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22016/6/27 INR seminar



TA detector 
 Utah, USA- lat. 39.30°N, long. 112.91°W
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Fluorescence Detector (FD)

Elevation angle：3～33°

Surface Detector (SD)
3m2 scintillator detector
507SDs, 、1.2km spacing
~700km2

Hybrid observation since Mar, 2008

Refurbished HiRes
TA MD FD

TALE MD FD
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TA Collaboration

Japan, the USA, Korea, Russia, Belgium

~130 researchers



Latest TA results

Energy spectrum
Anisotropy (hotspot)

Mass composition (Xmax)

82016/6/27 INR seminar



TA, ICRC 2015 9

Piece-wise power-law fit

Log(E/eV) ankle
= 18.70 ± 0.02

Power index 
= −3.30 ± 0.03 

Power index 
= −2.68 ± 0.03 

Log(E/eV) GZK
=19.78 ± 0.06 Power index 

= −4.55 ± 0.56 

7 year TA SD spectrum

Previously Pubilshed: 4 year TA surface detector spectrum 
Astrophysical Journal Letters 768 L1 (2013)

N_EXPECT (> GZK, no cut-off)       : 99.332
N_OBSERVE (data > GZK)               : 44
GZK CHANCE PROBABILITY       : 4×10-10 ∼ 6σ
BEREZINSKY E_1/2, log10(E/eV)   : 19.77 ± 0.06
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Hot Spot update: 7 years
2008 May 11 – 2015 May 11

First 5-year data (72 events) -- ApJ 790 L21 (2014)      
New 2-year data (37 events)
Total 7-year data(109 events)

by Kazumasa KAWATA

TA FOV

Ｅ > 57 EeV (5.7x1019 eV)



Significance map for TA 7 years of SD data 
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K. Kawata at ICRC2015

Ma significance 5.07𝜎𝜎 (Non = 24, Nbg = 6.88)
Centered at RA = 148.4°, Dec. = 44.5° (shifted from SGP by 17°)

Chance Prob. = 3.7×10-4 (3.4𝜎𝜎)
2016/6/27 INR seminar

Oversampling with 20o-radius circles
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TA hotspot and nearby prominent sources 

Mrk421

M82

Mrk501

Mrk180

M106
3C66BCyg A

1ES J1959

BL Lac

RGB J0152

Tully Local Void

M87

K. Fang, et al., ApJ, 794, 126 (2014)
H.-N. He, et al., arXiv:1411.5273 (2014)

Mrk 421, Mrk 180: blazars 
M82: starburst galaxy

M87
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Composition from Xmax

TA Middle Drum hybrid data

(May 2008 - May 2013)

APP 64 (2015) 49-62

(MD FD +SD)

hybrid

Consistent with light composition
Poor statistics beyond 1019.5 eV 

Black points：TA data
MC(QGSJET-II-03): proton, Fe

18.2 < log10(E/eV) < 18.4

log10(E/eV) > 19
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SGP

GP
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All sky survey with TA and Auger
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Ursa Major Cluster
(D=20Mpc)

Virgo Cluster
(D=20Mpc)

Perseus-Pisces
Supercluster

(D=70Mpc)

Eridanus
Cluster

(D=30Mpc)

Fornax Cluster
Centaurus
Supercluster (D=60Mpc)

Huchra, et al, ApJ, (2012)
dots (・) : 2MASS catalog Heliocentric velocity <3000 km/s (D<~45MpC)

TA hotspot is found near the Ursa Major Cluster

All sky survey with TA and Auger
with Nearby Galaxy Clusters



CR source?
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proton

proton Gamma-ray
Gamma-ray

π0

CMB photon

GZK horizon?

proton

neutron
π+

neutrino

µ+

Earth

Magnetic
Field

GZK cutoff
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• Quadruple TA SD (~3000 km2)
• 500 scintillator SDs

2.08 km spacing
• 2 FD stations

• Refurbished HiRes telescopes

• Proposals
• SD: approved in Japan in April 2015
• FD: submit in US in October 2015

• Schedule
• TA in operation
• ~3-year construction
• ~2-year observation

• ~19 years of TA SD data by May 2020
• ~300 highest-energy cosmic rays (E>57EeV)
• ~16 TA years of hybrid data

TA×4
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507
1.2-km spacing
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• Quadruple TA SD (~3000 km2)
• 500 scintillator SDs

2.08 km spacing
• 2 FD stations

• Refurbished HiRes telescopes

• Proposals
• SD (5 years): approved in Japan in April 2015
• FD: submit in US in October 2015

• Schedule
• TA in operation
• ~3-year construction
• ~2-year observation

• ~19 years of TA SD data by May 2020
• ~300 highest-energy cosmic rays (E>57EeV)
• ~16 TA years of hybrid data

TA×4
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Start construction this year



• Quadruple TA SD (~3000 km2)
• 500 scintillator SDs

2.08 km spacing
• 2 FD stations (refurbished HiRes telescopes)

• Confirm energy scale
• Increase the number of hybrid data

• Proposals
• SD: approved in Japan in April 2015
• FD: submit to NSF in US in October 2015

• Schedule
• TA in operation
• ~3-year construction (by Dec. 2017)
• ~2-year observation

• ~19 years of TA SD data by May 2020
• ~300 highest-energy cosmic rays (E>57EeV)
• ~16 TA years of hybrid data

TA×4
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Efficiency for additional TA×4 SD array
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TA SD reconstruction
efficiency =100% for
E > 1019eV
(1.2 km spacing)

Differential for energies
Trigger condition
. 3 MIPS
. 3-fold SDs
. < 8x2.08/1.2usec

Reconstruction
. NSD≥ 4

57 EeV

Trig+recon

Trig. eff

(2.08 km spacing)
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Prospect of ＴＡ×4

• Arrival direction
• Hotspot

• Confirmation at > 5𝜎𝜎 level
• Fine structure?
• Other excess spots?
• Study of galactic MF and extragalactic MF

• Point source search
• Correlation with the results by other experiments

• TA/Auger whole sky analysis
• Search for correlation with gamma-ray sources 
• Search for correlation with IceCube neutrinos

• Measurement of spectrum and Xmax of cosmic rays around cutoff 
with high statistics

• Search for UHE gamma rays and neutrinos

262016/6/27 INR seminar



Hotspot
Summer 2020 (19 years of TA SD data)
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TA×4 will clarify the nature of the hotspot

2016/6/27 INR seminar



Comparison of TA and Auger (+8.5%) spectra
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0.2

 TA SD
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Spectrum
Summer 2015 (7 years of TA SD data)
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Spectrum
Summer 2020 (12 years of TA SD data)
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Spectrum
Summer 2020 (19 years of TA SD data)
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Xmax in summer 2020
An example of 16.3 years of TA hybrid data
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(black points assuming proton QGSJETII-03 model)

2016/6/27 INR seminar

Just to see statistical fluctuation



Low-energy extension
TALE

NICHE

2016/6/27 INR seminar 33



TALE (TA Low-energy Extension)
down to 1015.6 eV

• E = 1015.6 – 1019 eV

• Second knee at ~1017.5 eV?

• Drastic change of composition at 
1017~1018 eV?

• Transition from galactic to extra-galactic 
cosmic rays?

• ~1017 eV cosmic ray shower:  
compatible with LHC center-of-mass energy

2016/6/27 34

TALE layout

INR seminar

Energy 
rescaled

Construction
completed

35 SDs: deployed
16 SDs: running

Results from
Previous
experiments



TALE+TA spectrum (E > 1015.6 eV)
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Energy region over 4.7 orders of magnitude

（FD)      (SD)

Composition meas. with better Xmax resolution: urgent issue
→ Hybrid (FD+SD) analysis by the full TALE SD

(with time information near the core on the ground) 

2016/6/27 INR seminar

5-year proposal of TALE SD: funded in Japan in May, 2015

Second knee 
at E = 1017.3 eV

Low energy ankle 
at 1016.34 eV

D. Ivanov
at ICRC2015

5,000 TALE SD       events/year
500 TALE hybrid events/year



Combined TA with Other Experiments
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Summary

2016/6/27 INR seminar 37

TA
Evidence for anisotropy of 

cosmic rays(E > 5.7×1019eV)
Hotspot!

Xmax: Consistent with 
light composition（E > 1018.2eV)

Confirmed the flux suppression
consistent with GZK cutoff
at 1019.78 eV

TA×4
Quadruple TA aperture

. What is in the hotspot?

. Nearby extragalactic universe
explored using 
the highest-energy cosmic rays

TALE Two breaks at 1016.3 eV & 1017.3 eV 
in spectrum by TALE telescope

TALE
Add TALE SD→precise Xmax meas.

Explore transition from galactic to 
extra-galactic cosmic rays

NICHE

Cosmic ray study for 1015 – 1021 eV!
(5 – 6 orders of magnitude)

Non-Imaging CHErenkov
Array (down to 1015 eV)
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