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Introduction

Physical Research Laboratory is a premier insti—‘
tute in the country with vibrant research programmes
covering space and atmospheric sciences; planetary
sciences, laser science, particle physics, atomic &
nuclear physics.

One of the most important long-term programmes
in astronomy andyfuastrophysios, has been to monitor
bright transient events such as Novae and Be phenom-
ena. Novae are basically binary systems in which an
evolving giant star transfers mass onto a compact white
dwarf companion thereby creating on the latter's sur-
face a runaway thermonuclear reaction. Our scientists
have discovered two very rare novalike phenomena:one
is that of a ‘nova’ that is deprived of hydrogen spectrum
but high in helium and carbon lines and the other that
behaved initially like a nova but showed later on evi-
dence, in the form of molecular lines in emission/ab-
sorption, of a cold environment. The first of these two
phenomena is evidently the discovery of a “helium nova”
which remained hitherto as only a theoretical postula-
tion. The second is also indeed a very rare phenom-
enon in that the novalike outburst does not possess any
of the classical nova characteristic features. These cold
objects, which are putative binaries, are now called
‘quasi-nova’. Also the AIO molecule in these objects is a
very rare moleculer to be observed in astrophysical
sources.

Our scientists have been making radio observa-
tions on pulsars, giant radio galaxies as well as the Sun
from the GMRT facility. The first successful solar imag-
ing observation using the GMRT at 1060 MHz has led
to the detailed understanding of a flare — Coronal Mass
Ejection event that took place on 17 November 2001.
This provided the first observational evidence in sup-
port of the break out model that the reconvection pro-
cess initiating mass ejection begins from the top of the
coronal loop as opposed to the root of the loop.The
GMRT observations at 333 and 617 MHz of a giant qua-
sar at a redshift of 1.005, revealed that this object is the
largest single object observed beyond a redshift of
1(a size of 1.9 Mpc). The giant size is attributed to a
lower pressure of the intergalactic medium than expected
nearby giant radio galaxies.

The discovery of moving patterns of magnetic fea-
tures within sunspot umbrae has been the most note-
worthy finding this year. Although the physical origin for
these motions is yet unknown, this motion seems to be
pointing at a dynamical, as opposed to a static, state of
the sunspot magnetic field.

As a part of the Indian Space Weather program,

“the Solar X-ray Spectrometer (SOXs) was launched

onboard GSAT 2 on May 8, 2003. The payload was de-
signed, developed and fabricated at PRL. The payload
has been commissioned for regular observations since
26 June, 2003. A number of good flares has been ob-
served. Data analysis is under progress.

The Submillimeter wave laboratory facility at PRL
has been established. The design and construction of a
heterodyne receiver system has been initiated. A step
tunable optically pumped molecular laser Local Oscilla-
tor (LO) was installed successfully. A narrow band IF
state-of-the-art Chirp Transform Spectrometer (CTS) has
been fabricated.

Our PLANEX group has been entrusted the re-
sponsibility of developing the High-energy X-ray pay-
load that will be flown in the Chandrayaan -1 mission in
collaboration with ISRO Satellite Centre. Currently the
scientists are concentrating on understanding the re-
mote sensing data on planets, studies of characteristics
and respornise functions of a new type of X-ray detector
proposed for the Chandrayan - 1 mission.

The program to study the aerosol cloud interac-
tion and their effect on atmospheric radiation budget and
climate at different locations in India is in full swing, us-
ing the state-of-the-art Micro Pulse Lidar fitted inside a
mobile laboratory. Regular observations at Ahmedabad
and special field campaigns, such as in western Gujarat
during December 2002 and ISRO-GBP land campaign
from Ahmedabad to Hyderabad and back in February
2004 have been made. Several interesting results such
as the variation in aerosol vertical profiles from polluted
urban regions to relatively clean continental sites were
obtained.




Measurements of non methane hydrocarbons
(NMHC) have been made for the first time at Mount Abu
and Ahmedabad. These data are being used to study
transport of the pollutants. Similar measurements have
been made during cruises over the Bay of Bengal. Higher
levels of pollutants are found over this marine region
compared to over the Arabian Sea.

In February 2004, PRL participated in a land cam-
paign and made extensive measurements of ozone and
related trace gases at selected rural sites between
Ahmedabad and Hyderabad. Higher level of ozone ( ~
70 ppbv) during day time has been observed at these
rural sites. The ozone and CO analysers were also flown
around Hyderabad at different heights on one of the
aircrafts of NRSA during this campaign.

Another important experiment conducted also in
February 2004 is the multiple ionization cross-section
measurements of Argon using INDUS-1 synchrotron at
CAT, Indore. Charge states as high as Ar* were ob-
served.

The Thermal lonization Mass Spectrometer (TIMS
— IsoProbe-T) has been successfully installed. Several
runs of Sr and Nd standards show that the machine has
internal precision of about 0.0001% for Sr and 0.0006%
for Nd in static mode and 0.0006% and 0.0004% in dy-
namic mode. Sr isotopic composition is being measured
in samples from the Himalayan rivers, evaporites and
carbonates to assess the role of evaporites and the pre-
cipitation of Ca in controlling the Sr budget of these riv-
ers.

A new gas chromatograph for the measurement
of CFCs in ground water has been set up and calibra-
tion experiments using gas standards has been com-
pleted.

A summary of scientific achievements is given
on page 5. A total of one hundred and fifty five papers
have been published in high impact journals, of which
one hundred and thirty were in international journals.
During the year, our scientists participated actively in
national and international conferences with large num-
ber of significant presentations, out of which one hun-

‘dred and three were invited talks. At present, PRL has

forty six research scholars and seven post-doctoral fel-
lows besides other visitors working in various disciplines.
Five Ph.D.theses were submitted. The topics covered
were High Angular Resolution Studies of Late type Stars
by Lunar Occultations in the Near Infrared; Evolution of
Magnetic Field of the Solar Atmosphere; Radium Iso-
topes and Rare Earth Elements in Indian Rivers and the
Bay of Bengal; Nitrogen and Noble Gases in
Carbonatites of India and Studies in Coherent Control
of Optical Processes.

Some of our scientists have received prestigious
awards and honours such as the Vice President, Indian
National Science Academy, Fellow of Geochemical So-
ciety-European Association of Geochemistry; Young Sci-
entist Awards; Fellowship of the Indian National Science
Academy efc. .

A Parliamentary Committee on Science & Tech-
nology, Environment & Forests comprising of twenty
one MPs, both from Rajya Sabha and Lok Sabha, vis-
ited PRL on September 25, 2003 as part of the on-the-
spot study of institutions located at Ahmedabad, under
the administrative control of the Departmentn of Space,
Bangalore. The audio-visual presentation on the activi-
ties of the laboratory and visits to few new and key labo-
ratories were highly appreciated by the distinguished visi-
tors.

Shri Madhavan Nair, Chairman, ISRO & Secre-
tary, Department of Space visited PRL and inaugurated
the Thermal lonisation Mass Spectrometer laboratory
on December 29, 2003.

Prof.V. Ramaswamy, GFDL, NOAA, USA visited
PRL as the third K. R. Ramanathan Professor. During
his stay he interacted extensively with PRL scientists
and alsp delivered a series of lecture on cloud aerosol
radiation interactions and related topics. He delivered a
public talk on Global Climate Change : Past, Present
and Future.

The laboratory honoured Dr. R. A. Mashelkar,
FRS, Director General, CSIR & Secretary, DSIR with
the award of the Hari Om Ashram Prerit Senior Scien-
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tist Award for the year 2002 for his outstanding contribu-
tions in polymer science and technology. :

Further PRL honoured eight distinguished scien-
tists at a glittering function. Dr. A. P. Mitra, FRS, former
Director General of Council of Scientific and Industrial
Research graced the function and gave away the Shri
Hari Om Ashram Prerit Vikram Sarabhai Research
Awards and the PRL Award.

Several discussion meetings on Quantum Infor-
mation and Quantum Optics, Neutrino Physics, Sci-
ence of Shallow Subsurface and Tropical Atmo-
spheric Chemistry and Aerosols were held at PRL.

The 73rd Annual Session of the National Acad-
emy of Sciences, India (NASI) was hosted at Ahmedabad
jointly by the Physical Research Laboratory (PRL) and
Guijarat University (GU) from 10-12 October, 2003. A
National Symposium on Astronomy in the New Mil-
lennium was also organised during this session. The
Annual Session was inaugurated by Prof U.R. Rao, Chair-
man, PRL Council of Management, and former Chair-
man, ISRO. A total of 340 delegates including 95 Re-
search Scholars and Post Graduate students attended
the Annual Session. Prof. J.P. Mittal delivered the presi-
dential address. The scientific sessions of the Physical
Sciences and Biological Sciences were held at the PRL
and GU respectively. In the concluding session three
young researchers were given NASI-Swarna Jayanti
Puruskar for the best paper presentations.

The fourth Workshop on Remote Sensing of Plan-
etary Bodies in this series was held in Physical Re-
search Laboratory, Ahmedabad during October 19-24,
2003. Thirty four students, which comprised mostly M.Sc.
Physics students, and a few research scholars, and
M.Tech. and B.E. students from various parts of the coun-
try were present. The 15 lecturers presented a total of 28
lectures including 3 tutorials. The workshop programme
consisted of lectures on various remote sensing tech-
niques, and lunar and solar system studies. Dr. K.
Kasturirangan, Honorary Member from Rajya Sabha also
addressed the students. All student participants also gave
fifteen minutes presentations on their ongoing research.

Each participant and lecturer have been given a book
“Moons and Planets” by William K Hartmann.

Schools on (a) Modeling Methods and Appli-
cations in Space, Planetary and Atmospheric Sci-
ences and (b) Quantum Information and Quantum
Optics were held at the Physical Research Labora-
tory. Each school was attended by large number of re-
searchers from all over the country. Some speakers from
abroad also participated.

An international conference on Pesrspectives in
Particle Physics and Cosmology was held during the
period March 30- April 3, 2004. This meeting was at-
tended by 30 paricipants from India and abroad. Recent
results in the field of neutrino physics, cosmology and
gravitational waves were presented in this meeting.

A one day symposium Crust to Cosmos:
A Scientific Voyage was held at PRL on January 24,
2004. The symposium, as the title suggests, covered a
variety of topics encompassing the recent researches in
various Divisions of PRL. The symposium was organised
to honour Prof. D. Lal on his 75th birthday. The sympo-
sium concluded with a Perspectives by Prof. Lal in which
he talked about emerging trends in Earth and Planetary
Sciences.

PRL organised to review the progress of the RE-
SPOND Programme in Space Sciences. In addition, the
Planetary & Exploration Programme also reviewed the
progress ‘of three ongoing institutional proposals, of
which one from Guahati University was completed and
one each from Chandigarh University and and HT,
Kharagpur were approved to be continued. Another new
institutional proposal from National Geophysical Re-
search Institute, Hyderabad has been approved and ini-
tiated.

As a part of our continuing efforts to promote and
encourage college students and teachers in pursuing
science, a Summer Training Programme for Graduate
and Post Graduate students in Science was held during
May 15 - July 14, 2003. The training programme aimsto
acquaint and expose the students with research activi-
ties of PRL. Each student was placed under the guid-




“afaculty member to carry out a scientific project. Thirty
three students from M.Sc. and B.Sc. and five teachers
frpm colleges participated in the programme.

Under the joint venture between the Embassy of

France, Alliance Francaise of Ahmedabad and PRL, two -

public lectures were arranged. The lectures entitled Sci-
ence & Society : Research, Progress & Development
and Tele-health : Satellites & Public Health were deliv-
ered by Mr. Emmanuel f\/larode, Director of Research,
Progress & Developmenté’md Mr. Antonio Guell, Univer-
sity of Toulouse, France respectively.

The Hindi Week was observed at PRL from 15 to
21 September, 2003. A special event was a one day semi-
naron Earth's Environment. The Hindi Week celebration
and the Seminar was inaugurated by Prof. G. S. Agarwal.
Prof. Anil Gupta from IIM was the chief guest. He deliv-
ered a lecture on Paryavaran, Naitikta and Sthaniya
Sujbuj. The seminar focussed on two main themes, en-
vironment technology and management. In addition, the
celebrations were enlivened by essay competition, word
quiz, elocution competition etc.

PRL was awarded with the Prashasti Patra by Town
Official Language Implementation Committee, Ahmeda-
bad for organising two 2-days Computer Training Pro-
grams in hindi at PRL during 22-25 October, 2002
under the aeges of Town Official Language Implementa-
tion Committee, Ahmedabad for the staff members of
Central Govt. Deptt./Undertakings.

PRL celebrated the National Science Day, in as-
sociation with the Indian Physics Association (IPA),
Ahmedabad Chapter on February 28, 2004. The Science
Day was dedicated to teachers and students from high
schools. More than five hundred and fifty teachers and
students from all over Gujarat attended the celebrations.
PRL Scholarships from the Aruna Lal Endowment Fund,
established by Prof. D. Lal, Honorary Fellow and former
Director, were awarded to five students on the basis of
their performance in Science Quiz and personal inter-
view. All the five students are to receive Rs.5000/- per
year for three consecutive years provided the students
continue to study in science stream with high academic
record.

PRL participated in the State-level Exhibition or-
ganized by Gujarat Council of Science and Technology,
Dept. of Science and Technology, Govt. of Gujarat at the
Science City, Ahmedabad, during February 28 - March
1, 2004 as a part of the National Science Day celebra-
tion. The laboratory displayed its research work as well
as human resource development programmes.

[ take this opportunity to thank all my colleagues
including administrative, technical and supporting staff
for their cooperation. | also thank the PRL Council of
Management for its guidance and advice.

Director
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The research programmes of the laboratory can
be broadly grouped under six major disciplines. These

Theoretical Physics;

Nonlinear Dynamics and Computational
Physics; '

Laser Physics and Quantum Optics;
jv.  Astronomy and Astrophysics;
v.  Planetary Atmospheres and Aeronomy;

vi. Earth Sciences and Solar System Studies.

The chart below profiles the scientific activities.

Some of the important research contributions are
summarised.
Astronomy and Astrophysics

Star formation in starburst galaxies and in Giant
Molecular Clouds in our Galaxy, stellar evolution in bi-

Scientific Achievements

nary systems continue to get top priority in science

programmes from A & A Division’s optical and infra-

red astronomy group. In radio astronomy, Active Ga-
lactic Nuclei, Pulsars and the Sun’s atmosphere attract
attention.

The observations are being carried out regularly
at the Mt. Abu Infrared Telescope using in-house fabri-
cated instrumentation such as fast infrared photometers,
polarimeters, Fabry-Perot Spectrometers and Grating
Spactrograph, and state-of-the-art array detector-based
imaging equipments like CCD and NICMOS 3 cameras.
The radio astronomy group thrives on Rajkot IPS sta-
tion as well as facilities available elsewhere. Several sig-
nificant results have been obtained during the report
period.

From narrow band imaging and synthetic aper-
ture photometry it was shown that in a majority of
Starburst Galaxies studied, the flux exponentially de-
creases radially. In some galaxies the profile flattens
outwards, while in some others which show peculiar in

Profile of Scientific Activities

‘Basic Sciences Atmospheric Sciences Earth Sciences & Solar
[ System] Studies
Gravitation Physics & Astrophysics Upper AtmosphericStudies Oceanography &
: . . . Geochemistr
Atomic & Molecular Physics Middle AtmosphericStudies Y
: ) ) . Palaeoclimate
High Energy Physics Laboratory Astrophysics
Hydrolo
Infrared & Radio Astronomy Planetary Atmospheres Y &
‘ ) Evolution of Solar
Laser Physics and System Objects

Quantum Optics
Nuclear Physics
Plasma Physics
Solar Physicé
Non-linear Dynamics

Computational Physics

Climate Studies

Cosmic Ray Prehistory

Catastrophic Events in
Earth’s History

Evolution of
Indian Lithosphere




Our scientists have been utilising the national fa-
cility of GMRT since a few years for making radio obser-
vations on puisars, giant radio galaxies as well as the
Sun. The first successful solar imaging observation us-
ing the GMRT at 1060 MHz has led to the detailed un-
derstanding of a flare — Coronal Mass Ejection event
that took place on 17 November 2001. This provided the
first observational evidence in support of the break-out
model that the reconnection process initiating mass ejec-
tion begins from the top of the coronal loop as opposed
to the root of the loop. In the realm of extragalactic as-

tronomy, the GMRT observations at 333 and 617 MHz

of a giant quasar at a redshift of 1.005, revealed that
this object is the largest single observed object beyond
a redshift of 1(a size of 1.9 Mpc). The giant size is attrib-
uted to a lower pressure of the intergalactic medium than
expected. A number of giant radio galaxies at redshift
beyond 0.6 are currently being observed in order to de-
termine their actual sizes.

Further work was carried out to resolve the enig-
matic solar wind 'disappearance’ event reported earlier.
Extensive studies of this unusual event during which the
density and velocity of the solar wind fell down to signifi-
cantly low values, using solar wind velocity observations
from the four-station IPS Observatory at Toyokawa, Ja-
pan. The tomographic velocity maps so obtained along
with in-situ measurements of density and interplanetary
magnetic field have put to rest speculation about asso-
ciation of such events with global, large scale phenom-
ena such as the 11-year solar polar field reversal.

Solar Physics

The discovery of moving patterns of magnetic fea-
tures within sunspot umbrae has been the most note-
worthy finding this year. Although the physical origin for
these motions is yet unknown, this motion seems to be
pointing at a dynamical, as opposed to a static, state of
the sunspot magnetic field. Similarly, the discovery of a
blast-like origin for CMEs is yet another finding of a fun-
damental nature. Studies of the evolution of helioseismic
frequencies have continued to show a variety of rela-
tionships with solar activity indices. The observation of
a super active region was another highlight, while
progress in the solar vector magnetograph project re-

ceived a boost with the participation of MCA students of
the local Mohanlal Sukhadia University, Udaipur.

Submillimeter Science and Solar X-ray
Astronomy

The Submillimeter wave group of PRL has opti-
mized the science goals and is working on conceptual
design of telescope facilities by using high resolution "
heterodyne receivers for ground based and space born
payloads. Our missions targeting 100-900 pm, with em-
phasis on the shorter wavelengths. This region of the
spectrum is primarily sensitive to continuum and line
radiation from relatively cool, diffuse media, such as in-
terstellar and circumstellar dust and gas. In addition to
spectral lines, the submillimeter band contains the bulk
of the dust continuum emission from cold (T=10-20K),
prestellar cores. As galaxies in the early Universe gen-
erally had a larger fraction of interstellar matter than
present-day galaxies, it is very likely that such objects
are very prominent in the far-IR and sub-mm band.

In context with the Indian Space Weather program,
the Solar X-ray Spectrometer (SOXs) was launched
onboard GSAT 2 on May 8, 2003. The payload was de-
signed, developed and fabricated at PRL. The payload
has been commissioned for regular observations since
26 June, 2003. A number of good flares has been ob-
served. Data analysis is under progress.

Theoretical Physics & Complex System

This division is engaged in looking at fundamental
problems in the fields of (1) high energy physics (2)
nuclear and atomic physics (3) astro-particle physics,
and (4) study of the complex systems and non-linear
dynamics.

The research in neutrino physics is driven by many
experimental results obtained in recent times. One spe-
cific result obtained was the realization by the group that
neutrino physics experiments can help in searching for
very weak forces mediated by some almost massless
gauge bosons. The laboratory limits on strength of this
force gets improved by several orders of magnitude by
the use of the atmospheric neutrino data.




He 'buiyl;dihg of linear colliders for verificaﬁgn (?f.
taﬁdar'd" model and for discovery of new physics is
" i‘yk;,'bemg considered. The group lwas. engaged in
StUdy'Of’k possible signals of CP violation at future
colllde‘rysy.kA novel idea of the use of the transverse pol'aa'—
/ '{ijynk"of the e+, e beams in this context was proposed.

The members of the division are actively engaged
in Joih‘t kcbllaboratior‘e with international groups. They are
par’:f of the “ACFA” (Asian Committee for Future Accel-
tors). Also the group members were part of a work-
t “APS multi-divisional study of the

erators)
ing group in a join
physics of neutrinos”.

rép\érties of a new superfluid phase in Fermi
ermed as “interior gap", recently predicted, were
d Qsmg variational technique, specifically, energy
gap, momentum distribution and elementary excitations
associated with the predicted phase.

P

_ There are experimental efforts to discover strange
. s,téyirsy‘—"the stars containing strange quark matter. The
 estimation of radius (R) and mass (M) of these objects
',';("plays"'a crucial role in this study. The gravitational red-
shn‘ts and lensing effects are proposed as a means of
thaihing M and R directly in terms of the observable
barameters. It is pointed out that self-lensing of the com-
 pact stars provides an important constraint on the M-R

relationship.

veral studies in establishing some new direc-
the applications of group symmetries in nuclei
a’\\\/g be'en carried out. Firstly, a new window to the regu-
Ia’rlyt\iés‘ of many-body systems in the presence of ran-
_ domforces is opened by extending the spin zero ground
_ state dominance to the irreducible representations of a
_ class of group-subgroup chains in various interacting
_ boson models for collective states. Secondly, number
conserving group-subgroup chains within the nuclear
~,"shyellkmodel generating isoscalar plus isovector pairing,
. appropriate for heavy N = Z nuclei, are identified and
_ analyzed. Finally, a method for isospin projection, within
thg deformed shell model, based on the properties of
_ symmetric group of four objects, is developed for the
spectroscopy of heavy N = Z nucle.

In an ongoing study of Rydberg atoms an accu-
rate quantum expression of the radial dipole matrix ele-
ment for radiative transition between nearby Rydberg
states is derived. Upon introduction of further approxi-
mations in it, the formula of the correspondence prin-
ciple method is obtained, thus clarifying the conditions
under which the quantum dipole matrix element tends
to the correspondence principle limit. In another work a

" complete solution for accurately computing the first Born

amplitude for transitions connecting two arbitrary
hydrogenic s-states over the entire bound-states is also

given.

Stability analysis of synchronized structures in
coupled map networks using both linear stability analy-
sis and Lyapunov function have been carried out. These
studies explain the observed features of the phase dia-
grams in various networks.

It was found that the localized states of the coupled
3-D quartic oscillator show widely varying localization
lengths depending on whether the coupling strength is
in the stable/unstable or the transition domain of the
underlying classical periodic orbits.

The role of two-body interaction in producing chaos
in rare earth elements was also studied. The energy de-
pendent variations in the shape of the strength fu nction
in Nd, Pm, Sm, Ce and Pr were found.

Quantum Optics & Quantum Information

Major activities of this group, involve study and
characterization of coherence and polarization proper-
ties of light and atomic systems; coherent control of light
and of a variety of media; quantum information science;
Bose condensates and ultracold systems; correlated
many-body interacting systems and light beams with
orbital angular momentum.

Quantum entanglement has emerged as a key re-
source in quantum computation and guantum informa-
tion. Two or more quantum systems are entangled when
their physical properties can not be expressed by means
of a direct product of their respective density operators.
Entanglement can be produced in a variety of systems.




- Two three-level atoms in A configuration interacting with
a two-mode cavity and the Raman adiabatic passage
technique have been used for the production of four-
particle entangled state. Using this, various aspects of
the strong subadditivity inequality, an important inequality
in quantum information theory, are studied.

\

It is shown how \‘Qne can prepare three-qubit en-
tangled states like W states, Greenberger-Horne-
Zeilinger states as well Ias two-qutrit entangled states
using the multi atom two—f’node entanglement.

In cavity QED, it is shown that multipartite entangle-
ment can be produced by vacuum Rabi coupling when
a system of N-two level atoms in a cavity of high quality
factor is driven by a strong classical field. It is even pos-
sible to produce entangled states involving different cavity
modes. In Ramsey interferometry in which each Ramsey
zone is represented by a quantized field in a cavity, we
show that the passage of an atom can entangle the fields.

Using translational entanglement, it is proposed
to investigate a realization of the position- and momen-
tum-correlated Einstein-Podolsky-Rosen (EPR) states,
that have hitherto eluded detection. These states can
be created through laser-induced dipole-dipole interac-
tion of atoms in suitable optical lattices.

A protocol for the transfer of an unknown atomic
state from one cavity to a distant cavity is presented. A
scheme is also proposed for quantum networking be-
tween the distant cavities based on an atomic channel.
The possibility of an efficient quantum memory for the
entangled states has been discussed. The entanglement
can be stored in the ground states of the atom and can
be retrieved as well in another cavity.

Various aspects of pulse propagation in different
types of media are being investigated. It is shown that
light pulses at moderate powers can be stored and re-
trieved. It was found that, the retrieved pulse remains a
replica of the original pulse, although there is overall
broadening and loss of intensity. Very interestingly it was
found that, light in a Doppler broadened medium canbe
slowed down considerably and can even be brought to
a stop. It is also shown that the pulse velocity can be

tuned from subluminal to superluminal in a strongly
coupled atom cavity system. Models have been devel-
oped for the propagation of intense pulses in solid state
media to explain the recent experimentally observeq
subluminal propagation in ruby and superluminal propa-

- gation in alexandrite.

It is shown that the transmission of unpolarized
light through an otherwise isotropic medium can be made
sensitive to the direction of the magnetic field by the
application of a suitable control field. Laser-induced
breakdown of the magnetic-field-reversal symmetry in
the propagation of unpolarized light has been demon-
strated.

A number of few- and many-body interacting mod-
els of Calogero-Sutherland type have been studied and
their relationships with decoupled oscillators have been
established. A novel method of solving linear differential
equations in the process has been found. This method
is then used to construct coherent states for various
exactly solvable potentials and for solving quasi-exactly
solvable systems. Applications of the same to Hyper-
geometric equation and its generalizations are also
illustrated.

The time evolution of a diatomic molecular wave
packet for which both the vibrational and rotational mo-
tions have been taken into account have been studied.
Itis predicted and numerically confirmed that at certain
instants of time, a suitably prepared initial wave packet
will fractionally révive, that is, split up into an integer
number of replicas.

A novel pulse compression technique based on
exact solutions to the nonlinear Schrédinger equation
(NLSE) interacting with a source, with distributed dis-
persion, nonlinearity and gain or loss has been demon-
strated. It is shown that this model is appropriate for the
pulse propagation in asymmetric twin-core fibers.

A new experimental program on local field effects
has been initiated with Prof. D, Narayana Rao of Univ. of
Hyderabad. Experimental results have been reported
on the variation of the radiative lifetime of Eu jon em-
bedded in a dielectric with the refractive index n. The
local field effects are studied for the first time for jons
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doped in a solid glassy material. Our measurements are

in agreement o
present measu rements are free from the complications

arising from reorganizational effects in solvents.

A canonical vortex was generated using a com-
puter—generated hologram. This was converted to a non-
canonical vortex using a cylindrical lens. Vortex charge
inversion has been observed experimentally. The theo-
retical treatment of our observations was also given.

Space and Atmospheric Sciences

PRL participated in a land campaign using road
network during February 7 to March 1, 2004 to mea-
sure ozone related trace gases and aerosols on the way
hetween Ahmedabad and Hyderabad. Various analyz-
ers, Micro Pulse Lidar (MPL), associated systems and
power generators were mounted on four vehicles and
measurements were made at eight rural locations each
way in addition to measurements at Shadnagar near
Hyderabad for about a week. The MPL and ozone and
CO analyzers were also flown on one of the NRSA
aircrafts and made measurements around Hyderabad
on two sorties at different height levels. These are the
first such measurements in India.

Higher levels of long-lived NMHCs and other pol-
lutants have been observed at Mt. Abu which represents
afree tropospheric site. Similarly, transport of poliutants
like CO, O,, NMHCs etc. from extra-tropical regions has
been observed over the Bay of Bengal during February
2003 cruise.

The mobhile Micro Pulse Lidar is being extensively
used to study the spatial and temporal variations in the
vertical profiles of aerosols and the exchange of aero-
sol particles between the boundary layer and the free
troposphere over different environment. The lidar was
also fitted in a aircraft looking downward, for the first
time in the country, and the two dimensional map of the
aerosol loading in and around the Hyderabad city was
obtained.

An analysis of spectral aerosol optical depths rmea-
sured during 1996-2000 over the Arabian Sea and tropi-
cal Indian Ocean reveals that over coastal India and

with the so-called real cavity model. The

Arabian Sea the aerosol optical depths in the 400-
850 nm wavelength range have increased by about 5-
10% per year while over the tropical Indian Ocean, the
aerosol optical depths have decreased by about 20%
per year.

Coordinated campaigns were conducted from the
Indian MST radar site, Gadanki during April, 2003 and
also during February and March, 2004 to address the
coupling processes of the thermosphere-ionosphere
system. During a space weather event in February, 2004,
Ol 630.0 nm airglow intensity registered “micro” varia-
tions even in the absence of ESF events. A new result
revealing the dependence of the nocturnal 777.4 nm
airglow emission on the F layer height variations on cer-
tain nights is also obtained.

Another important experiment conducted also in
February 2004 is the multiple ionization cross-section
measurements of Argon using INDUS-1 synchrotron at
CAT, Indore. Charge states as high as Ar were ob-
served.

A recoil ion momentum spectrometer has been built
for studying ionization of atomic oxygen and fragmenta-
tion of molecules by a laser or by electron impact ion-
ization. The position and time information can be con-
verted into a three dimensional velocity or momentum
maps using indigenously developed software. Initial ex-
periments have been made for Argon.

11

During the last year, two new initiatives were taken
in the area of planetary atmospheres. The first one was
to understand the chemistry and composition in the lower
ionosphere of Mars. This study suggests that Mars
should have permanent D-region at about 30 km due to
high efficiency of the electron attachment to Ox mol-
ecules. The other initiative was to study the X-ray fluo-
rescence (XRF) emission emanating from the lunar sur-
face between energy range 1 to 10 KeV. The objective
of:this study is to predict XRF emission from various
lunar terrains having different chemical compositions
during phases of solar cycles 23 and 24, which is an
appropriate period of the proposed Chandrayaan
mission.
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Planetary and Geosciences

The Thermal lonization Mass Spectrometer (TIMS
—IsoProbe-T), has been successfully installed. Several
runs of Sr and Nd standards show that the machine has
internal precision of about 0.0001% for Sr and 0.0006%
for Nd in static mode and 0.0006% and 0.0004% in dy-
namic mode. After successful installation of the TIMS,

Sr isotopic composition is being measured in samples

from the Himalayan rivers, evaporites and carbonates
to assess the role of evaporites and the precipitation of
Ga in controlling the Sr budget of these rivers.

Chondrules, the once molten millimeter sized sili-
cate spheres comprising >50% of the chondrite, are most
likely formed in the solar nebula and later incorporated
into their parent meteorite. An expectation of such model
is that the precursors of chondrules are different from
their parent chondrite. Our nitrogen isotopic studies
clearly established that for ordinary chondrites this is
indeed the case, while for enstatite chondrites, it may
not be true.

Lunar soils have been shown to contain excess N
that is non solar in origin, but its possible sources could
not yet be identified. In the lunar meteorite Y983885, a
low temperature released nitrogen that is heavy gives
strong hints that the non solar N could be the
devolatalised N from IDPs or comets that continuously
bombard moon.

A second interior nitrogen component for Mars has
been identified for the first time from the nakhlite
Y000593. The preservation of two primitive N compo-
nents in the interior of Mars, suggests that Mars interior
is frozen since very early in its history.

New production has been measured in the Bay of
Bengal and the Arabian Sea using '*N tracer method;
Even though the Bay of Bengal is only moderately pro-
ductive relative to the Arabian Sea, the new production
is as much as 55% in the Bay. The implications are that
moderately productive ocean regions could also play a
very significant role in the global carbon cycle.

A major study on the Mexican desert sequences
was completed with ages ranging from modern sands

to ~ 80ka. Similarly a detailed study on the desert g
quences in Mohave Desert was made to compare t
available chronologies using radiocarbon and co
mogenic dating with luminescence dating and exami
the possible causes of differences. Both the cosmogenic
ages and radiocarbon ages were substantially overes ;‘
mated (20 times and 5 times) compared to luminescence
ages of 2-5 ka. This study will have important ramifica.
tion in the reconstruction of chronostratigraphy of the
region. A detailed programme on the dating of White
sands in New Mexico was taken up with the objective of
developing a method of dating gypsum via luminescence
and of finding the age of this unique deposit in the world.
Dating of quartz extracts from the gypsum sequences
provided ages of ~ 6 ka, consistent with the geological
reasoning. Efforts to directly date gypsum are under way.

PLANEX

Characteristics and response of Cd-Zn-Te (CZT)
detector, proposed for use in the high-energy X-ray
(HEX) payload to be flown on Chandrayaan-1, have been
studied in detail. Hardware and software subsystems
have been developed for ground-based operation of a
CZT array detector of 16cm? area. Integration and test-
ing of the hardware and software subsystems is cur-
rently in progress. Based on these developments, ISRO
has now entrusted the development and fabrication of
the HEX payload for the Chandrayaan-1 mission to PRL
in association with Space Applications Center (SAC),
Ahmedabad, and ISRO Satellite Center (ISAC), Banga-
lore.

Technical Developments

A coelostat was fabricated in-house. A" multiple
power supply unit was developed for a high speed CCD
camera (DALSTAR) used in adaptive optics wavefront
sensor. A multiple connector cable unit for a high speed
frame grabber card was also assembled. A 115 Volt,
60 +/- 0.1 Hz power supply unit was developed for use
with a German equatorial mount, as part of the vector
magnetograph project. A controller circuit for solar limb
guider was developed for use with a 6 inch coelostat
system.
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Ne! Ccomputational Facility
sire is equipped with 1BM RS-6000
g 16 processors and 32GB RAM .
_Centre also has high-end graphics station, IBM RS—GOOQ
- ‘Model 570 with 4 processors. To cater the needs of sci-
ontists, POE has also been installed on RS6000/SP and
RSGOOO/27O machines this year. All these machines are
connected to our high-speed local area network (LAN)
to provide easy, fast and reliable access to all our PCs
and workstations. Also, other centres at Udaipur and Abu
are connected to the PRL LAN on 64 Kbps BSNL)Ieased
line. Thus full connectivity has been provided to users all
the time from anywhere 1o the Main Campus, Thaltej,
USO, and Abu.The Centre provides centralized virus free
E-mails. Anti-Spam filter has been centrally installed to
| f\ight\the Spam mails. The center also provides web en-
abled e-mail service. Center also installed one high reso-
lution, high-speed colour laser printer and two black and
white laser printers, which provides high quality, duplex
laser printing to all PRL members over LAN.

. 'k;(k‘jomputer Cet
SP Computer havin

Infrastructural Facilities Available

Computer Centre, Electronics Laboratory, Scanning
Electron Microscope, Liquid Nitrogen Plant, Glass Blow-
ing Facility, Radio Carbon Dating Laboratory, Thermal
lonisation Mass Spectrometer and Aluminising facility at
Mt. Abu.

Research Opportunities

One of the important aims of the laboratory is to serve
as a postgraduate and post-doctoral study centre for physics
and earth sciences and to train research students in experi-
mental and theoretical physics. With this in view, PRL offers
graduate programme leading to Ph.D. degree. It also provides
opportunities for carrying out post-doctoral research (Fig.1)

Training Opportunities

PRL organises extensive summer programmes for
students every year. The purpose is to initiate them to
current research activities being pursued at PRL which
they can continue even after returning back to their col-
leges and also motivate them to take up research in ba-
sic sciences. Students studying in first year masters de-

gree and final year bachelors degree are considered
for participating in this programme. Selected students
visit PRL for two months in summer. The students are
given a projects under the supervision of a faculty mem-
ber. At the end of the programme they submit a report
on the work carried out by them. PRL also provides
project training in computer sciences and application
to postgraduate students. It also offers training in elec-
tronics and computer engineering to engineering and
diploma students (Fig.2)

PRL also offers training programmes in comput-
ers, library science, engineering and administrative
services (Fig.3).

Research and Other Scientific Details

The research work carried out by PRL scientists
are published in reputed national and international jour-
nals. Few of our scientists are also invited to write re-
view articles in the field of their specialisation.

Many of our scientists attend conferences and sym-
posia at home and abroad where they present the results of
their research investigations. Some of them are invited to
present review papers. Few of them serve as chairmen and
members of scientific committees for organising national con-
ferences and symposia. Sometimes they are also invited to
convene and chair sessions during symposia and meetings.
The scientific output during the reporting year is shown in
Fig. 4.

Confereﬁces / Symposia Convened

The laboratory from time to time convenes sym-
posia, conferences and workshops in different disci-
plines. Scientists and research students from other in-
stitutions and universities are invited to participate. Dur-
ing the reporting year PRL convened the following :

1. XX UGG 2003 General Assembly, ses-
sion on “Space weather Effects at Equato-
rial and Low latitudes”, June 30-July 11,
2003, Sapporo, Japan,
(Convener : H. Chandra)

Discussion Meeting on Neutrinos: at Physi-
cal Research Laboratory, August 4-8, 2003




Research’
Scholars

Project

Project

Lo Post Doctoral
Scientists

Associates
Fellows :

Fig.1: Doctoral, Post Doctoral and other Programmes

Summer
Trainees

Diploma

Master of
Computer
Sciences

Engineering

Fig.2 : Graduate & Post Graduate Programme

(Conveners:A. S, Joshipura, S. Mohanty, S.
Rindani and Utpal Sakrar).

3. “Chemical Diagenetic Processes in Sedi-
ments and Sedimentary Geochemistry”, in
13th Goldschimdt Conference 2003 (Japan).

(Convener : S. K. Singh)

4. SERC School on “Solar Terrestrial Environ-
ment: Space Weather”, BHU, Varanasi, Sep-
tember 2003,

(Member Organizing Committee: H. Chandra)

Associates

Library

Administration

Computer
Centre

Fig.3: Training Programme at PRL
. Papers Published in ;
Invited Talks National Journals (26)
Papers
Pubiished in Papers Publishe

Theses (5)
‘ Journals

Proceedings in International

Fig.4 : Scientific Output of PRL

5. The 73rd Annual Session of National Acad-
emy of Sciences, PRL, Ahmedabad, October :
2003. :

(Conveners:J.N. Goswamiand S. K. Gupta)

6. National Symposium on “Astronomy in the
New Millennium”, in the Seventy Third An-
nual Session of the National Academy of
Sciences, India.

(Conveners:J.N. GoswamiandB.G. Anand
Rao)
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’ _School on Modeling Methods & Applications
in Space, Planetary and Atmospheric Sci-
ences, PRL, Ahmedabad, November 10-20,
2003.

(Convener : R. Ramesh)

DST Workshop on Science of Shallow Sub-
surface, December 29, 2003.

(Conveners : S. K. Gupta)

Symposium on “Crust to Cosmos: A Scien-
titic Voyage”, to honor Prof. D. Lal on the
occasion of his 75th birthday, PRL, January
24, 2004.

(Convener : Prof. 8. Krishnaswami)

SERC School on Quantum Information and
Quantum Optics, February 1-14, 2004
(Conveners: G. S. Agarwal and P. K.
Panigrahi)

10.

11.  Workshop on “Tropical Atmospheric Chem-
istry and Aerosols”, PRL, Ahmedabad, March

. 25-26,2004.

(Conveners: S. Lal, A. Jayraman & M. M.
Sarin)

12.  International Conference on “Perspective in
Particle Physics, Gravitation and Cosmol-
ogy", at Physical Research Laboratory,

Ahmedabad, 30th March — 3rd April, 2004.
(Conveners: A.R.Prasannaand S. Mohanty).

Distinguished Visitors at PRL

A Parliamentary Committee on Science & Tech-
nology, Environment and Forests comprising of 21
MPs from both Lok Sabha And Rajya Sabha visited PRL
on September 25, 2003, as a part of the on-the-spot
study of the institutions located at Ahmedabad, under
the administrative control of the Department of Space
(DOS), Bangalore. The activities of the Laboratory were
briefed through Audiovisual presentations and visits to
few laboratories.

Shri Madhavan Nair, Chairman, ISRO & Secre-
tary, Department of Space visited PRL and inaugurated
the Thermal lonisation Mass Spectrometer laboratory

on December 29, 2003.

Prof. V. Ramaswamy, GFDL, NOAA, USA visited
PRL as the third K. R. Ramanathan Professor. During
his stay he interacted extensively with PRL scientists
and also delivered a series of lectures on cloud aerosol
radiation interactions and related topics. He delivered a
public talk on (Global Climate Change : Past, Present
and Future).

The laboratory honoured Dr. R. A. Mashelkar,
FRS, Director General, CSIR & Secretary, DSIR with
the award of the Hari Om Ashram Prerit Senior Scien-
tist Award for the year 2002for his outstanding contribu-
tions in science and technology. The award was pre-
sented by Prof. U. R. Rao, Chairman, PRL Council of
Management. Dr. Mashelkar also delivered a lecture on
Putting Life into Gels. The Senior Scientist Award, made
biennially to an Indian scientist, was instituted with the
endowment funds donated by the Hari Om Ashram Trust,
Nadiad to commemorate the birth centenary of Pujya
Shri Mota, the Founder of the Hari Om Ashram, Nadiad
and administered by PRL. The award consists of a cash
award of Rs.1lakh and a citation.

Dr. Laurent Pagani, Dr. Morvan Solez and
Dr. Jean Michel Krig from Lerma Observatory de Paris,
France visited the Sub Millimeter Laboratory to discuss
on balloon based experiment from our national facility
at Hyderabad. Prof. J. Blamont, from CNES, Paris,
France; Prof. H. Newson from Univ. of New Mexico, USA
and Prof. C. Koeberl from Univ. of Vienna, Switzerland
visited the laboratory and gave seminars. Profs. V.K.
Gaur, R.N. Singh, K.S. Yajnik, B.L. Deekshatulu, R.
Navalgund and Dr. B.S. Gohil delivered invited lectures
during the School on Mathematical Modelling.

Seminars and Colloquia Held

The laboratory has an extensive seminar and col-
loquium programme. Regular seminars are held by dif-
ferent groups both in PRL and Thaltej campus. Reputed
scientists, both from national and international institu-




" tions were invited to give seminars and colloquia. In ad-
dition, the laboratory organised popular lectures by in-
ternationally renowned scientists. The following gives an
idea of the seminars and colloquia including popular lec-
tures held at PRL :

Seminars held 100

Colloquia including public lectures held 20

Administrative Support

Behind the scientific achievements of PRL is the
able and efficient support given by the administrative
and the technical staff. The administrative section of our

Scientific
Technical

Auxiliary

Administrative

Fig.5 : Staff Structure of PRL
' Salary

Others

Research

2.1%

Fig. 6 : Budget of PRL

laboratory continues to provide an excellent manage.
ment support to carry out our scientific activities. The
budget and staff structure of PRL are shown in Figs. 5
and 6. :

Miscellaneous

Physical Research Laboratory honoured eight dis-
tinguished scientists at a glittering function on Novem-
ber 11, 2003. Dr. A. P. Mitra, FRS, former Director Gen-
eral of Council of Scientific and Industrial Research
graced the function and gave away the Shri Hari Om
Ashram Prerit Vikram Sarabhai Research Awards
and the PRL Award. Six distinguished scientists re-
ceived the Hari Om Awards and two received the PRL
Award. The scientists who were felicitated with the Shri
Hari Om Ashram Prerit Vikram Sarabhai Research
Awards for the year 2001 were Prof. Subhasis Chaudhuri
of the Indian Institute of Technology, Bombay;
Dr. Bhabatosh Chanda of the Indian Statistical Institute,
Kolkata; Dr. B. 5. Gohil of the Space Applications Cen-
tre, Ahmedabad; Dr. Anil K. Pandey of the State Obser-
vatory, Nainital; Dr. Avinash A. Deshpande of the Raman
Research Institute, Bangalore and Shri Mukund K. Rao
of the Indian Space Research Organisation, Bangalore.
The scientists who received the PRL Awards for the year
2001 were Dr. G. S. Bhat of the Indian Institute of Sci-
ence, Bangalore and Dr. A. Jayaraman of the Physical
Research Laboratory, Ahmedabad. The Hari Om Awards
were instituted on August 12,1974 in honour of Dr. Vikram
Sarabhai, founder of Physical Research Laboratory by
the Hari Om Ashram, Nadiad. The PRL Award has been
instituted in 1997 from the Aruna Lal Endowment Fund
established by Prof. D. Lal, Honorary Fellow and former
Director of PRL. Ali the awards consist of a medal and a
cash prize of Rs. 25,000/-.

As a part of implementation and progressive use
of Hindi in PRL, the Hindi Week was celebrated at PRL
from September 15 - 21, 2003. The highlights of the cel-
ebrations included word quiz, essay, elocution, Hamara
Karya, self written poetry competitions etc.

As a part of Hindi Week celebrations, we also con-
ducted One Day Seminar on Prithvi Ka Paryavaranwhich
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at PRLon 17 Septembel 2003 in which eight
ere invited. The key note address was deliv-
ered by prof. G. S. Agarwal, Director, PRL. Opening talk
- on Paryavaran, Naitikta aur Sthaniya Sujhboojh was de-
livered by Prof. Anil Gupta form Indian Institute of l\/lan—

agement, Ahmedabad.

.Wééth‘e'd
: ".*'Sp'eakers W

Two Space Glossary Meetings were held during
67 June and 30-31 July and 1 August, 2003 at PRL for

Editing and Enlargement of the Glossary.

The PRL was awarded with the Prashasti Patraby
Town Official Language Implementation Committee,
Ahmedabad for organising two 2-days Computer Train-
ing Programs in Hindi at PRL during 22-25 October, 2002
under the aegis of Town Official Language Implementa-
tion Committee, Ahmedabad for the staff members of
Central Government Department/ Undertakings.

Other activities included a training programme for
the laboratory’s staff; participation in Technical Seminar
on Antarix Anusandhan Aur Janhit, held at SAC,
Ahmedabad and the Condensed Translation Training
Course conducted by Central Translation Bureau at
TOLIC, Ahmedabad and workshops organised by vari-
ous government departments.

PRL celebrated the National Science Day, in as-
sociation with the Indian Physics Association (IPA),
Ahmedabad Chapter on February 28, 2004. The Sci-
ence Day was dedicated to teachers and students from
high schools. More than five hundred and fifty teachers
and students from all over Gujarat attended the celebra-
tions. Two hundred and sixty nine students of Standards
IX'and X participated in the Science Quiz which formed
the main part of the programme. Further highlights of
the celebrations included talks on Space Weather by
Dr. Hari Om Vats; PRL's SOX Experimentby Dr. Hemant
Dave, Recent Mission to Mars by Dr. Deepak Dhingra
and The Indian Moon Mission by Aparna Joshi, all from
PRL. Talks were also presented on the Diamond Jubilee
Innovation Award for School Children instituted by Coun-
cil of Scientific and Industrial Research and The Phys-
ies Olympiads by Uma Kota, PRL.

PRL Scholarships from the Aruna Lal Endowment
Fund, established by Prof. D. Lal, Honorary Fellow and
former Director, were awarded to five students on the
basis of their performance in Science Quiz and personal
interview. All the five students are to receive Rs.5000/-
per year for three consecutive years provided the stu-
dents continue to study in science stream with high aca-
demic record.

Awards and Honours

1. Prof. G.S. Agarwal has been:

Elected as Vice President, Indian National
Science Academy, India.

Elected as a member of the International Ad-
visory Committee for the Nonlinear Optics
Topical Meeting, to be held on August 2-6,
2004 at the Waikoloa Beach Marriott, Hawaii.

Prof. B. L. K. Somayajulu has been elected Fel-
low of Geochemical Society-European Association
of Geochemistry.

Prof. J. N. Goswami has been elected as a Mem-
ber of the Council of the Academy of Sciences,
Bangalore.

Dr. K. Pande has won the Shanti Swarup
Bhatnagar Award for Earth, Ocean, Atmospheric
and P[glrwetar'y Sciences, 2003.

Dr. K. K. Marhas has won the INSA Young Scien-
tist Award, 2004.

Prof. Shyam Lal has been elected Fellow of the
Indian National Science Academy, Delhi. -

Prof. A. S. Joshipura has been elected Fellow of
the Gujarat Science Academy, Ahmedabad.

Dr. R. Rangarajan has been elected Fellow of the
Gujarat Science Academy, Ahmedabad.

Dr. P. Sharma has been elected Fellow of the
Gujarat Science Academy, Ahmedabad.




10.

11.

12.

13.

14.

Dr. H. S. Mazumdar has been elected Senior Mem-
ber of Institute of Electrical & Electronics Engineers
(IEEE).

Prof. R. Ramesh has been invited by WMO-UNEP

fo act as a lead author in writing a chapter on
Palaeoclimates for the forthcoming fourth Assess-
ment Report by the Intergovernmental Panel on
Climate Change.

Dr. S. Ramchandran has been invited by WMO-
UNEP to act as a lead author in writing a chapter
on Couplings Between Changes in the Climate
System and Biogeochemistry for the forthcoming
Fourth Assessment Report by the Intergovernmen-
tal Panel on Climate Change.

Ms. S. Basu has received The National Academy
of Sciences, India- Swarna Jayanti Puraskar for
the best research paper entitled ‘Isotopic composi-
tion of nitrogen in the mantle reservoirs of earth’in
October 2003, at the 73rd Annual Session of Na-
tional Academy of Sciences.

R.R. Mahajan and S.V.S. Murty received the best
paper award under the category “Astronomy, As-

15.

16.

17.

18.

trophysics and Planetary Sciences”, at the X
National Space Science Symposium, Kottaya'
February 17-20, 2004.

A. K. Sudheer, M. M. Sarin and N. Rastogi v
the best poster award for “Anthropogenic sulphg
rich aerosols in the marine boundary layer oy,
Bay of Bengal” at the Xlll National Space Scien
Symposium, Kottayam, February 17-20, 2004.

The article by G. S. Agarwal, P. K. Pathak a
M. O. Scully in Phys. Rev. A 67, 043807 (200
has been selected for the April 2003 issue of t
Virtual Journal of Quantum Information.

The article by G. S. Agarwal and T. N. Dey
Phys. Rev. A67, 033813 (2003) has been select
for the April 2003 issue of the Virtual Journal
Quantum Information.

The article by G. S. Agarwal and P. K. Panigra
in Phys. Rev. A 67, 033817 (2003) has beens
lected for the April 2003 issue of the Virtual Jo
nal of Ultra Fast Processes.
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érikh Stochastic Processes and Financial

P .
WVarkets, Narosa Publishing House, New Delhi,

hennai, Mumbai, Kolkata (2004).

AC Dés Space plasma Physics: An Introduction,

‘Narosa Publishing House, New Delhi, Chennal,

_ Mumbai, Kolkata (2004).
3 ‘Chandra, H., Scientific Editor, “Long Term Trends:

 Thermosphere, Mesosphere, Stratosphere and
_ Lower lonosphere”, Advances in Space Research,

 32,(2003).

g Krishnaswami, A. Jayaraman, S. Lal and M. M.
Sarin (eds) Special Issue on "Aerosols and Trace
Gases over the Oceans”, Ind. J. Mar. Sci., 33,

(2004).

A. K. Singhvi (ed) , “Dryland records form the
Indian sub continent”, Proc. Indian National Sci-
ence Academy, 69, 200 (2003).

Review Papers

Solar Physics

S.C. Tripathy, “Recent Solar Observations”, Solar
Terrestrial Environment-Space Weather, Eds., R.P.
Singh, Rajesh Singh and A.K. Singh, Allied Pub-
lishers Pvt. Ltd., New Delhi, 15-41 (2003).

6.

Theoretical Physics & Complex System

Particle Physics

7. H.V. Klapdor-Kleingrothaus and U. Sarkar, “Con-
sequences of Neutrinoless Double Beta Decay”,
Invited Article, in Oulu 2002, Beyond the Desert,
Institute of Physics, Bristol, U.K., p.253 - 269

(2003).
Space & Atmospheric Sciences

8. Jayaraman, A. and Mitra, A.P., “The Atmospheric
Brown Cloud”, in the Global Change and the Earth
System: A Planet Under Pressure, W. Steffen et

al. (Eds.), p110, Springer, 2004.
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Astronomy and Astrophysncs

1.

~ C. Muthu and B.G. Anandarao, "A Spatio-kine-

matic Study of the Planetary Nebula NGC 1514",
Ad, 126, 2963-2970 (2003).

S.K.Chakrabarti, S. Pal, A.Nandi, B.G. Anandarao
and S. Mondal, “Possible Photometric Evidene of
Ejection of Bullet-like Features in the Relativistic
Jet Source S5433", Ap. JL, 595, L45-1.48 (2003).

V. Venkataraman, S. Rajagopalan, P. Manoravi,
A.K.Balamurugan, A. Ramalingam and A.K. Tyagi,
“Formation of interface silicides at room tempera-
ture in pulsed laser deposited Ti thin films on Si
<10 0>", Materials Res. Bull. (Pergamon Press)
38, 1835-1840 (2003).

A. Richichi, T. Chandrasekhar and Ch.Leinert
“Milliarcsecond Resolution Observations of IRC
+10216", New Astronomy, 8, 507-515 (2003).

S. Mondal and T. Chandrasekhar, “Evidence of
Asymmetric Structure in the Atmosphere of Mira
Variable U Orionis from Lunar Occultation Obser-
vations in the Near Infrared”, MNRAS, 348, 1332-
1336 (2004).

A. Omont G.F. Gilmore, C. Alard, B. Aracil, T. Au-
gust, K.S. Baliyan, S. Beaulieu, S. Begon, X.
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Kumar on C, O, Sr and Pb Isotope System ,
of Carbonate Sequences of the Vindhyan Sype
group, India: Age, Correlations and Implica
for Global Events”, Precambrian Research, 1
189-190 (2004).

J. S. Ray, and J. Veizer, “Reply to comments
Chakrobarty P.P., and Sarkar, A.on C, O, Sr 3
Pb Isotope Systematics of Carbonate Sequeng;
of the Vindhyan Supergroup, India: Age, Correl
tions and Implications for Global Events”, Preca
brian Research, 129, 195-196 (2004).

J. S. Ray, J. Veizer and W.J. Davis, “C, O, Sr g
Pb Isotope Systematics of Carbonate Sequenc
of the Vindhyan Supergroup, India: Age, Corre
tions and Implications for Global Events”, Preca
brian Research, 121, 103-140 (2003).

R.Rengarajan, M. M. Sarin and S. Krishnaswa
“Uranium in the Arabian Sea: Role of Denitrific
tion in Controlling its Distribution”, Oceanol. Ac
26, 687-693(2003).

R. Rengarajan and M. M. Sarin, “Atmosphe
Deposition Fluxes of "Be, 2"%Pb and Chemi
Species to the Arabian Sea and Bay of Bengal’,
Ind. 4. Mar. Sci., 33, 56-64 (2004). :

S. Sahijpal, K. K. Marhas, and J. N. Goswami, “De-
termination of Rare Earth and Refractory Trace’i
Element Abundances in Early Solar System
Objects by ion microprobe”, Proc. Indian Acad.
Sci. (EPS), 112, 485-498 (2003).

A.Sarkar, S.Sarangi, S.K.Bhattacharya and A.K.
Ray, “Carbon Isotope Studies Across the Eocene-
Oli Gocene Boundary Sequence of Kutch, West-
ern India”, Geophys. Res. Lett., 30, no. 11, 42-1
(2003).

A. Sarkar, S. Sarangi, M. Ebihara, S.K.
Bhattacharya and A.K. Ray, “Carbonate

24




Across the Eocene/Oligocene
tch, Western India: Implications
oor Condition and Fora Miniferal
201, 281-293

chemistry
ndary of Ku
Oceanic O,-P
wtinction”, Chemical Geology,
003).

N‘é‘.Sarmé, M.S. Ramakrishna, S. G. Pasha, M.
G‘.Yada\'/a and M. K. Rao, “Aminostratigraphy of
V'Se.a‘diments of the SW Bay of Bengal®, Current

Scjence, 85,435-436, (2003).

Singh, M. Jaiswal and A.K. Singhvi. and B. K.
h, “Rapid Subsidence of the Western Ganga
Plains during the late Pliestocene - Evidence from
the Optical Dating from Subsurface Sediments”,
 Curr Sci. 84, 451-454 (2003).

B..

5. K. Singh, L. Reisberg and C. France-Lanord,
. _ “Re-Os Isotope Systematics of Sediments of the
Brahmaputra River System”, Geochim.
Cosmochim. Acta, 67,4101-4111 (2003).

_ PSrivastava, 1.B.Singh, S.Sharma, U.K.Shukla
and A.K.Singhvi, “Late Pleistocene —Holocene Hy-
drologic changes in the interfluves Areas of Cen-
tral Ganga Plains, India”, Geomorphology, 54,
279-282 (2003).
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P Srivastava, |. B. Singh, M. Sharma and A. K.

o8
. ’\Singhvi, “Luminescence chronometry and Late

Quaternary Geomorphic History Stratigraphic
Record of the Ganga Plains, India: A Review”,
Paleogeog. Paleoecol. Paleoclim., 197, 13-41
(20083).

R. Tiwari, P.C. Pant, I.B. Singh, S. Sharma, M.
Sharma. P. Srivastava, A. K. Singhvi, P.K. Mishra
and H.J. Tobschall, “Middle Palaeolithic Human
Activity and Paleoclimate at Kalpi in Yamina Val-
ley, Ganga Plain”, Man and Environment, XXVIi,
1-13 (2003).

129.

M. G. Yadava, R. Ramesh and G. B. Pant,"Past
Monsoon Rainfall Variations in Peninsular India
Recorded in 331-year-old speleothem”, The Ho-
locene, 14, 517-524 (2004).

130.

131. Devendra Lalet.al.,“Erosion History of the Tibetan
7 7/ Plateau since the Last Interglacial: Constraints
¥/ from the First Studies of Cosmogenic '°Be from
' Tibetan Bedrock”, Earth and Planetary Science
Lal D Letters, 217, 33-42 (2003).

PLANEX

132. N. Bhandari,“Scientific Challenges of
CHANDRAYAAN-1 : The Indian Lunar Polar Or-
biter Mission”, Current Science, 86, 1489-1498,
2004.
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Papers Pub. in Proc. of Symposia/Schools in 2003-04

Astronomy and Astrophysics

1.

B.G. Anandarao, A.G. Chakraborty, D.K. Ojha and
L. Testi, “Near infrared observations of massive
star forming regions”, IAU Symposium No. 221
on Star Formation at High Angular Resolution,
July 20083, Sydney, Australia.

N.M. Ashok and D.P.K. Banerjee, “JHK spectros-
copy of the enigmatic variable V44 Puppis”, Pro-
ceedings of the-22nd ASI Meeting, B.A.S.1, 31,
343-344 (2003).

D.P.K. Banerjee and N.M. Ashok, “IR spectros-
copy of nova-like sources”, Proceedings of the
22nd ASI Meeting, B.A.S.1., 31, 181-186 (2003).

T. Chandrasekhar, Rajesh Shah and S. Mondal,
“Lunar occultations with infrared arrays”, Proceed-
ings of the 22nd ASI Meeting, B.A.SI., 31, 471-
474 (2003).

T. Chandrasekhar, PK. Kikani and S.N. Mathur,
“Optical observations of a lunar meteor event
during leonid Meteor Showers in 2001”, Proceed-
ings of the 22nd ASI Meeting, B.A.S.l., 31, 325-
328 (2003).

Hari Om Vats, “Coronal electron density and the
gradient of coronal rotation with altitude”, Proceed-
ings of the 22nd ASI Meeting, B.A.S.1., 31, 309-
311 (2003).

V.K.Verma and Hari Om Vats, “Study of three ho-
mologues solar flares observed from the active
region NOAA 9033 on 12th June 2000", Proceed-
ings of the 22nd ASI Meeting, B.A.S.I., 31, 289-
293, (2003).

Hari Om Vats, “Variation of VIRGO/SOHO mea-
surements during 1996-2001", Proc. SOHO 12/
GONG+ 2002 Local and Global Helioseismology,
The Present and Future, ESA SP-517, PP 413-
415 (2003).

K.S.Baliyan, S. Ganesh, U.C. Joshi, Glass, “Near
infrared survey of the galactic nuclear bulge re-

10.

11.

12.

gion”, Proceedings of the 22nd ASI Meeting,
B.A.S.l., 31, 403-405 (2003).

NI\A Ashok and D.P.K. Banerjee, “V4745;;;¥
sagittarii”, IAU Circular 8132 (17 May 2003).

D.P.K. Banerjee, N.M. Ashok, W.P. Varricatt and
0. Launila, “Striking spectral changes in the erup- ‘f
tive variable V4332 Sgr”, UKIRT newsletter, 13,
3-4 (20083). ?

D. K. Ozha, S. K. Ghosh, R. P. Verma and B. G.
Anandrao, “Infrared 'band Observations with
TIFR Near-Infrared Camera®, Proceedings of the
22nd ASI Meeting, B.A.S.I., 31, 467-470 (2003).

Solar Physics

13.

14.

15.

16.

17.

18.

S. C.Tripathy, “Solar cycle changes in GONG and
MDI data: 1995- 2002" in Proceedings of XXII
Meeting of ASI, Bull. Astron. Soc. India, 31, 153
(2003).

B. Ravindra,“Quiet sun chromospheric network
magnetic field"in Proceedings of XXII Meeting o
ASI Bull. Astron. Soc. India, 31, 297 (2003).

“On the rapid variations of solar magnetic fields”,
P. Venkatakrishnan, Brajesh Kumar and B.
Ravindra, in Proceedings of XXIl Meeting of AS],
Bull. Astron. Soc. India, 31, 299 (2003).

R. Sridharan, A. Raja Bayanna, Nandita
Srivastava, Brajesh Kumar, B. Ravindra, S. K.
Gupta, Naresh Jain, A. Ambastha and P.
Venkatakrishnan, “Performance evaluation of
adaptive optics systems”, in Proceedings of XXII ‘
Meeting of ASI, Bull. Astron. Soc. India, 31, 455
(2003). '

S. C. Tripathy, Kiran Jain, Frank Hill and C. G
Toner, “On the p-mode asymmetry between ve
locity and intensity spectra from the GONG+
data”, in Proceedings of XXII Meeting of AS], k
Bull. Astron. Soc. India, 31, 321 (2003). '

R. Sridharan and A. Raja Bayanna, “Low order '
adaptive optics system for the meter aperture




19.

20.

-solar telescope of the udaipur solar observatory”,

in Telescopes and Instrumentation for Solar As-
trophysics, SPIE, 5171, 219 (2003).

A. Ambastha, and S. Gosain, “White light and
emission line polarization of solar corona during
TSE of JLJ”Ije 21, 2001” in Proceedings of XXII
Meeting of‘AS/, Bull. Astron. Soc. India, 31, 295
(2003)

A. Ambastha, S. Basu, and H.M. Antia “Excitation
of solar p-mode oscillations by flares” in Proceed-
ings of XXII Meeting of ASI, Bull. Astron. Soc. In-
dia, 31, 319 (2003)

Submillimeter Science and Solar X-ray
Astironomy

21.

22.

Hen@_ Dave and Ashish Dubey, “Innovative out-
put coupler for a space qualified SMM/FIR laser
system”, Proc. Of 11th International Conference
on THz Electronics, September 24-26, 2003.

Rajmal Jain, Hemant H..Dave and M. R.
Deshpande, "First results from the solar X-ray
spectrometer (SOXS)”, Highlights of Astronomy,
IAU Publications, year?? o

Theoretical Physics & Complex Systems

Nuclear Physics

23.

24,

V.K.B. Kota, R. Sahu, K. Kar, J.M.G. Gomez and
J. Retamosa, “Transition strength sums and quan-
tum chaos in shell model states”, in Contempo-
rary Nuclear Physics, edited by C.R. Praharaj
(Narosa Publishing House, New Delhi), p. 277-
289 (2003).

R.Sahu and V.K.B. Kota,"T =0 and T = 1 Collec-
tive Bands in Heavy N = Z Nuclei”, Proc. Symp.
Nucl. Phys. (edited by P. Singh and B. John, Pub-
lished by Library and Information Services,
B.A.R.C., Mumbai, India), Vol. 46A, p.87-100
(2003).

\N’Qn-linear Dynamics and Complex Systems
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S.Jalan and R. E. Amritkar, “Stability analysis of
S-and D- synchronized clusters in coupled map

networks”, Proc. First National Conf. Nonlinear
Sys. and Dynamics, p. 241-244 (2003).

‘Quantum Optics and Quantum Information

26.

27.

28.

D. Mohanty, A. Choudhury and R. P. Singh,“Optical
Limiting in CdS Quantum Dots”, Proc. of Interna-
tional Conference on Nanoscience and Technol-
ogy, p235 (2003).

Tarak Nath Dey, “Ultra slow light”, Proc. of Golden
Jubilee, DAE-BRNS, National Laser Symposium,
p34, Kharagpur, December 22-24, 20083.

Shubhrangshu Dasgupta, “Novel coherence ef-
fects in a four-level system induced by extra con-
trol field”, Proc. of Golden Jubilee, DAE-BRNS,
National Laser Symposium, p486, Kharagpur, De-
cember 22-24, 2003.

Space and Atmospheric Sciences

29.

30.

Chandra, H., Sharma, S., Acharya, Y.B. and
Jayaraman, A., “Rayleigh lidar studies of tempera-
ture structure over Mt. Abu”, I-STEP Sponsored
Workshop on Dynamical Coupling in Equatorial
Atmosphere-ionosphere System, ISRO-HQ-SR-
51-20083, pp.31-35.

Sahu, L.K., Venkataramani, S. and Lal, S.“NMHCs
at Ahmedabad: an urban site in India”, Proc. of
the:Nat. Symp. on Biochemical Sciences: Health
and Environmental Aspects (BSHEA-2003),
pp.92-93.

Planetary and Geosciences

31.

S.K. Gupta and R.D. Deshpande, “Urban hydrol-
ogy Issues in India: Akshaydhara concept —some
Initiatives in Ahmedabad”, Proc. Int. Conf. on
Water and Environment, Dec. 16-18, 2003,
Bhopal, India. Watershed Management (Eds. V.P.
Singh & R.N. Yadav) Allied Publishers Pvt. Ltd.
New Delhi 368-378(2003).

S.K. Gupta and R.D. Deshpande, “High fluoride
in groundwater of North Gujarat —cambay region:
origin, community perception and remediation”,

27



33.

34.

35.

36.

37.

38.

Proc. Int. Conf. on Water and Environment, Dec.
16-18, 2003, Bhopal, India. Ground Water Pollu-
tion (Eds. V.P. Singh & R.N. Yadav). Allied Pub-
lishers Pvt. Ltd. New Delhi,378-388(2003).

S.K. Gupta and R.D. Deshpande, “Soil-Aquifer-
treatment systems for maintaining water quality
of our rivers”,‘Proc. Int. Conf. on Water Quality
Management, Feb. 13-1 5, 2003, New Delhi,72 —
82(2003). ‘

S. K. Gupta, “Hydrological and engineering con-
siderations for artificial recharge of ground wa-
ter”, in (Eds. B.B. Singhal & O.P. Varma) DST's
Spl. Vol. 3 on S&T Inputs for Water Resource Man-
agement, 133-144. Published by India. Geol.
Cong.(2003).

V. 8. Kale, A. Gupta and A. K.Singhvi, “Late
pleistocence-holocence paleohydrology of mon-
soon Asia”, in Paleohydrology, Understanding
Global Change (K.T. Gregory, G.Benito, Eds).
John Wiley, 213-232(2003).

S. V. S. Murty, R. R. Mahajan, J. P. Das, N. Sinha
and J. N. Goswami, “Trapped and cosmogenic gas
components and nuclear tracks in the nakhlite
Y000593", in Evolution of Solar System Materi-
als: A new Perspective from Antarctic Meteorites,
NIPR, Tokyo, 90-91(2003).

S. V. S. Murty, J. P. Das, R. R. Mahajan, N. Sinha
and J. N. Goswami, “Cosmic ray exposure history
and trapped nitrogen and noble gases in the lu-
nar meteorite Y983885", in Evolution of Solar Sys-
tem Materials: A new Perspective from Antarctic
Meteorites NIPR, Tokyo, 92-93(2003).

J. Oliveira, A. C. R. Elisio, W. E. Teixeira, A. C.
Peres, W. C. Burnett, P. P. Povinec, B. L. K.
Somayajulu, E. S. Braga and V. V. Furtado, “Iso-
tope techniques for assessment of submarine
groundwater discharge and coastal dynamics in
Ubatuba areas, Brazil", Proc. of the 8th Interna-
tional Coastal Symyposium, ltajai, SC, Brazil, Mar
14-19, J. Coastal Res., 39, 1-4(2004).

39,

40.

41.

42.

43.

44,

45,

R. Ramesh, “Paleoclimate data-model compari-
son forthe Indian region”, in Late Quaternary En- f‘,
vironmental Change: Emerging issues (eds.
Anupama, K. & Hema Achyutan), French Insti-
tute, Pondicherry, 51-55(2003).

N. Rastogi and M. M. Sarin, “Seasonal variations
of 7Be and 210Pb concentrations in aerosols:im-
plications to atmospheric transport of trace spe-
cies”, in Proceedings: National Symposium on "
Biochemical Sciences: Health and Environmen-

tal Aspects, Dayalbagh Educational Institute,
Agra, India. Oct 2-4, 109-110 (2003).

N. Rastogi and M. M. Sarin, “Rain-aerosol cou-
pling over Ahmedabad: scavenging ratios of
chemical species”, in Proceedings: National Sym-
posium on Bio Chemical Sciences: Health and
Environmental Aspects, Dayalbagh Educational
Institute, Agra, India. Oct 2-4, 98-100 (2003).

A.K.Singhvi and D. Banerjee, “Luminescence dat-
ing in earth and planetary sciences: An appraisal”,
Proceedings of GEOSAS-1V, 11-286, (2003).

A. K. Singhvi, “Luminescence dating: basic prin- 5
ciples and applications”, in: Late Quaternary En-
vironmental Change: Emerging issues (eds.
Anupama, K. & Hema Achyutan), French Insti-
tute, Porndicherry, 39-41(2003).

B. L. K. Somayajulu, “ Geochronology and paleo-
climatology from continental and marine sedi-
ments using radioactive and stable isotopes”, in:
Late Quaternary Environmental Change: Emerg-
ing issues (eds. Anupama, K. & Hema Achyutan),
French Institute, Pondicherry, 1-5(2003).

P.J. Thomas, N.Juyal, V.S. Kale and A. K. Singhvi,
“Luminescence dating of fluvial sediments from -
Pennar river basin, south India: implications for
climate change studies”, in: Late Quaternary En- -
vironmental Change: Emegring issues (eds.
Anupama, K. & Hema Achyutan), French Insti-
tute, Pondicherry, 109-110(2003)




Theses Submitted during 2003-04

soumen Mondal

“High Angular Resolution Studies of Late type
Stars by Lunar Occultations in the Near Infra-
red” (2004).

S. Dasgupta

“Studies in Coherent Control of Optical Pro-
cesses” (2004).

R. Rengarajén

“Radium isotopes and Rare Earth Elements in
Indian Rivers and the Bay of Bengal" (2004).

4.

Sudeshna Basu

“Nitrogen and noble gases in carbonatites of in-
dia", (2004).

B. Ravindra

“Evolution of Magnetic Field of the Solar Atmo-
sphere”, (2004).

Scientific/Technical Reports Submitted

Rajmal Jain, Hemant Dave, N.M. Vadher,
A.B. Shah, Vishal M. Shah, K.J. Shah,
G.P. Ubale, V.D. Patel, S.L. Kayastha,
K.S.B. Manian and M.R. Deshpande

“Pre-flight Characterization and Response of the
SLD/SOXS Payload", September 2003, PRL-
GSAT-2-SOXS-0185.

Jigar Rawal

“Optimization of Internet Bandwidth Utilization”,
TN-2003-81.
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Invited Talks Presented in Sympbs'ia/Schools in 2003-04

Astronomy and Astrophysics

1.

“Infrared Astronomy at High Resolution”, in As-
tronomy in the New Millennium, 73rd Annual Ses-
sion of the National Academy of Sciences, PRL,
Ahmedabad, India, October 10-12, 2003, by B.G.
Anandarao.

“Remote Sensing Interplanetary Disturbances”,
Presented at the Workshop on Radio and Optical
Probing of the Upper Atmosphere, PRL,
Ahmedabad, India, February 6-8, 2003, by P.
Janardhan. .

“IPS Observations with the Ooty Radio Telescope”
Presented at the Symposium Entitled ORT: Past
Present and Future, Radio Astronomy Centre,
Ooty, April 17-19, 2003, by P. Janardhan.

"Enigmatic Solar Wind Disappearance Events: In-
sights from IPS Observations", atthe Conference
on Sun Earth Connections: Multiscale Coupling
of Sun-Earth Processes, Hawaii, USA, Febru-
ary 9-13 2004, by P. Janardhan.

“The Inner Region of the Milky Way in Infrared”,
International Workshop on Cosmology and High
Redshift Universe; IUCAA, Pune, Feb 8-12, 2003
by U.C. Joshi.

Solar Physics

B.

“Image Processing and Analysis Techniques”, at
the /T Workshop, MLSU University, Udaipur, De-
cember 29, 2003 by Nandita Srivastava.

“The Challenge of Predicting Strength of Geomag-
netic Activity Related to CMEs”, at the National
Workshop on Prospects of Astronomy Research
in Universities, Saurashtra University, Rajkot, In-
dia , February 25-27, 2004 by Nandita
Srivastava.

“Recent Solar Observations”, at the Vth SERC
School, Banaras Hindu University, Varanasi, Sep-
tember 1-20, 2003, by S.C. Tripathy.

“The Active Sun and its Impact on Geo-space En-
vironment", National Space Science Symposium,
M. G. University, Kottayam, February 17-20, 2004
by S. C. Tripathy.

Submillimeter Science and Solar X-n’ay{if
Astronomy *

10.

12.

13.

14.

15.

16.

17.

“Innovative Output Coupler for a Space Quali-
fied SMM/FIR Laser System”, presented at 77ty
IEEE International Conference on Terahertz Eleg.
tronics -THz 2003, September 24-26, 2003,
Sendai, Japan by H. Dave. .

“Submillimeter Astronomy”, Presented at 73rd An.
nual Session of the National Academy of Sciences
in India & Symposium on Astronomy in the New
Millennium, PRL, Ahmedabad, 10-12 October
2003 by H. Dave. k

“High-resolution Spectroscopy for the Remotef;
Sensing of Molecular Transitions with Sub-milli-
meter Wave”, National Conference on Radio Sci-
ence in India- NCURSI-2003, NPL, New Delh
27-29 November 2003 by H. Dave.

“Terahertz Technology and Applications”, Pr
sented at st International Conference on Micr:
wave, Antenna, Propagation and RemoteSensin
ICMARS-2003, Jodhpur, 15-19 December 200
by H. Dave.

“Novel Approach for High Power Terahertz Loc
Oscillator for Space Applications”, Presented
1st International Conference on Microwave, A
tenna, Propagation and Remote Sensing
/QMAHS—ZOOB, Jodhpur,15-19 December 200
by H. Dave.

“High Resolution Chirp Transform Spectromete
for Terahertz Spectroscopy”, Presented at 7st /Ir
ternational Conference on Microwave, Antenna
Propagation and Remote Sensing- ICMARS
2003, Jodhpur,15-19 December 2003 by H
Dave.

“First Results from the Solar X-ray Spectromete
(SOXS)" at 25th General Assembly of Interna
tional Astronomical Union (IAU) held in Sydney.
Australia, 13-26 July 2003 by Rajmal Jain.

"Solar Flares in Perspective of SOXS Mission”a
National Symposium on Prospects of Researc!
in Astronomy at Universities held at University o




Rajkot, Gujarat, 0527 February 2004 by Rajmal

Jain. »
Theoretical Physics & Complex System

High Energy Physics

18. “Use of Transversely Polarized Beams”, at the
Third Meeﬁﬁg of the Indian Linear Collider Work-
ing Group, May 8-10, 2003, TIFR, Mumbai, by
S.D. Rindani. |

19. “CP Violation at a Linear Collider with Transverse
Polarization”, at the 6th ACFA Workshop on Phys-
ics and Detector at Linear Collider, December 15-
17, 2003, TIFR, Mumbai, by S.D. Rindani.

20. “Color Neutral Color Superconducting Quark Mat-
ter: A Variational Approach”, given at Workshop
on Mesons and Quarks held at BARC, Mumbai,
Jan. 28-Feb. 1, 2003 by H. Mishra.

21. “Gapless Color Superconductivity: a Variational
Approach”, given at QGP meet 03 held at VECC,
Kolkata 5-7 May, 2003 by H. Mishra.

22.  “Physics with Linear Collider”, at the /ndo-US In-
teraction Meeting on Linear Collider and Neutrino
Physics, November 10-12, 2003, DST, New Delhi,
by S.D. Rindani.

23.. “"Summarizing Model Predictions for Ue3", invited
review talk at the Symposium/Workshop/Meeting
on Neutrino Oscillations and their Origin,
NOONZ2004, Tokyo, Feb. (2004) by A. Joshipura.

24. "Consequences of Neutrinoless Double Beta De-
cay", at Symposium/Workshop/Meeting on Neu-
trino Physics and Astrophysics (NUPAO4), IIT,
Kharagpur, February 26-28, 2004 by U. Sarkar.

25.  “Neutrino Masses and Leptogenesis”, in  Sym-
posium/Workshop/Meeting on Neutrino Physics
and Astrophysics (NUPA0O4), IIT, Kharagpur, Feb-
ruary 26-28, 2004 by U. Sarkar..

6.  “Constraints on Long Range Forces from Neu-
trino Experiments”, in Conference on Perspectives
in Particle Physics and Cosmology, PRL,
Ahmedabad, March 29-April 3, 2004 S. Mohanty.

28.

27.

“Models of Baryogenesis”, Conference on Per-
spectives in Particle Physics and Cosmology,
PRL, Ahmedabad, March 29-April 3, 2004 by
R. Rangarajan.

“Cosmology and Particle Physics”, two lectures,
at the Refresher Course in Experimental Physics
of the Indian Academy of Sciences at Saurashtra
University, Rajkot, November 3-16, 2003 by
R. Rangarajan.

Nuclear Physics

29.

30.

“Bosonic U(36) and Fermonic O(8) Symmetry
Schemes for Heavy N = Z Nuclei”, in the Xlllth
International Symposium on Symmetlries in Sci-
ence, held at Bregenz (Austria) during July 20-
24,2003 by V.K.B.Kota.

“Beta Decay Rates for Presupernovae Stars: Sta-
tistical Spectroscopy Method based on Two-body
Random matrix Ensembles”, in the National Sym-
posium on Neutrinos in Nuclear, Particle and As-
trophysics held at IIT, Kharagpur (India) during
February 26-28, 2004 by V.K.B. Kota.

Quantum Opfics and Quantum Information

31.

32.

33.

34.

Inaugural Talk and Two Lectures in SERC School
on Nonlinear Optics, held on December 1-13,
2003 at Bharathidasan University, Trichy, by G.
S. Agarwal.

“Quantum Nonlinear Optics and Control of Stimu-
lated Raman Gain and Production of Ultra Fast
Light”, Keynote Address and Two Lectures in
SERC School on Coherent Optics and Applica-
tions, held on December 8-27, 2003, at M.S. Uni-
versity, Baroda, by G. S. Agarwal.

“Controlling Polarization by Coherent Control of
Anisotropies”, Conference on Polarization Op-
tics, June 30 - July 3, 2003, International Com-
mission of Optics, Finland, by G. S. Agarwal.

“Microscopic Origin of Spatial Coherence”in the
Conference Tribute to Emil Wolf: Engineering
Legacy of Physical Optics, August 4-5, 2003, at
SPIE meeting, San Diego, by G. S. Agarwal.
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35..

36.

37.

38.

39.

“BEC”, Four Lectures in SERC School on Non-
linear Optics, held on December 1-13, 2003 at
Bharathidasan University, Trichy, by P. K.
Panigrahi.

“Quantum Optics of BEC", in National Laser Sym-
posium held on December, 2003 at Indian Insti-
tute of Technology, Kharagpur, by B. Deb.

Optical Vortices", 2 talks in SERC School on Co-
herent Optics and Applications, December 8-27,
2003, at M.S. University, Baroda, by R.P. Singh.

“Ultra Slow Light in a Non-linear Solid State Ma-
terial”, in National Laser Symposium, December
22-24, 2003 at Indian Institute of Technology,
Kharagpur, by T.N. Dey.

“Preparation of W, GHZ and Two Quitrit States us-
ing Bimodal Cavities”, in /ind Asia Pacific Confer-
ence on Quantum Information, December 15-19,
2003, National University of Singapore,
Singapore, by A. Biswas.

Space and Atmospheric Sciences

40.

41.

42.

43.

44,

“Momentum Spectroscopy for Studying
Photoionisation”, at the National Academy of Sci-
ences Meeting, held at PRL, Ahmedabad from
10--12 October 2003, by Bhas Bapat.

“Space Weather Studies”, National Workshop
on Prospects of Astronomy Research in
Universitie, Saurashtra University, Rajkot, Feb-
ruary 25-27, 2003, by H. Chandra.

“Space Weather” & “lonospheric Irregularities”,
five lectures, SERC School on Solar Terrestrial
Environment: Space Weather, BHU, Varanasi,
September 2003, by H. Chandra.

“lonospheric Variability”, Workshop on CA WSES,
SPL, VSSC, Trivandrum, September 29-30 2003,
by H. Chandra.

“Effect of Solar Variability on D-region Electron
Density over Magnetic Equator”, in Workshop on
Three Decades of International Reference lono-
sphere — A Special Session in Honour of Prof.
Karl Rawer's 90th Birthday on 2nd October 2003
at Miltenberg, Germany, by S.P. Gupta.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

“Aerosol Studies: Challenges and Accomplish
ments”, Symposium on Crust to Cosmos, 24
January 2004, PRL, Ahmedabad, by Af,
Jayaraman. ‘

“Aerosols and Climate”, Panel on Global Warm.ify
ing and Environment, Indian Science Congress"';,
3-7 January 2004, Punjab UmveISIty .
Chandigarh, by A., Jayaraman.

“Atmospheric Chemistry in the Anthropocene}i
Era’, at the International Conference on Coastal
and Fresh Water Issues, 9-11 December 2003,
Anna University, Chennai, by A., Jayaraman. .

“Lidar and its Applications”, at the SERC School
on Coherent Optics and its Application, 23-24 D
cember 2003, Appl. Phys. Dept., MS Uni
Baroda, by A., Jayaraman .

“Post-INDOEX Perspective and Emerging |
sues”, South Asian Workshop on Air Pollutio
Aerosols and Regional Impacts, 2-4 Februa
2004, TER!, New Delhi, A. Jayaraman.

“Satellite Remote Sensing for Aerosols and
mospheric Chemistry Studies”, Symposium on
Satellite Remote Sensing for Environmental Ma
agement, Indian Science Congress, 3-7 January
2004, Punjab University, Chandigarh, by A,
Jayaraman.

“Aerosols over India and the Surrounding Ocean
Regions: Principal Findings and Emerging Issues’
at the Workshop on Tropical Atmospheric Chen:
istry and Aerosols, 25-26 March 2004, PRL,
Ahmedabad, A., Jayaraman.

“Transport of Ozone and Related Pollutants over
the Marine Regions Around India”, in ABC Scf:
ence Team Meeting and South Asia Workshop
on Air pollution, Aerosols and Regional Impacts,
TERI, New Delhi, 2-3 Jan. 2004, by S. Lal.

“Recent Advances in Ozone and Trace Gas Stud-
ies over the Tropics”, National Space Science
Symposium, Kottayam, Feb. 19, 2004 by S. Lal

“Ozone and Trace Gases: Present Knowledge and
Gap Areas”, Workshop on Tropical Atmospheri
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Chemistry and Ae'roso/s, PRL, Ahmedabad,
March 25-26, 2004, by S. Lal. ‘

“Numerical Simulation of Equatorial Spread-F: De-
pendence of Background Thermosphere-iono-
sphere Conditions”, in session JSA03 in IUGG
General Assembly held at Sapporo, Japan dur-
ing June 30.to July 11, by R. Sekar.

Planetary and Geosciences

56.

57.

58.

59.

60.

B61.

B62.

63.

“Monsoon Signatures in Trace Gas Records from
Cape Rama, India”, CSIR Diamond Jubilee Work-
shop, NGRI, Hyderabad, July, 27,2003, by S. K.
Bhattacharya.

“Study of Martian Meteorites”, 13th National
Space Sciences Symposium, M G University,
Kottayam, February 17-20, 2004 , by S. V. S.
Murty.

“Nitrogen and Noble Gas Studies of Meteorites
and Planets”, Symposium on Crustto Cosmos: A
Scientific Voyage, January 24, 2004; PRL,
Ahmedabad, by S. V. S. Murty.

“Solar Forcing on Past Climate”, Workshop on Cli-
mate and Weather of the Sun-earth System,
VSSC, Trivandrum, September 30,2003, by R.
Ramesh.

“Reconstruction of Past Monsoon Rainfall using
Speleothems”, National Seminar on Antarctic
Geoscience and Paleoclimatology, NCAOR, Goa,
November 6, 2003, by R. Ramesh.

“Holocene High Resolution Paleomonsoon Stud-
ies”, International Workshop on Role of Indian
Ocean in Climate Variability over India, ITM,
Pune, February 23-27, 2004, by R. Ramesh.

“New Prodcution in the Oceans”, National Work-
shop on Recent Trends in Geochemistry,
Pondicherry University, March 25-26, 2004, by
R. Ramesh.

“Utility of Nitrogen Isotopes in Earth Science Re-
search”, at the DST Training Programme on Ap-
plications of Stable Isotopes to Study Physiologi-

64.

65.

66.

67.

cal Processes for Crop Improvement, University
of Agricultural Sciences, Bangalore, December
8-11, 2003, by R. Ramesh.

“A Synthesis of Climatic Record from the Indian
Sub continent —Implications for Land Sea Cotre-
lations”, CSIR Diamond Jubilee Lecture, NGRI,
Hyderabad, August 2003, by A. K. Singhvi.

“Terrestrial and Oceanic Records of Past Climatic
Changes in the Indian Sub-continent: A Synthe-
sis”, International Congress of International Qua-
ternary Union, Reno, USA, 19. May, 2003, by A.
K. Singhvi.

“Short-lived Nuclides in the Early Solar System :
The Stellar Connection”, Workshop on Astronomy
with Radioactivities, Bavaria, Germany, May 26-
30, 2003, by J. N. Goswami.

“Solar-stellar Relationship : The Isotopic View”,
Symposium on Astronomy in the New Millenium,
Ahmedabad, October 10-12, 2003, by J. N.
Goswami.

PLANEX

68.

69.

70.

71.

72.

“Chandrayaan-1 Lunar Polar orbiter: Science
Goals and Payloads”, in International Lunar Con-
ference 2003/ ILEWG 5, November 16-22, 2003,
Hawaii, by N. Bhandari.

“Scientific Challenges of Future Lunar Missions”,
National Space Science Symposium, February
17-20, 2004, Kottayam, by N. Bhandari.

“Indian Lunar Exploration Programme”, Sympo-
sium on Lunar Exploration, Tokyo, Japan, Febru-
ary 23, 2004 by J.N. Goswami.

“Unveiling the Mystery of the Moon: The
Chandrayaan-1 Mission", National Space Science
Symposium, February. 17-20, 2004, Kottayam,
by J.N. Goswami.

“Gamma Rays from the Moon”, National Space
Science Symposium, February 17-20, 2004,
Kottayam, by D. Banerjee
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SERC School on Quantum Information & Quantum Optics
Physical Research Laboratory, Ahmedabad

1 -14, February, 2004

Name No. of Lectures Topic
G.S. Agarwal 7 Decoherence and its control
V.B. Sheorey 2 Entanglement and chaos
P.K. Panigrahi 2 Entanglement in solvable models
B. Deb 2 Entanglement in BECs
S. Dasgupta 1 Deutsch-Jozsa algorithm
A. Biswas 3 Quantum Logic and Entanglement
A. Gabris 1 Cavity QED based quantum computation




'v*.,School on Modeling methods and applications to Space,
Planetary and Atmospheric Sciences

Physical Research laboratory, Ahmedabad

10-20 November, 2003

Name No. of lectures Topic

P. K. Panigrahi 4 Wavelet Transforms

R. Ramesh 3 Partial Differential Equations

V. Sheel 4 Differential Equations in atmospheric modeling
S. Ramachandran 4 Modeling of Physical and Radiative effects

of atmospheric aerosols

J. Banerii 4 Least squares method of Curve fitting and L
curve, Tikhonov regularization.

U. C. Joshi 3 Image Analysis and visualization methods

S. C. Tripathy 4 Inversion Techniques

K. S. Baliyan 3 Emission line modeling of astrophysical

environments

J. C. Parikh 2 Stochastic processes and time series.




Workshop on Remote Sensing of Planetary Bodies

Physical Research Laboratory

October 19-24, 2003

Name No. of lectures Topic

N. Bhandari 4 Origin of Solar System Planetary Remote
Sensing Technigues Alpha Spectroscopy of
Planetary Surfaces The Indian Moon Mission

J. N. Goswami 2 Neutron Spectroscopy of Planets: The search
for water on Moon and Mars Recent missions
to Asteriods and Comets

S. V. S. Murty 2 Surface Processes on Atmosphereless Planets
Remote Sensing of Mars

R. Jain 1 The SOXS Mission

S. A. Haider 1 Modelling the Martian Atmosphere

H. S. Mazumdar 1 CdZnTe Detectors

P.N. Shukla 1 Moon: Origin and Evolution

D. Banerjee 2 Gamma Spectroscopy and X-ray Flourescence
methods: Application to Chemical Mapping of
Planetary Surfaces Recent Lunar and Martian
Missions

J. S. Ray 1 Geology of Inner Planets

D. Dhingra 1 Mineralogical Mapping of Planets
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Astronomy' and Astrophysics

A Study of Carbon Monoxide Bands in AGB
and Post-AGB Stars '

The first (Av = 2) and second (Av = 3) overtone
bands of CO molecule in the K and H bands in the AGB/
Post AGB stars are important diagnostic signatures for
studying the masé loss processes in the atmospheres
of these stars. Us‘i‘ng NICMOS 3 near-infrared spec-
trograph at Mt. Abu, we have obtained H and K band
spectra on about 50 stars and the equivalent widths of
the CO bands were estimated. The study aims at find-
ing the possible variation in these bands with the evolu-
tion of these intermediate mass stars and thus under-
stand the progression of mass loss.

(B.G. Anandarao and V. Venkataraman)

Investigation of Massive Star Forming
Regions

Massive star forming regions are difficult to study
due to their relatively large distances (> 1 kpc) and short
evolutionary time scales compared to low mass star
forming regions. A campaign has been initiated to study
the IRAS identified Ultra-Compact HIl regions associ-
ated with massive stars in small clusters. Near-infrared
JHK’ photometry and narrow band imaging in Br y and
H, 1-0 §(1) lines were made on about 10 such sources
that are believed to be powered by intermediate - high

~_mass stars. The idea is to classify pre-main sequence

stars and estimate their masses to obtain initial stellar
mass function using color-color and color-magnitude dia-
_ grams; also to identify molecular outflows from these
Massive star forming regions to investigate the energet-
ics of such flows. Some of these sources are being stud-
led in radio continuum also using GMRT facility (in col-
laboration with TIFRY). The radio observations would yield
density parameter that is important for estimating the
_ &ftinction in the cluster.

(B.G. Anandarav and V. Venkataraman)
_ Evidence of Asymmetric Structure in the

AtmOSphere of Mira Variable U Orionis from
Lunar Occultations at 2.2 microns

/ Mira variables have complex and very extended
almospheres with spherical symmetry in general but de-

partures from this symmetry are known. Repeated oc-
currences of spatial asymmetries, large chromatic size
variations near deep absorptions due to TiO or VO, evi-
dence of clumps and hotspots in Mira atmospheres have
been reported either by ground based direct imaging
using aperture masking methods or though Hubble
Space Telescope (HST) imaging in optical/UV. Near si-
multaneous lunar occultation observations, separated
by only a few hours in the same wavelength band, sample
different diameters across a source at high angular reso-
lution and can thus pinpoint existence of spatial asym-
metries independent of phase variations. From our lu-
nar occultation observations on Mira variable U Orionis
carried out at Gurushikhar in the K band, we derive a
model independent brightness profile with a marked
asymmetry in both near central and outer regions
(~ 2 R,). In comparison, similar K band occultation ob-
servations carried out on the same day but at a different
position angle also show asymmetry in the source but
to a lesser extent. The uniform disk angular diameters
derived in the two cases 11.9 + 0.3 mas (our PA=136°)
and 15.14 = 0.05 mas also underscore this spatial asym-
metry. We derive a picture of U Ori as a spatially asym-
metric source which shows an ellipsoidal elongation at
position angle ~ 70°with semi minor axis to semi-major
axis ratio of 0.77. The same ratio is obtained for the OH
Maser extended emission around U Ori at 1665 MHz.
Corollary evidence for asymmetry also comes from the
direction of maximum optical polarization around U Ori
(Fig. 1.1).

(Soumen Mondal and T. Chandrasekhar)

Asteroid Occultation

Asteroid occultations of stellar sources provide a
direct measurement of the length of a chord across the
asteroid with excellent precision. The measurement is
also independent of the brightness of the asteroid as
well as the location of the asteroid anywhere in the solar
system. These events can also pinpoint if any occuilting
asteroid has a binary structure. The occultation of star
TYC 5030-0054-1 (SAO 141390) (m, =9.1, m,=6.8) by
mainbelt asteroid 747 Winchester was successfully ob-
served at Gurushikhar on 4 June 2003. The event was
observed in the NICMOS subarray mode of 20 x 20 pix
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Fig. 1.1: Top: The one dimensional high angular resolution
brightness-profile derived from K band lunar occultations of
U Ori at Gurushikhar (thick line, PA=136°) and at TIRGO
‘Observatory (dashed line PA=75°) on the same day. Bottorn :
Position angles of all lunar occultations on U Ori along with
corollary evidence for asymmetric structure like Maser
elongation and direction of intrinsic maximum polarization.

inthe J band (1.25pm). The field of view of the subarray
on the sky was ~ 20"x20". The sampling time was 200
ms; 870 frames were recorded in a 3 min interval cen-
tered on the predicted time of event. The event occurred
10s later than predictions and was clearly recorded
(Fig. 1.2). In addition, the event was also recorded in
the optical region with a video rate CCD attached to the
6-inch finder telescope. A clear dip is recorded in both

Asteroid 747 Winchester Occults Star SAO 141390
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Fig. 1.2 : Asteroid occultation in the J band on 4 June 2003
recorded using a NICMOS subarray. '

modes of observation. The duration of event 11.8 + 0.2
sec results in a chord length across the asteroid of
201 £ 3 km.

(T. Chandrasekhar, PK. Kikani and R.R. Shah)
International Blazar Monitoring Campaigns

Apart from our ongoing program of monitoring a
sample of blazars using near infrared camera, NICMOS-
3 and optical polarimeter, we also participated in the
international Campaign, "WEBT (Whole Earth Blazar
Telescope)”on 3C66A, AO235+16, PKS 0716+714 and
Mrk 421. These campaigns aim at monitoring these "
sources in various wavelengths - from radio to Gamma
rays - for a continuous and simultaneous coverage. Most
of these sources are in very bright phase. Knowledge of
the variability at various time scales and at different
wavelengths helps to understand the physical mecha-
nisms responsible for their energy generation. Mrk 421
is in very bright phase and very stable too. The possible
explanation for such phase could be injection of sub-
stantial energy in a large region, which remains stable
for long period of time. PKS 0716+714 is showing over-
night variations along with long term variation. This
source had shown brightest phase ever recorded which
we have detected in near infrared bands from Mt Abu.

" (K.S. Baliyan, U.C. Joshi and S. Ganesh)
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Fig. 1.3 :  HCT optical spectra of a sample of stars used to characterise and identify post-AGB stars, young stars and HII

regions, some with strong emissions.

Study of the Inner Regions of the Milky Way

Under an Indo-French collaborative Project, a cata-
logue of more than 100,000 sources in the inner regions

_ ofthe Milky Way was made. From the study of these

_ Sources many peculiar sources were noticed. A large

_Number of these sources were seen to have large IR

_ 8xcess. To understand these sources, photometry infor-
__Mation in mid-IR and near-IR was not enough. In an
_ altemptto characterize this large stellar population, with
large IR excess detected in ISOGAL and other surveys,
_ alarge observational program of optical spectroscopy
Was taken up at the Himalayan Chandra Telescope at
Hanle, Spectral information is necessary to distinguish

‘

evolved and young objects, in addition to photometry. A
large body of observations — comprising of more than
150 spectra - were taken in several runs in 2003. We
find several sources showing strong emission lines
(Fig. 1.3). Their nature is being investigated and the
detailed data analysis is underway.

(S. Ganesh, K S Baliyan and UC Joshi)

Polarization Studies of Comet C/2000 WM1
(LINEAR)

Linear polarization observations were carried out
on comet G/2000 WM1 using a photopolarimeter
mounted at the 1.2 m telescope at Mt. Abu Observatory
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during the month of November 2001 and March 2002.
The observations in November cover the low phase
angle when the polarization is negative and where the
data for most of the comets are rather meager. The ob-
servations during March were made when the phase
angle was 47 degree. Observations were conducted
through the IHW narrow band and BVR broad band fil-
ters. This study led to the following conclusions: i) Comet
C/2000 WM1 belongs to high polarization class i.e. the
dusty comet family; ii) The negative branch of polariza-
tion is explained to be due to the scattering by the ag-
gregate grains with monomer size comparable to the
wavelength. The mutual influence of the monomers com-
posing aggregate particles produces the negative po-
larization. The present observations are explained if the
monomer size parameter is close to 1.5 and refractive
index close to (1.65 +0.05i). Dust grains are composed
of silicate core and organic mantle; and iii) On March
17, 2002 comet C/2000 WM1 was seen to be very ac-
tive showing strong emission in C2.

(U.C. Joshi, K.S. Baliyan and S. Ganesh)

Studies of the Nova-like Source V4332
Sagittarii

We have studied the enigmatic nova-like variable
V4332 Sgrin the optical and near-infrared regions. This
object is important since it is considered to be the pos-
sible prototype of a new class of eruptive variables.
V838 Mon - which had a spectacular eruptionin 2002 -
is thought to be another member of this class. The cause
of the outburst in such objects is not well understood.
Our recent spectra of V4332 Sgr, taken after a gap of
10 years since the objects outburstin 1994, show strik-
ing developments in the optical and near-IR. The optical
spectrum - taken from the Himalaya Chandra Telescope,
Hanle - shows several lines in emission but is domi-
nated by exceptionally strong mission in the resonance
doublet of Kl at 7665 and 7699 A and to a slightly lesser
strength in the Nal doublet at 5890 and 5896 A. The K
lines appear to be the strongest ever seen in any astro-
nomical object. The near-IR spectra (taken from UK In-
frared Telescope, Hawaii) show several molecular bands
of AIO - ararely seen molecule in astronomical sources.

Many of these AlO bands are being detected for the first
time. The formation of a new dust shell is also detected,
These various observational aspects have allowed us to
investigate the site of origin and the mechanism of exci-
tation of the different atomic and molecular species that
are seen. The data also throws light on the nature of the
outbursting progenitor and the cause of the outburst. The
object appears to be different from classical novae or
other classes of eruptive variables. Specifically, the pres-
ence of a cold molecular environment in V4332 Sgris
not expected in classical novae ejecta. A better under-
standing of such objects will be achieved through further
observations (which are just completed) in the L and M
bands in the near-IR and also in the milli-meter region. *
This work was done in collaboration with W.P. Varricatt,
JAC, Hawaii and O. Launila, SCFAB-KTH, Sweden.

(D.P.K. Banerjee and N.M. Ashok)
Radio Galaxies and Quasars

About half a dozen giant radio galaxies and qua--
sars (with radio sizes > 1 Mpc) were observed with the
GMRT. These are at relatively high redshifts (z > 0.6).
The objective of these observations was to investigate
the possibility of detecting a bridge of emission at low
frequencies, which may be suppressed due to inverse-
Compton losses against the cosmic microwave back-
ground radiation. In our previous observations, we found
a giant quasar J1432+158, which presently is the larg-
est single object known beyond a redshift of 1. In this
quasar we detected a jet-like structure connecting the
core to the western hotspot, while the eastern hotspotis
found to be largely tail-less with no significant bridge emis-
sion (Fig. 1.4). The estimated life-time for the radiating
electrons in the tail of the western lobe appears smaller
than the travel time of the radiating particles from the
hotspot, suggesting either in-situ acceleration or dissi
pation of energy by the jet at this location. The pressure
of the intergalactic medium at z ~ 1 estimated from the
minimum energy density calculations appears to be:
somewhat lower than the value extrapolated from nearby
giant radio galaxies.

(Ashok K. Singal)
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Fig. 1.4 : The 333-MHz image with an angular resolution of
11.4 x 10.3 arcsec?® along a position angle of 24° is shown

superimposed on the optical field.

Soft Gamma-ray Repeaters and Anomalous
X-ray Pulsars

Anomalous X-ray Pulsars and Soft Gamma-ray Re-
peaters are a class of high-energy sources, which have
recently been identified as highly magnetized neutron
stars. Radio pulsations from these objects have notbeen
reported so far. A pilot project to detect radio pulses from
such sources using the GMRT has been initiated and
three of these objects were observed with the GMRT in
aphased array mode. The data reduction is in progress.

(Ashok K. Singal)

Rgso!ving the Enigmatic Solar Wind
Disappearance Event of 11 May 1999

OnMay 11 and 12, 1999, the Earth was engulfed

. by Unusually low density (<1cm?) and low velocity
. (?’SOKmS“) solar wind for a period of over 1 day. Exten-
_ SWestudies of this unusual event, that occurred during
;’”Cam“gton Rotation 1949 (CR1949), using both ground-
; b’ased and space-based in-situ observations have not,
as yet, been able to identify the cause or the solar source

, Of t_hiS event. Using solar wind velocity measurements
'om the four-station IPS observatory of the Solar-Ter-

restrial Environment Laboratory (STEL), Toyokawa, Ja-
pan, we investigated the structure of the solar wind, in
May 1999, during CR1949. 1PS observations from STEL
were used to make tomographic velocity maps to iden-
tify and delineate the extent and morphology of the stable
solar flows, during CR1949, in the vicinity of the Earth.
Combined with in-situ measurements of the interplan-
etary magnetic field (IMF) and potential field computa-
tions of the solar magnetic fields in the period, we have
identified the source region of the unusual flows and
have shown that the flow responsible for the “disappear-
ance event” was a stable uni-polar flow originating in the
vicinity of a large mid-latitude active region AR8525, lo-
cated at ~18°N and between heliographic longitudes 280°
and 300°. It has been speculated that such events may
be caused by the large scale restructuring of the solar
magnetic field at the maximum of each solar cycle.
However, pinpointing solar source and nature of this
event has put to rest speculation about the association
of such events with global, large-scale solar phenom-
ena like the periodic 11-year solar polar field reversal.
This work was carried out in collaboration with Prof. M.
Kojima, STE Laboratory, Japan.

(P. Janardhan)

Imaging a Solar Flare-CME Event using
the GMRT

We have made some of the first successful GMRT
observations of a solar flare-CME event using GMRT
observations at 1060 MHz in conjunction with data from
the Nobeyama Radio Heliograph (NoRH), the Hiraiso
Solar Observatory and the Large Angle Spectroscopic
Coronograph (LASCO). An M2.8 flare observed at 1060
MHz with the GMRT on 17 November 2001 was associ-
ated with a prominence eruption observed at 17 GHz by
the Nobeyama radioheliograph and the initiation of a fast
partial halo CME observed with the LASCO C2 corono-
graph. Towards the start of the eruption, we found evi-
dence for reconnection above the prominence. Subse-
quently, we found evidence for rapid growth of a vertical
current sheet below the erupting arcade, which is ac-
companied by the flare and prominence eruption. The
analysis lead to new insights into the onset mechanism

41



Fig. 1.5 :

Contours of 16s snapshots of the GMRT 1060 MHz emission. The center of these images is at S15£46 and the fiel

of view is 500"x500". The restoring beam is 34"x24". The contour levels are 0. 1,0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9 and 1.
times the flux at the largest peak, which occurs at 05:33 UT. The 3 sets of 16s snapshots start at 04:52:23 UT, 05:20:28 UT an
05:33:32 UT corresponding to the three peaks of the 1060 MHz lightcurve. The emission at the peaks at 04:52 UT and 05.2
UT are from a NS oriented loop system, whereas the emission at the peak at 05:33 UT is from a NE-SW oriented loop. Th
brightness temperature of the emission at each of these peaks is ~108 K. .

of a flare-CME event that could be construed as evi-
dence in favor of the magnetic breakout model. Fig. 1.5
shows a sample of GMRT snapshot images of the flar-
ing region, while Fig. 1.6 shows the light curve obtained
from the GMRT observations. This work was carried out
in collaboration with Dr. Prasad Subramanian, IUCAA,
Pune and Dr. S. Ananthakrishnan, GMRT, Pune, India.

(P. Janardhan)
Magnetopause Variations

Using ACE level Il data of solar wind density and
velocity along with the model of geomagnetic field, we

estimated magnetopause position from the Earth. For
very peculiar situation reported during May 11-12, 1999
as “solar wind disappeared”, the magnetopause pos
tion varied drastically. It is found that during norma
time, the position of magnetopause is ~10 R, (R is th
radius of the Earth). However, during this solar wind dis
appearance event it increased from its normal positio
to more than 100 R.. The magnetopause moved awa
with an average rate of 5.4 km/sec for almost 33 hrs an
remained at very large distance for over two hours.

returned to its almost normal position in just tW
hours receding back at the rate of 75 km/sec. Thes
estimates are in agreement with the findings of others

42



The 1060 MHz lightcurve from GMRT observations.
The three peaks are clearly evident. The first onset of
nonthermal emission at this frequency occurs at 04:48 UT.
The peak of this lightcurve is normalized with respect to the
peak of the 1 GHz lightcurve from the NoRP (hitp://
solar.nro.nao.ac.jp/norp/htmi/daily/).

Fig. 1.6

wherein it is repored that during 1730 - 1936 UT on May
11, the bow shock crossed the location of WIND. Thus,
bow shock must have at least moved out beyond 58 R_
~_during this period. The present work gives more quanti-
_ tative values of magnetopause position and its variation
during this event. The ACE level Il observations reported
 here indicate a six order of magnitude decrease in the
solar wind pressure and ten fold increase in the magne-
topause position. These as well as Bz and Dst support
the view that this solar wind disappearance event was
due to the passage of a void and not void-within-a-void.
The sustenance of the void and several associated geo-
physical phenomena are yet to be understood. The Bz
component of IMF remained quiet during the event, how-
~ Overit showed a fast and intense fluctuations after the
_ Passage of this low solar wind region or “void”. The
_fquatorial Dst values indicate a mild geomagnetic storm
fter the passage of void. This is probably due to (i) the
CCUmulation of more solar material at the boundary
f the tenuous region which exerted higher RAM pres-
Ure on the geomagnetosphere and (i) fluctuations
2to9nT) in Bz.

April 4, 2000 Solar Event and its Space
Weather Effects

There was a very interesting solar event on April
4, 2000 which began with the disappearance of a large
filament and 2F/C9 flare from the active region AR NOAA
8393. These were quickly followed by wide partial halo
CME. The interplanetary effects of the CME were ob-
served by the IPS observations using 103 MHz radio
telescope at Rajkot. LASCO estimates of the CME
showed it to move fast with a speed of 1188 km/s. How-
ever, IPS observations indicate that solar wind enhanced
from ~ 300 to 475 km/s. The ACE measurements show-
ing solar wind enhancement from 375 to 575 km/s are
in the vicinity of IPS measurements. This CME took
nearly two days to arrive and create a strong geomag-
netic storm, which had a sudden commencement (SSC)
and the equatorial Dst reached ~ -288 nT. This was one
among the seven largest storms in the history of equa-
torial Dst measurements. This was a typical space
weather event, which produced a strong spread-F and
the associated charged particles produced aurora in a
much-extended region beyond the regular auroral zone.
This work was carried out in collaboration with Prof. K.
N. lyer and his colleagues of the Physics Department of
Saurashtra University, Rajkot

(Hari Om Vats)
Homologous Solar Flares

The tendency of recurrence of the solar flare within
an active l‘ediox1 is termed as “Homologous flares” - some
of these events appear twice or several times in the same
location and with similar shape. On June 12, 2000 while
monitoring the Sun through a-15 cm refractor at State Ob-
servatory Nainital, three homologous flares were observed.
The observations consisted of 1600 images with expo-
sure time of 50 ms. In the four hours of observing, these
flares took place within 41 x 73 arc second of the solar
surface in the active region AR NOAA 9033. The power
spectrum analysis of the intensity plot gave a periodicity
of 26.7 min that may be the time for active region to store
the magnetic energy which is released in the form of solar
flares. This work was cairied out in collaboration with Dr V.
K.Verma of State Observatory, Nainital.

(Hari Om Vats)
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- Solar Physics

' Space Weather Studies
Blast Wave Origin for CMEs

The total magnetic energy of several active regions
that produced CMEs was plotted against the speed of

the CMEs. The speed, as measured from LASCO data,

was seen to be proportional to the 1/5th power of the
magnetic energy. This behaviour is exactly similar to that
of a blast wave’s dependenoe on the blast energy. Physi-
cally, a blast like situation can arise, since the time taken
for magnetic restructuriné in the corona (150 s) is much
smaller than the relaxation time of the corona (1000 s).
Thus, this study resurrects the case for a blast like ori-
gin for a CME.

(P. Venkatakrishnan and B. Ravindra)

Conditions Leading to Eruptions of CMEs
Associated with Eruptive Filaments

Observations of coronal mass ejections (inner
coronal data were recorded from Mauna Loa Solar ob-
servatory (MLSO) and white light observations from the
LASCO/SoHO) associated with eruptive filaments re-
corded in H-alpha. From the analysis of 4 such events,
we found that the height of the onset for these CMEs
ranges from 1.3-1.5 Rq. The pre-eruptive scenario of
these CMEs as seen in FeX and FeXIV emission line is
marked by features which can be identified with the three-
part structure of the white-light CME observed in the
outer corona. The ascent of these CMEs is very slow
(<100 km/s) in the lower corona, so that the actual on-
set time is difficult to define. Major restructuring of the
magnetic field close to the source region has been iden-
tified as the only cause for the eruption of the
CME. Observations also support the fact that a com-
mon process drives both the CME and the associated
prominence.

(Nandita Srivastava, Joan T. Burkepile and Tony A.
Darnell)

Solar and Interplanetary Sources of Major

Geomagnetic Storms during 1996-2002

Our statistical investigation of the solar sources of
the intense and super-intense geomagnetic storms that
occurred during 1996-2002 reveals that fast halo CMEs

that are associated with flares and. originate in centra
and mid-latitudes of the sun can possibly be used fo
predicting intense geomagnetic activity with some de
gree of confidence. The investigation further indicate
that none of the other solar sources can be used as
significant predictor in space weather forecasting. Th
prediction of the strength or the magnitude of geomag
netic storms early on, depends on the prediction of the
ram pressure. Ram pressure can only be weakly pre
dicted early on with the knowledge of projected initia
speed of the CMEs. Our analysis shows that one re
quires knowledge of the densities of the CME and its
variation through the IP medium, for a better prediction
ofthe ram pressure. From the regression analysis of the
64 events, observed during 1996-2002, we found a lin-
ear relation between the transit time and the initial speed.
This relation is useful for predicting the arrival time of
the geoeffective CMEs.

(Nandita Srivastava and P. Venkatakrishnan)

Predicting Intensity of Intense Geomagnetic
Storms from Solar and Interplanetary Properties
of CMEs: A Statistical Model

A statistical model based on logistic regression for
predicting the occurrence of intense geomagnetic storms
has been developed. Our study has shown that the
strength of the resulting geomagnetic storms depends
upon various solar and interplanetary properties. Total
64 geo-effective events recorded during 1996-2002 were
used for determining the parameters influencing the
magnitude of the resulting geomagnetic storms. 60%
of the events recorded were used for determining the
model parameters while the rest 40% were used for vali-
dating the model. The input independent model variables,
which include a number of solar and interplanetary fac-
tors, were regressed against a binary dependent vari-
able viz. occurrence of the intense geomagnetic storms.
The model predicts 90% of the training events correctly
and 85% of the validation events correctly. The results
indicate that the logistic regression model can be effec-
tively used for predicting the strength of the geomag-
netic storms.

(Nandita Srivastava)
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‘ Magnetic Evolution of Super-active Region NOAA
AR 10486 and the Large 4B/X17.2 Class Flare
Observed during October 28, 2003

Extensive flare activity was observed in super-ac-
tive region NOAA10486 during its disk passage of Oc-
tober 22-November 04, 2003. An extremely energetic
4B/X17.2 flare on October 28, 2003/11:10 UT was ob-
served from USO when the active region was located at
516E08, i.e., close to the disk-centre. This flare was rated
the third largest X-ray flare;recorded by GOES satellite,
and the largest in the optical class (4B) observed so far
from USO. Chromospheric H-alpha filtergrams were
obtained before, during and in the decay phase of the
two-ribbon flare at a cadence of 3-4 seconds. The tem-
poral and spatial structure evolution was analyzed with
the help of a movie constructed using more than 4000
images. Magnetograms from NASA-MSFC showed large
magnetic shear around the flare site which was delin-
eated by a large active filament. The filament erupted as
the flare progressed. In the decay phase of the flare, a
system of post-flare loops developed at the site of the
erupted filament. Observation from TRACE also exhib-
ited these loop structures. The spatial and temporal de-
velopment of the flare is shown in Fig. 2.1. (see title
page) Associated with this flare, a fast Earthward mov-
ing halo CME was also detected by SOHO, which initi-
ated a major geomagnetic storm on October 29, 2003
at 06:13 UT, i.e., within a record time of 19 hours after
the flare. This large flare was followed by another 2B/
X11 event on October 29, 2003/20:49 UT, not observed
from USO as it occurred in our night-time. We have
used white light full disk images and line-of-sight
magnetograms obtained from SOHO-MDI for determi-
nation of proper motion of the main sunspots and corre-
Sponding magnetic fluxes in order to understand rapid
Magnetic energy build-up in the active region, giving rise
to the two large flares within such a short time. ‘
(Ashok Ambastha)

Solar Magnetism

The Pattern of Moving Magnetic Inhomogenities
 nand Around sunspots

High resolution MDI magnetograms are used to
Sludy the pattern of motions of magnetic features in sun-
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Fig.2.2 Map of horizontal motion patterns of magnetic
features in the active region overlaid upon the intensity image
of AR 8133. The maximum length of the arrow corresponds
to a velocity magnitude of 0.8 km/s.

spots. We examine the inward and outward moving fea-
tures in sunspots. The velocity of these features is small
in the umbra while it is about 0.5 km/s in the.outer pen-
umbra (Fig. 2.2). The inward and outward moving fea-
tures may be the possible origin for the multi timescale
fluctuations of magnetic field strength in sunspots. ‘

(B. Ravindra, P. Venkatakrishnan and Brajesh Kumar)

Simultaneous Stokes-V Diagnostic of a Sunspot
using Mgb and Fe I lines

Simultaneous observations of Stokes profiles in
photospheric Fe | (630.15 nm and 630.25 nm) and chro-
mospheric Mg | b1 and b2 (518.4 nm and 517.3 nm)
lines over a sunspot are presented (Fig. 2. 3). Observa-
tions were carried out using the Advanced Stokes Pola-
rimeter of HAO/NSO,VTT, SacPeak, U.S.A. The Stokes-
V amplitude asymmetries for these lines are analyzed.
The values of amplitude asymmetry in Mg b lines are
negative in disk-center-side penumbra while they are
positive in limb-side penumbra. This trend is similar in
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Figure 2.3 Upper Panel: The continuum intensity map (left)
and photospheric longitudinal magnetogram (right). Lower
Panel: continuum intensity (left) and chromospheric
longitudinal magnetogram (right)

nature to photospheric Fe | line observations. Further,
the spatial distribution of Stokes-V asymmetry is ana-
lyzed using Net Circular Polarization (NCP) maps. The
chromospheric and photospheric NCP maps are differ-
ent in many aspects.

(Sanjay Gosain and Debi Prasad Choudhary)
Helioseismology

Helioseismic Investigation of Sun’s Radius with
Changing Magnetic Activity

The frequencies of f-modes can be directly used
to estimate the solar radius to a good accuracy. In re-
cent years, several efforts have been made to study tem-
poral variations in the solar radius with conflicting re-
sults. Using f-mode oscillation frequencies from

‘Characteristic Patterns of Solar Oscillation

Michelson Doppler Imager for a period of 7 years, we
find that a significant fraction of the f-mode frequency
changes with time. If these are interpreted in terms of a
radius change, it implies that Sun shrinks during the
ascending phase of the solar activity. However, it is to }
be noted that the shrinkage in the Sun’s radius does not
refer to the surface radius but, rather, to the layers be-
neath the visible surface which is known as the seismic.
radius.

(S. C.Tripathy, Kiran Jain and S. S. Hasan)

Frequencies with Activity Indices

The intermediate degree p-mode frequencies mea-
sured by GONG and MDI/SOHO for a period of 9 years
are used to study characteristic patterns with various
solar activity proxies. We find that the indices which
measure the solar magnetic activities at photosphere
do not show any variations between the ascending and
descending phases of the solar cycle. On the other hand,
the indices representing magnetic activity above the
photosphere exhibit a clear hysteresis pattern by follow-
ing different paths during the rising and falling phases.

(S. C. Tripathy and Kiran Jain)

Solar p-mode Characteristics Associated with the
Super-active regions Observed During October-
November 2003

‘

Three large active regions, NOAA 10484, 10486
and 10488 dominated the solar disk during October
November 2003. Of these, NOAA10486 was the most
flare productive, and was ideally located close to the
disk center - suitable for reducing projection effects..
NOAA 10486 gave rise to two flares of exceptional mag
nitude during October 28-29, 2003, which were expected
to influence solar p-mode characteristics. We have used
local helioseismic technique of ring diagram analysis ,
applied to the Michelson Doppler Imager (MDI) Dynam
ics Program data from the Solar and Heliospheric Ob
servatory (SOHO). The 3-D power spectra obtained for
this active region has been studied in order to find pos:
sible flare associated effects on the amplitude, frequency.




and width of the p-modes. Although the magnetic index
of this active region was comparatively high, flare asso-
ciated excitation of p-mode power is perceptible for n=0,
1,2 and 3, as shown in Fig. 2.4. This active region also
produced the record setting, unprecedented X28 flare
of November 4, 2003, however it was not suitable for
our study due to the large projection effects, as the ac-
tive region had reéghed the W-limb. The two other large,
but relatively less flare productive active regions,
NOAA10484, and NOAA10488 observed during this
period have also been included for comparison with
NOAA10486. This work is in collaboration with S. Basu,
H.M. Antia and R.S. Bogart

(A. Ambastha)
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Fig.2.4 The evolution of the magnetic index, MAI, and the
flare index, FI, for NOAA10486 is compared with the daily
evolution of mode characteristics like amplitude and width of
Modes. In the lowest panel, the black line shows MAI values,
While the red line shows the flare index. In the upper two panels
the results are shown for n=0,1,2,3 modes. The amplitude
and widths are averaged over all modes in frequency range
f 2.5-3mHz for f modes (n=0) and over 3-3.5 mHz for
P-modes.

Variations in Low-I Solar p-modes with Disk-
averaged, Global, Flare Index

Long time series of helioseismic data has become

‘available from ground-based networks, such as, GONG

and space-borne instruments on-board SOHO, using
which it has become possible to study temporal change
of solar global oscillations. The power of solar p-modes
has been found to vary on the time-scales of several
days to several weeks, and longer. We have studied the
temporal variation of power in low-l modes and com-
pared it with solar disk integrated flare-index. GONG
power spectrum data for over 2400 days long time-se-
ries obtained in the period of May 1995-December 2001
has been used for our study. Variations in the running
mean mode power corresponding to 1=0 modes with dif-
ferent radial orders (n=16, 17, ...) are found to be gener-
ally stochastic in nature. A comparison of the temporally
varying p-mode power with the disk-integrated flare-in-
dex does not show any unambiguous correlations.

(A. Ambastha and H.M. Antia)

Comparative Study of LiNbO3 and Servo
Controlled Air Gap Fabry-Perot Etalons for
Solar Applications

We compare the LiNbO3 and Piezo-Electrically
(PE) servo controlled air gap Fabry-Perot etalons for
observing the Sun. An identical test setup was used to
evaluate the instrumental parameters of the two etalons.
It is found that for the etalons with similar finesse the
advantage of using PE Etalons is tunability over entire
Free Spectral Range. On the other hand, the LINbO3
etalons have advantage of wider acceptance angle.

(Debi Prasad Choudhary and Sanjay Gosain)

Estimation of Fried’s Parameter from Long
Exposure Solar Images

We propose a criterion for extending the param-
eter search method of estimating the point spread func-
tion to solar data. In the parameter search method, the
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number of pixels with negative intensity values in the
restored object is used as an estimator for determining
the unknown parameters of the point spread function.
As a solar image has a high background, restored ob-
ject does not contain negative values, thereby making
the method unsuitable for solar data. We propose to use
the intrinsic contrast of, solar features as a criterion for
identifying the unknov\}'r_j parameter. We-validate our
method through simulations. This method can not be
used for image restoration but can be used for monitor-
ing daytime seeing.

(R. Sridharan, Nirvikar Dashora. and P.
Venkatakrishnan)
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Submillimeter & Solar X-ray Astronomy

Submillimeter Science

Theoretical models developed using “RATRAN"
computer code, are designed to calculate the radiative
transfer and excitation of molecular lines using the Monte
Carlo method. The physical model is based on the 1-

-dimensional insidégout collapse model, where the popu-
lations are computed for different molecules at various
abundances. Also, we are using the 1-D radiative trans-
fer code, DUSTY, to fe_produce the spectral energy dis-
tribution and images from continuum images. To vali-
date these models, we are analysing data from few sub-
millimeter observatories using Continuum Line Analy-
sis Single dish Software (CLASS) and using Image Re-
duction and Analysis Facility (IRAF) software. Develop-
ment of 1-D codes for radiative transfer modelling is
underway.

(Satheesh Thampi, Hemant Dave, Ashish Dubey, R. P.
Singh and Vinay Kumar)

SMN Technology
Local Oscillator Development

Laboratory local oscillator is calibrated and char-
acterized for CH, OH and HCOOH gases. Routine op-
eration of LO is established at 70.6, 86.2, 96.5, 118.8,
163, 393.6, 418.6, 432.6, 495, and 513 wm lines. Long
and short term stability of the system is studied. Beam
profile analysis of all observed lines has been completed.
Aversatile gas cell is designed and fabricated to carry
__out systematic study of molecular transition character-
- istics of linear, asymmetric, and deuterated molecular
Systems.

(Hemant Dave, R. P. Singh, Vinay Kumar, Ashish Dubey,
Satheesh Thampi, and Jayesh Pabari)

Development of innovative LO cavity structure with
Special coupling scheme for FIR output is in progress.
Design of this innovative coupler is based on the un-
equally spaced slot array over the broad wall of cavity.
For optimizing the slot spacing and mutual coupling be-
, Ween slots, we have simulated various configurations
fpropagaﬁng structures with different slot locations. In

€ase of randomly spaced slots, maximum intensity has
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Fig. 3.1 : Simulated far field intensity profile of main lobe for
all cases

been observed with better directivity. Presently, we are
applying the same theory to overmoded waveguide at
700 GHz. For this, we considered WR-10 waveguides,
which are suitable for 90-140 GHz in real size theory.
Fig. 3.1 shows the simulated far field intensity pattern of
main lobe for all cases. Red colour represents the inten-
sity profile for the random location of slots, which is sig-
nificantly narrow with maximum intensity.

(Ashish Dubey and Hemant Dave)
Detector Development

We are acquiring a series of diode detectors to
cover the entire SMM region, i.e. 300-3000 GHz for the
laboratory characterization of space payloads. The noise
temperature measurement for the room temperature
detector system is underway.

(Hemant Dave, Ashish Dubey, R.P. Singh, N. M. Vadher,
Jayesh Pabari and Satheesh Thampi)

Back End Electronics

The high resolution state-of-the-art Chirp Trans-
form Spectrometer (CTS) has been designed with abil-
ity to process 200 MHz IF bandwidth with centre fre-
quency 600 MHz and frequency resolution 40 kHz. It is
based on the Chirp transformation technique used to
get frequency spectrum of unknown CW signal. Phase
spectrum of the signal may not be required in astronomi-
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cal observations and can be omitted. Performance of
Chirp processor has been verified by simulations.
Fig. 3.2 shows how the frequency components present
in input signal can be separated using Chirp processor.
Design parameters of state-of-the-art Surface Acoustic
Wave (SAW) devices for CTS have been initialized and
fabrication process of the devices is underway. The chirp
filters are Reflective Array Compressor (RAC) type SAW
filters providing very high time bandwidth product.
Fig. 3.3 shows the impulse response of surface acous-
tic wave (SAW) chirp filter. The negative chirp signal re-
quired for the spectrometer is actively generated using
programmable chirp synthesizer. The testing of sub-
systems of CTS have been started.

(Jayesh Pabari, A. B. Shah, Hemant Dave, V. M. Shah,
Ashish Dubey, Satheesh Thampi, N. M. Vadher, S. L.
Kayasth, V. D. Patel, and R. P. Singh)
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Fig. 3.2 : Separation of frequency components of input signal using Chirp processor
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Fig. 3.3 :  The impulse response of surface acoustic wave
(SAW) chirp filter.
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Results of Observations of Solar Flares made
by Solar X-ray Spectrometer (SOXS) Mission

The first space borne solar astronomy experiment
of India namely “Solar X-ray Spectrometer” (SOXS) mis-.
sion has completed one year of its successful operation
in geostationary orbit.The SOXS mission onboard GSAT-
2 Indian spacecraft Wa”"s}» launched successfully by GSLV-
D2 rocket on 08 May 2‘003 to study the energy release
and particle acceleratioﬁ in solar flares. The SOXS is
composed of two independent payloads viz. SOXS Low
Energy Detector (SLD) payload, and SOXS High En-
ergy Detector (SHD) payload. SLD payload was de-
signed, developed and fabricated by Physical Research
Laboratory (PRL) in collaboration with Space Applica-
tions Centre (SAC), Ahmedabad and ISRO Satellite Cen-
tre (ISAC), Bangalore of indian Space Research Orga-
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nization (ISRO). The SLD payload employs the state-of-

the-art solid state detectors, viz., Si PIN and Cadmium-
Zinc-Telluride (CZT) devices that operate at near room
temperature (-200 C). The dynamic energy ranges of Si
PIN and CZT detectors are 4-25 and 4-56 keV. The Si
PIN provides sub-keV energy resolution while CZT re-
veals ~2 keV energy resolution throughout the dynamic
range. The instrument has onboard flare triggering logic
software and 5 MB-memory bank. The data is transmit-
ted to Master Control Facility (MCF), Hasan with 8 kbps
telemetry rate. The observations are made in fixed en-
ergy windows (temporal) mode and in spectral mode
with 100ms cadence during the flare.

The SLD has observed more than 180 flares of C
and M class since its commissioning in the orbit. Figs.
3.4 & 3.5 show the light curves of the solar flare ob-
served on 06 January 2004 by Si and CZT detectors. It
may be noted that both the detectors show unambigu-
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Fig. 3.5 : Light curve of solar flare observed by Si detector
on 06 Jan 2004
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Fig. 3.6 : CME observed by EIT/SOHO on 08 Jan 2004

ously the iron line complex at 6.7 keV, while Si detector
also shows a shoulder of iron-nickel line complex at 8
keV. The high sensitivity of the SLD and sub-keV en-
ergy resolution of Si PIN detector allow the intensity and
mean energy of the Fe-line complex at approximately
6.7 keV to be measured as a function of time in all class
of flares. The centroid energy and width of the iron-line
complex at ~6.7 keV, the intensity of the Fe/Ni line com-
plex at ~8 keV, and the line-to-continuum ratio enabled
to estimate the plasma temperature and other plasma
parameters.

(Rajmal Jain, Hemant Dave, Sumit Kumar and M. R.
Deshpande)

Impulsive Solar Flares Associated with
Coronal Mass Ejections

Analysis of observations of unusual phenomena
of impulsive flares that associated with coronal mass
ejections is undertaken. We are analyzing multi-wave-
length observations of a few impulsive solar flares, which
are associated with Coronal Mass Ejections (CMEsS)
during Solar Cycle 23, in great detail. The optical and
radio waveband observations of the solar flares consid-
ered for this investigation were made in India and Ja-
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Fig. 3.7 : Light curve of solar flare observed by SOXS on 08
Jan 2004

pan, while SOHO, CGRO, YOHKOH and SOXS missio
made the other wavelength observations. The optic
radio and X-ray emission characteristics of these imp
sive flares associated with CMEs are studied in view
their energy release and particle acceleration. We co
jecture a model to interpret our muiti-spectral observ
tions of these impulsive solar flares. It is proposed tha
CME of some magnitude precedes the impulsive solar
flares to cause strong particle acceleration as observed
in them. In support of our concept we present thé
magnetograms of the active regions that reveal the can
cellation of magnetic flux in all such impulsive events
which in turn, results in generating a CME as seel in
different wavelengths. Shown in Fig. 3.6 is a CME ob
served by SOHO on 08 January 2004, which triggered
the solar flare that observed by SOXS as shown in Fig
3.7 (right).

(Rajmal Jain, Wahab Uddin, Takeo Kosugi, Sumit Kumar
Ramesh Chandra, Taro Sakao, Satoshi Masuda a
Lokesh Bharti)
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Theoretical Physics and Complex Systems

Astrophysics

yass Radius Relation for Compact Stars:
_Constraints due to Lensing Effect

; During the last couple of years, astronomers and
strophysicists have'been debating on the fact whether
he so called ‘strange stars’ — stars made up of strange
 quark matter, have been discovered with the candidates
_ike SAXJ1 808.413658,‘\4U 1728-34, RX J1856.5-3754,
_ ofc. The main contention:has been the estimation of ra-
dius of the star for an assumed mass of ~1.4Mg and to
_ see whether the point overlaps with the graphs for the
neutron star equation of state or whether it goes to the

region of stars made of strange matter equation of state.
Using the well established formulae from general rela-
tivity for the gravitational redshift and the ‘lensing effect’
_ due to bending of photon trajectories, the parameters M
and R are related with the observable parameters, the
redshift z and the radiation radius R__, thus constrain-
I‘ng both M and R for specific ranges, without any other
', arbitrariness. With the required inputs from observa-
_ tions, one ought to incorporate the effects of self lensing
_ ofthe compact stars which has been otherwise ignored
_ inall of the estimations done so far. Nonetheless, these
_ effect of self lensing makes a marked difference and
_ constraints on the M-R relation.

. (A.R. Prasanna and Subharti Ray)

: Analysis of Accretion Flows around Rotating
. Compact Objects including Coriolis Effect: A
_ Fluid Dynamics Based Approach

, We study the kinematics of fluid flows which forms
a geometrically thin disk around compact objects, in a
- pseudo-Newtonian approach. The effect of rotation to
_ the central object is included through the Coriolis accel-
eration term into the fluid equation. The introduction of
the Coriolis term into the fluid equation renders a change
_inthe effective angular momentum of the fluid and af-
fects the known parameter space of the non-rotating
 System. Further, the possibility of shock wave forma-
lion in fluid is reduced and several parameter regions
 Which were thought to be stable are shown not to be so

even for low values of angular momentum of the com-
pact object.

(A.R. Prasanna and B. Mukhopadhyay)

Gauge Invariant Wave Equations in Curved
Space-Times and Primordial Magnetic Fields

Considering a non-minimal coupling of the elec-
tromagnetic field with gravitational field, through a cur-
vature, field tensor coupling of the form AR, s F*PFY®,
for the Lagrangian, we derive a new set of wave equa-
tions for the electromagnetic fields, which are gauge in-
variant, but break conformal invariance. This fact now
helps in creating a scenario as proposed by Turner and
Widrow for the production of seed magnetic field at the
early Universe, which can meet the requirements for the
existence of primordial magnetic field, developing into
the presently observed galactic magnetic field. In fact
the main source of amplification, comes from the non-
minimal coupling term, which accentuates the growth of

the field during the reheating phase of the Universe.
(A.R. Prasanna and G. Lambiase)
Rotating Cylindrical Collapse: An Example

We investigate a case of rotating collapse with cy-
lindrical symmetry. We find that singularities form from
regular initial data. They are naked or covered depend-
ing on initial rotation which we define. We show this by
investigating radial null as well as spiral timelike geode-
sics. Rotation appears to uncover the singularity formed.
Three cases are studied depending upon various pres-
sures assumed to be zero (axial, radial and azimuthal),
one at a time. The three cases together bring out the
role of pressure in covering the singularity formed, over
and above the role of rotation.

(S. Barve, S. Jhingan and A.R. Prasanna)
Atomic and Molecular Physics

Accurate Quantum Expressions for Radiative
Transitions between Nearby Rydberg States

For the quantum mechanical study of radiative tran-
sitions between nearby Rydberg states, the following 3
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main results have been derived. (1) An accurate quan-

tum expression of the radial matrix element for radiative

dipole transition between nearby Rydberg states. lts
remarkable numerical accuracy is demonstrated over a
very wide range of the principal and orbital angular mo-
mentum quantum numbers covering low-lying states to
very high Rydberg states, (2) A simple but accurate ap-
proximation to a é[ass of terminating hypergeometric
functions whose 3 érguments are large. This result es-
sentially solves the b(oblem of extracting analytic prop-
erties and performing numerical computation of such
hypergeometric functions over a large range of values
of the arguments which had earlier defied solutions, (3)
A derivation of the formula of the radial dipole matrix
element of the correspondence principle method start-
ing from the corresponding quantum expression, which,
to the best of our knowledge, was not previously avail-
able in the literature.

(D.P. Dewangan)

A Complete Solution of the First Born Amplitude
for ns — n, s Transition on the Hydrogenic
Bound-states

We have obtained a complete solution of the first
Born amplitude for n;s — n;s transition covering the
entire set (n, n; =[1,e0 ) of the hydrogenic bound-states.
An exact compact expression of the n;s - n; s first Born
amplxtude in terms of only one Jacobi polynomlal is de-
rived that serves as a basis for obtaining simple com-
pact quantum expressions for a variety of cases which
include elastic scattering, transition between adjacent
Rydberg states, distant Rydberg states, transition con-
necting any low lying s-state to a very high Rydberg state.
A general quantum formula for transition between nearby
Rydberg states is also derived, of which, the expres-
sions of the correspondence principle method previously
reported in the literature are specific examples. All the
formulae are derived using quantum mechanics without
making any appeal to classical mechanics even for states
lying in the vicinity of the limiting point n,, n, —ee of the
hydrogenic bound energy levels.

(D.P. Dewangan)

-The experimental data after combining with atom

Permanent Electric Dipole M@ments
Closed-shell Atoms

The observation of a finite intrinsic electrig ¢
moment (EDM) of a particle or a composite systemi
signature of parity (P) and time (T) reversal violatio
Neutral atoms are good candidates to probe for p an
violations in lepton, hadronic and semi-ieptonic secty

theory calculations provide bounds on parameterg
non-standard model and are probes for physics beyo
the standard model of the particle physics. We are d
veloping a coupled cluster based method to calcyl
the EDM of closed-shell atoms. Our implementation js
oriented towards the calculation of Hg EDM arising fr
tensor-pseudotensor electron-nucleus interaction énd
Schiff moment. Accurate atomic theory calculations g
Hg EDM shall compliment the experimental results
unprecedented accuracy and provide inputs to extraé'}
finer bounds on several theoretical parameters. The
sults obtained is expected to provide an understandi
of the P and T violating effects arising from nucleong
nucleon and electron-nucleon interactions. It is to be
noted that coupled-cluster method is considered the
most accurate theoretical many-body method. Howevek;
the use of coupled-cluster method for properties calcu-
lation of heavy atoms like Hg poses difficult challenges
in atomic theory and efficient computational tmplemen
tation.

(Dilip Angom, K. V. P. Latha and B. P. Das)

Changing Nature of Complexities in Rare Earth
Atoms

The rare earth atoms have partially filled high an-
gular momentum 4 fand 5d valence shells. This leads
to complex configuration mixing and hence, the rare earth
atoms are appropriate system to study the role of two:
body interaction in producing chaos. Across the period
there is an increase in the occupancy of 4 fand accord-
ingly we observed a change in the statistical properties
of the eigenvalues and eigenfunctions. Among the rare
earth elements, we are studying Nd, Pm and Smin de-
tail, this adds to the existing work on Ce and Pr. We find
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'yendent variation in the shape of the strength
for all the atoms, this was also observed in pre-
ks on Ce and Pr. All the atoms have localized
his is evident from the number of principal com-
and localization length calculations. The occu-
umber studies show the localized states corre-
ith the occupancies of specific sub-shells. To in-

|gé{e the variations in the properties among the at-
?,3 'a"hd gain an understanding of the random matrix
evm:emble in operation, we are currently studying the

cture of the Hamiltonian matrices.
p:,Angom and V. K. B. Kota)

h Energy Physics
dt'rino Mass Textures from Symmetry Principal

_ Development of proper theoretical mode! for un-
tanding neutrino oscillation results is one of the im-
tant problems in particle physics. One ad hoc pro-
edure followed is to consider leptonic mass matrices
sero entries at various places in order to reduce
] number of parameters. It was shown that it is al-
"ays possible to find discrete Abelian symmetries which
canreproduce any desired texture zeros for the fermion
_ masses. This method works not only for neutrinos, but
also for other fermions and in the standard model as
~  well as in grand unified theories.

A.S.Joshipura, W. Grimus, L. Lavoura and M. Tanimoto)

Broken Z, and Induced U,, and Cos 2023

The neutrino mixing matrix U as determined from
he available information on neutrino oscillations con-
ain two small parameters, namely U_q and Cos 26,4,
here g, is the atmospheric neutrino mixing angle. This
feature can be understood from a Z,, flavour symmetry.
We systematically considered breaking of this symme-

fry and made detailed quantitative estimates for the
magnitudes of U, and Cos 20,,- These predictions can
be tested in future experiments which are designed to
ook for these parameters.

(AS. Joshipura, W. Grimus, S. Kaneko, L. Lavoura and
M. Tanimoto)

Long Range Forces and Long Baseline
Experiments ’

The study of long range fifth force much weaker
than the gravitational interactions has attracted a lot of

_ attention. It was shown that neutrino oscillations can

provide a very sensitive tool to study such forces pro-
vided they distinguish between leptonic flavours. The
atmospheric neutrino results were analyzed in detail to
obtain constraint on such forces. These constraints are
much stronger than the laboratory limits from the fifth
force experiments. But they still allow such forces to
manifest themselves in future long baseline experiments,
which will study oscillations of neutrinos traveling sev-
eral hundred kilometers from their sources. This investi-
gation formed a part of the joint working group activities
of the “APS multi-divisional study of the physics of neu-
trinos.”

(A.S. Joshipura and S. Mohanty)

Linear Sigma Model at Finite TemperatUre and
Densities: A Self-consistent Approach

We consider the linear sigma model at finite tem-
perature and finite baryon density using a variational
approach. The method essentially uses the ansatz of a
squeezed coherent state in field theory and is self-con-
sistent. The gap equations for sigma and pion masses
are self consistently calculated solving the correspond-
ing gap equations. The phase diagram of the model is
also constructed. Depending on the strength of the cou-
pling to the quarks, the transition could be first order or
second order.

(H. Mishra and Amruta Mishra)

Gapless Modes in Color Superconductivity and
Cooling of Neutron Stars

Gapless modes in color superconductivity can
occur for quark matter at finite baryon densities when
charge neutrality condition is imposed leading to a mis-
match in fermi momenta of the condensing quarks. Us-
ing the variational method considered recently we cal-
culate the temperature effects on the gap and the gapless
modes as may be relevant for neutron stars. We also
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calculate explicitly the cooling rate of neutron stars by
neutrino emission from color superconducting matter.
Relevance of temperature dependence and the gapless
modes is also examined.

(H.Mishra, A. Mishra, P. Jaikumar and Charles Gale) -

Color Flavor Loéking and Gapless Modes in
Neutral Dense Matter

We consider the ph_ase diagram for 3 flavor quark
matter. At sufficiently hi"’igh density when the strange
quark mass is unimportant, the matter is supposed to
be in color flavor locked state in which the strange quark
also participates in condensation alongwith the ud
quarks. However, at smaller densities it is likely that a
gapless color flavor locked phase will be dynamically
favorable resulting because of a mismatch in fermi mo-
menta of the quarks arising from a difference in masses.
The free energy of this state is also compared to gapless
superconducting phase where only the light quarks take
part in condensation. The phase diagram is calculated
in a 3 flavor Nambu Jona-Lasinio model. Implications of
the results on neutron star properties are also discussed.

(H. Mishra and A. Mishra)
Gapeless Modes in Colour Superconductivity

We investigated the vacuum realignment for chiral
symmetry breaking and color superconductivity for fi-
nite density quark matter in a Nambu Jona-Lasinio model
using a variational method. The treatment allows us to
investigate simultaneous formation of condensates in
quark-antiquark as well as in diquark channels. The
methodology involves an explicit construction of a varia-
tional ground state and minimization of the thermody-
namic potential. Color and electric charge neutrality con-
ditions are imposed through introduction of appropriate
chemical potentials. Color and flavor dependent con-
densate functions are determined through functional
minimization of the thermodynamic potential. The equa-
tion of state for charge neutral color neutral color super-
conducting quark matter is calculated. Simultaneous ex-
istence of a mass gap and superconducting gap is seen
in a small window of the quark chemical potential. En-

forcing color and electric charge neutrality conditiop, Ie
to existence of gapless superconducting modes depa
ing upon the magnitude of the gap and the dlfferenc
the chemical potential of the condensing quarks.

(H. Mishra and A. Mishra)
Gapeless Modes in Cold Atoms

A new superfluid phase in Fermi matter, ter
as “interior gap” and breached pair has been recg
predicted. This results from pairing between fermigp,
two species having essentially different fermi surfaé
We use a variational method to analyze the featureg
energy gap, momentum distributions and elementary
citations associated with the predicted phase. The vg
tional state is more general than that suggested by
and Wilczek. We also discuss possible realization of g
breached paring phase in two component fermi gase
an optical trap.

(B. Deb, H. Mishra, A. Mishra and P. Panigrahi)

Implications of Neutrinoless Double Bela Dec

One of the most important characteristics of
neutrinos is that they could be Majorana particles. Then
their masses will violate lepton number. Thus any evi
dence of Majorana masses of the neutrinos will be the
first evidence for lepton number violation in nature. The
neutrinoless double beta decay experiment is the onIy
experiment planned till now which can detect Majorana
masses of the neutrinos. Recently a positive evidence o
neutrinoless double decay has been announced. The cor:
sequences and implications of this evidence for other
lepton number violating interactions in nature have been
analyzed.

(Utpal Sarkar and H.V. Klapdor-Kleingrothaus)
Gauged [B - 3 L(tau)] and Proton Decay

Baryon and lepton numbers are global symmetries
of the standard model of electroweak interaction, which
is broken through quantum corrections. There are some
proposals for considering extensions of the standard
model, in which some combinations of baryon and lep-
ton numbers are local symmetries. We studied the pos:
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o gauging the B - 3 L(tau), where L(tau) is the
bility toﬁ number. We point out that proton is stable in
- del. This helps in building unified models of TeV
d large extra dimensions. This also allows us to
parity violating supersymmetric models, in

js MO
alean
Hyn:struct R-
hich lepto
scay naturally.
on remains sta
.3 L(tau).

Even after the symmetry breaking pro-

. ble in all the models with gauged

(Utpal Sarkar and P.B. Pal)

CP Violation at a Linear Collider with Transverse
‘; ,Polarization

It is shown how transverse beam polarization at
,g*é' colliders can provide a novel means to search for
VTCP violation by observing the distribution of a single fi-
nal-stage particle without measuring its spin. An azi-
k' muthal asymmetry is suggested which singles out inter-
jrérence terms between standard mode! contribution and
nkew-physics scalar or tensor effective interactions in the
limit in which the electron mass is neglected. Such terms
are inaccessible with unpolarized or longitudinally po-
larized beams. The asymmetry is sensitive to CP viola-
tion when the transverse polarizations of the electron
and positron are in opposite senses. The sensitivity of
"pla)nned future linear colliders to new-physics CP viola-
tion in e*e” —tt is estimated in a model-independent
parameterization. It would be possible to put a bound of
__~7TeV on the new-physics scale A at the 90% C.L. for
centre of mass energy of 500 GeV and integrated lumi-
nosity of 500 fb™, with transverse polarizations of 80%
and 60% for the electron and positron beams, respec-
tively.

(8.D. Rindani and B. Ananthanarayan)

Transverse Beam Polarization and CP-violating

Triple-gauge-boson Couplings in e"e”—yZ

Anomalous CP-violating YyZ vertex can give rise
to a novel asymmetry in the presence of transversely
polarized electron and positron beams in the pro-

n number is broken preventing fast proton

cess eTe” —yZ .This asymmetry, which is odd under
naive time reversal, is proportional to the real part of the
YYZ CP-violating coupling. This is in contrast to the
simple forward-backward asymmetry of the y (or Z) in
the 'presence of unpolarized or longitudinally polarized
beams studied earlier, which is even under naive time
reversal, and is proportional to the imaginary part. The
sensitivity of future experiments to the determination of
CP-odd YYZ and Y ZZ couplings using transversely po-
larized beams has been investigated.

(S.D. Rindani, B. Ananthanarayan and R.K. Singh)

_ Kinetic Equation for Electroweak Baryogenesis- |

The kinetic equation for fermions and antifermions
interacting with a planar Higgs bubble wall during the
electroweak phase transition using the ‘evenisation’ pro-
cedure has been derived. Equations of motion in a rela-
tivistic quantum theory do not mirror classical relations
unless one uses evenised operators. The evenised
Heisenberg equations of motion have been used to ob-
tain the velocity and force for the particles in the pres-
ence of the Higgs bubble wall. The Higgs interaction with
particles is described by a complex fermion mass. Keep-
ing quantum contributions to O(h) in the equations of
motion, the semi-classical force obtained earlier by other
field theoretic techniques have been derived.

(J. R. Bhatt and R. Rangarajan)

‘

Kinetic Equation for Electroweak Baryogenesis-Il

To understand better certain issues associated with
the identification of the canonical and kinetic momen-
tum for fermions interacting with a Higgs bubble wall
during the electroweak phase transition, the phase of
the complex fermion mass was rotated and considered
a Lagrangian with a real fermion mass and an extraterm
in the momentum operator. The energy, velocity and force
for the fermions using the evenisation approach and the
Wigner formalism was obtained and found that our re-
sults using both methods agree. Furthermore, it appears
that the ambiguity related to the identification of the ca-
nonical and kinetic momentum may not be present in
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this case. The issues related to identifying the particle
distribution function in-the Wigner formalism was also
discussed.

(J. R. Bhatt and R. Rangarajan)

Constraints on EIectroma,gnetic Form Factors of
Neutrinos from Beta Decay Experiments

Neutrinos with non-zero'dipole or anapole mo-
ments have a non-zero effective mass in the electro-
magnetic field of nuclei. This effective mass can be
probed in beta decay experiments which provide con-
straints on the neutrinos electromagnetic form factors.

(S. Mohanty, Fred Myhrer and K. Kubodera)

Neutrino Oscillations in the Presence of Long
Range Forces

A combined analysis of solar, atmospheric and
terrestrial neutrino experiments assuming the presence
of new long-range forces was carried out. The standard
pattern of neutrino masses and mixings can change sub-
stantially in the presence of such long-range forces.

(A. Joshipura and S.Mohanty)

Leptogenesis by Cosmological Gravitational
Waves

Inflationary theories predict the existence of a back-
ground density of gravitational waves. These gravitational
waves split the energy levels of neutrinos and anti-neu-
trinos. This can give rise to a lepton number asymmetry
at equilibrium in the early universe of the magnitude re-
quired by big-bang nucleosynthesis.

(S.Mohanty and A.R.Prasanna)
Nuclear Physics

Random Interactions in Nuclei and Extension of
0+ Dominance in Ground States to Irreps of
Group Symmetries

Random one plus two-body hamiltonians invari-
ant with respect to O(N, ) @ O(N, ) symmetry in the

group-subgroup chains UN) D U(N,) @ U(Nz) S0
® O(N,) and UN) © O(N) » O(N, ) @ Q(Nz”)‘
variety of interacting boson models of atomig Nucle
used to investigate the probability of OCCUITence
given (o, m,) irreducible representation (irrep) to b
ground state in even-even nuclei;[o;]and [0,] arg .
metric irreps of O(N,) and O(N,) respectively. Em'
ing a 500 member random matrix ensemble for N
systems (with N = 10 - 25), it is found that for N, N
the (w0, ) = (00) irrep occurs with ~ 50% and (0,0
(NO) and (ON) irreps each with ~ 25% probability,

larly, for N, 2 3, N, = 1, for even N the ®, =0 op
with ~ 75% and m, = N with ~25% probability and f
odd N, o, = 0 occurs with ~50% and , = 1, N eac
with 25% probability. An extended Hartree-Bose mea
field theory is developed to explain all these results, |

this study, for the first time TBRE's preserving !rreps
group symmetries (other than O(3)), for boson system
are introduced. Extensions of the present study will giv
deeper understanding of geometric chaos and regula
ties generated by random interactions in finite quantu‘
systems and work in this direction is in progress.

(V.K.B.Kota)

Number of Principal Componenis an
Localization Length in E2 and M1 Transitio
Strengths in %V

Predictions of thelembedded Gaussian orthog
nal random matrix ensemble of one plus two-body inter-
actions [EGOE(1+2)] (given by PRL scientists in 1998),
inthe Gaussian domain, for the number of principal com-
ponents and localization length, measuring complexity.
and chaos in transition strengths originating from an
eigen-state with energy E, are tested successfully for ’,
the first time for electric quadrupole (E2) and magnetic ,"if',f
dipole (M1) transition strengths. Shell model results for
the 2p1 f-shell nucleus *°V are used as the example.
Considered here are E2 isoscalar transitions from the
initial space of 814 J= 0", T = 0 levels to the final space
0f 3683 J = 2", T = 0 levels and to the 4105 J = 1*, T=0
levels for the isovector M1. \

(V.K.B. Kota, J.M.G. Gémez, J. Retamosa and K. Kar)
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. Mode! Group-'subgroup Chains
_mentary to the Group Chains of the O(8)

ple
g Model

|soscalar’ (T=0) plus isovector (T=1) pairing
tonian in | s-coupling, which isimportant for heavy
“huclei, is solvable in terms of a O(8) algebra for
e special values of thg mixing parameters that mea-
res the competition between T=0andT =1 pairing.
‘g‘O(S) algebra is generated, amongst others, by the
yand T =1 pair creatiorntand annihilation operators.
nell model algebras (group-subgroup chains), with only
\mber conserving operators, that are complementary
e 08) > O(6) and O(8) > O(5) ® SU() sub-alge-
'gs with SU(2) in spin or isospin space are identified.
+ example is U(4Q) 2[U(2Q) 2 Sp(2Q) o {[0Q)
{ 3)] ® SUL(2)}] ® SUg4(2), where Q is number of
atial degrees of freedom and 4 is the number spin-
|505pi11 degrees of freedom of a single nucleon. Some
(etails (generators, Casimir operators and all the quan-
um numbers for the O(8) seniority v="0 states) of these
shell model group-subgroup chains are worked-out.

™

(VK.B.Kota)

_Deformed Shell Model forT =0, 1 and 2L levels
in “Cr

Deformed configuration mixing shell model based
on Hartree-Fock states with extension to include isos-
pin projection (DSMT) for four quasiparticle configura-
tions is developed using some properties of the sym-
metric group S,. This goes beyond the simple case of
isospin (T) projection from two quasiparticle configura-
tions employed in the studies of some heavy odd-odd
nuclei reported in the last 2 years. The DSMT model
 with2 and 4 particle T projection is used to study the
~ structure of the low-lying T = 0,1 and 2 bands/levels in

the even-even N = Z nucleus 8y, The pf-shell KB3
interaction is employed in the calculations. The agree-
ment between DSMT and experiment is good. This analy-
sis is being extended to 52Eg and "*Kr.

(V.K.B. Kota and R. Sahu)

Strength Functions, Entropies and Duality in
Weakly to Strongly interacting Fermion Sysitems

For weakly interacting fermionsina mean-field with
random two-body interactions of increasing strength A,
the strength functions F.(E) are well known to change,
in the regime whetre level fluctuations follow Wigner's
surmise, from Breit-Wigner to Gaussian form.We have
proposed an ansatz for the function describing this tran-
sition and this is used to investigate the participation
ratio &, and the information entropy g during this
crossover, thereby extending the known behavior valid
in the Gaussian domain into much of the Breit-Wigner
domain. We have also derived a scaling law for the du-
ality point & = Agwhere F(E), & and s in both the
weak (A = 0) and strong mixing (. =0 ) basis coincide.
As a first realistic application, the ansatz function for
strength functions is used in describing the Breit-Wigner
to Gaussian transition seen in neutral atoms Cel to Sml
with valence electrons changing from 4 to 8 (Fig. 4.1).
The calculations are carried out using the multi-configu-
ration Dirac-Fock method with single and double exci-
tations from a reference configuration included and the
Hamiltonian matrix dimensions varying from 37310 7325.

(D. Angom, S. Ghosh and V.K.B. Kota)

Strength Functions for Interacting Bosons in a
Mean-field with Random Two-body Interactions

Strength functions have been studied numerically
for dense interacting boson systems using a Hamilto-
nian H, which is asum of a mean-field one-body H1 and
a random two-body interaction H2 with strength A (for
this system, last year we reported numerical results for
Poisson to GOE transition in Jevel fluctuations, entropy
and some aspects of ergodicity). The strength functions,
defined with respect to H1 basis, are seen to change
gradually from Breit-Wigner to Gaussian form in the cha-
otic domain as A increases. A simple function interpo-
lating these two forms is used to describe the intermedi-
ate region and a prescription given 3 years back by PRL
scientists is then employed to determine A that marks
the transition to Gaussian form. Going further, the inter-
polating form for the strength Function is used to study,
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 Strength Func

Fig.4.1:

Strength functions F(E), for the basis states around
the center for Cel to Sml with histograms giving calculated

strength functions. The continuous curves in the figures are
“the best fit Bw to Gaussian interpolating function constructed
by PRL scientists. The values of the parameter o of this
function are shown in the figures. Also given in the figures are

Y1 (Skewness) and Y (excess) values. Note that € and O
are the spectral centroids and widths. Note the close
- correspondence between EGOE(1+2) and the realistic Cel

to Sml results.

in the chaotic domain, variation of occupancy of g
particle states with excitation energy E.

(V.K.B. Kota and V. Potbhare)

Long-range Interactions in the Quanium Mah
body Problem in One Dimension

Ground state properties of a family of N- body sy
tems in one dimension, trapped in a polynomial pote
tial and having long-range two-body interaction in ad
tion to the inverse square potential studied in t
Calogero-Sutherland model (CSM), are investigateq
is shown that for such a Hamiltonian the ground st
energy is similar to that of free fermions in a harmo
well with a displacement that depends on the number
particles and depth of the well. The ground st3
wavefunctions have been obtained and using randg
matrix results, the particle density and pair correlatj
function (PCF) are studied. It is observed that the p
ticles are arranged in bands and, due to long-range |
teractions, the PCF shows departures from the CSM

(S. Ghosh)
Plasma Physics

Dusty Plasma : Surface Phenomena in Complex
Plasma

Recently there has been a great deal of interestin
investigating properties of a strongly interacting co :
plex (dusty) plasma. One of the interesting aspect of the
complex plasma is that under certain condition the
plasma can have a free surface. Inthe presence of ion
streaming or shadow force, it can have plasma surface
tension. We study dynamical behaviour of the free sur-
face using generalized hydrodynamics wave motions
supported by the free surface in a complex plasma. We
believe that this is the first study of its kind in complex
plasma literature. '

( J.R. Bhatt and A. Shaikh)
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Linear dynamics and complex systems
zpl’éfd maps on Networks
gelf-organized and driven synchronization in
;’;léd map networks for some simple networks,
'y’two and three node networks and their natural
lization to globally coupled and complete bipar-
networks have been studied. Both linear stability
gis and Lyapunov funotion approach have been
sed for this study and stabil{ﬁy conditions for synchro-
on have been determined. It is seen that most of
f coupled dynamics of small networks with

<

jzatio
1o features ©
wo or thr
orks of the same type. The phase diagrams for the
etworks studied here have features very similar to the
itferent kinds of networks studied earlier. The analysis

the dynamics of the difference variables correspond-
ng to any two nodes shows that when the two nodes
e in driven synchronization, all the coupling terms can-
ol out whereas when they are in self-organized syn-
h’ronization, the direct coupling term between the two
odes adds an extra decay term while the other cou-

P

lings cancel out.

(R.E Amritkar and S. Jalan)

ee nodes, are carried over to the larger net- -

Coupled Three Dimensional Quartic Oscillator

The low-lying states of the coupled 3-D quartic
oscillator where the coupling strength o of each pair of
degrees of freedom is the same have been studied.
These studies have provided insights on the nature ofa
certain class of localized states, the quantum equiva-
lent of the classical periodic orbits. There is a dramatic
change in the character of the localized states as a func-
tion of & . They exhibit widely varying localization length
depending on whether o is in the stable/unstable or in
the transition domain of the underlying classical peri-
odic orbit. The log negativity and negativity measures of
separability was used in quantum information theory, to
understand the underlying structure of the localized
states and the regular states. This measure compliments
the information entropy measure and show saturation
of entanglement at a certain value of a.In addition, It is
found that the distribution of avoided crossing show in-
tricate structure and influences the nature of the local-

ized states.

(Dilip Angom, Jayendra Bandopadhyay, V. B. Sheorey,
A. Lakshminarayan and M.S.Santhanam)
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Quantum Optics & Quantum Informat

The research activities of this division over the past
year are summarized as follows.

Coherence Properties of Sunlight

The coherence properties of sunlight were first stud-
ied by Verdet around 1869 and were later examined by
other scientists. However, all the previous calculations
assumed that the Earth ié_in the far zone of the Sun, an
assumption that is incorrect. A surprising property of ra-
diation from incoherent sources emerges from an inves-
tigation of why Verdet'’s result is correct.

(G.S. Agarwal, G. Gbur and E. Wolf)

Scheme to Measure Quantum Stokes
Parameters and their Fluctuations and
Correlations

Polarization of light is a well studied subject. Text
book descriptions of light polarization are based on the
Stokes parameters. Methods for measuring the Stokes
parameters are also well known. The Stokes parameters
have been generalized in several ways. Recently, there
has been considerable interest in the so called quantum
Stokes parameters to describe the polarization charac-
teristics of a non-classical field possessing very strong
guantum fluctuations. A scheme to measure quantum
Stokes parameters, their fluctuations and correlations
has been proposed. The proposal involves measure-
ments of intensities and intensity-intensity correlations
for suitably defined modes, which can be produced by a
combination of half wave and quarter wave plates.

(G.S. Agarwal and S. Chaturvedi)

Storage and Retrieval of Light Pulses at
Moderate Powers

It is demonstrated that it is indeed possible to store
and retrieve probe pulses, which are not necessarily
weak, in an atomic media in the A -configuration. We
find that the retrieved pulse remains a replica of the origi-
nal pulse, although there is overall broadening and loss
of intensity. The loss of intensity can be understood in
terms of the dependence of absorption on the intensity
of the probe. Our calculations include the dynamics of

the control field, which becomes especially imﬁbrf
as the intensity of the probe pulse increases, Thet
of adiabatons to understand our numerica| resy|
the storage and retrieval of light pulses at moderata
ers are used.

(T.N. Dey and G.S. Agarwal)

P,‘

Slowing Down and Stoppage of Lig
Doppler Broadened Systems |

It is shown that the propagation of light in a p
pler broadened medium can be slowed down consjg
ably even though such medium exhibits very flat disp
sion. The slowing down is achieved by the applicatig
a saturating counter propagating beam that produces
hole in the inhomogeneous line shape. In atomic vap :
we calculate group indices of the order of 10%. The cg|
culations include all coherence effects. Further |
shown, how the application of a coupling field connect
ing the two lower metastable states of a Lambda sys
tem facilitates stoppage of light in a coherently driver
Doppler broadened atomic medium via electromagneti
induced transparency.

(T.N. Dey and G.S. Agarwal)

Atomic Absorbers for Controlling Puls
Propagation in Resonators

Pulse propagation through a Fabry Perot cavity wit
silver mirrors that contain macroscopic samples of reso
nant absorbers has been considered. It is shown tha
the pulse velocity can be tuned from subluminal t
superluminal in a strongly coupled atom cavity system
The effects of the interplay of cavity and absorbers are
delineated. We demonstrate the saturation effects ol
pulse advancement with increasing mirror thickness and
atomic damping. ‘

(G.S. Agarwal, V.S.C. Manga Rao and S. Dutta Gupta)

Group Index for Pulse Propagation & Sub ana
Superluminal Propagation in a Left Hande
Medium :

All naturally occurring materials are known to ex:
hibit positive values for the material constants ¢(w) and
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the refractive index of a mate-
or, recently, there have been reports of new,
aterials which can have negative values for
erial parameters, exhibiting negative index for
n of light. The propagation of a narrow-band
th center frequency at the region of negative
'gh this medium have been studied. It is found
éerUP delays of pulse propagation can be very
or a negative medium in comparison to the usual
of positive refraction. Superluminal passage and
tion of phase time in the same material, albeitin a
e also been demonstrated.

ﬁdetermine

—n

iffe"'réynt spectral region hav

qn, G.S. Agarwal and S. Dutta Gupta)
M‘eaéurement of the Local Field Effects of the
Host on the Life Time of Embedded Emitters

Experimental results on the variation of the radia-
ve lifetime of Eu®* ion embedded in adielectric with the
‘efr‘active index n are reported. 1 mol % of Eu* into the
binary glass system xPbO—{(1-x)B,05 s doped. By vary-
« a fairly large variation of the refractive index from
to 2.2 is achieved enabling to study the local field
flacts for the first time for ions doped in & solid glassy
material. Measurements are in agreement with the so-
alled real cavity model. The present measurements are
 tree from the complications arising from reorganizational

 effects in solvents.

(G.S. Agarwal, G. Manoj Kumar and D. Narayana Rao)

Influence of Damping on the Vanishing of the
Linear Electro-optic Effect in Chiral Isotropic
Media
Using first principles, itis demonstrated that radia-
tive damping alone cannot lead to a nonvanishing linear
electro-optic effect in a chiral isotropic medium. This con-
\ clusion is in contrast with that obtained by a calculation
in which damping effects are included using the stan-
dard phenomenological model. It is shown that these
predictions differ because the phenomenological damp-
ing equations are valid only in regions where the fre-
quencies of the applied electromagnetic fields are nearly
resonant with the atomic transitions. Also it is shown
that collisional damping can lead to a nonvanishing lin-

ear electro-optic effect, but with a strength sufficiently
weak, it is unlikely to be observable under realistic labo-
ratory conditions.

(G.S. Agarwal and R.W. Boyd)

Single-atom and Two-atom Ramsey
Interferometry with Quantized Fields

Implications of field quantization on Ramsey inter-
ferometry are discussed and general conditions for the
ocourrence of interference are obtained. Interferences
do not occur if the fields in two Ramsey zones have a
precise number of photons. However, in this case it is
shown how an analog of Hanbury-Brown Twiss photon-
photon correlation interferometry can be used to dis-
cern a variety of interference effects as the two inde-
pendent Ramsey zones get entangled by the passage
of the first atom. Interferences are restored by working
with fields at a single-photon level. Generation of en-

tangled states including states such as l2,0>+e“”~0,2> is

discussed.
(G.S. Agarwal, P.K. Pathak and M.O. Scully)

Laser-induced Breakdown of the Magnetic-
field-reversal Symmetry in the Propagation
of Unpolarized Light

Itis shown that a medium, under the influence ofa
coherence control field that is resonant or close to reso-
nance to an appropriate atomic transition, can lead to
very strong asymmetries in the propagation of unpolar-
ized light when the direction of the magnetic field is re-
versed. We show how electromagnetically induced trans-
parency (EIT) canbe used in atomic vapor to mimic this
magnetochiral effect that occurs in natural systems.

(G.S. Agarwal and S. Dasgupta)

Strong Subadditivity Inequality for Quantum
Entropies and Four-particle Entanglement

The strong subadditivity inequality for a three-par-
ticle composite system is an important inequality in quan-
tum information theory which can be studied via a four-
particle entangled state. Two three-level atoms in Acon-
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figuration interacting with a two-mode cavity and the
Raman adiabatic passage technique are usedfor the pro-
duction of the four-particle entangled state. AUsing this
four-particle entanglement, we study various aspects of
the strong subadditivity inequality.

(A. Biswas and G\S. Agarwal)

Quantum Teleﬁ_prtation, Quantum Networks
and Memory using Cavity QED

A protocol for the transfer of an unknown atomic
state from one cavity to a distant cavity is presented.
This protocol is based on sequential interaction of a
detuned two-mode optical cavity with three-level atoms
in Lambda configuration in their ground states. A scheme
for quantum networking between the distant cavities
based on an atomic channel is proposed. This is uniike
the other networking protocols, which use a photon as a
carrier between the cavities and thus are prone to
decoherence due to photon absorption. The possibility of
an efficient guantum memory for the entangled states of
the field in the cavity is discussed. The entanglement
can be stored in the ground states of the atom and can
be retrieved as well in another cavity.

(A.Biswas and G. S. Agarwal)
Coherent States for Exactly Solvable Potentials

A general algebraic procedure for constructing co-
herent states of a wide class of exactly solvable poten-
tials, e.g., Morse and Poschi-Teller, is given. The method,
a priori, is potential independent and connects with ear-
lier developed ones, including the oscillator-based ap-
proaches for coherent states and their generalizations.
This approach can be straightforwardly extended to con-
struct more general coherent states for the quantum-
mechanical potential problems, such as the nonlinear
coherent states for the oscillators. The time evolution
properties of some of these coherent states show re-
vival and fractional revival, as manifested in the
autocorrelation functions, as well as, in the quantum
carpet structures.

(T. Shreecharan, P.K. Panigrahi, and J. Banerji)

Unified Algebraic Approach to Few- ang Man
body Correlated Systems

The present work substantially extends the fesy
of our earlier work, where the equivalence of the Caloge
Sutherland model to de¢oupled oscillators has been
tablished. A number of few- and many-body interactj
models are studied and the relationship between th
respective Hilbert spaces, with that of oscillators,
found. The inadequacies of the present technique
pointed out and a method for solving linear differentiy
equations is used to diagonalize the Sutherland mogg
and establish a precise connection between this ¢or
lated system’s wave functions, with those of the f}
particles on a circle. It is shown how a novel methog
solving linear differential equations emerges naturally in
this process. Applications of the same to Hypergeomet.
ric equation and its generalizations are illustrated, |

(P.K.Panigrahi and N. Gurappa)

Development of an Approximation Scheme for
Quasi-exactly Solvable Systems

Quasi-exactly solvable quantal systems have mani-
fested in physical systems ranging from anharmonic os-
cillators to double-well potentials appearing in the de-
scription of ring lasers. A recently developed method is
employed to not only find the analytically obtainable part
of the eigenspectra, but also to develop a perturbation
theory to determine the low-lying states to the desired
accuracy.

(Rajneesh Atre and P.K. Panigrahi)

Differentiating Normal and Cancer Tissues
through the Wavelet Transform of Fluorescence
Data

Fluorescence spectroscopy is being increasingly
used for characterization of biological tissues because
of its sensitivity. However,_ extraction of statistically sig-
nificant parameters to differentiate various tissue types,
e.g., cancerous, benign and normal has been a chal-
lenge. In this context, we have employed Wavelet Trans-
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ne first time to extract subtle information from

5re508”03 data for a clear tissue differentiation.

é nigrahi, N. Agarwal, S. Gupta, Bhawna, A. Pradhan
shwanathan)

ational Entanglement of Dipole-Dipole
eracting Atoms in Optical Lattices

tis proposed to invé‘stigate a realization of the po-
- and momentum—cb\gre!ated Einstein-Podolsky-
on (EPR) states that have hitherto eluded detec-
he realization involves atom pairs that are con-
o adjacent sites of two mutually shifted optical lat-
< and are entangled via laser-induced dipole-dipole
ns. The EPR “paradox” with translational vari-
hen modified by lattice-diffraction effects, and
high degree of accuracy in this

nteractio
ples is t

n be verified to a

B. Deb, T. Opatrny and G. Kurizki)

Model Study on the Photoassociation of a
pair of Trapped Atoms into an Ultralong-
ange Molecule

Using the method of quantum-defect theory, we
alculate the ultra-long-range molecular vibrational states
ear the dissociation threshold of a diatomic molecular
otential which asymptotically varies as —1/R°. The
Franck-Condon overlap integrals between the harmoni-
ally trapped atom-pair states and the ultra-long-range
_ molecular vibrational states are estimated and compared
_with their values for a pair of untrapped free atoms in
_the low-energy scattering state. We find that the binding
 between a pair of ground-state atoms by a harmonic
Irap has significant effect on the Franck-Condon inte-
_ grals. Trap-induced binding between two ground-state
_ atoms may facilitate coherent photoassociation dynam-
_icsbetween the two atoms and the photoassociated di-
. atomic molecule.

_ (B.Deb and L. You)

Topological Charge Inversion of a Vortex

o The field associated with the vortices possesses
_ ahelical wave front and the direction of rotational flow

around the phase singularity defines the sign of topologi-
cal charge associated with the vortex. In optical field,
vortices find variety of applications in optical tweezers,
optical spanners, optical trapping of atoms and also in
quantum information and computation. A canonical vor-

“tex using a computer generated hologram, which was

converted to a non-canonical vortex using a cylindrical
lens is produced. The same ABCD law for vortex propa-
gation that was used to find out the trajectory of the ca-
nonical and non-canonical vortex has been used to show
that for a non-canonical vortex topological charge gets
inverted as it propagates. The point of inversion was
found to be same experimentally as well as theoreti-
cally, validating our theoretical freatment of the process
of charge inversion.

(R. P. Singh, S. Roychowdhury and V. K. Jaiswal)

Quantum Disentanglement Eraser: A cavity
QED Implementation

A possible experimental scheme of the Garisto-
Hardy disentanglement eraser based on cavity QED
system is presented. This scheme can be used for a
delayed choice quantum eraser. |t also allows us to ac-
quire single qubit control over teleportation of an arbi-
trary binary state.

(G.S. Agarwal, M.S. Zubairy and M.O. Scully)

Quantum Logic Gates using Stark-shifted
Raman Transitions in a Cavity

A scheme to realize the basic two-qubit logic gates
such as the quantum phase gate and the controlled-
NOT gate using a detuned optical cavity interacting with
a three-level Raman system is presented. The role of
Stark shifts, which are as important as the terms lead-
ing to the two-photon transition is discussed. The op-
eration of the proposed logic gates involves metastable
states of the atom and hence is not affected by sponta-
neous emission. These ideas can be extended to pro-
duce multiparticle entanglement.

(A. Biswas and G.S. Agarwal)
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- Preparation of W, GHZ, and two-qutrit states
using bimodal cavities

It is shown how one can prepare three-qubit en-
tangled states like W states, Greenberger-Horne-
Zeilinger states as well as two-qutrit entangled states
using the multiatom two-mode entanglement. A tech-
nique of preparing such a multi-particle entanglement
using stimulated Ramé’n adiabatic passage is proposed.
A collection of three-level atoms in A - configuration si-
multaneously interacting Mth a resonant two-mode cavity
is considered for this purpose. Our approach permits a
variety of multiparticle extensions.

(A.Biswas and G.S. Agarwal)

Implementing Deutsch-Jozsa Algorithm
using Light-shifts and Atomic Ensembles

A new optical scheme to implement Deutsch-Jozsa
algorithm using ac Stark shifts is presented. The scheme
uses an atomic cell consisting of four-level atoms inter-
acting dispersively with a field. This leads to a Hamilto-
nian in atom-field basis which is quite suitable for quan-
tum computation. It is shown how one can implement
the algorithm by performing proper one-qubit and two-
qubit operations. It is emphasized that in our model, the
decoherence is expected to be minimal due to our us-
age of atomic ground states and freely propagating pho-
ton.

(S. Dasgupta, A. Biswas, and G. S. Agarwal)

Superluminal Propagation via Coherent
Manipulation of Raman Gain Process

A novel method of manipulating the Raman pro-
cess by using a coherent control field which leads to
splitting of the Raman gain peak into a doublet and
anomalous dispersion in the region between the gain
peaks is presented. It is shown how the region of almost
no Raman gain and strong anomalous dispersion is ide-
ally suited for producing superluminal propagation. In
particular, it is shown that the group index for 2Na con-
densate could be in the range -10% to -10*,

(G. S. Agarwal and S. Dasgupta)

Sub- and Superluminal Propagation =
Intense Pulses in Media with Saturateq aqu"
Reverse Absorption nd

‘ Models for the propagation of intense puilse‘s'
solid state media which can have either Salurateq g
sorption or reverse absorption have been develg
Subluminal propagation in ruby and superluming prob
gation in alexandrite as three and four level system
respectively, coupled to Maxwell’'s equations is modal|
Results well beyond the traditional pump-probe approa
are presented and explained the experiments of Bigel
et al. on solid state materials.

(G.S. Agarwal and T.N. Dey)

Mesoscopic Superposition of States with Sy
Planck Structures in Phase Space

A cavity quantum electrodynamics method is pro-
posed, using dispersive interaction between atoms and
a high quality cavity to realize the mesoscopic superpo-
sition of coherent states which would exhibit sub-Plan k
structures in phase space, i.e., the structures at a scale
smaller than the Plank’s constant. These structures are
direct signatures of quantum coherence and are form
as a result of interference between the two superpos
cat states. In particular focus is on a sup'erposition |
volving four coherent states. Interferences in the condi-
tional measurements involving two atoms are shown
(Fig.5.1).

¢

(G.S. Agarwal and P. K. Pathak)

Interferometric measurement of the degree
of polarization and control of the conirast of
intensity fluctuations

A technique for determining the polarimetric char-
acteristics of light by measuring the contrast of the in-
tensity fluctuations in an interferometric setup has been
introduced. The method permits simultaneous measure-
ment of the degree of polarization and of the second
normalized Stokes component, which is related to the
ellipsometric parameters’ azimuth and ellipticity, based
on only two measurements. It is shown that by using
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The Wigner function for the mesoscopic
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nase modulation the signal-to-noise ratio can be in-
ased to as much as 40% under certain conditions.

6.S. Agarwal, M. Mujat and A. Dogariu)

Q’u,antum=infor'mation Entropies of the
igenstates and the Coherent State of the

,schI-TeIIer Potential

The position and momentum space information en-
ropies, of the ground state of the Poschl-Teller poten-
ial, are exactly evaluated and are found to satisfy the
_bound obtained by Beckner, Bialynicki-Birula, and

" Mycielski. These entropies for the first excited state, for-

diferent strengths of the potential well, are then numeri-

cally obtained. Interesting features of the entropy densi-

fies, owing their origin to the excited nature of the wave

functions, are graphically demonstrated. The position

space entropies of the coherent state of the Poschi-Teller

potential, which is known to show revival and fractional
revival are computed. Time evolution of the coherent
_state reveals many interesting patterns in the space-
lime flow of information entropy.

(R. Atre, A. Kumar, C. Nagaraja Kumar and P.K.
Panigrahi)

Fig.5.2: Atwoway split of the initial molecular wave packet

Nonlinear Compression of Exact Solitary
Waves in Asymmetric Twin-core Fibers

A novel pulse compression technique based on
exact solutions to the nonlinear Schrodinger equation
(NLSE) interacting with a source, with distributed dis-
persion, nonlinearity and gain or loss is demonstrated.
It is shown that this model is appropriate for the pulse
propagationin asymmetric twin-core fibers. The chirped
pulses are compressed due to the nonlinearity as well
as dispersion management as also due to the space
dependence of the gain coefficient. We also obtain sin-
gular solitary wave solutions, pertaining to extreme in-
crease of the amplitude due to self focusing.

(PK. Panigrahi and T.S. Raju)

Fractional Revival of a Diatomic Molecular
Wave Packet

The time evolution of a diatomic molecular wave
packet for which both the vibrational and rotational mo-
tions have been taken into account have peen studied.
It is predicted and numerically confirmed that at certain
instants of time, a suitably prepared initial wave packet
will fractionally revive, that is, split up into an integer
number of replicas (Fig. 5.2).

(J. Banerji and Suranjana Ghosh)

67



Space and Atmospheric Scj

Lower Atmos'phere

Seasonal Variations in Trace Gases over the Ba y
of Bengal

Measurements of O, and anthropogenically emit-
ted trace gases like CO, CH, and light non-methane hy-
drocarbons (NMHCs) have been studied in different
seasons over this region. The continental emitted pol-
lutants are transported from the Asian countries over
the Bay of Bengal during the northeast (NE) wind flow
while the clean marine air flows during the southwest
(SW) monsoon. Two cruises were conducted when the |
general wind pattern was NE during 19 February fo 28
March 2001 (BOB-2001) and 19 to 28 February 2003
(BOB-2003). Another cruise was conducted from 14 Sep-
tember to 12 October 2002 (BOB-2002), when the wind
flow was from SW direction just reverse of what was
during the other two cruises. Mean mixing ratios of O,
CO, and CH, observed during these campaigns are

Transport Effects on the Distributions of NM
at Ahmedabad and Mt. Abu '

Measurements of anthropogenic light nop
ane hydrocarbons (NMHCs) are made at Ahmegy
and Mt. Abu. These sites are about 200 km apart
each other and therefore general wind patterng d'o
show significant differences. Ahmedabad ig represé
tive of fully urbanized region with large number of i
tries. On the other hand being an elevated site with,
mum local emissions, Mt. Abu represents a clean b
ground environment. Local emissions of NMHCs g,
nate their distributions at Ahmedabad, while at M. Ab
transport from the source regions plays an impo
role in their mean levels. Itis observed that annual m
values of G,-C, NMHCs at Ahmedabad are highe
factors of 3-9 with respect to the mean valuies at Mt A
Due to efficient transport (lifetimes are higher than'fﬁ
transport time) of ethane and acetylene the conce
tions are relatively higher for these two compounds ¢
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Fig. 6.1 A comparison of mean values of O,, CO and CH, during three different cruise campaigns (2001-2003) over the B "
of Bengal \

shown in Fig. 6.1. Both O, and CO were found to be
lowest during BOB-2002. Methane is well mixed within
the troposphere and does not show significant seasonal
differences. Relatively long-lived NMHCs species (like
ethane and acetylene) show seasonal variation, while
no significant seasonal differences are observed in re-
active (short-lived) NMHCs over this region.

(L.K. Sahu, S. Venkataramani, K.S. Modh, T.K.
Sunilkumar and S. Lal)

at Mt. Abu. Among all the NMHCs measured, propane,
dominates (23%) at Ahmedabad while ethane (39%)
dominates at Mt. Abu (Fig. 6.2). |

(L.K.Sahu, S. Venkataramani and S. Lal) ‘ \

Vertical Distributions of Ozone, Humidity and 1
Temperature ‘ ‘

Concentrations of ozone at surface and inthe tro-
posphere are increasing due to increasing levels of pok-
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(a) Ahmedabad

Ethene

n-butane

Acetylene

u‘t”ants at many sites over the globe, which could cause
vironmental and climatic changes. In order to under-
tand changes in ozone in the troposphere, which are
aused by natural as well as man-made activities, we
ave initiated a programme at PRL under [SRO-GBP to
measure vertical distributions of ozone, humidity and
temperature simultaneously using balloon-borne sen-
f‘f sors. Under this new programme, rubber balloons car-
"rying ozone and radiosondes are being launched fort-
nightly from PRL campus at Ahmedabad. The first bal-
loon flight of this series was m ade on 16 April, 2003. So
far 19 balloon flights have been made most of them
reaching upto the ceiling height of about 33 km. Most of
these flights also carried a global positioning system
_ (GPS) which gives balloon coordinates, wind direction
and wind speed. Large variability in ozone distribution
is observed at lower heights particularly within the plan-
etary boundary layer (PBL) as well as inthe stratosphere.
 Occasionally, sharp increases in ozone are observed
near the tropopause region. The total ozone amount
generally matches with the Dobson measurement, which
is also being operated regularly at PRL.

(S. Lal, S. Venkataramani, T.A. Rajesh, Shilpi Gupta,
S. Desai, T.K. Sunilkumar and K.S. Modh)

(b) Mt. Abu

Ethane

Propan

Propene
i-butane

Fig. 6.2 Abundance (percentage) of various C,-C, NMHCs measured during 2002 at Ahmedabad and Mt.Abu

Micro Pulse Lidar (MPL) Study of Vertical Profiles
of Aerosols over Ahmedabad

The micro pulse lidar (MPL; originally- a NASA-
GSFC design) uses an Nd:YLF laser which emits
1047 nm wavelength and the inbuilt second harmonic
generator converts it to 523.5 nm. Each laser pulse is of
10 ns duration with energy around 3iJ and the pulse
repetition frequency is presently configured at 2500 Hz.
The lidar detects the backscattered radiation from air
molecules and aerosols up to about 10 km during day-
time and up to about 30 km during night. The Micro Pulse
Lidar is in operation at PRL since February 2002. Sea-
sonal and annual variations in the vertical profiles of aero-
sols over Ahmedabad are being studied. Fig. 6.3 shows
the average monthly aerosol extinction profiles for a few
selected months measured over Ahmedabad. During
summer months there is an increase in the aerosol back
scattering in the 2 to 5 km altitude region compared to
that during winter months. The increase is believed to be
due to the hygroscopic growth of the sulfate like par-
ticles found over urban locations supported by the in-
crease in relative humidity at higher altitudes during sum-
mer monsoon. Nevertheless during dust storm activi-
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Fig. 6.3 Micro pulse lidar measured monthly mean aerosol
profiles over Ahmedabad for a few selected months. Note the
decreased aerosol amount in the 2 to 4 km region during the
winter months than compared to September, October months
as the boundary layer collapses to lower heights in winter.

ties, which are more prevalent during the premonsoon
period, the increase in aerosol amount is seen in only
the lower altitudes, surface to about 3 km, indicating that
the locally produced dust aerosols dominate over
Ahmedabad in comparison to that brought from distant
places. Lidar study helps to identify the altitude distribu-
tion of the particles that are important in the estimation
of the altitude variation in aerosol radiative forcing.

(H. Gadhavi and A. Jayaraman)

Inter and Intra-annual Variation of Aerosol
Characteristics over Ahmedabad

Megacities are sources of a variety of anthropo-
genic aerosols that lead to serious environmental prob-
lems including climate change. Itis therefore necessary
to quantify the export fluxes of these pollutants from
megacities into the background atmosphere. According
to UNEP (2001) report, concentration of suspended par-
ticulate matter (SPM) in some of the Indian cities far
exceed the standards set by WHO. Continuous and si-
multaneous measurements of aerosol optical depth
(AOD), column integrated ozone and water vapour con-

“and size distribution are being taken over Ahmeda .

centrations, surface Ievel aerosol mass Conc@mraﬂ

from early 2002. Seasonal variation of different aerog
parameters shows that there is a systematic | '“Cfease
AOD at all wavelengths during summer months anda
increase in the number of smaller size particles With y
spect to larger particles from summer to winter and vq,
versa. Additional studies have been initiated for the me‘
surement of absorption and scattering coefficients
aerosols. There is a diurnal pattern in the variation
black carbon mass concentration as well as in the sca
tering coefficient of aerosols. Derivation of the chep
cal composition of aerosols is attempted by mode|
ting the measured aerosol optical depth spectrum usin
the Optical Properties of Aerosol and Cloud (OPA
model. The experimentally derived aerosol single sca
tering albedo will be used to constrain the model fittin

(D. Ganguly and A. Jayaraman)

Study on Satellite Retrieval of Aerosol Optic
Depth over Land

The natural and spatial spread of aerosols ov
India is very complex, with a mixture of soot, sulfate
mineral dust etc., due to which constructing a general
aerosol model for the subcontinent is not easy. Satellit
observations, however with limited accuracy, can pr
vide the necessary data for understanding the spati
and temporal behaviour of aerosols over the region. R
diation measured by a satellite contains reflection fro
the earth’s surface as well as the scattered radiation
from the atmosphere. Satellite study of aerosols over |
oceans is comparatively more accurate on account of
the dark background they provide to the scattered
diation whereas that over land is more challenging b
cause of the distinction that has to be made between
the radiation reflected by the surface and that by the
atmosphere. As a case study, MODIS (MODerate reso-
lution Imaging Spectroradiometer, onboard the Terrd/
Aqua satellites) derived aerosol optical depth over.
Ahmedabad for two complete annual cycles has beeﬂk'
compared with the ground based AOD observations.
While the satellite data reproduced the overall seasonafi
pattern observed by the sun-photometer there are large
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differences in the absolute values. Possible causes in-
clude erroneous account of land reflectance, ambient
relative humidity etc. A new start has been made to ac-
count for these in models used in the inversion algo-
ithm. A software package is also being developed to
simulate the scattered radiation field at the top and bot-
tom of the atmosphere fo_r different aerosol types.
(A Misra and A. Jayaraman)

perosol Radiative For&[ngs over the Oceanic
Regions Surrounding the Indian Subcontinent
 during Winter Monsoon Season -

, The yearly- and monthly-mean variations in the
;' clear-sky shortwave aerosol direct radiative forcings are
estimated over Coastal India (Cl), the Arabian Sea (AS)
and tropical Indian Ocean (T1O) during winter monsoon
season. Adopting a hybrid approach of using the mea-
sured aerosol optical depths (AOD) during 1996-2000,
fitting them with OPAC and employing a discrete ordi-
~ nate radiative transfer code the radiative forcings are
_calculated. Aerosol radiative forcings over Bay of Ben-
~ gal (BOB) from the AODs obtained during February
2001 are estimated and compared. The yearly- and
monthly-mean variations in aerosol forcings are found
_to exhibit good agreement with AOD variations over
_these oceanic regions. Top of the Atmosphere (TOA)
forcings are found to be -9 (BOB), -7 (Cl), -6 (AS) and
_ about-2 wWm? over TIO during February. Surface (SFC)
forcing is higher over BOB with a value of -31 wm?,
while the SFC forcings over Cl, AS and TIO are esti-
_ mated to be -19, -13 and -2 Wm? (Fig. 6.4). Atmosphere
(ATM) forcing is about 21 wm? over BOB, while it is 13
- Wm®over Cl, 6 Wm? over AS and < 0.5 over TIO. This
comparison shows that the forcings are the highest over
~ BOB when compared to the other oceanic regimes. The
_ high atmospheric absorption over Bay of Bengal is at-
tributed to the presence of higher soot content. The
 large atmospheric absorption estimated over BOB, Cl
and AS is found to be a feature of the other polluted
_ 0cean and land regions, such as the Atlantic Ocean,
Mediterranean, equatorial Africa and Amazon.

{S. Ramachandran)
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Fig. 6.4 The mean aerosol radiative forcings estimated over
Bay of Bengal in February 2001 are compared with those
estimated over Coastal India (Cl), the Arabian Sea (AS) and

tropical Indian Ocean (TIO). Cl, AS and TIO radiative forcings

are calculated for the February monthly-mean AOD spectra
and are the average of the four INDOEX cruises conducted
during 1996-1999.

Yearly- and Monthly-mean Variations in Spectral
Aerosol Optical Depths over the Arabian Sea and
Indian Ocean

Spectral aerosol optical depths measured in situ in
the 0.4-0.851t m during 1996-2000 over the Arabian Sea
and tropical Indian Ocean are analyzed and the yearly-
and monthly-mean variations in the aerosol optical depths
are studied. The 0.4 Lt m AODs are found to be higher by
a factor of three with respect to the 0.851m AODs indi-
cating the dominance of smaller size aerosols over these
oceanic regimes. The AODs are found to exhibit inter-
annual and monthly variations. On the yearly-mean scale
the AODs are found to exhibit an increasing trend over
Cl and AS, while the AODs are found to decrease over
TIO during the 5-year period. Trend lines indicate that
over Coastal India the AODs are found to increase by
about 10% during the 5-year period while over AS the
AODs have increased by about 5-8% in the 0.4-0.851Lm
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wavelength region. Over the Indian Ocean the AODs
have decreased by about 20% per year.

(S. Ramachandran)

A GCM Study of Variabilities in Stratospheric
Responses due to Pinatubo Aerosols

The radiative and dynamical responses in the
stratosphere due to Pinatubo aerosols are determined
by doing an ensemble of eight:GCM integrations with
different initial conditions and with observed aerosol prop-
erties as input. Equator-to-pole temperature gradients
in 1991/92 winter in the northern hemisphere are differ-
ent in each ensemble run. The ensemble results show
that the stratosphere can evolve quite differently depend-
ing on the initial meteorological conditions with differing
equator-to-pole temperature gradients and significant
year-to-year variability in the polar temperatures. A strong
negative correlation exists in the lower stratosphere be-
tween the temperature anomalies obtained in the trop-
ics and the polar latitudes.

(S. Ramachandran and V. Ramaswamy)
Upper Atmosphere

Geomagnetic Storms and lonospheric Effects at
Anomaly Crest Region

Geomagnetic storms of different strengths and their
response to F, - region of ionosphere near the anomaly
crest region are studied based on the interplanetary, geo-
magnetic and ionospheric data during the solar maxi-
mum petriod of 1999-2001. The southward IMF is an es-
sential precondition for the formation of geomagnetic
storms. Response to ionosphere is examined from the
ionospheric F,region data

The storm-time response to F,-region of iono-
sphere is studied using ionosonde (1989-91, 1999-2001)
and VHF scintillation (1999-2001) data recorded at
Ahmedabad. The ionosonde data show both positive and
negative effects for foF, The negative storm effects are
much more pronounced than the positive storm effects.

The negative storm effects that occur in the pOSt‘mid;
night are mostly accompanied by the increase ink -
The decrease in foF, due to storm induced circulatig
that brings the gas with depleted O/N, ratio, dominate,
the increase in foF, due to the increase in h'F, ang re
sults in the net decrease in foF,. The penetrating mag
netospheric and high-latitude electric fields and the elec
tric fields generated by the disturbance dynamo play im
portant role. The probability of occurrence of scintilla
tions in the post-midnight is enhanceed under the storms
in which Dst goes below -75 nT in the post-midnighttg
dawn sector. Reversal of the equatorial ionospheric eleg.
tric field due to the penetration of storm-time magnetg.
spheric and high-latitude electric fields explains su(:h; 7
scintillation occurrence.

(H. Chandra, Som Sharma and Sushil Kumar)

Study of Gravity Waves using Airglow Imaging   "

The Airglow imaging system has been upgraded
and deployed for the study of gravity waves.The cam-
paigns were conducted from Gurushikhar during .
November 2003 and from Kavalur during January 2004
to March 2004. Preliminary analysis of data has shown
very encouraging results. Signatures of gravity waves
could be seen in 630 nm oxygen emission, at several
occasions in the night. Detailed analysis of the data.is.
underway.

(H S § Sinha, R N Misra, N Dutta, P K Rajesh, M B
Dadhania and S B Banerjee)

Optical Signatures of Some Special ESF
Structures

A co-ordinated experiment with Indian MST radar
and a narrow band optical photometer was carried out
from Gadanki during February-April, 2004. The optical
signatures corresponding to special ESF events at two
thermospheric emission lines (630.0nm and 777.4nm)
were found to be different from event to event. The
777.4 nm intensity variation over zenith showed anti-cor-
relation with the 630.0 nm intensity variation over zenith
when the large scale ESF structure encompassed the
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hthe emission lines (Fig.6.5). How-
Juring that interval, the 777.4 nm intensity in the

',rection (east) varied identically with the 630.0 nm
"i‘t"y variation over zenith and 630.0 nm intensity in
nal direction varied identically with the 777.4 nm
|ty variation over zenith. In addition to that, it is
hat the vertical columnar intensity of O 30.0 nm
wexceeded the sianteq columnar intensity in the
nce of large bottomside'gtructure. Depending upon
altitude Of the plume structures and the bottomside
e optical signatures in 630.0 nm and

’[Ude of bot

setures, th

and macro structures of ESF. These cases have been
aritically investigated to understand the role of electric
field in the thermospheric airglow emissions. This work
is carried out in collaboration with National MST Radar

Facility, Gadanki.
(R. Sekar, D. Chakrabarty and R. Narayanan)

Wlicro Variations in the Thermospheric Nightglow
Emission Intensities during a Space Weather

Event

Earlier investigation revealed the presence of mi-
cro variations in the thermospheric airglow intensities
which are associated with the “plume” structures ob-
tained by the VHF radar during spread-F events. These
micro variations were found to be absent during non-
ESF nights. These observations pertain to geomagneti-
cally “quiet” conditions. However, during the period of
co-ordinated experiment with Indian MST Radar in Feb-
 tuary, 2004, the thermospheric nightglow emission in-
_tensities showed micro variations during geomagneti-
~ cally “disturbed” condition and on nights when spread-F
_ events were absent. These micro variations are believed
_ to be due to the penetration of storm-time magneto-
_ spheric electric field in the low latitude. The role of per-
turbation electric field in the thermospheric airglow emis-
sion is investigated. This work is carried out in collabo-
ration with National MST Radar facility.

(D. Chakrabarty, R. Sekar and R. Narayanan)
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Fig.6.5 Co-ordinated observations by VHF Radar and the
narrow band photometer revealing the airglow responses
corresponding to one of the special structures of ESF
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01 630.0 nm Dayglow Intensity Variations during
a Disturbed Geomagnetic Condition in February,
2002 — a Case Study

It is known that geomagnetic storms trigger the
generation of large scale traveling ionospheric distur-
bances (TID) which can propagate upto the low and
equatorial latitudes. However, these TIDs and their pa-
rameterization are yet to be comprehensively under-
stood. By scanning in the meridio"‘rgal direction during a
geomagnetic storm event in February, 2002, Ol 630.0
nm dayglow intensities were obtained. By cairrying out a
suitable harmonic analysis of the dayglow intensity fluc-
tuations, an attempt is made to identify the TIDs associ-
ated with this particular storm.

(D. Chakrabarty, R. Sekar and R. Narayanan)
Laboratory Astrophysics
Recoil lon Momentum Spectrometry

A recoilion momentum spectrometer has been built
for studying ionization of atomic oxygen, and fragmen-
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Fig. 6.6 :  Animage of the ion track created by the passage

of electron beam in the new RIM spectrometer. The red spot
close to the centre corresponds to high countrate arising from
the overlap of the electron beam with an effusive beam of
coz.

Fig. 6.7 : The experimental station of the PRL-§|
collaborative experiment at the INDUS TGM beamline.

tation of molecules by a laser (multi-photon ionizatio )
or by electron impact ionization. The spectrometet is
operational and electron-impact experiments ha
started. The spectrometer is essentially an imaging d
vice, but it also records the time of arrival of ions.
Fig. 6.6 shows an image of the ion track created by the
passage of electron beam. The position and time infor-
mation can be converted into a three-dimensional ve-
locity or momentum map. During the initial testing stages,
effusive beam of Argon gas was used as the'target.
Position and time information for Argon ions has been
recorded, and the software for converting this data into
momentum maps is nearly ready. Experiments for mea-
suring momentum-resolved ionisation of atomic oxygen .
and for studying the kinetic energy distribution of frag- .
ments arising from molecular break-up will begin soon.

(Bhas Bapat, V. Sharma, D. Kothari and R. K. Singh)

Multiple lonization Cross Section Measurements
of Argon using INDUS-1 Synchrotron

The collaborative program between PRL and the
Centre for Advanced Technology (CAT), Indore for do-
ing gas phase photoionisation experiments at the
INDUS-1 Synchrotroh(Fig. 6.7) has taken off. First re-
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ig.6.8: A time-of-flight mass spectrum of multiply charged
rgon ions observed at the INDUS TGM experimental station.

Jts on multiple ionisation of Argon were obtained in
ebruary 2004. Charge states as high as Ar*t were
etected, and a strong dependence of the relative cross-
ections of various charge states on photon energy was
bserved (Fig. 6.8) Our observations are in agreement
ith previously published data. Efforts are on to begin a
ew set of experiments for studying molecular
hotofragm-entation and non-dipole effects in the angu-
ar distribution of photoelectrons from ionisation of noble

(R.K. Singh, B. Bapat, K.P. Subramanian, D. Kothari, V.
Sharma, A. P. Gohil and . A. Prajapati)

Planetary/Cometary Atmospheres

Solar wind Electron Precipitation in the Nightside
of Mars at Terminator Region

The nightside ionosphere of Mars was observed
by Mars 3, 5 and Viking 1, 2 during low solar activity
period. From the analysis of these measured data it ap-
pears that sometimes ionospheric peaks were not vis-

Altitude [km]

—A— Electron precipitation
-~ B,y =127
—— Viking 1,7, = 124°

Electron Density [X 10%, em™|

Fig. 6.9 The electron density profiles observed in nighttime
by Viking 1 at solar zenith angle 124°. The calculated electron
density at solar zenith angle 124° due to precipitation of solar
wind electrons and H*-H are also plotted.

ible while at other times, two or three prominent peaks
were found at altitude ranges ~190-200 km, 160-170
km or 132-150 km which were produced by different
physical processes. These processes are studied by
making a model calculation. We have calculated elec-
tron density due to precipitation of solar wind electrons
and proton-hydrogen H*-H atom in the nightside iono-
sphere of Mars at solar zenith angle 127° In Fig. 6.9,
these calculations are compared with the measurements
made by Viking 1 in the evening.

This calculation suggests that major peak in the
nighttime is obtained by precipitation of solar wind elec-
trons. The peak for H'-H impact jonization occurs at
about 135 km. This source seems to be an important
ionization process, which can also participate signifi-
cantly in the nighttime ionosphere of Mars. However, the
peak values for this source is smaller than the measure-
ments and other calculations have been made by using
the precipitation of solar wind electrons.

(S.A.Haider and S. . Seth)
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Lower lonosphere of Mars

The chemistry of the lower ionosphere of Mars is
studied below 100km using one dimensional model un-
der photochemical equilibrium condition The primary
ionization sources in the model are solar radiation and
cosmic rays. The chemical model couples ion neutral,
electron neutral, photo dissociation of positive and nega-
tive ions, electron photo-detachment, ion-ion and ion-
electron recombination prooess,és involving over 100
chemical reactions. The eleotron“density is calculated
‘using charge neutrality condition. This calculation shows

the chemical composition and chemistry in det’a
cating that Mars should have D-region at about
due to high efficiency of the electron attachmen“
molecules, which entails that concentration of neg
ions is higher than that of electron below 30 kmy
hydrated hydronium ions H,0" (H,O/n for n=1 234
dominates below 70 km and O," dominates above
altitude while negative ions NO,;’ (H,0), and Co, ¢
for n=1,2 are major ions below 30 km. Above this
tude, electrons play an important role in the lower ibnv
sphere of Mars. -

(S.A. Haider, Vikas Singh and V.R. Choksi).

T
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Planetary and Geosciences

he research activities of the Division encompass
bf a wide variety of natural processes pertain-
o solar system, earth’s lithosphere, hydrosphere,
ére and atmosphere. Selected activities are de-

e belOW.

srent Precursors for Chondrules of
nstatite and Ordinary Chondrites

chondrules are the si.li\cate spherules of millime-
se that make up >50% by volume of the chondritic
rites. Though it has been established that flash

«med chondrules, the exact heating agent and their
rmation location are still unknown. Theories predict
at chondrules formed in the nebula and later became
:ft of their parent chondrites, and suggest that the pre-
rsors of chondrules are not the same as their parent
ondrites. With the laser microprobe, we have investi-
ted nitrogen isotopic systematics of individual chon-
ules from unequilibrated chondrites belonging to H
isschitz, Udaipur, Dhajala), L (Saratov), LL (Chainpur)
and E (Parsa, Qingzhen) to understand the possible dif-
ferences between the precursors of chondrules and their
respective parent chondrites. In Fig. 7.1, §'°N values of
each chondrule is plotted againstits N content. The fields
covered by bulk meteorites are also shown. It is very
clear that for E chondrites, §'5N has the same range as
the bulk, but for ordinary chondrites, they show a wider
range. This clearly suggests that the precursors of chon-
drules from E and O chondrites are different, but those
of E chondrites seem to match their parent chondrites.

(JP.Das and S.V.S. Murty)
Martian and Lunar Meteorite Studies

Martian and lunar meteorites provide us free
_ samples from random locations of these solar system
_ objects. These invaluable samples are the only direct
Way to carry out rigorous laboratory investigations about
; planet Mars and provide additional information about
_ Moon. We have investigated the martian meteorite
1 Y000593 and the lunar meteorite Y983885, both from
the Japanese Antarctic collection, to learn about their
cosmic ray exposure history and trapped noble gases
and nitrogen.

ing followed by fast cooling is the process that -
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Fig. 7.1 : N contents and §"N (corrected for cosmogenic
contribution) are plotted for individual chondrules. The ranges
expected for the bulk ordinary (H,L,LL) and enstatite (E)
chondrites are also indicated.

Y000593: We derived an exposure age of 11.9 %
1.2 Ma for this nakhlite, similar to the other known
nakhlites so far. But in trapped gases, there is negligible
amount of Mars atmosphere and in this respect, YO00593
is more similar to Chassigny and is an ideal sample to
look for interior gas components. We clearly identify an
interior Ne component with (?‘ONe/ZzNe) =9.1+0.7, dif-
ferent from Mars atmosphere, and an interior Ar compo-
nent with a very low value for (4°A|‘/36Ar) < 42, as com-
pared to the value of > 40,000 for Earth. Such a low
value for Mars is a clear indication of a low degree of
degassing for the planet Mars. In addition to an interior
N component with §'°N < - 15 %o (similar to the already
known Chassigny-S component) released during
vacuum crushing, during step-heating, a clear second
N component comprising 55% of total N and with
§'5N = 25%, has been released at 400°C combustion
and is accompanied by 69% Xe of pure interior origin
(129Xe/132Xe = 1.039+0.008). Preservation of such di-
verse and primitive N components suggests that Mars
interior remained frozen very early in its histoi‘y.

v983885: This lunar meteorite contains by far the
largest solar gas concentration, except for severe losses
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~of He and Ne, due possibly to ejection related shock
metamorphism.Cosmogenic gases are mostly produced
during lunar surface residence. The most important re-
sult of this study is the identification of excess N of non-
solar origin with §'°N in the range of 30 to 50 %o, in the

low temperature fractions. This heavy N is not associ- -

ated with trapped noble gases, clearly hinting at its
source to be devolatalised N from either IDPs or comets
that continuously bombard the lunar surface.

(J.P. Das, R.R. Mahajan and S.V.S. Murty)

Duration of Chondrule Formation and Solar
Nebula Time Scales

Meteoritic chondrules are considered to be a prod-
uct of high-temperature transient events taking place in
the solar nebula. A determination of the time and dura-
tion of chondrule formation is an important step towards
understanding the origin of chondrules. Analysis of chon-
drules from unequilibrated ordinary chondrites (UOC)
and carbonaceous chondrites, using Al as a chrono-
logical tool, suggests that the formation of the refractory
Ca-Al-rich Inclusions (CAls) in the solar nebula preceded
chondrule formation and the large variation in the initial
.(QGAI/EAI) ratio in the chondrules may be attributed ei-
ther to differences in their formation age or to Mg iso-
tope redistribution accompanying metamorphic process-
ing. We have initiated a systematic study of UOCs of
various metamorphic grades to get further insight in this
regard. We show in Fig. 7.2 the resulis of Al-Mg isotope
systematics in one of the chondrules from the meteorite
Adrar 003 analyzed by us. The data show presence of
%Al in this Chondrule with a value of (5.9 + 1.6) x 10
for initial (28A|/27AI). Data for two other chondrules sug-
gest similar initial (ZGAI/27AI) value, while several addi-
tional chondrules have lower initial of ~10°°. The initial
value in the chondrules are distinctly lower than CAls
(~5x107°) and confirms the later formation of chondrule
relative to the CAls. However, the high abundance of
presolar grains in the Adrar 003 meteorite suggests that
it experienced a low degree of thermal metamorphism
and the observed spread in the initial (26Al/27Al) cannot
be attributed to metamorphism. Our data strongly sug-
gest an extended duration of chondrule formation in the

ADRAR 003-1 ; Chondrule # 2

ADRAR 003-I; Chondrule#2
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Fig. 7.2 : (a) Scanning electron photomicrograph ofa
chondrule from Adrar 003 analyzed for Al-Mg isotope
systematics. (b) isotope data.

solar nebula. This will have important implications for
nebular time scale and formation and accretion of smaller
objects leading to formation of meteorite parent bodies
and planetesimals in the early solar system. '

(M. P. Deomurari, J. N. Goswami and R. Gowda)

Boron Isotopic Composition in the Protosolar :
Cloud

Analysis of bulk samples of meteorites and lunar
rocks suggests a well-defined solar system boron isoto-
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though non-solar boron isotopic compo-
tmicro—scales within individual chondrules have
éported, an exhaustive study of chondrules from
[ types of meteorites failed to confirm this obser-
The refractory Ca-Al-rich Inclusions (CAls),
"formation in the solar nebula preceded chondrule
ation, are ideal samplgs to check if the initial boron
5'pic composition of the protosolar cloud differs from
ne reference solar system vglue. Data for Be-B isotopic
ystematics obtained by us and other groups are now
vailable for 17 CAls from five meteorites and show that
ﬁ'e initial 115,198 ratios at the time of formation of the.
pls are often lower than the reference solar system
ie. The 5''B values in CAls span the range from
o, 1o +22%0 With large uncertainties and yield a
eighted mean value of about -15%.. The solar system
rence 113/108 ratio of ~ 4 represents a mix of two
ponents; high-energy galactic cosmic ray produced
omponent ( 'B/'%B ~ 2.5) and a low energy particle pro-
uced component enriched in ''B. The variations in ini-
21 'B/'°B in CAls may represent initial B isotopic het-
rogeneities in the protosolar cloud that did not persist
p to the time of chondrule formation. Such heteroge-
neities may represent admixture of varying amount of
. poron produced by low-energy particle interaction added
o the protosolar cloud at different epochs during its life-

time.

0. Even

(J. N. Goswami)

Chemical and Cosmogenic Records in
Recently Fallen Indian Meteorites

We studied three new meteorites out of which two
are fresh fall and one of them is a find. One of the falls
took place in Orissa at Kendrapara on September 27,
2003 and another in Muzzafarnagar district of U.P. on
November 4, 2003. Kendrapada meteorite fall was a
-~ shower, which has fallenin various districts of Orissa. It
belongs to the ordinary class of chondrites (H-5). The
activities of cosmogenic radionuclides (7Be, 22Na, °A,
*Mn, 56.57.58.6004) appear to be normal. The
Muzzafarnagar meteorite was a single fall and was stud-
ied for the various cosmogenic nuclides as mentioned
above which have been found to be normal. The Aradki

Meteorite is a find, recovered from a canal site in the
district Sri Ganganagar (Rajasthan). We detected the
signature of long lived cosmogenic 2°Al (half life: 0.73Ma)
only. It seems to belong to the rare group of primitive
carbonaceous chondrites, which might be the largest
meteorite of this type recovered from Indian soil.

(N.Bhandari, A.D. Shukla, P.N. Shukla and K. M. Suthar)
Geochronology of the Dharwar Craton

The Dharwar craton in southern India is one of the
prominent Archean crustal block within the Indian shield.
We have determined 2%’Pb-2"°Pb ages of zircons from
the various lithounits of this craton to reconstruct its geo-
chronological evolutionary history during the early
Archean. We have focused our attention on the eastern
block for which very little data are available at present.
Five samples of metasediments, two quartzites and three
metapelites from the eastern Dharwar block and three
metasediments from the western Dharwar block were
analyzed. Detrital zircons from the western block have
formation ages in the range 3.0 to 3.5 Ga that overlap
with ages reported earlier. Our data also suggest simi-
lar antiquity for detrital zircons in metasedimentary
samples from the eastern block with ages covering nearly
the same time span. The zircon ages for the eastern
block are much older than anticipated from previous stud-
ies that suggested this block to be primarily a product of
crust formation during early Proterozoic. We have also
analyzed zircons from orthogneissic enclaves within the
younger granitoids from the eastern block and obtained
age ranging from 3.0 t0 3.3 Ga, that are also similar to
the ages of gneissic rocks from the western Dharwar
hlock. Our results suggest that crust-forming events lead-
ing to the formation of the eastern Dharwar block started
much earlier than proposed in previous studies.

(M. P. Deomurari, J. N. Goswami, B. Maibam and R.
Srinivasan)

Geochemistry of Volcanism along Nazca
Ridge and Easter Seamount Chain

Study of the Nd-Pb-Sr isotopic, trace element, and
major element characteristics of lavas from the Nazca
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Ridge and Easter Seamount Chain east of Salas-y-
Gomez (SYG) Island provides insight into the nature of
the Easter-SYG hotspot source through the last 30 Myr.
Major element analyses of glasses and whole-rocks from
seamounts located between 17° 15.64'S, 78° 10.01'W
and 19° 9.72'S, 79°38.99'W reveal that most are mod-
erately evolved, transitional to moderately alkalic basalts
(MgO = 4-7 Wi%, TiO,=2- 4 Wi%, K,0=0.5-1.65 wt%).
Incompatible element concentrations cover a wide range,
from normal mid-ocean—ridge type to alkalic ocean-is-
land type (OIB). Most of the seamounts we sampled are
composed of OIB-type lavas, indicating a normal hotspot
style of magmatism. Initial Sr, Nd and Pb isotopic ratios
for most of the lavas define two categories: (1) N-MORB-
like and transitional basalts (ZOGPb/Z(MPb: 18.709, ¥sy/

#5r=0.70267, €,, = +8.6) and (2) incompatible-element-
enriched MORB-like to strongly alkalic OIB (ZOGPb/ZO“Pb=
19.402-20.012, ¥'Sr/*°Sr=0.70320-0.70389, €,, = +2.8
to +5.8). The Pb, Nd, and Sr isotope arrays are co-linear
with those for southern East Pacific Rise MORB and
OIB from relatively recent products of the Easter-SYG
hotspot, indicating that the same end-members have
been involved for the last 30 Myr: a high €., , low 8'Sr/

831, low 2°°Pb/**Pb MORB source and a low &, , high
sy, high 208ppy204py, hotspot source. The hotspot
end-member is isotopically similar to the most commonly
observed mantle component known as the “C” compo-
nent. East of SYG, the lack of any geochemical gradient
along the chain indicates that there has been no sys-
tematic change over time in the proportions of the end-
members involved.

(Jyotiranjan S. Ray and J.J. Mahoney)

Stable Carbon and Oxygen Isotopic
Compositions of Indian Carbonatites

Stable C and O isotopic compositions of
carbonatites are results of fractionations caused by vari-
ous magmatic and post-magmatic processes during the
carbonatite generation and evolution. Our critical exami-
nation, using various theoretical models, of the avail-
able stable isotopic data from Indian carbonatites, which

span in age from Precambrian (~2.4 Ga) to Cretac
(65 Ma), revealed the followmg important infoy
(1) The average and mode of §'°C disty ibution i
carbonatites (~ -4 %.) are higher than globg| aver,
(2) the primary (unaltered) variations are foung to.

results of either batch crystallization under plutonic ¢ '
ditions as observed in Hogenaka! and northeasterm
dian carbonatites or fractional crysi tallization fro
CO,+H,0 fluid rich parent magmas as observed i inra
of the carbonatites; (3) the secondary (alt ered) isotop
variations in all the carbonatites are apparently resy
of low temperature alteration by either meteoric wat
or CO, bearing aqueous fluids. The estimated e
ues of the mantle sources of Indian carbonatiteg (5"3
7.5 %) show the expected normal upper mantle sign
tures, but the §'°C values appear to be more variable
(-6 to -3.1 %0). The younger carbonatites (<107 Ma)
particular appear to have derived from "*C enriche
(plume?) sources. A combined scrutiny of §'3C and #’s
83y data (Fig. 7.3) suggests that Indian carbonatite wei
derived from large-ion-lithophile element enriched mant
sources and the enrichment probably took place some
time in Archean (~ 2.4 Ga ago). We suggest that the
Indian sub-continental mantle, which got metasomatized
with fluids from subducted oceanic crusts around that
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Fig. 7.3 : Model estimated § IECPDB of the mantle sources

for Indian carbonatites versus their emplacement age. The
initial  S1/%8r for the carbonatites (same for theirs sources)’
are given in the brackets next to their names.
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ined as a continuous source for these

anjan S. Ray and R. Ramesh)

@yéled Nitrogen in Lower Mantle

Knowledge of the nitrocjv‘en components in differ-
terrestrial reservoirs is very essential for a proper
erstanding of the evolution'of this most prominent
ospheric constituent, from the accretion stage ofthe
in, Our earlier work based on MORBs has clearly
wn that surface N has been recycled into the upper
mantle (UM) and the pure UM end member of §"°Nis ~
5%, No credible information so far exists regarding
he composition of nitrogen for the lower mantle (LM).
We have taken up the study of carbonatites (suppos-
kdl‘y of LM origin) of different ages and geological set-
ings from within India, to investigate this aspect. We
ave separated carbonate, apatite and magnetite and
‘mployed vacuum crushing (VC) and pyrolysis (P) tech-
iques for gas extraction and studied nitrogen and noble
ases. Isotopic signatures (20Ne/22Ne) and (129Xe/132><e)
f trapped noble gases clearly establish the occurrence
fmantle gases and those of (21 Ne/**Ne) and (4OA|'/36Ar)
allin the range of LM values. Of particular significance
re the very different values of N contents, §'%C and (N/
BAr) for VC and P for apatite mineral separates. While
VCyielded only a small amount of N (< 5%) with light
_isotopic signature (615N < - 20%o) and low value for (N/
®Ar), the pyrolysis yielded large N content, positive 5N
(>10%.) and a high (N/SGAr) ratio. A straight forward in-
terpretation of these data suggests that there are two
trapped N components in the apatites, a light N that ex-
_ists in gas phase and accompanied by LM type Ar and
_hence of lower mantle affinity, and a second N compo-
nent that is in solid speciation (inorganic form), not ac-
__companied by noble gases and having positive §'°N.
_ This N component represents nearly pure recycled com-
_ponent. A very light LM signature and definite presence

of recycled N component with §'°N ~ +15%. in the LM

are clearly shown by our results. Ignoring the possible

presence of the heavy recycled N component is the rea-

son for the earlier literature value of §'°N ~ + 3%. for the
LM nitrogen.

(S. Basu and S.V.S. Murty)

palaecovegetational Reconstruction in Late
Miocene Based on Early Diagenetic
Carbonate Cement from Indian Siwalik

Change in carbon isotope ratio of soil carbonates
from Siwalik sediments has been used to show the tran-
sition of vegetation from C3 type to mixed C3-C4 type
during the late Miocene period. However, scarcity of sail
carbonate nodules in Indian Siwalik sections prevents
accurate reconstruction of the timing and nature from
C3 to G4 transition. It is of interest to check if the carbon
isotope ratio of early diagenetic carbonate cement from
sandstones can be used since the cement is derived
from shallow groundwater which is in isotopic equilib-
fium with the plant derived CO,,. Carbon isotope ratio of
the cement samples shows that at around 9 Ma, the-
vegetation was of C3 type. The ratio increased after 9
Ma indicating appearance of C4 plants. By around 7 Ma
C4 plants dominated the ecosystem. This corroborates
the earlier results from the Pakistan Siwalik.

(S.K. Bhattacharya and P. Sanyal)

Stable Isotopic Studies of Palaeosols from
Upper Siwalik of Himachal Himalaya

Stable isotopic studies of the palaeosols from
middle and upper Siwalik sections from Pakistan and
Nepal regions were done by Quade J. and Cerling T.E.
(1995) to infer palagoclimate of these regions during
early and late Miocene. We extended this study to the
upper Siwalik of Himachal Himalaya, India. Carbon iso-
topes in palaeosol carbonate nodules and associated
organic matter indicated an abrupt transient of C3 veg-
etation dominance around 4 Ma in the general trend
observed of C4 ecological dominance from 8 Mato 3 Ma.
We attribute this observation to the higher monsoonal
intensity around 4 Ma, as the greater moisture availabil-
ity would lead to an abrupt transient of C3 vegetation
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dominance in this region. Andthis is very well supported
by other studies of G. bulloides abundances from DSDP
core from Arabian sea and that of grass pollen abun-

. dances on the land. Time for sedimentary section stud-
ied was estimated from magnetostratigraphy and was
checked and supported by Ar-Ar dating of a tuff of bed
from Upper Siwalik section from Jammu.

(P. Ghosh, J.T. Padia and R. Mohindra)
Southern Margin of Thar |

Studies on the Aeolian and fluvial seqguences of
the Southern Thar in the Orsang and the Mahi basin
enabled a reconstruction of climate variation over the
past 100 ka. Sediment architecture, textural analysis and
luminescence dating indicated the presence of mean-
dering rivers during the last interglacial stage indicating
stronger monsoon conditions, a shift from meandering
to braided river pattern during period 100-60 ka indi-
cated weaker monsoon conditions with enhanced sea-
sonality. The meandering systems established again after
60ka and persisted till 30ka. This along with regional
floodplain aggradation and pedogenseis indicated stron-
ger monsoon conditions. The monsoon weakened after
30 ka and eolian sedimentation at around 20ka indicates
significantly weakened monsoon around the glacial maxi-
mum. Post 11 ka a regional landscape stability and a
northward shift in dune forming climate is also seen. A
regional tectonic activity that modified the courses of
rivers was dated to 30 —11 ka age bracket.

(N. Juyal, A.K. Singhvi and L. S. Chamyal)

Chronology of Neotectonic Events in
Kachhch and Their Implication for Recent
Seismicity

Consequent to continent-continent collision and
flexing of the Indian lithosphere, the paleo-rift basin of
Kachchh (Kutch) in western India experienced several
tectonic episodes along the major E-W faults. The 2001
Bhuj earthquake was the most recent evidence of con-
tinued seismicity along Kutch Mainland Fault (KMF). We
attempted to create a record of long term seismicity by
dating tectonically caused changes in the landscape
features such as river terraces and the incision of river

laid sediment in the northern hill range along kg Usin
blue green stimulated luminescence (BGSL) methb
Optical ages on Quartz mineral separates provided‘évi
dence of bed rock incision during 12 ka to 5 ka followe
by a phase.of aggradations between 5 t0 0.5 ky An
other incision event dated to 500a is also seepy. Thu
two episodes of uplift, at 12 ka and 500a occurred 4,
imply rates of incision of ~1.5 mm/a on the bedrock
race during 12 to 5ka, and 9.0mm/a during the pag :
ka on valley fill terraces. Recent geodetic measuremeant
since 2001 have provided an uplift rate of 12mmyq
eastern KMF and this implies an increase in uplift rate
during the past 500 years. Increasing deformation at the
eastern limits of KMF has thus resulted in the right lat.
eral thrust faulting on the south dipping South Wagaq |
Fault. This resulted in the Bhuj 2001 earthquake event.

(N. Juyal, G. Mathew, J.T. Padia, A.K. Singhvi and R,
V. Karanth) -

Chemical Weathering of Eastern Himalaya

Studies on erosion rates of various basins ofthe
Brahmaputra have been completed. The result for the
Eastern Himalaya shows that the erosion rate in the
Eastern Syntaxis is as high as 14 mm y™', similar to the
reported exhumation rate for this region. The erosion
rates for the Tibet, the Himalaya and the Mishmi Hill
basins are much lower, 0.1, 2.1 and 2.3 mmy "' respec-
tively, similar to those obtained for these regions based
on cosmogenic isotopes. The chemical weathering for
the eastern Himalaya i$ also high resulting from higher
runoff and high physical erosion of the region. Major ion
and 5'°C of DIC indicates that about half of the cations
in the Brahmaputra system are derived from silicates,
same as that for Sr. '

(S. K. Singh)
Chemical Weathering of Deccan Traps

As a part of our investigations on chemical weath-
ering of Deccan Traps, §'°C measurements were car-
ried out in dissolved inorganic carbon (DIC) in twenty
rivers to identify the sources of DIC and their mixing
proportions. §'°C value ranges between — 8.5%. 10
—20.7 %, with eleven out of them having §'3Ciin the range




{87 + 2%, indicating exclusive silicate weathering
il cO, from C3 vegetation. Others show higher
values, — 8.5%o to —15%o, indicating mixing of DIC
m silicate and carbonate end members. The §'3C of
~ ehows strong linear correlation with 1/(HCO)
_0.82) and Si/HCO, (r,=0.80) with intercepts (—=9.6%o
_8.9%s respectively), similar to that calculated for
43¢ from carbonate weathering with C, soil CO,,.

5 K. Bhattacharya, A.Das and Sf’a\g(rishnaswami)

pissolved Uranium and 234y/2%8U in the
yamuna and the Chambal rivers

Concentrations of dissolved uranium and 234738y
activity ratios were measured in the Yamuna headwa-
fers in the Himalaya and the Chambal river system in
{he plains to determine their sources and to study weath-
ering and mobility of uranium in these watersheds. The
dissolved uranium in the Chambal river system ranges
from0.2t01.74 11 g L' whereas inthe Yamuna, it varies
from 0.09 to 3.611 g L". The high concentration of ura-
nium in Hanuman Chatti is derived from weathering of
the Higher Himalayan Crystalline series (HHC) and as-
sociated accessory minerals and uranium mineralized
sones. The 23*U/A%8U activity ratios in the Chambal wa-
tershed range from 1.15 + 0.05t0 1.67 £ 0.04 and in the
. Yamuna it varies from 0.95 = 0.03 to 1.56 x 0.07. The
_ high 23411 238 activity ratios in the Yamuna system are
in its tributaries from the lower reaches, the Amlawa,
"" Aglar, Bata, Tons and the Giri. This is due to weathering
_ of metamorphosed carbonates and/or through ground-
_ water inputs with significant uranium isotopic disequilib-
rium. Itis estimated that ~9 and ~12 tons of uranium are
transported annually in dissolved form from the Yamuna
river at Batamandi (the foothills of the Himalaya) and the
Chambal river at Udi respectively. This study confirms
_that uranium weathering rate in the Himalaya is far in
excess of the global average value of ~0.08 kg km2 y".

(S. Krishnaswami, R. Rengarajan and M. M. Sarin)
New production in the Bay of Bengal

New production has been estimated in the Bay for
two seasons, pre and post monsoon. The overall total

production during post and pre monsoon average around
4 and 9 mmolIN m2d'. The new production averages
around 3 and 6 mmolN m?d™ for post and pre- mon-
soon respectively. The average new and total produc-
tion during post monsoon are higher for open ocean sta-
fions (3 and 4.5 mmol N m*?d™") than coastal (2 and
3.5mmol Nm?d™") stations. The average new and total
production during pre monsoon are higher for coastal
stations (9 and 11 mmol N m™d™") than open ocean sta-
tions (4 and 6 mmol N m'zd'1) stations. Conservative
estimates suggest the f-ratio(ratio of new to total pro-
dugtion) to be around 0.7 and 0.6 for pre and post mon-
soon respectively. These results are the first estimates
of new production in the Bay of Bengal. The total pro-
duction estimates presented here are comparable to
those reported for the Bay of Bengal during recent study
by "¢ technique. The higher values at open ocean lo-
cations during post monsoon may be due to the avail-
ability of nitrate due to the churning up of the ocean
caused by cyclonic activity. The reduced stratification of
the upper layer in the Bay during 2002 might have also
helped in bringing nutrients to the surface. The high new
and total production at coastal locations during pre mon-
soon season may be due to poleward flowing East India
Coastal Current (EICC) which might bring nutrients for
the planktons.

(S. Kumar and R. Ramesh)

Aerosol Chemistry over the Bay of Bengal

!

A large set of observations was made over the
northern Bay of Bengal to characterize the chemical
composition of atmospheric aerosols during the late NE-
and SW-monsoon seasons. The Bay of Bengalis an ideal
area to study the atmospheric constituents associated
with crustal and anthropogenic emissions from south
and south-east Asia. A characteristic feature of the aero-
sols of February 2001 and 2003 is the high abundance
of 804"2 (average 5.2 = 2.3 1 g m™®) supplied from an-
thropogenic sources. In contrast, Na* and Cl'(average
75%) is dominant during SW-monsoon (September
2002). The results also show significant temporal varia-
tion and co-variance among Al, Fe, Ca, Mg and Mn sug-
gesting their common crustal source and transport pro-

83



cess. The enrichment factors for Cd, Pb and Zn exceed
100 (based on crustal Fe) attributable to their anthropo—
genic supply (Fig.7.4).

(M. M. Sarin and A. K. Sudheer)

Synoptic Hydrology of India from the Data
of Isotopes in Precipitation

Using seasonal isotépic data of precipitation from
the IAEA/GNIP network (htip://isohis.iaea.org) over and
around the Indian region Iarcjae scale synoptic hydrology
of India was investigated. It was shown that, primary

oceanic vapor influx areas along west and east coasts .

both during SW summer and NE winter monsoons are
characterized by ‘d-excess’in the 8-12%. range. Due to
continued aridity even during the period of summer
monsoons, the rain shadow zone of Western Ghats,
parts of southeast coast, central and northwest India,
show clear indication of evaporation from falling rain-
drops in the form of a belt of low (<8%.) 'd-excess’. The
region over Bangladesh and the eastern states of Tripura,
Manipur and eastern Myanmar show high (>12%.) ‘d-
excess' values in precipitation for most of the year ex-
cept at the beginning of the May. From August onwards,
the area covered by this high ‘d-excess’ region progres-
sively increases and spreads westwards indicating
evaporative recycling of vapor from the very large area
of wetlands and soil moisture during the monsoon and
post monsoon seasons. Another region of persistent
recycled vapor of land origin lies over Afghanistan and

Pakistan. It spreads to Jammu & Kashmir during winter- -

spring under the influence of Western Disturbances as
seen clearly in the low §'20 (-14%0 to -6%.) values of
precipitation. This spread of land derived vapor during
winter-spring is not so clearly seen in enhanced ‘d-ex-
cess’ over Jammu & Kashmir as evaporation from the
falling raindrops reduces their high ‘d-excess’to ~10%..
The lowering of §'°0 values in May seen in eastern In-
dia and Bangladesh indicates onset of vapor influx from
the northern BOB. This is also indicated by decrease in
‘d-excess' value of precipitation from the previous sea-
son (from >12%o to ~10%o).

(R.D. Deshpande and S.K. Gupta)
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High Fluoride in Groundwater in India Llnked
to Evaporation Before Recharge

Regions with high fluoride concentration in ground
water largely overlap the arid parts of the world and i in
India also. Isotopic investigations of ground waters have
shown a very significant evaporation related modifica-
tion of isotopic signal of precipitation in large parts of
the India, where the ground waters are enriched with;yﬂ
respect to the precipitation in 5" and show lower values
of ‘d-excess’. There is minor to significant evaporation of
the precipitated water before groundwater recharge. Ar-
eas with low values of ‘d-excess’ broadly show high fluo- ‘1
ride concentration in groundwater suggesting pre re-
charge concentration of dissolved fluoride in soil water
due to evaporation. A compilation of the data of Tritium
tagging studies for groundwater recharge estimation also
indicated low values of recharge in these areas.

(R.D. Deshpande and S.K. Gupta)

Isotopic Composition of Methane from Paddy
Fields and Atmosphere of Ahmedabad

To determine §'°C of methane arising from paddy
fields of Gujarat and compare them with our previous
data from Andhra Pradesh six samples of air were col-
lected during the paddy-growing season of August to
November, 2003. The samples were processed using
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umethane Extraction system” developed at PRL for
verting methane to carbo
e €O, (~1cc)was measured using GEO 20-20 mass
s’pectrometer. The values vary from -46 to -59 % (rela-
a0 pDB) similar to that from paddy fields of Andhra
>radesh (-46 t0.-60%o).

\

K.Bhattacharya, R.A. Jan'i\\and D.K.Rao)

y and Wet Deposition of Atmospheric
rogen at Ahmedabad

The temporal variation in the atmospheric concen-
ions and deposition fluxes (dry and wet) of major
itrogen species (NH, and NO,) have been determined
;’5;‘ a three-year period, 2000-2002, at Ahmedabad
 (23°03N, 72°38'E). The concentrations of NH, and NOg’
yaried from < 3 to 220 and 1.3 to 115 1eq I, respec-
{ively, in individual precipitation events. Their concentra-
_iions in the bulk-aerosols (collected on tissuquartz fil-
 iors) show similar variations (NH, : <0.03t0 0.91; NO,:
029t04.03 1g m's) with higher concentrations during
anuary-March and October-December. The average
wet-deposition fluxes of NH," is ~200 mg m2y’
onsiderably higher than its dry-deposition flux
-20mg m™ y". In contrast, the deposition of NO,’, dur-
ng the 3-years, averaged ~300 mg m?y via the wet-
phase and ~150 mg m y'1 via dry deposition (Fig.7.5).
Our results indicate that the dry and wet-depositions of
NO, accounts for ~ 70% of the deposition of inorganic-
_ N. Wet-deposition of NH," dominates (~90%) its atmo-
spheric removal.

(N. Rastogi and M.M. Sarin)

Constraints on the Erosion History of the
Tibetan Plateau since the Last lnterqlacial
from the first Studies of Cosmogenic 'Be

The cosmogenic 9Be exposure histories of in-situ
 bedrock surfaces from the Tibetan Plateau indicate low
erosion rates of < 30 mm/ka in southern and central
Tibet during the last interglacial-glacial cycle that con-
trast strongly with unusually rapid erosion rates (60 to
2000 mm/ka) from the Kunlun of northern Tibet during

n dioxide. The §'®C of puri- -
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Fig. 7.5 : Temporal variations in dry-deposition fluxes of
NH," and NOJ

the Holocene comparable with published values from
the Himalaya. These results suggest that whereas the
southern and central plateau had reached a stable el-
evation prior to the last interglacial, the northern margin
of the plateau was subject to intense tectonic activity
during the Late Pleistocene-Holocene. By comparing
apatite fission-track ages with cosmogenic data, ero-
sion rates in southern Tibet appear to be decelerating
since the Miocene, whereas in the Kunlun, erosion rates
have accelerated over the same timescale. These find-
ings indicate that over much of the high plateau erosion
rates are exceptionally low and therefore the sources of
detritus carried by the great Asian rivers that rise in Ti-
bet lie overwhelmingly in bedrocks at lower altitudes. This
study illustrates the potential of cosmogenic studies for
unraveling the most recent phase of the erosion/exhu-
mation history of orogenic belts that can not be resolved
by either Ar-isotope or fission-track thermochronometers.

(Devendra Lal, N. B. W. Harris, Kewal K. Sharma,
Weiquan Dong, Marc W. Caffee, Z.Y. Gu, Z. L. Ding,
Tungsheng Liu and A.J.T. Jull)




PLANE

Estimation of Low-energy (10-200 KeV)
gamma-ray fluxes from the Moon

The Chandrayaan-1 mission will carry an instru-
ment to measure the gamma-ray fluxes from the Moon

in the energy-region 10-200 KeV. The expected flux of .

gamma-rays from the:Moon in this energy region that
will be primarily due to U-Th decay series and (n,v) re-
actions involving some of the rare earth elements, has
been estimated. One of flje nuclide of prime interest is
210pp that may be used asa proxy for studying transport
of volatiles on the lunar surface.

Solar X-ray and Fluorescence Emission from
Lunar Surface

Preliminary calculations of solar X-rays spectra for
the period of solar maximum appropriate for the pro-
posed Indian Lunar mission are made using an analyti-
cal model for continuum emission of an optically thin
plasma whose electrons have a Maxwellian energy dis-
tribution in the wavelength range 1-1000 Angstrom and
temperature in the range 0.01-100 million degree kelvin.
The predicted X-radiation will be used further in calcu-
lating x-ray fluorescence emission from various lunar
terrains having different chemical compositions during
different phases of the solar cycle.

Study of Energy-Response of Cd-Zn-Te (CZT)
Detector

Hardware and software subsystems have been de-
veloped for ground-based operation of a Cadmium-Zinc-
Telluride (CZT) array detector of 16cm? area. Integra-
tion and testing of these sub-systems have been car-
ried out to evaluate the detector response at room tem-
perature. Additional study of background and gain of in-
dividual pixel in shielded and low-temperature environ-
ment is under way. CZT array will be used in the high
energy X-ray (HEX) payload to be flown in Chandrayaan-
1 mission. We have also used GEANT4, a Monte Carlo
simulation tool kit developed at CERN, to simulate the
energy response of a CZT detector to 2'Am, ¥Co and
galactic cosmic ray protons, solar protons, and second-
ary neutrons. The simulated data for the IMRAD CZT

detector are found to be very similar to the expey;
tally determined response to 2'Am.

Reflectance Spectroscopy of Rockg an
Minerals

Reflectance spectroscopy of lunar and terresfrviél\
minerals were carried out to study the effect of varioyg .
parameters such as mineral mixture, presence of opague
minerals and viewing geometry on reflectance valyeg
the visible and near infrared region of the eleotromag:
netic spectrum using a reflectance spectrometer at the
Space Applications Center (SAC) and the ALTA reflec.
tance spectrometer at PRL. The change in reflectivity
due to grain-size and maturity was clearly evidentinthe
lunar samples.

Studies of Freshly Fallen Meteorite

Samples of the two recently fallen meteorites in{l
Orissa (Kendrapara) and UP (Muzzafarnagar) were re- :
ceived from GSI, Calcutta. Studies of cosmogenic ra-
dicactivity, nuclear track and noble gas are currentlyin.
progress. Detail field studies combined with eye-witness
report of the Orissa fall led to an estimation of its orbital
parameters. Initial data for cosmogenic nuclides and
nuclear tracks suggest it to be at least a meter-size ob-
ject belonging to the ordinary chondrite group.

Planetary Astronomy

A couple of projects on observation of satellites
and minor objects in the infra-red wavelengths were ini-
tiated. These include studies of Titan and Jupiter inthe
near infrared bands (J, H, K) and of asteroids in visible
and IR bands using the telescope at Mt. Abu. These stud-
ies led to detection of H,* molecule in Jupiter atmosphere
and variation in IR emission from Titan's atmosphere
that may be related to transient cloud phenomena.

(D. Dhingra, S. Harsha, A.V. Jirgale, Goerge Koshy, M.
Shanmugam, M. Shivakumar, K.B. Smart, N. Srivastava,
PO. Suresh, N. Verma, D. Banerjee, N. Bhandari, S.
Chandrasekhar, J.N. Goswami, S. A. Haider, H.S.
Mazumdar)
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Facilities

compuier Centre

computer Centre is equipped with IBM RS-6000
op computer having 16 processors and 32GB RAM to
cater for high computing needs of scientists. Centre also
has high-end graphics station, IBM RS-6000 Model 270
with 4 processors. These machines are in addition to
existing five IBM RS-6000/580 machines. To cater for
the needs of scientists, POE has also been installed on
RS6000/SP and RSGOOO/Z?O machines this year. All
these machines are connected to our high-speed local
area network (LAN) to provide easy, fast and reliable

distributed throughout the laboratory. Also, other cen-
tres at Udaipur and Abu are connected to the PRL LAN
on 64 Kbps BSNL leased line. Thus full connectivity has
been provided to users all the time from anywhere to
the Main Campus, Thaltej, USO, and Mt. Abu. The Cen-
tre provides centralized virus free E-mails by automati-
cally scanning all E-mails. Anti-Spam filter has been cen-
trally installed to fight the Spam mails. The center also
provides web enabled email service. Internet authori-
zations, monitoring and reporting functions have been
added to have optimal usage of Internet bandwidth.
Center also installed one high resolution, high-speed
colour laser printer and two black and white laser print-
ers, which provide high quality duplex laser printing to
all PRL members over LAN.

Mathematical, numerical and visualization appli-
cation software like IMSL, IDL, Mathematica, Data Ex-
plorer etc. have also been installed on the new comput-
ers to provide smooth transition and cater to the needs
of the scientific community. The provision of making
colour slides and prints is available. The Centre pro-
vides consultations and other facilities including archi-
val of file systems, system security, authorization, up-
dating the system softwares, third party softwares and
public domain softwares. It also maintains Internet con-
nectivity and LAN.

Library

PRL library is responsible for the collection devel-
opment and processing for the libraries in all the four

access to more than 200 PC's and few workstations

campuses of PRL —PRL Main Campus, Thaltej, Mt. Abu
and Udaipur Solar Observatory. '

The library collection, at present stands at 18,000
books and 29,000 bound volumes of journals, 552 audio
visual (A-V) documents, 1600 reports and 3400 reprints
of PRL authors. The library has added 171 books in En-
glish and 145 books in Hindi to its collection. It has ful-
filled 332 ILL requests from other libraries and received
203 documents on ILL from other libraries. The library
procured 9 articles from STN, which is a paid Document
Delivery Service. About 1.70 lacs of photocopies were
taken out from the in-house photocopying machine in
this period.

Library homepage has been completely redesigned
with lot many useful links like important institutes, uni-
versities, booksellers, publishers.

One more digital resource has been added to the
library resources. 10P Archive and the PRL theses sub-
mitted by students have been put onto the web and can
be accessed through the library homepage.
ScienceDirect has been subscribed this year too. This
allows access to 1100 Elsevier Journals. Qut of 149 jour-
nals subscribed, 115 are available online.

The library staff also imparts training to the library
trainees in the all the aspects of the library functioning.

Workshop

The Workshop provides support to the scientistis
and engineers of the laboratory in designing, planning
and fabrication of a variety of mechanical components,
mechanisms and systems for various scientific experi-
ments. Workshop has range of machines that varies from
a simple lathe machine to CNC lathe, milling, drilling,
TIG welding machine for welding ferrous and non-fer-
rous metals etc.

Some of the major jobs completed during this year
are listed below:

Gas Cell Chamber

The gas cell chamber for SMM project was de-
signed & manufactured from S.5-304.The chamber uses
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S.S pipe of 1.5 feet long of ¢ 2" , S.S flanges, KF cou-
plings, and couplers. All components (flanges, couplers
& pipe) were precisely welded with TIG welding machine.
A copper coil of ¢ 6Bmm was wrapped & then brazed
around the S.S pipe for cooling purpose.

New All Sky Imaging System to Study Gravity
Waves and Plasma Depletions

This involves assembly of several precision com-
ponents like Fish Eye Lens, Interference filter, Image
Intensifier, C.C.D Camera and Front & Back coupling
Optics in a box of size 2 feet length x 1.25 feet width x
1.5 feet height.

High Grade Stainless Steel Reaction Vessel

The job was manufactured from raw material of
the size ¢ 8" x 10" length S.S Rod. Special care was
taken while boring up to the inside depth of 10" with in-
side taper & internal radius. Dimensional as well as Geo-
metrical tolerances were maintained within the limit of
+0.05mm during the fabrication of the job. Buffing was
made for the purpose of surface finishing. High Grade
Stainless Steel Reaction Vessel was used for the prepa-
ration of Lithium Carbide.

Schottky Mixture Mounting System for Detector

Schottky Mixture Mounting Mechanism for SMM
project was designed & fabricated. The 3D model was
prepared on Mechanical desktop software. This job in-
volved mounting of detector on a rotary table with good
precision during assembling and mounting.

Electron Gun Housing

The job was designed and fabricated for SAP/AM
for the purpose of mounting electron gun in vacuum
chamber. Housing was made with a S.S tube, CF 63
flange & S.S couplers. KF- 40 flange was welded on the
one end of the S.S pipe & aluminum threaded cap with
slot was assembled on the other end. Vent holes were
also machined on the periphery of S.S tube. All welding
joints were made by Argon welding & complete assem-
bly was fitted in to the vacuum chamber.

Gravity Corer

This job involved fabrication of outer PVC
¢ 4"x 10" long and inner pipe of ¢ 2" for PGS/DN gro’ukp
At the end of outer pipe, a nose of brass Materig] Wya
coupled & also S.S fins were assembled with the noge
for extracting mud. -

Pipe ¢

Some other important work carried out in the erk;'
shop includes, Light shutter for the detector to blockthe
stray light reaching the photo multiplier tube, S.g cham.
ber for molecular beam apparatus, Drive for Gun moy.
ing system, Fabry Perot mount, A target mount holder
and a movable platform for Laser produced plasma ey

periment, Optical mount for fine adjustment, Atmo-

spheric Moisture Sampler, Fingers for metal extraction : ,
unit, Sheet and Structural fabrication work for various .
instruments. .

Some precision works like Beam lonizer, Sample

Holders (Aluminum & G.! Pipe), Mesh Holder, Langmuir
Probe Sensor, View Port Flanges For Laser Produced

Plasma experiment etc were fabricated using CNC lathe

machine.

Workshop also provides support to Mt. Abu Infaréd
Observatory and Udaipur Solar Observatory from time
to time apart from supporting the Thaltej Campus.

Engineering Services

The Engineering Services Section renders allthe
technical sefvices pertaining to the Civil, Electrical and
Air-conditioning works. This Section also looks after the
upkeep and the efficient functioning of the internal tele-
phone system, elevators, and maintenance of all the
official buildings, offices, and residential buildings in the
various campuses. These jobs include architectural plan-
ning, designing, estimating and execution of the various
civil works landscaping, horticultural development, inte-
riors & furnishings of the buildings & structures of all the
six campuses situated at Ahmedabad, Mt. Abu &
Udaipur.

The Site preparation Works during the year under
report were executed for the installation of sophisticated
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arch equipment, duly complying with all the special
irements. The major works undertaken during the
have been;

. The DG Set room at Udaipur—work
completed.

3

4  Canteen Renovation under progress.

« Renovation of ‘Hostel block-1, nearing
completion. ‘

* Replacement of MS windows with Alm.
Windows, under progress.

«  Construction of staff quarters at USO,
Udaipur, under progress.

Construction of compound wall for PRL main
campus. “

.« Vertical extension of chemistry building—
under progress.

i Renovation of PDF quarters —Block C, work
com-pleted.

s Fabrication & Installation of vertical 25Mtr
high MS structural Antenna at thaltej campus
for lonosonde.
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Honorary Fellows

Professor J.E. Blamont

Acad. V.L. Ginzburg

Professor A.M.J. Tom Gehrels
Professor D. Lal

Professor M.G.K. Menon
Professor U. R. Rao

Prof. P. Crutzen

Prof. K. Kasturirangén

Prof. A. Hewish
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Academic Faculty

Specialisation

Academic Qualification

rof. S. Krishnaswami

of. A. R. Prasanna
orof. D. P. Dewangan

',rof. J. N. Goswami
NA, FASc, FNASc

rof. V. K. B. Kota

rof. A. S. Joshipura
ASC

rof. A. K. Singhvi
NA, FASc, FNASc

rof. S. K. Bhattacharya
ASc

rof. V.B Sheorey

Prof. S.D. Rindani
Prof. Harish Chandra

Prof. B.G. A. Rao

Prof. Shyam Lal
FNA, FASc

Prof. R. Ramesh
FNA, FASc, FNASc

Prof. M. M. Sarin
FASc

Dr. U. C. Joshi

Prof. P. Venkatakrishnan

Dr. R. E. Amritkar
FASCc

A, FASC, FNASc, FTWAS

Quantum Optics, Nonlinear Optics
and Laser

Planetary Physics

Aqueous Geochemistry and
Nuclear Oceanography

General Relativity and Astrophysics
Atomic and Molecular Physics

Solar System Studies
(Pre - Solar Processes)

Nuclear Physics

Particle Physics

Palaeoclimatology and Geochronology

Isotope Geochemistry

Theoretical Atomic Physics &
Nonlinear Dynamics

Particle Physics
lonospheric Studies &

Spectroscopic Diagnostic in
Astrophysical Plasmas

Atmospheric Chemistry
of Trace Gases

Isotope Geochemistry

Geochemistry and Oceanography

Star Formation, AGNS
and Comets

Solar Physics

Nonlinear Dynamics & Chaos

Ph D Rochester Univ. (1969)

Ph D TIFR Bombay Univ (1967)

Ph D TIFR, Bombay Univ. (1974)

Ph D Poona Univ.(1970)
Ph D Calcutta Univ. (1973)
Ph D PRL, Gujarat Univ. (1978)

Ph D Andhra Univ.(1977)

Ph D Bombay Univ. (1979)

Ph D IIT, Kanpur (1975)

Ph D PRL, Gujarat Univ. (1980)
Ph D Univ. College, London Univ

(1968)
Ph D IIT, Bombay (1976)

Ph D PRL, Gujarat Univ. (1970)

Ph D PRL, Gujarat Univ. (1978)

Ph D PRL, Gujarat Univ. (1982)
Ph D PRL, Gujarat Univ. (1984)
Ph D PRL, Gujarat Univ. (1985)

Ph D Kumaun Univ. (1981)

Ph D, Bangalore Univ. (1984)
Ph D I1Sc, Bangalore (1978)
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Name

Specialisation

Academic Qualification

Dr. Utpal G. Sarkar

Dr. Hemant H. Dave

Dr. S.K. Gupta
FNASc ;

Dr.H.S. 8. Sinha

Dr. N. M. Ashok
Dr. T. Chandrasekhar

Dr. A. Jayaraman
Dr. Hari Om Vats

Dr.S.V.S. Murty
FASc

Dr. A. K. Ambastha

Dr.K. S. Baliyan

Dr. Kanchan Pande
Dr. P.N. Shukla

Dr. P. Sharma

Dr. J. R. Trivedi

Dr. J. Baneriji

Dr. Ashok K Singal

Dr.D. P.K. Banerjee

Dr. K. P. Subramanian
Dr. Syed Aftab Haider
Dr. P.Janardhan

Dr. R. Sekar

Dr. Subhendra Mohanty
Dr. S.C. Tripathy

Dr. Rajmal Jain

Particle Physics

Laser Spectroscopy and
Space Instrumentation

Geophysics, Hydrology

Upper Atmospheric and
lonospheric Studies

Infrared Observations
Optical & Infrared Astronomy

Atmospheric Aerosols and
Radiative Studies

lonospheric Physics and
Radio Astrophysics

Isotope Cosmochemistry

Solar Plasma Physics

Atomic Physics & Atomic Astrophysics
Geology, Geochronology
Geochemistry

Geophysics and Hydrology
Geochronology

Laser Physics

Radio Astronomy

Astronomy & Astrophysics,
High Resolution Spectroscopy

Experimental Atomic and Molecular Physics

Planetary and Cometary Atmospheres

Radio Astrophysics

Upper Atmospheric and lonospheric Physics

Astroparticle Physics
Solar Physics

Solar Physics

Ph.D Calcutta Univ. (1984)

Ph D, Univ. of Lowell,
Mass., USA (1980)

Ph D lIT, Bombay (1974)
Ph D PRL, Gujarat Univ. (1977)

Ph D PRL, Gujarat Univ. (1983)
Ph D PRL, Gujarat Univ. (1982)
Ph D PRL, Gujarat Univ. (1985)

Ph D PRL, Gujarat Univ. (1979)
Ph D T, Kanpur (1981)

Ph D PRL, Gujarat Univ. (1981)

Ph D Roorkee Univ.(1986)

Ph D PRL, Gujarat Univ. (1990)

Ph D T, Kanpur (1977)

Ph D PRL, Gujarat Univ. (1977)
Ph D PRL, Gujarat Univ. (1991)

Ph D City Univ.(New York)(1982)
Ph D TIFR, Bombay Univ.(1986)
Ph D PRL, Gujarat Univ. (1991)

Ph D PRL, G.|ujarat Univ. (1987)
Ph D Banaras Univ. (1984)

Ph D PRL, Gujarat Univ. (1892)
Ph D PRL, Gujarat Univ. (1991)
Ph D Wisconsin Univ. (1989)
Ph D PRL, Gujarat Univ. (1993)
Ph D PRL, Gujarat Univ. (1983)
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Name

Specialisation

Academic Qualification

Dr. J. R. Bhatt
Dr. A. Lakshminarayan

Dr. H. Mishra

Dr. R. Rarigarajan

Dr.P.K. Panigrahi

Dr. S. Ramachandran
Dr. R. P. Singh

Dr. Varun Sheel

Dr.(Ms.) N. Srivastava

Dr. Bhas Bapat

Dr. Bimalendu Deb
Dr. Angom D. Singh

Dr. D. Banerjee
Dr. J. S. Ray
Dr. 8. K. Singh

Astrophysics

Nonlinear Dynamics & Quantum Chaos

Strong Interaction Physicé &
Nuclear Astrophysics

Particle Physics & Cosmology

Field Theory

Atmospheric Physics’

Laser Physics

Modelling of Lower Atmosphere

Solar Physics
Atomic Collisions

Quantum Optics

Atomic Physics

Thermoluminscence
Isotope Geochemistry

Isotope Geochemistry

Ph D PRL Gujarat Univ. (1992)
Ph D State Univ.,New York (1993)
Ph D, Utkal Univ. (1994)

Ph D, Univ. of California, Santa
Barbara (1994)

Ph D, Rochester Univ. (1988)
Ph D, PRL, MS Univ. (1996)
Ph D, JNU, N. Delhi (1994)

Ph D, PRL, Guj. Univ. (1996)

Ph D, PRL, Ravi Shankar
Shukla Univ. (1994)

Ph D, TIFR, Mumbai Univ.
(1997)

Ph D, Jadavpur Univ. (1997)

Ph D, IlA, Bangalore Univ.
(1998)

Ph D, PRL Gujarat Univ. (1996)
Ph D, PRL, MS Univ. (1997)
Ph D, PRL, MS Univ. (1999)
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