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Resolution and Sensitivity by Monte Carlo Simulation

UHECR2022 @ L'Aquila, Italy

Zenith Angle LDF c2/dof Pulse Height

Exposure

Black dots: Data
Red lines: MC

l Monte Carlo based on CORSIKA program used 
for resolution and exposure calculations.

l TA SD Resolution:
l 20% energy, 1.4o angular, E ≥ 1019.0 eV
l 29% energy, 2.1o angular, 1018.5eV ≤ E < 1019.0 eV
l 34% energy. 2.4o angular, 1018.0 eV ≤ E < 1018.5 eV
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Outline

• Telescope Array experiment

• Update on the hotspot

• Results using 14 years of data

• Independent dataset analysis

• Chance probability estimation

• Update on the Perseus-Pisces SuperCluster (PPSC) excess

• Results using 14 years of data

• Chance probability estimation
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Telescope Array (TA) experiment

• The largest cosmic ray observatory in the northern hemisphere
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- Delta, Utah, USA. ~1400 m above sea level
- 507 surface detector array covers ~700 km2

- 38 telescopes in 3 stations look over the array

35 km

SD array

FD station

Surface Detector: Plastic Scintillator

Fluorescence Detector: PMT camera



Hotspot analysis



Excess of events: TA Hotspot TA collab. (2014)
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- 72 events (5-year TA SD data)
- Max local sig.: 5.1𝜎

at (146.7°, 43.2°)
Obs. : 19 events
Iso. : 4.49 events

- Post-trial probability: 
𝑃 SMC > 5.1𝜎 = 3.7×10!"

à 3.4𝝈

20°-radius oversampling



Oversampling searches: Li-Ma analysis
• The statistical significance of the excess of events compared to background events at each grid 

point is calculated by the Li-Ma method:
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• 𝑁-%-./ = 𝑁%& +𝑁%++ : total observed number of events
• 𝑁%&: # of events inside the circle, 𝑁%++: # of events outside the circle
• 𝑁01 = 𝛼 ) 𝑁%++

• To determine the exposure ratio of 𝛼, we generated 105 events assuming an isotropic flux taking 
into account the geometrical exposure.

• 𝛼 = *&'(,!"
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• Field of view: 90° to -10° in declination, 0° to 360° in right ascension

• Oversampling with 25° of angular windows
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Li-Ma significance map with E ≥ 57 EeV
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- 205 events (14-year TA SD data)
- Max local sig.: 5.1𝜎 at (144.0°, 40.5°)

Obs. : 44 events
Iso. : 16.9 events

- Post-trial probability: 

𝑃 SMC > 5.1𝜎 = 7.4×10!" à 3.2𝝈

~160% excess

25°-radius oversampling

Deficit Li-Ma significance Excess



Independent dataset analysis
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- 133 events (Last 9-year)
- 2.5𝜎 at (144.0°, 40.5°)

Obs. : 22 events
Iso. : 11.6 events

- 72 events (First 5-year)
- 5.0𝜎 at (144.0°, 40.5°)

Obs. : 22 events
Iso. : 5.2 events



Time variation of the hotspot
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- Black dots: cumulative # of 
events falling inside the hotspot 
circle of 25°
- Orange x’s: cumulative # of 
isotropic events inside the hotspot
- Blue solid line: estimated event 
rate inside the hotspot

The increase rate of the events 
inside the hotspot circle is 
consistent with the linear 
increase within ~1𝜎.



New excess in the direction of
the Perseus-Pisces supercluster



New excess in slightly lower energy events JK+, ICRC2021
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- Li-Ma significance 
map: excess (red) / 
deficit (blue) of events 
compared to isotropy
- Black diamond (◆): 
the maximum Li-Ma 
significance position
- Equatorial coords. 
having RA=0 at center

RA=0

E ≥1019.4 eV E ≥1019.5 eV

E ≥1019.6 eV E ≥57 EeV

Hotspot



What is behind the new excess?
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Hotspot region

Perseus-Pisces supercluster

Equatorial coordinates

Sky map with nearby galaxies and clusters of galaxies 3-dimensional density maps

Courtois et al. (2013). AJ 146(3).



New excess with the Perseus-Pisces supercluster (PPSC)

15

E ≥ 1019.4 eV E ≥ 1019.5 eV E ≥ 1019.6 eV

• Black asterisks (*): the representative elements of the PPSC; Gray dots (·): Galaxies from 
the 2MASS Redshift Survey catalog (35–100 Mpc); Cyan diamonds (◆): the positions of 
maximum excesses; Blue squares (■): the center of the PPSC.

• It is seen that the excess is coincident with the overall distribution of the PPSC. The angular 
separations between the positions of the maximum excesses and the center of the PPSC 
are less than ~10°.
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Li-Ma analysis with 20° oversampling with E ≥ 1019.4 eV
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Deficit Li-Ma significance Excess

20°-radius oversampling

- 1060 events (14-year TA SD data)

- Li-Ma sig.: 3.8𝜎 at (17.4°, 36.0°)
Obs. : 95 events
Iso. : 61.4 events

~55% excess

E ≥ 1019.4 eV



Li-Ma analysis with 20° oversampling with E ≥ 1019.5 eV
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- 685 events (14-year TA SD data)

- Li-Ma sig.: 3.8𝜎 at (19.0°, 35.1°)
Obs. : 66 events
Iso. : 39.1 events

Deficit Li-Ma significance Excess

20°-radius oversampling

~69% excess

E ≥ 1019.5 eV



Li-Ma analysis with 20° oversampling with E ≥ 1019.6 eV
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~85% excess

Deficit Li-Ma significance Excess

20°-radius oversampling

E ≥ 1019.6 eV

- 413 events (14-year TA SD data)

- Li-Ma sig.: 3.5𝜎 at (19.7°, 34.6°)
Obs. : 43 events
Iso. : 23.2 events



Compare new excess with the PPSC and other major structures
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- Choose all the similar major 
structures to the Perseus-Pisces 
supercluster in TA’s field of view 
within 150 Mpc.

- Virgo cluster (17 Mpc) 
PPSC (70 Mpc),
Coma supercluster (90 Mpc)
Leo supercluster (135 Mpc)
Hercules supercluster (135 Mpc)

E ≥ 1019.4 eV

Deficit Li-Ma significance Excess

20°-radius oversampling



Chance probability estimation
• To quantify how often this happens by chance, we generate many Monte-Carlo event sets, 

each containing the same number of events as the data, thrown isotropically according to 
the acceptance of the TA SD. 
• We count as successes the number of sets where the point of maximum Li-Ma significance is 

at least as significant as in the data, and also occurs at least as close to the PPSC as in the 
data: (Smc ≥ Sobs) and (𝜃mc ≤ 𝜃obs).
• Chance probability of having equal or higher excess on top of the PPSC / major structures 

{PPSC, Virgo cluster, Coma SC, Leo SC, Hercules SC}

• This result indicates that a cosmic ray source may exist in the direction of PPSC.
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Energy (eV) Events Criteria PPSC Major structures

E ≥ 1019.4 1060 (Smc ≥ 3.8𝜎) & (𝜃mc ≤ 8.6°) 3.1𝜎 2.5𝜎
E ≥ 1019.5 685 (Smc ≥ 3.8𝜎) & (𝜃mc ≤ 7.4°) 3.2𝜎 2.6𝜎
E ≥ 1019.6 413 (Smc ≥ 3.5𝜎) & (𝜃mc ≤ 6.8°) 3.0𝜎 2.4𝜎

Summary of the Monte-Carlo studies that estimate the chance probability of having an excess
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Summary
• Intermediate-scale anisotropy studies have been conducted using 14 years of 

TA SD data. 

• We have persistent evidence for the hotspot at the highest energies, E ≥ 
5.7×1019 eV, near the Ursa Major group. The global significance of such 
excess appearing by chance anywhere in TA's field of view is estimated to be 
3.2𝜎.

• A new excess in slightly lower energy events, E ≥ 1019.4 eV, in the direction of 
the Perseus-Pisces supercluster has been identified. The local significance of 
excess is now estimated to be 3.8𝜎. The chance probability of having an 
excess as close to the PPSC as the data is estimated to be 3.2𝜎.
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