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Next step towards soft X-ray
diagnostics of coronal plasmas
Aim |
Concept

Present status .

Possible impact

Interhelioprobe- Russian
Solar Orbiter. Funded phase B
Launch windows: 2018 —one S/C
2022-two S/C
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SRC PAS (Wroclaw) the only ,foreign”
collaborator

3.1.1 CocTaB KOMILIEKCA HAYUYHOII anmapaTypbl IpUBE/IeH B Tadaune 3.1

Tadoanna 3.1

HanmeHoBaHHe Hay4YHOr o mpudopa Opranmsannu-
H3Ir0TOBUTEJIN
ConHeurHovre npuoopLY
1 MHorokaHaJbHBII COTHEUHBII (poTOMETP «DOTOCKOID) N3MHUPAH
2 MHoro(yHKIHOHaIBHEII onTndeckuii Teaeckon « TAXOMAITL » HU3MHUPAH
(CM. MpHUMEYaHIE) HUPDOU
3 AHaIn3aTop XUMHIUYECKOTO COCTaBa KOPOHAIBHOI I1a3Mbl «XE- HU3MHUPAH /
MHUKC» [IKH ITAH
4 PEeHTIeHOBCKUI CHEKTPOMETP H300paxarmuii « Tpek» OHUAH
S BHe3aTMeHHBIII COJIHEUHBIN KopoHOorpad «OKa» OHUAH
6 ComHEYHBI PEeHTTEHOBCKIII TelIecKoI m300paxaromniinil «CopeHTo» OUAH
7 T'ennocdepHBI MIHPOKOIIOIOCHBII Teaeckon «I emmocdepar OUAH
8 boprosoiil komnberoTep «bK-I' OCTH» OHUAH
9 CHUHTIWIIAIHOHHBIIN raMMa-crieKTpoMeTp «I eankoH-HU» OTU um. A.®. Hodde
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ChemiX
X-ray window

ChemiX

TRAJECTORY OF X-ray window

CHARGED PARTICLES






Alm
Determine coronal abundances of elements

and their possible temporal/spatial
distributions

Study multi-T/non-Maxwellian conditions
Detect non-equilibrium plasmas

Measure ,,absolute” Doppler shifts of lines
formed at three selected T’s (FeXXV 20 MK, Ca
XIX 10 MK, Ar XVII 3-5 MK)

Measure ,,physical” profiles of lines
(turbulence, assymetries etc)



Why such instrument?

10 x larger fluxes at 0.3 a.u. Instead 19 kg
spectrometer (like RESIK), 6 kg instrument will do
the job having similar sensitivities

New detectors: CCD e2V 1024 x 256 pixels (2.6
cm x 7 mm) (RESIK9cm x 3 cm) i.e. 2 x higher
spectral resolution (RESIK ~2.5 mA) for spectral
atlas, 4 x higher for Dopplerometer

Instant measurements at all wavelengths 1-9 A

Much improved signal/noise (as compared with
RESIK) less size of detector (20 times)

Chemix will be a shorter- wavelength XRP



Instrument concept

First locate interesting source (Pin-hole camera)-
constant imaging ~200 x 200 pixel solar disk, 30
arcsec resolution 0.5-10 keV, 200 eV energy
resolution, 1s DGI

Move the spectrometers’ mount to target (single
AR or flare within the FOV ~50000 km on the
disk)

Measure spectra in Spectral Atlas mode 1.5-9 A
Measure Doppler shifts and profiles

Avoide measurements within CME or SEP
(dedicated particle detector e & p spectra)



Lessons learnt

Scanning (flat crystal) takes time

All spectrometers flown had substantial
fluorescence XRP, P78, HINOTORI, Yohkoh BCS,
even RESIK in channels 3 & 4 (4.3-6 A)

Except RESIK (channels 1 & 2) no reliable
continuum was measured

Solution adopted: Crystals must not give
fluorescence at ranges where spectra are to
be measured.



Detector

CCD30-11 Back llluminated Deep Depletion
2 E2V Full Frame Scientific CCD Sensor

% 1024 x 256 pixes

¢ Image area 26.6 x 6.7
mm

** Pixel size 26 x26 pm

+*»* At low count rates
selection of diffraction
order possible through
charge deposition/event
controll |

¢ Spectral lines seen as
stripes across




Choosing the crystals
compromise on size, weight power

WE SPECIFY:

s*Detector dimension$S
+»*Crystal TYPE (2d)

** Wavelenght range (avoid FLU)
** Minimal distance between
detector and the crystal

We look for:

+* Radius of curvature of the
crystal (avoid breaking)

** The mutual position of the
crystal and the detector

We generate (CHIANTI)

+* Observed spectrum in allowed
orders

+» allow source offser +-2 deg
(solar disc size)




First arder reflection
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Rules adopted

No self-crystal fluorescence (under solar X-ray
illumination)- possibility to reliably measure the
continuum

Spectral ranges slightly overlapping, with stronger
lines near edges (provide good cross-calibration)
of effective areas.

Reasonable widths of spectral channels-spectral
resolution 2x better than RESIK

“ull spectral coverage 1.5 - 9 A (four crystals)
Doppler shifts in Fe XXVI, Fe XV, Ca XX, Ca XIX
_ine profiles as above




average

total desired

No crystal |orientation 2d HEEER spectr.al cu_rvature crystal lenght
range [A] resolution | radius [mm]
: [mm]
[mA/pix]
1 Si 111 6.271 [1.500-2.713 1.46 113.844 41.3
2 Quartz 10-10 8.514 |2.700 - 4.304 1.95 112.789 41.2
ADP 101 10.648 |4.290 - 5.228 1.46 247.454 51.6
3
KDP 011 10.185 |4.290 - 5.228 1.43 229.484 49.9
4 KAP 001 26.64 [5.200 - 8.800 4.73 204.909 52.95

Dopplerometer

1 LiF 022 2.848 [1.770-1.943 0.30 220.000 43.0
2 Si 111 6.271 |3.000 - 3.378 0.70 290.000 50.5
3 Si 111 6.271 |3.700 - 4.201 0.78 190.000 42.8




Equipped with collimator

T

FEATURES AND CUTAWAY VIEW
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particies or molecules '\ Yoo Up)
mCapable of R

collimating light
WHighly heat resistant up to 430 °C

e Possibly capillars
(unfortunately these we
tested have substantial
grazing reflections)

 Or multigrid 2D net.
Seven grid system allows
for 5 arcmin FWHM FOV
and 2.5 arcdeg
suppresion of sidelobes



Crystal reflectivities

** XOP: X-ray Oriented

Programs P L —

L Peak reflectivity = 0.73

. L Integral reflectivity = 0.054 N
Roger J. Dejus and Manuel Sanchez ° ’ A

. . FWHM = 0.061 \
del Rio, "XOP: A graphical user i \
interface for spectral calculations I |

and x-ray optics utilities", Rev. Sci. - |
Instrum. 67(9) 1996

Reflectivity
o
e
|

< XCRYSTAL BENT applicaton: | -

0.2 | I| .
M. Sanchez del Rio, C. Ferrero and V. ' o
Mocella " Computer simulations of _ ﬁ."" \
bent perfect crystal diffraction 00l o e S

profiles " SPIE proceedings vol. 3152, 04 0 Angleot?wﬂrod] > >
1997.



Spectral Atlas X-ray dopplerometer
X 4 X 3 (independent of FOV position)

Close view of crystal-detector segments of spectrometer (a)
& dopplerometer (b). Red arrows shows the path of X-rays
which are collimated, diffracted on crystals and recorded on
CCD detectors.



Doppler shift of Ar XVII 1s2-1s3p line
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spectral irradiance
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I[TPEOBAPUTEJIbBHBIVI BHEILIHMI BU]I ITPVIBOPA /TYY
OITMCAHVE COCTABHbBIX YACTEV ITPVIBOPA.
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TEXHUYECKWE XAPAKTEPUCTUKW IIPVIBOPA

Macca [kr] 6

["aGaputer [MMm] 250 x 220 x 600

Cpennee 1 5
sHepromnorpednacHue [B]

MaxkcumanpHOE 2 1 5
sHepromnorpediacHue [B] J
MuHnManbHas KBOTa 2 O
Tesiemetpun [M0OaiiT/244]
MaxkcuMaiibHasi KBOTa
Tenemerpun [Mo6aiit/244] 7 OO
Temmneparypa Ha MecTax .
kpernenus [°C] -20 + +30
TI0JIe 3peHHst [rpamychl Iyru] + 5
TEJIECHOE pa3pelieHue 5 X 5

KoJIMMaropa [MUHYTHI JTyTH]






Distribution function Diagnostics
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But

 Elemental abundances must be known
(Line and continuum intensities)

e Muli-T must be first checked? Or can it
be rejected a priori from DS. intensity
analysis (must be checked by modelling —
needs testing) say generete for kappa
and try fitting multi-T

o Off- limb pointing possible & long
exposures




any other ideas?

* Please help in making simulations, we
soon can prepare the spectral efficiencies
and dispersions necessary to run
modelling

 What if dense hot target is moving
against exciter populations with bulk
relative velocity- how the DS will react?
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Simulated results
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FIGURE 9. — Results of the analysis for a typical big flare. The assum-
ed changes of all input parameters are given by full lines, whereas dots
represent the calculated values. For other symbols see figures 7 and 8.
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