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Introduction

Explore the
enhancement of
low First
lonization
Potential (FIP)
elements in the
solar corona.
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Science Objectives

Explore how
solar coronal

plasmas are
heated in flares
and quiescent
active regions.

Support PUNCH
science in
understanding
the source
regions of solar
wind and coronal
mass ejections.
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Oppositely oriented field lines
cancel \

Field lines rearrange themselves
into a lower Tnergy state

Releases an explosion of energy

Releases heat and energy into
the corona



V""" Low-FIP"Elements in the Corona

=
=

*  Prominent above thermal continuum

« Abundances enhanced by a factor
of ~4 in corona over chromospheric
values

« Abundances allow STEAM to infer P Chromosphere (10,000 ‘K)
origin of plasma for flares and active Photosphere (6,000 K)
regions (AR)
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Soft X-ray
Emissions

Hard X-ray
Emissions
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Provide most
direct
signatures for
hot plasmas

Provides a
more complete
look at plasma
evolution

Highly
sensitive to
hot temps &
fluctuations

Covers
higher
energy
events >10
keV

Not sensitive
to cool temps

Extends
> thermal
continuum

Comprehensive
coverage of
thermal plasma
temperature
and
composition



Si XIII

A,

Fe XXV Mg XI

Wavelength (A)

Fe XVII-XX

STEAM will be able to observe low FIP spectral lines with a greater resolution
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SOft X-ray

Measurements

Hard X-ray

Measurements

Expected

Energy Range

Resolution

Field of View

Aperture Size

Filter
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)
)

SXR

1to 7 keV

< 0.3 keV

5.25°to 10°

300 um

i What is'STEAM?

Silicon Drrift
Detector

Cadmium
Telluride
Detector

HXR

7 to 20 keV

<1 keV

5.250 to 100

2700 um

Slide updated




95 mm

132.8 mm

Flexible Cable:
Carries Power

and Signal

Heat-Sink

’ *
Pre
PA-230 Detector
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A rendering of the STEAM

instrument and its
dimensions

Detector head and
electronics are about the size
of a pack of cards.



Integrating Photon Counts Over Time

X-ray spectrum accumulation

The individual histograms
from 10-second

integrations (red) can be
summed to create a

spectrum (white).

Energy [keV]
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Below is a schematic of an
emission line we would use to
calibrate the energy scale of our

detectors
Centroid Energy Scale
Counts Energy
O\

Spectral
response

resolution
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Channel
Number

On-ground
calibration with
X-ray
emissions of
radioactive
isotopes

:

y

Energy Scale

Gain &
Offset

Energy
Resolution

Width of line

Spectral
Response

Attenuation
of X-rays through
filters

Absorption in
Detector
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FM CdTe Calibration Curve
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PU=L Achieving Science Goals

Observables Applying the Physics Modeling
Define continuum and Continuum shape &
spectral line emissions line intensities

X-ray photons from Forward Modeling

source :
Fit temperatures and
abundances l
Use Bremsstrahlung
and atomic emission
y SXR (bound-bound databases
radiation)
Respective energies Majority of line
emissions
HXR (free-free and Chi-squared minimization

free-bound radiation) to derive physical parameters

Helps to constrain
continuum shape
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MinXSS/RHESSI: M7.6 flare (2016-07-23 05:14:54--05:15:43)

— Mg XI

RHESSI :

S
< MinX
>
I

— Si XIlI
— Si XIV

Model (TOTAL):
25 MK @ 0.6e49 cm”

= Ca XIX

— Fe XXV

5.0 MK @ 5.0e49 cm”™ i

Low-FIP abun = 0.5 x coronal
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Energy [keV]
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‘ s

* Tentative Data Pipeline

Level O Level 1 Level 2/3 Level 4

Calibrated
count spectra &
Energy scale

Time
Averaged/ photon
spectra

Physical
Parameters &
Modeling

Raw Data

10

MinXSS/RHESSI: M7.6 flare (2016-07-23 05:14:54--05:15:43)

MinXSS/RHESSI: M7.6 flare (2016-07-23 05:14:54--05:15:43)
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CONNECTION BETWEEN PUNCH
CORONA AND INNER HELIOSPHERE

ENERGY RELEASE
PROCESSES INTO CORONA

ORIGIN OF HEATED
PLASMA

TEMPERATURE
OF LOW FIP
ELEMENTS

SOLAR FLARES
& ACTIVE

REGIONS STEAM
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W Current"Work and Future Outlook

Current Work:

Finish assembly of Flight Model (FM)

FM Environmental tests

Analysis of FM spectrometer data for calibration between tests

Future Outlook:

Finish FM environmental tests
Complete final comprehensive testing
Delivery in August!
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