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Eclipse 1999, Hungary

530.3nm
Coronium

Image Courtesy www.eurastro.de/webpages/MRSPECT.HTM
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Eclipse 1999, Hungary

530.3nm
Coronium

Bengt Edlen (~1930): Fe XIV

Image Courtesy www.eurastro.de/webpages/MRSPECT.HTM
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US NRL experiment:
Spectrograph onV2-rocket in 1946
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http://www2.jpl.nasa.gov/basics/bsf6-5.php

'SOLAR X-RAY PHOTOGRAPH
NRL, APRIL 19, 1960

Pinhole camera
flown in 1960

Friedman (1963) IAUS, 16, 45
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'SOLAR X-RAY PHOTOGRAPH
NRL, APR!’L 19, '960 ,

Pinhole camera
flown in 1960

Friedman (1963) IAUS, 16, 45
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'SOLAR X-RAY PHOTOGRAPH
NRL, APRIL 19, '960 ,
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Pinhole camera = e
flown in 1960

Friedman (1963) IAUS, 16, 45

April 20 1960 Sunspot drawing
from Royal observatory of Belgium
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reflecting X-rays is hard




reflecting X-rays is hard







XMM mirrors during tests at Centre Spatial de Liege



Skylab (1973-74)

http://history.nasa.ecov/SP-402/ch | .htm
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Skylab (1973-74)
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1990s: EUV lithography
develops normal
iIncidence EUV optics

10 um
Nominal feature size
Technology node .
SINININ
o 1um '/ |
.g san W
: 90 m -
% Gate length Y
L 100 nm |
Nanotechnology '
v Planar MOSFET limit = = = -
10 nm
1970 1980 1990 2000 2010 2020
Molybdenum:
Calendar year
y heavy scatter element that absorbs EUV
strongly
"EUV light at 13.5 nanometers can etch features Silicon:

as small as 100 nanometers across," light element that albsorbs EUV only weakly



Extreme
Imaging lelescope

2023/03/12 13:06 >2( years after launch
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The Extreme Ultraviolet Imager on

@ Solar Orbiter
4

1. The sharpest images ever of the solar corona

2. The first images of the poles of the Sun

3. Linking remote images with in-situ plasma measurements



Travel of
Solar Orbiter
through
solar system

Sun Equator - Z [AU]
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Image Courtesy ESA, 'CREMA report'.
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SPICE Spectrometer

STIX: X-ray Telescope

EUl: Exireme Ultraviolet

EUSJ Imager -

S~ METIS Coronagraph

PHI: Polarimetric and
Helioseismic Imager
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Irradiance (mW/m2/nm)

a) Spectral Irradiance 10,000
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image courtesy Bhargawa & Singh, University of Lucknow
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>/70% hydrogen



>/70% hydrogen

H | Lyman alta 121.6nm
chromosphere



>/70% hydrogen <30% helium

H | Lyman alfa 121.6nm
chromosphere



>/70% hydrogen <30% helium

H | Lyman alfa 121.6nm
chromosphere



>/70% hydrogen <30% helium

H | Lyman alfa 121.6nm He Il 30.4nm
chromosphere transition layer



>/70% hydrogen <30% helium 1% heavier
elements

H | Lyman alfa 121.6nm He Il 30.4nm Fe IX, X, Xl ~17nm
chromosphere transition layer low corona



>/70% hydrogen <30% helium 1% heavier
elements

y

EUI/HRIEUV SDO/AIA PROBA2/SWAP

EUI HRI-LYA 1216 202 _.-09-14100:0/:13./ 14

H | Lyman alfa 121.6nm He |l 30.4nm Fe IX, X, XI ~ 17nm
chromosfeer transitie laag lage corona

enkele tienduizenden C ~80000 C 1 miljoen C



De “Extreme Ultraviolet Imager” (EUI)
iIs gebouwd door:

@ Centre Spatial de Liége
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5x5 Mosaic image made by HRIEUV telescope of EUl on 2022 March 7
Solar Orbiter was halfway the Earth-Sun line

Forbes

See The Jaw-Dropping New 83
Megapixel Photo Of The Sun Sent
Back From A Spacecraft Halfway
There

 inspiv peop v | m

@ Listento article 3 minutes

Image processing by Emil Kraaikamp (ROB)
ESA&NASA/Solar Orbiter/EUI team

2022-03-07T07-01:36.640 If vou anly lnak at ane “space photo” this year then this ome has to be it.



5x5 Mosaic image made by HRIEUV telescope of EUl on 2022 March 7
Solar Orbiter was halfway the Earth-Sun line

Image processing by Emil Kraaikamp (ROB)
ESA&NASA/Solar Orbiter/EUI team
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2022-03-30
Distance to the Sun 0.332 au
2pix resolution = 237 km

2022-03-30T7T04:30:01.052
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1 solar radius coronal mean free path
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1 solar radius India Belgium coronal mean free path

l 5 km
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1 solar radius coronal mean free path
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1 solar radius coronal mean free path
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FSl at 1 au 2 pix=6500 km




1 solar radius coronal mean free path
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FSl at 1 au 2 pix=6500 km

FSI at 0.28 au 2 pix=1800 km




1 solar radius coronal mean free path
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FSl at 1 au 2 pix=6500 km

4 Rsun FSI at 0.28 au 2 pix=1800 km




coronal mean free path
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2022 March 22 Small EUV brightenings a.k.a. “campfires”




Very frequent

Very seldom
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0. Podladchikova et al.: HRIgyy Solar Orbiter Picoflares Halfway to the Sun
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Berghmans et al., (2021): SO/HRI: 174 A -

B1:N(E, ) =E;' % 28" N= 1467 >S50
B2: N(E,, ) = E;263--347 N= 12107 >3c -

Ulyanov, Bogachev & Reva (2019): SDO/AIA, CORONAS: 171 A
U:N(E,, ) =E, """ N=100000

Joulin Buchlin & Sololomon (2016): SDO/AIA: 171 A -
J: N(E,) = E;1.73+0.01 N=200000

Parnell & Jupp (1999): TRACE 171/195 A
P:N(E,)=E, <2259 N_ 4497

Krucker & Benz (31998!_; SOHO/EIT 1717195 A
K: N(E'h):Erh-2.5 '2 9 . N:‘1150 o

Aschwanden $t7a| .'61999):TRACE 195 A .
A: N(E )=E, -79+008 '\_og1

Shimizu (1997): Yohkoh/SXT
S: N(E,)=E, 174 N=291

Crosby, Aschwanden, & Dennis (1993): SMM/HXRBS >25 keV
C:N(E,)=E. % N=2878 -

N Aschwanden (2008) classification |
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