V.D.Kuznetsov
and CORONAS-F Team

Solar Extreme Events:
Fundamental Science and Applied Aspects
(SEE-2005)

International Symposium
Nor Amberd, Armenia

26-30 September 2005




® Launched July 31, 2001
Orbital data:

e altitude of the circular orbit
~ 500 km

e orbital period ~ 95 min

e inclination ~ 83°

Sun
synchronous
orbit of about
20 days in
recurrent
intervals
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1.Multi-channel Photom
2.Solar X-ray Telescope (SRT-K))
3.X-ray Spectroheliograph (RES-K)
4.Spectrometer (DIOGENESS)
5.X-ray Spectrometer (RESIK)
6.Solar X-Ray Spectropolarimeter (SPR-N )
7.Flare Spectrometer (IRIS)
8.Gamma Spectrometer (HELIKON)
9.X-ray Spectrometer (RPS )
10.Time-Amplitude Spectrometer (AVS)
11.Solar UV Radiometer (SUFR-sp-k )
12.Solar UV Spectrophotometer (VUSS-L )
Solar Cosmic Rays Complex (SCR):
13.MCL - Cosmic Ray Monitor
14.SCI-3 - Spectrometer of the Energy and lon Chemical Composition

15.SONG - Solar Neutrons and y-rays Spectrometer
16.Data Build-ug




Measuring channels of the CORONAS-F instruments

Helioseismology C 0 RO N AS - F

S | Spectrophotometer DIFOS |

Solar Flares and Imaging of the Sun

Gamma Spectrometer HELIKON | 10 keV = 10 MeV |
Flare Spectrometer IRIS 2:200 keV |

X-ray Spectrometer RPS-1 [ 2 20keV |

Spectrophotometer DIOGENESS | 3 -7 A |

X-Ray Spectrometer RESIK | 1 6A |

Amplitude-Time Spectrometer AVS B
[3+30keV | [ 280 MeV |
| Solar Spectropolarimeter SPR-N [EEaT
| | Solar X-Ray Telescope SRT-K (SPIRIT Experiment)
| 1.85+335A | X-Ray Spectroheliograph RES-K (SPIRIT) |

Ultra Violet Emission of the Sun

[ 10-1300 A [Solar UV Radiometer SUFR-Sp-K
| [ Solar UV Spectrophotometer VUSS-L

Solar Cosmic Rays

| Gamma Emission Spectrometer SONG | y 0,03 + 100 MeV
[y 0320 MeV

n =20 MeV
e > 50 MeV

p =70 MeV
| Cosmic Rays Monitor MKL | v 1200 MeV
[ 05+ 12 MeV]
| Cosmic Emission Spectrometer SKI-3 ] 1,5-20 ]
l 4 =40 \I\-\'-'III

Logarithmic Energy Scale
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SPIRIT Experiment
Asymmetry of Solar activity on
15 October-29 November 2003

2003-10-12 1338112

SPIRIT: HR2 175 A




SPIRIT Experiment

Powerful solar flares and ejections on 26 October 2003

26 October 2003
CORONAS-FISPIRIT, 175 A SOHO/EIT, 195 A




Extreme Solar Event on 7
September 2005 (Solar Flare X17.1)

SPIRIT HR2 175 A 2005-09-07 18:18:17




12 September 2005, AR10808

CIIUPUT, PUAH 175A 12 centsiops 2005, 06:06




Flares in AR10808

8 Sept - X5.4/2B
9 Sept - X1.1/2F, M6.2/1F, X3.2/ and X6.2/2B

10 Sept - X1.1/ u X2.1

12 Sept - M6.2/2F

13 Sept - X1.5/2B u X1.7/1B
15 Sept - X1.1/2N

17 Sept - M9.8/

A lot of middle class flares
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SPIRIT Experiment
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Observations in MgXII (8,42 A

12.11.2001
19:14

Hot flare plasma in the corona
(up to 20 mill. degr.)
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Magnetic heating of the corona
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Solar Flares

Hard X-ray
Gamma

energe release
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chromosphere

Optical
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Orbit = 531
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Flare Spectrometer IRIS

Temporal Profile of X-Ray
Emission (3+40 x3B)

Pre-Flare Phase
T =35 sec

Flare Phase
T =18 sec

Post-Flare Phase
T=5nu15sec




Impulsive Phase of the Flare

(energy release)
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Gamma- Spectrometer HELICON
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Emission time profile in eight
energy channels and energy spectra
for the major flare of December 24,
2001 (0 h 31 m 41.895 s UT)
obtained in different phases of the

event.



wre 1 G0 H PSSR, A0:EF, 10210 Senpdon DO B0 keud1l. G- Keald), TR KalR), J0eB1LE Kenld
[onpris oo LaL:Lect
'l ! - ']
o FRDEEE, o

s 11me profiles of

‘e RS ' a
o TO05ES Frar*

el class M flare
(3-30 keV)

Tims (i1 S8 From 2,010,201 4216

" epiSESF 1L, 1
" peREEEFIL. 2
SRR 1L, 3"

1 — the onset of the flare
2 - the maximum of the flare
3 — the end of the flare

3 4 5 E 7B 9 1011 1213 14 15




] | |

e :; 15-40 keV
A

L

20-40 keV

1

—d40-100x3 B

Radio

¢ corona

Hard X-ray |9
Gamma /

Optical

energe release

transition region

chromosphere

photosphere




SAR1/75_031029_205021




g V T !

. W & 03:26:56 UT
i 300 l | SXV

: Si XTI
: %i xTv Is’51s3p
8.. 200 _ §XV lwslijxm -
£ F KXV s°~1s4p S XVI | {5 s E
g E i [ J 9 -.n‘Lyu I] } . 3
é : il i \ I‘ﬂ"f"ln.rv‘"" ! -
,5 100 E—[W»J‘*M vy %,;IJH] } A ) w‘mw ﬂ,wmf"’ "‘*.‘. / ‘* WML ‘Ad»\y E
o E [ | ]

0 Ejjl 1 l' / I 1Y ;ll 1 lll J 1 1"5
0 200 400 600 300

Spectral bin #

Spectra in the four RESIK channels obtained

Line of sight velocities near the peak of the X1.5 class flare on April
ook for CaXIX 1 [EEEAREAULE
30 f— —f R e
C ] 10
g 6oF . = ol | %
C 7+ ] 2 4
E 40 ] - E 6
- ] s sf 163955 UT
20 E B g 6F }
C ] E 4 f
o v . PR
-0t - ] 14 16 18 20 22 2
16.5 17.0 17.5 18.0 Motor steps [thousands]; 1 step = 0.21 aresee

First absolute determinations of the Doppler shifts for X-ray lines formed in hot multimillion

degrees solar flare plasmas — detection of fast plasma motions during early phase of 25 August
2001 X5.3 flare



The S XV triplet and the lines of H-like ions (Si XIV
and Al XIII) corresponding to the transitions from
= 3 to ionization I|m|t (1s - np and 1s? - 1snp)
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Dependence of the spectra from the
temperature of solar plasma

K (Potassium) Ar (Argon)

r'ormalized [unit interval] spectrum
Normalized [unit interval] spectrum
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Spectral Atlases (http://www.cbk.pan.wroc.pl/resik_catalogue.htm).
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Nuclear Reactions in Solar Flares
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Amplitude-Time Spectrometer
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29 October 2003
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Gamma emission

E = 4-7 MeV Neutrons

200 - 400 MeV
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Two Phases of Acceleration. Pion Decay.

October 28, 2003 SONG data

Gamma Rays
Spectra
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Solar Cosmic Rays

The boundary of
solar energetic
particle
penetration into

Magnetosphere




Solar Cosmic Rays

Electron Radiation Belts

O The motion of the Radiation Belt
into Magnetosphere
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X-Ray Spectrometer RESIK

2002/04/01 - 2002/05/01

PIN diode rate
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Amplitude-Time Spectrometer (0.1+-11 MeV)
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Solar UV Radiometer (SUFR-sp-k) (10-1300 A)
Solar UV Spectrophotometer (VUSS-L) (1200 A)

Solar Flare 21.01.2003
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Solar Terrestrial Relations

g

()

Eosf A(175) /  ® .

& m]

g %4r A(304) T

> o 4

£ . —m—175A

8 oz2f —e—304A
s W e —v— Mg 8.42A1

/. e 9

00 v—v—oy—8—0— -

. 1 . 1 . 1 . 1 . 1
0 100 200 300 400 500




400-1600 nm
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CORONAS-F DIFOS experiment

Amplitude spectrum (channel B50 nm, rotations 1831-1820, 144 hr )
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DIFOS Experiment

CORONAS-F DIFOS Experiment

Amplitude spectrum {sum of the spectra for rotations 1831-1360)

Amplitude, refative units
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P-mod Dynamics of Global Oscillations of the Sun
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