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Telescope Array

» The aims of TA are :
Measur ing the UHE CR energy spectrum.
Studying the primary composition of UHE CR.

Searching the source of the ultra high energy
cosmic ray.

» For these purpose, TA collaboration was forged by
Members of AGASA and HiRes.

» Now, the collaboration members comes from Japan,
US, Korea, Russia and China.
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Surface Detector

507 SDs on 1.2 km grid
Total detection area 700 km?
SD operation started from Mar. 2008.

More than 97% detectors are available
over the operation.

Battery of .Particle Communications
Telescopes ™ Detector * Tower

e Eaow ey Ry wth

(SD) 0 0
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2 layers of 3.0m?2 plastic
scintillaters are inside.
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FD mono analysis 'O'

» “HiRes-1 at MD” data analyzed by HiRes-I
program.

Same electronics & PMT but FOV of mirrors are
different (3 ° 319).

Same program, same event reduction conditions.
Same average atmospheric model

Same fluorescence |ight yield.
Kakimoto (1996) + FLASH (2008)

Energy threshold is “20% lower than HiRes-I.
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FD mono data/MC comparison 'O'

Zenith angle 17.5<logE<18

lized Endrios
e

Spectrum & composition are
previously measured ones.

FD-MD mono data processes
are ldentical to HiRes-I
mono data analysis.

Both of Data & MC are
analyzed by same program.

Impact parameter 17.5<loqE<18
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Energy spectrum (FD mono) 'O°
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Prellmlnary MD spectrum is consitent with
HiRes result.
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Hybrid data analysis 'O°

» Hybrid data = ( “BRM-FD” + “LR-FD” ) N SD
» Period : 2008 May.-2009 Sep.

» Geometry reconstruction

Both of SD data and FD data are used.
Geometry 1s well reconstructed.

» Longitudinal shower profile fit

Longitudinal development 1s determined by only FD
data.

FD energy scale 1s used.
FLY : Kakimoto (1996) + FLASH(HiRes, MD-FD)
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*BR station
*Filled circles : data
*Histograms: MC
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Energy spectrum (Hybrid data) 'O°
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SD data analysis 'O°

» Data: 2008 May - 2009Feb. (1. 75yr)
1500km? yr sr (© 1AGASA)

» Data cuts:
Zenith angle < 4b°
Distance from the array border is >1200m
Bad qual ity events.
6264 events remains after cuts.

» Reconstruction procedure :
Time fit for geometry reconstruction.

Lateral distribution fit to obtain the signal size
at 800m from shower axis (S800).
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Charge Density, [VEM/m’]

SD typical event example °O°

2008/Jun/25 - 19:45:52.588670 UTC
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SD data/MC comparisons 'O°
VEM / Event I
i ﬂﬂgé = » Spectrum & composition
2 3 are previously measured
7R 3 ones.
“ E » COSIKA/QGSJet-11 is
N = % oo used.
Zenith angle sl ) Both of Data & MC are

RM3 8.7

Wi oeien ol analyzed by same
program.

FEEEEERE
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TA energy scale (FD vs. SD) 'O°

Energy scale is |

determined experimentallylég?"'”';”'1'5;;” | Fntries 3
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TA SD Spectrum

SD Energy: -27% scaled to FD energy
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Significance of suppression 'O°
» Assuming no suppression %ﬁ |
and extend the broken :
power low fit beyond o
the cut off. 10
» # of events in log,,E : Sy
bins after 10198V, —_ iﬂme]

Expected : 18.4 events e
Observed : 5 events :

10’:_-__

S [
P =Y Poisson(u =18.4;i)=2.41x10"* y

18 8.5 19 79.5 20 zoE.?'
log,,{EieV)
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TA CR energy spectrum

: SD Energy: -27% scaled to FD energy
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Spectrum comparison
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Skymap & autocorrelation (E>40Ee\]

Count per separation angle normalized to first bkin

21

Separation Angle Distribution

Skymap in Equatorial Coordinate
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Correlation to AGNs 'O°

12 : . ; T T

Data: 2008.05-2010.02
Zenith angle < 45deg
10k E>56 EeV: 13 events

(E: scaled to FD energy)

8 L Angularscale 6=3.1deg
Correlared: 3 events

Expectation from

N corr
(8]
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UH.

» Ga

LCR map from LSS 'O°

axy catalogue : 2Mass Extended Sources (XSCz)

m<12.5, 5 < D < 250 [Mpc]

» Propagation : Interaction with CMB, 4r dilution

Assume same CR luminosity
Injection : photon, E=22

23

CR propagation | Exposure

/£ 7 -
£ 7 i =
."r [ | -
;. {I 1 h Y - "
'\I \ ' .. il
N .

-

Smearing by GMF/Extra GMF
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Skymap : LSS correlation
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Hypothesis test 'O'

KS test o8 , | N B
e
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0.1 - (7\\\/ g
] ./ oa%’;
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Q
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25 Cosmic Ray — LHC workshop @ ECT* 2nd Dec. 2010



nt delay [1200rm1

UHE photon limit from SD data -O.
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| » Photon showers
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FD Stereo: Mass composition 'O°

» Measure x,.,, Tor BRM/LR FD stereo events

» Apply strict quality cuts In order to improve
X.., resolution

» Shower simulation
CORSIKA with QGSJETO1, QGSJET-II, SIBYLL
Primary ; proton/iron

» Apply exactly the same procedure as with the
data
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Data/MC Comparisons

Impact parameter [km]
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X ., Data / MC comparlson 'O°

IQGS.J ET. Lefl T OGSJET-01 Leess ™
. ® - Proton | 1 _
£ 1w} . ‘Fe Z ol +
| - 54\\\
| e | e,

50(]' I ﬁﬂﬂl ?IU'D 800 - 80 I I
T Rt @\X\“\,\
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Proton
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Energy averaged Xmax °O'

900 1 . . .
NE 850 |- _— .
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Preliminary result is consistent
with proton hypothesis.
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Near future prospects

» New calibration tool for FD (Electron |ight
source) is installed and start shooting.

» Hybrid trigger is installed on Feb. 2010

SD array can be triggered by FD trigger too.
Energy threshold of hybrid data should become |ower.

» Low energy extension Is planed.
» Very preliminary study of TA-phase I1I
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Electron Light Source (40ft container)
Control Room (20ft container)

Water Cooling Unit (20ft container)

75kW Diesel Generator and Tank (8ft x 16ft)

Electron
nght Fence

(80t x 120 ft)
Source

; 100m from
@ BRM FD building
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ELS in desert (Feb. 2010)

33 Cosmic Ray — LHC workshop @ ECT* 2nd Dec. 2010



ELS First Light!! 'O°

» First beam shot into the sky
on Sep. 2010.

» Absolutely cal ibrated mono-
energy (40MeV) e~ beam.

» Automatically takes into
account fluorescence yield
(A) and detector efficiencies.

» Data analysis Is now going on.
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TA Low energy .

ixtension (TALI

=

2000 . L Purpose is
U i A To lower the trigger threshold
i acoSeosesesssesense of TA to “3x10'%eV for the
g 1% measurements between galactic
& 500 .° and extra—galactic regions.
o D'D - ﬂ'm 10 ! T2p0
10 10 10
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2 (@) (b) — » 4t Fluorescence Station - 6 km
20 - TA-FD2 i S W separation
TA-SD -/ __“' o 24 telescopes (3-31° elevation)
10 i ‘/ L - “ring 1 & 27
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n CLF i e (31-73" elevation)
* »  Infill scintillator array 111
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TA-FDO sbacing
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o 10 20(km)
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Summary

» Operation of TA iIs quite stable.

» Preliminary results are shown:
FD-mono result is consistent with HiRes.
FD-SD hybrid result is also consistent with Hires.

Shape of energy spectrum from SD data also shows the
suppression above 1019 7ogV.

SD energy is scaled to FD energy scale.
Observed Xmax is consistent with the proton dominant case.

Arrival direction
No correlation with known sources.
No significant clusters

» More TA results are coming soon.
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