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¢ TA Detectors & Commissioning
¢ TA results updated
o Energy Spectrum
o <Xmax>: UHECR Mass Composition
o Anisotropy
¢ Stepping further
o ELS: Electron Lights Source
o Bistatic Radar at TA
o TA:TA Low Energy Extension



Telescope Array
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o A follow-up to HiRes and AGASA

o Millard county, Utah, US

o 507 scintillation counters in ~700km?
o 12+ 12 + 14 tluorescence detectors

o Full operation since May 2008



Telescope Array Locations
Geperal Reference Map

A 0 3,000 6,000
L | |
Meters

(‘MD »
HiRes-I detectors

5

W, Ay Millard county Utah, US
wn w0 i i af mo min ol o i oy gin E N 39.1°, W 112.9°

1350~1500 m_g,,....

i i i i W o o o i s b ol e b e i e o ot A\ i
mmmmmmmmmm oo o win min oY ko o

snxuru:-.
ey 1 mmmm um :m::m:m:m:

mmmmmmmmmm m:mmmzm J
: \ 2 3 3 TA Locations
» *mmmmmm SD Array Imm:mm:b“ﬂm @® Communication Towers

Fluorescence Locations

= = b wis win 5o sio i) 507 counters | s s s sl gy i “BR’

gRidge:II.I:ZI.II:II.ZJ:Ifi::-xn:_-'zmjm.EJ mmﬁmmmm § A Central Laser Faclity
mmﬁmmmmmmmmmmmm of N mn o oo o0 o mn o - :::B
~ e ufl 5N oin oiN 0N my sy 00 o o of oD o o o 8 w5 g E Rock Mesa Town Boundaries
3FDstat|ons mmmmmzmmmmmmmmmmmmm State Land
WD min mE 60 oD oo, my 9 mh xio o min w0 o on o Eh st A
BM Land

N mmmmmmmmmzmm 5 m:z:mmmmm'

D Military Arrspace Sevier B

——— e Department of Geography

. University of Utah

:mm‘mmmmmm~mm. 0w gin April 2004
®

A Y. Tsunesada @ 7AFWS. Coimra Portal 210S



TA Surface Detectors (SD)
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TA Fluorescence Detectors (FDs)
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TA Commlssmnlng
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& FD: Longitudinal shower profile -> Calorimetric measurement
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& FD: Longitudinal shower profile -> Calorimetric measurement

40:
35
Fluorescence

30

25

npe

20

N Ch{renkow lights

2 -
1 nn'u‘nh |

300 400 500 600 700 800 900 10001100 1200
slant depth [g/em?®)




eD.Ikeda: Oral 1264 (Augl2)
eD.Rodriguez: Poster 1303
eD.Bergman: Poster 1300
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< FD: Longitudinal shower profile -> Calorimetric measurement

ﬁa’» SD: Lateral distribution of particles at the ground
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Energy Spectrum



TA Spectra: MD, BR/LR Hybrid, SD
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E* J(E) [eV¥mP/s/str]
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AGASA, HiRes, Auger, TA
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Towards UHECR Mass Composition
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CORSIKA prediction
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CORSIKA prediction

+ TA-FD aperture, Reconstruction & Selection
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<Xmax> Analysis

Y.Tameda, Oral 1268
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Xmax Distribution: logEk=18.2 ~19.0
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Xmax Distribution: logE=19.0 ~19.8
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Anisotropy



Anlsotropy Analyses
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o Use SD events (1.27 scaled)
o 2008/05/11 - 2011/05/01: 1086 days
o Zenith angle < 45deg
o Array boundary cut
o Angular resolution: 1.5°¢ (E > 10/7eV)
o Number of events:
o E>10EeV: 854
o E>40 EeV: 49
o E>57EeV: 20



TA Event Map Okuda/Tkachev

Oral 1311
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Correlation with the VCV Catalog Objects ?

Okuda/Tkachev Oral 1311

. : £ s, o DY L G s oy € st S e
OIS LKL b s 4, Tt g BT Prwmans S DA S A Tt 7O e b SN anie l, PYSRSU s S

Binominal Correlation of event energy > 57EeV,
with Veron AGN 12th. Zmax=0.018 (472AGN), Within 3.1deg.

]sfgor ¢ 8 of 20 correlated
® 4.8 for isotropic
15
® (Auger result has
been updated.:
10 68% ---> 38%)
5 e Compatible with
both 1sotropy and
AGN correlation
0 hypothesis.
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Search for Large—Scale Anisotropy

TlnyakOV/Kldo Oral 1317

N b iim e
PRAOT LT A, B Ly Tt g Prrm S DA S A5 = ol AL B adint Ldaadel, PRV

¢ 2MASS galaxy redshift catalog (XSCZ), SMpc ~ 250Mpc
e Uniform intensity beyond 250Mpc
¢ Proton primary, injection spectrum E-2-2
¢ Interactions/redshift TA exposure taken into account
¢ Smearing angle parameter: ~20° (Magnetic deflection, angular resolution etc.)
¢ GC region excluded (161 < 100,171 < 900)
¢ Compare TA data and the expected CR density map




Search for Large-Scale Anisotropy
TinyakOV/Kido Qral 1317
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TA Events & LLSS: KS Test
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Smearing angle 0 ~

eCompatible with isotropy for all energy regions

e Also compatible with the structure hypothesis at 40/57 EeV w/ or w/o GMF
eNot compatible with LSS for £ > [0EeV, without strong/extended halo field

250

25



We also presented...
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e UHE Photon limit: G. Rubtsov, Oral Talk 1266

¢ Anisotropy: autocorrelation: T. Okuda, Oral Talk 1311

e MD hybrid analysis: M.Allen, Poster 0699

¢ Shower MC with GPU: T.AbuZayyad, Poster 1329

e Detailed Shower MC: CORSIKA & COSMOS: J.Kim, Poster
0812

¢ Hybrid triggering system: H.Tokuno, Poster 1275

e KD cross-calibration: T.Stroman, Poster 1301

e Atmospheric monitoring: LIDAR: T.Tomida, Poster 1279

e Atmospheric monitoring: CLF-LIDAR: D.Oku, Poster 1278
e Atmospheric monitoring: IR camera: F. Shibata, Poster 1277



ELS: Electron Accelerator
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Electron beam

BlackRock
Fluorescence Site
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T.Shibata
Oral 1252 (Aug 17)

o/(0MeV, 10° electrons

oE2FE calibration of FD
energies

eLirst shot 1n Sep.2010
¢ Analysis ongoing

! Event Display of ELS Shower

¥ Energy : 41.1MeV

? Data : Sep.5t.2010. AM04:30 ( UTC )
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Bistatic Radar at TA
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Bistatic Radar at TA
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2kW Transmitter
| 2011 Jan.
To be updated to 40kW
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Fm

Unique signature
for EAS echoes

|

Receiver at the TA site
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TALE: TA Low-Energy Extension

EAS experiments
A BASJE: Cherenkov time profile
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Importance of 10/6~13eV

G Thomson et al.. Poster 1307
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TALE: TA Low-Energy Extension

e »..n-«"i'*-‘-l'w"““""“"&4 208w
g T,

OSD Infill array near MD

e 400/600m separation
* >10% efficiency for E > 10165¢V

okD: ngh-elevatlon telescopes

o Up to 59°
e HiRes-IT .
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Conclusion
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e 3 years TA full operation

e Energy Spectrum:

e Consistent with HiRes
e SD/FD energy scale difference

e Ankle at /01869 eV
e Cut-off at 101968 eV: Deficit: 3.90

¢ Proton dominant composition up to the cut-off energy

¢ Anisotropy: Need more statistics!
e Compatible with both 1sotropy and AGN/LSS correlation hypothesis



Conclusion
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e 3 years TA full operation

e Energy Spectrum:

e Consistent with HiRes
e SD/FD energy scale difference

e Ankle at /01869 eV
e Cut-off at 101968 eV: Deficit: 3.90

¢ Proton dominant composition up to the cut-off energy

¢ Anisotropy: Need more statistics!
e Compatible with both 1sotropy and AGN/LSS correlation hypothesis

¢ Question: Have we seen the GZK cut-off?

e Consistency between composition and the position of Ecut ?
o Anisotropy: CR horizon? zmax dep.? B-field? Spectral shape around
ECllt?






Understanding Our Detectors
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Understanding Our Detectors
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201 1/Mar/04 Y.Tsunesada, K. Hayashi (TokyoTech)

TA FLY Model

» Spectral lines and their relative intensities are from Abbasi et al. Astropart. Phys., 29 77-86 (2008)
e Defined in 300-420nm

* Scaled to the Kakimoto’s yield in 300-400nm, Kakimoto et al. NIM A, 372 527-533 (1996)
* (The total yield of the TA FLY model in 300-420nm is slightly larger than Kakimoto’s.)

4571
4 .-
Used for scaling: 300-400nm
3.5T
3 -
S 257
()]
=
=
(@
2 .-
1.571
FLASH lines > 400nm
1t are also used
Some lines of small but
non-zero intensities
0.5T1 (not seen, but included
‘ / in calculation)
0 - : I — : - : | : - . : : |
300 310 320 330 340 350 360 370 380 390 400 410 425

\AMavialanAath Thimal



* Spectral lines and relative intensities are from FLASH:

420 .
Abbasi et al. Astropart. Phys., 29 77-86 (2008)

fFLASH ()\)dA — 1 Figure 9.
300

o F'LYTA(A) wmevi or ey is defined by scaling  frrasu (M)
FLYTA()\) [ph/MeV] — CV]EFLASH(A)

* The scaling factor « is obtained as

400
o) frnasa(A)dA = K = Kakimoto's @ 1013hPa/293K

* Therefore
K

FLY7TA(N) = frnasu ()
340000 froasu(A)dA

420

Note that FLYraA(NdA > K

300



SD Analysis:
Data Quality Cuts -

¢ Good data fits:
e v?/d.0.f.. >4.0
¢ Pointing direction resolution: < 3°
® Fractional S800 uncertainty: < 25%

® Good shower geometry:
® Border Cut > 1200m
e Zenith Angle Cut: < 45°

® 3 years, 10,997 events




SD Analysis:
Data/MC Comparisons
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SD Analysis: 1
Data/MC Comparisons -
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Data / MC comparison

Red points: Data, Blue histograms : MC

140;
120 70 .
| R, Zenith | ., X
100 60f max
o 100} -
s0[-
80 o L J L 0: .
(3 , ~ * 80}
§ it . § e 3 .‘ - il é . .
— s -— -d C
c 60 . | = - 1 4 * t S 60
* . 301 T T
o e T ¢ .
40 . ! * o 40}~
B ? 20*” * L ® =
L J [ b
- e 10 d $ 20
: | A ot .o
B R | \. ¢ '0'. P NRAs \ ; | | | L el — l Sedes, ,
. , LT ‘ - e 500 600 700 800 900 1000 1100 1200
0 10 15 20 25 30 35 0 10 20 30 40 50 60 xmax [g/cm?]
Rp [km] zenith angle [degree]
LR | -
i 3 R 50 Zenith| ™
70 P 1001 Xmax
60 i § i de |
- 1 4 Ml . 80 wl
%) 50;— -» 2 JY \ ;
2 F ' @ 30 | G t 2 h
- 5 | o ] - '
g 40| \ o E 1 s o0
L] w *
30 e 20 ot B - *
20 . | ’ . .
,7 - 7S . o : .
: | L gy * 20 : '
101~ | gl ¢ - ;‘,
. AR, AP b g f:o R O R I 70:0'0‘ o T I
0 10 15 20 25 30 35 —— P 500 600 700 800 900 1000 1100 1200
Rp (km] 0 10 20 30 40 50 60 inax [oom?)

zenith angle [degree]



Power [dBm]
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Signal Characteristics

Signal-to-Noise
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Assume 20 kW transmitter

Prediction for received power for 1018, 1079,
1020 eV showers, 30° from zenith, typical TA
distances and antenna gain.

Horizontal line: Galactic noise floor (4
MHz B.W.)
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Phase Modulation
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Predicted signal for 109 eV shower, 30°
from zenith; frequency vs time.

Rapid movement of “target” produces
Doppler-like frequency shift.

Unique signature for air shower echoes!
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TA-MD & HiRes Spectra
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D.Rodriguez et.al.; _Poster 1303

oThree years data of TA-MD,
; ; ; refurbished HiRes-I detector
ST R R A S AR I SR T I R e ~1/3 HiRes-I exposure
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ELS observation

Observation for the reflected radio from ELS
shower to confirm the method

*Set the observer to the roof of BR station
*Radio path: CRC - ELS - BR . | _
*Receiver : Five-element Yagi antenna L. 88 Q‘ .ff‘ facsss

¢00~ »¢§¢ +4 -

*Design is fixed (see other file) L 8582328050: ”m
*Also we can measure the cross-section *;W .431 8 ,
4w~

*Distance: CRC-BR >> ELS-BR

*Can measure the power of coming radio from

CRC by seeing to CRC

*Cross-section is obtained by the ratio of

detected power: seeing to ELS / seeing to CRC
*For this test, E-Plane of trans. wave should be vertical.
*Geometry b/w BR and CRC is better for radio
transmission.
*The direction b/w BR-CRC and BR-ELS is almost 90

degrees !! BR-CRC

' |
0 5 10 15 20 kn



Auto-correlation: Event Clustering?
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~ UHE Photon Limit by SD
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statistical power

statistical power

0.2

NULL-structure ALT=1so E>10EeV

i

0, degrees

NULL=structure ALT=iso E>40EeV

____________________________________________________ i - _i
| | | | | i |
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0, degrees

statistical power

Statistical power to
tell isotropy from
structure at different
energy and number
of events

SEARCH FOR
LARGE-SCALE
ANISOTROPY OF
UHECR WITH
TELESCOPE
ARRAY

NULL=structure ALT=1so0 E>57EeV

0, degrees



