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Satellite mission: PhoENIX (Physics of Energetic and Non-thermal plasmas in the X (= magnetic reconnection) region)
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Mission concept of PhoENIX

(a)

Understand particle acceleration during magnetic reconnection,

.

Sdlag Flare

Science Goal

which is a fundamental plasma process that occurs throughout the universe.
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(b) Science Objectives

Solar/Stellar Flares
Credif: JAXA

Magnetosphere

1. Identify particle acceleration
sites in solar flares [where]

2. Investigate temporal evolution

of particle acceleration [when]

3. Characterize properties of
accelerated particles [how]

(e) Existing
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(C) Candidate of (d)

Magnetars (Neutron Stars)

Terrestrial/Planetary Magnetospheres

Credit: NASA

Magnetar™ .

Credit: ESA
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1. Identify particle acceleration
sites in solar flares [where]

2. Investigate temporal evolution
of particle acceleration [when]

3. Characterize properties of
accelerated particles [how]

Previous observations vs New observations by PhoENIX

(b) Key observational targets of this mission
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(a) The current picture (observations)
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Schedule

Collapsing fields Termination shocks Around 2022  Submission of proposal to ISAS/JAXA

Launch of sounding rocket FOXSI-4 for
solar flare observation

2023 — 2025 Review process
2026 — 2032 Design, Fabrication, Integration, Test

% Around 2033 PhoENiX is expected to be launched
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Above-the-looptop
Hard X-ray source

Blob High-density Spring in 2024
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Footpoint
lower corona / Chromospher
Hard X-ray sources (lower corona / Chromosphere)
Solar flare & Blobs (plasmoids) and ejecta
Current sheet like structure Takasao et al., 2012 -
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Soft X-ray Imaging Spectrometer (0.5 keV ~ 10 keV) Hard X-ray Imaging Spectrometer (5 keV ~ 30 keV)
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Termination Shock Chenetal. 2015

Res: 1.5 arcsec

f Observation 4
30

Resolution: < 2 arcsec /2

Low scatter: 104 @ 20 arcsec

Non-thermal source o 14 o : - o
around reconnection region £ ' Large e_ffeCtNe area X-ray mirror
Narukage et al. 2014 Resolution: ~ 8 arcsec (FWHM)

(This is the same design of FOXSI-3)

Double coronal source
Sui and Holman, 2003

i Res:~7arcsec $

10-12 keV (,
Above-the-looptop & footpoint sources 12-14 keV

Masuda et al. 1992 3 14-16 keV

High-speed soft X-ray camera

Back-illuminated CMOS sensor

(The performance of this camera was
demonstrated by FOXSI-3 sounding rocket)

High-sensitivity hard X-ray camera

Fine-pitch CdTe detector
(This is the same design of FOXSI-3)

X (arcsecs)

Soft Gamma-ray SpectroPolarimeter S1/CdTe Compton camera
(20 keV ~ 600 keV) Polarization measurement: > 60 keV ™

~ (This is the same design of Hitomi/SGD) \\}3\\‘:}\\
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Demonstration of PhoENIX observations Uniqueness of PhoENIiX
Imaging spectroscopy in X-rays (by FOXSI-3 sounding rocket)

(a) Observational data Flow of time (high-speed continuous exposure with 250 frames per second)

A ~ 10 (Hoshino et al. 2001)
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Compton effect Polarization
Hitomi Collaboration, Watanabe, 2018 in Crab Nebula
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