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Resolution and Sensitivity by Monte Carlo Simulation
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* 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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Hotspot analysis



Excess of events: TA Hotspot TA collab. (2014)

20°-radius oversampling
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- 72 events (5-year TA SD data)
- Max local sig.: 5.10
at (146.7°, 43.2°)
Obs. : 19 events
Iso. : 4.49 events
- Post-trial probability:
P(Syc > 5.10) = 3.7x107*
- 340



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:

Sum = V2 [Nog In (S52Mon ) 4y 1 (“*“)N"f")]l/z,

a(Non'HVoff) Non+Noff

* Niotal = Non + Nyfr : total observed number of events
* Nypn: # of events inside the circle, Ny¢: # of events outside the circle

* Npg = a - Noge

* To determine the exposure ratio of a, we generated 10° events assuming an isotropic flux taking
info account the geometrical exposure.
Nsim,on Nsim,circle

° A = =
Nsim,off (Nsim,total_Nsim,circle)

* Field of view: 90° to -10° in declination, 0° to 360° in right ascension

* Oversampling with 25° of angular windows



Li-Ma significance map with E > 57 EeV

25°-radius oversampling

& Ggactic p}ane
rgalactic plane
e pFOV

Max. Sig. ¢

- 205 events (14-year TA SD data)
- Max local sig.: 5.10 at (144.0°, 40.5°)
Obs. : 44 events

Iso. : 16.9 events

} ~160% excess

, B 77 s - Post-trial probability:
e P(Syc > 5.10) = 7.4x107* > 3.20
N 320
Deficit Li-Ma significance Excess
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Independent dataset analysis

& G:llactic pIane P Ggactic piane
rgalactic plane o actic plane
e pFOV A o pFOV

- 72 events (First 5-year) - 133 events (Last 9-year)
- 5.00 at (144.0°, 40.5°) - 2.50 at (144.0°, 40.5°)
Obs. : 22 events Obs. : 22 events
Iso. : 5.2 events Iso. : 11.6 events
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Time variation of the hotspot

Time variation of the events inside the hotspot circle of 25° = BIGCk dOTS: CumU|CI1'iVe # Of
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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
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What is behind the new excess?

Sky map with nearby galaxies and clusters of galaxies

3-dimensional density maps

} Hercules Cluster
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New excess with the Perseus-Pisces supercluster (PPSC)
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* Black asterisks (*): the representative elements of the PPSC; Gray dots (): Galaxies from

the 2MASS Redshift Survey catalog (35—-100 Mpc); : the positions of
maximum excesses; Blue squares (m): the center of the PPSC.

* |t 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 > 10174 eV

20°-radius oversampling

Galactic plane
Supergalactic plane -

E> 10194eV J—— — o FOV of TA

- 1060 events (14-year TA SD data)

=180
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Li-Ma analysis with 20° oversampling with E > 10195 eV

20°-radius oversampling

Galactic plane
Supergalactic plane

E> 10195eV S v FOV of TA
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Li-Ma analysis with 20° oversampling with E > 10196 eV

20°-radius oversampling

Galactic plane
Supergalactic plane

E> 10196eV — . — . FOV of TA 5

- 413 events (14-year TA SD data)

180" :
| - Li-Masig.: 3.50 at (19.7°, 34.6°)

= Obs. : 43 events
/ & } ~85% excess

e Lk Iso. : 23.2 events
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Compare new excess with the PPSC and other major structures

20°-radius oversampling
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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: (S, = S,,..) and (0. < 0,..)-

* Chance probability of having equal or higher excess on top of the PPSC / major structures
{PPSC, Virgo cluster, Coma SC, Leo SC, Hercules SC}

Summary of the Monte-Carlo studies that estimate the chance probability of having an excess

E> 1094 1060 (S.. > 3.80) & (0., < 8.6°) 3.10 2.50
E> 1095 685 (S.. > 3.80) & (0., < 7.4° 3.20 2.60
E> 10196 413 (S.. > 3.50) & (0., < 6.8°) 3.00 2.40

* This result indicates that a cosmic ray source may exist in the direction of PPSC.



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%X10'? 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
3.20.

* A new excess in slightly lower energy events, E = 1014 eV, in the direction of
the Perseus-Pisces supercluster has been identified. The local significance of
excess is now estimated to be 3.80. The chance probability of having an
excess as close to the PPSC as the data is estimated to be 3.20.



