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TA Collaboration
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Latest TA results

Energy spectrum
Anisotropy (hotspot)
Mass composition (Xmax)



7 year TA SD spectrum

Piece-wise power-law fit
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Previously Pubilshed: 4 year TA surface detector spectrum
TA, ICRC 2015 Astrophysical Journal Letters 768 L1 (2013) 9
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7 year TA SD spectrum
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Comparison of a CR propagation model
Wlth TA spectrum E. Kido at ICRC 2015

* Inputs: A8 ' ' '
© 7 years of TA SD data

1. Source model: 24.6 1

e Uniform or LSS 24 .4

24.2

2. Cosmic rays:

log(E2 J(E)[eV?/m?/s/str])

1. Extragalactic protons (E > 10182 eV) o4 | il .
2. Generation: E7P(1 + z)3t™ vas | | |
3. Interactions with CMB + IR photons \
23.6 | i
4. Interaction processes
1. Photoproduction + Pair creation 23.4 1 i
Uniform ——
23.2 ' : ' L
18.5 19 19.5 20 20.5
e Fitting parameters: log(EnergyleV))
1. Index of power law at the source: p '
2. Evolution of the sources: m : 0
m E & 0.01 %
3. Energy scale ‘
4. Flux normalization f

2015/9/14 CRISZO]-S ’ 2 21 22 23 24 25 26 27 poor
TA, ICRC 2015 p - ”



Comparison of a CR propagation model
Wlth TA SpeCtrum E. Kido at ICRC 2015
Inputs: e ' ' '

S del oag | - 7Yyears of TA SD data
. Source model: : :

e Uniform or LSS

24.4

. Cosmic rays: 240
1/ Extragalactic protons](E > 10182 eV)
2. Generation: E7P(1 + z)3*t™

3: Interactions with CMB + IR photons]

4. Interaction processes

1. Photoproduction + Pair creation 2347 i
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Fitting parameters: log(EnergyleV))
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Index of power law at the source: p\ ']
Evolution of the sources: m : 0
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Energy scale :
Flux normalization . f h
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HOt SpOt update: 7 years by Kazumasa KAWATA

2008 May 11 — 2015 May 11 E >57 EeV (5.7x10%9 eV)

-------

.
b

R | gt HEAR RGO

---------------------------------------------------
__________________________

____________

First 5-year data (72 events) -- ApJ 790 L21 (2014)
New 2-year data (37 events)
Total 7-year data(109 events)

TA, ICRC 2015 14



K. Kawata at ICRC2015

Significance map for TA 7 years of SD data

Oversampling with 20°-radius circles

_______________________________________________________________________________________________

Ma significance 5.07¢ (N,, = 24, N, = 6.88)
Centered at RA = 148.4°, Dec. = 44.5° (shifted from SGP by 17°)

Chance Prob. =3.7x10%(3.40)

2015/9/14 CRIS2015 15



TA hotspot and nearby prominent sources

Mrk 421, Mrk 180: blazars K. Fang, et al., ApJ, 794, 126 (2014)
M82: starburst galaxy H.-N. He, et al., arXiv:1411.5273 (2014)

2015/9/14 CRIS2015 16



Composition from Xmax

TA Middle Drum hybrid data

(May 2008 - May 2013)
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‘All sky survey with TA and Auger
Oversampling i0°—rodius circle

E > 57 EeV

__________________________

------

No correction for Northern TA . 7 years 109 events (>57EeV)
E scale difference Southern Auger : 10 years 157 events (>57EeV)

b/wTA and PAO 1 | Southern hotspot is seen at Cen A(Pre-frial ~3.60)

2015/9/14 CRIS2015 18



All sky survey with TA and Auger
with Nearby Galaxy Clusters

Ursa Major Cluster

SRR Perseus-Pisces

VI rgo Cl uster :- e | ----- : . | :_ oo . | - SU perC| uster
(D=20Mpc) | i ' \

AL N ", ,; * 4 Eridanus
R - ‘ Y TR . = Y J ;ai C|uster
' AP ™ - ; %/ (D=30Mpc)

B Fornax Cluster
Centaurus -
Supercluster (D=60Mpc)

_ _ _ Huchra, et al, ApJ, (2012;
dots (*) : 2MASS catalog Heliocentric velocity <3000 km/s (D<~45MpC

TA hotspot is found near the Ursa Major Cluster



GZK cutoff
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TAXA4

e Quadruple TA SD (~3000 km?)
e 500 scintillator SDs
2.08 km spacing

* 2 FD stations
e Refurbished HiRes telescopes

* Proposals
e SD: approved in Japan in April 2015
e FD: submit in US in October 2015

e Schedule
* TAin operation
e 2.7-year construction (by Dec. 2017)
e 2.3-year observation

e 19 years of TA SD data by May 2020 Sy
* ~300 highest-energy cosmic rays (E>57EeV) o baviaaataii TN
e 16.3 TA years of hybrid data  [TAx4 SD /

2015/9/14 CRIS2015 21



TAXA4

e Quadruple TA SD (~3000 km?)
e 500 scintillator SDs
2.08 km spacing

* 2 FD stations
e Refurbished HiRes telescopes

* Proposals
e SD: approved in Japan in April 2015
e FD: submit in US in October 2015

e Schedule
* TAin operation
e 2.7-year construction (~Dec. 2017)
e 2.3-year observation

e 19 years of TA SD data by May 2020
* ~300 highest-energy cosmic rays (E>57EeV) Ay 5 _
* 16.3 TA years of hybrid data A Taxa sp At

2015/9/14 CRIS2015 22



e Quadruple TA SD (~3000 km?)
{ * 500 scintillator SDs J

2.08 km spacing

* 2 FD stations
e Refurbished HiRes telescopes

e e e !
e 00000
il
‘. —. 908 9.0 0

| @oo0B8e
. 00888804
L 000000000000
. 009000000060 o bt
.F"l!..t=q..'| 17 ] 1
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* Proposals
e SD: approved in Japan in April 2015
e FD: submit in US in October 2015

e Schedule

* TAin operation
e 2.7-year construction (by Dec. 2017)
e 2.3-year observation

* 19 years of TA SD data by May 2020 5
* ~300 highest-energy cosmic rays (E>57EeV) eviaaeans /o
* 16.3 TAyears of hybriddata S Mraseash [l

2015/9/14 CRIS2015 23




[ e Quadruple TA SD (~3000 kmz)}
e 500 scintillator SDs
2.08 km spacing

* 2 FD stations
» Refurbished HiRes telescopes

TAXA4

* Proposals [Start construction this year} S

[ e SD (5 years): approved in Japan in April 2015 J

e FD: submit in US in October 2015

e Schedule

* TA in operation
e 2.7-year construction (by Dec. 2017)
e 2.3-year observation

e 19 years of TA SD data by May 2020

e ~300 highest-energy cosmic rays (E>57EeV)

e 16.3 TA years of hybrid data

2015/9/14

CRIS2015

24



TA><4

e Quadruple TA SD (~3000 km?)
e 500 scintillator SDs
2.08 km spacing

e 2 FD stations (refurbished HiRes telescopes)
e Confirm energy scale
* Increase the number of hybrid data

* Proposals

e SD: approved in Japan in April 2015
[- FD: submit to NSF in US in October 2015]

e Schedule

* TA in operation
e 2.7-year construction (by Dec. 2017)
e 2.3-year observation

e 19 years of TA SD data by May 2020
e ~300 highest-energy cosmic rays (E>57EeV)
e 16.3 TA years of hybrid data

2015/9/14 CRIS2015
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TAXA4

e Quadruple TA SD (~3000 km?)
* 500 scintillator SDs
2.08 km spacing
e 2 FD stations (refurbished HiRes telescopes)
e Confirm energy scale
* Increase the number of hybrid data

* Proposals

e SD: approved in Japan in April 2015
e FD: submit to NSF in US in October 2015

NE
ﬁ Schedule \ " e

* TA in operation
e 2.7-year construction (by Dec. 2017)
e 2.3-year observation

e 19 years of TA SD data by May 2020
e ~300 highest-energy cosmic rays (E>57EeV)

\ e 16.3 TA years of hybrid data J

2015/9/14 CRIS2015
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Efficiency for additional TA X 4 SD array

Reconstruction efficiency

2015/9/14
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Prospect of TAX4

 Arrival direction
* Hotspot
e Confirmation at > 50 level
* Fine structure?
e Other excess spots?
 Study of galactic MF and extragalactic MF
 Point source search
e Correlation with the results by other experiments
e TA/Auger whole sky analysis
e Search for correlation with gamma-ray sources
e Search for correlation with IceCube neutrinos

* Measurement of spectrum and Xmax of cosmic rays around cutoff
with high statistics

e Search for UHE gamma rays and neutrinos



Hotspot
Summer 2020 (19 years of TA SD data)

(2) Double
Hotspot

(1) One Hotspot

Hotspot Signal
Total 55 events

¥ kA o) N S
(RA, Dec)=(148° ,45° ) >~ \ |
Gaussian 6=8"

2. 19events
(RA, Dec)=(180° ,50° )
Gaussian 6=5"

Hotspot Signal
72-17.1=55events

(RA,
Dec)=(148° ,45° )
Gaussian 6=10°

Isotropic B.G.

276-55=221events ¢ lsotropicB.G.

. . 276-55=221events
Pretrial significance

~8.7c

Qversampling
2 15° radius circle

Oversampling
20° radius circle

TAX4 will clarify the nature of the hotspot

2015/9/14 CRIS2015 29



Comparison of TA and Auger (+8.5%) spectra
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Spectrum
Summer 2015 (7 years of TA SD data)
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Spectrum
Summer 2020 (12 years of TA SD data)
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Spectrum
Summer 2020 (19 years of TA SD data)
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Xmax in summer 2020
An example of 16.3 years of TA hybrid data

(assuming proton QGSJETII-03 model)
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850 —

800}

<X, [9/cm?]
\j
o
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600|— E
— QGSJET-1I-03 Proton
------- QGSJET-II-03 Iron

550~ E
—@— Expected data

500 E

L I | | | L I | | | | | L | | | | _I
18.5 19 19.5 20
energy Iogm(E/eV)
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Low-energy extension

TALE
NICHE

SSSSSSSS



TALE (TA Low-energy Extension)

down to 10'>:6 eV

E=10">6-10'2eV « ~10'7 eV cosmic ray shower:

compatible with LHC center-of-mass energy
e Second knee at ~10'7-> eV?

« Drastic change of composition at TALE |aVOUt
1077~10'8 eV?

‘ TALE-5D amay 1 355Ds: deployed
(103 SDs, 70km-) 16 SDs: running
« Transition from galactic to extra-galactic
cosmic rays? Construction .
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TALE+TA spectrum (E > 10*°° eV)

(FD)  (SD)
Energy region over 4.7 orders of magnitude
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Composition meas. with better Xmax resolution: urgent issue

— Hybrid (FD+SD) analysis by the full TALE SD 5,000 TALE SD  events/year
(with time information near the core on the ground) | 500 TALE hybrid events/year

5-year proposal of TALE SD: funded in Japan in May, 2015




Combined TA with Other Experiments
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NICHE proposal (E > ~101> eV)
Non-Imaging CHErenkov array (1.5-2 km?)
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Summary

Confirmed the flux suppression

consistent with GZK cutoff
at 101°-78 gV

s

Evidence for anisotropy of
cosmic rays(E > 5.7x10%eV)
Hotspot!

\

J

-
/
\I

-

Xmax: Consistent with
light composition (E > 1018-2eV/)

\

—

Quadruple TA aperture

. What is in the hotspot?
. Nearby extragalactic universe
explored using

the highest-energy cosmic rays

TALE

TALE

Two breaks at 10163 eV & 10173 eV
in spectrum by TALE telescope

\

>

Add TALE SD—precise Xmax meas.

4

Explore transition from galactic to
extra-galactic cosmic rays

2015/9/14

L

Cosmic ray study for 104> — 10?1 eV!

CRIS2015

(5 — 6 orders of magnﬁude)



Backup



Schedule of TAX4

JEY construction or surface detector (SD) hybrid (HYB)
observation
TA SD (=1) | additional SD | TA HYB | additional HYB

(=1) (=3) (=1) (=3)
2008-2014 observation 7 0 7 0
2015 construction I 0 I 0
2016 construction I 0 I 0

2017 construction/(2/3) | | | 0.3

observation(1/3)

2018 observation I 3 I 2
2019 observation I 3 I 2
subtotal 12 7 12 4.3

total 19 16.3

JFY: Japanese Fiscal Year that starts in April




A cluster of TA and Auger cosmic rays
above 100EeV?
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TA 2 events and Auger 1 event are clustered within 3.7 degrees

Hint of a point source?
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