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Air Shower

Cosmic Ray Spectra of Various Experiments

E>1015eV
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Overview of TA Experiment

* Physics goal : Research for UHECR
* Precise Measurement: Energy spectrum, Mass composition, Anisotropy
e International collaboration: 5 countries, Japan, USA, Korea, Russia, Belgium

e Hybrid Observatory: 3 FD stations, an array with 507 SDs to cover 700 km?2 Aperture
e Site : Utah, USA

e Operated from 2008 R

/ Air Shower 30 k

Cosmic Ray Fluorescence Light
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507 of SDs with 1.2 km spacing.
AS Lateral property on the ground.

Environment independent: Operation (Full time). | mmmmREL

1.2 km spacing Array/’ cer e rw e, |
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Calibration Facilities
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Electron Beam into Air

40MeV, 30pC~180pC

Energy calibration using

electron linear accelerator
Developed from KEK.

~ [rasrv PO T s

— Energy: 40 MeV/e-
— Charge: up to 180 pC
— 0.5 Hz shooting

Preliminary result

line: MC with Air fluorescence model

10
5020 -
O 400 with AIRFLY ’
g =
<C 3 300~
e oo with Kakimoto el al (TA) 3
Q) & 2000~ L
T : .
1000~ _ ol
et 0 .
LT e &.'01@_1:&.'1‘]40 60 190 200 90 Bendlng
Electron Charge Magnet
— < >
—_— INY
DATA/MC = ~1.2 =

| BK Shin, Osaka City Univ. G e deies



ELS Appllcahons
' Detecto grup test/callbrate thelr detectorW|thELS o

- 4 of Radio type UHECR detector
- 2 FD type

’ ' - ICE Target

EUSO-TA, FAST Telescope can
be seen ELS beam.




Analysis & Result
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'Observation Analysis
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Xmax: Depend on Composition and Energy
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UHECR source ¢
Ursa ~30 I\/Ipc

) 60/ W. E > 57 EeV I5
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Flrst 5_year data (72 events) _— ApJ 790 L21 (201 4) Max significance 5.10 (Nsic = 24, Nsc=6.88) for 7 years

Centered at R.A=148.4°, Dec.=44.5° (shifted from SGP by 17°)
NeW 2'year data (37 events) T Updated Global Excess Chance Probability: 3.7°10-4 : 3.4s (~same as first 5 years)

What is property energy spectrum and composition?

 BK Shin, Osaka City Univ. ~~ CHEF2017, Lyon, France




TAx4 Project

Target > 1019 eV
Aperture 700 km2 — 3000 km?

500 SDs
-2.1 km spacing
-First stage 173 SDs were prepared
Start to deploy from next winter

2 FD stations:
12 telescopes
North (MD) Station under construction.

Bk Shin, Osaka City Univ,
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Branches
e TALE: Lower Energy Extension.
e Additional SD: 400m, 800m, 1200m spacing grid

* A station of FD Looking 30~60°
o E> 1016eV

* TARA: Radio antenna array
e Radio echo from UHECR

e NICHE: Cherenkov Detector Array

e Cherenkov detector: 70m, 100m, 200m spacing grid
e E> 1015 eV

B Shin, Osaka City Univ.  CHEF2017, Lyon, France 17 |



Summary

e Telescope Array Experiments

e UHECR: energy, composition ,anisotropy
e 3 stations of FD, an Array with 507 SDs

* Result:
e Composition by Xmax: near proton (E<1019¢eV)
* Spectrum: cut off E~10197eV

e Anisotropy: ~5 sigma near Ursa cluster evidence of UHECR source
(E>10197eV)

e TAx4 = Extension of Aperture 700 km?2-> 3000 km?2
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Analysis
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FD/Hybrid Shower profile Recon.

SD Energy estimation

G-H Formula
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TA Low energy Extension
— E > 107%eV

— 1 station of FD : 30° © and 60° elev. _, Ve
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NICHE: Cherenkov Detection.

Energy: >1015° eV % \

Sensitivity to composition ,

Legand

O NDTALLE
+ NIKCHC S0
* TALE 5D
¢ Tax: SD

: Cherenkov Detector
/70m spacing

TALE-FD Hybrid
E>10 eV

100m spacing
Standalone

Now under construction.
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TA Radio Array

— Radio echo from air shower j
— Low cost detector Array N/ T e ST 4
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Greisen, Zatsepin and Kuzmin suggested the limit | | Hillas suggested energy limit by acceleration
of CR energy by photo-meson process (1966) by magnet of astronomic objects (1984)

Bethe-Heitler process

P+y -> P+2e Magnetic Field Strength
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Desugn of the TAx4 SD array
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e E>57EeV: reconstruction efficiency > 95%
* Angular resolution: 2.2°
* Energy resolution: ~25%
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EAS: Primary Cosmic-Rays interaction with air molecule

‘Gaisser—Hillas (G-H) formula ‘
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Nmax - Energy estimation
Xmax - composition estimation

N

'I
Fluorescence /X
Detector

Observation methods

Ground Array

GeV muons

Ground Array: Lateral properties
Fluorescence telescope: Longitudinal properties

— TeV muons
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