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Telescope Array (TA) 
• Telescope Array Collaboration was forged by 

Members of HiRes and AGASA  
– Study Ultra High Energy Cosmic Rays (spectrum, 

composition, anisotropy, …) 
– Understand the differences between AGASA and 

HiRes 
– Study the galactic to extra-galactic transition: 

measure cosmic rays over the second knee, ankle, 
and GZK with one cross-calibrated detector  

• Current collaboration from the US, Japan, 
Korea, Russia, and Belgium 



Telescope Array Collaboration 
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Telescope Array 

The High Energy component of Telescope Array – 38 fluorescence 
telescopes (9728 PMTs) at 3 telescope stations overlooking an array of 507 
scintillator surface detectors (SD) - complete and operational as of ~1/2008.  



Long Ridge Black Rock Mesa 

Middle Drum 

Reutilized from HiRes-I 

New Telescopes 

6.8 m2  ~1 m2 

14 telescopes @ station 
256 PMTs/camera 

5.2 m2  

TA Fluorescence Detectors 

12 telescopes/station 
256 PMTs/camera 



Typical Fluorescence Event 
Event Display 
Black Rock Mesa 

Monocular timing fit (time vs angle) Reconstructed Shower Profile 

Fluorescence 

Direct (Cerenkov) 

Rayleigh scatt. 

Aerosol scatt. 



Scintillator Surface Detectors 

2 layers scintillator 
1.25 cm thick,  3m2 area 
Optical fibers to PMTs 



Scintillator Detectors on 
a 1.2 km square grid 

• Power: Solar/Battery 
• Readout:  Radio 
• Self-calibrated:        

µ background 
• Operational:  3/2008 



TA shower analysis with SD 
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An SD hit map of a typical high energy event 

Time fit 

Lateral distribution 
profile fit 

800 m 

S800 



Example Event 

MD 

LR BR 
SD 

θ [o] φ [o] x[km] y[km] 
MD 

mono 51.43  73.76  7.83  -3.10  

BR 
mono 51.50 77.09 7.67 -4.14 

Stereo 
BR&LR 50.21  71.30  8.55  -4.88  

Event from 2008-10-26 



The Energy Spectrum 

• Surface Detector array – highest 
statistics (operational 24/7) 
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TA SD Spectrum (5 year) 
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Broken power law fit 

TA Data 
May, 2008 – May, 2013 

Zenith angle < 45o 

14,787 evts (E > 1018.2 eV) 
Exposure 4500 km2 sr yr 



GZK Effect 
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Chemical Composition 

•Use hybrid or stereo to constrain 
geometry and know Xmax 

• Stereo also provides a redundant 
measurement of Xmax  
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Xmax Technique  

Depth [g/cm2] 
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Shower longitudinal development 

Xmax 

• Shower longitudinal development 
depends on primary particle type. 

• FD observes shower development 
directly. 

• Xmax is the most efficient 
parameter for determining 
primary particle type. 

HiRes 

Auger 

    PRL.104.161101 
(2010) 

    PRL.104.091101 
(2010) 



High Energy Hybrid Event 

Energy: 1.282  1020 eV 
Zenith Angle: 55.7° 

Surface array constrains 
geometry fit via extra timing 
& core information 



Proton MC <Xmax> Vs. Log10(Energy) 
After  Reconstruction and Event Selection 
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Proton MC 



Iron  MC <Xmax> Vs. Log10(Energy) 
After Reconstruction and Event Selection 
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Iron MC 



MD Hybrid Elongation (5 Yr Data) 
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MD Hybrid 5 years data 
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Xmax in Energy Slices  
Comparison to p/Fe MC 



21 

MD Hybrid 5 years data Xmax in Energy Slices  
Comparison to p/Fe MC 



KS Test on 5 year Data 



Stereo Events 
Sample event from the High 
Resolution Fly’s Eye (HiRes) 

Site #1 

• Site #2 



Composition via Stereo Data 

Long 
Ridge 

Black 
Rock 



BR+LR Stereo Elongation  



Stereo Composition by Energy Slices 



Middle Drum + BR/LR Stereo 

MD 

LR 
BR 
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Photons and Neutrinos? 
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Anisotropy/Sources? 
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Correlations with AGNs 
• 472 AGN from 2006 Veron catalog with z < 0.018 
• E > 57 EeV, zenith angle < 45o, N = 42 (5 yr) 
• Separation angle = 3.1o  
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Correlations with AGNs 
Probability of event overlapping with AGN is po = 0.24 
Find 17 events correlate of 42  p = 0.014 
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Correlation with Galactic Large 
Scale Structure (5 yr data) 

Flux map in galactic coordinates, 
from the LSS model with magnetic 
smearing angle of 6°, E>5.7×1019eV.  

LSS from 2MASS XSCz galaxy catalog  



Hotspot 

E>5.7x1019 eV  (72 events) 
Events over-sampled using 20o circles 
19/72 events fall in hotspot   (4.5 events expected) 
Estimate 3.4σ  significance    (RA,dec) ~ (145 ,40 )  
Aitoff projection in Equatorial Coordinates 
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New…. 
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Below 1019 eV 
• However, Stage-1 of TA was 

not designed for physics 
below 1019 eV 
 

• There is no overlap at all in 
the aperture of the three 
fluorescence detectors at  
1018 eV 
 

• The ground array efficiency 
drops quickly in the 1018-
1019 eV decade 



TALE: TA Low Energy Extension 

New telescopes to look 
higher in the sky (31-59o) to 
see shower development 

Infill array of more 
densely packed 

surface detectors 
(lower energy 

threshold) 



 Civil Construction Done 
  All 10 Telescopes installed 
 First 35 scintillators  detectors deployed 
 Commissioning of detectors is underway 
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TALE Events 

E = 1016.5 eV 

Hybrid event 



Next: TAx4 
Proposing to expand 
Telescope Array by a factor 
of 4   (3000 sq km) 
 
Answers to anisotropy 
questions much more 
quickly 
 
Add 
-  500 new scintillator      
detectors (2.08 km spacing) 
-new telescope station (14 
telescopes) 
 

 
 

 



Conclusions  
• The Telescope Array (TA) Experiment is a large 

experiment  carefully controlling systematic 
uncertainties  

• It has picked up where HiRes left off,  collecting 
UHE cosmic ray data in the northern hemisphere 

• Multiple analyses of various data sets are ongoing: 
– FD mono, Stereo, SD mono, Hybrid, Hybrid-Stereo 

• Ankle and GZK suppression (HiRes) are confirmed  
• Composition is constant and light in this energy 

range 
• No signs of photons, neutrinos 
• Anisotropy may not be too far off…. (LSS & hotspot) 
• TALE – the Low Energy Extension to TA is extending  

the reach of TA down to ~3x1016eV to study the 
galactic to extra-galactic transition 

• TAx4  proposed 



 


