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Telescope Array Experiment

~*» Origin and properties of the
Ultra-High Energy Cosmic
Rays |
— spectrum, composition,
anisotropy
— Physics of HE hadronic
Interactions
— photons, neutrinos, ...
 Interdisdi Inary studies
—thupdersgorms, TGFs
o 24 wevTEtEOTOIOS
e Development of the next
Telescope Array

Delta, Utah, USA. ~1400 m a.s.| generation experiments

Collaborators from HiRes, AGASA, and other institute



Telescope Array Experiment
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Telescope Array Experiment
* 2021 FE TA EEREEMR

“Surface detectors of the TAx4 experiment”
Nuclear Inst. and Methods in Physics Research, A 1019, 165726,
(2021.12)

“The Cosmic-Ray Composition between 2 PeV and 2 EeV

Observed with the TALE Detector in Monocular Mode”
The Astrophysical Journal, 909, 178, (2021.03)

R
“Observation of Variations in Cosmic Ray Single Count
Rates During Thunderstorms and Implications for Large-

Scale Electric Field Changes”
Phys. Rev. D (accepted)

“Indications of a Cosmic Ray Source in the Perseus-Pisces

Supercluster”
Apd Lett.




Telescope Array Observatory

Sfelol5 DIVAL (MD) le Communications 0 SD
14 telescopes tor O Tower o CLF

¥ 5 * Telescope Array
s B g8 —Utah, USA (1400m a.s.l.)

ool — SUrface Detector (SD) Array
SrrrIiieaas « 3m? Scintillation Detector x 507
* 1.2km spacing, total ~700km?
* 3 communication towers

—Fluorescence Detector (FD)
3 stations, 38 telescopes
* HiRes telescopes
in Middle Drum site

— Analysis method

« SD

. * FD Monocular

"™ % FD Stereo

e "+ Hybrid : FD + SD

Long Rldge (LR) Black Rck Mesa (BR) 6
12 telescopes 12 telescopes
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Telescope Array Observatory

SRE

* SD status =
— 2008/05 ~ “‘ “’R

— remote monitoring
 US and JP monitor the status
for half a month each

Co— — - hafonilo
omE =

B

4
2

0
1.5
q
0

||‘|'|| |||J |‘ | |;||||,||,||h n~~1r|,|||..| "_;_jw&.-j ' r]l m IS g
H ma ‘IIH L h l L ‘ I |||~1 l‘\l “

| |

%)

- 0
01/08 01D 0110 0111 0142 0143 D14 D115 D1/1B
oo 0o oo 0o oo 0o oo 0o oo

L0
O
=

Q£

=

=

W]

Efficiency 77

trigger
0.0e+00
5/01 16/01 17/01 18/01 19/01 20/01 21/01 22/01




Telescope Arra)

 FD status
— 2007/11 ~
— 2013/07 ~

remote operation from Delta i

~ 2019/11 ~

remote operation from JP
2 standby members required

— 2020/03 ~ COVID-19

— . commercial power line
will be connected
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Telescope Array Observatory

* TALE (TA Low energy Extension
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Telescope Array Observatory

- TALE SD & TALE hybrid status

— ~70/80 SDs are working on average

# of hybrid events @ trigger level # of hybrid events @ trigger level

of hybridoevent

'S
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o

o
E
&
O
O

Obs. time [hours]
Obs. time [hours]

" Dec.20 Mar. 21 May. 21 Jul. 21

10



TA/TALE/TAx4 Array

* TAx4

— Quadruple SD array
* Total ~3,000km?
- * 500 SDs, 2.08km spacing

— 257 SDs at present

v e | * started observation since

W - FD

2 new FD stations

127 SDs i e | — TAx4 FD North (MD)
ar - ) 2018/07 ~
ﬂ LN — trigger improvement
., ; 2019/06 ~
— TAx4 FD South (BR) 4 4
2020/07 ~




TA/TALE/TAx4 Array

KMCT )

gay Observatory

e TAx4

— Quadruple SD array
* Total ~3,000km?

/.

@ |
2 ‘_
r BR TAx4 FD

10 km
A°BRCT]

BRD

TAx4 South
127 SDs

TAx4 SD

50 Kilometers
== De



Telescope Array Observatory

* TAx4 FD status
— MD (North)
* In-person operation
1400 hours total,
~1000 hours
— BR (South)
* Remote operation w BR TAx4
from SLC, JP
800 hours total,
500 hours




Telescope Array Observatory

* TAx4 SD status
— SD DAQ runs stably for ~2years

TAx4 last 50 weeks TAx4 last 50 weeks
SR:39/46 BF:45/46 SN:61/69 DM:12/19 KM:32/42 SC:22/35| total:211/257 SR:38/47 BF:44/46 SN:60/69 DM:16/19 KM:34/42 SC:29/34 total:221/257
250- dashed lines : deployed SDs dashed lines : deployed SDs
\

20~30 SDs have
2019/12/20 communication issues?

150

2020/9/25 2021/12/12

100 -

The number of SDs in DAQ




TA/TALE/TAx4 Array

Analysis : Energy Spectrum

-TASD+ TALEFD [P
- TALE hybrid i agetit

* TAx4 FD

* “Instep’
* Auger + TA




Energy Spectrum

*TASD + TALE FD "

11 years TA SD

Knee
16.22 + 0.02

m  TASD(2019) Second knee

17.04 £ 0.04 Cutoff
19.81 + 0.03

® TALE Monocular (2017)
Ankle
e TACombined (2019) 18.69 + 0.01

16



Energy Spectrum

K.Fujita, MIBZF=

* TALE Hybrid trigger 2021/09
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*— TALE Hybrid (H4a assumption)
- TA-SD (11 yrs, ICRC2019)

-— TA BRM/LR Monocular (9.5 yrs)
~— TALE-FD Monocular (2018 ApJ)
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Cutoff
19.81 + 0.03

TA SD 11 years

18.69 £ 0.01

19 19.5 20
log, (E/eV)

TAx4 SD

AugersbD2020
TASD2019
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Hyomin Jeong, ICRC2021 TAx4 SD 1 year
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Energy Spectrum

* TAx4 FD M. Potts, ICRC2021
TAx4 FD mono 1 year data




Energy Spectrum

A. Aab et al. (The Collaboration)
Phys. Rev. Lett. 125, 121106 (2020)

* The “Instep’ feature

found a spectrum softning in
101 - 10'%° eV range
Combining TA SD, FD and HiRes data,
we observe the Instep feature in the
Northern Hemisphere at 10925003 ¢V with
a 5.3 o significance

spectral index £ o, I

y =3.29 +0.02 +0.10
' 1

y =251 £0.03 4 n,|]5|

¥ =3.05 +0.05 +0.108
y=51+03+0.1 1
4

J(E) x E’ [km? yr'sr! eV?]

Parameter Auger TA

TA SD TAFD HiRes " 329002 3.23=0.01
TA SD (2019 ) o / LR Obs. Par BR/LR Mono Combined (2020) HiRes-I (2008) ;{_ 251 +0.03 263 + 0.02
A V3 3.05+0.05 2.92+0.06
B Vs 51+0.3 5.0+ 0.4
i E.xe/EeV  5.0+0.1 54 +0.1
: Einep BV SLED
o E.../EeV 46 + 3
. : -. . Y.Tsunesada,
18 18.5 19 I19.5 20 2(;.5 21 18 185 19 ; 195 20 2CIL5 21 18.5 19 I 19.5 20 20.5 21 Auger+TA Spectrum WG,
Iogm(E!eV) Iogm(E!eV) Iogm(E_!eV) IC RC2 02 1 20

D. Ivanov, ICRC2021



JUKM:Z:E:

— Absolute energy scale difference 9%
+ energy-dependent shift of
+10% per decade

. L% = £ [ 4.5 + 10 log,, (1“]_5[ ]%

—
=2
@

onene, ¥ § ; ;

E® dI/dE [eV? km2 yr

Common declination ‘ H
. -15.7 <0< 24.8 ]
LML AR S +

*e g " $ ]l ——B——  TAICRC2019(15.0 <& < 248, E rescaled by -4.5% & -10%/decade)

0¥ Common deCl I natlon ——8———  Auger PRD2020 {15.?"'. < &< 24.8 . E rescaled by +4.5% & +10%/decade)

21

Y.Tsunesada, ICRC2021



Analysis : Anisotropy

* Clustering
— Hot spot : E > 57 EeV
— slightly Lower Energy

* Dipole
* LSS
* Declination dependence

22



Time variation of the events inside the hotspot circle of 25°

Anisot

5 ("\3

5

* Hot spot 12-yr

Energy E > 57 EeV

Cumulative # of events inside the hotsa

Overall post-trial significance has dropped
from 3.40 to 3.20

The growth rate of events inside the
hotspot is consistent with the linear
one within ~ 10 J.H. Kim, ICRC2021

E> 57 EeV

-

S |

First 5-yrs: 72 events
S at hotspot center = 5o

12-year : 179 events

-90

] 1 1 1 [}
-4 4

-2 0 2




Perseus-Pisces supercluster

Anisotropy

* slightly Lower Energy
—864 events with E = 10" eV
(11-year TA SD data)

—Maximum local significance:
* Observed: 85 events
* Expected from isotropy: 49.5 events

E> 57 EeV . E> 25 EeV



Anlsotropy

E > 8.8 EeV

RA. | ‘ - ek s
(d(.c-] '3 " - 5 180 20: i -

LJ
Rﬁ‘SldUdl intensity (-Nl-_ab{chpt}’,chp

TA 12:yrresult : 7, = 3.1%; ¢, = 134° ---------
Adger 2017 hestle =y = 4790 =008 0 e o

S
W

hdfe133/10  — TA(CRC2021) Sky map of residual intensity between

-+ Auger (2017) TA data and an isotropic distribution for
' E > 8.8 EeV (energy cut corresponds to
= =T E > 8 EeV used by Auger).

obs

-l=
-
-
-
-

re=00310018 § =134 =34

Residual intensity (N =N ¢xp)/N oxp

T.Fuijii, ICRC2021
P.Tinyakov, ICRC2021 25

=033550 7300 250 200 150 100 50 0
Right Ascension [degree]




S O fromLSSatE.=57EeV.

— ~— ~ - —

Mikhail Kuznetsov, ICRC2021

LSS corrected by 2MRS catalog up to 250 Mpc

— GMF PT'11
GMF JF'12

—— GMF PT'11
GMF JF12

Upper limits on proton
and iron fractions at
68% C.L. as functions

of energy, derived

from correlation with

LSS 26



Anisotropy

* Declination dependence

— Difference of the cutoff energies of energy spectra
log(E/eV) = 19.64 + 0.04 for lower dec. band (-16° ~ 24.8°)
log(E/eV) = 19.84 + 0.02 for higher dec. band (24.8° ~ 90°)

— The global significance of the difference is estimated

TA SD @
2008/05/11 - 2019/05/11

owe
Y L ,
®  TA Combined (ICRC 2019)

o 24.8°< §<90.0°

| Auger 2017, E rescaled by +10.2%

Common with Auger

v KASCADE-Grande (2012)

r—
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X
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| W)
(ap]

L
X
—
w
=2

188 19 192 194 196 19.8 20 20.2
log, (E/eV)
L

D. Ivanov, ICRC2021

17 18
Iog1 (E!eV)




TA/TALE/TAx4 Array

Analysis : Composition

« TALE FD |
* TA & TALE hybrid
° “A S D y - <] LIRRTNS

* UHE photon

TAx4 South

.....



Composition

* TALE FD mono

TALE Mean X, VS energy
= TALE Xmax (ICRC 2021 Update)

= BR/LR hybrid (ApJ 2018)
— Fit TALE Xmax

s2 =62.30 + 4.36

bp = 17.20 + 0.03

$1=3461£030 4 PRELIMINARY

fit parameters; s1, 52: bp: slope, break point
1

T.AbuZayyad, ICRC2021

TALE Measured Primary Fractions [EPOS-LHC]

TA Collaboration
Apd 909 (2021)



Composition

- TA & TALE hybrid

TALE hybrid trigger TA hybrid trigger

850

Elongation rate

4y Preliminary

—}— TALE Hybrid

T Liroona H.Shin, ICRC2021

break point: 17.07 + 0.09 qgs04 proton, rec.
before $|0pe: 25.78 + 14.52 qgso4 iron’ rec.
after slope : 95.13 + 10.99
x%/mndf: 0.34 (p = 0.98)

——— Xmax Broken Line Fit

18
logE [eV]

K.Fujita, ICRC2021 30




Composition

*TA SD

— Machine learning technique based on BDT and
16 composition-sensitive observables with

12 years of TA SD data
Y.Zhezher, ICRC2021

TA SD, QGSJET II-04
Auger SD delta 750m, QGSJET II-04
Auger SD delta 1500m, QGSJET I1-04 o




Composition

* UHE photon limits

New p - ¥ classifier based on
neural network. Classifier uses full

time-resolved signals from all Gelmini et al. 2008, GZK p

. . . Hooper et al. 2011, GZK p
triggered SD stations along with 16 |§ 2011, G2k Fe
composition-sensitive observables. " SHDM' —— -

(TA SD 11yrs)

»0.01000 E~« 3 Pierre Auger hybrid

log(E )>19.0 =)
}-
%
9
L=

/PRELIMINARY/ ‘

- TA 9yr

M
3 TA 11yr
Pierre Auger SD

.00100

0.00010 £y

O. Kalashev, ICRC2021
|. Kharuk, ICRC2021
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Fluorescence detectorArray o_f Single-pixel Telescopes

M.Malacari et al. (FAST Collaboration), Astropart.Phys. 119 (2020) 102430
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TALE FD
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TALE infill

* Simulation study

efficiency of SDtrigger event in array

efficiency
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toward post COVID19

pedstal check

— assembled 50 SDs 72019/12/27

— will be shipped, deployed [ . §.:% n§-"
* Scouting the site sl

— 2021/11/08 ~11/25
* checking of
FD (BR,LR) equipments DS AP
» maintainance of some SDs |- .37,
* SD replacement PR ¢

— 2022/01/24 ~ 2/27
* using helicopter




Summary
* Observation

— TA SD and MD FD observation is continuing
* BR, LR FD observation continue to be cancelled

— TALE SD and FD observation is continuing
— TAx4 SD and FD start stable operations
* Analysis
— Spectrum
« New feature in the energy spectrum at ~10'°%° eV

— Anisotropy
 Hint of excess in the direction of Perseus Pisces at ~10"* eV

— Composition
* Break at 10'* eV in elongation rate
* Operation
— TALE infill detectors were assembled, will be shipped
— BR, LR FD were inspected for observation after COVID-19

— SD replacement will be performed 46
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