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Solar Orbiter Instruments

10 instruments:

EUI: Extreme Ultraviolet
Imager

METIS: Multi Element
Telescope for Imaging and
Spectroscopy

PHI: Polarimetric and
Helioseismic Imager

SoloHI: Heliospheric Imager
SPICE: Spectral Imaging of the
Coronal Environment

STIX: Spectrometer/Telescope
for Imaging X-rays

EPD: Energetic Particle
Detector

MAG: Magnetometer

RPW: Radio and Plasma
Waves Experiment

SWA: Solar Wind Analyser

Launch date: 2017-2018
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Fahmy et al. (2013)

Duration: 3 years cruise + 4 years mission (+ 3 year extension)



The orbit

Launch

e
-
Gravity Assist 2 Earth : Venus .
-
,_-._..—s_-’
o
y
A
: CI5IVE gravity
-':/? increase orbat

inclination Earth

Gravity Assist 3 Earth

; -
Gravily Assist 4 Venus
Gravily Assist 5 Venus )
Gravily Assst 6 Venus . ;

Cravily Aswist 7 Venus o /

Gravity, Assist 1 Venus




Mission profile

Years from launch
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STIX science goals and
observations

detection X-rays from 4 to 150 keV

STIX will determine the
intensity, spectrum, timing, and
location of solar hard X-ray
sources.

Hard X-ray Spectrum and Image from RHESSI

flare peak: 20-Jan-2005 06:45:10.994 UT
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Figure 1.Typical hard X-ray observations of a solar flare (observations are taken by RHESSI). Left: Solar flare spectrum
(black histogram) with a thermal (red) and non-thermal (blue) fit to the data. Right: Imaging observations of the same event.
The non-thermal emission is seen from the chromospheric footpoints (blue) of the thermal flare loop (red).

Benz et al. (2012)



The STIX instrument

The STIX instrument consists of three mechanically separate parts

Detector Electronics

X-ray windows Module (DEM)
Benz et al. (2012)
Energy Range 4 - 150 keV
Energy Resolution (FWHM) 1-15 keV (energy dependent)

Effective area

Finest angular resolution
Field of view

Image placement accuracy

Time resolution (statistics limited)

6 cm?

7 arcsec
20

~4 arcsec
>0.1s




X-ray windows

Placed in the heat shield of the spacecraft

A thermal baffle that rejects all radiation below 4 keV

27.5¢cm

/ [0 275 mm
Benz et al. (2012)
Solar flux at 0.28 AU: 17 kW/m?

510, (3 am) Sun Side

Al (150 nm)

Ti or Ni (50 nm)

protective thermal coating Be (2 mm)

""""" AR SC Side

Polishing
Fahmy et al. (2013)



The imager

* 32 collimators made of pairs of grids

* Aspect system for absolute pointing
with accuracy x4 arcseconds
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Structural and thermal model of the imager (2013)



Imaging: grids and Moire patterns

Moire patterns

Slightly tilted pair of grids
Slight differences in pitch of grids

Phase of Morie pattern is very sensitive to incident direction of X-ray in plane
perpendicular to slits
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Pixel pattern — V|S|b|I|t|es

=

Simulated incident X-rays
from an arbitrary direction

=

PIXEL

The amplitude and phase of a
sinusoid fitted to the histogram
directly measures the visibility

*Real (V) =C-A
*Imag (V) =D-B
*Flux = A+B+C+D

**Check A+C =B+D

* Independent of background
**Independent of source
morphology

Benz et al. (2012)



Converting Visibilities to Images

///y W » The process of converting a set of measured visibilities to an image is
oy / identical to that used for many years in radio interferometry.
o
-" ) / » The simplest algorithm for doing this is "back projection" whereby a
e '

measured visibility is expressed as a probability map on the sky of
possible origins of the source.

* For a single visibility, this takes of the form of parallel stripes with a
sinusoidal profile, whose period and orientation corresponds to the
period and orientation of the x-ray grids.

« By combining the visibilities with different angular resolution and orientation, the ambiguities
associated with any single visibility are removed

B visibilities 16 wisibilifias 30 wisibilities
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Detector Electronics Module (DEM)

The DEM consist of two sub-units

Detector box

Instrument Data Processing Unit
(IDPU)



Complex instrument simulation

INPLTL -\I

simulations of X-ray sounces of
warious intensity, morphelogy and .‘i:ﬂ'ru;!re
o it " It can be divided into several important steps:
Photen seed population for next
midules of simulation chain

Source model
A

simulations of optical channel:

N « simulations of solar X-ray emission
- Producton of seoudury rdicion, | PAORRES sources,

= i issi Geantd
- Grids ransmission, ; L
simuslations

Xeray window

- Inreraction in detecror crysials.

Series of deteetor events specified for o SimUIationS Of Optical Channel,

each pixel hy arrival rime and

Feedthreugh

L . amplimde
Front grid “ simulanions of front-end electironics ° SImUIatlonS Of phOton InteraCtlon In
L i } e | detector crystals,
= MNoise.

-
Data Mow

Datectar event sequence
Imuger tube (EGSE file)

* simulations of front-end electronics
response,

Instrument model
.—)‘i-.

Detector Simulator System ] Hardware

Rear g ¥ * injecting the data to IDPU using
Phatodiodes hardware detector simulator,

“[:ﬂ':‘:" >—/{ Instrument Data } Hardware
Processing Uni . .
Hlectonics e « data handling with real IDPU,

Ruw telemetry duia

« comparison of output data with input
Sofoware photon population.

Packige

- Drata analysis.
- Wisualization.

Scientific Software: ‘

Podgérski et al. (2013) OUTPUT



Source model

Instrument model

IMEPLI] 1.\.l
simulations of X-ray sources of
wariows intensity, morphelogy and Soffyure . .
i Simulations of solar X-ray

Photuen seed population for nest

nradules of simulation chiin e m iSS i O n SO u rces

A

simulotions of optical channel:

¥ -rav windaw - _"“:W‘ - Transmission of entrance windows, ::LEE":
) R - Produetion of secondary radiation, Ges ‘d'l‘ Th ree Ste pS .
- Crichs ramsmission, : m.llj! ’
- Inreraction in derecror crysmls. ST
Feedthrough
Series of defeetor events specificd for e Define the number and Shape of
each pixel hy arrival rime and
| amplimdea sources.

Front grid

Lens

rponaer et e « Include the spectral information for
| i Packnge | every source (and/or every patch).
For this purpose RHESSI spectra
{ Detector event sequence ' obtained for real solar flares will be
Imager tube (FEGSE filey used
Detector Simulator System ] Hardware « Assign time to each photon.
Rewrgrd @B Llectrical signals Having spectral fits to RHESSI data
-)}'A

D - &

—
Data Mow

for an entire flare we have a set of
parameters which characterize the

Instrument Data o spectra for consecutive time intervals.
Processing Unit )

Photodiodes i

Attenuator

Dietectors

Electronics

\
Eow telemetiy duta

The generated population is a series of
photons as seen in front of the instrument
entrance window.

Scientfic Software:
- Drata amalysis,
- Visualizaton,

Software
Puckuge

OUTPUT _/]



Source model

IMEPLI]

1

simulations of X-ray sources of
warious intensity, morphelogy and
time eviolution,

Software
Packsge

Photuen seed population for nest
roaclules of stmulation chain

Posttion of the sun-disk: X 0.0000000 arcsec, Y 0.0000000 arcsec

Distance from the Sun: 0.2000000 AU

Type of source 93UsSiaN ¥ | Total number of simulated source photons: 1000

Posttion: X 0.764570  solar radii, Y 0.517480  solar radii

Source geometry: Wicth 0.06800000  solar raii, Height 0.0500000  solar radil, Rotation - . deg
Loop height 0.100000  solar radii
1 gaussian 0.83247 079872  1000. 0.07500 0.03300 129.00000
2 gaussian 052873 075372 1000. D.0G000 0.05000 132.00000
jaussian  0.76437 0.51748 1000. 0.06000 0.05000 132.00000 Load list of sources

Add new source J [ Delete source

X%

Rear grid

Photodiodes

Attenuator

Dietectors

Electronics

Detector Simulator System J Hardware

Llectncal signals

Instrument Data

g 3 Hardware
Processing Unit

Eow telemetiy duta
Scientfic Software: o

i Software

- Drata analysis, -
- Visualizaion, N

OUTPUT ,/]

Simulations of solar X-ray
emission sources

Three steps:

» Define the number and shape of
sources.

 Include the spectral information for
every source (and/or every patch).
For this purpose RHESSI spectra
obtained for real solar flares will be
used.

» Assign time to each photon.
Having spectral fits to RHESSI data
for an entire flare we have a set of
parameters which characterize the
spectra for consecutive time intervals.

The generated population is a series of
photons as seen in front of the instrument
entrance window.



Source model
L

simulations of X-ray sources of
various intemsity. morphelogy and
time eviolution,

Fhoton seed population for next
roaclules of stmulation chain

IMEPLI]

Software
Packsge

Simulations of solar X-ray
emission sources

] Multi-source simulation widget

Position of the sundisk: X 0.0000000 arcsec, Y 0.0000000 arcsec

Distance from the Sun: 0.2000000 | AU

Type of source 93UsSiaN ¥ | Total number of simulated source photons: 1000

Posttion: X 0.764570  solar radii, Y 0.517480  solar radii

Loaabaiakt 0100000 L

Source geometry: Width 0.0800000 solar radi, Height 0.0500000 solar radi, Rotation

B Solar Signal Simulator for STIX

‘ readfile

plot_params

plot_spectrum

‘ save resulis

Done

Three steps:

» Define the number and shape of
sources.

* Include the spectral information for
every source (and/or every patch).
For this purpose RHESSI spectra
obtained for real solar flares will be
used.

» Assign time to each photon.
Having spectral fits to RHESSI data
for an entire flare we have a set of
parameters which characterize the
spectra for consecutive time intervals.

The generated population is a series of
photons as seen in front of the instrument
entrance window.




Source model

A

Instrument model
A

X%

Xeray window

Feedthrough

Front grid

Lens

Imager tube

Rear grid
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Electronics

-

simulations of X-ray sources of Sof
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Photuen seed population for nest
modules of simulaton chain

simulotions of optical channel:

- Transmission of entrance windoews,
- Production of secondary radiation,
- Crichs ramsmission,

Software
Package,
Ceanid

R simulations
- Inreraction in derecror crysmls. I

Series of detector events specificd for
each pixel hy arrival rime and
amplimda

simmlations of front-end electronics

response: Software
- I"i.lE-lI]:'. Packnge
= Nuojse,

Detector event sequence
(EGSE filey

Detector Simulator System ] Hardware

Llectncal signals

Instrument Data :
g 3 Hardware
Processing Unit

Eow telemetiy duta

Scientfic Software:
- Drata amalysis,
- Visualizaton,

Software
Puckuge

IMEPLI] 1.\'l

—-\_f,-—

Data Mow

OUTPUT _/]

Simulations of an optical
channel

» Simulation of the thermal baffle (that
rejects all radiation below 4 keV).

« Simulation of an optical tube with grids
As a geometry of the instrument is well
known algorithm can simply use ray-
tracing and calculate if the photon will
pass through grids and reach one of
the detectors at a given position.

Alternatively, we will use the GEANT4 toolkit to
perform calculations of photon path in more
complicated way which will take into account,

for example, scattering of photons in the optical
tube..



Source model

Instrument model

A

X%

-

Photuen seed population for nest
modules of simulaton chain

simulotions of optical channel:

— Y o S . . Software
. -~ >, - ANsImiss ) ance windows
Xray window . ['rams mission ¢ f entrance J_ndr.w.-.. Pl e
R - Produetion of secondary radistion, i
Creant

- Crichs ramsmission,

R simulations
- Inreraction in derecror crysmls. I

Feedthrough

Series of detector events specificd for
each pixel hy arrival rime and
amplimda

Front grid - - - -
simmlations of front-end electronics
Lens

response: Software
- I"i.lE-lI]:'. Packnge
= Nuojse,

Detector event sequence

Imager tube (FEGSE filey

Detector Simulator System ] Hardware

} Hardware

Software
Puckuge

Rear erid Llectncal signals
ari

Photodiodes

Attenuator

Instrument Data
Processing Unit

Dietectors

Electronics

Eow telemetiy duta

Scientfic Software:
- Drata amalysis,
- Visualizaton,

INEPLIL 1.\']
simulations of X-ray sources of
wvarious intensity, morphelogy and F‘.:fmnre
Hine evolunion, ! u::k:;;‘_:e

—-\_f,-—

Data Mow

OUTPUT _/]

Simulations of photon
interaction in detector crystals

The efficiency of the CdTe detectors is
calculated on the basis of a model where
photo-electric response dominate, and the
detector is assumed to be infinite planar.

This method will allow including:

 effects connected with single Compton
scattering (scattered photon will escape)

» escaping by fluorescent photons

But this method will not include edge effects:
 GEANT4 simulations of the interaction of
HXR photons in detectors crystals will be
performed



Source model

-

count energy [kev]

140
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INPLI] 1.\I
simulations of X-ray sources of Sof
warious intensity, morphelogy and : :1 r:.!m
time evoluiaon, Puckuge
Photuen seed population for nest
meadules of simulation chain
simulotions of optical channel: = 8
ZES R . ; Software
- Transmission of entrance windoews,
g i Packape,
- Production of secondary radiation, =
s T Creani-d
- Grichs ransmission, : m
ERrEETEN B simulations
- lnrernelion in derscoor crysuls
./---
20 40 B0 20 100 120 140

photon energy [keV]

Simulations of photon

interaction in detector crystals

The efficiency of the CdTe detectors is
calculated on the basis of a model where
photo-electric response dominate, and the
detector is assumed to be infinite planar.

This method will allow including:

effects connected with single Compton
scattering (scattered photon will escape)

escaping by fluorescent photons

But this method will not include edge effects:

GEANT4 simulations of the interaction of
HXR photons in detectors crystals will be
performed
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Software
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Source model

A

Instrument model
o

Xeray window

Feedthrough

Front grid

Lens

Imager tube

Rear grid
Photodiodes
Attenuator

Dietectors

Electronics

X%

simulations of X-ray sources of

wariows intensity, morphelogy and i":"ﬁ:'_”m
time evoliutaon, aesEe
Photuen seed population for nest
meadules of simulation chain

simulotions of optical channel: = 8

T § ot . ; Software
- Transmission of entrance windoews,

: LEE Packape,
- Production of secondary radiation, =
Geant<l

- Cricls ramsmission,

R simulations
- Inreraction in derecror crysmls. I

Series of detector events specificd for
each pixel hy arrival rime and
amplimda

simmlations of front-end electronics

response: Softwure
- Pile-up. Packige
= Nojse.

Detector event sequence
(EGSE file)

Detector Simulator System ] Hardware

Llectncal signals

Instrument Data
Processing Unit

} Hardware

Raw telemetry data

Scientfic Software:
- Drata amalysis,
- Visualizaton,

Software
Puckuge

IMEPLI] 1.\I

il

Data Mow

OUTPUT /'

Simulations of front-end
electronics response

The simulated photons absorbed in
detector crystals produce a signals that are
processed by detector front-end electronics
to shape pulses.

i 7\ ]
- \ Toeok = 673 us :
1A =0 -

0.5

il

0.0

1 1 1 1 1 1
2x107 3x10°* 4x107*

Time [s]

1 1
0 1x107

Two effects that need to be taken into account:

a pulse pile-up

electronics noise



Source model

Instrument model
o

A

Xeray window

Feedthrough

Front grid

Lens &

Imager tube

Rear grid

4®

Photodiodes

simulations of X-ray sources of
wariows intensity, morphelogy and
time evolution,

Photuen seed population for nest
mdules of simulation chain

simulotions of optical channel:

- Transmission of entrance windoews,
- Production of secondary radiation,
- Gridls tramsmission,

- Inreraction in derecror crysmls.

Series of detector events specificd for
each pixel hy arrival rime and
amplimda

simmlations of front-end electronics
response:
- Pile-up.

= Nuojse,

[etectar Event séquence
(EGSE file)

IMEPLI] 1.\I

Software
Packsge

Software
Package,
Creani-d
simulations

Softwure
Packnge

/[ Detector Simulator System ]

Hardware

Attenuator

Dietectors

Electronics

X%

Llectncal signals

e
2,
Instrument Data
Processing Unit

Raw telemetry data

Scientfic Software:
- Drata amalysis,
- Visualizaton,

Hardware

Software
Puckuge

OUTPUT /'

Injecting the data to IDPU using
hardware detector simulator

The detector simulator is a hardware
device which allows injecting to IDPU an
arbitrary detector event sequence taken as
the output of STIX detector module.

i il
Data Mow

"- .0, 55
The Detector Simulator System




Instrument model

A

Source model

X%

Xeray window

Feedthrough

Front grid

Lens

Imager tube

Rear grid
Photodiodes
Attenuator

Dietectors

Electronics
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e .4 - Produetion of secondary radistion,

e
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simulations of X-ray sources of
wariows intensity, morphelogy and
time evolution,

Photuen seed population for nest
modules of simulaton chain

—

simulotions of optical channel:
- Transmission of entrance windows,

- Cricls ramsmission,
- Inreraction in derecror crysmls.

each pixel hy arrival rime and
amplimda

Series of detector events specificd for

simmlations of front-end electronics
response:
- Pile-up.

= Nuojse,

Detector event sequence
1EGSE filey

Detector Simulator System ] Hardware

Llectncal signals

A

Instrument Data
}'/ Processing Unit

Eow telemetiy duta

- Drata amalysis,

Scientfic Software:
- Visualizaton,

IMEPLI] 1.\'l

Software
Packsge

Software
Package,
Creani-d
simulations

Softwure

Packnge

Hardware

Software
Puckuge

_‘-\.",r'_

Data Mow

OUTPUT _/]

Data handling with real IDPU

The IDPU controls the detectors and
collects data from them. These data are
processed by on-board data handling
algorithms.

The on-board algorithms perform data
selection and compression based on the
solar flare detection and adaptive
algorithms, supplemented by specific
requests from the ground.

Other data processing functions include:

» quick-look of a data accumulations;

 live-time measurements;

» background monitoring;

* on-board coarse flare location;

 acquisition of aspect system data;

» the quiet-time long-term accumulation of
background counts to monitor the
detector energy calibration
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Software
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Software
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Data handling with real IDPU

IDPU controls the detectors and

Series of detect

each pixel k
ar
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response:
- Pile-up.
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Comparison of output data with

iInput photon population

The scientific and housekeeping data are
monitored using dedicated EGSE software
or they are converted to FITS files that can

be used as an input for science analysis
software.

The analysis of output data using the
EGSE software allows verifying whether

the data have been correctly processed by
the IDPU.

Using the science software the spectra,
light curves and reconstructed images may
be compared directly with the simulated
sources.



Summary

* The instrument will provide the observations of solar flares in HXR range that allows
understanding the electron acceleration mechanism in the solar corona and their transport
through the interplanetary space.

» To support the instrument development a complex instrument simulations are being prepared.

 The simulation will cover entire data flow

beginning from solar photon population at origin

passing through the instrument model

resulting in data seen at the instrument output.

* The novelty simulation approach combines a software simulation of sources based on:
- RHESSI data,
- a simulation of STIX imager and sensors (in some cases using GEANT4 toolkit)
- finally injecting the simulated data to STIX IDPU using dedicated hardware detector simulator.

* In this way, obtained output data can be compared with known input sources characteristics in
order to carry out the analysis of instrument response.
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