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Auger Scientific Production and our contribution

Journal papers in 2010/2011

13 published papers (2 coordinated by LPNHE researchers: VCV
correlation update, downgoing neutrinos)

6 submitted (1 by LPNHE: geomagnetic field)

3 internal review

4 editing phase (1 by LPNHE: infill spectrum)

38 ICRC proceedings (2 by LPNHE: geomagnetic field, infill array)

9 presentations at international conferences by LPNHE researchers.
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Reconstruction and Spectrum



Infill Array

AMIGA (Auger Muons and Infill for the Ground Array)

750 m spacing between detectors, construction began in 2008

all 61 stations deployed (53 completely equipped)

data analysis based on methods developed for the regular array
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trigger rate:

(55± 6) events/day/hexagon

good quality events (T5):

(28± 3) events/day/hexagon

currently:

(390± 70) T5 events/day

acceptance (08/2008 – 03/2011):

(26± 1) km2 sr yr

Ioana C. Mariş (Pierre Auger Collaboration) 1 / 11

Auger extension for low
energy events (0.1 to 1 EeV)

750m spacing between
detectors, sonstruction began in
2008

61 stations deployed

data analysis based on methods
developed for the regular array
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Energy calibration (Regular array and Infill)
Energy calibration with golden hybrid events (FD+SD)
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Energy calibration

event selection to assure an
unbiased energy calibration

strong quality cuts and fiducial
field of view cuts

44 events with
3× 1017 eV < EFD < 2× 1018 eV

ESD = (12.7±2.5)×1015 eV ·S (1.01±0.05)
35

Energy uncertainties

systematic (fit):
6% at 0.3 EeV, 13% at 8 EeV

statistical (S35):
16% at 0.3 EeV, 14% at 8 EeV

FD energy systematic: 22%
(R. Pesce, poster 1160)

Ioana C. Mariş (Pierre Auger Collaboration) 9 / 115/15



Infill Spectrum
Preliminary energy spectrum
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Auger Infill (preliminary)

AugerPreliminary

extends the energy range down to 3× 1017 eV (No resolution correction!)

very good agreement with the combined spectrum (F.Salamida, talk 0893)

slope for E < 3× 1018 eV: −3.33± 0.03(stat)± 0.1(sys)

Ioana C. Mariş (Pierre Auger Collaboration) 10 / 11
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Anisotropy measurements



Point sources - 50 EeV and above

At highest energies: Correlation of event directions with AGN. Update of
the result from 2007.

UHE Correlation with AGNs within GZK-sphere?

VCV catalogue, E> 57 EeV, z<0.018, distance < 3.1 deg.

Auger

P = 0.006, f = 33± 5%

TA

compatible with isotropy and
updated (!) Auger

49

UHE Correlation with AGNs within GZK-sphere?

VCV catalogue, E> 57 EeV, z<0.018, distance < 3.1 deg.

Auger

28 out of 84 correlate

TA

8 out of 20 correlate
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Large scale anisotropies - 1 EeV scale

Why do we search for large scale anisortopies? One question that might be
answered: Where is the transition from galactic to extragalactic CRs?PROCEEDINGS OF THE 31st ICRC, !ÓDŹ 2009 3
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Fig. 4. The fractional difference between the combined energy spectrum of the Pierre Auger Observatory and a spectrum with an index of
2.6. Data from the HiRes instrument [3], [21] are shown for comparison.

The energy spectrum derived from hybrid measure-
ments recorded during the time period 12/2005 - 05/2008
is shown in Fig. 3.

IV. THE COMBINED ENERGY SPECTRUM

The Auger energy spectrum covering the full range
from 1018 eV to above 1020 eV is derived by combining
the two measurements discussed above. The combina-
tion procedure utilises a maximum likelihood method
which takes into account the systematic and statistical
uncertainties of the two spectra. The procedure applied
is used to derive flux scale parameters to be applied
to the individual spectra. These are kSD = 1.01 and
kFD = 0.99 for the surface detector data and hybrid data
respectively, showing the good agreement between the
independent measurements. The systematic uncertainty
of the combined flux is less than 4%.

As the surface detector data are calibrated with hy-
brid events, it should be noted that both spectra share
the same systematic uncertainty for the energy assign-
ment. The main contributions to this uncertainty are
the absolute fluorescence yield (14%) and the absolute
calibration of the fluorescence photodetectors (9.5%).
Including a reconstruction uncertainty of about 10% and
uncertainties of the atmospheric parameters, an overall
systematic uncertainty of the energy scale of 22% has
been estimated [11].

The fractional difference of the combined energy
spectrum with respect to an assumed flux ∝ E−2.6 is
shown in Fig. 4. Two spectral features are evident: an
abrupt change in the spectral index near 4 EeV (the

”ankle”) and a more gradual suppression of the flux
beyond about 30 EeV.

Some earlier measurements from the HiRes experi-
ment [3], [21] are also shown in Fig. 4 for comparison.
A modest systematic energy shift applied to one or both
experiments could account for most of the difference
between the two. The spectral change at the ankle
appears more sharp in our data.

The energy spectrum is fitted with two functions.
Both are based on power-laws with the ankle being
characterised by a break in the spectral index γ at Eankle.
The first function is a pure power-law description of
the spectrum, i.e. the flux suppression is fitted with a
spectral break at Ebreak. The second function uses a
smooth transition given by

J(E; E > Eankle) ∝ E−γ2
1

1 + exp
(

lg E−lg E1/2

lg Wc

)

in addition to the broken power-law to describe the
ankle. This fit is shown as black solid line in Fig. 5.
The derived parameters (quoting only statistical uncer-
tainties) are:
In Fig. 5 we show a comparison of the combined energy
spectrum with spectral shapes expected from different
astrophysical scenarios. Assuming for example a uni-
form distribution of sources, no cosmological evolution
of the source luminosity ((z + 1)m, i.e. m = 0) and a
source flux following ∝ E−2.6 one obtains a spectrum
that is at variance with our data. Better agreement is
obtained for a scenario including a strong cosmological
evolution of the source luminosity (m = 5) in combi-
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Transition at the ankle?

Gyroradius of a proton at 3EeV for 3muG galactic magnetic field: 1kpc.

Anisotropy at transition should be measurable.

At low energies: Do we see the galactic center?
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Large scale anisotropy - harmonic analysis

+4min

Sun

Earth

distant object

sidereal day 23h56min

solar day

Search for Anisotropies in the EeV range

Galactic neutron sources?

5

Upper limits on the neutron flux

in km-2 yr-1 (95% CL)

≥ 1 EeV

c.f. proceedings
for [1-2] and [2-3] EeV

Galactic Center:
(≥ 1 EeV, 1.9°) 

S = -1.43
F < 0.01 km-2 yr-1

directions along the Galactic plane:
F < 0.024 km-2 yr-1 for [1-2] EeV
F < 0.014 km-2 yr-1 for [2-3] EeV
F < 0.026 km-2 yr-1 above 1 EeV

✄✂ �✁B. Orfeuil [Auger Coll.], icrc713

Right Ascension Modulation?

✄✂ �✁H. Lyberis [Auger Coll.], icrc493

46
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Large scale anisotropy - multipole method

Direct extension of the harmonic analysis to the sphere. Find
dipole, quadrupole...

It is necessary to modify the standard multipole expansion to
account for the incomplete and non-uniform coverage.

Zm
l (θ, φ) =

l∑

l′=m

Cm
l′lω(θ)Y m

l (θ, φ)

Important systematic: the geomagnetic effect.

Ẽ =
E

(
1 + G ′(θ)

[
sin2(u(θ, ϕ),b)−

〈
sin2(u(θ, ϕ),b)

〉
ϕ

])b
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Composition and air shower characteristics



Composition from EAS characteristicsMy contribution: Mass composition analysis (ongoing)
Exploit Shower Universality:

EAS can be characterized by only 3 parameters: E0, Xmax and Nµ

Xmax and Nµ are sensitive to the primary particle
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Strategy: determine Xmax and Nµ

Nµ is inferred from Sµ

Total signal Stot is directly measured in the tank
· Found a method to get Sµ from Stot − Sem(E0, Xmax)

Measure Xmax and E0 on an event by event basis
· Crucial: Measure longitudinal development with a 100% duty cycle = EASIER
Radio and Microwave detection of air showers

Carla MACOLINO (LPNHE) Audition CNRS 2011 13 Avril 2011 6 / 9
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Muon signal in the tanks

2001/05/18 P. Billoir,  MPD meeting, Granada

evaluating asymmetry as a vector

asymmetry vector A = (S1+S2+S3) / (|S1|+|S2|+|S3|)
   - amplitude roughly proportional to ! of particle (if not too big)
  - direction related to " of particle (in average over orientations)
# the divergence of particles from the shower axis may be seen

A may be computed on the full signal or on one slot of the FADC trace

shower axis

particle

tank

S2

S1 S3

A
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Muon signal in the tanks

2001/05/18 P. Billoir,  MPD meeting, Granada

asymmetry on real data (36 < ! < 42 deg)
integrated signal

average asymmetry
(shower direction)
+ modulation due to
the divergence of
particles from shower
axis

Note: in the linear
approximation, the
average asymmetry
gives a self-calibration
of asymmetry vs angle

scale for A
           0.1
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