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Overview

- » Radio observations of the Sun

» LOFAR Observing modes and coordinated PSP SolO campaign
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LOFAR KEY SCI ENCE PROJECTS
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(2) CME Magnetic Field

LOFAR - 60 MHz

(4) lonosphere

(3) Density and speed

of the Solar Wind
(1) Electron beams and shock

waves accelerating particles



Solar and Heliospheric Radio Emission

OPEN FLUX




Solar and Heliospheric Radio Emission

Solar Flares
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Solar and Heliospheric Radio Emission
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Tied-Array beam mode

b. Beam 14: Type III Radio Bursts
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« Aset of beamsin an array around the Sun in order to recreate a micropixel map.




Data types - Beamformed
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Preview tool
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Data types - Interferometric
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Tied Array Beam and Interferometric mode

Beamforming [Core=3.5 km] Interferometry [Core=3.5 km] Interferometry [Remote=121 km]
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QUIET SUN IMAGING OF 20-80 MHz

t
10° 4 o
gl i
= ¢
= 10° 5 ;
= M,
-
%
", e
107 4 o] o=
E:
104 103 104

Frequency (MHz)

LOFAR 2021-08-07
Zirin et al 1991
Subramanian et al 2004
Ramesh et al 2006
Mercier et al 2015
Melnik et al 2018
Sharma et al 2020
Model Ty

Model T4l — aff)

Model Tgl — (o + Aa)f®)

(1.80 +0.30) = 10*
- 0.60+0.01

2021-08-07

2021-08-14

Ty (K)

leb
1.0
7 T ‘.! I
LT = o .
-“.ﬂ -, = -
0.5 - L e f I
044 = =7 =27 .
H ey Ty ® 'I_f xt
. x®n FTIEE Elpm ¥
034 « III!I““ Iﬂ!!n!:!-_ x
| o I
0.2 - if ﬂ{
0.1 .
20 30 40 50 60 80

Frequency (MHz)




Comparison of LOFAR iImaging with NRH
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New Opportunities with LOFAR
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Helioprojective Latitude (Solar-Y)
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Type lllb pair
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Size and Source Position
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Using LOFAR and PSP to track the radio bursts.
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HBA Imaging
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Slide Courtesy of C. Baldovin

By seizing the opportunity

PHASE 2
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Incremental Development of L FAT

Objectives:

« Demonstrate with a single station Space weather science and monitoring with LOFAR

« Incrementally include to the project stations upgraded to dual beam

* Involve collaborators and ILT partners in the development of the project, including related
science and monitoring tools.

Duration 2 years
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Status

 First Light 2022-04-13

» Live monitoring tests Summer-2022 IDOLS
« Live monitoring operational end-2022 Ve ARCHIVE
« Archive processing (Surf Sara) Updated daily
« Preparing feams (now) from Summer 2023
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Solar Example

57.611083984375 MHz 2022-11-15 12:13:55

2000"

Frequency (MHz)
0d) /(o=

08:00 09:00 : 11:00 12:00 13:00 14:00 15:00

Time (UT) -2000"

(v
]
w
e

&L,
x
—
.|
o
N
()
)
3
R
=
®
- |
v
>
=
L~
=
o
[
a
=]
]
I

-2000" 0" 2000"
Helioprojective Longitude (Solar-X) [arcsec]




lonosphere Example
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Calibrated Spectrum

Bandpass in quasi real fime
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Flagging and Instrumental Corrections

RSN e e

P

| ] B3 f i
B e (R S i S T QURCIy R Pt
SRR A TE ARSI T 2 LU S g g g T TR
LI § i ey o 100 0 T T O O | il i

19 12:20 19 12:25 19 12:30 19 12:35

A
i
|l

19 12:00 19 12:05 1912:10 19 12:15

B
191215

1912:10

19 12:00 19 12:05



Detection of Events

2022/05/03 Radio Flux Intensity LOFAR LBA_OUTER

2022/04/30 Radio Flux Intensity LOFAR LBA_OUTER

Frequency (MHz)

08:50 08:51 08:52 08:53 08:54 08:55 08:56 08:57 08:58 08:59 09:00

Time (UT)

N
T
=
>
(9}
=
o
=)
o
s
L

06:40 06:41 06:42 06:43 06:44 06:45 06:46 06:47 06:48 06:49 06:50

Time (UT)

P. Zhang and STELLAR project



Examples of tools based on radio monitoring

Start Time: 1998-05-02 12:47:00.090000
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ice @ 30MHz is 1.824409e+07

Input Parameters Forecast Statistics
LOFAR IDOLS SXR fluence, 45 MHz fluence POD: 0.71, FAR: 0.33

SXR fluence, 1 MHz fluence, POD: 0.63, FAR: 0.42
flare longitude

SXR flux POD: 1.00, FAR: 0.85

Garcia (2004a) SXR peak intensity, peak flare POD: 0.58, FAR: 0.46
temp.

Garcia (2004b) & (Kiplinger HXR spectral index POD: 0.52, (0.96)
(1995)) FAR: 0.18, (0.27)

Posner (2007) Relativistic electrons POD: 0.8, FAR: 0.56

Flare longitude, historical flare POD: 0.4, FAR: 0.57
data

(2017) (FORSPEF)  Peak SXR flux, flare longitude,  POD: 0.71, FAR: 0.41
CME speed and width



lonosphere

~ Scintillation index

LOFAR CS: dTEC
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CME - 1st May 2015 - 3C119
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IPS and Tomography
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Bernard Jackson, Richard Fallows, Mario Bisi and the ISEE LOFAR working group



Using Pulsars
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Solar Wind Variabillity
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Model vo\idcﬂon - EUHFORIA

PSP in-situ measurements
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Pulsars to extract Density and B field

B field - Difficult because of the ionosphere
”~ A

30°

Caterina Tiburzi, Golam Shaifullah, Pietro Zucca and the LOFAR KSP tfeam
Work on the B-field ongoing from Bisi and Fallows and feam



Summary

» Radio emission is a great tool to study the Sun the Heliosphere and space
weather.

» LOFAR is an excellent instrument that allow us to observe unexplered fetures of
the solar atmosphere and heliosphere, to understand how the Sun works and to
monitor/predict space weather events.
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" Thanks for your attention

Pietro Zucca
Solar anad Spoce Weo’rher KSP
dnd IDOLS team.
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