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Cosmic-ray spectrum at high energy region
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Existing UHECRs (and related) detectors

Telescope Array

. Utah, USA
« 507 surface detectors covering 680 km?2
- 36 fluorescence detectors

Pierre Auger Observatory
- Pampa, Argentina
. 1660 surface detectors covering 3000 km2  (lceCube neutrino telescope)

ICECUBE

R%%{%ll:i . 27 fluorescence detectors . South pole
OBSERVATORY - Tkm3 w/ 5160 optical sensors

« UHE neutrinos are relevant to
UHECRs



Air shower experiment : Hybrid measurement

(FD)
- Shower development
- Energy
- longitudinal development
=> <Xmax>{tF#pk %R 3

INTA—%H)
g g Q g g ICRR website
#h T 25 (SD)

- Timing info, lateral distribution of SDs
- Arrival direction
- Energy




ZX> v 7 —Rihas : SD, FD, and RD
Hybrid detection (SD+FD) DMRFEDZER Y v+ T —FEERD E i

Surface Fluorescence
Detector Detector
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 Duty cycle ~100 % . Duty cycle 10-20 %  Duty cycl\e ~100 %
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Spectrum

4 to 5 features, over nearly 5
orders of magnitude in energy

Second knee at ~1017:2 eV Ankle at ~10187 eV
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Spectrum

4 to 5 features, over nearly 5
orders of magnitude in energy

Ankle at ~10187 eV

Second knee at ~1017:2 eV
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TA Low energy Extension (TALE)
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 Transition region (galactic -> extra galactic)
« With hybrid technique established by TA

e Overlap with TA
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Anisotropy search : TA hot spot!

HOT SPOT: 7 yr update

Significance Map (Li-Ma) 7 years

Oversampling with 20°-radius circle

E > 57 EeV

P.Tinyakov, et al.,
UHECR2016

- 109 events above 57EeV in 7 yr
- Observed : 24 events, Isotropy: 6.88 events => 5.10
. Chance probability to exceed 5.10: 0.037%

Auger : events above 40EeV analyzed, but no significant excess was found °



Mass composition

UHECRD 1t EHE AR E (SRSIRDEERBIC R [T TEEEHS...
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M. Plum for the Auger collaboration R. Abbasi et al., Astroparticle Physics 64 (2015)
UHECR2016
“... the flux of cosmic rays is composed of “... remark that a light, nearly protonic,
predominantly light nuclei at around 10'83eV and that composition is in good agreement with data

the fraction of heavy nuclei is increasing up to
energies of 10196eV.", Physical Review D 90 (2015)
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- Low energy extension : TALE, HEAT
 Multi messenger? UHE neutrinos...
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