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H'Uf \ { FD station

' Utah, USA

© -lat. 39.30°N .112.91°W
Y A , ;l Surface Detector
TALE 7 577 =)
SD array B ¥y LCA | SRR
o = SD array . i
o :

p————C N 7N L

Fluorescence Detector

L. i
d rv (FD) station
R L
V77 d
TA SD & FD Full operation : 7 years from 2008 May
SD statistics~ 10 X (FD statistics) 8 Y1 g
FD observes only moon less night il ®

Anisotropy is studied using SD data



Data Set for anisotropy studies

SD data (2008 May 12 - 2015 May 11)

Zenith angle < 55 (deg.)

E> 10 EeV 2996 events, E > 40 EeV 210 events, E > 57 EeV 83 events
Energy resolution~20%

Angular resolution: better than 1.5 (deg.)

log,,(E/eV) > 19.0

Entries 41223
100 10000F T IR Mean -0.01383
[ I RMS 0.1765
80-— 8000-— Underflow 0
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Distribution of arrival directions
ICRR 2015 Tinyakov

z=hh, E=57, 83 evenis

Z=h5, E=57, 83 events
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Results of anisotropy studies



Autocorrelation

Number of pairs < 0 (deg)
is evaluated from isotropy.

IS pair is counted.
Separation An

Chance probability
This pair is not counted.

Compatible with isotropy
atE > 10 EeV and E > 40 EeV

Chance probability ~ 0.1%
(pre-trial)

at around 6~20-30 (deg.)
at E > 57 EeV

inyakov



Dec. (deg)

Updated Hotspot analysis

Oversampling using 20 deg. radius circles

E> 57 EeV

-60

-60

Blue: 5 year data ( published in ApJL 790, L21 (2014)) Equatorial coordnate
Red: 6 and 7 year data (37 events) ICRR 2015 Kawata

Loose cut data, 7 year data 109 events (Zenith angle < 55 (deg.))
Max significance: RA 148.4 (deg.) Dec 44.5 (deg.) (“Hotspot”)
Observed: 24 events, isotropy: 6.88 events = Significance: 5.10 (Li-Ma)

Chance probability to exceed 5.10 in the exposure: 3.40 (0.037 %) (post-trial)

(15, 20, 25, 30, 35 (deg.) radius circles are searched.)
3.40 (0.037 %) was also obtained in 5 year data in ApJL 790, L21 (2014) 10

"0
-4 0
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Excess
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Correlation with LSS

Equatorial coordinate
_ " Observed events:
.UM..:. ;:' .. . e Whlte pOInt

’ . L] .)(: : . .‘ L =
‘Co* .<s hot spoticenter

ICRR 2015 Tinyakov ~_opmee®

E>57 EeV |
Smearing angle 6 (deg.) Expected flux is calculated from
1) 2MASS XSCz catalog, 109000 galaxies with K., < 12.5
within 250 Mpc
2) Gaussian smoothing of the angular with ©.
3) Energy loss of Protons with CMB/IRB

Data is compared with the model flux

using K-S test as a function of ©. H



Compatibility with LSS and isotropy

Compatibility between data and model

ICRR 2015 Tinyakov

 Compatible with LSS
 Compatibility with isotropy is low ~a few X 0.1 % (pre-trial)
for large smearing angles ( > 5 deg.)

12



Hotspot analysis for the whole sky
(Galactic coordinate)

. E>57EeV

E >57 EeV

TA 6 years 87 events

Auger 10 years157 events
(No correction of Energy scale
5 Is applied.)

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

2 — Over-density around the
3 super Galactic plane in the
4 future?

Smearing angle: ©,=6° , E > 57 EeV
Expected flux distribution

C: Centaurus supercluster
(60 Mpc); Co: Coma cluster (90 Mpc);
E: Eridanus cluster (30 Mpc); F:
Fornax cluster (20 Mpc); Hy: Hydra
supercluster (50 Mpc); N: Norma
supercluster (65 Mpc); PI: Pavo-Indus
supercluster (70 Mpc); PP: Perseus-
Pisces supercluster (70 Mpc); UM:
Ursa Major (20 Mpc); and V: Virgo

cluster (20 Mpc). 13



Other anisotropy studies

* Anisotropy in energy spectrum

— Comparison between 2 energy spectra
— “On source”: within 30 (deg.) from super-galactic plane
- ~3.20 difference between 2 energy spectra

* Correlation with nearby AGNs

— Same catalog (VCV) and same parameters (3.1° angular scale,z = 0.018, E > 57 EeV)
are used as Pierre Auger. (Spectrum data set (zenigh angle < 45 (deg.)) is used.)

— 24 events are correlated with nearby AGNs out of 64 events ->chance probability: 1.2 %

e Search for EeV protons of Galactic origin

— 1-3 EeV: data is compatible with isotropy
— Upper limit of (N, - Nyyc)/Nyic (Nyc : number of events from isotropic MC)
- fraction of Galactic proton < ~1% at 90% C.L.

14



Summary and Conclusions

* Chance probability of the hotspot for 7 years
remains 3.40 as for 5-year initial sample.

 Significance of anisotropy is still not enough
for the definite conclusion.

— The extension project TAx4 is in progress.
Plan: collect ~19 year TA SD data until 2020



TAX4 experiment

'f"ﬁTAX4SD;i

{TAxasp| /&

500 SDs, 2.08 km spacing
covers
~3x TA SD (about 2100 km?)
Total about 4x TA SD 3000 km?
(full operation:2017 Dec -)
—> ~ 12 year TASD
~ 7 year TA SD from the extension
—>~19 year TA SD data until 2020
2015 April approved

16
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Anisotropy in energy spectrum

T

TA ANISOTROPY
SUMMARY

TA detector and
data

Global
distributions

Point sources

Hot spot
Correlation with

Conclusions




CORRELATION WITH NEARBY AGN G
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SUMMARY
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> TA detector and
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Global
distributions

o5 Z1E[=0 1 Point sources
= P(24) = 0.012 Hot spot

Correlation with
Lss

Other searches
Conclusions



Search for EeV protons of Galactic origin /’"“%

-

9%

> ballistic to diffusive TA ANISOTROPY
SUMMARY

TA detector and
data

Global
distributions

Point sources

. . . Hot spot
» fraction of Galactic protons in EeV Correlation with

cosmic rays is < 1% at 90% CL.

Conclusions
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MNumber of events fcos(lbl)
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Dec. and R.A. distribution

A uniform disfribufion according to the TA+Auger
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Number of events
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Data/MC comparison E > 10 EeV

isotrc')pic MC -

x?/dof = 17.4/11 Prob. = 9% (1.30)

Data
MC

Data (>10EeV) e
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Data (>10EeV) —e—

x2/dof = 13.7/12 Prob. = 32% (0.50)

—

3 @i
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Control sample
KS probability > 0.09
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Number of evnets

Data/MC comparison E >57 EeV
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Chance probablllty

Random 109 events | oMo ——
assuming isotropy 10° | 1
(TA geometrical exposure) 2 | ' K Silo
‘ g 10° Pt
Adopt same analysis & fma 1
create significance maps fg ;
(by five oversampling radius s 102 | '
115, 20, 25, 30, 35 deg.) = * +
' 101 r _ . P . : . e
Search for maximum SPY SN AN SO SN SO DO
significance in the FoV T Lemimmsntcance

Repeat 1 million times P =367 /1,000,000 trials
How many >5.1c7? - =3.7 x 10 (3.40)

ICRR 2015 Kawata 24




