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Telescope Array collaboration
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Pierre Auger Observatory and Telescope Array

Telescope Array = the largest cosmic ray observatory in the northern hemisphere

Telescope Array (TA)
Delta, UT, USA
507 detector stations, 700 km?2

36 fluorescence telescopes Relative exposure of Auger and TA

1 | | | | | | | | T
“common” sky:
Ouk I ~15° : +45°
06 T

2

° 04t -
S Auger — I

0 ] -I-IA --I l’/ ] ] | | |

-80 -60 40 -20 0 20 40 60 80

o [°]
Pierre Auger Observatory
Province Mendoza, Argentina

1660 detector stations, 3000 km? Together full sky coverage: perfect for anisotropy studies
27 fluorescence telescopes

R. Engle, TA 10th anniversary symposium, 2018
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Main goals of Telescope Array

Energy Spectrum Chemlcal omposmon

TALE Spectrum with Spectra of TA-SD and Auger (Rescaled Energy)
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Telescope Array: hybrid detector covering 700km?2
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Map of the TA site

3 communication towers / Telescope Ar ray Locations
= For the SD array General Reference Map
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Key feature Stereo-Hybrid

Stereoscopic measurement with multiple FD stations
or the hybrid measurement with a FD stations and more
than one SD improve the determination accuracy of the

Es ‘sh.czwer geometry.

Fluorescence Detector Surface detectors Fluorescence Detector

The determination accuracy on the primary energy and the depth of
maximum shower development are also improved.



Surface Detector Array




Surface Detector

. 2 layer of plastic scinti., 3m2 x 1.2cm each
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12bit 50MHz FADC x 2 layers

- CPU : Renesas SH4(25MHz)

- GPS, WLAN-modem

- Charge controller 10



Fluorescence Detectors
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Fluorescence Detectors
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New items for monitoring and calibrations

flying “Opt-copter” in operation
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New items for calibrations and monitoring (1)

CCD cloud monitoring system

Fish eye lens
FE185C057HA-1

CCD camera (VIS)
WAT120N+

e 3setsin TA site

Image server
mmeEye-S
* every 1l min.

* & secexposure
* size: 720 x 480 pixels (346KB / 1 photo)
FOV: 185.0° x 154.1° Housing
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Cloud monitoring: scoring

Searching the listed stars at SAO star catalog (> 3.5 mag.) in each picture
— Score = number of matched stars / total expected # of stars in FOV

Image with CCD Dividing the sky into 9 regions

4

(by zenith and azimuth)
— 3Scoring for each region

'
L 3
5 \
. :

Nov. 20, 2014, 1:40 - 12:00 UTC

Matching «

| \ | | o4l Listed star (3.5 mag.) at the SAO catalog
b | C matched star
| C not seen, expected position .




New items for calibrations and monitoring (2)

“Opt-copter” (drone + light source + hi-res GPS)

battery GPS antennas % Opt-copter

position\
info. \

X

GPS fixed station
on the ground

conceptual image

§

#] " UV LED source

~+\\!'w the integrating sphere N bk
R ¢ ] : . R (iO.4US)
Antenna for the GPS fixed station 4 wiorione I
(position resolution: LED driver (=

il (ﬂ@
+0.25m H, £0.75m V) ‘
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Opt-copter in operation

"E"C-)R"‘C"pter ' _ Main target of the calibration with “Opt-copter™
’ 7 Precise measurement of FD optics and geometry
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f TA experiment

‘?ergy Extension: TALE
(pansion of effective area: TAx4
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TALE hybrid

TALE-SD detector

TALE-FD

400m spacing 40
SDs

18, fean et o T
.'.-'.'.-.'-' -'. El .. o .. "

’ =
16! . -.l... .

600m spacing 40
SDs

Y [km]

12,

10

Low energy extension of TA sensitivity
down to 1016eV, with

FDs observing higher elevation
Densely-arrayed SDs

Precise measurement of the composition :

FD + SD hybrid measurement

10 -8 6

TALE-FD : 10 telescopes ( Sep. 2013 ~)

Middie [ 7%
Drum |
: Fb -

. W5 0 © cw 7 0 O
oo

TALE SD array #%.:::::

........

0O®¢ Soee0cceo
.

...............
................
..................

----- arm  |Event rate : ~5,000 events/year

oooooooooooooooooooooo
ooooooooooooooooooooo

ooooooooooooo
oooooooooooo

oooooooooooooo
oooooooooooo
ooooooooooo
0000000000
oooooooooo

.........

elevation : 30°~57°, azimuthal : 114°
TALE-SD array : 80 SDs ( Feb. 2018 ~)
TALE-hybrid started running from Sep. 2018

Expected specifications of TALE hybrid
Threshold energy E : loge=16.0

x A6 =1.0° (FD mono: 5.3

e+ | AXmax = 20 g/cm2 (FD mono : 60g/cm?)

.....
)

a -~ -~ - - a a a a
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TALE FD

TALE FD station and TA MD are very close
together

10 FDs in the TALE station

Elevation: 300-57° (higher elevation.than MD)
Azimuthal: 1140

Refurbished HiRes FDs -
Mirror: same as TA FD (MD) £ =
Elec.: 10 MHz 8bit FADC ; °

Clevation
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TALE-FD mono spectrum(2yrs)

Data: Jun. 2014 - Mar. 2016
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Ap. J., 86b, 74(2018)
arXiv: 1803.01288

22



Compared to recent measurements

Ap. J., 865, 74(2018)
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Exposure depends on composition

Ap. J., 86b, 74(2018)
arXiv: 1803.01288

TALE Energy spectrum (Monocular)

7 9x10% |-
~ 3x10% .
E™ blue: iron
> Tx10*
9,
@ 6x10%* [~
-
my black: TXF

5%x10%* - (a mixed model which reproduces TALE-FD Xmax, used for previous page)

red: proton
4x10** [~
oy, ] BEC T s ELT
' i, T 25 R
3x10% - : D g \' yﬂi
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Precise measurements on composition e
— Hybrid detections with the SD array N
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TALE SD array

80 SDs covering 30km?2 79 1 | R e 7 .uw_.
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TALE Hybrid

Hybrid DAQ installed Sep. 2018

@

# of hit PMT > 5 & Request SDs

Event duration > 500ns
— Hybrid trigger
Hybrid triggering rate ~ 0.05Hz

to record waveform
with FD event time info.

,r
[
9

(DFD event trigger

Real hybrid event samples in Nov. 7, 2018
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TALE future plan: lower energy

TALE-SD detector

TALE-FD

16/

-

400m spacing 40
SDs

600m spacing 40
SDs

Y [km]

12,

10

10

Middle

FD

Drum

7

s

Additionally install 57 SDs with 200m spacing
near the TALE FD station (< 2km),

to archive lower the threshold energy:

for SD, Emode = 10155 eV

for FD-SD hybrid, Emode =1016-3 eV

ALE-SD detector

—2 0 2
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Reconstruction efficiency
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Summary

Telescope Array is UHECR observatory in the northern hemisphere.
TA is stably running more than 10 years.
Full TALE SD is now on-line!
Hybrid measurement has extended the energy reach below ~1016 eV
TAx4 starts running.
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