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LYRA

the Large-Yield Radiometer onboard PROBA2

Correlation between
sunspot numbers and EUV irradiance
as observed by LYRA on PROBA2

Ingolf. E. Dammasch & Laure Lefevre, ROB

SIDC Seminar, Brussels, 10 Jul 2013



S T
ESA’s “PRoject for On-Board Autonomy”
Belgian microsatellite in Sun-synchronous orbit
725 km altitude
Launched 02 Nov 2009
Nominal operations since March 2010
Technology and science mission
4 innovative instruments and 17 technological
experiments for in-orbit demonstration
Among them the EUV imager SWAP and the
radiometer LYRA




“Large-Yield RAdiometer”

3 instrument units (redundancy)

4 spectral channels per head

3 types of detectors, Silicon + 2 types of diamond
detectors (MSM, PIN): radiation resistant, insensitive
to visible light as compared to Si detectors



LYRA Channels

Redundancy with different types of detectors:

Channel 1 (Lyman-alpha) 120-123nm
Channel 2 (Herzberg) 190-222nm
Channel 3 (Aluminium) 17-80nm + <5nm

Channel 4 (Zirconium) 6-20nm + <2nm
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GOES vs. LYRA Proxies

GOES O.1—0.8nm (red), LYRA Al {Blue) & Zr (gray) proxy
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Manually select significant minimum per day
Calculate proxy with simple linear formula



3 2 Years of Solar Development
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... also observed by SWAP and SDO/EVE
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Another Instrument Artefact

LYRA channel 2—3(__), channel 2—4(...)
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Spectral degradation (drastic above 19nm):
Channel 2-3 lost 93% of its initial response
Channel 2-4 lost 44% of its initial response



Daily Sunspot Mumber

Comparing
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LTRA ch2—3 vs. : 0.913340
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Comparing

Mumber of Flares
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Another idea:
Compare these...
LYRA channel 2-3
LYRA channel 2-4
GOES 0.1-0.8nm
Daily sunspot number
... to flare indices

Maximurm Flare Strength

200 400 BCD BOC 1 00 1Z00

Total Flare Strength

200 40 B0 00 1000 12060

Avaraga Flare Strangth

200 410 [F{nd] BOG 1000 1200
Lays after 01 Jan 20130



Comparing

Example:

Maximum flare
strength and ...
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...now for Laure’s part...
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Cross Correlations ISSN VS. all
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Cross correlation Lyra3 vs. ISSN
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Cross correlation Lyras vs. ISSN
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Similarity map

Similarity map (SVD) Period:2010-01-06_2013-03-05
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Theoretical temperature

components of Lyra
channels 3 and 4
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WHERE DOES WHAT COME FROM ?
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Shorter timescales (< 81 days)

Similarity map (SVD) Period:2010-01-06_2013-03—-05
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Longer timescales (> 81 days)

Similarity map (SVD) Period:2010-01-06_2013-03-05
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THE BEGINNING
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STANDARDIZED QUANTITIES

Tirrws {yoars}

Tirrws {yoars}

Z0x107% 3 [ -
1ax107t 3 4
Mk, 1k ey !
s0a107 h'll' ] 9
E A abira
A _n_ﬂ-“-\.,r‘\.-h'\r\..---._f|t M e . il
2010 2011 2012 2013 2014 2010 2011 2012 2013 2014
Time (years) Time (years)
e e T 3
0ga — R

¥ Wt 1 1 1

LG LU T I g

R ] — [

“ MMW“ \ w . ° ) W

a =1

2010 2011 2012 2013 2014 2010 2011 2012 2013 2014
Tirre (years) Tirre (years)

0.0020

o008 1 ]
EMMMW J‘NK\',MM’W‘\;M\,J f.ﬂ} ‘W\ MWMM |

0.0005 p— .

ooocobE e . .

2010 ETITN 2012 2013 2014 2010 2011 01z ETIER 2018
Tirmw {yeara} mm {yeara}
IS.I:(L‘: - - - E| 03 - - - 9
;‘J\A"\- WMW E 0.2 B
e 3
e = El o J =
5 oo 3 % oo Mﬁ' i
3 E| o WW
o000 E E 0.2 A
2010 201 2012 2013 2014 2010 ETITN 2012 2013 2014
Time {years} Time {years}
a0 20 -
E = 15E
. r.rxm:— B . |.U; mw
A | Iy
2000 = - O
N A 1 o N |
2010 2011 2012 2013 2014 2010 2011 2012 2013 2014
Time (years) Time (years)

L e I — L e
T == L - o TOE- -
E a0~ ;‘“N A 5 E 05;— flﬁ \JW —E
RS LSS g

aE = -10E =
2010 201 2012 2013 2018 2010 201 2012 2013 2018
Tima (years) Tima (years)
3 0.0
M”h WU\M ERLE ,1 E
- = _ E
o '[ \ A E [ My WVWW\W E
= 3B _ B
0.0005
SE E ~n.onoE _— e
10 2011 2015 2014 2010 ETITN 012 ETIER 2014
mm {wmm} mm {yeara}
2800 - - = ] - - -
2 2000 E g :
; 1500 = — -
] S E| ]
g Lﬂ i 17 A P Wy
500 e a
2010 2013 2014 2010 I ETIE 2018
T\r.a {wsam} Tirree: {yeara}
S0 = - - -

g F E

E 00 ] E h

iy MMI"’W,“ w : | 1 M MMMM M’Ww W\MW

o 1 I

e A1 o)
2010 2011 2012 2013 2014 zmo 2011 2012 2013 2014



Similarity map (SVD) Period:2010-01-06_2011-01-02
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SingularValue Decomposition : How does it
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