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Structures of the solar corona

NASA Solar Dynamics Observatory: AIA

Protuberances:
T ~ 10 Q0GB
in optical range

Active regions:

T ~ 2 — SS

EUV & X-rays and
forbidden lines in
optical range

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

Flares: T ~ 5 -50 MK
Rd?ﬂ)fb Zémﬁg@im Z,S r]ﬂ 1o\gvurzeénio 2019
X-rays, L]-rays,

non-thermal

emission during the
rise phase


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

The Sun is a highly variable star in X-rays 3
the amplitude reaches 7 — 8 orders of magnitude

GOES Xray Flux (5 minute data)

____?,Snlar Flares_______
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The lowest X-ray
_ L activity state was not
iﬂ:fl 12 Jul T4 dul 15 E:E: known unfi Sphmx
Universal Time , Polish experiment...
Updated 2000 Jul 14 12:04:035 NOAA/SEC Boulder, CO USA

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



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

Present level of solar activi

STIX Quick-look Light Curves and GOES X-ray flux

y-scale log  Linestyle line ~  Units Counts v Rebin 1 Go LTCIll | GOES Approx. amm

STIX Quick-look Light Curves

—— 4 - 10 keV

S/C auxiliary data —— 10 - 15 keV
= 15 - 25 keV

ut 2023-09-10T02:03:36 ——25-50keV

——— 50 - 84 keV

Time syn-Earth - TiIMe syn-solo 206.5 sec

Angle between Vgyn_garh and Vgun.soio  160.8 deg
Sun-SolO distance 0.5933 AU

06:00 : 5 : 06:00 : H 00:00
Sep 10, 2023 Sep 11, 2023 Sep 12, 2023
UTC + 206.39 s (4 sec time bins)

GOES X-ray flux

.@.
ot
wn
(0]
s
>
(V9]
ﬁ'

——— GOES-16 high
—— GOES-16 low

As seen from Earth orbit
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solar acftivity in the cycle 25

DAILY SUNSPOT AREA AVERAGED OVER INDIVIDUAL SOLAR ROTATIONS
Solar Orbiter
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FO U n d e rS Of Th e Stefan Piotrowski (1910-85),
supported the development of Wroclaw

I_O bo rO TO ry group remotely, as Head of Astronomical

Division, PAS, Warsaw, where our group
Professors: 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
lwona Stanistawska, as Directors of

Jan Mergentaler Space Research Centre, of which
(1901-1995, Lwéw-Wroclaw) the Solar Physics Division is now a
in 1951 became interested in Solar part, looked with an interest to the
Physics — He was the organizer of group growth and strength

Wroclaw heliophysics



Dis Zbigniew Kordylewski — the constructor, 7
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in 1971, presenting Polish part of Vertical-1 payload, after the parachute recovery



The first Polish
Spdce experimeﬂT 28 November 1970

*

28NOV 1970 0332 UT The Be 50 ym and Al 6 um
ap 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

Np resolution in the images is

. rather low (1 arcmin),

. typical for pin-hole

technique

Sean direcHom
Fr

XXXIX Zjazd PTA Olsztyn 2019, 11 wrzeénia 2019

J. Sylwester: Stohce z kosmosu



Solar X-ray specfiroscopy
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Example of reformatted
spectrum of the Lya 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
B. Sylwester et al., 1986, Solar Phys. 103, 67

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



Barbara Sylwester

The people 10

Il: Stohce

J. Sylweste:

Mirek Kowalinski (head) Jarek Bgkata

Stanistaw Nowak
Zbigniew Kordylewski

sja

nia 2023: Se

Piotr Podgorski

A, 12 wrzes

Jan Merentaler

Daniel Scistowski Jerzy Jakimiec

zd PTA Toru

Anna Kepa

XLl Zja

Marek Siarkowski
Witold Trzebinski

heliosfera



MSSL

(Mulard Space Science Lab) — U C I_(Universi’ry Collage London)




Areqa of research

>

>

>

X-ray spectroscopy

>

ARV V. V. V. V.V

Solar Maximum Mission X-ray Polychromator (Co-l)
Yohkoh Bent crystal spectrometer (Co-l)

RESIK (PI)

SphinX/ SOXS(Indian) (Pl/Co-l)

RHESSI

STIX (3 Co-l)

ASO-$ (Chinese recent mission) (Co-l)

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

Inversion methods in astrophysics

>

b A4, A, SN £

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 (RF15-1)
RESIK (NRL, RAL, Izmiran)
SphinX (Chechia)

STIX (with Switzerland, France, Austria, Germany)

)

XLl Zjazd PTA Torun, 12 wrzesnia 2023: Sesja II: Stonce i heliosfera

J. Sylweste:
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Our most successtul satellite experiments were

DIOGENESS & RESIK aboard CORONAS-F 2001

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



RESIK specta: unique for astrophysics 14
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RESIK & RHESSI

RESIK Spectrum

26 April 2003, 03:03:12 — 03:05:32 UT

f Wy

~10%
agreement
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This is the FIRST spectroscopic determination of solar
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X-ray Dopplerometer results

Line of sight velocities

for Ca XIX

Accuracy: * 5 km/s for the unblended w line

double
detector

K

bisectional instrumental
plane axis

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 infercombination 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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SphinX-the most sensitive soft X-ray
solar spectrometer put in orbi




STIX on Solar Orbiter, the launch took place 2020 1

Going down o = U4 AR RC -

Key people in Poland: Tomek Mrozek, Daniel Scistowski, Piotr Orleanski, Konrad Skup



STIX contributions:

Switzerland 50%, Poland 30% , + Germany, France, Czechia, Austria, Ireland
STIX is the Fourier telescope (like radio-interferometer) operating in hard X-rays

The Spectrometer Telescope for Imaging X-rays
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WI'OCICIW MA R I.I N q Ig OI'i"'h m (by Marek Siarkowski)

wins against competitors

s ‘
- - - . |
Input model vis-CLEAN | Forward-fit
- -
- L3
MEM-NG UV Smooth MARLIN
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How flares were seen by STIX
the movie by Laura Hayes (ESA)

Positions in Heliographic Stonyhurst
Earth View 2021-02-14 180°

Solar Orbiter View 2021-02-14
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ESA Proba-3, launch 2024 with
ASPIICS spit 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
ﬂ flying technologies.
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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:

Mirostaw Rataj, Marek Steslicki, Ula
Steslicka

http://www.cbk.pan.wroc.pl/body/presentations/2015/Steslicki Proba3.pdf



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

ESA Proba-3, launch 2024 with

coronograph onboard

SOHO/EIT

'

SOHO/LASCO C2

Outer edge of the ASPIICS
field of view (3 R)

N

Inner edge of the ASPIICS
field of view (1.08 R )

http://www.cbk.pan.wroc.pl/body/presentations/2015/Steslicki Proba3.pdf

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

Over last 50+ years our Laboratory performed

these many experiments 28

» ~10 sounding rocket experiments (Pl}, 4 satellite experiments (Pl) *

» Co-l on XRP (SMM-NASA, 1980-198%), BCS (Yohkoh-JAXA, 1991-2001), STIX (on Solar
Orbiter)

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

» Now consists of

>

>

>

» Published ~300 papers (Nature, ApJd, A&A, Solar Physics)
» We Collaborate with



Thank you

This work has been possible thanks fo the grant
of Polish National Science Center

29
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» 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



Ca XIX spectral regions were scanned by two 31
Quartz crystals fCICiﬂg each other, 32 scans exercises

DIOG #1 (r) #4 (b) #2 (Si,v) #3 (S,0) corrected with "pedestals” set by eye Average spectra for three T intervals
|/ ! T ! I ! ! T ! T ! ﬂ . T T T T T T T T T T T T T T T T T T T

 — T=2098+0.10 [MK] Observed

—  T=15.49 +0.03 [MK] for the first
T =13.07 £0.03[MK] fime

%?

16:40 17:00 17:20 : 3.15 3.20
Start Time (25-Aug-01 16:10:00) Wavelength [A]
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THE ASTROPHYSICAL JOURNAL, 863:10 (16pp), 2018 August 10

© 2018. The American Astronomical Society. All rights reserved.
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Flare of 25 August 2001
Imaging etc. available from Yohkoh

SXT Be11% NuDen 2&5-Aug-—2001 16:27:15.000 UT SXT Be119 open 25-Aug—2001 16:30:05.000 UT
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courtesy Marek Siarkowski and Zbigniew Kordylewski



Diogeness (didgnesiies of energy

sources & sinks] 24 spectral chann

Bragg law in
action

RC - The total reflection coefficient.

IS

2A Quartz tor4

W
w
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Calculations of
syntheftic spectra arrays
(KJHP+CHIANTI)

+CaXIX z

Ca XVl 1+J
| CaXVIIR

| CaXIiXw
~1 CaXVllldi3/d15

Ar XVII w8
Ar XVII we
| ArXvilws
Ar XVIII Lyp
~1 CaXvillj
Ca XVI
| CaXxXVillp
~.| ArXVIA4 + Ca XV

o
N

Extensive use of:

* Gabiriel, 1972 theory

* Bely-Dubau et al., 1982

* Vainstein & Safronova, 1978

« Cowan atfomic code, 1981

 CHIANTI formulae for continuum

* CHIANTI (Bryans) modified ionisation
equilibrium

Normalised irradiance

2

2000+ satellite lines additionally calculated
using Cowan Hartree-Fock distorted-wave
approximation

Assumed rafio of A, /A., =0.33 !l
A, based on SMM BCS (Sylwester et al.

1998, ApJ 501, 397)
A, from RESIK spectra (Sylwester et al.,
3.15

Wavelength [A] - 2A0H0) ApJ /20, 1721 )
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Spectra recorded using Bragg flat-crystal
monochromartors

DIOG #1, #4, #2 & #3 with "pedestals" set by eye
éyﬂare .
e
|
® c)
’ A ' Quartz crystal
-

ot

https:/ /doi.org/10.3847/1538-4357 /aace5b
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js@cbk.pan.wroc.pl
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MEASUREMENT OF WAVELENGTHS FOR INNER-SHELL TRANSITIONS IN Ca xvi-XIX
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Motivation

@

>

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 A, 0.1 s)

>
>

Active regions and flares are the sources of intense X-ray emission which can be studied using
relatively small instruments

P ( E ~0.5- 10 keV) are most of the time thermal

> 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

>
>

> , 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

>
>
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