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Why Inclined Events?

If extended from 55deg to 70deg, ~1.3× aperture of surface detector array
= Retroactively increase the number of events for UHECRs observation.
- TA×4 SD 6yr observation → TA×4 SD ~8yr observation equivalent
- TA SD 17.5yr observation → TA SD ~23yr observation equivalent
Visible region on the sky expands to lower dec. → Com. band with Auger expands.
Muon component is dominant → Suitable for study on muon excess

Standard
analysis
𝜃 ≤ 55° 𝜃 ≤ 55°

The goal
𝜃 ≤ 70°𝜃𝜃 Extend 

the recon. 
method



Ongoing Analysis and Future Plan
Telescope Array has been observing UHECRs using SD array since 2008.
Much higher statistics are required especially for UHECRs.
→ TA×4 expansion (expand array area) and 
    Inclined air showers analysis (retroactively enlarge aperture)

Inclined Air Showers Analysis for TA×4 SD → Achieved ~1.5× increase in stat.
Similar Analysis for TA SD is now ongoing. → Increasing furthermore

Now we can estimate UHECR mass using a DNN, from SD data (~10× stat. of FD)

If join inclined analysis and DNN analysis,
(Of course, this includes optimization of DNN method for inclined events.)
→ Obtain energy, arrival direction and mass together in the highest statistics ever
→ We can select highest and lighter events.
⇒ Charged particles “astronomy” in the future
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This talk!
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Previous Work
Inclined Air Showers Analysis for TA×4 SD has been performed.
We extended from 55deg to 65deg for TA×4 SD
- Extended the energy estimation table
- Data/MC comp. ⇒ No significant discrepancies even in large zenith region
- Measured energy spectrum including inclined events 
  ⇒ increased ~1.5× in statistics

Similar Analysis for TA SD is now ongoing.
We have been extending from 55deg to 65deg for TA SD
- Updated the energy estimation table (w/ QGSJETII-04)
- Data/MC comparison



Standard SD reconstruction
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3 fitting parameters:  
To minimize 
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(2)LDF fitting
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5.4 Lateral Distribution Fit

We use the same lateral distribution function (LDF) as the AGASA experi-

ment [16] to fit the event lateral profile on the ground:
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The fit parameters are the core position R and the scaling factor A in front of the

(AGASA) LDF function. Figure 5.4b shows a typical TA SD lateral distribution

fit.

Counters closest to the shower core are removed from the lateral distribution

fits (but not from the geometry fits) due to the saturation of their photomultiplier

tubes, which occurs (in a typical counter) whenever the signal exceeds ⇠50 VEM

in a 20 nS time interval. Typically, one has 1 saturated counter per event.

5.5 First Energy Estimation

After successful geometry and LDF fits, we determine the signal size 800 me-

ters [101] from the shower axis S800 ⌘ ⇢(800m) using equation 5.10 and use it

along with the reconstructed sec(✓) to determine the event energy from a carefully

tested MC. To do this, we use a large statistics MC set to construct the energy

estimation table. Figure 5.5 shows the energy as a function of reconstructed S800

and sec(✓), where we plot the reconstructed values of S800 vs sec(✓) lines for

100

5.4 Lateral Distribution Fit

We use the same lateral distribution function (LDF) as the AGASA experi-

ment [16] to fit the event lateral profile on the ground:

⇢ = A
⇣ s

91.6m

⌘�1.2 ⇣
1 +

s

91.6m

⌘�(⌘(✓)�1.2) ⇣
1 +

h s

1000m

i2⌘�0.6

(5.10)

⌘(✓) = 3.97� 1.79 [sec(✓)� 1]

The uncertainties [99] on the pulse height density are adjusted to fit the TA SD

data:

�⇢ =
p

0.56 ⇢ + 6.3⇥ 10�3 ⇢2 (5.11)

We minimize the function of the form:

�2
LDF =

NX

i=0

(⇢i � ⇢FIT
i )2

�2
⇢i

+
(R�RCOG)2

�2
RCOG

(5.12)

The fit parameters are the core position R and the scaling factor A in front of the

(AGASA) LDF function. Figure 5.4b shows a typical TA SD lateral distribution

fit.

Counters closest to the shower core are removed from the lateral distribution

fits (but not from the geometry fits) due to the saturation of their photomultiplier

tubes, which occurs (in a typical counter) whenever the signal exceeds ⇠50 VEM

in a 20 nS time interval. Typically, one has 1 saturated counter per event.

5.5 First Energy Estimation

After successful geometry and LDF fits, we determine the signal size 800 me-

ters [101] from the shower axis S800 ⌘ ⇢(800m) using equation 5.10 and use it

along with the reconstructed sec(✓) to determine the event energy from a carefully

tested MC. To do this, we use a large statistics MC set to construct the energy

estimation table. Figure 5.5 shows the energy as a function of reconstructed S800

and sec(✓), where we plot the reconstructed values of S800 vs sec(✓) lines for

100

5.4 Lateral Distribution Fit

We use the same lateral distribution function (LDF) as the AGASA experi-

ment [16] to fit the event lateral profile on the ground:

⇢ = A
⇣ s

91.6m

⌘�1.2 ⇣
1 +

s

91.6m

⌘�(⌘(✓)�1.2) ⇣
1 +

h s

1000m

i2⌘�0.6

(5.10)

⌘(✓) = 3.97� 1.79 [sec(✓)� 1]

The uncertainties [99] on the pulse height density are adjusted to fit the TA SD

data:

�⇢ =
p

0.56 ⇢ + 6.3⇥ 10�3 ⇢2 (5.11)

We minimize the function of the form:

�2
LDF =

NX

i=0

(⇢i � ⇢FIT
i )2

�2
⇢i

+
(R�RCOG)2

�2
RCOG

(5.12)

The fit parameters are the core position R and the scaling factor A in front of the

(AGASA) LDF function. Figure 5.4b shows a typical TA SD lateral distribution

fit.

Counters closest to the shower core are removed from the lateral distribution

fits (but not from the geometry fits) due to the saturation of their photomultiplier

tubes, which occurs (in a typical counter) whenever the signal exceeds ⇠50 VEM

in a 20 nS time interval. Typically, one has 1 saturated counter per event.

5.5 First Energy Estimation

After successful geometry and LDF fits, we determine the signal size 800 me-

ters [101] from the shower axis S800 ⌘ ⇢(800m) using equation 5.10 and use it

along with the reconstructed sec(✓) to determine the event energy from a carefully

tested MC. To do this, we use a large statistics MC set to construct the energy

estimation table. Figure 5.5 shows the energy as a function of reconstructed S800

and sec(✓), where we plot the reconstructed values of S800 vs sec(✓) lines for

100

5.4 Lateral Distribution Fit

We use the same lateral distribution function (LDF) as the AGASA experi-

ment [16] to fit the event lateral profile on the ground:

⇢ = A
⇣ s

91.6m

⌘�1.2 ⇣
1 +

s

91.6m

⌘�(⌘(✓)�1.2) ⇣
1 +

h s

1000m

i2⌘�0.6

(5.10)

⌘(✓) = 3.97� 1.79 [sec(✓)� 1]

The uncertainties [99] on the pulse height density are adjusted to fit the TA SD

data:

�⇢ =
p

0.56 ⇢ + 6.3⇥ 10�3 ⇢2 (5.11)

We minimize the function of the form:

�2
LDF =

NX

i=0

(⇢i � ⇢FIT
i )2

�2
⇢i

+
(R�RCOG)2

�2
RCOG

(5.12)

The fit parameters are the core position R and the scaling factor A in front of the

(AGASA) LDF function. Figure 5.4b shows a typical TA SD lateral distribution

fit.

Counters closest to the shower core are removed from the lateral distribution

fits (but not from the geometry fits) due to the saturation of their photomultiplier

tubes, which occurs (in a typical counter) whenever the signal exceeds ⇠50 VEM

in a 20 nS time interval. Typically, one has 1 saturated counter per event.

5.5 First Energy Estimation

After successful geometry and LDF fits, we determine the signal size 800 me-

ters [101] from the shower axis S800 ⌘ ⇢(800m) using equation 5.10 and use it

along with the reconstructed sec(✓) to determine the event energy from a carefully

tested MC. To do this, we use a large statistics MC set to construct the energy

estimation table. Figure 5.5 shows the energy as a function of reconstructed S800

and sec(✓), where we plot the reconstructed values of S800 vs sec(✓) lines for

(3)Energy determination

E = ECORSIKA,SD/1.27

Standard SD reconstruction
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the ti versus ui (represented by points) relationship is roughly linear, and so the

method of a simple linear fit to the equation 5.4 yields reasonable starting values

for ✓ (typically within 10�).

5.3 Time Fit

All 5 shower geometry parameters T0,Rx,Ry,✓,� are varied while minimizing a

function:
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In equation 5.5, tFIT
i is the time of the ith counter as predicted by the fit function,

which is of the form:

tFIT = T0 +
l

c
+ ⌧ (5.6)

The uncertainty on the counter time consists of two components, added in quadra-

ture:
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where �⌧ is the uncertainty on time delay and �e is the uncertainty due to the

electronics which, is 20 nS [82]. �RCOG
= 170m is the corresponding uncertainty

on core calculated by the center of gravity of pulse height distribution. We then fit

to a modified Linsley time delay function [100, 99] with the shower front curvature

parametrized as a function of zenith angle:
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Event reconstructions with SDs
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 X

5 fitting parameters:  
To minimize 

where,

① Use detectors location 
and timing to determine 
shower core and direction

② Fit counter signal size 
to find lateral distribution

𝑺𝟖𝟎𝟎 

③ Use 𝑆!"" and zenith angle to look up energy 
(from energy estimation table generated from MC)

= signal size 
at 800	m from 
shower axis
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A new energy estimation table for the TA SD has been created
(w/ QGSJETII-04, 𝑝), enabling energy reconstruction 
in the zenith angle range from 0deg to 70deg. Selection criteria

- 𝑁'( ≥ 5	
- 𝜃)*+ < 70∘
- 𝐷-.)/*) ≥ 1.2	km
- ⁄𝜒0*.1 ndf ≤ 4	
- ⁄𝜒2/3

1 ndf ≤ 4	
- 𝜎4.567560	/5)*+. < 5∘

- 𝜎 𝑆:;; /𝑆:;; < 0.25

Reconstruction accuracies of each parameter have 
been evaluated for each zenith angle.
⇒ Accuracies preserved for large zenith angle events

𝑬

ex.) 𝐸#$% = 10&".(	eV

Creation of Energy Estimation Table
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𝐸)*+ ≥ 10BC.;	eV Area normalize

Area normalize 
for 𝜃 ≤ 55°

Period
- May 2008 to May 24
Selection criteria
- 𝑁#$ ≥ 5	
- 𝜃#$ ≤ 70∘
- 𝐷&'()*( ≥ 1.2	km
- ⁄𝜒+*', ndf ≤ 4	 ∩ ⁄𝜒-$., ndf ≤ 4
- 𝜎/'012	)0(*420'1 < 5∘

- 𝜎 𝑆566 /𝑆566 < 0.25
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Data/MC comparison 𝐸)*+ ≥ 10BC.;	eV Area normalize
Period
- May 2008 to May 24
Selection criteria
- 𝑁#$ ≥ 5	
- 𝜃#$ ≤ 70∘
- 𝐷&'()*( ≥ 1.2	km
- ⁄𝜒+*', ndf ≤ 4	 ∩ ⁄𝜒-$., ndf ≤ 4
- 𝜎/'012	)0(*420'1 < 5∘

- 𝜎 𝑆566 /𝑆566 < 0.25
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New TA SD dataset (HDF5 converted by K. Fujisue)
MC (Differences from previous analysis)
- Same period as observed data
- QGSJETII-04 p, He, N, Fe
- 𝜃+*1 ∈ 0°, 70°
- 𝐸+*1 ∈ [𝟏𝟎𝟏𝟖.𝟎 𝐞𝐕, 10,6.9	eV]
- 1000 CORSIKA showers for each energy bin

New Analysis Database: HDF5
At this moment, many people using TXT file (convert from DST file) for analysis
HDF5: new database for TA analysis (especially for DNN)
- Hierarchical structure: organize data in groups and datasets
  (like directory, e.g. /MC/QGSJETII-04/proton/data)
- High speed binary format: faster read/write and smaller file size than TXT files.
- Partial I/O: load only necessary parts
- Multi languages: supported in python, C/C++, etc. 
DST file converter to HDF5 file: dstparser (Hands-on Session tomorrow)

Observed data
From May. 11th, 2008 to Apr. 22nd, 2024
(16 years)

16 years of Obs. and MC data size
TXT file: >~20GB (After cut)
HDF5 file: <1GB (Before cut)
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𝐸7-2 ≥ 10BC.;	eV Area normalize
Period
- May 2008 to May 24
Selection criteria
- 𝑁#$ ≥ 5	
- 𝜃#$ ≤ 65∘
- 𝐷&'()*( ≥ 1.2	km
- ⁄𝜒+*', ndf ≤ 4	 ∩ ⁄𝜒-$., ndf ≤ 4
- 𝜎/'012	)0(*420'1 < 5∘

- 𝜎 𝑆566 /𝑆566 < 0.25

𝑵𝐒𝐃

𝜽𝐠𝐞𝐨

𝐸(*4 ≥ 10:;.6	eV

Area normalize 
for 𝜃 ≤ 55°
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$𝝌𝐥𝐝𝐟𝟐

Data/MC comparison
Period
- May 2008 to May 24
Selection criteria
- 𝑁#$ ≥ 5	
- 𝜃#$ ≤ 65∘
- 𝐷&'()*( ≥ 1.2	km
- ⁄𝜒+*', ndf ≤ 4	 ∩ ⁄𝜒-$., ndf ≤ 4
- 𝜎/'012	)0(*420'1 < 5∘

- 𝜎 𝑆566 /𝑆566 < 0.25

12

𝐸7-2 ≥ 10BC.;	eV Area normalize

⁄𝝈𝑺𝟖𝟎𝟎 𝑺𝟖𝟎𝟎

𝑬𝐭𝐛𝐥	(𝐨𝐫𝐠)

𝑺𝟖𝟎𝟎

𝑬𝐭𝐛𝐥	(𝐧𝐞𝐰)
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Summary
Inclined air showers analysis with TA SD
We performed Data/MC comparison including large zenith angle events.
→ They have discrepancies in zenith angle distributions only with p MC.
Preliminary result of Data/MC comparison with HDF5 files including other 
primary particles than p in MC
⇒ They show better agreement in zenith angle distributions and even for 
    other parameters.

To do
- MC weighting with 𝜃0*6
- More precise comparison for TA SD and TA×4 SD
- Join inclined analysis and DNN analysis → optimization required
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Energy Calibration
The SD energy of the TA is scaled to the FD energy in the hybrid analysis.
In the standard energy estimation table (w/ QGSJETII-03), the scaling 
constant was calculated to be 1.27 (recent study shows 1.27→1.25?).

In this work, we newly created the energy estimation table using 
QGSJETII-04 as a hadronic interaction model.
⇒ We calculated the scale factor for the new energy estimation table.

from K. Jihyun, Analysis 
meeting, Apr. 2025



2025/10/15 TADAML 2025 @ ASIoP 16

Energy Calibration
TA hybrid (BR and LR) data of 12yr (up to Feb. 2020) observation 
are used for energy calibration

Selection criteria for hybrid dataset
- Good weather condition
- Number of hit PMTs of FD > 20
- 𝜃DE-)5/ < 55∘

- Shower core must be inside of 
  the SD array.
- 𝑋FGH must be observed.

Selection criteria for SD dataset 
- 𝑁'( > 5	
- 𝜃'( < 55∘
- Shower core must be 
  1.2	km	far from border
- ⁄𝜒0*.1 ndf < 4	 ∩ ⁄𝜒I(J1 ndf < 4
- 𝜎/5) < 5∘
- 𝜎 𝑆:;; /𝑆:;; < 0.25

The energy threshold is set to be 10BC.;	eV because new table allows the 
energy reconstruction above 10B:.K	eV.

A total of 265 events are reconstructed above 10BC.;	eV
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Energy Calibration

We calculated the energy scale factor for the new energy estimation table
to be 1.16 (for ≥ 10BC.;	eV).

This is smaller than 1.24 (for ≥ 10BC.;	eV) for the standard energy est. table.
⇒ Possibly due to differences in hadronic interaction models
    This tendency is qualitatively consistent with previous studies.

For this work, we will use the value 1.16 for the energy scale factor

Energy scale factor 𝐸)*+ ≥ 10B:.K	eV 𝐸)*+ ≥ 10BC.;	eV
Standard energy estimation table
(QGSJETII-03, 𝐸0*6 ≳ 10B:	eV) 1.27 (1.25) 1.24

New energy estimation table
(QGSJETII-04, 𝐸0*6 ≳ 10B:.K	eV) ー 1.16
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QGSJETII-03 vs QGSJETII-04 
𝐸+*1 = 10:;.9	eV 𝐸+*1 = 10:;.5	eV𝐸+*1 = 10:;.,	eV

𝐸+*1 = 10,6.:	eV 𝐸+*1 = 10,6.<	eV𝐸(*4
=>#?@ABBC6< − 𝐸(*4

=>#?@ABBC6D

𝐸(*4
=>#?@ABBC6D

𝐸(*4
=>#?@ABBC6D : original table

𝐸(*4
=>#?@ABBC6< : new table

QGSJETII-04, p shower
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TA SDの原子核種およびハドロン相互作用に対するエネルギースケールの違い
各シャワー (ETHR) をQGSJETII-03, protonのテーブルで再構成 (EREC) している

from B. Stokes, 
ICRC2013



2025/10/15 TADAML 2025 @ ASIoP 20

Tentative energy scale calculation for QGSJET II-04 p, Fe
21

• 𝐸03, 𝑝rec / (𝐸𝑚
gen× 𝒔𝒎) should equals to one on average.

• MC events for 𝐸𝑚
gen > 1018.3 eV 

• Tentative calculation of energy scale using MC events:
𝒔𝒎 = exp(ln(𝐸03, 𝑝rec /𝐸𝑚

gen))

𝐸03, 𝑝rec = 𝐸03, 𝑝TBL × 𝒔𝟎𝟑, 𝒑 = 𝐸03, 𝑝TBL / 1.27

(𝐸03, 𝑝TBL / 1.27) / (𝐸03, 𝑝
gen / 1.27) = 1 (on average)

𝐸03, 𝑝rec / (𝐸03, 𝑝
gen / 1.27) = 1   (on average)

T. Abu-Zayyad et al., ApJL 768, L1 (2013)𝒔𝟎𝟑, 𝒑 = 1 / 1.27

• For QGSJET II-03 proton, energy scale 𝒔𝟎𝟑, 𝒑 was determined using the hybrid data:

• Tentative energy scales:
• QGSJET II-04 proton   𝒔𝟎𝟒, 𝒑 ~ 1 / 1.19
• QGSJET II-04 iron         𝒔𝟎𝟒, 𝐅𝐞 ~ 1 / 1.11

Caveat: these energy scales are tentative for this study
from K. Fujisue, Analysis 
meeting, Feb. 2025
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0.07 (1.19) K. Fujisue
Analysis meeting, 
Feb. 2025

0.09 (1.16) This work
(for ≥ 10:;.6	eV)

ln(1.27/1.19) = 0.07 ln(1.27/1.16) = 0.09

from B. Stokes, 
ICRC2013

TA SDの原子核種およびハドロン相互作用に対するエネルギースケールの違い
各シャワー (ETHR) をQGSJETII-03, protonのテーブルで再構成 (EREC) している
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All events Inclined events
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True axis

Vertical shower

True core pos.Recon. core pos.

Recon. axis

Inclined shower

True axisRecon. 
axis

True core pos.

Recon. core pos.

Hypothesis of Difference in Lateral Dist.

① Observed Data
Downstream:
longer pass length
less particles

Up stream:
more particles
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True axis

Discarding particles 
in MC (RMAX 0.2-1km)

Vertical shower

True core pos.Recon. core pos.

Recon. axis

Inclined shower

True axisRecon. 
axis

True core pos.

Recon. core pos.

Discarding particles 
in MC (RMAX 0.2-1km)

Hypothesis of Difference in Lateral Dist.

② MC
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True axis

Vertical shower

True core pos.Recon. core pos.

Recon. axis

Inclined shower

True axisRecon. 
axis

True core pos.

Recon. core pos.

Hypothesis of Difference in Lateral Dist.

Distance cut in Data & MC
w/i 800m from shower axis

① vs ② in Recon.
Distance cut in Data & MC
w/i 800m from shower axis

No difference observed Difference occur downstream near core?
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Comparison on Lateral Distribution

30

Particles density measured by all detectors used for reconstruction
MC 
(2nd year)

Data
(16 years) All events

Vertical events
(𝜃 ≤ 55°)

Inclined events
(𝜃 > 55°)

All events

Vertical events
(𝜃 ≤ 55°)

Inclined events
(𝜃 > 55°)

𝐸)*+ ≥ 10BC.;	eV

Weighted by 
MC energy
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Comparison on Lateral Distribution
Particles density measured by all detectors used for reconstruction
MC events are weighted by thrown energy.

𝐸)*+ ≥ 10BC.;	eV

Data (16 years)
MC (2nd year)

Data (16 years)
MC (2nd year)

Data (16 years)
MC (2nd year)
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Comparison on Lateral Distribution
Particles density measured by all detectors used for recon.
Azimuthal asymmetry is introduced

from R. Sakamoto,
TA-JP, May 2025

𝐸)*+ ≥ 10BC.;	eV
MC 
(2nd year)

Data
(16 years)

All events

Vertical events
(𝜃 ≤ 55°)

Inclined events
(𝜃 > 55°)

All events

Vertical events
(𝜃 ≤ 55°)

Inclined events
(𝜃 > 55°)

Weighted by 
MC energy
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Same definition
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Comparison on Lateral Distribution

MC 
(2nd year)

Data
(16 years)

All events

Vertical events
(𝜃 ≤ 55°)

Inclined events
(𝜃 > 55°)

All events

Vertical events
(𝜃 ≤ 55°)

Inclined events
(𝜃 > 55°)

Weighted by 
MC energy

Particles density measured by all detectors used for recon.

33



100

101

N
u
m

b
er

of
ev

en
ts

MC (269 events)

Data (277 events)

18.75 19.00 19.25 19.50 19.75 20.00 20.25 20.50

log10(Erec / eV)

0.0

2.5

D
at

a
/

M
C

KS p-value: 9.63e-01

0.0

0.2

0.4

0.6

0.8

1.0

N
u
m

b
er

of
ev

en
ts

£102

MC (269 events)

Data (277 events)

4 6 8 10 12 14 16
NSD

0

2

D
at

a
/

M
C

KS p-value: 4.79e-01

0.0

0.5

1.0

1.5

2.0

2.5

N
u
m

b
er

of
ev

en
ts

£101

MC (269 events)

Data (277 events)

0 50 100 150 200 250 300 350

¡gldf / deg

0.5
1.0
1.5

D
at

a
/

M
C

KS p-value: 2.07e-02

0

1

2

3

4

5

6

N
u
m

b
er

of
ev

en
ts

£101

MC (269 events)

Data (277 events)

0 1 2 3 4 5

¬̃2
gldf

0

2

D
at

a
/

M
C

KS p-value: 9.83e-01

0.0

0.5

1.0

1.5

2.0

2.5

3.0

N
u
m

b
er

of
ev

en
ts

£101

MC (269 events)

Data (277 events)

0.0 0.5 1.0 1.5 2.0 2.5 3.0

log10[S800 / (VEM/m2)]

0

5

D
at

a
/

M
C

KS p-value: 9.58e-01

0

1

2

3

4

N
u
m

b
er

of
ev

en
ts

£101

MC (269 events)

Data (277 events)

0.0 0.1 0.2 0.3 0.4 0.5 0.6

æS800 / S800

0

2

D
at

a
/

M
C

KS p-value: 9.94e-01

0

1

2

3

4

5

N
u
m

b
er

of
ev

en
ts

£101

MC (269 events)

Data (277 events)

0 10 20 30 40 50 60 70

µgldf / deg

0.0

2.5

D
at

a
/

M
C

KS p-value: 1.00e+00
0.00

0.25

0.50

0.75

1.00

1.25

1.50

1.75

2.00

N
u
m

b
er

of
ev

en
ts

£101

MC (269 events)

Data (277 events)

°5 0 5 10 15 20 25 30 35

Xcore
gldf / km

0

5

D
at

a
/

M
C

KS p-value: 7.66e-01

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

N
u
m

b
er

of
ev

en
ts

£101

MC (269 events)

Data (277 events)

°40 °20 0 20 40

Y core
gldf / km

0.0

2.5

D
at

a
/

M
C

KS p-value: 9.56e-01

2025/10/15

𝜽𝐫𝐞𝐜

𝑵𝐒𝐃

Data/MC comparison

𝑺𝟖𝟎𝟎 ⁄𝝈𝑺𝟖𝟎𝟎 𝑺𝟖𝟎𝟎

𝒀𝐫𝐞𝐜𝐜𝐨𝐫𝐞

𝑿𝐫𝐞𝐜𝐜𝐨𝐫𝐞

$𝝌𝐫𝐞𝐜𝟐

TA×4

𝑬𝐫𝐞𝐜 大天頂角事象
を含めても
両者に有意な
差はない

𝝓𝐫𝐞𝐜
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6つのサブアレイ
のデータを足し
合わせて比較

𝜽 ≤ 𝟔𝟓°


