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Giant Meter wavelength Radio Telescope (near Pune)
— Multi-frequency synthesis imaging system
— 25-km baseline
— 30 antennas of each 45 m diameter
— Inthe NCRA campus, 15m antenna (various Radio Physics Lab. projects)

Ooty Radio Telescope (southern part of India)
— Observing frequency 327 MHz
— Steerable antenna of size 530m x 30m parabolic cylindrical antenna
— Various astronomical observations and solar wind studies

— Callisto Solar Spectrograph (part of worldwide radio net)
Frequency range 45 — 890 MHz
» 300 kHz — each channel bandwidth
 solar radio spectrograph

— Muthorai Radio Telescope — for dedicated solar observations
« 290-350 MHz
» Steerable antenna of size 92m x 9m
« fixed-frequency solar observations (high temporal resolution ~1 ms)



Ooty Radio Telescope (ORT) N
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NCRA=TTIFR

Latitude: 11°23° North Longitude:
76°40’° East

Equatorially mounted, off-axis
parabolic cylinder

530m (N-S) x 30m (E-W)

Reflecting surface made of 1100
stainless steel wires

Feed — 1056 A/2 dipoles

IPS measurements - advantages

_ o Operated by
* High sensitivity Radio Astronomy Centre
* tracking National Centre for Radio Astrophysics
» good declination coverage Tata Institute of Fundamental Research

* less radio interference in this region (NCRA-TIFR)
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Reflector 1s made of 1100 thin ss wires
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NCRA=TIFR
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Linear array of dipoles 1056
- LNA behind each dipole
- 4-bit phase shifter for a dipole

Operating frequency 326.5 MHz
- LO 296.5 MHz

- IF 30 MHz
)

22 Modules (N1-N11 and S1-S11)
- 48 dipoles in each module

Analog beams — 12-beam system
- 3 arcmin separation
- covers 2° x 36’ sky
- total-power mode
- correlated-beam mode
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PSR B1642-03 Profile on 16 September 2012
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e-Callisto — Worldwide Radio Network
24-hour Solar Observing

Green Bank

San Jose

Humain Costa Rica

Belgium

Zurich, Bleien
Switzerland

Ooty, IIA, PU

. Brazil
India

measurements: type Il radio bursts, CMEs, shock waves, type Il bursts etc.
Data available at http://www.e-callisto.org/
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Upgrades for Ooty Radio Telescope

In collaboration with Raman Research
Institute, Bangalore
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NCRA=TIFR

ORT as a 44-element programmable telescope
— Digitize RF from 44 half modules (11.5mx30m section of ORT)

— 44 numbers of Stage 1 and Stage 2 amplifiers, respectively, at
the feed and at the bottom of the telescope

— Transporting signal via fiber optic link

— A distributed signal processing chain (12-ch A/D converts with
Xilinx Spartan-6 FPGA-based pre-processing capability)

— RF digitization tested for all half modules, data transfer over
optical fibre to central computers completed

— Software offline FX correlator developed and tested
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combiner combiner combiner
3way |
combiner Half Module
system
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From Dipoles 25 to 48 ——

combiner

\d
To ORT Analog Receiver chain

Figure 3.1: ORT RF Frontend for an array of 24 dipoles (Half module). The RF
tapping location for the RF digital receiver s shown. The RF frontend is implemented
within the line feed of the telescope.
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Figure 3.2: Frontend IF conversion subsystem, which generates a single IF output by
combining the RF of 48 phased dipoles. The generated IF is then sent to the central
recewver room for further processing.
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ORT upgrade —Phase I gg

Major components

— ORT has been configured as a 264-element programmable
telescope

« To digitize RF for every 4-phased dipoles (2m x 30m section; 264
sections along the feed of ORT)

— 264 pre-amplifiers and a set of 264 low-loss cables bring
RF outputs of pre-amplifiers to the fixed enclosures

— 264 Stage-11 amplifiers plus filter (to provide ~80 dB gain)

— Fiber optic communication for distributing clock and data
between central receiver and base of each module



Control and Monitor
Gigabit Switch
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Figure 3.20: Proposed NSPS implementation for configuring ORT as a 264 element

programmable telescope.



ORT - Recent upgrades — sensitivity and field of view g}

» 2 Phases '

* Digitize RF from every 24 phased dipoles (~12-m section)
* Digitization of 4-phased dipoles (~2-m section)
* Field view 27 deg.
* Full 264-element programmable system
« Software-based FX correlator

Bandwidth 18 MHz | 40 MHz

23°X2.2°|2.3°X4.6°| 2.3° X 27°
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Science with new Programmable Digital Receiver @

NCRA=TIFR

ORT - a new versatile system for many astrophysical studies

IPS with ORT

 wide field of view (2° x 27°) — within the field of view, number
of beams can be formed (or beam can be formed at any given
direction of the scintillating source)

« atagiventime (~2-3 min of observing time) several
scintillating sources can be observed

« provides increased spatial resolution of the sky coverage

* Improved tool for space weather Studies (physics of
propagation of solar eruptions)
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NCRA=TIFR

High sensitivity of ORT allows day-to-day IPS monitoring of
large number of compact radio sources

Ooty IPS at 327 MHz
* Sensitive to solar wind irregularities scale size of ~10 — 500 km

 Heliospheric coverage

e« 10 — 250 Rsun
 at all helio latitudes

Scintillation Record (3C273, 220CT2009)

For each source- estimation of
* power spectrum
e scintillation index

Pt
~
n
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Suitable calibration provides
* solar wind velocity 2000 4000 6000 8000 10°
* density turbulence level Samples (each 20 ms)




Lines of sight typically observed in a day
(2-AU cube)
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IPS — Power Spectrum
p(r,t)=(Al(x,, t,) Al(r, +1,t, +1))

P, = 1 p(O ) exp(—12x ft)dt
2T -

m? = i[ [P (f)df}
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Solar wind Density Turbulence N

NCRA=TTF

A

Density Turbulence
* Scintillation index, m, i1s a measure of level of turbulence
* Normalized Scintillation index, g = m(R) / <m(R)>
* Quasi-stationary and transient/disturbed solar wind

. 0.4 LI L L L LI I B T T T
* g>1-— enhancement in 8Ne<\- S 30979 1
* g~ 1—ambient level of 8Ne\§\_ 5. & ]
* g <1— rarefaction in 8Ne._ c o>p % _
}_ ) o g) "
P TSR,
D 0.0 .

Scintillation enhancement w.r.t. the ambient ~5 50 100 150 200 250
wind identifies the presence of the solar wind . o

transient (CME/CIR) along the line-of-sight Heliocentric Distance (Rg)

to the radio source
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IPS temporal power spectrum

IPS — intensity fluctuations are caused by the solar wind
density turbulence - time series transformation provides
the temporal power spectrum

P(f) 2ﬂ_re /dq CZ (I)Np( ) Fdlﬂ'(q) Fscmrce(q)

P(f)=(2rr ) j v (Z)‘j dq, 4sin szzj\vm,z,e)‘zmqa
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Spectral Power (dB)

I .
M —
a o @9 ©

|
o]
]

I~
o

I .
o © ©

| |
[T
o Q

—40

2230+114 01022011 1810
0.494 e= 37 25 685

S/N 22
‘@ 3.30 -

R =130

2251+158 01022011 1831
0.210 e= 44 20 587

2259-375 01022011 1839
0.061 e= 34 47 358

2308—-109 01022011 1848
0.090 e= 33 8 480

AR = 4T — — — —\— — -
Nps 10 10 \’\Aﬂ

S/N 19
- 'a 3.30

2337-083 01022011 1917
0.494 e= 41 -5 491

S/N 16
a 3.30 1

S/N 19
a 3.30 -

FR—=120- — — —

S/N 18
'a 3.30

R =141 — ~— 71\~ —,~
Ba = 79
MNps 10. 10. I

R =149 _ _ _ N__ _ | E— R=116
"PA = 43 . FPA = 132 1 "PA = 83 1
‘qpsl 1E:'I 10I 1 A Npsl 10 )OI M r\'lpsl 10 1(]I 1 ﬂm
2347-026 01022011 1927 1308-220 01022011 0706 1730—130 01022011 0532

0.094 e= 45 -3 393 0.327 e=106 10 288 0.262 e= 49 2 433
S/N 17 S/N 22 S/N 18

a 3.30 1

2135-209 01022011 0936
0.052 e= 10 —34 609

g 3.30 -

R = 247
PR =240 T T T
Npsl 81 81| My

a 3.30

R = 162
PA = 287
Npsl 10 10. .

S/N 32
0 3.30

R = 38
TPA = 111
MNps 1DI 1CII

21474145 01022011 0949
0.494 e= 35 38 752

2203188 01022011 1005
0.055 e= 16 —20 400

2206237 01022011 1008
0.063 e= 18 -35 412

I
2210+016 01022011 1011
0.123 e= 27 25 525

S/N 20
' 0’330

R=122 - — -
TPA = 23
\Jpsl 1OI ‘IDI

S/N 36
o 3.30

R = 61
rPA = 97 1
Npsl 10 'OI

S/N 26
o' 3.30

i

S/N 25
a 3.30 A

2216-281 01022011 1018

2223-052 010220711 1024

22304114 01022011 1031

0.086 e= 22 —44 559 0.094 e= 25 11 381 0.099 e= 37 24 467
S/N 27 S/N 32 S/N 20
- - - a 3.30 -

a 3.30 1

a 3.30 A

R R = R = 130

[PA =123 _ _ _ _ _ rPA B3 7 I PA 41 7

Nps . A Nps. 10 'OI A Npsl 10 . A
Q.1 1.0 10.0 0.1 1.0 10.0 0.1 1.0 10.0

Temporal Frequency (Hz)



Spectral Power (dB)

—-10
—20
—30

40

[ -
%] —y
o o © e

|
B
a o

[ -
o @ ©

|
2
[ -

—40

21474145 17022011 1659

0.063 e= 27 54 524

S/N 27
¢ 3.30

2003025 17022011 0702
0.058 e= 30 26 439

S/N 28
0 3.30

R = 107
FPA = 290 1
| Nps_ 10_10_ _ _ Y

=N

22104016 17022011 0908
0.055 e= 14 53 689

S/N 32
a 3_.30 .

R = 53

PA = 19
Npsl 10 ’DI

2338+132 18022011 1811
0.070 e= 34 18 501

S/N 27
o 3.30 1

2206-237 17022011 1718

2210+016

17022011 1722

2216-281 17022011 1729

0.061 e= 12 79 547

S/N 26
4 3.30

R = 43
TRA = 165 1
[Nps_ 10 107~ © N ]

0.052 e=

14 54 608

S/N 29
a 3.30

0.085 e= 16 -—-80 68/

S/N 27
e 3.30

R = 81
LPA = 162 i
Nps 1D. ‘IDI . o

2135-208 17022011 0833
0.052 e= 10 —-41 629

rPA =
Npsl
2147+145

0.052 e=

2206-237 17022011 0905
0.070 e= 12 -—-81 699

S/N 33
a 3.50

17022011 0846

27 B4 535
S/N 26
0-3.30 1

S/N 25
o 3.30

R= 38 R= 98 R =
FPA = 204 1 FPA = 359 1 [PA =160 _ _ _ _ _ ]
Nps 10 10 . TNps~ TO~ 10~ ~ ~ ~\~ . Nps noA
2216-281 17022011 0915 2251+158 18022011 1724 2318-166 18022011 1751
0.078 e= 16 —80 699 0.052 e= 30 35 479 0.074 e= 19 -35 518
S/N 28 S/N 31 S/N 30
I - o 3.30 1 -

0:3.30 1

R =108

0:3.30 1

R = 89

R = 81
FPA = 158 PA = 23 PA = 107
—r\psl— 1—0._ ‘rOT——— ] _NES'_ 10 1_O+__r_ ] MNps 1OI 'IDI . .
0023263 18022011 1856 0056001 18022011 1929 01274233 18022011 2000
0.234 e= 36 —41 688 0.082 e= 45 -9 315 0.161 e= 81 2 4827
_S/N 22 S/N 24 S/N 18
r r o 3.30 7 r

'0'3.30

0 3.30 1

R =126 R = 151
FPA =418 — — — — ¥ — T FPA = —78 — — — — PA =
Nps 10 10 npﬂ Nps 10 10 A Nps |
0.1 1.0 10.0 0.1 1.0 10.0 0.1 1.0 10.0

Tem'poral Frequency (Hz)



Spectral Power (dB)

10

|
-]
O

| |
N
o O

f
O

I T N
I~ (] %] \
o & 6 a 2 o

]

10
-20
—30
—40

0116+319 24032011 1736
0.076 e= 35 26 530

0127+233 24032011 1746

0138+136 24032011 1757

0316+162

24032011 1935

R="12Z —~ ~
rPA = 27
r\psl 1[}.

'O.

S/N 17

o 3.30 7

0.146 e= 29 19 391 0.070 e= 25 2 339 0.297 e= 48 -8 448
S/N 25 S/N 29 S/N 22
- a 3.30 1 I i a 3.30 1

o 3.30 1

R = 082

2003-025 24032011 0444

0.094 e

61

4

280

LRo=-188
TRA = 267
r\psl 1[}|

’O.

S/N 17

a 3.30 A

R = 147
FPA = 237 - — —

-

-

Npsl ’OI 1[}|

0 330 1

R = 130

TPA =294 - — — -7
Nps 1[}. ’OI . A

R =105 |R=160 _ _ _ o
PA =40~ — —lp — — — “PA = B0 1 "PA = 69 :
Nps 10 10 Ma‘\ﬁ.’\ Nps o 10" I'V‘.'l Nps 10 10
2135-209 24032011 0616 2147+145 24032011 0628 2203-188 24032011 0644
0.262 e= 43 —10 433 0.084 e= 37 32 346 0.494 e= 36 —11 491
S/N 24 S/N 25 S/N 28
- a 3.30 1 I -

@ 3.30 1

2206-237 24032011 0647
0.094 e= 38 -—-17 379

2210+016 24032011 0650
0.082 e= 30 20 342

2216-281 24032011 0658
0.157 e= 38 -23 540

2223-052
0.139 e=

TR =134
TPA = 228
r\psl 'IOI

’O.

S/N 21

0330

i

S/N 29
L@ 3.30 1

S/N 24
© 3.30 1

L YY) W
24032071 0704
27 2 332

S/N 32
a 3.30 1

2250+7114 24032011 0710
0.052 e= 27 39 420

S/N 30

0 3.30

0.099 e= 26 51 418

S/N 26
a 3.30 -

0.066 e= 24 50 456

S/N 29
o 3.30

R = 106 R =137 R= g7

FPA = 273 . [PA=220_ _ _ W _ 1 TPA = 257 1
| Nps_ 10_10_ _ \} _ _ _ Nps 10 10 . : Nps 10 10 Y
2249+185 24032011 0730 22514158 24032011 0732 2308—109 24032011 0749

0.058 e=

19 —15 447

S/N 27
o 3.30 -

= R = R= 70

FPA = 31 _ FPA = 312 Sa ~ b0

NDS, 5. ‘A h LNps— J—D._ :D—I — —— —NT)SI— ’-OI— mT — — _ﬂ_ _
0.1 10 100 0.1 1.0 100 0.1 1.0 100

Temporal Frequency (Hz)



Density Turbulence Spectrum <>
“Interplanetary Scintillations” (IPS) -

Intensity fluctuations caused by the solar wind density
turbulence

This time series transformation provides the temporal
power spectrum

P(f) QﬂTE [dq C2 (I)Np( ) Fdlff(CI) Fsource(q)

A is wavelength of observation; r, is classical electron radius.
F4i(q) = Fresnel diffraction filter (attenuates low-frequency part of the spectrum)
Fsouree(d) = Brightness distribution of the source (attenuates high frequency part)



\f

Axial Ratio of Irregularity <

When the density irregularities are field aligned and
approximated with an ellipsoidal symmetry, the
spatial spectrum of density fluctuations, ®,.(q), for a
radio source with the finite size, 0, will be

2 2
2 2, Y q
(I)Ne(q? O) | B(Q) | — (qx ' Aﬁg) 2 exp(_q—l)

AR is the ratio of major to minor axes (axial ratio),
which i1s the measure of degree of anisotropy of
Irregularities (a power-law index. g; cut-off scale I.e.,
Inner-scale size).
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Interplanetary scintillation spectra ﬂ u

b4

NCRA=TIFR

Fresnel filter knee

Power law q(¢+1)

040599 0138+136 1146
0.005 e¢ 15

040598 0144—022 1152
16 . = P3 —26 404

/N 33 | \ S/N 26
- a’3.17-

‘R = 57 1 [R= 83
PA = 267 PA="215 — — -

,.W\/\ﬂ_
Logarithmic temporal Frequenc OZL}I’Ce cive an

Inner-scale filt




50

40

Power (dB)
&
o

N
@)

10

AR=2.0

AR=1.0

—

Freqency (Hz)

N
N

=
0
&



N
N

i

&

=

50

40k

o o
M N

10F
0

(gp) 1emod

Fregency (Hz)



Solar Wind Density Turbulence and Speed (3 days) g\
Solar Wind Density Turbulence Maps Observed at Qoty Bﬂ
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Solar Wind Velocity Maps Observed at Ooty
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Current 3D Ooty Density Reconstruction N
y y N

NCRA=TIFR

Ooty IPS 2004,/10/30 01 UT Ooty IPS 2004,/10/30 01 UT

28 28 ‘

20 20 o
12 12
4
n™™ {cm™) CASS/UCSD =~ n™™ {(cm™) CASS/UCSD

The left movie shows an ecliptic cut through the 3D Ooty IPS density reconstruction and the
right movie show a meridional cut (from East of the Sun-Earth line) of the same; both
with the Earth on the right-hand side and it’s orbit shown in each case
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ORT Declination Response (based on IPS Survey)

Relative Sensitivity of ORT
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