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Ultraviolet light is the portion in the electromagnetic spectrum which
falls between X-Ray and Visible ranging between 10 nm - 400 nm.
The Extreme Ultraviolet ranges between 10 nm - 120 nm.
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Definition

Ultraviolet light is the portion in the electromagnetic spectrum which
falls between X-Ray and Visible ranging between 10 nm - 400 nm.
The Extreme Ultraviolet ranges between 10 nm - 120 nm.

Definition

Spectral Irradiance is the absolute measure of the total amount of
sunlight incident on a unit area at a specific distance from the sun per
wavelength. Units: %
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Space Weather Effects

o Solar EUV is completely absorbed in the Earth’s upper
atmosphere.
Creates ionosphere, heats thermosphere, and initiates
photochemistry.
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EUV at Earth

Space Weather Effects

o Solar EUV is completely absorbed in the Earth’s upper
atmosphere.
Creates ionosphere, heats thermosphere, and initiates
photochemistry.

@ Variability in solar EUV causes variability in:
Amount and height of ionization.
Temperature and density distribution of atmosphere.
Composition of upper atmosphere.

What does it effect?

o Satellite Tracking, Satellite operations
o Navigation, GPS location

o Communication: Ground-Space and Ground-Ground
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Primary Objectives

(1) Specify the solar EUV spectral irradiance and its variability on multiple time scales.

(2) Advance current understanding of how and why the solar EUV spectral irradiance varies.
(3) Improve the capability to predict the EUV spectral irradiance variability.

(4) Understand the response of the geospace environment to variations in the solar EUV spectral
irradiance and the impact on human endeavors.
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(1) Specify the solar EUV spectral irradiance and its variability on multiple time scales.

(2) Advance current understanding of how and why the solar EUV spectral irradiance varies.
(3) Improve the capability to predict the EUV spectral irradiance variability.

(4) Understand the response of the geospace environment to variations in the solar EUV spectral
irradiance and the impact on human endeavors.
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o Identified solar emission lines between 17 nm and 37 nm using
EVE data, IDL and CHIANTI.
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Research

o Identified solar emission lines between 17 nm and 37 nm using
EVE data, IDL and CHIANTI.

o Extracted time series of individual ion emission lines.

o Compared and contrasted within species over a slow variation.
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L2 data product, averaged over 1 hour.

Definition

Interactive Data Language (IDL) is a programming language used for
data analysis. It is highly used in the astronomical community due to
its ability to handle large arrays of data.




CHIANTI

Critically evaluated set of atomic data (energy levels, wavelengths,
radiative transition probabilities and excitation data) for a large
number of ions of astrophysical interest.
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CHIANTI

Definition

Critically evaluated set of atomic data (energy levels, wavelengths,
radiative transition probabilities and excitation data) for a large
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Making a Synthetic Spectrum

Assumptions

Constant Density = 1.00e'% cm =3

Ionization Fraction = CHIANTI
Differential Emission Measure = quiet_sun
Elemental Abundance = sun_photospheric

Minimum Abundance = 3.98¢ 8

erg
cm2-sr-s

Minimum Intensity = 1.26e !

OReferences will follow the presentation



Making a Synthetic Spectrum

o Constant Density = 1.00e!° cm—3

Ionization Fraction = CHIANTI
Differential Emission Measure = quiet_sun

o

o

o Elemental Abundance = sun_photospheric
o Minimum Abundance = 3.98¢~8

o

erg
cm2-sr-s

@ Making assumptions.

o CHIANTI is not complete.
Not all atomic transition probabilities are known.

Minimum Intensity = 1.26e !

OReferences will follow the presentation
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Identifying Lines

EUV Spectrum of 17.1 nm
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Identifying Lines

Table: CHIANTI line list

Wavelength(A) | Intensity lon Tmax Transition
170.7530 | 2.87¢~10 | MgV 5.7 25 2p5 3P0 - 252 2p3 (2D) 3d 3D2
170.7753 | 8.33¢=%7 | S VII 6.1 | 2s22p4 (3P) 3p 4P3/2 - 252 2p4 (1D) 4d 2P3/2
170.8420 | 1.05¢—02 Fe XI 6.1 352 3p4 1D2 - 352 3p3 (2P) 3d 1P1
170.9989 | 4.74e~10 | Fe XVIIl | 6.6 | 2s22p4 (3P) 3s 4P3/2 - 252 2p4 (3P) 3d 4F5/2
171.0080 | 2.12¢=%7 | Ne VI 5.7 25 2p2 2P1/2 - 2s 2p (3P) 3s 4P3/2
171.0280 | 7.81¢=%7 | Ne VI 5.7 25 2p2 2P3/2 - 25 2p (3P) 3s 4P5/2
171.0570 | 1.44¢= 98 | Ti XVII 6.6 2s 2p3 3P2 - 2p4 3P2
171.0730 | 2.05¢192 Fe IX 5.9 352 3p6 1S0 - 352 3p5 3d 1P1
171.0956 | 1.83¢=0 ArX 6.2 252 2p4 (3P) 3s 4P3/2 - 25 2p5 (3P) 35 2P1/2
171.1480 | 9.56e—98 Ne VI 5.7 2s 2p2 2P1/2 - 25 2p (3P) 35 4P1/2
171.1540 | 4.97¢—08 ArIX 6.1 252 2p5 3p 1D2 - 252 2p5 4p 3P1
171.1794 | 4.27¢=% ArX 6.2 252 2p4 (3P) 3s 4P5/2 - 25 2p5 (3P) 35 2P3/2
171.2420 | 1.59¢=%7 ArIX 6.1 252 2p5 3p 1D2 - 252 2p5 4p 1D2
171.2500 | 4.22¢=98 Ne VI 5.7 2s 2p2 2P3/2 - 2s 2p (3P) 3s 4P3/2
1712620 | 2.46e=0 Fe X 6.1 3s 3p5 (3P) 3d 2F7/2 - 352 3p4 (1D) 4d 2D5/2
171.3703 | 1.36et% | NiXIV 6.3 352 3p3 453/2 - 352 3p2 (3P) 3d 4P5/2
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Time series of 17.1 nm Fe IX

Total Irradiance of Fe I1X at 17.1 nm
T T T T

0.0036

0.0034

Total Irradiance

0.0032

0.003C

TR TN SRV ST T A N A A1 el e by e b a1
120 130 140 150 160 170
Time (in fractions of day)




Table: Fe IX emission lines between 17 nm and 37 nm

Wavelengths(A) Ratio Stand.Dev. | Percent Pearson
171./171. 1.0000 0.000000 0.000000 | 1.000000
171./188. 2.0168 0.069886 0.034652 | 0.906477
171./190. 8.2293 0.224910 0.027330 | 0.951956
171./191. 20.3197 0.874443 0.043034 | 0.895725
171./197. 21.1571 0.782183 0.036970 | 0.932942
171./217. 8.3959 0.298466 0.035549 | 0.949570
171./219. 12.7881 1.028338 0.080414 | 0.902604
171./230. 11.4787 0.303932 0.026478 | 0.937031
171.1241. 6.8751 0.186593 0.027140 | 0.959386
171.1244. 12.6288 0.365976 0.028979 | 0.966897
171./341. 22.1180 0.998897 0.045162 | 0.852954
188./219. 6.3364 0.375403 0.059245 | 0.967875
188./241. 34112 0.090832 0.026628 | 0.951427
188./244. 6.2651 0.156928 0.025048 | 0.966654
191./341. 1.0892 0.037211 0.034165 | 0.926662
230./197. 1.8432 0.050085 0.027173 | 0.974626
241./190. 1.1971 0.021267 0.017766 | 0.978145
241./244. 1.8369 0.023265 0.012665 | 0.992566




Squiggly Line Plots

Times series of Normalized Fe IX EUVY Emission Lines
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Squiggly Line Plots

Ratins of Fe X ELV Emissinon Lines
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Squiggly Line Plots

Times series of Normalized Blended Fe IX EUY Emission Lines

1 3 e e e —————r -
E 17.1 nm =
= 18.B nm -
C 19,6 nm :
=l 1.9 nm 435,

219 nm 4

12 341 nm 5]
i ]

e ]

c r 3]
a Hi .

=141 3

T ]

£ r =

5 F 3]

[t E =

< r i

5 C =

S 10fF

%= 1.0 i

¢ F 1

08
L I T S AN T N TS S S N T T S S S

130 140 150 180
Time (Days}




Squiggly Line Plots
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Squiggly Line Plots

Times series of Normalized Multi—Element Blended Fe X EUV Emission Lines
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Squiggly Line Plots

Ratios of Mult\—E\ement Blended Fe IX EUY Emission Lines
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Conclusions

Ions Analyzed
e FeIX, Fe X, Fe XI, Fe XII, Fe XIII
o Hell

e OIV,0V,0 VI
o Mg VI, Mg VII
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Ions Analyzed

o Fe IX, Fe X, Fe XI, Fe XII, Fe XIII
o Hell

e OIV,0V,0 VI

o Mg VI, Mg VII

”
Magnesium

o Total of 3 usable lines.

o For both Mg ions, there wasn’t sufficient data to suggest
non-blends.

o All three Mg VII lines are all composed of different elements
and ions.




Conclusions

Total of 7 usable lines.

Insufficient data to analyze O VI

19.3 nm and 22.0 nm O V lines are blends and of different ions.
23.9 nm and 26.7 nm O IV lines are blends

°
@ 24.8 nm O V line is a non-blend
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Conclusions

@ Total of 7 usable lines.

o Insufficient data to analyze O VI

@ 24.8 nm O V line is a non-blend

@ 19.3 nm and 22.0 nm O V lines are blends and of different ions.
@ 23.9 nm and 26.7 nm O IV lines are blends

@ Total of 4 usable lines.
@ 24.3 nm and 25.6 nm He II lines are blends.

@ 30.4 nm and 23.7 nm He II lines are non-blends.




Conclusions

@ Total of 10 usable lines.

@ 20.0 nm, 20.2 nm 21.4 nm lines are non-blends.

@ 19.7 nm, 20.4 nm, 21.0 nm, 24.1 nm, 24.6 nm, 25.2 nm, 36.0 nm
and 36.8 nm are blends.




Conclusions

@ Total of 10 usable lines.

@ 20.0 nm, 20.2 nm 21.4 nm lines are non-blends.

@ 19.7 nm, 20.4 nm, 21.0 nm, 24.1 nm, 24.6 nm, 25.2 nm, 36.0 nm
and 36.8 nm are blends.

@ Total of 15 usable lines.

@ 19.4 nm and 19.5 nm lines are non-blends.
@ Not sure about 20.6 nm line.

@ 18.9nm, 19.1 nm, 19.3 nm, 19.7 nm, 20.4 nm, 21.9 nm, 23.2
nm, 24.1 nm, 24.9 nm, 29.1 nm, 35.2 nm and 36.4 nm lines are
all blends.




Conclusions

@ Total of 9 usable lines.

@ No non-blends

o 18.2 nm, 18.4 nm, 18.8 nm and 19.0 nm all vary the same which
suggests they are made of the same blend of ions.




Conclusions

@ Total of 9 usable lines.

@ No non-blends

o 18.2 nm, 18.4 nm, 18.8 nm and 19.0 nm all vary the same which
suggests they are made of the same blend of ions.

v
Iron Ten

@ Total of 9 usable lines.

@ 17.4 nm and 17.7 nm lines are non-blended.
@ Not sure about 20.8 nm line.

@ 18.0 nm, 18.5 nm, 19.0 nm, 22.0 nm, 22.7 nm, 25.7 nm lines are
blends.




Flares

Comparing Pre—flare and flare between 12 and
T T

14 nm, Day 183, 1UT
T

Flare
[ = Pre—flare

Irradiance {W/m2/nm)

139
wavelength (nm)

V.

Comments

While the shorter EUV wavelengths are very active and interesting during a flare, preliminary
analysis doesn’t show any new usable lines between 17 and 37 nm.

v



@ Analyze more ion species.
Fe X1V, Fe XVI, Si IX, Si X, ...

o Look at other parts of the EUV.
o Further suggest blends and which elements make up the blend.

@ Further look at flare vs non-flare (fast variation).
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