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Motivation: Galactic Cosmic Rays (GCRs)

The time variability of the GCR flux on Earth has been systematically recorded since
the 1950s by neutron monitors:

@ very slow variations (years) — solar cycle

@ slow variations (days) — daily modulation and Forbush decreases
@ fast variations (seconds) = — gamma-ray bursts

The heliosphere presents a variety of dynamical structures not yet well understood:

@ solar wind observations from spacecrafts
— provides direct measurements of magnetic field,
— difficulties to get global magnetic structures,

@ ground observations of cosmic rays at low energies

— measurement through a long period of the GCR flux at different locations,
— nice complement to in-situ experiments,

Combination of observations from Space and from Earth provides a good opportunity

to make detailed studies on solar modulation to GCRs J



The Pierre Auger Observatory

The Pierre Auger Observatory — Province of Mendoza, Argentina
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The Pierre Auger Observatory

Extensive Air Showers
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The Surface Detector / SD

W-OE,0=1GeV

— 10 m? of effective area per tank,

— 12 tons of high purity water in a reflective
bag,

— signals recorded @ 40 MHz [25 ns],

— Cherenkov radiation produced by the
passage of charged particles in water.
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The Surface Detector / SD

— 10 m? of effective area per tank,

— 12 tons of high purity water in a reflective
bag,

— signals recorded @ 40 MHz [25 ns],

— Cherenkov radiation produced by the
passage of charged particles in water.
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The Pierre Auger Observatory Scaler mode

The Pierre Auger Observatory and GCRs counting

The scaler mode, or “single particle technique”

@ counts the number of signals per second in each tank with an energy deposited
as 15 MeV < E; <100 MeV,
1

@ average rate of ~200 m—2s~! for a collection area of 16600 m?*— 2 x 10¥min~1,
@ originally dedicated to monitor the long-term stability of the detector.

Atmospheric correction

T — Atmospheric pressure variations are
Scalers (without pressure gorrectmn) 3

Atmospheric pressure - known to modify the flux of

! secondaries at ground
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— variation of mass of atmosphere
above the detector,

Atmospheric pressure [hPa]

— flux anti-correlated with pressure,

Average scaler rate [counts s

— atmospheric pressure monitored at
Auger.
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The Pierre Auger Observatory

MC simulation — secondaries at ground level

Set of low energy shower simulations by CORSIKA (GHEISHA/QGSJetll-03)
all nuclei in the range 1 < Z,, < 26, with zenith angles 0° < 6, < 88°,
simulated as a power law in primary energy E, with empirical exponents,
@ energy range: (10x Z,) < (E, / GeV) < 10°,
@ detector response simulated by the Auger data analysis framework.
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The Pierre Auger Observatory Scaler mode

MC simulation — detector sensitivity to primaries
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— geomagnetic rigidity cut off at Malargiie is 9.5 GV,
— 10 GeV < E, <2 TeV : 90% of the counts in the instrument,

— largest sensitivity of the detector to primary particles in the range 10 GeV—100 GeV.

Karim Louedec (LPSC / Grenoble) Solar activity @ Auger AMS workshop — Grenoble 8/13



The Pierre Auger Observatory

Scaler data set — daily modulation
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— average scaler rate over 6 months before and after pressure corrections,

— nice agreement with the expected trend.
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Scaler data set — solar transient phenomena
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Auger SD scalers (after pressure correction)
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— comparison of Auger scaler data with Neutron Monitor based at Rome,

— Forbush decrease observed in both of the instruments.

Karim Louedec (LPSC / Grenoble) Solar activity @ Auger



Scaler data set — Forbush decrease @ 15 May 2005
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— data compared with Neutron Monitor at Los Cerrillos (Chile) where a similar rigidity
cut off is observed,

— a 2.9% decrease in the flux is recorded in the Auger scaler data.
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http://auger.colostate.edu/ED/scaler.php

Plerre Auger Observatory
Space Weather page

Space Weather page

Welcome 1o the Space Weather public web page of the Pierre Auger Observatory.

The Pierre Auger surface detectors record every second the rate of low energy

particles detect=d and report this informartion to the central data acquisition

‘system. This event rate is related to the flux of low energy galactic cosmic rays
re, by

reaching the Earth, which is modulated by the mmmmq« ‘Therefore, g . .
et oS ;
st o st alorligocs s et | M Scaler data are publicly available

More information about Space Weather and cosmic rays can be found on the.
spaconsale.com webpage A descrpton of the Piere Avger saler mode and he
Gata presented here (15 minutes averages of the scaler rates) can be found in . . .
T A — with or without pressure corrections,
Given the peculiarity of the detector (spread over 3000 km2), some unusual effects

‘can be present in the data. A specific page is dedicated to them.

‘Should you use these data for any publication, acknowledgement to the Pierre Auger Latest souerons)
Obsenuatory shoul be gven and JINST 6 P01003 (2011) shou be ited. You can

e O s Ne — ASCII file available,

Latest scaler data
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— plots are easily available.
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http://auger.colostate.edu/ED/scaler.php

The Pierre Auger Observatory Summary

Summary

@ the Pierre Auger Collaboration has accumulated more than 6
years of scaler data,
— useful for long-term monitoring of the detector

@ daily modulation and solar transient events are well recorded,
— comparison to neutron monitors show a nice agreement

@ a new method based on a selection in deposited energy is now in
development,
— all the energy ranges are affected in the same way during a
Forbush decrease ?
— leads to a sensitivity to primary energies and secondary
particles

Scaler data are publicly available on the web !
http://auger.colostate.edu/ED/scaler.php J
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http://auger.colostate.edu/ED/scaler.php
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I
Histogram mode (preliminary)
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@ bump produced mainly by muons,
@ averaged histograms over 20 MeV bands of E,,
@ Forbush decrease clearly visible in all energy bands.
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