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1. Introduction: what is UHECR?

2. Detector: Auger and TA

3. Results: spectrum, particle & anisotropy
4. Prospects
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UHECR : Ultra-High Energy Cosmic Ray

* may be extra-galactic origin but
no identified acceleration site/mechanism

e probes nearby (~100Mpc) HE astrophysical phenomena
& hadronic + nuclear interactions beyond LHC energy

 Research advanced significantly in the last decade by
v" 3d shower imaging by telescope
v" Huge detector (x10 more events)
v Energy scale better understood
v Accelerator data to calibrate shower simulation

TA: Telescope Array in Utah
Pierre Auger Obs. in Argentina



Extensive Air Shower

Radiation Length

36.7 gr/ cm?

Interaction 90 gr / cm?
Length
Critical Energy 81 MeV

Moliere Radius

)

-~

)

=1
-
O

-
L%

™
terval+(.

010 in

1.1 km coredistance
s

s T"eunang Q

10 MeV

i
1
sl PR | . PETTTT e | & 0 4w anaal
3

1 10 107 107 1 n“
energy (MeV)

1 GeV




Surface Detector (SD) + Fluorescence Detector (FD)

> Energy scale
> Spectral shape

> Particle composition

> Anisotropy
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Composition vs Longitudinal Shower Development

EAS simulation for proton and Iron
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The Pierre Auger Observatory_

Argentina, Mendoza, Malargue i |
1.4 km altitude, 870 g/cm? L g
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1 based sampling

Auger

EM based sampling

50 MHz sampling

16-bit H/L scheme

GPS time stamp (~10ns)
2.4 GHz wireless LAN
~200 SDs to a com. tower
Calibration by 700 Hz u
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SD Event
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Energy Calibration E’¢j (s, for Auger) VS Ery using hybrid events

FD energy E,

21

20.5 Hybrid events

g

BR.LR,MD Hybrid, log_(E/eV)
; = !.DL (X}
Ll -] o =

11? 17.5 18 18.5 19 19.5 20 20.5
8D, log, (EfeV)

1

SD energy E¢,
Esp = E'sp/1.27
e S-800 = # of particles at D=800m

* S-800(E’sp , th) map is obtained by
air shower simulation.

10

7 Good correlation (~linear)

for 10182 < E <101°-8 ev.

IEGRESUSNEN »  Limited statistics for E > 101°-2 eV
Jan 2004 — Dec 2012

2 3 4567810 20 30 40 107
Epp[eV], Auger E-scale updated (ICRC2013)
. B A=0190 x 10" eV using (nearly) reference model.
SD A Sgg B =1025 * TAE-scale unchanged:

» Spectrum: FLASH
> Yield: Kakimoto et al. extended

* Sig=#o0f VEMs at 6=38° and D=1000m > same as HiRes

Zenith attenuation of VEMs obtained

from Constant Intensity Cut (CIC) 15 V. Verz,
ICRC2013



THE AUGER ENERGY SPECTRUM \hinedaickeons
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TA Energy spectrum and Astrophysical Scenario

pair creation E-loss
in UHECR(p) + CMB/IRB collision
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Fit with extra-galactic proton

Source Distribution
e Uniform
e LSS (~2MASS XSCz)

Energy Loss with

e CMB

* Infra-Red

using CRPropa 2.0 simulation
checked with analytic AE.

No magnetic field.

4-parameter fit
 Injection spectrum : E P
Eqy = 1021 eV
. m
e Evolution : (1+z)
* Flux normalization
* Energy scale

Evolution

2

0.1

0.01

0.001

0.0001
21 2.2 2.3 24 25 286 2.7

Power Index

For LSS
P=2.37 +0.08 —0.08

m=5.2 +1.2-1.3
Log E’/E = - 0.02 +0.04—0.05

preliminary 17 E.Kido
ICRC 2013



Spectrum at UHE : Auger and TA
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| —e— Auger combined
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—=— TA-SD ?

...........
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Flux suppression (E>10%°7 eV)
may be caused by the CR
acceleration limit (Auger)

From Y. Tsunesada
D. Bergman ICRC 2013
ICRC 2013 Rapporteur Talk
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Correlating fraction
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Auger data until July 2011  95% Ci s |
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Correlation with AGN in VCV

Cata

ogue within 75Mpc

g E>55EeV in2011E-scale
e 28/84tot) correlated

0.2

01

0 10 20 30 40 a0 60 70
Number of events (excluding exploratory scan)

120

Cen A/

_K P=0.006 from isotropy

AGN \
3.1° circlg
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2MASS XSCz

TA  owmmspmes,.  Arrival Directions  shades: ecectation from

E>10 EeV

aba E>57 EeV
2130 event 52 events

Compatibility with Large Scale Structure
of galaxies (shade): P~ 0.1

Compatibility with Isotropy: p ~ 0.001

22
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TA preliminary A large flux enhancement in hotspot

Looser cuts:

e No 1.2 km boarder cut
e 0<55° — :
e E>57EeV - : e E > 57 EeV

2008 May — 2013 May:
A Total of 72 events selected.

Overlaying with r = 200 circle

Background from 72 random
isotropic events estimated by MC

1.4 x 10 (3.6 o) probability
to see 5.1 o0 enhancement

anywhere in TA’s aperture. N




Auger and TA collaborate in data analysis for

€ All sky (North+South) coverage, common anisotropy/source analysis
€ Understand differences in composition and E-scale

by exchanging calibration, analysis, simulation, tank/scint.

Both continue UHECR observation With

€ TA extension for x 4 acceptance (+500 SDs and +1 FD)
€ Auger extension for improved muon tag.

~ 3,000 km? coverage in North and South

24
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Summary: Present Status

Clear end-point structure in energy spectrum.
Is it by UHECR - CMB interaction (GZK)?

Composition: is it proton, or changing to heavier nuclei?

Ambiguities in data and shower MC.
Information on UHE hadronic and nuclear interactions.

Indication of AGN correlation at 2-3 o.
Large flux enhancement in hot spot (3.60) to be confirmed.
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Next Generation Detector
to collect 1-10k events ( E>101°7 eV )
for identifying individual source “star”.

~100,000 km? coverage.

1. Radio detection (MHz, GHz, Radar,...)
2. Telescope in space: TUS/KLYPVE and JEM-EUSO

3. super-Ground-Array (with PID and tracking)



[ _ 1
5m? Fresnel Lens
+30° FoV -

7

- 30°

E
=
=
m
=

i

2m?2 Mirror
+2.5° FoV

10m? Fresnel Mirror
+7.5° FoV
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super Ground Array in brain storming discussion

Key for SD: Good PID, esp. for muon.

1. Nuclear Z-tagging by muon ratio

2. UHE gamma is mu-less “vertical” shower
3. UHE neutrino is EM “horizontal” shower
4. ( Lightning causes gamma ray shower)

Key for FD: good optics, esp. for flat-fielding.

RD (radio detector) hybrid?

Operable in the field with no life lines.

Remote and distributed DAQ

Affordable (economy and ecology).

Frontier Detector Technology of HEP-may-be applied!



Backup



Plastic Scintillator

3m?, 12 mmt
WLSF readout, 2 layers overlaid




HiRes Auger TA
Calibration 10% 9.9% 95% 3 10%
Fluorescence yield 6% 3.6% 14% D 1%
Atmosphere 5%  6.2% 8% @2 1%
Reconstruction 10%  6.5%  10% @ 10%
Invisible energy 5% 3.0% 4%, (included abo
OIS EINEN 17%  ~14% <+—22% 21%

T
Uncertainty /

in ICRC 2013

Auger updated energy scale

e

Energy Increased by 16% at 1080 eV

and 10% at 101° eV

@ Event reconstruction E‘:

@ callibration

FD Energy Scale

%
\%O
Z
<

@ Fluores. yield

@ (u, v to the ground)

V. Verzi,
ICRC2013

A. Lettessier-Selvon
ICRC2013
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Counts

x 102

1500

1000

500

Air Fluorescence : Reference model established

Reference Model proposed by B. Keilhauer & experimental groups
at UHECR2012 @CERN.

AirFLY

290 300 310 320 330 340 350 360 370 380 390 400 410 420

Wavelength (nm)

e Spectrum at 1013 hPa and 293 K:  AirFLY

| » Extinction, T and humidity dep. : AirFLY, N.Sakaki et al.
| * Normalization (AF Yield at 337nm) : open

Yield A(P, T, humidity) p mﬂ

Y E 92T P, RH)(pWMeV) = Vi, (T, B.)- 1,(T,. B.)-

P T 12—
ol
Tr=T,=293K Py (L. RH)\ T
Pr=800hPa

B. Keilhauer et al., M. Ave et al.
UHECR 2012 AirFLY collaboration 33
arXiv:1210.1319 ApP 28(2007)41

T. Shibata,
ICRC 2013



£LS in TA-BRM Site peise

<Specification of ELS > e el S

e | Fluorescence Detectors Station
B Beam Energy 40MeV (Max) & : I ..t Black Rock Mesa site L -
® Beam Intensity 10%e~/pulse —

® Pulse width 1 psec
® Repetitio 0.1-1 Hz

L —
M ELS (taken in Feb.2009 at KEK
et ] o

- =

o~

Sl T SR

= e ——
Wigh Fosswr el od

er FoV Telescope

Event picture of air fluorescence
generated by electron beam

T. Shibata,
ICRC 2013
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Auger LnA Study

<Xmax>, G(Xmax) =» <InA>, G, ,

USing <Xma\> <)(1§m\> DP {\Iﬂ Ax
o(Xmax ) = (07) + Dg a(InA)?

DP : elongation rate

Oj 2 : mass averaged shower fluctuation
» (In A) decreases until ~ 10183 eV
» increase of (In A) at higher energies.
» small o2 , < 1 at high energies

Bottom Line of Auger Xmax study:
» showers at ultrahigh energies

are shallower and fluctuate
less than proton simulations

E.J. Ahn, M. Unger
ICRC 2013
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TA L_Jn-_c_orrel_ate_d Event | Correlated Event

Correlation with VCV
in the north

e Data until May 2013
e Same condition as Auger

1 E>57 EeV inTAsE-scale
17/42tot) correlated

360°
\

N corr

36 P. Tinyakovy,
N 101 ICRC2013
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