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Spokes Person election was held on Dec. 4, 2011Spokes Person election was held on Dec. 4, 2011

 The Term of a co-spokesperson is 3 years, renewable for one term.
 No two co-spokespersons will be elected from one country.
 Eligible voters are TA members in the most recent publication list.
 There is no quorum requirement. A Simple Plurality is used for the Decision.
 Voting is held during the TA general meeting. Absentee voting is allowed.

M. Fukushima (ICRR)M. Fukushima (ICRR)
P. Sokolsky (Univ. of Utah)P. Sokolsky (Univ. of Utah)

H. Sagawa (ICRR)H. Sagawa (ICRR)
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Telescope Array ExperimentTelescope Array Experiment

Surface Detector Array (SD)

Scintillation counter : 507

3 m2 x 1.2cm x 2 layers

1.2 km separation, ~700km2

Millard county, Utah, USA
 39.1o N,  122.9o W

~1400 m a.s.l.

Stations : 3

12 (14) Telescopes / station

Station FOV : 3o - 33o x 108o 

Central Laser
(~20 km away from 3 FD stations)

Fluorescence Detector (FD)



  

　　　　　

1.2km spacing

Status : SDStatus : SD 

• • Cable replacementCable replacement (Sep.) (Sep.)
• • Battery replacement (Oct. - Nov.)Battery replacement (Oct. - Nov.)

40% of entire array40% of entire array
• • Replace SDs damaged by flood Replace SDs damaged by flood 

(10/26, 11/17)(10/26, 11/17)



Status : SD - ObservavionStatus : SD - Observavion

201120102009

Flood influence start

Maintainance workOperation is stable except Operation is stable except 
flood damagesflood damages

(95% of the detectors were 
health on average)



Status : SD - MaintenanceStatus : SD - Maintenance
Battery Replacement 

 Most of BR array : 153
 North of LR array : 47
 North West of SK array : 24
                                 total : 224

Estimaged Voltage @ -20℃
11.9V

~260 SDs

Replacement of “Sunken” SDs
9 SDs were damaged by

flood water
(2 SDs are still in water)



Long Ridge (LR) Black Rock Mesa 
(BR)

256 PMTs/camera
HAMAMATSU R9508

FOV~15x18deg
12 cameras/station

~30km
6.8 m2 

14 cameras/station
256 PMTs/camera

from HiRes

5.2 m2 

Status : FDStatus : FD
Middle Drum 

(MD)



Status : FD - ObservationStatus : FD - Observation
 Full operation   
since Nov '07

 Long Ridge 
remote operation 
since May '09

 Hybrid trig. 
since Oct. '10

Apr. 2011Apr. 2011

Nov. ’07 Nov. ’11

BR

LR



CLF
LIDAR
IR camera
CCD camera
Weather monitorWeather monitor

Status : FD - Atm. MonitorStatus : FD - Atm. Monitor
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0           2            4            6           8     [km]



Status : FD - ELSStatus : FD - ELS
• 40 MeV, 109 electrons
• First shot in Sep. 2010, 

Operation was also performed in Nov. 2011
(some troubles in Mar. - Nov. 2011)

• Analysis, Calibration is ongoing

Sum of theSum of the
FADC counts in rowFADC counts in row

(normalized)(normalized)

Lateral Distribution of ELS beamLateral Distribution of ELS beam



Analysis : SD Analysis : SD 
Event Reconstruction

Data set
 08/05/11 – 11/05/01
 Zenith angle cut : 45o

 Boundary 1.2km ≧

 Energy  is scaled to FD energy scale (1/1.27)
 Angular resolution < 1.5o (E>1019eV)

Timing fit

LDF fit

S800

Geometry : Timing fit
Energy ESD(MC) :

Primary estimated by S(800)
Zenith angle dependence

sec(θ)



Analysis : SD - Spectrum Analysis : SD - Spectrum 
3 years data,
10,997 events



Analysis : SD - Anisotropy - Analysis : SD - Anisotropy - 
AGN CorrelationAGN Correlation

Skymap for event E > 57EeV, Z<45o

Event (3.1o)

AGN

Supergalactic PlaneIn Veron AGN 12th

in Zmax=0.018,
there are 295 AGNs

in our view

Isotropic

Expectation from PAO / Science (2007)
68% → 73% for TA aperture

8 of 208 of 20 correlated (4.8 for isotropic)

No significant correlation with AGNs
(consistente with isotropic),
but still within 2σ. 



Analysis : SD - Anisotropy - LSSAnalysis : SD - Anisotropy - LSS

LSS + GMFLSS + GMF
Eth=10EeV

Compatible withCompatible with  IsotropyIsotropy  andand  LSS + GMF (Disk+Halo)LSS + GMF (Disk+Halo)  modelmodel

(2 Mass XSCz catalogue)

LSS + GMFLSS + GMF
Eth=40EeV

LSS + GMFLSS + GMF
Eth=57EeV

95% C.L.



FluorescenceFluorescence

Scattered Scattered 
CherenkovCherenkov

Profile Fit
logE=19.5
Xmax=740g/cm2

χ2/NDF=1.8

Data

Analysis : FD Analysis : FD 
Changing Nmax and Xmax, 
search for optimum solution

with comparing Data/MC

Inverse Monte Carlo

Simulation (GH)

Geometry
information

IterationIteration

Use only 1 FD stationUse only 1 FD station
Geometry reconstruction by Timing FitGeometry reconstruction by Timing Fit

High statisticsHigh statistics

Monocular ModeMonocular Mode

FD(s) and Surface detector(SD)FD(s) and Surface detector(SD)
Timing fit using FD Timing fit using FD + SD+ SD

Arrival direction < 1°Arrival direction < 1°

Hybrid ModeHybrid Mode

Use 2 FD stationsUse 2 FD stations
Intersection of 2 SDPsIntersection of 2 SDPs
Less biases for XmaxLess biases for Xmax

Stereo ModeStereo Mode



29 66 68
49 33 23

8
3

1

Analysis : FD - CompositionAnalysis : FD - Composition
Use Xmax distribution

to distinguish
the primary perticle

Energy vs <Xmax>Energy vs <Xmax>

95% C.L.

PreliminaryPreliminary

Proton
Iron

KS TestKS Test

(1018-20eV)
QGSJET-II

PreliminaryPreliminary

Proton
Iron

Data set
2007/Nov – 2010/Sep



 TA spectra are
consistent with HiRes.
• -20% AGASA
• +20% Auger 
 9% difference from the FLY 
(Kakimoto et al. in TA/Nagano  
 et al./AirFly)
 ~22% total
systematic uncertainty
in both TA & Auger

Analysis : FD/SD - Spectra Analysis : FD/SD - Spectra 

* Energy Scale* Energy Scale
  Set SD energy scale to FDSet SD energy scale to FD
  using Hybrid events,using Hybrid events,
  27% renormalization27% renormalization 

Mono MD



TALE (TA Low Energy Extension)TALE (TA Low Energy Extension)
14望遠鏡@MDサイト

31o～59o （仰角）

HiRes-2望遠鏡の移設
エレキ：再調整

113台の新規SD
45  台（400m  間隔） 1.5 km<R< 3 km
31  台（600m  間隔） R > 3 km
37  台（1200m  　間隔） TA SDアレイとの接続

エネルギー範囲

1016.5 eV - 1019 eV

~1017.3eV : 2nd knee
 系外宇宙線への遷移?

     →（重い原子核 proton?)
 空気シャワーとLHCf        との比較

   @1017 eV
 1017～1018 eVの異方性?

　銀河系起源?

~1018.5 eV : ankle
 系外宇宙線への遷移?
 電子陽電子対生成?



  

TATA実験サイトでの超高エネルギー宇宙線実験サイトでの超高エネルギー宇宙線
観測のための新型検出器の開発観測のための新型検出器の開発

Ex:  鉛 2.0cm
@50MeV 
Gamma   上下層 coincidence   1%
　　　　　　　　　　(SUS 1mm9%)
Electron  上下層 coincidence  15%
                               (SUS 1mm96%)

μ粒子とelectron の弁別向上
コア近傍は高エネルギー電磁成分が多い

シャワー粒子のエネルギー分布シャワー粒子のエネルギー分布
青: γ　赤: 電子　緑: μ　（横軸リニア）

1800m ～2300m

1300m ～1800m

コアからの距離：700m ～1300m

e μ γ

上層のみ 上下層 下層のみ

粒子種識別の模式図

e, μ, γの弁別能力をもつシャワー測定、
核種判別能力の向上
空気シャワー粒子分布測定

 方法：　鉛をはさむことによる改善を試みる。
 価格、手間：　筐体の素材やアセンブリ方法の検討を
平行して行う。
 現状：　現在は鉛の手配とシュミレーションによる効
果の評価を行っている。



多地点同時流星観測プロジェク

ト

送信地

点

受信地点

再構成され

た

流星の方向

 事象例 (2011/07/28)

 受信器 x 4
 (Log-periodic 
    antenna)

Telescope Array 
RAdar project

BR FD station

100m
ELS

BR

CRCCRC方向方向9090oo

~50km~50km 送信器 (6m Yagi)
Power: 2kW -> 40kW

ELSを用いた観測手法の実証

TAのSD/FDとの同期事象探
索

期待されるS/N : ~30 / 
1000shots

50MHz帯の電波を送信し、空気シャワー
通過後に形成される電子柱における反射

を受信

 受信器 (予定)
 (Log-periodic
   antenna x 2)来春現地にて試験予

定

電波エコーによる電波エコーによる
空気シャワー観測空気シャワー観測

柏



LNBF

DAQ-PC
ADCカード

~ 12 [GHz]

~ 1 [GHz]

SDF / TF CTD

トリガー信号

FD@BRM

45cm BSアンテナ

CH1

分配器

直流安定化電源

パワーセンサ

同軸ケーブル
CH2

空気シャワーからのマイクロ波放

 射の探査 (Monostatic)
 大阪市大にて、空気シャワーア

レイとの同期観測

      → 2011年7月～　観測継続中

 TAのFDとの同期観測

      → 2011年10月

 甲南大にて、1.2m径パラボラ
x12基の電波望遠鏡アレイ

      → 試験運転中

作業ログ@Delta

  10/21-27  BRMに電波観測装置をインストール

  10/28  BRMにてFDとの同期観測を実施

 →  4時間分、22013イベントのデータ収集

電子加速器を使った電子加速器を使った
大気マイクロ波の検出大気マイクロ波の検出



ラジコンヘリコプターによるラジコンヘリコプターによる
TATA大気蛍光望遠鏡キャリブレーション大気蛍光望遠鏡キャリブレーション

UV LED H2A1-H375

LED 駆動回路

 温度依存性 -20 ~ 40 度



Future Plans ...Future Plans ...

Step 1 : Swap the detector(s), PAO and TA 
Solve the discrepancy of 
– Energy Scale
– Mass Composition

Step 2 : Larger Experiment
             possibly involve PAO, etc...

Aim the “Cosmic Ray Astronomy” 
– Point Sources
– Anisotropy, GMF



SummarySummary
 3.5 years fully, stable operation3.5 years fully, stable operation
  Energy SpectrumEnergy Spectrum

 Consistent with HiResConsistent with HiRes
 EESD SD / E/ EFDFD = 1.27 = 1.27
 Ankle at 10Ankle at 1018.718.7 eV eV
 Cut-off at 10Cut-off at 1019.719.7 eV : 3.9σ eV : 3.9σ

  Mass CompositionMass Composition
 Proton dominant up to 10Proton dominant up to 1019.419.4 eV eV

  AnisotropyAnisotropy
• Compatible with both isotropy and LSS correlation hypothesisCompatible with both isotropy and LSS correlation hypothesis
• No significance for clustering, AGN correlationNo significance for clustering, AGN correlation

New calibrations (ELS, Helicopter light source)New calibrations (ELS, Helicopter light source)
and R&D (New SD, Bistatic/Monostatic Radar) are progressingand R&D (New SD, Bistatic/Monostatic Radar) are progressing



 CERN
 Feb.13(Mon) - 16(Thr), 2012

http://2012.uhecr.org/

 Discuss the highlights and challenges of   
UHECR observations

 Prepare for a next-generation ground 
based giant detector

 Evaluate the complementarity of ground 
and space based observations

 Identify technological challenges and 
related R&D works

UHECR 2012UHECR 2012
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