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Ultra High Energy Cosmic Rays
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Ultra High Energy Cosmic Ray
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Ultra High Energy Cosmic Ray
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Ultra High Energy Cosmic Ray

1. Energy Spectrum
2. Mass composition
3. Arrival direction

Pierre Auger Observatory (PAO)
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Ultra High Energy Cosmic Ray

1. Energy Spectrum
2. Mass composition
3. Arrival direction

Proton propagation
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Telescope Array Experiment
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Telescope Array

Hybrid detector for UHECRs
> Western desert in Utah, USA

»  Surface detector
> 507 plastic scintillation counter (AGASA type)
> 1.2 km spacing, 678 km?
> Particle density Air Shower

> Fluorescence detector

i
N

»  Three FD stations 7
> Northern site was transferred from HiResIF We" \

>  Longitudinal development S

»  FD obs. started : Oct, 2007 : - g 7 L
»  SD obs. started : May, 2008 & & & & &P
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Surface Detector
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SD Event

Telescope Array Surface Detector
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Fluorescence detector -

Newly developed fluorescence detectors

A DT
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Middle Drum site
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FD Event

1
Fluorescence mmmmm
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TA results (Preliminary)

» Energy Spectrum
» MD
> FD-SD Hybrid

» Photon Limit

» Mass Composition
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TA-MD for energy spectrum

High energy aperture (>10%eV) =1/2 HiRes-1
* Two ring configuration gives larger aperture than 1/3 HiRes-1
* One year of running: =1/10 of HiRes-1lexposure @ 10%°eV
* HiRes-1 exposure =5 AGASA
One year of TA-MD =1/2 AGASA
This data set is not quite big enough for GZK test!

12/16/2007 -12/07/2008: ~ 13500(=964 hrs = 11%)

good weather: ~ 11000(=786 hrs =9%)  Aperture (km?2sr)
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TA-MD: Data MC comparison

Example of Data MC comparison
@ 1018-18.5ev
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TA-FD & SD Hybrid

TA Hybrid analysis
Using signal arrival timing of FD and SD

Angular resolution ~ 1.1deg (mono : ~4.7deg)
Using SD aperture

Constant above 10%%eV
Data set: BR + LR

Arrival direction
Peak: 0.7 degree
Resolution(68%):
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TA-Hybrid: Data MC Comparison
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TA-Hybrid : Energy Spectrum
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Systematic errors

Fluorescence
yield

Detector
Atmosphere

Primary
particle mass

MC
correction

Total

Systematic

error
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19%
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TA-SD : Photon Search

95

94 |-

93

Front Delay [1200m]

85

92

91 |

89 -

88 |-

87 |-

86 -

.
.
\
’ .
’ RN
'\@;
‘

L 1 1 1 1
04 06 08 1 12 14

Core distance [1200m]

Event by event method
Using shower front curvature which is observable
Monte Carlo
CORSIKA with QGSJET-II, FLUKA and EGS4
PRESHOWER for geomagnetic field cascade
Detector response : GEANT 4
E € [10%84, 10%°°] eV, B € [0, 60]

Fiat
Emriea 338
140 Mean 0.3463
RMS 01108
120 I Underfiow 0
i Overflow 0
100
80
o |
%0
2§
% 02 04 086 08 1 12 14 16 18 2

shower front curvaturé

Result from Telescope Array Experiment @ TeV Particle Astrophysics 2010, Paris 10.7.20



TA-SD Photon Limit
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TA-FD stereo : Reconstructed Xmax distributio
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TA-FD stereo : Mass Composition
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Search for AGN Correlation

» Auger found correlations with
AGN’s with (57 EeV, 3.1°,0.018).

14 events scanned + 13 event 12
test sample appeared in Science
article. 10

» Later Auger data (42 events)
show no significant correlations. 8}

» HiRes data (13 events) showno  § _
significant correlations. 2

» TA data (13 events) has 3 4l
correlated events, 3.0 expected

by chance. ol
> =» No Effect.

6 8
N_tot
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Summary

»  Telescope Array:
» Nov 2007 FD stereo observation started
»  May 2008 SD observation started
»  Detector performance are well understood by MC
»  Results (preliminary)
»  MD, Hybrid Energy spectrum
MD: Dec/16/2007 -Dec/07/2008
Hybrid: May/27/2008 - Sep/28/2009
»  SD photon limit
F<3.3 =102 km=2srlyr1(95% CL) /PRELIMINARY/
»  FD-stereo Mass composition
consistent with Proton model @1018-6-19-3eV
»  AGN Correlation
No

Result from Telescope Array Experiment @ TeV Particle Astrophysics 2010, Paris 10.7.20
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Event sam

ple (May 31, 2008)
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Event reconstruction

» Joint fit of LDF and shower front profile

» /-parameters:

» Xcores Yeore — Shower core location at the ground level

» 6, o — zenith and azimuthal angles of primary arrival
direction

» Sgoo — hormalization factor for LDF (corresponds to
scintillation signal density at 800 meters)

» [y —arrival time for the shower core

a —dimensionless Linsley’s curvature parameter

v

t(r) = to + toane(r) + a t.(r)
t(r) = (r/39m)"® LDF (r,6)%>
S(r) = Sgoo LDF(r.0), LDF(800m.6) =1

LDF(r) — modified AGASA function
r — core distance in shower plane

Grigory |. Rubtsov TA SD photon search 4
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Dataset:

» Data collected by SD from 2008-05-11 to 2009-10-08
» Geometrical exposure for 6 € [01, 65]:

Ageom = 2346 x (sin2 0 — sin? 61) km? sr yr
Cuts for photon search:

» Number of detectors triggered is 7 or more

» Shower core distance to array boundary is larger than 1
separation unit (1200 m)

» y?/d.of. <5

Grigory |. Rubtsov TA SD photon search 5
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Calculations

Search region:

> Egamma > 10" eV 1395 events
» 45° < 0 < 60° 335 events
» C>05 1 event
» Poisson 95% upper limit: < 5.14 events

» Total exposure: A,y = 158 km? sryr

» F, <3.3-10"2km 2sr-'yr~1 (95% CL) /PRELIMINARY/

Grigory |. Rubtsov TA SD photon search 15
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Exposure calculation with photon MC

» We take MC photon set with Ep,c > 101°% eV conservatively
assuming E—2 spectrum.

» We calculate the fraction of photons entering the search
region.

» Geomertical exposure 45° < 6 < 60°:

Ageom = 587 km? sr yr 100%
> Ndet > 7 71%
» y?/d.of<5 69%
» Sgoo cut 54%
» C>05 27%

Atotal = 0.27 X Ageom = 158 km? sr yr

Grigory I. Rubtsov TA SD photon search 17
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Geometrical reconstru

Shower AXis =
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Stereo reconstruction (2FD)
S = Ilgdp1 X Ngdp2

\. J

(" Mono reconstruction (FD)

1 sy —sing,

ti = tcore . core
c sin(y +a,
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Shower profile reconstruction

Lngitudinal Results
energy = 8.088e+19 [eV]
xMax = 756.353 [g/cm’]
nMax = 5.489e+10

xint = 0.000

1?=3.710

xStart = 209.000 [g/cm’]
xEnd = 844.000 [g/cm?]

~ Fluorescence

4

2 _— Scattered Cherenkov

?00 200 300 400 500 600 700 800 900 10001100 (Raylelgh)
slant depth [g/icm?]

(" Gaisser-Hillas formula ) e N\
» *Atmosphere: Radiosonde
N, = Nmax(ﬂ) exp(— X_XO) *Mie scattering: LIDAR typical
max — A A *Attenuation length: 29.4km
X *Scale height: 1km
p+1 = max

Pl (Fluorescence model: Kakimoto + FLASH)
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max analysis for Mass composition
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