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Telescope Array: The largest cosmicray

observatory in the Northern Hemisphere

Science goals:

* Oirigin and properties of the ultra-high
energy cosmic rays:

* spectrum, composition, anisotropy
* Physics of HE hadronic interactions

* Multi-messenger and interdisciplinary
studies

* photons, neutrino, dark matter

e thunderstorms, TGFs

Telescope Array
Delta, Utah, USA. ~1400 m a.s. |l
Collaborators from HiRes,AGASA and other institutes

* meteoroids

* Development of the next generation
experiments

Google™
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TALE

Located in TAMD site
10 FDs in the TALE station
Elevation: 300-570 (higher elevation than

MD) Azimuthal: 1140
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routine observation
since Jun. 2019

TAx4 North

TAx4 southern FD station

routine observation
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Dept. of Physics Univ., of U

Goal: fourfold increase
in size of TA SD array
(up to 3000 km?).
Triple statistics for
E>20 EeV in 5 years.

Hybrid experiment:
2 FD stations, 12
telescopes are installed

257 SD scintillators out
of 500 are installed and
operational since Nowv.

2019



N
NN

19
18

Distance North, [1200m]
N
S

17
16
15
14
13
12

SD Event Reconstruction

= 1 ] 1 | 1 1 | 1 1 1 _‘ 'E

i Event map. _59 ,§_ Linsl:z Fit 3 2 p 0 1 2

| Size = # of particles i = T SRS RARES Ranas Loses masas Laass A

. _p g gesE Time fit

- Color = timing 185 = é‘ 9

- = g g 8.5[%

- - 7.5

- Al 7

I g s -

6 acdaa L o s s a1 o 2 b o N o aaa L a a s a L s s a a1l . .
7 4 e 2 i h Distar?ce along sl:ower axls.2[1200m]
W S M (2 . M G (R, S l 1.05 s \135
1 2 3 4 5 6 7 8 9 10 11 12 — 1.0+ — p 0o
Distance East, [1200m] 12 % 1031’11) ( 30111)
Modified empirical formula in AGASA

o Lateral distribution profile fit

" s \-12 s\ ~m0)-12) s 12\ 06

= A 1 1
e P (91.6111) ( +91.6m) ( i [1000m} )
10 ?’](9) = 3.97 - 1.79 [SBC(Q) — 1]

Charge Density, [VEM/m’)

10"

Empirical formula used by AGASA

|

A A A ' 1
1
I = 8 O O m Distance from shower axis, [1200m]

S800 ->primary energy
ICRC 2021




Event reconstruction

observed images

Stereo

Line intersection
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Energy spectrum




TA SD Energy Spectrum
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See also talks by Koki Sato and
Matthew Potts for TALE SD and
TAx4 mono spectra



E’ xJ [eV? x m2 x sr x 8]

Combined Energy Spectrum
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The “Instep”
feature

TA SD (2019 ) outside of BR / LR Obs. Period

BR/LR Mono Combined (2020)
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Pierre Auger found a spectrum hardening in 10'? — 10'%> eV range
Combining TA SD, FD and HiRes data, we observe the Instep feature in the
Northern Hemisphere at 10!72°¥003 eV with a 5.3 o significance

Dmitry lvanoy, this conference
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oint Auger + TA spectrum WG result
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TA and TALE hybrid XMAX

TALE hybrid TA hybrid
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TA SD composition

Machine learning technique based on BDT and |6 composition-sensitive observables
with |2 years of TA SD data
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TASD UHE photon limits

New p-y classifier based on neural network.
Classifier uses full time-resolved signals from
all triggered SD stations along with 16
composition-sensitive observables.
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CR clustering: Dipole update (12-yr)
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distribution for E > 8.8 EeV (energy cut corresponds to E > 8 EeV Auger 2017 result: 1, = 4.7%; ¢, = 100°

used by Auger).

Toshihiro Fujii, this conference

TA+Auger WG result: Peter Tinyakoyv, this conference
see also Auger Highlight talk by Ralph Engel

ICRC 2021
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CR clustering: Ho

- First 5-y—rs: 72/events |/ TR Last 7-yrs; 107 events’
S at hotspot center =50 - S at hotspot center = 2.36
B Energy E > 57 EeV

Cumulative # of events inside the hotspot

t sp

00
Days

2500 3000 3500

ot update (12-yr)

Overall post-trial significance has dropped
from 3.40 t0 3.20

The growth rate of events inside the
hotspot Is consistent with the linear
one within ~ 1o

Jihyun Kim, this conference.
ICRC 2021
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Declination (deg)

CR clustering: Medium scales
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Jihyun Kim, this conference. @
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Correlation with LSS: chemical composition

Upper limits on proton and iron
fractions at 68% C.L. as functions
of energy, derived from correlation
with LSS

Mikhail Kuznetsoy, this conference

For TA anisotropy summary see talk by Igor Tkachey, this conference

For the TA+Auger WG on sources see report by Armando di Matteo

see also Auger Highlight talk by Ralph Engel



Declination Dependence of Spectrum
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* Difference of the cutoff energies of energy spectra
— log(E/eV) = 19.64 * 0.04 for lower dec.band (-16° -24.8" )

— log(E/eV) = 19.84 + 0.02 for higher dec.band (248" -90° )
* The global significance of the difference is estimated to be 4.30

Dmitry lvanoy, this conference
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Observation of Terrestrial Gamma-Ray Flashes with TA SD

200 TGF Event 2018/10/03 04:03:48 * Broadband Interferometer (INTF):
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Jackson Remington, this conference



Variation of Level-0 trigger rate during Thunderstorms

* Level-0 trigger rate is monitored
at 10 min resolution at each SD
station.

. Thunderstorm detected by NLDN
~ changes the trigger rate.

* The result may be interpreted by
using EFIELD option of CORSIKA.

* Intensity increase or deficit
depends on electric field type
(intracloud or cloud to ground)
and thunderstorm polarity

Rasha Abbasi, this conference



Extension of TALE SD: TALE-infill

TALE-infill SD array

TALE SD array
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Summary

* Telescope Array is UHECR Observatory in the Northern Hemisphere
* Energy spectrum is measured from 10/>> to 102%> eV (5 decades)
* New feature in the energy spectrum at ~10'%3eV

* TA Low Energy Extension (TALE) energy spectrum indicated that second knee may
result from Peters cycle (10'>-¢eV—>10!7-1eV)

TALE Xmax shows composition becoming heavier between first and second knee,
consistent with Peters Cycle interpretation

* Between 1089 eV and 10'°-'eV TA hybrid data is compatible with predominantly light
elements such as protons and helium

* Indications of anisotropy at highest energy
* Hot spot from |2 years of data in the direction of Ursa Major (3.20 post trial)
* Hint of excess in the direction of Perseus Pisces E > 10!%3eV
* Correlation with LSS consistent with large fraction of protons
* Declination dependence of the spectrum

* We need much more data at high energy end —>TAx4 in operation!



