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Project Background

Coronal Heating : Conversion of free magnetic energy into

thermal energy.
Foot point shuffling.
Wave Heating propagation
(AC) High Alfven wave
flux
Non-uniform heating
ratio

Coronal

Heatin .
5 B — field stresses
Reconnection

e Flares — Nanoflares
Uniform heating rates




Coronal Heating Requirement

Radiative
Loss

(Eg)

Heating

Source
(Ep)

Conductive
Loss

(Ec)

E . (xX)-E.(x)-E.(x)=0



Hydrostatic Scale Height

Momentum eq;
Thermal

R2
dr ' v
Gravitational
Stratification p(r)=2n,(r)k,T,(r)

Height ‘h’ above surface; h=r-R,

Therefore, solution of energy balance eq. becomes

iy 2k,T
p(h) = p, exp | =) A (T)=—2

A,,(z,)(1+:) Umyg.

e




For a static coronal loop; energy eq. is:

diff oiodrl L
Z(KOT:Z Z)-I-EH _pSXoT =0

Rosner — Tucker — Vaiana (RTV) scaling laws,

PL~T:

max

RTV’s approx. of constant pressure, no gravity and uniform heating.
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Instruments and Data Sources

AIA/SDO

AlA:
High cadence, resolution
Full-disk

Low spectral resolution.

Instruments

Extreme-ultraviolet
_ Imaging Spectrometer
iy (€9

X-Ray Telescope
(XRT)
Optical Telescope
Assembly (OTA)

Focal Plane Package Instruments
(FPP)

EIS/Hinode

EIS:
Scanning spectrograph

Limited cadence, field of view

High spectral resolution



Data Sources

Extreme-Ultraviolet Imaging Spectrometer (EIS)

800 Hinode SDC Europe - Archive Search - 10.532 million files, 2006/10/18—2011/08/02, v 1.9.2
1| <] » + http://sdc.uio.no/search/API ¢ [(Qr Google

3 groups w/61 matching files (0% of all files) - 1.20 seconds.

TiyURLL  Instruments:¥

» There are no mandatory criteria
- It's perfectly fine to select millions of files
+ Used criteria (i.e. all boxes) are combined with AND

(JSOTINFI (€ (JSOT/BFI (SOT/WB) [SOT/SP
J . 5 D Show fields: /Archive status & news

i [BEOCH"STARTIN]2010-10-15 00:00 = MA?US‘ 12008/11/07: SOT/SP level 1/1D images available

3 5 |Quicklook INSTRUME 0 12008/10/26: Version 1.0 released

[2008/01/17: Quicklook files that have not been superseeded by Level 0 files will
Level 0 DATE_OBS

| eve - be automatically purged after about 20 days.

i XCEN Quick hints

i :g‘glg Each box like this forms a single criterion
A TR_MODE: FOVY - Blank/unfilled criteria are ignored

| - Instrument-specific criteria only rejects among its ‘own' files
i + Enable tooltips & hover over a keyword/texbox for more info
b | » Criterion colour coding after checking w/server:
] Blank/ig Used, ok Orth Empty [MEifommed
; - ‘O criteria reject all files when combined with all other
a QL eve’l [-D optiong criteria. 'Empty’ criteria reject all possible files (separately).
(Show level 1 leads only %] Examplosirecommended searches
] - - - Continuum intensity 0
% EIS line fit thumbs selection Long. apparent flux density
||/ca XVII 192.82R& Transv. apparent flux density
Fe XII 195.124& ... or max: Velocity (6301.53) <
He II 256.323 & 2] Stokes I [lines]/conti F

Fe XI 180.408

3

1 Grouping: [ Very fine )
| | Maps: [ Intensity B‘
-

Sort order: [ DATE.OBS 4] [ Descending [%)
Lines/page: 50

| More search criteria:

http://msslxr.mssl.ucl.ac.uk:8080/SolarB/

Atmospheric Imaging Assembly (AIA)
- Used IDL : vso_search & vso_get



Region Identification

Criteria for selecting loops:
< Stable.

< Non Flaring.
< Away from limb.
< Observed in EIS with 1 arc-second slit ID.

Data Processing:
Converted EIS and AIA level —1 fits files into .map files.



Co-Alignment

To ensure similar pixel locations on EIS and AIA datasets.

X IDLO

X/ IDLO
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Co-alignment Check

EIS AP AlA MAFP
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Loop feature at Left—Hand—Side 0 2 4 6 8 1% 12
Loop feature at Left—Hand—Side

Widget Interface for Loading Map Applications WILMA,
a GUI written
by Trae Winter & Jason Scott used to select points for above.
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Picking Points
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Loop straightening

Using a loop straightening tool gave a better idea of the geometry of the loop.

AlA 211 NEWLOOP




Background
Subtraction

bgsub intensity

intensity
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EIS186 background subtractian

100 150
pos dalong loop

unsubtracted EIS 156

100 150
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EIS195 background subtractian

100 150
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Intensity {Ergs) Ratio

Density diagnostics

< Involved finding intensity ratio of density sensitive emission lines.
< Highly important for estimating pressure balance, energy and
‘filling factor.”

CHIANTI V. 6.0.1 Fe XIl 186.2410 (4)/195.1190 (&) T = 1.58e+06 (K} CHIANTI ¥, 6.0.1 Fe XIl 202.0440 (A)/203.8280 (&) T = 1.782+06 {K)
0100 - | - T T T - T T ] 1000.0 F - | - T T T ' T T 3
100.9:— =
2
L
z
0.010—~ - 4 100p -
pl 3
7]
3
LO:— -
&.001 1 | 1 | 1 | 1 | 1 0.1 1 | 1 | 1 | 1 | 1
10* 10° 10° 10" 10" 10 10* 102 108 10 1012 10™
Electron Density (cm™) Electron Density {(cm™)

CHIANTI corresponding intensity ratios and density



Gaussian fitting for intensity profile

< The fitting of gaussians resolved wavelength blending;
< Gave us fit_struc files to work with.
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Density plots

< fit_struc files were converted into .map file.

< Loops were straightened from these files.

< Background intensities were subtracted.

< A code “get_dens_195.pro” finds the corresponding densities

EIS 186 195 background subtracted density
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Density profile comparison

density comparision
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What next...

Temperature profile: By using EM Loci method for
isothermal loops or by Differential Emission Measurements
(DEMs) for multi-thermal loops.

Pressure: By ideal gas law, using temperature and densities
found and loop length.

All these parameters can provide an estimate of heating
function from scaling law.

Ey = HR)ﬁTU

l 1

L1+2y R C T, 18
()L o Tmu\'4 KU (3 2}/) B A’ i 1’_1_
] 442y +2a 2
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