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Latest UHECR experiments



TELESCOPE ARRAY COLLABORATION

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



TELESCOPE
ARRAY:
LATEST

RESULTS

P. Tinyakov
for the Telescope

Array
Collaboration

Telescope Array
detector

Spectrum

Composition

Anisotropies

Photon limit

Summary

Outlook

BACKUP SLIDES

TA surface detectors

I Deployed with the spacing ∼ 1.2 km
I Powered by solar panels. Connected by radio.
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Hybrid event example
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SPECTRUM
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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 All spectra agree after rescaling of SD energies

down by 1.27
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Surface detector spectrum

Data set [ApJ’2013]:
I Geometrical cuts:

I θ < 45◦

I core inside the array, distance to border > 1200 m
I Cuts on reconstruction quality:

I number of detectors hit ≥ 4
I χ2/d .o.f < 4.0
I pointing direction resolution < 5◦

I fractional S800 uncertainty < 0.25

I May 2008→ May 2012 = 13100 events above
1018.2 EeV
aperture 920 km2 sr
exposure 3690 km2 sr yr
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SD spectrum
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SD spectrum: fit with broken power law

4.6±0.3 EeV

⇑

consistent with
e+e− production
on CMB

54±6 EeV

⇑

consistent with
GZK

-3.34 -2.67 -4.6
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Significance of suppression

I Assume no suppression and
extend the power law beyond
the break

I Number of events above
E = 1019.8 eV:

I expected: 58.6
I observed: 21

I =⇒ Significance of the cutoff
is 5.6σ
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Predicted for protons: E1/2 = 1019.72 eV
[Berezinsky’2006]
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SD spectrum vs. other experiments
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COMPOSITION
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TA composition measurement

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

I Difficult measurement:
I large fluctuations
I limited statistics
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
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Mean Xmax as a function of energy



TELESCOPE
ARRAY:
LATEST

RESULTS

P. Tinyakov
for the Telescope

Array
Collaboration

Telescope Array
detector

Spectrum

Composition

Anisotropies

Photon limit

Summary

Outlook

BACKUP SLIDES

Distributions of Xmax in energy bins

18.2 < log E < 18.4

iron proton

PRELIMINARY

18.6 < log E < 18.8

PRELIMINARY

18.4 < log E < 18.6

PRELIMINARY

18.8 < log E < 19.0

PRELIMINARY



TELESCOPE
ARRAY:
LATEST

RESULTS

P. Tinyakov
for the Telescope

Array
Collaboration

Telescope Array
detector

Spectrum

Composition

Anisotropies

Photon limit

Summary

Outlook

BACKUP SLIDES

Distributions of Xmax in energy bins

19.0 < log E < 19.2

iron proton

PRELIMINARY

19.4 < log E < 19.6

PRELIMINARY

19.2 < log E < 19.4

PRELIMINARY

19.6 < log E < 19.8

PRELIMINARY
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Comparison of Xmax distributions by the KS
test
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ANISOTROPIES



TELESCOPE
ARRAY:
LATEST

RESULTS

P. Tinyakov
for the Telescope

Array
Collaboration

Telescope Array
detector

Spectrum

Composition

Anisotropies

Photon limit

Summary

Outlook

BACKUP SLIDES

Dedicated anisotropy data set

I SD events
I covers the period 08.05.12 — 12.07.18 (∼ 50

months)
I zenith angle up to 55◦

I loose cuts
I total exposure ∼ 5200 km2 yr sr
I 1807 above 10 EeV
I 114 above 40 EeV
I 42 above 57 EeV
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STRATEGY

I Consider 3 energy thresholds of 10, 40 & 57 EeV
I Tests:

I test against uniform distribution in right ascension
and declination in equatorial and supergalactic
coordinates

I autocorrelation function
I correlation with AGN (E > 57 EeV)
I correlation with LSS

RESULTS:
I No deviation from isotropy at E > 10 EeV and

E > 40 EeV
I Marginal deviation at E > 57 EeV
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E > 57 EeV: KS test with isotropic distribution
Coords right ascension declination

Equatorial: 0.04 0.13
Supergalactic: 0.04 0.006
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AUTOCORRELATION FUNCTION

Blue: E > 40 EeV Red: E > 57 EeV
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Correlations with AGN

I 472 AGN from 2006 Veron catalog with z < 0.018
I separation angle 3.1◦

I E > 57 EeV , ZA < 45◦, tight cuts (N = 32)
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15 correlate, 7.7 expected, p-value 0.004.
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CORRELATIONS WITH LSS
At highest energies, anisotropic flux is expected for
protons

E

C

Hy
N

Co

PP

F

V

l=180l=360 l=0

PI

UM

C: Centaurus supercluster (60 Mpc); Co: Coma cluster (90 Mpc); E: Eridanus cluster (30 Mpc); F: Fornax cluster
(20 Mpc); Hy: Hydra supercluster (50 Mpc); N: Norma supercluster (65 Mpc); PI: Pavo-Indus supercluster (70
Mpc); PP: Perseus-Pisces supercluster (70 Mpc); Ursa Major North group (20 Mpc) South group (20 Mpc); V:
Virgo cluster (20 Mpc).
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COMPARISON WITH DATA
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COMPARISON WITH DATA
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PHOTON LIMIT
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Photon flux limits
I Observable: front curvature

I photon showers are deeply
penetrating

I larger front curvature
I Event selection:

I zenith angle 45◦ < θ < 60◦

I exposure = 1286 km2 yr sr

[arXiv:1304.5614]
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SUMMARY

I Spectrum: ankle and suppression at high
energies

I Agrees with HiRes
I Ankle and GZK suppression energy are consistent

with protons

I Composition: consistent with protons
I Anisotropy:

I no deviations from isotropy at low energies
I a marginal deviation from isotropy at E > 57 EeV
I consistent with LSS model + protons

I Photon limit: no photons detected
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OUTLOOK

I TALE (= TA low-energy extension) has seen the first
light

I Calibration project with JEM-EUSO goes on
I WGs with Auger

I composition WG: trying to pin down the origin of the
difference

I anisotropy WG: multipole analysis is on the way (first
presentation at ICRC)
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TA surface detector in detail

solarpanel
(120w)

wLAN (2.4GHz)

electronics
box

(100Ah)
battery

+

box
scintillator

GPS

< Surface Detector >

• 3m2 (12mm × 2 layers)
• PMTs: ET 9123SA × 2

(2cm separation)
• WLSF: 1.0mmφ

∼200kg
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atmosphere monitoring
< Atmospheric Monitor (LIDAR, CLF) & LINAC >

LINAC CLF

100m 20.85km

LIDAR

109
e (6.4mJ)

40MeV
@355nm@355nm

4mJ 5mJ

【back-scat.】 【side-scat.】

【electron shower】
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SD event example
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FD event example
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Energy scale

I SD energy: CORSIKA QGSJET-II full MC
I FD energy: MD mono, BRM, LR hybrid
I Result: E = ESD/1.27
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Search for clustering at small scales
E > 10 EeV

=⇒ no excess over background
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Search for clustering at small scales
E > 40 EeV

=⇒ no excess over background
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