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Telescope Array Detectors

Fluorescence Detectors(FDs) e . . T ¢ ‘
Middle Drum(MD) station e — i
14 telescopes T,Aj . ¥
+ TA Low energy Extension . N

(TALE) 10 telescopes :

A

e
e

e | surface Detector(SD) array
507 scintillation detectors, each 3m?
1.2 km spacing

total coverage ~ 700km?

| Black Rock Mesa(BRM) station
12 telescopes



TA Low energy Extension(TALE)
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TALE-Hybrid On-time

« 2017/11/19-2018/11/13, 550hours (5974 events in trigger)
- Both detector running independently, self trigger (any 5) mode

-« 2018/11/14 - 2020/02/29, 430hours (65670 events in trigger)
- hybrid trigger system working, hybrid trigger mode

| tale, self trigger mode(any 5) | | tale, hybrid trigger mode |
# of hybrid events @ trigger level # of hybrid events @ trigger level
test run for hybrid trigger
600 — 8000 600— — 60000
7 6000 7
3 400 3 400 40000
= £
(] (]
£ E
@ 4000 @
o )
o o
200(— 200(— 20000
2000
0 L L L L L l 0 L L L L L 0
Jan. 18 Mar.18 May. 18 Jul.18 Sep. 18 Nov. 1% Dec.18 Apr.19 Jul.19 Oct.19 Jan. 20

12-23 July 2021 ICRC2021 CRI 874



| time vs angle fit |

Hybrid Reconstruction

ime [us]

<& | FD tube timing

Bl b b b b s TR
-10 0 10 20 30 40 50 ——66—
Angle in SDP [deg]

f

« Hybrid geometry reconstruction
< : FD tube timings and SD timing at the ground
« Profile-Constrained Geometry Fit also applied
: we are successful to reconstruct low energy events

— Go down Low energy with Good accuracies
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Hybrid event sample 1
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Hybrid event sample 2

| 2018/11/07 10:01:29 |
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Performance

Shower geometric resolutions
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Detector

Core
Location
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(SD) Plane
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Rp resolution: log(E/eV) > 16.5
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Performance

Shower profile resolutions

Shower
Axis

Zenith

Detector

Core
Location

Shower-Detector
(SD) Plane

12-23 July 2021

Xmax resolution: log(E/eV) > 16.5
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Data/MC Comparison

» Hybrid Dataset + MC Da’c_ase’cG |
i 17/11/19 - 2018/11/13 - Corsika QGSJETII-04 proton, iron
égOh/ /19 I tri /117 q - Energy : log(E/eV) = 16.35 -18.55
ours, selt trigger moade slope: -2.9, log(E/eV) < 17.1
- 2018/11/14 - 2020/02/29 -3.2, log(E/eV) > 17.1
430hours, hybrid trigger mode - Zen. angle: 0 ~ 65°

- Azi. angle: 0 ~ 360°
- Area: Semi-Circle in bottom Fig.

¢ Quality Cuts in this study Generation Area
- FL is define as fluorescence light > 75 % .
- CL is as fluorescence light < 75 %
Variable CL FL
No saturated PMTs in FD applied
SD detected > 3 MIPs applied
Xmax bracketing cut applied
Angular track-length [deg] track > 6.5°
Event duration [ns] > 100 ns
# of PMTs > 10 o
# of Photo-electrons / # of PMTs > 50 5 =T - :
# of Photo-electrons > 2000

Table 1: Quality Cuts Applied in this study



Data/MC Com

parison
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- TALE data
- proton
- iron
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Data/MC Comparison . ac qas
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- proton
- iron
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omposrtlon analysis

16.6 < logE < 17.0 events
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Composition analysis

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

+2/ndf: 0.34 (p = 0.98)
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Aperture and Exposure

16

N E 1 .
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« Combined exposure iron fraction
WM (E) = AQSCU(E) - t5¢Uf + AQDYP(E) . thyb 7 OO —
- for the mixed composition, I
AQMX = AQIT"(R + f - (1 —R)) N /A W
proton, . . j:’
R = %Tm,f: iron fraction [ 7Y U W ———
« iron fraction: assumed using H4a model ez Ao
« Missing energy also estimated usingH4a oot
15 16 17 18 19 20

12-23 July 2021

log(E/eV)
ICRC2021 CRI 874



Aperture and Exposure

« TALE Hybrid exposure

- Relative differences in the exposure to proton, iron and H4a

assumption with respect to the 50% proton + 50% iron mixture
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Spectrum

TALE Hybrid Spectrum with TA result
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Summary

« Present first results measured by TALE Hybrid
Energy range: 10166 - 10184 gV

Data/MC is agreement

Composition

Energy Spectrum
o Consistent with our previous result

Elongation plot : <X __ > ‘ | TALE Hybrid Spectrum with TA result |
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