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o FEHNERE&FANEFCRE
o FEF. EsIX. i ZEYIHEX

BT FIAKRIALR
(G-band movie, 28 Aug 2007, Hinode/SOT)

i/ mas/FZ1000 E7EE (TRACE, Apollo 17)
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HYBHAPOD, Image Credit & Copyright: Nicolas Lefaudeux
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O FEMINSEATSEIRATS
® XPHEDE (flares)
o OEMENET (CME)
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o iEbi(flares) , HEYIEHST (CME) -> KIASRERI T4 (SEP)
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REEANA 2S5 EEFETHRIT 3000 2\ EBERD
BT RE BRI FE(Z

10

##L: SOHO (NASA & ESA, Randy Russell); SDO



APERREEDD |  APBRRED

R4 IE BT CME (August 31, 2012,NASA/GSFC, SDO)
TORMEK B REIREX

11



ABREEED | AmELED

IERIERFIER (NASA, SDO)

Earith to Scale
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o EARUEEE: 1027 ergs/s, KMEBERIFERY 1032 ergs
o IEBIRRI: GOES1-8AEE:A B, C, M, X TEDIAY S

o

RHESSI Count rates (s det™)

GOES Xray FlUx (5 minute data) Begin: 2003 Nov 2 0000 UTC
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2012-2018 RHESSI HE£ER > 125 1MXE&%EH ((R2)
2009-2019 GOES Higsx > 138001 M (fm)>)

ISES Solar Cycle Sunspot Number Progression
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RIREITEREFIEEREARLLE, 74, F (2020, hERZE, GECAMEIR)
KB B8 KBRS 1

(KSO 5460 A ) ( Hinode/XRT Al mesh)

GOES 1-8 A Flux (W m™)
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XK (1) Highest Resolution Gamma-Ray Spectrum
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Credit: NASA, DOE, International Fermi LAT Collaboration 19
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SEAAY5F, Sun et al. 2016
1-2 MK

171 A 8—Nov—2012 03:26:32UT

12-25 keV
210 270

~11 MK

131 A 8—Nov—2012 02:55:23UT
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© Seaton and Darnel 2018, Z&Z[J20179F9 5 10=1EDT

GOES-16/SUVI 131 A 2017-09-10 15:01:54 GOES-16/SUVI 195 A 2017-09-10 15:01:14

GOES/SUVI
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—HEERIRE: Solar Orbiter, PSP, NSF Daniel K. Inouye Solar Telescope (42K) , SDO, ...

A new era for solar astronomy is dawning, specifically because of three separate observation initiatives. Each
2020 © = is equipped with the necessary tools and located where they can best achieve those goals. Ultimately, because
Ps of their different, yet complementary approaches to studying the sun, these efforts led by the National Science
Foundation, NASA and the European Space Agency, will augment what each can do, making robust scientific
A NEW ERA OF endeavors even better. Together, they create a comprehensive understanding of our sun.
SOLAR ASTRONOMY . NSF’s Daniel K. Inouye ESA/NASA NASA Parker
r Solar Telescope Solar Orbiter Solar Probe

Mission Ground-based remote Space-based measurements Space-based measurements
observation and mapping

Working together
Research goals Map Sun’s surface & its Make detailed measurements of Probing the Sun’s outer corona
TO STUd)’ The SUn atmospheric magnetic fields, the solar wind, which is responsible  (part of its atmosphere) to
especially the inner corona, for sending problematic radiation understand origins of the

where solar storms begin towards Earth solar wind

Closeness to Sun 91 million miles (Earth) 35 million miles (similar to 4 million miles (nearest to Sun)

distance of Mercury)

Length of Mission 44 years 7 years 7 years

Telescope Size 4m 12.5cm (equivalent to 50cm No telescope observing
telescope on Earth) Sun’s surface

Image resolution  Can clearly resolve solar features  Can clearly resolve solar features n/a

the size of 330 football fields the size of 2,200 football fields

NSF’s Daniel K. Inouye
Solar Telescope ESA/NASA Solar Orbiter NASA Parker Solar Probe

National
Science
Foundation
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o WEMNESSHRER: (4X) KM EMNRE DR HEMSHASH (<0.258F))
27 x 15 arcsec ® Hi-C telescope, #H#=k552018
Credit: NSO/NSF/AURA Credits: NASA/University of Central Lancashire, Williams et al. 2020
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EIR: ASO-S, CHASE, NVST, ASO-G, 3, 22K¥A...

ASO-S NVST CGST (ASO G)
FEHREANERY 5 (BN Eoun 8K PEBEAEIKIHEITE
FREREIRNES ZRAX Bl BTH%E

X, &, 2019

CHASEHIS, : @ |

T r)\ > CHASE
l . WAl NPHHOGRER GIE Rk
i K/ \Fz. EmAZE
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1960s 1970s 1980s 1990s 2000s 2010s

2020s

Hlnode

: TR AR xR
(SST)
SM ESE

L————

2030s

FIERGE

&~ Fundamentals of Impulsive Energy

Release in the Corona Explorer
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o BAUENREOATIRRAREEMIERETY, RGN T
o BRSET, BEKT

o IRESAMINESNERL—

\
/

YOHKOH RHESSI Hinode Solar Orbiter ASO-S
(1991) (2002) (20006) (2020) (~2022)
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Set of
tungsten
grids
separated

by 55 cm
Detector
Electronics
Module
with 32 detectors

CdTe detectors (Caliste SO)

X-ray windows
and feed-through
in heat shield

STIX

— 4-150 keV * Nominal science phase starts in November 2021
— 69 flares observed * STIX workshop planned for 2021
— 2 occulted M class flares
— 67 microflares, largest at GOES B6 level

Gn{E FSTIXEHE, 1555 A BR AR STIXEIBA

30

(Image credit: Spacecraft: ESA/ATG medialab; Sun: NASA/SDO/P. Testa (CfA)
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B6 flare on June 7th

] GOES low STIX spectrum at peak time

2020/06/07 21:43:21 to 21:43:33 UCT (Earth)
GOES low Yelages LT E !
at non-thermal

peak time

GOES flux [W m?]
GOES flux [W m?]

] GOES high
GOES high '

o
o

thermal emission ] data
from hot flare ]

loops

o

- background + background-
i subtracted |
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iCIIET%'ﬁEiEE}J Solar Orbiter

Image credit: S. Poletti/ESA




NS EE(NES SO/STIX

MR, REKHMNERAREARLC—, MNeaeEsiHRIFEESR

« SO/STIX, ASO-S/HX| BE/RsCIMXGT e Z M A R

« SO/STIX, GECAM, ASO-S/HXI, MiSolFA, EalEriHiT2MMmesElE
« Krucker et al. 2019 (ASO-S RAA Z145)

on-disk observation \{, disk-occulted observation

Photons detected by MiSolFA in 60 s

Casadei et al. 2017

102
En grg}" (keV)
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y N SRR VES SO/STIX

Outlook for solar HXR imaging spectroscopy

STIX

HXI 0N ASOS  eee——
FOXSI/FIERCE s

spectrometers only

ESam Krucker g
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http://aso-s.pmo.ac.cn/index.php

APHSEE(N RS FEXSTLE RSN HXI

JRIE: = EE SIS E AR

BiR: WHFENA ARSI SRR F
NgEEZ: ~30 - 200 keV

1I0RBeE: 10-400 keV

TRIDHER. ~3AF

BllEs: 991, HEFERT, BRES

HXIiEERS, Erees, BB

52
)

RS R Y

i)

Front grid _

367K T RES A
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ATIEEEERD | BEBEASTRE)
(a) 14-Aug-04 08:15:22-08:15:42

=12
E,=51.8keV N E.=56.0keV

St Trmaar B ey B

Xia et al. 2020 in revision

keV-!

2

Photon Flux (s ~' cm™ keV™!
cm™

Photon Flux (s '

[=}
IS

1
W = O — NW
Residuals

Residuals

10 10
Photon Energy (keV) Photon Energy (keV)

(c) 07-Nov-04 16:22:52-16:23:12 . (d) 07-Nov-04 16:22:52-16:23:12

x¥=13 I R x2=13
. =58.1 keV E.=688keV
.= 32000 keV —~ 4 | 32000 keV

s
Q
X

cm2

Photon Flux (s ~' cm™ keV™")

Photon Flux (s '

Residuals
Residuals

10 10
Photon Energy (keV) Photon Energy (keV)




GECAM

WEHYE, BE25MRNENEEIERE
BT =EICR AR SRR

e Characteristics
- FOV: ~100% all-sky
« Energy band: 6 keV -5 MeV (LaBry)
- Sensitivity: ~2E-8 erg/cm?/s

Dome

Detectors ;

 Localization: ~1 deg (1-o stat., 1E-5 erg/cm?)

Spacecraft

3 Payload
electronics

electronics

o ZEHXIRIZHNIGHREFLIEGECAM solar data (1L
Fermi Solar)

Spacecraft

Telemetry

® Su et al. 2020, SCIENCE CHINA Physics, Mechanics & Astronomy N &7 Attitude

control



http://engine.scichina.com/doi/10.1360/SSPMA-2020-0012

GECAM Solar

ASO-S (FoHREAREXRNE)

Rz —HX (FEEXSIERRIN)
WLNFEDTREX ST . AEi, AR, B
BEER: ~30 - 200 keV

TEDHER: ~3/mF

FRIRIR: e HHE R M TR
EResT: IRILIBERIR

GECAM (30 BrRsarramiRI Rk
wIse)

WLNIXES Ze ZFOMNDETLR . BEIE
BEEZ: 6 keV - 5 MeV

Eatss. RICIHERIK
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GECAM Solar

GECAMIIHEDEFAZTHIILES |
o SRR, FITHRM/INES ~ o
o FEEAMMSHNE (BRITFRUEEN) 7 N\ G001, 60 e
o [LFREMISTHER -
o SRIANHE (BHRIIRIEE)
® IS5JzkLME— (+Fermi)

AJ HERYIAJRR
o NENERERE, SARIEAIpile-upXiiL

ToIE2 J'LEHEEL_E/J\J'LEIXI #inlge==/IGRB |
v?fl%l)\J (__l- /_LELL, 159: Ifméﬁlx%) Er:(ggy (keV)

. Expected GECAM Spectra for a GOES X7-class Solar Flare

In-orbit Background
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GECAM Solar X4

SRR EEEE:

B X (betahlr) |,

BERER) Ris:

F={7FIDLFISSW (Solar Software X[H%7

o RINEXIFE (GUIRHE) (B4, F)
¢ iEM EZIRBICRIG (51, F)

B
® (GECAM So
® (GECAM So
® (GECAM So

arRAVER(AHsE R ER )
argels IR B SAS)
anELRBIRBAN )

T
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GECAM Solar %44

File Image Help

S (SRR B AR E) T

IFLF]RE LIGHTCURVE & SPEETE'LIMI Next| Previous

Use the buttons under File to:

1 *' I I b . 1. Define Analysis Intervals or Time Bin V4 fon * ORI RIERS | §
. yx_“'_ﬂ b . Select Input Data Files - - —

2. Select Time Bin & GRD Number
3. Quick View the Data Eneray for Tl 3 Change
2 | ‘l_l*' ( iU IE I L\b 4. Plot Light Curve or Spectrum :
. N Time Bands for Ener 20 tc Change
O })Llyx.“'_ﬂ e ﬁb 5. Save Results to fits File

GECAM solar software changes are documented at * Units Counts Count Rate Count Flux
httpi//aso-s.pmo.ac.cn/gecam/gecam_help. html

Beta Version 1.1 Plot Lightcurve|  Plot Spectrum Flotman

3. BEIB LR T IhEE: T L.

A, BEESHTINEE: (SBNOSPEXIRLE:

1-Dec— 2020 08:52:21-— 09 57:21
GRDY9

S ESERSIhE: STRSFERAEE |

RIS, FEAEEHRIE, |

p
CE

S

Time: Set

L1 and

T

Lol

# GRD Mumber: # 9

dUnl

dUnl

HighGain Counts

Energy s fo e Plots S tol0 Change

Time Bands for Energy Plots: 2009 € Change

sl

* Units. Counts Count Rate Count Flux

Lou1 el i sl

10

100

Energy (kav) . ctrum Plotman

Here will show the value of (X, ¥ )

Save to fits Help Quit




GECAM Solar %44

L TPA Ik - Ea Plotman, AT TR EaR(F

ntrol - Help

GECAM Light Curve
File Image Help Az . I | | |
ct Printer e PNG File

QUICK LCCK ; -
| i — igure Print Plot Output IFF File

GECAM
LI DL T ¥
Print Flot Create JPEG File

GRD1
4-B

rt Data
a—1c 1 10:00:00.000
15-25

2554
S0—-10G0
Duratic

250—20040

;r Iy i .’MM,NV+V*M’»TJ\WN‘I; Tirne Bin Width ( - # GRD Mumber: # 1

A

Energy Bar Time Plots: 5 to 10

Time Bands for Energy Plo

100 —.l * s Counts Count Count Flux
T T N S T T AT T T T [ T R
O824 09:30 0945 09:50
Start Tima {01 -0ec—20 O8:58:20) Flot Lightcurve Plo UM Plotrnan

T Y
09:00 09:10

Here will show the value of {5,

Help Cluit
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GECAM Solar %44

R AFRRR, B, NFESE

File  Image Help

GECAM Cosine of Dector Angle to Sun

GRDA

u
E
]
=]
o

08:10 G320 08:30 0940 Gl
Start Tima {01 —Dec—20 0S:00:00)

Here will show the value of (X, V)

1
10:G0

* Units:

& (FERDENRNSEET)

Start

End

Duratior

Time Bin Width (s

2t Data To Plot:

Energy Bal

Time Bands for Energy Flots

Flot Lightcurve

for Time Pl

Counts

Flot Spectrum

i1-D

1-Dec-2020 10:00:00.000

Mext] Prew

# GRD Murnber: # 1

ctor Angle

5 to10

Change

Change

Count Flux

Count Rate

Flotran

Quit
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GECAM Solar %44

OSPEX BERESSHT
1. MAFE Bty A

Plot_Control ¥ nirol elp 3 lot_Control  Wing ntrol el 3 Flot_Control v_Control  Help _ - _
Flot_Control  ‘Window_Control  Help

EX GECAM Count Flux vs Time i SPEX GECAM Count Flux vs Eﬂergy
T T I T T | T T T T T T I

5P|
T T T T T T T T T T T T TTIT] T T T T
D.umm GROD1 1 F etsctors: GROOT
— 20 to 11| ke¥ (Buln with Bic} 0 o 11. L - n _ 1-Dac—2020 08:53:11.110 o 09:53:12. 6|0 (Doto-Bk) —
. 0 ke {Dafa with Bl B ket (Dafa with B - ] 1-Dec—2020 0%:53:11.110 to 08:53:12.810 (BK)
» ahitAr RO LTV B Py A a
it " AL D Y VAT r d .
e R P ARV Tk - urte S R A A A AT vt RO82, 15{1g8 Ry ol g A SRR AT sl F

o B AP b
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oo TTTTTH

E \D!tec‘lnm CROOT 3
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FLJ qﬁ’lﬂ\lrl‘rhh ’JLIM

Lo

o

et

Lol
Lol
ol

%\

h

m 'ﬁﬁﬂ’h‘w”“"q‘”w#'%.#\'lw’W\‘m

2
<
=

0

AmwwwmeWMMwm

i

L L Ll i 10 100
09:54 09:55 o9 - y 09:54 09:55 09: s 100 Energy (kav)
Start Time (21—Dac—20 09:52:21) Start Time (01-Dac—20 09:52:21) Energy (keV)

AR

counta 8~ em? kev™'
counta a™! orm¥ kev!

Ty T |§n|
sl

counta 877 o2 kav !

o
L

Fit Inl:nrul 0 Chi—aquare =
bpow 0.0221,0.643,192,, 271
| Lol

=
&

46



GECAM Solar &4
GECAM ¥EBIEzNRR] (EFGOES 1-8 A #iENI®, ERGECAM{KREER)

i5(E) #8x((0) &
flare number
day of observation
start time of flare
time of peak intensity
end time of flare
duration of event in unit of minute
energy band used for detection
maximum energy detected
peak count rate in cts/s
background count rate in cts/s
# Total counts: total counts

counts s™' detector™

DATE START PEAK END DUR(m) Eband Emax Peak cts Total counts
20120908 10:16:00.039  10:17:01.478  10:17:21.957 0.1 -10 keV -- keV 910.1 [ 81741.34
20120908 10:18:13.157 10:33:24.502 10:59:00477 40 -10 keV -- keV 16048 2557566.50
20120908 11:01:23.834 11:04:38.391 11:06:41.269 0.5 -10 keV -- keVv 850.8 269265.91
20120908 11:07:22.229 11:22:13.094 11:40:49.235 33 -10 keV -- keV 9143 1727408.88
20120908 11:42:31.634 11:45:05.231 11:49:31.466 0.7 -10 keV -- keV 8555 352175.22
20120908 11:49:41.706  12:40:53.649  13:.05:28.184 7.4 -10 keV -- keV 12726 : 4270854.50
20120908 13:23:33.605 13:24:24.804 13:25:56.962 02 -10 keV -- keV 7396 110041.66
20120908 13:26:07.202 13:37:33.270 14:22:16.104 5.5 -10 keV -- keV 835.1 . 2583226.50
20120908 14:27:43.778  14:31:18814  14:34:02652 06 5-10 keV -- keV 7259 | 273421.72
20120908 14:34:12.891 14:35:45.050 14:46:30.158 1.2 5-10 keV -- keV 7191 505663.38
20120908 14:47:00.878  14:53:19.751  15:19:46923 32 5-10 keV -- keV 968.3 1512656.63
20120908 15:19:57.163 15:22:41.000 15:25:24.837 05 5-10 keV -- keV 639.4 208100.39
20120908 15:25:35.077 17:59:51.875 18:56:31.500 206 5-10 keV -- keV 147604 . 40786828.00
20120908 19:18:42.679 19:23:39.634 19:56:05.206 37 5-10 keV -- keV 1185.0 2154028.75
20120908 19:56:46.166 20:18:57.347 20:41:08.529 43 5-10 keV -- keV 12978 X 2578852.75
20120908 20:54:06.759  20:54:06.759  20:58:53475 05 5-10 keV - 740.6 . 211827.13
20120908 20:59:34.435 21:00:46.114 21:02:38.752 03 5-10 keV - 7228 . 136346.31
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B1247, H175 Windows (CRLF)

DATE START PEAK END DUR(m) Eband Emax Peak cts BG cts Total counts
20120908 10:16:00.039  10:17:01.478  10:17:21.957 0.1 5-10 keV -- keV 910.1 907.0 81741.34
20120908 10:18:13.157  10:33:24502  10:59:00477 4.0 5-10 keV -- keV 1604.8 908.0 2557566.50
20120908 11:01:23.834  11:04:38.391 11:06:41.269 0.5 5-10 keV -- keV 850.8 834.6 269265.91
20120908 11:07:22.229  11:22:13.094  11:40:49.235 3.3 5-10 keV -- keV 914.3 8414 1727408.88
20120908 11:42:31.634  11:45:05.231 11:49:31466 0.7 5-10 keV -- keV 855.5 846.1 352175.22







