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Outline
• Telescope Array observatory and TAx4 

upgrade
• UHECR energy spectrum results
• Composition results
• Anisotropy results
• Summary
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Telescope A r ray :  t he  la r ge s t  c o s m i c  r a y   
o b s e r v a t o r y  in t h e  N o r t h e r n  H e m i s p h e r e
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140 members , 32 institutes, 7 countries

USA Japan Russia Belgium Czech RepublicKorea Slovenia 3



TA×4 southern FD 
station

TA × 4

TALE SD
80 SDs

TA×4 North
130 SDs

TA×4 South
127 SDs

TA×4 northern FD station

routine observation 
since Jun. 2019

TA SD
507 SDs

routine observation 
since Aug. 2020
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• Fourfold increase in 
size of TA SD array 
(up to 3000 km2). 

• Triple statistics for 
E>20 EeV in 5 years.

• Hybrid experiment:
• 2 new FD stations, 12 

telescopes

• 257 SD scintillators 
out of 500 are 
installed and 
operational since Nov. 
2019



S D  e v e n t  re c o n s t r u c t i o n

Empirical formula used by AGASA

Event map:
Size = # of  particles
Color = timing

Lateral distribution profile fi t

r  = 8 0 0 m

S800

S800 --> p r imary  energy
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TA Preliminary 

FD Event 
Display

Hybrid time-vs-angle 
fit

H y b r i d  ( F D + S D )  e v e n t  re c o n s t r u c t i o n

SD energy is rescaled to calorimetric FD energy scale

Efinal = ESD / 1.27 



UHECR energy spec t rum
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Log (E/eV)= 
16.22 ± 0.02

Knee
Log (E/eV) = 17.04± 0.04

Log (E/eV) = 18.69 ± 0.01

Log (E/eV) = 
19.81 ± 0.03

𝟐𝟔𝑬𝑲𝑬𝑲 𝟒𝑬𝑲

Second Knee

Ankle

Cutoff
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Combined TA spectrum:
22 months TALE FD + 11 years TA SD data

The “Instep” feature

TA SD + TA FD + HiRes data: we observe the Instep feature in the 
Northern Hemisphere at 1019.22±0.08 eV with a 4.0 σ significance



Joint Auger + TA spectrum Working Group result
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TA
39°N
700km2

Auger
35°S
3000km2
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Absolute energy scale difference 9%, on top of this 3.0 σ 
difference persists at higher energies – work in progress

In TA – Auger common declination band: 
spectrum should be the same



Highest energy event observed at 27 of May 2021

Snowmass 2021 whitepaper, arXiv:2205.05845

E ≈ 1020.4 eV
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UHECR mass composi t ion
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F D  E v e n t  r e c o n s t r u c t i o n
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recons t ruc ted  shower  p rofi les
LR BRM

Comparing with MC -> Xmax 
A proxy for primary nucleus mass

Shower  
Detector 
 Plane

Line intersection 
 of  shower  
detector planes
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TA and TALE hybrid XMAX
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TALE hybrid TA hybrid
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TA SD UHE photon limits
p-γ classifier based on Neural Network

Uses full time-resolved signals from all 
triggered SD stations along with 16 
composition-sensitive observables



UHECR An iso t ropy
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ICRC 2021

Large scale anisotropies (multipole analysis)
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Dipole + quadrupole reconstruction

Joint Auger + TA anisotropy Working Group result

Energy between TA and Auger is rescaled 
using common declination band:

EAuger = E0 e−0.154 (ETA / E0)0.937; E0 = 1019 eV
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CR clustering: Hotspot update (14 yr data) 

Energy E > 57 EeV

Overall post-trial significance has dropped
from 3.4σ to 3.2σ

The growth rate of events  inside the 
hotspot  is consistent with the linear one within ~ 1σ
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TA preliminary!
Oct 2022



CR clustering:  lower energies

Hint of excess in the direction of Perseus-Pisces supercluster: 3.5 σ local significance
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TA preliminary!
Oct 2022

Chance probability to have the excess from Perseus-Pisces superculser: 3.2 σ

Chance probability to have the excess from other major superclusters: 2.6 σ



Correlation with LSS: measure for UHECR injected mass composition
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Sky map ФEk of expected flux from LSS at Ek = 57 EeV 

θ is an average deflection of event set 
from expected sources in LSS

Compare with various 
primaries simulations

Compute TS for SD data

 Small deflections and light composition are disfavored at all  
E > 1019 eV (EGMF = 0)

 At E > 1020 eV data is very isotropic so that even injected 
iron is in tension with data

MK & P. Tinyakov,  JCAP 04 
(2021) 065



Correlation with LSS vs. Xmax composition
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Add the largest 
allowed EGMF 
to simulations



Summary
• Telescope Array is the largest UHECR Observatory in the Northern Hemisphere
• Energy spectrum is measured from 1015.5 to 1020.5 eV (5 decades)

• New feature (hardening) in the energy spectrum at ~1019.3eV
• TA Low Energy Extension (TALE) energy spectrum indicated that second knee 

may result from Peters cycle (1015.6eV-1017.1eV)
• Between 1018.0 eV and 1019.1eV TA hybrid data is compatible with predominantly 

light elements such as protons and helium
• Indications of anisotropy at 40 < E < 100 EeV

• Hint of excess in the direction of Perseus Pisces E > 1019.3eV
• Hotspot in the direction of Ursa Major (3 . 2 σ  post trial)

• Very isotropic data at E > 100 EeV  Indication of heavy composition?→
• Large deflections at  10 < E < 40 EeV + light composition from X max  →

Indication of strong EGMF?
• We need much more data at high energy end → TAx4 in operation! 
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