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FHL 201580 6 RPEFHCHEE L, SEROK
PRAERAR O KD & RE DB R O 3 &
(SPRINT-A) A EM L 7 KE#E A + ok
=520 F—XfEHTICE L. 03305
BB oTzDDH & 5 CEHAELEOETH - D
T, MO 2 &% — MR S BHIS hizide h o
F=REPWI W TELDEITEETH 2. 7
DORHIHERAN AR DFEAERTREIE DS D O Z 5 e RE
Ry noCED H Y, KoL b HGE L
RBERFE ORISR Z 2 DT3B T
fiEt L e & A BN Ol 130.4 nm D FHEHEH %2
Do TWVB I BT Z e pREIci - T
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A FPETH 2 ZeHHIHL DI, T34
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KREHGE 7 2 DIFRERIZEEN OFFMNICIE 2 2 ¥ 23T
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O IHEFEQ

o TR IENLLHILNG &Itk (K
2). KEGRREDOHTHEEDOEE T 2818215
KN EET 272518, Z DIFIEDIHMEICHERR S
NTV23DIEF5DL AR AT DETH B
[2]. A 4 DIEEDOIREIZ00 KiZ7 - T 21
Fibd b, HZEFTOMEOHA (715 K) &9
LRIV, COZCHHBE VT4 R) Ok
ILEE) DS & > T 2 HRCEELY 72 5 T 5 [3].
—HTKE»OAREZ TOH#IZE & 25 AU
CRCEAND BT 209, KUEAOKR Z -
T BT LA O KR E 3BT T b 120 KFEE
Thb.

4 F ORKOFHEEIZRET S 10°-107 cm 2
BETIEFICHETHH, KRDI0%FEEIZ
B ERiEE (SO Th 2. A 4 ORMIEE T
RGO BRI Pogp IS WE AT 0 B R 25 &
% [4].

P, =1.516X10" exp (—4510/Tyype.) (Pa)

Thbb, KUEKICE 2T Z2OME»R 5%
VR D, REEED M7 & BB (R e M 7
) TREARBDIRG. KE» L 05D T
il 2 ZERYEIE I & - TA 4 ORI ¢ Bz
BRI -T2, Z07ONEREN L7770

K2 Voyager 1 HIC & - THRIES Nic A A £
¥ Loki Tifd - 72 KUK D Bk 1 (NASA/
JPL/USGS [7])
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(SO) = —fiigd (S, MR (O) - i (S) JH
TThh, HlF YA (NaCD HEfLH Y
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(Atacama Large Millimeter/submillimeter Array)
TEIN 5T AN A S0, % NaCld 2= 2 kv
<Y IR NT I DEEEICE - T B [6].
WH5e 7 — 2 OB R 572 € 7Y 202 & D
1+ REOME CHEIZORMAKLE L RS & N
(**$/**$=0.05957+0.0038,>’C1/**C1=0.403 *
0.028), KILMEAIC & 2 B fiHA345.7 (24 O Ji#E
WOKET TR 5o T3 2 e fiEE S hr.
K334 FDKRGAED & I IHRT % 2 2
HicLLboThs, FEAKTRTICR—7
24 Ay (A AWEREIC AT 54 4 >) 234
FREAO R @7 L, Zhbsfio kT
CHZET puafE (KA /Sy 2 ) v S -
T2, ZOKRKASY &2 v 7 e BAEGRIC & -
TA F DOKRK D S OHCGREED AR E > T
% [8]. NZEDFETDS B, BiHGEE (~2 km/s)
PHZILOPA LT ENETHLA A an )
L5 HI5.84 4 F1E (R,) O#IFH) ML,
REZHY G & 5104 FHEHA % FHET 5.
Hok L 7- iR - AR T, A A v E T oM
HFAIC & - TEEEL, A A 77X =720
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4 F ORKOBINIEIN, v, R, 72
VK Vo 2B ETIT) T WAETH 5. L
L, MUREHOFHARNCA T2 L HENI1Z T
2ADEEI/NEL 2510, BHIOTESESH
28951275, 0330 LILEITIE, ik
D~ — 5 2 OBIINZEIER ¢ /T 1 OB 8
BlRE Sh T2 0HaTHY BIZIE[9]D, 20
YN =T 20— ONOFER BN L 721
WE ot A LRMT 2 7 213 mH1 b
IR, KREMSENO 75 X< 0EaD9E|
PHI FERL TS AR RoT0 B, &, A
FHEKD T I X< LA EEOREE T
RHKL T, 289 2 v Z{LEMIGEZ LT
WA, IOk, 4 I DKRKADOFHIERDH
LAICT B Z iMooy v AR RS R BfR T
2L CHLEHETH .

4 F ORKAERD F L E RN, LD FHHE
0P, Fhrbkilr o OBEEMG R O 2,
BAERD O @m S TS, THER, Figny
TOVEH RS & 2 SRR A R RS
B, EIENC & > T2 < e bl R A
KEWRAA VTH B\ LA E: > Tw
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%. PIZSBEORNBHNG A F BAREDRRICA
2 BORHHIC, HEROBREITIC & > TRADR
MU 2 KR 2 H G i L7z [10]. ki
b OEHEEH OTF 5K S AR TR A
KRL CHUHAD R T 2 720, KK ORI
Zhizlv. Lal, KUITRT &I A RFED
HE A 2 D KRR AT 2 h & Tt s T
BYH, FEHICHIEIOBGIINLUEAIZ &L B 52
DOUFE—RFINIZ R & { 2 5 B FIUSFIAD O »
ROIEAICEZTND.

2. AFADLDEEHRERA AN b
& KILMER DN IR

N F TOWZETIEFICA ARFOEEF ~ Y
2 A NaCl i L Cc& 2+ Y v a (Na)
JRF ORI FEIT 2 & ¥ CREEuR T 2 D
ZEEHLPICL &I v L. KagMBe LT
RO —opETF LG, —o I LB
£ o TRINEBI 2 /R T A 4 2 b DRV B ¢
F RV LEFORNRICHESH 2 Z e sb
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F¢ 589.0 nm, 589.6 nm {3313 B FME EGEL W i RS
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T HEOR L GRGIIAD 72 F F Y9 L TH
YD BRI A MG IT > TE D, RILTHK
HEAERIC & - TF b Y Y ABOZEFBIG OB
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DRI % 5 8 2 W22 HiE 1 D FEE O Ay
7 FEISNEECH 270, TS DIRE
WKOWTENMNZ? 7a—F1d3NTZhdr-o
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BRI O S 3 3R EEEE - iAE
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MR FOFEHF VY LI b HEES NS
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£2 A =DOY 30-60) 132-3fFH2 koo ¥

D, UGS AL ORI TRSEAL
BERRTFL
40 E 1 E
38 0 :
< E E
g% o
o . ,
-50 o 50 100 150
DOY in 2015 (Day)
_FTMOLRTFEN
100+ 3]
e 16 589.0 nm ]
z8 +589.6 nm
38 wof ]
s | F ]
a’ 40 —
20”‘*“ * &ég nu
oL

=50 150
DOY in 2015 (Day)

B4 2014711 H-201545 o MIcBl S e 4 +
L OB FFRI om0 ZE) (L) ¢ A
FRIED I b VY L RO mEE 02 b
(). EiEiNZ2015F1H 1H» 6 0fGHH 23R
LT3,

265



O IREQ)

T3 ZeERLTVA, TR TIEF Y Y
LOLEENIET 2 & D14 F b—F 2D A
v OEFT ZEEFOEII N T3 (17, 18].
O3 S OMRFEFFOCOBIK RIS LATIIE L D

b KIMENIC & - TH 7 5 6 OKRGEGR D &A1
KT AHZITEH> T 3.

BERF TR 7~ V7 RN OLH) 2 L L
for &, MERFEFFRCOMBEE O — 2 HEiRkE
D2 SICKE 2 2 TOEIRDF Y U ARTFE
CHERTEVZ b3, b L, MUIEEE
T2 TAKADIREDPRLIAKTT 27206
1, AU T & REA~D 2 o fitfaE
LIRRICIAD T 2724 5. N4 2 ofitiaE
OWD T 2 RS BERE e (b Y AT
HhzhrblhgwrEz (K5. Hkr
Uy A AREERE S S (10 2 bar 0EREE R T
650 K[19]) 7c®, mildo X026 O HE &
2 SRS . Ty, LRI
HRE DKoo, RO KOO YO & 72 5
T, FVERIBOBEEICE 24 A REOREE K
F) A& o T, fHaL R T 3 v bh s, FE
WA T RCEZR T 244 b — 5 20
DL - RSO E L Z T 1ol & 2 7c
®, ZORMPHTLLELVECIEES v, L
2L, ZOERIZOHEOEHEO A+ KRKAD
ALMABI 7 R—F B 7 —h 4 75—
X REHT OBFSE [20] ICHRVE FR— a v 252
7z.

Fro, HORLCHREFRCOBAR» I E 2

RO AKILEX
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xmx T K RE
P EROBEE
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-S0, % HE

NaFEhEEIRIC i > 72
EB7#(DOY90)

NaH D E— 7 B
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5 EHPUGL 72201542 A DML IEFEA <
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77 2 D EHGEFE DT
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20154F1 H FAJIZ, 4 4 @ Kurdalagon Patera ¥
F1EN 3 K LHIET I B TRV R (3.8 um)
OSBRI Sz [21]. B UHAc4HIC bk
WSRO R R S Nzhs, 08 3 TIRAIST
% A A AN OMRIFE RO KB 2 BRI R
N otz. BH I Z e WBRARB OB kL
T & % Loki Patera T3 /RN EA512 H I
Ktz o teh3, 2 ORI 0RO
MEOZ IR N o7, Zhs OF5HR
KGN OB DA R > M & > THZDIK
HEESGEE bR CEEDEET 2 2 ¥ 2R
LT3, FL T Keck @S0 BIRIC & -
T Loki O X IT OB & ¢ @il D SO DAL HIER
@'AX°AT 1.9 um) DOFOCIERFEIHIBI & 6 1 7x
WZEDIRINT VB [22]. 2D, HidkL
KD 4 A2 OBOR L7z Y7 LR
DOFHBABIR b RERIHT 2 H5H3d 3.

3. 1AFEF—5ADOE/SH

31 DI SIICLBHMEER —5 X3 mOYER
U CBIRE c ofEm e E L T, 2
NETHMEL— 7 Z2OWEDF Y 7 AFEFER
FIEINICHE»D ST R 2 - 7.
ZITOS SN - R FIOCORE - B
B e RS IRAT Lo 2 A, BEEIR 10 ZER
DAEWET 2 2 e TE(23,24]. 294
DOSSOPHBOZY v b ETro & 51cH#i<
pEREEICHAL L5 (K6). 1 FitHfA
(phase angle) 3Bk & REIZAI2 5 X2 bov
Y, RE»SAFIZl» I N2 bIVvOKT AT,
AREZI» 6 ROKFGEIRI D IEL SIS, HiE
B o R e e A0y &, HIBR-AKE-A
F ONEIC—EFICA. A A& % $ dawnfl] (7%
FHGHD cBEIL, 90°xiE /o 2 AT &K
LT, KEouiZ@YEE2. Zo%duskf] (¥
EHAMD BEIL T, 27000 2 AT &5 3K
LTAREDEINCK 2. Zhre sl (36 &
Z177H) TYIROIRTOTH .
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CIRER T3 (B ZAE[25]). FefrirgE o Bl
YIalb—va vy ULER3] T4 4R
DOFEIHRT LT, A A ORI [l 2134 A 23401
F£G 90°12 W 2 ¢ 3 0 dusk il 5-6 Ry D#IFH) DFE
EREE O FEICR > T0cDT, 03T
ZDEIURTE I =T RRIZIED» T B
DHEPENI NI 0IZESTH S, dawnfll H 1L
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mote. THNREFICEET 244 =7 20DE

B18E H5H

Dusk side 5—6 RJ

20f

101

5 ——. i ,
2 4 & ; T
of__ BEMEEE
o} 90 180 270 360
A F LA (B)
KEH D
()it
0° 5 6 R,

(sysiejiey)nron g

A A it
240 - 270°

BEDE
LRI

N\

£

o. | .
A A 1485 N
BEDIR
e i
ik P VDT EORE

K7 2014FE 12 HORICB S iz, RED LA F
JE 3 O W 2 R - FEE D T HEEE O 4 A Rk &
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b= 2 OREEOBIEE ().

T-OiRED dawn il & O duskfll KIS ¥
PRML T3 eEbng[26]. 7, BEFET
FDERIA % T A B v A FWHE L Il
W, A A HEED S B TC I B NS <
%Y, KE»DL 7.6 REGETIFEH M S s
(7ot
TIKILTEE DTEFH T H 3 ¥ b2 20154
IH»G64HETOF— 2% o TI0H Z CICHE
RETFRCOZEMAA L RN L. 2 ORSR, 4
FEERARTHNEDIHS K R 2T RIS 2 ¢
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5. ZOWA I o SN BRI T4 + v
b FICER Y noUCHZE L T 2 ATREMEDS &
2728, W CIEEL 2 LA = v oK
THERI STV TLEL LRI ZITH .

A4 b =5 2D HD & O BRI ZTT
72 DI KBNS EEL ¢ BBl 0RO CRR L 5HHE
L, Iho OFCOmMEE DI L &E (B
) L., CoFlRY» S o0 e nible
5. —OIIMEEIRT ¥ BT O B LS
WEoTAF =5 RICHEEA + v 2 b T 28
Ths. BERTCAFTYORGERe chiT
KBS AT b= 2D A4 F > « EBTDEE
o, BHABEZFE L 2 AkiiEEhpsiEEa 7z
RFHAC 460 kg/s Tdh - 7o (A A & H Nllo 7
5 X T =R o 12T DIEFIA O AR D HE
TN TERPo72). OIS ALK
DEFETRINC LI R TS X<BHORHE I
F33 ETHEHETHZ. I —D203RDET/RT &
AT HH b =5 ZANDFETOMHEETH 2.
32 YIalb—2aviHEOLR

FHIIH A, O R - TREMKEOE Y 7
AvadIal—3va v PEMY T 3 Johns
Hopkins K% ® Howard Todd Smith [X ¥ £ [H] fif
TewiT- T b, FEI T ATEE S ERR R
HoOBRIFE T GHRECE LT — X

20

Y (Jupiter Radii)

0 0 10 20
X (JupiterRadii)

B8 HEY I 2L —v 3 VI ko THE Pk - I LTSS DER 2 R o FhiEissR (O)
F) e visnzhimies (S b—35 200 (F) [22].

HTuw3,
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Y (Jupiter Radii)

ZHE L. I Smith XA R4 72 AU &= /5 1]
DM TR FOPERIE 21T, 506 nickify
bERRICHBREA R LR L, o3 so
F—R B LI[27]. ZOREMEKDY I 2
L—Ya VEPE TR ShTwic A 2 55
TIPSR A3 3 2 S I3RS SR © = 7 v
EEOEZ W TERPoI. —BHWEADVED
M, R IAREM D A & OHETT /TN HUH
Licr—2THote. TOIEFESMZ IR L
THoME T 2R ETIT0RVY, B
HD—2¥ LTA + anFOBESIESFRINT H
2IenBFLN3.

K8z Ial—vavitRick-THLR
fo, At o HIcHPEREE - RS N — 5 2O T
Ho. FESHERIL 2HHEER + — 7 2 ORED
Yial—varvii&oTHHERINL. ¥
a2 b= a Y OTPRSNICHREE T O O
P, 704+ vk % T o life-
time ERFE T LD BE[8]cHTHE. 2D
REE DA IE L0 X9 223 R o BT g A
D B8 H 5. BHEKITEE»TEFR 2R H o O
SEOBIRKERY v 2L —va VitRo e
7o T3, ZOES & v, Atk —
7 ZADEENE A F 26 ORI F D /8T X — 2D
ZE ORISR D> 220 H LR,

0 5 0 s % ¥ 2
X (JupiterRadii)

b — 7 2 OBEE
xy Pl A A HE T, ZORKIEzZ8E ST 5
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4. VDI EIHHLAPYUTAN

O3 0D A E & SEAHEGTERNC & -
T, D CFH PV ULETFLIMNEIY I2aL—Ta
VIS X3 E 8o le A FOHEF—5 20
IRFZEEZ B ORFZE D BN & > CLAJRETH 2
ARSI, L L, KIRERIREESEE
LAPYUTA TH7Z ICRERBIHI T RS 2 — 7y b3
W opBINSNE ZilkoT. 73, ShA
F b —J 2 OMHEFEFFEIZ 01 130.4 nm L 2>
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fo, O3 S TIRBIIS g o e 7Ot
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TR, FEHEOBER[24| OEHTH, 4 F
ks — 2 20ZEH»KIIEKICE2bDTH S
VIR Z L oTIRBECLE VI IERED
H oo EHVREESE O =R REEH 0.1 H N
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W& B H AT > T 6 A FHERKICA
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Io’s Volcanism and Neutral Oxygen Torus
Ryoichi KoGga

Nagoya City University, 3-1 Tanabe-dori,
Mizuho-ku, Nagoya, Aichi 467-8603, Japan

Abstract: Jupiter’s moon o is the most volcanically ac-
tive body in the solar system. It has been debated for
decades whether the main source of atmospheric gen-
eration on Io is sublimation of frost on the surface or
direct supply from volcanoes. However, large-scale
fluctuations in neutral gas and plasma originating
from Io have been observed, and it would be difficult
to explain this phenomenon by anything other than a
temporarily larger supply of gas from volcanic erup-
tions. This article describes the atmospheric produc-
tion and escape of Io. And then, I present the results of
the spatio-temporal variability of Io’s neutral oxygen
torus, which was first observed by the Hisaki UV
space telescope, and the subsequent developments and
future works.
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Overview of Mars and Venus Observa-
tions Made by Hisaki

Kei MASUNAGA

Insititute of Arts and Sciences, Yamagata
University, 1-4-12 Kojirakawa-machi, Yamagata-
shi, Yamagata 990-8560, Japan

Abstract: Atmospheric escape from Mars and Venus
plays a crucial role in understanding the loss of water
on these planets. From 2013 to 2021, JAXA’s Hisaki
space telescope intermittently observed the upper at-
mospheres of Mars and Venus, focusing on the escape
of hydrogen and oxygen. This article highlights the
major findings of these observations, which revealed a
strong coupling between lower atmospheric phenome-
na (such as dust storms and atmospheric waves) and
the abundance of hydrogen and oxygen atoms in the
upper atmosphere. These interactions potentially in-
fluence the atmospheric escape processes on both
planets.
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What Did the Hisaki Satellite Tell Us
about Comets?

Yudai Suzuki

Institute of Space and Astronautical Science
(ISAS), Japan Aerospace Exploration Agency
(JAXA), 3-1-1 Yoshinodai, Chuo-ku, Sagamihara,
Kanagawa 252-5210, Japan

Abstract: Comets are important targets for under-
standing the environment of the early solar system. To
estimate chemical compositions of the cometary nu-
clei from observations of surrounding gas, it is essen-
tial to clarify physical phenomena occurring in the vi-
cinity of nuclei. We observed several long-period
comets using the Hisaki satellite and investigated the
Ly-a radiance distributions in detail. Combining ob-
servations and a radiative transfer model, we found
that multiple scattering becomes dominant at altitudes
below tens of thousands of km and when the hydrogen
column density is 5X10*/km”. We also found that a
slight radiance asymmetry occurs between the sun-
ward and anti-sunward sides even if the hydrogen
number density is spherically symmetric, and the D/H
Ly-a radiance ratio increases rapidly near nuclei.
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Observational Methods of Cosmic Ray
Acceleration Efficiency in Supernova
Remnants

Jiro SHIMODA

Institute for Cosmic Ray Research, The University
of Tokyo, 5-1-5 Kashiwanoha, Kashiwa, Chiba
277-8582, Japan

Abstract: Cosmic rays are energetic, charged particles
whose origin has not been revealed since the discov-
ery in 1912 by Victor Franz Hess. The physical process
of the acceleration of cosmic rays is also unsettled.
This article introduces theoretical studies to determine
cosmic ray acceleration efficiency in supernova rem-
nant shocks observationally.
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A Long Interview with Prof. Eijiro Hiei [2]

Keitaro TAKAHASHI

Faculty of Advanced Science and Technology,
Kumamoto University, 2-39-1 Kurokami,
Kumamoto 860-8555, Japan

Abstract: This is the second article of the series of a
long interview with Prof. Eijiro Hiei. He dedicated
himself to his studies in the chaotic post-war period
and entered the Gakushuin High School. During his
one-year high-school period there, he was surrounded
by outstanding teachers in philosophy and languages,
which had a profound impact on his personal devel-
opment. With the establishment of the new university
system, he became one of the first students of the new-
ly founded University of Tokyo. Despite experiencing
severe food shortages in the post-war era, he deepened
his interest in physics during his liberal arts education
and decided to specialize in astronomy. Under the
guidance of professors who played a key role in re-
building Japanese astronomy after the war, he acquired
a solid foundation in the field. In graduate school, he
pursued solar research, analyzing the structure of the
solar atmosphere using sodium lines. This interview
explores his passion for academia, interwoven with in-
sights into Japan’s post-war educational reforms and
university life.
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*Ni/*Co D & 9 7 Fiki#153 1-100 H O K4 D
[FNIfAD & DRGH > < HRIC & - T, BRI
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HEFEARICEB T 2 RGO BRSBTS
%. 20144FICIFINTEGRAL/SPLIC & - T, 3.5 Mpc
S il & 72 Ta R 3T 52 SN2014) 12 1 5 *°Ni/**Co
DI > <EDBIS N TE DY [4, 5], Z D5EE
130.6£0.1 Me® *NinZ DIl sz e
ZREELTWA (5], &7z, *Ni®*Co Mtz
£50.1-4 MeV O H > < HOKI 100 HRIcH 72 %
HEHFR 2 BT 2 2 v T, v AICEEEOFE
WO o TR vlaflBERIcowT, FHED
HERE CHEOEERZL D2, HEERER 1O
HE RO 2 HIRIC & 2 e BERGETE &
Iz (6], SEIOBIIORETIIHIEIEZTS
hr otz b OO SPIIC & 2 Bl ks it A4 6
N3 [7].

MeV 77V REGRIFED by THA T2 212743 ¢
SN T2 005, WMok i Tr-process]
W2 & 2 ELRGHORREOMIATH 2. TEEKRAK
TbH 2EEPETREEIRIE r-process I & 2 H
TCRGHY A+ DRAIERITD 205, FRIMRIC
F2%n /vy OBl By, Py <ot
W% 38 U U € 7 OURIFIE D 78 W it TIEHER
BIRFRAERK G ZHEZ 5 2 ¥ SA[RETH Y
ERBOWEN TEZEZLN TS [8]. H
TR 2 b SR ¥ L Cr-process ¥4 + @
HERHTH Y [9], AV <ROMEIC &> T
TR iR ¢ 3 2 EURA R OMMERIE S
N3ThHs9.

2.2 SRR —ILDILED > T > g

COMPTEL % SPI THIll & 172 1.8 MeV D 77~
kR~ Y T 6, SAIDERHEICI > TRE A
Do THHLTWB ZEHHEAL T3 (10, 11].
BAIR “Feld, ~10FOEVWEMEFFL, Zh
b OFEDZER 3D 6 1d, KERECHHIRIC
& B AR D LR D & Z 106 DIRTFIRA A~ ¥ A
SNZBEDMRIAS NG CHESIN T 3.

FHARIE R O i K O [T & 2 1 ARTEIC
FLTHMeVAHY < ROBIRIDEEICZ 2. N
JHOYTHAERFE S FHfR = 1 v F —23HGR T 2 s
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ZHRES 21203, JERDERAY s = ov ¥ — 2 HEo
K rovF —FHROMHS R 2R > T2 v E
ZHNTV205, BIINICIZIZC A FDH Y 03
BohTwizwv, FHRC D TEL OMAIEHIC
& o T, EZERNEWTHREDK & v 100 MeV AR
DFHMD D TEPOCRLOXET 3 729,
2C % O O FNEAR A & K= v F — O FHIFR
DIFERORESHF SN [12, 13]. o
A BIC I FHIRRD 300 MeVIEE D = 2 v ¥ — %
RO E»d 3 79, n’HEICTES 37 GeV
> R KR O BN LB T, PC R 0 o ik
I & DR orF — O FHIRMC IR 2 o,
23 735y IR—ILDOERMEER

MeV 77y = O EE 7 —< v LT, Tl
OERFEIK OGRS H 5. SR T
F v 7R = I B TR S 115 IR RS
it (radiatively inefficient accretion flow, RIAF)
13, AKEE CTHEGE S s v i, Fmld D
ey 725, Br A4 VBEO XA 627 —
WHEZED R A LA —E ) bEVY, &
CA T VOREPNEHETZ2EEZLN, 412D
I3 1-100 MeVIC b ET 2 AlREMED H 5. &
OB TG EEIC 2 ), FEROE Y
Y b ICKIERE D HE A, TR (CNO) 13 Li, Be
72X OBCILRP T - HKEACEH S h
5. ZHUIMeV Y REROMAF D 22—y T
HY, Brr<BCaAT, By - PrETEeLe
& 2 HIE R, TR T Y <R, 2 BE S
YRR DG S N B [14, 15].

XFRD 22 b VBl G, 75y 7 F—)v
[ RO BT OB AMIEY 7 MeVIZETH 2
TEHRBEN TV [16]. MeV i & T @&
JEEM 2T e TEuE, HEERET IS v
2 R = LIEEERN R OE KR T 5 v 7 F—v
¥ TOREARD SRS PR OMRE L 5 2 ¥ hs
TELZTHAI. BEPLXH, GeV I Y <o
BAHEA T BIEICBVTY, 79 v 2 FK—110
A 2405 a v F i O PR BRI E A T
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BHT, MeV Ay 2o EHgE 2 <2 v
PRABINC L T, ZOREIHZ Z TS
%.

24 BFHEEFXHBIRE

1970 4EAX O SUER F2 55 ¢ SR ALV R 2> & F)4R
& 41720.511 MeV O & 155 5 7 0HH R 1,
DR, ZHOKEK- HETCLBWMIN T
% [17]. @2 513, AHLEEICE W T2X
10l /s TRAEEF2STHIML TE D, —DORJRET
B S ERETEOILSY 2o Z e REIh
T2 [18]. XHEWICIZ, T -BEE O RHEIR
RETHZRY bn=va®ERL COWHEL, I
i1 2% 3 % in-flight 9IS Z(E L, 0.511 MeV O
A VEREY AV RY k= 402 Ry
FOVOREEELE A &, SRR 0 BB EE o
HEFRDIF e ALY, KU rn=v iR TH 2
TEMBRINTVS (18], Zhid, FYyhrnp=
Y LA RRTIHIRE D K & W 10-100 eV D5 1A
DRI IR DS > TIFEEST 2 2 ¥ RS 2
2 [17], T &5 KT 2 ov ¥ — ORGE LG
TRV ETAHZ E 2 25T 3.

HBFE TSRS 75 v 2 m— vk
EORETR, ARRE TSI ZMERRERYS ]
SERMmI R vF—HERD OHET 5 2 ¢ R
ShTwa. Lal, Zhzcoilc@Eox
A2> 5 0.511 MeV O R 23R S hu 7z il
72K, FEROEEEBIITORA N TV 3
KHTHh 2. BzxvF—RKEKICBI 97
MeV KT ORERIZEETH D, [EETRCHER
D7 R 7u—0OXAF3I 7 2OMECHHT 3
ZENTEB.

25 RO MY I BEEMERLY

ERITHUOREIIC 31 % MeV 7> < Rk o 8
Bz s sy, diNz o xovy—
227 M v 1 MeVEL EIc b T 3 2 ¢ ol
INTv 3 [19,20]. MeV #y <k, &
FFREROYa > 7~ VEELS & BT S
DT 305, BN S T 250 13 TR O BUEE

H118% Hs5HE

1) —X 12040 LD ZAR—IKEN 060

VIR Y 725 T\ B OYERY Y < AR B FEHTR
THtAT 23 A 3T O N T 325, FermiffiE T
B S T 2 ETRE S — I S L B
JEFEIE « FHBABURE - FHRA <27 bove
BEDBVCEERY 25 T3 (20, 21]. 225 f#
INTOROKEL2 L OMHFHOEREDLETH S
ATREME S & 2 75, MeV 7' > < S i 1 REIIT 72
G & R o RIKRER I 2 EHR ShTw R,

MeV 77 ¥ < fRIBIC B THL R RITIED 3
FRRDEET 2. 24U, RIMEERY > <fRe
MR ER, 22 R & 72 0am s O KD & Ofis
DEODGDOI b rEZLNTVE. h
% T Apollo % COMPTEL, K& UFZH® % EKFK
WEoTHEllsh, 2oRFEY LA 77—
k $37] % flat spectrum radio quasar (FSRQ) ¥
W o TR R O TE BRI AL DR A I 203 5 T
% [22,23].

— )T, RIMERT > < e S rLOREI o
MeV 4 ¥ = $RIEHC D W T, FHII O %
b ETHL210-107 gFREDE & & Ko JFin 7
Sy 2 R—VDE—F T ZHE [24] A MeV
OHE & & F o7k WIMP  (weakly in-
teractive massive particle) OXHHIICIES 7> <
R [25] bIBRSHTE Y, BEEVEORMPE
BROMEER LT E. S5, MeVA Y=
R 31 2 T OB IR IER I m < ETT &
THMAT Z CAMRETH B 7o, FHHAIHAD &I
&2 <HRN— 2 b [26, 27) OB G ATRE ¢ 1
ffshTtwa,

3. chhbDIviay

NTH RN — 2 OFH MeV 77> < SR O BN,
COMPTELIC & 2 ¥4 7 > < 10 2 KB, IN-
TEGRALC & 2 BT BEIE O A > < RO K
LEHLD b OETRE T AHHRIRD < v €
775 OFEENBRSEIN SN TS, HATY
T OVF = fiRe b Ko R o v 7 b
VARXTYVIHIF L VAT Tk OEH Y < kiR
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th @8 (Soft Gamma-ray Detector, SGD) #52016
S Lo Tore &) RICER S, COMP-
TELLIETAL Y il TR Sz a v 7
R ARTEeRoT. SGDIE [ RE] 0
7Y < KRB E NS, av T hryhR S
DECREHIERES R LTz [28]. 2 0%, W
7 MeV 1 O @SB TR HF 5 v h’
s hiey, BMESBERROIDICZ ORI
KbnTlL ol

foe &) BT H 2 XRISM IEHR X KRBT
KL T2y vavigifbeiro o, SGD
B S TRz v. 2024 FERBIET, COMP-
TEL % INTEGRAL IZ VL § 2 KB D MeV 7 ~
<P ERTEIZEFIN S TV 2025, < uF Ay
vV — R CIFRICHTED By MeV A
< FRBUNE NN T 2 OEEES H & 7 THEH
SNTEITVA. TIT, BRR - o/l
BRESLEERE V72 MeV > < SR o BIHIE )2
DVTWL OPHENT 5.
3.1 COSI

COSI (Compton Spectrometer and Imager)
VTRV ¥ —MRAEDE NI v = L YK
MHeEHWIcay 7y ax s 2BHAL T
% [29]. NASA ® SMEX (Small Explorer pro-
gram) ¥ L CTEHRS N, H ) 73 v=7 K¥N—
7 U—RROMFEF — 4 2 HUICEHHE 25D b 11T
B, 2027 L Lo R TETH S,
ZF— i3 2N & TS, 20054, 20094, 2016
FEDOIEDOTIRFEFICHIIL TE Y, »ICEES
Cygnux X-1, Centaurus A O H < HE &5 F15: 0 B
fig e HE® T I 2. COSIETEE, COMPTELLLK
R RARRG AR Ay T Ry AAT Iy Y a
YTHY, 02-5MeV ¥ VIRV T R IVF— N
FT, ER—_ABIZITS. Y=o s}
BRI AR O B = 2 V¥ — D REE R RKICTE D8
% AL “Fe, “TiZk ¥ OBHA v <Oy ¥y &
T <0 SR 3A] HUDVE I 00 0.511 MeV % 15 78 -4
AR OBIANCINZ T, > <E S — 2 F OB
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PRIy 2 HMRCED KRS B A = 28—y
LTI TWS.
3.2 SMILE

SMILE (Sub-MeV gamma-ray Imaging Load-
ed-on-balloon Experiment) (3 faf e 10 FREFE
HDEER T ARER R E 2 > 7 & > LR
e L, BERoEIERE 2 TEY 2 7T,
Ve v oiEN R 2 HIE T 2 B R 2 >~
7 v eEsE (X3) 2wz, B2 UL
LT — 2l LA BIENETH 2. EFO
TREFDS b 72 & § ) B MEEPRRREINC & 0, Y
<ROAG A HE ST 272003 ) X —2PH
I FIRHRERR SR 2 B LT, @moy
v 24 XLHOBIANE 3 sr b DK S e tHE &

gamma-ray
SPD

ARM

B
S e e aaaeesT

30cm

VIUFU—YavigtEs

M3 EBIRBEHA Y Y h x5 OEE
X [30]. @EOay T rrAhATIGEarT b
VHELOMFE O xovEF -2 W2 Z 2T,
FJER (event circle) DOHEIFHIEFEIE A% R
L, HEA XY - OMEHINENTIC & b i
275, EFRENES RN R BRE 7 o) &
bz 22T, 120MT ARy FTHETFEER
HiE Ml EcBRETE, HREROEAL
flcs 3.
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FRFICHEBL L T 3. 20064E, 20184ED2E 0D
LEREERZ BN S TE D, 0.15-2.1 MeV D7l
TH R « R&T Y <« »ITRE - SRl
TE I 0> 7R R TH R & AR L 72 [30]. B
1E13 2027 FEIC SRR 2 5T L T3 0, SR
DRI DHLEL AT > < K= BB e T TH IR O 8
Wairs_L, HEfFrED T2,

3.3 GRAMS

GRAMS (Gamma-Ray and AntiMatter Sur-
vey) 133> 7 b+ ¥V HEGELEIC KRS B OWIA T v
IVERHL, 2o TRCKEMHEY RS 5 3
YT b ARXRTOEIETH Y [31], KK,
BRHAY:, 7 —24—2&2 K%, anve 7
K, NASA/GSFC 72 ¥ 0 Hk 0 H[Eff7E 27 v —
FICE DD LTV 3. 202341 JAXA H A
SERIFR Y LT, AT v v iR R & &
BB T 20y =7 v 7EZBRICEKIL B
D, BUERA Y < REHEH ORESRHFEDHED &
NTw3. 2026 IIEKENCTT v k24 T
HIgR 2B L 7o XOKER 2 £ T 2 PETH Y,
2030 AF RIS KBS DRI 7 v T o [ R AR Hide
T AR R JE B SOBR I HB R L, MeV b > < i
e Sobi 1% ST L 1o B RV E R ER 2 F2 T %
X ZHEL WA,

4. 2040 FK~NDEZE

M EDEREN 7 n—7 v M e <
WFRXy B YT v = RKRNENDHENYEZN
1, 2040 4EfRIC MeV 7 > < S @lifll oo KA B 5
W2 RBIT 2 2 e EENG I MeVO Y
v RO IIE ORI H 2 VIkIEL 72
VDT, av A XS ORI
HOBERTREZEZTRY. Lkd->T, &
R 75 AR R — o BUA R ATRE Y 3 2 A
VAR KB R 72 2. 2B, COMPTEL
LSPILEEL M X 2MHHEETHY, 21
b ##5# L 7 CGRO /2 ¥ INTEGRAL 2 0 FT
L FEFRFEEIRZNEFNIT Ry, 4b b o

H118% Hs5HE

1) —X 12040 LD ZAR—IKEN 060

oo ZoZehro b, [HERN O B RN 2 1
JIOTF, MeV > < By 25T &2 75 - X
T3k bni.

MeV # > = fIJE W HIER ST HGEL - RN %
ZUTEYIRGSNT, M SBIHIT 2 vk
TERVODIED, F0RICICHEEISkm Pl X
% & 5 7s @ g ORPABIIGER T & U B AT RE
Thsb. KERGANTHEZICLER TR —77, TR
FHRERNC 3R D 2 2 ¢ 06, FRKEHEC AT
e BN IR RARBIISEEE, BIA R~ 72 H
PR ERISER T 2 O ST S 7. Wi
M COPH~THAREN CKE - 74— ¥ 24—
RF—=ZALFVT - T7YVRRTY VI R), B
D72 E R T O LEB~1 » AORA (2
Uz —F e FvF i b OKIGEERET Rk
JEED ToRBEPFTTbR T3, AT, IE
NASADSBHFE L 7o 2 — 38— T L w ¥ v —KERIC &
D, FREERIEERTO 1 » A 28 2 2 R
DXERBAREC K-> TETHY, KBk 3
MeV 7' v < fR OB S & 2.

2040 FER O KRBIEHENC [T T, ¥ & 5 28k
FrOMIEERERAL T, BRIy Y a v AN
TRREIZOPGEEINC S & 72T ifam STk
FoTVRCREARVIKRTHE. "2 o
VTR YAATOREKE VO DRIIRERTY &
Favery3 2B Ts57, Ziudl4et
FHEWCOIKAFET 2. FPRAVICIZ, GRAMSO &
5 73 KB L O MR C SMILE O & 5 (28
R 2 B L, KEMEE» ANy 2759 v
FoOBHEE Y HIF T 08 B H 2. Snlcay s
kYA X T OMESRRER B Z T IRIGRE) 1 215 5
ez, av 7y aX s RESAERBEC L,
By =R Y XSO~ 22 0 &5
BYEFREHCE e bEZLNS [32] (M4).
Z 9 LI SR EA 2 MY 3 5 7o 12, 2020 44K
AT EL B FE o A BRIC & 2 FEAEFEBR, 2030 44K
VIR R Sk <o/ VI A - /NI LS & 2 AR
FEREPRABM R 2 D TR T USRS 7
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VRY A Y 2B EB L ORASIGINTE
D, 2040 FRUCENT TEER AR T 74 ¥ & —
ORENE R T v Ick 3.

5. BROIOI2=7 1 DOEH

HATIE, R0 & 5 2 Rkatmic i\ 72
BB AT L T, MeV H' > = RS
OHEE « BIHSR Y 72 2 9 4 = > 2 OUERiE BN
¥ L, FHEEMER - FHEYEERO IS
MeV 7' > < $HERIRGET ) ¥ — F 2v— T 2 @A
L, 2N ETIC3EDMeVH ¥ < fKSCEZE
2 (2017, 2019, 2024) MUK H2 2024 BEFAE
ZTOMRELy v a v RHEHELTS. INHD
M2 - Bty ¥ a >Ti, HRCBIEZH Y
< BRI 720 T 7 <, BIIASHIRE S 3 Kik
IO T D MeV 4 > < SO FH B2 b
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ey, SRR - FEmoTiRIciTbn:
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MeV Gamma-Ray Astronomy: Prospects
for the 2040s

Hirokazu ODAKA' and Atsushi TAKADA®
'Osaka University, Graduate School of Science,
1-1 Machikaneyama-cho, Toyonaka-shi, Osaka
560-0043, Japan, *Kyoto University, Graduate
School of Science, Kitashirakawa Oiwakecho, Sakyo,
Kyoto, Kyoto 606-8502, Japan

Abstract: MeV gamma rays provide the only observa-
tional probe of nuclear reactions in the universe, en-
abling direct detection of key high-energy astrophysi-
cal phenomena. These include heavy element
nucleosynthesis in supernovae and neutron star merg-
ers, as well as nuclear spallation in cosmic-ray acceler-
ation sources and the hot accretion flows of black
holes. However, observations in the MeV gamma-ray
band are known to be extremely challenging, and the
scientific results obtained so far have been very limit-
ed. In this paper, we review the current status and
challenges of observations in this energy range and
provide an overview of the expected science. We then
introduce ongoing space missions and discuss pros-
pects for the 2040s, when MeV gamma-ray observa-
tions are expected to establish themselves as a full-
fledged field of astronomy.
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Sounding Rocket Experiment FOXSI-4: Comprehensive Testing of the Soft X-Ray

Cameras and the Launch Operation
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TERFE2-3 4 (ERTMIE))
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EITIZFEDSE T LT TS, Mo iR T
ST ehrote. 2 THET— 22V, ik
BOFTN T X EDIELLFRIND 2 ¥ RHER

L7c. —HEgT— 2 OERTIE, ELSERRT
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BEEOKEIPEESIN TR AL
fo. BRI IEEBR DI C RS NHICC SR B
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IO, HEOKB 7 L 7BIHNCE ViE-72b 0
~NHET B e TERL.

AHIWCAR Y, T LTy 4 v ROzl
RAFICGSETTF — X% iR 2 e Il
L E~ ARG e BE L, EBRICHHT 2
PCR T2 COREL#EZ: (K2). 7,
A<y FREBEEOF L —vavi—apbikd
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