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~ Cosmic Abundance
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Local galactic abundances

l Arriving cosmic rays

HHeBe C O NeMgSi S Ar Ca Ti Cr Fe Ni Zn Ge
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A. Evans (University of Virginia, Charlottesville/NRAO/Stony Brook University)
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e 2004: Pierre Auger Observatory
e 2007: Telescope Array (TA)
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Pierre Auger Observatory

Over 1600 detectors in operation,
covering 3000 square kilometres
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Event Top View

X,Y = counter #
number = MeV energy deposit (av U+D)
~ 2.5 MeV for vertical mu

14

1z

10

090122-225422
TH~38°

Zenith ~ arcsine (AT / AX)

Event “Side” View
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Data set

* May/2008 — Feb/2010 (1.75 years)
* Exposure ~1500km? sryr (~AGASA 13 years)

* Cuts:
* LDFy%/ndf<4.0
* Border Cut > 1.2km
 Zenith Angle < 45 degrees

* Pointing direction uncertainty < 5 degrees
* Fractional S800 uncertainty < 0.25

- 6264 events



Charge Density, [VEM/M]

SD event reconstruction

2008/Jun/25 - 19:45:52.588670 UTC Time fit to determine geometry
=3 L L L B S S - ( modified Linsley)
Ezm— — i E
o
E 17 M - )
i' n S

1 A
Distance East, [1200m] -4

4

K 2
Distance along shower axis, [1200m)]

Py o
"
Y
=

-2

“ Lateral Density Distribution Fit
w to determine S800 (charge density

., 800m from the shower axis)
Fit with AGASA LDF

o () ) e )

10

1

7= (3.97 £0.13) — (1.79 £ 0.62) (sccd

1 $800
167
2011/04/11

'

' Distance from shower axis, [1200m] . S(SDU)%F’I‘imEF}" Energyr

H. Sagawa @ Multi-Messenger Astronomy of Cosmic Rays

r=800m
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Shower particles
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Response
by GEANT4
\ 12mm plastic
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\ Fe x4

Self Calibration by cosmic “u” @ 700Hz




Ingw (S800)

First Estimate of Energy

* Energy table is
constructed from the

MC

~* First estimation of the
event energy is done
by interpolating
between S800 vs

T2 13 14 1s

«0 sec(B)lines

33.6 39.7 44 4 A48.2
O(deg)
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17.5 18 18.5 195 20 20.5
Ecp (BR.LR Hyb. Ikeda, MD Mono Rodriguez), Iogm(EieV)

Eep
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Energy scale is
determined
experimentally by FD
without referring to MC

Set SD energy scale to

FD energy scale using
well-reconstructed events
seen by both detectors:

27% renormalization.
— Systematic error 19%

(from systematic error of
energy by hybrid analysis)
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HiRes

Auger
TA

GZK &

(Berezinsky 1988)

Cutoff Energy

Ebreak
(eV)

1019.75
1019.46
1019.75

Power
Ebreak&

5.1
4.3
4.7

E ¥
(eV)
1019.77
1019.52
1019.78
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1. Scintillation Systematic errors
Efficien cy Systematic
2 4 4 2 error
: tmospher/c \. E - Fluorescence 12%
Correction yield

Detector 10%
Atmosphere 11%
F't.‘ir"rnzur',»r 59,

particle mass
MC- 29,

correction

Total 19%

3. Telescope 4. Loss of
Parameters HE [ &U



Electron Light Source in Utah Desert

COSMIC RAY

Specification
. electron energy: 40 MeV (max)
. current: 10” electrons/pulse
. pulse width: 1 Lisec

Electran beam

View from the roof of FD station




First light from ELS
___ FDObservation

Sep.3™ 2010 Beam Shot into the Sky, and Observed by FD

Sep.34. 2010 22:00

Observed !

‘; Geantd Simulation of 40MeV electron baam s
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Atmosphere

Neutrino{(D.P.S.)

ﬁelesco pe Array

Neutrino(Upward Shower)
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MC/Data Comparison

Data set: 2007 /Nov — 2010/Sep ;
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o INTDHAIXEAHE (D?)

o ZAILHIT YT, D < 5Mpc ZFR5F

o GFDELEEHK: E27, GZK effect etc.
« 7[E]D smearing with O,

o #RAIHE 5. RIGF T back tracking



RKRRIBETHRELIBFMOD ST

] (OSMEAR =6Y)

E> 1075 eV, 15 events

RS LB AL
P =20%

ST 7T DI
bRl g Jlap sy AL

GMF model by Sun(2008)
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$RATHEISET )L by Sun et al.(2008)
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10 15 20 25
Distance from the Earth (kpc)

M.S.Pshirkov et al. (2011);
Disk field (ASS, BSS) + Hallo T

Faraday RMZ 212k
1 r r— H
Bg(;-? :_;) — BE]H 2ot 5 Rgf exp (_T
L+ (5)

Taylor et al.(2009) by NRAO VLA Sky Survey
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E > 10%° eV, 655 events

15 L Bl
P = 0.0007%
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GMF model by Sun(2008)

P=2.9%
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N corr
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TADAGNLGE

Data: 2008.05-2010.09

Zenith angle < 45deg

E>57 EeV: 15 SD events
(E: scaled to FD energy)

Angular scale 6=3.1deg
Correlared: 6 events
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Event Cluster (&5-g2#555)

Separation Angle Distribution S30Event

oo U] T, "R TS ] W) e TR RS [y, P N P R ey e
: i Uniform 10k set
I : : Data +—e—

bile)

lized vo first bi

Separation fngle O

WOT M

T o Data(e d N |
: : : : : ' T et .. .......................... s, R

E>10 EeV

g 2 4 & & 10 12 14 16 18 20 22 24 26 28 3
Separation Angle L[degl

E > 40 EeV

U Ceunt per separation ar'ueuia I
™

Consistent with isotropic model

= 1

, | . IJ. T I| For 40 EeV, 1 pair was observed

o 2 4 & ® 10 12 14 16 18 20 22 24 26 28 30 | 0.8 pairs expected from isotropy
Earat.im i'-'hgia [d_aEJ g o
for separation angle of 2.5°.

Lount pear separatlion angle normalized to ¥irst bin

2011/04/11 H. Sapawa @ Multi-Messenger Astronomy of CosTC Ravs i
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International Symposium on the Recent Progress of Ultra-High Energy Cosmic Ray Observation
December 10-12, 2010 Nagoya, Japan y‘ I’%
Microwave Detection 7
of UHECR: R&D efforts

Paolo Privitera
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