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TPEIC UNXQAVIOUOI TTapAyouV
H/M
OKTIVOBOAIO OTO NAIAKO OTEMHA

o * EKTTOUTIN TTAAOUATOC
o  EKTTOUTI YUPOOUYXPOTPOV
o * EKTTOUTIN TTEONC

(Kruger 1979).



ARTEMIS IV Acitoupyei otnv mTEPIOXN
TWV METPIKWY, OEKAUETPIKWY KAl
OEKATOUETPIKWY NAEKTPOUAYVNTIKWY
KUUMATWY

* AEITOUPYEI 0 NAIOKOC PadIOPATUATOYPAPOC,
ETTIKPATEI EKTTOUTI TTAAOUATOC

* KOl EVIOTE YUPOOUYXPOTPOV

o EKTTOUTIN TTEONC ETTIKPATEI OTNV EKTTOUTTH TOU
NPEMOU NAIOU.



Ng(m?) —s

R/Rg

. 1-O -2 1-4 1S 1 820 24 30 40 6-O0 100 co
10 v : ) T T T T T T T T 8
- S
-4 4
- 2
— 100
- 8
- 6 I
— 4 _—
~a
— =4
=
-1 2 e
—
— 10
- 8
—- 6
- 4a
- 2
1
O

R./R

(1) ka1 (2) Newkirk, (3) von Kluber, (4) Ney, (5) van de Hulst, (6)
Allen, (7) Blackwell (McLean 1981).



Height above surface (Solar Radii)
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Decimetric
Continuum
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Ulysses 72°N Latitude
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Radio Signatures of a Solar-Terrestrial Event
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ARTEMIS IV is the
Franco-Hellenic

solar radiospectrograph 2
operated by the University \\,
of Athens at Thermopylae |

frequency range of 20 to 650 MHz

two receivers operating in parallel.

the Global Spectral Analyser (ASG),

a sweep frequency receiver and

the Acousto-Optic Spectrograph

(SAO), a multichannel acousto-optical receiver.

The sweep frequency analyser (ASG) covers Z/_g"{éﬁp@f
the full frequency band with a time resolution of 10 = =

spectra/s.

—

The high sensitivity multi-channel acousto-optical
analyser covers

the 265-450 MHz range, with high frequency and time
resolution (100 spectra/s);

its recordings are used, mostly, for the study of fine
structures

we keep 1.2 to 1.6 GB/day (out of 10GB/day)

ARTEMIS IW



improved solar radio spectrograph

of the University of Athens operating at the Thermopylae Satellite
Telecommunication Station. Observations now cover the frequency
range from 20 to 650 MHz. The spectrograph has a 7-meter moving
parabola fed by a log-periodic antenna for 100mhZ 650 MHz and a
stationary inverted V fat dipole antenna for the 2058€"100 MHz range.
Two receivers are operating in parallel, one swept frequency for the
whole range (10 spectrums/sec, 630 channels/spectrum) and one
acousto-optical receiver for the range 270 to 450 MHz (100
spectrums/sec, 128 channels/spectrum).

The data acquisition system consists of two PCs (equipped with 12 bit,
225 ksamples/sec ADC, one for each receiver).

Sensitivity is about 3 SFU and 30 SFU in the 20a€“100 MHz and
100a€"650 MHz range respectively.

The daily operation is fully automated: receiving universal time from a
GPS, pointing the antenna to the sun, system calibration, starting and
stopping the observations at preset times, data acquisition, and
archiving on DVD. We can also control the whole system through
modem or Internet.

The instrument can be used either by itself or in conjunction with other
instruments to study the onset and evolution of solar radio bursts and
associated interplanetary phenomena.
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Log — Period Antenna

@® 40mm
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Inverted V Dipole Antenna for 20 - 100MHz range
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Antennas and cabin

PARABOLIC
ANTENNA

Amplifiers

DIPOLE
ANTENNA

20 — 100 MHz

Filters

Signal 20 — 650 MHz

______

Combiner .
Coaxial line

System
Calibration

<€

Amplifiers
° AN 100 — 650 MHz

Calibration Start - Stop

Antenna
movement
Control circuit

i Circuit

Multi pair telephone wire
Position control

Position Information




365 days/year
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web site for radio monitoring

M. Pick, M. Maksimovic, J. L. Bougeret, A. Lecacheux,
R. Romagnan, A. Bouteille, K. Suedile
LESIA, Observatoire de Paris
C. Alissandrakis, X. Moussas (Greece)
Why a web site for radio monitoring ?
Main objectives
-Radio associated with CMEs, onset, development

-Electron beams from the low corona to the interplanetary
medium

Goal: one radio spectrum In combining data from different
spectrographs (large freq. Range)
-Nanc¢ay Radioheliograph
- SECCHI CME summary (R. Howard, A. Vourlidas)
-Link with S-Waves pages



Horme

User guide _
iPlots-Movies:
MEH Real Time

Instruments

Coronal Mass
Ejections

Artemis
ME.H

Sallery
Links
Team
e s

&, Bouteille
M. Pick
. Romagnan

Welcome

atest MNews

10 Mow 2011 @ Mew link to RHESSI data

This radio survey project is a joint effort of the Paris Observatory, the University of Athens, the University of
Ioannina and the Solar Physics Branch of the Naval Research Laboratory. The present web site is brought to you by
the LESIA , UMR 8109, Observatoire de Paris-Meudon and is made possible thanks to a grant from the french Space
agency CHES,

The primary goal of the project is to support multi-wavelength data analysis and space missions dedicated to
research on solar activity and on solar-terrestrial relationships, more particulary the SOHO and STERED missions.

This site provides daily surveys which include :

® Radio spectra cowvering a large frequency range obtained by combining data sets from aArtemis (Thermopyle,
Greece), Decameter array (DAM, Mangay France), and spectrographs from WIND and STEREC missions.

® Processed Radio imaging at two frequencies and access to multi-frequency data from the Mangay Radioheliograph
(MRHY providing files readable by Solar Soft.

& Coronal Mass Ejections (CMEs) occurrences observed by SOHO and STERED.

nttp://secchirh.obspm.fr


http://secchirh.obspm.fr/

Web Page

WIND/ WAVES, DAW, ARTEMIS, NRH, CME, _O3NOV2003 » 1D-images (EW and SN) 164 MHz
» Composite spectrum 600 MHz-< 25
MHz
Artemis
Nancay DAM spectrographs
WAVES/WIND

= 2D-movie
Cad 120s 6-8 hours
ZOOM Cad 10s /1hours
RAD2 16S

*"Includes CME timing

sLink with S-Waves
»Stereo measurements (Nangay) DAM
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October & November 2003 events
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T he 26 October 2003
NMAIJOR SOLAR RADIO BURST FROM 06:00 TO 08:00 UTC

T he burst signal
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26 Oct 2004, final log(S) signal without background
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RADIO SIGNATURES OF
MAGNETIC RESTRUCTURING
DURING THE

2000 JULY 14

MAJOR SOLAR EVENT

« C. Caroubalos(1), P. Tsitsipis(4), A. Kontogeorgos(4), X. Moussas(2), C. E.

Alissandrakis(3), A. Hillaris(2), P. Preka-Papadema(2), J.
Polygiannakis(2), J.-L. Bougeret(5), G. Dumas(5), V. Kurt(6), C.
Vassiliou(2), C. Perche(5), K. Gazeas (2), G. Kolovos(2)



Flare 14™ July 2000
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1 hour of observations, 360000 spectra
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Raw Artemis—IV SAO0 Data, Jul 14 2888. Integration time=4.88 sec, Max=2392.8
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Both are fitted with exponential curves (solid lines).
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ARTEMISJV, SA(E‘ Spectra
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450 MHz

Anemls IV SAO Data Jul 14 2000 Integratlon 0 05s
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W
h
Q

10:39:00 10:39:10 10 3920 10:39:30 10:39:40 10:39:50 10:40:00
U Time (h:m:s)

We measure the slope (df/dt) of every burst and we
caclulate the speed of the electron beam which creates this
fiber burst (based on a model for the solar corona density).

We calculate the production rate of beams per minute, both
for beams leaving the Sun and returning back to the Sun

14th July 2000 flare and CME






Raw Artemis—IV SA0 Data, Jul 14 2868. Integration time= .25 sec, Max=2651.8
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Time evolution of drifts...26/10/2003
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Slope spectrum of fiber bursts {14/7/2000)
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Time evolution of drifts...26/10/2003
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F(fiber bursts/minute) and ratio
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Raw Artemis—IVU ASG Data, Oct 28 268B3. Integration time= 1.88 sec, Max=3123.8
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Artemis-IV SAO fine structure 3/11/2003
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Artemis-IV SAO fine structure 3/11/2003
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Artemis-IV SAO fine structure 3/11/2003
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Thank you!

« Appendix with the method



Method to find linear
or quasilinear and
other structures



Fast Estimation of slopes

*Applied to dynamic solar radio spectra obtained by ARTEMIS

The Algorithm
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Properties of very short-duration solar radio bursts

Jasmina Magdalenic!, B. Vrsnak!, P. Zlobec?, 6. Mann3, H. Aurass®, A. Hillaris*
ervatory, Zagreb, Croatia; 2INAF-Trieste Astronomical Observatory, Italy *Astrophysical Institute Potsdam, Germany “University of At

DATA

For the analysis we use high time resolution single frequency data (1ms) recorded by the Solar
multichannel radiopolarimetric system of the INAF-Trieste Astronomical Observatory (LL-hand and
R-hand circular polarization, further on LCP and RCP). Spectral characteristics are inspected
utilizing the dynamic spectra recorded by the solar radiospectrograph ARTHEMIS IV (University
Of Athens) and the Tremsdorf spectrograph of the Astrophysical Institute Potsdam (AIP). One-to
one identification of bursts in both types of data assured us that the bursts are of the solar origin.

In sclecting SSSs we applied two criteria:

1) the duration of a burst has to be significantly shorter than the duration of spikes at the given
frequency;

2) the bursts profile has to be smooth and simple.

Spectral features in the studied frequency range (450 - 270 MHz) are consider as narrow-band

bursts if their bandwidth amounts up to 20 MHz (A f/f = 4 - 7%).

We divided SSSs into the following categories:

ROAD-BAND: a) broad-band SSS pulses,
E = D b) broad-band drifting SSSs

NARROW-BAND: a) narrow-band spike-like SSSs,
b b) narrow-band drifting SSSs,

COMPLEX SSSs: “Rain-drops”

(consisting of a narrow-band emission “head” and a broad-band absorption “tail”)
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Fig3 One-to-one correspondence of the bursts [ﬂdelGS Slﬂﬁjﬁ, 1972)
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and the dynamic spectrum (ARTHEMIS IV).



Rain drops: emission head, absorbtion
tail towards low freguencies

frequency drift of heads —6+-13 MHz
frequency drift of tails —1000+-400 MHz
bandwidth of heads 5+-2 MHz
bandwidth of tails 28+-7 MHz

duration 50, ms 20 ms

270 MHz )
300 MHz i 44 2R |

400 MHz- 5
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SUPER SHORT STRUCTURES IN SOLAR RADIO BURSTS

from Magdaleni¢ Jasminal, Paolo Zlobec2, Bojan Vr$nakl, AlexanderHillaris3,

MauroMesserotti2, Hvar Observatory, Faculty of Geodesy, Croatia, INAF -Trieste Astronomical
Observatory, Italy, University of Athens, Greece

SPIKES: shortest radio structures (in red rectangle)
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improved solar radio spectrograph

of the University of Athens operating at the Thermopylae Satellite
Telecommunication Station. Observations now cover the frequency
range from 20 to 650 MHz. The spectrograph has a 7-meter moving
parabola fed by a log-periodic antenna for 100a€"650 MHz and a
stationary inverted V fat dipole antenna for the 2058€"100 MHz range.
Two receivers are operating in parallel, one swept frequency for the
whole range (10 spectrums/sec, 630 channels/spectrum) and one
acousto-optical receiver for the range 270 to 450 MHz (100
spectrums/sec, 128 channels/spectrum).

The data acquisition system consists of two PCs (equipped with 12 bit,
225 ksamples/sec ADC, one for each receiver).

Sensitivity is about 3 SFU and 30 SFU in the 20a€“100 MHz and
100a€"650 MHz range respectively.

The daily operation is fully automated: receiving universal time from a
GPS, pointing the antenna to the sun, system calibration, starting and
stopping the observations at preset times, data acquisition, and
archiving on DVD. We can also control the whole system through
modem or Internet.

The instrument can be used either by itself or in conjunction with other
instruments to study the onset and evolution of solar radio bursts and
associated interplanetary phenomena.



The 17 January 2005 Complex Solar Radio Event
Associated with Interacting Fast Coronal Mass
Ejections
A. Hillaris1, O. Malandraki2, K.-L Klein3, P.
Preka-Papademal, X. Moussasl, C.
Bouratzisl, E. Mitsakoul, P. Tsitsipis4, A.
Kontogeorgos4



Freq (MHz)

ARTEMIS-IV/Wind/WAVES dynamic spectrum.

Overlays: The profiles of GOES SXR flux (dark blue) and RSTN flux density at 15400 MHz (red) and the
frequency-time plots derived from the linear fits to the front trajectories of CME1 and CME2 and an empirical
density model for fundamental (black dashed curve) and harmonic (red dashed curve)plasma emission.

The type IV continuum, the type Il (II11 and [12) and type Ill GG bursts (111 and 1112), the stages 1 and 2 of the
SXR flux rise, and the type Ill burst (1113) around the convergence of the fronts of CME1 and CMEZ2 are
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17 January 2005

2 fast coronal mass ejections
In close succession during two distinct episodes of a 3B/X3.8 flare.

Both were accompanied by metre-to-kilometre type-Ill groups tracing
energetic electrons that escape into the interplanetary space and

by decametre-to-hectometre type-II bursts attributed to CME-driven shock
waves.

A peculiar type-Ill burst group was observed below 600 kHz 1.5 hours after
the second type Il group.

It occurred without any simultaneous activity at higher frequencies, around
the time when the two CMEs were expected to interact.

We associate this emission with the interaction of the CMEs at heliocentric
distances of about 25 Ro.

Near-relativistic electrons observed by the EPAM experiment onboard ACE
near 1 AU revealed successive particle releases that can be associated

with the two flare/CME events and the low-frequency type-Ill burst at the

time of CME interaction.

We study shock acceleration and acceleration in the course of magnetic
reconnection for the escaping electron beams revealed by the type Il bursts
and for the electrons measured in situ.
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Radlio Observations of the
20 January 2005 X-class
Flare

C. Bouratzis - P. Preka-Papadema - A. Hillaris -P. Tsitsipis - A.
Kontogeorgos - V.G. Kurt - X. Moussas

Dynamic spectra of ARTEMIS-IV — Wind/Waves —
HIRAS, 2000 MHz- 20 kHz, + SXR, HXR, y -ray
data.

Standard Flare —-CME model and the reconnection
outflow termination shock model.

A proper combination of these mechanisms provides
an adequate model for the interpretation of the
observational data.

Solar Phys. (2010) 267: 343—-359



WIND/WAVES ARTEMIS IV & HIRAISO DYNAMIC SPECTRUM 06:15--07:30 UT
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HIRAS, ARTEMIS-IV (ASG), and WindWaves 20 January 2005, 06:15 — 07:30 UT , 2000 — 2
MHz;

CME trajectory using the Newkirk model for the height to frequency conversion (green);
GOES SXR flux (blue); the SONG 40 — 100 KeV Channel (red);
the two Type IlI/FCII combinations (I1(1)/FCII(1) and [I(2)/FCII(2)) are in cyan frames;

The electron and proton release times as reported by Grechnev et al. (2008), Simnett (2007),
and Saiz (2005) are annotated with arrows under the plot.



ARTEMIS-IV ASG 2005-20-01
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ARTEMIS-IV/ASG dynamic spectrum (linear
frequency scale 300 — 40 MHz) of fundamental-

harmonic bands of the two metric (I1(1) and 11(2))
and the decametric (11(4)) shocks.
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Narrow-band Type Ill and spikes at high resolution (30 ms) dynamic spectrum;

ARTEMIS-IV/SAO and the corresponding microwave enhancement

(frequencies 35.0 (green), 9.4 (blue), 3.75 (red) and 2.2 (white) GHz).

06:36 — 06:44 UT onset of the 20 January 2005 event.

ARTEMIS-IV differential spectrum (SAQ) in the 06:42 — 06:44 UT interval with 10 msec resolution. On the left, a group of spikes at 06:42:20 UT,
marked by the frame, on the right details of the pulsating patch.

Evolution of average (logarithmic) frequency drift rate (df/f dt) of the marked spike cluster in the period 06:42:20 — 06:42:40 UT; peaks appear at
0.10, 70.06, -0.11 sec-1

(Tsitsipis et al., 2006, 2007)
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ARTEMIS-IV (ASG) dynamic spectra of the Type IlI/FCII bursts (cyan frames on prev. Figure); (a) I1(1)/FCII(1)
06:40 — 06:50 UT. The electron and proton release times (06:46 — 06:47 UT, marked with arrows under the
plot. We have also included SONG/CORONAS-F normalized flux at 40 — 100 KeV (blue), 0.775 — 2.0 MeV
(yellow) and 60 — 100 MeV (red). (b) Details of the Type 1l(1) shock in the 110 — 300 MHz range and the
06:45 — 06:50 UT time interval; it is enclosed by the box in (a). (c) 11(2)/FCII(2) 06:52 — 07:02 UT. The electron
release time (06:55 UT) is marked with an arrow.

We have also included SONG/CORONAS-F normalized flux at 40 — 100 Kev (blue). (d) Details of the Type
[1(2) shock in the 110 — 250 MHz range and the 06:55 — 06:59 UT time interval; it is enclosed by the box

in (c).



on time= B.38 sec, Max=2Z164.8

ARTEMIS-IV Spectra of
11(1)/FCII(1),

bidirectional Type Il

and reverse-drift Type lllI-
“ like bursts;

(a) ASG dynamic spectrum
(06:43 — 06:47 UT) (b) ASG
differential spectrum, (c)
evolution of average
(logarithmic) frequency drift
rate (df/f dt) of the lowerpart
of the differential spectrum
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we have assumed radial
propagation and a twofold
Newkirk density — height
coronal model.

(d) SAO differential spectrum
06:44:'30 — 06:'45:05 UT

Freq (MHz)
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Comparison of the standard
CME- flare model with the
combined HIRAS, ARTEMIS-
IV (ASG)

and Wind/Waves dynamic
spectrum.

On the left we present the
CME-induced reconnection
(Forbes, 2003) supplemented
with the reconnection outflow
jets and the corresponding
termination shocks (Aurass,
Vrsnak, and Mann, 2002)
where the upward shock
appears after the CME.

An additional Type Il event
originating from the flare-loop
expansion moves sideways.
On the right we present the
dynamic spectrum resulting
from this process.
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Comparing velocities:
CME vs type |1
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Raw Artemis—IV ASG Data, Jun 38 1999. Integration time= 2.88 sec, Max=1606.8
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Raw Artemis—IV SAO0 Data, Jun 38 1999. Integration time= .58 sec, Max= 83.8
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Teloc Evotntac



Xpnuoatodotnon

e To mopov ekmaldeuTLKO UALKO EXeL avamtuxBel oto mAaiolo Tou
eKTIALOEVUTLIKOU €pyou Tou dtddokovTta.

* To £pyo «Avoiktd Akadnpaika Madnipata oto Maveniotipo ABnvwv»

EXeL Xpnuatodotioel povo tnv avadlapopdwaon Tou eKTTOLOEUTIKOU
UALKOU.

* To €pyo uhomoleital oto mAaiolo tou Emixelpnotakou MpoypAppatog
«Ekmaidsvon kot Ala Biou Madnon» kat cuyxpnuatodoteital ano tnv

Evpwraikn Evwon (Eupwmaiko Kowvwviko Tapeio) kol amo €Bvikoug
TTOPOUC.

ENIXEIPHIIAKO MPOrPAMMA |
i EKMAIAEYZH KAI AIA BIOY MAGHEH — we” EZ"A

* *
* *
* *

ERLEVOVON TNV UOVWVig TNE YVWON UV

* =] - Jowirons o w o
YNOYPTEIO MAIAEIAXL KAl OPHIKEYMATON  EYPanAIKO KOINQNIKO TAMEIO
Evpwmnaikr 'Evwon EIAIKH YNHPEXZIA AIAXEIPIZHX

Ei (K6 Kovwviké Tapei
e e Me tn cuyxpnpatodotnon g EAAaSag kat tng Evpwmaiknig Evwong

3. Atpdodatpa tou fALou 115




2 NUELWLOTOL



>NUElwpa lotoplkovu Ekbooewv Epyou

To tapov €pyo amoteAel tnv €kdoon 1.0.0.

a Tou AAou 117



>NUElwpa Avadopac

Copyright EBvikov kat Kamodiotplakov Mavernotipov ABnvwy, Zevodpwv A.
Mouaoag 2015.«HAtakn Quowkn. Atpoodatpa touv nAou». Ekdoon: 1.0. ABriva
2015. AtaBgopo amod tn diktuakn dltevBuvon:
http://opencourses.uoa.gr/courses/PHYS2/

2 3. Atudodaipa tou AAou 118



http://opencourses.uoa.gr/courses/PHYS2/

>NUelwpa Adelodotnonc

To apov LALKO SlatiBetal e toug 0poug tneg adestac xpnong Creative Commons
Avadopd, Mn Eumopwkn Xprion MNapopowa Atavopn 4.0 [1] A petayevéotepn, AleBvic
‘Ekboon. E&atpolvtal ta autoTeAn £€pya Tpitwy m.X. pwtoypadiec, dStaypappata
K.A.TT., TOL OTIOLOL EUTTEPLEXOVTOAL OE QLUTO Kall Ta oTtoia avadEpovtal pall Pe Toug
OPOUC XPrONG TOUC OTO «Xnuelwpa Xpnonc Epywv Tpitwv».

[@ocel

[1] http://creativecommons.org/licenses/by-nc-sa/4.0/

Q¢ Mn Epmopikn opiletal n xpnon:

* 1ou 6ev mepAaPAVEL AUECO 1| EULECO OLKOVOLLLKO OPEAOC artd TNV Xprion Tou €pyou, yLa
To SlovopEa Tou €pyou Kot adelodoyo

* Tou bev meplAapPaveLl olkovoLKr) ouvaAlayn we polnoBeon yla tn xpnon n npooBacn
OTO £pyO

* Tou bev nmpoomopilel oto SLavopEa Tou £pyou Kal adelodOX0 EUUETO OLKOVOULKO ODEAOC
(r.x. Stapnuioelc) arod tnv npoPfoAr] Tou €pyou o SLASLKTUAKO TOTIO

O dwkatouxoc¢ pmopel va mapexel otov adelodoxo Eexwplotn adela va XpnoLUOTIOLEL TO £€pYyO yLa
TIopLKA xpron, epocov autod tou {ntnbeL.

P
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[1] http:/creativecommons.org/licenses/by-nc-sa/4.0/
[1] http:/creativecommons.org/licenses/by-nc-sa/4.0/

Alatpnon ZNUELWHATWVY

Ornoladnmnote avamapoywyn N SLooKeun Tou UALKOU Ba TtpeETmeL
va cupmeplAapBavet:

" 10 2nueilwpoa Avadopadc

" 10 2Znueilwpo Adelodotnong

= N 6nAwon Alathpnong ZNUELWUATWY

= 10 2Znueilwpa Xpriong Epywv Tpitwv (epooov umtdpyel)

noll e touc ouvodeVOUEVOUC UTIEPOUVOEGOUC.
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