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1 Introduction to SDO

1.1 Synopsis of the SDO Mission

The Solar Dynamics ObservatosDO) is the first mission to be launched under NASIAging With a Star(LWS) program. This
program involves a diverse set of research topics that ajpndeide a greater understanding how the activity and vditisabf the Sun
affect life on Earth. The purpose of SDO is to understand h@\8un’s magnetic field is generated and structured, andtiswtbred
magnetic energy is converted and released into the hekos@md geospace in the form of solar wind, energetic pastieind variations
in the solar irradiance.

SDO was launched aboard an Atlas V rocket on 11 February 2000 Kennedy Space Center in Florida. It is now located in a
nearly geosynchronous orbit that allows continuous cantéb its dedicated ground stations in New Mexico. The obatry has been
operating nominally since launch, without any major prafde

The observatory contains three instruments (presentdglialetical order):

e The Atmospheric Imaging AssembliAIA) is an array of 4 telescopes that together provide €lidk images of the solar corona
at 1” resolution (409& 4096-pixel images) in 10 UV and EUV wavelengths every 10 sdsp

e TheExtreme ultraviolet Variability ExploregfEVE) measures the EUV spectral irradiance with unprecediespectral resolution,
temporal cadence, accuracy, and precision; and

e The Helioseismic and Magnetic ImagédMI) provides full-disk, high-cadence Doppler, intesiand magnetic images af' 1
resolution (4096& 4096-pixelimages) of the solar photosphere, allowingistidf the sources and evolution of activity within the
solar interior.

Together, this suite of instruments enables the monitoointhe solar interior, chromosphere, and corona with higdtiaband
continuous temporal coverage. Low-level processing afibration for data from the two imaging instruments (AIA aH#l) occurs
at theJoint Science Operations Cen{@d50C), located on the campus of Stanford University. EVia daprocessed at the Laboratory
for Atmospheric and Space Physics (LASP) at the Univerdi@alorado. Brief descriptions of the data products produag each of
the three SDO instruments are given below in Sectibfsl.4, and1.5.

1.2 About this Guide

The massive amount of image data produced by SDO (of orderaeterabytes per day) requires new techniques for priggss
browsing, retrieving, and analyzing these data. Indegadjfitant samples of full-disk, full-resolution imagesineither AIA or HMI
can easily exceed hundreds of gigabytes. Consequentigteamsers will not be able to download very much SDO image blefare
it is realized that either one’s internet bandwidth is ndfisient to download the amount of data requested in a reddersamount of
time, or one’s available on-site computing power and stei@g not sufficient to interact or process the data onceideg$ocally (or
both).

The purpose of this guide is to demonstrate the ways in whéelisucan more readily progress through the sequence of ingyws
finding, downloading, and (eventually) analyzing SDO datse guide is a living document, and materials will be addedezesied.

The guide contains sections describing:

e How to browse data Various “Sun-in-time” pages, summary images and moviad, @opular event and feature listings (Sec-
tion 2)

e How to find data: Heliophysics Event Knowledgebase, a searchable datdbasés useful for finding events and features of
interest during (and prior to) the SDO era for which the daresnot known (Sectio8)

e How to get data Multiple interfaces to the data centers through which SR@aan be downloaded (Sectién



http://sdo.gsfc.nasa.gov
http://lws.gsfc.nasa.gov
http://aia.lmsal.com
http://lasp.colorado.edu/eve
http://hmi.stanford.edu
http://jsoc.stanford.edu
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e How to find and get data using SolarSoft Demonstration of SolarSoft IDL commands useful for findamgl downloading data
(Sections)

e Listings of Frequently Asked QuestiongSection6) anduseful links (Section?)

The online version of this guide can be found eithdatgi://www.Imsal.com/sdouserguide.htimf by navigating to th&€DO Documentation
(SDOdocs) webpage where it is the first link in the list. Attatively, aPDF versiorof this guide is also available.

1.3 Data Products from AIA

AIA obtains full-Sun images in multiple EUV and UV passbands summarized in Figure and described in more detail on the
AlA Instrument webpageThese images are used to generate higher-level data psothatuding browse-quality data and feature and
event entries in the Heliophysics Events Knowledgebase$setiors.1), all of which in turn support the science requirements oAl
A summary of this process appears in the flowchart presentE@jure2. Links to more detailed information on the production of the
science data can be found on i\ Data webpage

The different data-processing levels for AIA are summatias follows, with more details availakfi®m this source

e Data atlevel Oare images that have been constructed from the raw telestesigm.

e Data atLevel 1.0are images that have been converted from Level 0, with pstegicluding bad-pixel removal, despiking and
flat-fielding. All higher-level products for AIA are based bavel 1 data.

e Data atLevel 1.5are images that have been adjusted to a commdh@ae scale, and that share common centers and rotation
angles, but araot exposure-time corrected.

1.4 Data Products from EVE

EVE produces a multitude of spectral and photometer dadygts that support theVE primary science objectivethese data products
are summarized in Figuzand available through tHeVE data access webpage

1.5 Data Products from HMI

HMI produces a multitude of data products that support thel Béience investigation. The four main observables are:digrams
(maps of solar photospheric velocity), continuum imagesafjes of the solar photosphere near the é\laﬁsorption line of Fe 1),
and both line-of-sight and vector magnetograms (maps gbtilaéospheric magnetic field). For more details and spetiics, see the
HMI instrument overviewvebpage at Stanford, or the accompanying analysis piptdiwehart in Figures.

The different data-processing levels for HMI are summarae follows, with more details availabfiem this source

e Data atlLevel Oare images that have been constructed from the raw telestedigm.

e Data atlLevel 1.0are images that have been converted from Level 0, with pstogéncluding bad-pixel removal, flat-fielding,
and quality assessment checks, but otherwise not havingrgode any irreversible data alterations.

e Data atLevel 1.5are images of the physical observables (Dopplergrams, etagrams, and continuum images), which were
constructed from the individual Level 1.0 filtergrams.

e Data atLevel 2 have been irrevocably filtered, time-sequence-mergedijétemansformed or otherwise changed from Level 1.5
data in a way that is irreversible. Level 2 products inclugterimediate products for later production of mission stéedata
products, such as helioseismic inferences of solar surseiffows.



http://www.lmsal.com/sdouserguide.html
https://www.lmsal.com/sdodocs
https://www.lmsal.com/sdodocs/doc?cmd=dcur&proj_num=SDOD0060&file_type=pdf
http://aia.lmsal.com/public/instrument.htm
http://aia.lmsal.com/public/data.htm
https://www.lmsal.com/sdodocs/doc?cmd=dcur&proj_num=SDOD0045&file_type=pdf
http://lasp.colorado.edu/eve/science/eve_science.htm
http://lasp.colorado.edu/eve/data/data_access.htm
http://hmi.stanford.edu/Description/hmi-overview/hmi-overview.html
http://jsoc.stanford.edu/jsocwiki/Processing
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Guide to SDO Data Analysis
version dated December 10, 2010

. Daily
Lovil Description Components V\::avslangth Wavslel_'lgth Tampc:ral Time Spa.n of sigh Lat?ncy_' .o!'
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data) Select lines and file)
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bands
Fastest Space Weather ESP bands + 0.1-7, 18.2, 25.6, |broadband ~4- Laleat A5
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Locs |. ro_duct. Cru_dely calibrated fomi and curren} 1- 0.005 | <41 min
irradiances* with least latency MEGS-P 121-122 nm 1-nm day (growing |
o S-Band) XRS & SEM model Proxies  |Varies by band e}
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Figure 3: Table of EVE data producsourced hefg showing the range of wavelengths covered, their resoiyéind the different levels

*All products are corrected to 1-AU except LOC and LOCS.
** Lines spanning Log T = 3.8-7.1, plus AlA and ESP bands.
*** SAM is a research project, L1A will have 4 element event list: time, location (x,v), and energy.

of processing applied.
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2 How to Browse SDO Data

In this section, we briefly illustrate a few of the online reszes that allow users to browse SDO data: “The Sun Now” ({&eet 1),
“The Sun Today” (Sectio.2), SolarMonitor (Sectior2.3), and Helioviewer and JHelioviewer (Sectigan).

2.1 “The Sun Now”

The SDO mission webpagd®osted by NASA's Goddard Space Flight Center contains attveéinformation about SDO. The first entry
under the “Data” tab is “The Sun Now”, which contains thumbimaages, links to full-size and downsampled images, msvand
composite images from AIA and HMI. Also present are a sofe}-image from the pinhole camera on EVE as well as a heliograph
representation of the corona assembled from the two STERfaCesraft and AIA. The other entries under the “Data” tabvig®
additional functionality, including templates that erebkers to generate a customized image sequence or movigof pertion of
“The Sun Now” webpage is shown in Figuse

2.2 “The Sun Today”

“The Sun Today located athttp://sdowww.lmsal.com/suntoday.html ,is awebpage summarizing images, movies, events,
and features that occurred on the Sun through any given dalyeirSDO mission. The page keys off the date indicated at the
top of the page, which can be changed to any date of intergstredy using the plus and minus buttons in the upper-right co
ner of the webpage, or by entering a URL with thentoday _date parameter set to the date of interest. For exantpis,link
(http://sdowww.Imsal.com/suntoday.html?suntoday date=2010-08-01 ) takes the user to the summary page for
2010 Aug. 1, as illustrated in Figufe The page layout (currently) includes three panels thatatona series of AIA and HMI images
for the day of interest, the results of an iSolSearch querg &ectiorB.2) for that day, and a plot of AIA light curves for that day.

The image panel contains a row of four preview images, undéctware lists labeling various wavelength channels frorA Ahd
HMI. In each column of labels, the label of the channel thatriderlined corresponds to the preview image atop the caliousing
over any of the other wavelength channel labels changeséveepy picture, enabling users to compare images from upuodhannels
at once.

Clicking on the links next to each wavelength channel wikoa new browser window containing a larger image from thahobl.

For example, the “1K” link will open a 10241024-pixel image, the “4K” link will open a 40964096-pixel image, and the “PFSS”
link will open a 4096<4096-pixel image with fieldlines from a potential-field soetsurface model overlaid. Links to summary movies
of four of the wavelength channels appear above the row eigremages.

To put these images in some context, the results of an iSaBepery and a series of selected AlA light curves for the it
interest are displayed in the panels underneath the imayéepr panel. For more information on iSolSearch, as welhaguctions on
how to use the full search tool, please see Se@ién

2.3 SolarMonitor

The SolarMonitorwebsite provides a straightforward way to browse a variétyotar imagery, including magnetograms, continuum
images, kv images, and images in ultraviolet and X-ray passbands. fidm page for 2010 Aug. 3 is shown in Figurebelow.
Zoomed-in summary images for each NOAA-identified activgar are also available (search for these first by date, aamluke the
links along the left-hand sidebar or underneath the imagplal to view the active-region summaries). Links alongribbt-hand
sidebar will take the user to external websites that proettier ways to monitor the sun, space weather, and the hbkosp

2.4 The Helioviewer Project

The helioviewer.orgdata browser is a user-friendly way to align and display iplg@timages from a selection of recent solar and
heliospheric observatories, as shown in Fig8ir@ he tool consists of a web-based interface that enables tsenteractively pan and
zoom an image, overlay images from different observataevitsthe proper registration, and indicate the locationeaftfires and events



http://sdo.gsfc.nasa.gov
http://sdowww.lmsal.com/suntoday.html
http://sdowww.lmsal.com/suntoday.html?suntoday_date=2010-08-01
http://www.solarmonitor.org
http://www.helioviewer.org
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Figure 5: The top portion of the “The Sun Now” webpage showtiregarray of AIA image channels.
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- Plasma
More Instruments =
Summary: Region most like
Weicome to SolarMonitor, hosted at the Solar Physics Group, Trinity College Dublin and at
NASA Goddard Space Flight Center's Solar Data Analysis Center (SDAC). These pages
contain near-realtime and archived information on active regions and solar activity. For
information on our new SolarMonitor IDL Data Object (SOLMON), check out the SOLMON
Tutorial. Check out News for other updates.
GONG+ MDI GHN EIT Hinode STEREO SWAP  Fulldisk
Mag/Cont/Far Mag/Cont Ha  304/171/195/284 XRT AlB 174  Slideshow
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Events not associated with currently named NOAA regions: None
Note: The tabulated data are based on the most recent NOAA/USAF Active Region Summary issued on 3-Aug-2010 00:30 UT , the
values to the right of the forward slashes representing yesterdays values or events. Regions with no data in above property fields have
decayed and exhibit no spots. The region positions are valid on 3-Aug-2010 23:30 UT .
Developed by: TCD Solaronitor.org team e
Contact: info@solarmonitor.org ' @ \'{\\@k}&
' Ll - _CAPACITIES \\_3

These pages are automatically updated every 30 minutes.
Last updated: 3-Aug-2010 23:30 UT

Figure 7: The SolarMonitor.org front page for 2010 Aug. 3.
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of interest. The interface downloads image and event dgtachsonously (usind\JAX), which allows the user to continue browsing
while the tool downloads additional data. For more inforioratplease visit the website and/or refer to Helioviewer.org User Guide

JHeliovieweris a Java/OpenGL-based application to browse time serisslaf images. JHelioviewer overlays image series from
SOHO and SDO in space and time and makes use of the JPEG20d@arstdo stream large data sets interactively in real-tioeers
can, for example, zoom and pan full-size SDO movies, appyctimage processing methods (including feature trackamgl) overlay
event markers from the Heliophysics Event Knowledgebase $&ctiorB.1). JHelioviewer is open-source and has a plugin architectur
that allows users to expand its functionality. More infotima can be found by visiting the website, and in particuleading the
JHelioviewer Handboak
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Ao Helioviewer — Solar and heliospheric image visualization tool —
Helioviewer.org is currently undergoing hardware maintenance and will be operating at limited capacity for a period of time.

# Link B Movie [EScreenshot *+ JHelloviewer &I

2010/08/02 12 Qe
00:00:00
Time-step:  ETRNI © ©

2010/08/02 00:00:00 | o> X

Obsorvatory: |
Instrument:
Detector:
Measurement:

FITS Header

¥ LASCO G2 2010/08/01 23:54:08 | €o» X

» LASCOC3 2010/08/01 23:42:05 | 0> X

Help About Usage Tips Wikl APl Contact Report Problem

Figure 8: The helioviewer.org display showing an eruptigible in LASCO C2 and C3 images, as well as a (mostly) cotaal@and
coaligned image from the AIA 1A channel. The three images are all taken within 15 minut&9ad Aug. 2, 00h UT.
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Figure 9: A screen shot of the JHelioviewer applicationsilfating a zoomed-in portion of an AIA image with icons asatad with
Heliophysics Events Knowledgebase overlaid on the image.
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3 Howto Find SDO Data

In this section, we will demonstrate how to use theliophysics Events Knowledgeba@¢EK). The HEK is essentially a list of ob-
servational sequences combined with a catalog of featmeeweents that have occurred on the sun. It is useful in gitugtvhen the
user knowshat a particular type of event occurred, but who cannot rememkactlywhen. It is also useful in situations when the user
wants to know whether a particular sequence of observatisrohcurred.

The HEK allows users to report new features and events, andrtwibute information on existing ones. Consequently, HEK
is useful in an environment where browsing large amountstd & cumbersome (as will be the case during the SDO erajlbwves
users to focus on establishing connections between simitarts and features. More information on the HEK is avalabthis article
a preprint of which is availableere(PDF file), and which will eventually appear in Solar Physics

3.1 Heliophysics Events Knowledgebase

The HEK is comprised of two major components: the Heliopty&vents Registry (HER) and the Heliophysics Coveragedtggi
(HCR). The HER tells you what features and events have besnifidd, and the HCR tells you which data sequences areasieil
There is an interplay between the HER and HCR (see FigQyeas searches for entries in the HER also reveal relatechaisms

cataloged in the HCR. We now discuss each one in sequence.

As illustrated in the schematic in Figutd, the HER accepts data from a multitude of providers, anduarFeature Recognition
Algorithms (FRMs) operate on these data streams and repamteand features of interest. FRMs encompass both awdrfesture-
finding algorithms, or can be human annotators. Users atlbeddER by tools such as iSolSearch (see Se@i@) or can use the
specifications given by thel EK Application Programming Interfag@\Pl). Additionally, for users familiar with SolarSoft, ¢hne exist
SSWIDL routines for querying with the HER (see Sectiof).

Each feature or event entry in the HEK contains informatibout its data source (e.g., observatory, instrument, veaggh), its
spatio-temporal location, and the FRM (automated or hunoae}l to identify the item. Théull list of event classesabulates the
required and optional attributes for each class of evertjtan these attributes than can be used to query the HEK.

Because the name of the FRM is an attribute for each eventturtestored within the HEK, multiple FRMs can generate tven
belonging to the same event class. There are many cases thieesame physical feature has been identified by differeM$%R
but no choice is made as to which one is “better” or “more u8efs such qualitative assessments often depend on theinded
use within a research program. Using coronal mass ejedBME]) events as an example, multiple catalogs of CMEs basetifon
ferent observatories and/or event specifications (sucioagxample, thet, ASCO (CDAW) CME Catalogthe SEEDS Catalogthe
LASCO ARTEMIS Catalogthe STEREO COR1 Catalg@nd theCactus CME Catalggare already in use by the community, and it is
likely that the research community has benefited from hawioge than one independently generated catalogs of the saané &he
same benefits can be expected by being able to query evemtsrfultiple FRMs seeking to identify each event class in thé&KHE

The HCR is a tool that tracks data requests. Users can, fangeaview recentor view populardata sequences from AIA, or
view the recent evenfsom SDO reported by human observers. Users can make moameely searches using thi€R search form
As data (especially, the starting and ending dates, ingntiand wavelength) are entered into the HCR search foemulmber of
observational sequences that satisfy the query is updated bottom of the page.

Clicking on the “Show Search Result Details” button reveatse details about each observation, including pointifigrmation
and a brief description of the science goal of the obsemalibese observations should be readily available via thet AB Data” link
on the summary page for each observation.

3.2 iSolSearch

The easiest way to interact with the HEK is probably by us®gjSearchwhich enables users to easily query the HEK for a listing
of events between two points in time. In this section, thedoasage of iSolSearch is summarized. Alternatively, thera brief
YouTube videdwith audio) that also demonstrates the basic usage of #i8é&rch tool. Users are encouraged to ask questions in the
YouTube comments section.
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Figure 10: A schematic illustration of the operation of thek] showing the interrelationship between the HER and HCR.

To query the HEK and learn what happened on the sun duringteydar time frame, simply enter two dates in the search hane
choose a selection of event classes, and press the “Searttbi lnnderneath the event-class listing. Any events irHiBK that satisfy
this query will appear as icons on the disk view panel, as agih a listing in the results panel to the right of the diskwighe results
from a typical search are illustrated in Figur2

Mousing over a particular icon will on the disk view will caui to be highlighted in yellow in the event listing. Likewismousing
over an event in the event listing will enlarge the icon indiek view. When clicking on an event (either its icon in thekdview, or its
corresponding entry in the event listing), the tool willplsy more detailed information about this event in the grdgrimation panel,
as shown in Figuré3. There, the user will find a more detailed description of en¢, a summary image or movie (if available), and a
link to the underlying XML code (in the “VOEvent XML” link) esociated with this event. Users can also add a referencenoment
regarding this event, and rate this event, by clicking orstinall icons at the top of the information panel.

Observational sequences that overlap the selected evéothinspace and time, as found from a HCR search based on the eve
properties, are listed under the “Observations in the rmiginod” heading in the information panel. Clicking on ori¢hese related
observational sequences will reveal a summary page as walliak to related data sequences that already exist (thagia) users
to avoid longer wait times when requesting data). If nonehefHHCR observational sequences satisfy the needs of theclisking
on the “Request data” link leads to the request form for theutservice (see Sectigh3), where data customized by the user can be
requested.
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Figure 11: A schematic illustration of the operation of thieRd
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To customize the event display, the disk view panel has&btkbuttons that zoom in and out in the upper-left cornet,cickable
buttons that switch between an orthographic and (Carrmdaditude-longitude projections of the sun in the uppghtcorner. Zooming
in and out can also be done using the mouse scroll wheel wigetutisor is located within main portion of the disk view parelthe
lower-left corner of the disk view panel, clicking on theas will rerun the existing query after adding or subtragtime day (single
arrows) or one week (double arrows) to or from the start ambdetes of the existing query. Clicking on the key icon in thedr-right
corner will take the user to the aforementioristiof event classesvhere the icons in the disk view panel are defined in termbef t
corresponding event classes.

More complex queries can be constructed by clicking on thiketS” tab in the search panel. Users can add multiple §iltbat
screen for, or screen out, events that satisfy a set of wefered conditions. As an example, suppose one wants to fitfiduas having
GOES Class M2 or greater that occurred in the year 2010. Uheé€iSearch” tab, set the start and end date2000-01-01 and
2010-12-31 , respectively, and clear all of the event-class checkbexespt for “Flare”. Then, under the “Filters” tab, adding a
constraint likeFL_GOESCIs >= M2.0 is achieved by choosingL_GOESCIs (flare GOES class) from the “Attribute” drop-down
menu, setting the operator (“Op”) t&=, choosingM2.0 from the “Value” drop-down menu, and then pressing the “Addtton. After
pressing the “Add” button, the constraint should appeanh@wthite box. After going back to the “Search” tab, press f8gabutton to
query the HEK. At the time of this writinghis query returned 18 events

After the query has produced a listing of results within Eedrch, the query itself and the associated list of restdtseailable
by clicking on the “export” link at the top of the panel shogithe event listing. In the menu that appears, the “Query kvik open
a window containing a URL of the query and the “SolarSoft"clitlk will open a window containing the same query formattzsl
an SSWIDL command using the SolarSoft API (thus allowingetent listing to be exported to SolarSoft). The listing afukés is
available by clicking on the “Table(CSV)” link. In this wagueries and their results can be saved for later use, orghduliin journal
articles so as to be repeatable by other researchers. Fadhes users can even subscribe to the query (allowingstiediof results to
be updated, and the user notified) by clicking on the “RSX iimorder to set up aRSS feed
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Figure 12: The iSolSearch tool, showing the results qtiary for 2010 Aug. 1 The tool displays an assortment events that happened
on this day, including several filament eruptions, corordés, active regions, flares, and even a coronal dimmingtevédre various
events are displayed as icons (based on event class) instheidw, and as a list in the results panel to the right of tis& display.
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Figure 13: The iSolSearch tool, showing the gray infornrapanel that provides more details about the filament ernmi@nt from
the results of the query shown in Figut2. In the right-most panel, more details about this event hosvs, including a description,
links to a summary frame and movie, the starting and ending,tobservatory, and FRM. Additional links to related reses also
appeatr, including a link to the cutout request form that alibw users to download the associated data underlyingetidat from AlA.
The icons at the top of the information panel permit usergltbraferences or comments and rate the particular everg deiplayed.
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4 How to Get AIA and HMI Data

Low-level processing and calibration for all HMI and AlA abrsables occurs at thiint Science Operations Cenféd650C), located
at Stanford University. After such “pipeline” processingsttaken place, the JSOC is responsible for cataloging ahé/arg the data
products and serving it to all users. In this section, thecbelements of the JSOC are briefly described (Sectidh followed by
descriptions of various ways to retrieve data (Sectibs4.3, and4.4). As the data are typically exported in a compressed forthat,
final section (Section.5) illustrates the various methods of uncompressing andmgan the data. Additionally, for users familiar with
SolarSoft, there exist SSWIDL alternatives for retrievitega from the JSOC (see Sectidng 5.4, and5.5).

4.1 How Data is Organized at the JSOC

To better comprehend what is happening when retrieving dasauseful to have a general understanding of how the dataataloged
in the JSOC. The system employed by the JSOC is calleB#t@ Record Management SystéDRMS), and was created by software
developers at Stanford to manage the large volume of datenatatiata produced by HMI and AIA. In the DRMS, data are orzghi
into dataseries, which is the name given to a sequence of related or siméandt These items are callegtords, which in turn are
comprised okeywords, their values, and the associated daaments.

Examples of dataseries inclubdmi.V _45s (HMI Dopplergrams with a 45s cadenca)a _test.levl (AIA Level 1 images), or
evenmdi.fd _M96mlev18 (full-disk MDI Level 1.8 magnetograms with a 96m cadencehdtidataseries are essentially sequences
of images in time, although this is not always necessarigydhse. Additionally, dataseries are not limited to beinggendata, and
may eventually include “derived” data products such as ptin@r diachronic charts, or cubes of remapped Dopplergr@muse in
helioseismology.

Several points about the DRMS cataloging system are worttioreéng:

e A key aspect of the way the DRMS catalogs data is #flatecords of the same dataseries have the same set of allowed keywords.
Of course, for different records these keywords will takeldferent values. Together, the list of records and list@f\ords (and
their values) form a database that is easily searched by DRMS

e The keywords and their values are stored separately from the data they describe. This allows the metadata, i.e., the values of the
keywords, to be accessed efficiently (and updated) withautlg to deal with large image files.

e In some dataseries, such lasi.V _45s, records contain exactly one image segment (such as thel&gpgm image in this
example). In others, records contain multiple segment®lafted data. It is important to note thaégardless of how many
segments a record contains, all segments of a record share many;, if not most, of the same keyword values. As an example, most
of the records in thaia _test.levl dataseries contain a data segment (the image) and anoginegisecontaining a record of
pixels that were changed during the despiking process.an@xample of dataseries that contain records with malipgments
are the various HMI vector magnetogram dataseries, fortwtiie Level 1 HMI filtergram data are processed to yield vagiou
magnetic field parameters, includinga|, inclination and azimuth angles, filling factors, and umaeties. Each of these
guantities will be stored in a different image segment, agtdbgcause these segments will be part of the same recoydyihe
share the same set of keyword data.

For more detailed information on the JSOC and DRMS, we réfereader to th@dSOC home pageand in particular thdSOC wiki

4.2 Thelookdata Tool

Thelookdata tool is an online Javascript front end to the DRMS at Stanford, @ardbe used to browse names of dataseries, to get
dataseries keyword lists, to examine metadata for setscofde, and to generate export requests. [Dokdata tool is comprised of
several tabs that, when progressed from left to right, atleevuser to locate and export data from the JSOC. Throughmuyptocess,
there are several steps; bold labels in the subsectiona loelwespond to bold labels in the tool. The tool itself pd®s some additional
help, available by clicking on the yellow question markg #n& visible from within the tool.
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? About Help  jsocstanford.edu gives access to export series. Consult JSOC staff for access to internal series.

[Series Select| Series Content | RecordSet Select | Values Display | Export Data | Test |

7 You may go directly to Step 3 on the above RecordSet Select tab if you know which series you want.
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? Select data series here.
| hmi.fsVbinned_nrt ——- Binned HMI NRT Dopplergrams for GONG far-side procep)

Enter a dataseries match pattern to search for
seriesnames, or leave blank to select from all series.

| hmi_test.lc_45s --- continuum Intensities with a cadence of 45 seconds.
|hmi_test.Ld_43s -—- linedepths with a cadence of 45 seconds.
_hmi 1 ? Seriesname filter Ehmi_lesl_Lw_«lSs -—— linewidths with a cadence of 45 seconds.
| hmi_test.M_45s5 --- magnetograms with a cadence of 45 seconds.
Fetch seriesname list I | hmi_test.52_720s -— level 1p IQUV data averaged at a cadence of 12 minutes
9 Series match this selection filter. | hmi_test.5_720s --- level 1p IQUV data averaged at a cadence of 12 minutes .|

ihmi_lest.fs\.-'hinned --- Binned HMI Dopplergrams for GONG far-side tesling_yg

Figure 14: The “Series select” tab from themkdata tool, showing Steps 1 and 2. Here, in Step 1 the user has searahdatfseries
names containing the search strimpi, and has selected tieni _test.M _45s dataseries in Step 2.

4.2.1 Getting Dataseries Names

The first step is to determine the name of the dataseriesinomgahe data you wish to examine (and possibly export). darch for
available dataseries, enter a search string in the “Senmestiilter” field Step 1) under the “Series Select” tab on ttowkdata webpage,

as shown in Figuréd4. Pressing the “Fetch seriesname list” button will returisdf all dataseries names containing that search string
in the larger white box to the right of the “Series Select"dieln this white box tep 2, click on the desired dataseries name from the
list, and thd ookdata tool will switch to the “RecordSet Select” tab.

TECHNICAL NOTE: EnteringNOTbefore the search string in the “Seriesname filter” field &pSt will return the list of dataseries
names that exclude that search string.

TECHNICAL NOTE: Prepending the caret (circumflex) characteo the search string in the “Seriesname filter” field in Step 1
will return only those dataseries names that start with daech string.

4.2.2 Selecting Records

The next step is to filter the full set of data records in theseimodataseries down to a more manageable number. This isiddaethe
“RecordSet Select” tab, shown in Figuts, where a DRMS query can be entered into the white ISig[g 3. You will notice that the
query box is already pre-populated with the dataseries rs@heeted in Step 2. Typically, users will want to refine therguby selecting
a particular range of dates and times. This is achieved bingdd the dataseries name a date or dates enclosed in sqaekets. For
informational purposes, near the top of the “RecordSetcBeiah, the dates of the earliest and most recent recordeidataseries are
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displayed. The following examples demonstrate this sy(tiaxe thehmi _test.M _45s dataseries is used, but the syntax is generally
applicable to most other dataseries):

e hmi_testtM _45s[2010.07.25 _13:30 _TAI-2010.07.25 _14:00 _TAI] — This query requests all HMI magnetograms
for July 25, 2010 between 13:30 and 14:00 TAL. It will retuthrécords (endpoints are inclusive).

e hmi_test.M _45s[2010.07.25 _13:30 _TAI/30m] — This query is almost identical to the above query, excepe liee
forward-slash modifier is used to indicate the time range/@Bm means “over the next 30 minutes”). It will return 40 records
(exclusive of the final endpoint).

e hmi_test.M _45s[2010.07.25 _13:30 _TAI/30m@3m] — This query is similar to the above queries, except that rav t
cadence is reduced from 45 seconds to 3 minutes@Bemeans “once per 3 minutes”). It will return 10 records.

Queries can be further refined by using keyword logic. A Ifshe full set of keywords for the selected dataseries carobed in
the “Series Content” tab, located between the “Series 8elad “RecordSet Select” tabs. The following examples desti@te queries
using keyword logic (using thaia _test.levl dataseries):

e aia _test.lev1[2010.07.25 -13:30/30m] — As above, this query requests all AIA image records for 28y2010 for
the half hour starting at 13:30. It will return 1177 records.

e aia _test.lev1[2010.07.25 13:30/30m][? WAVELNTH=171 ?] — This query now subselects the data from the
above query to include only those image records for which#&/ELNTKeyword equald 71 (i.e., the 178 channel of AIA).
It will return 149 records (for one image about every 12 selsdn

e aia _test.lev1[2010.07.25 -13:30/30m][? WAVELNTH=171 or WAVELNTH=304 ?] — Thisqueryreturnsthose
image records for which th&/ AVELNTHeyword equals eithek71 or 304. It returns 298 records.

After entering a query, press the "GetRecordCount” butaml, the tool will return the record count. Optionally, eimigra number
in the “Record Limit” field will limit the number of records siplayed, with positive numbers limiting the display to thistfi. records and
negative numbers limiting the display to the lastecords. Pressing the “GetRecordCount” button also pogsithe “Select Keywords”
and “Select Segments” boxes to the right of the query box thi¢hrespective lists of keywords and segments associatbdive (now
filtered) list of records, as shown in the example in FigLe

The user is now able to select which keywords to insp8teyg 4, which segments are desirest¢p 5, and which links are desired
(Step 6. Selecting+ ALL** in these boxes will return all of each of these, but to speedjfup users may want to select only a subset
of keywords, segments, and/or links. Users can selectiohaiy elements in these lists by holding down the COMMAND &TAey
while clicking the left mouse button, and ranges of keywarals be selected by holding down the SHIFT key while clickiNgte that
the “Select Links” box will often be empty.

Proceed to the next step by clicking on the “Fetch Keywordi®alfor RecordSet”, at which time thaokdata tool will switch to
the “Values Display” tab, as shown in the example in FigleThe table shown in the “Values Display” tab allows usersgpect the
keyword values in the filtered set of recor@&dp 7). Refining the selected set of records is achieved by goiof tmathe “RecordSet
Select” tab (by clicking on the tab itself), adjusting theeqy and repeating Steps 3 through 6.

TECHNICAL NOTE: The elements in brackets following the dataseries nantttet do not involve keyword logic) in the queries
shown here correspond to searchegriime keys for the dataseries. For nearly all dataseries of intefleRECor T_OBSwill
be a prime key, and this is what enables quick date and tintelsag without the use of more complicated keyword logice®n
aspect of prime keys is that no two records can have the samé z@me key values (i.e., a record is uniquely specifiedh®y
values of its prime keys). The full set of prime keys for a stdd dataseries is listed near the top of the “RecordSetS¢dd
(see Figurelb).

—
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TECHNICAL NOTE: Near the top of the “RecordSet Select” tab, the dates ofahigst and most recent records in the dataseries
are displayed. However, several dataseries (sutimastest.v  _45s, as shown in Figuré5) will list the first record as being
in the year 4712 BC. This (nonsense) date is used to indieatrds that have blank values BfREC The workaround for
determining the date of the actual first record of a particiiédaseries involves setting the date range of the queny soimething
like [2010-01-01/365d] (or whatever date range the first record is thought to be éolcat for the dataseries of interest) and
placing a+1 in the “Record Limit” field below the query. Pressing the “@etordCount” button should yield one valid record (if
not, try increasing the record limit), and pressing the thefeyword Values for RecordSet” button will then displag thrime
keys for this record (one of which is usuallyRECor T_OBS.

4.2.3 Exporting Data

If the user wishes to export the selected set of recordkirticon the “Export Data” tab will bring utep 8 Clicking on the “Export”
button will open a new window containing th&SOC Export Data” formthe top section of which is shown in Figuté On the export
form, the query and record count should already be pre-po@dlin the “RecordSet” and “Record Count” fields, respetyiv The
“Method” drop-down menu gives the user the option of chogsarious export methods. For most remote users, we recoohthefiurl-
tar” method. After selecting “url-tar”, several new fielddlappear, of which “Protocol” should be set to “FITS”, an@dmpression”
set to “compress Rice”. After pressing the “Submit Exportjest” button, the user should make note of the ID tag thagagin the
“RequestID” field below the button. Entering the ID tag in tterker-blue area at the bottom of the form will provide aithie estimated
time to completion or (if completed) a link to the archive taining the data. A completed export s illustrated in Feyls.

TECHNICAL NOTE: Users who already know which records they want and who castoact the relevant query can save timeg by
bypassing théookdata tool altogether and entering the query directly onto a blexgort form (using the link above).

4.3 The Cutout Service

The cutout serviceenables users to request AlA image sets (and soon HMI lirsgbit magnetograms and intensity images) to be
prepared for downloading. It can either be accessed djrasthg the link above, or via the "Request data” link assedavith events
returned in iSolSearch queries (see SecH#d). In the latter case, the data request form will be pre-patedl with the spatiotemporal
bounds of the originating event. In general, however, theicse may be used for any other data request. In additiond@ttine form,
there is also a SolarSoft interface to the cutout servicdeasonstrated in Sectidn4.

As shown in Figurel9, the form has straightforward layout, containing inputdgefor spatial and temporal bounds of the cutout,
as well as the wavelength channels desired. The spatialtecda be specified either by drawing a bounding box on the kaimage
or typing in coordinates directly into the appropriate pagter fields. Alternatively, instead of a bounding box, sgam also specify
“full-disk”. Clicking on the “full-disk” link (underneatithe sample image) will bring up radio buttons that allow tasuiting image
size to be specified, enabling the user to specify full-tggmh images or images binned down by a factor of 2, 4, or 8.

In the last four fields of the request form users should inpeirthame, e-mail address, a brief description of the dajaest, and
the maximum number of image frames in the request. If theastga maximum number of frames is less than the actual nuofiber
frames requested, then the cutout service will keep thedfpeasted duration but will subsample in time.

In the “Service” drop-down menu (underneath the sample @pagsers can request that either the “SSW Cutout ServideV&AL
or the “JSOC Export Data” service be used. The “SSW Cutouti&t, as the name implies, uses SSW routines to procesptimls
and temporal extraction. The “JSOC Export Data” option matically request an export from the JSOC as if the user had tie
lookdata tool and then filled out theJSOC Export Data” forn{both described in Sectioh?2). At present, “JSOC Export Data” option
can only accommodate full-resolution and full-cadenceadat

In either case, once the data set is generated, you will easegmail with instructions on how to download the data. & t8SW
Cutout Service” option was chosen, the e-mail will contdiinlato the service-request output page. There, the usevieana summary
movie using the “JobWWW?” link, or download the data by goingpi SSWIDL and using the command in the “d@ata” field. This
SSWIDL command causes the requested cutout to be downlasdetie local directory.
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_,ISOC Lockdata

JSD'C Data EX]]II]I'E Info and Exp-urt (_Reset Page | I'L' Disable Tabs ) I'_' Disable Help 3 0

Requests Pendin

? About Help  jsocstanford.edu gives access to export series. Consult JSOC staff for access to internal series.

Series Select | Series Content | RecordSet Select| Values Display | Export Data | Test |

Information about selected series Series Description magnetograms with a cadence of 45 seconds.
Current Series is: hmi test.M_45s Release Notes for hmi test

PrimeKeys: T_REC, CAMERA

DBindex: T_REC_index, CAMERA

Data NOT archived, online retention 90 First Record = hmi_test.M_45s[-4712.01.01_11:59:28_TAI][2]

days Last Record = hmi_test.M_45s[2010.09.09_00:00:00_TAI][2]
Unitsize: 1 record First Rec., Last Rec. and largest used recnums: 391186, 390994, 393756 resp.
3. Select Records and Get Record Count Select Keywords, Segments, and
Enter RecordSet Specification here for keyword listings and for export. Examples  Links for table of values.
? ] Check box to show the QueryBuilder. 4. Select Keywords
Request may take a while if the recordset is large (more than a few thousand records). | **NOKE** !
i wEf| | wE
9 : cparms_sgQ00
' . magnetogram_bzero
hmi_test.M_45s5[2010-07-25_13:30_TAl/30m@3m] gﬁgewgmm—hsm'e
| DATE_0BS q
Record Limit  none Optional, + for from start, - for from end. = |TELESCOP M|
GetRecordCount | Record Count: 10 5 - Select Segments
| **NONE**
E it I e
¥ Check to Get Record Query. presy—

! Check 1o Allow Huge Record Queries.
[] Check to show full segment info
[ Check to make local file links (only at JSOC).
[ Prepare value table in 'show_info' format in new window. (No *psuedo* keywords |
yet please) Segments fail
Fetch Keyword Values for RecordSet I 6. Select Links

Figure 15: The “RecordSet Select” tab from tlumkdata tool, showing Steps 3 through 6. Here, the user has entered thg que
hmi testM _45s[2010-07-25 _13:30 _TAI/30m@3m], and the tool has indicated that 10 records match this query.
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If, instead, the “JSOC Export Data” option was chosen, thead-will contain a link to the (temporary) location onlinethe JSOC
from which the data can be downloaded. The data are presastetisting of links, and as mentioned earlier, browser@asl¢{such as
DownThemAll!for Firefox) come in handy for downloading such lists of knk a few mouse-clicks.

If an error occurs in the request or if the request exceedswuently tested capacity, it will stay in the queue and wallghy to
process itin due time, or contact you on how to reformulat&ryequest.

TECHNICAL NOTE: Choosing the “SSW Cutout Service” option creates the ddtomn LMSAL's cache of Level-1.5 data, whigh
is flat-fielded, despiked, and co-aligned. Choosing the Q$3port Data” option uses Level-1 data, which is flat-fielded
despiked, but not co-aligned).

TECHNICAL NOTE: The cutouts generated using the “SSW Cutout Service” optse data in the LMSAL cache, which contains
only about the most recent two months. If you request oldex,@a error message will be sent. Similarly, the Level-h @datil-
able at the JSOC extends for about three months, and if yailestglder data, nothing may happen until the JISOC implesnent
the system to re-create Level-1 data from earlier datadtiarthe archive.

4.4 The Virtual Solar Observatory

The Virtual Solar Observatory (VSO) has been described as-&top shopping for (nearly) all of your solar physics rs3ett allows
users to query a multitude of data providers (e.g., SDO, #nand other observatories) using standardized intexfagther via the
web or via SolarSoft. Here, in this section, we will demoatghow to retrieve SDO data using the web-based interfdoereas the
SolarSoft interface is demonstrated for SDO data in Seé&ibn

To use the web interface, navigate to 80O web interfacentry page, shown in Figut#, where the user is presented with a list
of attributes that will frame the subsequent VSO query. Nbét “Time” is always selected. (If the date and time of ietgrare not
already known, then the resources described in Segétiohthis guide will be of use.) For AIA or HMI, choosing the “lmament /
Source / Provider” and then “Instrument Only” options isragie way to narrow down the source options. Choosing “Otzd®e’ (for
HMI) or “Spectral Range” (for AIA) may also be of use when stileg SDO data. Pressing the “Generate VSO Search Forndrbatt
the bottom of the entry page will display the search form.

On the search form, shown in Figu?é, the user enters a start and end time for the query, and cloffase or more instruments.
Pressing the “Search” button will, after a few moments,rethe results of the query.

At this point, the user selects which records they wish tooad by marking the check-boxes in the left-most columne Th
“CheckBox Tools” section on the left-hand side may come indyehere, as it enables users to checkrmheck large swaths of records.
The columns can also be sorted by checking off the boxes oekitcolumn headings, and then clicking on the “Sort”/"Reage”
buttons above the table.

The results page with some boxes checked is shown in FigRirePressing the “Request Data” button, and selecting “URL-
FILE_Rice” (for Rice-compressed FITS files), will bring up a lidtlmks for download, as shown in Figur23. Browser add-ons
(such aDownThemAll! for Firefox) come in handy here for downloading all links ifiesv mouse-clicks.

Online help at any step is available either by clicking onitfiermation icons, or by perusing thésO FAQ webpageTheVSO blog
may also be useful.

4.5 Viewing Compressed Images

Data from SDO is typically downloaded as Rice-compressd@&Hiles (in order to reduce the bandwidth needed for the doad)l
Such files can be uncompressed and viewed using a numberebj-feailable image-manipulation software programs]uiding
SDOImage DS@and themcopy program andrpack packag&om theCFITSIO subroutine libraryAdditionally, theread _sdo.pro

IDL routine, available via th© NTOLOG $olarSoft package (see Secti®rwill uncompress and read in Rice-compressed images into
IDL.
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JSOC Lookdata £}
~
- |
JSOC Data Explore Info and Export (ResetPage ) ( Disable Tabs ) ( DisableHelp ) 0 |
|
Requests Pendin I
|
? About Help  jsocstanford.edu gives access to export series. Consult JSOC staff for access to internal series. '
|
|
Series Select | Series Content | RecordSet Select [Walues Bisplay| Export Data | Test | '
. I | . |
7. Get Keyword and Segment Values Here |
RecordSet Query: hmi_testM_45s[2010-07-25_13:30_TAL/30m®&3m] |
|
Keywords to Fetch: 1 Keys Chosen: **ALL** |
|
Segments to Fetch: 1 Segs Chosen: **ALL** |
Links to Fetch: I
|
|
Recordiame DATE | DATE _ OBS TELESCOP | 1 |
hmi test.M 458[2010.07.25 13:30:00_TAI][2] 2010-07-30T15:04:232 {2010-07-25T13:29:03.50% SDO/EMI |
hmi test.M 458[2010.07.25 13:33:00_TAI][2] 2010-07-30T15:14:41%Z {2010-07-25T13:32:03.50% spo/EMI |l
|
hmi test.M 458[2010.07.25 13:36:00 TAT][2] 2010-07-30T15:25:028 {2010-07-25T13:35:03.50% SDO/EMI |
hmi test.M 458[2010.07.25 13:39:00_TAI][2] 2010-07-30T15:35:222 {2010-07-25T13:38:03.50% SDO/EMI |
|
hmi test.M 458[2010.07.25 13:42:00_TAI][2] 2010-07-30T15:45:402 2010-07-25T13:41:03.50% SDO/EMI ||
hmi test.M 458[2010.07.25 13:45:00 TAT][2] 2010-07-30T15:55:592 § 2010-07-25T13:44:03.50% SDO/EMI |
|
hmi test.M 458[2010.07.25 13:48:00_TAI][2] 2010-07-30T16:06:202 {2010-07-25T13:47:03.50% SDO/EMI ||
hmi test.M 458[2010.07.25 13:51:00_TAI][2] 2010-07-30T16:16:402 | 2010-07-25T13:50:03.50% spo/EMI |l
|
hmi test.M 458[2010.07.25 13:54:00 TAT][2] 2010-07-30T16:27:018 2010-07-25T13:53:03.503 SDO/EMI |
hmi_test.M 458[2010.07.25 13:57:00_TAI][2] 2010-07-30T16:37:202 {2010-07-25T13:56:03.50% SDO/EMI BN
A
¥
[ —— FRES

Figure 16: The “Values Display” tab from tHeokdata tool, showing a listing of all keywords and their values for ther&@ords

matching thehmi _test.M

_455[2010-07-25

_13:30 _TAI/30m@3m] query illustrated in Figuré5s.
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J50C Export Data —
M
JSOC Data Export (‘resetpage | (TurnHelp Off ) 1 Requests Pending , Loading... :
|
JSOC Data Export Request Generation .
WARNING - Explicit Record Limit being tested, should work except for hg_patch processing '
If the Method is changed from "url_gquick"” or "url_direct" you will have additional options to specify. "url-direct” is :
temporarily disabled. |
After the request is submitted for Methods of "url", "ftp", "url-tar" or "fip-tar" you will recieve ON THIS PAGE a :
"Request_ID" that will be used to access the data when it is ready. .
If you enter an email address you will be notified when the data is ready. If you do not provide an email address you must '
leave this page open or save the Request_ID in order to access the data. :
RecordSet from file 9 c%-ﬂfhnck box to allow upload of RecordSet list file, file will be requested after Submit button :
|
RecordSet ? hmi_test.M_45s[2010-07-25_13:30_TAI/30m@3m]{**ALL**} .
Record Limit ? none Limits number of records to export. :
Record Count 710 (" Recount .
Method e = gl:;ie method, url_quick or url for now. url_guick implies protocol of .
Filename Format 7 {seriesnamel{T_REC:ALI{CAMERAL{segment} File name template. o/
: Set Pre-export processing info, Trials of tracked patches available for
Proce 7 =
e e # ) i test XX, 455 only.
Protocol 7 FITS :] Choose protocol, "FITS" or "as-is”,
. . — Choose compression parameters for each segment., **NONE** for no
Compression 7 | compress Rice 3] ;
compression.
Provide an identifier for you, e.g. your SolarMail name. May be omitted
Requestor 7 : :
for online delivery.
; Provide your email address for notification. May be omitted for online
Notify 7 :
delivery.
Confirm Email 7 Please confirm e-mail address.
submit Export Request | Please only click once for export request. .
¥
Home page for: SDO-JSOC 7

Figure 17: The top section of th&JSOC Export Data” form illustrating how to export the 10 records matching the
hmi testM _45s[2010-07-25 _13:30 _TAI/30m@3m] query illustrated in Figurd5. After pressing the "Submit Export Re-
guest” button and waiting for the export to process, the foseetion will appear as in Figuti.
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A NM 1S0C Export Data

J

This is the ID tag for your export request. Use the Status Request button below to
retrieve the links to the data.

Status Data Ready, size=187MB

Data
Location

RequestID JSOC_20101022_023

JSOC Data Export Status and Retrieval

This is the ID tag for your
export request.

it St Reguesi.| Flease only click once for status 1 st formats are index.html, index.json, and
request. index.txt
Clear Request | Clear old status RequestID export script file is

Status Data Ready, size=187MB JSOC_20101022 023.drmsrun
Data Location hutp:/fisoc.stanford .edu/SUM6G/D7094255/S00000/

Tar File Location [SUMG/D97094255/S00000/JSOC 20101022 023 tar

|File ‘Record |Filename

| 1 p-nmj_testM_«iﬁ 5[2010.07.25_13:30:00_TAI][2] |hmj_testM_45520100725_1 33000_TAIZ.magnetogram.fits
|2 ‘hmj_tcstM_ﬂfS5[2{110.0?.25_13:33:00_TA1][2} |hmj_testM_45521}100f?25_1 33300_TAIL.2 magnetogram. fits
|3 p:mi_mstM_ziSs[z{lI{l.U? .25_13:36:00_TAIJ[2] |hmj_te:s[.M_4552.010(}?2.5_1 33600_TAI.Z.magnetogram fits
|4 ‘hmi_wst.M_-iS 5[2010.07.25_13:39:00_TAI][2] |hm1'_tﬂst.M_455.20100?25_1 33900_TAI.2.magnetogram.fits
|5 Lhmj_testM_-ﬁ 5[2010.07.25_13:42:00_TAI][2] |hmi_tes!:M_45520100?2.5_1 34200_TAI.2 magnetogram.fits
|6 ‘hmi_test.M_-ﬁs[lﬂlﬂ.07.25_13:45:00_TAI|[2] |hmi_testM_4Ss.2(}lﬂﬂ725_l 34500_TAIL.2.magnetogram.fits
|? ‘hmj_testM_-f!-j5[2010.0?.25_13:48:00_TAI][2] |hmj_testM_455.20100?25_1 34800_TAIL2 magnetogram. fits
|8 i restM_455[2010.07.25_13:51:00_TAI][2] |hmj_testM_455.20100725_1 35100_TAIL.2.magnetogram.fits
|9 i restM_455[2010.07.25_13:54:00_TAI][2] |hmj_te=st.M_455.20100725_1 35400_TAI.Z.magnetogram.fits
|1[} Lhmj_test.M_ﬁ 5[2010.07.25_13:57:00_TAI][2] |hmj_tcst.M_455.2[}100?25_1 35700_TAIL.2 .magnetogram.fits

RequestID {Isoc_z20101022_023 Success

Home page for: SDO-JSOC

Figure 18: The lower section 6§SOC Export Data” formillustrating the completed export requested in Figlire

:\t.dbf'
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MO Cutout Service Search =

LMsAL > sungate > Heliophysics Coverage Registry (HCR)

About this form

rCutout Reguest Form
reset dates and times

Start Date: 2010-10-19 [
YYYY-MM-DD
Start Time: 16:00
HH:MM (24h)
End Date: 2010-10-19  |[E
YYYY-MM-DD
End Time: 1700
HiH:MM (24h)

\Wavelength [ALA = = = = = = =
|[Caas  [Ceo0  (C1i7oo (Coss  [1M31 E171 (198 D211 #so4 (4500 |

THMI {eoming soon...)
|[CBfios)  [JCONT |

xCen, yCen
Drag cursor to define xCen and yCen bounds.
move box tool  clear bounding box  full disk
®CenMin=-1123, xCenMax=451, yCenMin=-36, YCenMax=607

1Senvice [ SSW Cutout Service T} Mote: Level-1.5 data Is served from S5W, Level-1 full-frames from JSOC
[[Tracking

Width (arcsec) 1574

Height (arcsec) 543

xCen (arcsec) =336

|yCen (arcsec) 285.5

iName (2)

|E-mail (7)

Event Title (7}

Max Frames (7)

("Order

Done [ ]

Figure 19: The cutout service request form, showing a rddoeslata from the AIA 174 and 304 channels covering a localized
region of the solar disk.
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]

Vel Virtual Solar Observatory

SDO Status: The AIA and HMI data are not yet fully calibrated, but test series are :
available for scientists to see the headers and otherwise test their compatability with N e
their tools. We have not yet started on EVE integration. .

Search VSO Help or enter Cart Id: "Go)

Search for Solar Physics Data Products:

) Virtual Solar O!DS::F\'atcmj
If you're new to the VSO0, see How To Search, the FAQ or click the © jcons for online ’
help.

Please select which values you wish to use to search for data products:

v Time
Search by time interval.
Derive time intervals from event catalogs
| Observable
Search based on physical observables®
# Instrument / Source / Provider
Search based on instruments® or data archives®
1 Compact listing
) Instrument / Source (not provider dependent)
# Instrument Only {(not source or provider dependent)
| Spectral Range
Search based on a spectral range
] Nicknames
Search based on common terms used to describe data products
Note: Nicknames generate an intersection with other search terms, so searching for a nickname, and a physical observable
(or other parameter) when a nickname defines other physical observables will result in no matches.
) Show Nickname Definitions

(]

(]

Searching against current VSO instances

( Generate VSO Search Form )

VSO Documentation

Documentation for Scientists, Programmers and Data Providers, including Changes, FAQs, and contact info.

Help us improve VSO

e Tell us what features you would like to see.
¢ Other suggestions / comments / criticism
¢ Contact information for VSO team members

VSO @ Home | NSO | Stanford

W3 b rAui'omaﬁcaﬂy Generated at : Wed Oct 27 01:17:07 2010

3

Figure 20: The/SO web interfacentry page, with the “Instrument / Source / Provider” andstioment Only” options checked.
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VSO Time /[ Instrument Search Form

VSO Time / Instrument Search Form

Version 1.4

Start Date/Time:| 2010 [#] [ aug [§] (01 (3] / (08 5] : (00 (%]
End Date/Time: | 2010 [3] [ Aug [5] (01 [5] / (08 [5]: [ 59 [3)

3 0

“All Month )( Al Day )
Instrument Date Range

[ 512-channel magnetograph® 1974.02.01 — 1993.04.10

C 60-ft SHG® 1915.08.10 — 1985.12.31
¥ AIA® 2010.05.23
O BBSO® 2000.07.05 —

1991.09.01 - 2001.12.14
O Big Bear® 1996.06.01
O cps® 1996.01.19 —
U CELIAS® 1995.12.02
C Cerro Tololo® 2001.04.20 -
O cFOT1® 1986.05.26 -
O crpT2® 1992.01.11 -
C chp® 1996.04.20 —
| E;;nnanmnh@ 1995 10.20 —

Figure 21: The VSO search form, with the user about to requresshour’s worth of AIA data from 2010 Aug. 1.

A
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AaNnN VS0 Search Results =
ot VSO Search Results
k
Wiyl Sckor Ghesnateny: Show Search Params :: [show]
total entries: 2336
<<prev -1- next>> (135
Search VSO Help or enter L =
Cart I Sort Only | Rearrange only | Sort & Rearrange [JApply to this page only |© Views: Basic | Thumbs | Links | Long @
| G, ‘ Tl il [ Time Start ' Time End Min Spectral Range _ Max Spectral Range "|Wave Type —Observable | Source _ Instrument " Extent
:ig gz";“’y ] 2010.08.01 08:00:002010.08.01 08:00:01 171 A 171 A NARROW intensity SDO AIA FULLDISK
Click un the ® icancior: [H 2010.08.01 08:00:022010.08.01 08:00:03 304 A 304 A NARROW intensity SDO AIA FULLDISK
online heip. o 2010.08.01 08:00:082010.08.01 08:00:09 94 A 94 A NARROW intensity SDO AIA FULLDISK
/] 2010.08.01 08:00:082010.08.01 08:00:09 4500 A 4500 A NARROW intensity SDO AIA FULLDISK
¥ 2010.08.01 08:00:122010.08.01 08:00:13 171 A 171 A NARROW intensity SDO ATA FULLDISK
Shany idenil (i) o 2010.08.01 08:00:122010.08.01 08:00:13 211 A 211 A NARROW intensity SDO AIA FULLDISK
New Search # 2010.08.01 08:00:142010.08.01 08:00:15 304 A 304 A NARROW intensity sSDO ATA FULLDISK
- ¥ 2010.08.01 08:00:152010.08.01 08:00:16 335A 335 A NARROW intensity SDO AIA FULLDISK
o 2010.08.01 08:00:172010.08.01 08:00:18 1600 A 1600 A NARROW intensity SDO AIA FULLDISK
Search Status [show] c] 2010.08.01 08:00:192010.08.01 08:00:20 193 A 193 A NARROW intensity SDO AIA FULLDISK
No Errors; No Warnings ¥ 2010.08.01 08:00:202010.08.01 08:00:21 94 A 94 A NARROW intensity sSDO ATA FULLDISK
T o g ¥ 2010.08.01 08:00:212010.08.01 08:00:22 131 A 131 A NARROW intensity SDO ATA FULLDISK
& 2010.08.01 08:00:242010.08.01 08:00:25 171 A 171 A NARROW intensity sSDO ATA FULLDISK
jsoc | 2336Rewrd: W 2010.08.01 08:00:242010.08.01 08:00:25 211 A 211 A NARROW intensity sDO AIA FULLDISK
* 2336 Returned | @ 2010.08.01 08:00:262010.08.01 08:00:27 304 A 304 A NARROW intensity SDO AIA FULLDISK
“ 2010.08.01 08:00:272010.08.01 08:00:28 335 A 335 A NARROW intensity SDO AIA FULLDISK
o 2010.08.01 08:00:312010.08.01 08:00:32 193 A 193 A NARROW intensity SDO AIA FULLDISK
SCRENOTE Gl | o 2010.08.01 08:00:312010.08.01 08:00:32 1700 A 1700 A NARROW intensity SDO ATA FULLDISK
s # 2010.08.01 08:00:322010.08.01 08:00:33 94 A 94 A NARROW intensity SDO ATA FULLDISK
CheckBox Tools ¥ 2010.08.01 08:00:332010.08.01 08:00:34 131 A 131 A NARROW intensity SDO AIA FULLDISK
Select ...® “ 2010.08.01 08:00:362010.08.01 08:00:37 171 A 171 A NARROW intensity SDO AIA FULLDISK
@®All Above this box “ 2010.08.01 08:00:362010.08.01 08:00:37 211 A 211 A NARROW intensity SDO AIA FULLDISK
OAll Below this box o 2010.08.01 08:00:382010.08.01 08:00:39 304 A 304 A NARROW intensity SDO AIA FULLDISK
©Just this box ¥ 2010.08.01 08:00:392010.08.01 08:00:40 335 A 335 A NARROW intensity SDO ATA FULLDISK
(selectAll) (Clear) c] 2010.08.01 08:00:412010.08.01 08:00:42 1600 A 1600 A NARROW intensity SDO AIA FULLDISK
# 2010.08.01 08:00:432010.08.01 08:00:44 193 A 193 A NARROW intensity sDO ATA FULLDISK
(Select All Pages ) # 2010.08.01 08:00:442010.08.01 08:00:45 94 A 94 A NARROW intensity sDo AIA FULLDISK
(Clear All Pages | /] 2010.08.01 08:00:452010.08.01 08:00:46 131A 131 A NARROW intensity SDO AIA FULLDISK
o 2010.08.01 08:00:482010.08.01 08:00:49 171 A 171 A NARROW intensity SDO AIA FULLDISK
(  FRequestpam ) | ® 2010.08.01 08:00:482010.08.01 08:00:49 211 A 211 A NARROW intensity SDO AIA FULLDISK
Wm ¥ 2010.08.01 08:00:502010.08.01 08:00:51 304 A 304 A NARROW intensity SDO ATA FULLDISK
GtrotrotoTatm— | 2010.08.01 08:00:512010.08.01 08:00:52 335 A 335 A NARROW intensity sSDO ATA FULLDISK
¥ 2010.08.01 08:00:552010.08.01 08:00:56 193 A 193 A NARROW intensity SDO AIA FULLDISK
“ 2010.08.01 08:00:552010.08.01 08:00:56 1700 A 1700 A NARROW intensity SDO AIA FULLDISK
“ 2010.08.01 08:00:562010.08.01 08:00:57 94 A 94 A NARROW intensity SDO AIA FULLDISK
/] 2010.08.01 08:00:572010.08.01 08:00:58 131 A 131 A NARROW intensity SDO AIA FULLDISK
o 2010.08.01 08:01:002010.08.01 08:01:01 171 A 171 A NARROW intensity SDO ATA FULLDISK
a 2010.08.01 08:01:002010.08.01 08:01:01 211 A 211 A NARROW intensity sSDO ATA FULLDISK
o 2010.08.01 08:01:022010.08.01 08:01:03 304 A 304 A NARROW intensity sbo AIA FULLDISK
o 2010.08.01 08:01:032010.08.01 08:01:04 335A 335 A NARROW intensity sSDo AIA FULLDISK &+
e=—————————————— _— 20100201 0R-N1-NS2NINORNIORNING 1600 A 1600l MARRIML_intenein GO AA RLIIISK

Figure 22: The results of the VSO query from Fig@re showing the top portion of the listing of 2336 records. Oneute’s worth of
AlA data have been selected for export.
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AN

CART ID: VSO-NSO-101027-061 —- Request Status

)

Time State
27-0ct-2010 17:48:12 UTCDONE

Provider

Search VSO Help or enter | JSOC
Cart Id:

@)
VSO Glossary
VSO0 FAQ
Click on the © icons for
online help.

Query Menu thide]
New Search

Edit Search
Continue Adding to Cart
@

Click & Bookmark
Email This Cart
Track Your Request
Back to Cart

Search Status [show)

P
( Export Links )

CART ID: VSO-NSO0-101027-061
Request Status

Session 1 : 27-Oct-2010 17:28:55 UTC
Comments

http://vso.tuc.noao.edu/cgi-|
http://vso.tuc.noao.edu/ct
http://vso.tuc.noao.edu/cg

in/drms_test/drms_export.cgi?series=aia_lev1;compres:
drms_test/drms_export.cgi?series=aia_lev1;compres:
/drms_test/drms_export.cgi?series=aia_levl;compress

ice;record=171_1059724835-1059724835
ice;record=304_1059724838-1059724838
ce;record=94_1059724844-1059724844

http://vso.tuc.noao.edu/cgi-bin/drms_test/drms_export.cgi?series=aia_levl;compress=rice;record=4500_1059724843-1059724843

http://vso.tuc.noao.edu/cgi-bin/drms_test/drms_export.cgi?series=aia_levl;compres:
http://vso.tuc.noao.edu/cgi-|

ce;record=171_1059724847-1059724847

in/drms_test/drms_export.cgi?series=ala_levl;compress=rice;record=211_1059724848-1059724848

http://vso.tuc.noao.edu/cgi-bin/drms_test/drms_export.cgi?series=aia_levl;compress=rice;record=304_1059724850-1059724850

http://vso.tuc.noao.edu/cgi-bin/drms_test/drms_export.cgi?series=aia_levl;compres:
http://vso.tuc.noao.edu/cg drms_test/drms_export.cgi?series=aia_levl;compress
http://vso.tuc.noao.edu/cgi-bin/drms_test/drms_export.cgi?series=aia_levl;compres:
http://vso.tuc.noao.edu/c drms_test/drms_export.cgi?series=aia_lev1;compres:
http://vso.tuc.noao.edu/cg

http://vso.tuc.noao.edu/cgi-bin/drms_test/drms_export.cgi?series=aia_levl;compres:

http://vso.tuc.nocao.edu/cgi-|

http://vso.tuc.noao.edu/ct
http://vso.tuc.noao.edu/c
http://vso.tuc.nocao.edu/c
http://vso.tuc.noao.edu/c
http://vso.tuc.noao.edu/c
http://vso.tuc.noao.edu/cgi-|
http://vso.tuc.noao.edu/cgi-|
http://vso.tuc.noao.edu/cgi-|
http://vso.tuc.noao.edu/cgi-|
http://vso.tuc.noao.edu/cgi

drms_test/drms_export.cgi?series=aia_levl;compress
drms_test/drms_export.cgi?series=aia_lev1;compres:
drms_test/drms_export.cgi?series=aia_lev1;compres:

in/drms_test/drms_export.cgi?series=aia_lev1;compres:
n/drms_test/drms_export.cgi?series=aia_levl;compres:

in/drms_test/drms_export.cgi?series=aia_lev1;compres:
in/drms_test/drms_export.cgi?series=aia_lev1;compres:
/drms_test/drms_export.cgi?series=aia_levl;compress:
http://vso.tuc.ncao.edu/c drms_test/drms_export.cgi?series=aia_lev1;compres:
http://vso.tuc.ncao.edu/cg drms_test/drms_export.cgi?series=aia_lev1;compres:
http://vso.tuc.noao.edu/cgi-bin/drms_test/drms_export.cgi?series=aia_lev1;compres:
http://vso.tuc.noao.edu/cgi-bin/drms_test/drms_export.cgi?series=aia_lev1;compres:
http://vso.tuc.ncao.edu/cgi-|

http://vso.tuc.noao.edu/cgi-bin/drms_test/drms_export.cgi?series=aia_levl;compres:
http://vso.tuc.noao.edu/cg

/drms_test/drms_export.cgi?series=aia_lev1;compress=

drms_test/drms_export.cgi?series=aia_lev1;compress=

ice;record=335_1059724851-1059724851
ice;record=1600_1059724853-1059724853
ice;record=193_1059724855-1059724855
ce;record=94_1059724856-1059724856
ce;record=131_1059724857-1059724857
ce;record=171_1059724859-1059724859

http://vso.tuc.nocao.edu/cgi-bin/drms_test/drms_export.cgi?series=ala_levl;compress=rice;record=211_1059724860-1059724860
in/drms_test/drms_export.cgi?series=aia_levl;compress=rice;record=304_1059724862-1059724862
http://vso.tuc.noao.edu/cgi-bin/drms_test/drms_export.cgi?series=aia_levl;compress=rice;record=335_1059724863-1059724863
http://vso.tuc.noao.edu/cgi-bin/drms_test/drms_export.cgi?series=aia_levl;compress=rice;record=1700_1059724866-1059724866

=rice;record=193_1059724867-1059724867

ice;record=94_1059724868-1059724868

ce;record=131_1059724869-1059724869
ce;record=171_1059724871-1059724871
ce;record=211_1059724872-1059724872
ce;record=304_1059724874-1059724874

n/drms_test/drms_export.cgi?series=aia_levl;compress=rice;record=335_1059724875-1059724875

ce;record=1600_1059724877-1059724877
ce;record=193_1059724879-1059724879
ce;record=94_1059724880-1059724880
ice;record=131_1059724881-1059724881
ce;record=171_1059724883-1059724883
ce;record=211_1059724884-1059724884
ce;record=304_1059724886-1059724886

in/drms_test/drms_export.cgi?series=aia_levl;compress=rice;record=335_1059724887-1059724887

http://vso.tuc.nocao.edu/cgi-bin/drms_test/drms_export.cgi?series=aia_levl;compress=rice;record=1700_1059724890-1059724830

ce;record=193_1059724891-10597248391

drms_test/drms_export.cgi?series=aia_levl;compress=rice;record=94_1059724892-1059724892

http://vso.tuc.noao.edu/cgi-bin/drms_test/drms_export.cgi?series=aia_lev1;compress=rice;record=131_1059724893-1059724893

VSO @ Home NSO Stanford

Comments? Help us improve VSO @

Wednesday, 27 October 2010 about 10:48 AM M/

Figure 23: The VSO download page corresponding to the setoofrds checked off in Figurz2.

NRRER -
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5 SolarSoft and SDO

The SolarSoftWard SSW) system, or “SolarSoft” for short, is a software disition system that originally stemmed from the need to
coordinate solar mission data analysis across severgliitmts, going back as far as th@hkoh mission(which launched in 1991).

It is comprised of integrated software libraries, databaaad system utilities that provide a coordinated datayaisa¢énvironment for
solar physics research. It is largely hardware- and sidependent, with mirroring capabilities to keep instatlag at various sites
consistent. Although most of the software distributed \&8\&is in ITT Visual Information Solutiondhteractive Data LanguadéDL)

— thelingua franca of the solar physics community — SSW can easily accommodsdit@asre in other languages.

In the following sections, we will describe how to installgsgrade SSW for use with SDO data (Sectiof), and the how to use
SSW to interface with the HEK (Sectidn?2) and to get HMI or AIA image data from the JSOC (Sectiof). Also demonstrated are
the SSW interfaces to the cutout service (Sechiah), the VSO (Sectiorh.5), and other miscellaneous items (Sectiof). Access to
EVE data via SSW is currently under development.

5.1 Installing or Upgrading SolarSoft
5.1.1 Doing a Clean Install
To do a clean install of SSW, follow these steps:

e Navigate to the mairl8SW installation webpageThis is the webpage containing instructions for instglllBSW on different
operating systems.

e Next, click on the “SSW INSTALLATION FORM” link. The instadition form allows the user to select the top-level path inclrhi
the software will reside, along with which packages are tdt@&nloaded. For SDO-related software, sekslét , HMI, EVE and
ONTOLOGYTheONTOLOGackage includes software that interacts with the JSOCthandthers contain software specific to
the respective SDO instruments. If you think that you willuséng the SSW interface to the VSO (see Sechidi), then thevSO
package should also be selected.

e After completing the installation form, click on the “Geaége Installation Script” button near the bottom of the paldee website
will then give you an indication of how much disk space you&®stallation will occupy, and provide you with a link to you
personalized installation script or batch file.

e Next, save the installation script or batch file to disk byhtiglicking on the link underneath the installation taldRn the script
or batch file on your machine. On Windows systems, the batehill be contained in an archive, which needs to be unzipped.
Running the script or batch file will cause the SSW packagés townloaded.

At this point, SSW and its constituent packages (shouldgeaen downloaded to your system. On Unix and Unix-like syste
few more steps are required for IDL to have access to thisvao#, as described on tl8SW setup webpagéd-irst, it is necessary to
define theSSWenvironment variable so that it points to the top-level petthe SSW tree:

setenv SSW [whatever you specified on the form]

SSW also needs to know which packages are available. Thhisved by defining th&€SWINSTR environment variable so that it
includes the packages that were downloaded:

setenv SSW_INSTR "ontology aia hmi eve vso [etc.]"
Then, after sourcing the setup file,
source $SSWi/gen/setup/setup.ssw [/loud]

one simply typesswidl (an alias that was defined in the setup file) at the Unix promstart up IDL. IDL combined with the
SolarSoft libraries and databases is frequently refeoed t'SSWIDL”.
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5.1.2 Adding Packages to an Existing Installation

If you already have an existing SSW installation and you $imyant to add packages, then at a SSWIDL prompt issue a comhafan
the form:

ssw_upgrade,/spawn,/loud,/newpackagel [,/newpackage2 1 /-]

For example, adding th&lA andONTOLOGackages is achieved by entering the following (note thatessystems also require the
/passive _ftp flag):

ssw_upgrade,/spawn,/loud,/aia,/ontology [,/passive_f tp]

Afterward, be sure to add the new packages to your list ofunsénts in theSSWINSTR environment variable. More information
regarding SSW upgrades is available on®8V\ upgrade webpage

5.2 Querying the HER

Querying the HER (see Sectiéhl) using SSW is achieved by using the IDL code available thihathg ONTOLOGYackage. This
package contains basic routines that interface with the H&Kg theHEK API.

For SSWIDL queries to the HER, SolarSoft provides two roeginssw_her _make_query.pro , which generates a string of
parameters in used in the subsequent CGI querysandher _query.pro , which issues an input verbatim query to the HEK CGI
interface and translates the output to an IDL structureoraxftevent matches. In essence, these routines provideatisdtion between
the SSW-style index metadata structures and the XML-stglgam>=<value> syntax used within the HEK.

The following example demonstrates how to run the querygsséw _her _make_query.pro

;  copy and paste these commands into your SSWIDL session:
t0="2010-01-01' & t1="2010-12-31’

query = ssw_her_make query(t0,t1,/fl)

print,query

IDL> t0="2010-01-01' & t1='2010-12-31’

IDL> query=ssw_her_make_query(t0,t1,/fl)

IDL> print,query

event_starttime=2010-01-01T00:00:00&event_endtime=2 010-12-31T00:00:00&event_coordsys=helioprojective

Here, the/fl  switch is set to indicate that we are querying for HER enthiaging the flare event class, sindé “ is the two-letter
code for “flare” (as shown in thill list of event classes
To execute the query, thesw_her _query.pro  routine is used:

;  copy and paste these commands into your SSWIDL session:
t0="2010-01-01" & t1="2010-12-31"
query=ssw_her_make_query(t0,t1,/fl)

events=ssw_her_query(query)

help,events,/str

help,events.fl

IDL> t0="2010-01-01' & t1='2010-12-31’

IDL> query=ssw_her_make_query(t0,t1,/fl)

IDL> events=ssw_her_query(query)

IDL> help,events

EVENTS STRUCT = -> <Anonymous> Array[1]
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IDL> help,events,/str

*  Structure <1c4dcOc8>, 1 tags, length=182400, data length= 182400, refs=1:
FL STRUCT -> <Anonymous> Array[100]

IDL> help,events.fl

<Expression> STRUCT = -> <Anonymous> Array[100]

IDL> help,events.fl,/str

*  Structure <2838808>, 114 tags, length=1824, data length=1 824, refs=2:

EVENT_PIXELUNIT STRING "
BOUND_CCSTARTC2 STRING "
EVENT_DESCRIPTION

STRING "
EVENT_NPIXELS  STRING
FRM_HUMANFLAG STRING ‘false’

REVISION STRING 17
EVENT_EXPIRES  STRING "
KB_ARCHIVID STRING 'ivo://helio-informatics.org/FL_SE Cstandard_20100613 150757_2010010112(

[.]

The output of thessw_her _query.pro  routine is an array of event structures (one mer match), iichvare stored the metadata
describing each event. The 100 matches reflect the currémtlitienatch limit. This can be changed by setting RESULTLIMIT
keyword in the call tssw_her _query.pro

Users can add filters that screen for, or screen out, eveattsdtisfy a set of user-defined conditions by definin(ldBARCHARRAY
keyword in the call tassw_her _-make_query as a set of additional criteria. Using the same example diiSolSearch example of
Section3.2, suppose one wants to find all flares having GOES Class M2 atgyrthat occurred in the year 2010. The resulting query
would filter the results based on thé _GOESCIs (flare GOES class) attribute, and would be constructed aecuted as follows:

; copy and paste these commands into your SSWIDL session:

t0='2010-01-01" & t1='2010-12-31’
query=ssw_her_make_query(t0,t1,/fl,search_array=[F L_GOESCIs>=M2.0)
events=ssw_her_query(query)

help,events,/str

IDL> t0="2010-01-01" & t1='2010-12-31’

IDL> query=ssw_her_make_ query(t0,t1,/fl,search_array =['FL_GOESCIs>=M2.0")

IDL> events=ssw_her_query(query)

IDL> help,events,/str

*  Structure <1c48a7c8>, 1 tags, length=32832, data length=3 2832, refs=1:
FL STRUCT -> <Anonymous> Array[18]

Again, at the time of this writing, the query returned 18 egevalid relational operators for tHBEARCHARRAYkeyword include=,
>= <=, <>, > and<.

Within the SSWIDL environment, thstruct4event.pro routine is available for determining the current list ofibtites for
each event class (basically by returning a blank event gntry

;  copy and paste these commands into your SSWIDL session:
flaretags=struct4event('FL")
help,flaretags.required,/str
help,flaretags.optional,/str
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IDL> flaretags=structd4event('FL’)
IDL> help,flaretags.required,/str

*  Structure <480d208>, 31 tags, length=392, data length=388 , refs=2:
EVENT_TYPE STRING 'FL: Flare’
KB_ARCHIVDATE  STRING 'Reserved for KB archivist: KB entry d ate’
KB_ARCHIVID STRING 'Reserved for KB archivist: KB entry ide ntifier’
KB_ARCHIVIST STRING 'Reserved for KB archivist: KB entry ma de by’
KB_ARCHIVURL STRING 'Reserved for KB archivist: URL to supp l. info.’

EVENT_COORDSYS STRING  'UTC-HPC-TOPO’
EVENT COORDUNIT STRING  ’blank’

EVENT ENDTIME  STRING  '1492-10-12 00:00:00’
EVENT_STARTTIME STRING  '1492-10-12 00:00:00’
[.]

IDL> help,flaretags.optional,/str

*  Structure <4802a08>, 55 tags, length=632, data length=586 , refs=2:
EVENT_PROBABILITY
FLOAT Inf
EVENT_EXPIRES  STRING '1492-10-12 00:00:00’
EVENT_COORD3 FLOAT Inf

EVENT_MAPURL STRING ‘blank’
EVENT_MASKURL  STRING ‘blank’
EVENT_CLIPPEDSPATIAL

STRING ‘blank’
EVENT_CLIPPEDTEMPORAL

STRING "blank’
EVENT_TESTFLAG STRING ‘blank’

[.]

5.3 Retrieving Data from the JISOC

The SSWIDL routines that interface with the JSOC (see Seecti) all have the formssw_jsoc *.pro , and are located in the
ONTOLOGYackage in the SSW installation. These routines have mamg perameters and keywords than are outlined here, and
we urge users to look at the source-code preamble for moedetbtists of options. The source code can be viewed eithiersing
thexdoc.pro routine from within SSWIDL, by using thESW code searcliebpage to search for a routine of interest, or by directly
viewing the source code once the local path is known (sagt mfing the SSWIDL routinehich.pro , which returns the path of any
routine in a user’s IDL path). Additionally, readers shobklfamiliar with terms describing the JSOC data managenysigms, such
asdataseries, record, andsegment, as described in Sectighl

There are three basic steps that enable users to downlaafraat the JSOC directly into SSWIDL, as discussed in thefalhg
subsections. The steps illustrated here are directly gnamto the steps needed to useltakdata tool demonstrated in Sectigh2

5.3.1 Getting Dataseries Names
The first step is to get the JSOC dataseries name usirfglti&R keyword ofssw_jsoc.pro
result=ssw_jsoc(filter="[filter string]’)

This function returns a structure, with each element in thecture corresponding to a different dataseries. All ef dataseries names
contain the substring provided in tiLTER keyword on input. ThR&lAMESag of this structure contains the dataseries name, the list
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of prime keys, and a one-line description of each datasdf@msexample, to find all JSOC dataseries containing thetsngsaia , enter
the following commands into SSWIDL:

;  copy and paste these commands into your SSWIDL session:
result=ssw_jsoc(filter="aia")

help,result,/str

help,result.names(0),/str

IDL> result=ssw_jsoc(filter="aia’")
IDL> help,result,/str

*  Structure <1438fc8>, 3 tags, length=208, data length=196, refs=1:
STATUS INT 0
NAMES STRUCT -> <Anonymous> Array[4]
N INT 4

IDL> help,result.names(0),/str

*  Structure <1436c¢48>, 3 tags, length=48, data length=48, re fs=2:
NAME STRING 'aia_test.levl’
PRIMEKEYS STRING 'T_OBSFSN’
NOTE STRING 'AlA level 1 test’

Note that this result should mimic the output displayed &pSt of thelookdata tool (see Sectiod.2.7).

TECHNICAL NOTE: Prepending the caret (circumflex) charadteio the search substring in tHdLTER keyword will return
only those dataseries whose names that start with the setairain

5.3.2 Selecting Records

Once the dataseries name is known, the next step is to gdtray laf available records from the JSOC. This is achievedgishe
ssw_jsoc _time2data.pro routine:

ssw_jsoc_time2data,t0,t1,index,ds="[dataseries name] '

If images from the specified dataseries exist in the date/temge specified by thED andT1 arguments, the procedure will return (in
theINDEX variable) a listing of these image headers. The structgert@amic the list of keywords shown by thaokdata tool in Step 4
(see Sectiod.2.9). For example:

; copy and paste these commands into your SSWIDL session:
ssw_jsoc_time2data,’01-nov-2010 01:00’,'01-nov-2010 0O 2:00',index,ds="aia_test.levl’
help,index

help,index,/str

IDL> ssw_jsoc_time2data,’01-nov-2010 01:00’,'01-nov-2 010 02:00',index,ds="aia_test.levl’

| /SERIES_STRUCT, ds=aia_test.levl |

| Negative time in Interval structure |

| ssw_jsoc_time2query output: aia_test.lev1[2010-11-01 T01:00:00Z/60m] |
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| selecting segment> image levl |

| /rs_list, ds=aia_test.lev1[2010-11-01T01:00:00Z/60m Nimage_levl} |

IDL> help,index

INDEX STRUCT = -> <Anonymous> Array[2135]
IDL> help,index,/str
*  Structure <19e2408>, 165 tags, length=1024, data length=9 75, refs=1:
BLD_VERS STRING 'V5R10'
T_OBS_STEP DOUBLE 1.0000000
T_OBS_EPOCH STRING '1977.01.01_00:00:00_TAI
T_OBS_ROUND LONG 1
ORIGIN STRING 'SDOVJSOC-SDP’
DATE STRING '2010-11-03T00:59:54Z’
TELESCOP STRING 'SDO/AIA’
INSTRUME STRING AIA_Z
DATE__OBS STRING '2010-11-01T01:00:00.34Z’
T_OBS STRING '2010-11-01T01:00:01.34Z’

[.]

Note that in this one hour, there are 2,135 AlA images, eaathith is about 12MB prior to being uncompressed.

TECHNICAL NOTE: The “Negative time in Interval structure” message fresw_jsoc _time2data.pro arises from the fagt
that some records in the dataseries contain anomaloussvialuhe relevant observation date keyword (such as valuieiyea
4712 BC — a “negative time” value). Such records lie outsidedate range of almost all useful queries, and consequbsetly
results produced bgsw_jsoc _time2data.pro are typically not affected in an adverse manner. See theetklachnical not
in Section4.2.2for more information.

D

5.3.3 Exporting Data

Downloading the image data (instead of just the headers,ltsm 2 above), is achieved using the sas@_jsoc _time2data.pro
procedure but with an additional argument:

ssw_jsoc_time2data,t0,t1,index,data,ds="[dataseries name]’

On output, the newly addeldATAargument will contain the image data. What is actually belog/nloaded are Rice-compressed
images, bussw_jsoc _time2data.pro automatically uncompresses the data usesyl _sdo.pro (as mentioned in Sectioh5)
prior to exiting the procedure. There will be a one-to-onerespondence between the images in B&TAarray and the header
information in thelNDEX array.

Thessw_jsoc _time2data.pro procedure accepts many keywords. For AIA data, W&VESeyword can be used to select
particular wavelength channels of interest. Th&XFILES keyword limits the number of files that are downloadkdls often prudent
to use the MAX_FI LES keyword unless you know how much data you are requesting. Each full-resolution, full-disk AIA or HMI image
is approximately 12MB when compressed, expanding to 64MBmwimcompressed.

To keep your working directory clean, make use of bothGREVIEDELETEswitch, which will delete the compressed files after they
have been downloaded (they are stored in directories wharsesbegin witlsUMfollowed by a number), and/or tiéNCOMBPELETE
switch, which will delete the uncompressed files after theyehbeen read into IDL.
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Here is an example illustrating how one would download a $amfp4 AIA images from one minute of mission time:

;  copy and paste these commands into your SSWIDL session:

t0="01-nov-2010 01:00’

t1="01-nov-2010 01:01

ssw_jsoc_time2data,t0,t1,index,data,ds="aia_test.le
max_files=4,/Juncomp_delete,/comp_delete

IDL> t0="01-nov-2010 01:00’

IDL> t1="01-nov-2010 01:01

IDL> ssw_jsoc_time2data,t0,t1,index,data,ds="aia_tes
max_files=4,/Juncomp_delete,/comp_delete

| /SERIES_STRUCT, ds=aia_test.levl |

| Negative time in Interval structure |

| ssw_jsoc_time2query output: aia_test.lev1[2010-11-01

| selecting segment> image levl |

| /rs_list, ds=aia_test.lev1[2010-11-01T01:00:00Z/60s

FILTER>> ssnew=where(gt_tagval(index(ss),/wavelnth) e

FILTER>> ssnew=where(strmatch(gt_tagval(index(ss),/i

| /export, ds=aia_test.lev1[2010-11-01T01:00:00Z/60s]

STR UNDEFINED = <Undefined>
Use: status = tag_exist(str, tag)

str = structure variable

tag = string variable

| Throtteling to MAX_FILES |

| Getting> http://jsoc.stanford.edu//SUM9/D101248958/

| Getting> http://jsoc.stanford.edu//SUM10/D101248961

v1’,waves='171,304",$

t.levl’ ,waves='171,304".$

g 171 OR gt tagval(index(ss),/wavelnth) eq 304,sscnt)
mg_type), LIGHT’,fold_case=fold_case) eq 1,sscnt)

S00000/image_lev1l.fits |

/S00000/image_levl.fits |
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Getting> http://jsoc.stanford.edu//SUM11/D101248962

Getting> http://jsoc.stanford.edu//SUM14/D101248965

Tile compressed data handling... |

Uncompressing to> /Users/derosal/templ/test |

/Users/derosa/temp/test//SUM9/D101248958/S00000/im

struct2fitshead - using procedure: sxaddpar |

/Users/derosa/temp/test//SUM10/D101248961/S00000/i

/Users/derosa/temp/test//SUM11/D101248962/S00000/i

/Users/derosa/temp/test//SUM14/D101248965/S00000/i

Removing uncompressed versions on request |

Removing compressed files on demand |

/S00000/image_lev1l fits |

/S00000/image_levl.fits |

age_levl.fits -> /Users/derosa/temp/test/AIA20101101

mage_levl.fits -> /Users/derosa/temp/test/AlIA20101101

mage_levl.fits -> /Users/derosa/temp/test/AlIA20101101

mage_levl.fits -> /Users/derosa/temp/test/AlIA20101101

After downloading and uncompressing all of the requestédal dlae standardized AlA color tables can be loaded viathelct.pro
routine (see Sectiob.6.1), and a (downsampled) image displayed on screen as follows:

copy and paste these commands into your SSWIDL session:

aia_lct,wave=171,/load
window,0,xsiz=512,ysiz=512

tvscl,rebin(data(

*, x,1),[512,512])
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TECHNICAL NOTE: If header information appears to exist, but upon requgskia image data thesw_jsoc _time2data.pro
routine produces an error message stating “There are narfilibés RecordSet”, this usually indicates that the receekén-
age files exist but have expired from the LMSAL cache and awvs tiot presently available. Currently, the online cache
is large enough for only about two months of AIA data. Oncegdmdiles roll off the cache, they are not available using
ssw_jsoc _time2data.pro . As of Dec. 2010, this situation is in the process of beingdified by way of expanding th
size of the cache so as to accommodate all Level 1 AIA imagefdathe full duration of the mission.

[}

5.4 Requesting a Cutout using SSW

The online cutout service described in SectioBcan also be accessed from SSWIDL usingske _cutout _service.pro proce-
dure:

SSw_cutout_service,t0,t1,ref helio="[centroid coordi nates]’,fovx=[width],fovy=[height],$
waves=[wavelengths],instr="[instrument]’,max_frames =[maximum frames],email="xxx@yyy.zzz’

With this routine, the user specifies IDL keywords corregpiog to the same parameters as for the online form. For exarifa user
wanted a cutout from the 1A1and 304 channels of AIA, the request might look similar to this segoe:

t0="01-jul-2010 01:00’

t1="01-jul-2010 03:00’

SSW_cutout_service,t0,t1,fovx=256,fovy=256,ref heli 0="N35W20",$
waves="171,304",max_frames=30, instrument="aia’,emai [="xxx@yyy.zzz7’

Alternatively, one can use the cutout service to downsarylilelisk images to a more manageable size via use of fhi L _DISK
switch (which supersedes tREF HELIO keyword), with a query similar to the following:

t0="01-jul-2010 01:00’

t1="01-jul-2010 03:00’

SSw_cutout_service,t0,t1,fovx=256,fovy=256,/full_di sk,$
waves="171,304",max_frames=30, instrument="aia’,emai [="xxx@yyy.zzz7’

When a cutout request is finished, an e-mail containing attinthe data will be sent to the e-mail address provided inBRRAIL
keyword.

TECHNICAL NOTE: If the webpage contained in the e-mail message indicatedusof “No Data Found”, this may mean that the
requested image files exist, but are not available onlingarésent, the online cache is large enough for only about teoths
of AIA data. Once image files roll off the cache, they are naiilable using the cutout service. As of Dec. 2010, this sibmas
in the process of being rectified by way of expanding the sizbecache so as to accommodate all Level 1 AIA image datga for
the full duration of the mission.

5.5 Using the SSW Interface to the VSO

Queries to the VSO can either be submitted online (see $eét®) or through SSWIDL. Using SSWIDL, the basic sequence of
query—select-download described earlier is implemented using IDL raegiim theVSOpackage from SSW.

To run a VSO query, use theso _search.pro  routine. The routine has several keywords that may be u$afildonstructing
queries, includinPROVIDER INSTRUMENTPHYSOBSandWAVEthat match the checkboxes on the online VSO entry page (see
Figure20 of Section4.4). For example, duplicating in SSWIDL the query of Fig@rfor one hour’s worth of AIA data can be achieved
as follows:

; copy and paste these commands into your SSWIDL session:
result=vso_search('’2010-08-01 8:00’,'°2010-08-01 8:59’ ,inst="aia’)
help,result

help,result,/str

44



Guide to SDO Data Analysis
version dated December 10, 2010

IDL> result=vso_search(’2010-08-01 8:00’,'2010-08-01 8 :59'inst="aia’)
Records Returned : JSOC : 2336/2336

Records Returned : JSOC : 0/0

IDL> help,result

RESULT STRUCT = -> VSORECORD Array[2336]

IDL> help,result,/str

*  Structure VSORECORD, 13 tags, length=256, data length=252

TIME STRUCT  -> VSOTIME Array[1]
EXTENT STRUCT  -> VSOEXTENT Array[1]
WAVE STRUCT  -> VSOWAVE Array[1]
DETECTOR STRING "

INSTRUMENT STRING  AIA’

SOURCE STRING  'SDO’

PROVIDER STRING  'JSOC’

INFO STRING  AIA level 1, 4096x4096’
PHYSOBS STRING ’intensity’

FILEID STRING  ‘aia_lev1:171:1059724835’
SIZE FLOAT 66200.0

URL STRING "

GETINFO STRING "

This search returns 2336 records corresponding to imagesdil of the AIA channels. Some details about each recortbigd in
the array of structures returned by th&o _search.pro  routine, with each element in the array corresponding tolid vacord. To
narrow this list down by wavelength, one adds WAV Eeyword:

; copy and paste these commands into your SSWIDL session:

result=vso_search(’2010-08-01 8:00’,'’2010-08-01 8:59’ ,Jinst="aia’,wave=171)
help,result
IDL> result=vso_search(’2010-08-01 8:00’,'2010-08-01 8 :59',inst="aia’,wave=171)

Records Returned : JSOC : 293/293

Records Returned : JSOC : 0/0

IDL> help,result

RESULT STRUCT = -> VSORECORD Array[293]

This query results in a more manageable 293 records. Additig this query can be further refined by specifying a samgptadence
(in seconds) in th& AMPLEeyword:

; copy and paste these commands into your SSWIDL session:

result=vso_search(’2010-08-01 8:00’,'’2010-08-01 8:59’ ,inst="aia’,wave=171,sample=60)
help,result
IDL> result=vso_search(’2010-08-01 8:00’,'2010-08-01 8 :59',inst="aia’,wave=171,sample=60)

Records Returned : JSOC : 60/60

Records Returned : JSOC : 0/0

IDL> help,result

RESULT STRUCT = -> VSORECORD Array[60]

The above query returns 60 AIA images from the AZhannel from the requested hour.
To retrieve records, one simply passes an array of strugtetarned fronvso _search.pro  to thevso _get.pro  routine:
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;  copy and paste these commands into your SSWIDL session:
result=vso_search(’2010-08-01 8:00’,'’2010-08-01 8:01’ ,inst="aia’,wave=171,sample=60)
log=vso_get(result,out_dir="data’,/rice)

IDL> log=vso_get(result,out_dir="data’,/rice)
% VSO_GET: This will download 2 file(s)

2 : http://vso.tuc.noao.edu/cgi-bin/drms_test/drms_ex port.cgi?series=aia_levl;record=171_1059724895-
% RDWRT_BUFF: Please wait. Downloading...
% File: /cgi-bin/drms_test/drms_export.cgi?series=aia _levl;record=171_1059724895-1059724895

% Size: 67124160 bytes
% From: vso.tuc.noao.edu

% To: data

% HTTP::COPY: 67124160 bytes of 67124160 total bytes copied in 65.23 seconds

% HTTP::COPY: Wrote 67124160 bytes to file data/aia_test.| evl.171A 2010-08-01T08_01 00.34Z.image_lev
1 : http://vso.tuc.noao.edu/cgi-bin/drms_test/drms_ex port.cgi?series=aia_levl;record=171_1059724835-

% RDWRT_BUFF: Please wait. Downloading...

% File: /cgi-bin/drms_test/drms_export.cgi?series=aia _levl;record=171_1059724835-1059724835

% Size: 67124160 bytes
% From: vso.tuc.noao.edu

% To: data
% HTTP::COPY: 67124160 bytes of 67124160 total bytes copied in 66.43 seconds
% HTTP::COPY: Wrote 67124160 bytes to file data/aia_test.| evl.171A 2010-08-01T08_00_00.34Z.image_lev

Downloading completed

In this example, th®©UTDIR keyword is used to specify the output directory, andRMWE switch is used to indicate that the data are
to be downloaded in a Rice-compressed format. Unlikegwe jsoc _time2data.pro routine described in the previous section, the
vso _get.pro  does not load the data into an IDL variable. Instead it onlymloads the requested FITS files to the specified directory.
For Rice-compressed files, thead _sdo.pro routine can be used to read in the data that has been dowdlogden IDL variable.
Other (non-IDL) software that can handle compressed im&ggeffiom SDO are listed in Sectighb.

5.6 Miscellaneous SSW Items

5.6.1 Loading AIA Standard Color Tables

The standardized AIA color tables can be loaded into vagimbia theaia _Ict.pro  routine (using the 174 channel as an example)
aia_lct,wave=171,red,green,blue

or made active using the OAD switch

aia_lct,wave=171,/load

Valid arguments for th®VAVEeyword are94, 131,171, 193, 211, 304, 335, 1600, 1700, or4500 .

5.6.2 Getting AlA Filter Response Data

The filter responses for the EUV channels can be loaded usewd _get response.pro  procedure. The default behavior is to
return the response curves as a function of wavelength:

;  copy and paste these commands into your SSWIDL session:
result=aia_get_response()
help,result,/str
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IDL> result=aia_get_response()
IDL> help,result,/str

*  Structure <2850c08>, 14 tags, length=352536, data length= 352504, refs=1:
NAME STRING AIA’
DATE STRING '20100804_232510°
CHANNELS STRING Array[7]
WAVE FLOAT Array[4001]
ALL FLOAT Array[7, 4001]
PLATESCALE FLOAT 8.46158e-12
UNITS STRING 'cm2’
A94 STRUCT -> <Anonymous> Array[1]
A131 STRUCT -> <Anonymous> Array[1]
Al71 STRUCT -> <Anonymous> Array[1]
A193 STRUCT -> <Anonymous> Array[1]
A211 STRUCT -> <Anonymous> Array[1]
A304 STRUCT -> <Anonymous> Array[1]
A335 STRUCT -> <Anonymous> Array[1]

The response curves can also be computed as a function pi€lngerature by setting tH€EMP switch:

;  copy and paste these commands into your SSWIDL session:
result=aia_get_response(/temp)
help,result,/str

IDL> result=aia_get_response(/temp)

| Generating temperature response function from |
| /sswisdo/aia/response/aia_preflight_all fullinst.g enx |
| /ssw/sdo/aia/response/aia_preflight_fullemiss.genx |

IDL> help,result,/str

= Structure <19fa008>, 12 tags, length=14944, data length=1 4912, refs=1:
NAME STRING AIA
LOGTE FLOAT Array[101]
CHANNELS STRING Array[7]
UNITS STRING 'phot cm™5 s™-1 pix™-1’
ALL DOUBLE Array[101, 7]
A94 STRUCT -> <Anonymous> Array[1]
A131 STRUCT -> <Anonymous> Array[1]
Al71 STRUCT -> <Anonymous> Array[1]
A193 STRUCT -> <Anonymous> Array[1]
A211 STRUCT -> <Anonymous> Array[1]
A304 STRUCT -> <Anonymous> Array[1]
A335 STRUCT -> <Anonymous> Array[1]

When the/DN keyword switch is set, the effective area function alsoudels the DN/photon conversion:

copy and paste these commands into your SSWIDL session:

47



Guide to SDO Data Analysis
version dated December 10, 2010

result=aia_get_response(/dn)
help,result,/str

IDL> result=aia_get_response(/dn)
IDL> help,result,/str

*  Structure <5803008>, 14 tags, length=352536, data length= 352504, refs=1:
NAME STRING AIA’
DATE STRING '20100804_232510°
CHANNELS STRING Array[7]
WAVE FLOAT Array[4001]
ALL FLOAT Array[7, 4001]
PLATESCALE FLOAT 8.46158e-12
UNITS STRING 'cm”2 DN phot™-1’
A94 STRUCT -> <Anonymous> Array[1]
A131 STRUCT -> <Anonymous> Array[1]
Al71 STRUCT -> <Anonymous> Array[1]
A193 STRUCT -> <Anonymous> Array[1]
A211 STRUCT -> <Anonymous> Array[1]
A304 STRUCT -> <Anonymous> Array[1]
A335 STRUCT -> <Anonymous> Array[1]

More examples usingja _get _response.pro  can be foundin your SSW distribution®&®SW/sdo/aia/response/README.txt
or onlinehere

5.6.3 Plotting an AIA Light Curve

Because the image headers are segregated from the imabesI®@C, any quantity that can be derived directly from tlysvkeds can
be computed quickly. For example, to plot an AIA light curgae can use data contained in DATAMEANMNdDATEOBSkeywords
from the image headers:

;  copy and paste these commands into your SSWIDL session:
ssw_jsoc_time2data,reltime(days=-2),reltime(/now),i ndex,ds="aia_test.synoptic2’,$

waves="171",key="t_obs,date__obs,wavelnth,wave_str, datamean’
utplot,index.date_obs,index.datamean

In this example, a light curve from the 1&Xxhannel for the past two days is plotted using the SSW praeadplot.pro . The
reltime.pro function (also included in the SSW distribution) is useddbthe desired date range.
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6 Frequently Asked Questions

e Browsing and finding data:

— How do | browse through the data?You can easily browse and download summary images and maiées of the places
mentioned in SectioA.

— How do | get a more detailed look instead of just a “browse”?0One option is Helioviewer (see Sectign), which enables
users to overlay images in multiple layers from multipleadsdurces. Another option is to query the HCR (see Se@tif)n
to see whether data exists for the feature or event of irtteres

— How do | find data for a specific feature or event, but | haven’tdetermined (or don’t know) the dates/times?Many
events and features are cataloged in the HEK (see S&:tiprwhich can be queried using iSolSearch (see Se&ign

e Accessing the data:

— How do | get science-grade data for HMI and/or AIA? First you should determine whether you need the volume @f dat
you are requesting. (If you only need a subfield, or are vgltimsubsample the data either in space or time, see the next tw
guestions.) Once you have determined that your data volamstitutes a reasonable size, HMI and AlA data are available
through the JSOC, either by thaokdata web interface (see Secti@n?), the cutout service (see Sectich§or 5.4), or the
VSO (see Sectioné.40r5.5).

— Do I really have to learn about the inner workings of the JSOCin order to get AIA or HMI data? No, but it helps.
Refer to the brief description in Sectidnl, and the links therein for an accessible primer.

— How do | request a subfield (localized patch) of the full-reslution image data?For AIA data, the easiest way to do this
is to use the cutout service (see Sectiod. If your desired subfield is related to that of a HEK eveny(sa found using
iSolSearch [see Sectidh?)), be aware that each HEK event entry has a link to the cutenvice, as well as links to related
observations that may point to relevant datasets that Hez@dy been created and thus are readily available.

— How do | subsample the data in either space or timene option is the VSO, which provides a great deal of flexipili

in accessing solar data (see Sectidnsor 5.5) at various temporal cadences. Another option is to useftiikdisk” and
“Max frames” options of the online cutout service form (sext®n4.3), which allows users to readily subsample in both

space and/or time.
— What about EVE data? EVE data is available from thEVE data access webpag@ccess to EVE data via SolarSoft is
currently under development.

e Analyzing the data:

— Do | need to prepare the data in any way before analyzing it (4a eit _prep.pro or trace _prep.pro )? Hopefully
not. If you are using Level 1.5 AIA data, the standard and-beatlable gain (flat-fielding), filter, vignette, and bad-
pixel/cosmic-ray corrections will have already been amhliFurthermore, the images will have been rescaled to datdn
0.6 plate scale, and will have been rotated so that solar noughiis the image. For Level 1.5 HMI data based on filtergrams
from the Doppler camera (including Dopplergrams, contmuntensity images, and line-of-sight magnetograms),laimi
“always-needed” corrections will have already been agpdie well.

— Are the AIA color tables that are used on the browsing webpags available?Yes, see Sectioh.6.1

— Where can | get a list of HMI or AIA keywords? Each instrument team has produced a document listing theugar
keywords. Because many keywords are shared between HMI édtiiere is probably much overlap between these
documents:JSOC keywords for metadaBDF file from the JSOC wiki) and&lA/SDO FITS keyword list(PDF file from
SDOdocs at LMSAL).

— Where can | get AlA filter response data?See Sectio®.6.2
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7 Lists of Useful Links

e Observatory and instrument home pages:

— SDO homepage at Goddard

— AIA homepage at LMSALandSDOdocs: AIA documentation
— EVE homepage at CU/LASP

— HMI homepage at Stanford

e Data portals:

— Sungate

— VSO entry page and search form
— JSOC data portand

— EVE science data access

— NOAA SWPC data center

e SolarSoft links:

— SSW installation webpage
— SSW upgrade webpage

— SSW codesearch for(fior fast doc-header searches of entire SolarSoft library)
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e JSOC information and demos: Phil Scherrer, Yang Liu, Roc&Budohn Serafin, Jesper Schou

e HEK information and demos: Mark Cheung, Neal Hurlburt, lsr@hang, Ryan Timmons, Ankur Somani, Scott Green
e SSW information and demos: Sam Freeland

e VSO information and demos: Joe Hourclé

e Sage advice: Karel Schrijver, Barbara Thompson, Karin Mcigl and many others...
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http://sdo.gsfc.nasa.gov
http://aia.lmsal.com
https://www.lmsal.com/sdodocs
http://lasp.colorado.edu/eve
http://hmi.stanford.edu
http://www.lmsal.com/sungate
http://sdac.virtualsolar.org/cgi/search
http://jsoc.stanford.edu/jsocwiki/JsocDataAccess
http://lasp.colorado.edu/eve/data_access
http://www.swpc.noaa.gov/Data
http://www.lmsal.com/solarsoft/ssw_install_howto.html
http://www.lmsal.com/solarsoft/ssw_upgrades.html
http://dept.lmsal.com/codesearch
https://www.lmsal.com/sdodocs/doc?cmd=dcur&proj_num=SDOD0060&file_type=pdf
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