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Telescope Array (TA)
UHECR observatory with hybrid detectors

eInternational cooperation: 5 countries

Telescope Array Locations
General Reference Map

eHybrid detectors
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Surface Detector (SD) of TA

* Particle detector e
- 2layer scintillators /2|
- FADC: 50MHz 12 bits : —

* Full time operation | il | [ﬁ |
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Purpose of AS Structure analysis with SD data

Xo o/ X
shower plane
™ o3 ™ X = Xo sec(0)
m @» o o 2@ 2O @ 2@ oo
m o m o S

“ Study the shower structure with SD data based on time by FADC traces.
* This observable t;;, based on the thickness of the disk of particles.

“ The azimuthal asymmetry:
“ Composition Study
“ t1/, depend on composition,

+ Ref. Dova et. el. ICRC 29th



Definition
of t1,2

“ t1/2 : equivalent to
Thickness

“ Analyzed with signal
waveform

“ Defined as the time of
signal increase from 10%

to 50%
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Relerence
Extensive Air Shower Peter K. F. Grieder p. 380
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Result MC study by M.T. Dova et el. ICRR 29th



Conditons of SD analysis

+ Data: 9 years (May 2008 - May 2017)
+ MC: 6 years (May 2008 - May 2014) Primary: Proton,

ENERGY LogE:
1:18.55-18.85 11,971 (Data) 88,766(MC)

3:19.15-19.45 1,746 (Data) 11,445(MC)
ZENITH sec(0) ZENITH sec(0) ZENITH sec(0)
1.2-14 3,300(Data) 26,650(MC)|(]| 1.2-1.4 1,290(Data) 10,548(MC)|| 1.2-1.4 396(Data) 2,854(MC)
14-1.6 2,204(Data) 14,597(MC)||14-1.6 872(Data) 7,019MC) || 14-1.6 269(Data) 1,776(MC)
1.6-1.8 1,367(Data) 8,570(MC) (| 1.6 - 1.8 716(Data) 4,737(MC) || 1.6 -1.8 200(Data) 1,087(MC)
1.8-2.0 904(Data) 4,159(MC) || 1.8 -2.0 518(Data) 2,659(MC) || 1.8 - 2.0 221(Data) 914(MC)

SD Selection

Azimuthal angle, C: -180 ~ 180 [deg] step: 60 [deg] (Data)
step: 45 [deg] (MC)
Chi-2/ndf =4 chi
¢(800)/S(800) = 1.25
Good SD =z 5
Border Cut: 1,200 m




Example of 1 Event
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Definition of slope ty /1

Log(E/eV)=18.70 - 18.85 , sec(6) = 1.10 - 1.20
Prof_1_1
"I Entries 3601

. | . "M .o 1044
1b1n :83.3 m . L M:ZE y T 453.6 : : z z z z x  log(E): 18.55 - 18.70
© . |'StdDev . 392.7 B T T WO T

2000

x  log(E): 18.7 - 18.85

Slope

0.6 log(E): 18.85 - 19.00

StdDevy . 496.8

x  log(E): 19.00 19.20

. : XZ/ ndf . 2272 / 11 osé_x ............... ............... X .......... X 44444444 ............... oa(E 1620 1950
Z tI/Z . .| slopel 0.2683 + 0.0177 N L

<t > — - Lt | offsetd 48.97 + 6.97 H
L/2 N _

1500

% log(E): 19.50 - 20.00
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, Ns]
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"l v Slope2:: 0.5867 = 0.0316
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+ Linear fitting 500 ~ 1200 [m]

+ Slope is asymmetry parameter that depends on

+ Energy particle, Zenith angle, azimuthal angle, Rp
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Early and late showers

a = £(C)

180 /-180°

Zeta=0

log{E/eV)= 18.55 - 18.85 , sec(¥) = 1.20 - 1.40, T = -60.00 - 0.00

Zeta =180 late
log(E/V)= 1855 - 18.85 , sec(B) = 1.20 - 1,40, § = -180.00 - -120.00
2000 - | Prol_ 0 0 0
- LLLT Entries 2373
! Mean 871.3
: .« 1 Meany 3444
. Std Dev 3472
1500 L. * . SidDevy 393.7
) .’ f 2 ndt 2617/6
— e .ot b -75.78 = 17.83
8 a 0.4615 = 0.0269
= ~
g -
-~ .
d | [®
Ymee 3
2000 2500
log(E/eV)= 18.55 - 18.85 , sec(h) = 1.20 - 1,40, § = 120.00 - 180.00
2000 . [ Prof 0.0 5
> 2298
a8
350.2
3436
3886
4854/8
-9761+17.93
0.4997 = 0.0272
2500

11

2000 — Prof_0.0_2
L « " 7« ** | Enties 2350

. . . . * | Meany 3452

Sid Dev 3459

1500~ - | SidDevy 400.1
: - . . 2inat 15.28/6

¢ .° ~-78.12 233

0.4556 + 0.0317 |

2500
log(EfeV)= 18.55 - 18.85 , s0c(#) = 1.20 - 1.40, T = 0.00 - 60.00
. [ Prof 0.0 3
'.-" - « | Entries 2317
« % | Mean 87
.. Meoan y 3528
¢ % " Std Dev 3499
M N Std Dev y 4121
% I ndl 6911/8
b -90.57 + 18.79
. @ 049:003
..
. _
00 2800




Asymmetry Analysis
a=f(() a=c0+ cl*cos(C) + c2*cos?(()

Log(E/eV): 19.15-19.45 sec(6):1.20 -1.40 Log(E/eV): 19.15-19.45 sec(6):1.40 -1.60

— : : : | %2/ ndf 3.052/3 1 — : : : 2 %2/ ndf 5.453/3
o i| c0 0.5007 + 0.02595 S | cO 0.3806 + 0.02857
09— .................... 44444444444444444444 .................... .................... C_1 0019821001786 09_ ........ . .................... u .................... u .................... » .................... C_1 0010991002309

PP N TN S N S lc2 003813 = 0.04032 S S U ST SO S Lc2  -0.01658 = 0.04662

a [ns/m]
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-150 -100 -50 0 50 100 150
C [deq]

Log(E/eV): 19.15-19.45 sec(0):1.60 -1.80 Log(E/eV): 19.15-19.45 sec(f):1.80 -2.00

| %%/ ndf 9.711/3

|co 0.1831 = 0.02771 1 + x*/ ndf 1.025/3

: S 1 co 0.1034 = 0.02402
1 c_1 0.002156 = 0.02215 0.9F— .................... .................... .................... .................... c 1 0.05043 = 0.01821

| .2 0.007363 = 0.04495 S : : : | o2
: : 0.8— - .................... .................... .................... .................... — : —0-053275 + 0.03888
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Analysis of SD data

Log(E/eV): 18.85-19.15

I ..................... ..................... ..................... ..................... ..... « Sec(@):‘l 4-1.6 -

I ..................... ..................... ..................... ..................... +SGC(G)16-18

_ ——sec(6):1.2-1.4 _

o —sec(6):1.82.0

: : L
| o oo

L1 1 1 1 I I | | | 1 1 1 l |
-150 -100 -50 _ O 50 100 150
C [deg]

No asymmetry cannot be seen.



Analysis with MC

NIER vis=t] -2

Zetavstl/2/R

(t, )ns]

MC:: log(E/eV)= 19.15 - 19.45 , sec(8) = 1.40 - 1.60, £ = -45.00 - 0.00 MC:: Log(E/eV): 19.15-19.45 sec(p):1.40 -1.60
| MC:prof_2_1_3 . » (%2 I'ndf 2.582/5 |
: *| Entries 2374 . c_0 0.3579 = 0.009908
. m::z 318002; 09— c_1 0.01453 = 0.00934
. ) y ! = : : c_2
i . Std Dev 3918 T 0.0333 = 0.01772
[ . Std Pevy 367.7
i - *[%2  ndf 7.232/6 071
i Ladc . 564136 ||| _  F
i LD © 03955200197 ||| E TF
P -
- St . g2 05
:' © i
. 0.4E i ; : f f i : i
-.0'.' 0.3}~
e, e -
[~ e, 02—
3 =
. 0.1
3 otl L l A 1 A l A ’ s L 1 L A , e 1 A i e 1 'S » e 1 ' s A l e
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Linear fitting range: r:: 500 ~ 1200 [m]
ENERGY: Log(E/eV): 19.15 - 19.45
ZENITH: 44.42 - 51.32 [deg]
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1770 events




(t,, Mns]

1500

1000

Comparison Slope

log(E/eV)= 18.55 - 18.85 , sec(6) = 1.40 - 1.60, & = -60.00 - 0.00

2,193 events

Prof 0_1_ 2
" Entries 1557
: Mean . 812.2
- Mean y 257.4
B Std Dev 328.2
— . Std Devy 303.1
[~ ¥2 | ndf 8.669/6
i b -16.18 = 19.92
" L e a 0.3281 + 0.0291
— “. o.. *
- . :
" AL A

2500
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(t,)ns]

1500

MC:: log(E/eV)= 18.55 - 18.85 , sec(6) = 1.40 - 1.60, { = -45.00 - 0.00

I

MC:prof 0_1_3

Entries 9225
Mean 760.8
Mean y 259.9
Std Dev 310.7
| Std Devy 3158
¥ Indf 6.788/6
*a -83.14 + 7.88
b - 0.4294 + 0.0129

M

14,561 events




Comparison Asymmetry

Log(E/eV): 18.55-18.85
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Using MC also, asymmetry cannot be seen.

a [ns/m]

Log(E/eV): 18.55-18.85

;_ ........ MC .............. ..................... ..................... e SeC(G):1 4_1 6
S — — — o seo(E)161.8
= - ——sec(6):1.8-2.0

— ——sec(0):1.2-1.4 —

150 -100 -50 0 50 100 150
C [deg]

Log(E/eV): 19.15-19.45

— ——8ec(0):1.2-1.4 —
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- sec(0):1.6-1.8

 ——sec():1.82.0
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Asymmetry F

a=c0+ cl”cos(C) + c2*cos2((C)

Log(E/eV): 18.55-18.85

x2 / ndf 0.5669 / 1
B Constant 0.08881+ 0.9323
: Mean 47|54 + 37.99
Sigma 1.064 + 17.4
w /’}\ |
i |
| - ‘ L1 1 ‘ 11 ‘ J - ‘ - ‘ L1 1 ‘ L1 1 ‘ 111 ‘ - ‘ - L1 1
38 40 42 44 46 48 50 52 54 56 58
Mean 0 [deg]
Log(E/eV): 18.85-19.15

%2 / ndf 1.819/1
C : Constant 1.218 = 17.7
Mean 0.6823 + 0.2444
Sigma  0.02877 = 0.2063
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025 03 035 04 045 05 055 06 065

In(sec(0))
Log(E/eV): 19.15-19.45

: : : : : : 2 1 ndf 2.492/1
B Constant -1.057e+05 = 1.414
i i Mean 0=+1.414
B D """"""""" t """""""""" | Sigma 0+ 1.414
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MC:: Log(E/eV): 18.55-18.85

%2 / ndf 1.612/1
B Constant -9.142e+04 = 1.414
- Mean 0=x1.414
L Sigma 0+1.414
- MC
B H H '
T % ¥
7\ - ‘ L1 1 ‘ 11 ‘ 11 ‘ - ‘ L1 1 ‘ J - ‘ 111 ‘ - ‘ - L1 1
38 40 42 44 46 48 50 52 54 56 58
Mean 6 [deq]
MC:: Log(E/eV): 18.85-19.15
1 1 1 1 1 1 2/ ndf 9.195/ 1
B 3 Constant -1.806e+05 = 1.414
? ? Mean 0+1.414
— M C """""""""" i) Sigma 0=1.414
LT ¥ %
7\ L1 1 ; J - ; J - ; L1 1 ; L1 1 ; J - ; - ; L1 1 ; J - ; J - L1 1
38 40 42 44 46 48 50 52 54 56 58
Mean 6 [deq]
MC:: Log(E/eV): 19.15-19.45
; : ¥2 I ndf 0.001726 /1
B Constant0.03753 = 0.02325
Al Mean 48.52 = 6.257
ITVRIRC | Sigma 6.208 + 4.914
- . h [
N |
7\ L1 1 ‘ - ‘ L1 1 ‘ L1 1 ‘ - ‘ J - ‘ L1 1 ‘ L1 1 ‘ J - ‘ - L1 1
38 40 42 44 46 48 50 52 54 56 58

Mean 6 [deg]



Comparison of

Asymmetry Factor

a=c0+ cl*cos(C) + c2*cos?(()
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Thrown MC Distribution

Core Pos. Distribution
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Why TA cannot see?

+ Detector sensitivity of TA SD is low
+ Size of detector

# More studies need to confirm this no asymmetry based on Detector sensitivity.

Summary
« It was analyzed SD data of 9 years (May 11, 2008 - May 11 2017)

* No asymmetry is can be seen along shower plane

* MC dataset of 6 years was used to confirm this symmetry of
shower plane by TA SD.

* Confirm not be observe asymmetry in shower 108> -
1019450V

* Analyze MC dataset higher than 10%%eV

20



