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Wh t i DREAM?• What is DREAM? 
• Stands for: Dynamic Response of the Environment at 
th Mthe Moon

• In 2007, NASA’s Planetary Division formed a virtual 
institute to pursue dedicated theme‐based lunarinstitute to pursue dedicated theme based lunar 
science topics…analogous to NAI

• In 2008, 7 science teams or ‘nodes’ were selected via 
a CAN under LSI central direction

• DREAM is one of these teams picked to examine and 
d d t di f l l tiadvance understanding of solar‐lunar connection



Dynamic Response of the Environment at the Moon

• “How does the highly‐variable 
solar energy and matter incident 
at the surface interface affect the 
dynamics of lunar volatiles, 
ionosphere, plasma, and dust?”p , p ,

• Model/data validation team 

• Emphasize the dynamics – solar 
Solar stimulated neutral  emission and plasma interactions

storms and impacts at the Moon 

• Provide science support to 
missions like LADEE LCROSS LROmissions like LADEE, LCROSS, LRO, 
Kaguya, Lunar ProspectorObservations of

lunar sodium 
atmosphere Astronaut in Shackleton Crater



LSI TEAMs include
The Moon as Cornerstone to the Terrestrial Planets: The Formative Years; principal 

investigator Carle Pieters, Brown University in Providence, R.I. 

Impact Processes in the Origin and Evolution of the Moon: New Sample‐driven 
Perspectives; principal investigator David Kring Lunar and Planetary Institute in

‘Of’

Perspectives; principal investigator David Kring, Lunar and Planetary Institute in 
Houston

Understanding the Formation and Bombardment History of the Moon; principal 
ll k h h ld linvestigator William Bottke, Southwest Research Institute in Boulder, Colo.

Dynamic Response of the Environment at the Moon; principal investigator William 
Farrell NASA Goddard Space Flight Center in Greenbelt Md ‘O ’Farrell, NASA Goddard Space Flight Center in Greenbelt, Md.

Scientific and Exploration Potential of the Lunar Poles; principal investigator Ben 
Bussey, Johns Hopkins University Applied Physics Laboratory in Laurel, Md.

‘On’

NASA Lunar Science Institute: Colorado Center for Lunar Dust and Atmospheric 
Studies; principal investigator Mihaly Horanyi, University of Colorado in Boulder

Lunar University Node for Astrophysics Research: Exploring the Cosmos from the 
Moon; principal investigator Jack Burns, University of Colorado in Boulder.‘From’



“How does the highly‐variable solar energy 
and matter incident at the surface interface 
affect the dynamics of lunar volatiles, 
ionosphere, plasma, and dust?”

DREAM has four supporting themes that address this overarching question:

1. Advance understanding of the surface release and loss of the neutral gas exosphere 
over small to large spatial scales and a broad range of driver intensitiesover small to large spatial scales and a broad range of driver intensities. 

2. Advance understanding of the enveloping plasma interaction region over small to 
large spatial scales and over a broad range of driver intensities.

3. Identify common links between the neutral and plasma systems and test these 
linkages by modeling extreme environmental events.

4. Apply this new‐found environmental knowledge to guide decision‐making for future 
missions, assess the Moon as an observational platform, and aid in human exploration.

DREAMs first model:
Na coma and wake



DREAM Models

CCMC MHD codes of solar wind/CMEs

DREAM Validation Sets

Direct (public domain): 
WIND (Lin/Bale)

Monte Carlo Exosphere (Crider/Killen)
Monte Carlo Regolith (Crider/Vondrak)
Ar‐40 Monte Carlo Sims (Hodges)

/ ( / )

WIND (Lin/Bale)
GEOTAIL  (Peterson)
SIDE ALSEP (Collier)
LP MAG/ER (Lin)

/Neutral/surface ejection (Sarantos/Killen)
Exo‐ion pickup (Hartle)
Impact Model – LCROSS (Colaprete)
Impact Model – Snowball (Crider)

Apollo 15/16 subsat plasma

Indirect (access via co‐i):
ARTEMIS (many)Impact Model  Snowball (Crider)

Hybrid/Kinetic plasma sims (Krauss‐Varben)
Kinetic wake sim (Farrell)
E i l t i it d l (F ll/J k )

ARTEMIS (many)
Kaguya PACE (Saito, Elphic)
LRO (Vondrak, Keller, Stubbs, Spence)
LCROSS (Colaprete)
LADEE (C l t H i)Equivalent circuit model (Farrell/Jackson)

Surface charging model (Stubbs)
Dust Fountain model (Stubbs)
Mie scattering model (Glenar)

LADEE (Colaprete, Horanyi)
Constellation (Hyatt, Farrell, Dube)

g ( )





DREAM Goals

Goal 1. Advance understanding of 
the surface release and loss of the 
neutral gas exosphere over 
small to large spatial scalessmall to large spatial scales 
and a broad range of driver 
intensities. 

Goal 2. Advance understanding ofGoal 2. Advance understanding of 
the enveloping plasma interaction 
region over small to large spatial 
scales and over a broad range of 
driver intensities.d ve e s es.

Goal 3 Identify common links 
between the neutral and plasma 
systems and test these linkages by y g y
modeling extreme environmental
events.



DREAMWake Model StudiesDREAM Wake Model Studies 

• Great example of cross‐
connection

• DREAM very interested 
in trailing ion sonic 
wake, from large scale 
to near surface waketo near‐surface wake 
features

• Try to validate models• Try to validate models 
with LP and new 
ARTEMIS setZimmerman et al., 2011Zimmerman et al., 2011



Relaxing Plasma Expansion Quasi‐g p Q
neutrality

• Samir et al [1983] 
assumed ne = ni
throughout expansion

Wake Flank

Plasma Expansion into • Assumes ions nearly 
instantly catch up to 
electrons‐ convoluted E

Plasma Expansion into
the Void

argument
• But do they?
• Crow et al [1975] relaxesCrow et al [1975] relaxes 

this constraint – finds 
electrons move in ahead 
of ionsof ions

Crow et al., 1975



Possible ARTEMIS TargetsPossible ARTEMIS Targets
• Proof of the formation 

f th l tof the electron 
cloud/ion depletion 
region

b l f ld• Ambipolar E‐field 
detection

• Wake replenishment p
(ion‐ion vs electron 
beam instabilities)

• Inflow when B parallelif we can understand the wake structure Inflow when B parallel 
to wake

• Solar storm affects

if we can understand the wake structure 
at the large scale, 
we can infer its structure on the small scale
in craters, etc.



DREAM Exospheric StudiesDREAM Exospheric Studies

• Great example of 
cross‐connection

• DREAM very 
interested in neutral &

LCROSS Support
Killen and Hurley

interested in neutral & 
exo‐ion creation and 
their propagation in Exo ion propagation p p g
the near‐Moon 
environment

Exo‐ion propagation
Hartle and Sarantos

• Try to validate models 
with LCROSS, Kaguya
and new ARTEMIS setHybrid sims and new ARTEMIS setHybrid sims

of ion environment 
Krauss Varben and Travnicek



Possible ARTEMIS TargetsPossible ARTEMIS Targets

• Cycloid motion of ions y
from quasi‐localized 
source 

• Get spatial enhancements 
that very as a function of 
iion mass

• ARTEMIS can use the 
Moon as a ‘poor man’s’Moon as a ‘poor man’s’ 
mass analyzer

Hartle at al, 2009, Fall AGU poster



Other Common TopicsOther Common Topics

• Dust exosphere detection 
during close passages

• Mag anomalies
• Solar Storms/CMESolar Storms/CME 

passages by the Moon
• Precursor activity (see 

Jasper Halekas talk)Jasper Halekas talk)
• Lunar surface charging 

(see Andrew Poppe talk) 
• Moon as a platform to 

study deep m‐tail plasma 
(see Tim Stubbs talk)

Stubbs et al., 2010 



ConclusionConclusion

• DREAM Objective 4: Support ongoing missionsDREAM Objective 4: Support ongoing missions

• ARTEMIS and DREAM share some objectives

• DREAM folks can provide community support toDREAM folks can provide community support to 
missions like ARTEMIS including run models, to 
consult, help out…but not usurp! p p

• E/PO :International Observe the Moon Night on 
Oct 8 

• Want more information on DREAM and NLSI see 
http://ssed.gsfc.nasa.gov/dream/



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /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 true
  /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

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  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 /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


