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F‘%‘ Connections to PUNCH

PUNCH

CONNECTION BETWEEN
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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@ Introduction”

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

Science Objectives

Explore how solar
coronal plasmas
are heated in
flares and
guiescent active
regions.

Support PUNCH
science in
understanding the
source regions of
solar wind and
coronal mass
ejections.



Magnetic Reconnection & Plasma Heating

Oppositely oriented field lines
) ’ \ v \ necle:
O i, cancel
bard Large Coron l
K Q‘/ Loop
i ), Inlowing

AR weres  Fleld lines rearrange themselves
A\ / . iNto alower energy state

Loop l

New Reconnected

S eersos  Releases an explosion of energy

Releases heat and energy into
the corona
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Low-FIP_Elements in the Corona

e Prominentabovethermal continuum

e Abundancesenhanced bya factor of ~4 in
coronaover chromosphericvalues

e Abundancesallow STEAM toinfer origin of
plasma for flares and active regions (AR)

Chromosphere (10,000 K)

Photosphere (6,000 K)
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Provide most

Sﬂft )(-ray direct
Emissions " signatures for
hot plasmas

Highly
sensitive to

" hot temps &

fluctuations

Not sensitive
to cool temps

h

Comprehensive
coverage of
thermal plasma
temperature
and
composition

STEAM'’s Hard X-ray spectrometer was damaged during TVAC and was electrically
disconnected. The hardware remains within STEAM but it will not collect any data
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= \\hatis STEAM?
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Soft X-ray

Measurements
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Expected
Performance

Energy Range

Resolution

Field of View

Aperture Size

Filter

=)

Silicon Drift
Detector

SXR

1to 7 keV

<0.3 keV

5.25°to 10°

300 um

Pl, 5.5 um
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X-ray spectrum accumulation

Ca XIX Fe XXV

Energy [keV]

& Integrating Photon Counts Over Time

The individual histograms
from 10-second
integrations (red) can be
summed to create a
spectrum (white).



W Spectrometer Calibration

=

. . . . On-ground
Below is a schematic of an emission calibration with
. . X-ray
line we would use to calibrate the emissions of
energy scale of our detectors [BionCHV
isotopes
Centroid Energy
Energy Scale T
Energy Spectral
_______________________ () (espons)
A
§ Spectral %?flge% Width of line of :T;% ?Emgn
o Response

Resol:ution

Absorption in
Detector

Channel Number
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95 mm

A rendering of the STEAM STEAM as delivered with
instrument and its

dimensions

radiator attached
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W‘“ STEAM Environmental Testing

&

STEAM at TVAC STEAM at Vibration Testing
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W Pre- and Post-Vibe Calibration
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FM SDD Pre- and Post-Vibe

Calibration Curves
0 500 1000

1500
I

model (pre-vibe)

y = 0.0193845x - 0.0224
O Am energy
A Fe energy

— model (post-vibe)
y = 0.0193961x - 0.0270

MCA channel

O Am energy
A Fe energy
B Ba energy
Fe energy (post-delivery)
IE-
1 1 " | 1
0 500 1000 1500

The top graph shows calibration
curves pre-vibe testing

The bottom graph shows
calibration curves post-vibe
testing

Little change between the results
give good confidence that launch
will not affect data collection
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Photon flux [ph/s/cm?/keV]

— Ca XIX

RHESSI .

Model (TOTAL):
25 MK @ 0.6e
K @ 2.2e49 cm )
5.0 MK @ 5.0e49 cm™ —
PL =25 @ E=20 keV

Low-FIPlabun = 0.5 x coronal

49 -::.rrf3

i
A |
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10 | 100

Energy [keV]
13



> Achieving Science Goals
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Observables

Applying the Physics

Modeling

X-ray photons from
source

\/

Respective energies

Define continuum and
spectral line emissions

Fit temperatures and
abundances

SXR (bound-bound
radiation)
Majority of line
emissions

HXR (free-free and
free-bound radiation)
Helps to constrain
continuum shape

Continuum shape &
line intensities

Forward Modeling

|

Use Bremsstrahlung
and atomic emission
databases

|

Chi-squared minimization
to derive physical parameters
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¢ Tentative Data Pipeline

Level O Level 1 Level 2/3 Level 4

Calibrated
count spectra &
Energy scale

Physical
Parameters &
Modeling

Time
Averaged/ photon
spectra

Raw Data

 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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w® Conclusions

e STEAM was delivered with the SXR
detector in October 2023

* Preliminary data pipeline has been
established

e Student work has paused but will
continue with data analysis after launch
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