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INTRODUCTION

Acoustic eigenmodes (p modes) are trapped within the solar interior by the sharp decrease of the
pressure scale height near the visible surface of the Sun (photosphere). This decrease in the scale
height gives rise to the so-called acoustic cut-off frequency below wich p modes cannot propagate
into the higher solar atmosphere, i.e. the chromosphere and corona (Ulrich, 1970). In recent years
several groups of researchers found that the acoustic cut-off frequency is being modified in the
presence of magnetic fields, thus giving rise to p-mode power escaping the solar acoustic cavity in
magnetized areas (e.g. Jefferies et al. 2006, DePontieu et al. 2004). Numerical simulations based on
a one-dimensional model by Goode, Gough, and Kosovichev (Goode et al. 1992) show that the
escaping p modes form shocks around 1 Mm above the photosphere as they propagate into the
thinner plasma. The shock fronts dissipate heat and hence contribute to the heating of the
chromosphere above magnetized areas (plage and probably sunspots, Fig. 1). In quiet sun areas only
the high-frequency waves (above the normal acoustic cut-off frequency) escape and form shocks.
However, these waves have a much lower amplitude and hence carry less energy than the powerful
p modes. The simulations show striking coincidence of the shock-induced heating with the observed
chromospheric temperature above plage regions (Fig. 2). It is therefore reasonable to assume that
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Fig. 1: Numerical simulation
of the temperature in the solar atmosphere in the presence of leaking p modes. The black line is the velocity
of the piston that drives the simulations at the base of the photosphere, taken from MDI measurements.
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Fig. 2: Temperature profile in an

undisturbed VAL model atmosphere for quiet Sun (solid line, Vernazza et al. 1981) and when leaking p
modes form shocks (dashed line). The dashed line is compatible with observed chromospheric temperatures
in plage regions.

the chromospheric temperature excess in plage is caused by the p-mode induced shocks. We will
present first results from a project aiming at the consolidation of this theory by observational
evidence.

DETECTION TECHNIQUES FOR SHOCKS

We used multi-layer simultaneous imaging from space borne and ground-based observatories such
as HINODE-SOT (Ichimoto et al., 2004), SOHO-MDI (Scherrer et al., 1995) and MOTH/MOTH-II
(Finsterle et al., 2004) to detect propagating waves in magnetic regions. In these observations
propagating p modes can be detected by cross-correlating the oscillatory signal at different heights
in the solar atmosphere. The oscillatory spectrum of these modes then can be compared to Lyman-a
intensity oscillations by TRACE (Handy et al., 1999). The Lyman-a intensity is supposed to be
modulated by the shock induced temperature variation in the line forming layer (Fig. 3).

COMPARISON WITH OBSERVED LYMAN-ALPHA VARIABILITY

The oscillatory spectrum of Lyman-a observations in a plage region by TRACE is shown in Fig. 3
(solid line). The TRACE spectrum was derived from a 71-minute run with one minute sampling
interval. The dotted line is the oscillatory spectrum of the simulated temperature between 1.5 and
2.0 Mm above the photosphere. Both curves show a prominent peak in the 3-4 mHz area, indicating
that the shock-induced temperature fluctuations could indeed be responsible for the observed
Lyman-a variability. On larger time scales, the same mechanism could even cause the solar cycle
related intensity changes in Lyman-a emission due to the changing surface fraction of magnetized
areas on the solar disk.

RESULTS AND DISCUSSION

P-mode induced shocks modify the temperature stratification of a standard quiet Sun atmosphere to
closely resemble that for a plage atmosphere (Fig. 2). Since p-modes leakage predominantly occurs
in magnetic areas the described mechanism could explain why the chromosphere in plage appears
hotter than in quiet Sun. We found that Lyman-a intensity oscillations in the p-mode frequency
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: Fig. 3: The observed variability of Lyman-
o intensity (TRACE, solid line) and the simulated variability of the  temperature in the line-forming layer
(1.5~2 Mm, dotted line). The temperature in the line-forming layer is directly affecting the intensity of the
emission line. The increased power around 3-4 mHz is due to leaking p modes.

range are comparable to the simulated temperature oscillations of the chromosphere when realistic
assumptions for the driving piston are extracted from observations (Fig. 3).

REFERENCES

DePontieu, B., Erdelyi, R., and Stewart, P., J. (2004), Nature, 430, 536

Finsterle, W., Jefferies, S. M., Cacciani, A., Rapex, P., Giebink, C., Knox, A., and DiMartino, V. (2004),
'Seismology of the Solar Atmosphere', Solar Physics, 220, 317-331

Goode, P. R., Gough, D. O., and Kosovichev (1992), A., Astrophysical Journal, 387, 707

Handy, B.N., & the TRACE team (1999), Solar Physics, 187, 229

Ichimoto, K,. and 34 coauthors (2004), "The Solar Optical Telescope onboard the Solar-B', in Optical,
Infrared, and Millimeter Space Telescopes, edited by Mather, J. C., Proceedings of the SPIE,
Volume 5487, 1142-1151

Jefferies, S. M., MclIntosh, S. W., Armstrong, J. D., Cacciani, A., and Fleck, B. (2006), Astrophysical
Journal, 648, L151

Scherrer, P., and 11 coauthors, 'The Solar Oscillations Investigation - Michelson Doppler Imager', Solar
Physics, 162, 129-188

Ulrich, R. K. (1970), 'The Five-Minutes Oscillations on the Solar Surface', Astrophysical Journal, 162, 993-
1002.

Vernazza, J., Avrett, E., Loeser, R. (1981), Astrophysical Journal Supplement Series, 45, 635




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


