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The GMRT : an overview

The Giant Metre-wave Radio Telescope (GMRT) is a major low frequency
facility (~ 100 - 1450 MHz) — one of the largest in the world at these
frequencies.

Array telescope consisting of 30 antennas of 45 m diameter, spread out over an
area of 30 km diameter.

Designed & built during the 1990s; operated since 2002 as international facility:.

Recently (2018) completed a major upgrade : more versatile facility, with
increased sensitivity.
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Panoramic view of the GMRT



The original (legacy) GMRT

30 dishes, 45 m diameter each

" 12 dishes in a central 1 km x 1 km region
(central square) LOCATIONS OF GMRT ANTENNAS (30 dishes )

# To Nagil

remaining along 3 arms of Y-shaped array
" baselines : ~ 200 m (shortest);
~ 30 km (longest)
Frequency range (of original, legacy GMRT) :
130-170 MHz
" 225-245 MHz
" 300-360 MHz
" 580-660 MHz
" 1000-1450 MHz
max instantaneous BW = 32 MHz

Effective collecting area :
" 30,000 sgm at lower frequencies
" 20,000 sqm at highest frequencies

Supports 2 modes of operation :
" Interferometry, aperture synthesis
Beamformer (incoherent & coherent)




gg GMRT : Usage Statistics

MOHEA = TIER

" GMRT sees users from all over
the WOﬂd . dlStFlbutlon Of Ind]_an AVA PI- Countrywisa distribution af proposals Cysle 1 to 25
Foreign PIs is close to 50:50 |

® The GMRT has been typically
oversubscribed by a factor of 2 or
more
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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 Galactic objects like : supernova remnants, microquasars etc

Other explosive events like Gamma Ray Bursts

Ionized & neutral Hydrogen gas clouds (our Galaxy & 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 in last

18 yrs or so : ~ 50 papers per year based on GMRT data



Next Gen : the upgraded GMRT

First concepts proposed : 2007-2008
Serious work started : c. 2012

Completed : towards end of 2018 (early partial releases
from 2016 onwards)

Full uGMRT available to users : April 2019 onwards



NextGen : the upgraded GMRT

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

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

Improved dynamic range and G/Tsys =2 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 & monitor system (synergy : SKA contribution)
Matching improvements in offline computing & archiving facilities

Improvements in mechanical & electrical systems, infrastructure
facilities, commensurate with life of observatory

To be done without compromising availability of existing GMRT to users



GMRT vs uGMRT :
Frequency Coverage

uGMRT Vs GMRT Bands
AAv/v
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Only SKA-I will do better then uGMRT at centimeter wavelengths



IIN
hY4 uGMRT Receiver System : Overview

NCHATIFE

Broad-band feeds + FE (in octaves) :
" 1000 — 1450 MHz (updating L-band)
" 550-850 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

+ DNSH PRIME

| FOCLS

¥
FIBER-OPTIC |
| TRANSMITTER

i ANTENNA

© FBER_OPTIC |
RECEIVER

. OF

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

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

ANALOG |q. | LOMASTER
BACK-END |

DIGITAL |
BACK-END |

CENTRAL STATION

GMRT RECEIVER BLOCK SCHEMATIC



gg Wideband feeds + FE for uGMRT :
550-850 MHz system — “Band 4”

" Replaces existing 235/610 MHz 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 FNE .

s==#®__ (Cone Dipole feed

' (for 550-850)

alongwith polarizer EESESSSS
and LNA




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

" 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
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IIN
hY4 uGMRT Receiver System : Overview
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uGMRT : Optical Fibre System

DWDM based, broad-band (2.5 GHz), analog optical fibre transmission scheme;
features : 20 dB S/N; 40 dB dynamic range

Brings back 2 broad-band RF channels + existing IF channels ; also supports
new and existing control and monitoring schemes




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

uGMRT Receiver System : Overview
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uGMRT : Analog Backend

MOHEA =T ER

® Receives wideband RF signals from OF system output

® Converts to baseband signals of 100, 200, 400 MHz BW after
appropriate signal conditioning (amplification, filtering etc)

Basic Block Diagram of System:

BW : 100, 200, 400 MHz

Var: +/- 16dB As per selected
Step : 0.5dB RF Band

TO DIGITAL
O — SELECTABLE (1B

— FFFILTER
GADNSTAGE BNE

FROM

OF RECEIVER
(-24dBm@400MHz)

Maonitor
Moize IN RS
FROM GRS




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

uGMRT Receiver System : Overview
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uGMRT Digital Backend :
Hybrid Correlator Design

Antenna 1 )
(400 MHz ﬁ> ADC FPGA :D PU + GP
2 pols) 2channels :> packetizer (correlator) <:> <:> PU + GPI}
correlatorL
Antenna 2
(400 MHz ﬁ> ADC FPGA PU + GP ™
2 pols) 2channels :> packetizer :>(correlator)<j> Switch <:> PU +l GtPU
(40 Gbe) correla orL
correlator)
Antenna 32
(400 MHz ADC FPGA :D PU + GP
2 pols) 2channels :> packetizer (correlator)<:>

-

il

* 30 antenna, 400 MHz BW, full polar correlator Data Acquisitio
* Phased array + Incoherent array beamformer (4 beams) and Control




VLBI with the GMRT

" First experiments were done c. 2010-11 with Australian
telescopes using legacy GMRT system at L.-band

" VLBI at L-band with 16 MHz BW using legacy system
" Moderately successful

" Should be able to do much better with the uGMRT



“ VLBIrun with:
“ Mopra
“ ATCA
“ GMRT




N

N December 2010 : first fringes !

MOHEA =« T FH

® VLBI run of 15 Dec 2010 : GMRT (4) + Mopra + ATCA
“ 1390 MHz; 16 MHz BW ; J2253+1608 (3C454.3) (5Jy at S-band)

Piot flle varslon 1 created 22-DEC-2010 17:02:23
JE253+16 VTISCIVDATA

__ Freq= 13500 GHz, Bw = 16.000 MH Mo callbration :!ppllEd%!’H] no bandpass applled

200 5 AT 200 5 — ..
kR d

Lowar Srama- Milll
Scalar a'!'E'HE'ﬂ £ro

Timaranga: G051 1:00




N

N Confirmation : February 2011

MOHEA =« T FH

" Confirmation VLBI run : 18 Feb 2011 : GMRT (4) + Mopra + ATCA
" 1390 MHz ; 16 MHz BW ; J2253+1608 (3C454.3) (5Jy at S-band)

Piot file version 1 created 2B-MAR-2011 10:30:20

J2253+16 VT13DUVDATAA

Freq=1.3300 GHz, Bw = 16.000 MH Calibrated with CL £ 4 but no bandpass applied
T+ -

01 aghigec—o o —""

CA - GCO2

T ATCA -G o *J 1-4
Proml® W
f \
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hY«  Unresolved issues from 2010-11

JCRA*TIER

“ Basic results looked OK, but some aspects remained
to be understood :

" Stability of delay & fringe rate solutions from GMRT was
not very good — instrumental effects? ionosphere?

" Phase variations after calibration : ionosphere? Rb?
“ Linear vs circular polarisations

® Phase referencing studies : could not understand finer
details of analysis and results
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hY«  Unresolved issues from 2010-11

JCRA*TIER

“ Basic results looked OK, but some aspects remained
to be understood :

" Stability of delay & fringe rate solutions from GMRT was
not very good — instrumental effects? ionosphere?

" Phase variations after calibration : ionosphere? Rb?
“ Linear vs circular polarisations

® Phase referencing studies : could not understand finer
details of analysis and results



gg uGMRT : now with H-Maser

HEEA + T1F R

" As part of the upgrade, GMRT now has active Hydrogen Maser based
frequency standard — operational for the last one year

AHM Unit

AHM Unit | |10MHz 10MHz || 10MHz GAB REF. LO diiin
(Freg. STD) | | (RF Divider) Distrib. N/W St

Master CLK & TRG DIST. Unit

PPS

GPS10RBN ign: ator | Bteeaiml GWB
[(Time STD}) k) B ' System

GPS Unit

PPS_OUT

GWE System Machines,
» G5B System Machines.

GMRT online System.

GMRT Gateway & N/W.

NTP Port

Time & Frequency set-up for the upgraded GMRT
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c. December 2013

courtesy : Olaf
Wucknitz




VLBI with uGMRT : potential

® GMRT has unique geographical
location — bridges many other
VLBI networks :

European VLBI n/w, East-Asian
VLBI n/w, MeerKAT/SKA-Mid,
Australian n/w + SKA-Low

" Frequency coverage of uGMRT
can support VLBI with all of the
above n/w

" Sensitivity of uGMRT phased

array mode offers significant
gain to all the VLBI n/ws

® Qverall : tremendous science
potential — hear about in this
meeting




VLBI with uGMRT : plans

® First trial observations done (with
our Australian friends) late last
year — awaiting results...

“ Ready to plan some more tests
with others

® Initial tests using legacy GMRT
backend — restricted bandwidth

" Prototype set-up for recording
100 / 200 MHz BW with uGMRT
phased array output getting ready

® Working on standard set-up for
format conversion of GMRT data
to VLBI standards

" Looking forward to being regular
member of VLBI networks !



Thank you !




Many new science results... already
discussed yesterday...
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