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Cosmic rays
Energetic particles injected from the universe.

Discovered by V. F. Hess (1912)
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Grandson of Hess Memorial Stone

Proton, Helium or 
heavier nuclei (~99%)

Electron ~ 1%

Gamma-ray ~ 0.1%

Landing at Bad saarow, 
Germany in Aug. 7th, 1912

Anniversary in Aug. 7th 2012
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Knee

Ankle

1 m-2 yr-1

Ultra-High Energy 
Cosmic Rays (UHECRs)

1 km-2 century-1

  

Highest Energy Particles

Fastball of baseball player

~1020 eV

1 km-2 yr-1

E2.5 J(E)

 http://www.nydailynews.com/sports/baseball/

http://www.nydailynews.com/sports/baseball/yankees/japanese-team-won-tanaka-mlb-reports-article-1.1552664
http://www.nydailynews.com/sports/baseball/yankees/japanese-team-won-tanaka-mlb-reports-article-1.1552664


Origins of Cosmic Rays

Galactic origin
Supernova remnants

Extragalactic origin?
Neutron stars
Active galactic nuclei
Gamma ray bursts
Radio Galaxies
Galactic clusters
Annihilation/decay of super 
heavy relic particles
Topological defect

low-energy break in IC 443 and 21s for that in
W44, when assuming a nested model with two
additional degrees of freedom.

To determine whether the spectral shape could
indeed be modeled with accelerated protons, we
fit the LAT spectral points with a p0-decay spec-
tral model, which was numerically calculated from
a parameterized energy distribution of relativistic
protons. Following previous studies (15, 16), the
parent proton spectrum as a function of momen-

tum p was parameterized by a smoothly broken
power law in the form of
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Best-fit parameters were searched using c2-
fitting to the flux points. Themeasured gamma-ray
spectra, in particular the low-energy parts, matched

the p0-decay model (Fig. 2). Parameters for the
underlying proton spectrum are s1 = 2.36 T
0.02, s2 = 3.1 T 0.1, and pbr = 239 T74GeV c−1 for
IC 443, and s1 = 2.36 T 0.05, s2 = 3.5 T 0.3, and
pbr = 22 GeV c−1 for W44 (statistical errors
only). In Fig. 3 we show the energy distribu-
tions of the high-energy protons derived from
the gamma-ray fits. The break pbr is at higher
energies and is unrelated to the low-energy pion-
decay bump seen in the gamma-ray spectrum.
If the interaction between a cosmic-ray precursor
(i.e., cosmic rays distributed in the shock upstream
on scales smaller than ~0.1R, where R is the SNR
radius) and adjacent molecular clouds were re-
sponsible for the bulk of the observed GeV gamma
rays, one would expect a much harder energy
spectrum at low energies (i.e., a smaller value for
the index s1), contrary to the Fermi observations.
Presumably, cosmic rays in the shock downstream
produce the observed gamma rays; the first index
s1 represents the shock acceleration index with
possible effects due to energy-dependent prop-
agation, and pbr may indicate the momentum
above which protons cannot be effectively con-
fined within the SNR shell. Note that pbr results in
the high-energy break in the gamma-ray spectra
at ~20 GeV and ~2 GeV for IC 443 and W44,
respectively.

The p0-decay gamma rays are likely emitted
through interactions between “crushed cloud” gas
and relativistic protons, both of which are highly
compressed by radiative shocks driven into mo-
lecular clouds that are overtaken by the blast
wave of the SNR (25). Filamentary structures of
synchrotron radiation seen in a high-resolution
radio continuum map of W44 (26) support this
picture. High-energy particles in the “crushed
cloud” can be explained by reacceleration of the
preexisting galactic cosmic rays (25) and/or fresh-
ly accelerated particles that have entered the
dense region (20). The mass of the shocked gas

Fig. 1. Gamma-ray count maps of the 20° × 20° fields around IC 443 (left) and W44 (right) in
the energy range 60 MeV to 2 GeV. Nearby gamma-ray sources are marked as crosses and squares.
Diamonds denote previously undetected sources. For sources indicated by crosses and diamonds,
the fluxes were left as free parameters in the analysis. Events were spatially binned in regions of
side length 0.1°, the color scale units represent the square root of count density, and the colors
have been clipped at 20 counts per pixel to make the galactic diffuse emission less prominent.
Given the spectra of the sources and the effective area of the LAT instrument, the bulk of the
photons seen in this plot have energies between 300 and 500 MeV. IC 443 is located in the
galactic anti-center region, where the background gamma-ray emission produced by the pool of
galactic cosmic rays interacting with interstellar gas is rather weak relative to the region around
W44. The two dominant sources in the IC 443 field are the Geminga pulsar (2FGL J0633.9+1746)
and the Crab (2FGL J0534.5+2201). For the W44 count map, W44 is the dominant source
(subdominant, however, to the galactic diffuse emission).
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Fig. 2. (A and B) Gamma-ray spectra of IC 443 (A) and W44 (B) as measured
with the Fermi LAT. Color-shaded areas bound by dashed lines denote the best-
fit broadband smooth broken power law (60 MeV to 2 GeV); gray-shaded bands
show systematic errors below 2 GeV due mainly to imperfect modeling of the
galactic diffuse emission. At the high-energy end, TeV spectral data points for IC
443 from MAGIC (29) and VERITAS (30) are shown. Solid lines denote the best-

fit pion-decay gamma-ray spectra, dashed lines denote the best-fit bremsstrah-
lung spectra, and dash-dotted lines denote the best-fit bremsstrahlung spectra
when including an ad hoc low-energy break at 300 MeV c−1 in the electron
spectrum. These fits were done to the Fermi LAT data alone (not taking the TeV
data points into account). Magenta stars denote measurements from the AGILE
satellite for these two SNRs, taken from (31) and (19), respectively.
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Ultra-High Energy 
Cosmic Rays (UHECRs)



Greisen Zatsepin Kuzmin (GZK) Cutoff

Cosmic'Ray�

Cosmic'microwave'
background'radia5on'(CMBR)'� Earth�

Cosmic'Ray�

Interaction between UHE “protons” with energies above 6×1019 
eV and CMBR via a pion production.

Mean free path :  50-100 Mpc (compare to the Universe 
size ~ 5000 Mpc)

Expect suppression of flux above 6×1019 eV. 

Planck (2013)1 pc = 3.26 l.y. ~ 3×1016 m



Propagation in the Universe
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High-energy astrophysics

> Three messengers are available to study the non-thermal universe.
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Photons

Neutrinos

Charged particles:
p, Z, e±

Image credit : M. Ackermann @ TAUP2013
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High-energy astrophysics

> Three messengers are available to study the non-thermal universe.
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Photons

Neutrinos

Charged particles:
p, Z, e±

Ultra-High Energy Cosmic Rays
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SOURCES

Hillas plot

Extra-galactic?

AGNs? GRBs?

 … ?

GZK HORIZON

Interaction with CMB  → Sources  within ~ 100 Mpc
Expect flux suppression and anisotropy of light component 
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(Almost) Go straight!

Charged Particle 
Astronomy

http://en.wikipedia.org/wiki/Usain_Bolt

Image credit : M. Ackermann @ TAUP2013
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Extensive Air Shower (EAS)

Image credit: ASPERA/Novapix/L.Bret



Extensive Air Shower

Xmax

12

Longitudinal 
Development

Lateral Density 
Distribution

CORSIKA simulation
https://web.ikp.kit.edu/corsika/movies

https://web.ikp.kit.edu/corsika/movies
https://web.ikp.kit.edu/corsika/movies
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Average

longitudinal developments for 
Proton and Iron primaries.

E/56
E

Mass Composition Measurement
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Fluorescence Detector (FD)
Detect fluorescence photons emitted from 
atmospheric molecule excited by EAS.

Measure longitudinal development of 
EAS = sensitive mass composition

Only moonless clear night, duty cycle ~ 
10%

Many calibration factors: atmosphere, 
mirror reflectance, PMT gain and so on.

14



Surface Detector (SD)
Observe EAS particles on the 
ground by SD Array

Measure lateral density distributions

24 hour, 365 days. Duty cycle ~100%

Large systematic uncertainty of 
hadron interaction models.

Dependent on shower developments.

15



Hybrid Detector
FD + SD
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Telescope Array 
Experiment (TA)

Utah, USA

Observatory of UHECRs

Pierre Auger 
Observatory (Auger)

Malargue, Argentina
17



SD DETECTORS

Telescope Array

Thin scintillators.
Main part of signal due to e.m. particles

Low sensitivity to muons.

Auger

Water-Cherenkov detectors.
Main part of signal due to muons.

Good acceptance to inclined showers.

Complementary measurements

  

Surface Detector
1660 water-Cherenkov stations 

 

  

35.15◦ S 69.2◦ W  ~ 1400 m a.s.l.

Pierre Auger Observatory

3,000 km2

  1,5 km grid

25 km2

  750 m grid

   AMIGA: muon 
detectors

 
Fluorescence Detector

27 telescopes in 4 locations

 
HEAT: 
3 higher 
elevation 

telescopes

 

   

AERA: radio detection
AMBER, EASIER, MIDAS: GHz 

Argentina Australia Brazil Croatia Czech Republic
France Germany Italy Mexico Netherlands Poland
Portugal Slovenia Spain United Kingdom  USA 
Bolivia* Romania* Vietnam* (*Associated)

Malargüe, Argentina

Pierre Auger Observatory
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The world’s largest 
hybrid detector 3000 km2

In operation from 2004.
1660 (SDs), 24+3 (FDs)

Auger SD
Water Cerenkov Tank with 
1.5 km spacing 
Sensitive to muons 

Auger FD
3.4 m spherical mirror
440 PMT 
light guide + collector ring



Telescope Array Experiment
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n The largest detector in northern 
hemisphere : 700 km2

n Utah desert, US
n Hybrid detector using SDs and FDs
n Full operation from 2008
n Plastic Scintillator, sensitive to EM

Black Rock Mesa
(BRM)

Middle Drum
(MD)

507 Surface 
Detectors(SD)

Long Ridge
(LR)

PMT

16×16
PMTs

38 Fluorescence Detectors



Energy Spectrum
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Auger energy spectrum

Flux 
suppression

 
E> 4x1019 eV

Compatible 
with

“GZK” effect

(Fe, p or mixed) 

Or source 
acceleration

limit?

Spectrum alone is not enough 
to discriminate alternative scenarios

Auger Energy Spectrum
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E3 J(E)

A. Lettessier-Selvon,
ICRC 2013

Updated new energy 
scale in ICRC 2013
Energy increased by

+16% at 1018 eV
+10% at 1019 eV

Systematic 
uncertainty 14%

V. Verzi
ICRC 2013



5 year TA SD spectrum
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Broken power law fit

TA data
May, 2008 – May, 20013
Zenith angle < 45o

14787 ev. (E > 1018.2 eV)
Exposure 4500 km2 sr yr

22

TA Energy Spectrum

(2011)

ApJ 768:L1 (2013) 

5 years SD data
2008 May ~ 2013 May

Zenith < 45 degree

H. Sagawa, D. Bergman
ICRC 2013

H. Sagawa
D.Bergman
ICRC 2013

(2011)

Dip and “Cutoff ” 
confirmed.

Updated at ICRC2013

14

E3 J(E)

Systematic 
uncertainty 21%



Energy Spectrum Comparison
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The energy spectrum around ankle are in good agreement,
 but an energy of suppression is different.

10% difference in energy scale 

ICRC13



Cross Calibration
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J. Bäuml et al. Optical Properties of Auger Fluorescence Telescopes
33RD INTERNATIONAL COSMIC RAY CONFERENCE, RIO DE JANEIRO 2013
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Figure 4: Example of a measured flasher event. The
hexagons denote the pixels of the FD camera and the main
spot is clearly visible in the upper right corner. The logarith-
mic signal in each pixel is indicated by grey-scale colours.

when the wind speed is no higher than 5m/s. We use an
external trigger set to the time of the light pulse, so that
the normal data taking is not interrupted, just the dead-time
of the telescope is increased. The external trigger mode
further allows us to read out all pixels in the triggered
telescope. The octocopter is usually flown at distances of
0.5 � 1km to the telescope. At such distances, the GPS
position uncertainty of ±6m is smaller than the angular size
of one telescope pixel (1.5� corresponds to 13m at 500m
or 26m at 1km).

GPS way-points and the duration per position are pro-
grammed into the octocopter to probe the desired pixels in a
telescope. The number of light source pulses per way-point
is fixed by the pulse frequency of 1Hz. Over the past few
years, campaigns with different setups have been carried
out. Several pixels with different positions on the telescope
camera have been probed. The position of the light spot on
the surface of a pixel has also been varied, changing from a
position well centred on a PMT to positions right on top
of a light collector between two pixels. For comparison,
measurements have been made for several different tele-
scopes and using varying distances between telescope and
light source. To study the optics of the telescope in more
detail, telescope components like the mirror, the camera,
the corrector lens or the filter have been manipulated (e.g.
cleaned), covered or removed. An example of a measured
flasher event is shown in Fig. 4.

3 Simulations
To simulate the response of the telescope to the flasher light
source, we use the Auger Offline Framework [9]. It offers
two modules for the simulation of the telescope. The stan-
dard module is based on simple ray tracing and enables
very fast telescope simulations. The ray tracing has been
enhanced step by step with more and more knowledge of
the telescope optics. Single telescope components can be
modified, included or excluded from the photon path, al-
lowing for easy comparison with data taken during octo-
copter campaigns. The results obtained with the improved
ray tracing are confirmed with the second module for tele-
scope simulation that is based on GEANT4 [10]. It allows
for a very precise simulation, but due to its precision, its
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Figure 5: Differential light distribution from data (dots)
and simulation (histogram). Shown is the average number
of photons detected per pixel, hn
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expected total number of photons on the aperture, Nexp

g
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computational requirements are too large to allow usage for
standard shower simulations.

4 Point spread function
The optical spot diameter of the Auger fluorescence detector
is about 0.5� [2]. During measurements it was found that
photons from the light source are detected not only in the
directly hit pixels but also in most other pixels of the camera.
This spread of light, the halo, has been subject to research
and can partially be explained by detailed simulations of
the telescope optics. The measured and simulated angular
distributions of light are shown in Fig. 5. They have been
obtained by averaging over many events recorded during
one octocopter flight in front of telescope 3 at the Los
Leones site. For all events the position of the light source,
i.e. the centre of the light spot, is assigned to z = 0�. The
mean value of the signals detected in all pixels with a
certain angular distance to the spot centre is plotted versus
the corresponding angles. We observe a broadened spot
at small angles due to the convolution of the pixel size of
1.5� and the finite spot size of 0.5�. The observed width
of the smeared peak depends on the distribution of spot
positions on the pixel in the shown data set. With increasing
distance to the spot centre the observed signal decreases
further and forms a more or less flat tail. The signal however
does not decrease as steeply as expected from simulations
when going out from the spot centre and about 15% of the
light is spread to angles larger than 2�. A second spot, a
ghost image point symmetric to the centre of the camera, is
observed as well (see Fig. 4). Since its angular distance to
the spot centre depends on the position of the spot on the
camera, the ghost region has been excluded in the estimation
of the point spread function shown.

The point spread function changes only very little for dif-
ferent positions of the spot on the camera and for different
distances between the light source and the telescope. Mea-
surements with several telescopes at different fluorescence
detector sites show very small changes in the light distri-
bution. A clear difference can be seen between an event
sample where the light spot is well within one pixel and
another sample where the spot is centred on top of a light
collector between two pixels.

The main part of the halo is caused by reflections inside
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Antoine Letessier Selvon (CNRS/UPMC) Auger highlights ICRC 2013 Rio de Janeiro

ENERGY SCALE I

11

Ravignani (693), Tueros (705), 
Schulz (769), Bäuml (806),
Verzi (928),  Matthews (1218) 

“To study the optics of the telescope in more 
detail, telescope components like the mirror, 
the camera, the corrector lens or the filter 
have been manipulated (e.g. cleaned), 
covered or removed.”

Telescope optical properties

Joint Auger/TA effort to conduct 
a common calibration campaign 

Worldwide Collaboration: Auger&TA Joint Analyses

Joint Pierre Auger / Telescope Array Team 

Joint  Auger – Telescope Array Team at the  

Millard County Cosmic Ray Center in Delta, Utah  

1218 Matthews
Calibration of FD using a common light source
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NTA~650

NAuger~3400

In the 
overlap :

NTA~1800
(~5200 km sr yr)

2

NAuger~10900
(~32000 km sr yr)

2

0679 Deligny

43

Octocoptor

J. Matthews, ICRC2013



Mass Composition
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Reconstructed Bias on Xmax
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Fiducial FOV Cuts
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Xlow

Xup

2
6

FOV

FD
Xlow

Xup

Xmax should be observed within field of view 
(FOV) of FD. 

Because of Limited field of view of FD, observed 
Xmax is biased.



Xmax measurement strategies
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Xmax Measurement Strategies
Auger

correct rec. bias (⇠ 5 g/cm

2)

apply fiducial volume cuts

compare unbiased data to
simulations at generator level⇤⇥ ��(J. Bellido [Auger Coll.], ICRC09

TA/HiRes

apply same cuts in data/MC

compare biased data to
biased MC

⇤⇥ ��A. Tameda [TA Coll.], icrc1268

lines: input MC, dots: output after full detector sim. rec. and analysis 33

Fiducial volume cut to avoid 
reconstruction bias. 

~30% showers are survived.

Compare unbiased data to 
simulation at generator level

Apply identical cuts in data/
MC.

All reconstructed showers 
are survived.

Compare biased data to biased 
simulation

Auger TA

Lines: <Xmax> in the atmosphere
Plots: <Xmax> in detector



Mass Composition by Auger
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MASS COMPOSITION II

21

Kuempel (669), 
Ahn (690), 
Garcia-Gamez (694), 
Pieroni (697), 
de Souza (751), 
Hanlon (964)

<Xmax> and σ(Xmax) data

σ(Xmax) is smaller than proton simulation above 1019 eV

Suggest a change of composition above ~1018.5 eV with 
increasing mass number and small mixing

J. Bellido, TAUP2013E.J. Ahn, M. Unger, ICRC2013

Updated in 
ICRC 2013
<Xmax>
+13 g/cm2 at 1018 eV 
+6 g/cm2 at 1019.5 eV
σ(Xmax) 
< +10 g/cm2 for 1018-19 eV
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ステレオ解析：Xmax 分布
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ステレオ解析：Xmax 分布
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Xmax vs logE
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Hybrid Xmax analysis
M. Allen, poster 794

MD FD + SD, 4 yrs
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ABSTRACT 

INTRODUCTION: TELESCOPE ARRAY / MD HYBRID  

The simulated Monte Carlo (MC) showers are used to calculate the detector aperture which is necessary for making an 
energy spectrum measurement. In order to ensure that the aperture calculation is representative of reality, the MC must 
portray the data accurately. We use Data / Monte Carlo comparisons to make these determinations. The MC data was 
thrown using the HiRes energy spectrum as input, with the intention of creating an accurate MC set. The MC showers 
were generated using CORSIKA and the QGSJET-II hadronic model [4,5]. Shown are the Data / MC comparisons of MD 
Hybrid in-plane angle, Ψ, impact parameter, RP, zenith angle, Θ, and azimuthal angle, Φ. The black points represent the 
data, while the red histograms represent the Monte Carlo. 
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The Telescope Array experiment (TA) studies ultra high energy cosmic rays using a hybrid detector. Fluorescence telescopes 
measure the longitudinal development of the extensive air shower generated by a primary cosmic ray particle, while 
scintillation detectors measure the lateral distribution of secondary particles that hit the ground. The Middle Drum (MD) 
fluorescence telescope consists of 14 telescopes from the High Resolution Fly’s Eye experiment (HiRes), providing a direct 
link back to the HiRes data and measurements. Using the scintillation detector data in conjunction with the MD data improves 
the geometrical reconstruction of the showers significantly, and hence, provides a more accurate reconstruction of the energy 
of the primary particle. In addition, the constraint of the core location by the surface array allows us to make a more precise 
measurement of the composition of the primary cosmic rays. The Middle Drum hybrid results are presented.  
 

The Telescope Array (TA) experiment uses a hybrid detector to study cosmic ray 
particles with energies > 1018 eV. It is comprised of three fluorescence detector (FD) 
sites, each with 12 - 14 fluorescence telescopes (38 in total). The FD sites surround an 
array of 507 scintillation surface detectors. Refurbished telescopes from the High 
Resolution Fly’s Eye (HiRes) experiment were used in the northwestern FD site, 
located at the Middle Drum (MD) mountains.  
 
The HiRes experiment produced the first observation of the GZK cut-off [1]. The use of 
the telescopes from HiRes at the MD site provides a direct link from that experiment to 
the Telescope Array. An energy spectrum comparison between the MD site and HiRes 
was performed and found that the two are in agreement [2].  
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The Middle Drum hybrid data is collected by time matching data from the MD 
and SD detectors, each operating in monocular mode. Events that trigger 
both detectors within a microsecond are kept. The photo-multiplier tube 
(PMT) trigger times from the FDs are fit to a model of the UHECR shower 
axis to obtain the shower detector plane (SDP). The location of the core of 
the shower can be calculated from the locations of the triggered SDs. This 
information, along with the trigger times of the SDs is used to constrain the 
geometry calculation from the FD analysis. The hybrid event reconstruction 
programs are described in detail in [3]. 
 
The resolutions of parameters in this analysis are calculated using Monte 
Carlo (MC) data. A set of MC data was thrown for the purpose of determining 
how well the reconstruction programs perform. We have shown that the MD 
hybrid analysis improves the resolutions in the geometrical parameters by an 
order of magnitude, and in energy by a factor of two when compared to the 
MD monocular resolution [3]. Shown here are the distributions of the 
differences between the thrown and reconstructed in-plane angle (Ψ), impact 
parameter (RP), and zenith angle (θ) (left), as well as the normalized 
differences in energy (right). The in-plane angle and impact parameters are 
key variables for determining the geometry of a particle shower.  

Hybrid energy 
spectrum compared 
to the energy 
spectrum of the 
Telescope Array 
Surface Detector 
and Middle Drum 
Detector in 
Monocular Mode 
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The XMAX parameter, or depth of the shower maximum, is 
particularly useful for composition analysis. Light, proton-like 
showers have a larger average XMAX value with a wider 
distribution, while heavier particles have a smaller average XMAX 
value and a narrower distribution. In order to look at both particle 
types, a second MC set was thrown using iron as the primary 
cosmic ray particle. It was generated in the same way as the 
proton set and reconstructed with the same programs as the data. 
This set is described in detail in [3]. The overall distributions of the 
XMAX parameters are shown here for the proton MC, iron MC, and 
the data. All Events with calculated energies above 1018.4 eV were 
used. The same distributions in energy bins are also shown. A 
Kolmogorov-Smirnoff test was performed to compare the data to 
each MC set. The probability for each test is shown on the figure, 
and a p value greater than 0.05 indicates good agreement 
between the two sets. 

HYBRID ENERGY SPECTRUM 

A second composition study was done using the XMAX parameter. 
Shown is the average XMAX value for each 10th decadal energy bin 
for the data plotted with the same information for each of the MC 
sets. The average values for the MC sets were fit to lines which are 
seen in the figure. The MD hybrid data points are much more closely 
aligned with the proton MC line.  
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Arrival direction

30



Correlation with Nearby AGN (Auger)

Astropart.	
  Phys.	
  24,	
  314	
  (2010)

3.1 degree circle 
VCV catalog z < 0.018
E > 5.7×1019 eV
 in 2011 E-scale,
28 out of 84 events
(33%, P=0.006)

UHE Correlation with AGNs within GZK-sphere?
VCV catalogue, E> 57 EeV, z<0.018, distance < 3.1 deg.

Differential Auger Signal
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Correlation with Nearby AGN (TA)

32

Correlations with AGN

• 472 AGN from 2006 Veron catalog with z < 0.018
• E > 57 EeV, zenith angle < 45o, N = 42 (5 yr)
• Separation angle = 3.1o

25

P. Tinyakov, oral, 1033

Correlations with AGN

• Probability to hit AGN with a single event po = 0.24
• 17 events correlate out of 42 ฺ p = 0.014

26

3.1 degree circle
VCV catalog z < 0.018 
(same condition with Auger)
E > 5.7×1019 eV in TA E-scale,
17 out of 42 events
(40%, P=0.014)

ApJ 757:26 (2012) 

AGN

Correlated event
Uncorrelated event

Inconclusive evidence 
with the current statistics



A cluster event in hotspot (TA)

33

– 11 –

Fig. 1.— Aitoff projection of the UHECR maps in equatorial coordinates. The solid curves

indicate the galactic plane (GP) and supergalactic plane (SGP). Our FoV is defined as the

region above the dashed curve at Dec. = −10◦. (a) The points show the directions of

the UHECRs above 57 EeV observed by the TA SD array, and the closed and open stars

indicate the Galactic center (GC) and the anti-Galactic center (Anti-GC), respectively; (b)

color contours show the number of events summed over a 20◦-radius circle; (c) number of

background events from the MC simulations summed over a 20◦-radius circle (the same color

scale as (b) is used for comparison); (d) significance map calculated from (b) and (c) using

Equation 1.

Preliminary

Looser cut
no 1.2 km border cuts
Zenith < 55 degree (45)
E > 5.7×1019 eV

2008 May - 2013 May
52 -> 72 events selected 

Oversampling with r=20°
same with AGASA large 
scale anisotropy.

Background from 72 random 
isotropic events estimated by MC

Maximum significant in hotspot is 5.1 σ as pre-trial.
Post-trial chance probability is being estimated.



extended SD (TAx4) 

the 4th FD (TAx4) 

TA FD @LR 

TA FD @BR 

TA SD  

TA FD @MD 

TALE SD

TALE  FD  

TAx4:

Near Future 

Operations of TA

• Construction expected

in 2014-2015.

• Anisotropy and Hotspot :

~5V confirmation by 2019.
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Future prospects
Steadily precise measurement by TA×4 + Auger upgrade from ground

Pioneering all sky survey from space by JEM-EUSO

High performance of Super-Ground-Array by FD/SD/Radio Detector

34

TA×4 Auger 
upgrade of muon 

detection capability

JEM-EUSO

A. Olinto  K08.01 APS April 2014

R&D on radio detection

Extreme Universe Space Observatory 
at the Japanese Experiment Module

  Upgrade of muon detection 
capabilities

Auger

  Low energy 
extension

TA

Highest energy x 4 area 

  Auger Engineering Radio Array 
and other MHz and GHz 

detectors  Radar detection at TA

5σ confirmation of 
hotspot by 2019



As a candidate of Super-Ground-Array,
Fluorescence detector Array of Single-pixel 

Telescope (FAST)

35

Temporary use EUSO 
Prototype in TA

Laser at a distance of 20.1 km

14°×14° FOV

Start operation in Feb. 2014

Segmented mirror telescope   
Variable angles of elevation – steps. 

construction is still in development  

15 deg  45 deg  

Joint Laboratory of Optics Olomouc – March 2014 
7 

Simulation study

Detector design

Economical FD to 
achieve 10 times larger 

area than Auger. 
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Summary
Energy Spectrum

Precise measurement of ankle and 
suppression.

Good agreement in Auger/TA with 
energies less than 1019.3 eV, but 
suppression energy is different.

Mass composition

Proton dominate around 1018.3 eV

Increasing mass number above 1018.5 
eV and small mixing by Auger. 

Arrival direction

Hint of UHECR origins?
38 Need more statistic!


