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• Why doing an upgrade ? 
• Technical Realisation and Expected Performance 
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 OBSERVATORY 

 

γ1=3.23±0.07 γ2=2.63±0.04

Eankle=5·1018 eV

* *

E50% = 
4·1019 eV

130 000 events

J(E;E > Ea) µ E�g2


1+ exp

✓ log10 E � log10 E1/2

log10 Wc

◆��1

g g

29

Observation of Flux Suppression
Update from: PRL 101, 061101 (2008), Physics Letters B 685 (2010) 239 
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Do we see the GZK-Effect ?

“Galactic” (Allard-type) scenario: fixed k = 5

γ log10 Ecut(Fe) J0 H(%) He(%) N(%) Si(%) Fe(%) χ2 /dof
k=5, 4 m 1.25 19.9 40.4 74.3 14.8 8.8 - 2.0 57.19/29

colour code for the spectrum plots:
“4 masses”: A = 1 (blue), 2 ≤ A ≤ 4 (gray), 9 ≤ A ≤ 26 (green) and 27 ≤ A ≤ 56 (red)
“5 masses”: A = 1 (blue), 2 ≤ A ≤ 4 (gray), 9 ≤ A ≤ 22 (green), 23 ≤ A ≤ 38 (violet), 39 ≤ A ≤ 56 (red)
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Emax-model supported by RMS(Xmax)… 

“Galactic” (Allard-type) scenario: fixed k = 5

γ log10 Ecut(Fe) J0 H(%) He(%) N(%) Si(%) Fe(%) χ2 /dof
k=5, 4 m 1.25 19.9 40.4 74.3 14.8 8.8 - 2.0 57.19/29

colour code for the spectrum plots:
“4 masses”: A = 1 (blue), 2 ≤ A ≤ 4 (gray), 9 ≤ A ≤ 26 (green) and 27 ≤ A ≤ 56 (red)
“5 masses”: A = 1 (blue), 2 ≤ A ≤ 4 (gray), 9 ≤ A ≤ 22 (green), 23 ≤ A ≤ 38 (violet), 39 ≤ A ≤ 56 (red)
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“Galactic” (Allard-type) scenario: fixed k = 5

γ log10 Ecut(Fe) J0 H(%) He(%) N(%) Si(%) Fe(%) χ2 /dof
k=5, 4 m 1.25 19.9 40.4 74.3 14.8 8.8 - 2.0 57.19/29

colour code for the spectrum plots:
“4 masses”: A = 1 (blue), 2 ≤ A ≤ 4 (gray), 9 ≤ A ≤ 26 (green) and 27 ≤ A ≤ 56 (red)
“5 masses”: A = 1 (blue), 2 ≤ A ≤ 4 (gray), 9 ≤ A ≤ 22 (green), 23 ≤ A ≤ 38 (violet), 39 ≤ A ≤ 56 (red)
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Decomposition of Xmax-Distributions
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UHECR Sky highly isotropic
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TA: arXiv:1404.5890
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Fig. 9.— Left: Flux sky map in km�2yr�1sr�1 units, using a multipolar expansion up to ` = 4.

Right: Significance sky map smoothed out at a 15� angular scale.

5.2. Flux and Overdensities/Underdensities Sky Maps

To visualise the result of the multipolar expansion, a flux sky map of the joint data set is

displayed using the Mollweide projection in the left panel of figure 9, in km�2yr�1sr�1 units. This

map is drawn in equatorial coordinates. To exhibit structures at intermediate scales, the expansion

is truncated here at ` = 4. Relative excesses and deficits are clearly visible on a 15% contrast scale.

To quantify whether some contrasts are statistically compelling or not, a significance sky map

of the overdensities/underdensities obtained in circular windows of radius 15� is shown in the right

panel. The choice of the 15� angular scale is well suited to exhibit structures at scales that can

be captured by the set of low-order multipoles up to ` = 4. Significances are calculated using the

widely used Li and Ma estimator (Li & Ma 1983), S, which was designed to account for both the

fluctuations of the background and of an eventual signal in any angular region searched:

S = ±
p
2


N

on

ln
(1 + ↵

LM

)N
on

↵
LM

(N
on

+N
o↵

)
+N

o↵

ln
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LM

)N
o↵

N
on

+N
o↵

�
1/2

, (15)

with N
on

the observed number of events in the angular region searched, and N
o↵

the total number

of events. The sign of S is chosen positive in case of excesses and negative in case of deficits. On the

other hand, since the background estimation is not based here on any on/o↵ procedure but can be

instead determined from the integration of the directional exposure in the angular region searched,

the ↵
LM

parameter expressing the expected ratio of the count numbers between the angular region

searched and any background region is taken here as:

↵
LM

(n) =

Z
dn0!(n0)f(n,n0)
Z

dn !(n)
, (16)

with f the top-hat filter function at the angular scale of interest. In absence of signal, the variable

Auger & TA: 
ApJ 794 172 (2014)
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Science Goals of Auger Upgrade

8

1. Elucidate the origin of the flux suppression, 
    i.e. GZK vs. maximum energy scenario 
 ➙ fundamental constraints on UHECR sources 
 ➙ galactic vs extragalactic origin 
 ➙ reliable predictions of GZK ν- and -γ fluxes 
"
2. Search for a flux contribution of protons up to the 
    highest energies at a level of ~ 10% 
 ➙ proton astronomy up to highest energies 
 ➙ prospects of future UHECR experiments 
"
3. Study of extensive air showers and hadronic 
    multi-particle production above √s=70 TeV 
 ➙ particle physics beyond man-made accelerators 
 ➙ derivation of constraints on new physics phenomena
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?

Inelastic Proton-Proton Cross-Section

Standard Glauber conversion + propagation of modeling uncertainties
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Pythia 6.115
Phojet

σinel
pp =

[

90 ± 7stat (+9
−11)sys ± 1.5Glauber

]

mb
√
spp = [57 ± 6] TeV

The 1.5mb do not reflect the total theoretical uncertainty, since there are other

models available for the conversion.
Ralf Ulrich (ralf.ulrich@kit.edu) Measurement of the Proton-Air Cross-Section with the Pierre Auger Observatory 12 / 19

LHC

Auger

?

Need to study composition event-by-event 
into the flux suppression region !



Karl-Heinz Kampert – University Wuppertal UHECR2014, Springdale (Utah), Oct. 20149

Power of Composition Enhanced Astronomy
assume present statistics: N=146 events (E>57 EeV), Piso=0.21	



and study correlation significance when protons correlate, but Fe does notN = 146, Piso = 0.21, � = 2

proton fraction
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N = 146, Piso = 0.21, � = 2, fBG = 0.2
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Power of Composition Enhanced Astronomy

simulations by M. Unger

~2.5σ

~5σ

assume present statistics: N=146 events (E>57 EeV), Piso=0.21	


and study correlation significance when protons correlate, but Fe does not
Add 20% isotropic background: catalog incompleteness, distant sources, …



N = 146, Piso = 0.21, � = 2, fBG = 0.5
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Power of Composition Enhanced Astronomy

simulations by M. Unger

~1.5 σ

~3.5 σ

assume present statistics: N=146 events (E>57 EeV), Piso=0.21	


and study correlation significance when protons correlate, but Fe does not
Add 50% isotropic background: catalog incompleteness, distant sources, …
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Disentangling Int.-Models from Composition
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Auger, PRD in press Muon deficit in models 
(see M. Unger, tomorrow)

Conservative Approach: 
Composition enhanced Anisotropy 
does not need to know absolute 
µ-numbers, 
just select X % of most µ-poor 
an most µ-rich events

More ambitious: 
want to know if µ-poor events 
are compatible with protons…
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⟨ρµ⟩ and RMS(ρµ) in a mixed composition changes

Disentangling Int.-Models from Composition
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Figure 5: The density of muons at 1000 m as a function
of Xmax for the four template models. The error bars show
the variance in samples of 800 hybrid events, which is a
number achievable at the PAO and TA.

or decay and, thus, have different correlation strengths be-
tween Nµ and Xmax. Fig. 5 shows the average Nµ as a func-
tion of Xmax and its variance in ensembles of 800 simu-
lated events, for 10 EeV showers at a zenith angle of 38o,
for each of the four schematic models. These simulations
were done at a fixed zenith angle and energy, but the same
statistical power could be achieved by normalizing show-
ers to a fiducial energy and angle. The negative correla-
tion between Nµ and Xmax is strongest when the modifica-
tion is made at all energies, and weaker when the modifica-
tion is applied only at high energy. The PPS and PPS-HE
models show a negative correlation while the CSR model
shows almost no correlation. Finally, the PDS model actu-
ally shows a positive correlation: showers with a shallow
Xmax produce fewer muons than showers with a deep Xmax.
Thus the models can be discriminated at high significance
with presently realizable datasets.
The behavior of the PDS and PPS models demonstrates

that the correlation is sensitive to the energy threshold of
the pion modifications. This is made explicit in Fig. 6,
which compares the average Nµ and Xmax of iron, carbon,
and proton initiated showers, for different degrees of pion
production suppression at high energy. As pion production
suppression is increased, the relative difference between
the mean Nµ in iron and proton showers decreases.

5 Conclusion
We argue that the muon deficit in simulations of air show-
ers indicates that the hadronic models are incorrectly pre-
dicting the fraction of energy which is transfered to the
electromagnetic sub shower. Changing the π0 energy frac-
tion or suppressing pion decay are the only modifications
which can be used to increase the number of muons at
ground without coming into conflict with the Xmax obser-
vations.
We have developed four schematic models of hadronic

interactions, all of which are capable of correctly describ-
ing the Xmax distributions and number of muons at ground.
They utilize both pure proton and mixed primary composi-
tions, which demonstrates the need for models to correctly
describe all air shower observables before they are used to
interpret the primary mass composition.
The fourmodels can be distinguished by observations of

the correlation between the number of muonsNµ and Xmax,
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ρ µ
 / 
ρ µ

(p
)

Xmax [g/cm2]

p, EPOS 1.99
C, EPOS 1.99

Fe, EPOS 1.99
20% π -> B,K
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Figure 6: The dependence of the density of muons at 1000
m, relative to protons, on pion production at high energy.

for an ensemble of hybrid events. This correlation provides
a crucial new observable for determining the nature of
UHE air showers. Existing hybrid datasets may already be
large enough to rule out some explanations of the muon
excess.
Acknowledgements: The authors are members of the
Pierre Auger Collaboration and acknowledge with grat-
itude innumerable valuable discussions with colleagues.
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Rational of Auger Upgrade

➙ factor of ~10 in statistics for composition measurements 
➙ discriminate GZK vs maximum energy scenario 
➙ composition enhanced anisotropy (~10% protons?) 
➙ learn about global features of hadronic interactions at  
    √s > 70 TeV 
➙ decisive prediction of UHE (cosmogenic) ν-fluxes 
➙ decisive for next generation UHECR Experiments

14

Auger Observatory is in place to 
address all these questions now

Enhancing the surface detector array for better 
e/µ separation will boost the science of Auger 
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Nµmax  vs  Xmax

15

Xmax  (g/cm2)

lg
 (

N
µ )

p

Fe
N

He

E = 5·1019 eVQGSJet II.04

Muons may even outperform Xmax  
at highest energies !
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Key Elements of Upgrade

16

1) New Electronics for Surface Detector 
  ➙ faster sampling, better triggers, larger dynamic range, 
  more channels 
"
2) Enhanced Muon-Counting in Surface Detector 
 Two options (out of five originally) under study: 
  a) introduce vertical segmentation of tanks 
  b) add scintillator on top of each tank 
"
3) Extended operation of fluorescence telescopes 
 may double observation time 
"
4) High Precision Array with shielded muon detectors
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1) New SD-Electronics

17

Purpose: 
 • facilitate the readout of new electronic channels (PMTs)  
 • faster sampling (40➔120 MHz) for better timing and µ-identification  
 • enhanced dynamic range (by adding a small PMT) 
 • faster data processing and more sophisticated triggers 
 • better data monitoring  

• design is ready 
• prototypes are now 
  being produced 
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2a) Enhanced Muon Counting: LSD

18

a) longitudinally segmented tanks (LSD) 

muonic signals	
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EM signals

4 LSD
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Figure 2: Fraction of photo-electrons collected in the top layer for the EM and muonic component
(left) . This demonstrate the Independence (universality) of the coefficients a and b from zenith angle
and models (left); M reconstruction of the muon and EM traces compared to the generated ones
(middle); example of a multi-component reconstruction of the LDF (right).

2 Performance

2.1 How the design meets the upgrade physics objectives

The LSD benefits directly from the current mature analyses of the Auger SD. The energy
(11%) and angular (<1�) resolutions above 10 EeV of our standard algorithms are preserved.
Moreover, we expect to improve on the energy resolution with adapted algorithms as the
knowledge of the muon size and Xmax of the EAS will allow us to correct more accurately,
and on an event-by-event basis, for the EM attenuation and the missing energy.

The reconstruction of the EM and muonic component of the EAS relies on the fraction
of the signal deposited by each component in each segment. Those fractions define a 2⇥2
matrix M that gives the measured top and bottom signal as a linear superposition of the EM
and muon contributions (the column sum of the matrix are one by construction),
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The coefficients a and b are obtained from Monte Carlo. They only depend on the water
volume geometries and therefore rely on established detector simulation techniques. To
characterize the performances of the LSD we performed GEANT4 detector simulations. Our
simulation libraries consist of primary energies from 8 to 13 and 40 to 60 EeV with a uniform
distribution in cos2 q and two interaction models EPOS-LHC and QGSJetII.04.

It is remarkable to note that the coefficients a and b are independent of the UHECR pri-
mary type, the energy and the simulation model (Fig. 2 left). Due to compensation of the
top and side wall contributions they are also essentially independent of the shower zenith
angle (Fig. 2 left) making the analysis procedure simple and very robust. By inverting the
matrix, M, it is possible to retrieve from each detector the muonic and EM signals and to
construct EM and muonic FADC traces on which dedicated analyses can be performed. The
reconstructed EM and muon traces of a 10 EeV shower at 1000 m from the core obtained from
the matrix inversion are shown in Fig. 2 center. This graph alone demonstrates the power of
the LSD to accurately determine the muonic and electromagnetic component of the EAS, for
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2 Performance

2.1 How the design meets the upgrade physics objectives

The LSD benefits directly from the current mature analyses of the Auger SD. The energy
(11%) and angular (<1�) resolutions above 10 EeV of our standard algorithms are preserved.
Moreover, we expect to improve on the energy resolution with adapted algorithms as the
knowledge of the muon size and Xmax of the EAS will allow us to correct more accurately,
and on an event-by-event basis, for the EM attenuation and the missing energy.

The reconstruction of the EM and muonic component of the EAS relies on the fraction
of the signal deposited by each component in each segment. Those fractions define a 2⇥2
matrix M that gives the measured top and bottom signal as a linear superposition of the EM
and muon contributions (the column sum of the matrix are one by construction),
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The coefficients a and b are obtained from Monte Carlo. They only depend on the water
volume geometries and therefore rely on established detector simulation techniques. To
characterize the performances of the LSD we performed GEANT4 detector simulations. Our
simulation libraries consist of primary energies from 8 to 13 and 40 to 60 EeV with a uniform
distribution in cos2 q and two interaction models EPOS-LHC and QGSJetII.04.

It is remarkable to note that the coefficients a and b are independent of the UHECR pri-
mary type, the energy and the simulation model (Fig. 2 left). Due to compensation of the
top and side wall contributions they are also essentially independent of the shower zenith
angle (Fig. 2 left) making the analysis procedure simple and very robust. By inverting the
matrix, M, it is possible to retrieve from each detector the muonic and EM signals and to
construct EM and muonic FADC traces on which dedicated analyses can be performed. The
reconstructed EM and muon traces of a 10 EeV shower at 1000 m from the core obtained from
the matrix inversion are shown in Fig. 2 center. This graph alone demonstrates the power of
the LSD to accurately determine the muonic and electromagnetic component of the EAS, for
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Figure 2: The fraction of the number of photoelectrons in the upper liner. The mean values are
0.38± 0.01 for the muonic part and 0.57± 0.01 for the electromagnetic part
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Figure 2: The fraction of the number of photoelectrons in the upper liner. The mean values are
0.38± 0.01 for the muonic part and 0.57± 0.01 for the electromagnetic part
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Figure 4: Fraction of photo-electrons (pe) collected in the top layer for the EM (square

symbols, a coe�cient of the matrix) and muonic (round symbols, b coe�cient) component for

two hadronic models. Left : dependence as a function of zenith angle. Right: dependence as

a function of distance to the shower core. The coe�cients a and b are essentially independent

of the shower characteristics or detector distance from the shower core, they only depend on

the tank geometry.

D = a � b is maximum for h = X
0

ln(H/X
0

). If H is large enough (keeping
the radius also large so that the side contributions can still be neglected) a
goes to 1 while b goes to 0 and M tends towards the ideal unity matrix. In a
more realistic case, particles entering from the side wall of the station cannot
be neglected and the optimal values of a and b also depend on the proportion
between the height and the radius of the tank.

In the particular case of the Auger WCD, H is 120 cm, X
0

= 36 cm giving
h = 43 cm. An optimal position for the interface layer is therefore at about
80 cm from the bottom of the water tank.

3. Performances

3.1. Matrix universality
To precisely calculate a and b and to characterize the performances of the

LSD, simulations of the detector response have been performed. Air showers
have been simulated with the CORSIKA code [15], using EPOS-LHC [16] and
QGSJetII.04 [17] as high energy interaction models and FLUKA [18] at low
energy. Various libraries have been generated with a uniform distribution in
cos2 ✓ for di↵erent primary type (proton, helium, nitrogen and iron) and in two
energy intervals (from 8 to 13 EeV and from 40 to 60 EeV, uniformly distributed
in the logarithm of energy).

The matrix coe�cients a and b are derived from simulations as the ratio
between the photo-electrons collected in the top layer and the total number of
photo-electrons in the two volumes for the EM and muonic components respec-
tively. A remarkable property of the LSD is that the coe�cients a and b are
essentially independent of the UHECR primary type and energy and also of the
particular simulation model used to describe the EAS. This is shown in figure 4
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Constancy of aem and aµ 
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Figure 4: Fraction of photo-electrons (pe) collected in the top layer for the EM (square

symbols, a coe�cient of the matrix) and muonic (round symbols, b coe�cient) component for

two hadronic models. Left : dependence as a function of zenith angle. Right: dependence as

a function of distance to the shower core. The coe�cients a and b are essentially independent

of the shower characteristics or detector distance from the shower core, they only depend on

the tank geometry.

D = a � b is maximum for h = X
0

ln(H/X
0

). If H is large enough (keeping
the radius also large so that the side contributions can still be neglected) a
goes to 1 while b goes to 0 and M tends towards the ideal unity matrix. In a
more realistic case, particles entering from the side wall of the station cannot
be neglected and the optimal values of a and b also depend on the proportion
between the height and the radius of the tank.

In the particular case of the Auger WCD, H is 120 cm, X
0

= 36 cm giving
h = 43 cm. An optimal position for the interface layer is therefore at about
80 cm from the bottom of the water tank.

3. Performances

3.1. Matrix universality
To precisely calculate a and b and to characterize the performances of the

LSD, simulations of the detector response have been performed. Air showers
have been simulated with the CORSIKA code [15], using EPOS-LHC [16] and
QGSJetII.04 [17] as high energy interaction models and FLUKA [18] at low
energy. Various libraries have been generated with a uniform distribution in
cos2 ✓ for di↵erent primary type (proton, helium, nitrogen and iron) and in two
energy intervals (from 8 to 13 EeV and from 40 to 60 EeV, uniformly distributed
in the logarithm of energy).

The matrix coe�cients a and b are derived from simulations as the ratio
between the photo-electrons collected in the top layer and the total number of
photo-electrons in the two volumes for the EM and muonic components respec-
tively. A remarkable property of the LSD is that the coe�cients a and b are
essentially independent of the UHECR primary type and energy and also of the
particular simulation model used to describe the EAS. This is shown in figure 4
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aem

aµ

aem

aµ

… as a fct of zenith angle

… as a fct of core distance

… no model dependency!

from: Letessier-Selvon et al., NIM A767 (2014) 41
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Construction & Commissioning of LSD Tank

20
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LSD Protoype Results
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Auger Layered

Data results
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Figure 6: Electromagnetic and muonic LDFs for the three prototypes, derived applying a matrix
with a = 0.6 and b = 0.4 to the top and bottom LDFs shown in figs 4 and 5.
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Muon peak ➔ calibration

Reconstructed muon and  
electron lateral distribution
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2b) Enhanced Muon Counting: ASCII

22

Scintillator on top of tank

1 cm thick scintillator 
read out by green WLS

ASCII: Auger Scintillator for Composition II
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4 m2 ASCII prototype

23
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Performance of ASCII

24
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27 strips of 1.8 m x 4cm x 1cm with WLS   
optics fibers and a 1/2 “ PMT 

WCD: muon, electrons and gammas. 
ASCII sensible to muons and electrons 
AMIGA: muons of high energy 
Universality: Xmax, E, Nmu + geometría 600-800m from core and E > 1019 eV

ASCII calibration vs simulation (from T. Paul)
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data vs sim

Method of matrix inversion 
works again, similar to LSD; 
for 4 m2 ASCII:
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CORSIKA Shower libraries were generated with different 
– energies (fixed and continuous) 
– primaries 
– zenith angles 
– interaction models

25

performance then studied 
– per station and 
– per event

Merit Factor 
(discrimination power):

fp,Fe =
|hSFei � hSpi|q

�2
Fe + �2

p

ƒp,Fe=1.68

example plot

Note: enhanced SD	


helps also improving	



photons and neutrino	


detection

⇒ M. Settimo, tomorrow

Prototype experiences accompanied 
by detailed performance estimates
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3) Extended Operation of FD-Telescopes 
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Present FD data taking: 
• illuminated fraction of moon < 70%	


• longer than 3 hrs below horizon 
➾ 22% theoretical uptime 
    (-5% bad weather -2% short nights) 
 ~ 15% effective uptime

Future plan: 
astronom. (nautical) twilight: 
	

 sun 18° (12°) below horizon	


moon >5° from telescope	


"

~30 % effective uptime

FD-Photomultiplier Tube (PMT)

amplifying process via
dynodes

anode current read out in
ADC-counts

poisson statistic )
fluctuations ) �2

di↵erent background light conditions (for a gain of 105):

condition IA (µA) �2 (ADC2)
no moon 0.5 25
1/4 moon 5 250
full moon 50 2500

8 / 24will reduce HV to reduce aging	


(effective increase of threshold)

Experimental setup

13 / 24

test setup to aging/noise studies



Muon energy spectrum in showers
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Particle energy
spectra at 1000m

- Electrons and photon distributions 
universal to very good degree

- Muon energy distribution highly 
variable (and model dependent)
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4) High Precision Complementary Array

muon energy distr. highly variable 
and model dependent

Primary Aims: 
- Complementary (and high-precision) measurement of Sem / Sμ for fraction of events	


- Cross-check of Sem / Sμ separation of individual upgraded detector stations	


- improve understanding of particle physics models

e,γ
µ

µ

200 m

600 m

1000 m
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High Precision Array: Optimal E-range

28

study Xmax, em-, µ-component in detail 
➔ change of composition or change of hadr. interaction ? 
    Ep @ 5·1018 eV anchor point for EFe @ 1020 eV  
 

e.g. O(100 km2) ⇒ 30/yr @ ≥1019 eV 

61 stations @ infill + 40 @ 1500 m
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High Precision Array

29

AMIGA GRANDE Electronics: Closer to 
the Core 

Integrator%
board%

10%

Scintillators shielded by 
tank and concrete…

… or by 1.5 m soil

Two options 
considered
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Documentary: CDR, PDR, TDR...

30

OBSERVATORY

Plans for a Proposal to Upgrade
the Pierre Auger Observatory

Pierre Auger Collaboration

October 28, 2013

Submitter: Pierre Auger Collaboration
Observatorio Pierre Auger,
Av. San Martin Norte 304,
5613 Malargüe,
Argentina

Very Positive Evaluation by International Science 

Advisory Committee

OBSERVATORY

Proposal for Detector Upgrade

OVERVIEW

Pierre Auger Collaboration

October 27, 2013

Submitter: Pierre Auger Collaboration
Observatorio Pierre Auger,
Av. San Martin Norte 304,
5613 Malargüe,
Argentina

Review of ongoing R&D 

in March 2014
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Time Line

31

2013 2014 2015 2016 2017 2018

Science Proposal subm •
Review of Science Proposal •

Prototyping in field X X X X

Selection of Prototype

Submission of TDR •
Final Evaluation X

Seeking funds / construction X X X X X X X X X

take data X X X X X X X X X X X ➙ 

upgrade finished •

• Selection of full array upgrade option very soon 
• Data taking into 2023 will double the statistics 
   of all data up to 2015

•

•
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Estimates of Costs (investment and personell)
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WBS-Estimates: ~ 10-12 M€ 
!
This includes (at least part of) prototyping and engineering 
!
Nearly all of the materials, services and effort to implement the 
upgrade will be provided by in-kind contributions from the 
collaborating countries  

2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 Sum

Pierre%Auger%
Observatory

Funding%Upg%(M€) 0,0 0,5 4,0 4,0 2,5 0,5 0,0 0,0 0,0 0,0 0,0 11,5

Pierre%Auger%
Observatory

Operation%(M€) 1,4 1,4 1,5 1,5 1,5 1,6 1,6 1,6 1,6 1,6 1,6 16,9Pierre%Auger%
Observatory Researchers 525 525 525 525 525 525 525 525 525 525 525
Pierre%Auger%
Observatory

Engineers%(FTE) 1,5 4 4 4 1,5 0 0 0 0 0 0 15 for%upgrade%only
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Precise UHECR measurements lead to  
many surprising results and new questions 

Summary: Auger Upgrade

33

Need to resolve open puzzles 

Observatory in unique position and 
collaboration is ready to go

Decisive for future experiments




