
SUMER image in S VI at 933 Å
on 12 May 1996

SOHO
The Sun is observed in the emission line of S VI at 933Å, formed in the transition region at about 200,000 K.  The picture was put together from 9256 raster images with an exposure time of 3 seconds each, collected in eight alternating horizontal scans across the Sun.



Nitrogen V at 1238.82Å
(transition region)
 180.000 K

Iron XII at 1242.01Å
(corona)
1.6 million K

Magnesium X at 624.943Å
(corona)
1.1 million K

Oxygen V at 629.729Å
(transition region)
230,000 K

UV – Continuum emission at 1240Å
(chromosphere)
10,000 K

SUMER scans of a north polar coronal hole in lines
formed at temperatures from 10,000 to 1.6 MK

SOHO
SUMER scanned the solar north pole at different wavelengths in order to observe the coronal hole regions which are the source of the high speed solar wind. The radial structures visible above the limb in the hotter lines are called polar plumes.



Simultaneous imaging of UV emission, gas flow velocities, and spectral
line width of active region loop structures observed with SUMER
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EIT 195Å

SOHO
SUMER's high spatial resolution capability makes it possible to study the  structure of magnetic loops comprising an active region. The pictures were taken in H Lyman beta (15,000 K) and O VI 1037 Å (300,000 K) simultaneously. The ß Doppler shift of the Lyman-ß line of this loop changes its sign across the loop and has maxima of about 50 km/s at both edges. This indicates that the loop has strong whirling motions around it and is now undergoing a dynamic process. 



Supersonic flow velocities observed by CDS during a solar eruption
from the south west limb. The velocities approach 300 km/s

at the leading edge (B).

SOHO
The left panel shows a monochromatic image of an eruption above the east limb observed in O V 629 Å on 19 May 1998. Line profiles in three spatial positions, A, B and C, have been marked and are displayed in the panel to the right. The area marked C represents the average disk profile with zero velocity. From the line shifts one can derive the line-of-sight velocity of the emitting plasma.



Active region loop system above the east limb
observed in O V on 27 July 1996 by CDS. The line
profiles from three different spatial locations (A, B,

and C) are displayed in the right panel.

SOHO
Region A shows a line shift corresponding to a velocity of -60 km/s, i.e., towards the observer, while region B at the top of the same loop has no shift. Region C in a neighboring loop has line shifts in the opposite direction, corresponding to +50 km/s.



 Solar “tornado” observed by SOHO/CDS with
speeds up to 500,000 km/h

EIT 304 full disk image

Velocity image CDS, OV (250,000o K)

SOHO
Scientists with the instrument were surprised to discover that the Sun has tall gyrating storms far larger and faster than tornadoes on the Earth.  So far they have detected a dozen such events. They occur most frequently near the north and south poles of the Sun and are almost as wide as the Earth. Steady wind speeds of 50,000 km/h and gusts ten times faster occur in the solar tornadoes.



SUMER Doppler velocity map (close-up) of a polar
coronal hole region showing the source regions of the

fast solar wind. The strongest flows occur near the
boundary intersections of the supergranular

network cells.

SOHO
Like water gushing through cracks in a dam, "fountains" of electrified gas, called the solar wind, have been observed by scientists flowing around magnetic regions (supergranular network cells) on the Sun to begin their 3 million km/hour rush into space. 



Line profile of O VI from UVCS observed in a polar
coronal hole (lower panel) compared to disk

observation from SUMER. The extremely broad O VI
line yields velocities up to 500 km/s, which

corresponds to a kinetic temperature of 200 million K.

SUMER

UVCS

SOHO
These extremely broad profiles of O VI ions measured higher in polar coronal holes were one of the most surprising results from UVCS/SOHO. The broad O VI line widths indicate velocities up to 500 km/s which, if these were thermal motions, would correspond to a kinetic temperature of 200 million K.



UVCS/SOHO has discovered surprisingly fast spiraling motions for charged
oxygen atoms (1.3 million Km/h) over the solar poles, as compared to hydrogen

atoms (at about half this speed). The coiling speeds of oxygen atoms
along the spirals are 20 times larger than were expected.

SOHO
The blue-white rays represent lines of magnetic force as predicted by a theoretical model of the magnetic field of the Sun at a minimum of its solar activity. The polar “coronal holes” (darker regions) are believed to correspond to primarily open magnetic field lines, about which the oxygen atoms execute spiraling motions (the green curling line).  This has crucial ramifications for solar corona heating theories and solar wind acceleration.



MDI Full Disk Magnetogram
  9 May 1999

SOHO
Full disk magnetograms, i.e., maps of the line-of-sight magnetic field at the solar surface, provide a way to study the emergence and decay of active regions. Darker and lighter areas indicate north and south magnetic polarity, respectively.



MDI magnetogram overlay with lines of convergence
of the horizontal flow. Green dots show the

convergence points. Measured flow is shown as
colored arrows (red= downflow; blue= upflow).

SOHO
The high resolution magnetogram is overlaid with lines of convergence of the horizontal flow and with green dots showing the convergence points. The measured flow is shown as colored arrows, red for inferred downflow and blue for inferred upflow. The field is shown light grey for positive fields and dark for negative fields. Only field above the background noise is shown.



Correlation of transition region EUV emission and
photospheric magnetic fields from observations by

CDS and MDI

CDS OV intensity MDI magnetogram

Overlay of CDS and MDI

SOHO
The complex distribution and mixing of magnetic polarities (here displayed as yellow and blue) form a "magnetic carpet" over the entire Sun (upper right panel).  The upper left panel shows the EUV emission taken simultaneously by CDS from plasma at the temperature of 250 000 K. The lower panel shows an overlay of the two images. Sequences of such images show that many of the transition region brightenings correspond to changes in the magnetic field.



Model of magnetic field lines above the solar surface based on
MDI magnetic field measurements superimposed on

EIT coronal emission observations

SOHO
Theoretical predictions for the structure and heating of coronal loops are compared with SOHO observations, using extrapolations of MDI photospheric magnetograms and EIT coronal images. The white magnetic field lines emerge from the “magnetic carpet” and form arches from one magnetic polarity (white) to the other (black).  Current theories predict that the length and curvature of these arches determine how much they are heated. The image under the arches shows heating observed by EIT in Fe XII, with bright green corresponding to relative hot regions and dark green to cool ones. 



An EIT 304Å image, an MDI full disk white light image,
with a close-up, and a high-resolution magnetogram all

view the same magnetic structures that we call sunspots.

 5 November 1998

Close-up magnetogram  image of sunspots

SOHO
In the white light image, the sunspot shows up dark because it is cooler than the surrounding material. The black and white structures in the magnetogram show negative and positive magnetic fields, respectively.



White light
image

SOHO/MDI high resolution images of an active
region, taken on 5 November 1998 after successfully

recomissioning of the instrument

Magnetogram

Dopplergram

k-ω  p mode
spectrum

SOHO
One way we track solar activity is by observing sunspots (relatively cool areas that appear as dark blemishes on the face of the Sun). They are formed when concentrations of strong magnetic field lines poke through the solar photosphere. The twisted magnetic field lines above sunspots are sites where solar flares occur. The lowest panel is a period versus wavelength diagram showing “ridges” of power where waves with specific combinations of period and wavelength resonate inside the Sun.



The subsurface structure (sound speed) below a sunspot
as derived from Doppler measurements by MDI

SOHO
This uses the technique of time-distance helio- seismology. This measures travel time for a wave along many paths to make a 3-D image of soundspeed.The surface intensity shows the sunspot with the dark central umbra surrounded by the somewhat brighter, filamentary penumbra. The second plane cuts from the surface to 24000 km deep showing areas of faster sound speed as reddish colors and slower sound speed as bluish colors. The third plane (bottom) at a depth of 22000 km shows variations in sound speed come from variations in temperature or magnetic field strength.



A bright solar flare captured on 2 May 1998 in the
195Å line of Fe XII

(The horizontal white line on either side of the flare was caused by
charge bleeding on the CCD detector.)

SOHO
A solar flare (a sudden, rapid, and intense variation in brightness) occurs when magnetic energy that has built up in the solar atmosphere is suddenly released. The Sun’s magnetic fields tend to restrain each other and force the buildup of tremendous energy, like twisting rubber bands, more than they can eventually withstand. At some point, the magnetic lines of force merge and cancel in a process known as magnetic reconnection, sometimes causing plasma to forcefully escape from the Sun.



A rapidly expanding “solar quake” on the Sun’s surface
based on data from the Michelson Doppler Imager (MDI). 
The wave was caused by a solar flare on 6 July 1996 and 
spread out more than 100,000 km at the solar surface.

SOHO
It appeared much like ripples spreading from a rock dropped into a pool of water. Unlike water ripples that travel outward at a constant velocity, the solar waves accelerated from an initial speed of 35,000 km/h to a maximum of 400,000 km/h before disappearing.



EIT observation of a shock wave expanding across much of the
Sun’s surface from a coronal mass ejection (CME) initiation site
on 12 May 1997. This “running difference” imaging technique

emphasizes the chages between successive frames.

SOHO
The wave front travels at speeds of about 300 km/s. These images were obtained in the emission lines of Fe XII near 195 Å – this ion is formed at temperatures of about 1.5 million degrees.



An image sequence showing the progress over eight hours of a clearly
defined coronal mass ejection on 5-6 August 1999 taken by LASCO C3.

SOHO
In this eight-hour sequence a CME blasts a billion tons of particles into space. The size and position of the Sun is indicated by the small white circle in the center of the occulting disk.



LASCO C3 image of the large coronal mass ejection
(CME) of 20 April 1998



A composite of four images of a large CME from
6 November 1997, which was associated with an

X-9.4 flare

SOHO
The images are from  EIT (the blue Sun in the center) and the three LASCO instruments.  This kind of CME cloud is composed of a billion tons of charged particles shooting out at several hundreds of kilometres per second. Protons accelerated to almost the speed of light arrived at SOHO in about an hour, causing numerous bright points and streaks in the image.



LASCO C2 coronograph image in which a twisting, helical-shaped
CME spins off from the Sun

SOHO
This particular CME and erupting prominence is somewhat unusual in that the width of the blast is relatively narrow and the strands of plasma are twisting. The dark disk blocks the Sun so that the LASCO instrument can observe the structures of the corona in visible light. The white circle represents the size and position of the Sun.



A LASCO C2 “running difference” image showing a “halo”
CME blast beginning its journey towards Earth

SOHO
The image compares one image to the preceding one and highlights the areas of change between the two. This gives a clearer representation of the dynamics of this “halo event,” so called because the circular area of the edges of the blast seem to form a kind of halo around the Sun.



The rise of activity cycle 23 as reflected by the
number of sunspots recorded to date and as

projected (dotted line). Selected EIT 195Å images 
and MDI magnetograms are shown.

SOHO
In this cycle the Sun approaches a period of activity called the "solar maximum", followed by a period of quiet called the "solar minimum." The rising level can be clearly seen in the comparison of EIT and MDI images. The current cycle, Cycle 23, is the 23rd systematically recorded since routine sunspot observations began in the West in the 17th Century.



The Sun’s magnetic field and plasma releases directly affect Earth and the rest
of the solar system.  This schematic view illustrates a magnetic storm

approaching Earth and how the solar wind shapes the Earth’s magnetosphere.

SOHO
These storms, which occur frequently, can disrupt communications and navigational equipment, damage satellites, and even cause blackouts. The white lines represent the solar wind; the purple line is the bow shock; the blue lines surrounding the Earth represent its protective magnetosphere. The magnetic cloud of plasma can extend to 50 million km wide by the time it reaches Earth.



When the particles from a
CME impact the Earth’s

magnetosphere , the
sunward side flattens and

the tail elongates. Note that
most particles are drawn in

on the far side.

When the particles from a
CME impact the Earth’s

magnetosphere , the
sunward side flattens and

the tail elongates. Note that
most particles are drawn in

on the far side.

Normal magnetosphere

Magnetosphere being affected
by a CME

SOHO
The pressure from a CME, like that of an ocean wave or a breeze, temporarily reshapes the magnetosphere. In addition, scientists have recently concluded that most of the energized particles that enter the Earth’s magnetosphere are pulled in almost as if by an elastic band type of reaction snapping back towards Earth.  The energized particles are often seen as aurora in the night sky.



The numerous effects of space weather

Space Weather

SOHO
With the average CME dumping about double the power generating capacity of the entire U.S. into the atmosphere, big changes can occur in our space that can wreak havoc on a world that depends on satellites, electrical power, and radio communication—all of which are affected by electric and magnetic forces. For the satellites dancing in and out of the radiation belts and the solar wind, CMEs and magnetic storms can be perilous. (Courtesy Lou Lanzerotti, Lucent Technologies, Inc.)



An aurora, the most spectacular visual effect
of magnetic storms seen on Earth
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SOHO
This 1998 photo of an aurora was taken in Alaska. Some of the excited particles in the radiation belts can plunge into the upper atmosphere, where they collide with oxygen and nitrogen, usually between 40 and 200 miles above ground. These elements become electrically excited and emit light. The result is a dazzling dance of green, blue, white, and red light in the night sky, also known as aurora borealis and aurora australis (“northern and southern lights”). Auroras can appear as wispy curtains of light ruffling in the night sky or as diffuse, flickering bands. 
(Courtesy Jan Curtis)


