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Outline

e Surface detector configuration

e Simulation program
e Dethinning
e Spectral event set generation

e Event reconstruction
e Lateral distribution function
e Data/Simulation comparisons

e Energy spectrum estimation




Telescope Array

Surface Detector Configuration
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Located 200 km SW
of Salt Lake City

507 surface units on
1.2 km rectangular
grid

Total area: 680 km?
SD augmented by 3

air fluorescence
stations

SD commissioned in
May 2008



SD Configuration: Seese
Surface Detector Unit 3

e 3 m? bi-layer scintillator

e 2 channel 50 MHz ADC
readout

e Self-calibrating (via
atmospheric utu-)

e Solar power

e Radio Communications

e Most units require
servicing less than
once per year




SD Configuration:
Surface Array Triggering

e Level 0: ~0.3u equivalent
(740 Hz)
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SD Configuration:
Surface Detector Milestones

485 counters deployed:
Mar 2007

Test with 3 small
arrays:
Jun 2007

Observations with 507
counters divided into 3
sub-arrays:

Mar 2008

Thresholds stabilized:
May 2008
Observations with full
array trigger:

Nov 2008




Simulation Program

e CORSIKA 6.960
QGSJET-II/FLUKA

Center

e Parallelization for Hioh-
o Pertormance
e Dethinning T

e GEANT4
e Superb detalil

e Very computationally
Intensive



Simulation Program:
Augmentations to CORSIKA

e Parallelization & o
e Wrapper scripts ‘ ; :
and binaries ‘ :

o CORSIKA itself : L#::
left untouched -

e 100+ showers e
10185 to 10195 eV ? ® L»:

0° to 60° zenith T C:

p, Fe — =



Simulation Program:
Augmentations to CORSIKA

e Dethinning

e Change each
CORSIKA output
particle of weight w to
w particles with similar
characteristics to the
original particle

e Adjust dethinning :
parameters to agree  nower core 7N weigied patiteswam
with full CORSIKA oA -
generated via

parallelization
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VEM / Counter

Verifying Dethinning:

Lateral Profile

Proton, 101° eV, 30° zenith angle

Parallel vs. Dethinned: Proton, 10" eV, 8=30"
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Verifying Dethinning:
Temporal Distribution

Parallel vs. Dethinned: Proton, 10™ eV, 6=30°

Parallel vs. Thinned: Proton, 10" eV, 6=30°

t,,, (sec) 2000m

t;, (usec normal to shower front)
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Verifying Dethinning:

Secondary y Spectra
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Verifying Dethinning:
Secondary e*e” Spectra

e'e” Spectrum at r=[2000,2500]m: Proton, 10'°eV, 8=30°
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Verifying Dethinning:
Secondary ptu- Spectra

p*i” Spectrum at r=[2000,2500]m: Proton, 10*%eV, 6=30°
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Simulation Program:
Reproducing the Real Data Set

e CORSIKA shower library:
e 33,000 dethinned showers
e 10" 1to 1020 eV
e |sotropic distribution

e Calculate energy deposition
for entire shower

e GEANT4

e Simulate SD electronics
repeatedly for each library
element

e Select events for data set
with respect to previously
measured energy spectrum

Enterthe Matrix



SD Analysis:

A Careful Analysis Method :

e Simulate the data the same way it is observed.
e Write out the MC events in same format as data.

e Use fitting functions observed by previous
experiments (i.e. AGASA) to ensure model
Independence.

e Analyze the MC with the same programs used for data.

e Test with data/MC comparison plots.

o If they agree, say: “| understand my
detector’; otherwise, work harder.




SD Analysis:
Geometric Fit

e Event direction is found by minimizing:

— — 2
2 nSZDS (tl _TO _TPIane _TD)2 +(R_RCOG)
= Ts (180m)’

r = Event Direction

T, Time of the core hitting ground

Shower Front T

T, plane T1ime of the shower front plane

T, Time delay (Modified Linsley)

T. Fluctuation of time delay
(Modified Linsley)

R (Fitted) core position

= Core position found from the
COG  center of gravity of charge



SD Analysis:
Lateral Distribution Fit

 Fit with AGASA LDF

plr) o (%)_m (1 + ﬁ)_h_m] {1 + (ﬁ)ﬂ}

n=(397T£0.13) - (1.79 £ 0.62) (sec & - 1)

=[5

Charge Density, [VEM/m?)

Distance from shower axis, [1200m]

r=3800m



SD Analysis:
F|tt|ng Results

Time fit residual over sigma
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|ldentical analysis routines
are applied to data and
Monte Carlo

Fit results are compared
between real and
simulated events

Monte Carlo fits the exact
same way as the real
data.

Consistent for both
geometric and lateral
density fits.



SD Analysis:
Data Quality Cuts

e Good data fits:
e y?’/d.of.: >4.0
e Pointing direction resolution: < 5°
e Fractional S800 uncertainty: < 25%
e Good shower geometry:
e Border Cut > 1200m
e Zenith Angle Cut: < 45°

e 1.75 years, 6264 events.




SD Analysis:
Energy Determination

e Energy
determination table
IS constructed from
the fitting results of
the Monte Carlo.

e First estimation of
the event energy is
done by
interpolating : : :
between S, vs. )
secO isoclines. secO




SD Analysis:
Data/MC Comparisons
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SD Analysis:

Data/MC Comparisons
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SD Analysis:

Data/MC Comparisons
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SD Analysis

Angular Resolution
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SD Analysis:

Energy Resolution
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SD Analysis:
Energy Scale

lllllllllllllllllllllllllllllllllllll

7 175 18 185 19 195 20 20.5 21
Ero(BR,LR Hybrid Ikeda, MD Mono Rodriguez), log, (E/eV)

. L I T T T T N T T T 1 !_L‘_|||
0 0.5 1 1.5 2 25 3 3.5, 4

Egp/Eqp(BR,LR Hybrid Ikeda, MD Mono Rodriguez), E> 10"%% eV

e Energy scale is more

accurately by FD than
by simulation

e Set SD energy scale to
Middle Drum (i.e.
HiRes-I) FD energy
scale using well-
reconstructed events
seen by both detectors:

e 27% renormalization.
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SD Energy Spectrum:
GZK Feature
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* Assume no GZK cutoff and
extend the broken power law fit
beyond the break

* Apply this extended flux formula
to the actual TASD exposure,
find the number of expected
events and compare it to the
number of events observed 1n
log,,E bins after 10'°%¢V bin:

— Nggpper = 184

— Nogsgrve = 2

PROB=) _ Poisson( = 18.4:1) = 2.41 x 10™*
=0 (3.50)



J(E) x E¥10** ( m? x s x sr'xeV?)

SD Energy Spectrum: e
Comparison S

e : ;:ﬁgilhida.hlan:hzmm
."]:_ & TA MD

i ] ®@TA
"‘”HHHﬂMi {14 | WPTA Hybrid
_ | . | ATAMD

1[:"1'_ | | | | _“I-'

B T I T ¥ [ T V- T R

20.5
log 7 n{EJ’a‘U’}



SD Energy Spectrum: T
Comparison esel
Br L r e T e ey r ey, - ':I?Hsn1
10 v HiiResd !
E ff?"'f' E ‘ TA

AMiRes-|
V¥ HiRes-ll

i
"""*vl?f"‘fﬂ*ﬂ_}hl

J(E) x E*M0** (m? x s x sr!x eV?)
I

10—




SD Energy Spectrum:
Comparison

-y
=]

=y

J(E) x E¥10** (m? xs'xsrixeV?)

=
o

2

AGASA
Auger (PRL-101-061101)
HiRes-|

HiRes-ll

TA HB (Ikeda, Mar 2010)

TASO O

3 ¥l_%r

i i A HiRes-l
??*11 - .
'””“tt'r‘*?i 4#*; V¥ HiRes-ll

[ B | L N

HTA

WCra sD

i
| | II1IIII

17 175 18 185 19 195 20 _ 205
Iogw[Efﬂ'}



Conclusion: R
A Work in Progess

e TA possesses the largest aperture for UHECR's in the
Northern Hemisphere.

e SD energy spectrum measurement shows good
agreement with results previously reported by HiRes.

e Data collection is ongoing.
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