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LAY« The existing GMRT : An Overview
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= Interferometry, aperture synthesis
= Array mode (incoherent & coherent)
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MORA=TIFR

30 dishes, 45 m diameter each
= ]2 dishes in a central 1 km x 1 km region
(central square)
= remaining along 3 arms of Y-shaped array
= baselines : ~ 200 m (shortest);
~ 30 km (longest)
Frequency range :
= 130-170 MHz
= 225-245 MHz
= 300-360 MHz
= 580-660 MHz
= 1000-1450 MHz
" max instantaneous BW = 32 MHz

Effective collecting area (2-3% of SKA) :
= 30,000 sqm at lower frequencies
= 20,000 sqm at highest frequencies

Supports 2 modes of operation :
= Interferometry, aperture synthesis
» Array mode (incoherent & coherent)



Dedication of the GMRT

The Giant Metrewave Radio Telescope was dedicated to the World
Scientific Community by the Chairman of TIFR Council, Shr1 Ratan Tata.

October 4, 2001



gg GMRT : Usage Statistics
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= GMRT sees users from all over
the world : distribution of Indian
vs Foreign users 1s close to 45:55
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GMRT : Range of Science

The GMRT is a powerful instrument to probe several astrophysical
objects and phenomena :

The Sun, extrasolar planets

Pulsars : rapidly rotating neutron stars

Other Galactice objects like : supernova remnants, microquasars etc
Other explosive events like Gamma Ray Bursts

Ionized and neutral Hydrogen gas clouds (in our Galaxy and in other
galaxies)

Radio properties of different kinds of galaxies; galaxy clusters
Radio galaxies at large distances in the Universe

Cosmology and the Epoch of Reionization

All sky surveys such as the 150 MHz TGSS

...and many interesting new results have been produced



Looking ahead : the upgraded GMRT

First concepts mooted : 2007-2008

Detailed work started : 2012
Now nearing completion



Next Generation : The uGMRT

= For last several years the GMRT has been working well on the global stage;
however, it was time to think of the future & upgrade the facility, keeping in
mind technology development for global efforts such as the SKA.

= Main goals for the upgraded GMRT (uGMRT) were identified as :

= Seamless frequency coverage from instead of
the limited bands at present =» design of completely new feeds and
receiver systems with ~ octave bandwidths

= Improved dynamic range and G/Tsys = better technology receivers

= Increased (from the present
maximum of 32 MHz) = new digital back-end receiver

. = brushless drives, new servo computer etc
= Modern, versatile control and monitor system =» SKA contribution
= Matching improvements in offline computing facilities

= Improvements in mechanical & electrical systems, infrastructure facilities

" To be done without compromising availability of existing GMRT to users



Spectral lines : broadband
coverage will give significant
increase in the redshift space for
HI lines + access to other lines

Continuum 1maging sensitivity will
improve by factor of 3 or so.

Sensitivity for pulsar observations
will also improve by factor of 3.

Only SKA-I will do better then
uGMRT at centimeter wavelengths

GMRT
uGMRT

VLA
JVLA

ASKAP
SKA-I

Frequency (GHz)

Expected sensitivity performance of the
upgraded GMRT compared to other major
facilities in the world, present and projected
(courtesy : Nissim Kanekar, NCRA)
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WY« Overview of uGMRT Recelver System

Broad-band feeds + FE (in octaves) :
= 1000 — 1450 MHz (updating L-band)
= 550-900 MHz (replacing 610)
= 250-500 MHz (replacing 325)
= 120-250 MHz (replacing 150)

» Modified optical fibre system to cater
to wideband (50 to 2000 MHz) dual
pol RF signals (while allowing
existing IF signals)

FRONT-END

+ DISH PRIME
' FOCUS

ANTENNA

|
FIBER-OPTIC |
_ TRANSMITTER |

" FIBER-OPTIC |
RECEIVER

" Analog back-end system to translate
RF signals to 0 - 400 MHz baseband

» Digital back-end system process 400
MHz BW for interferometric and
beam modes

ANALOG : | LOMASTER
BACK-END _

Ll

DIGITAL
BACK-END 7

CENTRAL STATION

GMRT RECEIVER BLOCK SCHEMATIC



g} Wideband feeds + FE for uGMRT :
550-900 MHz system — “Band 4”

= Replaces existing 235/610 system
* Front-End system split into two parts :

= Polariser + LNA is right next to feed (to
minimize the loss)

= Rest of the FE electronics is in the regular box ©= ¢ ;

Cone Dipole feed
(for 550-900)
alongwith polarizer EESSSSESS

and LNA




gg Wideband feeds + FE for uGMRT
550-900 MHz system — “Band 4”

MCEA=TIFER

= Performs better than existing feed at 610 MHz
= Nice, clean band with negligible RFI

CDF 550-900 MHz vs co-axial feed 610 MHz: Deflection test on CAS-A @ W01 antenna base; HRB; 14/06/2016
! | [ !

— Existing cb—axial feed @610 MHz |
—==Upgrade feed @ 550-900 MHz
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uGMRT : New Wideband Systems
Summary

Proposed configuration of feeds and receivers and their current status :

Band 5 (1000 — 1450 MHz ) : existing wideband feed + improved dynamic
range rx with appropriate RFI filters -- all 30 antennas completed !

Band 4 (550 —900 MHz) : cone-dipole feed with matching receiver system
finalized and now in mas production phase -- 28 antennas completed.

Band 3 (250 — 500 MHz) : cone-dipole feed + receiver 1s well into mass
production & installation -- 30 antennas completed !

Band 2 (120 —250 MHz) : modified Kildal ring feed + modified electronics
in last stages of validation — populated on 24 antennas.

Band I (50— 80 MHz) : on hold at present.



GMRT vs uGMRT :
Frequency Coverage

UGMRT vs GMRT bands
Aviv

120-250 250-500 550 - 850 1050 - 1450
Band-2 Band-3 Band-4 Band-5

Frequency (V) MHz

courtesy : Ruta Kale
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WY« Overview of uGMRT Recelver System

= Modified optical fibre system to cater
to wideband (50 to 2000 MHz) dual
pol RF signals (while allowing
existing IF signals)

+ DISH PRIME
' FOCUS

ANTENNA

CENTRAL STATION
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|
" FIBER-OPTIC |
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RECEIVER
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GMRT RECEIVER BLOCK SCHEMATIC
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\" GMRT Upgrade : Optical Fibre Systems
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Completed
installation for all
30 antennas in
September 2015
and working well




N . ,
WY« Overview of uGMRT Recelver System

MCEA=TIFER

FRONT-END

+ DISH PRIME

|
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TRANSMITTER |

ANTENNA

FIBER-OPTIC |
RECEIVER

Y 1

ANALOG <«  LOMASTER
BACK-END ._
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DIGITAL
BACK-END

CENTRAL STATION

= Digital back-end system process 400
MHz BW for interferometric and

GMRT RECEIVER BLOCK SCHEMATIC
beam modes




uGMRT Daigital Backend :
Hybrid Correlator Design

e I
Antenna 1 :> :>
ADC :> FPGA PU + GP
(400 MHz chhannelsj Lpacketizerj Ecorrelatorﬁ <:>
2 pols)
-~ I
Antenna 2 :> :>
ADC :> FPGA PU + GP
(400 MHz chhannels] &packetizer] Ecorrelatorﬂ <:>
. 2pols)
Antenna 32 :>
ADC 7 ) FPGA r—)CPU+GP
(43(;(1:11:)'& LZchannelsJ &packetizer] Ecorrelatojﬁ

Switch
(40 Gbe)

10

&

C

K

PU + GPU
orrelator)

A

PU + GPU
orrelator)

C

PU + GPU
orrelator)

32 stations, 400 MHz BW, 16-32 K channels,
Full Stokes correlator + beamformer + pulsar rx.

;

ata Acquisitio
and Control

‘%




A GWB-III : 16 antenna (dual poln) 400 MHz
D’—T software backend for the uGMRT

« BW :400 MHz, upto 16K channels

8-node GPU system
16 ADC cards + 8 FPGA boards « IntTime :0.67 sec

Dual K20 GPUs on each T620 node  * 1A/PA Beamformer
Upgraded to 32 stations : Dec 2016

Released in September 2015

i 1
1A




Towards a working
uGMRT...



uGMRT : Early Sample Results

Imaging with the 400 MHz bandwidth mode at Lband

GWB: 2 hrs, BW: 250 MHz, rms=30 microJy/beam GHB: 4 hrs, BW: 14 MHz, rms=55 microJy/beam

courtesy : C.H. Ishwara-Chandra + Binny Sebastian
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uGMRT : Early Sample Results

3C129 imaged with the uGMRT system using 14 antennas, 300-500 MHz

uGMRT: 08-AUG-2015
300-500 MHz frequency band GMRT wideband backend
14 antennae, dual polarisation
integration time = 6 times 30 min

rms noise = 0.2 m)y/beam (6.4" resolution)

’O

GMRT: 08-AUG-2015

306-338 MHz frequency band GMRT software backend
14 antennae, dual polarisation
integration time = 6 times 30 min

rms noise = 1.8 m)y/beam (9.0" resolution)

08' |

80 micrody & & Ny
3 hours aad|

14 antennas 5

300-500 MHz ~ *©

%' [

- ‘,'

.., courtesy : Dharam Vir Lal
[ . + Binny Sebastian

0.12

o, .+ Calibration in AIPS

..z * Imaging in CASA

=+ W-projection

MS-MFS



Improved imaging with uGMRT

= 10x lower RMS in uGMRT 1mage for similar
observing times

" (Could detect 30 radio galaxies in the Coma,
some for the first time




Search for redshifted HI
21lcm & radio continuum
emission from star-forming

galaxies in the Extended
Groth Strip

Deepest image with uUGMRT
to date : ~ 6 microJy RMS
(can do better)

Will allow direct detection
of radq emission from star
formation

Similar deep 1images now
being made with the
uGMRT, at different bands

J2000 Declination
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Improved imaging with uUGMRT
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1345, 72 MHz
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2 20™ 179 18™
J2000 Right Ascension

Bera, Kanekar & Chengalur
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search Information
Condidate:  P3R_1435-3330 P g = 14:35:47.9700 DEC mgqq = —3on0:445,3800
Telescope: GMRAT Folding Parameters
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2 Pulses of Bast Profile Search Infermation
Candidate: PSR_1435-3330 Pl g = 14:55:47.9700 DEC g = —33:30:44. 3800
Telescope: GWRT Folding Porometers
Epochy, . = S7470.98033935457 DOF,, = 4891 i, = 163.055 P(Noise) m 0
Epachy,, = M/ Dlaperslon Medsure [DM: pc,.f'tm’\ = 13.571
T = B.192e-05 P‘mp (rg) = 7.9868455470) [ma) = H/&

aamph

Dakg Folded 7311380 (2/5) = 0.0(8.1)¢107 12 F"m (58] = M4

MSP : J1455-3330 | Data Avg 5 P"'}f’ (s/8%) = 0.000B) 107 Pl (a/5%) = N/

Data 5td0av 35 Binary Paramatars
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Profile StdDev . Tp!rl = N/&
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/\ Wideband Coherent Dedispersion for —[SEEES
the uGMRT ‘

* Coherent Dedispersion on voltage
output of phased array mode of uGMRT

*  Working in real-time (GPUs), for 100 to
200 MHz BWs, at low frequencies.

*  Will be released soon for the general
user community.

*  Will increase the quality of pulsar
timing with the uGMRT

Comparison of

regular phased array beam output
with

coherent dedispersion output

for 300 to 500 MHz band of the
uGMRT, for PSR J0613-0200

1
:
:
."
?
:

courtesy : Kishalay De & Y. Gupta



PAN PSR J0514-4002A : improved timing
m’_I' with uGMRT ,

MRS «TIFR

* GMRT discovered the binary millisecond
pulsar in the Globular Cluster NGC 1851

. Binalgf éoulsar with very eccentric orbit
(e =0.89) ! -- wasrecord holder for
many years.

* Initial timing observations provided
constraints on the total mass of the system,

from measurements of the advance of
periastron : 2.453 +/- 0.014 M sun

* More accurate & sensitive observations
with uGMRT allow timing baseline to be
extended over the 13 years interval !

* Could measure a 2" post-Keplerian
garameter — the Einstein delay — with a
0-sigma significance

* Independent estimates of masses of

neutron star and companion :
1.294 +/-0.044 & 1.179 +/- 0.044 M_sun
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7 U PSR J0514-4002A : timing observations with
D’_I' uGMRT reveal lightest MSP yet ?

MRS «TIFR

Improved results from accurate timing measurements with the uGMRT

New constraints on mass of pulsar and companion for binary J0514-4002A with the
uGMRT (right panel) : 1.294 +/-0.044 M sun & 1.179+/-0.044 M sun

This may be the lightest millisecond pulsar with precisely measured mass !

2| Legacy'GMRT : constraints N =/Upgraded GMRT : tight
~on total mass of binary ' constraints on individual masses

| 2.453 +/- 0.014 M_sun | 1.294 +/- 0.044 & 1.179 +/- 0.044 |

Freire, Gupta & Ridolfi

=

Pulsar Moss (M)




Upgraded GMRT : opening new
windows — Band 3 (250-500 MHz)

[
el
(]
—
(]

First light results : spectral lines from different sources, at different

(N1ssim Kanekar)

parts of the 250-500 MHz band



Upgraded GMRT : opening new
windows — Band 4 (550-850 MHz)

Flux density (Jy)

|
=
o

753 754
Frequency (MHz)

797 798 799 800
Frequency (MHz)

L 1 1 1 1 1 1
838.5 839 839.5
Frequency (MHz)

First light results : spectral lines from different sources, at different
parts of the 550-900 MHz band (N1issim Kanekar)




\" Challenges on the Road to uGMRT

The main challenges that we have encountered have been :

» Technological : design of the wideband receiver systems was a
major challenge

» Qperational : keeping the existing GMRT working for our
regular users while upgrading simultaneously took some effort

» Taking care of man made Radio Frequency Interference (RFI) 1s
and remains our biggest challenge !

= Containing self generated RFI



Avoiding RFI from satellites

Real-time prediction of positions of known satellites (stationary and moving)

Real-time warning when observing antenna beam comes within zone of
avoidance (decided by beamwidth and strength of satellite)

Predictive warning : can work on your submitted observing file

Post-facto warning : can work on your recorded data file

S02CH1-(800-1700MHz)

1070 1160 1250 1340 1430 1610
Frequency (MHz)
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h Y 4 uGMRT : RFI Detection & Filtering

MCEA=TIFER

Real-time filter running on broadband voltage data of each antenna
Real-time spectral line filter running on spectra from each antenna
Real-time filter running on time-frequency visibility data (planned)
Real-time filter on time & frequency data of beamformer data stream.

|
Ch#l (from T)C} Polyphase Fine Delay
RFI Filtering Filter Bank » RF Filtering & Fringe
| & FFT Slop

I Time-domain RFI ﬁmrlnl Spectral-domain RFI filtering
I {for broadband RFI temov'll {for narrowband RFI removal) To Visibility Data

Acquisition Node
I RFI Filtering |———»

| Spectral-domain RFI filtering post
I pomse Fine Delay integration (for weak narrowband
™

1

Filter Bank RFI Filtering & Fringe RFI removal)
& FFT Stop

RFI Filtering

o De- s
RFI Filtering gispersion [ RF| Filtering

To Data Acquisition
Node

Time-domain RFI filtering Spectral-domain RFI filtering post
(for broadband RF| removal) integration (for weak narrowband
RFl removal)




Median Absolute Deviation
(MAD) based flagging of RFI

Detection followed by filtering
and clipping the value at the
threshold or replacement with
random noise or median value

Can detect broadband random
noise spikes (e.g. powerline
RFI) in real-time on dedicated
FPGA hardware

Is being integrated into the
main correlator design; trial
version will be released soon.

BASEBAND
ANTENNA # 1
(400 MHz BW)

BASEBAND
ANTENNA # 2
(400 MHz BW)

CHANMEL
ADC

10 GhE
BLOCK
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N7 Real-time RFI Detection & Filtering

MCEA=TIFER

= Real-time filter running on broadband voltage data of each antenna
= Top panel shows effect of this filtering, in beamformer time series
* Bottom panels show effect of this filtering, in visibility domain data

Beam Mode Timeseries { Channel 700 )

REP S T W SR Ve ia !
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Block: 32/120 | Time: 155.0/555.0 sec GMRT Pulsar Tos| werl Unfitered Profile (bin index)
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Real-time filtering of time-frequency of beamformer data — now available

courtesy : A. Chowdhury



“Fringe” benefits with the uGMRT :
Tracking Space Probes ! ~

=  Ground support for ExoMars
mission of ESA

= GMRT + NASA collaboration

= Faithfully tracked Schiaparelli
Lander module of ExoMars
through “8 mlnS Of hell” Spectrogram Frequency (Hz) vs. Time (s)

et v i v i s B o o i e e I ) S e e el

GMRT, NASA/JPL-Caltech, ESA
14:52:28 UTC Atmospheric Entry

= ~3 Wsignal @ 401 MHz
from Mars !

- 14:55:49 UTC
- Predicted Parachute -
. DenloY, - S s S A S R S e AN

ExoMars/Schiaparelli/EDM
Entry, Descent, Landing (EDL)

|

- 14:57:08 UTC

Detection at GMRT, India
2016-10-19

14:57:50 : Predicted Backshell & Parachute Jetison
(This exposes +6 dBiC antenna), Thrusters On
14:58:20 : Predicted Thursters Off & Touchdown




Completion of uGMRT

uGMRT completion and release to users has been in phases :

1. April 2016 -- First release : 16 antenna system in shared risk mode

2. October 2016 -- Release of 30 antenna system with 2 bands fully
functional : Band-5 (1000-1450 MHz) & Band-3 (250-500 MHz)

3. October 2017 -- Added a 3" band : Band-4 (550-850 MHz) + more
modes in digital back-end

4. April 2018 -- Will add Band-2 (120-250 MHz) and complete all other
upgraded activities

5. Formal inauguration of uGMRT planned in 2018.

> Stay tuned !



Thank You

Questions ?



