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HiRes-I 

HiRes-II 

 HiRes was a stereo 
fluorescence detector, 
operated from 1997-2006 on 
Dugway Proving Grounds 
in Utah 

 Observe the air-showers 
created by CR’s by 
collecting fluorescence light 
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 Light collected by 5 m2 
mirrors onto an array 
of 256 (16×16) of PMT’s 

 Each PMT sees 1° cone 

 Each PMT records time 
and amount of light 
seen 
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20 km 
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 Aperture 

 The aperture varies 
with energy… 
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 Aperture 

 The aperture varies 
with energy… 

 … but HiRes triggers 
on brightness 
 Systematic uncertainties 

from detector model not 
from shower model 

 Look at bulk of shower 

 Demonstrate 
understanding of the 
detector by Data/MC 
comparisons 

 

14 February 2012 UHECR 2012 9 



 Distance to shower 

 Constrains atmosphere 

 Constrains trigger 
threshold 
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HiRes-II: RP Distribution 
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 Distance to shower 

 Constrains atmosphere 

 Constrains trigger 
threshold 



 Distance to shower 

 Constrains atmosphere 

 Constrains trigger 
threshold 

 Shower angle 

 Constrains atmosphere 
(Cherenkov) 

 Constrains resolution 
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HiRes-II: ψ Distribution 
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 Distance to shower 

 Constrains atmosphere 

 Constrains trigger 
threshold 

 Shower angle 

 Constrains atmosphere 
(Cherenkov) 

 Constrains resolution 
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 Distance to shower 

 Constrains atmosphere 

 Constrains trigger 
threshold 

 Shower angle 

 Constrains atmosphere 
(Cherenkov) 

 Constrains resolution 

 Angle and distance 
(range) are the aperture 



 Distance to shower 

 Constrains atmosphere 

 Constrains trigger 
threshold 

 Shower angle 

 Constrains atmosphere 
(Cherenkov) 

 Constrains resolution 

 Angle and distance 
(range) are the aperture 

 Check resolution by 
check of χ2 distribution 

14 February 2012 UHECR 2012 15 

HiRes-II: Fit χ2 Distribution 



 The HiRes monocular 
spectra were the first to 
see a UHE Cutoff 

 Most of the cutoff 
significance comes 
from HiRes-I 

 Ankle measurement 
largely due to HiRes-II 
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 The HiRes monocular 
spectra were the first to 
see a UHE Cutoff 

 Most of the cutoff 
significance comes 
from HiRes-I 

 Ankle measurement 
largely due to HiRes-II 

 5-σ significance of 
cutoff: expect 43, see 13. 
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 The cutoff predicted by 
Greisen, Zatsepin and 
Kuzmin was from 
protons interacting in 
transit with the CMB 
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 The cutoff predicted by 
Greisen, Zatsepin and 
Kuzmin was from 
protons interacting in 
transit with the CMB 

 Observed composition 
should be consistent 
with protons 

 

14 February 2012 UHECR 2012 21 



 The cutoff predicted by 
Greisen, Zatsepin and 
Kuzmin was from 
protons interacting in 
transit with the CMB 

 Observed composition 
should be consistent 
with protons 

14 February 2012 UHECR 2012 22 



 The cutoff predicted by 
Greisen, Zatsepin and 
Kuzmin was from 
protons interacting in 
transit with the CMB 

 Observed composition 
should be consistent 
with protons 

 Cutoff energy should 
match prediction from 
Δ-production threshold 
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1019.73±0.07 



 The cutoff predicted by 
Greisen, Zatsepin and 
Kuzmin was from 
protons interacting in 
transit with the CMB 

 Observed composition 
should be consistent 
with protons 

 Cutoff energy should 
match prediction from 
Δ-production threshold 
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Aloisio et al,  Astropart. Phys. 27 (2007). 



 The cutoff predicted by 
Greisen, Zatsepin and 
Kuzmin was from 
protons interacting in 
transit with the CMB 

 Observed composition 
should be consistent 
with protons 

 Cutoff energy should 
match prediction from 
Δ-production threshold 

 GZK and Ankle agree 
with CMD energy loss 
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 HiRes observes the 
Ankle and a High 
Energy Cutoff 

 Observed first in 
monocular, confirmed 
in stereo 

 The cutoff is consistent 
with the GZK Cutoff in 
the strict interpretation 
as a result of protons 
interacting in transit 
with the CMB 
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 Hybrid experiment 
 Surface 

 507 scintillation 
counters 

 1.2 km spacing 

 3 m2, two layers. 

 Fluorescence   
 3 sites 

 Each 120° azimuth 

 3°–31° elevation 

 Over 3 years of data 
have been collected. 
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 Aperture 

 Unlike fluorescence, 
aperture constant 
above some threshold 

 Like fluorescence, 
aperture changes 
below that threshold 

 By understanding 
detector response, can 
push well off efficiency 
plateau 
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 To model detector need 
to produce lots of 
showers 

 Can remove most of 
the statistical effects of 
thinning by spreading 
out weighted shower 
particles from Corsika 
as a swarm of particles 
coming from a 
calculated vertex 

 Allows accurate 
reproduction of particle 
arrival times 
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Parallel vs Thinned: Proton, 1019 eV, θ=30° Parallel vs Dethinned: Proton, 1019 eV, θ=30° 
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Zenith Angle Distribution LDF χ2 Distribution 
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Energy Deposit Distribution 

S800 Distribution 
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Energy vs S800 and Zenith Angle 

Fluorescence Energy Normalization 



 We trust out acceptance 
calculation down to 
1018.2 eV, where the 
acceptance is 8% of the 
maximum 

 Need Data/MC 
agreement to push this 
far off the plateau 
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 Spectral Slopes and 
Break Points in 
agreement with HiRes 
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 Spectral Slopes and 
Break Points in 
agreement with HiRes 

 Flux also in agreement 
with HiRes 

 Not a given 

 Energy normalization 
done with  all TA FD 
detectors, not just 
Middle Drum (HiRes) 
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 HiRes and TA spectra show remarkable 
agreement 

 Spectral slopes 

 Break points 

 Normalization 

 The secret to our success:  

 Simulate the detector well: Data/MC comparisons 

 Remove shower model uncertainty by looking at or 
normalizing to the bulk properties of the shower 
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