Design of crystal-detector assemblies
for ChemiX spectrometer aboard
Interhelioprobe

Zaneta Szaforz'2, M. Siarkowski?, S. Plocieniak?, J. Sylwester! et.al

1 Space Research Centre PAS, Solar Physics Division
2 Astronomical Institute, University of Wroclaw

Wroclaw, 20-22 November 2012




Overview

» General informations about ChemiX
- Design of crystal-detector assemblies
» Results

» Conclusions




Interhelioprobe

Investigation of an inner
Heliosphere and the Sun from
close distances and from out-of-
ecliptic positions

Closest distance ~ 0.25 AU

Spatial resolution ~4 times better
than from 1 AU

fluxes of the solar radiation ~15-
20 times larger than in Earth
vicinity.
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ChemiX

ChemiXis the Bragg crystal spectrometer for
studies of Chemical composition of solar coronal
plasmas based on measurements of X-ray
spectra.

2dsin6=nA
NN 4 /4

\ /
\ \\ ,/ /
LY S
N S
\ N/ /
\\ N\ /7 II
@ L o @ ® @
d \ //
A\ /  /dsin®
® @ ® ‘\( @ & ®

The use of bent crystals allows the wider
wavelength range to be integrated simultaneously,
whereas a flat crystal spectrometer must scan to
cover its wavelength range
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Crystal-detector assembles

- two crystal-detector

_ | TOp VleW | assemblies
Crystals . | .
\| - fourwider mono-crystal

wafers to cover the
spectral range from
approx.1.5 Ato 8.8 A
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- three dedicated crystal
strips for the
Dopplerometerin each
crystal-detector assembly




(A1,A,) - wavelenght range we want to
observe

(©,,0,) - Bragg angles corresponding
to the above wavelength

¢ - offset, due to the fact that the Sun
is not a point obiect

R - the radius of curvature of the
crystal

x] = Recos(©1 — @)

;;; = Rsin(B) — )

_rfz = Rcos(BO2 — (—))

yy = Rsin(©3 — (=)



=20 -90°—¢

ay = tan(B) = tan(201 — 90° — )
as = tan(F2) = tan(202 — 90° — (—y))

ar, = tan(w) = tan(6O1 + B9)




L - detector lenght

p - minimum distance from the detector to the crystal
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Y3 = azx3 + b
Y3 = arrs + br
Yg = a1ry + by
Ya =arrqg + by

L? = (x4 — x3)* + (y4 — 3)*

ar, = tan(w) = tan(O; + O3)

Te=xy+p
r3 =) +p
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Qu, orientation 10-10 geometry
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20
Now we want to know what |
wavelength falls on the individual I @
pixels of the detector :
15 :
We assume that we know: x,y, R, ¢ |
We are looking for ®

y=ar+b 10

y1 =axri +b
ry = Reos(© — )

yy = Rsin(® — ¢)

cos(20 — ) O L

a=tan(20 —p —907) = _sin(i‘@ —2)




y—y = a(z — 1)

cos(20 — p)
sin(20 — p)

y— Rsin(© — ) = — [ — Recos(© — p)]

cos*O[4(A% + B?)] + cos*O[—4RB] + cos*O[—4(A% + B%) + R?| + cos®O[2RB] + [B%] = 0

A = ycosp + Tsing

B = xcosp — ysing

We get the equation of the fourth degree that we have to solve.

We can do this by using FZ_ROOTS function in IDL.



Selecting crystals

- we divide the observed wavelength range into four parts so that the
bands overlap slightly

- we want to have some strong lines on those connecting areas
- we want to have most interesting lines on the middle of bands

- we don't want to observe fluorescentlines from crystal
- theradius of curvature of crystal can’t be too small

- inthe case of dopplerometr we want to have the most interesting
lines observed with the best resolution
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First arder reflection
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First arder reflection
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Fi rst order reflection
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First order reflection
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First order reflection
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First arder reflection
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First order reflection
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No

crystal

orientati
on

2d

wavelenght
range

[A]

curvature
radius
[mm]

total
desired
crystal
lenght

[mm]

working

crystal

lenght
[mm]

crystal
width
[mm]

number
of
crystals

Spectrometer

1 Si 111 6.271 |1.500-2.713| 113.844 41.3 31.29 10 1
2 Quartz | 10-10 8.514 |2.700-4.304| 112.789 41.2 31.17 10 1

ADP 101 10.648 |4.290-5.228| 247.454 51.6 41.61 10 1
° KDP 011 10.185 |4.290-5.228| 229.484 49.9 39.90 10 1
4 KAP 001 26.64 |5.200-8.800| 204.909 52.95 42 .95 10 1

Dopplerometer

1 LIF | gpp | 2848 [1.770-1.943| 220.000 | 43.0 | 3298 | 10 2
2 Si 111 | 6.271 [3.000-3.378| 290.000 | 505 | 4051 | 10 2
3 Si 111 | 6.271 [3.700-4.201| 190.000 | 428 | 3278 | 10 2




Conclusions

- ChemiXwill constitute the most advencet solar X-ray Bragg
spectrometer ever flown

- Itwill contained 10 crystals bent to desired radius of curvature

- Itwill allow to observe the spectral range from 1.5A to 8.8A with
very good temporal and spatial resolution

« X-ray Doppleromerer will allow to study of line-of-sight plasma
motion in absolute reference system



