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Ultra-high-energy cosmic rays

• “Fixed-target” experiment with 
intergalactic “beamline”

• Primary particle energy > 1018 eV

• Inelastic collision with atmospheric nuclei 
produces cascade of secondary particles
• Directly detect secondary particles at surface

• Fluorescence and Cherenkov radiation in air
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Telescope Array science objectives

• Measure ultra-high-energy cosmic rays (UHECRs):

• Anisotropy of arrival directions

• Energy spectrum

• Chemical composition

• Extend observation capabilities to lower energies
• Transition from Galactic to extragalactic sources

• Overlap with LHC p-p collisions (COM energy)
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TA detectors
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TA detectors
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TA detectors
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TA detectors
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TA detectors
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Anisotropy: 57 EeV hotspot

2014-08-25 T. A. Stroman - PANIC 2014 - Hamburg 10

Events within 20° radius
(5-year surface-detector data set)

N



Anisotropy: 57 EeV hotspot
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Events within 20° radius
(expected, assuming isotropy)
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Anisotropy: 57 EeV hotspot
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Significance of excess
(5-year surface data set)
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Anisotropy: 57 EeV hotspot

• Excess with 5.1s significance in region of 20° radius

• Chance probability of 5.1s cluster anywhere in sky: 
3.65 × 10–4 (3.4s)

• Publication: R. U. Abbasi et al., ApJ 790 (2014) L21

• Including newly processed sixth year of data: 
• 5.1s → 5.55s

• Chance probability: now 4.0s
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Spectrum: GZK regime

• Ankle and cutoff clearly 
visible in 6-year SD data
• Ankle: 1018.698 ± 0.020 eV
• GZK: 1019.742 ± 0.038 eV
• post-GZK: E–4.539 ± 0.441

• Cutoff significance: 6.59s

• Berezinsky E1/2: 1019.729 eV

• Publication (4-year):    
Abu-Zayyad et al., ApJ 768 
(2013) L1
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Extend spectrum to low energy

• TALE = TA Low-energy Extension
• High-density SD array (400 m grid)

• High-elevation-angle (33°–59°) FD telescopes

• Two analyses for TALE FD data
• Fluorescence-based (same as standard TA)

• Cherenkov-based
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Spectrum: low-energy w/ TALE FD

2014-08-25 T. A. Stroman - PANIC 2014 - Hamburg 16



Spectrum: low-energy w/ TALE FD
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Spectrum: summary

• TA spectrum shows strong internal agreement
• SD measurement at high energy

• FD measurement at low energy

• Previous generation experiment (HiRes)

• 4 orders of magnitude!
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Composition: 
longitudinal shower profile (Xmax)
• Xmax = slant depth of shower 

maximum 

• proportional to primary UHECR 
energy per nucleon
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CORSIKA simulations of 1 TeV
showers, showing different
longitudinal development
for protons (left) and 56Fe (right).

proton iron



Composition

• Data: hybrid detection and reconstruction
• Simultaneous observation by SD + FD

• Accurate shower trajectory and longitudinal profile

• Interpretation: Monte Carlo simulation
• known composition: pure protons or pure iron

• hadronic interaction: QGSJet II-03

• simulate full detector response; identical data analysis

• Compare data with MC at several energies
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Data/Monte Carlo comparisons: 
Xmax distribution by UHECR energy
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Composition: elongation rate
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Composition: summary

• Presented here: hybrid analysis 
• data from surface detectors and only one FD site
• consistent with protons above 1018.2 eV

• Publication:
• submitted to Astroparticle Physics
• arXiv: http://arxiv.org/abs/1408.1726

• Several parallel analyses, in preparation, corroborate 
proton interpretation
• hybrid using other two FD sites
• stereo using all three FD sites
• other hadronic interaction models
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Telescope Array: future plans

• Expand: TA × 4

• 500 new SDs, one new FD 
station
• greater SD spacing to 

improve GZK-regime 
exposure

• 20 “TA years” by 2019 for 
definitive anisotropy 
results
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Telescope Array: future plans

• Extend: NICHE array

• Non-Imaging CHErenkov
• Below TALE energy (PeV)

• Observe near “knee”

• Build within TALE field 
of view

2014-08-25 T. A. Stroman - PANIC 2014 - Hamburg 25



Telescope Array: future plans

• Explore: TARA and TALMA

• TARA: bistatic radar UHECR detection using analog 
TV channel 2

• TALMA: search for lightning with coincident particle 
detection

2014-08-25 T. A. Stroman - PANIC 2014 - Hamburg 26



Conclusions

• Telescope Array is meeting its 
UHECR science objectives
• Anisotropy: 4s and counting

• Spectrum: 4+ decades in energy

• Composition: converging on 
protons above 1018.2 eV

• Forthcoming analyses and new 
hardware: many more results 
yet to come!
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