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100% Effciency



May 31, 2012  6

An ideal measurement: Individual Spectra for each component.
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An ideal measurement: Individual Spectra for each component.

Even in such case must disentangle production/propagation
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Only practical measurements, at highest energies are momenta
of mass distribution: all particle spectra (0th) and higher 
momenta of mass related observables

interaction

Shower dev



May 31, 2012  9

at highest energies: 
all particle spectra and mass related observables
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The Spectrum
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The Spectrum

propagation?
sources?
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Correlation with sources
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Photons
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mass composition measurement in Auger

What is measured in detail: the distribution of atmospheric
depth, in hybrid events with at least one surface station active.
The reconstructed maxima X

max
 are binned in reconstructed 

energy and the  variance RMS(X
max

) measured
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The experimental measurement
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〈 X max〉=X 0X 1 〈ln A〉

RMS⇒2X max =Y 1 ln A
2 〈 sh

2 〉
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1
 in general depend logarithmically on energy and

           depend on CR interactions in the atmosphere
and shower development.
With further assumptions the coeffcient can

            be computed and experimental measurement
inverted. 

Pure & mixed

mixed
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〈 X max〉=X 0X 1 〈ln A〉

2 X max=Y 1 ln A
2 〈 sh

2 〉

In case of mixed composition give information on sources
as well as propagation in IG space (Aloisio)

Notice: Pure composition other than protons is somewhat 
 unnatural at Earth: Nuclei interact in photon felds

         and generate secondaries

Pure & mixed

mixed
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〈 X max〉 , 2X maxThe different meaning of 
can be represented in a combined plot (Linsley) 

exp(<lnA>)=14

〈 X max〉=X 0X 1 〈ln A〉 2 X max=Y 1 ln A
2 〈sh

2 〉
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The experimental measurement

- High quality Hybrid events
  15979 events

- Fiducial volume: no geometrical bias on X
max

  6558 events

- Detection effciency corrected

The generated distributions are independent from detection
details. 

X
max

 resolution 20 g cm-2
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The experimental measurement
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The experimental measurement

muons
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What these results are trying to say us?
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What these results are trying to say us?

LogE

Mass is becoming heavy..

..but in a specifc way
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As usual... see you here in 2014!

New Physics? Cannot say, work in progress 
Needed a combined data (spectrum, Xmax, RMS, ?correlations?) 
analysis. 
The results will certainly imply interesting conclusions

- source parameters
- and/or particle physics

We also need more statistics and improved systematics
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Backup
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UHECR Symposium, Feb. 2012
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