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Telescope Array surface detector

I 507 SD’s, 3 m2 each
I 680 km2 area
I 10 years of operation

Largest UHECR statistics in the Northern Hemisphere
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Selected Telescope Array results on the ultra-high-energy
cosmic rays:

I I. Energy spectrum

I II. Anisotropy

I III. Mass composition

I IV. Search for photons and neutrino

I V. Prospects
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UHECR & 1018 eV composition measurements

Experiment detector Observable

HiRes fluorescence stereo XMAX
Pierre Auger fluorescence + SD XMAX

(hybrid)
Telescope Array stereo XMAX
Telescope Array hybrid XMAX
Telescope Array SD multiple

Yakutsk muon ρµ
Yakutsk LDF slope η

Pierre Auger SD Xµ
MAX

Pierre Auger SD risetime asymmetry

SD – surface detector
XMAX – depth of the shower maximum
Xµ

MAX – muon production depth
risetime – time from 10% to 50% for the total integrated signal













Alternative technique: mass composition
with the surface detector data
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Search for ultra-high-energy photons and neutrino

I We search for photons and neutrino with the surface
detector data

I Both primaries produce younger showers than hadronic
ones

I Multiple SD observables are affected: front curvature,
Area-over-peak, number of FADC signal peaks,
χ2/d .o.f ., Sb

See the talk by Mikhail Kuznetsov (this session)
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Results: photon flux limits

Photon flux upper-limit, E > 1 EeV

0 0.242201

diffuse flux

point source flux



Diffuse neutrino search

I Single flavor diffuse neutrino (down-going) flux limit for
E > 1018 eV:
E2fν < 1.4× 10−6 GeV cm−2s−1sr−1 (90% C.L.)
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TA Observation: 
“Burst” Events

Plot: T. Okuda

● 5 year data (2008-2013)

● 10 surface detector bursts seen

– 3 or more SD triggers,                     

t < 1 msec

– Occasional t ~ 10 sec

● “Normal” SD trigger rate < 0.01 Hz. 

These cannot be cosmic ray air 

showers.

● Found to have close time/space 

coincidence with U.S. National 

Lightning Detection Network (NLDN) 

activity.

● Abbasi et al. Phys. Lett. A 381 (2017). 

Lightnings produce EM showers: some are
misidentified as photons
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Prospects

Telescope Array Observatory is under major upgrade
after 10 years of successful operation.

New hardware will be accompanied with up-to-date
analysis techniques.

I Detector
I TAx4 construction
I TALE SD operation

I Analysis
I Machine learning techniques are widely adopted
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Event reconstruction with the convolutional neural network
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Supported by



Thank you for attention!



Backup slides
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Neutrino search strategy

young shower, θ = 19.5◦

neutrino shower, θ = 78.6◦

old shower, 78.3◦

I Neutrino-induced showers
are young while very
inclined

I Waveform has many peaks

upper layer lower layer



Method

I Cuts:
I 5 or more detectors triggered
I core distance to array boundary is larger than 1200m
I χ2/d.o.f. < 5
I 45◦ < θ < 90◦

I no energy cut

197250 events after cuts

I Multivariate analysis is used
I The set of observables is the same as for photon search

(Energy is replaced with S800)

I Method: Boosted decision tree trained with inclined proton
(background) and all-flavor down-going neutrino (signal)
Monte-Carlo

I The cut on ξ is optimized in a similar to photon search way
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Distribution of MVA estimator (ξ) for data and MC
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Results

I 0 neutrino candidates after cuts, n̄ν < 2.44 (90% C.L.)
I Exposure:

I Geometric exposure for θ ∈ (45◦,90◦): 8042 km2 sr yr
I probability to interact in the atmosphere: 1.4× 10−5

I trigger, reconstruction and quality cuts efficiency ∼ 7%
I ξ cut efficiency: ∼ 24%
I total exposure (all flavors): A = 1.9× 10−3 km2 sr yr

I Single flavor diffuse neutrino flux limit for E > 1018 eV:
E2fν < 1.4× 10−6 GeV cm−2s−1sr−1 (90% C.L.)
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