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WFZER R OME (F30) : There are many TeV gamma-ray objects whose origins are not
clarified along the Galactic plane. They are called “dark particle accelerators”, since the
gamma-rays are direct evidence of the existence of high-energy particles. We have
conducted systematic X-ray studies of the dark particle accelerators. We found dim X-ray
counterparts to some of the dark particle accelerators. The dimness of the counterparts
tells us that there are few high-energy electrons. Therefore the origin of the gamma-rays is
probably high-energy protons, and the dark particle accelerators would be a birth place of
the cosmic rays. Some of the dark particle accelerators are suggested to physically related
to a special class of supernovae that produce anomalous X-ray pulsars or to an anomalously
X-ray bright but very compact pulsar wind nebula.

SEATIRTEHA
(BREHAT - 1)
[ERESE ik & @t
2010 B 6, 200, 000 1, 860, 000 8, 060, 000
2011 B 3, 600, 000 1, 080, 000 4,680, 000
2012 fFRE 3, 800, 000 1, 140, 000 4,940, 000
& 13, 600, 000 4,080, 000 17, 680, 000

fFIe7 8 FH

B D48 - fE - R

F—U— R XBRLZFE, Ho~vBRUFE, FEHR
1. AFZEBRAA S A DY =

LA, TeV A 2~ H#rCO RO )] o —
RABRN T, HEEBLLEOEE T X
X —RENFER I, L Z T, 20
9 HOD 30%H5, KR I BIHE 70 kIS R D EN
HNTWRNWKRIE, 2F W RFEERKTH-

Tro —IRENTZRIED, EDXH72TakR
THEZANLNT—BREEZ L TWDDD,
L FERMYDIRNWEETH o7,

2. WHEOBEM
BET X —H < BOBEEL., D5




BT RNV =R DNFET D I & OFEHR
THDH,E>TING TeV H o< REER
RIZ. THE SRS RS | D4 R CREE U LT,
Hor<BoRFEICIE iz bN5, —
IEE TRV —Gi. b9 —DiEmT=rL
XF—EB IR THD, MZRNAF RGOS
B, RIETHE Sz 5125, BEO LMY
BEHROBFEMEERA LT 24k L,
IRMRRET A LI Lo TH MK
HEhs, B fLX—EFRORE, Kk
T EN=E 2, AR R L ¥—¥
F(FHE B2 )2 a7 U BEL TR
& BT, Hro~BEt+ s,
FHEMROLZ )BT R ALX—hFTHD
FHAROTE BLEK 100 2384 5 728,
ERDTH DB TOMEFIL, B ENT
Wiz, b LIFENNESE DO T o ~ O EIRN &
TRAX—FFIEL L, ZHIZFEHBO
EIRDO—2ZHLNNI LI b, ito
T, BFERIESROIERZ A S L, T
ik & ORI A MR 95 2 b S EE PR
ThdEREINB LSl oT,

3. WrFED kL

5 RN ER O EAR %2 B <2k, £ %HER
KERDOTFTILERD D, B /X —H5R
DEZ > TVDHRIETIE, 1TEAEDHE,
X#b &5, BEIMNELS RIS
DO TEBBRINAELS . =¥ —E<2keV
O X B CIEER i & RS 2 LTk,
RF BN 32 X R IE RAR 2N 0 A0 TR0
D%, E>2keV O 1L F—X B CIEVEL
MEAT > TIRDol=2nbRony Ll
W, o T BT RAF =X BRI KD ERE
BNEETHASH, £2ZTHLIL, HERD
X BRRILART S T, BRI ORI
TR =X BB A EIT TS5 Ll LT,
TELEZ. Ny 77T RBMEL, &
TN F =X BT DEERFH NN SHTH
Do

TR F —RL 7 OFBNC b XL AT
HD, b UKFEIEIRDOH o~ B EF IR
b, ZOBEFITREMBES EFEERL T,
verzu bhey XS EHTIET LD,
ZDOEAE, o~ XBROMERIL, Ko
FIF—NF & BREEO T R VX — B
LI 2D, B=x X =T L LTF
H R, BE#SGE LTh~ar o a by
AERET H L H o~ e XBOmELIT
FIE L 725, KiMEREZ > TnD L9
TRRIETH, BEEEILb - LRV EEZD
NHOT, XBNHEDOF N o~ fEELD
RKELRDIEA D, BEEMHERD X ARRIE K

Kz BT, H o~ L o431,

ZOX DI L TRl 292 Z LA Hk
Do b L XBOLEN NS T, £hidm
~BOBFREZ IR L, FHERo —>

R LIZZEICRDTEAD,

4. WFIERE

HxITET, TeV T~ TRHHL VK
HInE#RCTH S, HESSJ1614-518 ([Z&FH L7z
(M 1), ZOXRKZ, T ~RRENAN
SHE#E IR TND, H~BROBE LN
FHOY—27 55O X AR ARIZ X 0 AT
SNTEY . XL RENRFER I N T,
X IS RIEN T s, To~<iie X
BROBRFEEIE Fy /Fx~34 L7020 Ho~i
OB FEIFEATEL TWD, Ll X ks
KIKIZ, ZO—2DLFELRVDTHA D
M2 FZTHRAIL, TIKHEEELE ST, H
VR e — 7 B ORI SD X
BRI A 1Ty, HESSJ1614-518 @ X fR T4
FiERA SN L,

FORER, B — T OB XS
KIRITIFE L RN ERBH LR, H
<AL XBROMME LN ~34 [THEE L=, 2D
KRERWIEL, H o~ OB R A R < g
LTW5%, £7-, Hr~fHr—27 oMz,
X MREZIER LT-, ZOHEIL, MAESR
BEIZHEFL D XMM—Newtown i 2IC L > T X AR T
BRHIENTWD T, FOT—X T Lz
LA T ~5 OIFEHI X FR A~
7 MVEORIRTHD T ENHALNTZR -
o ZDEIIITKRX T A FFOREKIL
DI IFE A EHE— DML Anomalous
X-ray Pulsar(AXP) E EbNAHLDTH B,
WH DL —1T 1012 4 7 AFRE DOREE O T
PEFETZN, AXP 1% 10° 00 X b OGS 2 £
SR Thbbv I Rx A —ThHDHEE
ZBHNTWD, )N EEIEN AXP
FEAHTON, Lo TR,
L LFEx D RICE Y, BEERIER & DR
HAREI N, oF 0, BFEIEHEEL, AXP
EEZMT XD R RBHEDO RO R
TROMNE LRV, FEAELIEE T FELL %
R LD, BTy o X —
R, ZOTH X BTITEEN 2V, — 5,

FEIXERA A=Y (2-10keV band)

=M=z

H 2 BORIT XK {4 e L

%] 1: HESSJ1614-518 @ X #A A — (L)
. o= A A=Y (F)




BIIWEFIC o R L F—2 gk, L
Mo TH MO THNTWNWD EEZD
Z KRS,

WIZFR A2 1L, B ZEMIICKRE RN -T2
Iy EE 2 T D HESSJ1646-458 I H L=,
TS OIENVITR 2 FEiCbiE L, <
D21 super cluster Westerlund T <,
GeV H > ~#f/ 3L —PSR1648-4611 2N FELET
5, BAxlx T+ L HEE AW T,
PSRJ1648-4611 O X LI 24T - 7=,

ZOFEE . PSRJ1648-4611 #H v HTr L 9
IR > T2 X B 2R A L7- (X 2), X ##
AT RVD KAFEE T =2 OIEEN U T
RENDZ LB, ZHIL PSRI1648-4611
PN —BEELEZEZ D LN RS, 2D
SN —REED X BT 7X10% erg/s
LHIE &7, PSRJ1648-4611 DA L &7
VHENBESND X BREEIL 10% erg/s
BREROT, 2 HE<PHINW EiIZhb, F
7. TOHEKXIT~3pc TH 5 N,
PSRJ1648-4611 DAL Z 7 U WREM D T4R

SNHEEID L LIV, DFED
PSRJ1648-4611 (Zi%, FEEEIZ X BROLENEE S

<. LLav Xy Mprovh—RRZED T
fELCWBZ Lichd,

/\/Iﬂf REZEDIENVILIHARETH

QEH%SMM6%8@F%\ DIX2EL D
é®fxﬁ/7ﬁ®£fwﬂw# REE L
IEZIZ<wy, L, 2o —REE
D X BICEIL, ﬁ%mm HNRDNIEF T ED
ZEEMFESTWVWDLD T, Ho~Ho—HEic
FEHLTWD Z LIZMEN W THA 9,
T XL HHE, Chandra # &, XMM—-Newton f#F
BTXBBIN SN TWARNS, RN
NREINTELT, T—FBT—hA T TR
Bl STV D RERINERER S 8 KIASH 5, Fhx
IXZ D 8 RIKETD X BT — X DT 24T >

3—10keV

¥2¢é<ﬁ% LA GeV /LW —
PSRJ1648-4611 fHIR @ X #H A A — T,
PSRJ1648-4611 1%, ZRUV+ODALE,

7o FDFEH  HESSJ1614-518, HESSJ1646-458
EFERY BHOENIH U~ E OBEE R
?ii&xﬁﬁmfmﬁ%ﬁénﬁﬁoh
ZF TOWNE T, BFEIMEZHT TAXP 24
Aﬁ#io@ﬁﬁ%% % TRRIZH D0 A
XY Mo L — ﬂ%ﬁjf%éﬁ%ﬁ
R L7208, Z OfFiTIc Dk o7
%@f”%Ci&b\Ak#bﬁvﬁg DFED
B BANEER O IERIIHE 2 b O Tidi <,
el bDONRHDH, EWVWHZETHD,

Z DX N X RIS KB DN D 72
TR ENEZR N Y | ERIIRIEARIHTH 5,
Tk, B X FRCH 72 2 @SB 21T 20X,

N X RIS RARDS B0 | FIER S 512
HIETDHAEEMERD D, £ THA L, M X
BRI AT AORRBEIT T2, TT7TFF
LIRBOSBEA—R—IF—2HNT, 7
Z v 7 R O Z VT X & SO D il
X BB LTz, v FL—F—ki
FREMBE DR, WS SPring-8 2
T X BRERAE 21TV, E=30keV D X #RIZ
st UCHESMMEET 2.0 /M. A&
170cm® DIEZET-, b LIDV AT AEFH
ZERNZ O D Z ERHERIVUX, A2hmfEix+
< fHE HXD @ 10 f5LL LD A 3R T X
H12A 9,

5. iﬁ%%%ié
(WFFEEA
ES 7Y

Feor A M OV TEH 1

UEsEamC) (Bt 36 1)

@D Sakai, M., Matsumoto, H., Haba, Y.,
Kanou, Y., Miyamoto, Y., “Discovery
of Diffuse Hard X-Ray Emission from
the Vicinity of PSR J1648-4611 with
Suzaku” , Publications of  the
Astronomical Society of Japan, %
A, FaRE, 2013

@ Fujinaga, T., Mori, K., Bamba, A.,
Matsumoto, H. (11 3% H) L 8 4, An
X-ray counterpart of HESS J1427-608
discovered with Suzaku” ,
Publications of the Astronomical
Society of Japan, #Fif. fH#iikiE.
2013

® Beilicke, M., Baring, M. G.,
Barthelmy, S., Matsumoto, H. (14 %&H),
174, “Design and tests of the hard
X-ray polarimeter X—Calibur” ,
Nuclear Instruments and Methods in
Physics Research A, Volume 692, bp.

283-284., #AHifi, 2012
@ Mori, H., Maeda, Y., Ueda, Y., Dotani,
T., Ishida, M., “Suzaku Observations

of Unidentified X-Ray Sources toward



the Galactic Bulge” , Publications of
the Astronomical Society of Japan, %t
i, Vol.64, No.5, Article No. 112 (1

pp.), 2012

Tsai, An-Li., Matsushita, S., Kong, A.

K. H., Matsumoto, H., Kohno, K.,
“First Detection of a Subkiloparsec

Scale Molecular Outflow in the

Starburst Galaxy NGC 3628” , The

Astrophysical Journal, &#HiA . Volume
752, Issue 1, article id. 38, 14 pp.
2012, DOI:
10. 1088/0004-637X/752/1/38
Chernyshov, D. Dogiel, V., Nobukawa,
M., Tsuru, T. G., Koyama, K., Uchiyama,
H., Matsumoto, H., “Spatial and
Temporal Variations of the Diffuse
Iron 6.4 keV Line in the Galactic
Center Region” , Publications of the
Astronomical Society of Japan, =3
A . Vol.64, No.1, Article No.14 (8
pages), 2012
Uchiyama, H., Nobukawa, M., Tsuru, T.,
Koyama, K., Matsumoto, H., “Global
Distribution of Fe Ka Lines in the
Galactic Center Region Observed with
the Suzaku Satellite” , Publications
of the Astronomical Society of Japan,
A, Vol. 63, No.SP3, pp. S903-S911,
2011
Sakai, M., Yajima, Y., Matsumoto, H.,
“Nature of the Unidentified TeV
Source HESS J1614-518, Revealed by
Suzaku and XMM-Newton Observations”
Publications of the Astronomical
Society of Japan, # e A, Vol.63,
No. SP3, pp. S879-S887, 2011
Uchiyama, H., Koyama, K., Matsumoto,
H., Tibolla, 0., Kaufmann, S., Wagner,
S., “No X-Ray Excess from the HESS
J1741-302 Region, except for a New
Intermediate  Polar  Candidate” ,
Publications of the Astronomical
Society of Japan, #r @A, Vol.63,
No. SP3, pp. S865-S872, 2011
Sano, H., Sato, J., Horachi, H.,
Matsumoto, H. (16 FH), fh 22 4,
“Star-forming Dense Cloud Cores in
the TeV Gamma-ray SNR RX
J1713.7-3946” , The Astrophysical
Journal, #FiA, Volume 724, Issue 1,
pp. 59-68, 2010, DOI:
10. 1088/0004-637X/724/1/59
Yuasa, T., Nakazawa, K., Makishima, K.,

Saitou, K., Ishida, M.. Ebisawa, K.,
Mori, H., Yamada, S., “White dwarf
masses in intermediate polars

(5
©)

observed with the Suzaku satellite” ,
Astronomy and Astrophysics, #EEFiA,
Volume 520, id.A25, 18 pp., 2010, DOI:
10. 1051/0004-6361/201014542

FoRK) (BH111h)
AV E,  “ASTRO-H f 2 #5#H X el

w8 (HXT, SXT) DBHIE” , A AWH S
%5 68 [AIER RS, 201343 H 27 H, A
R

Frger, T3] BHRICLLZH LY
SR 4 Suzaku J1759-3450 @ %
R, BARRILFS 2013 FRFRE,
201343 H 20 H, EFEKRF
Matsumoto, H., “Production of the
Hard X-ray Mirror of the ASTRO-H
satellite” , B T FEEY v AY
7 . “ International Symposium on
Application of Precision Engineering
to Support Next Generation
Astronomical Telescopes” , 2013 4& 3
H 14 H, FORTLERY

ARG, “FI<EHREIZE D Fermi /3
JLH—O0FGL J1648. 1-4606 O X #RELHI7
H AW E 2 2012 FFkEE RS, 2012 4F
9H 14 B, FHPEEKRT

IAAYE,  “HHEE TeV I o < A
TE R HESS J1741-302 O & < fAIC
2 X BB, BEARYPEFRE 67 [
FERKE, 20124E3 A 25 H, BIWEZRE
K
MR, “FILKHmMEICLKD
HESSJ1832-084 @ X #@IHI" , HAKIL
e 2012 HERFERE, 2012 £ 3 A 21
H, FEAKT
ARG, “ASTRO-H £45#k A% X MR 2im sy
(HXT) ®BA%E OB TV, A AR
2 2012 FERZFRE, 20124E3 A 19 H,

HERAYNES
& 2z, “ASTRO-H ## X BE=EM

7Y al) A—FORBEOBIR” , BA
RICF22 2012 FERZF RS, 201243 A
19 H, #EAKT

Matsumoto, H., “X-ray observation of
dark particle accelerators” , KMI
Tnauguration Conference on “Quest for
the Origin of Particles and the
Universe” (KMIIN), 20124 10 H 24-26
A, Z4HEKXKY

FAAREEL,  “HESS J1616-508 ODirfHEd /X
JLH—PSR J1617-5055 O X #R&HI” , H
ARRILFZ 2011 FERFRE:, 2011 4 3
H 18 H, MK

Matsumoto, H., “X-ray Emission due to
Charge Exchange between Solar Wind and
Earth Atmosphere on September 12
2005” , Suzaku 2011 : Exploring the



X-ray Universe: Suzaku and Beyond,
2011 4 7 H 20-22 H, SLAC, k[H
(ZF) Gofk)
(PEZE A PEHE)
O iR DL (FE 0 7F)
ORI FHo 1)

(# D)
O7 v kY —FiEH)
@ NHK Kifzgfe TONE RS 2013 4E 3 H

13 H
@ NHK Kifagfe TONE RS 2012 4E 3 H
28 H

©® AEERKF - AHRGRZEE $ 19 [
NBE 2 — TRCFOEATRR~ BT
1 201088 H 19 A

6. BFZEHEAR

O e

AR y# (MATSUMOTO HIRONORI)

A RKEF - BRI v & — - HEH
=

WF7e 25 1 90311365

(2) Wrge sy

% #.2 (MORI HIDEYUKI)

MNEAT A N L2t 78 B S A = A
SERFGERT - T RV X — KIUEHFGER - R
TR 7E B

F9EE %5 20432354

(3) EEEMF I

%5 [l (TSURU TAKESHI)
AR - BREEIFE R - B
W& TR« 10243007




