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Schedule

« Monday March 28th
e 10 am - 12 noon: Lecture (interactive)
 1pm onward: Data analysis / lab exercises
o Tuesday March 29th Schedule is flexible
« BUT 1pm to 2:30pm Shimojo-san ALMA Solar Town Hall
e Data analysis / lab exercises
e Show and tell

e “Office hours”



Outline

1. AIms
2. What do we see in the EUV channels of AIA?

3. Introduction to the problem of Differential Emission
Measure (DEM) Inversions

4. Description of sparse solver for AlA data
5. Tutorial on how to use the AIA_SPARSE_EM package
0. Practice exercises

/. Example science problems to tackle
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AIMS

By the end of this workshop, | hope you will have some
answers to the following:

How to find information about AIA data analysis®
What do SDO/AIA EUV images show?

What is the differential emission measure (DEM)
problem?

How do we perform DEM inversions on SDO/AIA
data”

How to perform quantitative investigations of the
physical evolution of the solar corona”
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A taste of what we can do with AlA: Below is a
differential emission measure inversion.

Log Emission Measure [cm’]
) T .

26.00 27.00 28.00 29.00
AR 11190 @ 2011-04-15T00:20:14

EM in log T/K=[5.45,5.75] EM in log T/K=[6.35,6.65]

EM in log T/K=[5.75,6.05] EM in log T/K=[6.65,6.95]

EM in log T/K=[6.05,6.35] Line-of-sight B @2011-04-15T00:19:20



Useful links / documentation

SDO User Guide
http://www.Imsal.com/sdouserguide.html
(Does not yet include how to do DEMSs)

AlA DEM package (in beta)
http://tinyurl.com/aiadem

Documentation about AlA
https://www.Imsal.com/sdodocs/

e AIA Instrument Paper (Lemen et al. 2012)

e [nitial Calibration of AlA (Boerner et al. 2012)

CHIANTI User Guide
$SSW/packages/chianti/doc/cug.pdf



http://www.lmsal.com/sdouserguide.html
http://tinyurl.com/aiadem
https://www.lmsal.com/sdodocs/

SDO User Guide

1 Introduction
1.1 Synopsis of the SDO Mission
1.2 About this Guide
1.3 Data Products from AlA
1.4 Data Products from EVE
1.5 Data Products from HMI
1.6 SDO Mission Data Policy
2 How to Browse SDO Data
2.1 “The Sun Now”
2.2 “Sun In Time”
2.3 SolarMonitor
2.4 The Helioviewer Project
3 How to Find SDO Data
3.1 Heliophysics Events Knowledgebase
3.2 iSolSearch
4 How to Get AIA and HMI Data
4.1 How Data are Organized at the JSOC
4.2 The lookdata Tool
4.2.1 Getting Dataseries Names
4.2.2 Selecting Records
4.2.3 Exporting Data
4.2.4 JSOC Image Timing Details
4.3 The Cutout Service
4.4 The Virtual Solar Observatory
4.5 Synoptic Data
4.6 Uncompressing the Data
4.6.1 Compiling and Installing imcopy
5 How to Use SolarSoft with SDO Data
5.1 Installing or Upgrading SolarSoft
5.1.1 Doing a Clean Install

5.1.2 Updating Packages for an Existing Installation

5.1.3 Using a Proxy Server with SSW

5.2 Querying the HER
5.2.1 Basic Query Syntax
5.2.2 Adding Filters to Queries
5.3 Retrieving Data from the JSOC
5.3.1 Getting Dataseries Names
5.3.2 Selecting Records
5.3.3 Exporting Data
5.3.4 Exporting Specific Segments
5.4 Requesting a Cutout Using SSW
5.5 Using the SSW Interface to the VSO
5.5.1 Querying the VSO
5.5.2 Downloading Data from the VSO
5.6 Uncompressing the Image Data
5.6.1 Using read_sdo.pro
5.6.2 Using read_sdo.pro with a Shared Library

6 How to Process AIA Data

6.1 Using aia_prep.pro to Align and Derotate AlA Data
6.1.1 Aligning Full-Disk Images
6.1.2 Aligning Cropped Images and Cutouts
6.2 Co-Aligning HMI Data with AlA Data
6.3 Despiking and/or Respiking AlA Data
6.4 Point Spread Function Deconvolution
6.5 Getting AlA Filter Response Data
6.6 Miscellaneous AIA Tasks
6.6.1 Using AIA Standard Scaling and Colors
6.6.2 Creating AlA Tri-Color Images
6.6.3 Plotting an AlA Light Curve
6.6.4 Interfacing with plot_map.pro
(Dom Zarro’s Mapping Software)
6.6.5 Checking the QUALITY Keyword

7 Frequently Asked Questions
8 Lists of Useful Links

9 Version History of this Guide
10 Contributors to this Guide

http://www.Imsal.com/sdouserguide.html



http://www.lmsal.com/sdouserguide.html
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What do we see in AIA/EUV images?
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What do EUV images from SDO/AIA show?

Name: aia_get_response

Purpose: return SDO/AIA instrument response data structures

Input Parameters:

Output:
function returns AlA wavelength response, spectral model, or temperature response
Descriptions of the structures returned by this routine are available via:

http:/sohowww.nascom.nasa.gov/solarsoft/sdo/aia/response/README.ixt

Calling Examples:

IDL> effarea=aia_get_response(/area, /dn) ; return per wavelength effective area
IDL> effarea=aia_get_response(/area,/full,/dn) ; same with component details (filter/ccd...)
IDL> emiss=aia_get_response(/emiss, /full) ; return default CHIANTI model with line list

IDL> tresp=aia_get_response(/temp,/dn,/evenorm) ; return temperature response including
; constant scale factors to give good
; overall agreement with SDO/EVE

See section 6.5 of SDO User Guide for extensive explanation.
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https://www.lmsal.com/sdodocs/doc/dcur/SDOD0060.zip/zip/entry/sdoguidese6.html#x11-570006.5

AlA Temperature Response Functions
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From aia_get_response.pro in SSW Log1 O [Te / K]
12



Table 1. Predicted AIA count rates.

From O’'Dwyer et al. 2010

Ton A TI';‘ Fraction of total emission 211 A Crix 210.61 595 007 - - -
A K CH QS AR FL Caxvi 208.60 6.7 - - - 0.09
- Fe xvi 204.67 6.6 - - - 0.07
94 A  Mgvim 9407 59 003 - - - Fe x1v 21132 63 - 0.13 039 0.12
Fe xx 93.78 70 - - - 0.10 Fe xur 202.04 625 - 0.05 - -
Fe xvi 93.93 6.85 - - 0.74 0.85 Fe xm 203.83 625 - - 007 -
Fe x 94.01 605 063 072 005 - Fe xm 20962 625 - 005 005 -
Fe v 93.47 56 004 - - - Fe x1 20978 6.15 0.11 0.12 - -
Fe vi 93.62 56 005 - - - Fe x 20745 605 005 003 - -
Cont. 0.11 0.12 0.17 - Ni x1 207.92 6.1 003 - _ i}
131A Ow 12987 545 004 005 - i Cont. 008 004 007 04l
Fe xxi 13291 7.15 - - - 0.07 304 A Hen 303.786 4.7 033 032 027 0.29
Fe xx1 128.75 705 - - - 0.83 Hen 303.781 4.7 066 065 054 058
Fe vt 130.94 56 030 025 009 - Caxvim 302.19 685 - - - 0.05
Fe vin 131.24 56 039 033 0.13 - Si X1 303.33 6.2 i - 0.11 -
Cont. 0.11 020 054 0.04 Cont. - - i, -
171 A Nixwv 17137 635 - - 004 - 335 A Alx 33279 61 005 011 - _
Fe x 174.53 605 - 0.03 - - Mg vin 335.23 5.9 0.11 006 - -
Fe 1x 171.07 585 095 092 080 0.54 Mg vinn 338.08 590 011 006 - i}
Cont. - - - 0.23 S11x 341.95 605 003 003 - -
. S1 v 319.84 595 004 - - -
193 A Oy 19290 535 003 - - - Fexvi 33541 645 - i 086 081
Caxvi 19285 675 - - - 0.08 Fexiv 33418 63 - 004 004 -
Caxiv 19387 655 - - 004 - Fe x 18454 605 0.13 0.5 - ;
Fe XXIV 19203 725 - - - 081 Cont. 008 005 _ 006
Fe xu 195.12 6.2 008 0.18 0.17 -
Fe x11 19351 6.2 009 0.19 0.17 -
Fe x1 192.39 6.2 004 009 008 -
Fex1 188.23 6.15 009 0.10 0.04 -
Fe x1 192.83 6.15 005 006 - -
Fe x1 188.30 6.15 004 004 - -
Fex 190.04 605 006 004 - -
Fe 1x 189.94 585 006 - - -
Fe1x 188.50 585 007 - - -
Cont. - - 005 004 13
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Statement of the Problem

The Atmospheric Imaging Assembly (AIA, Lemen et al. 2012;
Boerner et al. 2012) instrument onboard NASA’s Solar
Dynamics Observatory (SDO, Pesnell et al. 2012) is a suite of
four normal-incidence reflecting telescopes that image the Sun
In seven EUV channels, two UV channels and one visible
wavelength channel.

The aim of this and many other studies is to extract thermal
information about the Sun’s optically thin corona using the EUV
observations. The calibrated (i.e. dark-subtracted, flat-fielded
and exposure time normalized) count rate yi in the i-th EUV
channel is related to the thermal distribution of coronal plasma

by:

Yi = /O N K;(T) DEM(T)dT,

where Ki(T) is the temperature response function (see next
slide):

15



Statement of the Problem
anc DEM(T)dT = [, n2(T)dz,

where DEM(T) is the differential emission measure (in units of
cm™ K') of plasma along the line-of-sight. ne(T) is the electron
number density of plasma at temperature T. The challenge is to
solve for DEM(T) given a set of EUV measurements vy.

Let the temperature range be divided into n neighboring bins,
so that: n T, +AT;
yi=» / K;(T)DEM(T)dT,
j=1""1

where the j-th temperature bin has range T e [T, T;+AT)).
Assuming that Ki(T) is piecewise constant in each temperature
bin, we have:

n T +ATy
=1 16 g



Stateme

nt of the Problem: y = Kx

n T;+ATy
j=1 13

The above is a matrix equation of the form y = Kx, where

e KisanmXxnre

sponse matrix*, with each row corresponding to the

temperature response function of one AlA channel

® y is an m-tuple c
® X is an n-tuple wi

The He Il line in t
(Warren, 2005, ApJ

orresponding of AIA count (rates), and
th components EM,.

he 304 A channel is not well-modeled by CHIANTI
157, 147) so it is usually not used for DEM analysis.

So m = 6 for AlA. Usually we want more than 6 temperature bins. For m
< n, the matrix equation y = Kx represents an underdetermined system.

*Matrix elements d
integral

epends on basis functions used for computing the

17



Usual Approach: x-squared Minimization

Function to minimize: | y - Kx I% or I(y - Kx)/al?

Basically, minimize difference between observed and predicted
counts. The benefits of a least-squares approach is that it leads to
Euler-Lagrange equations that can be used to seek (global or local)
minima.

For an overdetermined system, we know no single model will fit all
the data. So yx-squared minimization is ideal. However, for
underdetermined systems such an approach can be subject to the
perils of overfitting.

Usual way to get around this:

Parameterization: e.g. Guennou et al (2012a,b),
xrt_dem_iterative2.pro (M. Weber in SSW, see also Cheng et al
2012)

Regularization: e.g. Hannah & Kontar (2012), Plowman et al. (2013)

18
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Cheung et al. 2015: The Sparse Solution

We address the inverse problem using an approach different
than chi-squared minimization. The set of solutions satisfying
the underdetermined matrix equation y = Kx lies in an affine
subspace of R". We pick the solution x# within this subspace
such that:

minimize ZX] subject to Kxr =1y, £ > 0.

J
The linear program above finds a solution that minimizes the

L1-norm of the solution vector (c.f. Candes 2006). This is not
chi-squared minimization.

If K is the response function sampled by Dirac Delta functions at
specific temperatures, this is equivalent to minimizing the total
EM. If other basis functions are used, there is no simple
corresponding physical interpretation.

20



The Sparse Solution

We are unaware of physical principles pertaining to

coronal plasma that motivate the optimization problem

posed above. However, this choice has some important

benefits:

1)1t does not overfit (consistent with the principle of
parsimony, i.e. Ockham’s Razor).

2)It ensures positivity of the solution (if solutions
exist).

3)It is an L1-norm minimization problem, so we can use
standard techniques from compressed sensing (c.f.
Candes & Tao 20006).
BTW the LT-norm of a vector x = I Ixil

4) Speed: O(10%) solutions / sec with single IDL thread.
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Handling noise

In practice, measurement uncertainties imply that the
equality y = Kx may not be satisfied. So our method
solves the followed modified linear program:

—

n
minimize ij subject to Kr <y + 1,
j - e — e
r >0, K& >max(y —1,0).
The vector n is a measure of the uncertainty in the
count rate and provides tolerance for the predicted

counts (Kx) to deviate from the observed values (y). To
enforce positive counts the lower bound is set to max(y-

n, 0).
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Sparse inversion
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/ Crossmarks are observed counts
Subspace of allowed solutions in our method
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Temperature Bins
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Basis Functions for DEM

Let i = 1,2, ..., m denote the index over a set of wavelength band channels and /or line spectra. Let the DEM function
be written in terms of a set of positive semidefinite basis functions {b;(logT) >0 | k =1,2,...,1}, viz.

l
DEM(log T) = ) _ bi(log T)a, (A1)
k=1

with quadrature coefficients xj > 0. Approximating the integrals in equation (1) as sums in logT" space, we have

n l
Yi = Z Z KijBjkwrAlogT, (A2)
j=1 k=1

where j = 1,2,...,n is the index over temperature bins, K;; = K;(logT}) and Bj; = bi(logT;). The response matrix
K = (K;;) has dimensions m x n. The basis matrix B = (Bj;) has dimensions n x [, with the k-th column vector
corresponding to the k-th basis function bg(logT}). Defining the dictionary matrizx|D = KB/ the set of integral
equations (1) can be written in matrix form:

In practice we solve this =¥ | 7=Dz, (A3)

where the sought-after solution vector & is an [-tuple with components x;AlogT (k = 1,2,...,1). When the number
of basis functions exceeds the number of image channels (i.e. [ > m), the linear system Eq. (A3) is underdetermined.

Basis matrix B

21 42 63
24
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y

94 DN/s

131 DN/s

171 DN/s

193 DN/s

211 DN/s

335 DN/s

Geometrical Interpretation of Problem
D =KB

We seek to build a column vector y by linear
combinations of columns of the matrix D=KB.
Xj are the coefficients of the linear
combination. More columns of KB from
which to chose than components of y

=> underdetermined problem.

Do “basis pursuit” by minimizing L1 norm

of Xx.
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Appllcatlon to real AlA data

AR 11158 @ 201 1—{]2-15T0(] 13 26

log T = 5.70

YT

EM [cm ™ -5]



Mg V 276.579 Mg VI 270.394 Mg ViI 280.737 Si VIl 275.368 Fe IX 197.862 Fe X 184.536 Fe XI 180.401 Fe XI1 195.119

Fe XIII 203.826 Fe XIV 264.787 Fe XV 284.160 Fe XVI 262.984 Ca XIV 193.874 Ca XV 200.972 Ca XVI 208.604 Fe XVII 254.87 Ca XVIl 192.858

SIBIA 16|

Warren, Brooks & Winebarger (2011)




AR 11089 @ 2010-07-23T15:00:08

log T = 6.80



Side benefit: Image Denoising

‘| N

v (AlA 131 Level 1.5) Dx# (from inversion)
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How to use the Sparse DEM code

http://tinyurl.com/aiadem

e |Instructions in the readme file

 Download *genx files, which contain sample AlA
o-channel data.

 Download aia_sparse_em_init.pro & exercise1.pro

- - Example of DEM inversion

- . Example of DEM sensitivity to noise

31


http://tinyurl.com/aiadem

, Author: Mark Cheung

, Purpose: Sample script for running sparse DEM inversion (see Cheung
et al. 2015) for details.

. Revision history: 2015-10-20 First version

) 2015-10-23 Added note about IgT axis

files = file_list(".",”*genx’)

aiadatafile = files[0]

. Restore some prepared AlA level 1.5 data (i.e. already been aia_preped)
restgen, file=aiadatafile, struct=s

- |nitialize solver.

; This step builds up the response functions (which are

. time-dependent) and the basis functions.

. If running inversions over a set of data spanning over a few hours
, Or even days, it is not necessary to re-initialize

IF (O) THEN BEGIN

. As discussed in the Appendix of Cheung et al. (2015), the inversion

, can push some EM into temperature bins if the IgT axis goes below

. logT ~ 5.7 (see Fig. 18). It is suggested the user check the

, dependence of the solution by varying IlgTmin.

IgTmin = 5.7 ; minimum for IgT axis for inversion

digT =0.1 ; width of IgT bin

nlgT =21 ; number of IgT bins

aia_sparse_em_init, timedepend = s.oindex[0].date_obs, /evenorm, $
use_lgtaxis=findgen(nigT)*digT+IgTmin

|gtaxis = aia_sparse_em_Igtaxis()

, ENDIF



; We will use the data in s.img to invert. s.img is a stack of level
. 1.5, exposure time normalized AlA pixel values.
exptimestr = '['+strjoin(string(s.oindex.exptime,format='(F8.5)'),",")+']'

. This defines the tolerance function for the inversion.
.y denotes the values in DN/s/pixel (i.e. level 1.5, exposure time
;. normalized)

; ala_bp_estimate_error gives the estimated uncertainty for a given

; DN / pixel for a given AlA channel. Since y contains DN/pixel/s,

; we have to multiply by exposure time first to pass

; ala_bp_estimate_error. Then we will divide the output of

. ala_bp_estimate_error by the exposure time again.

; If one wants to include uncertainties in atomic data, suggest to add

. the /temp keyword to aia_bp_estimate_error()

tolfunc = 'aia_bp_estimate_error(y*'+exptimestr+', [94,131,171,193,211,335], $
num_images="+strtrim(string(s.binning*2,format='(14)'),2)+')/'+exptimestr

: Do DEM solve.

. Note!!l The solver assumes the third dimension is arranged according to
[94,131,171,193,211,335]

aia_sparse_em_solve, s.img, tolfunc=tolfunc, tolfac=1.4, oem=emcube, status=status,
coeff=coeff



Qutput of exercisel1.pro
-{

29.0
285 1
28.0
27.5
2701

26.5
26.0 |

EM [cm ~-5]

EM in Igt=[6.45,6.75] EM in Igt=[6.75,7.05] EM in Igt=[7.05,7.35]

EM in Igt=[5.55,5.85] EM in Igt=[5.85,6.15] EM in Igt=[6.15,6.45]

status[Nx, Ny] - Indicating where a DEM solution was found, O is yes
coeff[Nx, Ny, 84] - Coefficients of basis functions used to express
DEM; I.e. the x In equation y = KBX.

emcube[Nx, Ny, 21] - DEM solution. i.e. Bx.
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Interactively inspect DEM profiles

e ala_sparse_dem_inspect, coeff, emcube, status, /ylog

35

Right ¢lick to end

: o)

ne

weded

THEN BEGIN

ntemp-1]*(10.
nterp-1]*(10.
ntemp-1]*(10.

ntemp-1]*(10.

Ainterpol(alogl@(aia_temp_resp.al?l. tresp),
AMnterpol(alogl@(aia_temp_resp.al93.tresp),
Ainterpol(alogl@(aia_temp_resp.aZll.tresp),

Ainterpol(alogl@(aia_temp_resp.a335.tresp),

ala_tem

ala_tem

aia_tem

aia_tem




Log EM [cm”)] Log EM [cm”)] Log EM [cm] Log EM [cm”] Log EM [cm’] Log EM [cm] Log EM [cm”]

26026527027528.0285 26.026527027.5280285 260265270275280285 26026527.027528.0285 26.026527027.5280285 26.026527.0275280285 26.0265 27.027.528.0 28.

2011-02-15T01:30 2011-02-15T01:32 2011-02-15T01:34 2011-02-15T01:36 2011-02-15T01:38 2011-02-15T01:40 2011-02-15T01:42

- Y A/ P - e "
M Wt s

|

v

log T/K=[6.95,7.25) bgm-[ebs.ms] log T/K=(6.95.7.25] log'rn(-ms.ms]
36
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Active Region Thermal Structure

- : AIA 171 ----- : — f Total AIA 94 —
+ 2000F AIA 193 — 7 T 3 Warm AIA 94 —
I Hot AIA 94 —

Warren, Winebarger & Brooks (2012) devised a method to
separate the ‘warm’ and ‘hot’ components of emission from

the AIA 94 A channel. They use this empirical fit:

T fhn+ (1 — Phes T
| 16.54

“for this value of f [_0.3], the coetticients to the polynomial fit
are —7.31x10-2, 9.75 x 10-1, 9.90x10-2, and -2.84x10-3."

38
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Log Emission Measure [cm’]

26.00 27.00 28.00 29.00
AR 11190 @ 2011-04-15T00:20:14

EM in log T/K=[5.45,5.75] EM in log T/K=[6.35,6.65]
-~
EM in log T/K=[5.75,6.05] EM in log T/K=[6.65,6.95]

EM in log T/K=[6.05,6.35]




Workshop Practice Exercise 1:

AR 11190

1 15-Apr-11.01:17:19 -

& "tz.: o
) .-‘
E R

-

AIA Fe XVIII [5.22e+05]

AlA 171 A AlA 335 A AlA 94 A

- HMI[1.78e+22]

From: Warren, Winebarger & Brooks (2012)

Go to http://www.Imsal.com/~cheung/AlA/ar11190/
Download a genx file and plot the DEM distribution in
regions marked by the green boxes.

ow do the DEMSs in these boxes evolve?
What about the DEM averaged over the AR (Take care
with pixels that have no DEM solutions).



http://www.lmsal.com

Workshop Practice Exercise 2:

AR 11190

1 15-Apr-11.01:17:19 -

: -t
P

-

AlA 171 A

" HMI[1.78e+22]

AlA 335 A AlA 94 A

From: Warren, Winebarger & Brooks (2012)

AIA Fe XVIII [5.22e+05]

Go to http://www.Imsal.com/~cheung/AlA/11190/
Download a genx file

Starting from the DEM solution, generate AIA 94 images
separately for the ‘warm’ and ‘hot’ components.

Hint: use
PRO AIA_SPARSE_EM_EM2IMAGE, em, image=image,
status=status



http://www.lmsal.com

Workshop Practice

—Xercise 3:

—xamine impact of choice of basis functions

* By default, ala_sparse_em_init uses 4 sets of basis functions
(Dirac + 3 sets of truncated gaussians).

* Detault keyword is bases_sigmas = [0,0.1,0.2,0.6]

* Jest how choosing other basis sets changes DEM results. e.q.

* Only Dirac Delta functions bases_sigmas = [0]

* Dirac + Gaussians of width 0.1 bases_sigmas = [0,0.1]

* Dirac + Gaussians of width 0.1, 0.2 and 0.3 bases_sigmas

- [0,0.1,0.2,0.3]



Workshop Practice Exercise 4.
AlA + XRT DEM inversions

e Joint AIA-XRT DEM inversions

 Download aiaxrt.pro from http://tinyurl.com/aiadem
e .compile ala_sparse_em_init

e ralaxrt

* [his script solves uses sample AlA data to solve
for a DEM cube. Then it synthesizes AIA and XRT
images. Then it uses AIA+XRT for DEM inversion.



http://tinyurl.com/aiadem

Outline

1. AIms
2. What do we see in the EUV channels of AIA?

3. Introduction to the problem of Differential Emission
Measure (DEM) Inversions

4. Description of sparse solver for AlA data
5. Tutorial on how to use the AIA_SPARSE_EM package
0. Practice exercises

7. Example science problems to tackle: 13:15pm today
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Sclence Cases

* Thermal evolution of active regions from
emergence to decay

* Thermodynamic structure of reconnection
outflows

 From chromospheric evaporation to catastrophic
condensation



Science Case 1) Emerging Flux

Log Emission Measure [cm’]

| : | .
26.00 27.00 28.00 29.00 "
AR 11726 @ 2013-04-18T21:20:13 . | R DEM movie
of the emergence
of AR 11726
EM in log T/K=[5.75,6.05] | EE e EM in log T/K=[6.65,6.95]
Other panels:
EM in various log T bins
EM in log T/K=[6.05,6.35] : o “EMin log T/K=[6.95,7.25]

Lower right panel only
Greyscale:
Bios from HM
Green: 6MK EM
Yellow/Red: 10 MK EM

EM in log T/K=[6.35,6.65] ' _ Linc-ol-siohit B @2018-04 6121808



Log Emission Measure [cm ]

| . == DEM movie
?:ﬁ0?1158@2011-02-11T16?(7;£?4 g = S 2900 of the emergence
R -  of AR 11158

vl
N R
B L

L 6.05:6.35]

R AP

Black pixels are
where no solutions
were found




Science Case 2) Reconnection Outflows
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Selected scientific studies of this flare:

oY

e Patsourakos, Vourlidas & Stenborg, 2013, ApJ, 764,
125: Prior confined eruption produced a pre-existing
coronal flux rope, which then erupted to give the M7.7
flare.

e Wei Liu, Chen & Petrosian, 2013, ApJ, 767, 168:
Detailed timeline of sequence of events including timing
and propagation of EUV and X-ray sources.

e Rui Liu, 2013, MNRAS, 434, 1309: Same onset time for
HXR and microwave (Nobeyama RH data) bursts.

e Kriicker & Battaglia , 2014, ApJ, 780, 107: Ratio of
thermal protons (from AIA) to non-thermal electrons
(from RHESSI HXR) in loop-top source is of order 1.

e Sun, Cheng & Ding, 2014, ApJ, 786, 73: Performed a
very detailed DEM (imaging) analysis of this flare. They
used xrt_iterative_dem2.pro (code by M. Weber, non-
linear least square inversion with splines).

e Kriicker et al., 2015, ApJ, 802, 19: HMI white light (WL)
enhancement at footprint co-incident with HXR
footpoint source. Interpretation: energy deposition by
non-thermal electrons is radiated away and does not
cause chromospheric evaporation.
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Shiota et al. (2005, ApJ,

634, 663):

e 2.5D MHD simulation
of of the eruption of a
pre-existing flux rope
triggered by flux
emergence.

e Similar scenario as
modeled by Chen &
Shibata (2000, ApJ,
545, 524) but with
field-aligned thermal
conduction.

e Both temperature and
density are initially
uniform (dimensionless
value of unity).

00l =1
alnjeladwa|




Temperature
t= 100

1.9




Dashed contours: Total EM =102° cm™
Solid contours: Total EM =1030 cm-

Downward mass pumping from
reconnection outflow?

201 2-07-18105:14



Influence of efficiency of thermal conduction / system size

Log10 (T/2 MK)

' Log10 (N/109)

€™

Extension of 1 ‘ ‘ H

study by W |
Takasao et al. Za 28 vz [170 km/s]

(Apd, 2015, L
805, 135) 'w

t=24.5[18 g] B: o / om = 0.08




Influence of efficiency of thermal conduction / system size

| Log10 (T/2 MK)

O or stronger thermal .

conduction
/ Log10 (N/10°)

1 |
Vz [1 70 km/S]

t=15.0[18 ]

B:pg/pm:0.08



Influence of efficiency of thermal conduction / system size

© Log10 (T/2 MK)

. Enhanced evaporation for .
stronger thermal conduction

/ l \ Log10 (N/109)
‘ |
Vz [1 70 km/S]

t=15.0[18 ]

B:pg/pm:0.0B



Log Emission Measure [cm]
[ : I — e

Long Duration 2 27.00 26.00 29.00

AR 11402 @ 2012-01-16T02:50:14

GOES C6.7 tlare

EM in log T/K=[5.45,5.75] EM in log T/K=[6.35,6.65]

EM in log T/K=[5.75,6.05] EM in log T/K=[6.65,6.95]

4
EM in log T/K=[6.05,6.35] Line-of-sight B @2012-01-16T02:49:10




Some remarks

* AlA differential emission measure inversions (e.g. using the method of
Cheung et al. 2015; http://tinyurl.com/aiadem) can be used to
quantitatively study the thermal evolution of tlare plasma.

* The efficiency of thermal conduction / system size impacts:

1. The density enhancement in deceleration region of the reconnection
outflow, and

2. The amount of evaporated material.

* Observations can possibly help us test whether classical Spitzer thermal
conduction is appropriate or should be modified (e.g. Imada, Murakami &
Watanabe, PoP, 2015, 22, 10; Wang et al., 2015, ApJL, 811, L13).

e Future work:

e Should measure 1. and 2. in a systematic study of flares to test
sensitivity to system size / efficiency of thermal conduction.

* Use 3D MHD simulations of tlares tor forward modeling of observables.



Science Case 3) Chromospheric
Evaporation & Condensation

Observations

Spectra covering temperatures from 4,500 K to 10 MK
Images covering temperatures from 4,500 K to 65,000 K

Baseline: 5s for slit-jaw images, |s for 6 spectral windows, rapid rastering

Predicted Count Rates

Estimated Count Rate
(counts/sl/line/spatial pixel)

Active
Region

A AA

EEIEN

Log T

Detector

UV Spectra (effective area of 2.8 cm? for far-UV, 0.3 cm? for Mg passband, continuum is 1 A)
T-Count rates for Mg Il wing, h and k are in counts/s/spectral pixel/spatial pixel

Sil(3P)Cont | 1335 | 12.5 3.7 40 80 - 1

Mg Il wing 2820 | 25 |3.7-3.9 2100t 7500t 7500t |3

Ol 1356 | 12.5 3.8 50 100 250 1

Mg Il h 2803 | 25 4.0 870t 3400t 130007 3

Mg Il k 2796 | 25 4.0 1100t 45001 100007 3

cl 1335 | 125 4.3 540 1970 22000

cl 1336 | 12.5 4.3 500 1780 20000

SilV 1403 | 12.5 4.8 400 1000 1e6 2

Si IV 1394 | 125 4.8 640 2200 3e6 2

OolIv 1401 | 125 5.2 65 116 2e5 2

OolIv 1400 | 12.5 5.2 25 60 1e5 2

Fe XII 1349 | 125 6.2 30 50 500

Fe XXI 1354 | 12.5 7.0 10 40 4e4

UV Slit-Jaw Images Estimated Count Rate (counts/s/pixel)

[Effective area 0.005 cm? with 4 A FWHM filter for Mg II; 0.7 cm? with 40 A FWHM for far-UV.

Mg Il wing 2831 3.7-3.9 2300 5300 5300 4

Mg Il k 2796 4.0 750 3500 8500 4

cl 1335 4.3 400 1300 13000 4

Si IV 1400 4.8 300 1200 2e5 4

From the RIS poster @ iris.Imsal.com

IRIS is designed to probe
the chromosphere and
transition region, but it
also sees flare plasma
(Fe XXl @10 MK).

What about the
temperature range In
between?

Joint observations
between IRIS andAIA to
fill the temperature gap.


http://iris.lmsal.com

At http://www.Imsal.com/datd.html,
go to ‘Llst of Flares Observe W|th IRIS’

20140917 -

19:26 C7.5 flare - behind
the limb, nice big loop of Fe
XXI visible, red shift in
Fe XXI

-3
'-t‘“i“‘_;

hlng into the

coronaiareigene attributedivwa: 1354 A emission.
2014/09/17 19:49:54.930 '



http://www.lmsal.com/data.html

IRIS SJI 1330: Likely Fe XXI 1354 A emission.

‘-Illl'lll.
AR'E N EEaARS

% .: - | 1 1 +_- j 48
2014/08/17 19:48:01 : .
E-3 T GOES X'ray

20:00
Start Time (17-Sep—14 1B:13:34)

SJl Total DN/image




IRIS SJI 1330: Likely Fe XXI 1354 A emission.

‘-Illl'lll.
AR'E N EEaARS

% .: - | 1 1 +_- j 48
2014/08/17 19:48:01 : .
E-3 T GOES X'ray

20:00
Start Time (17-Sep—14 1B:13:34)

SJl Total DN/image




Log Emission Measure [cm ] Other panels:

“ EMin various log T bins
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i coronal
SRR | TN S TR A condensations in SJI
EMinlog T/K=[6:05635]. EM in log T/K=[6.95,7.25]. - 1330 begin to appear.

Lower right panel only
Greyscale:

Bios from HMI
LR WE Green: cMK EM

EM |nlogT’K=[635&65] , Line-oi-sieht B @2014-08-17118:683:84 Yellow/ Red: 10 MK EM




Log Emission Measure [cm ] Other panels:

| ' “= EM in various log T bins
26.00 o 27.00 2800 29.00
AR 12158 @ 2014-09-17T19:55:25 R PR

- Tell-tale signs of
chromospheric
¥ e evaporation
;. .o @ . -loopsfilled with
: e e Al plasma at 10 MK and
EMinlog TK=[5.75605] EMinlog T/K=[665695] above
BENFRe Ll e R - Loops cool to lower
- ‘ A ‘."‘ fffff | . AT N Ao x_ o At time (~20:29 UT)
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AP i S G coronal
AT R S - }f'j_.r e condensations in SJI
EMinlog T/KS[6.05685) EMin log T/K=[6.957.25] 1330 begin to appear.

Lower right panel only
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TR T Yellow/Green: 6MK EM
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Log Emission Measure [cm ] Other panels:

= EM in various log T bins
26.00 27.00 28.00 29.00
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o, g T o 0 ,ﬂ& g - Tell-tale signs of
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Greyscale:
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