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"% TA is in Millard Co,
{ W g ig‘?. Utah, 2 hours from Salt
e -,: L'akgClvty.

g ."'; oL SD: 507 scintillator
o, counters; 1.2 km

. spacing, 3-m?active
iieareq, tiwodayers.

FD:= 3.8ites;-each covers

e 1200 azimuth, 3°-
A #9918 elevation
EEw ‘. i
e @¥%er 5 years of data
e s § hdve been collected.
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jypical Fluorescence Event
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Angle in shower-detector plane (degrees)
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- Fluorescence
- Direct (Cerenkov) [
g , ‘ Ll
- Rayleigh scatt. ([l
. -
- Aerosol scatt.
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cal SD Event

Linsley Fit
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0 1 2
Distance along shower axis, [1200m)]

Fit with AGASA LDF |
oG ) o

n=(397+0.13) — (1.79 £ 0.62) (sect — 1)

« S(800): Primary Energy
« Zenith attenuation by MC
(not by CIC).

CRA Workshop, Madison



EStimationmenergy by looking up, interpolating between
Slog;5800=vs=sec(0) curves

log,, [ S800/ (VEM m?) ]
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vbrid Observation
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vents are seen by several detectors.
[ONOMIEs ~5° angular resolution.
Diantermation (f1ybrid reconstruction) get ~0.5°
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ion.
J D resolution ~0.5°

INEed stereo or hybrid for composition analysis.

,)-a dent SD and FD operation until 2010.
' 1gger IS In operation Nnow.
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Scale Structure

ol real g priori expectation for
[SOLTOPY 1S that it should be associated
iter: distribution in the Universe

— — -~

Account for all interactions and redshift losses

Apply: Gaussian smearing in arrival direction, with the
angular size treated as a free parameter. This mimics
magnetic field deflections and angular resolution.

. Compare prediction to data by the flux sampling test
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GOrrelation wi h Large Scale Structure

SNETeNSIonly one a priori expectation for
pPyiat the highest energies:
‘sfionllibe associated with distribution
itter i the Universe
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sorrelation with Large Scale Structure
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ol 155 & XSCz surveys to provide sources of
1EC {s: 'I _l.) 000 galaxies, from 5 Mpc to 250 Mpc
[form eyond 250 Mpc)

proton primaries and apply interactions
dshlft losses
mear arrival direction by a variable angle to
¢ deflections and resolution
map of fluxes (including detector exposure)
| e prediction to data by the flux-sampling
 test (K-S test of the sampled fluxes between data

and MC samples)
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“.
slation with Large Scale Structure

mearing and no detector sensitivity
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20

ith Large Scale Structure
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>10 EeV
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@orrelation with Large Scale Structure

> 40 EeV

, E > 40 EeV
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gorrelation with Large Scale Structure
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@orrelation with Large Scale Structure
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E > 57 EeV

R = =
IR 3 O inconsistency with isotropy!
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A Hotspot”

ERBVISVEROne might say there’s a spot in the E > 57 EeV

Declination [Degree]

80
Right Ascension [Degree]

26 September 2013 CRA Workshop, Madison




A Hotspot”

ERBVISVEROne might say there’s a spot in the E > 57 EeV
Sample

= Real'or apophenia?

Declination [Degree]

180
Right Ascension [Degree]
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Aftocorrelation
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SoN(Prestiial) minimum at ~25°; largely comes from
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HOtspot with oversampling
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EXpectation

MC NORMALIZED TO DATA
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HoOtspot significance

ENVASOROINCS test gives 3 0 significance
HNSIKyAmMapigives 3.9 0 significance

ENSotropic samplesigive chance probability of 0.012 (2.3 0)
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Aperture calculation

= Generate using measured
spectrum and
composition

= Treat simulated data
exactly the same as real
data: same format, same
analysis chain, same cuts

ctend measurement Verify aperture
he energy plateau calculation via Data/MC

comparisons

- = Usel Pmethods of
ata M comparisons in
calculating acceptance
(aperture)
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Jata/MC Comparisons

| Db i i bt ity ket fainiady M |

ZenithAngle 7 LDF %2/DOF Pulse Height
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6 [Deqree

log;, S800
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Energy Scale

ENSIDIENENED energy
estimationsidisagree

- D estimate possesses
less model-dependence

ENSet S energy scale to FID
energy scale using well-
econstructed events
from all 3 FD detectors
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3
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= 217 systematic
) ! . 18.5 19 19.5 20 20.5 21
uncertainty i FD energy SD, log, (EleV)
scale
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SIDJAcceptance
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SDISpectrum with Broken PL Fit
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GZK:Significance

ERVVITAtSSithe statistical
signiticance of the HE

break (GZK ctt-off)?

HN@alculate the number
expected with no break
and compare to the
number seen
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= EXpect 68.1, observe 26,
5.74 Orsignificance
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IASSD with HiRes & Auger
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IASSD with HiRes & Auger
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viohocular FD Spectrum

ctrum measurements (monocular,

ol y;o id) depend on a changing aperture.
perturegrows with energy.
1 iture must be calculated by MC

Ef
|

[ we rely on full analysis of simulated data in
":_'r Same format as actual data, and comparisons
_'lf distributions between data and MC, to verify

' this calct lation.
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Monocular Data/MC

18.0 < Iog10 (E/eV) <18.5 18.0 < Iog10 (E/eV) <18.5

18.5< Iog10 (E/eV) <19.0 = 18.5 < Iog10 (EleV) < 1?0

o

Iog10 (E/eV) = 19.0 Iog10 (E/eV) =19.0

OO

100
Yy (degrees)

2
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S8 FD Comparisons

SD and Monocular Spectra

'sD Spéctrdm
O Monocular Spectrum

18 182 184 186 188 19 192 194 196 198 20 20.2 204
og (E/eV)
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Bomposition from X__.

EESShowerlongitudinal

850
development depends on
primary particle type ¢
= FID observes shower S 750
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ASMD Hybrid Composition

=RVIeasture X . for . e 10478

eventsiseen in hybrid o Constant 1708

mode by Middle Mean  -0.002675
PDrum FID and SID.

= fhe resolution is E
excellent i

Sigma 004753

vy

L
L8 008 <004 0002 o o2 004 De D0

(R, -Re )R

HN@reate simulated
event set; apply
exactly the same
procedure as with the
data: acceptance bias
is the same in both.
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Hybrid Data/MC Comparisons

Shower Detector
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Shower Detector
Plane Angle
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viean X .. Measuremnt

proton M

Data
<Xﬂ.l>
Proton MC
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TA data look like protons in QGSJet-II
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kﬁsx by Energy

Number of Events

18.0 < DATA/MC Log(E) < 18.2

= Data
—— Proton Monte Carlo
—— Iron Monte Carlo

— Proton Monte Carlo
— Iron Monte Carlo

i
900 1000 1100
Hppax lgfem]

MNumber of Events

18.2 < DATA/MC Log(E) < 18.4 K-S Probabiliy)]

Proton 0.300
Iron 5.70x10°%

= Data
— Proton Monte Carlo
— Iron Monte Carlo

—— Proton Monte Carlo
— Iron Monte Carlo

ol S B
1000 1100
gy [vem®l

Number of Events

Number of Events

18.8 < DATA/MC Log(E) < 19.0

K-S Probability
Proton 0.759
Iron 1.96x107%

= Data
Proton Monte Carlo

I — Iron Monte Carlo
- 1
illﬂ At
700 800

1000 1100

19.2 <DATA/MC Log(E) < 19.4
i g

= Data
Proton Monte Carlo
Iron Monte Carlo

900 1100
Xuax [g/em’]

TA data look like protons in QGS]Jet-II, at all energies!
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~Uture pﬁ ans: Low Energy

/~ ics was skipped in the push to
GZK cutoff.

gidity-dependent cutoff that starts with the

C
'—h

53 5'58\/).
cond knee

9_,

ne
e g 1act1c extragalactic transition

iy 5_'r 1016 and 10 eV decades with hybrid

R ced te observe from 3x10% eV to 3x10% eV all in
one experiment. That is TA, TALE and NICHE.
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ALE

HAWEANIOelescopes at
the' Wiiddle Drum site,
looking from 51°-59° in
elevation.

" @perate i conjunction

with the TA Middle
Prum ED.

=NHigh elevation allows
measurement of _“
close-by showers -

Elevation, degrees

e e
JYrre %

Azimuth, degrees north of east
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' spacmg) forhybrid

observation.

composition
measurements
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TALE

ERIAYSERVbrid will cover
energiesidown to 101~

eV

= TALE will be able to

confirm the observation
offthe [ron knee seen by
iKascade-GRANDE and
measure the heavy-to-
light'composition
change expected in the
10*” eV decade.

26 September 2013

TALE Hybrid Event Rate [ yr']

Events / year

Mean 17.3

RMS  0.4341

Integral 5736

E hybrid events pe

17.5
Iogm(EleV)

o Proton

o lron

—— Average

TALE SD Events per year

16.5 17 17.5 18 18.5 19
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NIGHE

ERIONCONOWer in energy

than PAINE) need to use
Cherenkov light

ENATM to build a Non-
imaging CHErenkowv
array (NICHE) within
thie field-of-view of the
UNBE 11D,
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TALE-FD: 2013/00/10 10:49:20.604393
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NIGHE

ERIONCONOWer in energy

thiam TAICE, need to use i

Cherenkov light ' o s ey
R ATm to build a Non-

imaging CHErenkov

array (NICHE) within

the field-of-view of the
TALE FD.

-112.98 -112.97 -112.96
Longitude
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NIGHE

ERIONCONOWer in energy

than PAINE) need to use
Cherenkov light

ERATM to build a Non-
imaging CHErenkowv
array (NICHE) within
thie field-of-view of the
UNBE 11D,

= Use light, easy-to-
deploy counters

= Rely on timing width
for composition
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NIGHE

EN@anieasily measure
below 10*°eV with
fairly wide spacing
= Can go below Knee

with smaller spacing

sr)

Aperture (km?
N w
N o w o

-
w

ENEXpect overlap of at
least a decade in
energy with TALE

= Cross calibration of
energy and X, .
measurements

17. 18
Iogm(E/eV)
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TARA

ERatesiatthe highest
energiesiare too low

= Need bigger
experiments.
= Bistatic radar detection:
" Remote sensing
= [nexpensive
a 100% duty cycle

19 o bl
chirp

Frequency [MHZz]
Magnitude [volts] L

100 105 110 115 120
Time [us]
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Increase in size
A -
SAddI500'SID counters

(plenty of room to/N and
Sk), 2.08 km spacing;

Add one SD site, 14
I telescopes

Get 20 TA-years by 2019:
Definitive answer to LSS
andihotspot questions.

= Proposals to be submitted

this fall:
= SP = Japan
- HD) = U3
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m P

e Ie.lesc r) Array (TA) Experiment is collecting
annrthiesorthern hemisphere.

q erlment which has excellent
eImatic uncertainties.

8 nt TA spectrum, composition, and
Otropy results are being presented.

projects are starting.
discovery experiment.
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