#

Time structure analysis of extensivejair
showers using Telescope Array data
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e Ultra High Energy Cosmic Rays

* Energetic particle from the Universe (E > 1018 eV)

* Telescope Array
* A huge observatory for UHECR in northern hemisphere

» Surface detector array(SDs), Fluorescence Detector (FD)
* Data Analysis of Time profile
e Shower front

e Thickness of shower disk
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UHECR phenomenology

Detection
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UHECRs phenomenology

Reconstruction
* Energy: E
* Arrival direction ()
UHECR * Composition

~ UV fluorescence
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T1me structure with SD data



Surface detector

‘Scintillator Box‘
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* 2 layers of plastic scintillation
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* 2 FADC counters UP/LO

* Resolution: 20ns
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Time Structure

SD Signal

— Upper Layer

— Lower Layer
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The air shower structure depends on energy,
arrival direction, primary mass and on the
interaction mechanism with air nuclei.

1) the curvature of the shower front by using
the definition of residual time t4 with respect

to the shower plane by using thit.

2) the thickness of the shower disk by
analyzing the observable rise time based on

the accumulated waveforms tr.
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Curvature front

Obtention of time at core location
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Residual itme parameters: A & B
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Shower front for late showers
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Thickness of shower disk

Log(E/eV)=19.15-19.45 | sec(6) = 1.00 - 1.20, £ =-180.00 - 180.00
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(tr) = (a X R+ b)[ns]

The slope(a) is considered as factor of thickness of shower
14

I log(E/eV)=19.0

log(E/eV)=19.3
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Date: 20120906, Time: 62913.94907

Motivation of observe early-late shower Log(E/eV) =19.06, (0,¢) = (22.56°,273.87°)
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Azimuthal (Zeta) Dependency

Log(E/eV)=18.85 - 19.15, sec(8) = 1.00 - 1.20, £ = 0.00 - 60.00

zeta (C): azimuthal angle from Shower
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The slope(a) is considered as factor of thickness of shower disk
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Zeta Vs Slope angle (1) =

earlv

Log(E/eV):18.85-19.15 R range: 500 - 1200 [m]
sec(@):1.0-1.2

Log(E/eV): 18.85-19.15 sec(6):1.00 -1.20 Log(E/eV): 18.85-19.15 sec(6):1.00 -1.20
2 / ndf 0.6483 /4
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a, 0.04553 + 0.01479
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“The thickness of particles is slightly ticker for “early”
detectors than for “late”




/eta Vs Slope ang\e (2)

Log(E/eV): 19.15-19.45
zeta (C): azimuthal ; e sec

1.00 -1.20 0 - 33.5 [deq]
1.20-1.40  33.5 - 44.4 [deg]

|
|
»

ecC

1.60-1.80 444 - 51.3 [deq]
1.80 -2:.00 51.3 - 60.0 [deg]
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— C(E)) 1.40 -1.60 44.4 - 51.3 [de(g]
(6):
ec(0):

late -

a = b, + a,cos(

= (0.60 & 0.01) -+ (0.08 == 0.02) * cosC
4= O49i001_§__§_0 12 £ 0.02) * cos¢

va = (0.39+ 0.01 0.15 £ 0.02) x cosC

2= (019 E001) F(0.12 2003+ cos
= (0.09 £ 0.01) 4 (0.05 £ 0.01) * cos(
For intermediate zenith angles the thickness of air shower is thicker than vertical/

inclined




Time structure: Asymmetry in C angle

Shower front

Log(E/eV)= 19.15 - 19.45 , sec(6) = 1.20 - 1.40
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Summary

 TA-SD data of (11 years observed) was used to study air shower structure using
waveforms.

e |t was studied shower front by time delay:
e Fit AGASA function time delay —> () = 2.6 x (1 + ?)()im)A x p2[m™?][ns]
e Parameter A has dependance on zenith
e A and B has not Energy dependance
- It was analyzed risetime(tr) to understand air shower:
- Using information of risetime from (10-50)% of total wf.
- ltis proposed a linear function in R range (500-1200) m —><tR> — (a X R+ b) [TLS]
- The offset(b) and slope (a) has dependance on zenith

- It was analyzed slope(a) to observe dependences:

It could see tendency on azimuth angle and energy dependance.
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Event reconstruction
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St g.ve”t PR Ly L) R S T ST
: | Size = # of particles ] . z R e B ABasae
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1 1‘? é -11 é é }I' EI: sl: 1|u 1l1 12 1— / 2 ) (1.0+i
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Empirical formula used by AGASA

r = Soom : Distance from shower axis, [1200m] S8OO -> primary energy
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Extensive Air Shower (EAS)

‘Gaisser—Hillas (G-H) formula
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Composition study
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Charge Density, [VEM/m’)

Primary energy determination
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