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8 Telescope Array Experiment (TA)

€ Largest cosmic ray detector in the Northern hemisphere

| ~700km?at Utah, USA

& Fluorescence detector + Surface detector array

BTN S rface Detector Array Fluorescence Detector at BRM and LR stations
507 Scintillator, 1.2 km spacing Spherical segment mirror (6.8 m?) + 2566 Photomultiplier
tube(PMTs)/camera, 12 newly designed telescopes

o ; \
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%\

w 4

Fluorescence detector 4
at MD station ( /
Refturbished s
from HiRes experiment, ?? “
Spherical mirror 5.2 m?, %%
256 PMTs/camera, ¥ 7

/
: ‘\ "

14 telescopes
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8 Telescope Array Experiment (TA)

Surface detector array (SD) Fluorescence detector (FD)
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7 Years Steadily Operation

Surface detector array (SD) Fluorescence detector (FD)

~100% duty operation Clear moonless night

are________ Bt e ~10% duty operation
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Observed UHECR Event

Surface detector array (SD) Fluorescence detector (FD)

Time [4uS] O
| | @ Time(us) #p.e.
22 i rve 35
€ Observe lateral j! Obse S— YIS R i@
21 9 1 . d 1 g B0l L
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distribution §‘8 i P : b e R
Z17 - 2 R R

& Ch Jene IT € Reconstruct & w .. k4
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. . 13 ener &7 Azimuth angle [degree]
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East [1200m] — 350~ . Data —
SD LDF Fit | . - 4= Fluorescence (/ndf =235.0329 (0.7) -
< 10° ' ' ' ' 1 e § 3001 Direct Cherenkov ;
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Energy Estlmatlon by TA SD

€ FErpLis rescaled by the FD

reconstructed energy to estimate final

€ A look up table made from

Monte Carlo ssmulation

energy of SD, Esp final
O : o
& Kvent energy FTBL = function of ® ['spfinal = ETB1/1.27,
Ss00 and zenith angle, sec(d , .
S (©) & <20% resolution above 10! eV
| | | |

— 20.5 2008/05/11-2013/05/04
o S S 20 —
= 20 9 ﬂ

= = w

5>J’ :8; , 105 8‘; 3"19.5 —
c 9 ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo —

® g '° ETB'- = f[S800,sec(0)]H L 5 _
(2 S =

o O >

iy O T

o Il < 185 —
I : N =

> 04 1.1 12 = 14 15

X = Secant of zenith angle g 185 19 195 20

TA SD, Iog1 0(E/eV)



Aperture ’ Exposure Calculation

-t
o
S

€ Detailled Monte Carlo used for aperture calculation in all % T
. . . . m?2 sr yr
measurement of TA. Exposure = Aperture x live-time. X -
O . o E ok " TA SD -
€ FD aperture needs to assume mass composition. =" 2008/05/11-2015/05/11 3
@ : : ? B
€ Use the proton fraction measured by the HiRes/MIA 2 I .
. . . L
experiment with 20% uncertainty [Astrophys. J. 622 (2005) 910]. L= .. .
18 18.5 19 19.5 20 20.5
log (E/eV)
10
10° = _____________________________________________________________________________________
g A o Aperture dlfference
3 é 10 § ....................................................................................................
= =) - i on FD
o D) | 5
= o 5 5 5 ' ' = T 472 S SO OO ST S
g - s s s g 10g7 s |
L e o HlReslMIA = - : ERLEEL Pnoton
~ 5 5 5 g . . =9 B :
~ T s s s ' : < Lo SRR 12 R S
02— S - e 20% uncert """""" =.f
B Proton and Iron model j ; S : : HiRes/ MIA
L1 ||||| ! T R N A R N A S 1' .i. .i||||i|||.|||i|||||||||
Y77 18 i85 19 195 20 205 Wy " 1ms 18 185 19 195 20 205
log (E (eV)) log (E (eV)) o
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Flux x E/10** (eV* m2 sr'! s°1)

4o o
.

~—TAFD
—=— TASD

Ti elescope Army 2015 Prellmmary

—
—
p—m

17

75 18

loglO(E (eV))

] | ] ] ]
18 S 19

Energy Spectrum from TA FD and SD

€ Ankle at logFk=18.72+0.02,
Suppression at logF=19.78+0.05

€C

[tem Uncertainty
Fluorescence 11%
Atmosphere 11%
Calibration 10%

Reconstruction 9%

Total 21%

10
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A i f f
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(i7 17.5 18 18.5 19 19.5 20 20.5
log (E (eV))
10
I e e R F—
= -
(\’E 102 e ...........................................
= -
© -
E 10 =y ...........................................
5 = S Proton
= B
< LA Iron _—
- —— HiRes/MIA
101;;,,,,
17 17.5 18 18.5 19 19.5 20 20.5

log, (E (eV))

Change the proton fraction by the uncertainty of
HiRes/MIA of +20%, and recalculate aperture of FD.

Uncertainty attributed to Proton Fraction Assumption

Calculated the energy spectrum with those aperture.

Flux x E¥/10** (eV> m?2 sr'! s°1)

—
—

17 17.5 18 18.5 19 19.5 20

= Composition uncert.

e FERSMIEA e PrOROR

loglO(E (eV))
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Comparison with Other Measurements

-
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—e— TAFD

—=— TA MD
- —=— TASD

€

—— HiRes-1
HiRes-11
Auger ICRC2013

€

-
—
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175

L1 1 | L1 1 | | I I L1 1 | S L R
18.5 19 19.5 20.5

loglO(E (eV))

& Consistent with the HiRes

result in a broad energy
range

Consistent with TA MD

result

8.6% ditference with Auger

result around ankle,
however consistent within
systematics uncertainty.
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# Discrepancy on the Suppression

€ Even if we correct the energy difference, the

|

——— T T T suppression shows large discrepancy above

1019.5 eV

—
~

Preliminary

€ Possible reasons of discrepancy: fluorescence

yield, atmospheric model, missing energy
correction, detector: scintillator or water-tank,

Flux x E¥/10** (eV? m2 sr-1 s)

1L _ Northern/Southern hemisphere.
i & TAx4 : fourfold statistics at the suppression
. — e— TA Combined 2015 L Water-tank Scintillator on Water-
I installed at TA site Tank (AugerPrime)
= Auger ICRC 2013 +8.5% -+ . S— TA CLF
uger oou
1 0 o by by by by by R : Auger North
%75 18 185 19 195 20 sl i

log (K (eV))

R..Tékeishi et al, ICRC2015 | R, Engel et al, ICRC2015
13
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& Further Lower Energy = TALE

(Telescope Array Low-energy Extension)

< Enlarge field of view of FD 1n elevation to

observe lower energy showers down to 10!°¢ eV.  TALE-FD:2013/09/10 10:49:20.604393 .
Time, [us

60 S e e e e —_—

& - 1074 eV Fluorescence dominated

& < 1074 eV Cherenkov dominated

O L1 1
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Resolution and Exposure as a

Function of Energy
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— —=—=—TA BR/LR Mono, 10'*° - 10"%° eV, 12%

R e TALE Cerenkov, 10'*° eV, 16%
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16 16.5

TA SD, E >10'"%V, 18%

TALE Bridge, 10'°° - 10" eV, 11%
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|
-
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17 . 17.5 18
log, (E/eV)

18.5
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19.5

Exposure [m? sr s]
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1017_

1011 -

F 4
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,-"'{ TA SD 7 years
7 ——— TA BR/LR Mono, 7 years
-------- TALE Bridge 4 months
Tmmm—— TALE Cerenkov 4 months
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Energy Spectrum in 10!°¢ eV to 1079 eV
TALE + TAFD + TASD

TA SD 7 year (ICRC 2015)
BR-LR Mono 7 year (ICRC 2015)
TALE Bridge (ICRC 2015)

TALE Cerenkov (ICRC 2015) ~ Preliminary

E’ xJ [eV2 xm? xsrlxs]

16 17 18 19 20
Iogw(E/eV)

16



COPE

@ Combined Spectrum and Fitted Result

RO
log(£(eV))=16.3420.04 log(E(eV))=17.300.04 log(E(eV))=19.80+0.05

P

X

™ _ PRt ¢

< -2 log(P)/NDF  131.95/ 77 (1.7)

o const 0.399 +0.095 x 107

'E p_1 -3.132 + 0.001

p_2 -2.94 + 0.02 \

X 10% p_3 -3.226 + 0.007
. p_4 -2.66 + 0.02

> iy a7 +0e 10g£(eV))=18.7220.02

— E 1 16.34 +0.04

E 2 17.30 + 0.04

—9 E 3 18.72 +0.02

X E 4 19.80 + 0.05
o E1:'2 Berezinsk 19.78 + 0.05 . .

LL] P V 3.16-11 (65 0] Preliminary \

16 17 18 19 20
log_ (E/eV)

1’7
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Comparison with other Measurements

E’ xJ [eV2 xm? xsrlxs]

1025
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16

b ' i ‘ 1 e =l~'F-,41_q{-Iw]'L“{"ﬁ'=‘+l A I‘ |
LI H$44840009624 134
..‘.....‘.‘. . 5.

HiRes-l (2008)

HiRes-Il (2008)

Yakutsk Cherenkov (2013)
Tunka-55 (2013)
Tunka-133 (2013)
KASCADE-Grande (2011)
Auger (2013)

ICETOP (2013)

TA Combined (ICRC 2015)

17 18
Iogm(E/eV)

19
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¢ TA measured the energy spectrum over 4.7 orders of
magnitude in 10'°¢ eV to 10?"° eV range.

€ 4 features seen: low energy ankle at 101634 eV, 2nd
knee at 10'7°Y eV, ankle at 10!37% eV, suppression at
1019.80 eV

¢ Large discrepancy with Pierre Auger above 10193 eV,
which cannot be resolved by rescaling energies of the
experiments.

€ TAx4 will provide us fourfold statistics at the
suppression.

€ Activities to understand the suppression discrepancy:.

. Summary and Future Plans

E> xJ [eV?Z xm?2 xsr! xs']
)

-
-
P LT AN

Preliminary

| —e— TA Combined 2015

Flux x E>/10** (eV?> m2 sr-1s1)

Auger ICRC 2013 +8.5%

19.5

log, (E (eV))




