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Telescope Array Experiment

SD 

•Desert in Utah, US (1400m a.s.l.)
•507 Surface Detectors (SDs)

•1.2km spacing
•Two layer of plas@c scin@llator,
3m2, 1.2cm thickness

•3 Fluorescence Detectors (FDs)
•Middle Drume (MD) sta@on is
transferred from HiRes.

•FD observa@on : from Nov/2007
•SD observa@on : from Mar/2008

FD 



Energy Spectra



Energy Spectra
(FD monocular on MD sta@on)

Monocular Energy
Spectrum from Middle
Drum (MD) Detector

• 14 refurbish HiRes‐1
telescopes

• TAMD mono processing is
iden@cal to HiRes‐1
monocular data analysis

– Same program set, event
selec@on, cuts

– Using the same “average”
atmospheric model
(aerosol VAOD=0.04)

• Differences
– telescope loca@on and
– poin@ng direc@ons
– Thresholds (~20% lower
– than HiRes‐1)

• Preliminary MD
spectrum  in good
agreement with
HiRes.



Spectrum from Hybrid analysis: Overview

The example of the
Hybrid event
2008/12/30

Data:
•date: May/27/2008 ‒ Sep/28/2009 (̃1.5years)

•BR + LR (new telescopes) with SDs
•Good weather days
•1978 events (FD-SD timing coincidence <200us)

•Cut condition
•Xmax has to be observed.
•Zenith angle is less than 45degrees

MC:
•Air shower:

•COSMOS, proton, QGSJET‐II
•Slope: ‐3.1
•Isotropic distribu@on

•Detector :
•All of calibra@on constant with @me dependence
•Simulate trigger, front‐end electronics, and DAQ

•Aperture / Exposure

•Geometry: Hybrid
•Energy: FD



Reconstruc@on for Hybrid events
Geometry
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•Geometry is determined by Hybrid analysis
•Tradi@onal analysis of the mono‐reconstruc@on
with @ming of one SD

Arrival direc@on
Peak:  0.7 degree
Resolu@on(68%): 

1.1 deg

Red points: Data

Blue line:
  FiHed Func0on 



Reconstruc@on for Hybrid events:
Primary Energy

•Primary energy is determined by FD
•Inverse Monte Calro Method (IMC) with G.H. shower

•Fluorescence yield:
               Absolute: Kakimoto, Spectrum: FLASH
•Cherenkov lights: Nerling
•Measured atmosphere by LIDAR / Radiosonde

•Integra@on of fihed G.H. func@on as a calorimetric energy
•Correc@on of Missing energy from MC

Filled Area:
     IMC with G.H. shower
••FluorescenceFluorescence
••ScaHered CherenkovScaHered Cherenkov

Black points: Data

Energy Resolu@on: 8%

Red : COSMOS
Blue : CORSIKA

Missing energy: ~8%
•Difference b/w primary energy and
Integra@on of fihed G.H. func@on.
•Considered with the difference of
shower shape b/w G.H. and COSMOS.

4%



Exposure, # of events

Observa@on @me: 
                            906.8hr

Exposure: 
      ~3*1015 m2 sr s

Hybrid event search:
•Coincidence of trigger
@mes (<200us)
•1978events

Aner cut： 124 events
•BR: 87
•LR: 79
•Stereo: 42
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# of selected PMTs # of clustered SD ψ

Rp χ2 of geom. fit ‐Log(L) of IMC

Preliminary

Preliminary

Preliminary

Preliminary

Preliminary

Preliminary

Data/MC comparison



Item
Systema0c

error

Fluorescence
 yield

12%

Detector 10%

Atmosphere 11%

Primary
par@cle mass

5%

MC
correc@on

3%

Total 19%

Systema0c errors

Hybrid Spectrum

Preli
mina
ry

Preli
mina
ry



SD Spectrum Analysis: Overview
Data

• May/2008 – Feb/2010
• 1.75 years

• ~1500km2 sr yr

                 (~AGASA 13 years)

• Cut:
• chi2/ndf cut: 4.0
• Border Cut > 1.2km
• Zenith Angle Cut, 45

degrees
• Poin@ng direc@on

uncertainty: 5 degrees
• Frac@onal S800

uncertainty: 0.25
• 6264 events

MC

• Simulate the data exactly as it
exists.
• Start with previously measured

spectrum and composi@on.

• Use Corsika/QGSJet‐II events.

• Throw with isotropic
distribu@on.

• Simulate trigger, front‐end
electronics, DAQ with Geant4.

• Analyze the MC with the same
programs used for data.

• Aperture / Exposure obtained by
MC

• Test with data/MC comparison
plots.



r = 800m

SD event reconstruc@on

Lateral　Density　Distribution Fit

Geometry Fit (modified Linsley)

Fit with AGASA LDF

2008/Jun/25 - 19:45:52.588670 UTC

S(800)

Two fits:
– Time fit to determine event

geometry
– Lateral distribu@on fit (LDF) to

determine signal size 800m
from the shower axis, S(800)

FiVng procedure and formulas are
adjusted using only the data.



Fitng results

• Fitng procedures are
derived solely from the
data

• Same analysis is applied
to MC

• Fit results are compared
between data and MC

• MC fits the same way as
the data.

• Consistency for both @me
fits and LDF fits.

• Corsika/QGSJet‐II and
data have same lateral
distribu@ons!
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Counter signal, [VEM/m2]

DATA

MC

Ver@cal Equivalent Muon (VEM)



First Es@mate of Energy

• Energy table is
constructed from the
MC

• First es@ma@on of the
event energy is done
by interpola@ng
between S800 vs
sec(θ) lines

0         24.6       33.6       39.7      44.4        48.2
                                                                     θ(deg)



TA SD Resolu@on

1.1˚ Zenith

1.2˚ Azimuthal

Resolu@on (Arrival direc@on)



Data/MC Comparisons

LDF fit χ2/dof VEM / SD



DATA/MC Event Direc@on

Azimuthal angleZenith angle



DATA/MC: S800, Energy

S800 Energy



ESD v.s. EFD Comparison
• Energy scale is

determined
experimentally by FD
without referring to MC

• Set SD energy scale to FD
energy scale using well‐
reconstructed events
seen by both detectors:

• 27% renormaliza@on.
– Systema@c error 19%

     (from systema@c error of
energy by hybrid analysis)

EFD

E S
D

ESD=1.27EFD

ESD=EFD
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‐3.33

18.71

‐2.72

19.75
‐4.7

Preliminary, 7/2010

TA SD Spectrum



Significance of the Suppression



AGASA, Auger, HiRes, TA Spectra
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Mass Composi@on



Mass Composi@on
FD stereo analysis: Data MC Comparison

CORSIKA: QGSjet‐II, QGSjet‐01, SIBYLL
                  Proton, Iron
                  thinning factor : 10‐4

Data set: FD stereo Nov/2007 – Oct/2009 (~2years)
Selec@on

Energy above 1018.6 eV
zenith angle < 56deg
core loca@on : within 9.6km
Xmax within the FOV

Psi Rp zenith

Preliminary Preliminary
Preliminary

Stereo reconstruc0on



●：P
●：Fe

Preliminary 

Preliminary 

Preliminary 

QGSJET‐II QGSJET‐01 SIBYLL

P 1.44 1.046 1.63

Fe 55.54 56.67 85.71

Chi2 / dof

Mass Composi@on
Reconstructed Xmax distribu@on

QGSJET‐II QGSJET‐01

SIBYLL



Preliminary 

32
9 13

HiRes

Auger

Mass Composi@on
Energy v.s. Reconstructed Xmax



AGN correla@on



Search for AGN Correla@ons

• Auger found correla@ons with
AGN’s with (57 EeV,
3.1°,0.018). 14 events scanned
+ 13 event test sample
appeared in Science ar@cle;
2.9σ.

• HiRes data show no significant
correla@ons.

• TA data (13 events) has 3
correlated events, 3.0
expected by chance.

       No Effect.

1σ

2σ

Auger 2007

Random 



Photon Search



Photon Search by SD
Event by event method
Using shower front curvature which is observable
Monte Carlo

CORSIKA with QGSJET‐II, FLUKA and EGS4
PRESHOWER for geomagne@c field cascade
Detector response : GEANT 4
E ∈ [1018.4, 1020.5] eV, θ∈ [0, 60]

Data set:  2008‐05‐11 to 2009‐10‐08
F < 3.3 ・10－2 km－2sr－1yr－1 (95% CL) /PRELIMINARY/
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Conclusions
• The Telescope Array (TA) Experiment is the largest hybrid UHECR

detector in the northern hemisphere.
• The TA is opera@ng very efficiently and collec@ng data.

• SD spectrum: consistent with HiRes spectrum (1018.3eV~1020.2eV)
• Suppression at highest energy: 3.5 σ away from con@nued spectrum

• HiRes‐refurbished MD spectrum: consistent with HiRes spectrum

• Hybrid spectrum: consistent with HiRes spectrum(1018.7eV~1019.8eV)

• Composi@on: consistent with proton (1018.6eV~1019.3eV)
• AGN correla@on: No significance

• Photon search: Upper limit

• SD mono, FD mono, stereo, hybrid, hybrid‐stereo analyses are all on‐
going.



A message from TA ;

We plan to hold  a symposium to review 
        # Present Status
        # Future Prospects
        of the study of UHECRs
on Dec.6th-8th (tentative) in Japan.

Please join and discuss ! 




