Rutgers Talk:  Slide description

Questions:

Sharp edges in earthshine plot, prominence cartoon, cme particles are protons, LASCO cme…why two cmes for space weather, magnetic field vs. thermal signatures,

With increasing activity, centroid frequencies increase.

When the magnetic pressure increases from rising activity,

the local speed of sound (read travel time gets shorter, so frequencies increase).  Also, detailed calculations reveal that increasing the magnetic pressure lowers the subsurface temperature (which also raises the frequency by shrinking the cavity).  Also increasing activity lowers the turbulent velocity (because the field inhibits convection).  A lower

turbulent velocity increases the frequency.  Roughly, the changing turbulent Mach number has the same effect as a changing relative temperature—it shrinks the cavity.

0) Talk about our observations of the Sun and Moon from Big Bear.

1) This is our group.  Faculty at NJIT and researchers at BBSO

2) Talk about observational results from BBSO, and their implications:  BBSO is one of four observatories in the world capable of making high resolution observations of the Sun.  BBSO is located at the end of a 1000 foot long causeway into the lake.  The Sun is our star and provides us the sunlight we need to live.  Its variations can change our climate and its storms can affect our daily lives.  It is the only star we can study up close, and so is the Rosetta Stone for stellar evolution and the role of large scale magnetic fields in the evolution of galaxies and the universe itself.  In stellar evolution theory, magnetic fields are ignored.  This is also true for the treatment of the evolution of larger scale structures in the universe.  The Sun’s large scale field is the only one we can resolve, so understanding it, and its evolution is critical.  It is the Sun’s magnetic field that makes it so interesting.  We also measure the Earth’s climate by studying the dark of the Moon.  What is BBSO?  BBSO is located high in a mountain lake in often cloudless SoCal.  Daytime and nighttime astronomers seek clear skies and high altitude.  High altitude to minimize the amount of the Earth’s atmosphere through which we look.  Primary turbulence is near the ground and at jet stream altitudes.  There the site selection similarities end-a good nighttime site may not be a good daytime site.   Nighttime astronomers use mountaintops where orographic weather cold air flows down the mountain at night-making possible excellent night-time seeing with laminar flows on the mountaintop.  By 10 AM the mountain top ground heats up and re-radiates causing atmospheric turbulence that severely degrades the images-the orographic weather moves back up the mountain with flows made turbulent by obstacles on the way backup the mountain.  Mountain lakes are best daytime sites-mountain lakesites have a natural inversion.  Bob Leighton recognized this and chose the site for BBSO-BBSO was on the Caltech radar because of the 1929 “Palomar” site survey in Big Bear.  BBSO has the most precise photometer on earth—third generation Dicke Telescope—ideal for measuring the output of the Sun and its changes-no comparable photometer in space at this time.  Meter class telescopes are the present limit (ao is now present limitation on aperture).  Smaller telescopes for measuring magnetic fields and seeing larger field of view, since events at one precise location are correlated with events at other places on the Sun.  Solar oscillations are long-lived and sounding requires networks.

3) In addition to BBSO, NJIT operates OVSA giving us the unique capacity to simultaneously observe the Sun and its extended atmosphere.  Frequency agility gives us the ability to tune over a wide range of frequencies of electron emissions.  In mover we are in 10 GHz regime which is semi-relativistic and called gyro-synchrotron radiation (hard x-rays).  Relativistic is call synchrotron and low energy is called cyclotron.  In gyro-synchrotron see temperatures of 100 M

4) Radio is proxy for hard x-rays because one is sensitive to the gyro-synchrotron radiation of the electrons tapped in the field.

5) Broad properties of the Sun-image from 8/20/99.  The spots near disk center and 7 o’clock don’t look so interesting.

6) Sun rotates on a single axis.  Surface-like differential rotation persists through the convection-zone.  Notice flow around active regions. 

7) Looks more interesting in Halpha – a line sensitive to 10,000 K.  See cool, dark material suspended in the corona.

8) Close up of BBSO prominence.  Stable often for weeks.

9) Full Disk filament eruption with two ribbon flare.

11) Classic filament eruption.  Initially filament held    in magnetic arcade connecting N and S magnetic polarities.  Then the filament erupts and opens the arcade, which then reconnects to a simpler field configuration from the bottom to the top.  As this happens, the electrons trapped in the arcade cascade down along the field lines and thermalize the hydrogen in the chromosphere (a bremstrahlung process) then the hydrogen atoms emit Halpha in the n=3 to 2 transition, and Halpha is seen in emission.  The hot hydrogen gradually cools over about an hour and the emission ceases.  Now the bright regions (plage-like) away from the flare/CME are Halpha in absorption, but the Halpha line is weaker than the surroundings and looks brighter.  The plage-like regions are presumably excited by convective shaking of sunspots (plage seen above active regions) generating Alphen waves that are dissipated in the chromosphere, while exciting, among other things the n=2 to 3 transition in hydrogen.

14) Leading up to an eruption, the magnetic field is being sheared by convective motion/differential rotation.

15) We see the shearing motion building up to the eruption.  Finally, the field simplifies in an explosive event.

16) Use satellite data in conjunction with BBSO data because short wavelength lines don’t penetrate the atmosphere.  It turns out that many interesting higher temperature lines occur in the UV and EUV.  Higher temperature means sampling higher in the atmosphere.

But there are problems with the satellite data.  It is difficult to make a filter in the UV (not much experience), so broad-band (and lighter) filters used. Even if you could build a narrow band filter, not many photons in UV, so hard to follow dynamical changes because one requires short exposures.  With broad band filters it is difficult to determine temperatures because filter transmission is much broader than the line.  So, temperatures are rough.  Satellites like TRACE split light into several pieces, each on to a filter, then light from all but one filter is blocked.

20) To see dynamics, look at a prominence eruption—they are easier to see because they occur against a dark background.  Pick 6/28/00.  A CME can eject a mass greater than the mass of all motorized vehicles on earth with the power to meet our demands for 10,000 years.

21) See one days worth of solar rotation and CME at limb.

22) Events occurring off-the-limb are best seen with a coronagraph.  Coronography is best done from space because of scattered and stray light problems (sky is blue not black).  Best coronagraph is now flying in space on-board SOHO.

24) TRACE composite image from Markus Aschwanden.  The Sun’s temperature is not smooth, spherically symmetric function of radius.

25) Another prominence in eruption-can see their scale.

26) Space weather effects:

30) Larger telescopes are being put up in space, and this helps to drive a need to larger still telescopes on the ground.  Until now, this was rather pointless because of atmospheric turbulence.  Problem of adaptive optics partially solved for nighttime astronomy by using a guide star, but what to do for the Sun-its light will swamp any guidestar.  Thos. Rimmele implemented a solution using the Sun as a guidestar.

36) k-w diagram for one day from BBSO/GONG showing the normal mode structure.  Can think of a QM analogy with

nu proportional to 2*n+l

37) Results from helioseismic data gathered by Ken Libbrecht.  Shown that: a) the Sun’s surface-like differential rotation transitions to solar-body rotation immediately beneath the base of the convection zone, and that implies that region is the seat of the solar dynamo that drives the 22 year activity cycle and all the spectacular manifestations of that activity that we have seen.  Have also determined the run of the pressure and density inside the Sun, down to the dead center, such that the model and seismic speed of sound squared differ by no more than 0.5% anywhere inside the Sun.  And finally that there is no apparent solution to the Sun’s neutrino deficit.  What about He abundance?  The seismic process has been one in which more accurate seismic frequencies have led to better treatment of the physics of the inside of stars (like including elemental diffusion and better treatment of the atomic physics of the opacities).  Basically, one inverts observed frequencies for dynamical variables and the kernels of the inversions contain the solar model).

38) Satellite and network data have supplanted BBSO seismic data.  From that we have precisely determined the Sun’s radius and shown that changes in the radius are

far too small to play a role in the Sun’s varying irradiance.  If DR=700km it accounts for all of change, but actual change is more like 7 km).  Open question is the Sun hotter or cooler at activity maximum?  Relative roles of the magnetic field and thermal structure.

Know speed of sound beneath surface, but are increases in

it due to increases in the field or temperature?  Have to be able to distinguish between the signature of the field and thermal structures on the frequencies of the solar

oscillations.  Need to flash forward to irradiance variations as seen from space.

39) Looking at the variations in the Sun’s output naturally leads one to think about climate changes.  Changes are too small to be climatologically significant.  Need changes that are several times larger

to account for the Maunder minimum.

40) Look at solar activity was Isaac Newton’s Sun dimmer?

Anyway what could cause near term climate variations.

Ask the question “what is the net sunlight reaching earth?”

41) Would notice the “small” changes in irradiance if we had x-ray vision

42) Searching for the origin events like the  Maunder minimum requires a more detailed analysis of the Earth climate system, not just the Sun.  This picture is a textbook one of where the Sun’s energy goes.

43) Temperatures from Greenland ice cores reveal that the past few thousand years have been a time of climate stability.  Global warming could lead to large scale cooling (polar ice melts, fresh water in North Atlantic,

winter ice sheet there, convective circulation of warmth by Gulf Stream suppressed, much cooler Europe), like Younger Dryas?

44) Younger Dryas cooling was large scale, cooling leads to a dryer and windier Earth.

45) From the history of ice sheets over the last 800 K years, one can infer that we go reluctantly into ice ages, but come out abruptly.

52) Measuring the reflectance of other planets, like 

Mars, is fairly straightforward.  To measure the reflectance of the Earth, we use the earthshine.  You

Probably have noticed that at a quarter Moon, you can see the whole moon with ¾ of it illuminated in a ghostly plane light called earthshine (light reflected from the Earth to the Moon and back).

53) Ingredients for simulations are accurate ephemerdes for the sun and moon, instantaneous cloud and ice/snow cover.  For reflectance, in simulations we used scene models from ERBE satellite observations.  They defined 12 different scene types (surface character and fractional cloud cover), e.g. desert when annual precipitation is less than 26 cm.  Same grid (about 3 degrees by 3 degrees) as used in General Circulation Model (GCM).

62) Ultimately, the earthshine spectral data may be more scientifically interesting.  Certainly for us, this is where we are focusing our efforts, so as to address questions like “are the concentrations of greenhouse gasses changing (with season and over longer time frames.

