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The High-Resolution Fly's Eye (HiRes)

HR1HR2

Photo courtesy K. Martens
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Two HiRes Detectors
HiRes-I:  
● 21 mirrors, 1 ring, 3º < elev < 17º 
● Readout pulse height and time

HiRes-II: 
● 12.6 km SW of HiRes-I
● 42 mirrors, 2 rings, 3º < elev < 31º 
● Electronics stores pulse shape vs 

time w/ 100 ns sampling   

Observe nitrogen fluorescence from airshowers
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Mirrors and Phototubes
● 4.2 m2 spherical mirror
● 16 x 16 array of phototubes, .96 degree pixels.
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Event Reconstruction: 
Geometry

HR1

HR2

HR2HR1

Obtain pointing directions 
for anisotropy searches...



Search for Correlation with Large-Scale Structure

● Model HiRes sky based on   
2 m all sky survey (Huchra 
et al.)

● Allow smearing to simulate 
magnetic field effects

● Perform KS test under LSS-
tracer, isotropic models... 

10 EeV 40 EeV

57 EeV



LSS Correlation: Results

● For isotropic model, get good 
agreement.

● For local LSS model get 
poor agreement.

● Exclude correlation at 95% 
c.l. for θs < 10°,  E ≥ 40 EeV

● P. Tinkakov, this conference
● R. Abbasi et al., Ap.J. Lett. 

713 (2010)
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Next step: The “Shower Profile”
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The “Shower Profile”
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The “Shower Profile”
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The “Shower Profile”
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May 2007 Physics Today
Monocular: PRL 100 (2008)
Stereo: Astropart. Phys. 32 (2010)

HiRes Energy Spectra

(ankle, cutoff confirmed by Auger observatory, PRL 101 (2008))
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May 2007 Physics Today
Monocular: PRL 100 (2008)
Stereo: Astropart. Phys. 32 (2010)

HiRes Energy Spectra

(ankle, cutoff confirmed by Auger observatory, PRL 101 (2008))

“ankle”

“cutoff”
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Spectrum: Implications for Composition

● CMBR: Two signatures in spectrum
– Photoproduction of pions (“GZK Cutoff”)

– Pair production “dip” at lower energy

● Three model independent clues to composition
– Energy of cutoff

– Shape of spectrum close to cutoff

– Shape of pair production “dip” 
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Energy of Cutoff
● Characterized by E

1/2
; energy at which integral 

spectrum drops to ½ of power law extrapolation.

● Berezinsky et al, PRD 74 (2006): log(E) = 19.72

● HiRes: log(E) = 19.73 ± 0.07
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Shape of Spectrum above Cutoff

● Generally, depends on 
source density and 
energy cutoff.

● Model independent near 
cutoff

● Consistent with HiRes 
observations, although 
statistics low.
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Pair Production “Dip”

● 2nd indication of CMBR 
interactions: Photons pair 
produce in presence of 
high-energy nucleon

● Presence, shape essentially 
model independent, 
provided primaries are 
protonic. Aloisio et al 
Astropart. Phys. 27 (2007).

● Consistent with “ankle” 
feature observed by HiRes 
(also AGASA, Yakutsk, 
PAO...)
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Alternatives

● Ankle is galactic-to-
extragalactic transition, 
e.g. Hillas, Nucl. Phys. 
Proc. Supp. 136 (2004).

● Should be accompanied 
by heavy (galactic) to 
light (extragalactic) 
composition change.

● Decisive role for 
composition studies!
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Composition Studies via Depth of 
Airshower Maximum X

max
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X
max

 and Composition
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Comparing Mean X
max 

to Expectation
● No model-independent way to 

determine composition via X
max

.

● Simulated airshowers are 
mandatory, as is understanding 
detector response to these 
airshowers. 

● Use full detector simulation to 
model the response to simulated 
airshowers:

– Atmosphere (hourly)
– Ray tracing fluorescence light 

to mirrors and camera 
– Simulated PMT response
– Simulated trigger
– Full analysis chain
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X
max

 vs Energy, QGSJET-II Protons

Predictions for mean
X

max
, before

detector effects. P+

Fe
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X
max

 vs Energy, QGSJET-II Protons

Proton mean Xmax
after detector effects
(Note acceptance bias)
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Biasing Effect: Optical Aperture

● Are upper and lower 
limitations on field of view 
(FOV) well understood?

● If not, relative to MC

– Can shift mean X
max

 by 

cutting low or high tails

– Can make X
max

 

distribution appear 
artificially narrow or wide

FOV
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Data (points) versus QGSJET-II
 Monte Carlo (histogram)

Protons

Iron
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Data (points) versus QGSJET-II 
Monte Carlo (histogram)

Protons

Iron
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Data (points) versus QGSJET-II 
Monte Carlo (histogram)

Protons

Iron
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Data (points) versus QGSJET-II 
Monte Carlo (histogram)

Protons

Iron
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Check of X
max

 Resolution

HiRes stereo data (points) vs 
QGSJET-II protons  (histogram).

Compare X
max

 as measured by

HiRes-I and HiRes-II
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Data (points) versus QGSJET-II 
Monte Carlo (histogram)

Protons

Iron
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X
max

 vs Energy, HiRes Stereo Data

QGSJET-II Protons HiRes Stereo Data
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Data (points) versus QGSJET-II MC, in Energy Bins

Protons

Iron
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Data (points) versus QGSJET-II MC, in Energy Bins

Protons

Iron
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Data (points) versus QGSJET-II MC, in Energy Bins

Protons

Iron
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Data (points) versus QGSJET-II MC, in Energy Bins

Protons

Iron
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Data (points) versus QGSJET-II MC, in Energy Bins

Protons

Iron
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Data (points) versus QGSJET-II MC, in Energy Bins

Protons

Iron
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Data (points) versus QGSJET-II MC, in Energy Bins

Protons

Iron
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Data (points) versus QGSJET-II MC, in Energy Bins

Protons

Iron
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Elongation rate: Evolution of 
Mean X

max
 with Energy

● Each distribution replaced 
with a single number 
representing the mean 
airshower maximum.

● Comparison with 3 high-
energy hadronic 
interaction models. For 
each, expectation after 
detector effects is shown.
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Elongation rate: Evolution of 
Mean X

max
 with Energy

● Each distribution replaced 
with a single number 
representing the mean 
airshower maximum.

● Comparison with 3 high-
energy hadronic 
interaction models. For 
each, expectation after 
detector effects is shown.

● HiRes rules out models in 
which “ankle” is location 
of galactic-to-extragalactic 
transition. (Berezinsky, 
2007 ICRC)
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Elongation Rate

● Acceptance bias is 
energy independent. 
Allows linear fit to 
determine E.R. 

● Linear fit consistent 
with constant 
elongation rate, i.e. 
constant composition.
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Width of X
max

 Distribution vs Energy

● Define width as  of 
Gaussian, truncated 
at 2xRMS
– Focus attention on 

core of distribution

– Avoid RMS 
undersampling bias

● Data consistent with 
QGSJET-II protons
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X
max

: Comments
● Data best modeled by QGSJET-II protons

● Absolute value of mean <X
max

> bracketed by QGSJET01 

and QGSJET-II protons. Elongation rate consistent with 
either.

● Data falls between SIBYLL protons and helium

– Suggests a mixed composition

– Constant elongation rate suggests this mixture is 
unchanging over two orders of magnitude. Unlikely!

– Mix inconsistent with shape of ankle (pair production). 
Or, galactic-to-extragalactic transition occurring with 
constant composition. Unlikely!

● Width of X
max

 distributions also consistent with protons.

● R. Abbasi et al., Phys. Rev. Lett. 104 (2010).
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Data (points) versus QGSJET-II 
Monte Carlo (histogram)

Protons

Iron


age

 is dimensionless

measure of width of 
individual airshowers.
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Mean Shower Width 
age

 vs log(E)

HiRes Prelim
inary

HiRes Prelim
inary
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Contrast PAO Results

● Southern Hemisphere 
observatory reaches 
startlingly different 
conclusions

– <X
max

> indicates 

composition getting 
heavy.

– Width indicates all 
iron by 3x1019!
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Compare PAO, HiRes <X
max

>

● Mean X
max

 as observed by 

HiRes, PAO essentially 
identical

● Difference a matter of 
interpretation:

– HiRes: When acceptance 
taken into account, this is 
what protons look like.

– PAO: Composition is 
getting heavy.  
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Telescope Array is Online!

● cf. J. Matthews, this 
conference

● Low statistics first 
results suggest light 
primaries at 10 EeV

● Stay tuned...
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HiRes Spectrum and Composition: Synthesis

● Spectrum consistent with protonic composition

– Cutoff location, slope consistent with GZK cutoff (protons & CMBR)

– “Ankle” has correct shape for CMBR e+e- production
● Elongation rate suggests constant light composition above 1.6 EeV

– SIBYLL mixed composition model unlikely

– Ankle ruled out as site of galactic-to-extragalactic transition
● Data well modeled by pure protons  within QGSJET01, QGSJET-II 

high-energy hadronic interaction models.

● Synthesis - HiRes spectral and composition results can be explained 
with a simple model: Cosmic rays above 1 EeV are protons of 
extragalactic origin. The high-energy spectrum is shaped by 
interactions of these protons with the CMBR. 
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Extras
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Compare PAO, HiRes <X
max

>

● Problem: Different X
max

 

definitions

– PAO: Gaisser-Hillas fit

– HiRes: Gaussian-in-Age s fit
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Compare PAO, HiRes <X
max

>

● Problem: Different X
max

 

definitions

– PAO: Gaisser-Hillas fit

– HiRes: Gaussian-in-Age s fit
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Compare PAO, HiRes <X
max

>

● Problem: Different X
max

 

definitions

– PAO: Gaisser-Hillas fit

– HiRes: Gaussian-in-Age s fit

● Plot at right: HiRes <X
max

> 

calculated both ways: Little 
difference!
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Classifying Biases in <X
max

>

● Reconstruction Bias; Due to events which are 
successfully reconstructed and pass cuts which 
have the wrong X

max
.

● Acceptance Bias; Due to events which fail 
reconstruction altogether. May include

– Detector triggering effects

– Events failing reconstruction

– Quality cuts, including those designed to 
minimize reconstruction biases.
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Classifying Biases in <X
max

>

● Reconstruction Bias; Due to events which are 
successfully reconstructed and pass cuts which 
have the wrong X

max
.

● Acceptance Bias; Due to events which fail 
reconstruction altogether. May include

– Detector triggering effects

– Events failing reconstruction

– Quality cuts, including those designed to 
minimize reconstruction biases.

Must check understanding of biasing  
effects with detailed detector simulation


	  Observation of the GZK Cutoff by the HiRes Experiment
	Slide 2
	Results from HiRes and Observation of the GZK Suppression
	The Two HiRes Detectors
	Mirrors and Phototubes
	HiRes:  Stereo!!!
	Sky Plots
	Results
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 42
	Slide 43
	Slide 44
	Slide 45
	Slide 46
	Slide 47
	Slide 48
	Slide 49
	Slide 50
	Slide 51
	Slide 52
	Slide 53
	Slide 54
	Slide 55
	Slide 56
	Slide 57

