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Telescope Array Detectors -

Fluorescence Detectors(FDs)
Middle Drum(MD) station

14 telescopes

+ TA Low energy Extension

(TALE) 10 telescopes

FDs

Long Ridge(LR) station
12 telescopes
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Surface Detector(SD) array
507 scintillation detectors, each 3m?
1.2 km spacing

total coverage ~ 700km?
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Black Rock Mesa(BRM) station
12 telescopes
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TA Low energy Extension(TALE) /j :

Low energy CRs-induced shower
- Not so bright, higher X,,.«
— high elevation telescope
- compact shower size
— dense SD array

- Low energy target: E > 1016eV
« Constructed in north part of TA site

-« Same concept as TA detector
D+ 230?: ;;i;l;ng - 10 Fluorescence Telescopes
80 Surface Detectors, 20 km?2
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« Operation: FD since Sep. 2013
SD since Nov. 2017
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TALE-Hybrid Operation Status

« 2017/11/19-2018/11/13, 550hours, Epoch]
- Both detector running independently

- 2018/11/14 - 2020/02/29, 430hours, Epoch2
- hybrid trigger system working

« 2020/03 - 2020/11: suspended due to COVID19
« 2020/12 - 2022/05, 980hours, Epoch3

| TALE Hybrid Operation Time |

2000 — ; |

use this work
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Obs. time [hours]
Epoch 1 Start
""" "Epoch2Sfart [

500

| A | | | |
20% 7/09 2018/04 2018/11 2019/06 2020/01 2020/08 2021/03 2021/10 2022/05
TALE Hybrid Operation Night [YYYY/MM]
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Event Reconstruction

| tale hybrid event, 2018/11/07 09:11:48 | tme [us)
time [us] 60 — :.z
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Hybrid analysis provides
most precise and statistical
for composition studies
using shower maximum X,,.x
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Reconstruction Resolution

 Rp resolution for proton and iron
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Reconstruction Resolution

- Psi angle ¢ resolution for proton and iron

# of Events

wangle resolution: log(E/eV) > 16.5

h_proton
Entries 83972
Mean 0.3628
Std Dev 1.493
8000
xz / ndf 6233 /145
Constant 7022 +£58.4
Mean 0.3767 +0.0046
6000— Sigma 0.8296 + 0.0052
0.4 +0.8°
4000(—
2000(—
0 I L7 | ~] I
-15 -10 -5 0 5 10 15
Ay/[deg]
yangle resolution: log(E/eV) > 16.5
Entries b proten 83972
Mean x 17.09
Mean y 0.3628
10— Std Dev x 0.3823
Std Devy 1.493

~10 }—

16

17

17.5

log(E/eV)

18 18.5

# of Events

Shower
Axis

Y

Zenith

Detector

Core
Location

wangle resolution: log(E/eV) > 16.5

v

h_iron
Entries 101958
12000 — Mean 0.2042
Std Dev 1.382
xz / ndf 7308 /145
10000— Constant 8304 +69.3
Mean 0.1815 £ 0.0050
8000/— Sigma 0.8184 +0.0050
0.2 +0.8°
6000—
4000—
2000—
0 | | ] kL 1
-15 -10 -5 0 5 10 15
Ay/[deg]
y angle resolution: log(E/eV) > 16.5
Entries b proten 101958
Mean x 17.12
Mean y 0.2042
10— Std Dev x 0.3896
Std Devy 1.382

16

16.5 17 17.5 18 18.5 19

log(E/eV)



Reconstruction Resolution

Xmax Fesolution for proton and iron

Xmax resolution: log(E/eV) = 16.5
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Reconstruction Resolution

- Energy resolution for proton and iron

Energy resolution: log(E/eV) > 16.5

# of Events

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

. Hybrld Dataset - MC Dataset |
2017/11/19 -2018/11/13 -  CORSIKA QGSJETII-04 proton, iron
550hc/)urs{ self tri /er rr/10de - Energy:log(E/eV) = 16.45 -18.55

’ 99 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: O ~ 60°
- 2020/12 - 2022/05 - Azi. angle: 0 ~ 360° _
980hours, hybrid trigger mode  ~ Area: Semi-Circle in bottom Fig.
. Quality Cuts in this study Generation Area
- FL is defined as fluorescence light > 75 % 251
- CL is as fluorescence light < 75 %
Variable CL FL 20
No saturated PMTs in FD applied ;-
SD detected > 1 MIPs applied =
Xmax bracketing cut applied §15
Angular track-length [deg] track > 6.5°
Event duration [ns] > 100 ns
# of PMTs > 10 10
# of Photo-electrons / # of PMTs > 50
# of Photo-electrons > 2000 —1‘5 —1‘0 —‘5 8

East [km] —>

Table 1: Quality Cuts Applied in this study



Data/MC Comparison(1/3)

17.5 <log;o(E/eV) < 18.4

- Left: 16.5 <log;o(E/eV) < 17.5, Right:

# of PMT

Track Length
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Data/MC Comparison(2/3) :

« Left: 16.5 <log;o(E/eV) < 17.5, Right: 17.5 <log;o(E/eV) < 18.4
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Data/MC Comparison(3/3) :

« Left: 16.5 <log;o(E/eV) < 17.5, Right: 17.5 <log;o(E/eV) < 18.4
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Mass Composition



TALE Hybrid Composition :

« Measured reconstructed (X,,.x)/0(Xmax) VS- ShOwer energy
- Nov. 2017 - May. 2022 (4 yrs, 1880 hours)

| TALE Hybrid Xmax plot | o(X ) plot
1100 100
1000(—
a +
80 + 4
900 . S+ +4—+
G & 3 —+ '._+_, ISy o
)
Bi700| 2
x X ,
g E —t —— —f— o o = —t I T
5 600 g 40— e
500 [ + TALE Hybrid o(Xmax)
20 B QGSJETII-04 proton, rec.
400—
30 | | | | l g | | | | |
q6 16.5 17 17.5 18 18.5 19 6 16.5 17 17.5 18 18.5 19
log(E/eV) log(E/eV)

(Xmax)/0 (X max) @long with predictions of
QGSJETII-04 proton, iron

4 yrs TALE Hybrid data E > 10165 eV
14058 events after quality cuts
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TALE Hybrid Composition

« Measured reconstructed (X,,.x) VS. shower energy
- Nov. 2017 - May. 2022 (4 yrs, 1880 hours)
Fitted by single/broken line functions

l <Kmax> V8. log, (E/eV) ‘

Knmax> [@/OM?]
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<X,,ax> VS- Iogw(E/eV)

Kpnar> [0/M?]

850
800—
750 —
700—
650 —
600—
550 —
+ TALE Hybrid <Xmax>

500/ break point : 17.05 + 0.00 ~——— QGSJETILO4 proton, rec.

before slope: 15.82 + 5.40 — QGSJETI04 Iron, rec.
450— after slope : 96.50 + 4.33

x2/ndf: 0.41 (p = 0.97) —— Xmax Broken

| | | | I
40q|6 16.5 17 17.5 18 18.5 19
log(E/eV)

pbefere = 16 + 5 g/cm?2/decade
pifter = 97 + 4 g/cm?2/decade
log10(Epreax/eV) = 17.1

Suggest heavy to light above 107 eV



TALE Hybrid Composition

« TALE Hybrid (X,.«), (In A) vs.log,,(E/eV)

data __ Xproton

17

_ max max
<ln A) - iron _ Xproton 11’11411'01'1
max max
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Missing energy 3 g/cm?
. . . p)
Systematic uncertainty on (X,,.¢) is less than 14 g/cm2 Tt 13.8t07.1g/cm
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Conclusions

« Focused on studying the cosmic

ray mass composition in the AL
energy range of 1065 - 10184 gV =
using 4yrs the TALE Hybrid data _= Tepr—="
. S
* Data/MC IS agreement 500— break point : 17.05 + 0.00
. R e de
« Mass composition ¥
- Elongation rate: R
Clearly shown a broken structure P S e T
- pbefore = 16 + 5 g/cm?2/decade T NPy
- pafter = 97 + 4 g/cm?2/decade %%JH%%T I
o loglo(Ebreak/eV) — 17.1 2;;“* @ i +++ +‘+ Tnénim
- Suggest light to heavy below - Ty
1077 eV, then getting lighter above , | R

- Smoothly connected to
TA hybrid measurement



