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SCIENTIFIC MOTIVATION 



“Radio jets play a major role in the transfer of gravitational 
energy  from black  holes  and neutron  stars  back  into  the 
surrounding  environment,  so  anything  that  expands  our 
understanding  of  the  jet  phenomenon  subsequently 
improves our understanding of the universe as a whole.”

- James Miller Jones, Curtin University

How do jets get formed?

What collimates the radio jet?

How do jets get accelerated?

What is the shape of jets?

What is the radiative and kinetic power of jets?

What are the magnetic field configurations of jets?

When and how does the jet decelerate and expand as it moves away from the central black hole?

How do all of these vary as accretion flow properties (e.g. the accretion geometry) change? 

JETS

KEY OPEN QUESTIONS : 



Science Question 1 : Active galactic nuclei
Previous idea : Most powerful radio galaxies and radio loud quasars/blazars all originate in bulge dominated elliptical 
galaxies! Spiral galaxies never produce large-scale radio jets.


New Excitement : Bagchi et al. (2014) and many more later GMRT led studies found Megaparsec jets in Seyferts!! But 
we know very handful of them and hence do not have enough material to dig into the physics of these objects.


What extra is needed : We need even better low frequency imaging sensitivity. Right now GMRT is playing a major role. 
uGMRT+ will double the detection rate with higher sensitivity, and resolve jet structures with the significantly higher 
baseline.

Credit : Bagchi



Science Question 2 : Stellar-mass black holes (BHXRB)

Question 2 : Currently it is not clear how BHXRBs behave in quiescence. With the highly sensitive 
uGMRT+, we can finally check if the radio/X-ray correlation extend towards the lowest luminosities.

Question 1 : During an outburst, the radio emission of a BHXRB is strongly correlated with the X-ray 
luminosity (interpreted as relation between accretion rate and outflow in compact jets). This correlation 
was extended to the Fundamental Plane of Black Hole Activity in AGN (Merloni et al. 2003).

But with better coverage, many sources deviated from the standard FPBHA, following a radio-quiet branch and 
challenging the simple picture presented of disk-jet connection in accreting black holes across all masses. We need 
many more detections of these radio-quiet BHXRBs to understand uniformity of jets in all black holes.

Bahramian et al. 2018



Science Question 3 : Neutron Stars (NSXRB)

Why interesting :
In contrast to the BHXRBs, the NSXRB accretor has a surface and a stellar magnetic field!

The status till now :
• NSXRB are radio quiet compared to BHXRB counterparts (e.g. Fender & Kuulkers 2001).
• Previous idea : Only neutron stars with very weak magnetic fields can emit jets. So we had assumed 

that strong magnetic fields (> 1012 G) inhibit the formation of jets.
• New excitement (van den Eijnden et al. 2019, Nature) : jet-spewing, highly magnetized, neutron star 

called Swift J0243.6+6124 (probably also in, magnetic NSs GX 1+4 and Her X-1)
• Where are we failing : The current facilities lack the sensitivity needed.

What the proposed telescope can bring :
• Better sensitivity
• Higher frequency coverage
• Better spatial resolution
• Better coverage of the northern sky

What questions we can answer :
• Which classes of NSXRBs launch jets?
• Which system parameters enable/prevent jet launching, how is magnetic field important?
• How the accretion-outflow connection differs from the BHXRBs?



Science Question 4 : White Dwarfs (Cataclysmic variables, CV)

Why interesting :
• Unlike BHXRBs and NSXRBs, White dwarfs (CVs) are non-relativistic!
• Magnetic field strength of CVs (106 G) insufficient to channel accretion flow from the disk.

The status till now :
• Most CVs are faint at radio frequencies (on the order of 10s to 100s of μJy at 300 pc).
• Previous idea : CVs were thought to not launch jets, and used to constrain jet-launching models in 

compact accretors (e.g Soker & Lasota 2004).
• Körding et al. 2008 : Accretion-outflow cycle observed in XRBs could be mapped to CVs 
• New excitement (eg. Mooley et al. 2017) : discovered jet in the CV SS Cyg and few more CV
• Where are we failing : Need high sensitivity to determine the spectral indices and put strong 

constraints on the polarization fraction or determine the spatial extent of the emitting region

What the proposed telescope can bring :
• Better sensitivity, polarization information
• Spatial resolution to conclusively determine if CVs are producing jet
• Better coverage of the northern sky

What questions we can answer :
• What is the impact of the magnetic field strength of the white dwarf on jet emission?
• How does relativity and strong gravity play a role on jet formation? 



Science Question 5 : Galactic clouds

What question we want to answer:
What  is  the  physical  nature  of  molecular  gas  prior  to  the  formation  of  stars,  and  what 
processes play important roles in exciting star formation?

Why interesting :
To  Study  the  molecular  clouds  of  the  milky  way  (or  nearby  galaxies)  using  sub-mm 
waveband (expected star formation clouds are below 10 K) and resolve the structure with a 
larger angular resolution. 

What new things we can do :
Calculate  the  mean magnetic  orientations  of  the  molecular  clouds and compare it  to  the 
Galactic plane (from Polarization vector we can measure the magnetic field of these clouds).



Science Question 6 : SETI

The possibility of discovery of biological extraterrestrial life in exoplanets, like signatures of methane 
emissions, over the next 10 years is extremely high.

There are three factors when searching for alien life:
1. do they exist
2. will they transmit to us
3. and at what frequencies.

But, if they have extremely powerful radars or high electronics system radiation, we may be able to 
detect these signals using a highly sensitive telescope.

Aliens may transmit over a wide bandwidth. Since hydrogen is the predominant component of our 
universe,  one  possibility  is  that  they  may  transmit  at  the  frequency  that  is  emitted  by  neutral 
hydrogen.  It  radiates  at  a  unique  frequency of  1,400MHz,  that  is  21cm wavelength.  In  order  to 
increase the sensitivity for reception of the signal, they may transmit over a very narrow bandwidth, 
say 1Hz or 0.5Hz.

We need to develop a suitable back-end electronics and software system of radio telescope for such 
signals.



Science Question 7 : European VLBI Network

The European VLBI Network (EVN) :
• network of radio telescopes in Europe, Asia, South Africa and Puerto Rico
• performs very high angular resolution observations of cosmic radio sources
• most sensitive VLBI array in the world, and the only one capable of real-time observations.

Missing : Huge gap in the UV-coverage, no antenna in the middle-east & Indian subcontinent.
We provide : Intermediate baselines for EVN, a better UV-coverage



TECHNICAL REQUIREMENTS



LOCATION



LOCATION

3000 km

NUMBER OF DISHES : 8 
DIAMETER : 45 m each
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LOCATION

3000 km

GMRT : 30 dishes, 45 m each, upgradable



Frequency Coverage:  
• 580-640 MHz : wide bandwidth receiver 
• 1.4 GHz- 5 GHz : ultrawide bandwidth receiver 
• 15 GHz : single receiver 

Continuum Sensitivity:  
0.2 μJy/bm RMS 
for a 1 hour observation 
at 15 GHz 

SCIENCE & TECHNICAL REQUIREMENTS 

Credit : Kanekar 



Angular Resolution : For a 3000 km maximum baseline the angular resolution is 

  

For 15 GHz, we will get an angular resolution of 1.3 mas!!!! 

Surface Brightness Sensitivity : The array shall provide high-surface brightness sensitivity 
over the full range of angular scales recoverable with the instrument. 

Science Ready Data Products : The primary data product delivered to users shall be 
calibrated images and cubes. Uncalibrated/“raw” visibilities shall be archived to permit 
reprocessing. 

SCIENCE & TECHNICAL REQUIREMENTS 



BUDGET and MORE







BUDGET 







THANK YOU



Extra Slide

SKA will use around 3000 dishes, each 15 m in diameter 
VLA has 27 independent antennas, each of which has a dish diameter of 25 meters 
GMRT consists of 30 fully steerable parabolic dishes, of 45 m diameter each.


