
1111

Status of Telescope ArrayStatus of Telescope Array
ExperimentExperiment

-- Explore the origin of highest energy cosmic raysExplore the origin of highest energy cosmic rays

--

Hiroyuki SagawaHiroyuki Sagawa
(ICRR, University of Tokyo)(ICRR, University of Tokyo)

on behalf of TA Collaborationon behalf of TA Collaboration
@TEVPA08@TEVPA08

September 28, 2008September 28, 2008



2222

ContentContent

 Telescope ArrayTelescope Array （（TATA）） experimentexperiment

 Search for the origin of highest energy cosmicSearch for the origin of highest energy cosmic
rays (~10rays (~102020eV)eV)

 Roles and characteristics of TARoles and characteristics of TA

 TA detectorsTA detectors

 Status of observationStatus of observation

 SummarySummary



3333

Energy spectrum of extremely highEnergy spectrum of extremely high
energy cosmic raysenergy cosmic rays

=＞next generation detector (Telescope Array, Auger )
Confirmation of existence or inexistence of GZK cutoff

( scintillator particle detectors ) ( fluorescence telescopes)

JapanJapan Utah, USAUtah, USA

p+p+CMBCMB++,, N+N+
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TA : hybrid detectorTA : hybrid detector

 Fluorescence telescopes ( FD )Fluorescence telescopes ( FD )

 HiResHiRes--type FDtype FD

 Surface Detector ( SD ) arraySurface Detector ( SD ) array

 AGASAAGASA--type Plastictype Plastic ScintillatorScintillator detectordetector

 DAQ of wave form data withDAQ of wave form data with Flash ADCFlash ADC forfor
SDsSDs and new two TAand new two TA FDsFDs
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Mission of TAMission of TA

 PurposePurpose

 Energy spectrumEnergy spectrum →→ Super GZK ?Super GZK ?

 Arrival directionArrival direction →→ anisotropyanisotropy、、clusters ?clusters ?

 Chemical composition of primary cosmic raysChemical composition of primary cosmic rays

 observation of longitudinal profile with FD (observation of longitudinal profile with FD (XmaxXmax))

 proton, iron, gamma ?proton, iron, gamma ?

 MethodMethod

 Observatory of about 10 times larger size of AGASAObservatory of about 10 times larger size of AGASA

 Hybrid detector (FD, SD)Hybrid detector (FD, SD)
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Characteristics of TACharacteristics of TA

As a hybrid detector,As a hybrid detector,

 Surface detector array withSurface detector array with plasticplastic
scintillatorsscintillators (SD)

 AGASAAGASA--type plastictype plastic scintillatorscintillator detectordetector

 Energy determination independent of FDEnergy determination independent of FD

 FulorescenceFulorescence telescope (FD)telescope (FD)

 HiResHiRes--II was moved to one of TA FD stations.was moved to one of TA FD stations. →→
compare with new TA telescopescompare with new TA telescopes

 Electron beam acceleratorElectron beam accelerator :: endend--toto--endend absoluteabsolute
calibration of telescopescalibration of telescopes with air shower induced bywith air shower induced by
electron beam at theelectron beam at the TA siteTA site
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30km

Millard county, Utah,
USA
N 39.1o , W 112.9o

1350~1500 m

Middle Drum
HiRes-I was
moved.

Long Ridge

Black Rock Mesa
FD
station

503 SDs

Telescope
Array

1.2km interval

Communcation
Tower

e- LINAC :
be installed
next spring

Surface detector

1016eV by
e- beam

1020eV
air shower
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Surface detectors ( SD )Surface detectors ( SD )

 TATA : plastic scintillation detector: plastic scintillation detector

 Sensitive to electromagnetic partSensitive to electromagnetic part

 about 90% of energy of air showerabout 90% of energy of air shower

 Less sensitive toLess sensitive to hadronhadron interaction model and chemicalinteraction model and chemical
composition thancomposition than muonsmuons

 Determine energy scale by using SD independent ofDetermine energy scale by using SD independent of
fluorescence telescopefluorescence telescope

 Pierre AugerPierre Auger : water tank: water tank

 More sensitive toMore sensitive to muonsmuons

 Sensitive toSensitive to hadronhadron interaction model and chemicalinteraction model and chemical
compositioncomposition

 AUGERAUGER’’ss energy scale is obtained by FDenergy scale is obtained by FD
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Scintillator detector

GPS antenna

Solar panel (120W)

WLAN
antenna
(2.4GHz)

stand

roof

Surface Detector (SD) of TASurface Detector (SD) of TA

Electronics box
main board with FADC / GPS/
WLAN modem/
charge controller / battery
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Scintillation detector partScintillation detector part
Scintillator

3m2 area 1.2cmt 2 layers
WLS fibers

1.0mm diameter 2 cm interval
PMTs (Electrontubes 9124SA)

2PMTs (one for upper layer, the
other for lower layer)
Scintillator box

stainless steel
230 x 170 x 10(cm3)
( 1.2mm, 1.5 mm thick )

Total weight ~200 kg

separated optically

Fiber bundles
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Example I : air shower withExample I : air shower with
surface detectorssurface detectors

The radius is proportionalThe radius is proportional
to log of deposited energyto log of deposited energy

22ss

9 particles9 particles

4 particles4 particles

123 particles123 particles

57 particles57 particles

11 particles11 particles

5
Miles

earlyearly latelate
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Example 2Example 2

1010ss

earlyearly latelate
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Example 2Example 2

Zenith=36.3[deg]Zenith=36.3[deg]
Azimuth=241.2[deg]Azimuth=241.2[deg]Very preliminary

Very preliminary
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•• The whole SD array isThe whole SD array is
operating from March, 2008.operating from March, 2008.
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Core position map
(08/07/01-08/07/12)

SD shower trigger condition

Data :～2GB/Day

～600 event /day(after gain
adjust)

○ >3MIP
○adjacent 3detectors
○ coincidence width: 8 usec
○ Wave Fform +- 32usec

○ Independent Trigger, Data collection
for three tower subarrays

N

S

W E

W E

N

S
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SD Trigger rate and run time
Full observation started 14 Mar. 2008

Gain Calibration

Tower-GPS problem : (GPS antenna)

Shower trigger
rate(Hz)
LR : 2.9*10-3

BR : 2.7*10-3

SK : 1.5*10-3

------------------

Run time ratio:
LR : 92%
BR : 95%
SK : 95%
------------------
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Monitoring information @ each SD

Every second

 # of clock pulse between each 1 PPS from GPS

 Time stamp of GPS

 # of trigger above 3 MIP.

Every minute

 # of trigger above 0.3 MIP

 Envorinmental monitor
 Battery voltage, charge current

 Solar panel output voltage

 Temperatures of SD equipments

 Humidity in the detector box

Every 10 minutes

 Histograms of cosmic rays & pedestal distributionsHistograms of cosmic rays & pedestal distributions

 Histograms to check PMT linearityHistograms to check PMT linearity

 # of satellites used by GPS.
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Distribution of Integrated
FADC Value （10min）

Trigger-frequency .
>0.3mip ～720Hz
>3mip 30Hz,(20Hz)

Wave form sample

Detector response of SD

20nsec 2V/12bit resol

Pedestal

Upper layer (red)
Lower layer (green)
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TA FD station & Fluorescence TelescopesTA FD station & Fluorescence Telescopes

FD Station @BRM

fluorescence telescope

256PMTs

Camera

hexisagonal PMT+BG3 filter

12 telescopes / station

(Hamamatsu R9508)

(upper x 6 lower×6)

Segment
mirror×18

FOV
Azimuth: 18o×6=108°

elevation:

Upper side: 3°～18°

Lower side:17.7°～33°

 3.3m

Camera

1160mm

1010mm
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Status of FD Observation

2007/06 start FD(BRM,LR) observation
2007/11 start observation with all the three FD stations

BRM LR

Total observation time

BRM: 860 hr

LR: 760 hr

(date)

observation time (hr) per day
integrated observation time (hr)

観
測
時
間

/日

観
測
積
算
時
間

BRM LR
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FD observation
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BRM

LR

Time(UTC) RUN-ID TRIG-ID CAM-ID

BRM 07/11/19 09:03:09.753991850 111905 107 5

LR 07/11/19 09:03:09.753955600 111907 4641 2, 4, 5
Charge

Event sample (stereo)
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θ
[deg]

φ
[deg]

core position
(x, y) [km]

45.8 -0.5 (-8.2, -7.4)

X1

[g/cm2]
Xmax

[g/cm2]
Nmax

E0

[eV]

0.0 720.0 2.4*109 3.0*1018

LR BRM
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Stereo hybrid event
Camera00,01,03

Camera09

2007/08/13
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FD calibration

CRAYS YAP pulser

(YAlO3:Ce+241Am)

Peak 365nm
50Hz～100HzXe flasher

XY scanner Linac

10MeV~40MeV 109 e-
1016eV @ 100m from FD station
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Electron
linear

accelerator

Electron beam
Energy: 40±１% MeV
Intensity: 109 e- (0.16nC)
Pulse width: 1μsec (300m)
Frequency: 1 Hz = 1pps

Beam testing at KEK

100m away:
40MeVx109~1016eV

10km away:
~1020eV

100m

(Geant4 simu.)

Next spring at the TA site
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LIDAR

Detect backscattered light

Extinction coefficient
Vertical Aerosol Optical Depth
(VAOD)

Mirror 30cm

Laser

5mJ,
355nm

100m

Rayleigh scatt.

vertical shooting

E
x
ti

n
c
ti

o
n

c
o

e
ff

.
(k

m
-1

)

height from the surface (km)
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IR camera , Cloud monitoring
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BlackRockMesaBlackRockMesa
LongRidgeLongRidge

MiddleDrumMiddleDrumCLFCLF

Shoot laser
every hour
from the position
equidistant to all
three FD stations

Central Laser Facility (CLF)
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Results from other
experiments
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Pair Creation Dip (Pair Creation Dip ( p+gp+gCMBCMB  p+ep+e--+e+e++))
byby V.BerezinskyV.Berezinsky
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Auger Spectrum x 1.5Auger Spectrum x 1.5
(by(by M.TeshimaM.Teshima))

1e+023

1e+024

1e+025

17 17.5 18 18.5 19 19.5 20 20.5 21

"Auger.txt"

"Auger1.5.txt"

ICRC07ICRC07
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AGASA

E > 10 19 eV

E > 10 19.6 eV

> 10 20.0 eV

> 10 19.6 eV

> 10 19.0 eV

Arrival direction and separation angleArrival direction and separation angle →→ clustersclusters
for E>10for E>1019.619.6eV ?eV ? No corresponding objects (~<50Mpc)
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GZK Cutoff ?

PRL 101, 061101 (2008)

Uncertainty in Energy scale
is achieved to be
22% for Auger
17% for HiRes

Slope at highest end
Auger: γ=-4.2±0.4(stt)±0.06(syst)
HiRes: γ=-5.1±0.7

A significant difference

Correlation ?

Science 318, 939 (2007) from Auger

Anisotropy: 3 level (>~60 EeV)

AGN

Auger data

Super-galactic plane

TA: northern hemisphere

Energy scale is
determined
only by FD

TA: more redundant !

HiRes: no significant correlation with
AGN (astro-ph/0804.0382)
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XmaxXmax : Auger and HiRes: Auger and HiRes

HiResHiRes

TA will measure Xmax for chemical composition.
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TA and AugerTA and Auger
 TA : Utah in USA (northern hemisphere)TA : Utah in USA (northern hemisphere)

 TA, AGASA, HiRes : 35TA, AGASA, HiRes : 35oo~40~40ooNN

 Auger : Argentina (southern hemisphere)Auger : Argentina (southern hemisphere)
→→ complementarycomplementary

Air shower simulationAir shower simulation
 Use quasiUse quasi--full air shower MC simulationfull air shower MC simulation

(COSMOS by(COSMOS by KasaharaKasahara))
 WillWill mplementmplement LHCfLHCf data to air shower full MCdata to air shower full MC
 Will implement recent knowledge ofWill implement recent knowledge of hadronhadron

interaction to MCinteraction to MC
 compare withcompare with CorsikaCorsika

TA will present the first result at ICRC09
with data equivalent of about 1 AGASA !
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SummarySummary

 Fluorescence Detectors (FD)Fluorescence Detectors (FD)
 All the three FD stations are operating from November, 2007.All the three FD stations are operating from November, 2007.

 Surface Detectors (SD)Surface Detectors (SD)
 503503 SDsSDs were deployed by the end of 2007.were deployed by the end of 2007.
 The whole SD array is operating from March, 2008.The whole SD array is operating from March, 2008.

 We are taking data to explore the origin of highestWe are taking data to explore the origin of highest
energy cosmic rays.energy cosmic rays.

 characteristicscharacteristics
 Energy determination both with SD and FDEnergy determination both with SD and FD
 HiResHiRes--I telescope was moved to the TA site.I telescope was moved to the TA site.
 electron LINAC will be installed at the TA site for absoluteelectron LINAC will be installed at the TA site for absolute

calibration of the telescope.calibration of the telescope.
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END
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ENDEND
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