratio of tensor perturbations to scalar perturbations turns out to be large in case
of steep exponential potential pushing the model outside the 20 observational bound . However, the
model can be rescued if a Gauss-Bonnet term is present in five dimensional bulk. It seems that Hubble
law acquires an unusual form for energies higher than the GB scale. Interestingly, for an exponential
potential, the modification leads to exactly scale invariant spectrum for primordial density perturbations.
Inflation continues below GB scale and terminates in the RS regime leading to the spectral index very
close to one. The tensor to scalar ratio of perturbations(R) also increases towards the high energy GB
regime. It is known that the value of R is larger in case of RS brane world as compared to the standard
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GR. While moving from the RS regime characterized by /2 ¢ p? to GB regime described by ,

we pass through an intermediate region which mimics GR like behavior. It is not surprising that the ratio
R has minimum at an intermediate energy scale between RS and GB, see Fig. 2. A successful scenario
of quintessential inflation on the Gauss-Bonnet braneworld can be constructed which agrees with CMB+LSS
observations.

The model of quintessential inflation with fine tunings of parameters and with additional ingredients
might fit with observations. It is discouraging that gravity wave background predicted by the model is out
side the sensitivity of LIGO and LIZA. A large number of scalar field models and scenarios based upon
modified gravity theories are not ruled out by observations. The present data sets are inadequate to tell
us about the nature and the dynamics of dark energy. The data also allows the phantom dark energy
which might lead to big rip - cosmic dooms day. The resolution big rip in modified gravity theories is under
our active consideration. It would be fair to say that dark energy yet remains to be the mystery of the
modern cosmology. The Jamia cosmology group is actively engaged in exploring various issues of dark
energy and cosmological inflation. We are also exploring the possibility of realizing quintessence inflation
without realizing the Brane world inflation.

B. Observational Aspects of Dark Energy

In recent times, lots of elegant experiments are yielding a rich lore of data that scruitinize the existing
theories and models with increasing depth. One of our current research interests is to constrain different
dark energy models using a number of exciting results coming from recent Cosmic Microwave
Background Observations, the Supernova observations and also results coming from Large Scale
Structure observations.

C. Modified Gravity Models

Although dark energy is the most straightforwad and popular choice, there have been other ideas to
explain the late time acceleration of the universe. One interesting idea is to modify the gravity on large
cosmological scales in such a way so that the universe starts accelerating at late times. One option is to
modify the Einstein-Hilbert (EH) action by adding terms that blows up as the scalar curvature goes to
zero. Although most of these models are in conflict with tests of GR in solar systems as they contain
additional degress of freedom, there are certain models based on inverse power of more general curvature
invariants which have been shown to agree with the solar system tests. The search for viable models that
pass different observational bounds are still ongoing and this promising field is one of our future research
interests.

D. Inhomegeneous Universe and Acceleration of the Universe

In the context of unmodified standard Einstein gravity, it can be possible to explain the current acceleration
of the universe without adding extra dark energy component, but by invoking the effect of the backreaction
of the inhomgeneity on the background expansion. One interesting aspcet of this line of investigation is to
relate the epoch of structure formation to the onset of the acceleration which is still unexplained. Our
future research goal is to calculate exactly the magnitudes of these backreaction and compare them with
the observations. The idea of explaining the late time acceleration of the universe without invoking dark
energy is very interesting and is certainly worthy of investigation.

E. Topological defects and Dark Energy

The exact nature of dark energy has been a subject of intense theoretical investigation. Although most
promising and widely studied candidates are cosmological constant as well as so called quintessence

13



Centre for Theoretical Physics, Jamia Millia Islamia

and k-essence, one interesting possibility is the solid dark energy originally proposed by Bucher and
Spergel (astro-ph/9812022) where the dark energy possesses resistances to pure shear deformations,
resulting stability with respcet to small perturbations. Two possible candidates for this type of dark energy
are the fraustrated network of cosmic strings and domain walls. The fact that these types of topological
defects inevitably appear in models of spontaneous symmetry breaking make them more interesting.
Despite this, the idea of topological defect network playing the role of dark energy and its subsequent
cosmological tests has not been thoroughly investigated and this is one of our future research goals.

F.  Spehrical Collapse and Dark Energy

One of the outstanding issues in dark energy studies is to find whether the dark energy is cosmological
constant or is it dynamical. One of the important probes for this study is the evolution of inhomogeniety in
the universe and for this it is essential we understand correctly how the presence of inhomogeneity
affects the evolution of overdensities. One fundamental tool for this is the spherical collapse formalism. It
decribes how small spherical overdensity decouples from the background evolution, slows down, and
eventually turns around and collapse. It is generally assumed that the collapse is not complete so the
system does not reach the singularity, instead it eventually virializes and stabilizes to a finite size. There
are numerous studies of the generalization of spherical collpase formalism to include both homogeneous
and inhomogeneous dark energy. But in most of the studies the dark energy component has been modelled
as a perfect fluid with constant equation of state or as quintessence, i.e a minimally coupled scalar field
with cannonical kinetic energy. Although K-essence models with non-cannonical kinetic energy is a
promising idea for dark energy, till now it has not been studied for spherical collapse formalism. Spherical
collapse formalism has not also been studied for modified gravity models. Our future research plan is to
do a thorough investigation on spherical collapse formalism with k-essence as well as with modified
gravity models.

G. Loop Quantum Cosmology

One of the outstanding problems in theoretical physics today is to describe the quantum regime for the
gravitational field. A fully consistent quantum theory of gravity is still unavailable. Loop quantum gravity is
a background independent, non-perturbative candidate for the quantum gravity. Some important
achievements of this theory are the discreet spectra for the geometrical operators like area and volume,
existence of the well-defined operators for the matter Hamiltonian and the derivation of the Bekenstein-
Hawkinh entropy formula for the black holes. During the last couple of years, the methods of loop quantum
gravity have been applied in cosmological context and is known as loop quantum cosmology (LQC). Our
future research will be focused on the understanding various phenomena in loop quatum cosmology and
its physical application in cosmology, e.g avoidence of singularity, bouncing universe, inflation and dark
energy in particular.

H. Gravitational Waves:

A detailed study of gravitational radiation is presently premature to ask for since even the theoretical
foundations of such a study are not well established. The main problem lies with our poor understanding
of gravitational radiation reaction. This is our main concern and is what we are currently involved with.
Many of the issues are of technical nature, though by no means simple and we have to take care of them.
We will focus here only on key current objectives which we want to achieve in this problem.

1. A relativistic radiation reaction formula for an extreme mass-ratio binary system

As a main target the LISA detector will be optimized to detect Gravitational Waves from the extreme
mass ratio binaries. A super-massive black hole (a Kerr black hole) accompanied by a compact object is
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among the most promising candidates for gravitational wave sources. For this purpose, however, we
need to know the accurate waveforms from such sources in advance; though high accuracy is not neces-
sary for detection as such but needed if we need to fully utilize the information brought by gravitational
waves. To achieve this we will need accurate information on the evolution of orbit as with time system
looses energy in the form of gravitational waves.

Talking more specifically, at the lowest order in mass ratio (u/M) the insprilling object follows a geode-
sic in the background spacetime. To next order, however, we need corrections arising due to gravitational
back-reaction (self-force). Formal prescription to achieve this is well established but in terms of real
calculations we know very little.

To this end we are developing a systematic method to explicitly evaluate the formal expressions
derived for the tail term. As a first case we have considered a scalar particle moving in Schwarzschild
background. Presently we have succeeded in formulating a eective scheme to calculate self-force in
this case. Extension of this scheme to gravitation case is now under consideration and is one of the
primary research direction | want to pursue.

2. Astrophysics of the Extreme Mass Ratio Inspirals

The EMRI sources which are our primary interest in gravitational wave studies are part of galaxies and
are not isolated. Therefore it is important to know if these systems are really clean, i.e., the tidal interaction
timescale of these sources is larger than radiation reaction timescale. Answer to this question is not
simple. For instance, mass of a typical galaxy within a few parsec is comparable with the mass of the
central super massive black hole and cannot be ignored. We have initiated a preliminary study in this
direction, analyzing relationship in the parameters such as eccentricity, inclination and the mass ratio of
sources with the geometry of the disk such that the system can be treated as clean, i.e., incorporating
the radiation reaction force is sucient to give us accurate waveforms.

Having a clearer astrophysical perspective on the nature of our sources, we expect to be able to
provide bounds in the initial parameter space for which templates needs to be constructed. Moreover,
we also expect to extend this study to have better estimates on the number of such sources we expect
to observe.

I. Gravitational Collapse:

The gravitational collapse scenario of a homogeneous, spherically symmetric dust cloud, analyzed by
Oppenheimer and Snyder, provides the basic motivation for the black hole physics and the cosmic
censorship conjecture.

The assumption of homogeneity and dust like matter form are only idealizations, and realistic density
profiles, for massive objects such as stars, will have inhomogeneous density distribution with non-
vanishing pressure gradients. We have analyzed the structure of singularity forming in gravitational
collapse with this perspective.

1. Spherical collapse

In case of Inhomogeneous dust collapse which is described by the Tolman-Bondi-Lema“ytre metric. The
main new results here relates, in a general way, the formation of black holes and naked shell-focusing
singularities resulting as the final fate of such a collapse to the generic form of regular initial data: such
a data is characterized in terms of the density and velocity profiles of the matter, specified on an initial
time slice from which the collapse commences. This establishes that strong curvature naked singularities
arise for a generic density profile; similar results hold for black hole formation as well. The interesting
feature of phase transition between black hole to naked singularity phase can be explained using the
evolution of the apparent horizon. However, the critical phenomenon observed at the transition, observed
numerically, still needs a theoretical explaination.
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2. Non-spherical gravitational collapse

Spherical symmetry is a big assumption in most of the collapse models analyzed so far. The main
reason for this is the non-solvability of Einstein equations for spacetimes with less symmetries. This has
restricted most of the work in this area to numerical studies.

To probe non-perturbative departures from spherical symmetry, we have started work on cylindrically
symmetric spacetimes. To begin with we have looked at cylindrical shells composed of counter-rotating
dust particles. The exterior metric is chosen as out-going null fluid. The system can be reduced to
solving a second order equation of Lane-Emden type, of which various special cases can be analyzed
analytically. Now we are considering cylindrical collapse with general Einstein-Rosen exterior metric.
Although highly idealized, they may, nevertheless, provide clues to a better understanding of the numerical
studies by Shapiro and Teukolsky, which are yet to be analytically confirmed. Cylindrical configurations

can also shed light on problems of cosmic censorship, Hoop conjecture and general axisymmetric
collapse.

J. Renormalization Group Approach to Cosmology:

We are developing a systematic scheme to analyze long-time behaviour of Einstein equations. The aim
is two fold, to analyze analytically the chaotic behaviour in cosmology establishing the Lifshetz-Belinskii-
Khalatnikov analysis (and the Mixmaster program initiated by Misner), and secondly, analyze the scaling
solutions in context of both cosmology as well as gravitational collapse of stellar objects.

The aim of this study is to obtain asymptotic evolution of both homogeneous and inhomogeneous
cosmological solutions using Renormalization group method. We have already analyzed the well known
Bianchi models and Diagonal G, (with two spacelike killing vectors) metrics using this approach, and
now we are carrying out a detailed analysis of generalized Einstein-Rosen models. These are the most
general inhomogeneous space-times with two killing vectors. This final goal of this study is to provide a
simple analytic proof to the Belinskii, Lifshitz, and Khalatnikov conjecture that as the initial singularity of
the universe is approached we go through a infinite sequence of Kasner spacetimes.

K. Supersymmetry, Supergravity

Supersymmetry and Supergravity plays a very fundamental role for building up any model which will unify
all forces in nature. It protects the huge hierarchy between the electroweak scale and unification (or
Planck) scale against the quadratically divergent radiative corrections. The particle contents of the minimal
Supersymmetric Standard Model (MSSM) lead to a beautiful unification of the three guage couplings of
the Standard Model at the scale ~2 x 10'® GeV which strongly suggests the Supersymmetric Grand-
unified theory (SUSYGUT). MSSM also gives a natural framework to break the electroweak symmetry
radiatively. Various searches are going at different colliders to find out any particle which is supersymmetric
partner to known Standard Model particles. Our research interest is to find out any signatures of such
particles which might be suitable for their detection.

From the viewpoint of cosmology SUSY provides an ideal dark matter candidate. If R parity is conserved
then it is expected that the lightest supersymmetric particle like gravitino or neutralino will be stable and
may be a dark matter candidate. It also protects the flatness of the inflation potential against the radiative
corrections which is required for successful inflation. However, if say gravitino is completely stable, its
present mass density should be below the critical density of the universe. If it is not completely stable its
decay during or after the big-bang neucleosynthesis (BBN) might spoil the sucess of BBN. We are
interested to study such interplay of cosmology and High Energy Physics which may give us better idea
of suitable models beyond Standard Model of Particle Physics.
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L. Baryogenesis, Neutrino Mass

The strong evidence for the atmospheric neutrino oscillation reported in 1988 by the Super-Kamiokande
collaboration is one of the greatest discoveries in Particle Physics after the success of the Standard
Model. The experimental data strongly suggest that the neutrinos have small but finite masses. This
requires the suitable modification of the Standard Model. Such tiny masses of light neutrinos are naturally
understood if we introduce heavy right-handed Majorana neutrinos to the Standard model, in terms of the
so called seesaw mechanism. Majorana mass terms for neutrinos however, represents lepton number
violation. Heavy right handed neutrinos after decaying to leptons and anti-leptons will produce B - L
asymmetry. If the Yukawa couplings violate the CP and the decay is out of equilibrium this lepton asymmetry
will be partially converted into baryon asymmetry via sphaleron effect. This could explain the observed
baryon asymmetry of the present universe ~(0.4 - 1) 10" where n, is the difference of baryon and
antibaryon number density and s is the entropy density of the universe. Thus neutrino mass plays a very
crucial role to determine the resultant baryon asymmetry. Experimental data on neutrinoless double beta
decay and neutrino oscillation may give us better idea of neutrino mass. Here role of nuclear physics is
also very important. So we are interested to study the neutrino oscillation parameters on the basis of
various available experimental data on oscillation. Also with our better understanding on neutrino parameters
we are interested to study the successful generation of baryon asymmetry.

M. Neutrino Oscillation

There is ongoing project on India based Neutrino Observatory in which various neutrino parameters are

expected to be studied in detail particularly in the long baseline. We are interested to find neutrino oscillation

parameters and are also interested to study the interaction (Standard and possible Non-Standard) of

such neutrinos with matter while passing through earth over long distance. We have already made some
?&%8 progress in this direction.

N N. Hyper-Nuclear Physics

In last two decades hyper nuclear physics has become the main source of exploring the character of
hyperon-nucleon (YN) and hyperon-hyperon (YY) interaction as the experimental free Y-N scattering
data is very scarce with extremely poor statistics and for Y-Y not readily available. At present a vast
amount of accurate data on A and AA binding to core nucleus along with the excited states is available.
Known A hypernuclei covers almost whole of the periodic table while for AA hypernuclei only three
events are known. Moreover, data on the weak decay modes, life times of hypernuclei have been
measured and data on excited states of many more hypernuclei are being planned.

The study of S=-2 hypernuclei has become highly topical field of research because of the two events:
one reported from the Brookhaven AGS experiment EQ06 suggesting production of light hypernucleus
4AAH ; the other reported from hybrid-emulsion KEK experiment E373, named as NAGARA event, uniquely
identified as AA"’He with B,, =7.254+0.19 MeV.

We have made a Variational Monte Carlo (VMC), calculation of B, of baryon numberA=4, 5 and 6
AN hypernuclei by treating these as A-body systems. The system SAA He and SAA He were predicated as
stable while 4AAH turns out to be bound for fairly strong Nijmegen simulated AA potential model ND and
for Urbana AA potential conclusion for stability was not conclusive. Recently we have performed detail
VMC calculation for the four-body AApn model using a range of AA and AN potentials. Our results for
stable 4AAH agrees with the prediction of the Stochastic Variational Model (SVM) but contradicts the so-
called the exact Faddeev-Yakubonvsky calculation.

5 5 6 10 13 : H
In the recent past we have analysed  \ i , \, He, ,, He, ,, Be, ;, B along with the excited

state of 9AB€ and , in terms of three or four cluster models. For the AA potential which fit the B, , of
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f\A He, the f\AH and f\A He predicted to be bound. The B, of ?\Bein NA-a-a model for A-a potential,

which fits B, of f\[—[eis over bound. Therefore, we have introduced a repulsive phenomenological

dispersive three-body Aaa force which fits B, of ?\Be- The Aaa force produces B, , much lower than

the currently accepted experimental value B, ,of kOA Bein AAaa model. Our model successfully explain
3t 5"

the energies of the degenerate spin-flip doublet (2»2] of and } Beof the 2* state of 1), Be. We

have also predicted the negative quadrupole moments which suggest oblate shapes for these systems
in the excited states.

e We are planning a detailed analysis of the ground and excited states energies of ?\Be treating it as

partially nine-body problem in the A—a-a cluster model and of kOA Bein the A-A—-o—-a model as

partially ten-body system. As a first step we intent to use simple NN, AN, and AA potentials as
input. A preliminary study of these system has been carried out which is further being extended for
a variety of potentials.

. In the second phase of our study we would like to analyse the S = -2 s-shell systems making explicit
use of AA, =N, ZX channels in our VMC calculation to investigate the effect on the properties of
hypernuclei.

We hope to enhance research activities at our Centre through fruitful discussion among
cosmologists, high energy physicists as well as nuclear physicists at the national and international level.

VISITS OF FACULTY MEMBERS

1. M. Samidelivered invited talk in the workshop on Brane Worlds held in Portsmouth from 18 September
to 30 September, 2006.

2. M. Sami visited Gunma Technical Institute, Japan from 2 October to 15 October, 2006.

3.  Dr. Rathin Adhikari attended meeting on Indian Neutrino Observatory (INO) held at University of
Delhi on 9th and 10th March, 2007.

4.  Dr.Anjan Ananda Sen visited Relativity and Cosmology Research Centre (RCRC), Deptt. of Physics,
Jadavpur University, Kolkata from 13" March, 2007 to 23" March, 2007 to initiate possible research
collaboration between CTP and RCRC. He has also delivered a seminar on “Reconstruction of K-
essence”.

5. Dr. Sanjay Jhingan will visit Department of Theoretical Physics, University of Basque Country, Bilbao
Spain and Department of Fundamental Physics, University of Barcelona, Spain during 15 March
2007 - 14 April 2007.
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PUBLICATIONS

String-inspired cosmology: Late time transition from scaling matter era to dark energy universe
caused by a Gauss-Bonnet coupling.

Shinji Tsujikawa, M. Sami.

JCAPO1, 006(2007)[hep-th/0608178].

Avoidance of future singularities in loop quantum cosmology.
M. Sami,, Parampreet Singh, Shinji Tsujikawa.
Phys. Rev. D 74, 043514 (2006)[gr-qc/0605113].

Dark energy cosmology from higher-order, string-inspired gravity and its reconstruction.
Shin’ichi Nojiri, Sergei D. Odintsov, M. Sami.
Phys.Rev.D74:046004,2006[hep-th/0605039].

Submillimeter corrections to gravity and the metastability of white dwarf and neutron stars.
Mofazzal Azam, M. Sami.
ePrint Arxiv: astro-ph/0603525 (To appear in MPLA).

Models of Dark Energy.
To appear in the proceedings of Aegean III" Summer School, Greece, 2006, to be published
by Springer-Verlag.

Dynamics of Dark Energy
Edmund J. Copeland, M. Sami, Shinji Tsujikawa.
IJMPD 15, 1753(2006)[hep-th/0603057].

Lepton flavour violation in the little Higgs model.
S.Rai Choudhury, A.S. Cornell, A. Deandrea, Naveen Gaur, Ashok Goyal
hep-ph/0612327. (to appear in Phys.Rev.D, March 2007)

Analysis of the B ---> K*(2)(---> K pi) |+ |- decay.
S. Rai Choudhury, A.S. Cornell, G.C. Joshi, B.H.J. McKellar
Phys.Rev.D74:054031,2006.

Renormalization Group Approach to Generalized Cosmological Models
J. Ibanez and S. Jhingan
gr-qc/0703046

The Weak Energy Condition and the Expansion History of the Universe.
A.A. Sen, Robert J. Scherrer
astro-ph/0703416

AWARDS

M. Sami was awarded JSPS fellowship for a period of two months in the year 2007 - 2008.
M. Sami was awarded ICTP Senior Associateship for a period of 6 years from 2006 - 2011.
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SCIENTIFIC MEETINGS AND OTHER ACADEMIC EVENTS

In its first year Centre hosted an international conference and also organized several lectures during the
year. A short course was also organized aiming at graduate students. The faculty was appointed in
November with two members joining immediately and three members in February 2007.

INAUGURAL DAY SEMINAR

The inauguration ceremony was held on 27" November 2006. Prof. Jayant Narlikar gave the inaugural
talk describing the “Role of Research Centres in the University System”. Prof. Sami presided over the
inaugural function.

Prof. Narlikar speaking at the inauguration Prof. Sami presided over the function

The inaugural function was followed by a day long meeting on Nuclear Physics to felicitate Prof. Q. N.
Usmani. Prof. Usmani was instrumental in building this Centre. Actually it was he who prepared the first
draft proposal for a Centre for Theoretical Physics at Jamia.

There were several talks during the day attended by nearly fifty participants. Prof. Naresh Dadhich (Director,
Inter University Centre for Astronomy & Astrophysics, Pune) gave his perspective “On the Unification of
Forces”. Prof. Amit Roy (Director, Inter University Accelerator Centre, New Delhi) gave an overview of
activities at his Centre in Delhi. Prof. Ashoke Goyal from Delhi University and Prof S. K. Singh from
Aligarh Muslim University also delivered talks.

Prof. Amit Roy speaking at the meeting
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Prof Usmani was presented bouquet by Prof. A. N. Mitra at the close of the meeting

22



Annual Report 2006 -07 & Five Year Plan Projections

THE 24™ TAGRG MEETING

The 24" meeting of the Indian association of General Relativity and Gravitation (IAGRG), “Recent
Advances in Gravitation and Cosmology” was held at the Centre from 5™ until 8" February, 2007. The
pupose of the meeting was to overview great activity in the area of general theory of relativity, cosmology
and string theory.

The issues related to quantum gravity, gravity waves, black hole physics, cosmological inflation and
dark energy are under active investigation. Both string theory and loop quantum gravity, two different
approaches to quantum gravity, have shown interesting results. In string theory, D-brane dynamics can
lead to interesting models of inflation and dark energy. The string inspired modification of gravity might
shed light on past and future singularities. In loop quantum cosmology results on the avoidance of
singularities are encouraging.

The standard paradigm in cosmology assumes a mechanism leading to inflation at early epochs and
requires around 30 percent of dark matter and 70 percent of dark energy. The nature and origin of dark
energy and dark matter remain unknown to us. It is quite possible that there is no dark energy and dark
matter; perhaps the large scale modifications of gravity could mimic these effects.

Classical issues like gravitational waves continue to make steady progress in both theory as well as
experiment. Several groups around the world are looking for a signal of gravitational waves to settle the
question of their existence. A lot of new physics from these waves is also expected. At the IAGRG
meeting 2007 these issues were discussed.

The meeting was attended by 120 participants from all over India and 6 foreigen participants. There
were four review talks each morning, and two parallel workshops each day containing short presenta-
tions by the participants. A lively pre-dinner talk titled “Why Einstein ? Had | been born in 1849” was
delivered by Prof. Naresh Dadhich (Director, IUCAA, Pune). The Vaidya — Raychodhury endowment
lecture was delivered by Prof. Sriranjan Banerjee (Jadavpur University).

Participants of the 24" IAGRG Meeting
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Somnath Bharadwaj : * Tabish Qureshi
M. Sami : Pankaj Sharan’
Tarun -'Sauradeep M. Sami

T. P. Singh (Chair) Q. N. Usmani (Chair) -
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Contact Address:
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Email; iogrg24 @jomia-physits.net  Web: hitp:/ /www.jomia-physics.net /iogrg24

Poster: 24" IAGRG Meeting
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From left: Prof. Pankaj Sharan and Prof. T. Padmanabhan at the 24" IAGRG Meeting
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From Left: S. R. Chaudhuri, S. Jhingan, B. R. lyer, A. Kembhavi, M. Sami and N. Dadhich

From left: A. Toporensky, M. Azam, L. Papantnopoulous, M. Sami, S. Tsujikawa and H. Kodama
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Participants of 24" IAGRG Meeting attending lectures

N
LECTURE COURSE ON
COSMOLOGICAL PERTURBATION THEORY
A lecture course for graduate students and young researchers was
organized at the Centre on 9" and 12" February. Prof. Hideo Kodama
from Yukawa Institute for Theoretical Physics, Kyoto University, Japan, in
a set of 5 lectures reviewed cosmological perturbation theory. The course
was attended by the students of the physics department and faculty
members. Some research scholars from Delhi University, Prof.
Papantonopoulous and Dr. Toporensky who were visiting the Center
attended the course. rof. H. Kodama. from
Japan delivered lecture
on Cosmological
Perturbation Theory
J
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