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Birth of Cosmic-ray Studies in Japan

Jun Nishimura

abstract: Systematic studies of cosmic rays in Japan were started
when the Nishina Laboratory was founded in Riken in 1931, after
Nishina came back from the Niels Bohr Institute in Copenhagen. He
spent a great deal of effort to spread modern physics in Japan, which
later established the strong group of theoretical physicists including
Yukawa, Tomonaga, Sakata and others. Nishina constructed a cloud
chamber with a strong magnetic field of 1.7 Tesla, which lead to the
success of precise measurements of mass of mesons in 1937. His labo-
ratory concerned with comprehensive cosmic-ray studies including the
deepest under ground experiment at Shimizu Tunnel (3,000 mwe),
continuous observation of cosmic ray intensity by constructing Nishina
Type lonization Chambers, observations of Latitude Effect, Pressure
and Temperature effects and other efforts. Here description is made for
the Cosmic ray research in our country, started from Nishina laborato-
ry, developed later at each time by introducing new concept and also

by exploring new fields.
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Observing Cosmic Rays in Space

Shoji Torii

abstract: Direct measurements of the charged cosmic radiation (cos-
mic ray) impinging on Earth, play an essential role to get information
of the acceleration and propagation mechanism by providing the rela-
tive abundance and the energy spectra. Observations, using balloon-
borne detector, in Japan were historically achieved especially in field of

the high energy electrons and hadrons. Since 2000, the cosmic ray ob-

servation in worldwide has done a remarkable progress by development
of the detectors with high-technology electronics system and by suc-
cess of the long duration ballooning, such as, in Antarctica. Further
space observations planned at International Space Station will chal-
lenge to resolve the puzzles of the dark matter and the anti-matter in
universe. The achievements of the direct observations by present days

and the future prospect will briefly be reviewed in this article.

AU B E S ORESE—FERI XNV -ORAERDT

KB T 0
B EC

HEURSEFHERIIZE 277-8582 ATt DB 5-1-5 )

BERE D MR 12 7% <, A TIBIII T & 2 v T A L F — OFHIE, LHsHBRRKF TSR § 12550 v
T — BRI & o THBPDAIREIC 2 5. [25Y v 7 — | OFERD bR T AV F—FHFROER Z L, ¥r—
VA=V 2B E TV AT - T T VA RBIZ L 2RMOMRERL, SHBREEBET 5.

1. [F5R
FHEROFERL 5 100FE 2 £ LT, 10° VLT
HROT AN F— FRPRATEZ. 2o BRI A LVF—
OFHFROME L, HEILFRONM L Y K E v 100 km?
OEIC TFEICIEREICT ER . 2o L) 2 FHRE
EHRDBIENTE DD 1,000 glem? F2Y &, #ald72 2
SOMBRKGAFET 2 BIETH 5.
FHRIRGUIEAL, BHEIBROF LEEZZL T
n, KW 7rhEnZEREZRVIRL, BELL 25
DR V< 8@DSEBW A A r — FE5| &3, Zo[Z%E
Ay v T —] ERREN A BIGUE, SRR AR e fE
WA TR->TL AT, HRICHFEE BWCHRE L
MBS CoMmERITE L2, ¥ v 7 — O 5 ETHIC
R SN HOCE EEBETHRIG L CEIITE 5. 3 4bb
Kz Aa) A= — (B +WRINE + FOE) & LT
iz £ 52, FOIINF—RIPRMIZRIET 5.

10°eV 55 10 eV D ERRIZE S 10 ML Eo T 4L F—
FIZ b T, FHRTZAVF— - AT MLiE, 1212
IANF =D -3 FONFEHTHI TS, 107V &
10°eVIEAIZ, DEFDRLENFOBNROENDICTE L
Vo107 eV L EOFHBFEIZ 1ETIm B2 ) K 1A
THY), INEBZDHIHIVF—OFHROBIN TR
RIS 7 IAR T <, (2850 v 7 — B E A3
WHNL, ARITIR, 2O YT —]ORED»S
10 eV |22 2 i T4 )V F — FHTRRIEER O 0 % [mljgE L
B IR & NS RE R 2 s 5.

* RIREAA B

B THMTERENR 5 - RRUIHD 22 S ORI
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2. ZERVYT—DOER
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ELIRD 27y v T =DMHEL, TIN5 ORFITERED
KHTIE R, RAEZED»DFET S [HERZER Y v 7 —
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5z L7z,

WRFRHIEE L T\ A — FEERIZ X B3I
WIZERL SN, A=Y oI R TR, ElR
FITRE T H R ZITV, MEALEFEL (L. -2
2HF NS O—EHOBNC L WY TRKIEETCHOT
F=510" eVEMZ 2 FHBRPFHET S L2 REL L.
HRFO T AN F—HEEILTLOEL L 2V, FHIC
10 eV IZ DT LI ET 2 2 LIZEE TH o 7.

3. HBARNEZERETHFEHER

1940 FEAREZITIE, KUERFEBRIC & ) —RFHIMD 1T &
AEDRETFTHY, BUETELFTENDL 2 EPH S22
o7z 1950 FEROYITFICITEBIR R L F LY, B
TR OEAEDH S 22 % ), 1950 FFARFIHIC 7 = )L 3
(E. Fermi) 38R #2030 FEH O 77 A= I2HRG S iz
W L4 R LEZES A2 2 L2k A [ 72 )V I hid] %42
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BHEEDSER SNz, MITOEBRIZD LOERE & 572
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AR ST FHIROSERIRN R, ERYE L
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EARE 72 19900 58 2 thd, O EMEEDE|
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GZK FIRZ#Z 20 v XL — D 10° eV O F G filFg <
T, 1960 FAR NS, WED) — AREDNNRTIN— 7
T LA, ST F=—K¥D SUGAR, MIEDH <)
T X = 7 OFHYERWS O T L A1 & LB
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1, 1973 4EEE A & HOCBIHRE O FARBAFEICHL Y #H A, FE
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S EAST LA L OEBIFEERZ 1T o 72, 2 OAEBREIH
D%, VIV b L= 7 HERO/NEHW RO FICH#ER S N
FE-1iZ, TEf% 1.6 m O S 67 OB HTIEE s
EFA 7RI, 2REBMW L 72, F72FE-II
FE-1 O— O AHET % [FIRF IR L 72, 1981 4E 2 & 1992 4F
F TR ZEITV, 1994 4RI FEIIC L B T AV F— - A
7 M VEFREL, GZK FROGFEEZIEE L. " FEIC &
%, KERHEEOB - $IE - MHTEOHGE 2 FiF L, DL
BOFEEHEORME L 70> T 5.
BREFBEAZRY v 7 —8AIEE (AGASA) : B4 EAS #l
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PHEFZESS v 7 — BIIEEB AR S -, FiA B - 78
HEZRHRO > v 7 =7 LA D FEEkEx 2 L, 197805
B 72, 20%T LA FNRRILK S 4L, 1990 4|2 Y RFH:
FURAROBIIGEEL (59 100 km®) % H52 AGASA 73585 L 72.

BT O 7 — %1%, 10" eViHEA S REm T ANV F—F T,

SHILLEDO T AV F—HifH T, RAAIZT AL F— - AR
I MNVERELZODVPEITH D, 105V & 107 eV (2
BIFH AT VOIS ) oftiz, Enb ORIz H 725
10 eVIEFEIZ AR M VOMD ) OfFfEE R L7z 72
GZK FRRIZFERT, HIZZ AL F— - A7 b LIiEff
PTWwpEREL Y FHHEOBHKITIMIZ OV T,
4x10% eV & /2 - PEHAE KR T RO 7225, B

B RKURAD 72 )5 & O aR
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AA250F & V) ANERANIIZ, 255 W IE3HOFHIR
WERNT L[ 7728 — | il s nz. BRI W
MRS, ZOXH %I LI DHERIE, 2.9%
BEcHs. Y

GZK FE=® 7 5 A % — 122w T D AGASA DF5E R,
FE R REi TR 2% HiRes DGR E K L, —RFHIRAH]
T 12 C & 7oA R O A B4 U A k1T % Af
RETERC, (AR 12 & 2 RIKBRROWREME 2 R L, £ <
DM E OIS LB EAAR, ZONBHEER LSS, %
O RFIE B ZE O HEME % L 72

BPMREET7 T4 X « 74 (HiRes) : FE OFER % 0|2 F5 S
% FUFCTHGEES <<, High-Resolution Fly's Eye A%[A] UL %
ORPFEHT IR S e, I 30-17°, i & I A
HI1ETH/N—9 5 HiRes-1 &, 12.6 km AL 72 #1512 3R &
L 72 HiRes-IT ({(1ff 13 3°-31°) 725 72 . 2004 4212 1% HiRes-1
#flio T, GZK EIROEAEZBIH L 72 FE OSSR % i3
AN PVERFEERLSW 2 h Ao B FREINC
£ A AT L ABINTIE, EASDOFKI R EAS £ TOHR
HEASIERE IR 5B, T2, METMIEEERE L T,
EASHI OB T IRA L 7 5 KAES ) 23RO L Z
ETED. 2D X 1Z, —XFHEATRTOBAIL, &
WHAROEGE LDV EL R D, 202 & %W, HiRes
13 10"%%-10"% eV @ EAS % /E > 72— RFHfRIE, HTTH
LELTHELAEWI LY $£7210%eVLELET, kA
BAARIZ T TAY —DPHERTE R W L RFHELL T
b AT LABIHOKEKRTH 5.

7. ERFEEPWRED

ATV F—FHRE, AR OMET L A L
FEEGECRRFEN L, HIcmIboRKEk% # X~ L TZD
FRREZ R L L) &3 2 KBEHHIE, 1990 FHA & {5}
ARG 4L, 2000ERICA->TC, Ex— )b -+ =T x
BT E 7L Aa—7 - 7L ASERE LTHELZ.
EI—J-#—2 8BIFT (PAO): PAO IE, EAS#IH
THORBIEBEILERZEE LT, B - ko pigeE -
W77 L T2001 4E 5 S AUEE D, 2008 4R IZ5ERL L 72,
BTV F o812 1,600 5D KEIKY » 7 (K
MR 1I0m* S 12m) %, U 1.5km O =MIEOHEIRIZ
A, 3,000 km® % A N—=F 5. ZORY 47 H KR
HOEZ BT 5. TEWIKD Y » 7 IZEAS T OBERLK ) &
D uki PR L CREDz S, =a— M) S hbE
U ZKES D EAS 120§ 2 BEE O R & v, JAK 20 I
POHHIET L A OIEREED D 72012, SR GPS
iz, MU= LTy IR B TTT ) . HOCEEEE
IZid Y 2 3y bEOEERE A WT, M 29 B % S
L5ETHN=LT V5,

HR7 L A CEASO T ANV F—%RDDH720121%, &~
X 7 — il 2> 5 1,000 m B AL 72 H1ZE T 0 w BRSOk 5
Hgr TR VY —IBEE 5. ZofEE: ETL Ik
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S TR L 22 FHf R R e o TIRIEL, =4
F—nPUET S, HET L £13100% (L BEEHRZ o
72OIBIITCE 2 HGHN L, —FERHLTIIIA LK
RS ZBIITE S Y 0, TR VF— - 2T b
U EBRITIE ST DT IZIE, PAOD TA b, YEsT
IANVF—EL 2R T LA DT =5 2HWTW5,
FLRAOA-TT7 LA RER (TA) : TA X, KEZ 5 MO
R 12, SRR - SRR - KRBT R 2 e 375 HAR
& L H KA BRI X VN— LT 5K E O BRI E
L7z 2004 SRR R IR, BEE O T DY
2008 fEIZFERR L7z, IR 7 L A1, 3m* DT I AF v o
C Y UF L= 8507 B RS TIRICHEAT, #1700 km® Ot
RKENN—L TS, ZORFY 3 AF»HMA3-33°DT
LA LZER G 10 TR 5. TA, 7L A Omfifi

WPAODATD1TH ) 3EENTOAY — N TH o722,
IANF—PEOEHEE*mO /OO T RS L.

%A TS, KEK ASRRZ IV — 7Ol )1 % 15T 40M eV B
KR DIEER % BUA A MCERE L, RIS L 728
Y A xR Y L C, PmBEo—FIREY{T) HiLw
AAADHETHTH 5.

TAOHE T L 4 Tl ¥+ 7 —Hli2 5 800 m DR 741
BEER  BAS Y Y 2 L — 3 3 Y12 X B WIFHES A & b
LT ANVF -2 RIRET D, IhE, HiE7 L1 &R
BECRIHE L - FERER e o ¢, EEBoz L F
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Source, Acceleration and Propagation Theories of Cosmic
Rays

Yutaka Ohira, Ryo Yamazaki and Toshio Terasawa

abstract: The origin of cosmic rays has been attracting many scien-
tists. The energy spectrum of cosmic rays is a power-law form cover-
ing an energy range of 10 decades and has three structures around
10 eV, 10" eV and 10" eV. Moreover, recently, a new structure
around 10" eV was found. We have been puzzled, for a hundred years
since the discovery of cosmic rays, how the spectrum is produced,
where and how cosmic rays are accelerated, and so on. In this paper,

we introduce a part of 100-year struggle for understanding cosmic rays.
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What Can We Learn with Neutrinos?

Masayuki Nakahata and Shigeru Yoshida

abstract: 2012 is the 25th year from the observation of SN1987A with
which the neutrino astronomy was born. Our understanding of neutri-
nos has been drastically changed in the last 25 years. The discovery of
neutrino oscillations by atmospheric neutrinos showed that neutrinos
have masses, and the solar neutrino problem was solved by neutrino
oscillations. Accelerator and reactor neutrino experiments were also
performed. For the astrophysics probed by neutrinos, the SN1987A sig-
nals confirmed the basic scenario of the supernova explosion and the
prediction of solar neutrino fluxes agree with model prediction once we
correct for the effect of neutrino oscillations. The origin of cosmic rays
can also be investigated by search for high energy cosmic neutrinos.
The IceCube neutrino observatory has been in its full operation since
2011 and we began constraining some models of cosmic ray production

mechanisms.
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Detection of Gravitational Waves Comes True Soon?
Masa-Katsu Fujimoto

abstract: Second-generation laser interferometric detectors are cur-
rently under construction and are expected to detect gravitational waves
directly within ten years hereafter. Their strain sensitivities will be
about one order of magnitude better than those of the first-generation
detectors which have been operated in the 2000s. Briefly reviewed are
the early history of the detectors, some significant progress in the
knowledge of fundamental physics obtained from the development of
the detectors, and some new upper-limits obtained from the surveys of

gravitational waves by the first generation detectors.
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Study of Elementary Particle Phenomena in Early Universe
through Observation of Cosmic-ray Antiparticles

Koji Yoshimura and Akira Yamamoto

abstract: It is well known that among cosmic-ray particles, flying
from the universe and entering into the earth, very small fraction of
antiparticles are contained. Since our universe is matter-dominated,
antiparticles naturally produced through elementary particle processes
in the universe or remnant from the early universe. Attempts to search
for “Antipartcles” among cosmic-ray particles were initiated around
1960’s. From then on, many experimental efforts have been made to
unveil this rare species, using balloon-borne, satelliteborne, and space
station experiments. In this article, we will review the brief history of
challenge to observation of rare antiparticles. Recent progress about

antiparticle measurement is reviewed.
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VHE Gamma Ray Astronomy: Higher and Higher Precision
Measurements for Faint Blue Flashes

Masahiro Teshima

abstract:  Very High Energy (VHE) Gamma Ray Astronomy is rapid-

ly developing with third generation Imaging Atmospheric Cherenkov

Telescopes (IACTs), H.E.S.S., MAGIC and VERITAS. Nowadays,

SETCTFHEXBORERRESE
B — Kkt
I i e

about 150 VHE galactic, and extragalactic gamma-ray sources have
been discovered. We are attacking to solve the long standing problem
of the cosmic ray origin with these new tools. In this occasion of the
100th anniversary of the discovery of cosmic rays, we overview the
history of VHE Gamma Ray Astronomy, the current status of this field,
and the international future project CTA (Cherenkov Telescope Array).
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Half a Century of Cosmic X-ray Research

Kazuo Makishima and Tadayuki Takahashi

abstract: The year of 2012, which is the centennial of the cosmic-ray
discovery, happens to coincide with the 50th anniversary of the discov-
ery of cosmic X-ray sources. First carried by cosmic-ray physicists, the
study of cosmic X-rays has made explosive developments over the last
half a century, and has established the X-ray wavelength as an indis-
pensable window onto the Universe. Among a variety of X-ray emit-
ting celestial objects, we choose here neutron stars as a representative,
and review the 50 years connecting the dawn era of the research and
the state-of-the-art ASTRO-H satellite to be launched in 2014. In this
article, “X-rays’ mean energetic photons with energies from 0.1 keV

up to a few hundreds keV.
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The Role of the Institute for Cosmic Ray Research
Jiro Arafune and Takaaki Kajita

abstract: When we discuss the history of the cosmic ray research in
Japan, the role of the Institute for Cosmic Ray Research (ICRR) of the
University of Tokyo cannot be forgotten. In this article, we review the

history of the scientific activities of ICRR (1976~present), including
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those of the deep underground research facilities (Kamiokande and
Super-Kamiokande), the large air shower arrays (AGASA and TA),
and the large scale interferometers for gravitational wave, together with
the era of the Cosmic Ray Observatory (1953-1976), which was the
organization before ICRR. We discuss the role of ICRR in the develop-

ment of the cosmic ray field in Japan.
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