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Outline

-The instrument - features and scientific goals

- Issues in the observations data reduction

- Practicalities - how to apply for GMRT time, how to
prepare an observing schedule

- Some results



GMRT

- Radio interferometer designed to explore the low frequency range of the radio spectrum
(now between 150 MHz and 1.4 GHz)

- Project of the Tata Institute of Fundamental Research (TIFR), National Centre for Radio
Astrophysics (NCRA)

- Located in Maharastra (India), near Pune

LOCATION OF MAHARASHTRA
IN INDIA

PAKISTAN

ARABIAN SEA



The Array

- Consists of 30 parabolic antennas, with diameter of 45 m
- Covers the range 150 MHz - 1.4 6Hz with 5 bands:
150 -156 MHz 232-244 MHz 315-335 MHz 590-630 MHz 1000-1450 MHz

- One single configuration with fixed antennas: a compact array with 14 dishes in a central 1
km? and the remaining antennas in a sort of Y configuration, with longest baseline of the order
of 25 km
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Specifications

Parabolic Reflector Diameter  ||45m

Focal Length 18.54 m
Physical aperture 1590 m "~
Sensitivity of single dish 0.3K 'l,.’_]},
Feed Support Quadrupod

Mounting

Altitude-azimuth

Elevation Limits

Software Limit 17 — 90 degrees

Hardware Limit 15 — 110 degrees

Azimuth Limits

Software Limit —265 to +265 degree

Hardware Limit —270 to 4270 degre

Slew rate

Azimuth 30 degree/minute

Table 1: Meazured System Parameters of GMRT

Frequency [MHz)

I51 235 325 old P
Eeam (arc min} 18646 11445 5144 43+3 440 IIMHD
Receiver Temperature TLR ) T - - T 44
Typical Tuy (off galactic plane) 308 o9 40 10 4
Tatal System Temperature (K} 482 177 108 o2 76
[TR + T:k]," + Tgu'u.u.d}
Antenna Temp (K,/Jv/Antenna) 0.33 0.33 0.32 0.32 0.22
Synthesised Beam (arcsec)
Whale Array 20 13 9 5 2
Central Square 420 70 200 100 40
Largest Detectable Source(arcmin| D68 44 32 17 7
=3 z
Reliable 150 - 156 232 to 244 315 to 335 50D to 630 1000 to 1450
With same Luck 150 to 158 230 to 250 305 to 360 570 to 650 950 to 1450
Fudge Factor(actual to estimated)
Short Observations 10 5 2 2 2
Lang O innzf = 2 1 1
t rms sensitivies achieved
knawn to us [mly) 15 0.6 0.3 0.02
Typical Dynamic Hanges —TOoT i =T500 =~ 1500 =2000

* For zpectral cheervations fudge factor iz closs to 1

Elevation 20 degree/minute

Design wind speeds

Operation upto 40 kmv/h




New 40-80 MHz feed developed and tested, soon
available for all antennas of the array (5. Amiri)

Low Frequency Feed in boxing ring configuration and co-located with 327 MHz GMRT existing

feed with extended reflector. On the ground and attached to the GMRT dish turret.



Scientific goals of GMRT

- Low frequency part of the non thermal radio spectrum
- Sensitive to extended low brightness radio emission

- Large range of angular resolutions within just one observation

Epoch of galaxy formation (high-z neutral hydrogen)

- Large field of view

Pulsars and neutron stars
Stellar objects, Galactic plane (Sun, SNR, transients)
Deep surveys

Extended emission (normal galaxies, lobes of radio galaxies, galaxy
clusters ..)



Some features of GMRT

2 bands (USB and LSB) recorded at each frequency, with RR and LL
recorded in each band - Full Stokes parameters newly available

Bandwidth of 16 MHz (each band) down to 325 MHz; 8 MHz below

Tonosphere and RFI become an issue at low frequencies (below 610 MHz)

§

Spectral line correlation essential at these frequencies both for RFI removal
and to reduce bandwidth smearing over the field of view

Bandwidth divided into 128 channels (new feature 256
- channels), width from 3 to 125 kHz/ch



Issues in the observations and data reduction

Selection of phase calibrator is an issue for v¢610 MHz- always check the
NVSS and VLSS images

A-priori calibration

Now possible to combine USB and LSB before the data reduction starts

RFI removal and bandpass calibration

Self calibration always necessary

Imaging

Dealing with strong sources off the phase centre

Large field of view (i.e. ~3° at 327 MHz) requires 3D imaging

Raw data into fits format with gvfits (available only at GMRT)
Full data reduction with AIPS



Checks during the observations

Keep an eye on the calibrator
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How to apply for GMRT time

2 deadlines/year, January and July

Email submission (cover+scientific justification)

gn GMRT Obzerning Apphcation
w‘(‘:‘;"’ém 11 DEADLIME: Saturday, July 15, 2006 Proposzal Code:

IMSTRUCTTONS: Each mumbersd item mizt have an entry or 1T/4 or 1TA
SEND T'0: GMET Time Allocation Commitbes, 1TCEA-ITFE,
Pock Bag 3, Ganeshikhind, Pune 411 007, [1TDI4

Email: gtac@nera tifr.res.in Received:
(1) Date of preparing thiz application:
(2) "Title of Propoeal:
3] AUIHOES OIS TTITITO TWill come to | Email (nesded fox PLE: CoPL) | aticaality ©

GLIELT

¥ Flanze write the PT'= name in CAFTTAL LETTEFS.

*Tlaticnality iz requirerl to obtain official cdlearance, cnly Br non-Inlian naticnak planmming te come for chaerrations.
(4) Felaberl preview GLIFI' proposal mimber(=):

(5) Cominc b auther Adrres:

‘Ielephone:

Baxc

(6) If thiz propocal iz intender. to suppart a PR, praject, sham mention tm name of the 1.0, studet, e anticipaied year
o completion of the PhD. and abo inchide 3 brsfouthne of e *h D . project in the Scienttfic Juzithcation:

(7) Scieniific Cabegary.

o] grodesy I iquez, O zalar, O ion, (O , ) stellar, (O pukar (O IS, ) galactic
oenter, () galactic structare & dynamicz (HI), () normal galades, (O active galasdes, (O cocmeogy

(8) [Tmebaniz [Zlem [50cm | @cm [ 198 om | 200 cm | dual (50/128) em | Totad |

(8) | Time requected (bre) | wmesc | sooc | oo | omese | osmec | oot | smec

(10) T'ype of Obeertion: () imaging, () point sume, () cantimmm, () zalar, () spectrozcapy, (O pulsar,
(check all that apply) () phazed array, O Other
{11) ABSTRACT (Pleazx type within thiz space only.)

(LZ) Will FI/ CoFI be present for oteermbions? () Ye= O 1o Data reduckion ai? () Home () Other
_mooo
(13) Help requirer: () 1Teme () Commultation () Briend (sttemsive help)
(14)  Spectmscopy Culy: lnel lie2  Emed Lo 4
‘lranzition (HI, OH, et}
Femt Frequency (14Ez)
Velocity (km/z)
Cheerving frequency (14Hs)
Frequency Fesclution (KHz/channel)
Fims neize (mJy,/bm, nat. weight, 1 1)
Fims noize (I, pat. weight, 1 br)
(L5) Tumber of zourcez sccx (If mare than 10 pleace attach a lizt together with LSI' range(z). If more than 30
zources ghve anly selection criteria and LS mnge iz). )

(16) lame | Epoch: 1950() | GMFL | Band | Bani- | Flm: Demity | Jdax, | Eeqr | Tme® | LT
2000 O * | (%em) | width [ Lme | comh | amg. | ired | requ- | ramge
FA Dec (MH=) | (mIy*) | (my) | zize | rm= | ected
hh mm * socxs i) | Iy

beam) | fhr) | (b

7 Flanze inicate your preference for the GLIF'] Array configuration az per the Eilloving poesibilibe:
F Al antennaz available.

Ihe: Only o antermes requimed (g VLEL pukar test/ monitoring)

000 Cenural square antermas only

COL Cenwral Square antennaz + 1% anterma in each arm.
ACD Arm antennas ezily

AOl Arm anternas only with upto 4 antenmas from the Centml Squar
§ Peak fluxe denziny

,_nchiing overhearz.

Tlates to the table (if any):

(L7) Datez preferably meaired :

(L&) Special requirementz of hardware, softvare, ar cperating procsures, ste:

Fheeert Array

» 1 zide band (16 10H=) O o, 2 silbamz (32 1Hz) O

* I integration time lez than 3 zecond s required for extented pericdz? O

= Specify mepecterd dizk =pace mquirement for the project (if more than 10 GBytes):
= lforrstandar Frequency O

= Shert =pacing critical (O

= Correlator - Full Folar* O

= Carrelatar - High reoclution (256 channelz) * (O

= Fheerl army required (O

= If pulsar, specify pulzar baclend requirerd

om experimental iz

(18) TMFORTANT: If your =) for GMMEL have hesn ccheduled in the past,



How to prepare the observing schedule

Calibrators (primary, secondary, bpass)
Visibility of target sources

Frequency & setup

For GMRT Observations

® Frequency Settings Calculator (TPA values)

® Rise, Transit and Set time of Source(s)

® Command (Observation) File Creator MEW




e Project Title : |Galaxy

e User'sName : |[KRam
e User's Email : Ixyz@abc.res.in
e Date of Obs. : |01 ~[|01 ~||2006 |

Source List
e Start Time (LST) : [oo +[[o0 ~f

® Integration Time (sec) : |16 |
e Correlator Mode : IIndianPoIar |
¢ Radio Frequency Band : |325--(305-345) - Source Name RA Dec Epoch

e Observation Type : IContinum El

Source(s) Co-ordinates :-

3C147 05h38md43.50a +45449'42.7"  1950.0
® Spectral line Frequency (MHz) at the center of the band (line obs only) 0837-198 08h3Tmll.182 -19451'56.8" 2000.0.
NGEC1IES1 05hl4mda . 20a  -39402'50.0"  2000.0

e Band Width (MHz), (lineobsonly) : |16 |

Command File

® Flux Cal at beginning : |3cas  ~|

# Target Source(s) & Phase cal(s) Loop

Scan-Time({min) Target-Name
10 1254+118
30 MEC54 35

® FluxCalatEnd : |3C48 |

Command file sent to

telescope operators

o LI T

Default

Released on Experimental Basis.



DECLINATION (J2000)

FROM THE GMRT WEB SITE
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DECLINATION (]2000)

Studies of radio galaxies

(from Giacintucci et al., A&A, in press)

Central radio galaxy in the poor
galaxy cluster A2372

610 MHz: rms ~ 40 uJy/b
0 ~ 6x6"

2626 00 -
262500 |

2624 00 |

Head tail galaxy at the centre of the
poor galaxy cluster A1775

Spectral index image 235-610 MHz with
235 MHz overlaid
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RIGHT ASCENSION (J2000)



Diffuse emission from galaxy clusters

A521 — GMRT — 327 MHz
T TP, . B T T
~10°5—

327 MHz relic radio emission in the rich
merging galaxy cluster A521

o = | rms~90udy, 0~ 9%9”

Declination (J2000)

(Macario, Master Thesis, 2007)
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610 MHz emission overlaid on
Chandra

rms ~60 uJy/b, 6 ~ 6°x6”

(Venturi et al. 2007)




FROM THE GMRT WEB SITE

59°34' 21090 610 MHz image of the Spitzer
First Look Survey - rms 30
az' F 10.60 : uJy/b,
| 3 4 deg®
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Eridanus Group of Galaxies

HI emission from more than 60 galaxies,
HLI deficiency for those galaxies in regions
of higher density




