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Topics of this work

» Study magnetic helicity in emerging active
regions;

« Examine the so-called " "hemisphere rule”,
l.e., ARs in northern hemisphere has

nagetive helicity, and in southern
hemisphere positive helicity;

» Explore relationship between magnetic
helicity and solar transients in ARs.
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Motivation

* How an active regions builds up its helicity
IS still not clear;

 Hemisphere rule is weak when study the
current helicity of active regions in solar
cycle 22 (Pevtsov et al. 1995; Bao et al.
1998), but no systematic studies for cycles
23-24;

» Possible correlation between AR-helicity
and solar transients is explored recently
(e.g., LaBonte et al. 2007).
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Methodology

* Select emerging active regions;

« Compute helicity flux across solar surface
(photosphere in this work);

* Integrate the flux over time to estimate
total helicity accumulated in the corona.
The integral starts at the very beginning of
AR’s emergence.
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Calculation of helicity flux

Helicity flux across the photosphere :

dH
(Ejphotmphere =2 Iphoto (Ap ° Bh )VndS —2X »“photo (Ap * Vi )BndS

B, B, [obs], and V,, V, [obs + DAVE4VM (Schuck 2008)]
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Calculation of helicity flux (cont)

 However, currently we don’'t have enough
vector magnetic field data that allow to carry
out a statistical study. Thus we use line-of-
sight field data instead, using the Demoulin
& Berger’'s model (2003). This model allows
to estimate total helicity flux using time-
series line-of-sight magnetograms only.
Study shows that the helicity flux computed
from this model can recover ~90% of total
flux. 0



“ Demoulin & Berger’'s model
(2003)—DB03 model

Demoulin and Berger (2003) proposed that,

u=v,-v B,/B_,

where, u is the horizontal velocity derived by tracking the photospheric footpoints
of flux tubes. In this way, helicity flux across the photosphere can

be re - wrotten as,

(Ap ou)BZdS.

hotosphere

dH
(—jphotmphere =2 J‘PhOfOSphere (( *B )V (A ° Vh ) )jS =—2X j p

dt

Using DAVE (Schuck 2006)>u
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Results (18 Emerging ARS)

AR Period Location Unsigned flux Total helicity remarks
Start-stop Lat, lon Mx MxA"2

11072 2010.05.20-2010.05.26 -15, 325 7.00e21 -1.10e42 No flares
11112 2010.10.14-2010.10.18 -18,203 5.50e21 3.10e40 No flares
11117 2010.10.23-2010.10.27 20,56 1.50e22 1.60e42 C flares
11123 2010.11.10-2010.11.13 -23,191 4.00e21 7.64e41 C flares
11124 2010.11.11-2010.11.16 13,172 1.37e22 -4.79e41 No flares
11126 2010.11.14-2010.11.19 -31,107 6.58e21 -3.06e41 NO flares
11130 2010.11.28-2010.12.02 13,329 1.04e22 -1.86e42 C flares
11141 2010.12.30-2011.01.03 35,269 4.91e21 -2.73e41 C flares
11149 2011.01.21-2011.01.23 17, 344 9.96e21 1.86e42 C flares
11150 2011.01.29-2011.02.02 -20,334 8.22e21 5.67e41 No flares
11158 2011.02.12-2011.02.17 -20,32 3.10e22 1.05e43 X, M, C flares
11160 2011.02.17-2011.02.22 19,335 8.59e21 1.85e41 C flares
11161 2011.02.15-2011.02.22 12,333 1.58e22 5.61e42 C flares
11175 2011.03.18-2011.03.21 12,332 1.03e22 7.64e41 No Flares
11184 2011.04.02-2011.04.07 16,112 1.11e22 5.12e42 No flares
11199 2011.04.25-2011.04.29 20,188 1.06e22 2.60e41 No flares
11214 2011.05.13-2011.05.19 -24,275 7.65e21 3.42e41 No flares
11242 2011.08.28-2011.07.01 17,55 5.66e21 5.75e41 No flares
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Results (18 Emerging ARS)

* 7/ ARs In southern hemisphere, 11 ARs in
northern hemisphere;

* 5 ARs have negative helicity, 13 ARs have
positive helicity;

* 8 ARs obey the hemisphere rule (44%); 10
ARs are opposite to the rule (56%);

* /1% ARs in southern hemisphere obey
the hemisphere rule; 27% ARSs in northern
hemisphere are opposite to the rule.
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Distribution of Emerging ARs

* Size of symbol is proportional to unsigned
flux of the AR.
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Distribution of helicity in ARs

Size of symbol is proportional to the total
helicity in an AR.
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Distribution of current helicity for
cycle 22.
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Bao & Zhang (1998)

1. Data from Huairou from 1988-1998;

2. In total 422 ARs are used for this study;
3.

81% ARs in south hemishpere obey the rule.
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Helicity versus magnetic flux

* A linear fit to data yields:
Helicity = 2.17e41 + 0.044 * Flux"2
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Fic. 8.—Integrated helicity flux as a function of total AR magnetic flux. The
best-fit line (dashed [ine) 1s very close to the sohid line, which would result if the
integrated helicity flux were proportional to T}i durmg the sampling mterval.
Most X-flare regions had an integrated helicity flux that exceeded the typical
helicity content of CMEs, 2 x 10* Mx2, 16
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Summary

* We study 18 emerging active regions in
early phase of solar cycle 24. It is found
that (1) 72% active regions have positive
helicity; (2) 56% ARs are against the
hemisphere rule; (3) ratio of |helicity|
versus Flux"2 is about 0.044, if fit to the
data from all 18 ARs.

17



	Magnetic Helicity In Emerging Active Regions: A Statistical Study
	Topics of this work
	Motivation 
	Methodology 
	Calculation of helicity flux
	Calculation of helicity flux (cont)
	Demoulin & Berger’s model (2003)—DB03 model
	Slide Number 8
	Results (18 Emerging ARs)
	Results (18 Emerging ARs)
	Distribution of Emerging ARs
	Distribution of helicity in ARs
	Distribution of current helicity for cycle 22.
	Distribution of current helicity in cycle 22
	Helicity versus magnetic flux
	LaBonte et al (2007)
	Summary


<<
  /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
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /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 2400
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 10.00000
  /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 2400
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 10.00000
  /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 true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2400
  /MonoImageDepth 8
  /MonoImageDownsampleThreshold 10.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /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 <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /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 [4000 4000]
  /PageSize [612.000 792.000]
>> setpagedevice





Magnetic Helicity In Emerging Active Regions: A Statistical Study

Yang Liu, and HMI team













Topics of this work

		Study magnetic helicity in emerging active regions;

		Examine the so-called ``hemisphere rule’’, i.e., ARs in northern hemisphere has nagetive helicity, and in southern hemisphere positive helicity;

		Explore relationship between magnetic helicity and solar transients in ARs.















Motivation 

		How an active regions builds up its helicity is still not clear;

		Hemisphere rule is weak when study the current helicity of active regions in solar cycle 22 (Pevtsov et al. 1995; Bao et al. 1998), but no systematic studies for cycles 23-24;

		Possible correlation between AR-helicity and solar transients is explored recently (e.g., LaBonte et al. 2007).















Methodology 

		Select emerging active regions;

		Compute helicity flux across solar surface (photosphere in this work);

		Integrate the flux over time to estimate total helicity accumulated in the corona. The integral starts at the very beginning of AR’s emergence.















Calculation of helicity flux

Bh, Bn [obs], and Vh, Vn [obs + DAVE4VM (Schuck 2008)]















Calculation of helicity flux (cont)

		However, currently we don’t have enough vector magnetic field data that allow to carry out a statistical study. Thus we use line-of-sight field data instead, using the Demoulin & Berger’s model (2003). This model allows to estimate total helicity flux using time-series line-of-sight magnetograms only. Study shows that the helicity flux computed from this model can recover ~90% of total flux.















Demoulin & Berger’s model (2003)—DB03 model



Using DAVE (Schuck 2006)u
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Results (18 Emerging ARs)





		AR		Period		Location		Unsigned flux		Total helicity		remarks

		Start-stop		Lat, lon		Mx		Mx^2

		11072		2010.05.20-2010.05.26		-15, 325		7.00e21		-1.10e42		No flares

		11112		2010.10.14-2010.10.18		-18,203		5.50e21		3.10e40		No flares

		11117		2010.10.23-2010.10.27		20,56		1.50e22		1.60e42		C flares

		11123		2010.11.10-2010.11.13		-23,191		4.00e21		7.64e41		C flares

		11124		2010.11.11-2010.11.16		13,172		1.37e22		-4.79e41		No flares

		11126		2010.11.14-2010.11.19		-31,107		6.58e21		-3.06e41		NO flares

		11130		2010.11.28-2010.12.02		13,329		1.04e22		-1.86e42		C flares

		11141		2010.12.30-2011.01.03		35,269		4.91e21		-2.73e41		C flares

		11149		2011.01.21-2011.01.23		17, 344		9.96e21		1.86e42		C flares

		11150		2011.01.29-2011.02.02		-20,334		8.22e21		5.67e41		No flares

		11158		2011.02.12-2011.02.17		-20,32		3.10e22		1.05e43		X, M, C flares

		11160		2011.02.17-2011.02.22		19,335		8.59e21		1.85e41		C flares

		11161		2011.02.15-2011.02.22		12,333		1.58e22		5.61e42		C flares

		11175		2011.03.18-2011.03.21		12,332		1.03e22		7.64e41		No Flares

		11184		2011.04.02-2011.04.07		16,112		1.11e22		5.12e42		No flares

		11199		2011.04.25-2011.04.29		20,188		1.06e22		2.60e41		No flares

		11214		2011.05.13-2011.05.19		-24,275		7.65e21		3.42e41		No flares

		11242		2011.08.28-2011.07.01		17,55		5.66e21		5.75e41		No flares







































































Results (18 Emerging ARs)

		7 ARs in southern hemisphere, 11 ARs in northern hemisphere;

		5 ARs have negative helicity, 13 ARs have positive helicity;

		8 ARs obey the hemisphere rule (44%); 10 ARs are opposite to the rule (56%);

		71% ARs in southern hemisphere obey the hemisphere rule; 27% ARs in northern hemisphere are opposite to the rule.















Distribution of Emerging ARs

		Size of symbol is proportional to unsigned flux of the AR.















Distribution of helicity in ARs

		Size of symbol is proportional to the total helicity in an AR.















Distribution of current helicity for cycle 22.





Pevtsov et al. (1995) for studying distribution of current helicity in ARs.

		Using IVM vector data from 1988 to 1994. In total 69 ARs are studied;

		Compute linear force-free alpha by minimizing the difference between linear-force-free field and observed field (transverse component);

		76% ARs in northern hemisphere obey hemisphere rule, 69% ARs in southern hemisphere obey the hemisphere rule.















Distribution of current helicity in cycle 22





		Data from Huairou from 1988-1998;

		In total 422 ARs are used for this study;

		84% ARs in north hemisphere obey hemisphere rule; 81% ARs in south hemishpere obey the rule.



Bao & Zhang (1998)













Helicity versus magnetic flux

		A linear fit to data yields:                  Helicity = 2.17e41 + 0.044 * Flux^2



AR11158













LaBonte et al (2007)

















Summary

		We study 18 emerging active regions in early phase of solar cycle 24. It is found that (1) 72% active regions have positive helicity; (2) 56% ARs are against the hemisphere rule; (3) ratio of |helicity| versus Flux^2 is about 0.044, if fit to the data from all 18 ARs.
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