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TA detector

transfer HiRes telescopes

e Surface detector (SD)
Plastic scintillator (a la AGASA)

— 507 SDs
— 1.2km spacing, 680km? | ey _
* Fluorescence detector (FD) L~-30km | SR SSSONbetogo00e0e
“ .k.. . ;+++v1.\++++¢t i
— 3 stations(BR, LR, MD) G ) 9080006000000002000090 |
ks Sosopsobaceacedasdds |
* 38telescopes(12+12+14) _;) 28 S SS80888.
(a la HIRES) 1; : 002000000000 oot :
| » trry vttt rrtedd 4y
° Locatlon -". :: QOO TTORL: :::;;A S
SRS
Utah, USA 3 ‘\ v;E;E;EI:i**::},*
« About 200km south to Salt Lake ~ [HHL | ©S8686es seesset
City |

e 39.3°N, 112.9°W
e Altitude ~1400m

The largest detector in northern hemlsphere
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Observation Time [hr]

Observation Time [hr]

Fluorescence detector

e BR/LR site:new telescopes

54500 S5000 55500
MJD

FOV: 3-33%in elevation
108° in azimuth

va @ UHECR2010

Camera
16x16=256 PMTs
Hamamatsu R9508
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FD station at MD site

One FD station in the north
Transferred from HiRes
5.2m?2 mirror
30-34° evelvation with 1° pixel
S/H electronics
2010/12/10 H. Sagawa @ UHECR2010 7



Atmospheric monitor=calibration
(for fluorescence detectors)
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(poster by Y.Takahashi)
Central Laser Facility

— Observe sidescattering of
laser from each FD station as
a standard candle

LIDAR:

— Observe backscattering of
laser->measure
transparency of atmosphere

e |R camera:cloud monitor
(poster by F.Shibata)

e Compact Electron Linac

— Absolute energy calibration
of fluorescence detectors
(talk by T.Shibata)
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(poster by T.Tomida)
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First light from ELS
e

., LINAGE—4 y .
----- i Sep.3™.2010 Beam Shot into the Sky, and Observed by FD
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Sep.3d.2010 22:00

Observed !

View from the roof of FD station Geant4 Simulation of 40MeV electron beam
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Hybrid trigger

(poster by R.Ishimori)

SD shower trigger Hybrid trigger

three adjacent SDs When FD is triggered, FD

3 MIPs requests the collection of Installed this fall
SD waveform.

The first hybrid trigger event
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Spectrum

 Hybrid spectrum
— BRM/LR FD (new telescopes) + SD

— HiRes refurbished telescope

— Direct comparison of energy scales and energy
spectra between HiRes and TA

e SD spectrum

— Plastic scintillator surface detectors (a la AGASA)

2010/12/10 H. Sagawa @ UHECR2010
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Hybrid Spectrum

(talk&poster by D.lkeda)

e FD mono analysis + SD information—=2>improve
reconstruction

o Aperture is flat for >101°eV by SD



Hybrid analysis: Data and MC

Geometry: Hybrid
*Energy: FD

Data:
odate: May/27/2008 - Sep/28/2009 ("1.5years)
BR + LR (new telescopes) with SDs
*Good weather days
«1978 events (FD-SD timing coincidence <200us)

*Cut condition
eXmax has to be observed.

eZenith angle < 45degrees

The example of the
Hybrid event
2008/12/30

MC:
*Air shower:
*COSMOS, proton, QGSIJET-II
*Slope: -3.1
e|sotropic distribution
*Detector:
*All of calibration constant with time dependence
eSimulate trigger, front-end electronics, and DAQ

*Aperture, /. Exposure

H. Sagawa @ UHECR2010
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Geometrical reconstruction

FD mono analysis + timing of one SD

time: [us]

Tube time (us)

Ol angle (deg)

plag gty
25 30
alpha [deg.]

Fitting Results

psi = 1.513 + 0.001 [rad]

rCore = 17.763 £ 0.004 [km]
tCore =-16115.817 = 0.000 [ns]
yZindf = 14.193

Geometry Results

zen = 3.909 [deg]

azi = 313.053 [deg]

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

2010/12/10

" Mono reconstruction )
ti:tcore+ ES"—N/Z_SIHO; core
c sin(y +a.
_ vTad
g
(Hybrid reconstruction )
bt 1siny —sing;
| core C SI n(l// + ai ) core
1
tcore:tSD+_(rcore_rSD)COSw
C

rp = 17.732 [km] Shower
axis
FD
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Shower profile reconstruction

4 )
eXmax has to be observed

*Energy > 1018-65¢V

eZenith angle < 45 degree
\§ J

g_z..eu:—
sz- Lngitudinal Results
energy = 8.088e+19 [eV]
xMax = 756.353 [g/cm’]
nMax = 5.489e+10

xInt = 0.000

%2 =3.710

xStart = 209.000 [g/cm’]
xEnd = 844.000 [g/cm?]

180

Fluorescence

__Scattered Cherenkov

‘?ﬂﬂ 200 300 400 500 600 YOO 800 900 10001100 (Raylelgh)
slant depth [g/'cm®]
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Exposure
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The aperture is calculated from MC simulation.

Exposure: ~3*10°> m?srs (>~10%%eV)

(MC: Cosmos QGSIJET Il)

H. Sagawa @ UHECR2010

16



entries

Data/MC comparison

*BR station
Filled circles : data
*Histograms : MC

Energy
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Energy spectrum

TA 1.5 years of hybrid events on BR and LR station

Systematic errors

Systematic
error

|| —a— TAFD: Hybrid |{ ~ AGASA _,,
- HiRes-1 i ’
—=— TA FD: MD
1054 o HiRes2 Fluor?scence o
— | = Auger (ICRC31) [T yield
@ St . Detector 10%
NE Atmosphere 11%
& -
@10% Primary 5%
’E: particle mass
MC
: 3%
correction
Total 19%

10" — 10"
Energy [eV]
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=" Middle Drum (MD) FD Analysis

e 14 refurbish HiRes-1 telescopes
e TAMD mono processing is identical to HiRes-1
monocular one.
— Same program set, event selection, cuts
— Using the same “average” atmospheric model
 The differences

— the telescope location and pointing directions
— Thresholds (~*20% lower than HiRes-1)



MD mono energy spectrum

e Data: 2007/Dec~2008/Sep
e MC: CORSIKA/QGSIJET events

Aperture Spectra
: Ll l L ] UL I L L l L I L | L L I P ?1025 -
9.8~ 1 2 _
- 1 o "
T 18 |
= f 1< F lig, |
® 9.4 — % L l Il] I ¥
~ Ar ] - ve L
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S 02 4 w ¥ ’
g F
2 r 10% =
2 9_— ] C
g a8l 3 .
- = HiRes-1
8.5_— 7 | v HiRes-2
L | | | : | = = TAMD (through 9/18/2010)
8.4%=s 18.5 19 195 20 20.5 21
|Og Energy (ev) 1023 Ll |18 1 L 1L 1111 II19 1 ||20
" 10 10 1&
nergy (eV)

~1/2 HiRes (E>10%°eV)

~1/4 the exposure of HiRes-1 Preliminary MD spectrum

in good agreement with HiRes
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SD spectrum

* SD reconstruction
— LDF, timing fit
 MC
— First energy estimation

e Data/MC comparisons
— SD energy vs. FD energy

e SD spectrum

2010/12/10 H. Sagawa @ UHECR2010
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Data set

e May/2008 — Feb/2010 (1.75 years)
* Exposure ~1500km? sryr (~AGASA 13 years)

 Cuts:
e LDF y?/ndf<4.0
e Border Cut > 1.2km
e Zenith Angle < 45 degrees
e Pointing direction uncertainty < 5 degrees
e Fractional S800 uncertainty < 0.25

- 6264 events



Charge Density, [VEM/m?)

2008/Jun/25 - 19:45:52.588670 UTC

SD event reconstruction

Time fit to determine geometry

( modified Linsley)

5 22+ I 1 1 | I I I 1 I 1 4! E
= 21 = i Linsley Fit
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SD Monte Carlo

e Simulate the data exactly as it exists.

— Start with previously measured spectrum and
composition.

— Use Corsika/QGSJet-ll air shower events.
— Throw with isotropic distribution.

— Simulate detector response (GEANT4), trigger,
front-end electronics, DAQ.

— Write out the MC events in same format as
data.

— Analyze the MC with the same programs used
for data.

e Test with data/MC comparison plots.




Fitting results

DATA

Counter signal, [VEM/m?]

2010/12/10

H. Sagawa @ UHECR2010

@ Eem T * Fitting procedures are
g S derived solely from the data
w " i e Same analysis is applied to
= Al innidi MC
3 e Fit results are compared
= BT between data and MC
s 10 20 et e MC fits the same way as the
n T ME—E E data.
£ v oK N I %’*”3* e e Consistency for both time
£ o0s. il .i:}..,....,..' ” fits and LDF fits.
0 H .

2 050 R e Corsika/QGSJet-Il and
= e data have same lateral

D et distributions!

0 10 ) BT
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log, , (S800)

First Estimate of Energy

T3 e Energy table is

constructed from the
MC

* First estimation of the
event energy is done
by interpolating
between S800 vs

11 1.2 13 14 1.5

«n  sec(0) lines

24.6 33.6 39.7 44.4 48.2
O(deg)
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DATA/MC: S800, Energy
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Energy scale is determined
experimentally by FD
without referring to MC.

Set SD energy scale to FD
energy scale using well-
reconstructed events
detected by both detectors.

27% renormalization.
— Systematic error 19%

(from systematic error of
energy by hybrid analysis)
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TA SD Resolution

hEres

Resolution (Energy)
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TA SD Spectrum

TA SD energy is rescaled to FD energy.

Preliminary, 7/20/2010
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Significance of the Suppression

EEYTa \ |\ I » Assume no GZK cutoff and
o extend the broken power law fit
'\ ' beyond the break
£ * Apply this extended flux formula
E to the actual TASD exposure,
W ; find the number of expected

events and compare 1t to the

number of events observed in
log, E bins after 101%%¥eV bin:
— Ngxpper =184
_ _ NDBSER&E 3
1 o] PROB:Z Poisson(i = 18.4:1) = 2.41 x 10~
18 1£.5 19 18,5 v ] IE? V) 1—={:| (3 . 50—)
T@O%pz energy is rescaled to FDageaVQ%rLgycmlo y



TA SD, Middle Drum FD Monocular,
and TA Hybrid Spectra

| —— TA FD: Hybrid
10% | TAFD: MD
_ F|-sTas0D
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N“:‘E — i | +'—.||—'
£ . M ”L ik
o B . ]
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Energy [eV]
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JE) x EXM0** (m? x s x sr' x eV?)

TA SD and HiRes Spectra
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AGASA, Auger, HiRes, TA Spectra

TA SD energy is scaled to FD energy.

| —— TA FD: Hybrid AGASA
HiRes-
—=— TA FD: MD
10% | —#— HiRes-2
—_ | —e— T\A S& /4 Auger (ICRC31)
= B
2 u
o~ - L
?2-. ¥ veo
w10 [ |
= — &
w L A '
[ l Iy
Y
,L‘ <4 1 1 Il | 1 1 I 1 1 [l 1 1 | - I { |
19" 10" 10%°
Energy [eV]

TA SD spectrum is consistent with TA MD mono and hybrid spectra,
and consistent with HiRes-lI and HiRes-Il spectra.
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Mass composition

(Xmax technique)
(talk&poster by Y.Tameda)

. Shower longitudinal development strongly depends
on their primary particle type. .

. FD observes shower development directly. F D Ste reo ana Iys IS

. Xmas is one of the efficient parameter for
determining primary particle type.

Shower longitudinal development
6e+09 .

T I L

S5e+09 |

4e+09 |

3e+09 [

Station Il

2e+09 |

Number of charged particle

Xmax Proton
| l . Ironl

16409 1 Shower axis is determined better

by FD stereo reconstruction than
by FD mono reconstruction.

0 200 400 600 800 1000 1200
Depth [g/cm?]
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X .. Data/MC comparison

Dataset: 2007/Nov ~ 2010/Sep (~3yrs)
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X .. Data/MC comparison

X,,o = reconstructed X, _,
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X . VS. Energy

X, o= reconstructed X__
Energy=reconstructed energy
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<X, VS. Energy
X, o= reconstructed X__,

Energy=reconstructed energy
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Anisotropy

e LSS correlation (under study)
 AGN correlation

e autocorrelation

2010/12/10 H. Sagawa @ UHECR2010
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LSS correlation

(poster by E.Kido)

2Mass Extended Source (XSCz)
— m<12.5
— 5Mpc<D<250Mpc

Injection spectrum index = -2.4, proton
Propagation (int. with CMB photon & D loss)
Smearing angle (free parameter)

Galactic Magnetic Field (GMF)



Flux maps overlaid with data

Data set: SD events from 2008/May to 2010/Sep
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Correlation with AGN

(talk by PTinyakov)
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Data: 2008.05-2010.09
Zenith angle < 45deg

- E>57 EeV: 15 SD events
(E: scaled to FD energy)

- expectation
Angular scale 0=3.1deg (Auger2007)
= Correlared: 6 events
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Autocorrelation

(poster by T.Okuda)

Separation Angle Distribution (normalized by solid angle)
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Summary

The TA is the largest detector in the northern
hemisphere.

SD, FD mono, and hybrid spectrum:

— Consistent with each other and HiRes-1,2
— Evidence for suppression (from SD) [3.50]
Xmax analysis: FD stereo

— consistent with proton

Anisotropy:

— AGN: Ncorr=6 (consistent to Nbkg~4) for E>57 EeV

— N(separation angle<2.5deg)= 1 ( consistent with
Npie=0.8) for E>40 EeV
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