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TELESCOPE ARRAY:  THE LARGEST COSMIC RAY  
OBSERVATORY IN THE NORTHERN HEMISPHERE

Telescope Array
Delta, Utah, USA. ~  39o N, 113o W  1400m a.s.l.  
Collaborators from HiRes, AGASA joined by other institutes

8 July 2024

YOU ARE HERE
Puerto Vallarta, MX  
20o N, 105o W  15m a.s.l



TELESCOPE ARRAY
Telescope Array Detectors 
Surface Detector Array (3/2008)

• 507 Scintillator Counters
• 3 m2 area
• 1.2 km spacing
• ~700 km2

Fluorescence Telescopes (2007)
• 3 Stations
• 12–14 Telescopes ea
• 3˚–31˚ elevation
• Above SD Array
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Detector



TELESCOPES

• Segmented mirrors

• 256 hexagonal PMTs/camera

• pixel views ~1o of sky

• UV band-pass filter
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SCINTILLATOR SURFACE DETECTORS

• 2 layers scintillator

• 1.25 cm thick,  3m2 area

• WS Optical fibers to PMTs
8 July 2024

JNMatthews ISVHECRI 2024 PVR
6



Scintillator Detectors 
on a 1.2 km square grid

• Power: Solar/Battery
• Readout:  Radio
• Self-calibrated:  µ
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TELESCOPE ARRAY WITH AIRFLY 
YIELD & AUGER MISSING ENERGY

2024-04-03JN.Matthews - April APS 2024 8

S.Ogio, ICRC2023

• Before: difference between 
Telescope Array and Auger 
Spectra was ~9%, well within 
the uncertainty of either 
experiment

• After modifying Telescope Array 
to use AirFly fluorescence yield 
and Auger missing energy 
correction, agree ~1%, for 
E<10^19.5 eV

14 yrs TA SD Spectra with Auger 2020
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TA×4 SD ENERGY SPECTRUM

9

• The energy spectrum was measured 
by the TA×4 SD using data (3 years: 
Oct. 2019–Sep. 2022).

• Limited statistics in TAx4 SD start-up 
due to the absence of the inter-
tower trigger system in this period.

• Consistent with the energy spectrum 
measured by the TA SD array.
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FITTING BOTH SPECTRA IN THEIR FULL APERTURES: 8.0𝜎𝜎 DIFFERENCE

2024-07-02 10

The red line is the same fit function.

Auger full ap spec w/ fit to both spectra full aperture 
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TA full ap spec w/ fit to both spectra full aperture 

TA SD (2022) -15.7o < δ < 90o 



DECLINATION DEPENDENCE IN THE TA SD SPECTRUM

2024-04-08 11

• Differences in the cutoff energies

- log(E/eV)=19.84 ±0.02 
for higher declination (24.8°–90°)

- log(E/eV)=19.65 ±0.03

for lower declination (-16°–24.8°)

• The local significance is 4.8𝜎𝜎.

• The global significance of the 
difference is estimated to be 4.4𝜎𝜎.

• No instrumental causes were found. 
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ANISOTROPY SIGNAL/EXCESS REGIONS IN TELESCOPE ARRAY DATA (14 YRS)

2024-04-03 12

Perseus-Pisces SC             
E > 1019.4 eV
4.0σ  local     

TA Hotspot 
E > 1019.75 eV 
3.2σ  post-trial 
(brightness not sustained recently) 

J.H.Kim 

RA=0



FIGURE 4: SKY MAP IN EQUATORIAL COORDINATES

2024-07-08

PPSC
excess
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TA INSIDE/OUTSIDE HOTSPOT+PPSC

2024-07-02 14

Telescope Array INSIDE the  Excesses

Auger fullaperture spec

Telescope Array OUTSIDE the Excesses
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Auger full aperture spec



FITTING BOTH SPECTRA, TA -5°≤𝛿𝛿<24.8° & EXCL. HOTSPOT + PPSC: 1.8𝜎𝜎

2024-07-02 15
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Red line is fit to Telescope Array and Auger spec over
their full apertures – Auger data in common dec band
is plotted  

Red line is fit to Telescope Array and Auger spec over
their full apertures – Telescope Array  data in 
resrticted common dec band & no excess is plotted  



EXTREMELY ENERGETIC COSMIC RAY OBSERVED BY TA
• 2021-05-27 10:35:56 UTC, No FD observation

• E = 244±29 EeV in the direction of (255.9°,16.1°) in the equatorial coordinates

16

Abbasi et al., Science 382, 6673 (2023)
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Ultra-high energy cosmic
rays E > 10^20 eV

No Obvious Sources
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T.Fujii, 
ICRC2023

HE events do NOT 
seem correlated 
with the distribution 
of matter



COMPOSITION ANALYSIS WITH TA HYBRID XMAX

• Energy Range: 1018.2 eV – 1019.1 eV
• 3560 events after the quality cuts
• Systematic uncertainty of <Xmax>: ± 17 g/cm2

• QGSjetII-04 interaction model was compared with the data
→ agreement with light composition

• More events are needed to study highest energies
• Also working on more models 

Mean Xmax
10 years SD and FD hybrid data

σ (Xmax)
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COMPOSITION
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• TA SD composition: BDT 
analysis using 16 
composition sensitive 
signals (12 years: 2008–
2020)

• Find light, unchanging 
composition above 1 EeV, 
with two different high-
energy interaction 
models



TA×4 HYBRID 3 YEARS OF DATA (NOVEMBER 2020–DECEMBER 2023)

2024-05-29 20

• Xmax  values vs energy for ~3 
years data 

• Compared to QGSJET II-04 Monte 
Carlo simulation distributions

• Point to a composition that is light 
and unchanging 1018.6 to 1020 eV

• Consistent with previous TA and 
HiRes results 

Z. Gerber, APS April 2024
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Auger and Telescope Array measurements are compatible at the current
level of statistics and understanding of systematics2024-04-03 21



Telescope Array SD UHE Photon Search

22Ivan Kharuk, ICRC2023

Estimation of the photon 
flux

• Neural network trained to classify protons and photons 

Proton 
induced 
air showers

photon-
induced
air showers

photon-
likeness

Telescope Array and Auger have searched for photons and 
neutrinos in their data and observed neither – setting limits



Observation and study of Terrestrial Gamma-Ray 
Flashes with Telescope Array SD

Rasha Abbasi, ICRC2023

23



SUMMARY – RESULTS FROM TELESCOPE ARRAY
Spectrum
• Spectrum measurements over >5 orders-of-magnitude in energy
• TA finds a significant difference in its own HE suppression above and below 25˚ declination 
     (agreement with Auger in overlapping region) > 4σ
• > 8σ difference HE spectrum between TA and Auger in the full field of view 
• Difference within common band can be reduced to 1.8σ by cutting excesses and exposure edge
Anisotropy
• Hotspot persists, but significance not increasing very quickly 
• New significant excess at slightly lower energy in conjunction with the Perseus-Pisces Supercluster
Composition
• Appears Light and Steady  for E> 1018 eV
• But a Sibyll generated/reconstructed Auger mix similar in sky
High Energy Event Observed
• High Energy event:  2.4x1020 eV 
• Approaching Fly’s Eye (1991 OMG) particle energy: 3.2x1020 eV
• Events > 1020 eV appear isotropic…..  
Future
• TAx4 to Improve statistics especially for Anisotropy and Composition measurements 
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148 members, 33 institutes, 7 countries

Telescope Array Collaboration



•FIN
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