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< CR Energy Spectrum > < GZK Effect >
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< Hybrid Technique > 7

Fluorescence

Air Shower
/ Detectors

sy &y &7 &7 &y

A & A&z &gz &
Surface Detectors



< Detector Arrangement > 3.0m*, 1.2km grid
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< Surface Detector >

¥
WLAN (2.4GHz)
solarpanel
(120w) EE

electronics
= | box
| +

battery
(100AhN)

~200kg
T

a"

I = &

e WLSF: 1.0mmo¢o

(2cm separation)
e PMTs: ET 9123SA x 2
e 3m? (12mm x 2 layers)



< SD Event Example >
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< SD Monitor >

Rate [Hz] Peak 2 FADC

Relative Humidity [%:RH]
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e 1 MIPs peak position
e pedestal position

e Level-1 trigger rate
~ TO00Hz

e Level-2 trigger rate
~ 20Hz

e Temperature &
Humidity in SD box

e Status:
— solar panel
— battery

— GPS antenna
— internal clock



< SD Observation Status >

Observation Time [hr] Observation Time [hr]

Observation Time [hr]
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20

10

Nov’'08

Nov’'09

Mar’08
' T

54500

55000
MJD

Nov’'10
I

55500

operation in stable

> 95%
> 22k hours

wLAN interference
in early stage

thunder storms
In summer

maintenance access
in autumn

low temperature &
snow in winter



< SD Maintenance >

e BLM restriction for Apr — Sep
e Deployment: Oct’06 — Mar’07
e Maintenance: Oct’07, Nov’08, ’09,

.| gy . ARG, v [



< Tower Reinforcement >

e > 30m/s wind in winter
e Additional wiring in Jan’10

TRACE.
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B TR [ R E PN T AN
HREE TSRS IRRT e 3
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™ . WRCH_
SECTION .

Mar’09




ion @ Black Rock Mesa >

< FD Stat
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< FD Event Exsample >

30j

e Event-reconstruction with =

. 25

a set of ’simulated’ events S F

including s

— shower profile > v

— atmonsphere o

— detector performance R R R R B

I Inverse Monte Carlo method O e ks
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< FD Environmental Monitor >
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< FD Observation Status >

Observation Time [hr]

Observation Time [hr]

Nov’'07

10

10

e Full operation since Nov 07

A
_ LIl HIIIM‘”N

54500

55000

Nov’'10
|

3211.8 hrs |
1o |

2767.0 hrs |
0.4 % |

55500

e Long Ridge remote operation since May ’09

e > 3.2k hrs

e > 2.7k hrs

(Duty: ~ 10%)



< FD Maintenance >

e Downspout and wall was
broken with > 12m/s wind

e Generators were replaced
(= 20k hours operation)
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< FD Callbratlon > “hm

glue




< Atmospheric Monitor (LIDAR, CLF) & LINAC >

/

[1 back-scat.[] []side-scat.[]

[1 electron showerl]

LIDAR LINAC CLF
4mJ 40MeV omJ
@355nm 10° o- (6.4mJ) @355nm




< LIDAR system >
e Operating at Black Rock Mesa

Cameral

Cameral

Mirror :
30cmo

Nd YAG :
355nm
4mJ(max)

Camera?2 % Camera4

Camera3

: Camerab




< Cloud Monitoring >

e IR camera -+ 8um—14pm (-20°C-300°C)
e Confirm WEAT code (Eye Scan)




< Central Laser Facility >

e Standard Light for three FD stations)
e Steerable Nd:YAG laser 355nm 5mJ

[ Long Ridge

Camera 04

@ Long Ridge
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Camera 06 @ Black Rock Mesa

Camera 07




< TA-LINAC (ELS) >

ELSO>TF b\

e Specification

— Energy 40MeV (AE/E<1%)
— Charge 10%¢~ /pulse (£6%)
— Beam Width 1 usec

e Transfer troubles
— Klystron broken replaced
— Vacuum leak fixed
— Operation application approved

e First shooting
— Sep ’10



< ELS Event (charge map) >
e 2010/09/04 04:01UTC

41.4MeV , 40-140pC/pulse , 0.5Hz



Oct.’10 ~
e Improve FD Low Energy Reconstruction with SD data

FD SD
TF&SDF CamPC CTD CTD-PC HostPC Detectors
* 2nd Ie\IeI trigger H‘

-
trigger
-
data
— —
data
ack
- — req
E_l trigger ID _ﬂm hybrid -
judge | judge | trigger
Ack GPS time data
- — - ————




< Hybrid- & Stereo- Event
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< FD-SD Energy Comparison >

Esp
N 1| Entries 331
20.5 3
- o SD energy is
- 3 reduced by 1/1.27
2195 3 )
%
g1 = 2 EfjRes / EAGASA
- I - 99
: 1 in ”unified” spectrum
.]"HE,E _l;'l
18 =
-
175 -
»

7 T. 18. 1 X L 1
7 e s W2 o oS o B
FD



< Preliminary Energy Spectrum >

e FD-MD, FD-hybrid, SD spectra are consistent with each other.

dJ/dE E® [eV? / (nf sr S)]
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1024
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«239} # #

] Q%Q _

* T
i # —— 1
i ® TA (hybrid) < FD with one SD timing i
0 TA SD < SD energy is re-scaled to FD energy
- <& TA MD < identical with HiRes analysis .
| | | | [ | | | | | | | [ | | | | | [ | | |
10* 10% 10%°
Energy[eV]

SD: 1500 km? sr yr = 4.7 x 10 m? sr s



< Unified? Energy Spectrum >
e roughly normalized at 1019V

10%° .

v v

Vo w*&ﬁ?&ﬁ%ﬁ%

® Auger (+17%) #
® HiRes (stereo)
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<& TAMD
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< AGN correlation >

12

E > 56 EeV

Data: 2008.05-2010.02
Zenith angle < 45deg

10 } E>56 EeV: 13 events @X$
W

(E: scaled to FD energy)

8 F  Angularscale 8=3.1deg ,?Q\J

Correlared: 3 events

Expectation from

N_tot

= Consistent with ”background” level

( re-scaled SD energies )




< Clusters (self correlation) >

Skuymap in Equatorial Coordinate

6h

Oh

Equator

G Plane

Ewvent
6812

160
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40

Count per separation angle

20

=E >1 x 1019V
I E > 2 x 1019V

Separation Angle Distribution 171Event

I I I I I
Uniform 100k set

-----------------------------------------------------------

o F 4 4 4 4 B o 5 B OfF f ¢
10 12 14 16 18 20 22 24 26 28 30

Separation Angle [deg]

= Consistent with uniform distribution

( re-scaled SD energies )



< Xmax distribution >

1000 | y

P--QGSJET0! ——
Fo-OGSJETOl —
M T
Y FGSIBYLL +==eens
data —@—
l AL -
800
E
8
)
%
¥ 700
600 |- 1
500 [l [ |
18 185 19 19.5 20

log(E/eV)

= Consistent with Proton primary
( Energy and X,,,, are reconstructed value. )
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— DAQ systems have fully operated since March 2008,
and they works in stable.

— DAQ systems were further improved for

- ELS (TA-LINAC) shooting
- FD-SD hybrid trigger

— Physics analyses are still ” preliminary”, but
preparing to be published on Journals :

- Energy Spectrum, Composition, Anisotropy,
Comparison between FD and SD
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< TA Low Energy (TALE) extension > T:E:Eif:iii
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e Future plan '
Target: 10'0°eV — 10YeV
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