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Latest UHECR experiments



TELESCOPE ARRAY COLLABORATION

I ∼ 140 collaborators from 29 Institutions
in Belgium, Japan, Korea, Russia, USA



TELESCOPE ARRAY DETECTOR



TELESCOPE ARRAY HYBRID DETECTOR

I 507 scintillator detectors covering 680 km2

I 3 fluorescence sites, 38 telescopes
I Surface detector fully operational from March 2008
I SD relative size: TA ∼ 9× AGASA ∼ PAO/4



TA surface detectors

I Deployed with the spacing ∼ 1.2 km
I Powered by solar panels. Connected by radio.





Hybrid event example



TALE low energy extension



SPECTRUM



TA spectrum

TA measures spectrum by several techniques:

I Fluorescence detector (FD-mono) – at three stations
independently + in stereo mode (FD-stereo)

I Surface detector (SD) – largest statistics
I Hybrid (SD+FD) – used for calibration
I TALE SD – low energies
I TALE Cherenkov – even lower energies



TA spectrum
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TA spectrum



TA spectrum

Fit with power broken law



TA spectrum

Comparison with other experiments



COMPOSITION



TA composition measurement

I Observable sensitive to
composition: shower depth Xmax
=⇒ FD data only

I Difficult measurement:
I large fluctuations, limited

statistics
I model uncertainties
I biases in event selection

I TA strategy:
I full MC simulation of the data

analysis chain (including event
selection)

I prediction for different
compositions

I comparison to data





ANISOTROPIES



Most recent “anisotropy” data set (SD)

I covers the period 12.05.2008 — 11.05.2015 (full 7 years)

I zenith angle up to 55◦, loose border cut

I geometrical acceptance; exposure ∼ 8600 km2 yr sr

I 2996 above 10 EeV

I 210 above 40 EeV

I 83 above 57 EeV

I angular resolution: better than 1.5◦

I energy resolution: ∼ 20%



Global distributions

2996 events with E > 10 EeV

equatorial supergalactic

KS tests:

Frame longitude latitude
Equatorial: 0.19 0.58

Supergalactic: 0.54 0.17



Global distributions

210 events with E > 40 EeV

equatorial supergalactic

KS tests:

Frame longitude latitude
Equatorial: 0.12 0.63

Supergalactic: 0.74 0.15



Global distributions

83 events with E > 57 EeV
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Frame longitude latitude
Equatorial: 0.07 0.04

Supergalactic: 0.01 0.03



HOT SPOT: 7 yr update

Same cuts as for 5yr; 109 events with E > 57 EeV in 7yr set



HOT SPOT: 7 yr update



HOT SPOT: 7 yr update

Significance calculation (same procedure as for 5 yr):
I oversampling at 15◦, 20◦, 25◦, 30◦,

35◦, moving center
I Pre-trial: P = 5.07σ; Non = 24;

Nbg = 6.88;
Post-trial P = 3.7× 10−4 (3.4σ)
=⇒ same as for 5 yr

I Blind search with 2yr data (6th and 7th yr):
expected in the spot region 2.31, observed 4, P = 0.2



HOT SPOT: year-by-year statistics

I Consider distribution of the
number of events per year
in the hot spot region.

I Build cumulative
distribution

I Compare with signal and
bg expectations

=⇒ Compatible with signal;
Not compatible with bg at
2.5σ CL



Adding Auger events



FUTURE TA







SUMMARY

I Spectrum:
I several features over 4.5 orders of magnitude in energy
I ankle and GZK suppression energy are consistent with

protons
I Composition:

I consistent with protons; inconsistent with iron
I Anisotropy:

I a hot spot at E > 57 EeV;
I needs confirmation with higher statistics
I presently consistent with LSS model + protons

I Future plans:
I ground array TAx4 approved and is being constructed
I proposal for complementary fluorescent detector is

submitted
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