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At E> 5 EeV (5 10®
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At E> 5 EeV (5 10" eV) sources are plausibly extra-galactic.
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An ideal measurement: Individual Spec’rra for each componen’r
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Only practical measurements, at highest energies are momenta
of mass distribution: all particle spectra (Oth) and higher
momenta of mass related observables
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at highest energies:
all particle spectra and mass related observables
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The Spectrum
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Correlation with sources

» Search for correlations between Auger high energy events and objects of the
VCV catalogue of quasars and active nuclei

— Correlation signal: 69% (@ = 3.2°, z = 0.017, E¢p, = 57 EeV)
— to be compared with 21% expected from isotropic cosmic rays.
The Auger Col, Science 318:938-943,2007 - The Auger Col, Astropart Phys.29:188-204,2008

Update in 2010: reduced correlation signal 69% — 39%
The Auger Col, Astropart Phys. 34 (2010) 314-326
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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 are binned in reconstructed

max

energy and the variance RMS(Xmax) measured

May 31, 2012
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Events

Events

The experimental measurement

Events
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<Xmax>:XO+X1<lnA> T
Pure & mixed
RMS:O_2<Xmax):YIO-12nA+<O-§h>/

.

mixed

X, X, Y in general depend logarithmically on energy and

depend on CR interactions in the atmosphere
and shower development.

With further assumptions the coefficient can
be computed and experimental measurement
inverted.

May 31, 2012 16



(X, =X+ X, nd) —__

RMS:O_2<Xmax):Y10-12nA+<O-Sh> /

.

mixed

Pure & mixed

X, X, Y in general depend logarithmically on energy and

depend on CR interactions in the atmosphere
and shower development.

With further assumptions the coefficient can
be computed and experimental measurement
inverted.
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<Xmax>:XO+X1<lnA> \

Pure & mixed

O'Z(X :Ylo-lznA+<O-§h>/

max )

mixed

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 fields
and generate secondaries

May 31, 2012 18



| The different meaning of (X ), Uz(Xmax)
can be represented in a combined plot (Linsley)

<X >:XO+X1<IHA> O_z(Xmax>:Y10-12nA+<O-§h>
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The experimental measurement

. . . i
- High quality Hybrid events o
15979 events » PN
=
- Fiducial volume: no geometrical bias on X
6558 events = e

|||||||

- Detection efficiency corrected

The generated distributions are independent from detection
details.

X resolution 20 g cm™
May 31, 2012 max
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What these results are trying to say us?
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What these results are trying to say us?
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What these results are trying fo say us?
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What these results are trying fo say us?
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l (Xmax) VS. RMS
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New Physics? Cannot say
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New Physics? Cannot say
If data (spectrum, Xmax, RMS) taken literally they
suggest interesting conclusions
- source parameters , B s
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New Physics? Cannot say

If data (spectrum, Xmax, RMS) taken literally they
suggest interesting conclusions

. . A&qk
- particle physics e
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FIG. 1. An upper bound for the proton fraction of the ob- 00
served flux as a function of energy, caleulated using the most Qj’
recent PAO data and various models of extensive air showers C,
simulations: QGSJETO1 [2], QGSJET-II [1], Sibyli2.1 [4] and Qﬁ;’
EPOSv1.99 [3]. %)
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New Physics? Cannot say

If data (spectrum, Xmax, RMS) taken literally they
suggest interesting conclusions

- particle physics

effects and estimate the source’s spectral index and composition. We show that the observations
requires a Fe to protons number ratio of 1:50 at the source, as well as a very hard spectrum. The
lack of natural sources with such a metallicity combined with the hard spectral index and the overall
incompatibility of the full data set with the simulations reveal a serious problem. Assuming that
the observations and simulations are correct we conclude that the input physics 1s wrong and that
the results points towards new physics that modifies the baryonic interactions at CM energy of a
few dozens TeV, at which UHECRSs collisions take place.

May 31, 2012 33




New Physics? Cannot say, work in progress
Needed a combined data (spectrum, Xmax, RMS, ?correlations?)

interesting conclusions
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New Physics? Cannot say, work in progress
Needed a combined data (spectrum, Xmax, RMS, ?correlations?)

analygls.
Thg results will certainly imply interesting conclusions
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cs? Cannot say, work in progress
ned data (spectrum, Xmax, RMS, ?correlations?)

/ interesting conclusions

{23

B ’{x\ & s

e ' - physics

o need more statistics and improved systematics
AS usual... see you here in 2014!

23/035/2012 20:08
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DRAFT VERSION May 29, 2012
Freprint typeset using B'TEX styvle emulateapj v. 5/2/11

SEARCH FOR ANISOTROPY OF ULTRA-HIGH ENERGY COSMIC RAYS WITH THE TELESCOPE ARRAY
EXPERIMENT

[

From the analysis presented, one concludes that there |
is no apparent deviation from isotropy in the present TA
data. At high energies, this may be merely due to an
insufficient number of events. However, if this tendency
persists at several times larger statistics, it will be difh-
cult to reconcile with the proton composition of UHECR
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‘Hybrid’ detector
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Conclusions

-Are the diff I : . T lysis?
Apparently no.

» Are the differences within systematic uncertainties?

Auger and HiRes are not consistent within the quoted systematic uncertainties.

« Are the Southern and Northern sky different in terms of composition?

We need more statistics in the Northern hemisphere (about 4 times the current statistics)
to give a conclusive answer. The current statistics in the northern hemisphere do not allow
to discriminate between a constant composition or a changing composition as suggested
by Auger. More statistics is also necessary to establish whether there is a systematic
difference in the RMS(Xmax) at higher energies.

* It is interesting to point out that all three experiments (Yakutsk, HiRes and TA) are
consistent (within ~b5g/ecm”2). But, there is a large systematic difference in <InA>
equivalent to about 30 g/cm”2 between Auger and the other experiments.
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Photons: comparison of observables / technique

Experiment Technigque Ohbservables Ref
Haverah Park SD: water Cherenkov attenuation of inclined showers 2]
AGASA SD: scintillator & muon muon density 3, 6]
Yakutsk SD: scintillator & muon muon density 4, 5, 7]
SD: water Cherenkov front eurvature, rise time [9]
Pierre Auper
hybrid: fluorescence + SD | X, ... particle density far from the core| [8, 10
Telescope Array SD: scintillator front curvature [11]
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