A comprehensive study to determine
spectral lines for CME diagnostics

with current and future observatories

(feImy RIVEra;, ENMICO Landl, susan i. i
MTMETIS Workshop 2019, Padova, |

November 12982019

DANIEL K. INDUYE SOLAR TELESCOPE



600 : T r
™ R ——
E B00[ [ omer®neil TN kel L
= (e A bsptopirannll S N, :
o2 400 1 (IR A 2T
' \ \
L f f 1 ~ ©
2 B Y SN X = (7 o 9
[ afer.ans TomaVGH. e b, J € c
gl F A iias Chal WIS, . -&»%‘;».*Vmiw s =
E SR 3 o © T
) ! } t < o 5
o 107 = il ; X 3
X g1 -1, i ° <
b o ez . 4
slOF | oo RS
s - ] Tl > i g ©
%‘ e R Fe o2
= e B P e e 25
10 " _ { o L 1 © °
8 [ T W w = o %
6~ = | - K m
OQ4p | " o \ﬂﬂl il I 8 3
2 ! 1 -8
4 ¥ b ' p— 6
= - i r
6 N T ST Y | 4 o
| an L ) | E &) C o ©
8 r ! 2 S ©
3 } =5 ®
£ 1003 e . 8T
£ . (RN OR=1
= oo ¥ d pJ“‘*‘f‘“\a x 3
B 1 L ; <
9 10

Day of Year 2005

8
Gilbert et al. 2011

A
A

Complex injection of energy and non uniform
heating to adjacent CME structures

Distinct thermal histories that cover a large
range of temperatures and densities

Motivation
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Aim

Anticipate line emission from CME plasma
that will be useful to study the evolving
prominence and adjacent structure through
the corona
Identify key lines
i Prominent
I lonization equilibrium
I Spectral range of current or planned
instrumentation
A DKIST
A UCOMP ~ 2Rsun

A SO/SPICE i 13 arcmin slit length and
+/- 8 arcmin scan range

A SO/METIS i 1.7Rs(min) - 9Rs(max)
A Proposal for future instrumentation
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Upgraded Coronal Multichannel Polarimeter (UCoMP)

Line (A) [o]y Temp (MK)
6564 (HU) H I -
Coronagraph with multi- 10830 He | :
wavelength capability in the 6373 Fe X 1.07
visible able to observe a nine 2894 Fe X 126
spectrally resolved coronal
lines over the entire corona 10749 Fe XIliI 1.66
outto 2Rg, 10800 Fe XIIl 1.66
5304 Fe XIV 2.00
6918 Ar Xl 2.00
7062 Fe XV 2.19

Landi et al. 2016



Aim

Anticipate line emission from CME plasma
that will be useful to study the evolving
prominence and adjacent structure through
the corona
Identify key lines
i Prominent
I lonization equilibrium
I Spectral range of current or planned
instrumentation
A DKIST
A UCOMP ~ 2Rsun

A SO/SPICE i 13 arcmin slit length and
+/- 8 arcmin scan range

A SO/METIS i 1.7Rs(min) - 9Rs(max)
A Proposal for future instrumentation

A comprehensive study to determine spectral lines for CME diagnostics with current and future observatories | 3 M



Table 2 _
A List of All the Lines Tested between 1001 and 4000 A

Candidate Spectral Lines =

HI(Lyd) 1025.72 15 %8, >-3p *Py 2 X
Hiiye) VETIS 121567 15 %8, ,-2p 'Py -
Call 3934.78 4.05 ’s “ap & (VBI blue)
s 1259.52 4.5 » .
Cu 1036.34 4.40 : =25 2p° S, %
A How were they chosen? cu 2748.00 4.40 25 3p Py 0 2<344 Dy,
. . . . N1 1083.99 4.45 257 2p° ‘P(,—zu 2p° D,
I Previously studied filament core o 1128.07 445 2 2p* *Ps/-25% 2p° (3P) 3p ‘P
. Mg 1 3354.70 4.55 % 3d P25’ 2p° dp 'S
(Land| et al. 2010) Nel 334536 455 26 2p° ph Py L2 2:: hf D
. Sm 1190.20 4.70 357 3p? *Py-3s 3p° D,
A EUV to near-infrared Si 1206.50 4.70 3.~P Sy-3s RPP'R
Sim 1301.15 4.70 3s 3p *P-3p” Py
A Planned DKIST, SO/METIS sim 1312.59 470 353 P35 45 S
Cm 1176.37 4.85 25 2p P2p” P
and SO/SPICE spectral NI 2248.65 485 25 3d 1]%;_.-3_—}34[! P,
Nm 336677 4.85 25 2p 35 *Pya-25 2p 3p Py 0
range om 1153.78 4.90 25 2p° ’S,-2p* °P,
. . g Fe v 3076.54 4.95 3d* *G-3d! (1) *F.
I Test lines specific to UCoMP Fe v 3143.86 495 30 3G.3d" (1) °F, -
. Fe v 3892.38 4.95 3d* *py-3d? (2) -‘F4 0 (ViSP)
A Lines tested: 118 o 1338.62 515 2p,, . -
0w 1399.78 515 267 2p *P) 152 2p P,
A Ranges: o1 1401.16 5.15 25 % 2Py2 \2p “Ds 2 -
Fe vl 3814.63 5.20 3p° 3d’ *Faa-3p°3d° Py & (ViSP)
T | =100 - 14400 A Fe vi 3890.51 5.20 3p° 3d° 'Fs & (ViSP)
Fe VI 3983.44 5.20 3p° 3d° ‘Fq —3p° 3 & (ViSP)
T - A - ov 2790.67 5.35 2 35 38,25 1p Py o
! Log T (K) 4 _6'7 Mg v 2783.58 545 257 2p* ‘P 2\ 2;# 'D,
(Chromospheric to sub-flare ovI 1031.91 5.45 ’ x
ol 1037.61 5.45 x
temperatures) Ne VI 1005.73 5.60 %
Mg VI 1190.12 5.65
Si v 1049.15 5.79
Mg VIl 1075.81 5.90 25 2p° *Pa0-2p° *S3
Fe X 1028.02 6.05 3s2 3p* 3d "D, 2 3p* 3d X
Fe XINl 3388.91 6.25 357 3p7? *3p” 'D,

Notes. “{ *: planned DKIST range. “x™: planned SO/SPICE range.
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Synthetic Intensities

A Synthetic intensity as a function of
distance
T collisional excitation and radiative
scattering using atomic data from
CHIANTI

A Composition: Photospheric
abundances from Asplund et al. (2009)
and coronal abundances from Schmelz
et al. (2012)
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Synthetic Intensities
MIC Output
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Synthetic Intensities
Top view
(Ecliptic Plane)

A Angular width, f
A Filling factor \O/
i Prominencei 0.1-0.001 Observer
(Labrosse et al. 2010) (Infinity)
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Plasma Evolution Rivera et al. 2019a
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A Prominence
produces brightest
lines

A Intensities decrease
sharply after leaving
the surface

A Intensities
generated match
equilibrium
intensities
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