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Outline

* Telescope Array observatory and TAx4
upgrade

 UHECR energy spectrum results
 Composition results
* Anisotropy results

e Summary



Telescope Array: the largest cosmic ray

observatory in the Northern Hemisphere
140 members, 32 institutes, 7 countries
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Surface Detector: Plastic Scintillator

| Upp:;l"ld'l'
EEER N : 5
PL B BN S ] | S Sm x SIWLSE 5m x S2WLSF g
/ R e | 1l
ry e e . \ Lwer PUT
/ - ' i
F R W WY W | L
/ Faewsy s " sy rye |
EEEEE IS e | ) et e
/ ------ RN e | T flem
\ J LRl R NN RN N R R 1% e
. FEEEEE R Y L = i
/ el B N Y EE R R R [!5
LR N R T e | i et
2 sy s w ey | il
> = LR B B T N N LB N E NE NN S RN 7 &
. L AL NN NN NN e e i L Upper & Lower layer are dividerd in optics
[ WY W Wy ‘e gw ||
_ - W W LR
/f CE R RN e L I.V' i
; LB N LU B EL BN
mi\ LR N N NN R g e e ey
o W NN N e S NN NN e L, [
e EET S T e Ny Ty www | A
EdE s R EERErY TSNSy /
\.\-\:"- R AR gy e ey
-y LN 5 o =
— pt 5\: e (W = /
2 i i ’

- Delta, Utah, USA. ~1400 m above sea level
- 507 surface detector array covers ~700 km?

- 38 telescopes at 3 stations to observe the sky above the array



TAx4

TAx4 northern FD station

routine observation
since Jun. 2019

TAx4 North

TAx4 southern FD
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Dept. of Physics Univ. of U

Fourfold increase in
size of TA SD array
(up to 3000 km?).
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 Nowv.
2019



Distance North, [1200m]

Charge Density, [VEM/m’]

SD eventreconstruction

TA4XMDFD: 190502 070702.826194
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Event map: _

Time, [us]
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Hybrid (FD+SD) event reconstruction

Time vs Angle (Hybrid)
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, _ SD energy is rescaled to calorimetric FD energy scale
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_Lateral distribution profil'e fit

S3800 n(0) = 3.97 — 1.79 [sec(6) — 1]
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UHECR energy spectrum




The “Instep” feature

Combined TA spectrum:
TA SD (2019 ) outside of BR / LR Obs. Period BR/LR Mono Combined (2020)
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TA SD + TA FD + HiRes data: we observe the Instep feature in the
Northern Hemisphere at 107922008 eV with a 4.0 ¢ significance



Joint Auger + TA spectrum Working Group result
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In TA — Auger common declination band:

PIERRE
AUGER spectrum should be the same
note: TA full trigger efficiency E>10183 eV
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Absolute energy scale difference 9%, on top of this 3.0 ¢
difference persists at higher energies — work in progress




Highest energy event observed at 27 of May 2021

Figure 5.8: Left: SD display of
the highest energy event seen by
TA, at 10%94eV. The circle size
represents the SD integrated signal,
while the color represents the rel-
ative time. The shower core and
direction are shown by the cross.
Right: The longitudinal profile of
the event. The two counters closest
to the core of the shower were sat-
urated and are not included. The

value of S(800) is 530 VEM/m?.
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UHECR mass composmon
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FD Event reconstruction

of shower
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Elongation plot : <X >
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break point : 17.07 + 0.09
before slope: 25.78 + 14.52
after slope : 95.13 + 10.99
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TA SD UHE photon limits

p-y classifier based on Neural Network

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




Large scale anisotropies (multipole analysis)
Joint Auger + TA anisotropy Working Group result

Dipole + quadrupole reconstruction
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CR clusterlng Hotspot update (14 yr data)
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Correlation with LSS: measure for UHECR Injected mass composition

Compute TS for SD data ¢
ﬂ

0 is an average deflection of event set
from expected sources Iin LSS

Small deflections and light composition are disfavored at all
E > 10*° eV (EGMF = 0)

At E > 10°°eV data is very isotropic so that even injected
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Correlation with LSS vs. Xnax composition
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TA FD composition measurement: ata 12yr
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Summary

* Telescope Array is the largest UHECR Observatory in the Northern Hemisphere
* Energy spectrum is measured from 1055 to 102°5 eV (5 decades)
* New feature (hardening) in the energy spectrum at ~10"3eV

* TA Low Energy Extension (TALE) energy spectrum indicated that second knee
may result from Peters cycle (10'%6eV-10"71eV)

* Between 1082 eV and 107°-'eV 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 > 1093eV

* Hotspot in the direction of Ursa Major (3.20 post trial)
* Very isotropic data at E > 100 EeV — Indication of heavy composition?

* Large deflections at 10 < E < 40 EeV + light composition from Xmax —
Indication of strong EGMF?

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