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Monitoring Purposes

(ope
« |dentify geoeffective events
« Assess severity of perturbedconditions

— Operational
« Recognize precursorsof events

— Causdity chain: Sun ® Heliosphere ® Earth/Mankinu
— Nowcast® Forecast

Quantify their forthcoming geoeffectiveness
— CMEs Timeof arival, dynamic pressure, Bz,...
— EUV irradiance: F10.7

Assign probabilities
vent analysis

Gather global picture of SPW scenarios

Provide inputs tonumerical heliospheric or solar wind models

Improve predictions

Solar variability isan input to paleo-climatology
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Outline

Purposes « Function, current & future data

Nowcasting
Forecasting
— Solar flares
— CMEs

Observations needed :

— Remote sensing
— Insitu
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=Defining observat ly th

Coronal Mass Ejections
(filament eruptions,
EIT waves, etc.)

Flares

Magnetograms

WL images

Ha images

Coronal images

Integrated flux

Coronagraphic images

Radio

Other remote sensing methods
Insitu
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Remote sensing

1] New; discrete, bright, feature

FOV with aradially

) photon

fl]ix monitored by

Current space missions
Dataweb location
What is next in monitorin
Future Space missions
« STEREO
« PROBA2
« SDO

SOLAR-B
« Timeline
Conclusions

n geoeffective circumstances

Soectral Irradiance variability

Coronal Holes &
aing Interaction Regions

All variations of ( ) photon flux

(cooler, less dense) volumes
il

Idhospheric, thermospheric

than normal (10°K),
wind
B oscillationsduring CIRs




CMEs

LASCO C3 (May 1998)

AnICME in ACE (7 Nov 2004)
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Corona holes

EIT 284
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EIT 195
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Goes 11 proton flux
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Flares

« October Revolution Flare »
7 Nov 2004

X-Ray flux
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the main geoeffective circumstances Solar flare predictions

Important (astronauts, aircrafts...)
Empirical
— Whitelight
From LASCO obsarvations: Speed ® timeof arrival |High * Sunspot group Mclntoshclassification
insituICME fr Medium « Dynamics, Umbraerotation...
i . : Tentative * Time-distance heliossismology
— Magnetograms (Sammiset al 2001)

Precursors or Reliability
forecasting method Maturity

[ Cool corona& H -alphaobservations .
— EUV image sequences
[+ Many possibleprecursors:

- of past flaresin ai
In the Corona (twisted) flux emergence, Complexity, heicity builcup, of pastflaresingiven AR
filament oscillations, Relationship with flare likelihood xtrapolation of observed activity /dynamics

+ Sungpot group classification (WL) * Temporal datamining (Nufiez et al this conf)

Flares [+ Hintsin magnetograms Unreliable if specific: R
[+ Modelling needed for flare forecast! When, where, how much? Reliabil Ity

— Reasonably successful globally

Good (rather easy) b, « whole Sun, approximate timing

Urvelizble if specific: — Unreliable if specific

When, how much? « Given AR, accuratetimi g

Coronal Holes & + Slow evolution
Corotating Interaction Regions ~ |* Useof previoussolar rotation

First Space Weather Week Edec Monitoring capehilitiesfor solar westher First Space Westher Week Esec Monitoring capeilitiesfor solar westher
1Dec2004 Jeen-Francois Hochedez 1Dec2004 Jeen-Francois Hochedez

CME predictions from disc observations Needed observations

1
2.
S}
4.
5.
6.
7.
8.
9

Photospheric dopplergrams

Photospheric magnetograms
Photospheric White Light images
Chromospheric (Ha) images

Cool coronaimages

Hot coronaimages

Integrated flux — Spectral irradiance
Upper corona: « coronagraphic » images
. Radio

10. In situ

e Usefulness/urgency
— Mild for geomagnetism
* Many hours before at Earth
— CME shocks accelerate particles
torelativistic speeds
« SEP/ Proton events
o Status
— Difficult (too many scenarii)
— Low specificreliability
» How, when, how much...
— Filament twinkling
R. Van der Linden i
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Features required from
SolW monitoring missions

* Role

1. Photospheric dopplergrams

— Local (time-distance) helioseismol ogy

_--- - Lo o s

Data reformatti
and pre-processing

Strawman payload

* Flowsin and out Active Regions (Jensen et al, this conference)

— Soho-MDI
Data continuity n S Continuous Continuous « Future instrument

) — SDO-HMI
Time Real Time Later

cos speren

| rooracoee |
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2. Photospheric magnetograms

Role

— Magnetic complexity of ARs

— Input to MHD extrapolations
« eg. footpoints motion or helicity

evaluations

— Input to numerical solar wind

models
Current instruments

— On regular basis: LOS only

— Space: MDI

— Ground : Kitt peak, Mount Wilson,
Wilcox solar observatory, GONG..

Future instrument

— SDO-HMI (vector magnetograph)
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Role

Hear-side
Fair—sids e AT
wLIviLy ¥
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— Sunspot group classification

— WL flares

Current instruments

— Space: MDI

— Many ground-based (such as at ROB/SIDC) 19 Feb 1982
Future instrument N

— SDO-HMI
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4. Chromospheric © = & ~ 5. Cool coronaimages
|m6ges in Ha ; EL : = , encompassing:

Active Regions - -
" Coronal Holes 4
R 2 > filaments & prominences y - *
* Role i

— Filaments (their chirality, activity, eruption/disappearance) & flares EIT waves \ i
e Current instruments arcades, flares...

. . — Constrain MHD
— BBSO, Yunnan NAO (China) and Kanzelhéhe are sites of the extrapolations

: — locate sources of UV
— Catania, SIDC, Hida, Meudon, Learmonth, Culgoora, Kiepenheuer- radiation
Institut fur Sonnenphysik, Tenerife... e Current instruments

 Future instrument — SoHO —EIT

— Coronas F —SPIRIT
e Futureinstrument

— Stereo— SECCHI EUVI

— SDO-AIA

— Spaceborn wanted for data homogeneity & continuity

Monitoring ca
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Role
— Flarelocation,
— CH,
— arcades
Dimmings EIT wave Post-eruption arcade Current instruments
— GOES-SXI, Rhessi
- Future instrument
— GOESseries,
— SolarB— XRT

LOOp Open!ngs Erupting prominences First Space Weather Week Estec Monitoring capabilities for solar weather
plasmoid lifting 1Dec2004 en-FrangoisHocheckz




7. lrradiance time series
in X-ray and UV passbands

* Role
— Flare monitoring
— variability

e Current instruments
— GOES-XRSseries
— SoHO-SEM
— SNOE - SXP

e Future instrument
— GOES-XRSseries
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* Role
— CMEs & flares shocks
9 Radl 0 data — Identify sources of radio noise
. — Seee.g. Fridman, this conference:
« radio signatures of CME »
Current instruments
— Wind: km type Il bursts
— metric type Il bursts
« Postdam
Culgoora, Australia
Holloman, USA
Learmonth, Australia
Palahua, USA
Ramey, USA
Sagamore Hill, PA, USA
« San Vito, Italy
— 10cm flux

(CECI>
e Futureinstrument
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« Cracow, Nancay, Trieste, Penticton

8. Coronagraphic images

* Raoe
— Monitor CMEs (2.2-30 Rg)
* Speed, angular span...

e Current instruments
— LASCO, SMEI

e Futureinstrument

— STEREO coronagraphs
+ CORL, COR2, HI!
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Other remote sensing techniques

* Interplanetary Scintillation

— See e.g. Hapgood, 1994
» Cosmic ray (muon) anisotropy

— MUSTANG (Jansen, this conference)
» Neutron monitors

First Space Westher Week Estec Monitoring capeilitiesfor solar westher
1Dec2004 Jeen-Francois Hochedez




10. Needed in situ Observations (1) In situ (2)

Loca magnetic field B (vector) . Role

Speed v (vector) — B, v, n, T, composition...

Density n e Current instruments

Temperature T ~ ACE, WIND, CELIAS, Ulysses
A  only ACE provides continuous

Elemental composition relevant Bz measurements

Bidirectional electrons + Future instrument

Energetic particle flux (protons, electrons, ions)

Bz and dynamic pressuren V2 are most important
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‘*--" Current space missions useful to SpW
.

Find & use the data

SoHO (EIT, LASCO, MDI) Boulder, USA

GOES-12 (SXI, XRS) o a—

CORONASF (S:)l RI T) - sidc.oma.be (see poster)
: sidc.oma.be/html/SWA PP/swb/swb.html (see poster)
TRACE, RHESSI, SMEI...

www.|msal.com/solarsoft/latest events

— Solarmonitor.org
e And actually all over the web! ...
— Mission official web sites
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What’ s next with SpW solar monitoring?

Vector magnetographs
Spatial/temporal resolution

& other performance increases
Interface with numerical models
CME onset scenarii
3-D: stereo, solar sentinels
Audience inputs ©
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(SOLAR-TERRESTRIAL
RELATIONS OBSERVATORY)

LAUNCH:
[« 0] d 006
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PLANNED MISSIONS

(launch: February 2006) — 2 years
(launch: summer 2006) — 3 years
(launch: late 2006) — 2 years
(launch: 2007)
(launch: April 2008) — 5 years
(launch: 20157?)
(launch: 2012 - ?)
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SECCH] Exploration of CWVEs and
the Helinsphere om STERED




SOLAR-B ! - =" SDO
(Solar-A = Yohkoh) i : GRS (SOLAR DYNAMICS
e OBSERVATORY)

photosphere,
chromosphere and photospheric vector magnetic fields dopplergramsand vector magnetograms

improved spatial and
temporal resolution (in comparison with Y ohkoh/SXT); 8 channels (304, 171, 193, 211, 94, 131, 335/, UV
several filters for the DEM reconstruction — atmosphere at 0.01 —10 MK), TRACE-like
resolution, 10 s cadence
spatially
resolved spectra of the upper chromosphere and the corona

intwo EUV bands LAUNCH: R
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PROBA-2 ol TIMELINE
(PROJECT FOR
ON-BOARD AUTONOMY)

Berghmans et al 2004
— 175 A bandpass, EIT-like resolution, 1 min cadence
Hochedez et al 2004

— irradiance measurements in four VUV/EUV._bandbasses

LAUNCH: [

§ S nd half 2006
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Conclusions

Critical instruments: LASCO, ACE
Open data policy; arule sometimes curbed

Several planned (science) missions launched in 2006
Abundant new datain 2007, 2008
Will they suffice to feed boundary conditions of numerical models?
Knowledge cycling anticipated:

— Monitoring-SpW operations-SpW Science-New monitoring definition

From monitoring to nowcast & forecast ...
effortless one day?
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