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Significance of solar corona study

[Plasma physics]

Natural laboratory of plasma
« Magnetic reconnection
« Particle acceleration

[Unique observation target]
The closest star

 Solar phenomenon can be
observed with wide field of view and
with spatial and temporal resolutions

[Impacts on Earth and social environments]
The mother of the Earth v

* Evolution of life (cosmic rays)

 Space weather

[As a star]

 Reference of other astrophysical objects .
2011-09—-12 05:34:16 Ul




Magnetic reconnection & Particle acceleration
_.in solar flare
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Magnetic reconnection & Particle acceleration Weather
In solar flare
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Penetrates Earth's
Y N Y \
Atmosphere? Y Y
Radiation Type Radio Microwave Infrared Visible Ultraviolet rX-ray Gamma ray A

Wavelength (m)  10° 1072 107° 0.5x10°° 1078 1071° 1074

Approximate Scale
of Wavelength

Buildings Humans Butterflies Needle Point Protozoans Molecules Atoms  Atomic Nuclei

104 108 10%? 10™° 10'° 108 10%°

Temperature of
objects at which
this radiation is the

most intense 1K 100 K 10.000 K 10,000,000 K
length emitted ; g0,
wavelength emitte _272 °C -173 °C 9,727 °C ~10,090,000 °C
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FOXSI ) —XDFERE

FOXSI-1

FOXSI-2

FOXSI-3

[for hard X-rays]

[for hard X-rays]
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P IS 5 E\b = =
AR iR §4TR8AL §9TRsRl
wxw O @ >
FARE 0.5~10 keV
O ) I () B () B () B
5~30 keV
(10 shells + blocker) x 1
- 10 shells x 2 modules | (7 shells + collimator) x 2 | high resolution optics x5
A
Liai 7 shells x 7-modules 7 shells x 5 modules 10 shells x 3 modules 10 shells x 2 modules
7 shells x 1 modules
Cd'_I'e (6.7 arcsec) x 2 CdTe (6.7 arcsec) x 5
Si (7.7 arcsec) x 4
Si (7.7 arcsec) x 7 Cd1_'e (6.7 arcsec) x 2 [for hard X-rays] [for hard X-rays]
R J Si (7.7 arcsec) x 5 +

+
CMOS (1.1 arcsec) x 1
[for soft X-rays]

CMOS (1.1 arcsec) x 2
[for soft X-rays]
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- FWHM ~5 arcsec

FOXSI-1, -2 DERAIEEE
,/(700)3&1‘7. L=X&ELEESE D FOXSI-3 LIBEDRBANEDEMNB)

128 strips for P n

- Replicated Ni optics from NASA/MarshaII each side //
- Wolter-I shape E

- Nested sets of 7 or 10

P+
9.6 mm p’Side

- HPD 25” (on-axis)

.
L E
lllll

- 7 double-sided Si or CdTe strip
detectors from JAXA/ISAS

« 75 (or 60) um pitch, 500 um thick

- Read out by low-power, low-noise
ASICs
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FOXSI-3 Soft X-ray data

250 FPS data (4 ms continuous exposure)

image (like pointillism) .

time profile.photons
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« Science objectives:

1. Determine how much particle acceleration
occurs in the gradual phase of a flare

2. Produce images and spectra of flare footpoints
from thermal to non-thermal energies

3. Determine where non-thermal sources and
heated plasma are located in a given coronal
configuration

........

4. Measure the spatial distribution of superhot

sources in a flare . . S22 sl
BRI E: XRELRG DAL
5. ldentify locations of energetic electrons in an (FOXSI-3 D7 v 53— k)

erupting CME
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Prediction of
solar flares

Kusano+ 2020

@ JL7FvorR—>n
5 EFAX—S

Relative radiation flux
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i ‘4\High-precision electroformed

FOXSI-4 [C& Y =6 SNn5HD

FREORE I LTEIRILE—T5 X8R

X-ray mirror

Goal (cf. FOXSI-3)
« <10” HPD (€ 30” HPD)
« <3 FWHM (€ 5" FWHM)

I i

Updated CMOS (for soft X-rays) &
CdTe (for hard X-rays) detectors

CMOS detector (cf. FOXSI-3)
25 um depletion layer thickness (€ 4 um) for
* Higher sensitivity to high-energy X-rays

* Higher robustness against X-rays

28 §

=
(<}
=
; ®
= %
e+
\ ®
1l B
FHEHEH S g
lgligl. 5
\ o}
) &
- . @
- oY
by =
I o
| iy =]
| Q.
| o
| ] s 3
t 3]
. B
| B
=4
®
: 3
} ! T s
i i 5
=4
=X

200 mm

T = . :
| — relative frequency of 1-pixel events
g i 0.20F - - I 7
f :‘-1_ _i g kncation of mandmu T i
5 015
. : i CMOsS®
: goe | HFEHAIEES
% 005k (55Feﬁ?7i7ﬁ)
]
REEXIS T @ =

DRERTHAY () ENETE (B

CdTe detector (cf. FOXSI-3)
» Position resolution ( ~30 pm € 60 um)
» High Count Rate (~5 k events / s / detector
€ 500 events / s / detector )

(b) This work
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