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A prospective vision of future space weather research and operation
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Confined Solar Flares observed by the Solar Dynamic Observatory
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Since coronal mass ejections (CMES) are main cause of solar energetic particle events and geomagnetic storms, the CM
forecasting is essentially important for the space weather. During 2011 February ? 2012 January, 21 majoefidieeyel)
occurred. We examined their association of coronal mass ejections (CMESs) by viewing the white light images obtained by the
LASCO C2 and STEREO COR1 coronagraphs. We found that, out of the 21 major flares, four lacked the associated CMEs. Th
four confined flares were an M6.6 flare on 2011 February 18, an X1.5 flare on 2011 March 9, an M5.8 flare on 2011 Septembe
24, and an X1.9 flare on 2011 November 3. We examined flare locations in the active region using the SDO/AIA and SDO/HMI
data and found that each flare occurred at the center of the AR. We confirmed that the confinement by the overlying magneti
field is responsible for the confined major flares.
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Dynamic behavior of the radiation belt electrons during the big magnetic storm
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Long-term variation in the upper atmosphere as seen in the geomagnetic solar quiet (St

daily variation
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Chromospheric evaporation observed with Hinode/EIS: temperature dependent upflow i

the impulsive phase
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The analysis of a chromospheric evaporation in a M-class flare observed with the EUV Imaging Spectrometer (EIS) onboarc
Hinode was conducted. We report for the first time the dependence on temperature of the chromospheric evaporation in th
growing flare loops.

The solar flares are the most energetic phenomena in the solar atmosphere, which release the magnetic energy through m
netic reconnection. The coronal plasma is heated up to a few tens of MK in the slow shocks extended from the reconnectio
point. In that regime, thermal conduction becomes dominant, and the chromosphere at reconnected flare loops, dense and ¢
(T"10*K) plasma experiences impulsive heating by reaching thermal conduction front. The gas pressure of the heated chromc
sphere suddenly raises to around 10MK, which results in so celieainospheric evaporatiofast upflow along the flare loop
with the sound speed ("500 km'sat 10MK). This phenomenon has been firstly reported by Antonucci et al. (1982), in which the
chromospheric evaporation was detected as the blueshifted component in the emission lines of highly ionized Ca XIX (mainly
radiated by a few tens of MK). Although their data has very low spatial resolution, they revealed that the evaporation had occurre
at the footpoints of flare loops by using other instruments. In the late 1990's, Czaykowska et al. (1999) firstly reported spatially re-
solved observation of chromospheric evaporation in the gradual phase observed with the Coronal Diagnostic Spectrometer (CD.
onboard theSolar and Heliospheric Observatof$OHO), from which the authors reported relatively strong blueshift ("100 km
s~1) of Fe XIX line profiles and the gradient in the Doppler velocity indicating the continuous reconnection. The chromospheric
evaporation in the impulsive phase was also observedS@HO/CDS as reported by Teriaca et al. (2003, 2006). They estimated
the momentum balance of upflow in the corona and downflow in the transition region, resulting in the good agreement (in the
order) which supports the evaporation scenario. Recent observatidimbge/EIS has shown the existence of fast upflow up to
400 km st in the Fe XXIII ("10MK) line profiles at the footpoints of flare loops during the early phase of a flare (Watanabe et
al. 2010). Fast upflows in the warm line (Fe XVI; 2-3MK) was also discovered in a small B class flare observeinaidbEIS
(Del Zanna et al. 2011). However, the dependence of upflow velocity on temperature has not intensively studied yet.

In this study, we analyzed the ongoing chromospheric evaporation which occurred in the impulsive phase of a M1.2 class flar
observed wittHinode/EIS on 2011 September 9. This flare had started soon after the filament erupted, followed by the formation
of compact flare loops (L"10,000km). Investigating the line profiles carefully, we found the enhanced blue wings in hot emission
lines (Fe XXIIl and Fe XXIV; a few tens of MK) which indicate the upflow from the solar surface of around 400 knThis
value is slightly smaller than the sound speed at the temperature of 10MK (“500 'Rmaghich supports the chromospheric
evaporation scenario when considering the projection effect. Not only those hot emission lines, other coronal lines at the evapc
ration site also show the velocities near the sound speed in each formation temperature. The upflow is switched into downfloy
at several MK, and intriguingly, cooler lines (logb.2) show the downflow near the sound speed as same as the upflow. As a
collateral evidence, the density derived by Fe XIV line ratio indicated the density'dfch® 2, which also supports the evap-
oration from the dense chromosphere. Fortunately, the EIS spectroscopic slit cut across old and new flare loops simultaneous
which enables us to discuss the temporal evolution of the evaporation flow.
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Formation of Cowling channel from Polar to Equatorial lonosphere
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Possible mechanism for formation of global Cowling channel from polar to equatorial ionosphere along the dawn and dusk
terminator line is discussed. In our model, the global (primary) Hall current accompanied by the two-cell type convection has
divergent component when they across the conductivity gradient region at the terminator-line and resultant polarization charg
are induced along it. The secondary electric field accompanied by this induced charge generates the secondary Hall currel
which flows along the terminator line and also diverges when they across it. The induced secondary charges at the end of equat
side produces the electric filed along the magnetic dip equator line and becomes the driver of the equatorial electrojet or counte
electrojet components according to the sign of their polarization charge. Resultantly, the global Cowling channel connecting
between polar to equatorial ionosphere via the terminator-line and magnetic-dip equator could be formed. This mechanism csg
be applied to the equatorial electrojet disturbances accompanied by the solar wind variations such as DP2-type magnetic fie
disturbances and many phenomena associate the equatorial enhancement and depression of the geomagnetic field disturbanc
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We report a high-velocity plasma motion near the lop-top region of large-scale active-region loops after the occurrence of the
M-class flare at the solar active region NOAA 11158 on 2011 Feb 18.

The motion was detected during the impulsive phase of the M-class flare by the Doppler-shift measurement in Fe XXIV line at
192A with the Hinode EUV imaging spectrometer (EIS). Hinode/EIS continuously observed this region with a raster scanning
mode and a strongly blue-shifted Fe XXIV line was observed in a period of 10:11 to 10:16 UT. We performed a spectral fitting
using double Gaussian functions to estimate Doppler velocity and have found that the Doppler velocity near the loop-top regiot
reaches 200-400 km/s.

In order to identify the high-velocity component from the temporal evolution of the coronal structures, we use high-cadence
EUV images from Atmospheric Imaging Assembly (AlA) on Solar Dynamics Observatory (SDO), which provides high-resolution
full-disk images taken at nine EUV wavelengths bands. The high-velocity motion was clearly recorded in the sequence of image
at the AIA 131A band. Before the appearance of the high-speed plasma, we have found that one of the loops that rose vertical
up to “300 km/s interacted with other loop structures located above it. The configuration between these loops allows the occu
rence of a magnetic reconnection in the loop-top region.

We interpreted the high velocity motion in the loop-top region, detected with EIS and AIA, as a bulk motion of reconnected
loops toward a relaxed state.
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Whole atmosphere-ionosphere coupled model (GAIA) for space weather research
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