High-Energy Astroparticle
Observation in Japan
- History and Future -
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Nishina

¢ Yoshio Nishina started cosmic ray research
(and nuclear physics) at RIKEN from 1931

w  I%
¢ First observation of high energy cosmic rays « %4 3%
by the large cloud chamber at underground R P
tunnel in Japan 2 E ¢
Y
¢ Imported "Copenhagen spirits" of Niels Bohr f; A
' MentOrd d IOt Of NOel Iaqrea"tfs https://www.nishina-mf.or.jp/wp/wp-content/uploads/2020/10/Lecture6.pdf
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On the Nature of Cosmic-Ray Particles On the Mass of the Mesotron
| Since we published! the results of mass determination of
Y. NisHiNA, M. TAkeEucHI, AND T. IcHIMIYA the mesotron, the existence of which had theoretically been

Institute of Physical and Chemical Research, Tokyo foreseen by Yukawa, we have been continuing the same

(Received August 28, 1937) - experiments with the Wilson cloud chamber.
Phys. Rev. 52, 9 (1937), Received Aug. 28, Published Dec 1st During last September we obtained a photograph shown

| i _’ . m Fig. 1. A lead bar 5 ¢m thick was mounted in the middle
to he between 7.3 and 8.1 cm. According to the range-

energy curve for the protlon given by lLivingston and
Bethe? we calculate the mass of the particle by using the
above values of IIp and range and obtain

M, =(17049)m, (1)

b

where mo1s the mass of the celectron.

as was given by Bhabha,? where E is the initial energy of the
particle, n=_1—2/c)} and ¢ is the velocity of light. If
we do this and use the above data of the new measurements,
we obtain

My = (1803£20)m, (4)

which is in better agreement with the value (1).

J.C. Street and E.C. Stevenson, Phys. Rev. 52, 1003 (1937),
Received Oct. 6th, Published Nov. 1st

as the velocity squared, the rest mass of the particle in
question is found to be approximately 130 times the rest
mass of the electron. Because of uncertainty in the ion
count this determination has a probable error of some ,

25 percent. In any case it does not seem possible to explain L L e e, Obasrved Ix{x;glf oS e s M3 s aer




Extensive air showers

Surface detector array  _ "

Scintillator, Water-Cherenkov, Radio

Fluorescence detector * "
Xmax Observation for mass composition

© Osaka Metropolitan University/Kyoto University/Ryuunosuke Takeshige



¢ Minoru Oda learned air shower
observation using surface detector
array at USA (1953)

5 EeV

¢ Agassiz air shower detector
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¢ Liquid toluene scintillators, but ~ AR N -
burned in the forest e s 1 NN |

¢ Switched to use plastic
scintillators

¢ Minoru Oda imported this
technique, and constructed surface
detector array in Japan (1956)

¢ First measurement of Nu vs Ne

¢ Start gamma-ray observations

105 106 107 Ne
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https://www2.nhk.or.jp/archives/articles/?id=D0009250466_00000
https://www2.nhk.or.jp/archives/articles/?id=D0009250466_00000

Beginning of air shower array at high altitude :

¢ Constructed a air shower array Norikura mountain Knee?
at Morikura mountain in | ) —
Japan (1957) A S , Rl

voe o1 [erzr 1o - % "n;;i

¢ Koichi Suga started o e I 3
observation with Bolivian Air '™ F i
Shower Joint Experiment, '
BASJE (1962) gy

¢ Observation of gamma-ray BASJE

air showers at high altitude
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First detection of ~100 EeV 2.7K cosmic microwave backgrounds
at Volcano Ranch Array (1963) (CMB) by Penzias and Wilson (1965)
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From wikipedia
A.A. Penzias and R.W. Wilson, "A Measurement of Excess Antenna Temperature at 4080

Mc/s", Astrophys. J. Lett. 142: 419—-421 (1965)
Prediction of Greisen, Zatsepin and Kuzmin (GZK)

@0

o Cutoff (1966)
— PTYemp > A = pta zZNTYcoMmB —1 P
NS TERS K. Greisen, “End to the cosmic ray spectrum?” Phys. Rev. Lett. 16 (1966), 748—750

J. Linsley, "Evidence for a Primary Cosmic-Ray Particle with G.T. Zatsepin and V.A. Kuzmin, “Upper limit of the spectrum of cosmic rays”. JETP Lett.
Energy 1020 eV”. Phys. Rev. Lett. 10 (4 Feb. 1963), 146-148 4 (1966), 78-80



Ultraman (1966) Remake version of Gavadon in my office
"Feared cosmic rays" Ultraman blazar (2023)
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https://m-78.jp/videoworks/ultraman-blazar/

Gloss Fiber

Sekido o st S [ et Sidereal time anisotropy >20 TeV
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https://ci.nii.ac.jp/naid/110004631939
https://arxiv.org/abs/1112.5686

J(E)Es, eV° m?s’'sr”
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Telescope Array experlment (700 km2) —>TAx4 (2800 km2)1L2

TA/T ALE/T Ax4 Array
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¢ Largest cosmic-ray observatory in northern hemisphere,
located at Utah USA

¢ Hybrid observation with surface detector array and fluorescence
detector with effective area of TA (700 km2) = TAx4 (2800 km?2)

¢ Dense array, TALE/TALE-infill for low energies to cover 3 PeV ~
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K. Fujita,
CRI poster 1157/, PO-1
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Highlight talk at ICRC 2025, E. Kido

Iogw(EIeV)
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Breaks in the (X |
second knee.

X .., distribution fits show a transition from light
to heavy composition, peaking near 10172 eV.

Further studies with He nuclei, and interaction
model EPOS-LHC-R and QGSIJET-III are ongoing.

) coincide with the knee and

ax



¢ E =244 + 29 (stat.) +51,-76 (syst.) EeV
¢ Unexpectedly, came from the Local Void

¢ No promising astronomical source candidates

Equatorial ——— _
coordinates  ® P E
// A‘ 2 2 ________________ " g
ey S £ & Possible source region [Unger and
E Farrar, ApdL 962 L5 (2024)]
3 & Magnetic monopole [Frampton,
s 2 Phys.Lett.B 855, 138777 (2024)]
z ¢ Ultra-heavy composition like Te or Pt
s S [Zhang, Murase+, arXiv:2405.17409]
---------------------- ¢ Binary neutron star merger [Farrar,
PRL 134, 081003 (2025)]
= o & Bursting magnetar [Shimoda and

Telescope Array Collaboration, Science 382, 903 (2023) Wada, arXiv:2409.19915]


https://www.science.org/doi/10.1126/science.abo5095
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Highlight talk at ICRC 2023, M. Takita
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- Underground muon detectors



Crab o .
The highest energy v ~450 TeV Highlight talk at ICRC 2023, M. Takita
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- Anisotropy at TeV enerqgies
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GSE latitude (deg.)

<«— South

Sun spot number (NAOJ/Mitaka) Tibet ASy collaboration, PRL 111, 011101 (2013)
— e R ) S SR

240 PO v 1 ...................................................................................................................... R T S T T T [ ....... T . .
| | | | | | Magnetic field models

220
200
180
160
140
120
100

80

60

40
20 T 1= o 1. SE— ,

B T O SRR B B | B S PP TP
...........................................................................................................................................

cens B EEEE RN B PP

............................................ ............. (a)
........................................... s PESS

...................................................

III|II||I|I|III||II|III|III|III|III

.............................

2010

North —

s 180 - - - - - - -
O
£ 140
=)
(=
5 100
o
2 60
>
@20
—1
S5 2
gL 8
2 D G _4}
(72 O = 07y =) AP S g -
c A -5} PFSS Rss=2.5Re
1 %) 6l CSSS Rss=2.5Re
4 CSSS Rss=10Re
A 78 12> 3 SANINTIRE I /0) LR K ¢4 N NI DN AN 172N R T ARCA N [ S—a —1 : : - - - - - -
=
. S5 -2 (c)
—1 T 3¢
E R S bt B R
. e I B e s S A
2 S e ?
<«—East o , , , , , , , ,
GSE longitude (deg.) 6.0 -5.0 -4.0 -3.0 -20 -1.0 0 1996 1998 2000 2002~ 2004 2006 2008 2010

Year



8

PeVatron search in southern hemisphere 1

T. Sako, K. Kawata in ICRC 2025

& Stable observation with ALPAQUITA
(0.018 km?)

¢ 97 x 1 m2 scintillators with 15 m spacing
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30Um T. Sako in ICRC 2025

1. Array coverage 82,800m? ; Load plate Full ALPACA AS and MD
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Mega ALPACA and SWGO T. Sako in ICR0202§1

___________________________ ALPACA Collaboration, POS(ICRC2023)632
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S. Kawanomoto, M. Koike, TF et al., Scientific Reports 13:16091 (2023)

Altitude 4139 m, Mauna Kea, Hawai CCD size
- 30 mm x 60 mm
Optical and Infra-red telescope .
. . 0.2 mm thickness
8.2 m diameter mirror 150 sec. exposure
34' x 27" field of view - ©XP

116 CCDs
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¢ Charged-particle astronomy to clarify the origin and nature of the most
energetic particles in the universe

¢ Unprecedented effective area, ~60,000 km? and mass identification capabilities

¢ Begin operations in 2030s, One team in the world Energy, E (joule)
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Development of low-cost fluorescence detector

¢ 3telescopes at TA, 2

telescopes at Auger Energy spectrum Mass composition with <Xmax>
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https://www.omu.ac.jp/sci/uhelab/thesis.html
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2 >90-year h rch in Japan
é rﬁbst energetic partlcles from the

8 Endeavor to cla e \ ) ture
Galactic and th -ge \‘\\‘\\ sources &. -
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2 Galactic PeValionEE RS %,. / experiment arid ALPACA,réxtra-
galactic cosmic rays researc Telescope Array experiment and |ts
upgrades | |

.r_\
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* Start the stable observations using ALPAQUITA, TAx4 TALE/T. ALE |nf|II
2 Encourage a further world-wide collaboration for future: Mega ALPACA, GCOS

© Souichi Takahashi, Toshihiro Fujii 3
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Art of cosmic ray (Hiroshi Nakajima, Japan
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https://pos.sissa.it/444/031
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¢ Significant (> 50) large-scale anisotropy
observed by Pierre Auger Observatory

¢ 125 degrees away from Galactic Center

& Supporting the extragalactic origins

Equatorial Coordinates ~ _ ——

" - i 0.08

0.06

0.04

............................................................................................

0.02

B (A PNEREdah oo o 422 msbonse b saesssnasharantess nsaatannabh

-

|
<
-]
1o

Residual intensity (N, -N op)/N oy

e e R L LR R SR L U N s o R e e e s
...........................................
------------------

I
O
&
=

—-0.06

....................
...................
..........

. : (i S
= . H . -
LA & : s 27y
. s L & - ),
- te. . . 5 .
- te. - a . .
R N S a
¢ ST cree O O 08
..... e b SRR .

Ankle (Eta>10 EeV, Eauger> 8.86 EeV)



https://arxiv.org/pdf/2107.02949
https://iopscience.iop.org/article/10.3847/2041-8213/aba0bc
https://www.science.org/doi/10.1126/science.aan4338
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¢ Intriguing intermediate-scale anisotropies (~20 degrees) such as hot/warm spots
¢ No excess from M87 of Virgo cluster, dubbed "Virgo scandal’

¢ Isotropic distributions of UHECRSs than our (optimistic) expectation


https://arxiv.org/pdf/2107.02949

T. Fujii, PoS (ICRC2023) 031 (2023)
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rescence detecto Arrav of Single-pixel Telescopes

:EE‘= 2~ " Fluorescence detector Array of Single-pixel Telescopes

+ Target : > 1019-5 eV, ultrahigh-energy cosmic rays, neutrino and gamma rays

+ Huge target volume (10x Auger or TAx4) = Fluorescence detector array
Fine pixelated camera
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UHECR full-sky by TA and Auger

Ankle (Eta>10 EeV, Eauger>8.86 EeV) 45° circle
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