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● 3 fluorescence detectors (FD's)
● 120° azimuth, 3°-31° elevation 
● Overlook SD array
● Full shower reconstruction
● 10% duty cycle

The TA Observatory
Middle Drum
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● 507 Surface Detectors (SD's)
● Each 3 m2 active area, 2 layers
● 1.2 km spacing, 700 km2

● Shower footprint only
● 100% duty cycle
● Over six years of data 

The TA Observatory
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Surface Detector Reconstruction

Shower Geometry from TimingIndividual SD

Determine flux 800 m from core
1st Energy Estimate from lookup table
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ApJ, 2013

Search for Arrival Direction Anisotropy
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TASD 5-Year Skymap, E > 57 EeV



11

5-year
data
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UHECR Composition
via Depth of Shower Maximum X

max

HiRes stereo, PRL 104 (2010) PAO hybrid, 2013 ICRC
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Hybrid Composition
● Middle Drum (ref HiRes) 

fluorescence detector, in 
hybrid mode.

● Light composition

● Paper in review, APP 

log
10

 E(eV) > 18.2 log
10

 E(eV) > 19.0



  

Upgrades and Affiliated Experiments

● TALE – Low-Energy Extension
● NICHE – Non-Imaging Cherenkov Array

● TA ×  4 – Anisotropy engine to map the hotspot
● Electron Light Source
● TARA – EAS detection by bistatic radar
● TA/LMA – Novel use for a cosmic ray detector
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TA Upgrades

● Low-energy 
extension; TALE

● NICHE
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TA Low Energy Extension (TALE)

● Study 1016 and 1017 eV 
decades in hybrid

● Astrophysics

● End of “knee”
● Second knee
● Galactic-Extragalactic 

Transition
● High-energy physics: Cross-

section measurements 
overlapping LHC
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TALE Detectors are 
being deployed.

TALE infill array             TA SD

TA
mirrors

TALE
mirrors

TALE FD at MD
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TALE: Cherenkov Events

TALE fluorescence 
event: 0.5 EeV

TALE Cherenkov 
event: 9 PeV

T. Abu- Zayyad
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> 4 orders of magnitude,
one observatory!
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TA Upgrades

● TA x 4
● 3,000 km2

● 500 SD's, 2 km 
spacing

● 1 new FD (HiRes 
refurbished)

● Proposals submitted 
NSF, Japan

● Anisotropy: 20 TA-SD 
years by 2019
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TARA: What is the EAS 
radar cross-section?

● 80 year old question!

● Underdense Region

– Most of shower

–  (Thomson x N
e
) 

● Overdense Region: ionization 
density exceeds critical density 
(plasma frequency = sounding 
frequency)

– Relatively small (few cm?)

– like macroscopic conductor

● Collisional Damping?
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TARA

● High-gain antenna (8 MW ERP)

● 250 MS/s smart receiver

● 40 kW analog TV transmitter

(54.1 MHz, Channel 2)
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TARA

● High-gain antenna (8 MW ERP)

● 250 MS/s smart receiver

● 40 kW analog TV transmitter

(54.1 MHz, Channel 2)

Trigger calibration “event”
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Novel Discovery: TA “Burst” Events

T. Okuda
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“Burst Events” and 
National Lightning 
Detector Network 

Reconstructable! 



●    Lightning Mapping at Telescope Array
NM Tech, BNL, and the TA Collaboration

● Lightning produces keV-MeV gamma showers
● TA (uniquely) can reconstruct these showers
● Also: Can cosmic rays initiate lightning? 

VHF Lightning 
Detector +

3D Reconstruction of Gamma Showers
and lightning strike

TA Surface Detector
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Conclusions
● TA energy spectrum now spans 

four orders of magnitude. (Just 
above the “knee” to GZK feature. 

● TA sees evidence for anisotropy 
in the Northern Hemisphere

● Composition measured via X
max

 

appears light, mostly protonic.

● Rich program of affiliated 
experiments 
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