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The  package

<10 kg, <1m, < 10 M$,  ~10 MB/day, < 1kB/s)

http://www.cbk.pan.wroc.pl/


The Sun - highly variable star in 
X-rays

Â Flares: dynamic range ïup 
to 7 orders, up to T ~30 MK, 

EM up to 1051 cm-3

Â AR: dynamic range 3 orders, 
T:  2 õ6 MK

EM ~1049 cm-3

Â Ăquietò diffuse corona with 
bright points T: 1.7 MK

EM ~1048 cm-3

Â coronal holes T: ~1 MK

Of interest for SW 

images & spectra
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Why investigating/continuous monitoring 
solar X-rays is important

Â Influence on Earth and other System bodies driven by 
highly variable flux of electromagnetic radiation in the 

energy range ~0.2 keV and above (wavelengths 
below ~50 ¡) 

Â Hard X-ray spectra contain information on non -
thermal processes in hot coronal plasma

Â Better understanding of energy release in AR & flares

Â Uninterrupted measurements of crucial importance, 

continuation of monitoring the  0.5 õ4 ¡  and 1 õ8 ¡ 
fluence
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Some examples- GOES X-ray Monitor
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Presence of upper threshold prevents measuring levels of X-ray intensity above 

X20 (2 10-3 W/m2)

Largest ever 

recorded event 

X28 ïX45?

1 õ8 ¡

1.5 õ12 keV

0.5 õ4 ¡

3 õ25 keV



SphinX (Solar photometer in X-rays)
in orbit Feb. - Nov. 2009 aboard CORONAS ïPhoton offered 
unprecedented measurements during deep solar minimum
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SphinX

GOES

threshold

Ar 11024



Measurements from  Sun-Earth line, L5 & L4
Messenger X-Ray Spectrometer (XRS)
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Comparison of X-ray fluence from LEO 
and L5, L4 SphinX & Messenger
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So, X-ray package(s) should be placed along the Sun-Earth line (LEO, GSO, L1)

also in order to observe exactly these parts of the solar corona which illuminates Earth

Simple X-ray imagers will help, as it would be possible to trace activity of individual AR



SphinX: SXR flux above 1.19 keV (1 - 16 July 2009)
example history of AR emission

AR turns beyond the W limb

Flares/brightennings

Total of 175 flaring events
135 before 9 th

EIT 195

3 Jul. 2009

05:48 UT

Hinode XRT

2 Jul. 2009

18:03  UT

GOES detection threshold



Higher time resolution
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On X-ray (XRT) or EUV images AR emission is seen often much earlier than any

activity is discerned in visible



AR 11017

AR 11018 AR 11024

AR 11023

Comparison of selected ARs 

as seen in photosphere and corona
(adapted from Szymon Gburek)

Å Some AR seen in X-rays are not accompanied by any activity in visible

Å There were small flares observed in 2009 Ănot connected with anyARò



Automatic determinations of flare characteristics ï
elementary flare profile fits
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It is possible this kind 

of fitting to be done by 

the instrument 

computer



Solar X-ray spectra @ low activity
SphinX
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Averaged photon spectrum 

(upper histogram) over a time 

period on 2009 September 16 

between 01:50 UT and 07:33 

UT, made up of intervals when 

the total SphinX D1 count rate 

was below 110 counts sī1. 

The energy bins correspond 

to those in the count rate 

spectrum (lower histograms). 

The blue curve is the chianti 

photon spectrum at a few eV 

resolution showing principal 

line groups. In the count rate 

spectra, the black histogram is 

the observed SphinX 

spectrum, and the red 

histogram shows the best fit to 

the count rate spectrum with 

estimated temperature and 

emission measure indicated in 

the legend.

Si PIN detector

Be 12ɛfilter

20 mm2 aperture



DEM (differential emission measure) 
for individual ARôsand flares in it

L5 Consortium Meeting, October 17 -20, 2017, Gºttingen, Germany  Sylwester, J. Rationale...13



Spectrum of  AR CubiXSS heritage
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X-ray (soft) imagers

ÂPin-holes !!!

ïSmall aperture 
grazing incidence 
mirror possible

ÂX-ray grazing 
optics (SXT-
Yohkoh, XRT-
Hinode) bulky

ÂFOXSI, Fresnel 
lenses (long focal 
lengths)



Which characteristics of AR & flares 
can be derived from pin-hole imagers?

Â AR locations on the disk 

ïpositions o COG

ïEllipsiticy (inclination of main axis)

ïButterfly diagrams in X-rays

ïRotation rates

Â Physical conditions

ïTemperature from filter ratio (T)

ïEmission Measure (EM, DEM) & abundances

ïThermodynamic measure Ȅ= T EM1/2; Ethermal= ȄV1/2

Â Outlines/boundaries of larger coronal holes easily 
detected

All these parameters can be derived onboard by respective algorithms, their 
values send to telemetry. Full info stored in large redundant memory buffer. If
necessary, interesting parts of memory content send to telemetry
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Image detectors: CMOS/sCMOS
https:// www.gophotonics.com/search/cmos-image-sensors

Â In HDR(high dynamic 
range) mode- 24 fps
Standard 48 fps.

Â Up to ~30 X-ray 
photons/pixel/frame

Â ROI lines can be 
Selected electronically

Â Amplitudes related to 
photon energy can be 
measured in low count
rate mode
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GSENSE4000 4MP Scientific CMOS Image Sensor.

GSENSE4000 4MP Scientific CMOS 
Image Sensor, now in X-ray testsat our
lab.
Energy resolution ~200eV @ 1.5 keV
Larger sCMOS up to 6k x 6k are 
available from e2v 
(https:// www.e2v.com, CIS115 for Janus)

https://www.gophotonics.com/search/cmos-image-sensors
https://www.e2v.com/


Soft X-ray coronograph:
pin-hole image with disk emission blocked

ÂGood background emission estimates from 
blocked central portion

ÂVery thin mylar filter to see Ăabove the limbò 
radial intensity profile

ÂStudies of plasmoid ejections possible

ïDirection, speed, spectra with medium resolution 
(200 eV) available from CMOS for every pixel

Â Intensity profiles along the disk circumference

ÂPhotometry of selected areas in the corona

ÂData gather interval - every minute
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X-ray plasmoids in the corona 
(http:// www.astro.uni.wroc.pl/XPE/catalogue.html )

Â~400 
erupting 
plasma 
ejections 
found on 
Yohkoh 
SXT 
images

19

The best instrument to observe such ejections would be X-ray pin-hole coronograph where 

strong disk emission is  blocked. Larger pin-hole ïmore photons, less resolution 3 õ5 arcmin

http://www.astro.uni.wroc.pl/XPE/catalogue.html


Spectrophotometer block, similar 
to those proposed for SphinX-NG

ÂEntire corona in the FOV (~2 degrees)

ÂShould record X-ray photons from the range     
0.5 õ100 keV

ÂEach photon arrival time (1 microsec) and 
energy (512 bins) should be stored to memory

ÂSpectra should be processed on-board and 
results of parametric fits transmitted to the 
ground (DEM shape, average T & EM, non-
thermal characteristics, elemental abundances)
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modern SDD: Si drift detectors (Amptek, Ketek)
http:// www.amptek.com/drift.html US

https://www.ketek.net/sdd/vitus -sdd-modules/ EU

Dynamic range ~20 000, so three such detectors with different apertures will 

cover 8 orders of magnitude dynamic range with redundant overlap.

Much lower noise, with the same sensitivity to particles.

advantages 

are particularly 

important at 

low energies, 

high count 

rates, and for 

larger areas.
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http://www.amptek.com/drift.html
https://www.ketek.net/sdd/vitus-sdd-modules/


Test spectra taken at our 
Laboratory in Wrocğaw, Poland
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