Viewing the Sun across the electromagnetic spectrum



How does an imaging instrument work

M ai n Com ponents Apertu re Apertu re | - SDO HMI (6173 A) 12—Jul—2023 06:46:46.400
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How does an imaging instrument work

Mirror system Goals: Produce an image with as little aberrations as possible
Be compact, light, and sturdy

Cassegrain-Telescope SDO/AIA
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How does an imaging instrument work

Combined coating/filter effect
selects the Effective Area

Make whole channel sensitive

to very few lines/ions

Individual ions are formed In

restricted temperature ranges
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How does an imaging instrument work

Pro and cons of filtering a spectrum

Pros:

Improve temperature resolution over
broadband imagers

Create series of “temperature”
Movies

Increase signal to noise ratio over
spectrally resolved intensities

Cons:

Contamination from other temperature
regimes (presence of other lines/ions)

Change of spectrum during solar activity
(“dual” channels)

phot A" em™® sec™

2X10—3_IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

1.5x10°° |k

107 |

a0

X

—_

O
I

Fe VI l

0012 | Fe XXIlI 1

7

“ 1
7

: w
:

S 008 - Fe XXII 1
& Fe XXI

Q,

80 90 100 110 120

130 140 150 160 170




Hinode XRT 12—Jul—-2023% 06:52:16.258

Making choices 100

Choosing the right lines

Select the physics you would like

Quiescent vs. activity 500 R . 0 @ 7M. T
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Pick the right wavelength range
Activity suggests X-rays
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SDO AlA Fe XIl (193 AY 13—Jul—-2023 11:25:04.839

Making choices 100

Choosing the right lines

Select the physics you would like

Quiescent vs. activity 500
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Pick the right wavelength range
Activity suggests X-rays
Quiescence is better in EUV X
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Making choices

2000
Choosing the right lines

Select the physics you would like

Quiescent vs. activity
Disk vs. limb vs. both 1500

Pick the right wavelength range
Activity suggests X-rays
Quiescence is better in EUV
Colder stuff has several options
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Making choices

Choosing the right lines

Select the physics you would like
Quiescent vs. activity
Disk vs. limb vs. both

Pick the right wavelength range
Activity suggests X-rays
Quiescence is better in EUV
Colder stuff has several options

Pick the right spectral lines

Bright
Isolated
Might choose “dual channels”
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Making choices

Choosing the right lines

Select the physics you would like
Quiescent vs. activity
Disk vs. limb vs. both

Pick the right wavelength range
Activity suggests X-rays
Quiescence is better in EUV
Colder stuff has several options

Pick the right spectral lines

Bright
Isolated
Might choose “dual channels”

At different temperatures
different lines dominate
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SDO HMI (8173 A) 21—-Aug—2017 22:46:43.700

Viewing the Sun across the  Ee ot el o a1 0= T P Koo 0 ] 4

electromagnetic spectrum

Your everyday Sun
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Black body radiation
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Viewing the Sun across the
electromagnetic spectrum

Your everyday Sun

Disk visible emission due to
Black body radiation

Cooler sunspots appear as
dark spots

Solar atmosphere can not be
observed in the visible....

....except when it can

Everyday corona
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Viewing the Sun across the  Ee ot el o a1 0= T P Koo 0 ] 4

electromagnetic spectrum

Your everyday Sun

Disk visible emission due to
Black body radiation
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Cooler sunspots appear as
dark spots

Solar atmosphere can not be
observed in the visible....
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SDO AlA (1700 AY 21—-Aug—2017 23:26:52.720

Viewing the Sup across the _ Eagitilalisaifise T~4.000 K
electromagnetic spectrum
The temperature minimum

Temperature initially decreases .
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Some structuring is present
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SDO AIA He Il {304 A) 21—Aug—2017 23:24:29.130

LIS LISRGTERSIVIR: [ GECR U Chromosphere  — T~50,000 K

electromagnetic spectrum

The Chromosphere

Temperature begins to increase .

Highly structured region

Helium begins to be ionized
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temperature 7 [K]

SDO AIA Fe IX (131 A) 21—-Aug—2017 23:24:30.620

VLU T RG LRSIV TG GECR U TR Transition region  —  T~0.1-0.6 MK
electromagnetic spectrum gt T .
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temperature 7 [K]

SDO AIA Fe IX/X (171 A) 21-Aug—2017 23:24:33.350

Viewing the Sun across the | NU[EIRTEE o8 reglon - T~O 6-0.9 MK
electromagnetic spectrum g T e

The Upper Transition Region

Fe IX Iis formed both In transition

. S00
Region and corona

Structured transition region
More diffuse quiescent corona

Population of colder active
region loops
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temperature 7 [K]

SDO AIA Fe XIl {193 A} 21—Aug—2017 23:24:28.850

Viewing the Sun across the | ESVEVVGEWRSIGIE T~1.5 MK

electromagnetic spectrum

The “everyday” corona:

Fe Xll is the typical coronal ion

Diffuse quiet Sun regions 500

Active region loops

Dark coronal holes:
Colder plasma emits less at
Fe XlI temperatures
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temperature 7 [K]

SDO AIA Fe XVI (335 A) 21—Aug—2017 23:28:12.630

Viewing the Sun across the __ HEli&ele] (e ar T~ 2-4 MK
electromagnetic spectrum g
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Hinode XRT 21—-Aug—201/ 1/:19:08.199

Viewing the Sun across the __ EElsi¥es gs - - T > 3 I\/IK
electromagnetic spectrum

The broadband X-rays

Filter samples larger wavelength
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White light, extended everyday corona

Eclipses
P T~ 1.5MK
A rare glimpse into Closed
the extended magnetic
corona fleld
Moon shadow structures

eliminates
atmospheric

scattering Open
magnetic
Thomson-scattered il

Disk visible light; structures
Lines from coronal

I0ONS

Coronal structures
can be visible
for much larger
heights

Visible light (~5000 A)




How can we use imaging instruments

1 - Movies Pro:  Quick and easy
Fast and easy way to monitor time evolution Provides connections between
Activity events distant structures
Connection between different structures Con: No quantitative diagnostics

Morphology evolution




How can we use imaging instfiinEnls
2 - Multitemperature images

Fast and easy way to figure out
dominant plasma temperature

Coronal holes are seen in 171

Quiet Sun is superposition of
171 bright points,
193 coronal diffuse structures

Active region mixes all channels

Contaminating structures
give different hues

Pro: Quick and easy
Provides connections
between different
temperatures

Con: No quantitative diagnostics



How can we use imaging instruments

3 - Temperature ratios

Capitalizes on channel different
temperature sensitivity

Assume plasma is isothermal
Predict channel intensity ratio

As 1(T)

Comparison provides
measurement

Pro: Temperature maps
Quick and easy
Apparently very small

uncertainties

Con: [sothermal assumption
Is usually risky

Non-unigue solutions
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How can we use imaging instruments
4 - DEM diagnostics |

DEM measures plasma T
distribution

Optically thin plasma:

1
F = T T )dT
4ﬂd2JG(Ne’ e)qg( e)d

. - - 19-25 MK
PrO. 11-14 MK . 14-19 MK 9-25

Con:



How can we use imaging instruments

CR-2082 DEMT:y/N? [10°cm™] at 1.025 R, CR-2082 DEMT: Tm [MK] at 1.025 Ry,

5 - fTomographic reconstructions —

2.5

: : : o o 2.0
Series of 2D images of rotating corona S g .
: : : : V py .
can be used to retrieve 3D distribution 3 3° 10
of channel emission 3- 3 50 05
: 0.0
_ _ _ 0 100 200 300 0 100 200 300
Can apply previous diagnostics to Carrington Longitude [deg] Carrington Longitude [deg]
obtain 3D distribution of CR-2082 DEMT:YN? [10°cm™] at 1.065 Ry, CR-2082 DEMT: Tm [MK] at 1.065 R,
. ) 25
measured quantities 5 - 20
Pro: § § Y 15
= 2 | 1.0
Remove Line of Sight ambiguities 5. . B s
Provide formidable tool for local ; ey T 0 h I 0.0
p|asma diagnostics Carrington Longitude [deg] Carrington Longitude [deg]
CR-2082 DEMT:VN:, [10°cm®) at 1.105 R, CR-2082 DEMT: Tm [MK] at 1.105 R,

Con:

Need long time series (at least 15 days)

Need quiescent corona
Need high S/N ratio

Latitude [deq]
Latitude [deq]

0 100 200 300 | 0 100 200 300
Carrington Longitude [deg] Carrington Longitude [deg]



400035 & ; 3000 |

X x . . 1
. - £ AlA . 2500 f '
How can we use imaging oTess
Instruments .
. . . 1000§ ] 500;
6 - Density diagnostics B e
_ _ ] L et insan $ 1000
At different T, effective spectra may be g 400} e
different from nominal ones Log T=545 3% 300} % o0l
i 171 it v
For 171, 195 channels, O ions dominate at i i | S el
CME ejecta temperatures a0 i s
. . . . 180 185 190 195 200 205
O lines in different channels form density S e
sensitive line pairs : :
P : : : : : jog [ = 5 50 :
Can use channel ratios for density diagnostics 4 Sl -
: |08 L =5
log | = 5 10

Pro: CME density distribution maps
CME density time evolution

AIA 193 /AIA 171

Con: Need to know temperature beforehand
Need to remove background/foreground
Somehow limited sensitivity




