SH13A HARPs: Tracked Active Region Patch Data Product from SDO/HMI
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Summary Methodology: Activity Masks Methodology: Active Region Grouping Methodology Active Region Tracking

« Compute full-disk activity mask given input magnetogram and intensity Groups pixel-scale activity from masks into NOAA AR-scale regions Chain regions together to make a track: single- Before After

i i - link most likely tracker using overlap area
images as in Turmon et al. 2002; Turmon et al. 2010. We have used a matched filter approach with an elongated Gaussian kernel Y J P

We have developed an HMI data product containing tracked magnetic features on
the scale of solar active regions, abbreviated HARPs (HMI Active Region Patches).

The HARP data series is intended for: « Mask data product is Marmask 720s, derived fromM 720s and . . . i . * Compute the overlap area between extrapolated
L _ _ Ic noLimbDark 720s. (Current region models do not use intensity Itis a Gaussian as a function of 3D pixel-to-pixel distance track (using standard latitude-dependent motion
* Subsetting individual active regions information: Tc noLimbDark has hour-of-day artifacts.) FWHM ~50x25Mm (~150x75 HMI pixel) at disk center - relationship) and new region. ) oy D
. Computation of space weather indices for individual active regions o - o | Example ‘?2 Mmg © . Overlap of patch ain A and patch b in B is D(a,b). | SR e
. Defining closed magnetic structures for vector field disambiguation * Pipeline module ylelds_4096x4096 BITPIX=8 masks, in image coordinate Kernel Kernel at ARMag. . & s | SORNI e o e
. . . . frame, with WCS and links to source data. at Limb Disk Center (for scale) «  Solve linear assignment problem to match A up to B:
The data series builds upon the 720s cadence active-region mask data product. \) P
These full-disk m_asks identify |nstqntaneously-obsewed magnetic features at a pixel Mask Algorithm Example ., | max Z z P(a,b)D(a,b)
level. Large spatially-coherent regions are extracted from the masks and tracked AR Mask ? _-p P 1CA heB
from image to image, accounting for merges as regions grow. « Bayesian approach trades off pixel-by-pixel agreement of the mask value to
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Convolution is performed on the sphere to treat the limb fairly. where P is a permutation matrix giving the B-to-A mapping.

Fast, exact solution by linear programming.

the data against spatial coherence of labels (a prior). Mask is found by

After the region disappears, the numbered track ("HARP”) is placed into the HARP discrete optimization of a posterior probability.

data series by finding the smallest box of constant latitude/longitude extent that AR masks are sparse: allows fast convolution (HMI: 12s). . . - .
encompasses all appearances of the region. » The Bayesian method therefore uses spatial coherence to disambiguate *  Chaining this association across many frames yields complete tracks.

- MDI Labelin |dentified Groups T ,
pixels near the class boundary. it S b « Tracks can be finalized only after they are unseen for a long-enough time.

Merging Tracks and Complex HARPs

« Tracks are identified based on retrospective data (essential for near-real-time
products). Thus, growing regions may merge in later appearances.

The HARP data series provides all geometric and heliographic information needed to
track active patches in HMI and other solar data sets. For each numbered HARP,
the data series defines at each time step a rectangular CCD cut-out, and it provides Mask Models and Examples ‘Mask:

a mask within the cut-out indicating the active pixels within a regular, smoothly- . Histogram (below) shows how pixels (shaded gray) | 2011/02/14 12: 00 .

evolving blob. near critical |B| do switch classes due to neighbors |~ .~

Summary keywords such as areas and integrated fluxes are included for each - Sample mask (right) shows fine spatial structure
appearance of the region. Links to source magnetic field data are provided. is preserved.

« Smoothness takes spherical geometry into account (Turmon et al. 2010).

« Coping with the consequences of merges adds considerable complexity to the
implementation. This complexity is hidden in the final data product.
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. . . . _ « Care is taken so that regions near the detection threshold are not cut into separate
'I_'he HARP data_product, hmi .Mharp._7208, Is available in defln_ltlve and nee_lr-real- temporal pieces as they exceed and then sink below the threshold.
time (NRT) versions on JSOC for all times where magnetic data is present (since 2 72 | | | o |
May 2010). Quick-look movies and synoptic maps are also available, and HARP 02 oons 1007 « The HARP is often not a contiguous region. For shrinking regions, the HARP lat/lon
location data is exported to the HEK. There is a matching SHARP product = e bounding box can be much larger than the currently active area. It can even contain
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containing LOS and vector magnetic field data, as well as space weather indices 2L oo g other HARPs. Use the HARP bitmap to determine what is part of the HARP.
computed within each HARP. s e o me @ e -
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Tracked Frames . . The HARP Data Product Derived Products
. . HARPs are indexed by HARP number, analogous to NOAA AR number, and
The quick-looks are 1024x1024; shown time step (T_REC). We produce a monthly synoptic map of HARPs as a dynamic plot in a browser.
here sampled 1/day from the 720s For a single HARP, the data series is a list of rectangular patches and Bo Location of HARPs and NOAA ARs
(120/day) full set. metadata containing the observed lifespan of the HARP. 6° February 2011 LEEEHE @ RARIES gl NORAARE

* February 2011 flaring AR is Zoomed, Showing 3 HARPs
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« A 1-day pad is appended on both ends of the HARP.

HARP 377 (blue) or NOAA 11158. § ﬁ = [ T —NoARaRs = T 1
. « About 12% of HARPs contain an entire disk passage (1440 appearances <) : f —
. The HARP/NOAA correspondence is passage ( PP o e —
, over 12 days). =1 I e T
found and coded in HARP keywords. = = '&
« Each rectangular patch in the list is a cutout from the image plane. A patch i N NS A N (S OO v i
. - . o . ° \ >y
HARPS :r3n8e1rge<é. b.rOV\C/Ir_] ég? éggnéggz)’ . can be overlaid on a full-disk image (e.g., from M 720s) by a simple | —HARPs =
orange ( ) Xpirea. ’ ’ ' Esaﬂ gfig)‘;” 0367 ) = 1 (pad after e coordinate shift. Patch WCS are included for other projections. Carrington Longitude (deg.) T/
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s d N Ge b bounding box that encompasses all appearances of that HARP. See below. Each HARP has a space weather HARP (SHARP, Bobra et al. 2011) with relevant
s Lt space weather quantities computed using the disambiguated vector magnetic field.

« The animating idea behind the sizing of the lat/lon bounding box is that the

observer is hovering over the AR, staying at a constant latitude and moving at Below are two such quantities for the HARP encapsulating NOAA AR 11429, over

a constant angular rate in longitude. 2012 March 4-8. The GOES X-Ray flux peaked at 0:40 UT on 2012 March 7,
«  Shown below are five patches of the 1510 total making up HARP 1066. The corresponding to an X5.4-class flare, shown with the dashed red line.
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