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TA: SD/FD hybrid experiment

FD

SD
Fluorescence Detector

Surface Detector \

SD and FD of TA are independent.
Each by itself is a complete detector.
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507 SDs cover 680 km?

Calibration Facilities

- Lidar, IR camera

- Central Laser
- Electron Light Source

3 FD stations
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Two FD stations in the south P

9.4 m2 mirror
30-340 elevation
with 19 pixel
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Calibration by Electron Beam
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Event Top View

X,Y = counter #
number = MeV energy deposit (av U+D)
~ 2.5 MeV for vertical mu
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< SD Observation Status >

Observation Time [hr] Observation Time [hr]

Observation Time [hr]

MNov'08 Nov'09
T T | T T T T T T T T

Mar'0g

54600 54800 55000 55200

DAQ @ 3 sub-arrays
+ boarder crossing trig.
No deadtime (pipelined)

~99% of SDs functional

~5% down time

~16 k hours of run
since Mar. 2008



< FD Observation Status >
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e > 2.5k hrs
since Nov. 2007

Remote op.
since May. 2009

e > 2.1k hrs

Hybrid trig.
planned in 2010
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(1) FD Stereo Analysis for Xmax

25

Nov. 2007 — Oct. 2009
BRM-LR Stereo Event

Event Selection

Xmax within FoV

Zenith Angle < 56°

Shower Core in R=9.6km circle
E > 10186eV

good X2




Elevation angle (degrees)
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Event Reconstruction

35
1) Core and Direction by Stereo Geometry w- Raw Data ¢ % ° T -
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Accuracy @ 101° eV

Direction : < 1.6 deg .

core location : = 180 m L Ae— |
Energy : -54*+58% slant depth [gicm?]

Xmax : -9.7 + 16 g/cm?




Making MC spectral set

Shower simulation

CORSIKA v6.9
Hadronic Int. Model
— QGSjet-ll, QGSjet-01, SIBYLL
Proton or Fe Nuclei
Energy:
— logE =18.5-19, 19-19.5, 19.5-20
— Power index : - 3.1
Zenith Angle : 0 — 60 deg
thinning factor : 104
Ecut: EM:100keV, hadron:100MeV
Core: r< 10 km
Each 500 events

Fluorescence & Atten.

Fluorescence yield

- FLASH spectrum

- Kakimoto et al. normalization
Atmosphere by nearby Radio Sonde
Typical measured Mie att. By lidar

- h=1.0km, A =29km @355nm

also used by inv-MC reconst.
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Zenith angle (deq)
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Entry
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Comparison of reconstructed Xmax
(data and MC)
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<Reconstructed Xmax> vs. E
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(2) Hybrid Analysis for Spectrum

Triggered by SD and FD (indep.)
FD geometry with SD timing

Energy determined by FD

Acceptance determined by “SD”

Event Selection

e Xmax in FoV
e Zenith < 450
e one SD (tlmmg ﬂt)
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Hybrid Geometry Reconst.

FD mono analysis + timing of one (best) SD

time [us]

Tube time (us)
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alpha [deg.]

o angle (degq)

Fitting Results

psi = 1.513 + 0.001 [rad]

rCore = 17.763 + 0.004 [km]
tCore =-16115.817 = 0.000 [ns]
¥2ndf = 14.193

Geometry Results

zen = 3,909 [deg]

azi = 313.053 [deg]

core = (0.253, -6.162, 0.000) [km
rp = 17.732 [km]

1siny —sin g,
c sin(y +«;)

—

Hybrid reconstruction
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core
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| core

core

1
t = 1:SD + E(rcore — I'sp ) Cosy
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Shower profile & Energy determination

& 220F
200 Lngitudinal Results
180} enerqgy = 8.088e+19 [eV]
- xMax = 756.353 [g/cm’]
160
: nMax = 5.489e+10
e 3 xInt = 0.000
120|:— 12 = 3+T1 ﬂ
100} xStart = 209.000 [g/cm?]
w xEnd = 844.000 [g/cm?]
: Fluorescence
Scattered Cherenkov

(Rayleigh)

o
100 200 300 400 500 G600 70O 800 900 10001100
slant depth [giem®]




Making MC spectral set

Air shower simulation: COSMOS

SD
*Time dep. Calib.
eSame as SD analysis

*Time dep. Calib.
*BG by real data.

*Geom. corrected by star.
(Measured atmosphere

~

_/

(Hybrid MC data: )
eDate: Random in FD observation period
*Core: 25km radius from CLF
Slope data: ~2.5M events with E-3-!

\-Flat data: ~20k events for each energy )

Primary energy
Zenith angle
Primary particle
Thinning ratio
Interaction model

Cut threshold
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cos 0 =0.65 (=50degree) ~ 1
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C e
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Accuracy of Reconstruction (MC study)
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EXxposure
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The aperture is calculated by MC.
Exposure: ~3*10° m?srs (>~10%%eV)
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Summary

TA operation: >16k hours (SD), > 2k hours (FD) since 2007
Detectors and DAQ in good condition.
Calibration and performance being understood.

Preliminary results

FD stereo analysis: Primary composition is consistent with proton
for 10186 - 101°3 eV

Hybrid analysis: Spectrum for 10187 ~ 101°-> eV is obtained.
Flux is consistent with HiRes.

New FD calibration by electron beam is soon to come.
Other analyses are on-going.
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