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[\
National Centre for Radio Astrophysic{ N

Tata Institute of Fundamental Researchmm

Major Observing Facilities

Gilant Metrewave Radio Telescope
(multi-frequency synthesis imaging system)

Ooty Radio Telescope
(solar spectrograph)



e 530m (N-S) x 30m (E-W) — east-west tracking of ~9.5 hours g u
* North-South beam steering (+ 65 deg. declination) Bﬂ

NCRA=TIFR

e High sensitivity, S/IN ~ 25 (1s integration, BW 4 MHz)
* Observes ~1000 radio sources per day
 Ooty Radio Telescope is upgraded (BW ~40 MHz, 27 deg coverage)
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Ooty Callisto — Part of Worldwide Radio Network

13 Jun 2010 Radio flux density (OOTY)
Ooty India
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Space Weather Forecasts: and Models

Magnetic Field Imprint & Spatial Geometry

Photospheric & H-alpha Measurements

Source Region Identification
Full Disk EUV Observations

CME Spatial Structure, Propagation & Interaction with Ambient Corona

Coronagraph and IPS (essential) Observations




Interplanetary scintillation



Scintillation Record (3C273, 220CT2009)
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Ooty IPS Observations
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Samples {each 20 ms)

 Measurements on a large number of radio sources in a day
(different line-of-sight cuts in 3D heliosphere) — allow speed and
Ane estimates — provide couple of snap shot images of the inner
heliosphere per day.

o At Ooty more than 1000 radio sources are observed per day

— Computer assisted tomography (CAT) developed by Bernie Jackson and
his group at UCSD can provide line of sight integral corrected solar wind

— The time-dependent CAT (e.g., Jackson et al. 2009) can been employed to
reconstruct the solar wind density and velocity structures.
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Solar Wind Density Turbulence and Speed (3 days) [N\
Solar Wind Density Turbulence Maps Observed at Ooty Bﬂ
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Solar Wind Velocity Maps Observed at Ooty
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Manoharan et al. 2006, Solar Physics



Ooty IPS Synoptic Maps — Density Turbulence and Speed ascending phase

90 CR 1936 (G—MAP) CR 1936 (V—MAP) Carrington Rotation : 1936

o 180 360
CR 1964 (G—MAP)

T

180
CR 2043 (V-MAP)

Latitude (degree)

o 180 360 O 180 360 N
Longitude (degree) Longitude (degree) deséénding ohase

Representative synoptic images of solar wind normalized density turbulence (G-map,

left) and speed (v-map, middle) from Ooty IPS measurements for Carrington Rotations 7“

1936, 1964, and 2043, respectively for ascending, maximum, and minimum phases of Bﬂ

the solar cycle #23. At the right, extrapolated magnetic field images are shown.
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Evolution of Coronal Mass Ejections
(Sun to 1 AU distance)



CME Propagation Speed (from Sun to Earth)

Height — Time plot Radial Evolution of Speed

14 July 2000 CME He|ght T|me Plot
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Speed Profiles: Vpye(R)
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Which CMEs can cause most intense geo-magnetic storms?
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DST (nT)
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DST (nT)
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DST (nT)
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Three-dimensional density (left panels) and velocity (right panel) images of the solar wind
reconstructed from Ooty IPS observations, showing the merged structure of two CMEs (shown
inside the ellipse) hitting the Earth on 20 November 2003, at around 6 UT.
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Two merged magnetic clouds in the interplanetary medium with the solar sources.




Near-Earth Observations
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Merged CMEs cause intense storm
Shock travel time T=47.5 hours
Solar wind speed~430 to 750 km/s
Bz ~-45.58 nT

Duration southward Bz ~13.5 hrs

Dst index~-472 nT

Interplanetary medium plasma parameters at 1 AU during 19-23 November 2003




Tomography reconstruction of Ooty IPS Data



Solar rotation and radial outward flow of the solar wind provide the 3-d structure of th
solar wind at different view angles

Computer Assisted Tdmography analysis

can remove the line-of-sight integration imposed on the solar wind parameters
also provides high spatial resolution



3D Ooty Density and Speed Reconstructions
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Ecliptic cuts through the 3D Ooty IPS reconstruction
(density and speed )
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3-D reconstruction of heliosphere L4
Solar Events during September 4 — 13, 2005

Z
LN

No. Date Flare Flare CME  CME CME PA Type-11
Class Loc. Time  Type Speed Speed
(UT) kms~—! kms—!
1 04/09 C2.0 W Limb  14:48 PHalo  1000-1500  N-W
2 05/09 C27 E Limb 09:48  Halo 2350 S-E
3 06/00 M14 W Limb  21:12 PHalo  200-1000 N-W
4 07/00 X17.0 S11E7T 17:40  Halo? S-E = 1900

Corresponding ARs #803 and #808 - These events were responsible
for spectacular and orderly flux-rope type of ejections, as illustrated
following by the Ooty IPS analyses.
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Co-rotating Interaction Regions (CIRS)
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Interested In IPS data, welcome to collaborate
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