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Sun and Solar System XE "Sun and Solar System" 
Solar Wind Small-scale Plasma Density Turbulence during Solar Cycles 22 – 24
In this study, we examined the radial dependence of level of plasma density turbulence (e.g.,[image: image2.png])
N2(R)orC2(R),



over periods of solar cycles 22 – 24, obtained from interplanetary scintillation measurements made using the ORT in the heliocentric distance range of 20 – 250 solar radii. The radial falloff of turbulence,[image: image4.png]C2(R)~RE.



shows considerable deviation from the spherically symmetric expansion of the solar wind,[image: image6.png]


for cycles 22 to 24. We also investigated the shape of spatial spectrum of plasma turbulence, [image: image8.png]


(at spatial wavenumbers,[image: image10.png]K,



corresponding to density scales smaller than 400 km), as a function of solar activity. Depending on the speed of the solar wind (or the source region of  the solar wind), the spectral shape changes with respect to the Kolmogorov spectrum. In particular, the “inner” or “cut-off” scale present in the solar wind plasma and its correlation with solar activity likely causes the steepening at the high-wavenumber portion of the spectrum [Manoharan P.K.]
Intense Solar Energetic Particle Events and their Coronal Mass Ejections Observed during Solar Cycles 22-24: 
In this study, we investigated a large number of intense solar energetic particle events (nearly 100 events) associated with large CME/flare events observed during solar cycles 22-24. For each event, the particle flux spectrum has been obtained in the energy range of 10-100 MeV. The spectrum steepens with distance from the Sun, suggesting that the shock associated with the CME decelerates with the solar offset. For most of the events, the relative number of the particles accelerated at the low-energy range have been more than at high energies, which may be the likely reason for the spectral steepening. The relative spectral steepening differs for one event to the other and indicates a difference in the internal magnetic energy associated with the CME to sustain the shock. Another important result is that the spectra observed during the solar cycle 22 have been flatter than those observed during solar cycles 23 and 24 and it reveals the possible excess of magnetic energy possessed by CMEs of the cycle 22. This investigation has also been useful to understand the propagation of the CMEs in the Sun-Earth distance and the effect of their storms at the near-Earth environment [Manoharan P.K.]

Flux emergence, flux imbalance, magnetic free energy and solar flares:
Emergence of complex magnetic flux in the solar active regions lead to several observational effects such as a change in sunspot area and flux embalance in photospheric magnetograms. The flux emergence also results in twisted magnetic field lines that add to free energy content. The magnetic field configuration of these active regions relax to near potential-field configuration after energy release through solar flares and coronal mass ejections. In this project, we study the relation of flare productivity of active regions with their evolution of magnetic flux emergence, flux imbalance and free energy content. We use the sunspot area and number for flux emergence study as they contain most of the concentrated magnetic flux in the active region. The magnetic flux imbalance and the free energy are estimated using the HMI/SDO magnetograms and Virial theorem method. We find that the active regions that undergo large changes in sunspot area are most flare productive. The active regions become flary when the free energy content exceeds 50% of the total energy. Although, the flary active regions show magnetic flux imbalance, it is hard to predict flare activity based on this parameter alone [Choudhary D,Manoharan P.K. and Indo-US Project Team]

Solar energetic particle events during the rise phases of solar cycles 23 and 24:
It is a comparative study of the properties of coronal mass ejections (CMEs) and flares associated with the solar energetic particle (SEP) events in the rising phases of solar cycles (SC) 23 (1996 – 1998) (22 events) and 24 (2009 – 2011) (20 events), which are associated with type II radio bursts. Based on the SEP intensity, we divided the events into three categories, i.e. weak (intensity < 1 pfu), minor (1 pfu < intensity < 10 pfu) and major (intensity ≥ 10 pfu) events. We used the GOES data for the minor and major SEP events and SOHO/ERNE data for the weak SEP event. We examine the correlation of SEP intensity with flare size and CME properties. We find that most of the major SEP events are associated with halo or partial halo CMEs originating close to the Sun center and western-hemisphere. The fraction of halo CMEs in SC 24 is larger than the SC 23. For the minor SEP events one event in SC23 and one event in SC24 have widths < 120° and all other events are associated with halo or partial halo CMEs as in the case of major SEP events. In case of weak SEP events, majority (more than 60%) of events are associated with CME width <120°. For both the SC the average CMEs speeds are similar. For major SEP events, average CME speeds are higher in comparison to minor and weak events. The SEP event intensity and GOES X-ray flare size are poorly correlated. During the rise phase of solar cycle 23 and 24, we find north–south asymmetry in the SEP event source locations: in cycle 23 most sources are located in the south, whereas during cycle 24 most sources are located in the north. This result is consistent with the asymmetry found with sunspot area and intense flares [Chandra R., Manoharan P.K.and Indo-US Project Team]

Multi-wavelength diagnostics of the precursor and main phases of a flare:
The study of morphological evolution of the filament in conjunction with synthesized temperature (T) and emission (EM) maps has been carried out, which reveals (a) partial filament eruption prior to the onset of the precursor emission and (b) heated dense plasma over the polarity inversion line and in the vicinity of the slowly rising filament during the precursor phase. Based on the implications from multi-wavelength observations, we propose a scheme to unify the energy release during the precursor and main phase emissions in which the precursor phase emission was originated via conduction front that resulted due to the partial filament eruption. Next, the heated leftover S-shaped filament underwent slow-rise and heating due to magnetic reconnection and finally erupted to produce emission during the impulsive and gradual phases [Awasth A., Manoharan P.K. and Indo-US Project team]

Our Galaxy XE "Our Galaxy" 
Accurate measurement of the H I column density from H I 21 cm absorption-emission spectroscopy:
A detailed study of an estimator of the H I column density, based on a combination of H I 21 cm absorption and H I 21cm emission spectroscopy is presented. Monte Carlo simulations were used to quantify the accuracy of this estimator by comparing the estimated NHI with the true HI column density.  The simulation was carried out for a wide range of sightlines, including gas in different temperature phases and random locations along the path. We find that the results are statistically insensitive to the assumed gas temperature distribution and the positions of different phases along the line of sight. The median value of the ratio of the true H I column density to the isothermal estimate, is within a factor of 2 of unity while the 68.2 per cent confidence intervals are within a factor of ~ 3 of unity, out to high HI column densities,  (5 X 1023cm-2 per 1 kms-1 channel, and high total optical depths, (1000. The isothermal estimator thus provides a significantly better measure of the HI column density than other methods, within a factor of a few of the true value even at the highest columns, and should allow us to directly probe the existence of high H I column density gas in the Milky Way. [Chengalur, Jayaram N. ; Kanekar, Nissim ; Roy, Nirupam]

The temperature of the diffuse H I in the Milky Way - I. High-resolution H I-21 cm absorption studies:
Results from a deep, high velocity resolution, interferometric Galactic H I-21 cm absorption spectroscopy towards 32 compact extragalactic radio sources with the Giant Metrewave Radio Telescope (GMRT) and the Westerbork Synthesis Radio Telescope (WSRT) are presented. The optical depth spectra for most sources have root-mean-square noise values ≲10(3 per 1 kms-1 velocity channel and are thus sufficiently sensitive to detect absorption by warm neutral hydrogen with H I column densities NHI> 1020cm-2, spin temperatures Ts(5000K and line widths equal to the thermal width (20 km/s). H I 21 cm absorption was detected against all background sources but one, B0438-436. The spectra of sources observed separately with GMRT and WSRT show excellent agreement, indicating that spectral baseline problems and contamination from HI 21 cm emission are negligible.  On every sightline, the maximum spin temperature detected (at (3( significance) even at a velocity resolution of 1 kms(1is  >1000K, indicating that we are detecting the warm neutral medium along most sightlines. This is by far the largest sample of Galactic HI 21 cm absorption spectra of this quality, providing a sensitive probe of physical conditions in the neutral atomic interstellar medium. [Roy, Nirupam ; Kanekar , Nissim ; Chengalur , Jayaram N.]

The temperature of the diffuse H I in the Milky Way - II. Gaussian decomposition of the H I-21 cm absorption spectra:
The physical conditions in Galactic neutral hydrogen based on deep, high-velocity resolution interferometric HI 21 cm absorption spectroscopy towards 33 compact extragalactic radio sources are discussed. The HI 21 cm optical depth spectra have root-mean-square noise values <10-3 per 1 kms(1 velocity channel, i.e. sufficiently sensitive to detect HI 21 cm absorption by the warm neutral medium (WNM). Comparison of these spectra with HI 21 cm emission spectra from the Leiden-Argentine-Bonn (LAB) survey, shows that some of the absorption detected on most sightlines must arise in gas with temperatures higher than that in the stable cold neutral medium (CNM). A multi-Gaussian decomposition of 30 of the H I-21 cm absorption spectra yielded very few components with linewidths in the temperature range of stable WNM, with no such WNM components detected for 16 of the 30 sightlines. Further, for 13 of these sightlines some of the detected HI 21 cm absorption must arise in gas with spin temperatures larger than the CNM range. For these sightlines, we using conservative estimates of the CNM spin temperature and the non-thermal broadening one can derive strict upper limits to the gas column densities in the CNM and WNM phases. Comparing these upper limits to the total HI column density, it is found that typically at least 28 per cent of the gas must have temperatures in the thermally unstable range (200-5000 K). These observations hence robustly indicate that a significant fraction of the gas in the Galactic interstellar medium has temperatures outside the ranges expected for thermally stable gas in two-phase models. [Roy, Nirupam ; Kanekar , Nissim ; Chengalur , Jayaram N]

Discovery of a small diameter young supernova remnant G354.4+0.0:

We discovered a shell-like structure G354.4+0.0 of size 1.6  that shows the morphology of a shell supernova remnant.Part of the structure shows polarized emission in a NRAO VLA sky survey map at 1.4 GHz. Based on 330 MHz and 1.4 GHz Giant Metrewave Radio Telescope observations and existing observations at higher frequencies, we conclude that the partial shell structure showing synchrotron emission is embedded in an extended H-II region of size 4'. The spectrum of the diffuse H-II region turns over between 1.4 GHz and 330 MHz. The  HI absorption spectrum shows this objected to be located more than 5 kpc from Sun.  Based on its morphology, non-thermal polarized emission, and size, this object is one of the youngest supernova remnants  discovered in the Galaxy with an estimated age of ~100-500 years [Roy S & Pal S]

Non-linear redundancy calibration

For radio interferometric arrays with a sufficient number of redundant spacings the multiplicity of measurements of the same sky visibility can be used to determine both the antenna gains as well as the true visibilities. Many of the earlier approaches to this problem focused on linearized versions of the relation between the measured and the true visibilities. Here, use of a standard non-linear minimization algorithm to solve for both the antenna gains as well as the true visibilities is proposed. It is shown through simulations done in the context of the ongoing upgrade to the Ooty Radio Telescope that the non-linear minimization algorithm is fast compared to the earlier approaches. Further, unlike the most straightforward linearized approach, which works with the logarithms of the visibilities and the gains, the non-linear minimization algorithm leads to unbiased solutions. Finally, error estimates for the estimated gains and visibilities are presented. Monte Carlo simulations establish that the estimator is indeed statistically efficient, achieving the Cramér-Rao bound. [Marthi, Visweshwar Ram ; Chengalur, Jayaram]

The interaction between the gas cloud G2 and the Galactic Centre black hole.

The Giant Metrewave Radio Telescope (GMRT) was used to monitor the flux density of the Galactic Centre black hole SgrA* at low radio frequencies between April and August 2013, to search for flux density changes in SgrA* due to the close approach of the gas cloud G2. Images of the SgrA* field were made at 610 MHz at five epochs between April and August 2013, and we also analysed archival GMRT 610 MHz data from March 22, 2013; the angular resolution of the different images was ~ 6 arcseconds x 4 arcseconds. The 610 MHz flux densities at the five epochs were found to be consistent with each other (within 10%), and with the quiescent state flux density of SgrA*, reported from earlier GMRT 610 MHz observations. We thus found no significant increase of the flux density of SgrA* over the period March -- August 2013, during the pericentre passage of the cloud G2, and, certainly evidence for a flux density change of a few Jy, as predicted to arise in various models due to non-thermal emission from a bow shock. 

[Nirupam Roy (Max-Planck-Institut fuer Radioastronomie, Bonn, Germany)]

A combined GMRT/CLFST image of IC443 at 150 MHz :

IC443 (=G189.1+3.0) is a relatively bright SNR in the Galactic anti-centre, where the Galactic background emission is relatively faint. It is (45 arcmin in diameter, with brighter emission to the northeast, and fainter emission (with a somewhat larger out radius) in the southwest. Structure is seen at radio wavelengths down to scales of arcsec (e.g. Dickel et al. 1989; Wood et al. 1991). Various observations show that IC443 is interacting with a surrounding molecular cloud (e.g. Rosado et al. 2007), and radio spectral index studies reveal a region of flatter spectrum emission in the east (see Green 1986).

	Table 1:  Parameters of GMRT and the CLFST

	
	GMRT
	CLFST

	number of antennas
	30
	60

	antenna type
	45-m dish
	4 × 10-element yagi

	number of baselines
	435
	776

	longest baseline
	( 25 km
	( 4.6 km

	shortest baseline
	( 100 m
	(12 m

	array layout
	14 in central ‘square’
	( east–west

	
	16 in 3 arms
	151.5 MHz

	frequency
	153 MHz
	

	bandwidth
	6 MHz
	0.8 MHz

	primary beam
	( 3(
	(17(

	
	
	


We have combined observations made of IC443 at 151 MHz from two telescopes (see Table 1), in order to cover a wide range of angular scales. The Giant Metrewave Radio Telescope (GMRT) – see Pramesh Rao (2002) – is a synthesis telescope that provides baselines up to ~25 km, but lacks good uv-plane coverage on baselines less than a few hundred metres. The GMRT observations of IC443 miss about 20% of the total expect flux density of the SNR ((280 Jy at 151 MHz, Green 1986), due to the missing short baselines. The Cambridge Low-Frequency Synthesis Telescope (CLFST) – see Rees (1990) – was an (approximately) E–W synthesis telescope that provides good coverage of the uv-plane for the small baselines missed by the GMRT. The smoothed 151-MHz  image of IC443, from observations made in 1983/84, as used in Green (1986), with a resolution of  5.’4 × 2’.1 arcmin2(NS×EW) covers baselines up to ((1 km at all position angles.
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The Figure  shows the combined GMRT plus CLFST image of IC443 at 151 MHz. This includes emission on a wide range of scales from (20 arcsec to 45 arcmin. This was made using the IMERGtask in AIPSwhich takes the larger/smaller scale structure from the CLFST/GMRT images respectively, gradually merging the contributions on the intermediate scales in both images [Mitra D, Green D. A. and Pramesh Rao A]

Pulsars and Transients XE "Pulsar" 
A study of correlated pulse nulling in pulsars:
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Simultaneous observations at four different frequencies, 313, 607, 1380 and 4850 MHz, for three pulsars, PSRs B0031-07, B0809+74 and B2319+60, using the GMRT, the Westerbok Radio Telescope and the Effelsberg telescope, were analysed. These pulsars exhibit prominent nulling, which is a cessation of pulse radio emission for several periods.  The fraction of nulled pulses, the distributions of null and burst lengths and  the nulling pattern represented by the one-bit sequence were found to be highly correlated across this frequency range, as can be seen in Figure 1. Deviations from this behaviour was seen in less than 3 % of pulses  in this unique data set consisting of more than 10000 pulses. These results are contrary to a geometric origin of nulling [GajjarV., JoshiB. C., KramerM., KurrupswamyR., SmitsR.]
On the long nulls of PSRs J1738-2330 and J1752+2359:
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The emission of two high nulling fractionpulsars, PSRs J1738-2330 and J1752+2359, was compared and contrastedin this study. In both pulsars, the emission bursts appear in aquasi-periodic fashion with typical separations of several hundredpulses. In  PSR J1738-2330, there is evidence of two underlying periodicities with memory persisting for at least 11 bursts. In  contrast, in PSR J1752+2359,  the pattern coherence is rapidly lost and the burst/null  lengths appear to be selected randomly from their respective quasi-normal distributions.  The typical emission bursts of  PSR J1738-2330 exhibit a steady exponential decay of on-pulse energy accompanied by a flickering emissioncharacterized by short frequent nulls towards their end. 
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In the bursts of PSR J1752+2359, the flickering is absent, the decay more pronounced and  the energy released during each bright phase is approximately constant. Unlike PSR J1738-2330, the averageprofiles for the first and the last pulses of PSR J1752+2359  bursts differ slightly from thepulsar's overall profile, hinting at differences between  the two pulsars intheir transitions from null to burst state (and vice-verse). During its long null phases, PSR J1752+2359 is found to emit random weak inter-burst pulses, whose profile peak is somewhat offset with respect to the overall average profile. Such pulses have no equivalent  in PSR J1738-2330 or in any known pulsarhitherto. They may pervade the entire emission of this pulsar and have aseparate physical origin to normal pulses. On the basis of comparison  in this study, it was concluded that a pulsar's nulling fraction, even when high, remains a poorguide to its detailed subpulse behaviour, as was previously found for pulsars with small nulling fractions [GajjarV., JoshiB. C.,Wright G. A. E.)
Search for pulsed radio emission from PSR J1745-2900 at 1 GHz with the GMRT:
PSR J1745-2900,discovered following an X-ray flare by Swift on April 24, 2013, was observed with the GMRT at the source position determined in a subsequent Chandra observations.  The observations were carried out with 14 antennas of the GMRT used as a phased array at 1041 GHz. Data from 512 channels across 33.33333 MHz band were recorded with a sampling time of 1 ms on May 9, 2013 at 22:52:19 UTC for 1.0 hours. The data  were incoherently dedispersed to 476 trial DMs ranging from 0 - 2000 pc cm(3 followed by a harmonic and single pulse  search. No significant radio pulsations were detected at the  GMRT frequency. Pulsating high energy and radio emission above 2 GHz with a period of 3.76 s were subsequently reported with  a very large scatter-broadening of this relatively long period  pulsar, which also has a record Dispersion  measure of about 1800 pc cm(3. The GMRT non-detection  provided upper limits of the flux density of the pulsar and were consistent with  high scatter-broadening for the pulsar implying a large DM, thus ruling out a low Dispersion measure pulsar initially reported. [Surnis M. P., Joshi B. C., Roy S.)
Radio studies of recently discovered Very HighEnergy sources and search for associated pulsars and wind nebulae:
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Recently, several very high energy (VHE) gamma-ray sources have been discovered, notably by instruments such as High Energy Spectroscopic System (HESS). Several of these are Galactic sources associated with known supernova remnants (SNRs). High energy emission in these sourcescan be produced by inverse Compton up-scattering of photons by relativistic leptons produced by a pulsar wind or by decay of pions in interaction of hadrons accelerated in shocked regions. Simultaneous deep imaging and time series observations of three VHE  sources reported by HESS were undertaken with the GMRT at 610 and 1280 MHz last year. First high resolution radio images of HESS J1818-154 and associated SNR G15.4+0.1 were obtained (Figure 4 from these observations, which alongwith CO data from Galactic Ring Survey, have provided for the first time a reliable estimate for the distance to the SNR G15.4+0.1 and discoveredassociated  molecular clouds. The distance to G15.4+0.1 was estimated to be 4.8  1.0 kpc. The 13 CO observations clearly show a molecular  cloud about 5' in size with two bright clumps, labeled A and B, clump A positionally associated with the location of  HESS J1818-154 and clump B in coincidence withthe brightest northern border of the radio SNR shell. Calculations show that the average density of the molecular  clump A is sufficient to produce the detected gamma-ray flux, thus favoring a hadronic origin for the high-energy emission. Moreover, no emission corresponding to a pulsar wind nebula  was seen in the radio images and neither a pulsar was detected in the time series analysis making a leptonic interpretation  difficult. Analysis of the other two sources, observed with the GMRT, is in progress [Castelletti G, Joshi B. C., Supan L., Dubner G., Surnis M. P.]
Observations of pulsars with subpulse drifting and pulse nulling:
Observations of PSRs J0934-5249, J1709-1640, J1822-2256 and  J1901-0906  were carried out using the GMRT and the ORT at 325 and 610 MHz. These pulsars show prominent subpulse  drifting and pulse nulling with either no reported single  pulse behaviour at these frequencies or a study based on small number of single pulses. Longer simultaneous sensitive  observations at these frequencies have revealed simultaneous nulls as well as variation in drift rates for these pulsars, which will be useful in setting constraints on mechanisms responsible  for subpulse drift and nulls [Naidu A.,  Joshi B. C., Manoharan P. K.]
Development of new pulsar backend for Ooty Radio telescope:
A new pulsar backend for pulsar and inter-planetary scintillation  observations was developed last year. This digital backend is useful for real-time observations of pulsars with incoherently as well as coherently dedispersed observations providing dedispersed time series as well as average profiles of the pulsar in real-time. The backend is also being developed for inter-planetary scintillation(IPS) observations over 16-MHz bandwidth generating real-time solar wind  measurement products. It also has a very large baseline interferometry (VLBI) mode giving standard format data products, which will be useful in making the ORT participate in space-VLBI experiments with space based telescope such as Radio Astron/Spekt-R. The backend  is currently undergoing detailed tests to explore its capability for single pulse pulsar observations, IPS observations and VLBIobservations. A few test observations have been carried out with  Radio Astron to check the space-VLBI capability[Naidu A.,Joshi B. C., Krishnakumar K.P., Manoharan P. K.]
Study of nulling properties of millisecond pulsars :

Normal, long period pulsars are known to have the peculiar property that they  stop emitting for short durations ranging from one / few pulse periods to several hundreds to thousands of pulse periods.  This phenomenon, called nulling, is not been studied in detail for the short period pulsars (called millisecond pulsars), primarily due to lack of high quality data, as their signals are very weak).  Wehave carried out a program for studying nulling in some of the bright millisecond pulsars using sensitive data from the GMRT.  The high quality data, combined with

new statistical signal processing tools developed by us, allows a more sensitive and sophisticated analysis to be carried out.  Initial results indicate that theset of millisecond pulsars studied do not show evidence for occurrence of thenulling phenomenon [Kaustubh Rajwade, Yashwant Gupta, Mihir Arjunwadkar, Ujjwal Kumar]

A. Detection of Fast Transients with Radio Interferometric Arrays:
Next-generation radio arrays, including the Square Kilometre Array (SKA) and its pathfinders, will open up new avenues for exciting transient science at radio wavelengths. Their innovative designs, comprising a large number of small elements, pose several challenges in digital processing and optimal observing strategies. The Giant Metrewave Radio Telescope (GMRT) presents an excellent test-bed for developing and validating suitable observing modes and strategies for transient experiments with future arrays. Here the first phase of the ongoing development of a transient detection system for GMRT that is planned to eventually function in a commensal mode with other observing programs is described. It capitalizes on the GMRT's interferometric and sub-array capabilities, and the versatility of a new software backend. Considerations in the plan and design of transient exploration programs with interferometric arrays are outlined, and a pilot survey that was undertaken to aid in the development of algorithms and associated analysis software is described. This survey was conducted at 325 and 610 MHz, and covered 360 deg2 of the sky with short dwell times. It provides large volumes of real data that can be used to test the efficacies of various algorithms and observing strategies applicable for transient detection. Examples that illustrate the methodologies of detecting short-duration transients, including the use of sub-arrays for higher resilience to spurious events of terrestrial origin, localization of candidate events via imaging, and the use of a phased array for improved signal detection and confirmation are presented. In addition to demonstrating applications of interferometric arrays for fast transient exploration, our efforts mark important steps in the roadmap toward SKA-era science. [Chengalur, J.N., Bhat, N. D. R., Cox, P. J., Gupta, Y., Prasad, J., Roy, J., Bailes, M., Burke-Spolaor, S., Kudale, S. S. and van Straten, W.]

Extra Galactic Astronomy and Cosmology XE "Extra Galactic Astronomy and Cosmology" 
The nature of damped Lyman-alpha systems

The gas mass of low-redshift damped Lyman-alpha systems.

Deep searches for redshifted HI-21cm emission from three damped Lyman-alpha systems at z ~ 0.1 were carried out using the Green Bank Telescope. Strong constraints were obtained on the HI-21cm line flux density in two of the galaxies, yielding limits on the total atomic gas mass in each system that are significantly lower than the gas mass of the Milky Way and nearby spiral galaxies. The results indicate that damped absorption does not typically arise in massive gas-rich galaxies[Mazumdar Parichay (St. Stephen's College, New Delhi) and Prochaska J. Xavier (University of California, Santa Cruz, and UCO-Lick Observatory, USA)]

The star formation rate of high-redshift damped Lyman-alpha systems:
We used the Near-infrared Integral Field Spectrometer on the Gemini-North telescope, along with adaptive optics, to carry out a deep search for redshifted H( emission from three DLAs at z~2.4. The targets were selected to have high metallicities, to testthe existence of a mass-metallicity relation in DLAs, as has been observed inhigh-redshift emission-selected galaxies. We obtained stringent constraints on the star formation rates of the three galaxies, < 2-3 M_Sun per year, within impact parameters of 12.5 kpc to the quasar sightline. The results demonstrated the efficacy of adaptive optics-assisted, integral field unit searches for galaxies associated with high-redshift DLAs. Our strong constraints on the SFRs of the three high-metallicity DLAs are inconsistent with a mass-metallicity relation in these absorbers, unless the galaxies are at large impact parameter, > 12.5 kpc, to the quasar sightline. [Wang Wei-Hao (Academia Sinica Institute of Astronomy and Astrophysics, Taiwan)  and Prochaska J. Xavier (University of California, Santa Cruz, and UCO-Lick Observatory, USA)]

The nature of high-redshift damped Lyman-alpha systems.

We have carried out a large project aimed at identifying and characterizing the host galaxies of damped Lyman-(absorbers (DLAs) at z > 2. This involved targetting quasar sightlines with multiple DLAs, using the higher-redshift absorber as a ``blocking filter'' (via its Lyman-limit absorption) to eliminate all far-ultraviolet (FUV) emission from the quasar. This allowed the direct imaging of the rest-frame FUV continuum emission of the lower-redshift DLA, shortward of the Lyman limit of the higher-redshift absorber, without any quasar contamination. We carried out the above imaging studies of 32 DLAs with the Hubble Space Telescope, the Keck Telescope and the Large Binocular Telescope, and also carried out follow-up Keck Telescope and Magellan Telescope spectroscopy of most of these objects to measure the absorber metallicities. The data have now all been analysed, and, remarkably, we find no evidence for a host galaxy in 30 out of 32 fields, implying that DLAs have extremely low star formation rates (SFRs), < 1 M_Sun per year (at 3 ( significance). This implies that DLAs must be associated with small galaxies, with low SFRs. [Fumagalli Michele (University of California, Santa Cruz, USA), Prochaska J. Xavier (University of California, Santa Cruz, and UCO-Lick Observatory, USA) and O'Meara John (Saint Michael's College, USA)]
Constraining changes in the proton-electron mass ratio using methanol lines:
The redshifted methanol lines from the z=0.886 gravitational lens towards PKS1830-210 were observed with the Very Large Array (VLA), at redshifted frequencies of ~ 6 GHz,25 GHz, and 32 GHz, to probe the possibility of changes in the proton-electron mass ratio, \mu, with cosmological time. A comparison between the redshifts of the 6 GHz and 32 GHz lines yielded the most stringent constraint ever obtained on fractional changes in the proton-electron mass ratio, < 1 x 10-7  (at 2 (significance).For the first time, the data were of sufficient quality to quantify differences in the line shapes, and it was found that the 6 GHz and 32 GHz line profiles are different, implying that systematic errors (due to absorption in different gas clouds) might dominate the measurement. A similar comparison between the 25 GHz and 32 GHz line profiles found them to be in good agreement, implying that these lines are likely to arise in the same gas, making them excellent as probes of changes in (. We used these lines to obtain the limit, < 4 x 10-7, on fractional changes in ((again at 2 (significance). The lack of systematic errors implies that this is the best current constraint on changes in the proton-electron mass ratio with cosmological time  [UbachsWim, Bagdonaite Julija and Bethlem H. (Vrije Universiteit, The Netherlands),  and Karl Menten, Andreas Brunthaler and Christian Henkel (Max-Planck-Institut fur Radioastronomie, Germany)]

A “blind” Very Large Array survey for redshifted molecular absorption

We have carried out a large ``blind'' survey for redshifted molecular absorption  at redshifts z >= 0.85 towards 595 sources using the Ka- and Q-band receivers of the Very Large Array (VLA). This is the largest-ever survey for redshifted molecular absorption, with a redshift path of ~232, nearly ten times larger than the best earliersurvey. All the VLA data were analysed, yielding ~ 50 candidate detections (at > 5 (significance) of redshifted radio molecular absorption; these will be followed up for confirmation with deeper VLA observations. [Gowardhan Avani (Indian Institute of Science Education and Research, Pune), Carilli Chris (National Radio Astronomy Observatory, USA), andMenten Karl (Max-Planck-Institut fur Radioastronomie, Germany)]

A slow bar in the dwarf irregular galaxy NGC 3741:
Using the Tremaine-Weinberg method, the speed of the HI bar seen in the disc of NGC 3741 has been measured. NGC 3741 is an extremely gas-rich galaxy with an H  disc which extends to about 8.3 times its Holmberg radius. It is also highly dark matter dominated. The calculated value of the pattern speed Ωp is 17.1 ± 3.4 km s-1 kpc-1.  The ratio of the corotation radius to the bar semimajor axis to is 1.6 ± 0.3 indicating a slow bar. This is consistent with bar models in which dynamical friction results in a slow bar in dark-matter-dominated galaxies. [Banerjee, Arunima ; Patra, Narendra Nath ; Chengalur, Jayaram N. ; Begum, Ayesha]

The intrinsic shapes of dwarf irregular galaxies

The measured B-band axial ratios of galaxies from an updated catalogue of Local Volume galaxies were used to determine the intrinsic shape of dwarf irregular galaxies (de Vaucouleurs' morphological types 8-10). The shapes were found change systematically with luminosity, with fainter galaxies being thicker. Dividing the sample into sub-samples it is seen that the most luminous dwarfs (-19.6 < MB< -14.8) have thin discs (thickness ~ 0.2), with the disc being slightly elliptical (axial ratio  ~ 0.8). At intermediate luminosity, viz. -14.8 < MB< -12.6, the galaxies are still characterized by elliptical discs (axial ratio ~0.7), but the discs are somewhat thicker (thickness ~0.4). The faintest dwarfs, viz. those with -12.6 < MB< -6.7 are well described as being oblate spheroids with an axial ratio ~0.5. The increasing thickness of the stellar discs of dwarf irregulars with decreasing luminosity is compatible with the increasing ratio of velocity dispersion to rotational velocity with decreasing galaxy size. [Roychowdhury , Sambit ; Chengalur , Jayaram N . ; Karachentsev , Igor D . ; Kaisina , Elena I.]

Search for high-redshift radio galaxies using the low radio frequency observations with GMRT:

Despite several decades of efforts only one radio galaxy is known at redshift (z) > 5 since last 15 years, though there are close to 50 high-redshift radio galaxies (HzRGs) with z > 3.  Nearly all of them have been found using the redshift-spectral index correlation. We have started a programme with the Giant Metrewave Radio Telescope (GMRT) to exploit this correlation at flux density levels about 10 to 100 times deeper than the known HzRGs. Here we have obtained deep, high resolution radio observations at 150 MHz with GMRT for several deep fields which are well studied at higher radio frequencies and in other bands of the electromagnetic spectrum, with an aim to detect candidate high redshift radio galaxies.

The spin temperature of high-redshift damped Lyman-(systems

The results from a programme aimed at investigating the temperature of neutral gas in high-redshift damped Lyman (absorbers (DLAs) are reported . This involved (1) H I 21 cm absorption studies of a large sample of DLAs towards radio-loud quasars, (2) very long baseline interferometric studies to measure the low-frequency quasar core fractions, and (3) optical/ultraviolet spectroscopy to determine DLA metallicities and the velocity widths of low-ionization metal lines. Including literature data, the final sample consists of 37 DLAs with estimates of the harmonic mean spin temperature Ts. A statistically significant ( 4σ) difference between the Ts distributions in the high-z (z > 2.4) and low-z (z < 2.4) DLA samples is found. The high-z sample contains more systems with high spin temperature, Ts> 1000 K. The Ts distributions in DLAs and the Galaxy are also significantly (6σ) different, with more high-Ts sightlines in DLAs than in the Milky Way. The high Ts values in the high-z DLAs of the sample arise due to low fractions of the cold neutral medium (CNM). Only 2 of 23 DLAs at z > 1.7 have Ts values indicating CNM fractions >20 per cent, comparable to the median value (~ 27 per cent) in the Galaxy. The possibility of the H  column density measured towards the optical quasar being systematically different from that towards the radio core is tested by comparing the HI column densities inferred from HI 21 cm emission studies at different spatial resolutions (~15pc to 1kpc) in the Large Magellanic Cloud. The high-resolution NH Ivalues are, on average, larger than the smoothed ones for NH I> 1021 cm-2,but lower than the smoothed NH I estimates for NH I< 1021 cm-2.    Since there are far more DLAs with low NH I values than high ones, the use of the optical NH I value for the radio sightline results in a statistical tendency to underestimate DLA spin temperatures. For 29 DLAs with metallicity estimates, the presence of an anticorrelation between Ts and [Z/H], at 3.5σsignificance is confirmed via a non-parametric Kendall-tau test. Statistically significant evidence for redshift evolution in DLA spin temperatures is found even for the DLA sub-sample at z > 1. Since all DLAs at z > 1 have angular diameter distances comparable to or larger than those of their background quasars, they have similar efficiency in covering the quasars. This implies that that low covering factors in high-z DLAs cannot account for the observed redshift evolution in spin temperatures [Kanekar, N. ; Prochaska, J. X. ; Smette, A. ; Ellison, S. L. ; Ryan-Weber, E. V. ; Momjian, E. ; Briggs, F. H. ; Lane, W. M. ; Chengalur, J. N. ; Delafosse, T. ; Grave, J. ; Jacobsen, D. ; de Bruyn, A. G..]
Neutral atomic hydrogen (H I) gas evolution in field galaxies at z ~ 0.1 and ~ 0.2:
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The neutral atomic hydrogen (HI) gas content of field galaxies at intermediate redshifts of z ~ 0.1 and ~ 0.2 was measured using hydrogen 21-cm emission lines observed with the Westerbork Synthesis Radio Telescope. In order to make high signal-to-noise ratio detections, an H I signal stacking technique is applied: HI emission spectra from multiple galaxies, optically selected by the second Canadian Network for Observational Cosmology redshift survey project, are co-added to measure the average HI mass of galaxies in the two redshift bins. We calculate the cosmic H I gas densities ( ΩHI) at the two redshift regimes and compare those with measurements at other redshifts to investigate the global evolution of the HI gas density over cosmic time. From a total of 59 galaxies at z ~ 0.1 we find ΩHI = (0.33 ± 0.05) × 10-3, and at z ˜ 0.2 we find ΩHI = (0.34 ± 0.09) × 10-3, based on 96 galaxies.These measurements help bridge the gap between high-z damped Lyman α  observations and blind 21-cm surveys at z = 0. We find that our measurements of ΩHI at z ˜ 0.1 and ˜0.2 are consistent with the HI gas density at z ~ 0 and that all measurements of ΩHI from 21-cm emission observations atz ≲ 0.2 are in agreement with no evolution of the H I gas content in galaxies during the last 2.4 Gyr. [Rhee, J. ; Zwaan, Martin A. ; Briggs, Frank H.; Chengalur, Jayaram N. ; Lah, Philip ; Oosterloo, Tom ; Hulst, Thijs van der]
Radio Counterparts for High-Energy Sources

Finding counterparts of unidentified gamma ray sources is important to understand its nature.  We have obtained GMRT observations at 610 MHz and 1.4 GHz surrounding unidentified VHE source HESS J1858+020. Along with the archival data, we identify several radio and X-ray sources in the surroundings. Among them, we suggest a supernova remnant interacting with nearby molecular clouds may be one of the good candidate for counterpart, but a star forming region, or a non-thermal radio sour ce of yet unclear nature, may also be behind the gamma-ray source.

Kilo-parsec scale radio emission from Seyfert Galaxies:
It is not clear the extent of radio emission in Seyfert galaxies, whether they are compact or extended on scales larger than host galaxy.  We use the ratio of the NVSS flux density to FIRST flux density for a sample of Seyfert galaxies selected from Veron-Cetty catalogue, as the diagnostic parameter to infer the presence of radio structures larger than the FIRST beam-size.  About 40% of them in our sample show significantly more flux in NVSS as compared to FIRST.  Also, we have found about 300 objects in our sample which show multicomponent radio structures in the FIRST. The radio morphology of many of these resembles with jet-lobe like emission seen in radio galaxies. We argue that the kpc-scale extended radio emission is powered by AGN, based on the nuclear power.

Probing physical processes in groups of galaxies by enabling rotation measure synthesis for polarisation measurements at 610 MHz using the GMRT:
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In a study aimed at understanding the physical processes active on galaxies residing in groups environments by examining their polarisation properties, we have observed and calibrated the polarisation emission from fields of two groups of galaxies with the Giant Metrewave Radio Telescope at 610 MHz.  We detect polarised emission from the centres of two member galaxies out of the total nine galaxies in the two groups: from the active nucleus of one galaxy and from the circumnuclear star forming ring in another galaxy.  Additionally and interestingly, we detect polarised emission from three distinct background galaxies. The polarised emission across a Fanaroff-Riley I radio galaxy has been mapped (Figure 1) where the hot spots in the jet and the edge where it interacts with the intergalactic medium are detected as an enhancement in the polarised emission.  Additionally, polarised emission is detected from the hot spots of an X-shaped radio galaxy and the core of a blazar.  No polarised emission was observed from a pair of interacting galaxies known as the Whirlpool galaxy indicating depolarisation at the low radio frequency of 610 MHz. These are amongst the first polarisation measurements with GMRT using the method of rotation measure synthesis across the observed band of frequencies.  Rotation measure synthesis over a wide bandwidth enable disentangling of the depolarising media along the line of sight to the target source.  In addition to using the available image processing software, new software were developed.  Our success with calibrating the GMRT polarisation data and rotation measure synthesis open up a new window on the magnetized universe using GMRT at 610 MHz.  The results on groups of galaxies have been published in the research paper entitled 'Spectropolarimetry with the Giant Metrewave Radio Telescope at 610 MHz: a case study of two southern compact group fields' by Farnes, Green, Kantharia 2014 and the results on the Whirlpool galaxy published in conference proceedings as 'Probing Magnetic Fields using the Giant Metrewave Radio Telescope' by Farnes, Green,  Kantharia, 2013  [J. S. Farnes (University of Sydney),  D. A. Green (Cambridge University), N. G. Kantharia (NCRA-TIFR)]
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An improved model of HII bubbles during the epoch of reionization:
The size distribution of ionized regions during the epoch of reionization --  a key ingredient in understanding the HI power spectrum observable by 21cm experiments -- can be modelled analytically using the excursion set formalism of random walks in the smoothed initial density field. To date, such calculations have been based on simplifying assumptions carried forward from the earliest excursion set models of two decades ago. In particular, these models assume that the random walks have uncorrelated steps and that haloes can form at arbitrary locations in the initial density field. We extend these calculations by incorporating recent technical developments that allow us to (a) include the effect of correlations in the steps of the walks induced by a realistic smoothing filter and (b) more importantly, account for the fact that dark matter haloes preferentially form near peaks in the initial density. A comparison with previous calculations shows that including these features, particularly the peaks constraint on halo locations, has large effects on the size distribution of the HII bubbles surrounding these haloes. For example, when comparing models at the same value of the globally averaged ionized volume fraction, the typical bubble sizes predicted by our model are more than a factor 2 larger than earlier calculations. Our results can potentially have a significant impact on estimates of the observable HI power spectrum. [Aseem Paranjape & T. Roy Choudhury]

On the use  of semi-numerical simulations in predicting reionization 21cm signal:

We present a detailed comparison of three different simulations of the epoch of reionization (EoR). The radiative transfer simulation (C2 - RAY) among them is our benchmark. Radiative transfer codes can produce realistic results, but are computationally expensive. We compare it with two semi-numerical techniques: one using the same halos as C2 - RAY as its sources (Sem-Num), and one using a conditional Press-Schechter scheme (CPS+GS). These are vastly more computationally efficient than C2 - RAY, but use more simplistic physical assumptions. We evaluate them in terms of their ability to reproduce the history and morphology of reionization. We find that Sem-Num can produce an ionization history and morphology that is very close to C2 - RAY, when compared with CPS+GS. We also study different redshift space observables of the 21-cm signal from EoR: the variance, power spectrum and its various angular multipole moments. We find that both semi-numerical models perform reasonably well in predicting these observables at length scales relevant for present and future experiments. However, Sem-Num performs better than CPS+GS in producing the reionization history, which is necessary for interpreting observations. [Suman Majumdar, Garrelt Mellema, Kanan Datta, Hannes Jensen, T. Roy Choudhury,  Somnath Bharadwaj, M. Friedrich]
Effects of X-rays on the EoR 21cm signal:

We have developed an one-dimensional radiative transfer code to study the ionization and temperature distribution around X-ray sources at high redshifts. Once the properties of the source (e.g., luminosity and spectrum) are specified, the code is able to track ionization states of hydrogen and helium alongwith the temperature of the IGM around it. We have incorporated most of the relevant physical processes in a self-consistent manner, in particular the coupling of the Ly-alpha radiation with HI. We combine the code with N-body dark matter simulations, solve for the ionization and temperature around each source in the simulation box using our radiative transfer code and study the effect of X-rays on the global 21cm power spectrum. We predict the signal expected in future radio telescopes like SKA and explore the possibility of constraining the source properties. [Raghunath Ghara, T. Roy Choudhury, Kanan Datta]
Temperature evolution and flux statistics of quasar near-zones at z ~ 6:
Quasar proximity zones, where the proximity effect of the quasar allows the measurement of the velocity width of the Ly-alpha line, have been used to probe the HeII reionization at z~6. We use a set of SPH simulations, coupled with a one-dimensional radiative transfer code to simulate the effect of heating from HeII reionization around quasars. We find that it is possible to distinguish the heated IGM from the unheated one using the "curvature statistics''. The distinguishability, however, decreases when the initial IGM temperature and/or the HeII ionization rate is relatively higher. [Hamsa Padmanabhan, T. Roy Choudhury, R. Srianand]

Luminosity-dependent star formation history of S0 galaxies: evidence from GALEX-SDSS-2MASS-WISE colours:
We combined UV/optical/near-IR/mid-IR data on a sample of ~240 S0 galaxies to examine various star formation related processes in them. We split the sample into bright and faint S0 galaxies based on their K-band luminosity. A comparison of  the far-ultraviolet (FUV)-near-ultraviolet (NUV) versus NUV-K colour-colour diagram with a simple stellar population model showed that ellipticals and bright S0 galaxies are dominated by a stellar population of age >10^9 yr while faint S0 galaxies may contain stars as young as 10^8 yr, providing evidence for relatively recent star formation activity. The strength of the 4000 Ã… break is also systematically higher in brighter S0 galaxies, again indicating the presence of an old stellar population. Their mid-IR colours indicate that bright S0 colours are like those of ellipticals while faint S0 colours are more like spirals. All these observations are consistent with a scenario in which low-luminosity S0 galaxies likely formed by the stripping of gas from the discs of late-type spiral galaxies, which in turn formed their pseudo-bulges through secular evolution processes, possibly involving multiple episodes of star formation. On the other hand, more luminous S0 galaxies likely formed the bulk of their stars at early epochs, similar to the star formation in elliptical galaxies, and are characterized by an old coeval stellar population and classical bulges [Wadadekar Yogesh, Barway Sudhanshu (SAAO), Vaghmare Kaustubh (IUCAA) and Kembhavi Ajit (IUCAA)]
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Upgrade of the GMRT Electronics Systems:

The GMRT is undergoing a major upgrade which includes broad band seamless frequency coverage from 50 to 1500 MHz with improved sensitivity and maximum instantaneous bandwidth of 400 MHz. This is accompanied by other upgrades such as a next generation monitor & control system, a modern antenna servo system, improvements to the mechanical systems of the antennas, enhancements in data storage and computing resources,  and matching improvements in infrastructure facilities relating to civil and electrical systems.   The upgrade requires several improvements to the front-end and back-end electronics systems of the telescope, including the fibre-optic system that connects these two systems.   Several of these upgrade activities have crossed the prototyping, testing and acceptance stages and are in mass production phase,  while some others are in final stages of prototyping and testing. Highlights of some the front-end, fibre-optic and back-end system upgrades are as follows :
Upgrades of the GMRT front-end and fibre-optic systems

1. GMRT front-end and fibre-optic systems 
The main changes being carried out to the front-end systems are the design and implementation of new, broadband feeds; matching RF front-end electronics systems with improved dynamic range; and associated improvements in the support electronics.   For the fibre-optic system, there is a new scheme for transfer of broadband signals from each antenna to the central receiver room, while maintaining the availability of the existing system for transfer of narrow band signals with IF carriers.
1.1    As a part of the upgrade of the GMRT feeds the following has been achieved

(a) 
The cone-dipole feed designed the for 250-500 MHz frequency range has been installed on 14  of the 30 GMRT antennas, and the remaining feeds are available for installation.  
(b) 
The dual ring feed designed for the 130-260 MHz band and installed on 2 antennas, has been found to have very good performance around 150 MHz and is in the final stages of verification of performance around 235 MHz end of the band.
(c) 
For the 550-900 MHz range, a couple of different realisations of the cone-dipole feed have been designed and are under final round of testing, alongwith a version of a horn based feed that was designed for the GMRT by the CSIRO team in Australia.   [Bandari  Hanumanth Rao, Sankarasubramanian G]
1.2.    For the upgrade of the GMRT front-end systems, the following are the highlights:

(a) 
For the 130-260 MHz band, the front-end system with a low noise amplifier with 35 Kelvin noise temperature has cleared initial tests with the 130-260 MHz feed, and is ready for mass production.  [BhaleraoVilas B.] 
(b) 
For the 250-500 MHz band, the front-end system with 20 Kelvin noise temperature is in mass production and has been installed on 10 antennas, integrated with the 250-500 MHz feed.   [RautAnil N]
(c) 
An upgraded high dynamic range version of the common box electronics that comes after the front-end systems has been designed.  It has a much better dynamic range (1 dB compression and IP3 points) and appears to be successful in handling broadband signals without saturation.  The prototype has been installed in 2 antennas and the design is now entering mass production.  [TemkarVishal B., KumbharGanesh C.]
(d) 
The work to equip the front-end and common box systems with additional features like switched filter banks for the sub-bands within the 250-500 and 550–900 MHz bands, sharp passband filters for all the RF bands, improved RF power detectors and temperature detectors for monitoring and diagnostic purposes, and upgraded power supply with high current capacity and safety features, has made significant progress.  Some of these items are in final design and prototype testing phase, while others are moving into mass production and installation phase.  Detailed signal flow analysis for these systems is also being carried out. [ParikGaurav B.,  RameshS.,  ChaterjeeSougata,  KhanImran, PrajapatiAnkur]
1.3.     Highlights from the uprade of Signal Transport and  Fiber-Optics Systems are as
follows :

The RF over fiber system using Dense Wavelength Division Multiplexing (DWDM) to bring back the wideband signals from the upgraded systems while continuing to support the existing narrow-band IF systems, has now been successfully installed in 15 antennas.  The system is being fine tuned for successful integration with the Front-end and Back-end systems, after a detail signal flow analysis of the entire receiver chain.  The 1 GBE bi-directional Ethernet link has also been successfully installed in 15 antennas for supporting the next generation telemetry system.[SureshkumarS., RaybolePravin,GopinathanM, LokhandeSatish, RaiSanjeer, PrajapatiAnkur]
Upgrades of the GMRT back-end systems

2. GMRT back-end systems 

As part of the GMRT upgrade, new back-end systems are being implemented to achieve the upgrade system specifications like increased bandwidth of 400 MHz, direct processing of RF signals, increased dynamic range, improved channel resolution in the digital back-ends etc.   Some of the main developments are as follows.  
2.1.   
Analog Back-end System :

The construction of a 16 antenna dual polarisation analog back-end as per the final upgrade specifications has been completed and system, installed in the central receiver room of the GMRT,  is in final stages of testing of various features, even as work has started towards completion of a 32 antenna system.  This new system has a facility to adjust the output power level as per the need of the digitisation circuits,  and has a higher dynamic range than the earlier systems. The system is now being used for regular integrated tests with the new front-end systems and the new digital back-ends, in an 8-antenna configuration.  Additional capabilities with switchable bandwidth filter banks and system gain checks are in final stages of development.   Work has also started towards finalisation of the Hydrogen-maser based frequency standard to be installed at the GMRT observatory.  [AjithkumarB., ShindeNavnath, NanawareD.K., GanlaAtul, PhakatkarSudhir, HandeP.J., VishwakarmaAjay]
2.2.   
Digital Back-end Systems:

After initial development and evaluation of prototypes for two possible designs of the digital back-ends  –  a complete FPGA-based hardware solution, and a hybrid design that uses GPUs for the computations  –  the back-end team has settled for the latter option, which is now in mass production phase.   A 8-antenna version of this GPU-based correlator and beamformer (with incoherent and coherent modes and a pulsar preprocessor) was completed and released for use.   This system uses nVidia GPUs for the main signal processing tasks.  It has Atmel dual ADC boards for digitisation of the baseband signal, Casper FPGA boards for data packetisation & transfer to computer nodes, and infiniband connectivity between the nodes for data transfer.  This system can currently process 200 MHz bandwidth with 4 K to 16 K spectral channels, and includes support for a full Stokes mode.  This GPU based design  meets all the requirements of the upgrade specifications and is also quite flexible, allowing rapid development of new features and capabilities.   Work is now underway to expand this design to a final 32-antenna system with 400 MHz bandwidth capability, with an intermediate milestone of release of a 16-antenna, 400 MHz system expected later this year. [ReddyS. Harshvardhan, KudaleSanjay, SheltonG.J., GuptaYashwant]
Additional features like narrow band modes, Walsh switching, RFI mitigation techniques are being developed for  this design.  Initial prototypes of narrow band modes using digital down conversion (DDC) have implemented and tested – these need to be ported to the final correlator design.  Development of a Walsh demodulation facility is well underway and first realistic tests are expected shortly.   Different schemes for RFI detection and mitigation in time and frequency domains are being tried out using statistical approaches, and there is useful progress in these.  [ReddyS. Harshvardhan, ChaudhariSandeep C.,  BuchK. D., HalagaliI.M., BhondeI.S., AjithkumarB., GuptaYashwant]
New Monitor & Control System for the upgraded GMRT
3. New Monitor & Control System

TocontrolandcoordinatetheupgradedGMRTsystemsforperformingastronomicalobservations,  efforts are on to develop a next generation MonitorandControl(M&C)system.This includes modernhardwareandsoftwarearchitecturalfeatures,comparedtotheexistingGMRTcontrolsystem, including futuristic developments that could be of relevance to next generation radio telescopes such as the SKA.   Some of the highlights are as follows.
3.1.   
New M&C hardware systems
NewMonitorandControlModules(MCM)developedbasedonRabbitRCM4300micro-controller, are now in mass production phase.  Theseareused as the main controlling unit for M&C operations related  theRFsignalreceiverchainsystemslikeFront-end, Fibre-optic ad Analog-backend units.  The Rabbitprocessorsupports1GBminiSDmemorycard,10/100TbaseEthernetportforthecommunication,alongwithaconfigurable32bitTTLcontroland64analog input channels for monitoring purposes.DynamicCIntergateddevelopmentenvironmentsupportprovidedon the Rabbitprocessorisusedtodevelopandruntheembeddedcontrolsoftware.ThissoftwarehandleslowlevelM&Cfunctionalitieslikeimplementationofcontrollogic,monitoringinterpretationandsafetyoftheinstrument.  A total of 71 MCM cards have been tested and 42 cards are in use  in the new GMRT analog back-end system [Kanade Charu, Sisodiya Naresh, Misal Madhav, Sateesh C, Nayak S, Kantharia Nimisha]
3.2.   
New M&C Software  – Online_Version 2
AnewM&CsystemsoftwarecalledONLINEVersion2.0(Online-V2) is under  in-house development by the team members.  Online-V2followsaclient-serversoftwarearchitectureandthedesignisbasedon the TCP/IPcommunication protocol. Themulti-threadedM&C applicationserverprogramdevelopedinC,runsunder the Linuxoperatingsystem.Online-V2hasbeentestedwithsub-systemsoftwoantennasinthe laboratoryenvironment, as well as in some real-life antenna environment, for a few antennas.ThenewM&Csystemhasimprovedperformancewithminimaltimeforconfiguringthetelescope facilitytorestorethedefaultvalues with minimal downtime afterpowerfailure.  [Kantharia Nimisha, Kanade Charu, Sisodiya Naresh, Misal Madhav, Sateesh C, Nayak S, Uprade Raju, Katore Santaji, Bhong Deepak, Sherkar Sachin]
3.3.   
Next Generation M&C Software System
NCRA is actively involved in the development of a next generation M&C system applicable for large systems (including radio telescopes like the GMRT and the SKA), in collaboration with the TRDDC research laboratory and partners from software industry.  As a first step of this effort,  a modern M&C system software is being developed for the GMRT, for which the detailed User Requirements Specification (URS) and Software Requirement specification (SRS) document were successfully completed in collaboration with the Tata Consultancy Services, India.  The URS and SRS describe functional requirements of the GMRT M&C systems, operational & user-interface constraints and performance of the system that will govern design and development of the M&C system software.  These documents captured all the stakeholder requirements that need to be met by the new GMRT M&C system. This will help avoid development gaps and errors at the beginning of the design phase of the M&C system.  The URS and SRS documents were developed in close consultation with the NCRA astronomers and engineers, folding in their specialised domain knowledge and expertise.  A prototype for the M&C system study using open source technologies like EPICS (Experimental Physics and Industrial Control System) and CSS (control System Studio) also has been undertaken in collaboration with TCS.  NCRA plans to develop an end-to-end M&C system software package which can execute the scheduled observing sessions and support in collecting the final astronomical data along with the meta-information and observation logs, to improve the science data quality.  This work is also expected to have direct relevance and feedback into the work towards design of the M&C system for the SKA telescope.  [Kodilkar Jitendra S., Nayak S., Uprade Raju, Joardar S.,  Gupta Y.]
GMRT Servo system Upgrades

After successfully commissioning of new Brush-less DC (BLDC) motors and drives  on C04 antenna in 2011 and PC/104 based digital position loop system in the subsequent years, both these systems have entered a mass commissioning program. Nine GMRT antennas were upgraded with BLDC systems upto last year and the mass commissioning program for the rest of the antennas is underway. This upgrade has significantly reduced the down time of the antennas due to servo system problems and routine motor maintenance. PC/104  systems have also been installed on 11 antennas and commissioning on the remaining antennas is in progress. In a collaborative effort with Case Western University and Bhabha Atomic Research  Centre, new control algorithms are being developed to improve the tracking performance of the antennas by a factor of 3, which is likely to lead to a significant improvement of the dynamic range of the GMRT images [Sabhapathy Suresh, Bagade Shailendra, Kumar Amit, Thiygaraj B.,  Haokip T, Pawar A., Bhat Aditi, Ranka Trupti, Roy S., Joshi B. C.]
Release of a uGMRT Phase-I system for internal use :

Based on the developments above, a phase-I uGMRT system supporting processing of broadband signals from 8 antennas for 3 wavebands was released for internal validation and early science observations by the NCRA community, on the 15th of September 2013.   This system has the following main capabilities :
*  8 of 15 antennas with wideband L-band front-end with BW choices of 110 MHz sub-bands

*  8 of 15 antennas with existing 610 feed giving ~ 100 MHz BW

*  8 of 10 antennas with wideband 250-500 MHz feed + matching front-end system

*  8 of 15 antennas with wideband OF system

*  8 antenna wideband analog back-end (with 100, 200 & 400 MHz  LPF options at output)

*  8 input wideband digital back-end with 200 MHz BW, with basic modes of operation.

*  8 antennas with new BLDC servo drives

This uGMRT Phase-I system is now being actively used for extensive user tests and trial observations. 

Procurement and commissioning of new NCRA HighPerformance Computing cluster:
A new 32 compute node (512 core)  High Performance Computing  Cluster (HPC) was procured 

by NCRA for parallel computing required by many astrophysical problems, such as pulsar search and N-body simulations. The HPC was commissioned in May 2013 and handed over to NCRA in July 2013. Detailed bench mark tests were carried out to evaluate its performance in August - October 2013. The HPC provides a capability to carry out computations upto 9.6 TFlops for an array dimensions greater than 20000, which is order of magnitude larger than the previous compute platforms at NCRA. Problems such as pulsar search required large data input/output bandwidth. The benchmark tests (IOR suite) showed simultaneous read speed to be close  to 1.5 GB/s and write speeds of the order of 500 MB/s. Pulsar search codes were later ported on the HPC and showed an improvement of more than a factor of 10 for analysis of 30 minute GMRT 

search data. The HPC is in routine use since December 2013 [VenkatsubramaniV., Joshi B.C., Surnis M.]
Radio Physics Laboratory and Winter School XE "Radio Physics Laboratory and Winter School" \b 
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The Radio Physics Laboratory (RPL) hosted the second  ``Pulsar Observatory for students (POS)'' program at Ooty Radio Telescope between July 9 to 12, 2013. Lectures  on pulsar astronomy were followed by live pulsar observations with ORT in batches throughout last year, where the participants were introduced to pulsar data analysis.   This program was attended by 18  participants and is a follow up program of Winter Schools organised by RPL every year. This year too RPL hosted sixth radio astronomy winter school for College and University students (RAWSC-13)  between December 18, 2013  - December 28, 2013, which received an enthusiastic response from college students as usual. Apart from lectures on astronomy, a major part of the program involved hands-on experiments on radio astronomy, a one-day workshop  for making Affordable Solar Radio Telescope (ASRT) and presentations by the students. The school was attended by 28 participants. In addition, RPL was involved in Radio Astronomy School hosted by NCRA between August 19 - 30, 2013, where participants carried  out hands-on radio astronomy experiments in the laboratory. RPL also put up a stall at the Annual Science day exposition at the GMRT on February 28, 2014. Two software packages for training students in antenna and circuit design were purchased by RPL apart from other radio astronomy instrumentation and new experiments were developed using ASRT. A highlight of RPL activities this year  was a visit to NCRA, Pune and a public lecture by Prof Jocelyn-Bell Burnell, the discoverer of the first pulsar, organised by NCRA and RPL jointly with Jyotirvidya Parisanstha, Pune. The public lecture was very well attended by more than 800 students and others [Joshi B. C., Roy Subhasis, Gopakumar A., Bagchi J., Gupta N., Krishnakumar K.,  Manoharan P. K., JesuRaja A., Saikia D. J.,  Bhattacharya D.]
Square Kilometre Array (SKA) Project :

The SKA is the most ambitious international radio astronomy project ever attempted.  It aims to build a telescope with 1 million square metres of collecting area, covering a large frequency range from about 50 MHz to 10 GHz, in a radio quiet region of the globe.  This will result in an instrument that is 50 times more sensitive than the best today, capable of cutting edge science in several aspects of astronomy and astrophysics.  As many as nine of the major radio astronomy practicing nations are collaborating in this project, which entered  a detailed design phase from November 2013 onwards, expected to last till end of 2016.  

India (represented by NCRA) is now an active participant in the SKA, having taken the leadership role in the Telescope Manager work package for design of a sophisticated monitor & control system for the telescope.   NCRA is also involved to a smaller extent in the Central Signal Processing work package (where our contribution leverages our expertise in GPU-based digital back-end receivers), and the Signal and Data Transport work package.   The work is being carried out in active collaboration with partners from Indian industry.  NCRA is seeking Full Membership status for India in the SKA Organisation – the governing body of the SKA Project.  

The main accomplishment during this year have been :  The formation of the Telescope Manager Consortium consisting of interested experts from organisations across the world, under the leadership of NCRA, during April-May 2013; the successful bid submitted by this consortium, in June 2013, in response to the Request for Proposals issued by the SKA Office, which resulted in the contract for the design of the Telescope Manager being awarded to this consortium in August 2013;  hosting an international  kick-off meeting at NCRA in November 2013 to formally initiate the work of the consortium;  rapid growth of the work done by the consortium in the past few months, in close coordination with the SKA Head Office in Manchester; and significant progress towards clearance for Full Membership status for India [Gupta Yashwant,  Wadadekar Yogesh,  Ramanujam N. M., Chengalur Jayaram, Ghosh S.K., Kodilkar J.P., Ajithkumar B.,  colleagues from TRDDC, TCS, PSL and NVIDIA]

TIFR GMRT Sky Survey (TGSS) XE "TIFR GMRT Sky Survey (TGSS)" 
Radio studies of extra-solar planetary systems:
We have developed a long term program to search for radio-emissions from nearby exoplanets. Although challenging, this is a virgin area and any positive detection would be a major advance in the field of extrasolar planetary research.  Remarkably, observing a planetary eclipse, we obtained a hint of 150 MHz  radio emission from the Neptune-mass extrasolar transiting planet HAT-P-11b (A. Lecavelier et al. 2013). This is being followed up. Further,  using the GMRT survey TGSS at 150  MHz, we have searched for the radio counterparts of 175 confirmed extra-solar planetary systems. For four of these systems, we find TGSS radio  sources coincident with or located very close to their coordinates, making them excellent targets for deeper radio observations with improved astrometric precision (S. Sirothia et al. 2014). 

TGSS is an extragalactic radio continuum survey at 150 MHz made using the  Giant Metrewave Radio Telescope (GMRT), covering about 37,000 sq. deg of  the sky north of declination -55 degrees and reaching an rms noise of 5-7 mJy/beam with an angular resolution of about 20 arcsec.  When all the data has been analysed, the survey will consist of about 5300 fields and is  expected to detect more than a million sources. Currently, five data  releases have made available 558 fields, which cover a steradian of the southern sky and contain about 0.1 million sources, to the interested astronomer.

Low frequency study of Luminous Infrared Galaxies (LIRGS):
In a  project aimed at understanding the physical processes that determine the low radio frequency spectrum of LIRGs, we have identified 11 LIRGS (from the list of Condon et al. 1996) using the data from the fourth TGSS Data Release. LIRGs are spiral galaxies whose infrared luminosities are in excess of 5.6 x 10^10 times the solar luminosity.  LIRGs are believed to harbour an active nucleus and this study is aimed at studying the low radio frequency spectrum of these galaxies to understand the central AGN and the star forming disk. The few studies of the spectrum at low frequencies which exist for LIRGs suggest that the power law spectrum seen at higher radio frequencies flattens at low frequencies such as 150 MHz. This property is distinct from normal star forming galaxies which show a power law spectrum at all frequencies down to 150 MHz. These 11 LIRGs from TGSS were further followed up by observations at 325 MHz and 610 MHz using the GMRT.  The analysed data show that all the LIRGs are resolved at 610 MHz and that the median spectral index between 150 and 325 MHz is -0.34, between 325 and 610 MHz is -0.59 and between 610 MHz and 1400 MHz is  -0.64.  The study will be continued as the TGSS sample increases with subsequent releases.  These results were presented in The Meterwavelength Sky meeting held at NCRA from 9-13 December 2013.

[Arti Goyal, N. G. Kantharia, S. K. Sirothia, Ishwara-Chandra, Gopal-Krishna]

The Two-point angular correlation function of radio sources in TGSS:
In a dual-aimed project of studying the clustering properties of radio  sources in the sky compared to a homogenous universe and understanding systematics in the TGSS data products, the two point angular function of all the radio sources in the fifth TGSS Data Release has been estimated. The Landy & Szalay (1993) estimator has been used upto a limiting  separation of 1 degree with a sampling of 2'. To avoid edge effects, we used numerically generated random distribution of sources instead of an analytical form.  About 0.1 million radio sources were used in this analysis.  We could surmise the presence of two power laws in the  logarithmic representation of the correlation function: the first one was steep with a break in the spectrum around 9' from where the second flatter power law was discernible.  The radio sources catalogued in future TGSS releases will be included in the study to improve the signal-to-noise  ratio of the two-point correlation function and study the clustering properties.  The study also helped in the understanding of the systematics in the TGSS data.  These results were presented in The Meterwavelength Sky meeting held at NCRA from 9-13 December 2013.

[Breezy Ocana Flaquer, N. G. Kantharia, S. K. Sirothia, Prasun Dutta, Ishwara-Chandra, Gopal-Krishna]
TGSS Products Management System (TPMS): 
A comprehensive software (1)  to manage the TGSS products namely the FITS images and catalogues, (2) to automate TGSS data quality checks and (3) to estimate the statistics of  each release has been designed and developed.  Since the volume of images and catalogues is large and with each release, the checking gets labourious, this software plays a major role in running quality checks on the images.  The quality checks include the rms noise in the image, source counts, fraction of bad data removed during analysis, and spectrum of radio sources.  All these are coded into the software which generates a final binary flag indicating the suitability of the image for release and was used in the fifth TGSS Data Release. Details of this software were  presented in The Meterwavelength Sky meeting held at NCRA from 9-13 December 2013.

[N. G. Kantharia, Sidharam Teli, Tushar Gonjari, S.K.Sirothia, Ishwara-Chandra, Gopal-Krishna]
The MetreWavelength Sky
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The Metre Wavelength Sky, celebrating 50 years of Radio Astronomy at TIFR and 10 years of operation of the GMRT was held at NCRA-TIFR, Pune, from December 9-13 2013.  The Radio Astronomy group at TIFR has had a historical focus on observations at metre wavelengths, and the GMRT was the first of a new generation of low frequency radio telescopes that have led to a renaissance in the field over the last few years. New telescopes (LOFAR, MWA, ASKAP, MEERKAT) are now coming on line and the GMRT is itself going through a major upgrade. The main aim of the conference was to bring together leading researchers in a variety of fields, covering all areas of active research at low radio frequencies. The conference received an excellent response with over 200 participants. There were representatives from all the major radio facilities (including several which are currently under construction) from around the world. The key note address, “The Growth of Radio Astronomy” was delivered by Prof. Ron Ekers,  Federation Fellow at CSIRO Australia, and former president of the International Astronomical Union. In addition to 4 days of scientific talks, there was also a “celebratory day” at the GMRT  site. Dr. Anil Kakodkar,  DAE Homi Bhabha Chair Professor gave the inaugural talk on the celebratory day.

Scientific Information Resource Centre
The Scientific Information Resource Centre of NCRA, with book collections inPune and GMRT campuses, caters to the requirements of the academic andengineering users. Approximately 110 bookswere purchased for GMRT & NCRA SIRC for the year 2013-2014. SIRC maintainsvarious video lecture on SIRC page, subscribed from NPTEL. SIRC has newly subscribed to the PROLA-APS Journals and JGR Journals for academic users.

SIRC has designed the new library website for NCRA and GMRT using Drupal 7to provide improved services. Various links have been added on the websiteto provide direct link to various

resources. SIRC has purchased higher version of libsys, i.e., Libsys 7 forlibrary management. Data has been successfully migrated to the new versionand checks completed at all levels.Attempts have been made to bring all resources of TIFR, CAM and NCRA under single union catalogue. A uniform policy has been implemented by NCRA SIRCtowards page charge contribution forpublishing articles in journals.

SIRC maintains GMRT telescope bibliography as well as NCRA publications database.  NCRA SIRC also takes care of Ooty library. New desktop machineswere purchased and installed at both theSIRCs. SIRC is also involved in upgrading infrastructure facilities at NCRA GMRT SIRC.
GMRT Time Allocation Committee (GTAC) XE "GMRT Time Allocation Committee (GTAC)" 
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NCRA Pune: XE "NCRA Pune\:" 
Academic:  Chandra P,Chengalur J. N.,Ghosh S. K.,Gupta Y,Ishwara Chandra C H,Joshi B. C.,Kanekar N,Kantharia N. G.,Lal D.V.,Mitra D.,Oberoi D,Roy Choudhary T,Roy J.,Roy S,Saikia D. J.,Sirothia S. K.,Visweshwar Ram M.R.,Wadadekar Y.G.,
Research Scholars:Basu R ,Gaikwad Prakash S ,Ghara R ,Johri A ,Naidu A.K. ,Patra N.N. ,Puranapanda K.C. ,Roach H ,Sharma R ,Surnis M ,Jash D ,Shrotriya T. S. ,Ujjwal Kumar ,

Visiting Professor:Arjunwadkar M. K.
Visiting Fellow:  Baddi R. ,Chandola Y ,Dutta P ,Roychowdhury S ,Basu A. ,Datta K K ,Gajjar V.R. ,Mann Yogesh ,Konar S ,Ramanujam N.M. ,Banerjee A. ,

Visiting Scientist:Konar S ,Ramanujam N.M. ,
Administration: Adhikari S.S.,Barve A. P.,Bhujbal J. A.,Gonde N.B.,Jayasimha B. R.,Joshi Annabhat,Khatavkar H. C.,Khatkale S. J.,Kulkarni M. M.,Kulkarni S. M.,Lokhande H. D.,Mandhare J. D.,Pandiselvan C.,Patil S. V.,Pawar K. R.,Reena Shrikumar,Sabne M. M.,Sangle B. S.,Shetty S,Solanki J. K.,Sonsale Sanjay M.,Pawar D. V.
Auxiliary:  Rohini Rajshekhar,Bahirat R. E., Dalvi F. M., Gaikwad V. V., ,Khole N. B., Nalawade B. T., Pawar V. R., Raste P. K., Singh H,Sodanavar V. R., Shelar K. S., Nalawade G. A.,
Scientific: Meshram S.G., Venkatasubramani V.,
Technical: Jadhav M. K.,Kamble V. S.,Karekar P. G.,Murugesan S.,
GMRT Khodad: XE "GMRT Khodad\:" 
Administration: Deshmukh N. S.,Gadekar S.A.,Ganeshan G., Joglekar A.C.,Jondhale A. B., Kanade D S,Kharmale V.S., Naik R. Y., Pokharkar D. B., Shaikh I G K,
Auxiliary: Aher V. K.,Bhalshankar S. L.,Bhor A. G.,Bhor S. G.,Chaskar B.D.,Dambale D. S.,Gaikwad B. S.,Gaikwad P. B.,Ghangale H. K.,Ghangale S. J.,Ghorpade C. H.,Gundgal D. K.,Karkud R. B.,Khude K. R.,Kotwal A. R.,Kuchik S. M.,Mule N. D.,Pingale R. Y.,Sable B. C.,Sake S. D.,Shelake J. C.,Thorat D. B.,Thorat K. T.,Wajge B. T.,,Gadhave R.B,Ghorpade D. B.,Hande N. V.,Kuchik D. D.,Langhi S.J.,
Scientific :   Ajith Kumar B.,Amit Kumar,Bagde S. K.,Bhong D.B.,Buch K.D.,Chaudhari S C,Dongare S.N.,Gnanaraj S.J.,Gupta S,Hanumanth B R,Joardar S.,Kale H. S.,Kalyansundaram K.,Kamble J. R.,Katore S. N.,Kodilkar J. P.,Kudale S. S.,Muley M.V.,Nandi A.K.,Nayak S.,Parikh G.B.,Patil M.S.,Prasad A,Raut A. N.,Reddy H.S.,Sabhapathy S,Samble M.S.,Sankarasubramanian G.,Sherkar S S,Shinde N. D.,Sisodiya N.M.,Suresh Kumar S.,Swami R. V.,Umbarje M. S.,Uprade R.R.,
Technical: Bhalerao V. B.,Bhumkar A.K,Dhende A. T.,Gaikwad P. S.,Gopinathan M.,Halagali I,Haokip T. S.,Kanade C. P.,Lokhande S. K.,Nalawade J. R.,Nanaware D. K.,Patil B. S.,Patil S. D.,Phakatkar S. V.,Poonattu A. M.,Raybole P. A.,Satheesh C.,Somwanshi M. D.,
RAC, Ooty: XE "RAC, Ooty\:" 
Academic: Manoharan P.K.

Visiting Fellow: :Dwivedi V.C. ,
JRFs: Induja M.S ,Jesu Raja P ,Arun Prasath M. ,Pramanik A ,

Administration: Lali Shantha Kumari N, Packiaraj V.,
Auxiliary :  Jayaraman P. K., Mahendran R., Sankaran M., Aiyyappan S., Ravi Sankar R., Thangakumar A.

Scientific: Elipilli K A,Rajamohan S.,Ravikumar D.,Rodrigues I. E.,
Technical: Aravindakrishnan K. G.,Chandrasekaran R.,Chandrasekharan V.,Raja K.,Venkatesha C. M.,
National and International Involvement XE "National and International Involvement" 
Chandra Poonam


Member
1. Astronomical Society of India

Chengalur, J. N.
Member
1. JNU-IUCAA Academic Committee

2. National Committee of the IAU

3. AIRIES Scientific Advisory Committee

4. SKA Science Working Group

5. International Astronomical Union (IAU)

6. International Union of Radio Science (URSI)
Ghosh S.K.

Nominated as a member of the Scientific ManagementBoard of the India-based Neutrino Observatory (INO).

Member 
1. Editorial Board for the ``Journal ofAstrophysics and Astronomy" published by the Indian Academy of Sciences. 

2. National Expert Committee & Boardof Studies, for development of academic curriculum of the Indian Institute of Space Science and Technology (IIST), Tiruvanantapuram.

3. Technical Review board of Indian Institute of Astrophysics, Bangalore, for their Hanle Echelle Spectrometer Project.

4. National Expert Committee at ISRO Head Quarters, Bangalore and participated in the review of the Mars Orbiter Mission of ISRO

Gupta Y.

Member 
1. Steering Board of CASPER (Centre for Astronomy Signal Processing and Electronics Research).  
2. International review panel for the Preliminary Design Review of subsystems of the MeerKAT project, held during 2013

3. International Astronomical Union (IAU)
4. International Union of Radio Science (URSI)
5.  Indian representative on the Board of the international Square Kilometre Array  Organisation, from 2011 onwards.  
6. Head of the Telescope Manager Consortium -- an international collaboration for work on the design of the Telescope Manager system for the SKA, led by NCRA, fromOctober 2013 onwards.   

Ishwara Chandra CH

1. Nominated to Scientific Organising Committee (SOC) of Astronomical Society of India, 2010-13.

2. Elected to Executive Council of Astronomical Society of India, 2013-16.
Joshi B.C.

Member
1. Panel on Education, COSPAR

2. RadioAstron International Steering Committee
Manoharan P.K.

1. Vice-President, IAU Division E Commission 49 Interplanetary Plasma & Heliosphere. 

2. Editor of Solar and Terrestrial Sciences Section of Geoscience Letters, official journal of the Asia Oceania Geosciences Society (AOGS). 

3. On the Editorial Board of Journal of Space Weather and Space Climate. 

4. Member of Scientific Steering Committee, CAWSES – India, Phase II Programme.

5. National Coordinator, International Space Weather Initiatives (ISWI)

6. Co-PI, Aditya-L1 Space Solar Coronagraph Project, ISRO, Bangalore.

Kanekar Nissim

Referee 
1. Journals Astrophysical Journal, 
2. Monthly Notices of the Royal AstronomicalSociety, 
3. Proposals for observing time on the Giant Metrewave Radio Telescope.

Member 
1. Scientific Organizing Committee for the conference 
2. The Universe at Ger's (wave)-length, at the Kapteyn Institut, Groningen, The Netherlands; November 2013.

Oberoi Divya 


Member
1. American Geophysical Union

2. Asia Oceania Geophysical Society

3. International Union of Radio Science (URSI)

4. Astronomical Society of India
Visits XE "Visits" 
Choudhury Tirthankar Roy

1. Abdus Salam International Centre for Theoretical Physics, Trieste, Italy, May-June 2013
2. Stockholm University, Sweden, September 2013
3. Institute of Astronomy, University of Cambridge, UK, September 2013 & March 2014
Gupta Y.

          Visited

1. SKA Organization, Jodrell Bank, UK,  April 15-19, 2013

2. MPifR, Bonn, Germany, April 22-26, 2013 

3. SKA OrganizationJodrell Bank, UK, June 24-28, 2013
4. SKA Organization, Capetown, South Africa, MeerKAT project, July 3-8, 2013 :
5. SKA OrganizationJodrell Bank, UK July 23-26, 2013
6. SKA OrganizationAnnual SKA,  Engineering Meeting, Jodrell Bank, UK October 7-11, 2013 
7. INSPIREScience Camp, NIST Berhampur, Orissa, January 26-28, 2014 
8. SKA Organization, Jodrell Bank, UK March 10-14, 2014
9. IISER, Mohali, Annual Meeting ofthe Astronomical Society of India, March 19-22, 2014 
Ishwara Chandra CH

1. Institut d'astrophysique spatiale, Orsay (Paris), ,April 2013 

2. Bonn, Germany, International conference, Modern Radio Universe, 2013 
Joshi B.C,

1. 31stMeeting of Astronomical Society of India,  Thiruvananthpuram, February 20 - 22, 2013

2. Aditya science meeting,  Bengaluru, May 19 - 20, 2013

3. Radio Astron International Steering Committee, Moscow, Russia, June 21 - 22,

4. 3rdProfessional-Amateur meeting in Astronomy, Homi Bhabha Centre for Science 

 Education, Mumbai, India, October 26 - 27, 2013, 

5. 32ndMeeting of Astronomical Society of India,Mohali, India, March 20 - 22, 2014, 
Kanekar Nissim

1. Sesto, Italy, conference Fundamental Constant Evolution and Dynamical Dark Energy,    July 2013.

2. The Max Planck-Institut fur Radioastronomie, Bonn, Germany; July 2013.

3. The Kapteyn Institute, Groningen, The Netherlands; July 2013.

4. The Max Planck Institut fur Astronomie, Heidelberg, for the conference 


      Phases of the ISM; July/August 2013.

5. The National Radio Astronomy Observatory, Socorro, New Mexico, USA; August 2013.

6. The University of California, Santa Cruz, USA; August 2013.

7. The European Southern Observatory, Garching, Germany; September 2013.

8. The Kapteyn Institute, Groningen, The Netherlands, for the conference ``The Universe  at Ger's (wave)-length''; November 2013.

9.  The Raman Research Institute, Bangalore; October 2013.

10. The Vrije Universiteit, Amsterdam, The Netherlands; November 2013.

11.  The Dark Cosmology Centre, Copenhagen, Denmark; November 2013.

Oberoi Divya 

1. MIT Haystack Observatory, 4 May 2013 - 4 June 2013

2. MIT Haystack Observatory, 26 Sep 2013 - 30 Oct 2013

Manoharan P.K.

1. Goddard Space Flight Center, NASA, USA, mid May - mid June 2013.

2. Department of Space Science, The University of Alabama in Huntsville (UAH), October 13-20, 2013.
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Tingay, S. J.; Kaplan, D. L.; McKinley, B.; Briggs, F.; Wayth, R. B.; Hurley-Walker, N.; Kennewell, J.; Smith, C.; Zhang, K.; Arcus, W.; Bhat, N.D. R.; Emrich, D.; Herne, D.; Kudryavtseva, N.; Lynch, M.; Ord, S. M.;Waterson, M.; Barnes, D. G.; Bell, M.; Gaensler, B. M.; Lenc, E.; Bernardi,G.; Greenhill, L. J.; Kasper, J. C.; Bowman, J. D.; Jacobs, D.; Bunton, J.D.; deSouza, L.; Koenig, R.; Pathikulangara, J.; Stevens, J.; Cappallo, R.J.; Corey, B. E.; Kincaid, B. B.; Kratzenberg, E.; Lonsdale, C. J.;McWhirter, S. R.; Rogers, A. E. E.; Salah, J. E.; Whitney, A. R.; Deshpande, A.; Prabu, T.; Udaya Shankar, N.; Srivani, K. S.; Subrahmanyan, R.; Ewall-Wice, A.; Feng, L.; Goeke, R.; Morgan, E.; Remillard, R. A.;Williams, C. L.; Hazelton, B. J.; Morales, M. F.; Johnston-Hollitt, M.;Mitchell, D. A.; Procopio, P.; Riding, J.; Webster, R. L.; Wyithe, J. S.B.; Oberoi, D.; Roshi, A.; Sault, R. J.; Williams, A.

On the Detection and Tracking of Space Debris Using the Murchison Widefield Array. I. Simulations and Test Observations Demonstrate Feasibility

The Astronomical Journal, 146,  article id. 103, 9, 2013

van Weeren, R. J . ; Intema, H. T. ; Lal, Dharam. Vir. ; et al.

The Discovery of a Radio Halo in PLCK G147.3-16.6 at z = 0.65
Astrophysical Journal Letters, 781(2) , 2014 , L32
van Weeren, R. J. ; Fogarty, K. ; Jones, C. ; Forman, W. R. ; Clarke, T. E. ; Bruggen, M. ; Kraft, R. P. ; Lal, D. V. ; et.al.

Complex Diffuse Radio Emission in the Merging Planck ESZ Cluster A3411
Astrophysical Journal ,769  101, 2013 
Venturi, T; Rossetti,M. ; Bardelli,S. ;   Giacintucci,S. ;  Dallacasa,D. ;  Cornacchia, M. ; Kantharia,N. G.  

Radio emission at the centre of the galaxy cluster Abell 3560: evidence for core sloshing?

Astronomy & Astrophysics, 558, 13,2013,

Yadav, Naveen; Ray, Alak; Chakraborti, Sayan; Stockdale, Christopher; Chandra, Poonam et al.

Electron Cooling in a Young Radio Supernova: SN 2012aw 
Astrophysical Journal, 782, 30, 2014.
In Proceedings
Barway, S; Wadadekar, Yogesh ; Vaghmare, Kaustubh ; Kembhavi, Ajit K.
IAU Symposium, 292, 153


Castelletti, G.; Joshi, B.C.; Surnis, M.P.; Supan, L.;and Dubner, G. 

GMRT Observations of SNR G15.4+0.1/HESS J1818-154

IAU Symposium,  296,   366.  

Chandra, Poonam

Radio Inputs from GRB afterglows

Proceeding for the MYSKY meeting, December 9-13, 2013

Chandra, Poonam; Chevalier, Roger A.; Chugai, Nikolai; Soderberg, Alicia M.; Fransson, Claes, 

Supernova Environmental Impacts, 
Proceedings of the International Astronomical Union, IAU Symposium, 296, 135-143
Dutta,Prasun;   Kantharia, N. G. ;Roy, Nirupam;  Anupama, G. C. ; Ashok, N. M.; 
Prasun Dutta, Nimisha G. Kantharia, Nirupam Roy,  G. C. Anupama,  N. M. Ashok, 

Banerjee, Dipankar P.K..

Limits on non-thermal radio emission from Nova Cephei 2013

The Astronomer's Telegram, 5375, 2013
Farnes, J.S;  Green,D. A;   Kantharia,N. G.

Probing Magnetic Fields using the Giant Metrewave Radio Telescope

Conference Proceedings,  Magnetic Fields in the Universe IV, Playa del Carmen, Mexico,  (2013arXiv1309.4646F), 2013
Johnson, M.; Gwinn, C.; Popov, M.; Smirnova, T.; Shishov, V.; Anderson, J.; Andrianov, A.; Bartel, N.; Buchner, S.;Deller, A.; Hankey, W.; Horiuchi, S.; Joshi, B. C.;Kardashev, N.; Karuppusamy, R.; Kovalev, Y.Y.; Kramer, M.; McCallum, J.; Phillips, C.; Quick, J.; Reynolds, J.; Rudnitsky, A.; Safutdinov, Y.; Soglasnov, V.; Tzioumis, A.; Zensus, A.; Zhuravlev, V.; and the  RadioAstron Pulsar Group  Studies of Pulsars Using Space VLBI with RadioAstron,  

Astronomy & Astrophysics,  223,2014

Joshi, B. C.  

The dynamic pulsar emission over multiple  frequencies

ASInC,  9,   82, 2013
Kantharia, N. G. ; Roy, Nirupam;   Anupama, G. C. ;  Banerjee, D. P. K. ;    Ashok, N. M.; Dutta,Prasun;   Prabhu,T. P. ;   Johri,Abhishek.
Rapid rise in the radio synchrotron emission from the recurrent nova system V745 Sco

The Astronomer's Telegram, 5962, 2014.

Ninan,J.P. ; Ojha, D.K. ; Ghosh, S.K. ; Bhatt,B.C. ;

Constraining models of accretion outbursts in low-mass YSOs

ASI Conference Series, 9, 78, 2013

Oberoi, D.; Sharma, R.; Bhatnagar, S.; Lonsdale, C. J.; Matthews, L. D.;Cairns, I. H.; Tingay, S. J.; Benkevitch, L.; Donea, A.; White, S. M.;Bernardi, G.; Bowman, J. D.; Briggs, F.; Cappallo, R. J.; Corey, B. E.;Deshpande, A.; Emrich, D.; Gaensler, B. M.; Goeke, R.; Greenhill, L. J.;Hazelton, B. J.; Johnston-Hollitt, M.; Kaplan, D. L.; Kasper, J. C.;Kratzenberg, E.; Lynch, M. J.; McWhirter, S. R.; Mitchell, D. A.; Morales,M. F.; Morgan, E.; Offringa, A. R.; Ord, S. M.; Prabu, T.; Rogers, A. E. E.; Roshi, A.; Salah, J. E.; Udaya Shankar, N.; Srivani, K. S.;Subrahmanyan, R.; Waterson, M.; Wayth, R. B.; Webster, R. L.; Whitney, A.R.; William, A.; Williams, C. L.

Observing the Sun with the Murchison Widefield Array

Proceedings of the Meterwavelength Sky workshop, NCRA-TIFR, December 2013

Pushpa Khare&Ishwara-Chandra
Edited Conference Proceedings:Proceedings of 31st Meeting of Astronomical Society of India, 2013
Roy, Nirupam; Kantharia, N. G. ; Dutta,Prasun; Anupama,G. C. ;   Ashok,N. M;  Banerjee, Dipankar P. K.
Low radio frequency observation of Nova Delphini 2013

The Astronomer's Telegram, 5376, 2013

Roy S. & Pal S.

Observations and discoveries of supernova remnants with GMRT, 

IAU symposium,  296 (Supernova environmental impact), 97, 2013


Surnis, M.P.; Joshi, B.C.; Roy, S.
Search for pulsed radio emission from PSR J1745-2900 at 1 GHz with the GMRT

ATel,  5070,   1, 2013
Tingay, S. J.; Oberoi, D.; Cairns, I.; Donea, A.; Duffin, R.; Arcus,W.; Bernardi, G.; Bowman, J. D.; Briggs, F.; Bunton, J. D.; Cappallo,R. J.; Corey, B. E.; Deshpande, A.; deSouza, L.; Emrich, D.; Gaensler,B. M.; Goeke, R.; Greenhill, L. J.; Hazelton, B. J.; Herne, D.;Hewitt, J. N.; Johnston-Hollitt, M.; Kaplan, D. L.; Kasper, J. C.;Kennewell, J. A.; Kincaid, B. B.; Koenig, R.; Kratzenberg, E.; Lonsdale, C. J.; Lynch, M. J.; McWhirter, S. R.; Mitchell, D. A.;Morales, M. F.; Morgan, E.; Ord, S. M.; Pathikulangara, J.; Prabu, T.;Remillard, R. A; Rogers, A. E. E.; Roshi, A.; Salah, J. E.; Sault, R.J.; Udaya-Shankar, N.; Srivani, K. S.; Stevens, J.; Subrahmanyan, R.;Waterson, M.; Wayth, R. B.; Webster, R. L.; Whitney, A. R.; Williams,A.; Williams, C. L.; Wyithe, J. S. B.

The Murchison Widefield Array: solar science with the low frequency SKA Precursor

Journal of Physics: Conference Series, 440,  article id.012033, 2013

In Astronomy Telegram XE "In Books" 
Ninan,J.P. ; Ojha, D.K. ; Ghosh, S.K. ; Anupama,G.C. ; Prabhu, T.P.;Bhatt,B.C.

Dust formation in Nova Cephei 2013, 
The Astronomer’s Telegram,5269, 2013
Technical Reports/Internal Reports XE "Technical Reports/Internal Reports" 

Chengalur J.N

flagcal: A flagging and calibration pipeline for GMRT data'', Jayaram N. Chengalur, NCRA Technical Report,NCRA/COM/001, April 2013.

Lectures / Lectures Courses Given Elsewhere XE "Lectures / Lectures Courses Given Elsewhere" 
Chengalur J.N.

Popli Memorial Lectures, St. Stephens, New Delhi, 21-23 Oct    2013

Choudhury Tirthankar Roy

Four Lectures  onLarge-scale Structure Formation at the Autumn School on 
Cosmology, Birla Institute of Technology and Science, Pilani,  November 2013.

Gupta Y.G.

1. GMRT : Current Status, Science Highlights and Upgrade Plans, The Modern Radio Universe, Bonn, Germany, April 26, 2013
2. Radio Telescopes and the GMRT,Refresher Course in A&A for   College / University Teachers, IUCAA, Pune, May 20-21, 2013. 

3. Frontiers in Radio Astronomy,INSPIRE Science Camp,NIST,  Berhampur, January 27, 2014. 

Josh B.C.

1. Radio Astronomy from Space, Electronics and Communications Engg, IIT, Roorkee, India, March 25, 2014 
2. Exciting Physics with Neutron star Laboratory, Physics Department,                        IIT, Roorkee, India, March 26, 2014 
3. Affordable Small Radio Telescope, Physics Department Delhi University, New Delhi, India, March 27, 2014 
Kanekar Nissim
1. Do the Fundamental Constants Change with Time ?, 
Colloquium: Max Planck Institut fur Radioastronomie, Bonn, Germany, July 2013.

2. Do the Fundamental Constants Change with Time ?, 
Seminar: ASTRON, Dwingeloo, The Netherlands, July 2013.

3. Do the Fundamental Constants Change with Time ?,
Colloquium: Kapteyn Institute, University of Groningen, The Netherlands, July 2013.

4. The Spin Temperatures of the Galaxy and high-redshift Damped Lyman-alpha

systems,

Conference:Phases of the ISM, Heidelberg, Germany, August 2013.

5. The nature of high-redshift damped Lyman-alpha systems, 
Seminar: the Raman Research Institute, Bangalore; October 2013.

6. Do the Fundamental Constants Change with Time, 
Seminar: the Dark Cosmology Centre, Copenhagen, Denmark; November 2013.

7. Do the Fundamental Constants Change with Time, 
Lecture :summer students , NCRA-TIFR, at NCRA-TIFR, Pune; June 2013.

8. Observational Cosmology, 
Lecture: NIUS-2013 summer school, Mumbai June 2013. 

9. Observational Cosmology, 
Lecture: Radio Astronomy Winter School, NCRA-TIFR,Pune; December 2013.

10. Do the Fundamental Constants Change with Time, 
Lecture: Presidency College, Kolkata, at IUCAA, Pune; February 2013.
Manoharan P.K.

1. Guided number of students from various institutions (IISER, MG University, etc.) and they carried their B.Tech./M.Sc./B.E. project works at the Radio Astronomy Centre. 

2. Mentor of the DST INSPIRE Programme, has given motivating lectures to a large number of young students. 

Wadadekar Yogesh G
1. Introduction to Radio Astronomy, Astronomy Olympiad training cum selection camp, May 9, 2013

2. Introducing our Solar System (in Marathi) at the  "Eyes on ISON", Maharashtra state workshop, Oct  1,2013.

3. Traversing the Universe in 25 steps, SKA Industry partner training session, Nov 28, 2013

4. Time and coordinate systems in astronomy", SKA Industry partner training session, Nov 28, 2013

5. Radio Astronomy", Undergraduate Astronomy Workshop, Ferguson College, Pune, Jan 21, 2014

6. Numpy and Scipy - numerical computing with Python, IUCAA Workshop on Python Programming in Astronomy, Feb 19, 2014 

7. Using existing FORTRAN / C code with Python, IUCAA Workshop on Python Programming in Astronomy, Feb 21,2014 

8. Indian participation in the SKA, workshop on "Science with the SKA" IISER-Mohali, March 19,2014.

9. Probing obscured, high redshift galaxies using deep P-band continuum imaging with GMRT,  Meterwavelength Sky Conference, NCRA-TIFR, December 10, 2014.

Lectures by Visitors XE "Lectures by Visitors" 
Colloquium at NCRA XE "Colloquium at NCRA"  XE "Colloquium at NCRA" 
1. T. Padmanabhan (IUCAA), Understanding Gravity, February 24, 2014

2. Alain Omont (Institut d'Astrophysique de Paris, France), Herschel strongly lensed submillimeter galaxies: H2O, a new diagnosis of their dense cores, Febraary 21, 2014

3. Paula Benaglia (Argentine Institute for Radioastronomy, Argentina), New results on RCW 49 and Westerlund 2, February 17, 2014

4. P. Ajith (International Centre for Theoretical Sciences, Bangalore), The gravitational-wave window onto the Universe, February 10, 2014
Jagadheep Pandian (Indian Institute of Space Science and Technology, Trivandrum), High-mass star formation in its early phases, January 27, 2014

5. Aseem Paranjape (ETH, Zurich), Analytical Approximations in the Era of Precision Cosmology, January 10, 2014

6. Monique Pick (LESIA, Observatoire de Paris, France), Contribution of solar radio observations to our understanding of CMEs and transient events, January 7, 2014

7. Jocelyn Bell Burnell (University of Oxford, UK), The Universe and US, at CoEP,Pune, January 4, 2014

8. Jocelyn Bell Burnell (University of Oxford, UK), Reflections on the discovery of pulsars, January 6, 2014

Seminars at NCRA

1. Arunima Banerjee (NCRA), A tete-a-tete between the Disk and the Dark matter Halo: Cue to the formation of bulgeless galaxies?, March 14, 2014

2. Ruta Kale (University of Bologna, Italy), The new radio relic in a Planck discovered cluster, February 11, 2014

3. Chris Riseley (University of Southampton, UK), Early Science with the Karoo Array Telescope, January 2014

4. Sandesh Kulkarni (Max-Planck-Institut fur extraterrestrische Physik, Germany), How does the group environment hamper star-formation in star-forming galaxies?, January 3, 2014

5. Kanan Datta (NCRA), Cosmic Reionization at Large Scales: Light Cone Effect on the HI 21-cm Power Spectrum, November 25, 2013

6. Kshitij Thorat (RRI, Bangalore), A Radio-Optical Study of the Cosmic Population of Extended Radio Sources, October 28, 2013

7. Kanhaiya Lal Pandey (RRI, Bangalore), Cosmic shear and Ly-alpha opacity as a probe of primordial magnetic fields, October 15, 2013

8. Yogesh Maan (RRI, Bangalore), Fermi LAT-discovered Pulsars: Deep Searches for Radio Counterparts at Decameter Wavelengths, September 30, 2013

9. Chiranjib Konar (ASIAA, Taiwan), Towards a complete picture of radio galaxy physics: theory vs. observations, July 15, 2013

10. Bhaswati Bhattacharyya (NCRA), Search and timing of Fermi MSPs with the GMRT, June 17, 2013

11. Kanan Datta (NCRA), Prospects of detecting a quasar in the reionization 21 cm signal, May 20, 2013

12. Abhirup Datta (University of Colorado, Boulder, USA), Exploring the Dark Ages and the Epoch of Reionization with the HI 21 cm signal, March 19, 2013

Graduate Courses XE "Graduate Courses" 
Chandra Poonam

Taught Astronomy and Astrophysics (Stellar Evolution) course

Pune University,  M.Sc. students.

Choudhury Tirthankar Roy

Extragalactic Astronomy I (Cosmology), IUCAA-NCRA Graduate School, 
January-February 2014.

Kantharia N.K.

Graduate School project - 2013:  , Mechanical pointing modelfor GMRT

(Student ; Prakash Gaikwad)
Roy S.

Astronomical Techniques-II course, IUCAA-NCRA graduate school, March-May 2013.

Wadadekar Yogesh G

Structure, Dynamics and Evolution, IUCAA-NCRA graduate school, Jan-Feb 2014

Ph.D. Theses XE "Ph.D. Theses"  / M.Sc. Theses XE "Ph.D. Theses / M.Sc. Theses" 
Ph.D. Theses XE "Ph.D. Theses" 
Choudhury Tirthankar Roy

Student :Sourav Mitra (HRI, Allahabad and HBNI, Mumbai)

Thesis titled: Physics of Cosmological Reionization and Structure Formation in the Universe,  2010-2013
Joshi B.C.


Student:  Arunkumar Naidu (NCRA-TIFR, Pune)
   Thesis titled: Observations of two interesting pulsars with a newly developed pulsar backend at ORT ,January 2014 

Manoharan P.K.
Student:  A. Mujiber Rahman (Madurai Kamaraj University)

Thesis Title: Investigations of propagation characteristics of coronal mass ejections and their effects on Earth.

Roy S.

Student:  Aritra Basu  (NCRA, Pune) 

Thesis titled: Study of magnetic fields in nearby spiral galaxies", July 2013 

M.Sc. Theses XE "M.Sc. Theses" 
Kantharia N.K.
Student; Vikram Joshi, Pune University, 
HI study of nearby groups, M.Sc. Project
Kanekar, Nissim

1. Student: Avani Gowardhan, IISER-Pune
A blind VLA Ka- and Q-band  survey for redshifted molecular absorption,from August 2013 till May 2014..
2. Student: Dhanya Nair

Efficiency of black hole in forming radio jets as a function of cosmic epoch.

3. Student: Varada Purohit
Characterization of AGN
B.Tech Thesis. XE "B.Tech Thesis." 
VSRP PROJECTS / TRAINING OF COLLEGE STUDENTS XE "VSRP PROJECTS / TRAINING OF COLLEGE STUDENTS" 
Chandra Poonam

Guided 

VSRP  ProjectMay - July 2013. 
Student:  Barnali Das - B.Sc., Hansraj College, Delhi. 

Evolution of SYnchrotron cooling break in SN 1993J
M. Sc. Masters Project
Student:  Keyuri Raodeo - Pune University,.

Radio imaging of HESS SNR 1731-345, Studying radio magnetospheres of massive stars, Abha Khakurdikar - Pune University,

Long term Project 
Student: Albert Paul – Fergussen College, Pune 

Multiwaveband modeling on GRB 130427A,
JRF Project 

Student:  Nayan Deva
Caloremetry of long term radio lights curves of GRB afterglows,
Kanekar Nissim

Guided 

VSRP Projects,May - July 2013. 
Student: Sushma Kurapati (IIT-Kharagpur)\

A search for associated HI-21cm absorption in high-redshift active galactic nuclei,  
Student: Soniya Sharma (IISER-Mohali)

HI-21cm absorption in red quasars
Student: Parichay Mazumdar (St. Stephen's College, New Delhi
The gas mass of damped Lyman-alpha systems, 
Student: Avani Gowardhan (IISER-Pune)
A blind VLA survey for redshifted molecular absorption,
Manoharan P.K.

1. Guided number of students from  IISER, MG University, etc. and they carried their B.Tech./M.Sc./B.E. project works at the Radio Astronomy Centre. 
2. mentor of the DST INSPIRE Programme, has given motivating lectures to a large number of young students. 
Popular Science Articles / Lectures XE "Popular Science Articles / Lectures" 

Chandra Poonam
Bombs in the Universe,  Popular Science Lecture to Exciting Science Group run by NCL scientists and IISER-Pune faculty (http://www.excitingscience.org/). 

Chengalur J.N.

Radio Astronomy,  Eng13,NIT Surathkal,  October 27, 2013
Gupta Y.G.

Ingredients for a Successful Career in Research in Science, DST sponsored INSPIRE Science Camp, NIST, Berhampur, January  27, 2014. 
Manoharan P.K.

1. Organized the National Science Day at the RAC on 28 February 2014. 
Activities consisted of
i. demonstration of the Ooty Radio Telescope’s mechanical, electrical, and electronics systems, 
ii. watching the live observations of celestial objects using the ORT,
iii. observing the Sun and tracking its sunspots, 
iv. demonstrations and exhibits on recent advances and developments in astronomy and astrophysics, 

v. exhibits and demonstrations from other scientific and research organizations of the Nilgiris District, and 

vi. Selected science models from schools and paintings made by students. In association with the RAC Science Day, science awareness events were also conducted the Radio Astronomy Centre. It was a successful event and more than 5000 students benefited. 
2. More 15,000 students and faculty members of engineering/ science colleges/ universities from all over the country visited Radio Astronomy Centre on educational tours during the period of the report. For these students, organized a video show on radio astronomy and one of the members of the institute explained the facilities at the RAC.

3. Every year at RAC, we also conduct training programmes for ~75 first- and second-year bachelor degree university students for about a week.

Wadadekar Yogesh G

Galaxies: Morphology and Evolution, Astronomica Club, Pune, May 19, 2013

ISON: Comet of the century??,  talk in Marathi and English at the second Saturday school program of IUCAA, Sep 14, 2013

Introduction to radio astronomy, Talk to Vidya Valley Schools Std 9 visit to GMRT, Sep 28, 2013

Radio & TV Programmes XE "Radio & TV Programmes" 
Ishwara Chandra CH

1) Given one 25 min interview to Radio  MACFAST in Kerala in February 2013 and was part of a radio programme All India Radio, which is broadcast nationally in mid-2013. 

2) Part of a few TV programmes shot at GMRT.

Any other information XE "Any other information" 
B.C.Joshi
A paper was reviewed for the international journal Advances in Space Research (ASR-D-13-00415) in September 2013.

Ishwara Chandra CH

Extensively involved in GMRT Operations and spending atleast 50% time for this activity.

Katore, S. N.; Kantharia, N. G.

NCRA Internal technical report: Monitoring and studying GMRT antenna control parameters: I Wind Speed

+++++
�


Combined GMRT plus CLFST image of IC443 with a resolution of 24((×19((arcsec2(at PA of 61(). The scale is 0 to 120 mJy beam−1(using the ‘cubehelix’ colour scheme of Green 2011).  The peak emission is (2.1 Jy beam−(1, fromthe background source near the NE edge of the remnant, and the noise is (2.0 mJy beam(1.











�


Single pulse sequences observed simultaneously from 330 MHz to 4850 MHz, with gray scaled intensity as a function of pulse number and pulse phase, for a subset of data from PSRs B0031-07,B0809+74 and B2319+60, clearly showing concurrent occurrence of null pulses








�


On-pulse energy for 120 pulses, averaged over 12 bright phases, for PSRs (a) J1738-2330 and (b) J1752+2359 in the GMRT observations, demonstrating  a similar decay in the bright phases of both pulsars.  The dotted lines are fitted models
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Plot of on-pulse energy variation of around 1200 pulses of  PSR J1752+2359 observed at 327 MHz with the Arecibo telescope is shown in the top panel. The three identified bright phases are shown inside the grey shaded regions for clarity. Every individual pulse was  classified either as a null or as a burst pulse. The bottom panel shows the null or burst state for the corresponding pulse  consistent with a random distribution of the inter-burst pulses.
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Radio studies of recently discovered Very High Energy sources and search for associated pulsars and wind nebulae








�


The cosmic HI gas density ((H I) evolution plots, inclusive of our measurements, as a function of redshift and look-back time, respectively. All measurements are made with the same cosmological parameters. The small black square is the HIPASS 21-cm emission measurement by Zwaan et al. (2005). The small black triangle is the ALFALFA 21-cm emission measurement from Martin et al. (2010). The open diamonds are measurements from the HIPASS and the Parkes observation of the SGP field using a Hi stacking technique (Delhaize et al. 2013). The cyan open circle is the preliminary result from the AUDS (Freudling et al. 2011). The big purple triangle is the measurement from the GMRT 21-cm emission stacking (Lah et al. 2007). The blue diamonds, red big circle, green circles and orange open squares are damped Lyman ( measurements from the HST and the SDSS by Rao et al. (2006), Prochaska et al. (2005), Noterdaeme et al. (2009) and Noterdaeme et al. (2012), respectively. Our measurements at z ~ 0.1 and ~0.2 are the yellow stars. In the right-hand panel, the vertical dashed line represents the age of the Universe.





�


AGN-DSSshows the  radio emission traced by the  iso-intensity Stokes I contours from a radio galaxy classified as a Fanaroff-Riley I at a radio frequency of 610 MHz  using GMRT.   The colourscale shows the map of the same region made at optical frequencies.





�AGN-P.png) shows a zoom-in of the western part of the galaxy where contours trace the Stokes I emission and the colour scale represents the polarised emission at 610 MHz observed from the galaxy.     This is the first time such diffuse faint polarised emission has been detected using GMRT at 610 MHz and the entire calibration chain for Rotation measure synthesis developed and used.
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Public lecture by Prof Jocelyn Bell-Burnell
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RAWSC-2013 participants assembling and using ASRT in  the ASRT workshop
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