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The Telescope Array Collaboration

International collaboration that consists of about 140 researchers,
26 institutions from Japan/US/Korea/Russia/Belgium
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Telescope Array Experiment

*Desert in Utah, US (1400m a.s.l.)
*507 Surface Detectors (SDs)
*1.2km spacing
*Two layer of plastic scintillator,
3m?2, 1.2cm thickness
*3 Fluorescence Detectors (FDs)
*Middle Drum (MD) station is
transferred from HiRes.
*Black Rock (BR) and Long
Ridge(LR) stations are newly built.
*FD observation : from Nov/2007
*SD observation : from Mar/2008
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Fluorescence Detector station at BR/LR site
BR/LR site: new telescopes for TA

TEI Frr Pt ¢oy AT
1000 000EE0000¢ &+ I" % |

: *4e 001’_:1 +*49
>

++ 44+ o440

+ [ R 2 r
e e +v0
v V—I¢0¢¢

+ 7

F.O.V of station:
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Fluorescence Detector station at MD site
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Transferred from HiRes

* 14 cameras/station

* 256 PMTs/camera

» 30-31° elevation with 1° pixel
* 114° in azimuth

* 5.2m? mirror

* S/H electronics




Communication
Tower

Two layers of the 3m?
plastic scintillators
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Shower Analysis



Shower Analysis
- FD Monocular -

[ Mirror View ]
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Data set for MD monocular analysis:
*16/Dec/2007 — 16/Dec/2010 (3 years)
*~1/3 of HiRes-1 observation

MD station: Transferred from HiRes-I

e Data analysis: Identical to HiRes-I monocular analysis
* Differences: Location, Direction, Trigger threshold...
4
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Shower Analysis

Fluorescence
Scattered Cherenkov

Data set for BR/LR Hybrid analysis:

*27/May/2008 — 07/Sep/2010 (~2.3 years)

Geometry: FD+SD, Profile: FD

Profile Fit
logE=19.5
X = 740g/cm?

\_X2/NDF=1.8

Geometry: Traditional reconstruction
of FD with timing of one SD (~0.9 deg.)
Profile: Inverse Monte Carlo (~8%)
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Shower Analysis

e

1 Event Display
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Perpendicular distgnce from shower axis, [1200m]

Data set for SD analysis:
*11/May/2008 — 01/May/2011 (3 years)

Lateral distribution at the ground
Geometry: Time fit (~1.5deg.)
Energy E.,(MC): Primary estimated by S(800)
and Zenith angle by using MC (~20%)
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[ Log,, ( Erp /eV) ]

FD-SD Energy Scale

Energy scales from MD and BR/LR are consistent
We use the MD + BR/LR as a calorimetrically determined energy by FD

By using well-reconstructed events from all 3 FDs and SD, we obtained

E.,=1.27 x E.,

Set SD energy scale to FD energy scale with 27% renormalization.

21IIIII IIIIIIII |IIIIIIIIIlIIIIlIIIIlIIII_

. (\a(v : Systematic uncertainties

e\\m\ E for FD energy determination

20.5

prel ™
W T
= : l1l‘..'.. N
[ 19F Folg - 3 Fluorescence
: : 1 11%
18.5 X = yie
o E Detector 10%
1755_ E Atmosphere 11%
EIIJlIllJllll]lll]llIIIlllIlJlllllllll]l ReCOnStructiOn 10%
1-[17 17.5 18 18.5 19 19.5 20 20.5 21
Total 21%

[Loglo( E5,(MC)/1.27 /eV) ]




Energy Spectra



Energy spectra from TA
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Three energy spectra from TA,

MD monocular, BR/LR hybrid, and SD are in good agreement.



J(E) x E¥10%* (m?x s'x sr''x eV?)

A

Broken Power Low Fit

Iogw(E/eV)

18.69 + 0.03
B 3 years data, .
B 10,997 events 7
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E* J(E) [eVi/mP/s/str]
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GZK Feature
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Integral Flux E, ,
* Berezinsky et al.
predict 101°-72eV
* TASD: E, , = 10196%V

Significance of GZK suppression
Comparison with the expectation from
the extended power low fit beyond
the break point and data:

* # of expected events: 54.9
s * #of observed events: 28
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AGASA, HiRes, Auger, TA
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TA spectra are consistent with HiRes. (-20% AGASA, +20% Auger)



Mass Composition



<X ma

900

850

800

750

700

650

600

X

Max

analysis

Expected <X __ >
(w/ observation &
reconstruction bias)

E -—-—;_—_—:.'r:___,_.-~r""""ﬂ Iron _: 85:}: <Ii[1 E
B {0 o by o by o byow v by s by e by by s -
8 182 184 18.6 18.8 19 19.2 194 19.6 198
log(E/eV)
Stereo analysis on BR/LR
Axis: Intersection of two
Shower-Detector Plane
Profile: Inverse Monte Carlo

* X, resolution: ~22g/cm?
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Distribution

850

800
A-i
=
9. 750
v

700

650

P value

1e-10

1e-12

1e-14

PRI

P SR Y

QGSJET-II
SSIET-G1

T

m‘[]TTITIT]ITITI]ITIT]IIIT]ITIT

18.4 18.6 188 19 19.2 194

log(E/eV)

[ KS Test ]

1e-20

L

Compafible with !

Proton only
/.

(e

1 1 1 1 1 1=

Statistics |
not enough...

QGSII P
QGSII Fe
QGSJET P
QGSJET Fe
SIBYLL P
SIBYLL Fe

18

18.4 18.6 18.8 19 19.2 19.4
log(E)

19.6 19.8 20

401 T
\ - - 1018.4ev
5:
30| Iron 4 E
25? 1018'68V§
20 1 ' =
10 Proton =
5[ =
goééz—g'uuu.IHLvTﬁ—*—ll.:‘_\.l.”.:
0 600 700 800 9002 1000 1100 12
xmax [g/cm]
3sf LN IILRRE T T ]
: 1018-8eV |
30[ [ R
g P 1
25— =
g + 10190V |
20 -
10/ B
gL

xxxxxxxx Lo b Y
gOO 600 700 800 900 1000 1100 1200

X max [9/6m°]

12 S S S S RN

T ey |
101 — 1T ]
i ¢

: 1019.4eV
6 7
a- .
2| Fe— L : ]

; s

TN T R L I
gOO 600 700 800 900 1000 1100 1200

X max [9/cm?]



Anisotropy



Event map

Consistent w/ Isotroplc distribution in (6 o) (854 events, E>1O EeV)
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AGN correlation

Binomial correlation of SD events (>57EeV)
with VC catalog (Z<0.018, 3.1deg.)

8 of 20 correlated

; ) Expectation from PAO
(4.8 for isotropic) (Science 2007)

TASD data is consistent with Isotropic distribution



Large-Scale Anisotropy

& uniform intensity (>250Mpc) Interactions/redshift

[ZMASS catalog (5-250Mpc) ] [ Proton (E22) ]

Smearing angle: Free parameter
GC region excluded
(|b] <10deg, |I|<90deg)

Smearing

E>57EeV ]




Probability

* Compatible with the LSS hypothesis at 40/57 EeV w/ or w/o GMF

TASD and LSS

Isotropy
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Conclusion

Three years TA full operation

Energy Spectrum:
Consistent with HiRes
O SD/FD energy scale difference
Break points: Ankle: 10185%eV, GZK: 101°-68eV
Suppression: 3.9 o away from continued spectrum

Composition: Proton dominant up to GZK break point

Anisotropy: Compatible with both isotropy and AGN/LSS
correlation hypothesis

Need more statistics

Observation/Analysis in TA are still on-going.

Future Plan: presentation by Pierre Sokolsky in this session



