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Cosmic rays In a broad sense

Gravitational Wave  Dark Matter Neutrino Cosmic Ray / Gamma Ray
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Institute for CosmidRayResearcl{iCRR)

APlace
AKashiwa campus of the University of Tokyo

AResearclsubjects adl

A Research of cosmic rays

A Research using cosmic rays
A Astroparticle physics, elementary particle physics

AStaffsand graduatestudents (as of May 1, 2022)

A Staffs: 164
A Graduate students: 57
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Institute for CosmidRayResearcl{iCRR)

ACurrentdirector (Apr. 2022-) AFormer director (Apr. 2008 Mar. 2022)

AProf. MasayukNakahata AProf. TakaakKaijita
ANobel laureate in Physics 2015
AFormerpresidentof ScienceCouncilof Japan
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Facilities insiddapan: 4 observatories

R

KAGRA (gravitational wave observatory) ldamioka
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Observational cores outside JAPAN: 4 sites
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Discovery of cosmic rays

AV.F. Hess discovered cosmic ray: -
in 1912

ANobel Prize in 1936

Balloon

electroscope
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After discoveryof cosmic rays

A1930s~ 1940s: Discovery of elementary
particles using cosmic rays

At 2AA0NRYAaAZ Yd2yas LIA2Z2yas X

A1938: Discovery of extensive air showers

APierre Auger recorded showers of secondary
particles by the interactions between
primary highenergy cosmic rays and nuclel
In the atmosphere



After discoveryof cosmic rays

Discovery of positrons

A1930s~ 1940s: Discovery of elementary ..~ o L

particles using cosmic rays

APositrons, muongjionss. X AN

A1938: Discovery of extensive air showel__‘
APierre Auger recorded showers of seconda

particles by the interactions between " / MY @
primary highenergy cosmic rays and nucler = .~ s’
In the atmosphere AR
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After discoveryof cosmic rays

A19309

A1938: Discovery of extensive air showe

APierre Auger recorded showers of second
particles by the interactions between

primary highenergy cosmic rays and nucle
In the atmosphere
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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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Observation of cosmic rays

A Primary cosmic rays 9 \/
i Satellite M cﬁi‘fn".i Lh
i Balloon (30 40km) N '"I_;-,-"fi--ﬁ
i Airplane(10r 20km) VT \E

A Secondary cosmic rays

I Radiation produced by
primary cosmic rays when
they enter the atmosphere

I High mountain (3 5km)
I Ground X Okm)
I Underground
I deep sea, ice

T
neutrlno\

underground
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Energy spectrum of cosmic rays

Cosmieray flux
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Energy spectrum of cosmic rays

Cosmieray flux
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. LHC accelerato

Rate@16° eV
<1 particle/100kr/year

We need a huge detector! .
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Astrophysical cosmitay accelerators
as source candidates

Active Galactic Nuclei

AGN &
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Cluster of galaxies
.
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Magnetic Field

New Magnetars

The strongest magnetic field The most violent exp
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Distance between the sun and the earth

OF NIKQa RAFYSGSN
12 thousandkm
(1.20 10°km)

Average distance
S NJL50 million km
(1.50 10°%km)

1.4 million km
(1.40 10°%km)
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Astronomical Uni{AU)

A1l light year= the distance that light
travels in one year =
(3.0x10%m/sec)x(3.16x1Bec) =
9.46x10%km

Al AU(Astronomical UnP =
average distance between the sun
and the earth= 1.50x18km

Al pc (parsec)the distance for
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annual parallax



the Milky way(the Galaxy)

AGalaxy that includes our solar system
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Astronomical distance

Agalaxy (G)
AGalaxy Group (GG)

A3~some ten galaxies

ACluster of Galaxies (CG)
Asome~some ten GGs

ASuper Cluster of Galaxies (SCG
Amultiple CGs

ALarge scale structure of the
universe (LSS)

ASCGs+Voids




Our target energy regior
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Ultra-High Energy Cosmic Ray Observatoyie:

| . * Yakutsk Array
(SD, 1973)

*HaverahPark
(SD, 1960 1987)

*AGASA
(SD, 1996 2004)

(SD, 1968 1979)
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AGASA and HiRes (199Q0#000s)

AAGASAnkeno Giant Air Shower Array) AHIRE@S | A 3K wdaz2t dziazy Ct &
A Akeno in Japan AUtah, USA
A100scintillator detectors (SD) A Stereoscopitiuorescence telescopes (FD
A100 kn?
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Energy spectra of extremely high energy cosmic rays
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GZK cutoff

A1964 Discovery of CMB radiation

AGreizen Zatsepinand Kuzminproposed in 1966
A According to special theory of relativity,

A (proton) cosmic raysvith ~1(?° eV comingbeyond ~5QVipc (160 Million
light years) cannot arrive at the earth by the energy loss due to the
Interaction withCMB photon(GZK horizon)
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Energy spectra of extremely high energy cosmic rays

in_early 2000s
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( scintillator particle detectors: SD
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|s the difference due to statistics? Or detector difference (SD or FD)?
Next generation observatory Verifywhether the GZK cuto#xists or not
with SD and FD
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Telescope Array

the largest Ultr R) observatory
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Telescope Array (TA) detector

Surface detector (SDb

507SDs
3m? plastic scintillator

1.2 kmspacing
X_700km?

Middle Drum (MD)

<
™

4 14 telescopes

Fluorescencéelescope FD

3 FDstations Black Rock Mesa (BR)
Totally38telescopes

Long Ridge (LR) \7
4‘ 12 telescopes

‘12" teiescopes Joint colloguium@NTU Hybrid (FD/SD) observation staited in ZOk




