Onderzoek met Solar Orbiter/EUI
en een vooruitblik op PROBA-3

David Berghmans

Koninklijke Sterrenwacht van Belgié
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Dichtheld:
zonneoppervilak: 107 (-7) g /cmA3
corona: 10”7 (-16) g /cm”3
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lllustration: Per Byhring

The corona: about 1 000 000 °C

Extreem UV

The upper Chromosphere: about 10 000 °C

The lower Chromosphere: about 4000 °C
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The photosphere: about 6000 °C
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en toch boordevol energie
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Solar Orbiter
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De 10-jarige reis van
Solar Orbiter doorheen

het zonnestelsel

De ecliptica
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Image Courtesy ESA, 'CREMA report'.
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wsolar.orbiter.

SPICE Spectrometer

STIX: X-ray Telescope .
3 EUI: Extreme Ultraviolet - |

ELU Imager i

- METIS Coronagraph

PHI: Polarimetric and
Helioseismic Imager
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Vanwege de kleine gaten in het hitteschild is het nodig om heldere delen van het spectrum te gebruiken

10* L 2) Spectral Irradiance e 10,000
= P wwmmn 5700 K
= 104 o 100
E ;
N 1 ] {
| ,
8 ‘ '
g 102 i }’ 01
£ i F
104 | B

Xray  Extreem U

V m Verre infra-rood
7

s 90 2 T
>, P, 7 o | |
O) OO) Z I C ht baar I I C ht image courtesy Bhargawa & Singh, University of Lucknow



>70% waterstof



>70% waterstof

H | Lyman alta 121.6nm
chromosfeer



>70% waterstof <30% helium

H | Lyman alfa 121.6nm
chromosteer



>70% waterstof <30% helium

H | Lyman alfa 121.6nm
chromosteer



>70% waterstof <30% helium

H | Lyman alfa 121.6nm He Il 30.4nm
chromostfeer transitie laag



>70% waterstof <30% helium 1% zwaardere
elementen

H | Lyman alfa 121.6nm He Il 30.4nm
chromosteer transitie laag



>70% waterstof <30% helium 1% zwaardere
elementen

H | Lyman alfa 121.6nm He Il 30.4nm Fe IX, X, Xl ~ 17nm
chromosfeer transitie laag lage corona
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H | Lyman alfa 121.6nm He Il 30.4nm Fe IX, X, Xl ~ 17nm
chromosfeer transitie laag lage corona
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De “Extreme Ultraviolet Imager” (EUI)
iIs gebouwd door:

% Centre Spatial de Liége

- Institut d’Astrophysique Spatiale
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Solar Orbiter/EUI FSI 304
Magnesium_304_n4 L1 priority 80
combitpp 14 (bpp 0.56, Lossy—strong)
crota —3.823 (deg) dsun_ou 1.002 (AU)
crvall,2 121.23,102.52 (orcsec) v107-20220101_002+flown

2021-12-30 00:00:20 (UTC)

Full Sun Imager: He 1l 30.4 nm

Solar Orbiter/EUI FSI 174
Zirconium_174_n25 L1 priority 82
combitpp 14 (bpp 0.56, Lossy—high quality)
croto —3.823 (deg) dsun_ou 1.002 (AU)
crvall,2 121.24,102.33 (orcsec) v107_20220101_002+flown

2021-12-30 00:00:50 (UTC)

i

Full Sun Imager: Fe IX/X17.4 nm
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Forbes

SCIENCE

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

Jamie Carter Senior Contributor ©
I inspire people to go stargazing, watch the Moon, enjoy the night sky

The European Space Agency's Solar Orbiter has returned an incredible 83 megapixel image of the Sun.
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If you only look at one “space photo” this year then this one has to be it.
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Gather ‘round the campfire

Launched in February 2020, ESA’s Solar Orbiter is currently looping around the sun, using I
gravitational encounters with Venus to help boost it into an orbit where it can see the sun’s p— CdNNJ World Africa Americas Asia Australia More

poles. For now, the spacecraft is busy studying our home star with a variety of onboard

instruments that will help illuminate our understanding of its influence on Earth.

Last May, those cameras caught sight of some 1,500 miniature flares in the low solar So I a r o rb ite r m i Ss i O n S h a res c I Os eSt

atmosphere—or rather, flares that are miniature by solar standards, since some of them would

span entire continents. The small eruptions last for tens of seconds, and the team named them s u n y reve a I s ! c a m pﬁ res ' n ea r its s u r1

“campfires.”

By Ashley Strickland, CNN
(® Updated 0103 GMT (0903 HKT) July 17, 2020
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%  Email ANATOMY OF A SOLAR CAMPFIRE
M mal Solar Orbiter has discovered thousands of mini solar flares — ‘campfires’ — in its first year since launch
(-lwrr‘r;idllion'c
campfires Phatosphere
5500°C
Duration - =3
10-200 seconds ,\' Wy b oy ylm-.
lemperature
1 million-1.6 million"C
Magnetic structure
of a campfire
Length
400-4000 km . Reconnection
y 2 / Height [above the photosphere] v . Computer simulations indicate th
. ' ) ) 1000-5000 km " : he campfhires, and ¢ ot U
See the Solar Orbiter Bodycam video Video shows pilots e L A PRSI SS -
launch into space shows chaotic switching planes mi
moments after 'Rust’ air, one crash lands
shooting
This graphic provides a summary of what ESA’'s Solar Orbiter mission, as well as computer modelling, has reve...
L —————— — Computer simulations show that the miniature solar flares nicknamed 'campfires," discovered

last year by ESA's Solar Orbiter, are likely driven by a process that may contribute significantly
to the heating of the sun's outer atmosphere, or corona. If confirmed by further observations
this adds a key piece to the puzzle of what heats the solar corona—one of the biggest
mysteries in solar physics.

a =% Campfires are one of many subjects being




Waarom zijn “kampvuren” belangrijk?
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Lakshmi Pradeep Chitta et al , 2023, Science

o

}'i

2 a(‘..“-

RO

s
7%

o
-
X

‘é |

(©) R1-1 | (d) R1-2
/ \
w=307+42 km __ |w=245+26 km
UT 04:42:21 1 Mm | UT 04:35:36
() Ri1=3{ (f) R1-4
- o .
w=303+45 km w/=291+36 km
UT 04:34:21 Uil 04:54:21
(9) R1-5'| (h) R1-6
\.
A
w= 229128 km wi=331+39 km
UT 04:37:51 Ui 04:50:36
(i) R1-7 | (j) R1-8
\
w=373+80 km 1 w=283+36 km
UT 04:45:51 " UT 04:33:21
(k) R1-9 |(l) R1-10
& /.
w=232+41 km w=200+46 km
UT 04:51:51 UT 04:35:51

e

!
% \.s v

-
L
n

56

2022-03-30 UT 04

P ™
_'_A:A‘L‘

96

=

-
n
-

5

"J“.V W
N be

e
.,’_;'l - .

5 )

2022-03-30 UT 04

-
VA
I‘,

¥ .

e i
Ve

'
-.
i

=227 56»4k

0—50

a1

' At=4.13+1.87s
v=439+198 km s™

1o 20 40 60 80 100 120 140

Time (s) from UT 04:37: 15

| At=8.77+2.79 s
v=3811121 km s

&l 0 50 100 150

Time (s) from UT 04 45: 03

At=8.62+3.11 s
v=271298 km s™

e
)

1120

-t
-
($)

o
Intensity (10° DN pixel™)

11.15

-t
-
o

5 o
(e (&) ]
Intensity (10° DN pixel™)

10.95

N
©

o
©

Intensity (10> DN pixel™)

19.5

50 100 150 200 250 300

Time (s) from UT 04:49:00



02 WOW-enhanced

Blse

2023-09-27T02



2023-09-27T02:35:04.720 100 200 _ 300
Distance [arcsec






rechts

',7 f S BER O ORe PN MY v RS BN GNP R e
.n -.‘" 84 . -
. s . ¢

s 1

Al -
" R

Y.
AR 3

O
o,
»n
&
-
©
o,
O
C
T
-—
B2
(-

200

2023-09-27T02:35:04.720






oV

| F






5000

>
—
©
@)
J)
Q
o
=
=
-
s
—d
Q
=
42
()
A
&)
| -
Q.
O
D
XL

-5000"

5000" 5000



5000"

g
—
©
o
9’
Q
o
=
=
-
gy
d
Q
=
47
o
A
o
| -
Q.
k=
Q
T

-5000"

-5000"







Helioprojective Latitude (Solar-Y)
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