FLESCOPE ARRAY:
RECENT RESULTS,
UTURE PLANS

Dotiglas bergman

University of Utah

48 WWorkshop on Air Shower Detection at High Altitude
~ 31 January 2013




i

EXperiment

g

T Abu-Zayyad', R Aida2, M Allen'!, R Azuma?®, E Barciko
O Brusova', R Cady', BG Cheon®, J Chiba’, M Chikawe
C Ebeling', H Fu;i"®, T Fuiji"!, T Fukuda®, M F

Y Hayashi'', N Hayashida®, K Hibino', K Hiy:

SJJ Innemee’, N Inoue’, T Ishii2, R Ishimori3, L

O Kalashev'?, T Kanbe?, H Kang'é, K Kasahara'’,

HB Kim®, JH Kim®, JH Kim2°, A Kitsugi®, K Kobayash

S| Lim'®, S Machida3, K Martens??, J Martineau’, T Mat

K Miyata’, H Miyauchi'!, Y Murano®, T Nakamura23, SW

T Okuda'!, A Oshima'!, S Ozawa'’, IH Park'®, D Rodriguez

N Sakurai®, LM Scott5, PD Shah!, T Sl Shimodaira®, [

RW Springer!, BT Stokes®, SR Strat i0, Y Take
Y Tameda?®, H Tanaka'!, K Tanaka?* | 1, SB"
| Tkachev'2, H Tokuno? T Ton :
S Udo™, H Ukai?2, B Van Klave

J Yang'®, S Yoshida'®, H Yoshii?, .

\University of:Utah, 20niversity of Yamanashi, >Tokyo Institute of Technology, #Kinki University, °Rutgers University, SHanyang
University, “Iokyo University of Science, 8Yonsei University, °Institute for Cosmic Ray Research, University of Tokyo, "CInstitute
ofYParticle and Nuclear Studies, KEK, "Osaka City University, "2Institute for Nuclear Research of the Russian Academy of
Sciences, Kanagawa University, “Saitama University, "Tokyo City University, "Pusan National University, '"Waseda
University, '®Chiba University "’Ewha Womans University, 2°Chungnam National University, ?’University Libre de Bruxelles,
22University-of Tokyo, 2*Kochi University, #*Hiroshima City University, ?°National Institute of Radiological Science, Japan, 2°Ehime
_,,-'--‘«";-. Sit) pee -~ i

ik

n,'

31 January 2013 4th WASDHA 2



'j‘;\ xperiment

Battery of Particle _. Communications 4 Miles
SLC- E Telescopes ™ Detector © Tower wj= CLF

R11W R11W__R10W R10W R9W

T16S T158
T

SD: 507 sintillator
counters, 1.2 km spacing,

Ti7S T16S

. 3 sites, each covers
0° azimuth, 3°-31°
elevatlon

afl
=
=l
2
2
|

T18S T17S

T19S T18S
—
T19s T18S

= Over 4.5 years of data e f
have been collected. R .f:::f:f::::";ﬁ;;:::f”j

31 January 2013 4th WASDHA 3



I AYEIuorescence Detectors

= Middle Drum
from HiRes
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%Iack Rock Mesa
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jypical Fluorescence Event
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r = 800m1 Distance from shower axis, [1200m]

4th WASDHA

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).




vbrid Observation

A
|~
(L
“
‘ b
A

' .
= 2

£l
—

vents are seen by several detectors.
[ONOMIEs ~5° angular resolution.
Diantermation (f1ybrid reconstruction) get ~0.5°
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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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Kl

= Aperture calculation

= Generate using
measured spectrum
and composition

L]

1]

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

qrement below

lergy plateau
gy ¥ = Verity aperture

calculation via Data/
MC comparisons

Jse HEP methods of
Data/MC comparisons
in calculating
acceptance (aperture)
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Jata/MC Comparisons
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Jata/MC Comparisons
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ENEStimation energy
by looking up,
lterpolating
between log;,S800-
VS-sect curves
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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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SDISpectrum with Broken PL Fit
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GZK:Significance

ERVVITAtSSithe statistical
signiticance of the HE

break (GZK ctt-off)?

EN@alculate the number
expected with no break _1
and compare to the S R
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integral Flux: E;, Measurement

E@anralserask where is
theixadown by half
from what it would
have been without the

GZK.

ENISave to compare the
tritegral tluxes

—An19.721+0.05

= OuUEmeasurement
compares well with
Berezinsky s prediction
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Gomparison: TA-SD with HiRes
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gomparison: TA-SD with Auger
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Viiddle l_ ‘Um Mono Spectrum

ol ' ctrm measurements (monocular,
[y c epend on a changing aperture.

perture must be calculated by MC

-

ve rely on full analysis of simulated data in
e format as actual data, and comparisons
butlons between data and MC, to verity
ulation.
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SD& FD Comparisons
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VIDSSD Hybrid Spectrum

SNEVOTGEEwer events, much better resolution

Hybrid Resolutions MD Monocular Resolutions
A N — Entries 11628 o | A Y s ___| Entries 19631
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& o0 § @ 1200 Sigma 10
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VID=SD Hybrid Spectrum

Aperture Calculation DMECST prea of

SD Array
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""Hi***l’*:
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» Surface Detector
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SrMono, Hybrid, HiRes
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31 January 2013

event set

the same procedures in
the actual data
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Stereo Data/MC Comparlsons
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Stereo Data/MC Comparlsons

Track Iength
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Stereo Data/MC Comparlsons
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=X > from Corsika
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EX#e > after reconstruction
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vieasured <X . > vs log,,E
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Measured X

o QGSJET-II
Preliminary
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XemeDistributions, QGSjetll
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KemeDistributions: K-S Tests

31 January 2013
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viD 'rlyb:hj omposition
5 X MD ED detector

(Ll

etrical resolution

easured <X__ > to full-
nodel results
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Data

<X .

| Proton MC
= Jron MC

700 =Y,

600 e DATA in good agreement
- C ’ with proton model
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MDHybrid: X .. Distributions

18.0<Log (E)<18.2

18.2< Logw(E) <184
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MDHybrid: X .. Distributions
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MID Hybrid: K-S Tests

il Proton Monte Carlo
A Iron Monte Carlo
P-value = 0.05 Line

15
log, (E) [eV]
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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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[ISS: Data & Models (at 6)
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[ISS: Result of K-S Test

31 January 2013
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structure bysincluding
~deflections in the

rotation measurements

= Need'both disk and
halo components
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EXOtic Searches

=0 Photons = Neutrinos
x Use shower front s Use old/new shower
curvature discriminant: number
of muon peaks in
FADC trace.

PRELIMINARY , =™
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1@ ependent measurements of composition
10w proton-dominated or light composition

| val | directions better compatible with large-
scale structure than isotropy at the highest
energies.

= Galactic field 1s important at lower 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.

TALE Hybrid Event Rate [ yr']

Events / year
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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
log \ '{Er'a‘u‘]
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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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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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trum and composition measurements
h protonic extragalactic cosmic rays

iteextend the low energy down to
ablettomeasure the composition
ectrum of UHEC. s over 5 orders-of-

Lr de in energy

Iso working on new techniques to extend
val lable aperture to measure reasonable
teven higher energies
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