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Relevance of Solar Radio Emission to SpW

+« PROXIES OF SOLAR DRIVERS

— Type | Bursts (magnetic topology changes)

— Type |l Bursts (propagating shocks; particle beams)
— Type |l Bursts (particle acceleration; particle beams)
— Tiype IV Bursts (magnetic reconnection; acceleration)
— Spikes (energy release fragmentation; acceleration)
— Precursors (radio signatures preceding; flares)

— 1 0em/ 2600 VIIHZ (EUN enlnancements)

« DIRECT SOURCE OF GEOEFFECTS

— [Radie Flaresi (Venyintense Brioad Eand KadierNeIse)
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he Sun as a Radio Noise Source

« The Sun is a radio source

— non-directional
— broad band

» Solar radio noise can
— Increase by several orders of magnitude during outbursts
— persist at high levels for minutes to hours

* Enhanced solar radio noise can perturo

— HF communications ( )
— Mobile communications (GSM, GPRS;
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RELEVAN

RADIO DIAGNOSTICS
T TO SPACE WEATHER APPLICATIONS

—

SOLAR
RADIO
PHENOMENA

—

MULTI- LOW
FREQUENCY > TIME
RADIOMETRY RESOLUTION

FULL-DISK
SPACE
RESOLUTION

GLOBAL
DIAGNOSTICS

RADIO
SPECTROGRAPHY

HIGH
TIME
RESOLUTION

LOCAL
DIAGNOSTICS

MULTI-
FREQUENCY

INTERFEROMETRY
SOURCE TIMINGS
SPACE

RESOLUTION

RADIO
HELIOGRAPHY
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TYPEII TYPE IV

CONTINUUM BURSTS

GRF PCLC
Gradual Rise & Fall Peculiar

PGS PLS Cc UNCLE
In progress Pulsations Complex Uneclassiiied

ABS GB TSRS Single-

Absorptions | Great Burst

Frequency
Solar Radio
Event
RF SPK SER er s
Rise and Fall Spikes "l Series of bursts Classification

in Proc ESA Space Weather Workshop: Developing a European Space Weather Service Network
Solar Radio System " 3-5 November 2003, ESTEC, Noordwijk, The Netherlands




Timing ofiklare-Related|Events

TypeX  Typel Flare Continuum
Type L +|f[ '

Electrons,
protons

at 1 AL
- Extended phose
“ |mpulsive phase
Precursor

Time {min} McLean & Labrum (1985)
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SPACE WEATHER
SEC Alerts and WWarnings

CATEGORY TYPE

THRESHOLD

Radio
245 MHz burst
245 MHz noise storm
10 cm burst
Twype Il event
Type IV event

peak flux = 100 s.f.u.

peak flux = 5 times background

peak flux = 100% above background
any

any

FParticle

Electron Event
Suspected Proton Flare
P10 Proton event

FP100 Proton event
SST Radiation Alert

xX-ray
MS

>
Geomagnetic

A lndex

A lndex

A lndex

K Index 4

K index 5

K Index S
Atrmospheric disturbance

Stratwarm

20
30
S50

v Iy

peak flux 10° pfu @ > 2 MeWV
peak flux 10 p.f.u. @ = 10 MeVW
peak flux 10 p.f.u. @ = 10 Me\
peak flux 100 p.f.u. @ =100 MeW
> 0.1 sievert/hour

(= 10 millirems/hour)

-5 -2
peak flux = S5*10 sz

-4 -
peak flux = 1*10 W m

running Ag = 20
running Ag = 30
running Ag = 50
Kg = 4
KB =5
Kg = 6

stratospheric warming conditions

* Sievert (Sv): effective (equivalent) dose of radiation received by a living organism 1 Sv = 100 rem

» particle flux unit (p.f.u.) [cm™? 7! sr!]
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The Trieste Solar Radio System at a Glance

» TSRS (Trieste Solar Radio System)
 MMSRP (237, 327, 408, 610 MHZz)

DMMSRP (1420, 2695 MHz)

=lux density + Circular polarization

High time resolution (1 ms — 0.1 ms)

 Continuous coronal radio surveillance

» Radio Indices published on the net in NRT

» SOLRA (SOLar Radio Archive) updated in NRTI
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Onset of a Strong Type IV Burst

17 Aug 1999 237 MHz Scan: 1 Hz average 17 Aug 1999 237 MHz Scan: 1000 Hz
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Architecture of TSRS

mMSRP

|£HH!-'.-".-C-"-'."'"- EECEC

5

SOLAR RADIO DIGITAL DATA MULTICHANNEL
DATA ARCHIVE ACQUISITION RADIO
SERVER PROCESSOR SYSTEM POLARMETERS
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|

i

[
41 .

DVD Juke-box SOLRA Server

! 5 :

NRTAnalyzer

T

TSRS CONTROL
ROOM
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Scheme of Data Flow: Online and NRT Processing

i Rx /D
—|—> LL Drivers pusmd C Program pessssssssd IDL Package

NRT DATA MANAGEMENT IDL PACKAGE
eTransfer Raw Data via Network Share

e Calibrate data on-the-fly Archive

e Compute radio indexes SQL Server
e Graph synoptic data and radio indexes

e Transfer SpW data to Web server

e Convert calibrated data to FITS format via an Object Library

e Manage data ingestion via an IDL COM (Component Object Model)
by means of an ADO (ActiveX Data Object)

ESA Space Weather Workshop: Developing a European Space Weather Service Network
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Scheme of Data Flow: Off-Line Analysis

IDL PACKAGE
GUI

md Archive AccesS mmmm

md« Data Retrieval ‘=

m« Data Calibration

mq Data Visualization wgm

md Graph Printing \gm
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GUI of the Radio Data Processing Package

25 3ep 2001 403 MHz Scan: 1000

Zoom Plot  » Faaming

Stare

1 1 : 1 1
[IRER)

23 LOEFhit Density [sfu] 52000174336 12171585

Trieste Sstronormical Observatory - Solar Astrophysics Group

L AR -
ezl

1 1 : 1 1 1 : 1 1 1 : 1 1
OE2T00 LR IR

RUE T Density [sf] 22000177007 bo1 06030
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Interactive Selection and Zoom

i Plot C:RadioData 20010925 Chnh114.eve 15

25 5ep 2001 408 WMHz Scan: 1000 Hz
T 4 T

200 T T T T T T T

LCP Flix Density [sfi] a=0 0017459 % 70065 Heot

Trieste Astronordcal Chservatory - Solar &strophyrsics Group

1225 —EsEr T e T

RCP Flix Deusity [sf] 2=0.00177007 b1 00080
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High Zoom Factor

25 5ep 2001 408 LWiHz Scan: 1000 Hz

LCP Fhax Density [sfu] a=0.00174336 b=1.70965

Trieste Astronomical Observatory - Solar Astrophysics Group

0225 ; ' ;

RCP Flux Density [sfia] a=0.00177007 b=1.09080

i il
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TSRS Daily Corongl Rodio Indexes
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TSRS Data Products

High time res. calibrated data files (1kHz; 10min; EITS)
High time res. uncalibrated data files (1kHz; 10min; BIN)

1-sec average calibrated datafile
1-sec average calibrated datafile

1-sec max. calibrated data file
1-sec max calibrated  data file

(1 Hz;
(1 Hz;

(1 Hz;
(1 Hz;

WD; FITS)
WD; BIN)

WD; FITS)
WD; BIN)

1-sec median S+CP multichannel graph (WD; PNG)

In Proc. 3’5 November 2003, ESTEC, Noordwijk, The Netherlands

ESA Space Weather Workshop: Developing a European Space Weather Service Network




TSRS Data Products Specific to Space Weather

1-min average radio Index
whole day index values in text format (WD; TXT)
whole day LCP multichannel graph (WD; PNG)
whole day RCP multichannel graph (WD; PNG)
whole day (LCP+RCP) multichannel graph (WD; PNG)

1-min maximum radio index

— whole day index values in text format (WD; TXT)
— whole day LCP multichannel graph (WD; PNG)
— whole day RCP multichannel graph (WD; PNG)
— whole day (LCP+RCP) multichannel graph (WWD; PNG)
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TSRS Data Products Specifications

o Radio Indices are derived as 1-min average and 1-min
maximum values, which are suitable to properly sample

flare-associated emissions

* |ndices values are expressed both in Solar Flux Units
(SEU) and in dBm/Hz as in radiorcommunications

« A 1-min ahead value of radio indices is derived via an
autoregressive model to provide indices prediction

* |ndices are computed over 1-min but updated every 10
minutes due to hardware constraints!

in Proc ESA Space Weather Workshop: Developing a European Space Weather Service Network
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TSRS Solar Radio Noise (SRN) Level

The Solar Radio Noise (SRN) level is derived according
o a specific thresholding at eachi receiving freguency,
whichi is based oni the respective Quiet Sun levels via a
multiplicative factor as

SRN = (Quiet Sun level) * (Activity Factor)

SRN is therefore classified as Low, Moderate, High

Observed and predicted SRN values are published on
the web site inf NRT
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TSRS Data Access

All Space Weather Data Products are available online

HTR FEITS files of the last 2 months are online

The archive is updated in NRT at a cadence of 10 mins

Data access occurs via web through a simplified GUI

[Data are searchable, displayable and downloadable up to
a maximum, data volume otherwise sent on physical
media upon request
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TSRS Dedicated Web Site

o A dedicated web site is available at the URL:

hitp://radiosun.ts.astro.it

 The site Is available also via WAP' at the URL:

hitp://radiosun.ts.astro.it/wap/en.wml

ESA Space Weather Workshop: Developing a European Space Weather Service Network

In Proc. 3’5 November 2003, ESTEC, Noordwijk, The Netherlands




The TSRS WWW Site

o A dedicated web site is available at the URL:

hitp://radiosun.ts.astro.it

 The site Is available also via WAP' at the URL:

hitp://radiosun.ts.astro.it/wap/en.wml
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it Links

:: Contacts :: Data policy :: Disclaimer

iz Credits

MRT Solar Radio MNoise
Freq [MHz] 237 (327 408 610 1420 2695

M M

[prediced [l M [ M [ M

Last update: 3 11:19 UTC




iz Links :: Contacts :: Data policy :: Disclaimer

iz Credits

MRT Solar Radio MNoise
Freq [MHz] 237 (227 402 610 |1420 2605 |

M ]
predicted -

03 11:38 UTC




:: Links

:: Contacts :: Data policy :: Disclaimer :: Credits

MRT Solar Radio Noise
Freq [MHz] 237 |327 408 610 1420 2695

cosa o




Mear
Real-Time
Radio Data

Coronal
Radio
Surveillance

'.Frequenci_.r | Mean . Max

Mean .. Max

[MHz] [5FU] | [5FU] [dBm/Hz] [dBm /Hz]
-183 -179

105 I

237 | 7101 |16
327
108 |
610
1420
2695

Last update: 28 Oct 2003 11:19 UTC

SN Solar Badio Molse
D =0uiet sun
L=row
M=Mogerate
H="rHigh

SFLL Sodar Flox Lindt

Predicted Predicted
[S5FU] [dBm fHz]

2144

Predicted
SRN

M
M
b
b
M
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:Frequency . Max Mean Max
[MHz] [5FU] [[dBm/Hz] [dBm /Hz]

237F G | =125 =123
327

408 |

610

1420 |

2695

Last update: 28 Oct 2003 11:38 UTC

SEM: Solar Badio Noise
D=00et sun
f=Low
M=Moderate
H=High

SR Bolar Flux Lot

Predicted
[sFu]

| Predicted
[dBm /Hz]

Predicted
SRM




Solar Radio System
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=Frequenc1,r'.Mean Max
[MHz] [sFul |[[5FUu]

237 | 1240 | 4¢
327 '

108

610

1420 |
2 ﬁ 95 ' 200

.I'-iean r.iiax
[dBm /Hz] [dBm /Hz] SRHN

ass | -ies NN

-1o1 [

-214 |
-218 |

Last update: 28 Oct 2003 13:58 UTC

SREM! Salar Badio Molse
D=00iet sUn
L=Low
M=Moderate
H=High

SR Solar Flux Lot

Predicted Pmﬂicteci
[dBm /Hz]

184
-191
-1493z

-199

Predicted
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Tue 28 QOct 2003 Trieste Sclar Corenal Radio Indices { LH4+RH 1—min—overoge [ sfu ] vs Time [ UT ] )
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Tue 28 Oct 2003 Trieste Sclor Corenal Radio Indices ( LHH+RH 1—min—moximum [ sfu ] vs Time [ UT ] )
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Solar radio indices are derived separately for each polarization channel {LH and RH flux density) at each receiving
frequency (237, 327, 408, 610 , 1495, 2695 MHz) and for the surn of the two polarization channels (LH + RH [total]
flux density]), by averaging the related radio flux density over 10-minutes intervals.

The relevant graphs are automatically generated and autormatically updated in near-real-time with a time cadence
of 10 minutes during the whole daily observing run, which spans frorm 06:00 UT to 17:00 UT at riaximmurm.

In the graphs black dots indicate observed values and red dots indicate 10-minutes forward-predicted values,

Click on the following links to open independent windows with the relevant graphs for the date:

Click on the following links to open the FITS files:

Solar Radio Indices Graphs and numerical values in ASCII format for the previous days can be retrieved from the
relevant i
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Monitor :

® any time

Indices

© sclected time interval

Starting date; BEIIK VE Mowember V%1

Ending date: REIIEREAN W Iat¥ =Ty al=Ts v | 1

Time intervals are basad on tha UTC refarence sypckam

Coronal
Radio

Surveillance -
Data type:

Tha dats type depends on file contents: sampling rate, fraguancias and polarization of the cbrarvaed data, ete.

A

Tha file Fformat depends on hovw the File is physically stored. Thare ave comprassed or uncompressad files, text, binavy or graphic
filas, eke,

File nare:
(substring search)

Inrart o shring Yo saarch on matching flle namas, axadkly or parbially

:: Contacts
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Real-Time
Radio Data

- Monitor :
Indices
T Wﬂhem _£ -~ © sclected time interval
gtpatimm__; SEVHEREEE 2003 v | Novamber v |1+
atus - ERERE

== Ending date: Rl vl Mowvember vl‘l w

®any time

Time intervals are basad on the UTC refarence system

Coronal
Radio
Surveillance

News

- Projects
.:EI.‘[ST e "_ '._:;'T-
Sample Data

Space Weather

=, kark, binary ar graochic

~ Home

:: Links

:: Contacts
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[T
]

<f [ |l &l =D E e E R E

Solar Radio System

2003211031

074000.fz. 9z

2003211101

075000, fts.gz

20031301

00000, fts.gz

20031101

OEI000. s az

200321103

022000.f=.9z

2003211071

og2000, fts.gz

20031301

0g4000,fts. g9z

20031101

Es000.fts qz

2003211031

020000.fs. 9z

2003211101

091000, fts.gz

200313031

032000, fts.g9z

20031101

osz000.fts, dqz

0OBS DATE

ENMD DATE

2003-11-01
07:40:00

2003-11-01
o7 i50:00

200%-11-01
05:00:00

2003-11-01
o2:10:00

2003-11-01
oziz20:00

2003-11-01
0g:30:00

200%-11-01
0Z:40:00

2003-11-01
o2:50:00

2003-11-01
o3:00:00

2003-11-01
02:10:00

200%-11-01
09:20:00

2003-11-01
09:20:00

2003-11-01
07:30:00

2003-11-01
0s:00:00

200%-11-01
0Z:10:00

2003-11-01
og:20:00

2003-11-01
o2:z0:00

2003-11-01
0s:40:00

200%-11-01
02:50:00

2003-11-01
o9:00:00

2003-11-01
o3:10:00

2003-11-01
o2 20:00

200%-11-01
09:30:00

2003-11-01
02:40:00

Size

(hytes)

Fa04a93
FEEEEZ1
FE13923
FEB5957
FE0Z2260
Fr42573
Fr29124
FEEE145
o443
Fogs0gle
FRIZTZEZ

7881043

Repository

Fileservar

Data type

Full

data

FITS

Filesarvar

Full

data

FLES

Fileserver

Eull

data

FITS

Filesarvei

Full

dats

EITS

Fileservar

Full

data

FITS

Filesarvar

Full

data

FLES

Fileserver

Eull

data

FITS

Filesarvei

Full

dats

EITS

Fileservar

Full

data

FITS

Filesarvar

Full

data

FLES

Fileserver

Eull

data

FITS

Filesarvei

Full

dats

EITS




File selected:

trst_radio_fd 20031101 074000.fts.gz
trst_radio_fd_20031101 075000.fts.gz
tret_radio fd_20031101 080000.fts.gz
trst_radio_fd 20031101 _051000.fts.qz
tret_radio_fd_20031101_08z000.fts.qz
trst_radio_fd_20031101 083000.fts.gz
tret_radio fd 20031101 084000.fts.gz
tret_radio_fd 20031101 085000.fts.gz
tret_radio_fd_20031101_090000.fts.qz
tret_radio_fd_20031101 091000.fts.gz
Coronal trst_radio_fd_20031101_092000.fts.gz
Radio tret_radio_fd 20031101 093000.fts.gz
Surveillance trst_radio_fd_20031101_094000.fts.qz
tret_radio_fd_20031101 095000.fts.gz
trst_radio_fd_20031101_ 100000.fts.gz
tret_radio_fd 20031101 101000.fts.gz
trst_radio_fd_20031101_10Z000.fts.qz
tret_radio_il_20031101_074000.png
trst_radio_ir_ 20031101 _074000.png
tret_radio_is_ 20031101 074000.png
trst_radio_mec_20031101_074000.png
trst_radio_rmm_20031101_074000.txt
trst_radio_ms_ 20031101 _074000.bin
tret_radio_ms_ 20031101 074000.fts.qz
trst_radio x| 20031101 074000.png

tret_radio_xrn_ 20031101 074000 txt
trst_radio_xr 20031101 _074000.png
tret_radio_xs_ 20031101 074000.kin
trst_radio_xs 20031101 074000 .fts.gz
tret_radio_xs_Z20031101_074000.png

iz Links 30 items

:: Contacts

First mame:
:: Data policy

s X Last name:;
:: Disclaimer
:: Credits B

Institution:

Comments:

























CONCLUSIONS

TSRS is new FULLY OPERATIONAL in NRT:

The TSRS archive is nhow UPDATED int NRT

Data access Is available via HTML and WAP.

TSRS isan EEFECTIVE OBSERVATIONAL TOOL for
CORONAL RADIO SURVEILLANCE PURPOSES

PROJECTS: ESA SWENET, COST Action 724
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