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OBSERVATIONS:

On Earth:

D-region

VLF

-

1

-~

Radiowave
propagation

(Supported by NOSC LWPC)
Solar Lyman Alpha (121.6 nm)
during flares: Solar X-rays

11111

[dB)
3

Populatlo’ ’

/1

I
memsae numbers,
—— ° Radiation field
Niover
NopNiops+-- .
(x.y.2,1) Iterative
p - process
physics,
collisional
and radiative
rates,

abundan
7\ Update of

amplitude

NPM - Casey : VLF Amplitude & Phase

0357 UT ch2-4(Zr); 6-20 nm + X ray

-1E-3
L 450 1F

r 0349 UT
0348 U

1 H1E-4

T

o

[w/m?]

-84

o |

-1E-

H phasé [deg]

-90

Vida Zigman
(UNG, Slovenia)

1 F1E-6
VLF NPM20120309_Casey 0.1-0.8 nm GOES15_20120309| |
T T T T T T T T

04:00 08:00 12:00 16:00
time U

-96 T
00:00

T T
20:0(258 24:00

AAFA - LT

n

Synthetic | \
Spectrum : )
IAp,e.t)
Z
Observed
Spectrum I(A;M¢:t)

& -

Physical Models
T(z), ne(z), nh(z)

pmod 'wrc

Magrit Haberreiter
(PMOD/WRC, Davos),
REOSTIEREE -




;S{i}g,cnﬂonol Awareness Ser“vlces
offered by PROBA%

K. Bontfe!l, M. Dominique?, I. Dammasch?, F. Verstringe®,
D. Berghmanst?, A:De Groof?, S. Poedts!

Abstract

Besices fwo insitu plasma insiruments,fhe s s SWAP and LYRA
Walcher using APS defectors and image Processing (SWAP) i an EUV imager imaging fhe millon degree solar corona of a
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Space Weather and Particle Effects on the
Orbital Environment of PROBA2

Daniel B. Seaton N Marie Dominique N David Berghmans N Bogdan Nicula
Erik Pylyser N Koen Stegen N Royal Observatory of Belgium

Johan De Keyser N Belgian Institute for Space Aeronomy

9 to detect he ocation bpage for flare monioring i robazome
ice based on on E5A microsatells can b6  profotype n he fuure space se ol

Sun Watcher using Active Pixel System LY R Large Yield

detector and Image Processing RAdiometer

«EUV imager

*17.4 nm bandpass

= 1305 cadence

= CMOS APS detector 1024 x 1024
«FOV of 54 arcminutes

* 3instrument units (redundancy)
+ 4 spectral channels per head (wavelengths in nm)

ly-alpha  Herzberg  Aluminium  Ziconium
120-123 190222 17-80+<5  620+<2

* 3 types of detectors (siicon + 2 types of diamond (PIN, MSM))
* High cadence up fo 100 Hz

*
%k %k k
* %k k

Abstract bout PROBA2,

Data from the EUV imager SWAP and UV/EUV radiometer LYRA on board the PROBA2 PROBA2 is a space-weather oriented microsatellite launched on
spacecraft are regularly affected by space weather conditions along the spacecraft’s orbital path. 2009 November 2.Among its four scientific instruments are SWAP,
While these effects are generally removed from calibrated data intended for scientific analysis, an EUV solar imager, and LYRA, a four-channel UV/EUV radiometer.
they provide an interesting opportunity to characterize the evolution near-Earth space environ- PROBA2 also hosts 17 technology demonstrations and two in-situ
ment as the result of changing space weather conditions. Here we present an analysis of these plasma instruments, DSLP and TPMU.Though SWAP and LYRA
space weather effects on PROBA2 observations and some conclusions about both the long- nominally observe the sun,a study of noise in the data they produce.
term evolution of the inner magnetosphere and short-term events driven by the active sun. allows us to indirectly characterize radiation in low Earth orbit.

SWAP IMAGE PRE-PROCESSING LYRA DATA PRE-PROCESSING
* SWAP calibrated 'level-1' images: * LYRA calibrated data:
~ Dark subfracted — Dark subtracted

- Corrected for bad pixels - Corrected for fhe degradation frend
~ Corrected for instrumental and spacecraft effects . ~ Converted in physical units

~ Normalized to exposure fime PRoject for On-Board Autonomy | 2y aiic ser me (6iTs fle formai):

~In DN per second per pixel (FITS fils format)

LYRA as a flare monitor

* Flare detection in imadiance of spectral intervals:
2 channels are dedicated to flare detection, namely
Aluminium (CH3) and Zirconium (CH4)

* Using 'level-3' data

— Calibrated data, averaged over 1 minute

* LYRA flarelist — currently listing GOES flare detections that

are seen by LYRA - covers flares down fo B1.0 (NOAA class)

* Flare detection in EUV images
= Accepting only regular level-1' images
~No off-pointing
~No blurred images
* Typically covering 80% of high energy flares,
in addition detecting more EUV activity
* The so-called EUV-significance parameter routinely
quantifies the EUV relative variabilty. It gives an idea of

* Ongoing work on automated LYRA flare detection
how active/dynamic an Active Region redlly is in the EUV.

= Aiming towards automated LYRA flare classificatior
LYRA “proxy curves” approach GOES curves prefty well.
From there, similar flare classification can be achieved.

on SWAP.

Typical SWAP images reveal the structure of the high-temperature inner Solar Corona around 17.4 nm, the result of Fe IX/X emission lines that form at temperatures of about 8 105 X105 K
(below, left). However, several times a day PROBA2's orbit carries the spacecraft through ra
radiation-related spikes in each image yields an estimate of the variation of radiation intensity SWAP experiences as it orbits. By plotting the resulting spike counts as a function of location, we can
map the intensity of radiation in the low Earth orbit environment (below right). The color of each point indicates the time of day of the observation (purple is early in the day, red late) while their
size is proportional to the number of spikes. In such a map, the location of the South Atlantic Anomaly (SAA) over eastern South America becomes immediately apparen.

* Robust algorithm: fowards onboard infeligence 7 .

Space Situational Awareness

An example: 9 September 2011, flaring region around 06:00 UT, during GOES data gap
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EUV-flares detecied by SoFAST
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SWAP image of the day
with highlighted flare
location

SOFAST event

LYRA

LYRA is composed of three, four-channel irradiance detectors, only some of which are sensitive to the effects of space weather. This is easy to see in dark data—that is, data obtained with instrument
covers closed (below, left). LYRA' silicon-based detectors are sensitive to radiation effects, and register the SAA (blue shaded areas), while its diamond-based detectors, like the Herzberg detector
(green curve) on Unit 3,do not. With the covers open (below right), the effects of radiation are not as obvious, but can still be seen in the data; again the diamond-based detector’s curve is flat.

YRA Umeseries, levi, unil3 - YRR timeseres, Jovt, unis

0 = . LYRA and the Auroral Ovals.
3 25 3 In addition to the SAA, LYRA observes increased signal when passing
£ = through the Auroral Ovals in the days following geomagnetic events
g with Kp > 4. Interestingly,these effects are not present when the
P | instrument covers are closed, and are seen only in EUV/X-ray

channels. Possible explanations range from direct detection of
aurora-related EUV photons to Bremsstrahlung caused by the
interaction of energetic electrons and the instrument filters. Both
SWAP and LYRA clearly observe energetic protons in the SAA, and
SWAP does occasionally observe some signal in the auroral zones as
: ; — well as LYRA, but not as frequently.Work on this topic is ongoing.
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By combining multiple observations from throughout PROBA2's mission, we
can construct a map of the particle environment through with the
spacecraft's orbit travels. A comparison between maps from ESA's Space
Environment Information System (SPENVIS; top left) and measured SWAP
radiation intensity (bottom left) reveals that while the structure of the SAA is
relatively unchanged, it has drifted west since the best-known recent
measurements were made, now many years ago.The SAA is now largely

/ centered over the southeastern quadrant of South America and has. e B 0t
considerably weaker influence in the South Adantic region. . .

Plotting these results on a monthly basis (right), we see the additional
influence of radiation from the auroral ovals during periods of geomagnetic
activity.The strongest example occurred during April 2010, during the same
CME-related event that caused the Galaxy-15 spacecraft to fail.

calibration, they can also be a useful diagnostic for local space weather
conditions. With limited instrumentation dedicated to the observation of
space weather effects in low Earth orbit, these serendipitous observations ~ §

are highly useful in filling gaps in our understanding of the space environment. =~

Dan Seaton (ROB, Brussels)




UPCOMING

this afternoon, science fair:
PROBA2 stand & posters

@ Ehioer | Sieclipse

End November:
mission extension till 2016

2 Job openings!

Next years: Adoption by SSA
http://probaZ.oma.be

http://proba2.oma.be/community/meetings/SVVT6




