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Cosmic Rays

ÅHigh-energy particles traveling through the Universe

ÅMain components: protons; others: nuclei and electrons

ÅAlmost isotropicallyarriving to the Earth (~0.1%)
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Gravitational Wave Dark Matter Neutrino Cosmic Ray / Gamma Ray

Gravitational
Wave Detector Water Cherenkov 

Air Cherenkov telescope

Dark Matter
Detector

Fluorescence 
Telescope

Air Shower 
Detector Array

Cosmic rays in a broad sense

https://www.icrr.u-tokyo.ac.jp/prwps/about/cosmicray.html
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Institute for Cosmic Ray Research (ICRR)

ÅPlace
ÅKashiwa campus of the University of Tokyo

ÅResearch subjects
ÅResearch of cosmic rays

ÅResearch using cosmic rays
ÅAstroparticle physics, elementary particle physics

ÅStaffs and graduate students (as of May 1, 2022)
ÅStaffs: 164 

ÅGraduate students: 57
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Institute for Cosmic Ray Research (ICRR)

ÅCurrent director (Apr. 2022 - )

ÅProf. Masayuki Nakahata

ÅFormer director (Apr. 2008 ςMar. 2022)

ÅProf. TakaakiKajita
ÅNobel laureate in Physics 2015

ÅFormer president of Science Council of Japan

2023/6/13 BAA ּף 6
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Facilities inside Japan:  4 observatories

7

UTokyo
Main Campus

ICRR

Super-Kamiokande
Neutrino observatory
at Kamioka

KAGRA (gravitational wave observatory) at Kamioka

Norikura

Akeno

Kashiwa Campus
1950~

1977~



2023/10/03 Joint colloquium@NTU 8

Observational cores outside JAPAN: 4 sites

CTA  (North)
g-ray astronomy

Spain

Telescope Array
highest-energy cosmic rays

USA

Bolivia
High Mountain

Tibet ASg/CR observatory
China

ICRR

CTA  (South)
g-ray astronomy

Chile



Discovery of cosmic rays

ÅV.F. Hess discovered cosmic rays 
in 1912

ÅNobel Prize in 1936
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Balloon

electroscope
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After discovery of cosmic rays

Å1930s ~ 1940s: Discovery of elementary 
particles using cosmic rays
ÅtƻǎƛǘǊƻƴǎΣ ƳǳƻƴǎΣ ǇƛƻƴǎΣ Χ

Å1938: Discovery of extensive air showers
ÅPierre Auger recorded showers of secondary 

particles by the interactions between  
primary high-energy cosmic rays and nuclei 
in the atmosphere
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After discovery of cosmic rays

Å1930s ~ 1940s: Discovery of elementary 
particles using cosmic rays
ÅPositrons, muons, pionsΣ Χ

Å1938: Discovery of extensive air showers
ÅPierre Auger recorded showers of secondary 

particles by the interactions between  
primary high-energy cosmic rays and nuclei 
in the atmosphere

Discovery of positrons 
with a cloud chamber
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After discovery of cosmic rays

Å1930 Ϥ мфплΩǎΥ 5ƛǎŎƻǾŜǊȅ ƻŦ ŜƭŜƳŜƴǘŀǊȅ 
particles using cosmic rays
ÅPositrons, muons, pionsΣ Χ

Å1938: Discovery of extensive air showers
ÅPierre Auger recorded showers of secondary 

particles by the interactions between  
primary high-energy cosmic rays and nuclei 
in the atmosphere

Air shower image
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Cosmic rays are constantly falling to the earth

2nd summer challenge at KEK
(detection of secondary cosmic rays with a spark chamber)
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air shower

underground

air shower

Meteor
Cosmic rays

neutrino

Observation of cosmic rays

ÅPrimary cosmic rays

ïSatellite

ïBalloon   (30ͯ 40km)

ïAirplane (10ͯ 20km)

ÅSecondary cosmic rays

ïRadiation produced by 
primary cosmic rays when 
they enter the atmosphere

ïHigh mountain (3ͯ 5km)

ïGround              (ͯ0km)

ïUnderground

ïdeep sea, ice
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Energy spectrum of cosmic rays

Highest-energy 
cosmic rays

1ͯ020eV

109 1010 1011 1012 1013 1014 1015 1016 1017 1018 1019 1020 1021

Energy (electron volt, eV)

102

10-1

10-4

10-7

10-10

10-13

10-16

10-19

10-22

10-25

10-28

Flux θ Ὁ
‌= 3ͯ

Cosmic-ray flux

Knee
5ͯ 1015 eV

What is the maximum?

What are the most powerful accelerators
generating cosmic rays of 1020 eV?

What types of particles?
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Energy spectrum of cosmic rays

Highest-energy 
cosmic rays

1ͯ020eV

109 1010 1011 1012 1013 1014 1015 1016 1017 1018 1019 1020 1021

Energy (electron volt, eV)

102

10-1

10-4

10-7

10-10

10-13

10-16

10-19

10-22

10-25

10-28

Flux θ Ὁ
‌= 3ͯ

Cosmic-ray flux

Knee
5ͯ 1015 eV

Rate@1020 eV 
<1 particle/100km2/year

LHC beam energy
~7x1012 eV x(~107)

We need a huge detector!

LHC accelerator

LHC and detector @ CERN
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Astrophysical cosmic-ray accelerators
as source candidates

Hillascondition E < e B r ‍

magnetars
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Distance between the sun and the earth

Average distance
150 million km
(1.5ú108km)

{ǳƴΩǎ ŘƛŀƳŜǘŜǊ
1.4 million km
(1.4ú106km)

9ŀǊǘƘΩǎ ŘƛŀƳŜǘŜǊ
12 thousand km
(1.2ú104km)

100 times 
ŀǎ ƭŀǊƎŜ ŀǎ ǘƘŜ ŜŀǊǘƘΩǎ ŘƛŀƳŜǘŜǊ

100 times
ŀǎ ƭŀǊƎŜ ŀǎ ǘƘŜ ǎǳƴΩǎ ŘƛŀƳŜǘŜǊ

Light velocity
(3ú105km/s)

8 minutes by light velocity
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Astronomical Unit (AU)

Å1 light year = the distance that  light 
travels in one year = 
(3.0x1010cm/sec)x(3.16x107sec)  =
9.46x1012km

Å1 AU (Astronomical UnitṖ=  
average distance between the sun 
and the earth = 1.50x108 km

Å1 pc (parsec) : the distance for 
ǿƘƛŎƘ ŀƴƴǳŀƭ ǇŀǊŀƭƭŀȄ ƛǎ мέ Ґ           м 
!¦κмέ Ґ оΦлфȄмл13 km
Å1 pc = 3.26 light years

q

star

earth
sun

earth orbit

parallax 
angle

annual parallax

1 AU
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the Milky way (the Galaxy)

ÅGalaxy that includes our solar system

1pc = 3.26 ly

Solar system

Our galaxy

Galactic center
Galactic disk

~200 pc
(40 thousand ly)

(26 thousand ly)
(40 thousand ly)

Globular cluster

ly= light year
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Astronomical distance

Ågalaxy (G)

ÅGalaxy Group (GG)
Å3~some ten galaxies

ÅCluster of Galaxies (CG)
Åsome~some ten GGs

ÅSuper Cluster of Galaxies (SCG)
Åmultiple CGs

ÅLarge scale structure of the 
universe (LSS)
ÅSCGs+Voids

G GG

0.1 M lyrs
2 Mlyrs

CG

15 M lyrs

SCG

100 M lyrs

Void
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Knee

2nd

Knee
TA, TAx4 (Our experiment)

Galactic?

Extra-galactic?

Our target energy region

TALE infill, TALE

6 orders of magnitude in energy!

Cosmic-ray energy (eV)
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Ultra-High Energy Cosmic Ray Observatories

SUGAR
(SD, 1968 - 1979)

AGASA 
(SD, 1990 - 2004)

Telescope Array (FD+SD, 2008 - )

Pierre Auger Observatory
(FD+SD, 2004 - )

HiRes (FD, 1994-2006)

Yakutsk Array
(SD, 1973 - )

HaverahPark
(SD, 1960 - 1987)

CƭȅΩǎ 9ȅŜ (FD, 1981-1993)
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AGASA and HiRes (1990s ς2000s)

ÅAGASA (Akeno Giant Air Shower Array)

ÅAkeno in Japan

Å100 scintillator detectors (SD)

Å100 km2

ÅHiRes όIƛƎƘ wŜǎƻƭǳǘƛƻƴ CƭȅΩǎ 9ȅŜǎύ
ÅUtah, USA

ÅStereoscopic fluorescence telescopes (FD)

Array layout Plastic scintillator detector

mirror

camera
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( scintillator particle detectors: SD) ( fluorescence telescopes: FD)

Japan Utah, USA

100 km2, 111 detectors

~10 years

Energy spectra of extremely high energy cosmic rays
in early 2000s

19.7
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GZK cutoff

Å1964 Discovery of CMB radiation

ÅGreizen, Zatsepinand Kuzmin proposed in 1966
ÅAccording to special theory of relativity,
Å(proton) cosmic rays with ~1020 eV coming beyond ~50 Mpc (160 Million 

light years) cannot arrive at the earth by the energy loss due to the 
interaction with CMB photon (GZK horizon)

Highest-E cosmic ray
http:// jemeuso.riken.jp
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Is the difference due to statistics? Or detector difference (SD or FD)?
Next generation observatory =  Verify whether the GZK cutoffexists or not

with SD and FD

( scintillator particle detectors: SD ) ( fluorescence telescopes: FD)

Japan Utah, USA

100 km2, 111 detectors

~10 years

Energy spectra of extremely high energy cosmic rays
in early 2000s
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Millard County, Utah, USA, 
39-degree north latitude
~1400 m a.s.l.

Telescope Array 

the largest Ultra-High-Energy Cosmic-Ray (UHECR) observatory
in the northern hemisphere



Surface detector (SD)
507 SDs

3m2 plastic scintillator
1.2 km spacing

7ͯ00 km2

Fluorescence telescope FD
3 FD stations

Totally 38 telescopes

Telescope Array (TA) detector

14 telescopes

12  telescopes

Middle Drum (MD)

Long Ridge (LR)

Hybrid (FD/SD) observation started in 2008

12  telescopes

Black Rock Mesa (BR)
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