P Results from the Telescope Array experlm'ent
i Hot spot and anlsotropy
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Telescope Array Detector

gy Location:N39.3° ,W112,9°
Jhaeh 555 ALt 1350-1500m asl

Middle Drum FD

2 /\ comm Tower

@1.2 km grid SD (3m2)
| @ 3 sub array :
+cross boundary trigger
— Total 507 SD
@Detection area~700 kni




TA Low Energy extension (TALE)

10 new telescopes to look
higher in the sky (31-59°) to see
shower development to much

Infill surface detector array
of more densely packed
surface detectors (lower

lower energies | TAEspamay |energy threshold)
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TALE event display
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Telescope Array Fluorecence Detector

From HiRes  middle Drum

14 cameras/station
256 PMTs/camera

TOPG! map printed on 07/12/04 fforn "Stakelun04-01 tpo” and "Untitled. tpg”
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Telescope Array Surface Detector

WF sample 50Msps FADC

TASD:
< Signal = Scintillation light in detector
< photons collected by WLSFs and
guided to PMT
< Thin scintillator = Low threshold
EM component sensitive.

12mm plastic scintillator

1mm SUS —> 2 independent layer

12mm plastic scintillator
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10%*°eV Proton shower (stacked energy deposit)
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Telescope Array Fluorecence Detector

Hit on Camera Geometry Energy
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Telescope Array Surface Detector

o An event hit map are shown

o Geometrical and LDF reconstruction fit

IS shown for this event.

Observed hit map Time [4u8]
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SD Time Fit

Hit timing
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Distance along shower axis on the ground, [1200m]

SD LDF Fit

& 102

Charge Density, [VEM/m
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Perpendicular dist;nce from shower axis, [1200m]

Lateral distribution of energy deposit — Energy estimator “S(800)”

(Energy deposit at 800m)
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Telescope Array Surface Detector

Energy determination at SD

o Energy look up table generated by “MC”  "FD”

o FD gives calorimetric energy. ST T T Entries 551
o SD energy obtained by “MC” is calibrated ~_ »sf
with FD energy obtained at hybrid events. > . ]
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Results of Spectrum studies

< New lower energy range spectrum from TALE FD observation
< TASD 7 year spectrum for higher energy range
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TA spectrum from E 10+° — 1023 eV
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Power index
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Fitting TA spectrum with proton model

log(E® J(E)[eVZ/m?/s/str])

Uniform proton source distribution, E > 10782 eV

Injection spectrum EP, Emax = 102" eV

Source density o< (1 + z)™

Consider energy losses with CMB and

z<0.7, By < 0.1 nG

24.8

24.6

24.4

24.2

24

23.8

23.6

23.4

23.2

Urlliform o

1

1 <

18.5 19

19.5

20

log(Energy[eV])

20.5

p=2.18+0.08-0.14 [stat. + sys.]
m=6.8+ 1.6-1.1 [stat. + sys.]

AlogE =-0.04 (-9%) + 0.04 - 0.03 [stat. + sys.]

x2=18.0/17

99.7% C.L. ——
954% CL. —

68.3% C.L. ——

I 1

= 0.1

L- 0.01

0.001

0.0001

P-value
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TA spectrum from E 10+° — 1023 eV

< Comparison with other experiments

: 10 : 1 I I I I 1 1 I I | 1 I 1 1 I I I 1 1 .
F,';' : - Preliminary ’
X N vg HETIVETVYY, i i i
. ] ! +
X e s k M _”_..-_-!-._-I-.:d- + + a
T 0% 4 HiResd (2008) & — e
= v HiRes-Il (2008) Y LIV E - <+
X ~ O Yakutsk Cherenkov (2013) v ] 1 -+ |
< L 4 Tunka-55(2013) ? | - -+- ]
) | v Tunka-133 (2013) i -
— A KASCADE-Grande (2011) i i
- ~ < Auger (2013) 7 i -
% %  ICETOP (2013) .
2 102|— @  TACombined (ICRC 2015) - - ¢ TA Combined 2015 |
(L0 TN TR EEE [T T TN | |T 1 |_ [ —_— Augel‘ ICRC 2013 +8.S%
16 17 18 19 20
|°g1o(E/EV) 10—1 e b e b e by e by 1
175 18 18.5 19 195 20 20.

<Summary of Spectrum observation>
o TA measured the energy spectrum for 4.7 orders of magnitude (10*>°- 1023 eV).

o Found 4 structure : “low energy ankle”@10%3%eV “2" Knee”’@10'3 eV
“Ankle”@10'®72eV  “suppression” @ 10'°%eV

o @ E>10%%2eV spectrum shape are fitted with pure proton model
o Discrepancy with Auger in spectrum shape. @ E> 10'%3%eV
Systematics or some hint for cosmic ray source?

15



Anisotropy of spectrum shape in TA FOV

2MRS catalogue D<75Mpc
Blue~RedI& corresponds to 0~75Mpc

Relative amount of objects
(|n ZMRS efﬁmency corrected)

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

———————
——1- ".

-
(=]
TT

4npD*/ AD

t (On source)

[s]
100% I

80%

60%

GZK Horizons

(uniform source distribution) ]

E>6x10'" eV

40% |

20% || Fe

"[He\CNO

fraction of cosmic-rays from distance > D

0%

0 50 100 150 200 250 300 350 400

D(Mpc)

102 Lt

10° 5

=1 1 1 1 | 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1
0 50 100 150 200 250

Mpc

o Matter distribution is different between
direction of SGP, and not SGP
— Reflecting energy loss process, spectrum
Shape's difference should emerge
(More distance — More attenuation)

o The attenuation depends on composition
— Check attenuation and see consistency with
an assumption of composition

2015/09/26

JPS meeting 2015 @Osaka City Univ (Japan) translated to English 16



Anisotropy of spectrum shape in TA FOV

Observed Energy distribution
Broken power low fit

10

1 1.2

14 16 1.

E103 IIIIIIIIIIIIIIIIIIIIOIII
o —=— On source (SGP lat <|30 |)
% —=— Off source (SGP lat > |30 )
o

£

3 10?

=
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22 24
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I?reak energy vs Fraction in MC(uniform)

I
b
o

N_EE )

b

o
@

N, (E>E
e
~

4
=]

0.5

T

04

0.34° -

* P=6.2x10%* | *

0.1
0 E\ L1 i L1 i L1 i I | L1 1 L1

3'0(
L 0

|
2.4

Il L1
1 1.2 14 1.6 1.8 2 2.2
1.67

Loa (E /EeV)

Broken power low fit confidence contour
Break Energy and spectrum index at higher energy

i
[\ ]
T
] 1

Logm(EblEeV) = 167

NawE>E) = 0.34
N.(E>E )

2 22 24
Log, (E /EeV)

- Exposure ratio is 52:48
(harf | harf , Onl/ Off)

- identical observing condition.
(eg. zenith angle )

-Off source shows early break

and sudden attenuation.

Log, (E [EeV) Fraction (E>Eboff)
On 1.83 (1.78) 0.66 (0.52)
off 1.67 (1.78) 0.34 (0.48)
() expected
@ null hypo

- Observed feature agree with assumption from
matter distribution qualitatively .

- Chance probability was evaluated by repeating
same procedure to MC distribution (null hypo)

P=6.2x10" (3.20)

Spectrum shape differ in TA FOV!
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Directional comparison (w proton model)

<& Assume 2MRS matter dist and Proton composition

Procedure
-Extract matter distribution from 2MRS catalog

-
o
w

||||||||||||||||_|_|||||||||||
All direction

— Al direction best fit

——  Off source

--------- Off Source best fit

—p— On source

—  On source best fit

—— 2MRS+CRPROPA2204 (p-2.2 m=7)
——— 2MRS+CRPROPA2204 (p-2.2 m=7)

- Propagate proton assuming source spectrum
and evolutionParameter (CRPROPA 2.0.4)
(P=-2.2 m=7 obtained E.Kido et.al)

Number of Event

-
o
[¥]

- Calculate expected distribution of observed
energy

- Scale the distribution with number of event
in the data (E>10%eV)

10 — —
-result is shown in right side - . ]
- Red | SGP lat |< 30° (on source) - N i
- Blue | SGP lat |> 30° (off source) i N 7
- IR 1
Off source : E = 10*%"eV ]"L\? ‘ ‘ ‘
b 1= LHH i
. 0 C

MC eXpeCt E> Eb - 4O(i04/0) event Coovoo b b by —H~ ﬁiﬁ |H | |

Data E> Eb - 30 event 1 1.2 1.4 1.6 1.8 2 22 24

P~6% Log, (E/EeV)

mSpectrum attenuation observed at Off source region is still consistent with pure proton.
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Results of Composition studies




XmaX measurements in TA

Stereo mode

Data event
4100 :
¢ [ (use 2 FD station) — Data
s C
><§ 000— —— Proton (recon.)
; —— Iron (recon.)
900(—
800|— e, et
N A gt sy | T
- S a A ek
B ——— —_—
700:— o —e—
600{—
C . 1 | | | |
500 18 185 19 19.5 20
Energy: Iog1D (Elev)
—a00—HYybrid mode (BR/LR)
NE B . . g Data
s (use FD and SD timing) e
~ [ o QGSJet 1I-03 iron
A 850 ¥ O QGSJetll-04 iron
E =
.. -
o -
800 — 3
L o =0 I
- . \H%ﬁ~§ +—+~+ t
750 g Ot »
o e
:Q*+ —g—
700 g O
B s
i o g O—
41Ck;4‘43444T‘A—V“A
650 °
600 1 | [ 1 | | |
Q|8.2 18.4 18.6 18.8 19 19.2 19.4

750k

700}

Middle Drum Hybrid

® MD Hybrid Data

Nitrogen

650

MD Hybrid

s
____

Solid —> QGSJETI-03
Dashed = QGSJETII—04

182184136188 19 192194196198 20

S

Xmax is composition sensitive parameter.
“Depth of shower maximum”

For all observing mode, slight shift from
proton line. ( stereo, hybrid, MD hybrid)
Red: Proton MC prediction.

Blue: Iron MC prediction.

Black : Observed data.
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Xmax measurements in TA

< For each analysis ,(data -iron) / (proton-iron) are calculated at each data point and
compared with corresponding values of each composition

'S

- QGSjetll-03 case

[
e

(data—iron)/(proton—iron)
o
2] w —
| [
_._
-
-y
+
——
P —
+
.
~ ol
-~ el
=
— e
—_——
—.—
—————
_._

0' I *
0.4F  ® MD Hybrid
: ¢ BR/LR Hybrid

0.2 ® BR/LR/MD Stereo

of
_Oﬂ-l|||11lll;]JlJllJ|J|J|l|1|]||1|111[1||

18 18.218.418.6 18.8 19 19.2 19.4 19.6 19.8 20

loa(E(eV))

—P
«—He
<—N
—Fe

—P
«—He
—N
—Fe

< Corresponding average InA value is “light component”.
< It depends on Hadron Interaction model large.
< Difference of N and He makes large difference while understanding anisotropy.
< - Hadron Interaction is important.
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P-air Inelastic Cross section

Methodology :

o Using deep penetrating shower (proton),

o Mean free path(A) is extracted from Xmax::

o The factor k between ratio extracted
A and true mean free path A___is

p-air
estimated with MC.

;

ff

NA=50.47 £+ 6.26 [stat.] g/cm
=K(14.45m /o ) l

1

Evants / A Xmax ((

N=KA__ , ™
.. . . . . p-air p' ™ p-air -
ok's systematic is considered while error estimationk: mModel dependent factor
obtained via MC
800— . IIIIIiIIIIiIIIIiIIIIiIIIIiIIIIiIIIIIIIII
B R. Abbasi et al., PRD 92 032007 (2015) 600 50 700 750 200 850 200 950 1000
L Baltrusaitis et. al. 1999 Xmax (giem )
700: Honda et. al. 1999 '
C knurenko et. al. 1999
- knurenko et. al. 2013
600~ Aiellie et. al. 2009
—_ N Mielke et. al. 1994 T .
o - Siohan et. al. 1978 fd AT
g,‘_ 500 % Aglietta et. al. 2009 L1 _— i M Od el +- 1 7
g_ O Abreuet. al. 2012 met - '
© - O Belovet. al. 2007 ] T 0
400- @ This Work 20% He +18
E Gamma < 1% -23
= = Total (+25, -29)
200_\ IIII\II 11 IHII\l 11 IIIIIII 111 \HIJ‘ 11 IIIHII 11 \Illlll 1 I | 1 L1
1012 1013 1014 1015 1016 1017 18 19 1 20

" Ene%y(evf
& 0, (inelast.) @ 95TeV of VS is 567.0+70.5[Stat.] (+25,-29)[Sys.] mb
< The value observed is between EPOS-LHC and Sibyl2.1.
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X __ distribution shape

__QGSJETII-03 _|— Proton
Standard mean vs log(E) plot — FTTIIIILIITITTTT  Nitrogen [T ]
Middle Drum Hybrid ~ BYp el —1ron [ ~ 0.9
A0 [ e b
st | s O ....................... 10.8
5850; e MD Hybrid Data : : e
§ | —Proton : : : 10.7
>é Nitrogen T 5 : : ~ . T, oo s s o
gsoof —won : ' : 106
T ety 105
1 e o e i »
7000 _— 7| e v -0.3
""""""""""" Solid = QGSJETI-03 0.2
650 Dashed = QGSJETII—04 Z
L Lo o e b b by by b by by _: 01
18.2 18.4 18.6 18.8 19 19.2 19.4 19.6 19.8 20 20.2 o — . s m
Iog(E(eV)) _1 00 N 1 | | | | N -} | Ll 1 I J I . | l | DO IO DO O | | | O IO U OO OO OO e B | I | I | N 0
WO 9 18.5 19 19.5 20
Shift Plot Events: 613 Energy log, (E/eV)

Plot shows AX_ . required to maximize data/MC agreement (QGSJETII- -03). color= Pvalue

<& Comparisons were done for single composition assumption.

< “Shape” is consistent with “proton”.

< Standard statistical test on shifted distribution (points) Pink, blue bands for other
hadronic models. 16 g/cm? systematic uncertainty.

Maximum s-Value
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Results of anisotropy studies




< trajectory of cosmic ray in galactic magnetic field. Proton

Ylkpe]

Yikpc]

X[kpc] il X[I: ] )
) ) (Few degree)

108eV 10%eV \ 102%eV J
|

Using arrival direction, it is possible to search

correlation with Source position

< Effect of Inter Galactic Magnetic Field (IGMF): Few degree

generally random field. B < ~10-°G

. 1

qE,d) = (/97 08 q(%)” (10|?npc)”2(1lencpc)m(m‘BgG) ' Anisotropy!

e
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Updated Hot spot analysis (7 Year data)

Arrival direction of high energy event obtained from 7 year data.
. Oversampllng usmg 20 deg. radius circles, Li-Ma significance.

et T e E> 57 EeV 60 "’*" 2 . g
Dec. (deg) P WV AR Dec. (deg) a i S \ o
o -....'.I/,-' . . I-}/'- - E - ... '-\_‘ -‘-,_.-.. I A 4 L
. + ¢ - ¢ - ' - ~ R
e _' . .. ) : * o".' + cetba- ,*' / . ‘ .
' ’I-' - -_'__.‘__ -?“““r":_‘"-‘"-"_;\'—._‘"""“‘ [~ n li\IJ ¥ '
::!I E ; ! ;:"- ) ”1 ) -
: :' A | ' J N : ‘ . :
360 o<
R A (deg)

(9]

-1
-30 2
-60 -4

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

e 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)
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Nearby prominent source candidates

T .—
Rl

- r . LR
- P -
e - H ., T
- ..:-" *.' - _

Wirk1800 MgZ.
A :

v ARCET R
- B . ' J
‘
. . - L [
1
i

J1f%}59r"'

Tully Local Void

The blazar Mrk421, Mrk180 and K. Fang, et al., ApJ, 794, 126 (2014)
starburst galaxy M82 are candidates? H.-N. He, et al., arXiv:1411.5273 (2014)
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TA + Auger Sky map

Hot spots

Dec. (deg) E > 57 EeV

________________________

No correction for TA : 7 years 109 events (>57EeV)
Energy scale difference Auger : 10 years 157 events (>57EeV)
b/w TA and Auger !! Southern hotspot is seen at Cen A(Pre-trial ~3.60)

28



Compativility with Large Scale Structure

OMap of expected event density is calculated from 2MRScat for all smearing angle.
Distribution of number of observed events at the sky categorized with the expected
event density are compared.

>

Compatibility between data and model

ICRC 2015 P. Tinyakov

< Data is incompatible with isotropic distribution. (smearing angle >5 deg)
< Data is most compatible with LSS when smearing angle is around 10-15 deg.
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TA + Auger and nearby galaxy clusters

= (D=20Mpc)

Perseus-Pisces
Virgo Cluster I 1 s, Supercluster

BT . -

@& ' o Eridanus
g8/ <./ Cluster
X ,,ﬂ (D=30Mpc)

Centaurus
Supercluster (D= 60Mpc)
Huchra, et al, ApJ, (2012)
< Dots : 2MASS catalog Heliocentric velocity <3000 km/s

< TA hotspot is found near the Ursa Major Cluster
<& TA & Auger found no excess in the direction of Virgo.
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Experlment
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. 500 SDs, 2.08 km spacing
/— COVers

~3x TA SD (about 2100 kmz2)

L Total about 4x TA SD 3000 km
- (full operation:2017 Dec -)
> ~12year TASD

~ 7 year TA SD from the
extension

' —~19 year TA SD data until 2020

2015 April approved
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Summary

Spectrum :
o Spectrum for 4.7 orders of magnitude (10*>°- 10%°3 eV).
o Composition around 2" knee need to be confirmed.
— TALE hybrid observation. (Budget for TALE SD construction also approved)
o E>10%82eV, spectrum shape are fitted with pure proton model (E ido et.al ICRC2015)
o There is a discrepancy with Auger in spectrum shape. @ E> 10'°3eV
o Spectrum shape differ inside TA FOV depending on the direction.
The difference is qualitatively consistent with matter distribution.

Composition:
o Observations of Xmax show mean <Xmax> as “Light component”.
o The result depends on Hadron interaction model largely.
o Using FD Xmax, P-Air cross section were obtained.
o more measurement to check Hadronic interaction model is needed.
— Multi component measurement in air shower. (muon timing, mu/electron)

AniSOtropy: (many studies)
o Hot spot result is updated to 7 year data. Statistical significance is 3.4 sigma.
o Combining Auger data, entire sky map were drawn with 20deg over sampling.
It shows 2-3 area at where event density is high. They align near SGP.
oDistribution of E>57EeV events are most compatible to LSS while smearing
angle is 10-15 deg.
— More statistics. (TAx4 array )
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TALE Events

7 mirror event,
log(E) = 16.5

Hybrid event
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TALE Cherenkov vsFluorescence

Event Distribution by Event Type

10° Cherenkov Events

Scintillation Events

Number of Entries

107 Mixed Events

10

—_

-
&2] IIII|

16.5 17 17.5 18 18.5 19
log(E [eV])

Unexpected result: many Cherenkov events are seen as tracks
(most land ~0.5 km from FD). Use profile constrained reconstruction.
Cherenkov light is bright — can go lower in energy than expected.
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Number of Events
<L

3

TALE DATA/MC Comparisons

Mix P51 Data-MC

= hRPdata o hPSidata
Entries 3023 seol| S Probablility JF Entries 3023
E KS Probablility Mean 1624 C 6.85B8e-01 + Mean 85.53
c 6.586e-01 RMS 659 B RMS 3483
F 200—
E M -
Mixed =
— -] —
1 C
! 100—
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E . . 1 . L C
0 2000 10000 O"'l"'l"'l"'l"'l"'l"'"'l"'
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Published Hybrid Composition
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R. Abbasi et al. (TA Collaboration) Astropart Phys. (2014) 11 004

TA, ICRC



TA auto — correlation study

< Probability of Number of pairs in a opening angle < & (deg) is evaluated.

IS pair is counted.

Separation An
Chance probability

This pair is not counted.

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

E> 57EeV
Chance probability ~ 0.1% (pre-trial)
at around 6~20-30 (deg.)

ICRC 2015 P. Tinyakov
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TA, ICRC

[906 —-PoS 362] Poster 1 CR Track: CREX
Board #: 230

Presented by Daisuke IKEDA, Dr. William
HANLON
on 30 Jul 2015 at 15:30

900~

| ® Data

| @] QGSJet 11-03 proton

B o QGSJet 11-04 Prolon
B0 [ S aosuet 1.0t ron
800 o 2

B —g——0— ;

- iy = —ﬁf*{*f j -

o EPS S Sl

ZO—- e— — .

B A

B e
e o e
60082 184 186 188 19 192 194 196 1

9.8
Iogw(E/eV)

38



	ページ 1
	ページ 2
	ページ 3
	ページ 4
	ページ 5
	ページ 7
	ページ 9
	ページ 10
	ページ 11
	ページ 12
	ページ 13
	ページ 14
	ページ 15
	ページ 16
	ページ 17
	ページ 18
	ページ 19
	ページ 20
	ページ 21
	ページ 23
	ページ 24
	ページ 26
	ページ 27
	ページ 28
	ページ 30
	ページ 31
	ページ 32
	TALE DATA/MC Comparisons
	Published Hybrid Composition (MD)
	ページ 38

