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Motivation
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« Spectrum and X, measurements with TALE FD monocular mode: 2 PeV to 2 EeV
* Xnax Mmeasurement with TALE FD + TALE SD hybrid mode : 30PeV to 3 EeV

« Starts operation of 100m spacing SD array in Nov. 2023
- Xmax Measurement from 3 PeV to 30 PeV by TALE FD + new SD hybrid mode



Telescope Array Low-energy Extensmn

Upgrade TA hybrld detector sensitivity down to PeV range — TALE

High-elevation telescopes (31° - 59°)
I 2b6pixel, 8bit 10MHz FADC readout
Started observation since 2013
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Telescope Array Low-energy Extension

« Upgrade TA hybrid detector sensitivity down to PeV range — TALE
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20

4Q0m spacing

18—
T
£
=,
§ 16— B g o " 5 o . °
‘Z) m} m] o = = o
o 5 a
A o o
MDCT - 40 SDs with
600 i
14— q . m spacing
| | | |
-10 -8 -6 -4 —2
Nov. 20, 2024 East [km] -

Further dense SD array

SDs with

m spacing
| 2 layers Scintillation counter
| trigger condition:
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Event reconstruction

 In previous hybrid geometry reconstruction : FD tube timings + 15D hit timing
« This work: Constrained by lateral fit & provide good resolution in low energies
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TALE FD + new SD array, event sample
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Datasets & selection

« MC datasets « Observation dataset
I proton/iron primary I 540 hours of hybrid observation data
| interaction model: QGSJETII-04 used in this work
! Energy: " L " 10 A" ev ] 14.0<%IogE<18.0events, Energy | Entri:;dat?ogm
| calibration data used in simulation L et Sn o
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« Event selection
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Reconstruction resolution
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Reconstruction resolution
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Reconstruction resolution
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Reconstruction resolution
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Data/MC comparisons(1/3) ”
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Data/MC comparisons
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Data/MC comparisons(3/3) “

l -FGU 1oM& HF 7 3JHIU 10 &MPH

[ 155 <log(E/eV) < 16.0, reconRp | h_data [ 16.0 <log(E/eV) < 16.4, reconRp | h_data
= Entries 7279 Entries 1699
10° — Mean 0.5908 - Mean 0.6622
E Std Dev 0.09618 = Std Dev 0.1035
- — data , — data
» —— proton 10 = —— proton
B —— iron = —— iron
@ - i
k] C k]
3 | L 10 =
§ ol g =
Rp °E z E
Showier E I H R Y B B —|-| - ! !
Axis g +‘|’ g of-
o 2 ++ 4 o 21—
‘ : . Tl e et R e
" e Rl B B et IO — . =~ e SEEY EER] EEEEE PR s —----mmmmmemeeeee g gt e e e
Zenith 3 4 + 8 +:‘::L:&Zt—°-_h°—
0 0.2 0.8 1 1.2 0 0.2 0 8 1 1.2
Rp [km] Rp [km]
[ 15,5 <log(E/eV) < 16.0, reconPsi | h_data [ 16.0 <log(E/eV) < 16.4, reconPsi | h_data
= Entries 7279 — Entries 1699
Detector - Mean 115.5 300 — Mean 115
Core 14001 Std Dev 9.577 - Std Dev 10.78
Location - — data 250 — — data
1200— —— proton - —— proton
— — iron — — iron
Shower-Detector % 1000 — % 200—
(SD) Plane b - s -
5 800 — o 150—
2 — 2 -
I E 600— £ -
l/J an g e = - Z 00—
400 — -
200{— 0 =
: 1 1 1 M 1 - 1 1 1 1
e 3 e 3
g g
g 21— ++ % 2—
g Afmm i == T % L m e i+—t++$h&$*=l==r—*¢£ - +‘|:+ ----------------
fa a
0 20 40 60 0 120 140 160 180 0 20 40 60 120 140 160 180

80 10 80 100
Nov. 20, 2024 ! [degd] !' [deg]



.  mMeasurement
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.  mMeasurement

l OCTFSWh&E) WT TIPXFS FOFSHZ

TALE FD + new SD array hybrid measurement
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Summary
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