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Telescope Array  
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 The aim of TA is study of the ultra high energy cosmic ray. 

 UHECR energy spectrum  

 UHECR primary composition  

 UHECR source 

 TA is the hybrid detector. 

 Air fluorescence technique & Particle counting on the ground. 

 Collaboration group is also the hybrid . : AGASA & HiRes. 

 TA is located the western desert of Utah, USA. 

 TA is the largest UHECR detector in the northern 

hemisphere. 

 



Fluorescence Detector (FD) 
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 2 FD stations (BRM & LR) are newly 
developed. 

 1 FD station (MD) consists of  HiRes-I 
PMT/electronics  and HiRes-II mirrors. 

 FD operation started from Nov. 2007. 

35km 

BRM & LR type FD 

Middle Drum FD 

MD type FD 

LR BRM 

Black Rock Mesa FD 

Long Ridge FD 



Surface Detector (SD) 
 507 SDs on 1.2 km grid  

 Total detection area ~700 km2 

 SD operation started from Mar. 2008. 

 More than 97% detectors are available over the 
operation.  
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2 layers of 3.0m2 plastic  

scintillators are inside. 

SD array 

2008/Jun/25 -19:45:52.588670 UTC  



Atmospheric monitor/Calibration 

 Central Laser Facility 

 Observe side scattering of laser from 

each FD station as a standard candle 

 LIDAR 

 Observe backscattering of laser to 

measure transparency of atmosphere 

 Infra-Red camera 

 Cloud monitor at LIDAR site 

 Electron Light Source 

 Well calibrated vertical electron 

beam from LINAC.   
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ELS 

FD station 

LIDAR 

CLF 



ENERGY SPECTRUM 
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(arXiv:1205.5067v2) 



Energy spectrum 
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Energy spectrum 
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18.67±0.02 

-3.34±0.04 -2.67±0.03 

19.73±0.05 

-4.6±0.6 

Broken power law fit 
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Significance of suppression 
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 Assuming no suppression and 

extend the broken power low 

fit beyond the break. 

 # of events in log10E bins after 

1019.8eV. 

 Expected : 58.6 events 

 Observed : 21 events 

 



Berezinsky E1/2  
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PRIMARY PARTICLE COMPOSITION 
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Energy averaged Xmax  
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 From 2007 Nov.  2010 Sep. 



Xmax dist. QGSJET-II 
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18.2 < logE < 18.4 18.4 < logE < 18.6 

18.6 < logE < 18.8 18.8 < logE < 19.0 

Preliminary Preliminary 

Preliminary Preliminary 



Xmax dist. QGSJET-II 
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19.0 < logE < 19.2 19.2 < logE < 19.4 

19.4 < logE < 19.6 19.6 < logE < 19.8 

Preliminary Preliminary 

Preliminary Preliminary 



KS test for Xmax distribution 
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Preliminary 



ARRIVAL DIRECTION  
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T. Abu-Zayyad et.al, ApJ 757(2012) 26 



Autocorrelation 

Skymap for E>40EeV 
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 # of event above 40EeV : 57 (2008 May – 2011 Sep.)  

 For d < 2.5deg,  0 pair observed (1.5 expected B.G.) 

 No significant excess is found. 

 



Correlation to AGNs 

13 March 2013 Rencontres de Moriond 20 

 465 nearby AGN from VCV catalogue (𝑧 ≤ 0.018) 

 # of event above 57EeV : 25 

 For d < 3.1deg, 11 events are correlated(5.9 expected from 

random) : chance probability ~ 2% 

 

Skymap for E>57EeV 
# of event correlated 

w/ AGN at 3.1deg. 



UHECR map from LSS 
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 Galaxy catalogue : 2Mass Extended Sources (XSCz) 

 m<12.5, 5 < D < 250 [Mpc] 

 Propagation : proton , injection index=2.4 , m=4 

CR propagation TA Exposure 

E>10EeV E>40EeV E>57EeV 

Deflection by mag. field 



UHECR map from LSS 
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 Galaxy catalogue : 2Mass Extended Sources (XSCz) 

 m<12.5, 5 < D < 250 [Mpc] 

 Propagation : Interaction with CMB, 4p dilution 

CR propagation TA Exposure 

Deflection by mag. field 

E>10EeV E>40EeV E>57EeV 



PHOTON FLUX 
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UHE photon limit from SD data 

 Photon showers 

 Deeply penetrated 

 Large curvature at the shower front. 

 Event select conditions 

 Zenith angle : 45o < q < 60o 

Exposure : 1286 [km2 yr sr] 

 Eg >1019eV 

Fg < 1.9 x 10-2 [km-2 yr-1 sr-1] 
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(95% CL) 



NEAR FUTURE PROSPECTS 
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TA Low energy Extension (TALE) 
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 Study the logE =16~17 with a hybrid detector. 

 End of the rigidity-dependent cutoff that starts with the knee 

@3x10^15eV. 

 The second knee 

 The galactic-extragalactic transition 

 

 

 

TA-FD TALE-FD 



TA Low energy Extension 
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 Study the logE =16~18 with a hybrid detector. 

 End of the rigidity-dependent cutoff that starts with the knee 

@3x10^15eV. 

 The second knee 

 The galactic-extragalactic transition 

 

 

 

TALE-FD event sample 



Cross calibration w/ Auger 
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 Calibrate TA-FD using 

Octocopter (Flying UV 

light source of Auger). 

 In TA:    14-16 Oct 2012 

 In Auger:  05 Nov 2012 

 Data analysis is going on. 



TA-EUSO project 
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TA-EUSO housing 

Test @ RIKEN  

 Testing the JEM-EUSO prototype 

telescope at TA-FD site. 

 Put the telescope in front of  TA-FD. 

 Will observe the ELS beam & CLF laser. 

 Installation will be done in this week. 



TA Radio detection (TARA) 
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 Bistatic radar detection: 

 Remote sensing 

 Inexpensive 

 100% duty cycle 



TA Radio detection (TARA) 
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 Bistatic radar detection: 

 Remote sensing 

 Inexpensive 

 100% duty cycle 



Summary 
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 Operation of TA is quite stable. 

 Preliminary results are shown: 

 Shape of energy spectrum shows the suppression above 5.4x1019.eV. 

 Observed Xmax is consistent with the proton dominant case. 

 Arrival direction 

 No significant clusters. 

 No correlation with AGN. 

 More TA results will be soon. 

 New projects for the future experiments are going on. 

 Low energy extension 

 TA/Auger cross calibration 

 EUSO prototype telescope test  

 Radio detection  




