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The Pierre Auger Observatory Motivation

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
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The Pierre Auger Observatory Motivation

The Pierre Auger Observatory – Province of Mendoza, Argentina
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The Pierre Auger Observatory The Surface Detector / SD

Extensive Air Showers
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The Pierre Auger Observatory The Surface Detector / SD

Extensive Air Showers

Cosmic ray nucleon

γ γ

 leader

nucleonic cascade

air nucleus

mπ0

2mπ±

π± decay

e+ e− e+ e−

pionic cascade electromagnetic cascade

nucleons muonic component electromagnetic component

γ γγ e±e± e±µ µ µ

Air Shower Development

Shower cascade

Shower startup

Primary particle

X
1

Xmax

S
la

n
t 

d
e
p

th

Shower size

(Energy/eV)
10

log
13 14 15 16 17 18 19 20

C
ro

s
s

 s
e

c
ti

o
n

 (
p

ro
to

n
!

a
ir

) 
  

[m
b

]

200

300

400

500

600

700

800

SIBYLL 2.1

Energy    [eV]

1310 1410 1510 1610 1710 1810 1910 2010

    [GeV]ppsEquivalent c.m. energy 
310 410 510

Tevatron

LHC

accelerator data (p!p) + Glauber

Ralf Ulrich (ralf.ulrich@kit.edu) Investigation of Hadronic Interactions at Ultra-High Energies with the Pierre Auger Observatory 17

Karim Louedec (LPSC / Grenoble) Solar activity @ Auger AMS workshop – Grenoble 4 / 13



The Pierre Auger Observatory The Surface Detector / SD

The Surface Detector / SD3.1. Fluorescence Detector 19
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Figure 3.3: One of the SD tanks at the southern Pierre Auger Observatory site.

low energetic particles do not spread over enough SD tanks in their original configuration
to reconstruct them properly.

Moreover the FD was upgraded with three additinal telescopes [57] close to Coihueco.
The aim here is relatively similar to AMIGA but the realisation different. Low energetic
showers (∼ 1017 eV or, in case of this upgrade, even lower) will not traverse the atmosphere
as far as high energetic showers. The additional three telescopes, called High Elevation
Telescopes or HEAT, can therefore be operated in a tilted upward mode for which its
FOV is above that of Coihueco.

Another extension worth mentioning is Auger Engineering Radio Array(AERA) which
soon will give additional data about emission of electromagnetic waves of UHECR in
the radio frequency range. The detector is based on LOPES which successfully measured
radio waves for particles in the region of the spectrum’s knee at a different site (KASCADE
experiment in Karlsruhe, Germany [58]).

3.1 Fluorescence Detector

The idea behind the FD is to measure fluorescence light in the wavelength region of
300 nm to 430 nm that nitrogen molecules (147 N2) emit when exited by air showers. The
number of emitted photons is proportional to the energy deposit of the air shower in
the atmosphere. The fluorescence yield which describes this relation is in the region of
a handful of photons per 103 eV deposited, or roughly 3 · 109 photons

g cm−2 emitted at Xmax

for a 1019 eV proton shower. The emitted photons will be distributed isotropically and
the number of detected photons N is limited by the aperture of the telescope. The exact
optical setup is therefore as following: a Schott MUG-6 glass filter keeping out visible
photons above 410 nm and also photons with a wavelength below 290 nm, a wavelength
beyond which the majority of photons can be considered as noise, a corrector ring, which
is planar on one side and aspherically shaped on the other to improve the aperture by a
factor of ∼ 2, and a mirror made of either ∼ 13 m2 glass or aluminium. Both materials

→ 10 m2 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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low energetic particles do not spread over enough SD tanks in their original configuration
to reconstruct them properly.
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as far as high energetic showers. The additional three telescopes, called High Elevation
Telescopes or HEAT, can therefore be operated in a tilted upward mode for which its
FOV is above that of Coihueco.
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→ 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.

 =
 1

.2
 m

cu
ve

h

 = 3.8 mcuve2R

 = 1 MeV〉γ E〈 - γ

-e-e
’γ

 [25 ns]
bin

t
0 5 10 15 20 25 30

A
m

pl
itu

de
 [V

E
M

-p
ea

k]

0.2

0.4

0.6

0.8

1

Signal généré par 25 particules EM

Karim Louedec (LPSC / Grenoble) Solar activity @ Auger AMS workshop – Grenoble 5 / 13



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 ≤ Ed ≤ 100 MeV,

average rate of ∼200 m−2s−1 for a collection area of 16600 m2→ 2× 108min−1,

originally dedicated to monitor the long-term stability of the detector.

Atmospheric correction
2011 JINST 6 P01003
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Figure 2. Scaler rate averaged over time bins of 5 minutes and over all detectors in the array (solid line); and
atmospheric pressure (dashed line, note the reversed scale for pressure) for the first 10 days of May 2007.
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Figure 3. Average scaler rates for period I as a function of local hour of day (ARS, GMT-3) for the original
data (dotted line) and for the atmospheric pressure corrected data (solid line).
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Atmospheric pressure variations are
known to modify the flux of
secondaries at ground

→ variation of mass of atmosphere
above the detector,

→ flux anti-correlated with pressure,

→ atmospheric pressure monitored at
Auger.
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The Pierre Auger Observatory Scaler mode

MC simulation – secondaries at ground level

Set of low energy shower simulations by CORSIKA (GHEISHA/QGSJetII-03)

all nuclei in the range 1 ≤ Zp ≤ 26, with zenith angles 0◦ ≤ θp ≤ 88◦,

simulated as a power law in primary energy Ep with empirical exponents,

energy range: (10× Zp) ≤ (Ep / GeV) ≤ 106,

detector response simulated by the Auger data analysis framework.

How It Works? Primaries

I Set of (CASK+QGSJET-II+GHEISHA) simulations

I Seven hours of the flux of primaries at the top of the
atmosphere (⇠ 2.1 ⇥ 107 nuclei m�2)

I Measured spectra for all nuclei 1  Zp  26, 1  Ap  56

I (10 ⇥ Zp) < (Ep/GeV) < 106, 0o < ✓ < 88o

H. Asorey Solar Activity at Auger - HEP 2012 15

How It Works? Secondaries

I 2.5 ⇥ 107 secondary particles at ground

I 511 keV annihilation peak accounts for the default of e+

I Flux of secondaries is dominated by � (68%), µ± (21%) and
e± (10%).

H. Asorey Solar Activity at Auger - HEP 2012 16

Flux of secondaries is dominated by γ (68%), µ± (21%) and e± (10%)
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The Pierre Auger Observatory Scaler mode

MC simulation – detector sensitivity to primaries
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Figure 2: Upper panel: Accumulated scaler counts in Period I as a function of the energy
of the primary cosmic ray assuming a stationary mean flux (see main text). Dashed and
dotted lines show the 50% and 90% of counts, respectively. Lower panel: Differential
response (derivative of the function shown in the upper panel), obtained considering dE =
1GeV (see main text).

8

→ geomagnetic rigidity cut off at Malargüe is 9.5 GV,

→ 10 GeV ≤ Ep ≤ 2 TeV : 90% of the counts in the instrument,

→ largest sensitivity of the detector to primary particles in the range 10 GeV–100 GeV.
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The Pierre Auger Observatory Analysis of scaler data

Scaler data set – daily modulation

2011 JINST 6 P01003

 190

 195

 200

 205

30 Apr 03 May 06 May 09 May 12 May

870

865

860

A
v
er

ag
e 

sc
al

er
 r

at
e 

[c
o
u
n
ts

 s
-1

 m
-2

]

A
tm

o
sp

h
er

ic
 p

re
ss

u
re

 [
h
P

a]

Date (2007, Period II)

Scalers (without pressure correction)
Atmospheric pressure

Figure 2. Scaler rate averaged over time bins of 5 minutes and over all detectors in the array (solid line); and
atmospheric pressure (dashed line, note the reversed scale for pressure) for the first 10 days of May 2007.
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Figure 3. Average scaler rates for period I as a function of local hour of day (ARS, GMT-3) for the original
data (dotted line) and for the atmospheric pressure corrected data (solid line).
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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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The Pierre Auger Observatory Analysis of scaler data

Scaler data set – solar transient phenomena 2011 JINST 6 P01003
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Figure 4. Pierre Auger Observatory scaler rates (red solid lines) after atmospheric pressure correction,
compared to Rome neutron monitor rate (blue dotted line), for both periods, before (top, Period I full data
set) and after 20 September 2005 (bottom, from 01 Jul 2006 to 31 Dec 2006). Note that scales are different
for each observatory.

To show that the pressure corrected data set is suitable for the study of solar activity, the SD
scaler rates are compared with data from Rome neutron monitor [22](41.9o N, 12.5o E, 6.3GV
rigidity cut-off). The agreement found is shown in figure 4: Forbush decreases are clearly visible
in the scaler data for both periods. The upper threshold introduced in September 2005, intended
to optimise signal over noise ratio for GRB detection, is not optimised for these studies, where
the muon flux at ground level might be better correlated to the primary cosmic ray flux than the
electron one. A study including different thresholds is underway.

As an example, the evolution of the scaler rates in Malargüe (35.3o S, 69.3o W, 9.5GV rigidity
cut-off [23]) during the 15 May 2005 Forbush event is shown in figure 5. When compared with
the May 2005 reference rate of 377 counts s−1 m−2, a (−2.9)% variation is observed, peaked at
15 May 2005 08:05 UTC, taking ∼ 6h45 to reach the peak value. After the rapid reduction in the
flux of secondary particles, a recovery time of about 9 days is observed. By fitting an exponential
function for the recovery (red dot-dashed line), R(t) = R0−aexp(−t/τ), a baseline R0 = 377.7±
0.1 counts s−1 m−2 (red dotted line) and a time constant of τ = 2.21±0.18(stat) days are obtained.

– 6 –

→ comparison of Auger scaler data with Neutron Monitor based at Rome,

→ Forbush decrease observed in both of the instruments.
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The Pierre Auger Observatory Analysis of scaler data

Scaler data set – Forbush decrease @ 15 May 2005
2011 JINST 6 P01003

365

370

375

380

385

 0  2  4  6  8  10  12  14
59

60

61

62

63

64

A
v
er

ag
e 

A
u
g
er

 s
ca

le
r 

ra
te

 [
co

u
n
ts

 s
-1

 m
-2

]

L
o
s 

C
er

ri
ll

o
s 

ra
te

 [
co

u
n
ts

 s
-1

]

Days since 13 May 2005 00:00 UTC (Period I)

 6h45m

Average Auger SD scalers
Los Cerrillos (Chile) 6NM64

Figure 5. Pressure-corrected scaler rate (red solid line) for the 15 May 2005 Forbush event, compared with
the Los Cerrillos (Chile) neutron monitor rate (blue dashed line). A 2.9% decrease is observed, peaked at
15 May 2005 08:05 UTC, taking about 6h45 (olive dotted vertical lines) to reach the peak value, and about
nine days to recover up to the scaler rate average for May 2005 (red dashed line). An exponential function
has been fitted on both rates (red and blue dot-dashed lines) as described in the text. Similar daily variations
in the flux are seen at both observatories.

A comparison with observations from the close-by Los Cerrillos Observatory 6NM64 neutron
monitor (Chile) [24] (33.3o S, 70.4o W, 10.8GV rigidity cut-off) is also shown in figure 5 (blue
dashed line). Since the Forbush event of 15 May occurred during the recovery phase of a previous
Forbush decrease, which started on 08 May 2005, the baseline for Los Cerrillos rate increases
suddenly at the end of May 2005, and the determination of the baseline by leaving it as a free
parameter in the fit is not possible. Therefore, the baseline of Los Cerrillos was determined from
the neutron monitor rates of the first six days of May 2005, combined with the recovery phase
of the studied Forbush decrease, obtaining R0 = 62.8± 1 counts s−1 (blue dotted line). A 4.8%
reduction in the neutron rate is observed, with an exponential recovery (blue dot-dashed line) with
time constant τ = 3.52± 0.12(stat) days. An agreement between the neutron monitor and the
scaler data is found in the determination of the starting point and the duration of the onset (vertical
dashed lines in figure 5). Since both observatories have a similar rigidity cut-off, the difference
in the observed time constants reflects the higher energy threshold of the Auger SD scalers with
respect to the neutron monitor.

– 7 –

→ 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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The Pierre Auger Observatory Scaler data set

http://auger.colostate.edu/ED/scaler.phpScaler Data Is Now Publicly Available

15-minute average of the scaler data set

See event display at www.auger.org

H. Asorey Solar Activity at Auger - HEP 2012 21

Scaler data are publicly available

→ with or without pressure corrections,

→ ASCII file available,

→ plots are easily available.
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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
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Backup slides
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Histogram mode (preliminary)

How It Works? Detector Response

I Simple and fast simulation of the detector
I Good agreement between simulations and data
I The bump is produced mainly by muons
I Multi-particle showers dominate the high deposited energy

bands
H. Asorey Solar Activity at Auger - HEP 2012 17

15 May 2005 Forbush Decrease

Integral of the pressure corrected six-hour averaged histograms
over 20 MeV bands of Ed

Forbush decrease is clearly visible in all energy bands

H. Asorey Solar Activity at Auger - HEP 2012 14

bump produced mainly by muons,

averaged histograms over 20 MeV bands of Ed,

Forbush decrease clearly visible in all energy bands.
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