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Telescope Array (TA) Experiment

• The largest cosmic ray observatory in the northern hemisphere

UHECR2022 @ L'Aquila, Italy

- Delta, Utah, USA. ~1400 m above sea level
- 507 surface detector array covers ~700 km2

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

35 km

SD array

FD station

Surface Detector: Plastic Scintillator

Fluorescence Detector: PMT camera
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Scintillator Surface Detectors (SDs)

UHECR2022 @ L'Aquila, Italy

- 507 plastic scintillation counters
- 2 layers, 1.2 cm thick, 3 m2 area
- 1.2 km square grid spacing covering 

~700 km2
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Event Reconstruction (1/2)
• Use counter location and timing to determine

shower core and direction

• Fit counter signal size to find lateral distribution

• Signal size at 800 m, S800, is the energy 
indicator

UHECR2022 @ L'Aquila, Italy

Geometry Fit (modified Linsley)

Lateral Density Distribution Fit

99

which we adjusted by an iterative process using the TA SD data. To get the final

values for the event geometry, we fit to a modified Linsley function in which the

curvature parameter a becomes a fit parameter and is also allowed to vary (the

�2 expression is the same as the Equation 5.5):
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The additional factor of (1� l
12⇥103m)1.05 describes an additional “curvature devel-

opment” e↵ect, which was derived from the data. Figure 5.4a shows an example

of the event time fit.
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Figure 5.4: Two fits for determining the SD event geometry and S800. (a): An
illustration of the SD time fit. Counter time is plotted versus distance along the
û-axis (points). Solid line represents the fit expectation time for counters that
would lie directly on the û-axis, dashed and dotted lines are the fit expectation
times for counters that are 1 km and 2 km o↵ the û-axis, respectively. (b): Lateral
distribution fit to the AGASA function. Counter pulse height is plotted versus
the perpendicular (lateral) distance from the shower axis. Solid line represents
the fit curve. Error bars with no points represent the silent counters (working
counters which did not register any signal).
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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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⌘(✓) = 3.97� 1.79 [sec(✓)� 1]

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

data:
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We minimize the function of the form:
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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
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S800: Density at 
800 m from shower 
axis



Event Reconstruction (2/2)
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• Use S800 and zenith angle to look 
up energy (from CORSIKA-
produced table)

• Scaled to the calorimetric 
energy/FD

EFinal = ETBL/1.27

ETBL = f(S800,sec(𝜃))
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Resolution and Sensitivity by Monte Carlo Simulation

UHECR2022 @ L'Aquila, Italy

Zenith Angle LDF c2/dof Pulse Height

Exposure

Black dots: Data
Red lines: MC

l Monte Carlo based on CORSIKA program used 
for resolution and exposure calculations.

l TA SD Resolution:
l 20% energy, 1.4o angular, E ≥ 1019.0 eV
l 29% energy, 2.1o angular, 1018.5eV ≤ E < 1019.0 eV
l 34% energy. 2.4o angular, 1018.0 eV ≤ E < 1018.5 eV

2022-10-03 8



Linearity in Energy Reconstruction D. Ivanov, ICRC2019 

UHECR2022 @ L'Aquila, Italy

Standard TA SD and 
FD using hybrid events 

Constant intensity cut and 
standard TA SD reconstruction

MC Thrown energy and 
reconstructed energy

These show the linearity of the standard TA SD energy reconstruction. 
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Previous Results using 11-year Data (2008-05-11 to 2019-05-11)

UHECR2022 @ L'Aquila, Italy

TA Energy Spectrum Dmitri Ivanov

2. TA Surface Detector Energy Spectrum

2.1 SD Spectrum Calculated Using Standard TA Procedure

Figure 2 shows the TA surface detector spectrum, calculated using data collected over the
time period from 2008/05/11 to 2019/05/11. Superimposed as a solid line is a fit to a broken
power law function. We find the position of the ankle feature at EA = 1018.69±0.01 eV, with powers
before and after the ankle p1 = �3.28± 0.02 and p2 = �2.68± 0.02, respectively, the second
break point, also known as the GZK cutoff [4, 5], at E2 = 1019.81±0.03 eV, and the power after the
second break p3 =�4.84±0.5 We estimate the significance of the suppression to be 8.4 s and the
energy at which the measured integral flux becomes half of that in the absence of the cutoff [3] is
E1/2 = 1019.79±0.04 eV.

The analysis used for calculating the result in Figure 2, described in [2, 12], consists of a
time fit to determine the geometry of the cosmic ray shower, a lateral distribution fit to the AGASA
lateral distribution function [13] to find the shower signal size 800m from the shower axis (S800),
an initial energy estimate from a CORSIKA QGSJET II.3 [14, 15, 16] surface detector Monte
Carlo [17, 12], and calibration of the TA SD energy scale to the TA FD. Calibration of the SD
energy scale to the TA FD is done by using an energy-independent calibration factor of 1/1.27,
as described in [20]. Recently, in [20], it has been demonstrated that the TA SD reconstruction
approach yields a result that is within 3% of the result obtained by applying the Constant Intensity
Cut method [21] to the TA data at the highest energies.
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Figure 2: Telescope Array surface detector spectrum derived from 11 years of TA data, 2008/05/11-
2019/05/11, using reconstruction described in [2, 12]. Solid line is a fit to the broken power law, where
p1, p2 are the spectral indices before and after the ankle, respectively, EA is the energy of the ankle, E2 is
the energy of the cutoff (aka the second break point), and p3 is the spectral index after the cutoff. The sig-
nificance of the cutoff at 1019.81 eV has been estimated to be 8.4 s , and the energy at which the measured
integral flux is half of that expected in the absence of the suppression, is E1/2 = 1019.79±0.04 eV.

2

TA SD 11 years of data

log (E (eV)) Ankle
= 18.69 ± 0.01

log (E (eV)) E2

= 19.81 ±0.03

- Differences in the cutoff energies
- log(E/eV)=19.84 ±0.02 for (24.8°–90°)
- log(E/eV)=19.64 ±0.04 for (-16°–24.8°)

- The global significance of the difference is 
estimated to be 4.3𝜎.

Declination Dependence

2022-10-03 10



Energy Spectrum using 14-year Data (2008-05-11 to 2022-05-11)

UHECR2022 @ L'Aquila, Italy

𝜒!/ndf 26.1062/(23-6)
prob 0.07255

log Eankle
= 18.68±0.01

log EGZK
= 19.78±0.04

-3.27±0.02
-2.69±0.02

-4.47±0.41
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- Differences in the cutoff energies
- log(E/eV)=19.84 ±0.02 for (24.8°–90°)
- log(E/eV)=19.65 ±0.002 for (-16°–24.8°)

Declination Dependence



Spectral Feature in 1019–1019.5 eV  D. Ivanov, ICRC2021 

TA SD HiRes FDTA FD

UHECR2022 @ L'Aquila, Italy

- Pierre Auger found a new spectral 
feature in 1019–1019.5 eV (instep feature). 

- We observed the same softening 
feature in the northern hemisphere but at 
1019.25±0.03 eV with a 5.3𝜎 significance.
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𝜒!/ndf 15.9162/(23-8)
prob 0.3876

-3.27±0.02 -2.62±0.03 -4.47±0.41
-2.85±0.07

log Eankle
= 18.70±0.01

log EGZK
= 19.83±0.04

log Einstep
= 19.22±0.08

- Nexp (no softening)  : 1898.9
Nobs : 1725
Chance probability : 2.7´10-5, ~4.0𝜎

- TA SD observed the same softening 
feature in the northern hemisphere but 
at 1019.22±0.08 eV with a 4.0𝜎
significance.

Spectral Feature in 1019–1019.5 eV using 14-year Data



Highest energy event @ May 27, 2021
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(Snowmass 2021 white paper, https://arxiv.org/abs/2205.05845)

https://arxiv.org/abs/2205.05845


Summary

• Have validated Monte Carlo carefully by comparing it with the distribution of 
the data.

• TA SD energy reconstruction is robust. It has been checked using 1) FD/SD 
comparison, 2) Monte Carlo, and 3) Constant intensity cut methods.

• TA SD spectrum has shown the spectral features (ankle, instep, and GZK cutoff) 
with 14 years of data. 

• Declination dependence of spectrum seen in the up-to-date dataset.
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Please visit Nagoya!
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Abstract submission will open in December or January.
We are looking forward to seeing you in Nagoya!


