The Halloween Solar Storms
The violent solar eruptions of late October and early November 2003 are the best observed outbreak of intense solar activity to date. These events, referred to as Halloween Storms, are extreme events in terms of both their source properties at the Sun and their heliospheric consequences.  The plasma, particle and electromagnetic consequences of these events were felt throughout the heliosphere thanks to the distributed Great Observatory.
Disturbances associated with two of the eruptions arrived at Earth in less than a day, providing bench mark data for space weather purposes. Historically, there were only 13 such events including the Carrington event of 1859 September 1.  Several aspects of the Halloween Storms including active region size and potential energy, flare occurrence rate and peak intensity, CME speed and energy, shock occurrence rate, SEP occurrence rate and peak intensity, and the geomagnetic storm intensity displayed extreme behavior.  
About 59% of the reporting spacecraft and about 18% of the onboard instrument groups were affected by these storms: electronic upsets, housekeeping and science noise, proton degradation to solar arrays, changes to orbit dynamics, high levels of accumulated radiation, and proton heating were observed. Most earth-orbiting spacecraft were put into safe mode to protect from the particle radiation. Major impact also occurred on the society: about 50,000 people in southern Sweden (Malmoe) experienced a blackout, where the oil in a transformer heated up by 10 degrees; surge currents were observed in Swedish pipelines; several occurrences of degradation and outage of GPS systems; several teams on Mount Everest felt interference in high-frequency radio communications. 

The solar energetic particle event on October 28, 2003 and resulted in a significant ozone depletion between 50 and 80 km from the ground. A ten-fold enhancement in the ionospheric total electron content over the US mainland occurred during October 30-31.  Extraordinary density enhancements in both the magnetosphere and ionosphere coinciding with intervals of southward IMF and high-speed solar wind were observed. 
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The storms arrived at Mars and the MARIE instrument on board the Mars Odyssey succumbed to the onslaught of radiation. The storms continued to the orbits of Jupiter and Saturn as detected by Ulysses and Cassini, respectively. Wind, Ulysses and Cassini radio instruments also observed a radio burst resulting from colliding CMEs on November 4, 2003 from widely different vantage points. Finally, the disturbances reached Voyager 2 after about 180 days, piled up together as a single merged interaction region (MIR), which led a large depression in cosmic ray intensity, lasting more than 70 days.  
Although it is not unusual that such solar eruptions occur during the declining phase of a solar cycle, these events bench mark the level of understanding we have on the behavior of the sun over different time scales. The fleet of spacecraft in the Great Observatory helped us not to be taken by surprise by the Halloween Storms.
Caption: The solar corona from SOHO before, during and after the fast halo coronal mass ejection (CME) on October 28, 2003 (top row). The image taken after the CME is seriously degraded by the energetic particles from the CME. This CME and the next one on October 29 resulted in record solar wind speeds as measured by the Advanced Composition Explorer (second row). Outgoing energy flux radiated by the atmospheric nitric oxide at 5.3 micron as measured by TIMED increased drastically during the October 2003 storms (third row). The fastest CME of this period occurred on November 4 collided with a preceding CME to produce an intense radio signature detected by Wind spacecraft (bottom). This signature was also detected by Ulysses and Cassini spacecraft from distant locations in the heliosphere. 
