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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
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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° 0.5x10°° 1078 1071 107

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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J
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«

Soft X-rays
Yohkoh / SXT

Hinode / XRT
(1991 ~ present)

Hard X-rays
Yohkoh / HXT

RHESSI
(1991 ~ 2018)

900 920 940 960 980 10001020
X (arcsec)

* "1 Active region
+ Quiet region
Whmiaasaa —

Craagy (uev!

i 24 hours,obs
with!9FX-ray/filters
jin SXR

Imaging

@ spectroscopi |

iclobsiin
HXR

Solar spectrum

ervations
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Existing soft X-ray focusing imaging observation
~, grazing incidence mirror + X-ray filters

-

~
~

B Hinode / X-ray telescope (XRT)

primary secondary

re-filter mirror mirror filter wheel1 filter wheel2
P (M1) (M2) (FW1) (FW2)
(PF)
X-rays
G-band “)__
visible-light shutter ccb
X-rays
focal-plane focal-plane
analysis filter1 analysis filter2
FPAF1 FPAF2
@ » GOES 10 X-Rays: O ALmesh 2%eme (©)  Alpoly 2%eme () Copoly 270e ( ) ( )
L
B — & 100 o 7
e & g 2 XRT Temperature Response on—orbit
A L S, 200 S, A 10’2“E L R L B R | T T T
1 — E
1E-9 L -300 K s [ Al-poly
1600 16:15 16:30 16:4517:00 500 600 700 500 600 700 500 600 700 § 10 C-poly
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©  Tipoy 2wy (O ihinBe 27my @ medge mmws () megaZzm o in=ge
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o
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: 2007107116
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&
8
F(T) [DN sec™ pixel™

@ unit of column emission measure (1c
3
3
T

s

2007/07/16

) 2007707116 (|
thick-Be Jg:16.08 ur (

() Al-poly+Ti-poly %67 ur )

2007/07/16

C-poly+Ti-poly sz5:36u

®
3

107

med-Be 3

med-Al
thick-Al 3

— — -100 — -100 — -100 thick-Be ]

8 8 8 8 -30[" . |

2 3 2 3 10 . PR A L PR

& & 200 & 200 & 200 10° 10° 107 10°

temperature [K]
-300 -300 -300
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[arcsec] [arcsec] [arcsec] [arcsec]

With good dynamic range, spatial- and temporal- resolutions.

But, no energy resolution.

X-ray image (Al-poly)

ratio of temperature response

on 12 Feb 2007
1.2 T

1.0
0.8
0.6
0.4F 4
0.2F E
0.0 Lol il

10° 10° 107 10°

temperature [K]

Al-poly / Al-mesh

temperature volume emission measure

[log cm?]

1.0 15 20 25 [MK] 41 42 43 44

Using 9 X-ray filters,
the index of coronal
temperature (filter-

ratio temperature)

can be derived.
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0
I ¥ rhis document is provited by JAXA.



IEEEN A S (EEBHECMOSE Y —)  PasENX

\\\:"!;@?. e ,‘.//”/
ey
Existing instruments (Yohkoh, Hinode) New instruments (FOXSI)
X-ray mirror + CCD - X-ray mirror + CMOS
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SEBHEICMOSt Y — DiERE (Narukage et al. 2020) |
250 FPS for 384 x 1024 pixels (160 MB / sec) (Ishikawa et al., 2018)

relative frequency of events

/ : \ .
"F H e
: et 2i g ] Soft X-ray
B i W -
_ 08} B e CMOS sensor
& L.  mm4plxels: 213% §: = & L
= - Jpixels : 91% =+ = = J
c 0.6 W 2pixels : 141 % 2 : -
S - W 1pixel : 300% & R
g I i 1 | 1 pixel event rate : 30.0 %
© 04F m - | valid split event rate :44.5%
£ | : 1 | valid event rate : 74.5%
° . E
0.2} = FWHM of 1 pixel event : 168 [eV]
i : ] FWHM of valid split event : 319 [eV]
A 4 i FWHM of valid event : 227 [eV]
00 ol - I "
0 500 1000 1500 2000
ADU .....A4500evV___
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t = 65.0 sec j

Payload Separation

t = 43.5 sec j
Black Brant Burnout

t = 16.0 sec
Black Brant Mod 2 Ignition

t = 6.2 sec ﬂ
Terrier Burnout
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FOXSI '3 (the 3" flight of Focusing Optics X-ray Solar Imager)

"« US-Japan collaborative sounding rocket experiment.
= FOXSI-3 was successfully launched on September 7th, 2018.

» Objectives:

1.  Study small scale energy release in the solar corona

2. Demonstrate the new technology for X-ray imaging spectroscopy
* Method:

1. Hard X-ray imaging spectroscopy

2. Soft X-ray imaging spectroscopy (for the first time in the world) with a
high-speed X-ray camera

Pre-collimator X-ray mirrors

Pre-filter ‘\ : 2 7 ._'. | CMOS sensor
A ¢ y . ' Pl
I o+ - AL e - ¥ \ |

See
http://foxsi.umn.edu/

and
https://hinode.nao.ac.jp/
en/news/topics/foxsi-3-

180907/

FOXSI-3 instrument
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FOXSI-3 Soft X-ray data

250 FPS data (4 ms continuous exposure)

image (like pointillism) .

time profile.photons

20 40 80 B0 100 120
time [sec]

Spectrum 65 photons
| [VR Y :'_' e

re

0 1000 2000 3000 4000 5000
energy [eV]




This full sun image is drawn by dotting
about 10 million individual X-ray photons.

Credit:FOXSI-3 team
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HE - B - TALR—HE (BRADT—4) -

RN B

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

N\ J
Y
(b) Solar Image with integrated X-ray photons (c) Time variation of X-ray photon (d) X-ray spectrum of an active region
number in an active region
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FOXSI-3 PhoEnIX full Sun soft X-ray image
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More adjustment is required:
- More temperature components

- Abundance
- Calibration

FOXSI3 PhoEnIX

Integrated tnage ¢ 1,00000 ¢

100 F =5WiK

[ BIEFT. EFEICEITS ~
| BE-mE Gemmms) sEo. T j—

normalized counts s-' keV-!
o
|
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https://rscience.gsfc.nasa.gov/keydocs/SolarFlareCampaign.pdf

Glesener, Lindsay 19-HFORT19-0016

OVERALL GRADE (mark panel overall score with “X")
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» Science objectives:

1.

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

. Produce images and spectra of flare

footpoints from thermal to non-
thermal energies

. Determine where non-thermal

sources and heated plasma are
located in a given coronal
configuration

. Measure the spatial distribution of

superhot sources in a flare

. Identify locations of energetic

electrons in an erupting CME

Poker Flat 5115
(7 35RH) 15T
20245415 LT R E

. FOXSl-4. /4
e 4

BRI5 % XIRSER BB S IEA

(FOXSI-3 D7 v TT— )

22

This

document is provited by JAXA.



FOXSI-4 Ik Y HT=-6ZNn5HD
L FBEOKRE I L T7TEIRILT—TSXEA

- - I i
"' “High-precision electroformed Updated CMOS (for soft X-rays) &
X-ray mirror CdTe (for hard X-rays) detectors
A Goal (cf. FOXSI-3) CMOS detector (cf. FOXSI-3)
o =  <10” HPD (€ 30” HPD) 25 um depletion layer thickness (€ 4 um) for
L_ / ¢« <4” FWHM (€ 5” FWHM) » Higher sensitivity to high-energy X-rays

* Higher robustness against X-rays

S | Y

e S_3}
1 s—=— relative frequency of 1-pixel events
il T8 020" - - - 3
4 ) logation of maximu M Pk
- % 015
: I cMOsS ™
S { EFEAREN
% 0.05 (SFefgiR)
]
.00k

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 | (b) This work
E, £ ‘
,/\\ = £ IR YyT - LN
4\ | 1| @ TOREREREDER
Yo\ ¢ (Furukawa et al., 2020)
\ / \ 3
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