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PIERRE
AUGER

OBSERVATORY

Highlights from the Pierre Auger Observatory
- the birth of the Hybrid Era

Alan Watson
on behalf of the Pierre Auger Collaboration

“To make further progress, particularly in the field of cosmic rays, it will be
necessary to apply all our resources and apparatus simultaneously and side-by-
side.”

V.H.Hess, Nobel Lecture, December 1936
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GPS Receiver
and radio transmission
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The Hybrid Era

Hybrid SD-only FD-only
mono
Angular (stereo — low N)
Resolution ~0.2° ~1-2° ~3-5°
Flat with energy AND E, A, spectral
Aperture mass and model (M) free slope and M
dependent
Energy Aand Mfree Aand M A and M free
dependent




20 May 2007 E ~10" eV
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The essence of the
hybrid approach

Precise shower
geometry from
degeneracy given
by SD timing

Essential step
towards high quality
energy and X
resolution

max

Times at angles, X, are key to finding R,
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Another Hybrid Event
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ARRIVAL DIRECTION DISTRIBUTION

Typical accuracy of reconstruction <1°

* No significant emission from Galactic Centre

* No broadband signals — e.g. Dipole — at any energy
above 1 EeV
e.g 1<E<3EeV, Amplitude <0.7%

* No clustering of the type claimed by AGASA

* No signal from BL Lacs as possibly seen by HiRes
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ARRIVAL DIRECTION DISTRIBUTION
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BUT,
two ‘prescriptions’ are currently being tested |?




How we try to infer the variation of mass with energy
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How we try to infer the variation of mass with energy
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How we try to infer the variation of mass with energy

~ photons | < 2% above 10 EeV

max

’ protons

Fe

Also tau-neutrino limit

Energy per nucleon is crucial

Energy 13






Elongation Rate measured over two decades of energy

80— —»— Auger ICRCO7
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Energy Determination with Auger

The energy scale is determined from the data
The dependence on knowledge of interaction models or
of the primary composition is at level of a few %.

The detector signal at

1000 m from the shower
core

—S(1000)

- determined for each
surface detector event

S(1000) is proportional
to the primary energy

1g*

Signal Size [VEM]
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Summary of systematic

If1

uncertainties

Source Systematic uncertainty
Fluorescence yield 14%
P.T and humidity 7%
effects on yield

Calibration 9.5%
Atmosphere 4%
Reconstruction 10%
Invisible energy 4%
TOTAL 22%

Note: Activity on several fronts to reduce these uncertainties

Fluorescence Detector Uncertainties Dominate

21



' f=Etot/Eem |

1.4

1.35

1.3

1.25

1.2

1.15

1.1

1.05

Frrrprri
| |

—I‘]III‘IIII|III

Fe FD systematic uncertainty ~ 22 %

® QGSJet01
W Sibyll

A EPOS 1.6

1.17

X *m*.*.w« oo
SASEELT 0

{ —_— | | | | | | I | | | | I | | | | ‘ | Ll | | | | | | I | | | 1 | |

18.5
Etot (log10(eV))

™



lg(J/(m=2srtseV?))

Energy spectrum from SD < 60°
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North [km]

Inclined Events offer additional aperture
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Muon map normalization fitted to the data -> N19
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Inclined events energy spectrum
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exposure [km? sr yt]

Hybrid Spectrum: clear evidence of
the ‘ankle’ at ~ 4 x 1018 eV
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log(JXE” [m s eV?])
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Residuals from a standard spectrum
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Guidance for the Rapporteur!
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Guidance for the Rapporteur!
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Test of Berezinsky's e*e- model

245 [~

M
I
I

ha

€0

N
I

b—

log{JxE” [m sr 5 BV?))

-—

IIIIIIIIIIIIIIII

T,

—_ Strong Source
Evolution {(1+z) ©

G T
Ysource =23

- --- Uniform Source
Y=source =2.33

23 -
18

18.5 19 19.5

log(E [eV])

Work within Auger Collaboration |

35



Nucleus Model
CR abundance is same as low energy Galactic components
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Summary of Auger Highlights:

* More events > 10 EeV than from AGASA or HiRes
and close to more than their total

AND with superior angular and energy resolution

* Auger-South more than 80% complete

* Arrival Directions:
No evidence of point sources — but relatively few
events at the very highest energies: Auger is just
starting

* Spectrum: ankle and steepening seen - with model-
independent measurement and analysis
at ~4.5x 101%and ~3.55 x 10"° eV
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But what does this all mean?
Is the ankle marking a galactic/extra-galactic
change?

Have we seen the GZK effect?

Is it a ‘bump’ from a more local effect?

Are the accelerators just ‘tired’?

What can we deduce from propagation models?

Deducing the MASS is crucial: mixed at highest energy?
Certainly not expected — do hadronic models

need modification?
Larger cross-section and/or more muons (EPOS?)

Would help to reconcile AGASA with HiRes and Auger at the
highest energies

Auger statistics will totally dominate after another year




Future for Auger Collaboration

« Complete Auger-South in ~ 6 months and
provide reliable and extensive experimental
data for many years

 Commence construction of high elevation FD
(to 60°), dense SD array plus muon detectors,
the day 1600t tank is deployed (designed
and fully funded) for hybrid work to 1017 eV

 Submit Auger-North proposal within a year
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Rocky Kolb (ICRC2001, Hamburg)

on the life of a theoretician
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Rocky Kolb (ICRC2001, Hamburg)

on the life of a theoretician

“I have an idea in the morning. | have lunch,
| write it up and send it to PRL in the late

afternoon.

Then, many years later, some experimentalist

disproves my theory: it’s so unfair!” 40



Back Up Slides
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Angular and Spatial Resolution from Central Laser Facility
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Number of Events

HiRes | AGASA'02

(HiRes II)
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The ‘hybrid’ spectrum
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T NdI= 13.51/25
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Plot of residuals of individual spectra compared to standard, J, = A E-%6
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Plot of residuals of individual spectra compared to standard, J, = A E-%6
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Immensely important IF it was to be established
that slopes at highest energy are different in
northern (- 5.1+/- 0.7) and

southern hemispheres (- 4.1 +/- 0.4)
But, MUCH TOO EARLY TO DRAW CONCLUSIONS
* Uncertainties about HiRes aperture

* Poorer energy and angular resolution
in HiRes than Auger

e Low number of events —
and no more to come to from HiRes

48
* Issue will be addressed with more Auger data
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Aperture (km? sR)
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Acc/Ace

Energy Dependence of Aperture for Auger and
HiRes
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« Serious discrepancies between HiRes and Auger
in the LOW energy region (small numbers at top end)

* Auger Aperture is INDEPENDENT of models,
mass or assumptions about spectral slope

* This is NOT the case for HiRes

Problem with HiRes aperture?
The HiRes aperture estimate requires assumptions
about primary mass, spectrum slope and hadronic

model

 Cannot be FY or hemisphere differences
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Highlights:

* The Collaboration works well

* Observatory Status

* First 4-fold Fluorescence Event

« Remarkable Isotropy

 Studies relating to Nucleonic Composition
* Primary Energy Spectrum

« Comparisons, Conclusions and Future Prospects
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Energy Spectrum from 60 °< 0 < 80°: 734 events
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My Theory! Reliable Experimental Data
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Rocky Kolb (ICRC2001)

“I have an idea in the morning: | send it to PRL in the
afternoon.

Then, many years later, some experimentalist

1 disproves my theory: it’s so unfair!”
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