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General properties of heavy ions
Compositional makeup of solar wind plasma
Can tell you what part of the Sun it came from
How it evolved in through the low and middle corona
Preserve coronal properties — plasmaintercepted by spacecraft within
the PUNCH field of view can be:
linked to properties and processes at the Sun
used to map structures measured at spacecraft alignments



Conditions of solar wind outflow: lon abundance
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Non-equilibrium ionization modeling
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lons measured in the heliosphere are a product of the ionization

and recombination experienced below freeze-in

Freeze-in distance an Rivera+2023
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Low FIP Mid FIP High FIP
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Coronal — Heliospheric connection

derive outflow
emission thermodynamics ion composition
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Connection to PUNCH science
Solar Orbiter

Linking source region characteristics to heliospheric
structures observed continuously by PUNCH
MSON SUrfacg

Heavy ions ideal for mapping throughout the sun-
heliosphere system
coronato heliosphere

heliosphere to heliosphere

PUNCH provides critical insight to the large-scale X: Scattering angle
morphology, flow, detailed sub-structure of solar

wind from Sun to spacecraft and between them —

Sky Plane

e Coronal context to PUNCH observations
* Enhancing conjunction studies

Sun-Earth distance: 1AU

Science Objectives: 1A (solar wind flow), 1C
(Alfvén surface), 2A (CME evolution)

Observer A

Adapted from PUNCH website:
https: / /punch.space.swri.edu/



and
spectroscopy
PUNCH can strengthen the connection between particle
observations and their remote sensing counterparts
Unifying different remote and in-situ observations of solar
plasma
Elemental: Closed field dynamics are exhibited by the elemental
makeup of plasma
lons: Outflow dynamics as reflected in charge states
from in situ
7+ 6+
More complete picture of the full spatiotemporal plasma evolution © /26+/22f

coronal dynamics,

solar wind formation,

super-sonic expansion,

sub-Alfvénic character in connection fully developed solar
wind structures

Science Objectives: 1A (solar wind flow), 1C (Alfvén surface), 2A
(CME evolution)
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Helium composition — connecting stream

between spacecraft
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Fe/O ratio — source

region in connection
to PFSS field line
tracing

(Rivera, Badman, +2024, in review)



Heavy lon Composition

Detection . .
Sun (photons) Heliosphere (particles)
Spectroscopy lon resolving particle detectors
Quantity
Elemental Abundance (e.g, Fe) lon Abundance (e.g., Fe'?* or Fe XlIl) lon Temperon‘ure/Speed
Diagnostic
Properties and processes at Conditions of solar wind Non-thermal process i.e.,
turbulence
Open Questions
1) What drives the compositional variation 3) What are the specific drivers of 4) What is the contribution and interplay of
across coronal structures and their associated solar wind release? What are the reconnection, waves, and/or turbulence driving the
solar wind streams? conditions of solar wind outflow? extended acceleration and heating of solar wind

and transient plasma?

2) What are the relative contributions of active regions, quiet Sun, and coronal holes to the

solar wind?
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