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2Structures of the solar corona
NASA Solar Dynamics Observatory: AIA; 

https://aia.cfa.harvard.edu/images/fulldiskmulticolor.jpg 
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Corona: T ~ 1 MK
EUV & X-rays and
forbidden lines in 
optical range

Flares: T ~ 5 -50 MK
Radio, optical EUV  

X-rays, 𝛄-rays, 
non-thermal 
emission during the 
rise phase

Active regions: 
T ~ 2 - 3  MK
EUV & X-rays and
forbidden lines in 
optical range

Protuberances: 
T ~ 10 000 K
in optical range

https://aia.cfa.harvard.edu/images/fulldiskmulticolor.jpg
https://aia.cfa.harvard.edu/images/fulldiskmulticolor.jpg


3The Sun is a highly variable star in X-rays  
the amplitude reaches 7 – 8 orders of magnitude X
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The lowest X-ray 
activity state was not 
known until SphinX
Polish experiment…

https://spaceweather.com/glossary/flareclasses.html

https://spaceweather.com/glossary/flareclasses.html


4Present level of solar activity
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As seen from Earth orbit



XXXIX Zjazd PTA Olsztyn 2019, 11 września 2019               
                                  J. Sylwester: Słońce z kosmosu

5solar activity in the cycle 25th  
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6Founders of the
Laboratory

 Professors:

Stefan Piotrowski (1910–85), 
supported the development of Wroclaw 
group remotely, as Head of Astronomical 
Division, PAS, Warsaw, where our group 
was initially assigned to.

Jerzy Jakimiec – overlooked from the 
beginning (early 20 years) the scientific 
aspects of the program

Antoni Opolski (1913-2014) took 
charge of the developing Laboratory 
in 70-ties

Stanislaw Grzedzielski, Zbigniew 
Klos, Marek Banaszkiewicz and 
Iwona Stanisławska, as Directors of 
Space Research Centre, of which 
the Solar Physics Division is now a 
part, looked with an interest to the 
group growth and strength

Jan Mergentaler 
(1901-1995, Lwów-Wroclaw)

in 1951 became interested in Solar 
Physics – He was the organizer of 

Wroclaw heliophysics



7Dr. Zbigniew Kordylewski – the constructor

in 1971, presenting Polish part of Vertical-1 payload, after the parachute recovery

19
73
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8The first Polish
space experiment  28 November 1970 

The Be 50 μm and Al 6 μm 
filter images represent 
emissions from the hotter 
and cooler plasma. The 
''filetr ratio'' technique 
allowed to determine the 
temperature structure 
within individual active 
regions. The spatial 
resolution in the images is 
rather low (1 arcmin), 
typical for pin-hole 
technique 



Solar X-ray spectroscopy

Professor Jakimiec thought us how to handle early
observational materials = photographic telemetry 
records

1974 Slowo Polskie

 Example of reformatted 
spectrum of the Lyα spin 
doublet (dotted). The short and 
long wavelength line 
components corresponds to 
transitions in the Mg hydrogen-
like ion. The thick line 
represents best theoretical fit. 
These are still the best 
resolved spectra in this range

Å

Mg XII

B. Sylwester et al., 1986, Solar Phys. 103, 67
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The people

Jan Merentaler

Zbigniew Kordylewski
Piotr Podgórski

Marek Siarkowski

Jerzy Jakimiec

Mirek Kowaliński (head) Jarek Bąkała
Stanisław Nowak

Daniel Ścisłowski

Barbara Sylwester

Witold Trzebiński

Anna Kępa



MSSL (Mulard Space Science Lab) – UCL(University Collage London)  1983

Rapley             Lemen        Mewe     Jakimiec   Culhane

Working on analysis of SMM Ca XIX spectra
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12Area of research
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 X-ray spectroscopy

 Solar Maximum Mission X-ray Polychromator  (Co-I)

 Yohkoh Bent crystal spectrometer (Co-I)

 RESIK  (PI)

 SphinX/ SOXS(Indian)  (PI/Co-I)

 RHESSI

 STIX (3 Co-I)

 ASO-S (Chinese recent mission) (Co-I)

 Aditya-L1 (Indian mission launched last week - we have Indian post-doc in Wrocław (Pasific fellow)

 Inversion methods in astrophysics

 Image reconstructions (SXT-Yohkoh, Trace)

 Stellar coronae imaging

 Blind deconvolution (SXT)

 Bayesian solving of Fredholm equations: differential emission measure determinations (SMM, RESIK, Chandrayan-2)

 Genetic algorithms/Differential Evolution (Chandrayan-2) (ApJL paper after first review)

 Instrument construction

 INTERBALL-Tail (RF15-I)

 RESIK  (NRL, RAL, Izmiran)

 SphinX (Chechia)

 STIX (with Switzerland, France, Austria, Germany)



13Our most successful satellite experiments were 
DIOGENESS & RESIK aboard CORONAS-F  2001 

launch

Two Polish spectrometers RESIK & Diogeness aboard, with dispersion 
planes aligned; RESIK – BCS like, DIOGENESS – flat crystal, rocking design 



14RESIK specta: unique for astrophysics



RESIK & RHESSI 

~10% 
agreement

26 April 2003, 03:03:12 – 03:05:32 UT

15



16Determinations of ABSOLUTE abundances possible

XXXIX Zjazd PTA Olsztyn 2019, 11 września 2019                                                 J. 
Sylwester: Słońce z kosmosu

This is the FIRST spectroscopic determination of solar 
elemental abundance for argon



17
X-ray Dopplerometer results

An example of measured spectra recorded nearly simultaneously in 
Channels #1 and #4 of Diogeness during the maximum phase of X5.3 flare 
on 25 Aug. 2001. The scanning in both channels is made in the opposite 
wavelength sense. Thus the intercombination and forbidden lines 
comprising the  Ca XIX triplet are seen on the opposite sides of the 
presented range (recorded 20 s apart in time).
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Accuracy:   ± 5 km/s for the unblended w line

16:30                         17:00                         17:30                         18:00
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Draft

19

?

R

I

FSi: Tformation ~  3 ÷10 MK
Fe: Tformation ~ 15 ÷ 20 MK

Yet unpublished
awaiting for SMM confirmation



20SphinX-the most sensitive soft X-ray 
solar spectrometer put in orbit
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FIRST determination of minimum solar X-ray luminosity
log LRASS = 25.2 (LRASS in erg s−1)



21STIX on Solar Orbiter, the launch took place 2020

STIX

Going down to ~ 0.4 A.U., incl. ~30
Key people in Poland: Tomek Mrozek, Daniel Scisłowski, Piotr Orleański, Konrad Skup



22STIX contributions: 
Switzerland 50%, Poland 30% , + Germany, France, Czechia, Austria, Ireland
STIX is the Fourier telescope (like radio-interferometer) operating in hard X-rays X
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The Spectrometer Telescope for Imaging X-rays



23Wrocław MARLIN algorithm     (by Marek Siarkowski) 

wins against competitors

MARLINMEM-NG

Forward-fitvis-CLEANInput model

UV Smooth



24MARLIN images of a flare from STIX
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30 000 flares on the record of which 700 with excellent data



25How flares were seen by STIX
the movie by Laura Hayes (ESA)




26 ESA Proba-3, launch 2024 with 
ASPIICS split coronograph onboard

Proba-3 is ESA’s – and the world’s – first 
precision formation flying mission. A pair 
of satellites will fly together maintaining a 
fixed configuration as a ‘large rigid 
structure’ in space to prove formation 
flying technologies.

Out of every satellite day (20h) for 6 hours 
the artificial solar eclipse will be 
maintained with the corona seen down 
to 1.08 solar radius

Poland has a big share in hardware and 
software construction . Key people are: 
Mirosław Rataj, Marek Stęślicki, Ula 
Stęślicka
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http://www.cbk.pan.wroc.pl/body/presentations/2015/Steslicki_Proba3.pdf

http://www.cbk.pan.wroc.pl/body/presentations/2015/Steslicki_Proba3.pdf


27 ESA Proba-3, launch 2024 with ASPIICS 
coronograph onboard X
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http://www.cbk.pan.wroc.pl/body/presentations/2015/Steslicki_Proba3.pdf

http://www.cbk.pan.wroc.pl/body/presentations/2015/Steslicki_Proba3.pdf


28
Over last 50+ years our Laboratory performed 

these many experiments

 ~10 sounding rocket experiments (PI), 4 satellite experiments (PI)

 Co-I on XRP (SMM-NASA, 1980-1989), BCS (Yohkoh-JAXA, 1991-2001), STIX (on Solar 
Orbiter)

 PI on RESIK (2001), SphinX (2009), and possibly BRAXIS on the next NASA solar Mission 
(~2030)

 Now consists of

 5 PhD post Docs

 Engineers: mechanical, electronic, software, experimental physics

 2 professors

 Published ~300 papers (Nature, ApJ, A&A, Solar Physics)

 We Collaborate with 

 US, Swirtzerland,  UK, India, Japan, China, Ukraine 
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Thank you
This work has been possible thanks to the grant

of Polish National Science Center



30The bright future we are involved

 Recalibration of archive SMM BCS spectra 1980-1989

 STIX on Solar Orbiter, ESA, launch next year
 ASPIICS formation flying coronograph on Proba-3, 

ESA, launch 2021
 SolpeX for ISS, Russian NAUKA module, launch 2022
 CubiXSS, common nanosatellite with GSFC, 

Boulder – proposal for NROSES in preparation
 RHESSI NASA follow-up mission 



31Ca  XIX spectral regions were scanned by two 
Quartz crystals facing each other, 32 scans exercised
https://doi.org/10.3847/1538-4357/aace5b

25 Aug 2001 3B/X5.3

Observed 
for the first 

time



32Flare of 25 August 2001
Imaging etc. available from Yohkoh 
SXT & HXT
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courtesy Marek Siarkowski  and Zbigniew Kordylewski
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33Diogeness (diagnostics of energy 
sources & sinks) 4 spectral channels

 Bragg law:
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34Calculations of 
synthetic spectra arrays 
(KJHP+CHIANTI) X
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Extensive use of:
• Gabriel, 1972 theory
• Bely-Dubau et al., 1982
• Vainstein & Safronova, 1978
• Cowan atomic code, 1981
• CHIANTI formulae for continuum
• CHIANTI (Bryans) modified ionisation 

equilibrium

2000+ satellite lines additionally calculated 
using Cowan Hartree-Fock distorted-wave 
approximation
Assumed ratio of AAr/ACa = 0.33   !!!
ACa based on SMM BCS (Sylwester et al. 
1998, ApJ 501, 397)
AAr from RESIK spectra (Sylwester et al., 
2010, ApJ 720, 1721)

T=13 MK



35Spectra recorded using Bragg flat-crystal 
monochromators 
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Dopplerometer

= 2d sinθ

X5.3 powerful flare
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36Fits to NRL P78-1 SOLFLEX spectra (1979-1981)
X
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Thanks Jarek Bąkała for digitisation



37Motivation
 Observations of hot, multimilion degrees upper layers of solar atmosphere provide direct insight 

into possible physical processes of energy release with unprecedented spatial, spectral & time 
resolution (~tens km, 0.0001 Å, 0.1 s)
 Magnetic reconnection

 Deposition of wave energy generated in the convection zone

 Active regions and flares are the sources of intense X-ray emission which can be studied using 
relatively small instruments
 Soft X-ray spectra λ ~1.5 – 25 Å ( E ~0.5 – 10 keV) are most of the time thermal

 Hard X-ray spectra (E > 15 keV) contain important non-thermal contribution

 High-resolution X-ray spectra contain strong emission lines which intensity & shapes provide direct 
insight into physical conditions in the source plasma
 Elemental abundances

 Bulk & turbulent plasma motions

 Electron and ion temperatures, distribution of plasma in various temperatures (differential emission measure, 
DEM)

 Emanating solar radiation & particle flux determine the physical conditions in the heliosphere, in 
particular the space weather around planets including the Earth. Magnetic storms caused by 
solar activity may cause havoc for our civilization
 Power outages

 Radio communication
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