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Plan of today's presentation

The GMRT : the first decade
Upgrade plans for the GMRT : main features
Developments & current status of different aspects of uUGMRT

Plans for the future
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N The GMRT : An Overview

NCRATIFR

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 instantanecous BW = 32 MHz

Effective collecting area (2-3% of full 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)

w States and Union Territories
.Srinagav

} HIMACHAL *
LOCATIONS OF GMRT ANTENNAS ( 30 dishes )
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g} GMRT : Usage

NCRA«TIFR

. GMRT Sees users from all OVer Pl - Countrywise aistribution of proposals Cycle 1to25
the world : distribution of Indian | S

= Australia

vs Foreign users 1s close to 45:55 v

= Canada

m China

m Chile
Denmark

= The GMRT has been typically  Caruar

India

oversubscribed by a factor of 2 or f

m |taly

Ireland

morc ; o
Korea
Malaysia
Mauritius
Mexico
Netherlands
Nigeria
Poland
GMRT TIME REQESTED STATISTICS -CYCLE 20 TO CYCLE 23 :on.u;al

ussia
Spain
South Africa
Sweden
Taiwan
UK
USA

Country Country Country | Nos ||Country Country Nos

Argentina |8 China Iran 1 ||[Mauritius 3 Russia

Austria 5 Chile Italy 5 |Mexico Spain

Australia |67 Denmark |6 Treland 7 ||Netherlands 7 South
Africa

Belgium |6 France 59 Japan 9 [|Nigeria Sweden

Brazil Germany |3 Korea 3 ||Poland Taiwan

C20 (3 c2 c1

Canada 7 India T58 Malaysia Portugal 3 UK
USA

¥ Time requested (hrs) ® Time allotted (hrs) Total Proposals Received 1570
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ﬁ} GMRT : Range of Science

NCRATIFR

* The GMRT has been used for a wide range of studies (some of these
you may hear about this week) :

Sun, extrasolar planets, YSOs -- some tantalising detections.
Pulsars : rapidly rotating neutron stars — many new results.

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) -- from Damped Lyman systems to Dwarf galaxies...

Radio properties of different kinds of galaxies; galaxy clusters and
haloes — lots of interesting results here.

Radio galaxies at large distances in the Universe -- interesting new
objects reported, including spiral hosts...

Cosmology and the Epoch of Reionization — published upper limits.
All sky surveys such as the 150 MHz TGSS




One sample of science
with the GMRT :

“Pulsars with an

interferometer’




)P AN| Targeted searches using phased array mode
hY 4 of the GMRT : globular clusters

* Central core of the GMRT used in phased array mode to cover the target
* Binary millisecond pulsar in the Globular Cluster NGC 1851
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Localising the pulsar using imaging

NCRA«TIFR

NGC1851 IPOL 332.532

sl T ]

as8

19 | J |

A5 14 45 38 15 aa 13 45
RIGHT ASCENSION <(J288a8)
PEAK = 1.858%E-82 JY-ZEEAM
IMNAME= NGC185S1-6DEC.SUEIM.2

GMRT radio map of NGC1851 made from data
simultaneous with phased array acquisition

NGC1851 : A relatively bright GC
(M, =-8.3) with a very condensed
core & high central luminosity density




N . . .
N Fermi LAT Pulsar Discoveries

NCRA«TIFR

Total of 6 new MSPs discovered in follow-up radio searches of
Fermi LAT sources, using the GMRT, in the last 2 years

2 Pulses of Best Profile Search Information
Candidate: 4.84ms_Cand RAj3000 = 12:07:01.5000 DEC 5000 = —50:55:43.0000
Telescope: GMRT Best Fit Parameters
Epochtopo = 55593.88382071751 Reduced )(2 = 3.258 P(Noise) < 5.71e—17 (~8.30)
Epochm = 55593.88563561171 Dispersion Measure (DM) = 50.673
6.144e—05 Piopo (MS) = 4.84241887(18) P, (ms) = 4.84275558(18
58981376 Plopo (5/8) = 7.8(3.8x107"° P (s/s) = 4.5(3.8)x10”"
4.228e+04 P (s/s?) = 0.0(6.8)x107'¢ Ploary (s/s?) = 0.0(6.8)x107'®
139.6 Binary Parameters
64 Po (8) = N/A o = N/A
3.896e+10 agsin(i)/c (s) = N/A w (rad) = N/A
1.34e+05

Tsampla
Data Folded

| Data Avg
Data StdDev
Profile Bins
Profile Avg
Profile StdDev

o1 2 3
Reduced 7(2

210~ [] —2x10™
P—dot — 3.313e—13 (s/3)

0.6
Sub—band

Fraction of Observation
Reduced x2

0.4

08 1.2
Phase

Reduced xz

0o 1 2
F—dot + 1.4128e—08 (Hz)

1) .
3210 _
Phace Reduced xz Period — 4.84242028 (ms)

j1207-5055_gsb_ia_2i_29a.raw0.gmrt_dat cbhaswati 18—Mar—2011 13:02

GMRT Fermi Search Team : Bhaswati Bhattacharyya, Jayanta Roy,
Yashwant Gupta & Dipankar Bhatacharya




Localising the Fermi LAT Pulsars

with the GMRT

GMRT as an interferometer offers 11644449

unique opportunity to quickly T T SRR TR S 1 AR P

localise the position of the detected 5000 P i

pulsar with good accuracy : i :

First, make a quick map of the FoV g MU g g

Y Q TR JART e TS BN T

- however, many point-like sources ! & SN  aF AN N
\ R HE A {

= = Yy 1 ".\;f ‘ N
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g _:J" ;‘ r 2 30;: “\‘ \.g?\ ?' o

= X £0 AU ]

Record raw voltages for the source and [ P o N y

making multiple phased array beams at 45730 S #

different possible point source o, ol y

locations, and check for the pulsar ! - " -
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15846 45M™ 44m 43M 42m

Right Ascension (J2000)




g} Localising the Fermi LAT Pulsars

with the GMRT

GMRT as an interferometer offers
unique opportunity to quickly
localise the position of the detected
pulsar with good accuracy :

First, make a quick map of the FoV

Record raw voltages for the source and
making multiple phased array beams at
different possible point source
locations, and check for the pulsar

Even better : Gated Correlator : Make
On-pulse & Off-pulse maps and
subtract !!

16P47™o0n*  46M30° 48MDOS 15M30%

Right Ascension (J2000
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New Results : Off-pulse emission
from pulsars

Nz

NCRATIFR

BOSIS.21 408 MHz (Gould & Lyne, 1958) B2045-16 325 MHz GMRT F?F Bl’.&}‘nlﬁ E\“ :um{ T T T T - BETN&'S ‘I:.. l)u“l T T T T
3 161500 |~ -1
H 20| O -
3
: | H = wwl > -
% a S
- z - Q w oo
Oft-Gate  BESIS21  OnGale OMGa  RIMS-16  Onlem g g 30 i} .::‘?@\ o
! ’ 2 < ;. - &
t | = = o
;% h . ;‘ g ol X }({) ) . -
: sof- A ~ °0 4
z ]
: ok — g0 |-
| . )
w ™ i Txi 1 ey 1 L* 1 .
Pl Pl 052858 56 & R - - - nwE W ® R W W @
FICHT ASCENSION (J2000) ) RIGHT ASCENSION (J2000)
Love = 0.55 mJy * (5, 1.3, 4,5, 99, 28, &0, 50, 50, 100, 129) Lews =21 my * (5,3, 3, 5, 10, 20, 40, 62, 30, 109, 120, 140)
fux = 80.13 mJy, rms = 0.54 mJy/boam flux = 305.15 mJy, rms = 2.1 mJybeam
PSR BORZS.21 08 puee : : : pon 2z 6otz | ' | ' '
znis- 461500 |- ) ~
. .
Using gated interferometer o o |
.
to make 1images for on-pulse - - |
o ol 3 -
.
: g
and off-pulse regions for P < - L : |
= -
= 3 .
some well known pulsars : e | ° .
FH@E [~ § v
|- -
200 [~ °o o . -
S N | | | | el -1. 1 I I 1 I]
62858 B “ 2 = e 38 36 M R » %

Lovs = 0.8
nu(:ZBTn!sr;;'

RIGHT ASCENSION (J2000)
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NCRATIFR

* EoR project at the GMRT
led by Ue-Li Pen (CITA)

* Used a field with a pulsar at
the phase centre as the
calibrator !

* Works off a special mode
of the GSB with real-time
pulsar gating

* First published results
establish interesting new
limits on EoR signal strength

el B
I L

Paciga et al, 2011 & 2013




Looking to the future...
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S’} Looking ahead : the upgraded GMRT

NCRATIFR

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 developments and other upcoming facilities.

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

= Seamless frequency coverage from instead of the
limited bands at present = desion 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
B 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
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NCRATIFR

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 than

uGMRT at centimeter wavelengths FréguencyilGilz)

Expected sensitivity performance of the
upgraded GMRT compared to other major
facilities 1n the world, present and projected
(courtesy : Nissim Kanekar, NCRA)




<> Overview of uGMRT Receiver System

NCRATIFR

= Relatively simplified electronics at antenna base

= Many mmprovements at the dish focus, optical fibre system & backends

Y

FRONT-END

ANTENNA BASE
RECEIVER LO SYNTH ’
l l T

FIBER-OPTIC FIBER-OPTIC FIBER-QPTIC
TRANSMITTER RECEIVER TRANSMITTER

FRONT-END

DISH PRIME
-+ DISH PRIME

FIBER-OPTIC FIBER-OPTIC FIBER-OPTIC
RECEIVER TRANSMITTER RECEIVER

l J T l J
ANALOG LO MASTER ‘ ANAL O <—( LO MASTER
BACK-END BACK-END

l l l l

DIGITAL DIGITAL
BACK-END BACK-END

CENTRAL STATION
CENTRAL STATION

GMRT RECEIVER BLOCK SCHEMATIC GMRT RECEIVER BLOCK SCHEMATIC

Existing GMRT system Upgraded GMRT system




N . |
Y4 Overview of uGMRT Receiver System

NCRATIFR

Broad-band feeds + FE (in octaves) :
= 1000 — 1450 MHz (updating L-band)
= 550-900 MHz (replacing 610)
= 250-500 MHz (replacing 325)
= 125-250 MHz (replacing 150) ‘

FIBER-OPTIC

Modified optical fibre system to cater il
to wideband (50 to 2000 MHz) dual i ID """""" "
pol RF signals (while allowing

existing [F signals)

FRONT-END

« DISH PRIME
' FOCUS

ANTENNA

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 |

v
DIGITAL
BACK-END

CENTRAL STATION

GMRT RECEIVER BLOCK SCHEMATIC




gg Wideband feeds + FE for
~  uGMRT: L-band system

For this band, we are going with the existing broadband L-band feed :
~ 900 to 1450 MHz (usable from ~ 1000 MHz upwards due to mobile
phone RFI)

Improved LNA (higher dynamic range) + better filters for rejecting RFI

30 antenna system completed more than one year ago; some
refinements of filters planned in 2" phase of improvement

Sufficient sets of spares in hand now.

This system 1s FULLY READY !




IN Wideband feeds + FE for uGMRT :

E’-" 550-900 MHz system

Broad-band cone dipole feed for 550-900 MHz
now finalized, after lot of trials and fine tuning

Matching wide-band LNA is also finalized, tested
and ready

Main FE box that will contain the rest of the (post
LNA) electronics 1s also finalized.

3 5 .4 8z 1
; A_J\“i’\*‘zﬁ*w\

Cone Dlpole demgn (for 550-900)




N Wideband feeds + FE for uGMRT :

E’J 250-500 MHz system

= Broad-band (250-500 MHz) feed with good E-H
pattern match

= Upgraded wideband FE system with new LNA :
improved T Ina (22 vs 36 K) & dynamic range

= In mass production, up on 21 antennas with
prototype FE box (replaces existing 325 system)




uGMRT : New Wideband Systems
Summary of Current Status

Proposed configuration of feeds and receivers and their current status :

1000 — 1450 MHz : existing wideband feed + improved dynamic range
recetver with appropriate RFI filters : completed on all 30 antennas.

550 - 900 MHz : cone-dipole feed with matching receiver system finalized
and now in mas production phase : 3 antennas completed.

250 - 500 MHz : cone-dipole feed + receiver is in mass production &
installation : 21 antennas completed.

125 - 250 MHz : modified Kildal ring feed + modified electronics in last
stages of testing and validation.

50 — 80 MHz : on hold at present.




GMRT Upgrade : Optical Fibre Systems

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

Will bring back 2 broad-band RF channels + existing IF channels ; will also
support new and existing control and monitoring schemes

OTX 1550.11 ORX155011 ]
OTX 1548.51 ORX 1548.51 ]
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ﬂ} GMRT Upgrade : Optical Fibre Systems

NCRA«TIFR

Completed
installation for
all 30 antennas

= - | -

in Sept 2015 oy NS | o kT

=

[

New Optical Fibre System installed in the receiver room
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NCRATIFR

BW: 100, 200, 400 MHz

Var: +/- 16dB
Step : 0.5dB DIRECT PATH . BUFFER

TO DIGITAL
(~12d4Bm)

BLOCK
FROM
OF RECEIVER BUFFER
(-24dBm@400MHz) SPARE OUTPUT
LO SIGNAL

FROM GPS

[] Phase-2

Processes RF signals from output of OF
system

Down converts to final baseband signals
of 100, 200, 400 MHz BW

Basic system for processing signals
from all 30 antennas completed.




uGMRT Digital Backend :
Hybrid Correlator Design

"l
e

Antenna 1
(400 MHz

\__2 pols) J
e B

FPGA
acketize

:>L ADC

2channel

Antenna 2
(400 MHz

\__2pols)

FPGA

2channel acketize orrelato

:>L ADC

ADC
channel

FPGA
acketize

e

Antenna 32 :D
£(400 MHZ} EZ

2 pols)

| fruserd

)G

PU + GP
r} ﬁtcorrelatoj <:>

Switch
(40 Gbe)

-

10

=

PU + GPU
orrelator)

PU + GPU
correlator)

PU + GPU
<:ygcorrelator)

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

:

ata Acquisitio
and Control

:




g} GWB-III : 16 antenna (dual poln) 400 MHz
software backend for uGMRT

8-node GPU system BW : 400 MHz, upto 16K channels
16 ADC cards + 8 FPGA boards Int Time : 0.67 sec

Dual K20 GPUs on each T620 node [A/PA Beamformer




Towards a working
(C1\Y 124




First result from new wideband
signal path

= First GMRT image using 100 MHz RF BW at L-band

= RMS noise : 3 mly

= August 2012

First light results courtesy :
Dharam Vir Lal

| | | | | | I
3C468.1 - GPU CORR-BW 95.22 MHz RMS 3m]y




g} More Recent Results with the
Wideband Path of the uGMRT

* First GMRT image of extended
source using ~ 100 MHz RF BW

= 3C47 at 1390 MHz

= September 2013

First light results courtesy : Dharam Vir Lal and Poonam Chandra




N More Recent Results with the
E’-" Wideband Path of the uGMRT

Source : 3C285 RF Band :250-500 MHz
No. of Ant ;: 11 BW :198.5 MHz
RMS Noise : 0.6 mJy

3C285 @401 MHz

courtesy : Dharam Vir Lal




Even More Recent Results
with the Wideband uGMRT

3C129 imaged with the uGMRT system using 14 antennas, 200 MHz BW

uGMRT: 08-AUG-2015 GMRT: 08-AUG-2015
300-500 MHz frequency band GMRT wideband backend 306-338 MHz frequency band GMRT software backend
14 antennae, dual polarisation 14 antennae, dual polarisation
integration time = 6 times 30 min integration time = 6 times 30 min
rms noise = 0.2 mJy/beam (6.4" resolution) rms noise = 1.8 mJy/beam (9.0" resolution)

courtesy : Dharam Vir Lal + Binny Sebastian




Even More Recent 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




NCRATIFR

PSR B1508+55
300-500 MHz band
(200 MHz BW)

Using 8 antennas

Phased Array mode.

courtesy : Y. Gupta




Wideband pulsar observations :
improved sensitivity

PSR B1508+55

120 MHz at Lband (1330-1450)

33 MHz at Lband (1390 sub-band)

Simultaneous observations using
same # of antennas in phased array
mode.

courtesy : Y. Gupta




Wideband pulsar observations :
Improved sensitivity

Millisecond PSR J1713+0747

120 MHz at Lband (1330-1450)

33 MHz at Lband (1390)

Simultaneous observations using
same # of antennas in phased
array mode.

courtesy : Y. Gupta




gg Pulsar timing with the uGMRT

NCRATIFR

Regular timing observations for a few well known pulsars
Simultaneous observations using GSB and GWB
Residuals align well for GSB & GWB, but have an offset between the two

GSB (red) & GWB (purple) residuals for B1508+55, with & without offset
courtesy : Nikhil Naik & Y. Gupta




T T T I T ] T T T T T T T T T 1
- 0414—053!4
- HI-2lcm lat z=2.636

| | ]

L T T I T T T T I
0311+430
50 — HI-21cm at z=2.289

T T T T T I T T T | T T T T T T T T
L OJ"B—O"O
L HI 21 at z=2.039

mr .

1 1 1 1 1 1 1 1
466.8 467 467.2 467.4 467.6
Frequency, Z

First light results : spectral lines from different sources, at different
parts of the 250-500 MHz band, using the GSB  (Nissim Kanekar)




Future Plans

= A 16 antenna uGMRT with Lband (1000-1450 MHz) and Pband
(250- 500 MHz) with 200/400 MHz final processing BW has been
released for internal testing in September 2015.

=  Plan to release this on a shared risk basis to outside users from
around April 2017, with TAC evaluating the uUGMRT proposals.

* Hope to have next level of release by around October 2017.

= So, stay tuned !
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gg Challenges on the Road to uGMRT

NCRA «

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 !




NCRATIFR

1 Active ChiTrace 2 Response 3 Stimulus.

4 MiejAnalysis S Instr State

) 119.5000000 MHz

DI S21 Log Mag 10.00d8/ Ref 0.000dE
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RFI Detection & Filtering in digital domain
FPGA Implementation

BASEBAND

Median Absolute Deviation ANTENNA # 1 ROACH -1
(400 MHz BW)

(MAD) based flagging of RFI " RFI FILTER
BASEBAND CHEi\LlJ\J?\ILEL l
ANTENNA # 2 ADC

(400 MHz BW) RFI FILTER

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

Will soon be integrated into the
main correlator design, after
some more testing




g} Real-time RFI Detection & Filtering

NCRA«TIFR

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

+ 1A Beam timeseries data{ Channel 700 )

unfiltered C05 | |
{ filtered CO5 =

x 10

s
i
=
=
2
Sy
o
Z
o
o

NS o = N ow

| | | | | | |
14:37:40.800 14:38:24.000 14:38:07.200 14:33:50.400 14:40:33.600 14:41:16.800 14:42:00.000
Time(HH:MM:SS.FFF)

Interferometry mode Cross Correlation Timeseries { Channel 700 )

I
unfiltered CO3 cross with unfiltered CO5
filtered CO3 cross with filtered CO5

Units )
[ R R N
o o

{ Arb. Units

[
o

Cross Power
=

| | |

0

14:36:57.600 14:38:24.000 14:39:50.400 14:41:16.800 14:42:43.200
Time( HH:MM: SS.FFF )

Interferometry Mode Normalised Cross Correlation Timeseries { Channel 700 )

I
unfiltered CO3 cross with unfiltered CO5
RS filtered CO3 cross with filtered CO5 I
| |

il | |
14:36:57.600 14:38:24.000 14:39:50.400 14:41:16.800 14:42:43.200
Time( HH:MM:SS.FFF )

courtesy : K.D. Buch & Y. Gupta

o
[N

o
(8]

o
o
m

Norm. Cross Correlation
o
5




g} Real-time RFI Detection & Filtering

NCRATIFR

200

on phase angle

=3

relati

£ -100
8

100 —

2 200
455313,

Real-time filter running on broadband voltage data of each antenna
Top panel shows filtering in high time resln beamformer time series
Bottom panels show filtering in visibility amplitude & phase on 1 baseline

4% 10 IA bean timeseries ( Channel 700 )
| | | |
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Time(HH:H:5S. FFF) unfiltered CO8 cross with unfiltered CO4
5 Interferometry Mode Cross Correlation Timeseries (Channel 700) filtered CO8 cross with filtered CO4
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gg RFTI filtering for pulsar observations

NCRA «

Filtering directly on the
beamformer data in time and
frequency domains

B1642-03 (top)
and
B1508+55 (bottom)

200 MHz BW mode of
uGMRT at Lband

courtesy : Y. Gupta




Future Plans

= A 16 antenna uGMRT with Lband (1000-1450 MHz) and Pband
(250- 500 MHz) with 200/400 MHz final processing BW has been
released for internal testing in September 2015.

=  Plan to release this on a shared risk basis to outside users from
around April 2017, with TAC evaluating the uUGMRT proposals.

* Hope to have next level of release by around October 2017.

= So, stay tuned !
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